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Abstract
Background: Bismuth	quadruple	(BQT)	and	non-bismuth	quadruple	(N-BQT)	thera-
pies	are	the	recommended	first-line	treatments	for	Helicobacter (H.) pylori infection.
Objective: To	compare	the	efficacy	of	BQT	and	N-BQT	in	clinical	practice	in	an	area	
with high clarithromycin resistance, choosing the regimen on the basis of previous 
exposure to clarithromycin.
Methods: A	total	of	404	consecutive	H pylori-positive,	naïve	patients	were	enrolled.	
A	total	of	203	patients	without	previous	exposure	to	clarithromycin	received	N-BQT,	
100 patients for 10 days and 103 for 14 days, whereas 201 with previous exposure to 
clarithromycin	received	10-day	BQT.	Efficacy	and	treatment-related	adverse	events	
were assessed.
Results and Conclusions: Eradication	rates	by	intention-to-treat	analysis	were	88.2%	
for	N-BQT	and	91.5%	for	BQT	(P	=	.26);	per-protocol	analysis	eradication	rates	were	
91.2%	and	95.8%	for	N-BQT	and	BQT,	respectively	(P = .07). Eradication rates were 
significantly	higher	with	14-day	than	10-day	CT	(P	<	.003).	Almost	all	patients	had	a	
good	compliance	with	both	N-BQT	(95.6%)	and	BQT	(95%).	Adverse	events	occurred	
in	24.1%	and	26.9%	(P	=	.53)	of	patients	in	the	N-BQT	and	BQT	group,	respectively.	
In	conclusion,	clarithromycin-containing	non-bismuth	or	bismuth	quadruple	therapy,	
based on the knowledge of previous clarithromycin exposure, is effective and safe 
even	in	an	area	of	high	prevalence	of	clarithromycin-resistant	H pylori strains.

K E Y W O R D S

antimicrobial resistance, Helicobacter pylori,	non-bismuth	quadruple	therapy,	Pylera

www.wileyonlinelibrary.com/journal/hel
mailto:
https://orcid.org/0000-0003-4153-815X
https://orcid.org/0000-0001-9949-8619
mailto:marco.romano@unicampania.it
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fhel.12694&domain=pdf&date_stamp=2020-04-20


2 of 7  |     ROMANO et Al.

1  | INTRODUC TION

Helicobacter (H.) pylori infection is very common and affects approxi-
mately half of the world's population.1,2 H pylori is the main cause of 
chronic gastritis and peptic ulcer disease and plays a pathogenic role in 
the	development	of	gastric	adenocarcinoma	and	gastric	mucosa-associ-
ated lymphoid tissue lymphoma.1-3	Moreover,	this	bacterium	has	been	
associated	with	a	number	of	extra-gastric	diseases,	in	particular	iron-	or	
vitamin	B12-deficient	anemia	or	primary	idiopathic	thrombocytopenia.4

Eradication of H pylori infection is becoming more and more dif-
ficult due to the increasing prevalence of H pylori antimicrobial resis-
tance; in particular, clarithromycin resistance is the major determinant 
of	failure	of	clarithromycin-containing	regimens.5,6 Thus, the choice 
of the empirical treatment should be based on the local prevalence of 
antimicrobial resistance and the knowledge of patient's previous an-
timicrobial exposure.7-10 Previous exposure to clarithromycin is very 
likely to increase the probability of clarithromycin or dual clarithro-
mycin and metronidazole resistance.2,6 Bismuth quadruple therapy 
(BQT)	and	non-bismuth	(concomitant)	quadruple	therapy	(N-BQT)	are	
the	recommended	first-line	therapies.	Very	few	studies	with	a	small	
sample size compared the therapeutic performance of these two reg-
imens in clinical practice showing no difference in terms of eradica-
tion	rates.	However,	a	 large	randomized	case-control	 trial	 involving	
999	patients	reported	that	10-day	BQT	was	more	effective	than	10-
day	N-BQT	in	the	presence	of	clarithromycin-resistant	H pylori strains 
with	eradication	rates	of	89%	and	72%,	respectively.	In	addition,	dual	
clarithromycin and metronidazole resistance further reduced the ef-
ficacy	of	N-BQT.11	According	to	current	guidelines	in	areas	with	high	
prevalence of dual, clarithromycin and metronidazole, resistance BQT 
should	be	preferred	over	N-BQT	therapy.7-9 However, in many coun-
tries	bismuth	compounds	are	not	available	and	N-BQT	remains	the	
only quadruple regimen available for H pylori eradication. We hypoth-
esized	that	in	an	area	of	high	clarithromycin	resistance,	N-BQT	might	
achieve	similarly	high	eradication	rates	as	BQT	 if	N-BQT	 is	used	 in	
patients without previous exposure to clarithromycin. This approach 
would	optimize	the	efficacy	of	N-BQT	by	reducing	the	probability	of	
treating patients harboring H pylori strains with single clarithromycin 
resistance or dual clarithromycin and metronidazole resistance. There 
is	consistent	evidence	that	in	Italy,	there	is	a	high	prevalence	(>15%)	
of	clarithromycin-resistant	H pylori strains.12,13

