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ABSTRACT

Objective: To evaluate the efficacy and safety of a quadruple regimen (BMTO) of the

“3-in-1 capsule” (containing bismuth subcitrate potassium, metronidazole and

tetracycline) plus omeprazole in naïve and previously treated patients diagnosed with

Helicobacter pylori (H. pylori) infection in the clinical setting in Seville (Spain).

Methods: This is a prospective study carried out on consecutive patients with a

confirmed H. pylori infection and upper gastrointestinal symptoms. After providing

their informed consent, the patients were treated for ten days with a 3-in-1 capsule

containing bismuth subcitrate potassium (140 mg), metronidazole (125 mg) and

tetracycline (125 mg: Pylera®), three capsules four times daily, plus omeprazole (20 or

40 mg) twice daily. Eradication of infection was determined by a negative urea breath

test at least 28 days after the end of treatment.

Results: A total of 58 consecutive patients were enrolled into this study, two of whom

withdrew early due to vomiting on days three and five, respectively. In this cohort, 17
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patients (29.3%) had a prior history of medication to treat H. pylori. In the intent-to-

treat population, eradication was achieved in 97.6% (40/41) and 82.4% (14/17) of

cases in patients treated with BMTO as a first-line or rescue therapy, respectively. At

least one adverse event was reported by 28 (48%) patients, mostly mild effects (86%).

Conclusion: A ten day treatment with BMTO is an effective and safe strategy to

combat confirmed H. pylori infection in patients.

Key words: Helicobacter pylori. Bismuth-based quadruple therapy. Pylera®.

Eradication.

INTRODUCTION

Helicobacter pylori (H. pylori) is a ubiquitous gram-negative bacterium considered to

be the most common bacterial infection in humans, affecting approximately 50-75% of

the population worldwide (1,2). H. pylori is associated with a wide range of upper

gastrointestinal diseases including peptic ulcer, gastric cancer and gastric mucosal-

associated lymphoid tissue (MALT) lymphoma (3,4). Although a variety of treatment

regimens have been proposed for the eradication of H. pylori, the ideal regimen to

treat this infection has not been defined (5,6). During the last decades, standard triple

regimens that combine a proton pump inhibitor (PPI) with two antibiotics (amoxicillin,

clarithromycin or metronidazole) have been recommended as first-line therapies

against H. pylori in several countries and regions (7-9). However, the use of PPI-based

triple therapy has led to an increase in the prevalence of H. pylori resistance to

metronidazole and clarithromycin (6,10,11), thus, reducing the rates of eradication by

an order of 50 to 70% (12-15). According to the recommendations of the IV Spanish

Consensus Conference on the treatment of H. pylori infection, a treatment should be

considered as effective when it is capable of eradicating H. pylori infection in

approximately 90% of patients (15).

The high rates of clarithromycin resistance have made triple therapy with omeprazole,

amoxicillin and clarithromycin (OAC) inappropriate, especially given that local

clarithromycin resistance rates may exceed 15% (15,16). Indeed, while the

clarithromycin and/or metronidazole resistance rates are unknown in the current



study area, the mean resistance to clarithromycin (18.3%) and metronidazole (40.8%),

and the dual resistance rate (10.1%) in Spain are available (17). Indeed, this reduction

in eradication rates has led to the development and use of new first-line treatments

(18,19).

In Spain, a quadruple regimen without bismuth (PPI, clarithromycin, amoxicillin and

metronidazole) is currently recommended as a first-line treatment (15). However,

patients who fail to respond to these triple or quadruple therapies that include

clarithromycin are recommended a regimen that includes levofloxacin and, preferably,

a quadruple regimen (PPI, amoxicillin, levofloxacin and bismuth). In other cases these

patients are recommended a quadruple bismuth-based therapy (PPI, bismuth,

tetracycline and metronidazole) (15).

The Maastricht V/Florence Consensus Report recommended a quadruple regimen of

bismuth, metronidazole and tetracycline plus omeprazole (BMTO) (16), indicating that

it produces a high eradication rate in patients with a previously failed H. pylori

eradication with other regimens (5,25-29). Furthermore, this consensus also

recommended that in regions of high dual clarithromycin and metronidazole resistance

(> 15%), bismuth-containing quadruple therapies should be the treatment of choice

(16). The currently available evidence has consistently shown that BMTO therapy

achieved eradication rates ranging between 84 and 97% when administered as a first

line therapy (20-24). Moreover, BMTO therapy has the advantage that H. pylori does

not become resistant to bismuth (30), and its effects are not influenced by

clarithromycin or fluoroquinolone resistance (31).

Based on the above, this study aimed to evaluate the efficacy and safety of a

quadruple therapy in a clinical setting in patients diagnosed with H. pylori infection.

