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Abstract
Background: Helicobacter pylori	is	the	most	important	risk	factor	for	non-	cardia	gas-
tric	cancer	(NCGC);	however,	the	magnitude	of	the	association	varies	across	epide-
miological	 studies.	 This	 study	 aimed	 to	 quantify	 the	 association	 between	H. pylori 
infection	and	NCGC,	using	different	criteria	to	define	infection	status.
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1  |  INTRODUC TION

Helicobacter pylori	infection	is	the	most	important	risk	factor	for	the	
development	of	non-	cardia	gastric	cancer	(NCGC),	and	it	was	esti-
mated	to	be	responsible	for	nearly	90%	of	cases	worldwide,	and	ap-
proximately	5%	of	the	total	burden	of	all	cancers	globally.1	Although	
there is accumulated evidence suggesting that H. pylori	 infection	
may	be	present	 in	most	NCGCs,	 the	magnitude	of	 the	association	
varies across epidemiological studies.2-	4

Methodological	 limitations	 in	 the	 detection	 of	 past	 H. pylori 
infection	 may	 contribute	 to	 underestimate	 the	 relationship	 be-
tween	 infection	 and	 NCGC.	 In	 retrospective	 studies,	 individuals	
with	NCGC	may	test	negative	following	the	clearance	of	 infection	
associated	with	atrophic	gastritis,	 thus	underestimating	the	preva-
lence	of	H. pylori	infection.4	As	such,	case–	control	studies	are	often	
overlooked	 in	the	assessment	of	the	association	between	H. pylori 
infection	 and	 gastric	 cancer.2	 Additionally,	H. pylori	 infection	 sta-
tus evaluated using immunoblot in prospective studies has yielded 
higher	risk	estimates	compared	with	enzyme-	linked	immunosorbent	
assay	(ELISA).3	Therefore,	the	use	of	more	sensitive	methods,	includ-
ing	considering	the	presence	of	gastric	atrophy	or	advanced	stage	at	
gastric	cancer	diagnosis	to	reclassify	potential	false-	negative	results	
as positive5,6	may	yield	a	more	accurate	estimate	of	the	magnitude	

of	the	association	between	H. pylori	infection	and	gastric	cancer	by	
minimizing	the	differential	misclassification	of	H. pylori	infection.

The	 Stomach	 Cancer	 Pooling	 (StoP)	 Project,	 a	 consortium	 of	
case–	control	and	nested	case–	control	studies,	which	uses	an	 indi-
vidual	participant	data	approach	for	the	evaluation	of	the	associa-
tions	between	risk	factors	and	gastric	cancer,7 has previously shown 
the	low	prevalence	(6.6%)	of	H. pylori	negative	NCGC	following	the	
reclassification	of	serology-	defined	negative	H. pylori	infection	sta-
tus	as	positive	when	they	presented	either	anti-	cytotoxin-	associated	
gene	 A	 (CagA)	 antibodies,	 gastric	 atrophy,	 or	 advanced	 stage	 at	
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Methods: A	pooled	analysis	of	individual-	level	H. pylori	serology	data	from	eight	in-
ternational	studies	(1325	NCGC	and	3121	controls)	from	the	Stomach	Cancer	Pooling	
(StoP)	Consortium	was	performed.	Cases	and	controls	with	a	negative	H. pylori	infec-
tion	status	were	reclassified	as	positive	considering	the	presence	of	anti-	Cag	A	anti-
bodies,	gastric	atrophy,	or	advanced	stage	at	diagnosis,	as	available	and	applicable.	A	
two-	stage	approach	was	used	to	pool	study-	specific	adjusted	odds	ratios	(OR),	and	
95%	confidence	intervals	(95%	CI).	A	meta-	analysis	of	published	prospective	studies	
assessing H. pylori	seropositivity	in	NCGCs	was	conducted.
Results: The	OR	for	 the	association	between	serology-	defined	H. pylori	and	NCGC	
was	1.45	 (95%	CI:	 0.87–	2.42),	which	 increased	 to	4.79	 (95%	CI:	 2.39–	9.60)	 follow-
ing	 the	 reclassification	 of	 negative	H. pylori	 infection.	 The	 results	were	 consistent	
across	strata	of	sociodemographic	characteristics,	clinical	features	and	lifestyle	fac-
tors,	though	significant	differences	were	observed	according	to	geographic	region—	a	
stronger	association	 in	Asian	studies.	The	pooled	risk	estimates	from	the	 literature	
were	3.01	(95%	CI:	2.22–	4.07)	for	ELISA	or	EIA	and	9.22	(95%	CI:	3.12–	27.21)	for	im-
munoblot or multiplex serology.
Conclusion: The	NCGC	risk	estimate	 from	StoP	based	on	 the	 reclassification	of	H. 
pylori	seronegative	individuals	is	consistent	with	the	risk	estimates	obtained	from	the	
literature.	Our	classification	algorithm	may	be	useful	for	future	studies.

K E Y W O R D S
Consortium,	Helicobacter pylori,	pooled	analysis,	stomach	neoplasms

Significance statement

This	pooled	analysis	within	 a	global	 consortium	of	 case–	
control	 studies	 found	 a	 significant	 association	 between	
Helicobacter pylori	infection	and	non-	cardia	gastric	cancer	
(NCGC)	following	the	reclassification	of	H. pylori negative 
infection	 status	 as	 positive	 considering	 the	 presence	 of	
anti-	CagA	 antibodies,	 evidence	 of	 gastric	 atrophy	 or	 an	
advanced	stage	at	NCGC	diagnosis.	Our	classification	al-
gorithm	may	be	useful	for	future	studies.
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diagnosis.6	Therefore,	 the	current	 study	aimed	 to	quantify	 the	as-
sociation between H. pylori	 infection	and	NCGC,	considering	sero-
logical	test	results	and	additionally	following	the	reclassification	of	
individuals	 considered	more	 likely	 to	 correspond	 to	 false-	negative	
results	as	positive	for	infection,	using	an	individual	participant	data	
meta-	analysis	of	studies	participating	in	the	StoP	Project.

2  |  METHODS

2.1  |  The StoP Project

This	 study	 is	 based	 on	 the	 3.0	 version	 of	 the	 StoP	Project	 dataset,	
which	includes	a	total	of	12,511	gastric	cancer	cases	and	29,964	con-
trols	 from	32	case–	control	or	nested	case–	control	 studies.7	All	data	
were	collected	and	harmonized	according	to	a	pre-	specified	format	at	
the	coordinating	center	before	analysis.	The	participating	studies	were	
conducted	in	accordance	with	applicable	laws,	regulations	and	guide-
lines	for	the	protection	of	human	subjects,	and	the	StoP	Project	was	
approved	by	the	University	of	Milan	Review	Board	(Reference	19/15).

The	present	analysis	used	data	from	eight	case–	control	studies	
with	 information	on	H. pylori	 infection	 status	determined	 in	blood	
samples	collected	before	any	treatment	for	1390	NCGC	cases,	and	
collected	at	onset	of	disease,	hospital	admission,	or	recruitment	for	
3121	controls.	Specifically,	data	from	two	studies	from	Brazil,8,9 and 
one	study	each	 from	 Iran,10	 Japan,11	 Latvia,12	Portugal,13	Russia,14 
and	Sweden15 were included. H. pylori	 infection	 status	was	deter-
mined	using	ELISA	 to	measure	 immunoglobulin	G	 (IgG)	 antibodies	
in	 serum,	 using	 the	 same	 criteria	 applied	 in	 each	 original	 study.	
Participants	with	borderline	results	(n =	81,	32	NCGC	cases	and	49	
controls)	were	classified	as	H. pylori positive.

A	negative	serological	result	for	H. pylori	infection	status	was	re-
classified	 as	positive	when:	 a)	 a	positive	 result	 had	been	obtained	
for	CagA	serology	status	independently	of	the	detection	of	surface	
antibodies against H. pylori	among	cases	and	controls;	b)	gastric	at-
rophy was present as evaluated through histological examination 
among	NCGC	 cases	 only,	 or	measured	 by	 serum	pepsinogen	 (PG)	
levels	 (PGI/II≤3)5,16-	18	among	cases	and	controls;	or	c)	tumor	stage	
was	advanced	at	diagnosis	of	NCGC,	that	is,	stage	IV,	according	to	
the TNM Classification of Malignant Tumors.19	Considering	the	higher	
probability	 of	 false-	negative	 results	 due	 to	misclassification	 of	 in-
fected	subjects	as	non-	infected	among	NCGC	cases,20,21 only cases 
for	which	at	least	one	criterion	could	be	applied	to	define	H. pylori 
infection	 status	 were	 included.	 As	 such,	 analyses	 included	 1325	
NCGC	cases	whose	H. pylori	 infection	 status	 could	be	 reclassified	
using	at	 least	one	of	 the	criteria	described	above:	853	cases	 from	
four	 studies,8,9,13,15	 974	 cases	 from	 six	 studies,8-	13	 and	 654	 cases	
from	three	studies12-	14	with	data	on	CagA	serostatus,	gastric	atro-
phy,	and	advanced	tumor	stage,	respectively.	All	controls	(n =	3121)	
were	included	in	this	analysis	even	if	information	was	not	available	
for	 the	 reclassification	of	H. pylori	 negative	 infection	 status;	1635	
controls	had	information	for	at	 least	one	of	the	criteria:	1107	con-
trols	from	four	studies8,9,13,15	with	information	on	CagA	serostatus	

and	940	controls	 from	four	studies8,9,11,12	with	 information	on	the	
presence	of	gastric	atrophy.

