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Abstract
Background: Rifabutin-	based	 regimens	 are	 used	 as	 rescue	 therapy	 for	 refractory	
Helicobacter pylori infection; however, the duration for which treatment is required 
and	side	effects	are	concerning.	This	study	assessed	the	efficacy	and	safety	of	7-	day	
rifabutin,	amoxicillin,	and	vonoprazan	triple	therapy	as	third-		or	later-	line	treatment	
for H. pylori infection.
Materials and Methods: Patients	who	did	not	respond	to	second-	line	therapy	were	
enrolled.	After	H. pylori infection was confirmed with the culture method, the patients 
received	rifabutin-	containing	triple	therapy	(20 mg	vonoprazan	b.i.d.,	500 mg	amoxi-
cillin	q.i.d.,	and	150 mg	rifabutin	q.d.)	for	7 days.	Twelve	weeks	after	the	eradication	
therapy, successful eradication was confirmed using a 13C	urea	breath	test	or	the	H. 
pylori	stool	antigen	test.	The	results	obtained	from	our	previous	study	that	reported	
a	10-	day	or	14-	day	esomeprazole	based	rifabutin-	containing	triple	therapy	as	a	third-		
or	 fourth-	line	 rescue	 therapy	 treated	 patients	were	 used	 as	 historical	 control.	We	
determined the minimum inhibitory concentrations of amoxicillin and rifabutin. We 
also evaluated whether the patients were positive for the mutation of the rpoB gene.
Results: Intention-	to-	treat	 and	 per-	protocol	 analyses	 showed	 that	 our	 regimen	 re-
sulted	in	a	high	eradication	rate	(91.2%,	95%	CI:	84%–	99%	and	92.7%,	95%	CI:	86%–	
100%,	 respectively).	 Adverse	 events	 occurred	 in	 31.6%	 of	 the	 patients,	 and	 two	
patients discontinued the therapy.
Conclusions: This	 is	 the	 first	 study	 to	 evaluate	 the	 efficacy	 and	 safety	 of	 a	 7-	day	
low-	dose	rifabutin-	based	triple	therapy	with	vonoprazan	and	amoxicillin.	Our	results	
suggest	that	our	regimen	was	effective	and	safe	as	a	third-		or	later-	line	H. pylori eradi-
cation	 regimen.	To	clarify	what	component	 in	 this	 regimen	are	critical,	 subsequent	
studies	using	a	 factorial	design	 (comparing	vonoprazan-	amoxicillin	dual	 therapy	vs.	
vonoprazan-	rifabutin	triple	therapy)	will	be	needed.
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1  |  INTRODUC TION

Helicobacter pylori infection causes gastric cancer, duodenal or 
gastric	ulcers,	and	gastric	mucosa-	associated	 lymphoid	tissue	 lym-
phoma,1	 and	 its	eradication	has	been	 shown	 to	 reduce	 the	 risk	of	
upper gastrointestinal tract diseases.1,2	Although	the	prevalence	of	
H. pylori infection has decreased in some countries in recent years,3 
the H. pylori infection has been reported to develop in more than 
half of the global population.4	Moreover,	 the	 increased	antimicro-
bial resistance has become a major challenge for eradicating H. pylori 
worldwide.5–	8

Rifabutin	 (RFB)-	based	 treatment	 has	 been	 reported	 to	 be	 ef-
ficacious as a rescue therapy,9–	12 and recently, its potential as an 
effective	 first-	line	 therapy	was	 reported.12	 Regarding	 RFB-	based	
regimens,	 most	 previous	 studies	 used	 RFB	 for	 7–	14 days.13 We 
also	previously	reported	the	efficacy	of	10-		or	14-	day	eradication	
therapy	with	esomeprazole	(EPZ),	amoxicillin	(AMX),	and	RFB	as	a	
third-		and	fourth-	line	regimen	(hereinafter,	called	10-		and	14-	day	
EAR,	respectively).	The	eradication	rate	 in	the	14-	day	EAR	group	
was	higher	than	that	in	the	10-	day	EAR	group	(94.1%	vs.	83.3%).15 
However, there were safety problems, in that 75.0% and 94.1% of 
the	patients	in	the	10-		and	14-	day	groups,	respectively,	showed	ad-
verse events, and the corresponding percentages of patients who 
withdrew	treatment	due	to	adverse	events	were	8.3%	and	29.4%.14

Since	 2015,	 vonoprazan	 (VPZ),	 a	 novel	 potassium-	competitive	
acid	blocker	(P-	CAB),	has	been	available	in	Japan,	and	it	can	produce	
rapid,	strong,	and	long-	lasting	gastric	acid	inhibition	after	its	admin-
istration.15,16	The	safety	of	using	VPZ	compared	with	proton	pump	
inhibitors	 (PPIs)	has	also	been	reported.17 It was recently reported 
that	 VPZ-	containing	 regimens	 achieved	 a	 higher	 eradication	 rate	
than	 the	 PPI-	containing	 regimens	 as	 first-	,	 second-	,	 and	 third-	line	
treatments.15,16,18–	20	Moreover,	 dual	VPZ/	AMX	 therapy	has	 been	
shown to be sufficient to eradicate H. pylori.21

Considering	the	evidence	obtained	thus	far,	in	this	study,	we	ad-
justed	 the	 dosage	 and	 duration	 of	 RFB	 and	 assessed	 the	 efficacy	
and	 safety	 of	 7-	day	 triple	 therapy	with	 VPZ,	 AMX,	 and	 low-	dose	
RFB	 as	 third-		 to	 seventh-	line	 regimens	 for	 H. pylori eradication. 
Furthermore,	 we	 analyzed	 the	 correlation	 between	 the	 status	 of	
rpoB	mutations	associated	with	RFB	resistance	and	 the	successful	
eradication of H. pylori.

