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Abstract
Background: Long- term Helicobacter pylori infection increases the risk of gastric ma-
lignancies. Since the symptoms for H. pylori gastritis, as well as for several malignan-
cies, may be nonexisting or highly unspecific, even H. pylori-positive subjects with 
underlying malignancies may receive eradication therapy. The aim was to assess the 
incidence of gastrointestinal and various other malignancies in individuals after eradi-
cation therapy for H. pylori infection.
Materials and Methods: A	cohort	of	217,554	subjects	(120,344	women	and	97,210	
men), who had purchased specific combinations of drugs for H. pylori eradication ther-
apy	in	1994–	2004,	was	identified	by	the	Finnish	National	Prescription	Registry	and	
followed	for	cancer	incidence	until	the	end	of	2008	(1.89 million	person-	years	at	risk).
Results: A	total	of	22,398	malignancies	were	identified	in	the	cohort.	In	both	genders,	
for	the	first	6 months	after	drug	prescription,	the	standardized	incidence	ratios	(SIRs)	
were between 5 and 32 for gastric, colorectal, and pancreatic cancers, and 2 and 3 
for	several	other	malignancies.	Although	later	on	the	SIRs	of	most	malignancies	fell	
rapidly,	those	of	gastric	noncardia	and	lung	cancers	remained	elevated	up	to	5 years	
of	follow-	up.	The	only	SIRs	below	unity	were	seen	in	men	for	gastric	cancers	(cardia	
0.61, 95% CI: 0.37– 0.95; intestinal noncardia 0.74, 95% CI: 0.56– 0.97) during the post- 
therapy period covering years 5– 15.
Conclusion: Incidence levels significantly above the population rates were detected 
for	many	malignancies.	Although	eradication	of	H. pylori may have a long- lasting pro-
tective effect against gastric cancer, H. pylori therapy may postpone the detection of 
malignancies possibly underlying unspecific gastrointestinal symptoms. Therefore, it 
should	 be	 emphasized	 that	 the	diagnostic	work-	up	 for	malignancies	 should	 not	 be	
stopped in case of detection and treatment of H. pylori infection.
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1  |  INTRODUC TION

Helicobacter pylori	 (H. pylori) causes chronic gastritis, which is the 
best- known risk factor for peptic ulcer disease1 and gastric malig-
nancies.2– 5 Some studies have suggested that H. pylori infection 
could even be a minor risk factor in colorectal, pancreatic, and lung 
cancer.6– 8	 International	Agency	for	Research	on	Cancer	(IARC)	has	
stated H. pylori as a Group 1 carcinogen in gastric cancer.9 Smoking 
has been associated with H. pylori infection in some population- 
based studies.10,11	 In	 2004,	 IARC	 monographs	 summed	 up	 the	
smoking- related malignancies to include, in addition to lung and tra-
cheal cancers, several other malignancies of the upper respiratory, 
gastrointestinal, and urinary tract.12

Eradication of H. pylori is best achieved by giving a combination of 
2– 3 antimicrobial agents— most commonly amoxicillin, clarithromy-
cin,	and	metronidazole—	together	with	acid-	suppressing	drug.13 Such 
combination therapies are rarely prescribed for other indications. 
Treatment of the infection and eradication of the bacterium have 
been shown to lead to permanent cure of active gastritis, as well as 
peptic ulcer disease14 and, after several years, also to a significantly 
lower risk for gastric cancer.15– 18 The drugs used for eradication ther-
apy are not specific for H. pylori and, due to the wide antimicrobial 
spectrum of the combination, may also affect many other bacteria 
and possible infections. Orally administered antimicrobial therapy 
and	PPI	for	H. pylori eradication may also alter the composition of gut 
microbiota.	Although	the	reduced	bacterial	alfa-	diversity,	detected	
after	1 week	of	therapy,	seemed	to	have	returned	to	normal	a	year	
later, the perturbed bacterial flora, including the macrolide resistance 
gene erm(B),	remained	altered	in	some	subjects	for	up	to	4 years.19

Dyspepsia, epigastric pain, and other gastrointestinal symp-
toms that typically lead to medical consultations are not merely 
associated with abdominal diseases.20 In a population- based study 
in Finland, these symptoms were not more commonly reported by 
H. pylori- positive than - negative participants.11 Thus, due to the lack
of distinct and specific symptoms for H. pylori gastritis, it is likely
that even H. pylori-positive subjects with symptoms associated with
other diseases may receive H. pylori eradication therapy. These could 
include individuals with underlying cancers that typically give only
vague and nonspecific symptoms.

