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Addition of bismuth to standard triple therapy for Helicobacter pylori eradication:

a randomised controlled trial
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Abstract

Objective: To compare the effect of addition of bismuth to the standard triple therapy for eradication
of Helicobacter pylori (H. pylori) in a randomised controlled trial.

Methods: The study was performed from June 2018-May 2019, in the two outpatient departments
located at two different campuses of Ziauddin university hospitals (ZUH) Karachi. Ethical approval
was obtained from the Ethics Review Committee of ZUH. It was designed as a randomized control
trial in a parallel fashion. Arm A received triple therapy including amoxicillin, clarithromycin, and
omeprazole for two weeks and Arm B received quadruple therapy adding colloidal bismuth subcitrate
to the triple therapy. A stool antigen test was done six weeks post-treatment to confirm H. pylori
eradication.

Results: A total of 196 participants were included, out of which 102(52 %) were males and 94 (48%)
were females. Among the patients receiving quadruple therapy, 92/98(93.8%) had negative post-
treatment stool antigen results, while among triple therapy recipients 83/98 (84.6%) had negative
stool antigen results, according to intention-to-treat analysis (p value=0.038; odds ratio 2.77, 95%
Cl 1.03-7.47). However, p-value changed to 0.082 (odds ratio 2.40, 95% Cl 0.87-6.60) in per-protocol
analysis as stool antigen results were not available in two patients in the triple therapy arm. No
difference in the side-effect profiles of either arm was noted.

Conclusion: Eradication rates of H. pylori may be modestly improved by addition of bismuth to the
standard triple therapy.

Clinical Trial Number: 03968302 (clinicaltrials.gov)

Keywords: Helicobacter pylori, Eradication, Amoxicillin, Clarithromycin, Omeprazole, Colloidal
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Introduction

In many parts of the world, the prevalence of Helicobacter
Pylori (H. Pylori) remains more than 50%.!" Once H. Pylori
infects the mucosa of the stomach, it can live in the acidic
environment for decades, where it disrupts gastric
mucosa, alter the pattern of hormones and finally may
cause chronic active gastritis and peptic ulcer disease.23
Gastric carcinoma is one of the most hazardous condition
associated with H. pylori infection.2 In order to reduce
the high risk of gastric carcinogenesis, it's early
eradication is essential.4> This situation warrants
appropriate actions so that the prevalence of this
organism can be reduced.

Multiple combinations of antibiotics have been used to
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eradicate H. pylori. The standard triple therapy with
antibiotics samoxicillin and clarithromycin, and a proton
pump inhibitor (PPI) for 7-14 days has remained as first
line regimen.6 However, widespread occurrence of
antibiotic resistance with standard triple therapy has
been reported, which has led to a decrease in eradication
rate to an unacceptable level of 66.9%.7 An alternative
to standard therapy is bismuth-containing quadruple
therapy which includes amoxicillin, oxytetracycline, and
a PPl that has an additional benefit of cost-effectiveness.,
but the data related to the addition of a bismuth
compound to the triple therapy is scarce.8 The rationale
of the current study was to identify improvement in a
cure rate of H. pylori after addition of colloidal bismuth
subcitrate to standard triple therapy, and then compare
the rate of eradication in a randomised controlled trial.
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Methods

The study was approved by the ethical review committee
of ZUH. It was a prospective, 2-arm, randomised, open-
label trial, done in a parallel design. [RCT NO.03968302
(clinicaltrials.gov)]. The primary end point was negative
stool antigen test for H. pylori after triple or quadruple
therapy post-treatment. Secondary endpoints included
the nature and frequency of side-effects which were
compared between the two arms. Arm A received triple
therapy including amoxicillin, clarithromycin, and
omeprazole for two weeks and Arm B received quadruple
therapy adding colloidal bismuth subcitrate to the triple
therapy.

Patients with dyspeptic symptoms who had H.pylori
infection, diagnosed through positive stool antigen for
H. pylori or detection of the organism in the
histopathology of gastric mucosal biopsy, attending
outpatient department of two campuses of the ZUH,
were included in this study. Exclusion criteria were
patients with age less than 12 years or more than 80
years; recent antibiotic use; treatment-experienced
patients, where H. pylori could not be eradicated after
therapy; patients with chronic illnesses and multiple co-
morbid for example, chronic liver disease, chronic kidney
disease or terminal illness; pregnancy; and allergy to any
of the regimen components. Purpose, procedure, risks,
and benefits were explained in detail to each participant
before taking their informed consent for inclusion in the
study. Relevant history was taken from patients and
complete physical examination was performed.

