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Abstract
Background: Helicobacter pylori (H. pylori) eradication reduces gastric cancer risk. 
Since 2013, a population- wide H. pylori eradication strategy for patients with chronic 
gastritis has begun to prevent gastric cancer in Japan. The aim of this study was to 
evaluate the economic and health effects of H. pylori eradication strategy in national 
gastric cancer prevention program.
Materials and Methods: We developed a cohort state- transition model for H. pylori 
eradication and no eradication over a lifetime horizon from a healthcare payer per-
spective, and performed one- way and probabilistic sensitivity analyses. We targeted 
a hypothetical cohort of H. pylori-	positive	patients	aged	20,	30,	40,	50,	60,	70,	and	80.	
The	main	outcomes	were	costs,	quality-	adjusted	 life-	years	 (QALYs),	 life	expectancy	
life-	years	(LYs),	incremental	cost-	effectiveness	ratios,	gastric	cancer	cases,	and	deaths	
from gastric cancer.
Results: H. pylori eradication was more effective and cost- saving for all age groups 
than no eradication. Sensitivity analyses showed strong robustness of the results. 
From	2013-	2019	for	8.50	million	patients,	H. pylori	eradication	saved	US$3.75	billion,	
increased	11.11	million	QALYs	and	0.45	million	LYs,	and	prevented	284,188	cases	and	
65,060	deaths.	For	35.59	million	patients	without	eradication,	H. pylori eradication 
has	the	potential	to	save	US$14.82	billion,	increase	43.10	million	QALYs	and	1.66	mil-
lion	LYs,	and	prevent	1,084,532	cases	and	250,256	deaths.
Conclusions: National policy using population- wide H. pylori eradication to prevent 
gastric cancer has significant cost savings and health impacts for young- , middle- , and 
old- aged individuals in Japan. The findings strongly support the promotion of H. pylori 
eradication strategy for all age groups in high- incidence countries.

K E Y W O R D S
cancer prevention, cost- effectiveness, gastric cancer, health economics, Helicobacter pylori 
eradication

This	is	an	open	access	article	under	the	terms	of	the	Creative	Commons	Attribution	License,	which	permits	use,	distribution	and	reproduction	in	any	medium,	
provided the original work is properly cited.
©	2021	The	Authors.	Helicobacter	published	by	John	Wiley	&	Sons	Ltd.

www.wileyonlinelibrary.com/journal/hel
mailto:
https://orcid.org/0000-0001-5200-4300
mailto:kowadaa@gmail.com
http://creativecommons.org/licenses/by/4.0/


2 of 10  |     KOWADA AnD ASAKA

1  |  INTRODUC TION

More than half of the world's population is infected with 
Helicobacter pylori (H. pylori).1 H. pylori infection causes chronic 
atrophic gastritis, a common stage of progression to gastric can-
cer, and is responsible for 98% of the causes of gastric cancer in 
Japan.2,3,4,5 Japan has the third highest age- standardized rate for 
gastric cancer in the world.6 The incidence of gastric cancer in 
Japan is almost 10 times higher than that observed in the United 
States. The Taipei global consensus guidelines for screening and 
eradication of H. pylori for gastric cancer prevention recommend 
that mass screening and eradication of H. pylori should be con-
sidered in populations at higher risk of gastric cancer and that 
eradication therapy should be offered to all individuals infected 
with H. pylori.7 In the guidelines for the management of H. pylori 
infection by the Japanese Society for Helicobacter Research, 
H. pylori eradication treatment is recommended to prevent gas-
tric cancer for patients with H. pylori infection.8 The Ministry 
of	Health,	 Labour	 and	Welfare	 approved	 expansion	 of	National	
Health Insurance coverage for H. pylori eradication treatment in 
patients with chronic gastritis from February 2013.9 During 2013- 
2019,	8.50	million	H. pylori- positive patients received eradication 
treatment.10,11 The number of deaths from gastric cancer is grad-
ually declining, with 42,931 deaths in 2019 and 42,318 deaths in 
2020 (Figure 1).12,13

In this study, we aimed to evaluate the economic and health ef-
fects of H. pylori eradication strategy in national gastric cancer pre-
vention program in Japan.