2  |  MATERIAL S AND METHODS

2.1  |  Study population

This	 prospective	 open-	label	 study	 was	 conducted	 at	 Keio	
University	 Hospital	 (Tokyo,	 Japan)	 between	 June	 2016	 and	
February	2021.	It	was	approved	by	the	Institutional	Review	Board	

of	 the	 Keio	 University	 School	 of	 Medicine	 (jRCTs031180362)	
and	 registered	with	 the	University	Hospital	Medical	 Information	
Network	Clinical	Trials	Registry	(UMIN000021928).	Patients	aged	
20 years	or	higher	and	in	whom	eradication	regimens	had	failed	at	
least	twice	were	included.	The	previous	eradication	regimens	used	
were	 as	 follows.	 The	 first-	line	 regimen	 consisted	 of	 PPI/P-	CAB,	
AMX,	and	clarithromycin	(CLR);	the	second-	line	regimen	consisted	
of	PPI/P-	CAB,	AMX,	and	metronidazole	(MTZ).	The	third-		to	sixth-	
line eradication regimens were different in each case; however, 
RFB	was	not	included	in	any	previous	regimens.	Patients	who	were	
allergic to rifamycin, PPIs, or penicillin; had a history of tubercu-
losis or Mycobacterium avium complex infection, uveitis, or severe 
hepatic	 or	 renal	 impairment;	 pregnant;	 or	 taking	 voriconazole	
were excluded.

2.2  |  Study design

H. pylori isolates were obtained from gastric biopsy specimens be-
fore	starting	the	treatment.	The	minimum	inhibitory	concentrations	
(MICs)	of	AMX	and	RFB	against	H. pylori isolates and the rpoB muta-
tion status of the H. pylori strains were determined using previously 
described methods.14,19,20 Patients who did not undergo esophago-
gastroduodenoscopy after giving informed consent and whose H. 
pylori	culture	was	negative	were	excluded	from	the	analysis.	After	
H. pylori	 infection	 was	 confirmed	 with	 the	 culture	 method,	 RFB-	
containing	 triple	 therapy	 (20 mg	 VPZ,	 b.i.d.;	 500 mg	 AMX	 q.i.d.;	
150 mg	RFB	q.d.)	was	administered	to	the	patients	for	7 days	(7-	day	
VAR).	Twelve	weeks	after	the	end	of	the	eradication	therapy,	success-
ful eradication was confirmed using the 13C	urea	breath	test	(UBT)	
or H. pylori stool antigen test.22	The	cut-	off	value	for	a	negative	UBT	
was less than 2.5‰.23	The	results	obtained	from	our	previous	study	
that	reported	a	10-	day	or	14-	day	EAR	therapy	as	a	third-		or	fourth-	
line rescue therapy were used as historical control.14 In the study, 
the	enrolled	patients	were	randomly	assigned	to	receive	a	10-	day	or	
14-	day	eradication	therapy	with	EPZ	(20 mg,	4	times	a	day	[q.i.d.]),	
AMX	 (500 mg,	q.i.d.),	and	RFB	 (300 mg,	once	a	day	 [q.d.]).	Patients	
who	failed	the	first-		and	second-	line	eradication	therapy	were	en-
rolled	between	October	2013	and	February	2015.	This	 study	was	
registered	with	the	University	Hospital	Medical	Information	(UMIN)	
Clinical	Trials	Registry	(UMIN000011963).

2.3  |  Susceptibility of H. pylori to 
antimicrobial agents

The	cut-	off	points	for	the	MICs	defining	the	antimicrobial	resistance	
of H. pylori	were	0.06	and	0.25 μg/ml	for	AMX	and	RFB,	respectively,	
based on our previous report.24

K E Y W O R D S
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2.4  |  DNA preparation, PCR assay for sequencing 
to detect rpoB mutation

