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Objective: Standard triple therapy for Helicobacter pylori has a low eradication 
rate in Turkey. The aim of this study was to evaluate and compare the effectiveness 
of 7-day and 14-day lansoprazole, amoxicillin, clarithromycin, and bismuth 
subsalicylate (LACB) treatment regimens as first-line H. pylori eradication 
therapies. Materials and Methods: This study included 70 patients with 
symptoms of dyspepsia and a positive H. pylori stool antigen test (SAT). Thirty-
five patients received the modified quadruple therapy regimen for 7 days (LACB-7)  
whereas the remaining 35 patients received the treatment for 14 days (LACB-14).  
Eradication was assessed by SAT 1 month after the end of therapy. Results: A 
total of 64 patients completed the therapy. The cumulative per-protocol (PP) and 
intention-to-treat (ITT) eradication rates were 89% (n = 57/64) and 81.4% (n = 
57/70), respectively. Both the PP and ITT eradication rates were superior in the 
LACB-14 group, compared with the LACB-7 group (PP: 90.6% vs. 87.5%; ITT: 
81.4% vs. 80%, respectively), but these differences were not statistically significant 
(P = 0.689). Conclusions: Both the 7-day and 14-day first-line LACB therapies 
provided a high cure rate, were well tolerated, and were equally effective against 
H. pylori infection in Turkey.
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not all of those infected develop these diseases, they 
do form a high-risk population for such complications. 
Therefore, the Maastricht Consensus Report from the 
European H. pylori Study Group advocates the testing 
for and eradication of H. pylori among a variety of 
patients presenting with gastrointestinal symptoms.[6]

Although the prevalence of H. pylori is decreasing in 
developed countries, it is increasing in developing 
countries.[7] For example, in Turkey, the estimated 
prevalence rate of H. pylori infection is around 75.5%.[8]  
Given the high prevalence and potentially serious 
clinical consequences of chronic H. pylori infection, 

Original Article

Introduction

Helicobacter pylori is one of the most common 
bacterial pathogens in humans, the only known 

host of this bacterium. One of the major risk factors 
for gastric cancer, H. pylori also causes many 
different gastrointestinal diseases such as chronic 
gastritis, peptic ulcer disease, and lymphoproliferative 
disorders. H. pylori infection is now recognized 
as a worldwide problem[1] and was accepted as a 
grade 1 carcinogen in 1994 by the World Health 
Organization.[2] In addition, H. pylori infection 
influences gastric function, including gastric acid 
secretion, and alters the intragastric environment.[3]  
An association between H. pylori infection and some 
diseases occurring outside the gastrointestinal tract, 
such as idiopathic thrombocytopenic purpura and iron-
deficiency anemia, have also been indicated.[4,5] Although 
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the identification of highly effective and well-tolerated 
treatment regimens is important. However, despite 
significant improvements, attempts to achieve a 
simple 100% effective therapy for H. pylori have not 
yet been successful. Furthermore, although the “test 
and treat” approach is acceptable in high prevalence 
regions such as Turkey, resistance to antibiotics is an 
important problem and the eradication rate is decreasing 
worldwide.[9] Therefore, clinically adequate regimens 
should provide H. pylori eradication in at least 80% 
of patients and should not cause any major adverse 
effects or clinically significant resistance to antibiotics. 
However, the most widely accepted standard triple 
therapy, consisting of amoxicillin, clarithromycin, 
and a proton pump inhibitor (PPI), has an eradication 
rate between 40% and 60%,[10,11] and resistance to 
clarithromycin is considered the major reason for 
treatment failure. Consequently, new regimens are 
needed to achieve a higher eradication rate.

Recent management guidelines published by the 
Maastricht Consensus Conference and the American 
College of Gastroenterology recommend a combination 
of a PPI, bismuth, metronidazole, and tetracycline 
(bismuth quadruple therapy) for 10–14 days and a 
combination of PPI, clarithromycin, and amoxicillin 
(clarithromycin triple therapy) for 7-14 days as first-line 
treatments for H. pylori infection.[7,12]

Therefore, the aim of this study was to assess the 
efficacy and safety of a 7-day and a 14-day bismuth 
subsalicylate modified quadruple therapy (lansoprazole, 
amoxicillin, clarithromycin, and bismuth subsalicylate) 
for the eradication of H. pylori.