2  |  MATERIAL S AND METHODS

2.1  |  Study design and model structure

We constructed a cohort state- transition model with a Markov 
cycle tree for two strategies: H. pylori eradication strategy and no 
eradication strategy, using a healthcare payer perspective and a 
lifetime	horizon.	A	cycle	length	of	one	year	was	chosen.	The	half-	
cycle correction was applied. In the model, decision branches 
leaded directly to one Markov node per intervention strat-
egy and the first events were modeled within the Markov cycle 
tree	 (Figure	 2).	 We	 used	 TreeAge	 Pro	 (TreeAge	 Software	 Inc.,	
Williamstown, Massachusetts) for the Decision- analytical calcula-
tions.	As	this	was	a	modeling	study	with	all	inputs	and	parameters	
derived from the published literature and Japanese statistics, eth-
ics approval was not required.

2.1.1  |  H.	pylori	eradication	strategy

The H. pylori- positive patient receives first- line eradication treat-
ment	(proton-	pump	inhibitor,	clarithromycin,	and	amoxicillin).	The	
patient who fails first- line eradication treatment receives second- 
line eradication treatment (proton- pump inhibitor, metronidazole, 
and	amoxicillin).	We	consider	the	eradication	and	compliance	rates	
of first- line and second- line eradication treatments in the model. 
After	 successful	 H. pylori eradication, H. pylori- positive changes 
to H. pylori- negative. When the patient fails both treatments, H. 

F I G U R E  1 Changes	in	gastric	cancer	deaths	in	Japan	from	2000	to	2020
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pylori- positive remains until death. We calculate the costs of H. 
pylori test, endoscopy, and two urea breath tests when the pa-
tient receives H. pylori eradication treatment. When the patient 
has gastric cancer, the patient receives the standard treatment of 
gastric cancer followed by the Japanese gastric cancer treatment 
guidelines: endoscopic mucosal resection (EMR), endoscopic sub-
mucosal dissection treatment (ESD), surgery, chemotherapy, and 
radiotherapy with palliative care according to cancer stages, stage 
I- IV.14 The model includes the relative risk of developing gastric 
cancer	after	successful	eradication,	stage-	specific	5-	year	survival	
rates, and mortality due to other causes (Table 1).12,15 The patient 
aged	50	and	over	receives	endoscopic	screening	every	year	from	
the year after eradication.

2.1.2  |  No	eradication	strategy

The latest version of Japanese guidelines for effective secondary 
prevention of gastric cancer recommends upper gastrointestinal se-
ries	and	endoscopy	in	adults	50	years	of	age	and	older.	In	the	model,	
the H. pylori- positive patient does not receive H. pylori eradication 
treatment,	and	the	patient	aged	50	and	over	receives	annual	endo-
scopic screening annually. When the patient has gastric cancer, the 
patient receives the standard treatment of gastric cancer.

2.2  |  Target population

We targeted a hypothetical cohort of Japanese H. pylori- positive 
chronic gastritis patients who had the initial endoscopic diagnosis 
needing H. pylori	 eradication	 at	 the	 age	of	20,	30,	40,	50,	60,	70,	
and	80.	Children	and	adolescents	(age	<20 y) were not included in 
the model.

