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Abstract
Helicobacter pylori (H. pylori) is the most important risk factor for the development of gastric cancer. The

objective of this article is to estimate how the number of clinically diagnosed cases caused byH. pyloriwould

reduce in the years after the eradication of the infection from apopulation. It is assumed that the eradication

of H. pylori will prevent the start of some new gastric tumors, but those that have passed the "point of no

return" will continue to develop until diagnosed clinically. The observed reduction in the number of

clinically diagnosed cases of gastric cancer will depend on the form and parameters of the distribution of the

time t taken for tumor to develop into a clinical case after passing the "point of no return." This analysis

assumes that the time t follows normal and log-normal distributions with means 5, 10, and 15 years. If the

mean valueof time twere 5 years,H. pylori caused cases shouldbe almost eliminated after 10 years,whereas if

the mean were 10 years, the number of cases should be halved. If the mean were 15 years, the reduction

would only be about 15% after 10 years. The eradication of H. pylori from a population will reduce the

incidence of gastric cancer, but the follow-up time needed to show and evaluate the reductionmay be longer

than that that has been used in studies published so far. Cancer Prev Res; 6(7); 695–700. �2013 AACR.

Introduction
Gastric cancer is the fourth highest incident cancer in the

world and it is the second highest cause of cancer death.
There were an estimated 989,000 new cases and 737,000
deaths worldwide in 2008 (1).
Knowledge of the etiology and epidemiology of gastric

cancer has changed dramatically since infection with Heli-
cobacter pylori (H. pylori) was identified as its main risk factor
and cause (2, 3). Although the role of H. pylori had been
hypothesized 20 years before, it was only in 2005 that the
Nobel Prize in Physiology or Medicine was awarded jointly
to B.J. Marshall and J.R. Warren for their discovery of "the
bacterium Helicobacter pylori and its role in gastritis and
peptic ulcer disease" (4). By the time they received their
prize, much more was known about the harmful conse-
quences of H. pylori infection and research after the early
1980s led the International Agency for Research on Cancer
(IARC) to classify H. pylori as carcinogenic for humans in
1994 (5). Other important risk factors for gastric cancer
include smoking, diet, occupation, and radiation. That the
main risk factor is an infectious agent, is not novel; human

papillomavirus is a cause of cervical cancer and there are
campaigns for the vaccination of pubertal girls to prevent it.
There are no similar campaigns for the treatment ofH. pylori
infection to prevent gastric cancer yet. Indeed, the evidence
to show that the eradication of H. pylori can prevent gastric
cancer obtained from single clinical trials is not particularly
convincing. There have been few randomized controlled
trials, and those thathavebeenpublished relate to areaswith
very high prevalence of H. pylori infection. A meta-analysis
(6) of 7 trials included4 trials fromChina, 2 from Japan, and
only 1 outside Asia, from Colombia. This meta-analysis
evaluated a total of 6,695 participants and produced an
overall relative riskof 0.65 (95%CI, 0.43–0.98). The result is
statistically significant, but the confidence interval is wide.
This is because, even though the total numberofparticipants
is large, therewere only 37 cases in the treated groups and56
among the controls. The median follow-up time was only 6
years with a range from 3 to 10 years. This study has been
criticized because one study was included twice (7), but the
authors of the original meta-analysis re-analyzed the data
excluding the duplicated data obtaining very similar results,
OR¼0.65 (95%CI, 0.42–1.01). Furthermore, an analysis of
one of the included studies was re-evaluated extending the
follow-up to 14.7 years and concluded that H. pylori erad-
ication reduced gastric cancer incidence (OR ¼ 0.61; 95%
CI, 0.38–0.96; ref. 8). However, given the low incidence of
gastric cancer and thus the long period of follow-up neces-
sary to accrue a sufficient number of cases, and the ethical
issues involved with recruiting infected individuals who
may be randomized to receive a placebo, it may be that
the randomized clinical trial is not necessarily the most
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appropriate method of evaluating the effect of the elimina-
tion of H. pylori on gastric cancer incidence. Although the
randomized controlled trial is regarded as the gold standard
for producing evidence of the effect of an intervention, in
this case it is not easy to conduct. An alternative is to study
the incidence of gastric cancer in a well-defined population
before and after the eradication ofH. pylori. This strategywas
adopted for the population of the small island of Matsu,
which ismidwaybetweenTaiwanandmainlandChina. This
study (9) compared the prevalence of gastric lesions
between 1995 and 2003 before a program of mass eradica-
tion of H. pylori and in 2004 to 2008 after the intervention.
The main findings were that population-based eradication
ofH. pylori infection substantially reduced the prevalence of
the infection and the incidence of gastric atrophy and peptic
ulcer within the short period of the study. The intervention
did not reduce the incidence of intestinal metaplasia or
decrease its severity. Critical is the "point of no return" (10–
12) when mucosal alterations are no longer reversible.
Although "before and after" intervention studies may be
easier, there are clearly more opportunities for biases to
influence the results thanwould be the case of a randomized
controlled trial. At least an external control of time trends in
gastric cancer incidence should be incorporated.