In Finland, H. pylori has been actively tested and treated in patients 
with	dyspeptic	and	other	gastrointestinal	symptoms.	Antibiotics	can	
be purchased by physicians' prescription only and therefore all the 
purchased H. pylori	eradication	treatments	are	registered.	As	all	diag-
nosed malignant tumors are registered as well, and causes of death 
and emigrations are available, we had a unique possibility, using broad 
national registers, to evaluate whether malignancies were overrepre-
sented among individuals treated for H. pylori infection.

2  |  MATERIAL S AND METHODS

The	 study	cohort	 included	217,544	persons	 (120,344	women	and	
97,210 men) who had received reimbursement for the combination 

of drugs used in H. pylori eradication therapy in 1994– 2004 in 
Finland. The cohort was identified from the prescription registry of 
the	National	Social	Insurance	Institution.

The drugs used in H. pylori therapy and included in the study 
were	the	following:	Industry	made	combination	packages	Helipak	A	
(Orion	Pharma);	amoxicillin	(1000 mg)	b.i.d.,	metronidazole	(400 mg)	
t.i.d.,	 and	 lansoprazole	 (30 mg)	 b.i.d.	 for	 7 days,	 Helipak	 K	 (Orion
Pharma);	 amoxicillin	 (1000 mg)	b.i.d.,	 clarithromycin	 (500 mg)	b.i.d.,
and	lansoprazole	(30 mg)	b.i.d.	for	7 days,	Helipak	T	(Orion	Pharma);
tetracycline	 (500 mg)	 q.i.d.,	 metronidazole	 (400 mg)	 t.i.d.,	 and	 lan-
soprazole	 (30 mg)	b.i.d.	 for	7 days,	and	Losec	Helira	 (AstraZeneca);
amoxicillin	(500 mg)	t.i.d.,	metronidazole	(400 mg)	t.i.d.,	and	omepra-
zole	(40 mg)	q.d.	for	7 days.	In	addition,	combinations	of	2–	4	of	the
following	 drugs	 intended	 to	 be	 used	 for	 7–	14 days	 and	 purchased
at the same time were included: amoxicillin, clarithromycin, tetracy-
cline,	metronidazole,	and	levofloxacin.

The accumulation of the person- years at risk began on the date 
of the first reimbursement of drugs used in H. pylori therapy and 
ended on the date of emigration, death, or on the 31st of December 
2008, whichever was first. Data on deaths and emigrations were 
achieved	 from	 the	 National	 Population	 Registry.	 Eleven-	digit	 per-
sonal identity codes were used in all linkages. Information on cancer 
incidence were taken from the Finnish Cancer Registry.

Patients	were	enrolled	only	once,	at	the	date	of	the	first	known	
eradication	 therapy	 purchase.	 Possible	 further	 Helicobacter erad-
ication	 therapies	 were	 not	 counted.	 Previous	 cancer	 was	 not	 an	
exclusion criterion, but only cancers that were diagnosed after the 
treatment of H. pylori were included in the analysis.

The person- years at risk and observed numbers of cancers were 
stratified by sex, 5- year age groups, 5- year calendar periods, and 
time since drug purchase. In addition to the category of all malig-
nancies combined, separate numbers were calculated for gastroin-
testinal and other most common malignancies presented in Table S1.

The expected numbers of malignancies were calculated by mul-
tiplying the number of person- years in each stratum by the respec-
tive	 cancer	 incidence	 rate	 in	 the	Finnish	population	 (derived	 from	
the Finnish Cancer Registry). The relative risks were expressed as 
standardized	incidence	ratios	(SIRs),	that	is,	as	ratios	of	the	observed	
and expected numbers of cases. For each SIR, the exact 95% confi-
dence	 interval	 (CI)	was	defined	assuming	a	Poisson	distribution	of	
the observed number of cases.

The study was approved by the Ethical Committee for 
Epidemiology	and	Public	Health	of	the	Helsinki	University	Hospital	
District.	Permission	to	link	the	data	from	national	registries	was	ob-
tained	from	the	Ministry	of	Social	and	Health	Affairs.

3  |  RESULTS

A	total	of	217,554	persons	 (120,344	women	and	97,210	men)	and	
1,893,460 person- years at risk were included in the study. During the 
up	to	15 years	of	follow-	up,	22,398	malignancies	were	identified.	The	
subjects treated for H. pylori had a higher overall risk for malignancy 
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than	the	general	population	of	the	same	age	(in	men,	SIR	1.20,	95%	CI	
1.18– 1.22; in women SIR 1.13, 95% CI 1.11– 1.15, Table S1).