Materials and Methods
Patient characteristics and study design
This prospective, open-label, single-center, randomized 
study was conducted in the Gastroenterology Clinic of 
Erciyes University. The study was performed between 
March 2011 and January 2012. The study included 
70 consecutive patients (23 male, 47 female) who 
underwent endoscopy for functional dyspepsia and were 
found to have H. pylori. Patients were excluded if they 
were younger than 18 years, had a history of previous 
gastric surgery or H. pylori eradication treatment, 
had recently used bismuth-containing compounds or 
antibiotics (in the last 2 months) or PPI (in the last 2 
weeks), had impaired liver or renal function, pyloric 
stenosis, erosive gastritis, or a peptic ulcer, had a 
history of allergies to penicillin or any other antibiotic, 
had used corticosteroids or immunosuppressants in 
the last 2 weeks, or were pregnant or lactating. The 
exclusion criteria also included a history of bleeding 

and coagulation disorders or contraindication for 
biopsy sampling. Patient data were recorded using a 
questionnaire. A positive stool antigen test (SAT) was 
required for inclusion. This positive result was then 
confirmed by histology of the gastric mucosal biopsies 
prior to treatment. Patients with only one positive test 
were not eligible for enrolment.

Patients were randomized into two groups according 
to presenting order (1:1). Patients in group A (n = 35)  
received lansoprazole 30 mg twice daily (bid), 
amoxicillin 1000 mg bid, clarithromycin 500 mg 
bid, and bismuth subsalicylate 600 mg bid for 7 days 
(LACB-7). Patients in group B (n = 35) received 
the same therapy for 14 days (LACB-14).   Figure 1 
summarizes the patient distribution across the two 
treatment arms. Patients were asked about adverse 
effects throughout the treatment. Patient compliance was 
evaluated at the end of treatment by examining the pill 
count and was considered adequate if more than 80% of 
the medication had been taken. H. pylori eradication was 
considered successful if the SAT was negative 4 weeks 
after discontinuation of therapy. A positive SAT at week 
4 suggested that treatment had failed and these patients 
were classified as non-eradicated.

Endoscopy and biopsy specimens
To carry out the histological evaluation, two antrum and 
one corpus biopsy specimens were obtained from each 
patient. Biopsies were fixed in formalin and routinely 
processed in paraffin wax. Consecutive 3-µm sections 
were cut and stained with hematoxylin and eosin, as well 
as Giemsa, for the differential detection of H. pylori. All 
biopsy samples were examined by the same pathologist. 
H. pylori colonization and activity of gastritis were 
graded according to the updated Sydney system on a 
scale of 0 to 3 (0 = none, 1 = mild, 2 = moderate, 3 = 
severe).[13]

Ethical approval
The study protocol was carried out in accordance with 
the Declaration of Helsinki (2004 revision). All subjects 
were informed about the study protocol and provided 
written consent. The study protocol was approved by the 
Erciyes University ethics committee.

Statistical analyses
The Shapiro–Wilk test was used to check the normality 
of the data. To compare the differences between 
groups, an independent-samples t test was used for 
continuous variables and a χ2 analysis was used for 
categorical variables. The 95% confidence interval (CI) 
was calculated for categorical variables and the mean 
± standard deviation (SD) was used for quantitative 
variables. Data were expressed as frequencies and 
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in group A and three in group B), four were lost to 
follow-up and two stopped treatment prematurely. The 
baseline characteristics of  both groups are presented in 
Table 1. The per-protocol (PP) population consisted of 
32 patients in the LACB-7 group and 32 patients in the 
LACB-14 group who completed their regimens.

The cumulative PP and intent-to-treat (ITT) eradication 
rates were 89% (n = 57/64) and 81.4% (n = 57/70) among 
the total sample, respectively. H. pylori eradication was 
achieved in 28 of 32 patients in the LACB-7 group  
(PP eradication: 87.5%; ITT eradication: 80%) and 29 
of 32 patients in the LACB-14 group (PP eradication: 
90.6%; ITT eradication: 82.8%). Both the PP and 
ITT eradication rates were superior in the LACB-14 
group compared with the LACB-7 group, although 
the differences were not statistically significant after 
adjusting for age and sex (P = 0.689). All eradication 
rates, treatment differences, and 95% CIs are 
summarized in Table 2.