Assuming that the "gastric precancerous cascade" (13)
hypothesis holds, if the follow-upperiod is sufficiently long,
the reduction in gastric atrophy should lead to a reduction
in the observed incidence of, and mortality from gastric
cancer.

Eradication ofH. pylori infection would, in the long term,
seems to be the best population-based strategy for the
prevention of gastric cancer.

A population-based project to reduce the incidence of
gastric cancer by eradicating H. pylori is due to begin in the
city of Bologna in 2013. Briefly, thewhole adult population,
about 330,000 persons, will be invited to have a stool test to
determine the presence of the antigen forH. pylori (14). The
participants found to be positive, about one third, will have
a confirmatory Urea Breath test (13C UBT; ref. 15). After
sequential antibiotic therapy, they will repeat it to confirm
that the infection is eliminated (16). An annual clinical
check-up will continue for 10 years, by which time it is
hoped that the effects of the eradication of H. pylori on the
incidence of gastric cancer will be evident.

As in all the other studies that have tried to show the
beneficial effect of eradicating H. pylori on gastric cancer
incidence, the period of follow-up has been chosen some-
what arbitrarily.

The objective of this analysis is to try to gain some
insight into how long the follow-up should be after
H. pylori eradication, to be "sufficiently long" to observe
an important reduction in the number of incident cases of
gastric cancer. It is not specific to the Bologna study; it
assumes a constant number, 100 incident cases of gastric
cancer caused by H. pylori per year before eradication and
that everything else remains constant, in particular there
is no change in incidence, timing, or techniques of
diagnosis, the tumor is neither more nor less aggressive
after the eradication of H. pylori, age at reaching the
"point of no return" and mortality from other causes do
not change.

Materials and Methods
The evolution of gastric cancer starts with infection with

H. pylori, usually at a very young age, which if not treated
remains until death. For many infected people there will be
no symptoms, but for some the bacterium will cause gas-
tritis and peptic ulcer. For relatively few (1–2%), gastric
cancer will develop. The "point of no return" hypothesis
presumes that the elimination of the infection before a
critical point in the evolution will prevent the further
development of gastric cancer. After this point, elimination
of H. pylori will do nothing to impede or accelerate the
development of the tumor. Consider a personwhobecomes
infected withH. pylori at age A0 and reaches the "point of no
return" at age A1. It is supposed that between ages A0 and A1

eradication of the infectionwill prevent the development of
the tumor. After age A1, the tumor will continue to develop
until a clinical diagnosis is made at age A2, whether or not
the infection is eradicated (Fig. 1).

The number of years between age A0 and A1 and between
A1 and A2 will not be the same for every patient but will vary
for many reasons, including patient characteristics such as
age and gender, infection characteristics such as location in
the stomach and infection load, and tumor characteristic
such as tumor location and "aggressiveness" that may in
turn be affected by the infection characteristics.

Suppose t ¼ A2 � A1 years, is the time during which the
tumor is unaffected by eradication ofH. pylori. Thus, t is the
time in years during which the development of the tumor
cannot be halted. Because t will not be the same for all
patients, the form and parameters of the distribution of
t will determine how rapidly the number of newly diag-
nosed cases of gastric cancer reduces after the elimination of
H. pylori from a population.