To	determine	 the	 rpoB mutation in the H. pylori strains, we isolated 
H. pylori	 DNA	 using	 the	 method	 described	 previously.23	 Briefly,	
for	 DNA	 extraction,	 the	 Cica	 geneusR	 DNA	 extraction	 reagent	
AN	 (Kanto	 Chemical	 Co.,	 Inc.)	 was	 incubated	with	H. pylori culture 
solution	 at	 72°C	 for	 6	min	 and	 at	 94°C	 for	 3	min.	 The	 resistance-	
determining region of the rpoB	 (codon	511	to	612)	gene	was	ampli-
fied	by	polymerase	chain	reaction	(PCR)	using	the	following	primers:	
rpoB	 (forward),	 5′-	AAATGATCACAAGCACCATC-	3′;	 rpoB	 (reverse),	
5′-	ACCTTGCCATCCACAACC-	3′.	PCR	was	performed	with	35 cycles	
of	denaturation	at	94°C	for	30 s,	annealing	at	52°C	for	30 s,	and	ex-
tension	at	72°C	for	1	min	using	a	Gene	Amp	PCR	system	9700	ther-
mal	 cycler	 (Applied	 Biosystems)	with	 KAPA	 SYBR	 Fast	Master	Mix	
(Nippon	Genetics	Co.	Ltd.).	PCR	products	for	sequencing	were	quali-
fied	using	a	QIAquick	Gel	Extraction	Kit	 (Qiagen).	PCR	templates	of	
all	 strains	were	 sequenced	 directly	 on	 both	 strands	 using	 a	 3730xl	
DNA	Analyzer	(Thermo	Fisher	Scientific)	with	the	BigDye	Terminator	
v3.1 Cycle	Sequencing	Kit	(Thermo	Fisher	Scientific).	The	sequences	
obtained were compared with published sequences of the H. pylori 
rpoB gene.25

2.5  |  Outcomes

The	main	 outcome	measure	was	 the	 overall	 eradication	 rate.	 The	
secondary outcome measures included the eradication rates of 
rpoB	mutation-	positive	or	mutation-	negative	strains,	AMX	and	RFB-	
susceptible	 or	 -	resistant	H. pylori strains, other factors associated 
with	eradication	success,	and	frequency	of	adverse	events.	The	re-
sults	obtained	were	compared	with	 those	obtained	 for	our	10-		or	
14-	day	EAR	previously.14

2.6  |  Treatment compliance and adverse events

Patients	were	checked	for	any	adverse	events	that	occurred	during	
the	treatment	and	1 week	after	the	eradication	therapy.	The	patients	
were	verbally	checked	whether	they	had	any	adverse	events	or	not.	
Treatment	adherence	was	evaluated	by	counting	the	leftover	tablets	
at	the	end	of	the	regimen.	Poor	compliance	was	defined	as	an	intake	
of <80% of the study drugs.14

2.7  |  Statistical analyses

The	demographic	characteristics,	eradication	rates,	 frequency	of	
adverse events, the correlation between rpoB mutation status, 
and	the	MICs	of	RFB	in	the	patients	were	compared	using	Fisher's	
exact	test	or	Student's	 t-	test,	as	appropriate.	Statistical	analyses	
were	performed	using	 IBM	SPSS	Statistics	25	 (IBM	Corp.).	Data	
are	expressed	as	the	mean ± standard deviation. Required sample 

size	 was	 estimated	 as	 55	 patients	 taking	 the	 following	 parame-
ters into consideration: the expected eradication rate = 90%, the 
required minimum threshold eradication rate =	 80%,	 two-	sided	
alpha = 5%, and power = 80%, by referring to previous literature 
on	RFB-	based	therapy	as	first-		to	fourth-	line	treatment	for	H. py-
lori eradication.14,26

3  |  RESULTS

3.1  |  Patient characteristics

Overall, 66 patients were enrolled in this study (Figure 1).	Of	these,	
three were excluded before treatment because they refused endos-
copy (n =	3).	Patients	whose	H. pylori culture was negative were also 
excluded (n =	6).	Finally,	57	patients	received	the	7-	day	VAR.	Two	
patients discontinued the regimen because one got a stomachache, 
and the other developed headache and conjunctival hyperemia on 
the first day.

As	shown	in	Table 1,	the	mean	patient	age	was	52.5 ± 9.5 years,	
and	47.4%	(27/57)	were	male.	Of	the	57	patients,	3,	43,	10,	and	1	
patient	received	the	third-	,	fourth-	,	fifth-	line,	and	seventh-	line	erad-
ication therapies.

Comparison	with	 the	 historical	 control	 data	 revealed	 that	 the	
average	patient	age	was	higher	in	the	7-	day	VAR	group	than	in	the	
14-	day	 EAR	 group	 (52.5 ± 9.5 years	 vs	 46.5 ± 8.8 years,	 p	=	 0.02).	
Furthermore,	 the	 percentage	 of	 alcohol	 drinkers	was	 significantly	
higher	 in	 the	 7-	day	 VAR	 group	 than	 in	 the	 10-		 and	 14-	day	 EAR	
groups	 in	the	 intention-	to-	treat	 (ITT)	population	(66.7%	vs.	33.3%,	
47.1%, p =	0.01,	0.04,	respectively).	No	intergroup	differences	were	
observed	 in	 sex,	 smoking	 habit,	 and	 body	 mass	 index	 (BMI).	 As	
shown	in	Table	S1,	48	patients	had	a	previous	history	of	VPZ-	AMX-	
containing	 or	 high	 dose	 AMX-	containing	 treatments—	27	 patients	
had	 a	 history	 of	VPZ-	AMX	 (1500 mg)-	containing	 treatment	 (eradi-
cated/non-	eradicated:25/2),	13	patients	had	a	history	of	VPZ-	AMX	
(≥2000 mg)-	containing	treatment	(eradicated/non-	eradicated:11/2),	
and	 8	 patients	 had	 a	 history	 of	 EPZ-	AMX	 (2000 mg)-	containing	
treatment	(eradicated/non-	eradicated:8/0).