A	two-	stage	modeling	approach22 was used to estimate the asso-
ciation between H. pylori	infection	and	NCGC,	considering	serological	
test	results	and	after	reclassification	of	H. pylori	infection.	First,	logistic	
regression	models	were	used	 to	 compute	 study-	specific	odds	 ratios	
(ORs)	and	the	corresponding	95%	confidence	intervals	(95%	CI)	for	the	
association between H. pylori	 infection	and	NCGC.	Models	were	ad-
justed	for	sex,	age	(5-	year	groups:	<40;	40–	44;	…;	70–	74;	≥75),	socio-
economic	status	(low,	intermediate,	or	high,	as	defined	in	each	original	
study	based	on	education,	 income,	or	occupation)	 and	 study	 center	
(for	multicenter	studies),	when	appropriate	and	available	as	described	
in	detail	in	Table	S1.	Second,	summary	(pooled)	effect	estimates	were	
computed	 using	 random-	effects	 models.23	 Heterogeneity	 between	
studies	was	quantified	using	the	I2	(%)	statistic.24

Stratified	analyses	were	also	carried	out	to	further	explore	the	
effect	 of	 H. pylori	 infection	 across	 strata	 of	 sex,	 age	 (≤65,	 >65),	
geographic	 region,	 socioeconomic	 status,	 family	 history	 of	 gastric	
cancer,	 smoking	status	 (never,	ever),	 alcohol	drinking	 (never,	ever),	
fruits	and	vegetables	intake	(low,	intermediate/high),	salt	intake	(low,	
intermediate/high),	 type	 of	 controls	 (hospital-	based,	 population-	
based),	and	cancer	histological	type	(intestinal,	diffuse,	unspecified).	
Multinomial	 logistic	 regression	models	were	 used	 to	 estimate	 the	
ORs	 for	cancer	of	each	histological	 type	of	cancer	separately	 (i.e.,	
intestinal,	diffuse,	unspecified).	The	heterogeneity	between	groups	
was assessed through the Q	test	for	heterogeneity.25	Visual	inspec-
tion	of	the	funnel	plots	and	Egger’s	regression	asymmetry	test	were	
used	for	the	evaluation	of	publication	bias.26	Leave-	one-	out	analy-
ses	were	carried	out	to	assess	the	influence	of	any	given	study.

Sensitivity	analyses	were	conducted	considering	only	the	1635	
controls whose H. pylori	infection	status	could	be	reclassified	using	at	
least	one	of	the	criteria	as	well	as	the	NCGC	cases	from	the	respec-
tive	studies:	853	cases	and	1107	controls	from	four	studies,8,9,13,15 
554	cases	and	940	controls	from	four	studies,8,9,11,12	and	528	cases	
from	two	studies12,13	with	data	on	CagA	serostatus,	gastric	atrophy,	
and	 advanced	 tumor	 stage,	 respectively.	 An	 additional	 sensitivity	
analysis	was	carried	out	in	which	cases	and	controls	negative	for	H. 
pylori	by	serological	test	results	and	considered	positive	if	meeting	
the	three	reclassification	criteria	were	removed	from	the	reference	
(negative)	group.

2.2  |  Literature review

PubMed	was	searched	from	inception	until	31	May	2021	for	pub-
lications	 in	English	using	 the	 following	search	expression:	 ("gastric	
cancer"	OR	"stomach	cancer")	AND	"Helicobacter pylori"	AND	("pro-
spective	 studies"	OR	 "cohort	 studies"	OR	 "systematic	 review"	OR	
"meta-	analysis").	The	reference	lists	of	relevant	review	articles	were	
also screened.3,4,27,28

Studies	were	included	when	they	evaluated	the	association	be-
tween H. pylori	 infection	and	NCGC	considering	H. pylori serology 
collected	prior	to	the	diagnosis	of	NCGC	in	the	cases.
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Data	 on	 study	 design	 characteristics	 [author	 names,	 country	
and	 study	 name,	 follow-	up	 time	 in	 years,	 number	 of	NCGC	 cases	
included,	percentage	of	cases	positive	for	H. pylori,	and	information	
on	 the	 assessment	 of	H. pylori	 infection	 (ELISA	 or	 enzyme	 immu-
noassay	 [EIA]	or	 immunoblot/multiplex	 serology)]	 and	 relative	 risk	
(RR)	or	OR	estimates	for	the	association	between	H. pylori serology 
and	NCGC	were	extracted.	Whenever	available,	adjusted	estimates	
were considered.

Results	from	studies	with	information	on	the	method	of	assess-
ment	of	H. pylori	infection	status	were	summarized	by	meta-	analysis.	
If	 a	 particular	 study	 provided	 estimates	 for	more	 than	one	of	 the	
same	method	 [ELISA	or	EIA	 (IgA,	 IgG,	CagA),	or	 immunoblot	 (IgA,	
IgG,	CagA,	multiplex	serology)],	estimates	for	IgG	and/or	CagA,	or	
multiplex	 serology	were	 included	 in	 the	meta-	analysis.	 Combined	
estimates	 and	 respective	 95%	 CIs	 were	 calculated	 using	 random	
effects	 models	 considering	 the	 method	 of	 H. pylori	 infection	 as-
sessment	 (A)	ELISA	or	EIA,	or	 (B)	 immunoblot,	and	 follow-	up	 time	
in	years	(<10,	≥10,	not	specified).	The	 I2 statistic was computed to 
quantify	heterogeneity.24	Visual	 inspection	of	the	funnel	plots	and	
Egger’s	regression	asymmetry	test	were	used	for	the	assessment	of	
publication bias.26	 Leave-	one-	out	 analyses	 were	 used	 to	 evaluate	
the	influence	of	any	given	study.

The	 quality	 of	 studies	 included	 in	 the	 current	manuscript	was	
assessed	using	 the	Newcastle–	Ottawa	Scale	 (NOS)	 for	 quality	 as-
sessment	of	case–	control	and	cohort	studies.29	The	scale	evaluates	
the	quality	of	studies	based	on	three	different	categories:	selection,	

comparability,	 and	 exposure	 (case–	control	 studies)	 or	 outcome	
(nested	case–	control	studies).	A	study	can	be	awarded	a	maximum	
of	nine	stars,	which	indicates	the	highest	quality.	When	more	than	
one	report	referred	to	the	same	study,	any	of	the	reports	could	be	
used	to	obtain	information	on	the	study	characteristics	for	the	qual-
ity assessment.

All	 statistical	 analyses	 were	 performed	 using	 STATA version 
15.1	(STATA	Corporation).	A	p-	value	less	than	0.05	was	considered	
significant.

3  |  RESULTS

3.1  |  The StoP Project

The	main	 characteristics	 of	 the	NCGC	 cases	 and	 controls	 are	 de-
scribed	in	Table	S2,	and	the	number	of	H. pylori negative and positive 
NCGC	cases	 and	 controls,	 considering	 serological	 test	 results	 and	
additionally	reclassifying	as	positive	individuals	more	likely	to	corre-
spond	to	false-	negative	results	is	shown	in	Table	S3.	The	eight	stud-
ies	from	the	StoP	project	were	awarded	seven	or	more	stars	when	
applying	the	NOS	(Table	S4).