The aim of this study was to compare the efficacy and safety 
of	BQT	and	N-BQT	for	the	first-line	treatment	of	H pylori infection 
selecting the regimen on previous exposure to clarithromycin, in 
clinical practice. Therefore, patients who had not previously been 
exposed	 to	 clarithromycin	 received	 N-BQT,	 while	 those	 who	 had	
been exposed received BQT.

2  | METHODS

2.1 | Patients

Patients with H pylori	infection	naïve	to	treatment	were	enrolled	in	
the	study	between	January	2017	and	April	2019.	Exclusion	criteria	

were	 the	 following:	 age	 <	 18	 years,	 previous	H pylori eradication 
treatment, allergy to amoxicillin, gastrointestinal malignancy, history 
of gastric surgery, severe concomitant cardiovascular, respiratory, 
endocrine, renal or hepatic diseases, severe neurologic or psychi-
atric	 disorders,	 pregnancy	 or	 breast	 feeding,	 use	 of	 proton-pump	
inhibitors, H2-receptor	 antagonists	 or	 antibiotics	 during	 the	previ-
ous	6	weeks	at	enrollment,	and	long-term	use	of	anti-inflammatory	
drugs. The study was performed according to Good Clinical Practice 
and the Declaration of Helsinki and was approved by the Institutional 
Ethical	committee.	All	patients	provided	written	informed	consent.

2.2 | Study design

This	is	a	non-randomized	case-control	study	that	involved	four	hos-
pitals in Campania, a region in the South of Italy. Consecutive pa-
tients	received	10-day	or	14-day	N-BQT	(esomeprazole	40	mg	before	
breakfast and dinner, clarithromycin 500 mg twice daily, amoxicillin 
1 gr twice daily, and tinidazole 500 mg twice daily; all antimicrobials 
were given after breakfast and dinner) if they did not report a pre-
vious exposure to clarithromycin; patients who reported a previous 
exposure	to	clarithromycin	or	were	in	doubt	about	it	received	10-day	
BQT (esomeprazole 40 mg before breakfast and dinner and Pylera® 3 
capsules four times daily, that is, three capsules after breakfast, lunch, 
dinner, and at bedtime). In Italy, BQT is only possible by using the 
“three-in-one	 pill”	 formulation	 (Pylera®,	 Allergan)	 which	 is	 licensed	
and reimbursed by the Italian National Health System for 10 days. 
Each capsule of Pylera® contains metronidazole 125 mg, tetracycline 
125 mg, and bismuth potassium subcitrate 140 mg.14 Compliance and 
treatment-related	adverse	events	(TRAEs)	were	assessed	at	the	post-
treatment	follow-up	visit	by	personal	 interview.	A	good	compliance	
was	defined	as	taking	at	least	90%	of	the	prescribed	medications.

2.3 | Assessment of H pylori status

Patients were considered H pylori-positive	if	they	were	positive	at	13C 
urea breath test (13C-UBT),	stool	antigen	test	(SAT),	histology,	or	rapid	
urease test (RUT). For histology, two biopsies from the corpus, one 
from the angulus, and two from the antrum were taken during upper 
GI endoscopy. H pylori eradication was assessed at least 4 weeks after 
the end of therapy by 13C-UBT,	SAT,	or	histology.	Patients	were	con-
sidered	cured	if	the	post-treatment	test	gave	a	negative	result.