The regimen was based on a 3-in-1 capsule containing bismuth subcitrate,

metronidazole and tetracycline, with the addition of omeprazole (BMTO).

METHODS

This is a prospective, open-label, single-center, interventional study carried out at the

Clinical Management Unit of the Gastroenterology Department of a hospital in Seville

between February 15th and October 15th 2016. The cohort consisted of consecutive



patients with a confirmed H. pylori infection receiving PPI-bismuth-based quadruple

therapy (Pylera®, Allergan Inc., Irvine, CA) under real-life conditions. The patients were

recruited at the outpatient clinic or referred for a study of their dyspeptic symptoms.

The study protocol was approved by the ethical research committee of the Virgen

Macarena and Virgen del Rocío university hospitals. All patients were fully informed

about the details of the study and they provided their written informed consent prior

to inclusion into the study. The ethical principles outlined in the Declaration of Helsinki

and those of the Good Clinical Practice were followed.

Eligible patients were aged 18 years or older, with a confirmed H. pylori infection,

upper gastrointestinal symptoms and indications for treatment with an eradication

therapy. H. pylori infection was confirmed by at least one of the following methods: 13

C-urea breath test, histology, or a rapid urease test. Patients were excluded if they had

contraindications/allergy to any of the drugs/excipients used in the study, substantial

organ impairment, if they had undergone surgery of the upper gastrointestinal tract, if

they presented clinically significant associated conditions (insulin dependent diabetes

mellitus, neoplastic diseases, coagulation disorders and hepatic, cardiorespiratory or

renal diseases), pregnancy or lactation. These inclusion/exclusion criteria were chosen

to provide a study population as homogeneous as possible. In order to avoid any

associated bowel motility disorders which could represent a confounding factor,

patients undergoing upper digestive tract surgery and/or with diabetes mellitus were

excluded.

Study treatment

The ten day bismuth-based quadruple therapy regimen consisted of three Pylera®

capsules (a three-in-one capsule containing bismuth subcitrate potassium 140 mg,

metronidazole 125 mg, and tetracycline 125 mg) four times a day (breakfast, lunch,

afternoon snack and dinner) plus omeprazole (20 or 40 mg based on the patient’s

needs: gastroesophageal reflux disease, gastric mucosa protection, etc.) twice daily (30

minutes before breakfast and afternoon snack).

Probiotic agents were added to the regimen at the beginning of the study for those

patients who reported prior gastrointestinal symptoms, mainly diarrhea, either in



association with earlier eradication regimens or in relation to prior antibiotic

administration for other pathologies. Patients were asked to refrain from consuming

alcohol or smoking during the entire treatment period and the subjects were

instructed not to take Pylera® with milk or other dairy products and to refrain from

sunbathing.

Objectives

The primary outcome measure of efficacy was H. pylori eradication, determined by a

negative urea breath test performed at least 28 days after the end of treatment (no

antibiotic or PPI consumption for four weeks). The secondary end-point was safety,

which was monitored via the adverse events (AEs). AEs events were identified verbally

in response to generic questions such as: how are you?, have you experienced any new

symptom or discomfort since your last visit? In addition, the relationship of the AE with

the study drug was determined by assessing whether any relationship existed between

the AE and the mechanism of action of the drug, or if such an event had been

experienced previously. AEs were classified as follows: a) mild: the patient was aware

of the signs or symptoms but it was readily tolerated and no medical

intervention/therapy was required; b) moderate: a discomfort that interfered with the

patient’s usual activities and that required minimal medical intervention/therapy; and

c) severe: a disabling effect that impeded working or performing usual daily activities

and that might even have been life threatening or required medical or surgical

intervention.

Statistical analysis

A standard statistical analysis was performed using MedCalc 16.8.4 (MedCalc Software

bvba, Ostend, Belgium). The data were expressed as the number (percentage), mean

(standard deviation [SD]), mean (95% confidence interval [95% CI]) or median (95% CI)

as appropriate. Categorical variables were compared using the Chi-squared test and

Fisher’s exact test, as necessary. The intent-to-treat (ITT) efficacy analyses were based

on all the patients who received the study medication and had completed at least one

valid follow-up visit. Patients with no observed outcome were considered as treatment



failures. Per protocol (PP) analyses were also conducted to confirm the ITT results,

which excluded patients who did not complete the study or who had seriously violated

the protocol.

A conditional hazard model with patient intraclass correlation was used to estimate

and to test factors associated with BMTO treatment failure. A conditional hazard

model was used for univariate and multivariate analysis, adopting a backward strategy

with a statistically significant cut-off for variable screening of 0.05. Potential predictors

were categorized as having low or high values based on the median of the sample and

the factors associated with failure in the univariate analysis at p ≤ 0.2 were included in

a multivariate analysis. A p value < 0.05 was considered to be significant.

