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CANCER OF THE DIGESTIVE SYSTEM IN CIRCUMPOLAR INUIT

HANS H. STOrRM and NiLs HOIGAARD NIELSEN

Cancer of the oesophagus, stomach, small intestine, colon, rectum, liver, gallbladder, biliary tract and
pancreas was studied in the Inuit populations of Alaska, Canada and Greenland. Indirect standardiza-
tion to the populations in Canada, Connecticut (USA) and Denmark was used. High risk of
oesophageal cancer was observed in both sexes with standardized incidence ratios (SIRs) of up to 7. An
increased risk of colon and rectum cancer occurred among Alaskan Inuit compared with the Inuit
populations in Canada and Greenland, which had lower rates. Liver and gallbladder cancer rates were
high, with SIRs of 1.5 to 4.1, whereas there were no differences in pancreatic cancer in the populations
compared. Dietary habits, alcohol and tobacco consumption are believed to play an important role in
most of the observed cancer patterns, but for liver cancer hepatitis B virus infection is also believed to

have a causal role.

Cancer of the digestive tract include those of the oesoph-
agus, stomach, small intestine, colon, rectum, liver, gall-
bladder and biliary tract and pancreas. Cancer in these
sites often shows large international differences, and the
results of migrant studies in particular have led to hy-
potheses about the influence of different dietary habits and
other lifestyle factors.

Among the Inuit, living conditions, dietary and other
lifestyle factors vary substantially from those of most other
populations (1-3). The current paper is part of a joint
project analysing 20 years of cancer incidence data among
the Circumpolar Inuit residing in Greenland, Canada and
Alaska (4).

Material and Methods

Cancer incidence data from 1969-1988 from the Inuit
populations of Alaska, Canada and Greenland were col-
lected and compiled into a standard format for the pur-
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pose of this analysis. The definitions, methods and data
sources have been fully described earlier (4). The accompa-
nying site-specific tables state, by calendar period, country
and sex, the total numbers, crude rates, age-standardized
incidence rates (ASRs) to the world populations, cumula-
tive rates up to and including the age of 64 (Cum 64) and
standardized incidence ratios (SIRs) compared with popu-’
lations in Connecticut (USA), Canada and Denmark. Age-
specific rates are presented for the combined Circumpolar
area for the 20-year study period as a whole. The basis of
diagnosis is given over a 20-year period, by region. In the
following the results for each site are dealt with separately
followed by a brief discussion. The tabular data for cancer
of the small intestine are only partly included and have not
been commented on, as only 5 cases {all men) occurred in
the 20-year period.

Qesophagus (ICD9 150)

Resuits. A total of 113 cases of oesophageal cancer were
diagnosed among Inuit during the 20-year period from
1969 to 1988, 63 in men and 50 in women (Table 1). In the
Circumpolar area, 74% of the cases were histologically
verified, varying from 100% in Alaska to 66% in Green-
land (Table 2). Age-standardized incidence rates {ASRs)
were high in both men and women compared to other
registries around the world; 2-3 times higher among men
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Table 1

Cancer in Circumpolar Inuit 19691988 by site (ICD 9). Total number of cases, crude-, age standardized (ASR world)- and cumulative (Cum
64) incidence rates by sex, region and 5-year time period. Standardized incidence ratios (SIR) and 95% confidence interval (95% CI)
compared with Connecticut, Denmark and Canada

150 Oesophagus Total Crude ASR Cum  Connecticut Denmark Canada
No. rate world 64

SIR  95% CI SIR  95% CI SIR  95% CI
Males 1969-88  Circumpolar 63 6.4 12.6 04 20 1.6-2.6 3.5 27-45 3.1 24-40
Alaska 12 3.6 6.1 0.1 1.0 05-1.8 1.7 09-30 1.5 08-27
Greenland 44 10.5 20.9 0.9 34 24-45 58 42-78 52 38-69
Canada 7 3.0 8.0 0.1 1.2 0.5-24 20 08-4.1 1.8 0.7-37
1969-73  Circumpolar 12 5.6 14.1 04 22 1.1-39 3.7 19-64 35 18-61
Alaska 6 8.4 21.8 0.5 29 1.1-6.3 48 1.7-104 45 1.7-99
Greenland 6 6.2 15.5 0.5 26 09-5.6 44 16-95 41 15-88