Subjects were randomised into two groups through
computer generated numbers and treatment was
allocated by sealed envelope method. Group A received
standard triple therapy for a total of 14 days while group
B received bismuth-based quadruple therapy for the
same period. The triple regimen was defined as a
combination of peroral amoxicillin one gram twice a day,
peroral clarithromycin 500 mg twice a day and peroral
omeprazole 40 mg twice a day. Quadruple therapy
included colloidal bismuth subcitrate 240 mg twice daily
in addition to the standard treatment. H. pylori
elimination status was checked routinely at six weeks
post-treatment by stool sampling for H. pylori antigen.
Subjects were counselled to stop taking PPl or any
antibiotic 2 weeks before stool H. pylori antigen testing.
Eradication was defined as a lack of detection of H. pylori
antigen in the stool via enzyme-linked immunosorbent
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assay (ELISA) method after triple or quadruple therapy.
Primary end point was defined as presence or absence
of the H. pylori antigen in the stool at 6 weeks post
treatment. Adverse events associated with either triple
or quadruple therapy were taken as a secondary end
point.

SPSS version 22 (IBM SPSS Statistics for Windows, Version
22.0. Armonk, NY: IBM Corp.) was used for date analysis.
Frequency and percentages were calculated in each arm
for the eradication of H.pylori. Chi-square test was applied
in the analysis of post-treatment results between the
two arms, with a p-value of < 0.05 taken as significant.
The sample size was calculated by the method defined
by Kelsey et al.? Assuming that response rate to bismuth
based quadruple therapy is 93% and to that of standard
triple therapy is 79%,10 with an alpha level of 5%(two
sided), a sample size of 194 (97x2) will be required to
ascertain 80% probability of attaining a statistically
significant y2 test result. After exclusion (Figure 1), 196
subjects were finally recruited from the initial count of
206 participants.

Results

The analysis was performed on 196 subjects after
randomisation (Figure-1). A total of 102 (52 %)
participants were males and 94 (48%) were females, with
a male-to-female ratio of 1.08:1. Presenting symptoms
are outlined in Table-1. Diagnosis of H. pylori infection

m | Associated for eligibility (n=206) |

Excluded (n=10)

5| - Not meeting inclusion criteria (n=07
- Declined to participate (n=02)

- Other reasons (n=01)

| Randomized (n=196) |

v

\ Allocation v

Allocated to triple therapy arm (n=87) Allocated to quadruple therapy arm (n=98
- Received allocated treatment (n=98) - Received allocated treatment (n=98)
- Did not receive allocated intervention (n=0) | |- Did not receive allocated intervention (n=0

v Follow-up v

Lost to follow-up (n=02)
Discontinyed intervention (n=0)

Analysed (intention-to-treat) (n=98
Excluded from analysis (n=0)

Analysed (n=98)
Excluded from analysis (n=0)

Figure-1: CONSORT diagram of recruited patients.
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was made by histopathology in 152 (77.6%) subjects
and by stool antigen test in 44 (22.4%) subjects.
In the triple therapy arm, two subjects were lost-to-
follow-up. In patients who had undergone endoscopy
for diagnosis, histopathology revealed mild gastritis in

Table-1: Presenting symptoms of the subjects enrolled in the study of
Helicobacter pylori eradication, as per triple and quadruple therapy.

Symptoms Triple therapy?!  Quadruple therapy2 p-value*
(n=98) (n=98)

Abdominal pain 86(87.7%) 74(75.5%) 0.027
Nausea 36(36.7%) 30(30.6%) 0.360
Anorexia 23(23.4%) 23(23.4%) >0.999
Bloating 19(19.3%) 29(29.5%) 0.097
Belching 16(16.3%) 22(22.4%) 0.360
Diarrhoea 17(17.3%) 17(17.3) >0.999
Heartburn 21(21.4%) 1(11.2%) 0.081
Weightloss 3(3.1%) 2(2.04%) 0.190
Upper gastrointestinal bleeding  5(5.1%) 10(10.2%) 0.179

TPe oral amoxicillin 1 gram twice a day, peroral clarithromycin 500 mg twice a day and
per oral omeprazole 40mg twice a day, for a total of 14 days; 2Peroral amoxicillin 1 gram
twice a day, per oral clarithromycin 500 mg twice a day, per oral omeprazole 40mg twice
a day, and colloidal bismuth subcitrate 240 mg twice a day, for a total of 14 days.