The	study-	specific	and	pooled	adjusted	ORs	for	NCGC	consider-
ing	serology-	defined	H. pylori	infection	and	after	reclassifying	poten-
tially	false-	negative	results	are	presented	in	Figure	1.	Although	not	
statistically	significant,	a	positive	serology-	defined	H. pylori	infection	

F I G U R E  1 Forest	plots	describing	the	association	between	Helicobacter pylori	infection	status,	considering	serological	test	results† and 
additionally	reclassifying	as	positive	the	H. pylori	infection	status	of	those	likely	to	correspond	to	false-	negative	results	of	the	serological	
test‡,	and	non-	cardia	gastric	cancer	using	estimates	from	the	Stomach	Cancer	Pooling	(StoP)	Project	database.	95%	CI,	95%	confidence	
interval;	OR,	odds	ratio.	†Helicobacter pylori	infection	status	was	defined	considering	serological	tests	using	the	same	criteria	applied	in	
each original study. ‡Additional	criteria	were	used	to	reclassify	H. pylori	infection	status:	a	negative	serological	test	result	for	H. pylori 
infection	was	reclassified	as	positive	if	a	positive	result	was	obtained	for	cytotoxin-	associated	gene	A	(CagA)	status	(cases	and	controls	when	
available)	or	gastric	atrophy	was	present	(cases	and	controls	when	available)	or	tumor	stage	at	diagnosis	was	advanced	(cases	only	when	
available).	§	The	crude	OR	and	95%	CI	for	the	study	from	IRAN	(Derakhshan	et	al.)10	was	calculated	by	adding	0.5	to	each	cell	as	all	cases	
were H. pylori	positive	following	the	reclassification	of	infection	status



    |  5 of 11MORAIS et Al.

status	was	associated	with	higher	odds	of	NCGC	(OR	=	1.45;	95%	
CI:	 0.87–	2.42,	 I2 =	 87.8%).	 Following	 the	 reclassification	 of	H. py-
lori	 status,	 the	pooled	analysis	yielded	significantly	higher	odds	of	
NCGC	(OR	=	4.79;	95%	CI:	2.39–	9.60,	I2 =	84.3%).	Table	S5	provides	
the	pooled	estimates	considering	each	criterion	used.	Reclassifying	
negative H. pylori	individuals	considering	CagA	status	had	the	great-
est	 effect	 on	 the	 pooled	 OR	 (3.18,	 95%	 CI:	 0.88–	11.44	 after	 vs.	
OR =	0.96,	95%	CI:	0.51–	1.83	before,	 four	studies).	Figure	2	pres-
ents the sensitivity analyses considering only cases and controls 
whose H. pylori	 infection	status	could	be	reclassified	using	at	 least	
one	of	the	criteria	considered.	The	pooled	adjusted	ORs	remained	
essentially	unchanged	(serology-	defined—	OR	=	1.45;	95%	CI:	0.84–	
2.49,	I2 =	86.3%;	reclassification	of	H. pylori	status—	OR	=	5.44;	95%	
CI:	2.50–	11.79,	I2 =	82.8%).	Furthermore,	the	sensitivity	analysis	re-
moving	reclassified	negative	to	positive	H. pylori cases and controls 
from	the	reference	group	yielded	an	adjusted	OR	of	4.16	(95%	CI:	
2.06–	8.37,	I2 =	84.3%).

The	 effect	 of	H. pylori	 infection	 status	 was	 consistent	 across	
most	 strata	 of	 sociodemographic	 characteristics,	 clinical	 features,	
and	 lifestyle	 factors	 (Table	1).	 Significant	differences	 according	 to	
geographic region were observed when considering H. pylori in-
fection	 status	 before	 and	 after	 reclassification	 (p	 for	 interaction:	
≤0.001	 and	 0.038,	 respectively),	 with	 a	 stronger	 and	 significant	
association	 found	 among	 studies	 conducted	 in	 Asia	 (OR	 =	 4.96;	
95%	CI:	3.01–	8.19,	I2 =	0.0%,	and	OR	=	11.75;	95%	CI:	5.86–	23.55,	
I2 =	 0.0%,	 respectively).	 Analyses	 considering	 histological	 type	

yielded	statistically	 significant	OR	estimates	 following	H. pylori in-
fection	status	 reclassification	 (intestinal	OR	=	4.42;	95%	CI:	2.12–	
9.22,	I2 =	61.9%;	diffuse	OR	=	3.45;	95%	CI:	1.60–	7.46,	I2 =	64.1%;	
unspecified	OR	=	2.25;	95%	CI:	1.04–	4.87,	I2 =	34.8%).

Visual	inspection	of	the	funnel	plot	(Figure	S1)	suggests	no	rele-
vant	asymmetry,	and	Egger’s	regression	asymmetry	test	(p =	0.319	
for	serological	test	results	and	p =	0.129	for	the	reclassification	of	
H. pylori	 status)	showed	no	statistically	significant	bias.	The	 leave-	
one-	out	analyses	showed	that	no	study	considerably	influenced	the	
pooled	estimates	obtained	(Figure	S2).

3.2  |  Literature review

A	total	of	27	studies	with	information	from	24	cohorts	were	included	
in	the	current	literature	review.	None	of	the	studies	included	in	the	
StoP	Project	overlapped	with	the	cohort	studies	obtained	from	the	
literature	review.	Additional	information	regarding	each	study	is	pro-
vided	in	Table	S6.	The	studies	included	in	the	literature	review	were	
awarded	between	four	stars	(one	study)	and	nine	stars	(six	studies;	
Table	S7).

The	 association	 between	 H. pylori	 infection	 and	 NCGC	
ranged	 from	1.07	 (95%	CI:	 0.77–	1.49)30	 to	 17.10	 (95%	CI:	 4.00–	
72.90)31 when considering H. pylori	assessment	by	ELISA	or	EIA,	
which	 yielded	 a	 pooled	 estimate	 of	 3.01	 (95%	 CI:	 2.22–	4.07,	
I2 =	 74.4%;	 Figure	 3).	 Higher	 pooled	 estimates	 were	 obtained	

F I G U R E  2 Forest	plots	describing	the	association	between	Helicobacter pylori	infection	status,	considering	serological	test	results† 
and	additionally	reclassifying	as	positive	the	H. pylori	infection	status	of	those	likely	to	correspond	to	false-	negative	results	of	the	
serological test‡,	and	non-	cardia	gastric	cancer	using	estimates	from	the	Stomach	Cancer	Pooling	(StoP)	Project	database	considering	cases	
(n	=	1325)	and	controls	(n	=	1635)	who	could	be	reclassified	based	on	at	least	one	criterion§.	95%	CI,	95%	confidence	interval;	OR,	odds	
ratio. †Helicobacter pylori	infection	status	was	defined	considering	serological	tests	using	the	same	criteria	applied	in	each	original	study.	
‡Additional	criteria	were	used	to	reclassify	H. pylori	infection	status:	a	negative	serological	test	result	for	H. pylori	infection	was	reclassified	
as	positive	if	a	positive	result	was	obtained	for	cytotoxin-	associated	gene	A	(CagA)	status	(cases	and	controls	when	available)	or	gastric	
atrophy	was	present	(cases	and	controls	when	available)	or	tumor	stage	at	diagnosis	was	advanced	(cases	only	when	available).	§Excluding 
studies:	IRAN	(Derakhshan	et	al.)10	and	RUSSIA	(Zaridze	et	al.)14	as	no	controls	could	be	reclassified	at	least	once.
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when	 considering	 a	 follow-	up	 time	 greater	 than	 or	 equal	 to	 10	
years	(OR	=	3.82;	95%	CI:	2.46–	5.95,	I2 =	74.2%)	compared	with	a	
shorter	follow-	up	time	(OR	=	2.49;	95%	CI:	1.60–	3.87,	I2 =	76.3%).	
The	magnitude	of	the	association	ranged	from	2.80	(95%	CI:	2.25–	
3.48)32	to	21.40	(95%	CI:	7.10–	64.60)33 when immunoblot or mul-
tiplex	serology	were	used	for	the	detection	of	H. pylori,	yielding	a	
pooled	OR	estimate	of	9.22	(95%	CI:	3.12–	27.21,	I2 =	81.5%),	with	

lower	pooled	estimates	being	obtained	when	a	shorter	follow-	up	
time	was	considered	(OR	=	2.80;	95%	CI:	2.25–	3.48,	Helicobacter 
pylori	Biomarker	Cohort	Consortium)32	compared	with	a	follow-	up	
time	greater	than	or	equal	to	10	years	(OR	=	14.65;	95%	CI:	7.44–	
28.85,	I2 =	0.0%).	A	pooled	analysis	including	all	serology	results	
yielded	an	overall	estimate	of	3.17	(95%	CI:	2.39–	4.20,	I2 =	75.6%).	
Higher	 pooled	 estimates	 were	 obtained	 when	 considering	 a	

TA B L E  1 Pooled	odds	ratios	and	95%	confidence	intervals	(Dersimonian–	Laird	random	effects	model)	for	non-	cardia	gastric	cancer	
considering Helicobacter pylori	infection	status	defined	according	to	serological	test	resultsa	and	additionally	reclassifying	as	positive	the	
H. pylori	infection	status	of	those	likely	to	correspond	to	false-	negative	results	of	the	serological	testb,	stratified	by	sociodemographic	
characteristics,	clinical	features,	and	lifestyles	factors