2.4 | Statistical analysis

The primary efficacy variable was the eradication rate of H pylori. 
Assuming	 true	 eradication	 rates	 of	 85%	 and	 94%	 for	 N-BQT	 and	
BQT	 regimens,	 respectively,	 181	patients	 in	 each	 group	would	 be	
necessary	to	detect	at	a	significant	level	of	0.05,	with	80%	power,	a	
minimum	difference	of	9%	between	the	two	groups.	This	sample	size	
was calculated using the normal approximation to the binomial dis-
tribution.	Allowing	for	a	10%	drop-out	rate,	at	least	199	patients	for	
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each	group	were	required	to	be	enrolled.	Intention-to-treat	(ITT)	and	
per-protocol	 (PP)	 statistical	 analyses	were	performed.	 ITT	analysis	
included all subjects who had taken at least one dose of prescribed 
medication. PP analysis included all patients who finished the fol-
low-up	and	took	at	least	90%	of	the	study	medication.	For	example,	
patients	were	considered	lost	to	follow-up	if	the	assessment	of	post-
treatment H pylori status was not performed or was performed too 
early, or if their H pylori	status	was	unknown	due	to	missing	data.	A	
Student t	 test,	 chi-squared	 test,	 or	 Fisher	 exact	 test,	 as	 appropri-
ate, was performed to compare demographic characteristics and 
eradication	rates	between	treatment	groups.	A	P value of < .05 was 
considered	statistically	significant.	All	analyses	were	performed	with	
STATA	statistical	software	(StataCorp).

3  | RESULTS

3.1 | Baseline characteristics of patients

A	total	of	404	patients	(234	females,	170	males;	mean	(SD)	age,	47.3	
(15.1) years) were enrolled in this study. Of these, 203 patients without 
previous	 exposure	 to	 clarithromycin	 received	N-BQT,	 100	 subjects	
for 10 days and 103 for 14 days, whereas 201 patients with previous 
exposure	to	clarithromycin	received	10-day	BQT.	Figure	1	shows	the	
flow diagram of the study participants. No differences were found 
between the two groups of patients in term of sex, age, smoking, and 
indication for H pylori	eradication	(Table	1).	A	total	of	8	patients	in	the	
N-BQT	group	and	9	patients	in	the	BQT	group	had	a	bad	compliance	
(<90%);	in	addition,	1	patient	in	the	N-BQT	group	and	1	patient	in	the	
BQT	group	were	lost	to	follow-up.	Therefore,	9	patients	in	the	N-BQT	
group and 10 patients in the BQT group were excluded from the PP 
analysis. The PP analysis of H pylori eradication included 194 patients 
in	the	N-BQT	group	and	191	patients	in	the	BQT	group.

3.2 | Eradication rates of H pylori infection

Table	2A	shows	eradication	rates	in	the	two	groups	of	treatment	ac-
cording to ITT and PP analysis. Eradication rates were similar in both 
ITT	(88.2%	vs	91.5%,	P	=	.26)	and	PP	(91.2%	vs	95.8%,	P = .07) analy-
sis	for	N-BQT	and	BQT,	respectively.	A	subgroup	analysis	(Table	2B)	
showed	 that	 eradication	 rates	 were	 significantly	 higher	 with	 14-	
than	with	10-day	N-BQT	in	both	ITT	(96.1%	vs	80%,	P = .001) and 
PP	(97%	vs	85.1%,	P = .003) analysis. The efficacy of BQT was similar 
to	14-day	N-BQT	(ITT:	P = .137, PP: P	=	.614)	and	higher	than	10-day	
N-BQT	(ITT:	P = .004, PP: P = .001).

3.3 | Compliance and treatment-related 
adverse events

The	compliance	was	good	(≥90%	of	treatment)	in	95%	(191/	201)	of	
patients	 in	 the	BQT	group	and	95.6%	 (194/203)	of	patients	 in	 the	

N-BQT	group.	Treatment-related	adverse	events	 (TRAEs)	were	 re-
ported	by	24.1%	and	26.9%	(P	=	.53)	of	patients	in	the	N-BQT	and	
BQT	group,	respectively	(Table	3).	The	most	frequent	TRAEs	were	
gastrointestinal symptoms, including nausea, diarrhea, abdominal 
pain,	dyspepsia,	and	vomiting	(Table	3).	In	most	cases,	TRAEs	were	
mild	or	moderate;	severe	TRAEs	that	caused	treatment	discontinua-
tion	were	reported	by	9	patients	(4.4%)	in	the	N-BQT	group	and	10	
patients	(5.5%)	in	the	BQT	group	(P	=	.80).