*p-value < 0.05 was taken as significant.

Table-2: Endoscopic manifestations of the subjects undergoing diagnostic
endoscopy for Helicobacter pylori (n=152).

Symptoms Triple therapy!  Quadruple therapy2 p-value*
(n=64) (n=88)

Hiatus 11(17.1%) 15(17.0%) 0.98
Oesophagitis 10(15.6%) 16(18.1%) 0.67
Pangastric erythema 36(56.2%) 40(45.4%) 0.18
Antralerythema 38(59.3%) 53(82.8%) 0.916
Antral granularity 21(32.8%) 28(31.8%) 0.89
Gastric erosions 3(4.6%) Nil (0%) 0.073
Duodenal ulcer 10(15.6%) 13(14.7%) >0.999
Duodenal erosions 11(17.1%) 7(7.9%) 0.12
Duodenal erythema 2(3.1%) 12(13.6%) 0.04

TPer oral amoxicillin 1 gram twice a day, per oral clarithromycin 500 mg twice a day and
per oral omeprazole 40mg twice a day, for a total of 14 days; 2Per oral amoxicillin 1 gram
twice a day, per oral clarithromycin 500 mg twice a day, per oral omeprazole 40mg twice
a day, and colloidal bismuth subcitrate 240 mg twice a day, for a total of 14 days.
*p-value < 0.05 was taken as significant; Where the values were <5, Fisher's exact test
was applied.

Table-3: Adverse events; triple v/s quadruple arm.

Symptoms Triple therapy!  Quadruple therapy2  Total
(n=98) (n=98) (n=196)
No adverse effects 83 81 164
Nausea N n 22
Vomiting 2 3 5
Diarrhoea 1 2 3
Distaste 1 1 2

TPer oral amoxicillin 1 gram twice a day, per oral clarithromycin 500 mg twice a day and
per oral omeprazole 40mg twice a day, for a total of 14 days; 2Per oral amoxicillin 1 gram
twice a day, per oral clarithromycin 500 mg twice a day, per oral omeprazole 40mg twice
a day, and colloidal bismuth subcitrate 240 mg twice a day, for a total of 14 days.
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Figure-2: Treatment response as judged by detection of Helicobacter pylori

stool antigen according to triple and quadruple treatment arms.

63/152(41.4 %) subjects, moderate gastritis in
77/152(50.6 %) subjects and severe gastritis
in12/152(7.8%). Metaplasia or dysplasia was not seen in
any case (Table-2).

Overall, 21/196(10.1%) subjects had positive stool test
for H. pylori antigen post-treatment. Among those who
received quadruple therapy, 92/98(93.8%) had negative
stool antigen results post-treatment triple therapy, while
among triple therapy recipients, 83/98 (84.6%) had
negative stool antigen results post-treatment (Figure-
2), according to intention-to-treat analysis (p-
value=0.038; Odds ratio 2.77, 95% Cl| 1.03-7.47). In
intention-to-treat analysis, absolute risk reduction is
about 9.18 % and 10.9 is the number needed to prevent
1 adverse event that would have happened with the
triple therapy. However, p-value changed to 0.082 (Odds
ratio 2.40, 95% Cl 0.87-6.60) in per-protocol analysis as
stool antigen results were not available in two patients
in the triple therapy arm. No significant difference was
noted between male and female subjects in response
to the treatment (p value=0.6).

When comparing the side-effect profile of the two
treatment arms, no significant difference was noted (p
value=0.9) (Table-3).

Discussion
H. pylori remains a chronic and wide spread infection
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worldwide. The recommended first-line standard triple
therapy for H. pylori eradication over the last two decades
includes amoxicillin, clarithromycin or metronidazole,
and a PPL.11.12 However, the initial efficacy of 90% has
declined to 57-73% in many parts of the world."
Furthermore, there is an increasing risk of antibiotic
resistance.!3 For clarithromycin alone, resistance has
shown to be around 67-82%.74 In fact, the history of
previous macrolide use especially for duration of more
than two weeks can be a tell-tale for the failure of triple
therapy.’> To circumvent these issues, along with the
novel regimens, future management may rely upon
individualised approaches like treatment after antibiotics
resistance testing or CYP2C19 genotyping.'6

Eradication rates have shown to be improved by the
addition of bismuth to triple therapy as evidenced by
studies.’7-19 A prospective Thai study noted 100%
eradication rates when the standard triple therapy was
combined with bismuth and probiotics.20 An Italian study
also concluded that bismuth subcitrate (as 240 mg twice
a day) acted as valuable adjuvant when added to the
triple therapy but its triple therapy regimen included
pantoprazole 20 mg twice a day, amoxicillin 1000 mg
twice day and moxifloxacin 400 mg twice a day, for 10
days. Eradication rate was 93.8% in per-protocol and
92% in intention-to-treat analysis with the addition of
bismuth, which decreased to 78.5% and 71.8%
respectively, without its addition.’9 A study done in China
on 101 patients noted similar results, with an 88%
eradication rate with bismuth-containing therapy.2!