3.2  |  MICs of RFB and rpoB mutation status

The	mean	MIC	of	RFB	was	0.00 ± 0.01 μg/ml, and all strains were 
RFB-	sensitive.	Mutations	in	rpoB were detected in three patients, all 
in	V538.	The	MICs	of	rpoB	for	all	three	mutant	strains	were	0.00 μg/
ml, of which two were successfully eradicated (Table 2).

3.3  |  Eradication rates

The	 ITT	 and	 per-	protocol	 (PP)	 analyses	 showed	 the	 eradication	
rates	 to	 be	 91.2%	 (52/57,	 95%	 Confidence	 Interval	 [95%	 CI]:	
84%–	99%)	 and	 92.7%	 (51/55,	 95%	 CI:	 86%–	100%),	 respectively	
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(Table 3).	One	patient	discontinued	treatment	due	to	the	develop-
ment of adverse events on the first day and refused to be analyzed 
for successful eradication, while another patient, who discontin-
ued medication on Day 4, was confirmed to have been success-
fully	eradicated.	Compared	with	the	historical	controls,	 the	total	
eradication	rate	achieved	with	7-	day	VAR	did	not	significantly	dif-
fer	from	those	achieved	with	the	10-	day	EAR	(ITT	analysis:	83.3%,	
p = 0.60; PP analysis: 81.8%; p =	0.26)	and	14-	day	EAR	(ITT	analy-
sis: 94.1%, p = 1.00; PP analysis: 91.7%, p =	 1.00)	 (Table 3).	As	
shown in Table 4, all patients in whom the eradication therapies 
failed	were	treated	with	fourth-		or	fifth-	line	treatment.	The	num-
ber	 of	 smokers	 was	 significantly	 higher	 in	 the	 non-	eradication	
group. However, there was no difference in the other patient 
characteristics	and	MICs	of	AMX	and	RFB	between	the	patients	
in whom eradication therapy was successful and those in whom it 
was unsuccessful.

3.4  |  Safety assessment

Adverse	events	occurred	in	31.6%	(18/57)	of	the	patients	in	the	7-	
day	VAR	group,	and	two	patients	discontinued	treatment	(Table 5).	
One stopped medication because of stomachache on the fourth day, 
and the other discontinued the treatment because of headache and 

conjunctival	hyperemia.	In	the	ITT	population,	the	occurrence	of	ad-
verse	events	was	lower	in	the	7-	day	VAR	therapy	group	than	those	
in	the	14-	day	EAR	therapy	group	(31.6%	vs.	88.2%,	p < 0.01)and	the	
10-	day	EAR	therapy	group	(31.6%	vs.	66.7%,	p =	0.046).	There	were	
no severe adverse events, and all adverse events improved after the 
completion or discontinuation of the medication.

4  |  DISCUSSION

In	the	present	study,	we	assessed	the	efficacy	and	safety	of	7-	day	VAR	
as	a	third-		or	later-	line	regimen	to	eradicate	H. pylori	infection.	To	the	
best	of	our	knowledge,	this	is	the	first	report	of	the	use	of	150 mg/day	
RFB	in	a	7-	day	regimen	to	eradicate	H. pylori	infection.	The	strength	
of this study is that all patients were assessed by H. pylori culture and 
antibiotic	susceptibility	testing.	This	means	that	all	false-	positive	cases	
from the other tests were excluded, and all patients were assessed for 
AMX	and	RFB	susceptibility	and	rpoB mutations.

The	regimen	used	in	the	current	study	(7-	day	VAR)	differs	from	
our	 previously	 reported	10-		 and	14-	day	RFB-	based	 regimens	 (10-		
and	14-	day	EAR)	in	three	aspects.	First,	we	shortened	the	duration	
of	the	regimen	from	10	or	14 days	to	7 days.	Second,	the	dosage	of	
RFB	was	reduced	from	300 mg	q.d.	 to	150 mg	q.d.	Third,	VPZ	was	
used to suppress gastric acid secretion instead of EPZ. Interestingly, 

F I G U R E  1 Flow	diagram	of	the	study.	Abbreviations:	AMX,	amoxicillin;	H. pylori, Helicobacter pylori,	HpSA,	H.	pylori	stool	antigen	test;	
ITT,	intention-	to-	treat,	PP,	per-	protocol;	RFB,	rifabutin;	UBT,	13C	urea	breath	test;	VPZ,	vonoprazan
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ITT	and	PP	analyses	showed	that	this	7-	day	VAR	resulted	in	a	suffi-
cient	eradication	rate	of	91.2%	(52/57)	and	92.7%	(51/55),	respec-
tively,	as	a	third-		or	later-	line	rescue	treatment.

Regarding	the	duration,	dosage,	and	frequency	of	RFB	therapy,	
Gisbert	et	al	 reviewed	and	summarized	 the	efficacy	of	RFB	 for	H. 

pylori	eradication	by	performing	a	meta-	analysis	and	recommended	
treatment	 administration	 for	 10 days	 considering	 the	 balance	 of	
eradication	rate	and	frequency	of	adverse	events.	As	for	the	dosage,	
RFB	300 mg/day	is	generally	used	for	treating	H. pylori infection.13 
All	 previously	 reported	 H. pylori eradication regimens consisting 
of	 150 mg	 RFB	 daily	 were	 administered	 for	 more	 than	 10 days.13 
However,	the	eradication	rates	were	in	the	range	of	40%–	70%.13,27,28 
Our	7-	day	VAR	resulted	in	a	high	eradication	rate	of	>90% despite 
the shortening of the treatment duration and reducing the dosage 
of	RFB.