Canada 6 0.0 0.0 0.0 00 - 0.0 - 00 -
1974-78  Circumpolar 12 5.1 10.5 0.3 1.7 09-3.0 31 1.6-54 26 1.4-46
Alaska 4 5.1 83 0.0 1.5 04-38 27 0.7-68 23 0.6-58
Greenland 7 6.8 14.1 0.6 23 09-48 42 1.7-8.7 36 1.5-75
Canada 1 1.8 3.0 0.3 0.7 0.0-4.1 1.3 0.0-74 1.1 00-64
1979-83  Circumpolar 19 7.4 14.2 0.7 24 14-37 45 27-71 3.5 2.1-54
Alaska 1 1.1 1.8 0.0 03 00-1.8 0.6 0.0-34 0.5 0.0-2.6
Greenland 14 133 248 1.5 41 22-69 8.0 43-133 6.1 33-10.2
Canada 4 6.3 20.9 0.0 26 0.7-6.6 51 1.4-129 39 1.0-99
1984-88  Circumpolar 20 7.1 12.4 0.4 1.9 12-3.0 3.0 1.8-47 29 1.8-45
Alaska i 1.0 1.6 0.1 03 00-14 04 00-22 04 0.0-2.1
Greenland 17 15.1 259 0.7 39 23-62 62 36-99 6.0 3.5-9.6
Canada 2 29 7.1 0.0 1.0 0.1-34 1.5 02-55 1.5 02-53
Females 1969-88 - Circumpolar 50 5.2 9.1 0.4 54 4.0-7.1 7.0 52-92 6.7 5.0-838
Alaska 10 3.1 5.5 0.3 3.1 1.5-58 39 19-73 3.8 1.8-70
Greenland 32 7.9 11.8 0.5 7.2 49-10.1 93 64-132 8.9 6.1-125
Canada 8 3.6 9.1 0.3 5.0 21-938 6.6 2.8-13.0 6.3 27-125
1969-73  Circumpolar 10 4.7 89 0.3 74 35-135 7.2 3.5-133 6.9 33-12.8
Alaska 1 1.4 4.3 0.0 20 00-122 22 0.0-113 21 0.0-11.6
Greenland 8 82 14.9 0.7 11.8  5.1-232 12.1  52-238 11.1  48-21.8
Canada 1 23 6.8 0.0 45 0.1-249 45 0.1-249 42 0.1-234
1974-78  Circumpolar 11 4.8 8.9 0.5 48 24-85 69 35-124 6.2 3.1-11.1
Alaska 3 39 6.9 0.6 39 08-115 54 1.1-159 50 1.0-145
Greenland 7 7.0 11.2 0.4 6.1 24-125 9.1 3.6-18.7 8.1 3.2-16.7
Canada 1 1.9 54 0.7 2.5 0.0-142 3.8 0.0-21.2 3.3 0.0-186
1979-83  Circumpolar 12 49 7.8 0.0 48 25-84 65 34-114 6.1 31-106
Alaska 2 24 39 0.0 23 03-85 32 04-115 29 03-106
Greenland 9 8.8 1.3 0.0 74  34-14.1 10.0 4.5-18.9 93 42-176
Canada 1 1.6 37 0.0 24  0.0-132 33 0.0-183 31 0.0-17.2
1984-88  Circumpolar 17 6.2 10.1 0.6 55 3.2-88 71 41-114 74 43-11.8
Alaska 4 4.1 6.9 0.4 3.6 1.0-9.3 46 12-119 47 13-121
Greenland 8 7.4 10.6 0.9 56 24-11.1 73 3.1-144 7.6 3.3-150
Canada 5 74 17.4 0.5 8.8 28-205 11.7 3.8-273 124 4.0-288

than in the national comparison populations and about
5-7 times higher in women. ASRs in women are among
the highest on record in the world. The overall sex ratio
(M :F) was 1.4.

