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Abstract

AIM: To find the way to improve the eradication rate of
first-line therapy in Japanese patients.

METHODS: We prospectively compared the effective-
ness of 7-d quadruple therapy to standard 7 d triple
therapy in Japanese patients infected with Helicobacter
pyilori (H. pylori). One hundred and nineteen patients
were randomly assigned to receive 7-d non-bismuth
quadruple therapy with lansoprazole, amoxicillin, clar-
ithromycin and metronidazole (LACM7) or 7-d triple
therapy with lansoprazole, amoxicillin and clarithromy-
cin (LAC7). After three months, H. pylori status was

(4 9

TR
JBaishideng®

WJGPT | www.wjgnet.com

analyzed by C-urea breath test. Incidence rates of ad-
verse events were evaluated by use of questionnaires.

RESULTS: By intention-to-treat (ITT) analysis, the
eradication rate in the LACM7 group was 94.9%, which
was significantly higher than the LAC7 group (68.3%,
P < 0.001). Per protocol analysis also showed a sig-
nificantly higher eradication rate in the LACM7 group
(98.3%) than the LAC7 group (73.2%, P < 0.001).
Nevertheless, the incidence of serious adverse events
did not differ between the two groups (RR: 1.10, 95%
CI: 0.70-1.73, P = 0.67).

CONCLUSION: Seven day non-bismuth quadruple ther-
apy (LACM7) was superior to standard 7-d triple therapy
(LAC?) for first-line eradication.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Helicobacter pylori (H. pylori) infection plays a crucial role in
the pathogenesis of chronic atrophic gastritis and peptic
ulcer. Moreovet, it has been identified as one of the most
important causes of gastric cancer and contributes to
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cancer initiation and progression!. H. pylori is associated
strongly with the development of intestinal-type gastric
cancer and metachronous cancer after endoscopic resec-
tion therapy™ and eradication should reduce the risk of
developing gastric cancer™,

The recommended treatment for H. pylori is a proton
pump inhibitor (PPI)-based triple therapy using PPI,
amoxicillin and clarithromycin or metronidazole given
twice daily and considerable data support the use of this
treatment' . However, the eradication rate for standard
triple therapy has declined in recent years despite being
> 80% before 2000, At present, patients who fail first-
line therapy usually receive second-line therapy in Japan.
However, a second course of eradication therapy increas-
es the financial burden and is time-consuming".

Many attempts have been made recently to improve
the initial eradication rates of H. pylori. Some studies have
suggested prolonging the eradication period or taking
drugs four or more times daily, but that might reduce
P11 this study, to find a more effective
regimen to complete H. pylori eradication in first-line
therapy, we compared the effectiveness of 7 d quadruple
therapy of lansoprazole, amoxicillin, clarithromycin and
metronidazole (LACM?7) to 7 d standard triple therapy
with lansoprazole, amoxicillin and clarithromycin (LAC7)
for H. pylori eradication.

compliance

MATERIALS AND METHODS

Patients

The present study was a randomized, prospective trial
performed at the Institute for Adult Diseases, Asahi Life
Foundation, Tokyo, Japan, between March 2007 and Jan-
uary 2009. Patients who were diagnosed with peptic ulcer
or atrophic gastritis by endoscopic examinations were
included this study. Exclusion criteria were as follows: (1)
younger than 18 years; (2) allergy to antibiotics; (3) ac-
tive peptic ulcer undergoing PPI treatment; (4) present
malignancy or history of malignancy; (5) previous total
or subtotal gastrectomy; (6) pregnancy or nursing; and (7)
previous H. pylori eradication therapy.

One hundred and nineteen patients infected with H.
pylori wete enrolled in this study. Of those, 93 were men
(78%) and 26 were women (22%), ranging in age from 26
to 79 years (mean age 61.4 years). Clinical characteristics
are shown in Table 1.

This study was approved by the ethics committee of
the Institute for Adult Diseases before the start of pa-
tient enrollment and was performed in accordance with
the principles set forth in the Declaration of Helsinki.
Informed consent was obtained from all patients.

