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ORIGINAL ARTICLE

T Okai, K Ohtsubo, J Sakai, et al. Does the depth of gastric
ulceration influence a modified dual therapy with amoxicillin
and lansoprazole for Helicobacter pylori-associated gastric
ulcer? Can J Gastroenterol 2000;14(9):761-766.

PURPOSE: To clarify whether the depth of ulceration evaluated
by endoscopic ultrasonography (EUS) influences a modified dual
therapy with amoxicillin and lansoprazole for the treatment of
Helicobacter pylori-positive patients with gastric ulcer.
PATIENTS AND METHODS: Twenty-two consecutive cases
of gastric ulcer (nine superficial ulcers and 13 deep ulcers) in H py-

lori-positive patients were studied. Ten of 22 patients received a
two-week eradication therapy with amoxicillin 1500 mg/day,
lansoprazole 30 mg/day and a new antiulcer agent with features in
common with sucralfate, ecabet sodium, 2.0 g/day. They contin-
ued to receive the same doses of lansoprazole and ecabet sodium
for the next six weeks. The other 12 patients received the same
therapy except for those who underwent the four-week
amoxicillin treatment. All patients underwent EUS both at the
start of the study and eight weeks later. They then received ecabet
sodium alone for the next six months as a maintenance therapy,

followed by a six-month interval with no treatment. The final en-
doscopy was done one year after H pylori eradication therapy was
completed to evaluate H pylori status and ulcer recurrence.
RESULTS: The rates of endoscopic healing and H pylori eradica-
tion in the nine patients with superficial ulcer were 100%, irre-
spective of the period of amoxicillin treatment. In contrast, the
rates of endoscopic evidence of healing and H pylori eradication in
the 13 patients with deep ulcer were different for each period of
amoxicillin treatment; that is, the rates of reduction in ulcer deter-
mined by echo and H pylori eradication in the four patients treated
with the two-week amoxicillin course were significantly lower
(P=0.03) than those in the nine patients treated with the four-
week course.
CONCLUSION: Ulcer depth is likely to influence the success of
amoxicillin treatment for H pylori-positive patients with gastric
ulcer.

Key Words: Amoxicillin; Depth of gastric ulcer; Ecabet sodium, En-

doscopic ultrasonography; Eradication therapy; Helicobacter pylori;
Lansoprazole
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In 1993, Labenz et al (1) first reported that a two-week
course of therapy with amoxicillin and omeprazole was

the most effective schedule for the eradication of
Helicobacter pylori in patients with ulcer disease. Since then,
most of the dual therapies including amoxicillin have been
tried with the same treatment schedule; that is, amoxicillin
was always administered for two weeks and never for longer
than two weeks. Chiba et al (2) reported that eradication
rates for dual therapy with amoxicillin and proton pump in-
hibitors were not more than 70%. In 1998, Tanimura et al
(3) reported that the eradication rates of H pylori in patients
with peptic ulcers increased proportionally with the length
of amoxicillin treatment (two, four and six weeks), while the
healing rates did not change. Therefore, it is worth reconsid-
ering whether the two-week treatment is actually the best
schedule for dual therapy with amoxicillin, although the
reason for the unexpected increase in eradication rates of
peptic ulcers after amoxicillin treatment was prolonged to
four or six weeks is poorly understood.

In clinical practice, endoscopy or barium meal x-ray study
is used to evaluate the nature of peptic ulcer diseases. Niwa
et al (4,5) were the first to demonstrate the utility of endo-
scopic ultrasonography (EUS) for evaluating the depth of ul-
ceration. They used this new imaging modality to evaluate
the healing of gastric ulcer and demonstrated that omepra-
zole offered advantages over cimetidine in the treatment of
gastric ulcer (4). Namely, it was clarified that the ulcer floor
had shrunk greatly, with endoscopic regression of the ulcer
crater with the use of omeprazole. An advantage of lansopra-
zole over famotidine in gastric ulcer treatment has been
shown in the same manner (6). It is thus possible to evaluate
gastric ulcer healing from the depth of ulceration by using
EUS, which provides cross-sectional images of the ulcer,
coupled with endoscopic observations of the ulcer surface.