2.3  |  Epidemiologic parameters and clinical 
probabilities

Epidemiologic parameters and clinical probabilities were collected 
using	MEDLINE	 from	2000	 to	 June	2,	 2021,	 national	 census,	 and	
Japanese cancer statistics (Table 1).2,3,10-	12,15-	20 We estimated annual 
age- specific numbers of H. pylori- positive patients with eradication 
treatment from the literature10,11	and	expert	opinion	(Table1,	Figure	
S1A).	The	numbers	of	H. pylori- positive patients with and without 
eradication were estimated from the literature16 and national cen-
sus (Table1, Figure S1B). Relative risk of gastric cancer development 
after successful eradication15, and eradication and compliance rates 
of first-  and second- line eradication treatments19 were obtained 
from	the	literature.	Age-	specific	gastric	cancer	incidence	and	stage-	
specific	 5-	year	 survival	 rate	were	 obtained	 from	 Japanese	 cancer	
statistics.10 The responsibility rate of H. pylori infection for gastric 
cancer development was assumed to be 98%.2,3,4,5 The incidence 
of gastric cancer in H. pylori- positive patients was estimated using 
the responsibility rate of H. pylori infection for gastric cancer de-
velopment and the prevalence of H. pylori infection.2,3,4,5,12,16 The 
incidence of gastric cancer in H. pylori- positive patients after suc-
cessful eradication treatment was estimated using the relative risk 
of gastric cancer development after successful eradication treat-
ment.2,3,4,5,12,15,16 The sensitivity and specificity of endoscopy were 
obtained from the literature.20

2.4  |  Costs

Costs	were	calculated	based	on	the	costs	from	the	Japanese	national	
fee schedule17 and were adjusted to 2019 Japanese yen, using the 
medical	care	component	of	the	Japanese	consumer	price	index	and	
were converted to US dollars, using the Organisation for Economic 
Co-	operation	 and	 Development	 (OECD)	 purchasing	 power	 parity	
rate in 2019 (US$1 = ¥100.64) (Table 1).21	All	costs	were	discounted	
by 3%.22,23	Incremental	cost-	effectiveness	ratios	(ICERs)	were	calcu-
lated	and	compared	to	two	willingness-	to-	pay	levels	of	US$50,000	
per	 quality-	adjusted	 life-	year	 (QALY)	 gained	 and	US$100,000	 per	
QALY	gained.24	Age-	specific	and	total	cumulative	lifetime	cost	sav-
ings of H. pylori eradication strategy compared with no eradication 
strategy were calculated.

2.5  |  Health utilities, effectiveness, and 
health outcomes

Health status was included to represent possible eight clinical states: 
(i) No H. pylori infection, (ii) H. pylori infection, (iii) gastric cancer on 
stage I; (iv) gastric cancer on stage II; (v) gastric cancer on stage III; (vi) 
gastric cancer on stage IV; (vii) cured gastric cancer; and (viii) death 
(Figure 2). Health state utilities were obtained from the literature and 
were calculated using utility weights (Table 1).25,26 The annual dis-
counting of the utilities in this analysis was set at a rate of 3%.22,23

F I G U R E  2 Schematic	depiction	of	the	Markov	cycle	tree	in	
the cohort state- transition model. We show that health states in 
the model as ovals. In a yearly model cycle, transitions can occur 
between the health states and other health states, represented by 
the arrows. H. pylori = Helicobacter pylori;	GC	= gastric cancer
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TA B L E  1 Baseline	estimates	for	selected	variables

Variable Baseline value Sensitivity analysis range Reference

Incidence of gastric cancer in H. pylori- positive patients

20y
30y
40y
50y
60y
70y
80y

0.000771
0.001167
0.001881
0.002803
0.005122
0.007949
0.009117

0.0001- 0.01 2,3,4,5,12,16

Incidence of gastric cancer in H. pylori- positive patients after successful eradication treatment

20y
30y
40y
50y
60y
70y
80y

0.000509
0.00077
0.00124
0.00185
0.00338
0.00524
0.00602

0.0001- 0.01 2,3,4,5,12,15,16

Prevalence	of	H. pylori infection (%)

20y
30y
40y
50y
60y
70y
80y

6.1
14.7
23.7
33.7
47.7
58.6
63.6

1- 80 16

Stage-	specific	5-	year	gastric	cancer	survival	rate	(%)

Stage I
Stage II
Stage III
Stage IV

96.0
69.2
41.9
6.3

90- 99
50-	80
30-	50
0- 20

12

Number of H. pylori- positive patients with eradication from 2013 to 2019

20- 29y
30- 39y
40- 49y
50-	59y
60- 69y
70- 79y
80- 89y

123,986
422,965
1,083,631
1,664,732
2,860,031
1,903,756
440,503

N/A 10,	11,	expert	
opinion

Number of H. pylori- positive patients who do not receive H. pylori eradication treatment