An	undoubtedly	important	factor	influencing	the	results	of	this	
study	is	the	use	of	VPZ.	Since	the	availability	of	VPZ	in	2015,	many	
reports	have	shown	the	higher	effectiveness	of	VPZ-	containing	reg-
imens for H. pylori	eradication	compared	with	that	of	PPI-	containing	
regimens.29,30	Regarding	the	RFB	regimen,	Lim	et	al	compared	7-	day	
therapy	with	RFB	 (150 mg	b.i.d.),	AMX	 (1g	 t.i.d.),	 and	 lansoprazole	
(30 mg	b.i.d.	or	60 mg	b.i.d.).	 In	 their	study,	 the	60 mg	 lansoprazole	
group	 achieved	 a	 higher	 eradication	 rate	 than	 the	 30 mg	 group	
(96.3%	vs.	78.1%,	p =	0.047).31	This	study	suggested	that	strong	acid	
suppression	by	high-	dose	PPIs	 is	more	effective	in	RFB-	containing	

TA B L E  1 Participant	demographics

7- day VAR therapy 
(N = 57)

10- day EAR therapya 
(N = 12) p- valueb

14- day EAR therapya 
(N = 17) p- valuec

Age	(years,	mean ± SD) 52.5 ± 9.5 50.3 ± 13.9 0.61d 46.5 ± 8.8 0.02d

Sex	(male/female) 27/30 3/9 0.21e 9/8 078e

Smokers,	n	(%) 4	(7.0) 1	(8.3) 1.00e 3	(17.6) 034e

Alcohol	drinkers,	n	(%) 38	(66.7) 4	(33.3) 0.01e 8	(47.1) 0.04e

BMI,	mean ± SD,	kg/m2 22.6 ± 4.0 21.6 ± 2.5 0.39d 22.7 ± 4.7 0.96d

Presence of rpoB mutation, 
n	(%)

3	(5.3) 1	(7.1) 0.54e 2	(11.8) 0.32e

Resistance	to	RFB	(MIC:	
≥0.25 μg/ml),	n	(%)

0 0 1	(5.9) 0.23e

RFB	MIC	(mean ± SD,	μg/ml) 0 ± 0.01 0 ± 0.01 0.74d 0.06 ± 0.24 0.35d

Resistance	to	AMX	(MIC:	
≥0.6	μg/ml),	n	(%)

36	(63.2) 8	(66.7) 1.00e 8	(47.1) 0.27e

AMX	MIC	(mean ± SD,	μg/ml) 0.12 ± 0.16 0.24 ± 0.56 0.47d 0.07 ± 0.08 0.24d

Third-	line	eradication	therapy,	
n	(%)

3	(5.3) 3	(25.0) 0.06e 6	(35.3) 0.01e

Fourth-	line	eradication	
therapy, n	(%)

43	(75.4) 9	(75.0) 1.00e 11	(64.7) 0.53e

Fifth-	line	eradication	therapy,	
n	(%)

10	(16.1) 0 0

Seventh-	line	eradication	
therapy, n	(%)

1	(1.8) 0 0

Note:	Alcohol	drinkers	were	defined	as	people	who	consumed	at	least	one	drink	of	alcohol	per	month.	Bold	values	denote	statistical	significance	at	
the	p < 0.05	level.
Abbreviations:	AMX,	amoxicillin;	BMI,	body	mass	index;	MIC,	minimum	inhibitory	concentration;	RFB,	rifabutin;	SD,	standard	deviation.
aData	of	the	10-		and	14-	day	EAR	therapies	have	been	cited	from	Mori	et	al14 as historical control.
b7-	day	VAR	vs	10-	day	EAR.
c7-	day	VAR	vs	14-	day	EAR.
dStudent's	t-	test.
eFisher's	exact	test.

TA B L E  2 Outcomes	of	patients	with	the	rpoB mutation in the 
7-	day	VAR	and	10-		or	14-	day	EAR	groups

MIC of RFB 
(μg/ml)

Amino acid 
change

Eradication 
result

VAR	Patient	1 0 Val	538	Ile success

VAR	Patient	2 0 Val	538	Ile failure

VAR	Patient	3 0 Val	538	Ile success

EAR	1a 0 Val	538	Ile success

EAR	2a 0.03 Val	538	Ile success

EAR	3a 1 Leu	525	Ile success

Abbreviation:	MIC,	minimum	inhibitory	concentration;	RFB,	rifabutin.
aData	are	cited	from	Mori	et	al.14
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regimens.	 However,	 to	 our	 best	 knowledge,	 no	 studies	 have	 yet	
directly	 compared	 PPIs	 with	 VPZ	 in	 regimens	 containing	 RFB.	 In	
2020,	Hirata	et	al	 conducted	a	small	 trial	of	10-	day	 triple	 therapy	
with	VPZ	(20 mg	b.i.d.),	AMX	(750 mg	b.i.d.),	and	RFB	(150 mg	b.i.d.)	
and	 achieved	a	high	eradication	 rate	 (100%,	19/19,	95%	CI:	 83%–	
100%).32	Furthermore,	our	7-	day	VAR	therapy	achieved	a	sufficient	
eradication	 rate	 compared	 with	 those	 achieved	 with	 the	 10-		 and	
14-	day	EAR,	although	there	was	no	significant	difference	(Table 3).	
These	results	suggest	that	an	additional	effect	of	VPZ	in	the	RFB-	
containing regimen can be expected.