Serological test resultsa Reclassification of Helicobacter pylori statusb

aORc (95% CI) I2 (%) aORc,d (95% CI) I2 (%)

Overall 1.45	(0.87–	2.42) 87.8 4.79	(2.39–	9.60) 84.3

Sex

Males 1.38	(0.78–	2.44) 81.5 4.55	(2.12–	9.78) 73.8

Females 1.37	(0.78–	2.40) 73.5 4.68	(2.26–	9.67) 68.0

p	for	interaction 0.986 0.958

Age	(years)

≤65 1.77	(0.97–	3.23) 82.6 5.50	(2.49–	12.11) 77.7

>65 1.10	(0.68–	1.78) 67.1 3.32	(1.68–	6.56) 61.3

p	for	interaction 0.229 0.343

Geographic region

Americas 0.82	(0.56–	1.18) 0.0 3.60	(1.80–	7.22) 0.0

Asia 4.96	(3.01–	8.19) 0.0 11.75	(5.86–	23.55) 0.0

Europe 1.19	(0.66–	2.15) 86.6 3.77	(1.44–	9.89) 89.9

p	for	interaction <0.001 0.038

Socioeconomic	statuse

Low 0.95	(0.46–	1.96) 79.1 3.64	(1.12–	11.87) 76.3

Intermediate 1.54	(0.76–	3.12) 75.9 5.39	(2.24–	12.98) 64.4

High 1.58	(0.56–	4.43) 59.9 4.21	(1.63–	10.87) 16.8

p	for	interaction 0.585 0.859

Family	history	of	cancerf

No 1.35	(0.83–	2.20) 82.0 4.49	(2.24–	8.99) 80.5

Yes 1.27	(0.46–	3.52) 62.3 3.66	(1.17–	11.49) 57.0

p	for	interaction 0.915 0.764

Smoking	statusf

Never 1.27	(0.71–	2.28) 81.1 4.12	(2.22–	7.67) 63.5

Ever 1.19	(0.62–	2.28) 80.9 3.94	(1.70–	9.18) 75.7

p	for	interaction 0.884 0.933

Alcohol	drinkingf

Never 1.42	(0.81–	2.50) 66.3 3.61	(2.21–	5.90) 13.7

Ever 1.35	(0.61–	2.97) 87.2 6.32	(2.02–	19.79) 84.0

p	for	interaction 0.919 0.377

Fruit	and	vegetable	intakef

Low 2.23	(0.59–	8.46) 66.6 7.57	(2.78–	20.59) 0.0

Intermediate/High 1.34	(0.76–	2.37) 86.3 4.73	(2.01–	11.14) 85.8

p	for	interaction 0.491 0.426
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follow-	up	time	greater	than	or	equal	to	10	years	(OR	=	4.87;	95%	
CI:	3.07–	7.73,	I2 =	77.0%)	compared	with	a	shorter	follow-	up	time	
(OR	=	2.17;	95%	CI:1.50–	3.13,	I2 =	74.0%).

The	 visual	 inspection	 of	 the	 funnel	 plot	 and	 Egger’s	 test	
(p =	0.006	for	ELISA	or	EIA	and	p =	0.021	for	immunoblot	or	multi-
plex	serology)	is	suggestive	of	publication	bias	(Figure	S3),	suggesting	

Serological test resultsa Reclassification of Helicobacter pylori statusb

aORc (95% CI) I2 (%) aORc,d (95% CI) I2 (%)

Salt	intakef

Low 1.25	(0.61–	2.57) 83.0 3.99	(1.91–	8.35) 54.8

Intermediate/High 1.12	(0.45–	2.78) 71.9 2.70	(1.13–	6.44) 53.1

p	for	interaction 0.853 0.502

Controls

Hospital-	basedg 2.08	(0.82–	5.25) 89.2 5.60	(1.91–	16.43) 78.8

Population-	basedh 1.13	(0.30–	4.29) 95.5 7.59	(0.64–	89.98) 95.2

p	for	interaction 0.464 0.825

Abbreviations:	95%	CI,	95%	confidence	interval;	aOR,	adjusted	odds	ratio.
aHelicobacter pylori	infection	status	was	defined	considering	serological	tests	using	the	same	criteria	applied	in	each	original	study.
bAdditional	criteria	were	used	to	reclassify	H. pylori	infection	status:	a	negative	serological	test	result	for	H. pylori	infection	was	reclassified	as	positive	
if	a	positive	result	was	obtained	for	cytotoxin-	associated	gene	A	(CagA)	status	(cases	and	controls	when	available)	or	gastric	atrophy	was	present	
(cases	and	controls	when	available)	or	tumor	stage	at	diagnosis	was	advanced	(cases	only	when	available).
cPooled	ORs	were	computed	using	random-	effects	models.	Study-	specific	ORs	were	adjusted,	when	available	and	applicable,	for	sex,	age	(five-	year	
age groups: <40;	40-	44;	…;	70-	74;	≥75),	socioeconomic	status	(low,	intermediate,	or	high,	as	defined	in	each	original	study	based	on	education,	
income,	or	occupation)	and	study	center	(for	multicenter	studies).
dThe	crude	OR	and	95%	CI	for	the	study	from	IRAN	(Derakhshan	et	al.,	2009)10	was	calculated	by	adding	0.5	to	each	cell	as	all	cases	were	H. pylori 
positive	following	the	reclassification	of	infection	status.
eAs	defined	in	each	original	study	based	on	education,	income,	or	occupation.	No	information	available	for	study:	LATVIA	(Leja	et	al.,	2017).12

fNo	information	available	for	study:	IRAN	(Derakhshan	et	al.,	2009).10

gIncluding	studies:	BRAZIL	1	(Nishimoto	et	al.,	2002);9	IRAN	(Derakhshan	et	al.,	2009);10	JAPAN	(Machida-	Montani	et	al.,	2004);11	LATVIA	(Leja	et	al.,	
2017).12

hIncluding	studies:	PORTUGAL	(Lunet	et	al.,	2007);13	SWEDEN	(Ye	et	al.,	1999).15

TA B L E  1 (Continued)

F I G U R E  3 Meta-	analysis	of	the	literature	review	of	prospective	studies	of	non-	cardia	gastric	cancer	quantifying	the	association	with	
Helicobacter pylori	infection	considering	the	method	of	H. pylori	infection	assessment	([A]	ELISA	or	EIA,	or	[B]	immunoblot	or	multiplex	
serology)	and	follow-	up	time	in	years	(<10,	≥10,	not	specified).	95%	CI,	95%	confidence	interval;	CagA,	cytotoxin-	associated	gene	A;	EIA,	
enzyme	immunoassay;	ELISA,	enzyme-	linked	immunosorbent	assay;	HP-	CSAs,	H. pylori	cell-	surface	antigens;	IgG,	immunoglobulin	G;	Max.,	
maximum;	OR,	odds	ratio;	UreA,	urease	A;	VacA,	vacuolating	cytotoxin	A.	†Data	obtained	from	the	Helicobacter	and	Cancer	Collaborative	
Group4
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an	underrepresentation	of	studies	with	weaker	associations	in	both	
cases.	The	leave-	one-	out	analyses	showed	that	no	study	consider-
ably	influenced	the	pooled	estimates	obtained	(Figure	S4).

4  |  DISCUSSION

In	 this	study,	within	the	StoP	Project	Consortium,	a	significant	as-
sociation between H. pylori	 infection	and	NCGC	was	observed	fol-
lowing	 the	 reclassification	of	H. pylori	 negative	 infection	 status	 as	
positive	considering	the	presence	of	anti-	CagA	antibodies,	evidence	
of	gastric	atrophy	or	an	advanced	stage	at	NCGC	diagnosis.	The	re-
sults	were	 generally	 consistent	 across	 strata	of	 sociodemographic	
characteristics,	clinical	features,	and	lifestyle	factors,	except	for	dif-
ferences	according	 to	geographic	 region,	as	a	stronger	association	
was	found	for	studies	from	Asia.