Study design

Diagnosis of peptic ulcer or atrophic gastritis was deter-
mined through endoscopic examination. At endoscopy,
biopsy samples were taken from the greater curvature of
the antrum for rapid urease test (Helicocheck; Otsuka
Pharmaceuticals, Tokyo, Japan), culture or histological
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Table 1 Characteristics of patients

Treatment groups

Characteristics LACM7 (n = 59) LAC7 (n = 60) P value
Age (mean) (yr) 63+8.7 60+11.5 0.05
Sex (male/female) 48/11 45/15 0.40
Endoscopic diagnosis 0.37

Atrophic gastritis 31 23

Gastric ulcer 15 16

Duodenal ulcer 10 17

examination. The rapid urease test was inspected for
color change up to 2 h at room temperature after addi-
tion of the gastric samples. If the color changed from
yellow to red, the test was diagnosed as positive. Culture
was petformed using Columbia agar plates supplemented
with 5% horse blood at 37°C under microaerobic condi-
tions. Biopsy samples were fixed in formalin and slides
were prepared with hematoxylin and eosin and/or Gi-
emsa staining for H. pylori diagnosis. Serum anti-H. pylori
antibody was measured using a commercial EIA kit (E-
plate Eiken H. pylori antibody; Eiken Chemical Co., Ltd.,
Tokyo, Japan). Seropositivity for H. pylori antibody was
defined by optical density values according to the manu-
facturer’s protocol. Positive result on at least one test was
considered to be evidence of H. pylori infection.

Patients were assigned randomly by the envelope
method to receive either quadruple LACM7 therapy or
triple LAC7 therapy. Patients in the LACM7 group re-
ceived 30 mg lansoprazole twice daily, 750 mg amoxicillin
twice daily, 200 mg clarithromycin twice daily and 250
mg metronidazole twice daily for a week. Patients in the
LAC7 group received lansoprazole 30 mg twice daily, 750
mg amoxicillin twice daily and 200 mg clarithromycin
twice daily for a week (Figure 1).

The outcome of the eradication treatment was evalu-
ated by "C-urea breath test (°C-UBT) three months
after treatment. After overnight fasting, a baseline breath
sample was collected and 100 mg of “C-urea (UBIT;
Otsuka Pharmaceuticals, Tokyo, Japan) was administered
with 100 mL of water. Twenty minutes after taking the
PC-urea, a further breath sample was obtained. Breath
samples were analyzed by isotope-selective infrared
spectrometry using the UBIT IR 300 (Otsuka Pharma-
ceuticals). A value of delta-over-baseline higher than
2.5% was considered positive. Compliance was checked
by pill count. Incidence of adverse events was evaluated
by means of a questionnaire at the time they received
PC-UBT. This questionnaire addressed nine symptoms;
diarrhea, taste disturbance, loss of appetite, heart burn,
nausea, abdominal pain/ distention, belching, rash and
general fatigue. Degree of symptoms were scored as 0
(absent), 1 (mild), 2 (moderate) or 3 (severe).

Statistical analysis

Characteristics (sex, age, endoscopic diagnoses) between
the two groups were compared with y” test. Eradication
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‘119 patients were enrolled in this study‘

‘119 patients were randomized ‘

|

59 patients had

LACM? eradication therapy
PPI (Lansoprazole) 30 mg
Amoxicillin 750 mg
Clarithromycin 200 mg
Metronidazole 250 mg
Twice daily, 1 wk

2 patients lost to follow-up
2 did not come to hospital
for *C-UBT

|
{ {

}

60 patients had

LAC? eradication therapy
PPI (Lansoprazole) 30 mg
Amoxicillin 750 mg
Clarithromycin 200 mg
Twice daily, 1 wk

4 patients lost to follow-up
1 side effect (diarreha)

2 did not come to hospital
for ®C-UBT

|

v

56 patients were 1 patient was
successful in eradication failed in eradication

41 patients were
successful in eradication

15 patients were
failed in eradication

Figure 1 Flow diagram of patients under each regimen of the study.