We investigated the susceptibility of the isolates to antimicro-
bial and rpoB	mutation	agents	responsible	for	RFB	resistance,33 as 
we did previously.14	In	the	present	study,	the	mean	MIC	of	RFB	was	
0.00 μg/ml,	and	all	strains	were	sensitive	to	RFB.	Of	these	strains,	
three strains with rpoB	 mutation	 in	 V538	 were	 identified,	 and	
the	MICs	 of	 RFB	 for	 these	 strains	were	 lower	 than	 the	 detection	

sensitivity (Table 2).	 Regarding	our	10-		 and	14-	day	EAR	 study	 re-
ported previously, the strains isolated from three patients showed 
the rpoB	mutation,	and	mutations	were	detected	at	L525	and	V538.	
Of	 these,	 the	patients	with	 the	L525	mutation	 showed	 resistance	
to	RFB;	however,	all	were	successfully	eradicated.	Concordant	with	
these findings, the findings of the present study also detected the 
mutations	at	V538	and	L525,	and	the	patients	harboring	L525	mu-
tation	were	resistant	 to	RFB.	 It	has	been	shown	that	mutations	at	
L525	induce	strong	resistance	to	rifampicin.34	Taken	together,	these	
studies	suggest	that	the	V538	mutation	is	not	related	to	resistance	
to	RFB	in	H. pylori.	Furthermore,	a	new	mutation,	L547F,	responsible	
for rifamycin resistance, has been reported recently.35 However, in 
this	study,	L547F	mutation	was	not	detected.

The	 findings	 demonstrated	 no	 significant	 difference	 in	 eradi-
cation	rate	between	the	AMX-	resistant	and	AMX-	sensitive	groups.	
Further,	the	study	also	indicated	that	the	susceptibility	of	the	strains	

7- day VAR 
therapy

10- day EAR 
therapya p- value

14- day EAR 
therapya p- value

ITT	analysis 91.2%	(52/57) 83.3%	(10/12) 0.60b 94.1%	(16/17) 1.00  b

PP analysis 92.7%	(51/55) 81.8%	(9/11) 0.26b 91.7%	(11/12) 1.00  b

Abbreviations:	ITT,	intention	to	treat;	PP,	per-	protocol.
aData	of	EAR	therapy	is	cited	from	Mori	et	al14 as historical control.
bFisher's	exact	test.

TA B L E  3 The	eradication	rate	of	7-	day	
VAR	and	historical	10-		and	14-	day	EAR

7- day VAR, 
N = 57

Successful 
eradication (N = 52)

Eradication 
failure (N = 5) p- value

Age	(years,	mean ± SD) 52.5 ± 9.5 51.7 ± 9.4 60.4 ± 8.3 0.51a

Male/Female 27/30 23/29 4/1 0.18b

Smokers,	n	(%) 4	(7.0) 2	(3.8) 2	(40.0) 0.04b

Alcohol	drinkers,	n	(%) 52.5 ± 9.5 34	(65.4) 4	(80.0) 1.00  b

BMI,	mean ± SD,	kg/
m2

22.6 ± 4.0 22.7 ± 4.1 22.1 ± 2.3 0.75a

rpoB mutation, n	(%) 3	(5.3) 2	(3.8) 1	(20.0) 0.25b

Resistance	to	RFB	
(MIC:	≥0.25 μg/ml),	
n	(%)

0 0 0 N.A.

RFB	MIC	(mean ± SD,	
μg/ml)

0 ± 0.01 0 ± 0.01 0.00 ± 0.00 0.68a

Resistance	to	AMX	
(MIC:	≥0.6	μg/ml),	
n	(%)

36	(63.2) 32	(61.5) 4	(80.0) 0.64b

AMX	MIC	(mean ± SD,	
μg/ml)

0.12 ± 0.16 0.12 ± 0.17 0.11 ± 0.09 0.88a

Fourth-		or	later-	
line eradication 
therapy, n	(%)

54	(94.7) 49	(94.2) 5	(100) 1.00b

Note:	Alcohol	drinkers	were	defined	as	those	who	consumed	at	least	one	drink	of	alcohol	per	
month.	Bold	values	denote	statistical	significance	at	the	p < 0.05	level.
Abbreviations:	AMX,	amoxicillin;	BMI,	body	mass	index;	MIC,	minimum	inhibitory	concentration;	
RFB,	rifabutin;	SD,	standard	deviation.
aStudent's	t-	test.
bFisher's	exact	test.