20- 29y
30- 39y
40- 49y
50-	59y
60- 69y
70- 79y
80- 89y

773,480
2,034,480
4,256,520
5,634,640
7,331,490
9,622,120
5,933,880

N/A 16, national 
census

Eradication	rate	of	first-	line	eradication	treatment	with	proton-	pump	inhibitor,	amoxicillin,	and	clarithromycin	for	1	week

0.798 0.6- 1.0 19

Eradication	rate	of	second-	line	eradication	treatment	with	proton-	pump	inhibitor,	amoxicillin,	and	metronidazole	for	1	week

0.837 0.6- 1.0 19

Relative risk of gastric cancer development after successful eradication treatment

0.66 0.46-	0.95 15

Compliance	rate	for	first-	line	eradication	treatment

0.848 0.6- 1.0 19

(Continues)
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The	 health	 outcomes	 were	 QALYs,	 life	 expectancy	 life-	years	
(LYs),	 gastric	 cancer	 cases,	 and	 deaths	 from	 gastric	 cancer.	 Age-	
specific and total cumulative lifetime health outcomes of H. pylori 
eradication strategy compared with no eradication strategy were 
calculated and evaluated.

2.6  |  Sensitivity analyses

We performed a one- way sensitivity analysis to determine which 
strategy was more cost- effective when we tested a single variable 
over a wide range of possible values while holding all other variables 
constant, and performed a probabilistic sensitivity analysis using a 
second-	order	Monte-	Carlo	simulation	for	10,000	trials	to	assess	the	
impact of the uncertainty in the model on the base- case estimates. 

The uncertainty had a beta distribution in clinical probabilities and 
accuracies, and a log- normal distribution in costs.

3  |  RESULTS

3.1  |  Base- case analysis

H. pylori eradication strategy was less costly and yielded greater 
benefits than no eradication strategy for all age groups (Table 2). No 
eradication strategy was dominated for all age groups. The patients 
aged	 40	 had	 the	 highest	 per	 capita	 cost-	savings.	 Per	 capita	 gains	
of	 QALYs	 in	 younger	 patients	 were	 higher	 than	 in	 older	 patients	
(Table 2). From 2013 to 2019, the patients aged 60 had the highest 
cost savings and health outcomes (Table S1).

Variable Baseline value Sensitivity analysis range Reference

Compliance	rate	for	second-	line	eradication	treatment

0.678 0.6- 1.0 19

Responsibility rate of H. pylori infection for gastric cancer development

0.98 N/A 2,3,4,5

Sensitivity of endoscopy 0.954 0.842- 0.994 20

Specificity of endoscopy 0.888 0.883- 0.892 20

Proportion	of	gastric	cancer	stage	at	initial	screening	(%)

Stage I
Stage II
Stage III
Stage IV

62.5
11.0
7.5
19.0

30- 80
5-	20
2-	15
10-	50

12

Costs,	US$	(US$	= ¥ 100.64)

H. pylori test 7.9 4.0-	15.9 17

Urea breath test 7.0 3.5-	14.0

First- line H. pylori eradication treatment 42.8 21.4-	85.6

Second- line H. pylori eradication treatment 38.9 19.5-	77.8

Endoscopy 113.3 56.6-	226.6

Treatment of gastric cancer

Stage I
Stage II
Stage III
Stage IV

3675
15,898
24,841
29,809

1838-	7350
7949- 31,796
12,421- 49,682
14,905-	59,618

Utilities

No H. pylori infection 1 N/A

H. pylori infection 0.9 0.8-	0.95 25,26

Gastric cancer

Stage I 0.82 0.7- 0.9

Stage II 0.79 0.7- 0.9

Stage III 0.68 0.6- 0.8

Stage IV 0.5 0.4- 0.6

Cured 0.95 0.92- 0.97

Death 0 N/A

Abbrevations	H. pylori = Helicobacter pylori;	N/A	= not applicable

TA B L E  1 (Continued)