RESULTS

Of the 102 patients who were screened, 58 fulfilled the inclusion and exclusion criteria

and were included in the ITT analysis (Fig. 1). Two of these patients withdrew from the

study early after suffering bouts of vomiting on days three and five, respectively. Thus,

a total of 56 of the 58 selected patients concluded the study; the principal

demographic and clinical characteristics are shown in table 1. The mean treatment

compliance with the study drug was greater than 90% for the patients who completed

the full treatment course (56/58), and 17 (29.3%) of these patients had a prior history

of using medication to treat H. pylori, most often clarithromycin, amoxicillin and PPIs.

H. pylori eradication rates were 93.1% (95% CI: 88.1-98.1%) in the overall study

population (ITT population) and 96.4% in the PP population (95% CI 92.8-100%).

According to the ITT analysis, the eradication rate was 97.6% among the patients that

received the BMTO treatment as first-line therapy (40/41, 95% CI: 94.6-100%) and

82.3% in the patients that received BMTO as a rescue therapy (14/17, 95% CI: 74.8-

89.8%). In contrast, the eradication rates in the PP population were 97.6% as a first-

line therapy (40/41, 95% CI: 94.6-100%) and 93.3% in those patients that received

BMTO as a rescue therapy (14/15, 95% CI: 88.4-98.2%).

The characteristics of the patients in whom H. pylori infection was not eradicated were

also assessed (Table 2). In a univariate analysis, none of the variables studied were

significantly associated with successful eradication (Table 3). Since none of the study



variables reached a significance value at or below 0.2 in the univariate analysis, no

multivariate analysis was performed.

Of the 58 patients included in the safety analysis, 51 patients (88%) had a good

tolerance of the BMTO therapy, although two (3.4%) patients withdrew from the study

after vomiting on days three and five, respectively. The proportion of patients

reporting at least one treatment-related AE was 48.2% (28/58), while nine patients

(15.5%) reported more than one AE. The mean (SD) duration of the AE was 7.7 (2.9)

days, with 28 patients (48.2%) reporting AEs related to the upper digestive tract and

ten patients (17.2%) reporting AEs related to the central nervous system. The most

commonly reported AEs were Diarrhea (ten, 17.2%), nausea (eight, 13.8%) and

asthenia (seven, 12.1%). Other AEs reported by the patients were: dark stools (four),

dyspepsia (two), dysgeusia (two), vomiting (one), headache (one) and upper

abdominal pain (one). Most of the AEs were classified as mild (86%) and although one

patient had an episode of diarrhea that was classified as severe, it was resolved with

oral medication without the need for hospitalization.

DISCUSSION

These data from a real-life study conducted in Seville demonstrate that ten days of

Pylera® treatment is an effective and safe strategy to combat H. pylori infection in an

ITT population, not only as first line but also as a second line therapy. These results

were confirmed in the PP efficacy analysis. Moreover, the study failed to find

significant differences between the use of BMTO therapy as a first line or as a rescue

therapy in either the ITT or PP populations.

The eradication rates with quadruple therapy were similar (ca. 82-97%) to those of

previous studies that used the same three-in-one capsule four times daily with

omeprazole twice daily (80-93.2%) (20,21,24,27). In a randomized, open-label, non-

inferiority phase 3 trial carried out in China, a trend toward Pylera® superiority over a

standard clarithromycin-based triple therapy was observed (80% vs 55% in the ITT

analysis) (23). More recently, a multicenter, open-label, single-arm, multinational

study conducted between March 2012 and January 2013 in France, Germany, Italy and

Spain reported H. pylori eradication rates that ranged from 93.2% to 93.8% regardless



of the definition of eradication (26). Moreover, in another study carried out in France

(32), the eradication rates with Pylera® used as a rescue therapy ranged from 83% to

87%.

Pylera® is a three-in-one capsule containing bismuth subcitrate, metronidazole and

tetracycline. While resistance to metronidazole and more rarely to tetracycline might

influence the efficacy of Pylera®, H. pylori does not appear to develop resistance to

bismuth (30). Moreover, it has been proposed that the addition of bismuth to distinct

combinations of antibiotics used to eradicate H. pylori completely overcomes any

resistance to metronidazole (26). Such an effect might justify why the eradication rates

observed in Spain were high, despite the high rate of resistance to metronidazole in

this country (17).

Risk factors that are potentially associated with treatment failure were assessed using

a conditional risk model. However, no factor was found to be significantly associated

with failure in the univariate analysis, thus, a multivariate analysis was not performed.

These results differ from those reported previously (32), where eradication failure was

associated with male gender and incomplete treatment. The differences between

these two studies may reflect the possible differences in the populations studied.