TA B L E  4 Factors	influencing	the	
eradication	rate	achieved	with	7-	day	VAR
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to	 AMX	 and	 RFB	 was	 not	 a	 predictor	 of	 successful	 eradication.	
AMX	 resistance	has	been	 shown	 to	be	 associated	with	decreased	
efficacy	 of	 AMX-	containing	 regimens	 for	 H. pylori eradication.36 
Concordantly,	in	this	study,	a	higher	rate	of	AMX	resistance	was	ob-
served in the eradication failure group than that in the successful 
eradication group (Table 4).	However,	the	sample	size	in	this	study	
cannot detect statistical significance, suggesting the requirement of 
a	larger	sample	size	to	detect	the	precise	effects	of	AMX-	resistance	
on	the	treatment	failure	of	AMX-	containing	regimens.

The	percentage	of	adverse	events	associated	with	the	7-	day	VAR	
was	lower	than	those	related	to	the	10-		and	14-	day	EAR	therapies	
(7-	day	VAR	vs.	10-		and	14-	day	EAR:	47.4%	vs.	75%,	94.1%).14	The	
frequency	of	adverse	events	of	a	previous	study	that	reported	a	10-	
day	triple	therapy	with	VPZ	(20 mg	b.i.	d.),	AMX	(750 mg	b.i.d.),	and	
RFB	(150 mg	b.i.d.)	were	comparable	with	our	study	(8/19,	42.1%	vs,	
27/56,	47.4%).32	The	incidence	of	adverse	events	has	typically	been	
reported	to	be	associated	with	the	RFB	dose.11,37 Patients treated 
with	more	than	450 mg	RFB	daily	experienced	more	adverse	events	
than	those	treated	with	300 mg	RFB	daily.13 On the contrary, Phillips 
et	al	reported	that	a	duration	of	no	more	than	one	week	should	min-
imize adverse events.38	The	mean	 rate	of	RFB-	associated	adverse	
events for H. pylori	 eradication	was	 reported	 to	 be	 15%	 (95%	CI:	
14%–	17%),	mostly	in	Europe.13	When	limited	to	studies	in	Asia,	the	

incidence of adverse events was relatively high, ranging from 11% to 
94%	(mean	44%,	95%	CI:	20%–	67%).31,32,39–	41	The	incidence	of	ad-
verse	events	for	the	7-	day	VAR	used	in	this	study	was	49.1%,	which	
is high compared with the overall reported cases, but not as high as 
reported	 in	Asia.	As	 racial	 differences	may	 affect	 adverse	 events,	
appropriate	dosing	may	be	necessary,	particularly	when	RFB	is	used	
in	Asian	populations.

The	eradication	rate	of	tailored	therapy	was	higher	than	that	of	
conventional therapy.42 However, drug susceptibility tests for H. 
pylori before H. pylori	eradication	and	third-		or	fourth-	line	eradica-
tion	 are	 not	 covered	 by	 the	 Japanese	 health	 insurance	 system.	 In	
our study, most patients had a previous history of treatment with 
sitafloxacin-	containing	regimen	(third	to	sixth-	line)	as	non-	health	in-
surance	covered	treatment	or	clinical	trial	(data	not	shown).

Furthermore,	our	data	revealed	eradication	failure	in	patients	de-
spite	the	lack	of	rpoB	mutation	or	RFB/AMX	resistance,	which	could	
be	attributed	to	the	smoking	habits	of	the	patients.	The	number	of	
smokers	was	significantly	higher	in	the	eradication	failure	group	than	
that in the successful eradication group (Table 1).	Reportedly,	smok-
ing	 inhibits	 the	activities	of	CYP3A4,	which	metabolizes	both	RFB	
and	VPZ.	Therefore,	it	has	been	speculated	that	smoking	may	lead	
to eradication failure, as it may slow down the clearance of drugs 
metabolized	by	CYP3A4.43	These	findings	have	also	been	supported	

7- day VAR
10- day 
EARa p- valueb

14- day 
EARa p- valuec

ITT	population,	n 57 12 17

Pateints who had adverse 
events, n	(%)

18	(31.6) 8	(66.7) 0.046d 15	(88.2) <0.01d

Treatment	
discontinuation, n	(%)

1	(1.8) 1	(8.3) 5	(29.4)

Soft	stool,	n	(%) 5	(8.8) 2	(16.6) 2	(11.8)

Fatigue,	n	(%) 4	(7.0) 0 1	(5.9)

Stomachache,	n	(%) 3	(5.3) 0 0

Discomfort in the eyes, 
n	(%)

3	(5.3) 0 0

Headache, n	(%) 2	(3.5) 3	(25.0) 3	(17.7)

Rash, n	(%) 1	(1.8) 1	(8.3) 2	(11.8)

Dysgeusia, n	(%) 1	(1.8) 1	(8.3) 0

Conjunctival	hyperemia,	
n	(%)

1	(1.8) 0 0

Itching, n	(%) 1	(1.8) 0 0

Vertigo,	n	(%) 0 0 1	(5.9)

Photophobia, n	(%) 0 0 1	(5.9)

Stomatitis,	n	(%) 0 1	(8.3) 0

Diarrhea, n	(%) 0 0 5	(29.4)

Fever,	n	(%) 0 2	(16.6) 6	(35.3)

Abbreviation:	ITT,	intention	to	treat.	Bold	values	denote	statistical	significance	at	the	p < 0.05	level.
aData	of	the	10-		and	14-	day	EAR	therapies	are	cited	from	Mori	et	al14 as historical control.
b7-	day	VAR	vs	10-	day	EAR.
c7-	day	VAR	vs	14-	day	EAR.
dFisher's	exact	test.