The	 pooled	 estimates	 obtained	 in	 the	 current	 study	 following	
the	reclassification	of	negative	H. pylori individuals are in line with 
results	obtained	from	case–	control	studies	nested	within	prospec-
tive	 cohorts,	 which	 yielded	 a	 pooled	 estimate	 of	 3.01.	 However,	
when	 a	more	 sensitive	method	 for	 the	 detection	 of	 anti-	H. pylori 
antibodies,	 such	as	 immunoblot	or	multiplex	serology,	 is	used,	 the	
magnitude	of	the	association	increased,	yielding	a	pooled	estimate	
of	9.22.	Likewise,	a	recent	report	quantifying	the	burden	of	gastric	
cancer attributable to H. pylori,	 and	which	 performed	 a	 review	of	
the	 literature	 for	 studies	 comparing	 the	 risk	 of	NCGC,	 using	both	
ELISA	and	 immunoblot	 for	detection	of	H. pylori	 infection,3	 found	
consistently higher estimates among prospective studies using im-
munoblot	compared	with	ELISA,33-	36	whereas	the	only	case–	control	
study	 showed	no	difference	between	 results	by	ELISA	and	 immu-
noblot.3,28	Furthermore,	the	use	of	a	116	kDa	(CagA)	band	also	led	
to	an	 increase	 in	 the	prevalence	of	H. pylori among gastric cancer 
cases.3	 In	particular,	the	case–	control	study	found	a	strong	associ-
ation	(OR	=	11.3;	95%	CI:	5.64–	22.7)	in	contrast	to	the	low	preva-
lence	and	null	estimates	for	H. pylori overall.3,28	In	the	present	study,	
only	 case–	control	 studies	 in	 which	H. pylori	 infection	 status	 was	
initially	determined	by	serological	tests,	which	are	useful	to	detect	
past	 infection,	 were	 included.	 However,	 a	 relevant	 proportion	 of	
previously	 infected	individuals	may	remain	undetected	in	serologi-
cal	tests,	particularly	gastric	cancer	cases	as	they	are	more	likely	to	
have	been	infected	in	the	past	and	infection	tends	to	clear	as	cancer	
progresses.20,21	 In	 fact,	 a	previous	 review	outlined	a	minimum	set	
of	criteria	to	define	H. pylori	negative	gastric	cancer	cases,	namely	
negative	findings	in	two	or	more	methods	including	endoscopic	or	
pathologic	 findings	 or	 serum	PG	 test,	 a	 negative	 urea	 breath	 test	
or	serum	IgG	test,	and	no	history	of	H. pylori eradication.5	Stricter	
criteria	 were	 also	 provided,	 including	 assessment	 by	 endoscopic,	
pathologic	(updated	Sydney	System),	as	well	as	two	or	more	H. pylori 
tests	(e.g.,	rapid	urease	test,	urease	breath	test,	serum	IgG,	or	stool	
antigen),	a	serum	PG	test,	and	determination	of	H. pylori eradication 
history.5	On	 the	contrary,	H. pylori	 infection	 status	determined	by	
serological tests is not expected to remain undetected to the same 
extent	among	controls	and	will	lead	to	differential	misclassification	

contributing	 to	biased	downward	estimates	of	 the	association	be-
tween H. pylori	infection	and	gastric	cancer.

Therefore,	to	better	quantify	the	association	between	H. pylori 
infection	and	NCGC,	the	present	study	considered	anti-	CagA	an-
tibodies,	the	presence	of	gastric	atrophy	or	tumor	stage	at	gastric	
cancer	diagnosis	 to	 reclassify	H. pylori	 negative	 infection	 status.	
As	 described	 above,	 CagA	 serostatus	 independently	 of	H. pylori 
infection	status	has	been	used	as	a	more	sensitive	marker	of	past	
infection	 in	previous	 studies.20,21,33,37	Furthermore,	 the	 carcino-
genic	 cascade	 originally	 proposed	 by	 Correa	 reflects	 successive	
histological	 changes	 from	 superficial	 gastritis,	 atrophic	 gastritis,	
intestinal	 metaplasia,	 to	 dysplasia,	 and	 finally,	 adenocarcinoma,	
with H. pylori	 infection	 being	 the	main	 factor	 for	 gastric	 cancer	
development.38	Nevertheless,	the	presence	of	gastric	precancer-
ous	 lesions	 represents	 an	 unfavorable	 environment	 for	 its	 per-
sistence	 over	 time,	 contributing	 to	 the	 clearance	 of	 infection	 as	
carcinogenesis progresses.39	As	 such,	 the	 use	 of	 other	 biomark-
ers,	including	the	measurement	of	circulating	PG	I	and	II	levels,	or	
histological	examination	of	gastric	atrophy	has	also	been	used	to	
reclassify	H. pylori	infection	status,	since	there	is	a	high	probability	
of	a	 false-	negative	result	 in	 the	presence	of	gastric	atrophy.40-	42 
In	 particular,	 PG	 levels	 may	 be	 used	 as	 a	 non-	invasive	 method	
for	 predicting	 atrophic	 gastritis,5	with	 a	 PGI/II≤3.0	 generally	 in-
dicating	 the	 presence	 of	 gastric	 atrophy.5,16-	18	 Moreover,	 previ-
ous studies have shown that gastric atrophy evaluated through 
endoscopic or histological examination or measured by PG levels 
have relatively good correlations.18,43,44	Advanced	stage	at	diag-
nosis	was	also	used	to	reclassify	negative	H. pylori	 infection	sta-
tus	among	the	NCGC	included	in	the	present	study.	This	criterion	
was considered since H. pylori antibody titers show a decreasing 
trend	as	 the	stage	of	gastric	mucosa	becomes	more	advanced,45 
which	leads	previously	infected	individuals	to	present	a	negative	
H. pylori	infection	status	at	the	time	of	diagnosis.20,21,46 Lower H. 
pylori	 IgA	or	 IgG	antibody	 titers	have	been	observed	among	ad-
vanced	compared	 to	early-	stage	gastric	 cancers.47,48	 In	 fact,	 our	
meta-	analyses	 conducted	 following	 a	 literature	 review	 showed	
that the association between H. pylori	seroinfection	and	NCGC	is	
stronger	when	considering	cohort	studies	with	a	longer	follow-	up	
compared	 with	 those	 with	 a	 shorter	 follow-	up,	 highlighting	 the	
higher	potential	misclassification	of	H. pylori	seroinfection	status	
over	time.	Further,	the	timing	of	blood	collection	was	also	consid-
ered	by	excluding	NCGC	patients	evaluated	following	any	gastric	
cancer	treatment.	Indeed,	there	is	a	relatively	high	probability	for	
spontaneous regression and dynamic changes in H. pylori	infection	
even	after	partial	gastrectomy.49

A	previous	systematic	review	and	meta-	analysis	of	H. pylori in-
fection	and	NCGC	across	populations	with	different	gastric	cancer	
risk,	found	that	the	summary	RR	was	similar	in	both	low-		and	high-	
risk	populations	(RR	=	2.56;	95%	CI:	1.99–	3.29	and	RR	=	2.81;	95%	
CI:	1.92–	4.74,	respectively).28	High-		and	low-	risk	populations	were	
defined	according	 to	 the	 risk	of	 gastric	 cancer,	with	China,	 Japan,	
and	 Korea	 being	 included	 in	 the	 former,	 and	 Australia,	 Finland,	
Germany,	Norway,	 Sweden,	 the	USA,	 and	 a	European	multicenter	
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study	included	in	the	latter.	In	the	present	StoP	study,	we	found	that	
the pooled OR considering the more sensitive criteria was highest in 
studies	conducted	in	Asia,	and	lowest	in	the	Americas	and	Europe.	
However,	only	two	countries	from	Asia	were	included	in	this	analy-
sis,	that	is,	from	Iran10	and	Japan,11 and this limits robust conclusions 
regarding	differences	in	the	geographical	distribution	of	the	associa-
tion between H. pylori	infection	and	NCGC.	Nevertheless,	our	study	
adds	 to	 the	 existing	 literature	 by	 quantifying	 the	 association	 be-
tween H. pylori	and	NCGC	in	South	America,	which	was	lower	than	
the	one	observed	in	Asia;	however,	one	of	the	studies	conducted	in	
Brazil	was	restricted	to	individuals	of	Japanese	origin.8

Regarding	sociodemographic	characteristics,	a	previous	system-
atic	review	found	that	the	association	between	H. pylori	infection	and	
NCGC	did	not	differ	by	sex.4	This	is	in	line	with	the	results	obtained	
in	the	present	study	as	no	significant	differences	were	observed	be-
tween	males	and	 females	 following	 the	 reclassification	of	H. pylori 
infection.	Previous	systematic	reviews	found	that	the	magnitude	of	
the association between H. pylori	infection	and	NCGC	varies	with	age	
as	the	effect	is	reduced	in	older	age	groups,4,27 which was also ob-
served	in	the	current	study,	though	not	significant.	These	differences	
may	be	due	 to	 the	 increased	prevalence	of	H. pylori	 infection	with	
age,50	and	a	greater	potential	misclassification	of	infection	status	due	
to	age-	related	gastric	atrophy,51,52 particularly among controls.