4  | DISCUSSION

This study showed that concomitant therapy, when prescribed in 
patients without previous exposure to clarithromycin, is as highly 
effective	 and	 safe	 as	 bismuth	 quadruple	 therapy	 for	 the	 first-line	
treatment of H pylori infection in an area of high clarithromycin re-
sistance in clinical practice. We found that prolonging the duration 
of	N-BQT	 from	10	 to	 14	 days	 increased	H pylori eradication rate. 
BQT	and	N-BQT	showed	similar	tolerability.

Previous studies showed no significant differences between 
BQT	and	N-BQT,	but	 the	sample	size	was	 too	small	 and	 the	stud-
ies were unpowered.15-17 In particular, a study in Spain involving 
104	patients	randomized	to	receive	10-day	BQT	or	14-day	N-BQT	
showed	ITT	eradication	rates	of	94.4%	and	98%,	respectively.15 De 
Francesco et al in Italy randomized 65 patients to receive BQT and 
64	patients	 to	 receive	10-day	CT	and	 found	 ITT	eradication	 rates	
of	85%	and	95%,	respectively.16 Kefeli et al in a randomized clinical 
trial in Turkey enrolled about 100 patients per group showing again 
no	difference	in	the	eradication	rates	between	BQT	and	10-day	CT	
(87.7%	vs	86.9%	in	ITT	analysis,	respectively).17 On the other hand, 
a	 large	 randomized	 controlled	 trial	 enrolling	 1600	 naïve	 patients	
with H pylori infection reported that BQT was more effective than 
N-BQT,	 in	 particular	 in	 patients	 harboring	 clarithromycin-resistant	
strains; this study underlined the need to improve the performance 
of	N-BQT.11

Our hypothesis was that in an area with high clarithromy-
cin	 resistance,	 the	 efficacy	 of	 N-BQT	 could	 be	 optimized	 by	

F I G U R E  1   Flow diagram of the study. BQT, bismuth quadruple 
therapy;	N-BQT,	non-bismuth	quadruple	therapy
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adopting this regimen in patients without previous exposure to clar-
ithromycin in the attempt to minimize the likelihood of offering a 
clarithromycin-containing	regimen	to	patients	infected	with	a	clar-
ithromycin-resistant	strain.	Thus,	to	our	knowledge,	this	is	the	first	
study	comparing	the	therapeutic	performance	of	N-BQT	and	BQT	
in	an	area	of	high	clarithromycin	resistance	using	N-BQT	only	in	pa-
tients without memory of previous exposure to clarithromycin. We 
found	 that	 by	 using	 this	 strategy,	N-BQT	provided	 approximately	
90%	eradication	 rate	 in	 ITT	analysis,	 similar	 to	 that	obtained	with	
BQT. However, we cannot exclude that the two regimens may have 
similar efficacy if used without knowledge of patient's previous clar-
ithromycin exposure.

We	 found	 that	N-BQT	was	more	 effective	 prolonging	 the	 du-
ration	from	10	to	14	days.	The	optimum	duration	of	N-BQT	is	still	
under	debate.	As	there	is	evidence	that	the	efficacy	of	triple	ther-
apy increases with the duration of treatment,18 the same could be 

hypothesized	for	N-BQT.	Gisbert	et	al	showed	that	14-day	N-BQT	
was	superior	to	10-day	N-BQT	with	ITT	eradication	rates	of	93%	vs	
87%,	respectively.19 However, a Korean study showed comparable 
efficacy	of	10-day	N-BQT	and	14-day	N-BQT	with	ITT	eradication	
rates	of	94%	and	98%,	respectively.20 Similarly, a more recent study 
showed	no	difference	in	eradication	rates	between	10-day	and	14-
day	 N-BQT	 (ITT	 analysis:	 86.3%	 vs	 85.2%).21 Our study provides 
evidence that in patients without previous exposure to clarithro-
mycin,	N-BQT	is	more	effective	 if	prolonged	to	14	days.	However,	
our findings might be biased by the small sample size as only 100 
patients per group of treatment with different duration of therapy 
were enrolled.