Previous studies using endoscopy failed to demonstrate a
relation between the depth of gastric ulceration and the suc-

cess of H pylori eradication in H pylori-positive patients with
gastric ulcer (7-12). Consequently, it is not clear whether
the depth of ulcer affects the eradication of H pylori during
therapy for H pylori-positive patients with gastric ulcer (13).
In the present study, we addressed this problem by using
EUS. We then considered whether two weeks of amoxicillin
treatment was the best schedule for dual therapy with amox-
icillin.

PATIENTS AND METHODS
Patients: The study population comprised 22 patients
treated consecutively in whom gastric endoscopy and biopsy
revealed H pylori-associated gastric ulcer at the outpatient
clinic of Internal Medicine and Medical Oncology, Ka-
nazawa University Cancer Research Institute Hospital, Ka-
nazawa, Japan, between September 1994 and April 1998.
There were 18 men and four women, and the mean age of the
study population was 54.5 years (range 36 to 70 years). Pa-
tients were excluded if they used acetylsalicylic acid or other
nonsteroidal anti-inflammatory drugs (NSAID), or if gastric
biopsy from the ulcer revealed malignancy. The institutional
review board of the Kanazawa University Cancer Research
Institute approved the study, and all patients gave their writ-
ten informed consent.
Methods: All 22 patients with H pylori-associated gastric ul-
cer underwent a modified triple therapy with amoxicillin,
lansoprazole and ecabet sodium for two or four weeks. Ecabet
sodium is a new, locally acting antiulcer agent with features
in common with sucralfate (14,15). Ten patients entered be-
tween September 1994 and May 1996 received a two-week
eradication therapy with amoxicillin 1500 mg/day, lansopra-
zole 30 mg/day and ecabet sodium 2.0 g/day. After
completing this therapy, the patients stopped taking
amoxicillin but continued to receive the same doses of
lansoprazole and ecabet sodium for the next six weeks. Dur-
ing the initial study performed between September 1994 and
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La profondeur de l’ulcère influe-t-elle sur la
bithérapie modifiée, composée d’amoxicilline
et de lansoprazole pour le traitement de
l’ulcère gastro-duodénal associé à
Helicobacter pylori?
BUT : Déterminer si la profondeur de l’ulcère, évaluée à l’échographie en-
doscopique (EE) influe sur la bithérapie modifiée, composée d’amoxicil-
line et de lansoprazole pour le traitement de l’ulcère gastro-duodénal
associé à Helicobacter pylori.
PATIENTS ET MÉTHODE : Vingt-deux patients consécutifs souffrant
d’un ulcère gastro-duodénal (9 superficiels et 13 profonds) associé à H. py-

lori ont participé à l’étude. Dix des vingt-deux patients ont été soumis à un
traitement d’éradication d’une durée de deux semaines, composé de
1500 mg/jour d’amoxicilline, de 30 mg/jour de lansoprazole et d’un nouvel
agent anti-ulcéreux qui partage des propriétés en commun avec le sucral-
fate, l’ecabet sodique, à raison de 2,0 g/jour. Ces patients ont continué à re-
cevoir les mêmes doses de lansoprazole et d’ecabet sodique durant les six