Although	several	studies	have	suggested	a	different	carcinogenic	
pathway	considering	histological	 type,38,53 previous systematic re-
views	 found	 that	 the	 association	 between	H. pylori	 infection	 and	
NCGC	did	not	differ	between	intestinal	and	diffuse	type	cancers.4,27 
Likewise,	no	significant	difference	in	the	association	between	H. py-
lori	infection	and	NCGC	was	observed	for	cancers	with	different	his-
tological	 types.	Nevertheless,	 the	association	was	stronger	among	
intestinal	type	cancers	after	the	reclassification	of	infection	status.

We	also	 evaluated	 smoking	 status,	 alcohol	 drinking,	 fruit	 and	
vegetable	 intake,	 and	 salt	 intake,	 with	 no	 significant	 differences	
being	 observed	 across	 these	 strata.	Nevertheless,	 a	 stronger	 as-
sociation between H. pylori	 infection	 and	 NCGC	 was	 observed	
among	ever	drinkers,	and	individuals	with	a	low	fruit	and	vegetable	
intake;	despite	interaction	terms	not	being	significant.	Within	the	
StoP	Project,	a	previous	study	that	aimed	to	explore	the	interaction	
between H. pylori	 infection	and	several	gastric	cancer	risk	factors	
found	 a	 more	 than	 multiplicative	 interaction	 between	 infection	
and	alcohol	drinking	(OR	=	1.38,	95%	CI:	1.07–	1.77,	p	for	interac-
tion =	0.02).54	The	higher	risk	of	NCGC	among	ever	drinkers	may	
be	due	to	damage	to	the	gastric	mucosa	caused	by	the	bacterium,	
which	 facilitates	 the	genotoxic	effect	of	acetaldehyde	 that	 is	 the	
primary	metabolite	of	ethanol.55	Moreover,	a	higher	risk	of	gastric	
cancer	 has	 been	 observed	 among	 individuals	 with	 lower	 intakes	
of	 fruits	 and	 vegetables.56,57	 In	 particular,	 several	 fruits,	 such	 as	
citrus,58,59	apples,60 or berries61	have	been	shown	to	contain	flava-
nones	that	have	anti-	oxidant	activity,	and	fruits	and	vegetables	are	
also	rich	in	fiber,	which	can	act	as	a	scavenger	of	nitrates,	prevent-
ing	the	formation	of	carcinogenic	N-	nitroso	compounds.62

The	current	study	is	based	on	a	uniquely	large	individual	partic-
ipant	 data	meta-	analysis	 of	 eight	 studies	 participating	 in	 the	 StoP	

Project	Consortium,	 including	data	from	Asia,	Europe,	and	Central	
and	 Latin	 America.	 Although	 substantial	 heterogeneity	 was	 ob-
served,	 which	 may	 be	 largely	 due	 to	 the	 different	 methods	 and	
cut-	offs	used	to	define	H. pylori	infection	status,	the	harmonization	
of	 adjustment	 strategies	 and	 control	 of	 confounding	 in	 studies	 of	
the	StoP	Project	contribute	to	the	validity	of	our	findings.	We	also	
conducted	several	sensitivity	analyses	 to	assess	 the	robustness	of	
the	results,	and	addressed	differential	misclassification	of	H. pylori 
infection	 status	 by	 reclassifying	 potential	 false	 negatives,	 as	 well	
as	removing	them	from	the	reference	group.	Although	not	all	con-
trols	included	in	the	current	study	had	information	regarding	CagA	
serostatus	 or	 gastric	 atrophy,	 we	 conducted	 a	 sensitivity	 analysis	
using	 only	NCGC	 and	 controls	who	 could	 be	 reclassified	 using	 at	
least	one	criterion,	 and	 the	 results	 remained	essentially	 the	 same.	
Additionally,	 it	was	not	possible	 to	 apply	endoscopic,	 pathological	
and additional H. pylori	 tests	uniformly	to	all	 included	studies,	and	
we	did	not	have	information	regarding	past	H. pylori eradication to 
include in the current study.

The	 retrospective	 design	 of	 the	 studies	 included	 may	 affect	
the	validity	of	the	information	regarding	lifestyle	factors,	including	
smoking	status,	alcohol	drinking,	fruit	and	vegetable	intake,	and	salt	
intake.	Additionally,	as	past	dietary	habits	were	reported	by	patients,	
recall	bias	may	have	occurred	since	changes	 in	 lifestyle	may	occur	
as cancer develops and becomes symptomatic.63	However,	we	 in-
cluded	only	incident	gastric	cancer	cases.	Furthermore,	NCGC	cases	
may clear H. pylori	infection	as	carcinogenesis	progresses,39 resulting 
in	a	seronegative	status.	As	such,	we	considered	several	criteria	to	
reclassify	infection	status	including	anti-	CagA	antibodies,	the	pres-
ence	of	gastric	atrophy	or	tumor	stage	at	gastric	cancer	diagnosis.

Four	studies	in	the	analysis	included	hospital-	based	controls,9-	12 
which	may	result	in	selection	bias.	It	is	possible	that	hospital-	based	
controls include individuals with conditions that could be related to 
H. pylori	infection	status	or	lifestyle	factors,	while	population-	based	
controls	 are	 more	 likely	 to	 be	 representative	 of	 the	 study	 base.	
Nevertheless,	 the	results	of	our	stratified	analysis	by	type	of	con-
trols showed that the overall conclusions are not driven by the stud-
ies	with	hospital-		vs.	population-	based	controls.

In	conclusion,	the	current	large-	scale	StoP	Project	study	further	
confirms	the	nearly	five	times	higher	odds	of	NCGC	among	H. pylori 
infected	 individuals	when	 considering	 additional	 criteria	 to	 define	
H. pylori	 infection	 status,	 being	 in	 line	with	 results	 obtained	 from	
prospective cohort studies.

CONFLIC T OF INTERE S T
The	authors	declare	that	they	have	no	conflict	of	interest.

ORCID
Nuno Lunet  https://orcid.org/0000-0003-1870-1430 

R E FE R E N C E S
	 1.	 de	Martel	C,	Georges	D,	Bray	F,	Ferlay	J,	Clifford	GM.	Global	bur-

den	of	cancer	attributable	to	infections	in	2018:	a	worldwide	inci-
dence analysis. Lancet Glob Health.	2020;8(2):e180–	e190.

https://orcid.org/0000-0003-1870-1430
https://orcid.org/0000-0003-1870-1430


10 of 11  |     MORAIS et Al.

	 2.	 International	Agency	 for	Research	on	Cancer.	Monographs on the 
evaluation of carcinogenic risks to humans volume 100b: a review 
of human carcinogens: biological agents.	 International	 Agency	 for	
Research	on	Cancer;	2012.

	 3.	 Plummer	M,	Franceschi	S,	Vignat	J,	Forman	D,	de	Martel	C.	Global	
burden	 of	 gastric	 cancer	 attributable	 to	Helicobacter pylori. Int J 
Cancer.	2015;136(2):487–	490.

 4. Helicobacter	 and	Cancer	Collaborative	Group.	Gastric	 cancer	 and	
Helicobacter pylori:	a	combined	analysis	of	12	case	control	studies	
nested within prospective cohorts. Gut.	2001;49(3):347–	353.

	 5.	 Yamamoto	 Y,	 Fujisaki	 J,	 Omae	 M,	 Hirasawa	 T,	 Igarashi	 M.	
Helicobacter pylori-	negative	gastric	cancer:	characteristics	and	en-
doscopic	findings.	Dig Endosc.	2015;27(5):551–	561.

	 6.	 Morais	 S,	 Peleteiro	 B,	 Araújo	 N,	 et	 al.	 Identifying	 the	 profile	 of	
Helicobacter pylori	 negative	 gastric	 cancers:	 a	 case-	only	 analysis	
within	the	Stomach	cancer	Pooling	(StoP)	Project.	Cancer Epidemiol 
Biomarkers Prev.	2022;31(1):200–	209.

	 7.	 Pelucchi	C,	Lunet	N,	Boccia	S,	et	al.	The	Stomach	cancer	Pooling	
(StoP)	 project:	 study	 design	 and	 presentation.	 Eur J Cancer Prev. 
2015;24(1):16–	23.

	 8.	 Hamada	 GS,	 Kowalski	 LP,	 Nishimoto	 IN,	 et	 al.	 Risk	 factors	 for	
stomach	cancer	in	Brazil	(II):	a	case-	control	study	among	Japanese	
Brazilians	in	São	Paulo.	Jpn J Clin Oncol.	2002;32(8):284–	290.

	 9.	 Nishimoto	IN,	Hamada	GS,	Kowalski	LP,	et	al.	Risk	factors	for	stom-
ach	cancer	 in	Brazil	 (I):	a	case-	control	study	among	non-	Japanese	
Brazilians	in	São	Paulo.	Jpn J Clin Oncol.	2002;32(8):277–	283.