Table 2 Characteristics of patients whose Helicobacter pylori

status was checked only by serological test

Treatment groups

Table 3 Helicobacter pylori eradication rates

Treatment groups

LACM7 LAC7 P value

Characteristics LACM7 (n = 52) LAC7 (n = 44) P value Eradication »n % n %
Age (mean) (yr) 63+£8.9 63 +£8.6 0.95 ITT analysis Success 56 949 41 683 0.0002
Sex (male/female) 41/11 33/1 0.66 Failure 3 51 19 317
Endoscopic diagnosis 0.34 Per protocol analysis ~ Success 56 983 41 732 0.0001

Atrophic gastritis 24 13 Failure 1 1.7 15 268

Gastric ulcer 15 14

Duodenal ulcer 10 12

rates between the two arms were compared by intention-
to-treat (I'T'T) and per-protocol analyses. ITT analysis
included all patients who were enrolled and randomized
to the LACM7 or LAC7 group. For per protocol analysis,
patients who were lost to follow-up evaluation or devi-
ated from the protocol were excluded. Eradication rates
of these analyses were compared with Fisher’s exact test.

Frequencies and degrees of adverse events were eval-
uated by using 4 test, Fisher’s exact test and Wilcoxon
rank sum test. P < 0.05 was considered statistically sig-
nificant.

RESULTS

Eradication rate

One hundred and nineteen patients were enrolled in
this study: 59 in the LACM7 group and 60 in the LAC7
group. There were no significant differences between
age, sex and endoscopic diagnosis (Table 1). However,
as serological tests do not always demonstrate a current
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infection of H. py/orzm, we also analyzed eradication rates
in a subgroup excluding patients whose H. pylori status
was checked only by a serological test. There were also
no significant differences between the groups in terms of
characteristics (Table 2).

After treatment therapy, two patients in the LACM7
group and two patients in the LAC7 group did not ap-
pear to have a urea breath test for unknown reasons.
One patient in the LAC7 group interrupted eradication
therapy because of severe diarrhea. By ITT analysis, H.
pylori was successfully eradicated from 56 (94.9%) pa-
tients in the LACM7 group and 41 (68.3%) patients in
the LAC7 group. By per protocol analysis, the eradica-
tion rate was 98.3% in the LACM7 group and 73.2% in
the LAC7 group (Table 3). The eradication rate for qua-
druple LACM7 therapy was significantly higher than
that for triple LAC7 therapy by ITT (P = 0.0002) and per
protocol (P = 0.0001) analyses (Table 3). The subgroup
analyses which excluded patients whose H. pylori status
was checked only by serological test also showed a sig-
nificantly higher eradication rate in the LACM7 group
(94.2%) than in the LAC7 group (68.2%) (P = 0.0009,
Table 4).
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Table 4 Eradication rates excluding patients whose

Helicobacter pylori status was checked only by serological test

Treatment groups

LACM7 LAC7 P value
Eradication n % n %

ITT analysis Success 49 942 30 682  0.0009
Failure 3 58 14 318

Per protocol analysis Success 49 980 30 75.0  0.0009

Failure 1 2.0 10 25.0

Table 5 Degree of adverse events

Treatment groups

LACM7 LAC7 P value
Adverse events n % n %
None 32 57.1 33 61.1 0.67
Present 24 429 21 38.9

Table 6 Frequency of adverse events

Adverse events LACM7 LAC7 P value
n =156 (%) n=54(%)
Diarrhea 17 (30.1) 13 (24.1) 0.53
Taste disturbance 7 (12.5) 2(3.7) 0.16
Loss of appetite 5(8.9) 0 (0.0) 0.06
Heart burn 5(8.9) 4(74) 1.00
Nausea 2 (3.6) 0 (0.0) 0.50
Abdominal pain/distention 7 (12.5) 3 (5.6) 0.32
Belching 3 (5.4) 2(3.7) 1.00
Rash 0(0.0) 1(1.9) 0.49
General fatigue 2 (3.6) 1(1.9) 1.00

Adverse effects

A total of 110 of 119 patients completed the question-
naire. The incidence of side effects in patients receiving
LACM?7 quadruple therapy was 42.9%, whereas the in-
cidence in patients receiving LAC7 therapy was 38.9%.
No statistically significant difference exists between two
groups (RR: 1.10, 95% CI: 0.70-1.73, P = 0.67, Table 5).
The most frequent adverse event was diarrhea in both
groups. It was reported in 30.1% in the LACM7 group
compared with 24.1% in the LAC group (P = 0.53). Oth-
er adverse effects such as taste disturbance, loss of ap-
petite, heart burn, nausea, abdominal pain or distention,
belching and general fatigue occurred more frequently in
the LACM7 group than in the LAC7 group but none was
statistically significant. One patient in the LAC7 group
complained of a skin rash but it was too mild to quit the
eradication therapy (Table 6).