6 of 10  |     KOWADA AnD ASAKA

TA
B

LE
 2
 
Re
su
lts
	o
f	t
he
	b
as
e-
	ca
se
	a
na
ly
si
s

A
ge

 g
ro

up
 (y

)
St

ra
te

gy
Co

st
 

(U
S$

)
In

cr
em

en
ta

l 
co

st
 (U

S$
)

Ef
fe

ct
iv

en
es

s 
(Q

A
LY

s)

In
cr

em
en

ta
l 

ef
fe

ct
iv

en
es

s 
(Q

A
LY

s)

IC
ER

(U
S$

/
Q

A
LY

 
ga

in
ed

)

Li
fe

 
ex

pe
ct

an
cy

lif
e-

 ye
ar

s (
LY

s)
In

cr
em

en
ta

l 
LY

s

IC
ER

(U
S$

/L
Y

ga
in

ed
)

G
as

tr
ic

 
ca

nc
er

 
ca

se
s 

(%
)

D
ea

th
s f

ro
m

 
ga

st
ric

 c
an

ce
r (

%
)

20
H

. p
yl

or
i e

ra
di

ca
tio

n
24

73
.1

8
- 

27
.0

24
8

- 
- 

27
.7

46
4

- 
- 

15
.0
4

3.
36

N
o 

er
ad

ic
at

io
n

30
24

.9
9

55
1.
80

24
.9
15
5

- 2
.1

09
4

do
m

in
at

ed
27

.6
86

9
-	0
.0
59
4

do
m

in
at

ed
19

.8
4

4.
43

30
H

. p
yl

or
i e

ra
di

ca
tio

n
29

14
.9

7
- 

25
.1
54
1

- 
- 

25
.8
42
5

- 
- 

14
.4

8
3.
25

N
o 

er
ad

ic
at

io
n

36
14

.4
8

69
9.
50

23
.1

91
9

- 1
.9

62
3

do
m

in
at

ed
25
.7
76
8

-	0
.0
65
7

do
m

in
at

ed
19

.1
2

4.
28

40
H

. p
yl

or
i e

ra
di

ca
tio

n
33

37
.4

6
- 

22
.7

21
8

- 
- 

23
.3

63
0

- 
- 

13
.6

0
3.

06

N
o 

er
ad

ic
at

io
n

41
82

.6
4

84
5.
18

20
.9
50
9

- 1
.7

70
9

do
m

in
at

ed
23

.2
94

0
- 0

.0
68

9
do

m
in

at
ed

18
.0

1
4.
05

50
H

. p
yl

or
i e

ra
di

ca
tio

n
56
66
.6
0

- 
19

.6
88

4
- 

- 
20

.2
62

4
- 

- 
11

.8
0

2.
68

N
o 

er
ad

ic
at

io
n

60
27

.2
4

36
0.
65

18
.1
57
0

-	1
.5
31
4

do
m

in
at

ed
20

.1
97

9
- 0

.0
64

4
do

m
in

at
ed

15
.7
0

3.
56

60
H

. p
yl

or
i e

ra
di

ca
tio

n
52
75
.7
5

- 
16

.0
72

7
- 

- 
16
.5
61
5

- 
- 

9.
81

2.
26

N
o 

er
ad

ic
at

io
n

56
69
.6
2

39
3.

87
14
.8
26
5

- 1
.2

46
2

do
m

in
at

ed
16
.5
06
6

-	0
.0
54
9

do
m

in
at

ed
13

.1
4

3.
03

70
H

. p
yl

or
i e

ra
di

ca
tio

n
42

08
.0

4
- 

11
.8

84
4

- 
- 

12
.2

60
3

- 
- 

6.
63

1.
59

N
o 

er
ad

ic
at

io
n

45
51
.3
3

34
3.

29
10

.9
70

3
- 0

.9
14

1
do

m
in

at
ed

12
.2
25
3

-	0
.0
35
0

do
m

in
at

ed
9.