	10.	 Derakhshan	 MH,	 Malekzadeh	 R,	 Watabe	 H,	 et	 al.	 Combination	
of	 gastric	 atrophy,	 reflux	 symptoms	 and	 histological	 subtype	 in-
dicates	 two	 distinct	 aetiologies	 of	 gastric	 cardia	 cancer.	 Gut. 
2008;57(3):298–	305.

	11.	 Machida-	Montani	 AI,	 Sasazuki	 S,	 Inoue	 M,	 et	 al.	 Association	 of	
Helicobacter pylori	 infection	 and	 environmental	 factors	 in	 non-	
cardia	gastric	cancer	in	Japan.	Gastric Cancer.	2004;7(1):46–	53.

	12.	 Leja	M,	Camargo	MC,	Polaka	I,	et	al.	Detection	of	gastric	atrophy	by	
circulating	pepsinogens:	a	comparison	of	three	assays.	Helicobacter. 
2017;22(4).

	13.	 Lunet	N,	Valbuena	C,	Vieira	AL,	et	al.	Fruit	and	vegetable	consump-
tion	 and	 gastric	 cancer	 by	 location	 and	 histological	 type:	 case-	
control	and	meta-	analysis.	Eur J Cancer Prev.	2007;16(4):312–	327.

	14.	 Zaridze	D,	Borisova	E,	Maximovitch	D,	Chkhikvadze	V.	Alcohol	con-
sumption,	 smoking	 and	 risk	 of	 gastric	 cancer:	 case-	control	 study	
from	Moscow,	Russia.	Cancer Causes Control.	2000;11(4):363–	371.

	15.	 Ye	W,	Ekstrom	AM,	Hansson	LE,	Bergstrom	R,	Nyren	O.	Tobacco,	
alcohol	 and	 the	 risk	 of	 gastric	 cancer	 by	 sub-	site	 and	 histologic	
type. Int J Cancer.	1999;83(2):223–	229.

	16.	 Ohata	 H,	 Kitauchi	 S,	 Yoshimura	 N,	 et	 al.	 Progression	 of	 chronic	
atrophic gastritis associated with Helicobacter pylori	 infection	 in-
creases	risk	of	gastric	cancer.	Int J Cancer.	2004;109(1):138–	143.

	17.	 Inoue	M,	Sawada	N,	Goto	A,	et	al.	High-	negative	anti-	Helicobacter 
pylori	 IgG	antibody	titers	and	 long-	term	risk	of	gastric	cancer:	re-
sults	 from	 a	 large-	scale	 population-	based	 cohort	 study	 in	 Japan.	
Cancer Epidemiol Biomarkers Prev.	2020;29(2):420–	426.

	18.	 Kitahara	 F,	 Kobayashi	 K,	 Sato	 T,	 Kojima	 Y,	 Araki	 T,	 Fujino	 MA.	
Accuracy	of	screening	for	gastric	cancer	using	serum	pepsinogen	
concentrations. Gut.	1999;44(5):693–	697.

	19.	 Union	for	International	Cancer	Control.	TNM classification of malig-
nant tumours.	Switzerland;	2016.

	20.	 Peleteiro	B,	Lunet	N,	Barros	R,	La	Vecchia	C,	Barros	H.	Factors	con-
tributing	 to	 the	 underestimation	 of	Helicobacter pylori-	associated	
gastric	cancer	risk	in	a	high-	prevalence	population.	Cancer Causes 
Control.	2010;21(8):1257–	1264.

	21.	 Brenner	H,	 Arndt	 V,	 Stegmaier	 C,	 Ziegler	H,	 Rothenbacher	D.	 Is	
Helicobacter pylori	 infection	 a	 necessary	 condition	 for	 noncardia	
gastric cancer? Am J Epidemiol.	2004;159(3):252–	258.

	22.	 Smith-	Warner	 SA,	 Spiegelman	 D,	 Ritz	 J,	 et	 al.	 Methods	 for	
pooling	 results	 of	 epidemiologic	 studies:	 the	 Pooling	 Project	

of	 Prospective	 Studies	 of	 Diet	 and	 Cancer.	 Am J Epidemiol. 
2006;163(11):1053–	1064.

	23.	 DerSimonian	R,	Laird	N.	Meta-	analysis	in	clinical	trials.	Control Clin 
Trials.	1986;7(3):177–	188.

	24.	 Higgins	 JP,	 Thompson	 SG.	Quantifying	 heterogeneity	 in	 a	meta-	
analysis. Stat Med.	2002;21(11):1539–	1558.

	25.	 Sedgwick	P.	Meta-	analyses:	heterogeneity	and	subgroup	analysis.	
BMJ.	2013;346:f4040.

	26.	 Sterne	 JA,	Gavaghan	D,	 Egger	M.	Publication	 and	 related	bias	 in	
meta-	analysis:	power	of	statistical	tests	and	prevalence	in	the	liter-
ature. J Clin Epidemiol.	2000;53(11):1119–	1129.

	27.	 Huang	JQ,	Sridhar	S,	Chen	Y,	Hunt	RH.	Meta-	analysis	of	the	rela-
tionship between Helicobacter pylori seropositivity and gastric can-
cer. Gastroenterology.	1998;114(6):1169–	1179.

	28.	 Cavaleiro-	Pinto	 M,	 Peleteiro	 B,	 Lunet	 N,	 Barros	 H.	 Helicobacter 
pylori	 infection	 and	 gastric	 cardia	 cancer:	 systematic	 review	 and	
meta-	analysis.	Cancer Causes Control.	2011;22(3):375–	387.

	29.	 Wells	G,	Shea	B,	O'Connell	D,	et	al.	The	Newcastle-	Ottawa	Scale	
(NOS)	for	assessing	the	quality	of	non-	randomised	studies	in	meta-	
analyses. 2013; http://www.ohri.ca/progr ams/clini cal_epide miolo 
gy/oxford.asp.

	30.	 Shin	 A,	 Shin	 HR,	 Kang	 D,	 Park	 SK,	 Kim	 CS,	 Yoo	 KY.	 A	 nested	
case-	control	 study	 of	 the	 association	 of	 Helicobacter pylori in-
fection	 with	 gastric	 adenocarcinoma	 in	 Korea.	 Br J Cancer. 
2005;92(7):1273–	1275.

	31.	 Persson	 C,	 Jia	 Y,	 Pettersson	 H,	 Dillner	 J,	 Nyrén	O,	 Ye	WH.	H. 
pylori	 seropositivity	 before	 age	 40	 and	 subsequent	 risk	 of	
stomach	 cancer:	 a	 glimpse	 of	 the	 true	 relationship?	 PLoS One. 
2011;6(3):e17404.

	32.	 Cai	H,	Ye	F,	Michel	A,	et	al.	Helicobacter pylori	blood	biomarker	for	
gastric	cancer	risk	in	East	Asia.	Int J Epidemiol.	2016;45(3):774–	781.

	33.	 González	CA,	Megraud	F,	Buissonniere	A,	et	al.	Helicobacter pylori 
infection	assessed	by	ELISA	and	by	immunoblot	and	noncardia	gas-
tric	 cancer	 risk	 in	 a	 prospective	 study:	 the	 Eurgast-	EPIC	 project.	
Ann Oncol.	2012;23(5):1320–	1324.

	34.	 Simán	 JH,	 Engstrand	 L,	 Berglund	 G,	 Forsgren	 A,	 Florén	 CH.	
Helicobacter pylori	 and	 CagA	 seropositivity	 and	 its	 association	
with gastric and oesophageal carcinoma. Scand J Gastroenterol. 
2007;42(8):933–	940.

	35.	 Simán	 JH,	 Forsgren	 A,	 Berglund	 G,	 Florén	 CH.	 Association	 be-
tween Helicobacter pylori	 and	 gastric	 carcinoma	 in	 the	 city	 of	
Malmö,	 Sweden:	 a	 prospective	 study.	 Scand J Gastroenterol. 
1997;32(12):1215–	1221.

	36.	 Mitchell	 H,	 English	 DR,	 Elliott	 F,	 et	 al.	 Immunoblotting	 using	
multiple	 antigens	 is	 essential	 to	 demonstrate	 the	 true	 risk	 of	
Helicobacter pylori	 infection	 for	 gastric	 cancer.	Aliment Pharmacol 
Ther.	2008;28(7):903–	910.

	37.	 Ekstrom	AM,	Held	M,	Hansson	LE,	Engstrand	L,	Nyren	O.	Helicobacter 
pylori	in	gastric	cancer	established	by	CagA	immunoblot	as	a	marker	
of	past	infection.	Gastroenterology.	2001;121(4):784–	791.