We set 14 days duration each for triple and quadruple
regimen in the light of multiple meta-analyses that
showed this to be an optimal duration.2223The 7-day
standard triple therapy with addition of bismuth if
combined with probiotic, could also give satisfactory
eradication rates provided the clarithromycin resistance
was low,1? but we did not check for individual antibiotic
resistance. Sun Q et al. concluded that H. pylori resistance
to clarithromycin could be overcome with the
supplementation of bismuth and prolongation of
treatment duration and therefore improve eradication
rates.24 We used a similar treatment regimen, except
their study used omeprazole 20 mg twice a day. The
eradication rates were 97.4% in the intention-to-treat
analysis and 97.4 % in the per-protocol analysis for 14-
day therapy as compared to 80% and 82 % in the 7-day
regimen respectively with significant p value.24 Bismuth-
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containing quadruple therapy has better eradication
rates as compare to bismuth-containing levofloxacin-
based triple therapy and clarithromycin-based triple
therapy.2> But a prospective study has also shown that
bismuth when combined with levofloxacin as a rescue
therapy achieves effective eradication rates in those
subjects with previous history of triple or non-bismuth
based quadruple therapy.26

Some studies show similar eradication rates for both
triple and quadruple regimens. Luther J et al conducted
a meta-analysis which noted that similar cure rates were
produced by triple and quadruple therapies as primary
therapy; however, the quadruple therapy consisted of a
PPI, bismuth, tetracycline, and metronidazole.2” Another
meta-analysis comparing high dose dual therapy and
bismuth quadruple therapy connoted similar eradication
rates.28 A Turkish study noted no significant difference
in the outcome after the addition of bismuth to the
standard triple regimen.22 As far as reinfection rates are
concerned, a study done in Korea observed that choice
of the second line treatment was not affected by re-
infection, stayed low in both of bismuth-containing
quadruple therapy and moxifloxacin-based triple
therapy.30 Another study noted that four bismuth and
PPl-containing quadruple therapies, including
combination of tetracycline-metronidazole, tetracycline-
furazolidone, tetracycline-amoxicillin, or amoxicillin-
furazolidone, reached more than 90% cure rates in
patients who did not respond to previous treatment.31
In a Turkish study, two different bismuth-containing
quadruple groups achieved high eradication rates as
compared to triple therapy. At per-protocol analysis, the
eradication rates were 64.7% with the triple therapy (n
=504), 95.4% with the clarithromycin containing bismuth
group and 93.9% with the metronidazole containing
bismuth group.32 In our study, a modest increase in the
response rate was observed in patients receiving bismuth
compound in addition to the triple therapy. As the
response rate was already reasonable in the triple therapy
arm, the addition of bismuth sub-citrate could not
augment much of the response rate in the quadruple
arm. Therefore, the utility of this treatment may be more
useful in areas with a low response to the standard triple
therapy in the treatment-naive patients.

The American College of Gastroenterology (ACG) 2017
guidelines strongly recommend testing for eradication
after H. pylori treatment and state that all the three
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available methods, including stool detection, urea breath
test, and histopathology are sensitive and specific,
provided that they should be done with appropriate
considerations and can be individualised accordingly.33
Testing for eradication can prevent recurrent ulcer-related
haemorrhage, resulting in fewer complications, therefore
making it cost-effective.34 In our study, we used stool
for H. pylori antigen to document eradication as it is more
economical and easily available.

Bismuth for the treatment of H. pylori is safe and well-
tolerated.3> We did not find any major adverse event
that would have led to cessation of the treatment.

The strength of our study is that this is the first study
from Pakistan to the best of our knowledge to address
the efficacy of addition of bismuth containing compound
to the standard triple therapy. However, the main
limitation is that only a modest edge over the efficacy
was observed due to a relatively small number of
participants recruited in the study - better results might
have been observed with a larger sample size.

Conclusion

Eradication rates of H. pylori may be modestly improved
by addition of bismuth, which is a well-tolerated drug,
to the standard triple therapy.
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