DISCUSSION

This study was designed as a randomized prospective
study to find the effectiveness of LACM7 quadruple
eradication therapy and cleatly showed that first-line 7-d
quadruple therapy using lansoprazole, amoxicillin, clar-
ithromycin and metronidazole significantly improved the
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eradication rate of H. pylori compared to standard 7-d
triple therapy. Furthermore, LACM7 quadruple therapy
showed no significant increases in the risk of adverse
events.

In the Asia-Pacific consensus guidelines for H. pylori
infection, the currently recommended first-line eradication
therapy is PPI-based triple therapy with clarithromycin
and either amoxicillin or metronidazole for 7 d"". PPI-
based triple therapy is also recommended in the Maas-
tricht Il consensus report, whereas bismuth-containing
quadruple therapy is presented as option[S].

Recently, some non-bismuth quadruple therapies were
reported to obtain higher eradication rates"”. Neville
reported that the eradication rate of quadruple therapy
(lansoprazole 30 mg, amoxicillin 1 g, clarithromycin
250 mg and metronidazole 400 mg, twice daily for 5 d)
was 88%'"”. Garcia reported that seven day quadruple
therapy of PPI, amoxicillin, trinidazole and bismuth
showed a high eradication rate of 84%"". In randomized
control studies, Kateralis compared quadruple therapy
(PPI, bismuth, tetracycline and metronidazole for 7 d)
with triple therapy (PPI, amoxicillin, clarithromycin)
and eradication rates were 82% and 78%, respectively[lsl.
There were some reports of higher eradication rates in
quadruple therapies than in triple therapies'*'*. On the
other hand, some reports showed better eradication rates
in triple therapies than in quadruple therapies. Mantzaris
showed that the eradication rate of quadruple therapy
(64.8%) was significantly lower than that of triple therapy
(78.2%)"". Some other studies also showed higher eradi-
cation rate in triple therapies than in quadruple thera-
pies™!, Thus, the effectiveness of first-line quadruple
therapy is controversial. In this study, we have demon-
strated that the eradication rates were 94.9%/98.3% by
ITT/per protocol analyses using LACM7 therapy, which
showed a higher eradication rate compared to previous
treatment regimens. It seems that LACM?7 therapy is su-
petior to other first-line eradication therapies.

However, quadruple therapies have not been preva-
lent in Japan. The concern is that quadruple therapies
may induce more severe adverse events than standard
triple therapies. In this study, the overall incidence rate
of adverse effects in patients receiving LACM7 therapy
was 42.9%, which is higher than that in patients receiving
LAC7 therapy (38.9%, Table 5). Diarrhea was the most
frequent adverse event which was reported in 30.1% of
LACMT7 compared with 24.1% of LAC7. Other adverse
events that occurred with a frequency of more than 10%
were taste disturbance (12.5%) and abdominal pain/dis-
tention (12.5%) in the LACM7 group. Nevertheless, the
rate of adverse events did not differ significantly between
two groups (P = 0.06-1.00, Table 6). Whereas some pre-
vious reports reported that metronidazole induces acute
pancreatitis or brain tumors, these effects are extremely
rare and are related to high doses or long-term adminis-
tration™”. Metronidazole use in the short-term may be
favorable to achieve eradication therapy efficiently.

The serology test, which is non-invasive, is widely
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available to diagnose H. pylori infection™. However, as the
serology test does not always indicate current infection
of H. pylori, patients whose H. pylori status was checked
only by serological test were excluded in subgroup analy-
sis (Tables 2 and 4). In this subgroup analysis, eradication
rates of LACM7/LAC7 were 94.2%/68.2%, which were
similar to results in Table 3. These tesults confirmed the
efficacy of LACM7 therapy.