For the Circumpolar region as a whole virtually no
variation in age-standardized incidence rates during the
study period was reported (Figs. 1, 2). For the 20 years
combined, incidence was higher in Greenland than in
Canada and Alaska for both sexes.

Discussion. Age-standardized incidence rates of oeso-
phageal cancer are below 10 per 100 000 in most countries
(5), with hot spots of high incidence in southern Africa and

in a belt across Asia from the Caspian region of Iran to the
northern provinces of China (6). High incidence rates
among the Inuit populations of Greenland, Alaska and
Canada have previously been described (7—10). The fact
that equally high incidence rates of oesophageal cancer
were observed among men and women differs from obser-
vations among white populations in North America and
northern Europe, where the incidence in men is 2—4 times
higher than in women.

The high risk of oesophageal cancer among Inuit re-
mains unexplained. Major risk factors for this disease are
cigarette smoking and alcohol consumption. The fact that
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Table 2
Cancer in Circumpolar Inuit 1969 1988. Total number of cases and verification of diagnosis (% of total by site (ICD 9) and region

Total No. DCO' % HV? % OTH? %
150 Oesophagus Circumpolar 113 6 74 19
Alaska 22 0 100 0
Greenland 76 5 66 29
Canada 15 20 80 0
151 Stomach Circumpolar 152 6 84 11
Alaska 73 0 96 4
Greenland 50 14 66 20
Canada 29 7 83 10
152 Small intestine Circumpolar 5 0 100 0
Alaska 2 0 100 0
Greenland 1 0 100 0
Canada .2 0 100 0
153 Colon Circumpolar 286 4 86 10
Alaska 167 0 96 4
Greenland 82 7 70 23
Canada 37 14 76 11
154 Rectum Circumpolar 104 4 88 8
Alaska 48 0 94 6
Greenland 35 6 80 14
Canada 21 10 90 0
155 Liver Circumpolar 69 3 93 4
Alaska 43 1] 95 5
Greenland 22 5 91 5
Canada 4 25 75 0
156 Gallbladder Circumpolar 65 2 95 3
Alaska 40 0 100 0
Greenland 17 0 88 12
Canada 8 13 88 0
157 Pancreas Circumpolar 94 6 61 33
Alaska 36 0 72 28
Greenland 46 11 48 41
Canada 12 8 75 17

1 DCO = Death certificate only
2 HV = Histologically verified
3 OTH = Other

both exposures are prevalent and a growing problem
among all Inuit population groups for both sexes (1-3)
may explain the similar incidence rate for Inuit men and
women. In other parts of the world, heavy exposure to
tobacco and alcohol generally predominates in males.
Some traditional Inuit fish dishes contain high amounts of
N-nitrosodimethylamine (NDMA) (11), an alleged car-
cinogen for the oesophagus, which also may explain part
of the similarity of incidence in both sexes. Low consump-
tion of fresh fruit and vegetables by Inuit may also lead to
an increased incidence since these foods have consistently
been shown to give protection against oesophageal cancer.

Stomach (ICD9 151)

Results. With 107 cases diagnosed among men and 45
cases among women (Table 3), stomach cancer accounted
for 4.7% of all cancers during the period (2.6% of female
cancers and 7.0% of male cancers). Overall, 84% of cases

were histologically verified, varying from 96% in Alaska to
66% in Greenland (Table 2).