TA B L E  5 Adverse	events
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by	the	findings	of	a	meta-	analysis,	which	demonstrated	that	smok-
ing increases the treatment failure rate for H. pylori eradication.44 
However,	to	understand	the	precise	effect	of	smoking	and	its	rela-
tion	to	treatment	failure	 in	patients	 lacking	rpoB mutation, further 
studies	exploring	the	activity	or	genotyping	of	CYP3A4	are	required.

Efficacy	of	VPZ	and	low-	dose	AMX	(1500 mg)	dual	therapy	as	first-	
line	therapy	has	been	recently	reported	in	Japan.45,46 In this study, we 
showed	that	in	the	48	patients	with	a	previous	history	of	VPZ-	AMX-	
containing	or	high	dose	(≥2000 mg)	AMX-	containing	treatment,	H. py-
lori infection was successfully eradicated in 90.0% of patients treated 
with	a	VPZ-	AMX-	containing	 regimen	and	90.5%	of	patients	 treated	
with	a	high	dose	AMX-	containing	regimen	(Table	S1).	These	findings	
demonstrated	that	the	VAR	therapy	in	this	study	efficiently	eradicated	
H. pylori in these patients, which could be attributed to the contribu-
tion	of	RFB.	Therefore,	we	suggest	that	RFB	in	combination	with	VPZ	
and	AMX	as	salvage	therapy	after	treatments	with	VPZ	and	AMX	or	
high	dose	AMX	can	efficiently	eradicate	H. pylori.

VPZ	is	metabolized	mainly	by	CYP3A4	and	partially	by	CYP2C19.	
Therefore,	the	influence	of	the	CYP2C19	genotype	status	on	gastric	
acid	suppression	by	VPZ	could	be	small.47	In	Asia,	where	CYP2C19	
rapid metabolizers are uncommon and gastric acid secretion is gen-
erally low due to corpus gastritis, have shown that the combination 
high	dose	PPI–	amoxicillin	 can	produce	higher	cure	 rates	 than	 it	 in	
western populations.48	Subsequent	studies	using	a	factorial	design	
(i.e.,	with	and	without	RFB)	will	be	needed	to	address	the	question	
whether or what proportion of the observed outcome was related to 
the	presence	of	RFB.

To	elucidate	whether	VPZ	is	actually	effective	in	RFB-	containing	
treatments,	direct	comparison	with	7 days	regimen	which	contains	
PPI,	AMX	2000 mg,	and	RFB	150 mg	will	be	needed.	However,	this	
comparison	 has	 not	 been	 done	 yet,	 as	 the	 second-	line	 treatment,	
the	 eradication	 rate	 by	 ITT	 analysis	 of	 7 days	 omeprazole	 40 mg,	
AMX	2000 mg,	 and	RFB	300 mg	 containing	 regimen	was	44.4%.49 
Moreover,	the	eradication	rate	by	ITT	analysis	of	10 days	low	dose	
(150 mg)	RFB-	containing	regimen	was	significantly	 lower	than	that	
of	10 days	RFB	300 mg	containing	regimen	(66.6%	v.s.	86.6%).27	As	
a	 rescue	therapy,	such	eradication	rate	of	over	90%	by	7 days	 low	
dose	RFB-	containing	regimen	with	PPIs	has	not	been	achieved	yet.	
Therefore,	these	previous	studies	support	the	possibility	that	VPZ	
improved	 the	 eradication	 rate	 of	 7 days	 low	 dose	 RFB-	containing	
regimen. However, to clarify this point, subsequent studies using a 
factorial	design	 (i.e.,	with	and	without	VPZ)	will	 be	needed	 to	ad-
dress the question whether or what proportion of the observed out-
come	was	related	to	the	presence	of	VPZ.

This	 study	 had	 some	 limitations.	 First,	 this	was	 an	 open-	label,	
single-	arm	study.	Second,	the	first-		and	second-	line	eradication	reg-
imens	 were	 AMX-	CLR-	PPI/P-	CAB,	 AMX-	MTZ-	PPI/P-	CAB,	 which	
differed	from	those	used	in	other	countries	in	some	instances.	For	
example,	 bismuth-	containing	 quadruple	 therapy	 is	 used	 in	 many	
countries,50	but	not	in	Japan.	Further,	due	to	differences	in	available	
regimens or antimicrobial resistance in each region, comparing H. py-
lori eradication regimens used globally under exactly the same condi-
tions is difficult.51–	53	This	study	lacks	a	control	arm	and	subsequently	

lacks	randomization	and	blinding,	which	may	introduce	bias.	Further,	
the sample size is also small. However, the required sample size was 
obtained, to overcome these limitations, future studies involving 
more patients and control arms are essential.

5  |  CONCLUSION

Seven-	day	 low-	dose	RFB-	based	VAR	 therapy	 is	effective	and	safe	
as	a	third-		or	later-	line	H. pylori	eradication	regimen.	To	clarify	what	
component in this regimen are critical, subsequent studies using a 
factorial	design	(comparing	VPZ-	AMX	dual	therapy	vs.	VPZ-	RFB	tri-
ple	therapy)	will	be	needed.
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