semaines suivantes. Les 12 autres patients ont été soumis au même traite-
ment, sauf pour ce qui est de l’antibiothérapie à l’amoxicilline, qui a duré
quatre semaines. Tous les patients ont subi une EE au début de l’essai et
huit semaines plus tard. Par la suite, ils ont pris de l’ecabet sodique seul du-
rant six mois à titre de traitement d’entretien, suivi d’une autre période de
six mois sans traitement. Une dernière endoscopie a été pratiquée un an
après la fin du traitement d’éradication d’H. pylori pour évaluer la présence
de la bactérie et la récurrence des ulcères.
RÉSULTATS : Le taux de cicatrisation observée à l’endoscopie et d’éra-
dication d’H. pylori chez les 9 patients souffrant d’un ulcère superficiel a été
de 100 %, indépendamment de la durée du traitement à l’amoxicilline. Par
contre, ce taux chez les 13 patients souffrant d’un ulcère profond variait se-
lon la durée du traitement à l’amoxicilline : il était, chez les 4 patients sou-
mis au traitement à l’amoxicilline d’une durée de deux semaines,
sensiblement inférieur (p=0,03) à celui enregistré chez les 9 patients sou-
mis au traitement de quatre semaines.
CONCLUSION : La profondeur de l’ulcère constitue vraisemblablement
un facteur susceptible d’influer sur le traitement à l’amoxicilline de l’ulcère
gastro-duodénal associé à H. pylori.
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May 1996, two-week amoxicillin treatment was found to be
inadequate for the patients with deep gastric ulcer. Thus, the
protocol was changed to a four-week amoxicillin treatment
in the next 12 patients entered between June 1996 and April
1998. They received the same doses of lansoprazole and
ecabet sodium during a four-week eradication therapy with
amoxicillin 1500 mg/day. After receiving this therapy, they
also stopped taking amoxicillin and continued to receive the
same doses of lansoprazole and ecabet sodium for the next
four weeks. Consequently, an eight-week drug therapy was
given in both groups as an initial treatment for H pylori-
associated gastric ulcer.

All patients were sequentially followed for six months,
during which time ecabet sodium 2.0 g/day was continued as
a maintenance therapy. To confirm ulcer recurrence and the
absence of H pylori, the patients who healed at the end of the
initial treatment underwent routine gastrointestinal endo-
scopy after a second six-month follow-up period without
medications.

EUS was performed at the start of treatment and again
eight weeks later. A GF-UM200 EUS (Olympus Co Ltd, Ja-
pan) was used to evaluate the depth of ulcer as well as endo-
scopic healing. The maximal sections of ulcerative lesions
were imaged after pouring 400 to 800 mL of deaerated water
into the gastric lumen (Figure 1). By using EUS, both sec-
tional and endoscopic images of gastric ulcer were obtained
at one endoscopic examination, and thereby the treatment
effects of each therapy were evaluated in detail. The depth of
ulcer was classified into three grades: Ul-II, which involves
the submucosal layer; Ul-III, which involves the proper mus-
cle layer; and Ul-IV, which penetrates the proper muscle
layer and involves the serosa (4). Grades Ul-II and Ul-III
were combined to include superficial ulcer, because Ul-III
ulcer has proved to have a similar quality to Ul-II ulcer and is
clearly different from Ul-IV ulcer. The maximum length of
the ulcer-derived low echoic zone was measured, and the rate
of reduction in these ‘ulcer echoes’ was calculated as de-
scribed by Niwa et al (4,5) and Okai et al (6) (Figure 1).
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Figure 1) Endoscopic and endosonographic features before (left) and after (right) eight-week eradication therapy. Percentage reduction of ulcer echo by
endosonic ultrasonography was calculated as follows: percentage reduction of ulcer echo = (L1–L2)/L1×100(%), where L1 = length of the ulcer echoes at
the beginning of eradication therapy and L2 = length of the ulcer echoes eight weeks after the start of eradication therapy
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On gastric biopsy, if the ulcer proved to be nonmalignant,
a set of three biopsy specimens was collected from two differ-
ent sites – the greater curvatures at the antrum and the upper
body of the stomach. Using these specimens, rapid urease
test (CLO test, Delta West Pty Ltd, Australia), culture test
on Skirrow’s medium and histological examination under a
microscope after Giemsa, and hematoxylin and eosin stain-
ing were performed. When positive findings were detected in
culture and by any other test, H pylori infection was
diagnosed. Eradication was defined as no evidence of ongo-
ing H pylori infection by all the tests.

Fisher’s exact test and nonpaired t test were used to com-
pare values in subgroups of patients. The Bonferroni correc-
tion for multiple comparisons was applied to all probability
values reported. P<0.05 was considered significant.