By international standards the incidence rates were low
to intermediate. The age-specific incidence rates (Tables 4,
5) and the sex ratio exhibited the same pattern as found in
all other populations world-wide. Incidence rates increased
rapidly with age (Tables 4, 5), particularly after age 60.
Male:female ratio for the entire period and for all ages was
2.6, but varied by age group with generally higher ratios in
age groups over 50.

Incidence rates tended to increase among the Canadian
Inuit during the study period, possible as a result of
improved cancer registration. However, no significant time
trend was observed in either men or women in the Circum-
polar region (Figs. 3, 4). For the 20 years combined, the
incidence of stomach cancer among Inuit men was signifi-
cantly increased in relation to all three comparison popula-
tions, with SIRs varying between 1.4 and 2.0. Women

“experienced an increased risk at a lower level (1.1-1.7)
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Fig. 1. Trends in cancer incidence among Inuit: ICD9 150
QOesophagus, Men.

only significant compared to the Connecticut population
(Table 3).

Discussion. Stomach cancer is estimated to be the sec-
ond most common cancer in the world after lung cancer,
with the highest incidence rates recorded in Japan, Costa
Rica and parts of China. Iceland and the eastern European
countries exhibit intermediate rates, whereas lower rates
are recorded in the western European countries (5). The
most remarkable feature of the epidemiology of stomach
cancer is the virtually universal decline in its incidence over
the past 40 years, although there is variation in time as to
onset of the decline among different countries. The gener-
ally stable, and perhaps increasing, trend among the Inuit
contrasts sharply with the world-wide trends.

Increased risk of stomach cancer appears to be associ-
ated with starch foods and smoked, salted, and fried food.
Fruit and vegetables have been identified as major protec-
tive factors, possibly by inhibiting the endogenous forma-
tions of N-nitroso compounds (12—17). Daily consump-
tion of fresh fruit and vegetables, now available the year-
round to most people, has been associated with a 50% risk
reduction of stomach cancer (18). Food factors associated
with increased risk are relatively uncommon in the tradi-
tional Inuit diet in Greenland, possibly explaining their
reduced risk in comparison with other Inuit populations.
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Fig. 2. Trends in cancer incidence among Inuit: ICD9 150
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However, smoked and salted foods are part of the diet in
Alaska and the persistent lack of access to fresh vegetables
and fruit in most Inuit societies even today, may explain
why the otherwise universal decline in the incidence of
stomach cancer does not seem to have reached the Circum-
polar Inuit (1-3).

Colon (ICD9 153)

Results. A total of 286 cases of colon cancer were
diagnosed during 1969-1988 (Table 6) of which 86% were
histologically verified, varying from 96% in Alaska to 70%
in Greenland (Table 2). In the Circumpolar region for the
20 years combined incidence rates of colon cancer were
high compared with other registries around the world.
Incidence rates were significantly high among Inuit
women, where the SIRs for colon cancer were 1.4 and 1.2
respectively, compared with populations in Denmark and
Canada (Table 6). A female predominance was seen and
the overall sex ratio was 0.8.

The pattern of high incidence among the Circumpolar
Inuit was due almost exclusively to high rates among
Alaskan Inuit, and the female predominance derived from
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Table 3

Cancer in Circumpolar Inuit 1969- 1988 by site (ICD 9). Total number of cases, crude-, age standardized (ASR world)- and cumulative (Cum
64) incidence rates by sex, region and 5-year time period. Standardized incidence ratios (SIR) and 95% confidence interval (95% CI)
compared with Connecticut, Denmark and Canada