Age at

Helicobacter pylori
infection

Age at start of tumor

“point of no return”

Age at

diagnosis of

tumor

A2A1A0Birth

t
Figure 1. Schematic process of the
development of a gastric tumor
after H. Pylori infection.
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For example, 10 years after the eradication program, the
number of newly diagnosed cases should be relatively low if
themean value of twere say 5 years, butmight be still high if
the mean were 20 years. Similarly, if the standard deviation
of t were small, the decline, once started, would be rapid,
whereas if tweremore variable, thedeclinewouldbe slower.
Furthermore, the decline in the number of incident cases
would be affected by the shape of the distribution of t; if the
distribution were skew to the left, the decline immediately
after eradication would be slow for several years, followed
by amore rapid decline. Conversely, if the distributionwere
skew to the right (amore plausible assumption), the decline
would be more rapid in the first years after eradication, but
there would be a smaller residual number of cases observed
many years later. If the distribution were symmetrical, for
example the Gaussian or normal distribution, the decline
will be symmetrical about the mean value of t years after
eradication. Although very little is known about the form of
the distribution, we consider 2 possibilities, normal and
log-normal, andhypothesizemean and standard deviations
that may be considered to imply a rapid evolution of the
tumor, amediumprogression time, and a slowprogression.
Thenormal range of a variable is defined tobe the interval

that contains the central 95% of the values of the variable
observed in a population. If the distribution is normal, this
interval is themean� twice the SD (more precisely,mean�
1.960 SDs).
A variable say x is said to be log-normally distributed, if

the variable y ¼ log x is normally distributed.
The normal range of a normal distribution has its limits

equally distant from the arithmetic mean. In contrast, if the
distribution of t is log-normal, the limits of the normal
range are proportionately equally distant from the geomet-
ric mean.
To investigate the effect of the assumptions about the

form and parameters of the distribution of t on the decline
in the number of diagnosed cases of gastric cancer, we have
made the following assumptions:

1. Eradication of H. pylori in a population is achieved at
an "instant," say in the year 2013.

2. The number of incident cases ofH. pylori caused gastric
cancer diagnosed each year is 100 before eradication
of H. pylori and in the absence of eradication this
number would remain constant.

3. Eradication of H. pylori has no effect on the evolution
of gastric cancer after the "point of no return."

4. Six hypotheses for the form and parameters of the
distribution of t have been considered, corresponding
to what we have called rapid, medium, and long
evolution time:

i. Normal distribution, arithmetic mean 5 years,
normal range 1 to 9 years. RAPID

ii. Normal distribution, arithmetic mean 10 years,
normal range 5 to 15 years. MEDIUM.

iii. Normal distribution, arithmetic mean 15 years,
normal range 5 to 25 years. SLOW.

iv. Log-normal distribution, geometric mean 5 years,
normal range 2 to 12.5 years. RAPID.

v. Log-normal distribution, geometricmean10years,
normal range 5 to 20 years. MEDIUM.

vi. Log-normal distribution, geometricmean15 years,
normal range 7.5 to 30 years. SLOW.

Results
Figures 2 and 3 show the distributions of t, the time

between the "point of no return," and the clinical diagnosis
of gastric cancer, for the 3 normal distributions hypothe-
sized and the 3 log-normal distributions. If the evolution of
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Figure 2. Normal distributions of time twithmeans 5, 10, and 15 years and
with normal ranges 1 to 9, 5 to 15, and 5 to 25 years.
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Figure 3. Log-normal distributions of time t with geometric means 5, 10,
and15years andwithnormal ranges2 to12.5, 5 to 20, and7.5 to 30years.
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the tumor is "rapid," H. pylori caused gastric cancer will be
effectively eliminated by 2023, 10 years after the eradication
program. In contrast, if the evolution of the tumor is a slow
process, by 2023 there will still be an important number of
cases diagnosed each year.