The treatment was well tolerated, no major adverse 
effects were reported, and no patients dropped out due 
to adverse events. The most common adverse effects 
were mild diarrhea and a metallic taste in the mouth. In 
response to direct questioning, dark stools were reported 
by more than 70% of the patients during treatment. 
All patients reported complete adherence to treatment. 
Only 13 patients (20.3%) presented minor-to-moderate 
adverse effects (six reported metallic taste, four mild 
diarrhea, and three occasional nausea). All adverse 
effects disappeared shortly after the end of treatment. 
The rate of adverse events did not differ significantly 
between the two groups [Table 3].

percentages or mean ± SD. P values <0.05 were 
considered statistically significant. An analysis of 
covariance was used to assess the association between H. 
pylori status and functional dyspepsia status, adjusting 
for age and gender. Data were analyzed using SPSS v15 
for Windows (SPSS Inc., Chicago, Illinois, USA).

Results

Of the 70 patients in the total sample, 47 (67.2%) were 
women and 23 (32.8%) were men. The mean age was 
39.7 ± 11.2 years (38 ± 9.6 years for women and 42 
± 12.4 years for men). Of the 35 subjects in group A, 
11 (31.4%) were men with a mean age of 50.3 ± 10.2 
years and 24 (68.6%) were women with a mean age of 
38.9 ± 11.1 years. Of the 35 subjects in group B, 12 
(34.2%) were men with a mean age of 34.7 ± 9 and 
23 (65.8%) were women with a mean age of 36.6 ± 
7.6 years. Sixty-four patients completed the study. Of 
the six patients who did not complete the study (three 

Table 1: Baseline demographic data
Characteristics LACB-7 LACB-14
Number of patients 35 35
Mean age (SD) (years) 43 (11.8) 35.8 (8)
Male/female 11/24 12/23
LACB-7, lansoprazole/amoxicillin /clarithromycin/bismuth 
subsalicylate quadruple therapy for 7 days; LACB-14, lansoprazole/
amoxicillin/clarithromycin/bismuth subsalicylate quadruple therapy 
for 14 days; SD, standard deviation.

Table 2: Rates of H. pylori eradication by two different 
treatment regimens

LACB-7  LACB-14 P
ITT 28/35 29/35 0.759
(95% CI) 80% 82.8%
PP 28/32 29/32 0.689
(95% CI)  87.5% 90.6%
CI, confidence interval; PP, per protocol; ITT, intention-to-treat; 
LACB-7, lansoprazole/amoxicillin /clarithromycin/bismuth 
subsalicylate quadruple therapy for 7 days; LACB-14, lansoprazole/
amoxicillin/clarithromycin/bismuth subsalicylate quadruple therapy 
for 14 days.

Table 3: The incidence of mild-to-moderate adverse 
effects in each group

Adverse effects LACB-7 LACB-14
Nausea/vomiting 1 2
Alteration of taste 2 4
Diarrhea 2 2
Total 5 8
LACB-7, lansoprazole/amoxicillin /clarithromycin/bismuth 
subsalicylate quadruple therapy for 7 days; LACB-14, lansoprazole/
amoxicillin/clarithromycin/bismuth subsalicylate quadruple therapy 
for 14 days; Figure 1: Patient distribution flowchart
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metronidazole and clarithromycin, and lack of H. pylori 
resistance.[26] Thus, bismuth-based quadruple therapy 
has reemerged and is currently considered the preferred 
regimen in areas where clarithromycin resistance is high.