151 Stomach Total Crude ASR Cum  Connecticut Denmark Canada
No. rate world 64

SIR  95% CI SIR  95% CI SIR  95% CI
Males 1969-88  Circumpolar 107 10.8 19.6 1.2 2.0 1.6-2.4 1.4 1.2-1.7 1.5 1.3-1.9
Alaska 58 17.3 28.2 1.5 2.7 2.1-35 2.0 1.5-2.6 2.1 1.6-2.8
Greenland 29 6.9 11.8 0.8 1.3 0.9-1.8 0.9 0.6-1.3 1.0 07-14
Canada 20 8.6 17.8 1.5 1.9 1.2-3.0 1.4 0.9-2.2 1.5 09-23
1969-73  Circumpolar 19 8.8 20.0 1.0 1.6 09-2.5 1.1 06-1.7 1.3 0.8-2.0
Alaska 8 11.3 259 0.9 1.7 0.7-3.4 1.2 0.5-2.3 1.4 0.6-2.8
Greenland 10 10.3 21.3 1.4 1.9 0.9-3.6 1.3 0.6-24 1.6 0.8-2.9
Canada 1 2.1 36 0.4 04 0.0-2.4 03 0.0-1.7 04 0.0-2.0
1974-78  Circumpolar 18 7.6 14.3 0.8 1.4 0.8-2.2 1.0 0.6-1.5 1.1 0.6-1.7
Alaska 13 16.4 27.8 1.7 2.6 1.4-4.5 1.8 1.0-3.1 2.0 1.1-34
Greenland 4 39 6.9 0.4 0.7 0.2-1.9 0.5 0.1-1.3 0.6 02-14
Canada 1 1.8 2.4 0.2 0.4 0.0-2.3 0.3 0.0-1.6 0.3 0.0-1.7
1979-83  Circumpolar 36 14.1 23.5 1.5 2.5 1.7-3.4 1.8 1.3-2.6 1.9 1.4-2.7
Alaska 17 19.5 29.8 1.6 29 1.7-4.7 22 1.3-3.5 2.3 1.3-3.7
Greenland 10 9.5 13.3 1.0 1.7 0.8-3.0 1.2 0.6-23 1.3 0.6-2.4
Canada 9 14.2 304 22 34 1.5-6.4 2.6 1.2-49 2.6 1.2-5.0
1984-88  Circumpolar 34 12.1 20.2 1.3 2.3 1.6-3.2 1.9 1.3-2.6 1.8 1.2-2.5
Alaska 20 20.2 29.3 1.5 34 2.1-5.2 2.7 1.7-4.2 2.6 1.6-4.1
Greenland 5 4.5 7.6 0.5 0.8 03-1.9 0.7 0.2-1.6 0.6 0.2-1.5
Canada 9 13.1 26.1 2.6 31 14-59 2.5 1.2-4.8 2.4 1.1-4.6
Females  1969-88  Circumpolar 45 4.7 7.6 0.3 1.7 1.3-2.3 1.1 08-1.4 1.3 09-1.7
Alaska 15 4.6 7.0 0.2 1.7 0.9-2.7 1.0 0.6-1.7 1.2 0.7-2.0
Greenland 21 5.2 7.6 0.4 1.7 1.0-2.5 1.0 0.6-1.6 1.2 0.8-19
Canada 9 4.0 8.7 04 2.0 0.9-3.8 1.2 0.6-2.4 1.5 0.7-2.8
1969-73  Circumpolar 7 33 6.8 0.2 1.2 0.5-2.5 0.7 0.3-1.3 0.9 04-1.9
Alaska 3 43 1.5 0.1 1.6 03-4.6 0.8 0.2-23 1.2 0.2-34
Greenland 3 3.1 6.1 0.2 1.0 0.2-3.1 0.6 0.1-1.7 0.8 0.2-2.3
Canada 1 2.3 5.7 0.0 1.1 0.0-5.8 0.6 0.0-3.2 0.8 0.0-4.3
1974-78  Circumpolar 7 3.1 52 0.4 1.1 0.4-2.3 0.6 0.3-1.3 0.8 0.3-1.7
Alaska 2 2.6 4.3 0.4 0.9 0.1-3.3 0.5 0.1-1.9 0.7 0.1-2.5
Greenland 3 3.0 4.6 0.5 1.0 0.2-2.8 0.6 0.1-1.6 0.7 0.1-2.1
Canada 2 3.8 9.8 04 1.8 0.2-6.7 1.1 0.1-3.9 1.4 0.2-5.0
1979-83  Circumpolar 9 37 5.5 0.1 1.4 0.6-2.6 0.9 04-1.7 1.0 04-1.8
Alaska 2 24 3.9 0.0 0.9 0.1-32 0.6 0.1-2.1 0.6 0.1-23
Greenland 6 5.9 7.5 0.3 1.9 0.7-4.0 1.2 04-2.6 1.3 0.5-29
Canada 1 1.6 37 0.0 09 0.0-5.2 0.6 0.0-33 0.6 0.0-3.6
1984-88  Circumpolar 22 8.1 11.9 0.6 29 1.8-44 2.1 1.3-3.2 2.2 1.4-3.3
Alaska 8 8.2 10.7 0.4 29 1.3-5.7 2.1 09-4.1 2.2 0.9-43
Greenland 9 8.3 12.0 0.5 2.6 1.2-5.0 1.9 0.9-3.6 2.0 0.9-3.8
Canada 5 7.4 14.6 1.0 3.7 1.2-8.6 2.6 0.9-6.2 2.8 0.9-6.5

