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country, screening programs have yielded more patients
in early stages, leading to improved results after surgery
[7].

The people in Iceland used to be at high risk of gastric
cancer [1,5,8,9], but the incidence has declined steadily
during the past five decades. Gastric cancer ranked first
and second in the group of most frequent cancer types
in Icelandic males and females, respectively [10], but a
steady decrease in incidence for both sexes has been
seen during the past 50 years. The incidence for males
has declined from 77 to 15 cases per 100 000 between
1955 and 1999, whereas the incidence has declined from
32 to 6 per 100 000 for females during the same time
period (Fig. 1). Information on cancer cases in Iceland is
obtained from the Icelandic Cancer Registry, which has
been in operation since 1954; the information on cancer
incidence in Iceland is, therefore, likely to be nearly
complete for 1955 and onwards for cancer at all sites.
When compared with other common cancer types
(Fig. 1), the reduction in gastric cancer incidence is
unique, as a reciprocal trend is found for other common
cancer types, in both males (i.e., prostate, lung, and
colon; Fig. 1a) and females (i.e., breast, lung, and colon;
Fig. 1b). While the reasons for this decline in gastric
cancer incidence are not clear, the world-wide geo-
graphic differences (Table 1) [2]; the coincidence of the
decline with socioeconomic improvement and changes
in diet and food preservation; and the role of H. pylori
infection [2] all suggest that environmental factors
underlie these trends. Gastric cancer incidence in Ice-
land is compared with rates in countries in South and
North America, Europe, and Asia in Table 1. In this
context, Iceland is now a country of intermediate
incidence, but it was clearly a high-risk nation in the
1950s. The reduction in incidence probably represents a
combination of lower incidence and better healthcare
during the past 50 years.

Earlier studies showed considerable geographic
variation in gastric cancer incidence within Iceland
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Gastric cancer incidence varies substantially within
Europe [1,2]. Incidences within the highest risk popula-
tions (�30 per 100000 age-adjusted [world population]
in males from Eastern Europe) are similar to those seen
in Japan. Low-risk populations (�10 per 100000) have
incidences similar to those for Caucasians in the United
States. Consistent with the general worldwide pattern,
the overall incidence in nearly all European countries,
including Iceland, has been declining for several de-
cades, and this is thought to be due to the combination
of an improved diet and a reduced prevalence of
Helicobacter pylori infection [1–3]. The mortality from
this disease is generally high. About half the cases seen
in the Western world [4] and Iceland are resectable
[5,6], where the chance of cure for those resected is
approximately 35% [6]. The mortality is related to the
stage of the disease, and, in Japan, a high-incidence
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[10,11], and this led to the belief that the high incidence
was related to a diet rich in pickle-salted, smoked,
and singed food. An excess of gastric cancer was found
among farmers and was found to correlate well with the
consumption of home-smoked and home-grilled food in
rural areas. In many of these homemade products, the
content of nitrites and nitrates was higher than that
considered safe for human consumption [10]. The di-
etary habits of Icelanders have changed considerably
during the past 50 years, and the smoked and salted
food is now more a traditional delicacy consumed on
special occasions, and it has largely been replaced by

fresh and frozen products. This change in dietary habits
is probably another of the factors that can help to ex-
plain the decrease in the incidence of gastric cancer in
Iceland.

In Icelandic males during the period 1955–1984,
78.1% of all gastric cancers were intestinal type, and
16.5% were diffuse type; in Icelandic females, 73.1%
were intestinal type and 20.7% were diffuse type [10].
There has been a more pronounced change in incidence
of the intestinal type (Laurèn), as the decline during
the past five decades (i.e., 1955–1999) in gastric cancer
in Icelanders has mostly affected the intestinal type of
tumor, whereas diffuse-type tumors have declined only
slightly in both sexes (Fig. 2) [5,10]. Based on this pat-
tern, it has been suggested that the major determinants
of the intestinal gastric cancer type are environmental
rather than genetic [10]. This pattern is also found in

Table 1. Age-adjusted (world population) gastric cancer mortality rates in Iceland and in selected countries by sex (rates
per/100000 population)

Argentina United States Japan United Kingdom Norway Iceland Iceland
1996 1996 1996 1996 1996 1957 1996