RESULTS
Endoscopic healing eight weeks after the start of treatment:
Table 1 shows the rates of endoscopic healing eight weeks af-
ter the start of treatment in each group. The rate of healing in
the patients with superficial ulcer (Ul-II or Ul-III) was 100%,
irrespective of the period of amoxicillin treatment. On the
other hand, the rate in the patients with deep ulcer (Ul-IV)
was significantly lower if the treatment period with
amoxicillin was limited to two weeks (P=0.03), although it
was improved when the period was extended to four weeks.
Endosonographic assessment of ulcer healing eight weeks
after the start of treatment: Table 2 shows the rates of reduc-
tion in ulcer echoes eight weeks after the start of treatment in
each group. The rates of reduction were higher in the patients
with superficial ulcer (Ul-II or Ul-III) than in those with
deep ulcer (Ul-IV). The difference was significant when

amoxicillin was administered for two weeks (P=0.02). How-
ever, even in patients with deep ulcer, the rates of reduction
in ulcer echoes were significantly higher if the period of
amoxicillin administration was changed to four weeks
(P=0.03).
Eradication rate of H pylori six months after the cessation
of ecabet sodium treatment: Table 3 shows the rate of H py-

lori eradication six months after the cessation of ecabet
sodium. The eradication rates accurately corresponded to the
rates of endoscopic healing. The rate of H pylori eradication
in the patients with superficial ulcer (Ul-II or Ul-III) was
100%, irrespective of the period of amoxicillin treatment.
On the other hand, the H pylori eradication rate in the pa-
tients with deep ulcer (Ul-IV) was significantly lower if
amoxicillin treatment was limited to two weeks (P=0.03), al-
though it was improved when treatment was extended to four
weeks.
Recurrence rate six months after the cessation of ecabet
sodium treatment: To confirm ulcer recurrence, the 17 pa-
tients whose ulcers had healed at the end of the initial treat-
ment underwent routine gastrointestinal endoscopy during
ecabet sodium treatment and six months after ecabet sodium
treatment. Only one patient’s superficial ulcer recurred dur-
ing the follow-up. This recurrence was discovered by chance
at the initial follow-up. The patient had been receiving a
NSAID for severe lumbago since finishing the initial eight-
week treatment. He had no abdominal complaints. He dis-
continued the NSAID treatment and underwent famotidine
treatment. A repeat endoscopy was performed after one
month, and the ulcer proved to have healed. His H pylori

status remained negative until the final follow-up. Con-
sequently, if this patient were excluded, the rates of ulcer re-
currence during the follow-up period would be 0%,
irrespective of the ulcer depth and the period of amoxicillin
treatment.
Clinical symptoms and adverse effects: Epigastric pain dis-
appeared within two weeks of treatment in most patients. No
patient experienced any side effects such as diarrhea, watery
stool or exanthema. Furthermore, no abnormalities were
found in laboratory findings. Thus, there were no differences
in effects and adverse effects related to treatment.

DISCUSSION
In the present study, EUS was used to evaluate whether the
depth of ulcer affects the eradication of H pylori in a therapy
for H pylori-associated gastric ulcer. The depth of ulcer was
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TABLE 1
Correlation between the rate of endoscopic healing and
depth of ulcer, according to the length of treatment with
amoxicillin

Endoscopic healing (%)

Treatment period Ul-II and Ul-III ulcers Ul-IV ulcers P

Two weeks 6/6 (100%) 1/4 (25%)* 0.03

Four weeks 3/3 (100%) 7/9 (78%)* 0.54

*P=0.11

TABLE 2
Correlation between the percentage reduction of ulcer
echoes and depth of ulcer, according to the length of
treatment with amoxicillin

Percentage ulcer reduction
seen on echo
(mean ± SE)

Treatment period Ul-II and Ul-III ulcers Ul-IV ulcers P

Two weeks 79.2±7.3* 50.6±4.9** 0.02

Four weeks 78.7±1.3* 69.8±4.8** 0.27

*P=0.96, **P=0.03

TABLE 3
Correlation between the rate of Helicobacter pylori
eradication and the depth of ulcer, according to the length
of treatment with amoxicillin