Covering the total follow- up period in both genders, SIRs were 
significantly above 1.0 for all common gastrointestinal malignancies, 
except for cancers of the cardia and esophagus in men, as well as 
for lung cancer and lymphohaematopoietic malignancies. The SIR for 
lung cancer was 28% higher in women and 22% higher in men. The 
SIR for prostate cancer was modestly but statistically significantly 
elevated	(SIR	1.14,	05%	CI	1.11–	1.17;	Table S1).

For most malignancies, the highest SIRs were seen during the 
first	 6 months	 after	 eradication	 therapy	 (Table S1). Especially high 
SIRs were seen for H. pylori-	associated	malignancies	(Figures 1 and 
2):	 gastric	 mucosa-	associated	 lymphoid	 tissue	 lymphoma	 (MALT),	
the	 SIR	 in	men	was	31.7	 (95%	CI:	 22.4–	43.5)	 and	 in	women	22.0	
(95%	CI:	14.4–	32.2).	The	SIR	for	noncardia	gastric	cancer	in	men	was	
11.6	(95%	CI:	9.9–	13.5)	and	in	women	13.3,	(95%	CI:	11.4–	15.4).	Out	
of all noncardia gastric cancers, 91% were either diffuse or intestinal 
by the histology type. The SIRs for the diffuse type of noncardia 
gastric cancers were clearly higher than those of the intestinal type 
in	both	genders	(Figures 1 and 2).	Further	high	SIRs	(4.9–	7.1)	during	
the	first	6 months	were	found	for	pancreatic	and	colorectal	cancers	
in	both	genders	(Figures 1 and 2).

After	the	first	6 months,	the	SIRs	declined	rapidly	for	most	ma-
lignancies	(Table S1). During both the latter half of the first year of 
follow- up and the 4- year period from the second year thereon, sig-
nificantly elevated values were still found for gastric noncardia and 
lung cancers in both genders. In men, prostate malignancies showed 
SIR	1.59	(95%	CI	1.38–	1.79)	during	the	first	6 months	of	follow-	up	
and after that an excess of about 10% in all further follow- up periods 
(Table S1). The SIRs for lung cancer were significantly elevated in all 
follow-	up	periods	in	both	sexes	(Table S1).

In this study, the only SIRs significantly below 1.0 were seen in 
men during the follow- up period of 5+ years for the gastric cardia 
and	intestinal	types	of	noncardia	cancers	(Figure 2, Table S1).

4  |  DISCUSSION

In this large registry- based cohort study, the only types of malig-
nancy with significantly declining SIRs along with years elapsed after 
the H. pylori eradication therapy were H. pylori- associated cancers, 
that is, cancer of the gastric cardia and intestinal noncardia cancers. 
In general, the overall risk for malignancy was higher in individuals 
who had received eradication therapy for H. pylori than in the gen-
eral population of the same age. The peak of cancer diagnoses was 
during	the	first	6 months	after	therapy.	All	types	of	gastrointestinal	
tumors were overrepresented, but the highest SIRs were seen in 
H. pylori-	associated	malignancies,	such	as	gastric	cancer	and	MALT
lymphoma. The incidence of several nongastrointestinal cancers
was elevated, too. However, H. pylori infection may not be the actual 
reason for cancer, but there may be only a temporal coincidence of
H. pylori and cancer.

In Finland, patients usually seek for medical advice because
of their symptoms, and the H. pylori test is easily achieved in a 
primary healthcare setting. Due to the unspecific nature of the 
gastrointestinal symptoms,20 the discomfort experienced may 
be caused by both H. pylori infection and malignancy. The posi-
tive H. pylori test result may delay the diagnosis of malignancy if 
further diagnostic work- up is not considered. In an earlier Finnish 
study,21 the eradication of H. pylori delayed the diagnosis of gastric 
cancer	with	a	median	of	7.5 months,	even	in	patients	with	new	or	
alarming symptoms.

F I G U R E  1 Standardised	incidence	ratios	(SIR)	of	selected	gastrointestinal	malignancies	for	women,	by	follow-	up	period.	Statistically	
significant SIRs are highlighted with dots in the curve.
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Chronic inflammation in gastric mucosa for years or decades 
may progress to atrophic gastritis and lead to genetic damage in the 
epithelium. H. pylori, the causative pathogen, should be eradicated 
before precancerous changes develop.22 Ford et al.23 calculated in a 
recent Cochrane review that, the successful treatment of the infec-
tion	lowered	the	risk	ratio	for	gastric	cancer	to	0.54	(95%	CI	0.40–	
0.72) in asymptomatic H. pylori- positive individuals. However, the 
eradication of H. pylori does not abolish the gastric cancer risk if “the 
point of no return” has been passed. In the present study, in men, the 
gastric cardia and intestinal noncardia cancers were the only cancer 
types	the	 incidence	of	which	was	significantly	declined	5–	15 years	
after eradication therapy.

