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Serum biomarker-based screening of the risk groups of stomach
cancer: Preliminary results of a feasibility study in Finland

Mide kanseri risk gruplarinin “serum biomarker” temelli taramasi
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Background and Aims: Atrophic gastritis and acid-free stomach are
the single most significant risk conditions for gastric cancer. In a pi-
lot study (2012), we assessed i) the feasibility of a population-based
screening for atrophic gastritis by a biomarker test (GastroPanel; Bio-
hit Oyj, Helsinki), and i) how to best organize this type of screening.
Materials and Methods: In autumn 2012, all middle-aged men and
women (aged 51-65 years) from four relatively small municipalities in
South-Western Finland were invited for atrophic gastritis screening with
the GastroPanel assay. The screening protocol was designed and imple-
mented by a nationally operating large private supplier of medical and
screening services (Health Care Finland, Ltd). The costs of the screen-
ing were included among the regular costs of the primary health care,
which in Finland are the responsibility of the municipalities. Results: In
the screened cohort, low (25 ug/I ) pepsinogen I, levels were detected
in 5% of the participating men, Helicobacter pylori infection was pres-
ent in about 20%, and 29% of the screened subjects were referred for
further medical examinations. A diagnostic gastroscopy was performed
for 3.6% of screened subjects, with low pepsinogen I. These patients
were referred for medical surveillance in local hospitals. In the final
analysis, the effectiveness of this pilot screening program will be as-
sessed by standardized mortality rate of gastric cancer,comparing the
screened and not screened population, and by potential years of life
lost and the rate of potential years of life lost for gastric cancer during
several years of follow-up. Conclusions: In the short-term, the num-
ber of subjects with low pepsinogen | turned out to correspond the a
priori assumptions of their frequency. The on-going annual surveillance
of these patients by gatsrocopies should reduce the incidence of gas-
tric cancer by 60%, standardized mortality rate due to gastric cancer
by 50%, and the potential years of life lost -rates (premature deaths)
due to stomach cancer by 70%. The number of individuals with Heli-
cobacter pylori - infections was higher than expected. Taken together,
this type of screening by serum biomarker test (GastroPanel) followed
by endoscopy should result in a remarkable decrease in gastric cancer
mortality and its cost-effectiveness is assumed to be high, since this is a
once in the life-time screening by a biomarker.
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Giris ve Amag: Atrofik gastritis ve gastrik anasidite gastrik kanser igin
en belirgin ve temel risk faktérdddir. Biz 2012 yilinda yaptigimiz pilot
calismada i) Bir biyolojik belirteg ile atrofik gastritis ve toplum tabanli
taramanin fizibilitesini ve ii) Béyle bir tarama programinin en iyi nasil
organize edilecedini degerlendirdik. Gere¢ ve Yéntem: 2012 sonbaha-
rinda Gtiney Bati Finlandliya’nin birbirine benzer dért ktictik bolgesinden
tim orta yasl kadin ve erkekler (51-56 yas arasi) GastroPanel testi ile
atrofik gastritis taramasi icin davet edildiler. Tarama protokolti dizayn
ve uygulamasi ulusal dlizeyde faaliyet gdsteren Health Care Finland
Ltd.tarafindan yapildi. Tarama programi giderleri Fnlandiya’da idare-
nin sorumlulugunda olan birinci basamak icin uygun bir tetkik gideri
olarak gértildi ve karsilandi. Bulgular: Tarama yapilan kohort grubun
%5'inde serum pepsinojen | dlizeyi duistik (25 ug/l) bulundu. Tarama
yapilanlarin %20’sinde Helicobacter pylori (+)'ti ve tarama yapilan gru-
bun %29'u ileri tibbi tetkikler icin yénlendirildi. Diistik pepsinojen sapta-
nan gruba diagnostik gastroskopi yapildi (%3,6). Bu hastalar tibbi takip
icin yerel hastanelere sevk edildi. Tarama programinin etkinligi; taranan
ve tarama yapilmayanlardaki mide kanserine bagl &lim oranlari ve
gastrik kanser icin takip edilenlerin potansiyel yasam yili kaybi ve oran-
lari ile karsilastirilarak degerlendirilecektir. Sonug: Gastroskopi yapilan
hastalarin yillik gézetimi; gastrik kanser insidansini %60, gastrik kansere
badl mortaliteyi %50 ve mide kanserine badli (erken dltiimlerde) potan-
siyel yasam yili kaybini %70 azaltacaktir. Yapilan taramada Helicobacter
pylori enfeksiyonu beklenenden ytiksek bulunmustur. GastroPanel ile
taramanin endoskopi ile takibi mide kanseri mortalitesinin belirgin sekil-
de azalmasini saglar ve bu test mdir boyu bir kez yapildigindan maliyet
etkin kabul edilmektedir.