Rate of eradication (%)

Treatment period Ul-II and Ul-III ulcers Ul-IV ulcers P

Two weeks 6/6 (100%) 1/4 (25%)* 0.03

Four weeks 3/3 (100%) 7/9 (78%)* 0.54

*P=0.11
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shown to affect the eradication of H pylori; that is, the rates
of H pylori eradication as well as of endoscopic healing in the
patients with deep gastric ulcer were low, while the rates
were 100% in those with superficial ulcer. These results sug-
gest that ulcer depth is an important factor influencing both
endoscopic healing and H pylori eradication. Furthermore,
in this study, the rates of both endoscopic healing and H py-

lori eradication were improved by increasing the length of
amoxicillin treatment to four weeks, even if the patients had
a deep ulcer. This finding suggests that the duration of
amoxicillin treatment should be adjusted in proportion to
the depth of the ulcer. Accordingly, this finding may be the
key to answering the question of why eradication rates in-
crease unexpectedly after the period of amoxicillin treat-
ment is prolonged, as was shown in a recent clinical study
(3).

Kamada et al (16) and Sato et al (17) disclosed that gas-
tric mucosal blood flow at an active phase of chronic gastric
ulcer was reduced in most regions of the stomach. They dem-
onstrated that the blood flow returned to normal during
healing, although it was disproportionately higher around
the gastric ulcer than in the surrounding mucosa. Further-
more, they clarified that the mucosal blood flow was not in-
creased at the healing stage in intractable ulcers that did not
heal after three months of therapy with H2-receptor antago-
nists (16). Consequently, it may be assumed that the muco-
sal blood flow in patients with deep ulcers, which heal slowly
(13), is likely to be lower than that in patients with a superfi-
cial ulcer, during the course of healing as well as at onset. Us-
ing an H pylori-infected mouse model of acetic acid-induced
ulcer, Konturek et al (18) showed that the rise in gastric
blood flow both at the ulcer crater and at the ulcer margin
was significantly slowed on inoculation of a virulent H pylori

strain, resulting in a delay in ulcer healing. Therefore, it is
possible that the status of H pylori at the gastric mucosa also
affects the increase of gastric mucosal blood flow during

treatment. As for drug delivery, on the other hand, Goddard
et al (19) reported that the flux of amoxicillin from the blood
to the gastric lumen is lower than that of metronidazole
because the serum protein binds to amoxicillin more tightly.
Therefore, under conditions of reduced gastric mucosal
blood flow, such as with deep ulceration or positive H pylori

infection, amoxicillin should be administered for as long as
possible to obtain and maintain susceptible antibiotic con-
centrations in the gastric mucosa. These data concerning
gastric blood flow, H pylori status and transmucosal flux of
antibiotics help to explain why it took as long as four weeks
to treat the patients with deep gastric ulcer in the present
study.

In the present study, ecabet sodium, a new locally acting
antiulcer agent with antipeptic activity, gastroprotective ef-
fects (14,15), and antiurease action of H pylori in vitro (20),
was administered via dual therapy with lansoprazole and
amoxicillin to promote healing and H pylori eradication
(21). However, given the present study design, the therapeu-
tic effect of ecabet sodium itself could not be assessed.
Because a randomized, controlled study (21) showed that
significantly higher rates of H pylori eradication were at-
tained with minimal side effects of diarrhea by the addition
of ecabet sodium to usual dual therapy with lansoprazole plus
amoxicillin (21), further studies with a large number of pa-
tients are warranted. The number of patients enrolled in this
study is too small to determine the true clinical significance
of this new combined therapy with three agents.

CONCLUSIONS
Ulcer depth is likely to influence a modified therapy with
amoxicillin and lansoprazole for the treatment of H pylori-
associated gastric ulcer. When using amoxicillin, which has
not been reported to cause resistance and is cost effective
(22), the administration period should be adjusted according
to the depth of the ulcer.
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