01
2.

16

80
H

. p
yl

or
i e

ra
di

ca
tio

n
26
51
.0
9

- 
7.
57
43

- 
- 

7.
82

48
- 

- 
3.

14
0.

83

N
o 

er
ad

ic
at

io
n

28
45
.5
5

19
4.

46
7.

00
44

-	0
.5
69
9

do
m

in
at

ed
7.
81
05

- 0
.0

14
3

do
m

in
at

ed
4.

36
1.

14

A
bb
re
va
tio
ns
	H

. p
yl

or
i =

 H
el

ic
ob

ac
te

r p
yl

or
i;	
Q
A
LY
	=
	q
ua
lit
y-
	ad
ju
st
ed
	li
fe
-	y
ea
r;	
LY
	=
	li
fe
	e
xp
ec
ta
nc
y	
lif
e-
	ye
ar
s;
	IC
ER
	=

 in
cr

em
en

ta
l c

os
t-

 ef
fe

ct
iv

en
es

s 
ra

tio
; d

om
in

at
ed

 =
 le

ss
 e

ff
ec

tiv
e 

an
d 

m
or

e 
co

st
ly

 th
an

 
ot

he
rs

;



    |  7 of 10KOWADA AnD ASAKA

3.2  |  One- way sensitivity analysis and probabilistic 
sensitivity analysis

Incremental cost- effectiveness ratio tornado diagram of H. pylori 
eradication strategy versus no eradication strategy showed that 
cost- effectiveness was not sensitive to any variables in all age 
groups	(Figure	3A,	Figure	S2).

In	probabilistic	sensitivity	analysis	using	Monte-	Carlo	simulation	
for 10,000 trials, the acceptability curve showed that H. pylori eradica-
tion strategy was cost- effective 100% of the time at two willingness- 
to-	pay	thresholds	of	US$50,000	per	QALY	gained	and	US$100,000	
per	QALY	gained	in	all	age	groups	(Figure	3B,	Figure	S3).	Incremental	
cost- effectiveness scatterplots showed that H. pylori eradication 
strategy dominated no- eradication strategy in more than 9800 trials 
in	 all	 age	groups	 (Figure	3C,	Figure	S4).	The	 results	 showed	 strong	
robustness of H. pylori eradication strategy in all age groups.

3.3  |  Cumulative lifetime economic and 
health outcomes

H. pylori- positive patients aged 60 had the highest cumulative life-
time economic and health outcomes (Table S1). From 2013 to 2019 
for	8.50	million	patients,	H. pylori	eradication	saved	US$3.75	billion,	
increased	11.11	million	QALYs	and	0.45	million	LYs,	and	prevented	
284,188	cases	and	65,060	deaths.	For	35.59	million	patients	without	
eradication, H. pylori eradication has the potential to save US$14.82 
billion,	increase	43.10	million	QALYs	and	1.66	million	LYs,	and	pre-
vent	1,084,532	cases	and	250,256	deaths	(Table	S1).

In the Markov cohort analysis, the cumulative lifetime potential 
of gastric cancer cases and deaths from gastric cancer in H. pylori 
eradication strategy compared with no eradication strategy de-
creased	by	30	to	33%	in	patients	under	50	and	by	25	to	28%	in	pa-
tients	aged	50	and	over	(Figure	S5).	H. pylori eradication reduced the 
incidence and mortality of gastric cancer in the younger age groups 
greater	than	in	the	older	age	groups	(Table	2,	Figure	S5).

4  |  DISCUSSION

To the best of our knowledge, this is the first study to assess the 
economic and health impacts of population- wide H. pylori eradica-
tion strategy in national gastric cancer prevention program covered 
by National Health Insurance in the world.