Anahtar Kelimeler: Tarama, toplum tabanli, gastrik kanser, serum bi-
yomarker, pepsinojenler, gastrin-17, Helicobacter pylori
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BACKGROUND AND OBJECTIVES

Gastric cancer (GC) remains to be among the most com-
mon cancers, with high mortality worldwide. In 2010,
the number of new cases in Finland was 628 (both gen-
ders included) (1). The life expectancy of patients with
GC is short, unless the disease is diagnosed at an early
stage. The five-year cumulative survival ratio for male pa-
tients diagnosed with GC in Finland in 2002-2009 was
only 23% (1).

It is estimated that approximately one half of all GCs will
develop from atrophic gastritis (AG) and acid free stom-
ach (2) - via so-called “Correa cascade”. Identification of
AG should be considered as a hallmark (warning sign) of
GC, that should prompt endoscopic examination, which
enables early diagnosis and treatment of the premalig-
nant lesions while at asymptomatic stage (2,3). Further-
more, there is strong evidence (4-6) that low levels of
serum pepsinogen | (SPGI) (and SPGI/II ratio) is a reliable
biomarker of AG of the corpus, thus providing an ac-
curate tool for non-endoscopic screening of AG and ac-
id-free stomach (7). The optimal predictive value of SPGI
for GC is likely to be achieved if biomarker screening is
performed among middle-aged individuals (8-12).

Biomarker screening enables identification of the sub-

jects at high risk for GC (8-11). Accordingly, an appro-
priately designed population-based screening by these
stomach-specific biomarkers is capable of detecting the
subjects with early pre-cancer lesions or conditions, i.e.,
AG, with or without on-going Helicobacter pylori (HP)-
infection (8,9).

In 2012, a feasibility study was conducted to assess the
value of GastroPanel (GP; Biohit Oyj, Helsinki, Finland)
test in detection of the subjects with advanced AG, and
accordingly at risk for GC. The screening protocol was
developed by Health Care Finland Ltd, following the
structure of their on-going mammographic screening
programme. The present communication reports the
key observations of this pilot study, focused on estima-
tion, of the efficacy of GP-screening among middle-aged
subjects, (followed by medical surveillance of all subjects
with implicated AG), in reduction of mortality from GC
and/or in prolongation of life.

MATERIAL and METHODS

In the target municipals, all eligible men and women
(age groups 51-65 years) were invited by mail to the lo-
cal communal health centre for blood sampling for the
GP test by experienced laboratory nurses (Health Care
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Figure 1. Screening model for gastric cancer screening
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Figure 2. Distribution of SPGI levels in the screened population

Finland Ltd). Following the manufacturer’s instructions,
fasting sera were collected in EDTA tubes, and stored at
-70 OC until analyzed. In this study, only two of the four
GP-biomarkers (serum pepsinogen | and Helicobacter py-
lori) were analyzed using the specific ELISA tests provid-
ed by Biohit Oyj. All subject who had low SPGI levels
(25 g/l cut-off) were contacted by phone and invited
to gastroscopy, unless they had any contraindications.
All individuals with HP-infection were referred to receive
medical treatment from the municipal health care.