For the patients who reach the "point of no return" before
2013, the presupposed date of the eradication of H. pylori,
their tumors will continue to develop until they are clini-
cally diagnosed. In 2014, the number of diagnosed cases

will be very close to 100 (the assumed constant annual
number of diagnosed cases before the eradication of H.
pylori), but in successive years this number should decrease
according to the assumed formof the distribution of t. Table
1 shows the number of cases expected from 2014 onward
according to the assumptions made about the form of the
distribution of t. It is evident that the number of years of
follow-up required to reduce the incidence from 100 new
cases per year to 50 cases per year is equal to the chosen

Table 1. Number of cases expected to be diagnosed in the years from 2014 onward according to the
assumptions made about the form, meana, and normal range of the distribution of t

Distribution Normal Normal Normal Log-normal Log-normal Log-normal
Meana 5 years 10 years 15 years 5 years 10 years 15 years

Normal range 1–9 years 5–15 years 5–25 years 2–12.5 years 5–20 years 7.5–30 years

2014 98 100 100 100 100 100
2015 93 100 100 98 100 100
2016 84 100 100 87 100 100
2017 69 99 100 69 100 100
2018 50 98 98 50 98 100
2019 31 95 96 34 93 100
2020 16 88 94 23 85 99
2021 7 79 92 15 74 97
2022 2 66 88 10 62 93
2023 1 50 84 6 50 88
2024 34 79 4 39 81
2025 21 73 3 30 74
2026 12 65 2 22 66
2027 5 58 1 17 58
2028 2 50 1 12 50
2029 1 42 9 43
2030 34 6 36
2031 27 5 30
2032 21 3 25
2033 16 2 20
2034 12 2 17
2035 8 1 13
2036 6 1 11
2037 4 1 9
2038 2 7
2039 1 6
2040 5
2041 4
2042 3
2043 2
2044 2
2045 1
2046 1
2047 1
2048 1
2049
2050

aFor the normal distributions, the mean is the arithmetic mean; whereas for the log-normal distributions, the mean is the geometric
mean.
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values of the arithmetic mean for the normal distributions
and the geometric mean for the log-normal distributions.
(For the normal distribution, the arithmetic mean and the
median are equal; for the log-normal distribution, the
geometric mean is equal to the median). The follow-up
time suggested for the proposed Bologna study is 10 years,
which is the same as the longest follow-up time of any
published trial or intervention study of the effect ofH. pylori
eradication on the incidence of gastric cancer. FromTable 1,
it can be seen that after 10 years, if the distribution of twere
normalwithmean5 years andnormal range 1 to 9 years, the
expected incidence of H. pylori caused gastric cancer would
be reduced from 100 cases to 0, whereas if the distribution
were log-normal with geometric mean 5 years and normal
range 2 to 12.5, the incidence would be 6 cases after 10
years. In contrast, if the arithmetic mean and geometric
mean of the 2 distributions were 10 years, considered
medium evolution time, there would still be 50 cases
expected after a follow-up of 10 years. In the third scenario,
of a slow evolution of the tumor with mean 15 years, the
expectednumber of caseswould be 84 assuming the normal
distribution and 88 if the distribution were log-normal.
Clearly, in this case, 10 years of follow-up after H. pylori
eradication is insufficient to convincingly show the benefit
of the intervention. These percentages of gastric cancers
prevented by the eradication of H. pylori are shown
in Table 2.

Discussion
This article provides a quantitative theoretical perspective

on one of the problems facing those seeking to show the
effectiveness of H. pylori eradication in preventing gastric
cancer. This analysis does not pretend to predict the results
of the eradication of H. pylori on the incidence of gastric
cancer. It is known thatH. pylori is a cause of gastric cancer,
but it is certainly not the only cause. It is neither sufficient
nor necessary for the development of the tumor. If eradi-
cation of the infection can prevent some cases of gastric
cancer, then the intervention should reduce the incidence,
but the size of the reduction obviously will depend on the
fractionof all gastric tumors that are causedbyH. pylori. This
has been estimated to be about 60% for noncardia gastric

cancer cases and about one third of all gastric cancers (17).
We have considered only those cases of gastric cancer that
are caused by H. pylori.