We demonstrated that population- wide H. pylori eradication 
strategy reduced costs, prevented gastric cancer, and reduced 
deaths from gastric cancer for all age groups in the modeling study 
with real- life settings in Japan, even though most older adults with 
gastric mucosal atrophy require more than 10 years of follow- up 
endoscopic screening after successful H. pylori eradication.27,28 The 
cost savings of H. pylori eradication strategy from 2013 to 2019 were 
US$3.75	billion,	10.46	times	the	annual	budget	for	cancer	control	in	
Japan. This means that the promotion of H. pylori eradication strat-
egy focused on primary prevention of gastric cancer not only saves 

many lives from gastric cancer, but also leads to significant cost sav-
ings in the national budget.

It is well known that the benefits of H. pylori eradication on the 
reduction of gastric cancer risk in the younger age groups are greater 
than	those	in	the	older	age	groups.	Young	individuals	would	benefit	
most from H. pylori eradication because it cures H. pylori related gas-
tritis, reduces the risk of gastric cancer, and reduces transmission to 
their children.7 This modeling study using the constant risk of gastric 
cancer development after successful eradication treatment demon-
strated that H. pylori eradication reduced the incidence and mortality 
of gastric cancer in the younger age groups greater than in the older 
age groups. If we could modify to reduce the risk of gastric cancer 
development after successful eradication treatment in the younger 
age groups, more significant effects on reducing the incidence and 
mortality of gastric cancer could be shown in the younger age groups.

Surveillance of the local antibiotic resistance of H. pylori is recom-
mended to identify the optimal empirical therapy for H. pylori erad-
ication in the country.7	Chiang	et	al	demonstrated	no	change	of	the	
antibiotic resistance rate of H. pylori through the selection of effective 
eradication regimens and retesting those who had completed H. pylori 
treatments in mass H. pylori eradication program.29 Guo et al found 
that successful H. pylori eradication potentially restored gastric mi-
crobiota to a similar status as found in uninfected individuals, and 
showed beneficial effects on gut microbiota.30	Liou	et	al	showed	that	
H pylori eradication had no effect on antibiotic resistance of E coli and 
no significant change in the prevalence of metabolic syndrome.31 
These recent studies suggested that H. pylori eradication strategy 
with effective regimens and high compliance rates could provide sig-
nificant benefits with minimal adverse effects in high- risk countries.

Several economic analyses suggested that H. pylori screening fol-
lowed by eradication treatment is cost- effective to prevent gastric can-
cer, particularly in high- risk populations.32- 40 Han et al demonstrated 
that H. pylori screening and eradication treatment effectively reduced 
the morbidity of gastric cancer and cancer- related costs in asymptom-
atic	infected	individuals	in	China.33	Chen	et	al	showed	that	population-	
based screen- and- treat strategy for H pylori infection proved cheaper 
and more effective for preventing gastric cancer, peptic ulcer disease, 
and nonulcer dyspepsia in asymptomatic general population compared 
with	 no-	screen	 strategy	 in	China.34 Zheng et al found that H. pylori 
eradication treatment was an economical strategy with lower costs and 
greater efficacy in first- degree relatives of patients with gastric cancer 
in	China.35	Cheng	et	al	demonstrated	that	H. pylori test- and- treat pro-
gram was cost- effective to prevent gastric cancer in an endemic area 
where H. pylori prevalence was >73.5%	in	Taiwan.36 Teng et al found 
that H. pylori screening was likely to be cost- effective particularly for 
Māori	in	New	Zealand.37 Beresniak et al showed that H. pylori test and 
eradication strategy including the use of urea breath test was the most 
cost- effective compared to symptomatic treatment and upper gastro-
intestinal endoscopy in Spain.38 Our previous studies demonstrated 
the superior cost- effectiveness of H. pylori screening with eradication, 
compared to no screening, upper gastrointestinal series, and endo-
scopic screening for asymptomatic general populations in Japan.39,40

This study has several limitations. First, age- specific numbers 
of patients with eradication were estimated based on database for 



8 of 10  |     KOWADA AnD ASAKA

Prevalence of H. pylori infec�on (0.01-0.8)

Incidence of gastric cancer a�er successful eradica�on treatment (0.0001-0.01)

Rela�ve risk of gastric cancer development a�er successful eradica�on (0.46-0.95)