In	our	 study,	BQT	and	N-BQT	were	well	 tolerated	with	 a	 sim-
ilar	 incidence	 of	 TRAEs.	 The	 incidence	 of	 TRAEs	was	 in	 line	with	
other	studies	where	TRAEs	ranged	from	25%	to	60%.19-22 The most 
common	TRAEs	were	related	to	the	gastrointestinal	tract	(ie,	nausea,	

 

Bismuth quadruple 
therapy
n. 201

Non-bismuth quadruple 
therapy
n. 203

P valuen. (%) n. (%)

Gender

Female 125 (62.2) 109 (53.7) .08

Male 76	(37.8) 94 (46.3)

Mean	age	(SD),	y 47.3 (13.9) 47.4 (16.3) .97

Smoking

No 143 (71.1) 146 (71.9) 0.86

Yes 58	(28.9) 57	(28.1)

Diagnosis

Dyspepsia 126 (62.7) 145 (71.4) .19

GORD 67 (33.3) 47 (23.2)

Family history for 
gastric cancer

5 (2.5) 7 (3.4)

Anemia 2 (1) 3 (1.5)

Peptic ulcer 1 (0.5) --

Thrombocytopenia -- 1 (0.5)

Test	pre-treatment
13C-urea	breath	test 111 (55.2) 116 (57.1)  

Histology 78	(38.8) 82	(40.4)  

Stool antigen test 9 (4.5) 5 (2.5)  

Rapid urease test 1 (0.5) --  

Histology + Stool 
antigen test

2 (1) --  

Test	post-treatment
13C-urea	breath	test 181	(90) 188	(92.6)  

Histology 4 (2) 7 (3.4)  

Stool antigen test 7 (3.5) --  

None 9 (4.5) 8	(4)  

Note: Bismuth	quadruple	therapy:	PPI,	bismuth,	metronidazole,	and	tetracycline;	non-bismuth	
quadruple therapy: PPI, amoxicillin, clarithromycin, and metronidazole.
Abbreviations:	GORD,	gastroesophageal	reflux	disease;	SD,	standard	deviation.

TA B L E  1   Baseline characteristics of 
patients
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diarrhea, and abdominal pain) with both antimicrobial regimens. In 
particular,	 severe	 TRAEs	 causing	 discontinuation	 of	 therapy	were	
experienced	only	by	5%	of	patients	with	no	significant	differences	
between the two regimens.

This study has several limitations. Selection bias is likely to have 
been	 introduced.	Most	 important,	 the	 lack	of	 randomization	may	
allow for several confounding to bias our results. However, patients 

treated	with	N-BQT	were	similar	in	term	of	sex,	age,	and	smoking	
to those who received BQT. In addition, prescribing the therapy 
based on the knowledge of patient's previous exposure to clari-
thromycin makes it difficult to perform a randomization. We can-
not exclude a recall bias about previous clarithromycin exposure; 
for example, the patient might forget, or might have been exposed 
to other macrolides with different name, although patients were 

TA B L E  2   (A-B)	Helicobacter pylori	eradication	rates	with	bismuth	quadruple	therapy	and	non-bismuth	quadruple	therapy

A

 

Bismuth quadruple
therapy

Non-bismuth quadruple therapy
(10-d and 14-d)

P valuen. % (95% CI) n. % (95% CI)

ITT 184/201 91.5	(86.8-95.0) 179/203 88.2	(82.9-92.3) .26

PP 183/191 95.8	(91.9-98.2) 177/194 91.2	(86.3-94.8) .07

B

 

10-d non-bismuth
quadruple therapy

14-d non-bismuth
quadruple therapy

P valuen. % (95% CI) n. % (95% CI)

ITT 99/103 96.1	(90.3-98.9) 80/100 80	(70.8-87.3) .001

PP 97/100 97	(91.5-99.4) 80/94 85.1	(76.3-91.6) .003

Note: Bismuth	quadruple	therapy:	PPI,	bismuth,	metronidazole,	and	tetracycline;	non-bismuth	quadruple	therapy:	PI,	amoxicillin,	clarithromycin,	and	
metronidazole.
Abbreviations:	CI,	confidence	interval;	ITT,	intention-to-treat	analysis;	PP,	per-protocol	analysis.