The long-term evaluation of the screening program will
be based on follow-up of deaths of all men invited for
screening. The short- and long-term cost-effectiveness
analyses will carried out by the epidemiologists of the
University of Eastern Finland jointly with the economic
and accounting experts of the Finnish Consulting Group.
In the long-term evaluation, the standardized mortality
rates (SMR) and potential years of life lost (PYLL) up to
age 80 will be estimated for GC and all cancers combined.
PYLL is an established measure of premature deaths.

RESULTS

The protocol for the screening of the risk of GC was de-
veloped by Health Care Finland Ltd (Terveystalo), consist-
ing of six main steps (Figure 1), which are further divided

into twelve specific processes.

The costs of this pilot screening study were covered by
the municipalities, and the unit cost/price of the screen-
ing was calculated for each invited person. The unit cost
was a standard cost per an invited individual, including
the costs incurred by each of the twelve steps, regardless
of the observed unit costs for individual patients. From
the municipal financial point of view, the total amount of
costs was obtained by multiplying the unit costs by the
number of inhabitants included in the target age cohorts
invited for screened.

Of the invited 374 persons, 86 percent participated in
the screening. In addition, 41 residents outside the tar-
get age cohort agreed to participate spontaneously, and
cover the costs by themselves.

A random sample of 79 subjects were included in the
present analysis. The mean SPGI was 97,98 ug/l with
SD=45,1. Altogether, 3/79 (3,9%) subjects had SPGI lev-
els below the 25 pg/I cut-off. (Figure 2). Diagnostic gas-
troscopy was performed for all individuals having SPGI
values below this threshold.

Among these 79 persons, the mean HP-antibody levels
was 26,77 EIU, with SD=41,0. HP-antibodies were within
normal range in 51 patients (Figure 3). In the whole co-
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Figure 3. Distribution of H. pylori antibody levels in the cohort

hort, 36% had elevated HP-antibody levels. Of the 79 sub-
jects in this analysis, 66 had HP-antibody levels below 50
EIU, the rest being interpreted as having an HP-infection.

Of all screened subjects, 29% were referred to medical
follow-up (treatment of HP- infection, gastroscopy, treat-
ment of vitamin-B deficiency, etc.) on the basis of their
findings in the GP-test or gastroscopy (Figure 4).

DISCUSSION

The pilot study described in this communication is the
first in our country, designed for a population-based
screening of middle-aged men and women. In Finland,
effective screening programs are available for women,
i.e., screening for cervical cancer and breast cancer.
However, for the Finnish men, the only screening pro-
gram is for colorectal cancer (CRC), using a FOB (fecal
occult blood) test and covering age groups 60-69 years
(1). The preliminary results of this pilot study indicate,
that using a simple and inexpensive biomarker test (GP)
for screening results in both prevention and treatment
of prevalent stomach problems in the population. The
GP-screening was initiated by a large screening trial in
Finland, conducted in 1994-1996. The results of the long-
term effectiveness of this study are not available as yet.
However, the preliminary data suggests that both SMR
and PYLL-rates due to GC can be considerably reduced by
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a population-based screening by a panel of stomach-spe-
cific serum biomarkers (GP).

Although, we were not able to record the detailed data
on diagnostic and treatment procedures carried out after
the 2012 feasibility study, and no follow-up of the effec-
tiveness of this screening will be available for years, it is
conceivable that several endoscopic mucosal resections
of precancerous gastric conditions will be performed
as a result of this initial screening (18). Substitutions of
vitamin or micronutrient deficiencies related to AG and
acid-free stomach have already been administered, and
eradication of HP has been carried out for several of
these patients. All these measures aim to prevent the
progression of these early pre-cancer conditions to GC,
thus eventually decreasing GC incidence and mortality,
as well as PYLL values in the screened population (13-17).