Propor�on of stage 4 (0.1-0.5)

Treatment cost of stage 4 (14,905-59,618)

Incidence of gastric cancer (0.0001-0.01)

U�lity of H. pylori infec�on (0.8-0.95)

Treatment cost of stage1 (1,838-7,350)

Propor�on of stage 3 (0.02-0.15)

Propor�on of stage 2 (0.05-0.2)

Compliance rate to first-line H. pylori eradica�on treatment (0.6-1.0)

Treatment cost of stage 2 (7,949-31,796)

Treatment cost of stage 3 (12,421-49,682)

Cost of endoscopy (56.6-226.6)

Eradica�on rate of first-line H. pylori eradica�on treatment (0.6-1.0)

Cost of first-line H. pylori eradica�on treatment (21.4-85.6)

Eradica�on rate of second-line H. pylori eradica�on treatment (0.6-1.0)

Compliance rate to second-line H. pylori eradica�on treatment (0.6-1.0)

Cost of H. pylori test (4.0-15.9)

Cost of second-line H. pylori eradica�on treatment (19.5-77.8)

U�lity of stage 1 (0.7-0.9)

U�lity of cured gastric cancer (0.92-0.97)

(A)

(B)

0

10

20

30

40

50

60

70

80

90

100

tsoCsnoitaretI
%

-e
ffe

c�
ve

 (%
)

Willingness-to-pay threshold (US$/QALY gained)

H. pylori eradica�on strategy No eradica�on strategy

W
TP
＝

U
S$

50
,0

00
/Q

AL
Y 

ga
in

ed

W
TP
＝

U
S$

10
,0

00
0/

Q
AL

Y 
ga

in
ed

(QALY)

(U
S$
)

(C)



    |  9 of 10KOWADA AnD ASAKA

Hokkaido	(the	north	island	of	Japan),	the	expert	opinion,	and	the	lit-
erature.10,11 Second, we did not consider reinfection and recurrence 
of H. pylori infection in the model. The reinfection rate after H. py-
lori eradication is very low. H. pylori infection is mainly transmitted 
in childhood, and recurrence of H. pylori infection after successful 
eradication is rare in adults.41 Third, nonmedical indirect costs, such 
as lost productivity, were not included in this study. Forth, we did 
not consider other risk factors of gastric cancer such as smoking, 
high salt intake, a diet low in fruit and vegetables, and genetic fac-
tors in this study. Fifth, the difference in the stage distribution of 
gastric cancer between different age groups was not included in 
the	model.	Sixth,	we	did	not	consider	the	histological	changes	after	
eradication in chronic gastritis patients in the model. H. pylori infec-
tion is well known to initiate sequential histological changes such 
as non- atrophic gastritis, atrophic gastritis, intestinal metaplasia, 
dysplasia, and intestinal- type gastric cancer. Diffuse- type gastric 
cancer is also associated with H. pylori	infection.	Persistent	inflam-
mation results in the development of gastric atrophy. Earlier H. py-
lori eradication should be considered for preventing gastric cancer 
development prior to the appearance of precancerous lesions.42 H. 
pylori eradication strongly correlates with improvement in intesti-
nal metaplasia in the antrum and gastric atrophy in the corpus and 
antrum of the stomach.43 More research is needed to incorporate 
the histological changes of gastric mucosa and future development 
of gastric cancer in chronic gastritis patients into the model. Finally, 
there are different costs, different epidemiological parameters, and 
medical systems in each country. Further cost- effectiveness stud-
ies based on the variance of each country are required.

In conclusion, we demonstrated in the modeling study with 
real- life settings that national policy using population- wide H. py-
lori eradication to prevent gastric cancer has significant cost savings 
and health impacts for young- , middle- , and old- aged individuals in 
Japan. The findings strongly support the promotion of H. pylori erad-
ication strategy for all age groups in high- incidence countries. Based 
on cost- effectiveness, introducing H. pylori eradication strategy 
into national gastric cancer policy should be considered in high- risk 
countries around the world.
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