Recently, the eradication rates in Japan have been de-
creasing, In other Asian countries, eradication rates have
also been decreasing because of drug resistance. The clar-
ithromycin resistance rate is increasing in many counttries.
In Japan, clarithromycin resistance currently accounts
for approximately 25% compared to around 15% in the
1990s"". Hence, it is reasonable to use metronidazole for
first-line therapy. In addition, clarithromycin is metabo-
lized by the CYP3A4 family of P-450, which is abundant
in the liver, and metronidazole is also metabolized in the
liver by oxidation. Several drug interactions may occur
due to inhibition of oxidative drug metabolism. It was
also reported that the combination of metronidazole and
clarithromycin induced long-term and concentration-de-
pendent effects”. On account of these pharmacological
effects, combination use of clarithromycin and metroni-
dazole is more effective than using either drug alone.

There is concern that using LACM7 could cause met-
ronidazole resistance. Actually, metronidazole resistance
has also increasing and the resistance rate in other Asian
countries is 50%-70%, which is higher than in Japan
4.5%). In these countries, metronidazole is frequently
used for gynecological infections such as Trichomonas vagi-
nalis, which has a high resistance rate. In contrast, met-
ronidazole resistance rate in Japan is lower than in other
Asian countries because of the restriction on its use. For
these reasons, the influence of short-term use of metro-
nidazole on its resistance might be slight.

Previously, we evaluated 7 d first-line triple therapy
with metronidazole (lansoprazole 30 mg, amoxicillin 750
mg, metronidazole 200 mg twice daily for 7 d: LAM) in
expectation of a higher eradication rate than other eradi-
cation therapies. Eradication of H. pylori was achieved in
91.0%, 91.2% and 86.5% of atrophic gastritis, gastric ul-
cer and duodenal ulcer patients by I'T'T analyses (data not
shown), which were lower than LACM7 (94.9%). These
results suggest that metronidazole-containing quadruple
therapy is superior to metronidazole-containing triple
therapy as first-line eradication.

LACM?7 therapy may be useful when confident H.
Pylori eradication is needed; for example, gastric mucosa-
associated lymphoid tissue (MALT) lymphoma and id-
iopathic thrombocytopenic purpura (ITP) that is linked
closely to H. pylori infection™”", As for MALT lympho-
ma, immediate H. pylori eradication is recognized as an
effective primary treatment”. Rapid induction of eradica-
tion therapy may reduce tumor size and is expected to
prevent undergoing surgical therapy or tumor metastasis
if no API2-MALT1 gene translocations exist. As for I'TP,
when the platelet count is < 3000-5000/ pL, immediate
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H. pylori eradication is strongly recommended to prevent
cerebral hemorrhage. Immediate H. pylori eradication im-
proves quality of life and decreases the mortality rate. In
these cases, to achieve eradication in the first treatment is
so important that the LACM7 regimen should be consid-
ered for first-line therapy.
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Background

The most widely recommended Helicobacter pylori (H. pylori) first-line eradica-
tion regimen is PPI-based triple therapy (PP, clarithromycin plus amoxicillin or
metronidazole) for at least 7 d. However, the eradication rate of H. pylori first-
line treatment is decreasing.

Research frontiers

Various four-drug combination regimens have been reported. Most of them
contain bismuth citrate. The research hotspot is how to modify the H. pylori
eradication therapy to improve its effectiveness.

Innovations and breakthroughs

Bismuth is not available currently in Japan. Metronidazole is approved only for
second-line eradication therapy. Hence, the authors used non-bismuth qua-
druple therapy (PPI, amoxicillin, clarithromycin and metronidazole) to improve
the eradication rate of first-line therapy. The eradication rate in non-bismuth
quadruple therapy was significantly higher than standard triple therapy. Nev-
ertheless, the incidence of serious adverse events did not differ between two
groups.

Applications

Non-bismuth quadruple therapy would be helpful to increase the first-line eradi-
cation rate in Japan.

Terminology

Quadruple therapy: therapy with bismuth, two antibiotics and PPl or H2RA.
Non-bismuth quadruple therapy: therapy with PPI, clarithromycin, amoxicillin
and nitroimidazole.

Peer review

In this study, the authors prospectively compared the effectiveness of 7-d qua-
druple therapy to standard 7-d triple therapy in Japanese patients infected with
H. pylori. Although many studies have been performed regarding the treatment
of H. pylori infection, this current study still has its significance, in particular for
patients in Japan or in Asia.
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