Of the diagnosed GC precursors, it was estimated that
25-33% would develop into GC within the following 5-10
years, unless adequately treated and monitored. If a pop-
ulation-based screening for GC by a panel of serum bio-
markers is considered sufficiently beneficial (18,19), the
design and implementation of such a program could fol-
low the principles of other on-going screening programs
(e.g., mammography screening), exploiting the existing
health services according to the WHO recommendations
for screening programs.
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Figure 4. Proportion of cases submitted to clinical follow-up

LITERATURE

1.
2.

The Finnish Cancer Registry 2011. www.cancerregistry.fi

Correa P, Haenszel W, Cuello C, et al. Gastric precancerous pro-
cess in a high risk population: cohort follow-up. Cancer Res 1990;
50:4737-40.

Sackett DL, Holland WW. Controversy in the detection of disease.
Lancet 1975;2:357-9.

O’ Conner HJ. Helicobacter pylori and gastric cancer: A review and
hypothesis. Eur J Gastroenterol Hepatol 1992; 4:103.

Blaser MJ. The Bacteria behind ulcers. Sci Am 1996; Feb:92.

Axon ATR. Helicobacter pylori. In: Ponder RE, ed. Recent advances
in gastroenterology. Edinburgh. Churchill Livingstone. 1992. pp.
27-48.

Hakama M, Pukkala E. Evaluation of an Immunological Screening
for Stomach Cancer. In: Chamberlain J, Miller AB, eds. Screening
for Gastrointestinal Cancer: a report of a UICC international work-
shop, Gothenburg 1985. Toronto: Hans Huber, 1988, pp. 71-5.

Varis K, Sipponen P, Laxen F, et al. The Helsinki Gastritis Study
Group. Implications of serum pepsinogen | in early endoscopic
diagnosis of gastric cancer and dysplasia. Scand J Gastroenterol
2000; 35:950-6.

Storskrubb T, Aro P, Ronkainen J et al. Serum biomarkers provide
an accurate method for diagnosis of atrophic gastritis in a gen-
eral population: The Kalixanda study. Scand J Gastroenterol; 2008;
43:1448-55.

. Miki K, Morita M, Sasajima M, et al. Usefulness of gastric cancer

screening using the serum pepsinogen test method. Am J Gastro-
enterol 2003; 98:735-9.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Dinis-Ribeiro M, Yamaki G, Miki K, et al. Meta-analysis on the valid-
ity of pepsinogen test for gastric carcinoma, dysplasia or chronic
atrophic gastritis screening.J Med Screen 2004; 11:141-7.

Samloff IM. Pepsinogen | and II. Purification from gastric mucosa
and radioimmunoassay in serum. Gastroenterology 1981: 82;26-
33.

Lansdown M, Quirke P, Dixon MF, Axon AT, Johnston D. High
grade dysplasia of the gastric mucosa: a marker for gastric carci-
noma. Gut 1990;31:977-83.

Jang JS, Choi SR, Qureshi W, Kim MC, Kim SJ, Jeung JS, Han SY,
Noh MH, Lee JH, Lee SW, Baek YH, Kim SH, Choi PJ. Long-term out-
comes of endoscopic submucosal dissection in gastric neoplastic
lesions at a single institution in South Korea. Scand J Gastroenterol
2009;44:1315-22

De Vries AC, Kuipers EJ. Review article: Helicobacter pylori eradica-
tion for the prevention of gastric cancer. Aliment Pharmacol Ther
2007;26 Suppl 2:25-35

De Vries AC, Kuipers EJ. Epidemiology of premalignant gastric le-
sions: implications for the development of screening and surveil-
lance strategies. Helicobacter 2007;12 Suppl 2:22-31.

Tan YK, Fielding JW. Early diagnosis of early gastric cancer. Eur J
Gastroenterol Hepatol 2006;18:821-9

Wilson JMG, Junger G. Principles and practice of screening for dis-
ease. Public Health Paper Number 34. Geneva: WHO, 1968.

Holland WW, Steward S. Screening in Health care. The Nuffield
Provincial Hospitals Trust, 1990.

51