Furthermore, the analysis is not based on hard evidence
of the time scale of the "gastric precancerous cascade" but
rather on what we consider reasonable but critical assump-
tions. First, we have assumed that "the point of no return"
hypothesis holds. That is, elimination of H. pylori infection
before a critical point will prevent the development of the
tumor, but after this point, the elimination will have no
effect on the subsequent evolution of the tumor. This is
central to the calculation of the reduction in the number of
cases after elimination ofH. pylori and even if it were true for
gastric cancer, it might not hold for other diseases. Further-
more, we have made assumptions about the likely mean
and distribution of the time t between the "point of no
return" and the clinical diagnosis of gastric cancer. The
distribution of t is not estimable from data because the
"point of no return" is not directly observable. This is
crucial. Indeed, there have been no studies published, to
our knowledge, which describe the characteristics of the
distribution of t, and thus it is important to treat the results
that we present as nomore than speculations based onwhat
we consider to be reasonable assumptions. We have con-
sidered 3 categories of the time for the evolution of the
tumor, which we have called rapid, medium, and slow,
which correspond to mean values of 5, 10, and 15 years.
Only time and further research will reveal how reasonable
these assumptions really are.

It is also true that our analysis is oversimplified in the
sense thatwe have calculated the expected number of gastric
cancer cases assuming that no other factors affect the inci-
dence. This is clearly not the case; in Italy (18, 19) and all
developed countries of the world, the incidence of gastric
cancer is slowly but surely declining even in the absence of
programs to eradicate H. pylori infection. In fact, the inci-
dence of the infection is becoming less presumably because
of improved living standards, hygiene, general antibiotic
use, etc.; and thus, the number of incident cases of gastric
cancer will tend to decline even without an active interven-
tion eradication program. The evaluation of the eradication
program will need to take the effect of these other factors

Table 2. Percentages of cancers prevented 5,10,15, and 20 years after the eradication program, according
to the different assumptions made about the form, meana, and normal range of the distribution of t

Distribution Normal Normal Normal Log-normal Log-normal Log-normal
Meana 5 years 10 years 15 years 5 years 10 years 15 years

Normal range 1–9 years 5–15 years 5–25 years 2–12.5 years 5–20 years 7.5–30 years

5 years 50 2 2 50 2 0
10 years 99 50 16 94 50 12
15 years 100 98 50 99 88 50
20 years 100 100 84 100 98 80

aFor the normal distributions, the mean is the arithmetic mean; whereas for the log-normal distributions, the mean is the geometric
mean.
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seriously into account. For example, age is the most impor-
tant factor in determining the risk of gastric cancer. The age
incidence curve rises steeply at ages over about 60 years.
Because infection with H. pylori usually occurs at a very
young age, the more youthful the population, the greater
should be the effect of H. pylori eradication on the percent-
age of cancers prevented, even though the actual number
will be relatively small. An older population would be
expected to have a higher incidence of gastric cancer, but
the percentage of new cases prevented would require more
time to become evident. Furthermore, the demonstration
and evaluation of the effect of H. pylori eradication will
require statistical significance tests and confidence intervals.
The power of the tests and the width of the confidence
intervals will be determined by thenumber of incident cases
before and in the years after the intervention. For conve-
nience, we have assumed 100 cases per year before the
intervention. In our analysis, with mean time 5 years, after
5 years of follow-up, the expected number of cases from an
initial level of 100 is 50 (Table 2). The number of observed
cases has an approximate Poisson distribution and thus the
observed numbermay reasonably be between about 36 and
64. (The SD of a Poisson variable is the square root of the
expected number. Thus, the SD is Ö50, which is approxi-
mately 7; the normal range is 50 � 2 � 7.) Unless the
program involves a relatively large population with a cor-
respondingly high number of incident gastric cancer cases,
the statistical significance test may be underpowered. It is

concluded that the eradication of H. pylori from a popula-
tion will reduce the incidence of gastric cancer, but the
follow-up time needed to show and evaluate the reduction
may be longer than that has been used in studies published
so far.
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