Furthermore, some studies have shown that prolonging 
the duration of therapy might improve the success of 
treatment. For example, a previous meta-analysis has 
shown that extending the duration of clarithromycin-
based treatment from 7 days to 14 days led to a 12% 
higher eradication rate,[27] and a comparison between a 
5-day and a 7-day clarithromycin-based triple therapy 
(lansoprazole 30 mg bid, amoxicillin 500 mg bid, and 
clarithromycin 200 mg bid) for non-resistant H. pylori 
infection showed a significantly higher eradication rate 
with the 7-day regimen [93% (n = 39/42) versus 75% 
(n = 36/84), respectively].[28] Similarly, our results 
showed that 14 days of treatment with LACB therapy 
yielded higher H. pylori eradication rates than 7 days 
of treatment, supporting this hypothesis. However, there 
was no statistically significant difference between the 
two groups. Nonetheless, the findings of this study have 
important implications for the treatment of H. pylori 
infection given that both LACB regimens were superior 
to standard lansoprazole, amoxicillin, and clarithromycin 
protocols.

Although the results of our study are novel and 
interesting, our study does have some limitations. First, 
because isolation of H. pylori is expensive, we were 
not able to evaluate antibiotic resistance in relation to 
treatment regimens or eradication rates. Secondly, the 
number of patients in each group was relatively small.

Conclusions

Both the 7-day and 14-day bismuth subsalicylate-
containing first-line quadruple therapies were safe and 
effective against H. pylori. Both therapies provided a 
high cure rate (≥80%), were well tolerated and were 
equally effective against H. pylori infection in Turkey. 
Although previous studies have evaluated an LACB 
regimen as a second-line H. pylori treatment, to the best 
of our knowledge, our study is the first to evaluate 7-day 
and 14-day bismuth subsalicylate-containing quadruple 
therapy regimens as first-line eradication therapies in 
Turkey. In regions with high levels of clarithromycin 
resistance, treatment with a modified LACB therapy 
should be considered as first-line therapy for H. pylori 
eradication.
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Discussion

H. pylori eradication leads to histologic and endoscopic 
improvement for several conditions. For example, 
H. pylori eradication has been shown to result in 
regression of mucosa-associated lymphoid tissue 
(MALT) lymphoma in 60–80% of H. pylori-positive 
patients with gastric MALT lymphoma.[14] Therefore, 
H. pylori eradication therapy should be the first choice 
of treatment. In addition, compared with conventional 
therapy, H. pylori eradication therapy has been shown 
to inhibit recurrence and provide economic benefits.[15]  
Furthermore, in a large-scale, multicenter, Japanese 
study, patients who had received endoscopic treatment 
for early gastric cancer and who were randomized to 
the H. pylori eradication group showed a markedly 
lower rate of metachronous recurrence after 3 years 
when compared with the non-eradication group.[16] These 
findings show that H. pylori eradication can inhibit the 
development of gastric cancer. Thus, the consensus 
among international guidelines is that unless a patient is 
allergic to any of the drugs used in eradication therapy or 
has complications that could interfere with eradication, 
such therapy should be the first-line treatment for an  
H. pylori-positive peptic ulcer.[17]

However, antibiotic resistance to clarithromycin has 
been identified as one of the major factors affecting 
our ability to cure H. pylori infection. Clarithromycin 
resistance is caused by mutations of H. pylori 23S 
ribosomal RNA inside 50S ribosomal subunits. These 
mutations result in decreased binding of clarithromycin 
to H. pylori ribosomes thereby reducing or preventing 
inhibition of protein expression.[18] In addition, the rate 
of resistance to this antibiotic seems to be increasing in 
many areas.[19] For example, in Turkey, while the rate 
of resistance to clarithromycin was 18.7% in 2000, in 
2009 it had increased to 41.9%.[20,21] Furthermore, in a 
large randomized study performed in our country, the 
eradication rate of standard triple therapy (omeprazole, 
clarithromycin, and amoxicillin) for 14 days was found 
to be 43%.[22] A meta-analysis by Kadayifçi et al.[10] 
revealed that the H. pylori eradication rate of PPI-
based triple therapy regimens was 84% in 1997, but 
decreased to 55.3% in 2004. These results emphasize 
the importance of investigating alternative treatments, 
such as bismuth-based treatments, for eradication of H. 
pylori.

Bismuth is an established treatment for H. pylori,[23] 
as it exerts a direct bactericidal effect on H. pylori, 
and to date, no resistance to bismuth salts has been 
reported.[24] Bismuth has already been proposed as a 
first-line eradication regimen because of its eradication 
rate approaching 90%,[25] synergistic effects with 
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