The association with H. pylori is opposite for cancers of the 
esophagus	and	cardia.	Gastroesophageal	reflux	disease	(GERD)	pre-
disposes Barrett's esophagus, a precursor of adenocarcinoma of the 
gastroesophageal junction and cardia. Due to long- lasting H. pylori 
infection and thereby reduced acidity, the incidence of esophageal 
adenocarcinoma decreases.24 The gastric acidity does not predis-
pose to squamous cell carcinoma of the esophagus. In our data, the 
esophageal cancer incidence was elevated in both genders for the 
first	6 months	after	 the	eradication	but	not	 in	a	 longer	 follow-	up.	
The	risk	of	esophageal	cancer	was	not	analyzed	by	histological	type.	
Similarly, the cardia cancer incidence was elevated for the first 
6–	12 months	after	the	eradication,	but	in	the	follow-	up	of	>5 years,	
SIR	was	only	0.61	 (95%	CI	0.37–	0.95)	 in	men.	There	 is	a	 risk	 that	
some of the gastric cancers are misdiagnosed as cardia cancers and 
therefore the benefit of H. pylori eradication is obtained.

The	highest	SIRs	were	observed	in	MALT	lymphoma.	Eradication	
therapy for H. pylori is the primary treatment for this malignancy, and 
rarely other treatment is required. The effect of the eradication is 
gained relatively rapidly.

It has been estimated that over half of the global population is in-
fected by H. pylori, but the prevalence of H. pylori infection is rapidly 

declining in developed countries.25 Likewise, in Finland, the prev-
alence of H. pylori infection has for a long time decreased towards 
the later birth cohorts.26 Furthermore, in Finland, the incidence of 
gastric cancer, which is considered the most severe consequence of 
H. pylori infection, has strongly declined.27

Worldwide gastric cancer incidence is about twice as high in men 
than in women, and the lack of power in the present study might 
explain why a similar kind of reduction in long- term cancer incidence 
could not be observed in women.

Gastric cancer is not the only malignancy the diagnosis of which 
can be hidden by H. pylori. Here, in addition to gastrointestinal ma-
lignancies, the highest incidence rates of several nongastrointestinal 
cancers	were	detected	during	the	first	6	(to	12)	months	after	H. py-
lori therapy. This suggests that people seek for medical help due to 
nonspecific symptoms. Colorectal cancer is the most common gas-
trointestinal malignancy, representing in our study almost 20% of all 
cancers	diagnosed	during	the	first	6 months	after	H. pylori therapy. In 
another Finnish study,28 the diagnosis of colorectal cancer was de-
layed in H. pylori- positive patients with functional dyspeptic symp-
toms, but not in those with alarming symptoms like blood in the stool 
or occlusion. In the present study, the incidence rates of cancers not 
causing vague abdominal symptoms, for example, breast, skin, and 
brain cancers, did not differ between individuals treated for H. pylori 
and those of general population.

Socioeconomic status has an impact on the risk of different can-
cers. In the Finnish population, subjects from lower social classes have 
been shown to have a higher incidence of noncardia gastric cancer 
than those presenting higher social classes.29 Furthermore, smoking is 
associated with lower socioeconomical classes30 and lung cancer.29,31 
In the present study, lung cancer was the only malignancy the inci-
dence	of	which	stayed	elevated	for	all	the	15 years	of	follow-	up.

This study was based on a large cohort with a rather long fol-
low- up. In Finland, the national registries are population- based 

F I G U R E  2 Standardised	incidence	ratios	(SIR)	of	selected	gastrointestinal	malignancies	for	men,	by	follow-	up	period.	Statistically	
significant SIRs are highlighted with dots in the curve.
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and	reliable.	Although	the	follow-	up	lasted	for	15 years,	 it	would	
have been interesting to continue the follow- up to the present 
time. However, limitations of the study include that no clinical 
data on either symptoms or indications for H. pylori eradication 
were available, the successful eradication rates were not known, 
and lifestyle habits, such as smoking, could not be elucidated ei-
ther. The data on the cancer stages were not available to us. Such 
data would have added possibilities for understanding the aggres-
siveness of the cancers.

In conclusion, in this large registry- based cohort study, the risk 
for	malignancy	was	more	than	doubled	for	the	first	6 months	after	
H. pylori	 eradication	 therapy.	 Awareness	 of	 possible	 underlying
malignancy should be kept in mind, and simultaneous diagnostic
work- up for malignancies should not be forgotten, even if H. pylori
infection is detected and treated. Cardia and intestinal type of non-
cardia gastric cancers in men were here the only types of malignan-
cies, the incidence of which was below those detected in general
population, implicating a benefit of H. pylori eradication therapy.
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