Men 11.6 5.2 30.5 9.3 9.0 77.1 9.6
Women 4.9 2.3 12.2 3.6 4.1 24.0 5.5

Source: WHO Cancer mortality database, 2001 [25]
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Fig. 1a,b. Changes in the incidence of common cancers in
Icelandic a males and b females during the period 1955–1999;
data from the Icelandic Cancer Registry
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Fig. 2a,b. Changes in the incidence of intestinal-type and
diffuse-type gastric cancer in Icelandic a males and b females
in the period 1960–1989
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Fig. 3. Location of gastric cancer tumors
in Iceland and four other countries/
regions during the period 1980–1990
[26–29]
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other high-risk countries [3,12]. Diet and infection with
H. pylori are probably the prominent environmental
risk factors for gastric cancer, but familial aggregation,
in a variable but significant proportion of cases, suggests
the importance of genetic predisposition [3,13,14]. This
has been supported by reports of a dominantly inherited
predisposition to gastric cancer [3,15–18] and, subse-
quently, the description of germline mutation in the
E-cadherin/CDH1 gene in Maori kindreds with heredi-
tary, early onset, diffuse-type gastric cancer [19]. In a
recent study [20], the genetic epidemiological aspects of
gastric cancer in Iceland were investigated. It was found
that first-degree relatives of gastric cancer patients have
a two- to three fold increased risk of developing gastric
cancer compared with the general population. The
risk is elevated for both sexes, although the eleva-
tion is greater for males. Signs of a histological spe-
cific risk were found, as relatives of those probands
diagnosed with the diffuse type were at higher risk
compared with relatives of those probands diagnosed
with the intestinal type. Overall, it was suggested that
genealogical and familial aggregation information
might have important prospective value for the relatives
of gastric cancer patients.

In Iceland, most gastric cancers are located in the
distal stomach (antrum/pylorus), followed by the middle
and the proximal stomach (cardia/fundus) (Fig. 3). A
similar pattern is found in the Netherlands, but in Japan
and Bavaria (Germany), tumors are most common in
the middle stomach, and in the United States they are
most common in the proximal stomach. The different
location patterns may have relevance for gastric cancer
patients, as the prevalence of H. pylori infection is
higher in patients with the cancer located distally than in
those with the cancer located proximally [21]. Also, a
study from Japan [22] indicates that the familial gastric
cancers are frequently located in the cardiac region
(proximal) and that they appear to be more aggressive
than sporadic gastric cancers (in general, proximal can-

cers have a worse prognosis). In Iceland, H. pylori was
detected in 80% of patients with gastric cancer, and
there was significant decrease in IgG antibody levels
over a period of several years before the diagnosis
[23]. In a recent review [24], a weak association was
found between H. pylori and gastric cancer, but the
association was much lower than that needed to account
for the sharp variations in gastric cancer mortality be-
tween different populations (e.g., 20-fold higher in cer-
tain parts of China than in the United States [24]) or
between past and present (e.g., eight fold decrease in
Iceland between 1957 and 1996; Table 1). This observa-
tion implies that important cause(s) of gastric cancer still
await discovery.

References

1. Faivre J, Forman D, Estéve J, Gatta G, EUROCARE Working
group. Survival of patients with oesophageal and gastric cancers
in Europe. Eur J Cancer 1998;34:2167–75.

2. Arogonés N, Pollán M, Rodero I, López-Abante G. Gastric can-
cer in the European Union (1968–1992): mortality trends and
cohort effect. Ann Epidemiol 1997;7:294–303.

3. Caldas C, Carneiro F, Lynch HT, Yokota J, Wiesner GL, Powell
SM, et al. Familial gastric cancer. Overview and guidelines for
mangagement. J Med Genet 1999;36:873–80.

4. Siewert JR, Bottcher K, Stein HJ, Roder JD. Relevant prognostic
factors in gastric cancer — 10-year results of the German gastric
cancer study. Ann Surg 1998;228:449–59.

5. Jónasson L, Hallgrímsson J, Sigvaldason H, Ólafsdóttir G,
Tulinius H. Gastric cancer in Iceland: a retrospective study of
resected gastric specimens in a high-risk country during 30 years
(1960–1989). Int J Cancer 1994;57:793–8.

6. Gunnlaugsson S, Smith A, Guðbjartsson T, Oddsdóttir M, Datye
SS, Hallgrímsson J, Magnússon J. Gastric cancer in Iceland. What
is the current status? Survival of 193 patients operated for cure,
1980–1995. Ann Chir Gynaecol 2000;89:262–72.

7. Noguchi M, Miyazaki I. Prognostic significance and surgical man-
agement of lymph note metastasis in gastric cancer. Br J Surg
83;156–61.