	38.	 Correa	P.	Human	gastric	carcinogenesis:	a	multistep	and	multifacto-
rial	process–	First	American	Cancer	Society	Award	Lecture	on	Cancer	
Epidemiology and Prevention. Cancer Res.	1992;52(24):6735–	6740.

	39.	 Gao	 L,	Weck	MN,	Nieters	A,	 Brenner	H.	 Inverse	 association	 be-
tween	 a	 pro-	inflammatory	 genetic	 profile	 and	Helicobacter pylori 
seropositivity among patients with chronic atrophic gastritis: en-
hanced	elimination	of	the	infection	during	disease	progression?	Eur 
J Cancer.	2009;45(16):2860–	2866.

	40.	 Ono	 S,	 Kato	 M.	 What	 is	 the	 definition	 of	 Helicobacter pylori-	
negative	gastric	cancer?	Comment	on:	Helicobacter pylori-	negative	
gastric	 cancer	 in	 South	 Korea:	 incidence	 and	 clinicopathologic	
characteristics. Helicobacter	 2011;16(5):	 382-	388.	 Helicobacter.	
2012;17(3):238;	author	reply	239.

	41.	 Tsai	K-	F,	Liou	J-	M,	Chen	M-	J,	et	al.	Distinct	clinicopathological	fea-
tures	and	prognosis	of	Helicobacter pylori negative gastric cancer. 
PLoS One.	2017;12(2):e0170942.

http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp


    |  11 of 11MORAIS et Al.

	42.	 Kiso	 M,	 Yoshihara	 M,	 Ito	 M,	 et	 al.	 Characteristics	 of	 gastric	
cancer	 in	 negative	 test	 of	 serum	 anti-	Helicobacter pylori anti-
body and pepsinogen test: a multicenter study. Gastric Cancer. 
2017;20(5):764–	771.

	43.	 Hamashima	C,	Sasazuki	S,	Inoue	M,	Tsugane	S.	for	the	JSG.	Receiver	
operating	 characteristic	 analysis	 of	 prediction	 for	 gastric	 cancer	
development using serum pepsinogen and Helicobacter pylori anti-
body tests. BMC Cancer.	2017;17(1):183.

	44.	 Lee	JY,	Kim	N,	Lee	HS,	et	al.	Correlations	among	endoscopic,	histo-
logic	and	serologic	diagnoses	for	the	assessment	of	atrophic	gastri-
tis. J Cancer Prev.	2014;19(1):47–	55.

	45.	 Tatemichi	M,	Sasazuki	S,	Inoue	M,	Tsugane	S.	Different	etiological	
role	of	Helicobacter pylori	(Hp)	infection	in	carcinogenesis	between	
differentiated	and	undifferentiated	gastric	cancers:	a	nested	case-	
control	study	using	IgG	titer	against	Hp	surface	antigen.	Acta Oncol. 
2008;47(3):360–	365.

	46.	 Karnes	WE,	Samloff	 IM,	Siurala	M,	et	al.	Positive	serum	antibody	
and	negative	tissue	staining	for	Helicobacter pylori in subjects with 
atrophic body gastritis. Gastroenterology.	1991;101(1):167–	174.

	47.	 Gong	 EJ,	 Lee	 JY,	 Bae	 SE,	 et	 al.	 Characteristics	 of	 non-	cardia	
gastric	 cancer	 with	 a	 high	 serum	 anti-	Helicobacter pylori	 IgG	
titer	 and	 its	 association	 with	 diffuse-	type	 histology.	 PLoS One. 
2018;13(4):e0195264.

	48.	 Yolanda	L-	V,	Sergio	P-	D-	L,	Hugo	E-	S,	et	al.	Gastric	cancer	progres-
sion associated with local humoral immune responses. BMC Cancer. 
2015;15(1):924.

	49.	 Lee	SK.	Do	we	need	to	retest	of	Helicobacter pylori	infection	after	
gastric cancer surgery? Gut Liv.	2017;11(2):169–	170.

	50.	 Peleteiro	B,	Bastos	A,	Ferro	A,	Lunet	N.	Prevalence	of	Helicobacter 
pylori	infection	worldwide:	a	systematic	review	of	studies	with	na-
tional coverage. Dig Dis Sci.	2014;59(8):1698–	1709.

	51.	 Shan	J-	H,	Bai	X-	J,	Han	L-	L,	Yuan	Y,	Sun	X-	F.	Changes	with	aging	in	
gastric	biomarkers	levels	and	in	biochemical	factors	associated	with	
Helicobacter pylori	 infection	 in	 asymptomatic	Chinese	population.	
World J Gastroenterol.	2017;23(32):5945–	5953.

	52.	 Sun	LP,	Gong	YH,	Wang	L,	Yuan	Y.	Serum	pepsinogen	 levels	and	
their	influencing	factors:	a	population-	based	study	in	6990	Chinese	
from	North	China.	World J Gastroenterol.	2007;13(48):6562–	6567.

	53.	 Tahara	E.	Genetic	pathways	of	two	types	of	gastric	cancer.	IARC Sci 
Publ.	2004;157:327–	349.

	54.	 Collatuzzo	G,	Pelucchi	C,	Negri	E,	et	al.	Exploring	the	interactions	
between Helicobacter pylori	 (Hp)	 infection	 and	 other	 risk	 factors	
of	gastric	cancer:	a	pooled	analysis	in	the	Stomach	cancer	Pooling	
(StoP)	Project.	Int J Cancer.	2021;149(6):1228–	1238.

	55.	 Boffetta	 P,	 Hashibe	 M.	 Alcohol	 and	 cancer.	 Lancet Oncol. 
2006;7(2):149–	156.

	56.	 Ferro	A,	Costa	AR,	Morais	S,	et	al.	Fruits	and	vegetables	intake	and	
gastric	 cancer	 risk:	 a	 pooled	 analysis	within	 the	 Stomach	 cancer	
Pooling Project. Int J Cancer.	2020;147(11):3090–	3101.

	57.	 Bertuccio	P,	Alicandro	G,	Rota	M,	et	al.	Citrus	fruit	intake	and	gas-
tric	cancer:	the	Stomach	cancer	Pooling	(StoP)	Project	consortium.	
Int J Cancer.	2019;144(12):2936–	2944.

	58.	 Zhang	J,	Wu	D,	Vikash,	et	al.	Hesperetin	induces	the	apoptosis	of	
gastric cancer cells via activating mitochondrial pathway by increas-
ing reactive oxygen species. Dig Dis Sci.	2015;60(10):2985–	2995.

	59.	 Bao	L,	Liu	F,	Guo	H-	B,	et	al.	Naringenin	 inhibits	proliferation,	mi-
gration,	and	invasion	as	well	as	induces	apoptosis	of	gastric	cancer	
SGC7901	cell	line	by	downregulation	of	AKT	pathway.	Tumour Biol. 
2016;37(8):11365–	11374.

	60.	 Hyson	 DA.	 A	 comprehensive	 review	 of	 apples	 and	 apple	 com-
ponents and their relationship to human health. Adv Nutr. 
2011;2(5):408–	420.

	61.	 Govers	C,	Berkel	Kasikci	M,	van	der	Sluis	AA,	Mes	JJ.	Review	of	the	
health	effects	of	berries	and	their	phytochemicals	on	the	digestive	
and immune systems. Nutr Rev.	2018;76(1):29–	46.

	62.	 IARC	Working	Group	on	 the	Evaluation	of	Carcinogenic	Risks	 to	
Humans.	 IARC	Working	Group	on	the	Evaluation	of	Carcinogenic	
Risks	 to	 Humans.	 Biological	 agents.	 Volume	 100	 B.	 A	 review	
of	 human	 carcinogens.	 IARC Monogr Eval Carcinog Risks Hum 
2012;100(Pt:B),	1–	441.

	63.	 Botterweck	AA,	van	den	Brandt	PA,	Goldbohm	RA.	A	prospective	
cohort	study	on	vegetable	and	fruit	consumption	and	stomach	can-
cer	risk	in	The	Netherlands.	Am J Epidemiol.	1998;148(9):842–	853.

SUPPORTING INFORMATION
Additional	 supporting	 information	 may	 be	 found	 in	 the	 online	
version	of	the	article	at	the	publisher’s	website.

How to cite this article:	Morais	S,	Costa	A,	Albuquerque	G,	
et	al.	“True”	Helicobacter pylori	infection	and	non-	cardia	
gastric	cancer:	A	pooled	analysis	within	the	Stomach	Cancer	
Pooling	(StoP)	Project.	Helicobacter. 2022;00:e12883. 
doi:10.1111/hel.12883

https://doi.org/10.1111/hel.12883