During the study, 46% of patients reported AEs and gastrointestinal disorders were the

most common, although symptoms of the nervous system affected 17% of patients

and primarily involved asthenia. These results are consistent with the currently

available evidence (20-27).

This study has inherent limitations regarding the interpretation of the results, mainly

due to the fact that it is an open-label, non-randomized, non-controlled study by

design. Thus, the study design does not allow us to reach decisive conclusions on the

comparative efficacy and safety of the BMTO therapy. Nevertheless, as patients with

frequent co-morbidities were excluded (e.g., diabetes) and the cohort includes a

representative and varied sample of patients, the results of the study are likely to be

relevant to current clinical practice. Indeed, the results obtained are in accordance

with the findings of the previous randomized studies involving BMTO therapies

(20,21,24). Nevertheless, as the study was carried out in a limited geographical region,

some caution should be taken when reaching general conclusions based on the data



obtained. Additional studies should be performed in other populations to confirm

these results.

In conclusion, in this setting a ten day treatment with Pylera® produces high rates of H.

pylori eradication, not only as a first line therapy but also as a rescue therapy. In

addition, Pylera® was generally well tolerated.
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Table I. Clinical and demographic characteristics of the per protocol (PP) study

population

PP

Number 56

Age, years

Mean (SD) 43.6 (15.6)

95% CI 39.5 to 47.7

Sex, n (%)

Male 18 (32.1)

Female 38 (67.9)

Smoking habit, n (%)

No 47 (83.9)

Yes 9 (16.1)

Alcohol consumption, n (%)

No 48 (85.7)

Mild 7 (12.5)



Moderate 1 (1.8)

Indication for eradication, n (%)

Functional dyspepsia 52 (92.9)

Peptic ulcer disease 4 (7.1)

Probiotic consumption, n (%)

No 42 (75.0)

Yes 14 (25.0)

Omeprazole dose, n (%)

20 mg 20 (35.7)

40 mg 36 (64.3)

BMTO indication, n (%)

First-line 41 (73.2)

Second-line 9 (16.0)

Third-line 3 (5.4)

Fourth-line 3 (5.4)

Drug allergies, n (%)

No 54 (96.4)

Amoxicillin 1 (1.8)

Acetaminophen 1 (1.8)

PP: Per protocol; SD: Standard deviation; 95% CI: 95% Confidence interval; BMTO:

Bismuth/metronidazole/tetracycline/omeprazole.



Table II. Clinical and demographic characteristics of the patients in whom

Helicobacter pylori (H. pylori) infection was not eradicated

Patient 1 Patient 2 Patient 3 Patient 4

Age, years 46 47 58 25

Sex Female Female Female Female

Smoking habit No No No No

Alcohol consumption No No No No

Indication for eradication Dyspepsia Anemia Dyspepsia Dyspepsia

Probiotic consumption No No Yes No

Omeprazole dose (mg) 40 40 40 40

BMTO indication First-line Second-line Third-line Fourth-line

Previous H. pylori treatments N.A. OCA OCA; OCAM OAL

Drug allergies No No No No



BMTO: Bismuth/metronidazole/tetracycline/omeprazole; OCA: Omeprazole

/clarithromycin/amoxicillin; OCAM: Omeprazole/clarithromycin/amoxicillin/m

etronidazole; OAL: Omeprazole/amoxicillin/levofloxacin.

Table III. Univariate analysis of 56 patients included in the per protocol analysis to

evaluate the potential risk factors for the failure to eradicate Helicobacter pylori

Variable n Failure (%) Univariate

HR (95% CI)

p

Age, years

< 46 26 7.7 5.74 (0.28-114.42) 0.2523

≥ 46 30 0.0

Sex

Male 18 0.0 0.41 (0.02-8.14) 0.5590

Female 38 5.3

Smoking habit

No 47 4.3 1.04 (0.05-20.08) 0.9784

Yes 9 0.0

Alcohol consumption



No 48 4.2 1.65 (0.09-28.12) 0.7281

Yes 8 0.0

Indication for eradication

Non-peptic ulcer disease 52 3.8 2.12 (0.12-38.32) 0.6104

Peptic ulcer disease 4 0.0

Probiotic consumption

No 42 3.9 1.74 (0.09-34.30) 0.7144

Yes 14 0.0

Omeprazole dose (mg)

20 mg 20 5.0 1.80 (0.12-27.25) 0.6716

40 mg 36 2.8

BMTO indication

First-line 41 2.4 0.37 (0.02-5.49) 0.4668

Rescue therapy 15 6.7

Drug allergies

No 54 3.7 3.66 (0.22-60.61) 0.3640

Yes 2 0.0

HR: Hazard ratio; 95% CI: 95% Confidence interval; BMTO: Bismuth/metronidazole/t

etracycline/omeprazole.



Fig. 1. Flowchart of the participant’s progress in the study.