8. Doll R, Payne P, Waterhouse J. Cancer incidence in five conti-
nents. Vol. I: UICC technical report series. Tokyo Heidelberg
New York Berlin: Springer Verlag; 1966.



54 A.K. Imsland et al.: Gastric cancer in Iceland

9. Muir C, Waterhouse J, Mack T, Powell J, Wheland S. Cancer
incidence in five continents. Vol. V: IARC scientific publication
88. Lyon: IARC; 1987.

10. Nikulásson S, Hallgrímsson J, Tulinius H, Sigvaldason H,
Ólfafsdóttir G. Tumours in Iceland — 16. Malignant tumours of
the stomach. APMIS 1992;100:930–41.

11. Dungal N, Sigurjónsson J. Gastric cancer and diet. Br J Cancer
1967;21:270–6.

12. Muñoz N. Descriptive epidemiology of stomach cancer. In: Reed
PI, Hill MJ, editors. Gastric carcinogenesis. Proceedings of the 6th
annual symposium of the European Organization for Coopera-
tion in Cancer Prevention Studies (ECP). Oxford: Excerpta
Medica; 1988. p. 51–69.

13. Bonney GE, Elston RC, Correa P, Haenszel W, Zavala DE,
Zarama G, et al. Genetic etiology of gastric carcinoma. Genet
Epidemiol 1986;3:213–24.

14. Correa P, Chen VW. Gastric cancer. Cancer Surv 1994;20:55–76.
15. Sokoloff B. Predisposition to cancer in the Bonaparte family. Am

J Surg 1938;40:673–8.
16. Jones EG. Familial gastric cancer. NZ Med J 1964;63:287–96.
17. Seruca R, Carneiro F, Castedo S, David L, Lopes C, Sobrinho-

Simoes M. Familial gastric polyposis revisited: autosomal domi-
nant inheritance confirmed. Cancer Genet Cytogenet 1991;53:
97–100.

18. Shafiuddin M, Caminker M, Batra S. Hereditary linitis plastica of
the stomach. Am J Gastroenterol 1995;90:2062–63.

19. Guilford P, Hopkins J, Harraway J, McLeod M, McLeod N,
Harawira P, et al. E-cadherin germline mutations in familial gas-
tric cancer. Nature 1998;392:402–5.

20. Imsland AK, Eldon BJ, Arinbjarnarsson S, Egilsson V, Tulinius
H, Tryggvadóttir L, et al. Genetic epidemiological aspects of gas-
tric cancer in Iceland. J Am Coll Surg (in press).

21. Marinde-Argila C, Boixeda D, Redondo C, Alvarez I, Gisbert
JP, Plaza AG, Canton R. Relation between histologic subtypes
and location of gastric cancer and Helicobacter pylori. Scand J
Gastroenterol 1997;32:303–7.

22. Kakiuchi H, Itoh F, Kusano M, Adachi Y, Mita H, Mihara M, et
al. Familial gastric cancer in the Japanese population is frequently
located in the cardiac region. Tumor Biol 1999;20:235–41.

23. Tulinius H, Ögmundsdóttir HM, Kristinsson KG, Sigvaldason H,
Sigvaldadóttir E, Kristjánsdóttir G, Sigfússon N. Helicobacter
pylori antibodies and gastric cancer in Iceland. The decline in
IgG antibody levels as a risk factor. APMIS 2001;109:835–41.

24. Danesh J. Helicobacter pylori infection and gastric cancer: sys-
tematic review of the epidemiological studies. Aliment Pharmacol
Ther 1999;13:851–6.

25. World Health Organization. Cancer mortality database. Geneva:
WHO; 2001.

26. Maruyama K, Okabayashi K, Kinoshita T. Progress in gastric
cancer surgery in Japan and its limits of radicality. World J Surg
1987;11:418–25.

27. Siewert JR, Bottcher K, Roder JD, Busch R, Hermanek P, Meyer
HJ. Prognostic relevance of systematic lymph node dissection in
gastric carcinoma. Br J Surg 1993;80:1015–18.

28. Bonenkamp JJ, Songun I, Hermans J, Sasako M, Welvaart K,
Plukker JTM, et al. Randomized comparison of morbidity after
D1 and D2 dissection for gastric cancer in 996 Dutch patients.
Lancet 1995;345:745–8.

29. Fuchs CS, Mayer RJ. Medical progress — gastric carcinoma. New
Engl J Med 1995;333:32–41.