TA B L E  3  Treatment-related	adverse	events	(TRAEs)	in	the	two	groups	of	patients

 

Bismuth quadruple therapy
(n. 201)

Non-bismuth quadruple therapy
(n. 203)

P valuen. (%) n. (%)

Patients	with	TRAEs 54 (26.9) 49 (24.1) .53

Treatment discontinuation due to 
TRAEs

11 (5.5) 9 (4.4) .80

Gastrointestinal disorders 39 (19.4) 34 (16.7) .49

Nausea 16	(8) 7 (3.4)  

Diarrhea 17	(8.5) 23 (11.3)  

Abdominal	pain 13 (6.5) 15 (7.4)  

Dyspepsia 5 (2.5) 6 (3)  

Vomiting 8	(4) 6 (3)  

Central nervous system 23 (11.4) 22	(10.8) .85

Dysgeusia 16	(8) 17	(8.4)  

Headache 7 (3.5) 5 (2.5)  

Dizziness 6 (3) 2 (1)  

Somnolence 1 (0.5) --  

Others    

Asthenia 3 (1.5) 2 (1) --

Cutaneous itch 1 (0.5) -- --

Note: Bismuth	quadruple	therapy:	PPI,	bismuth,	metronidazole,	and	tetracycline.	Non-bismuth	quadruple	therapy:	proton-pump	inhibitor,	amoxicillin,	
clarithromycin,	and	metronidazole.	Dyspepsia:	epigastric	pain	or	burning,	early	satiety,	post-prandial	fullness.
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also asked about the brand name of macrolides. Probably, the use 
of the pharmacy registry data would have been more appropriate, 
but	 these	 data	 were	 not	 available.	 Another	 important	 limitation	
of this study is the lack of data on antimicrobial susceptibility of 
H pylori. For example, we do not know whether subjects without 
previous exposure to clarithromycin were indeed harboring a clar-
ithromycin-susceptible	H pylori strain; in addition, we do not know 
the	prevalence	of	dual	clarithromycin-metronidazole	resistance	in	
the	two	groups	of	patients.	Also,	the	rate	of	metronidazole	resis-
tance in our region is not well known. However, the high cure rate 
with	10-day	BQT	suggests	that	our	population	was	one	with	a	rel-
atively low background of imidazole resistance. Finally, BQT was 
prescribed for 10 days instead of 14 days, as suggested by some 
international guideline.8	A	14-day	BQT	may	provide	better	results;	
however,	our	study	was	carried	in	the	real-life	setting	in	Italy	where	
BQT is currently prescribed for 10 days, as previously mentioned.

In	conclusion,	clarithromycin-containing	concomitant	 therapy	
seems to be as highly effective and safe as BQT in eradicating 
H pylori infection in an area of high clarithromycin resistance in 
clinical practice if used in patients without previous exposure to 
clarithromycin. Our study confirms the high efficacy of both regi-
mens	in	a	large	number	of	patients.	Fourteen-day	N-BQT	seems	to	
be more effective than 10 days and comparable to BQT. However, 
our results cannot be completely generalized for the lack of data 
on H pylori	 antimicrobial	 susceptibility.	 According	 to	 guidelines,	
a quadruple therapy is mandatory in areas of high prevalence of 
clarithromycin resistance.6 Our finding suggests that choosing 
the type of quadruple therapy based upon the knowledge of pa-
tient's previous clarithromycin exposure may be a valid strategy 
for H pylori	eradication.	In	addition,	using	N-BQT	in	patients	never	
exposed to clarithromycin would also allow to use BQT as sec-
ond-line	treatment	in	case	of	treatment	failure.	An	important	issue	
is	that	patients	who	are	treated	with	N-BQT	may	receive	at	least	
one unnecessary antibiotic (either clarithromycin or tinidazole) 
thus likely contributing to the increase of antimicrobial resistance. 
Further	 large	 randomized	 case-control	 studies,	 possibly	 includ-
ing antimicrobial susceptibility testing, are needed to confirm our 
data.
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