this population only. Incidence rates of colon cancer in
Alaskan Inuit women were among the highest in the world
and generally 2-3 times higher than those in Greenlandic
and Canadian Inuit women. The female predominance in
Alaskan Inuit was particularly strong in the peri- and
postmenopausal age groups (Table 5). Trends over time in
male and female colon cancer showed a consistent increase
in Circumpolar men, whereas the trend among women
deviated, with a marked increase among Alaskan Inuit
women and a decrease in the other two population groups
(Figs. 5, 6).

Discussion. Considerable international variations are
found in the incidence of colon cancer, with high incidence
areas in North America and the lowest incidence in India
(5). Incidence of colon and rectal cancer in Alaskan Inuit
has been shown previously to be comparable to that of the
US (19), whereas the Greenlandic Inuit have lower rates
than those seen in Denmark (10, 20).

Epidemiological studies have identified diet as the most
important exogenous factor in the etiology of cancer of the
colon, with two food groups or nutrients influencing the
risk in opposing directions. Protective factors include fresh
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Cancer in Circumpolar Inuit 1969 1988. Total number of cases and average annual incidence per 100 000 by site (ICD 9), region and 5-year

age group. Males

Age group

No. 00-04 05-09 10-14 15-19 20-24 25-29 30-34 35-39 40-44 45-49 50-54 55-59 60-64 65-69 70-74 75+

150 Oesophagus Circumpolar 63 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 44 7.7 63  30.6 39.2 103.7 131.6 150.7
Alaska 12 0.0 0.0 0.0 0.0 00 00 0.0 0.0 0.0 7.5 0.0 0.0 16.1 452 581 1229

Greenland 44 0.0 0.0 0.0 0.0 00 00 0.0 0.0 94 115 70 724 750 2024 1498 2177

Canada 7 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 00 137 0.0 0.0 350 2400 747

151 Stomach Circumpolar 107 0.0 0.0 0.0 0.0 0.0 26 32 57 155 205 438 536 89.5 972 1426 1507
Alaska 58 0.0 00 0.0 0.0 00 37 9.5 11.8 212 226 585 503 1124 1506 2322 2703

Greenland 29 0.0 0.0 0.0 0.0 0.0 29 0.0 0.0 187 230 209 452 500 506 749 622

Canada 20 0.0 0.0 0.0 0.0 00 00 0.0 9.0 0.0 121 683 779 1373 699 1200 00

153 Colon Circumpolar 123 0.0 0.0 0.0 0.9 L 13 1.6 3.8 133 154 313 421 67.1 162.0 1974 3363
Alaska 70 0.0 0.0 0.0 0.0 0.0 37 0.0 59 283 7.5 683 302 80.3 2259 319.3 5405

Greenland 33 0.0 0.0 0.0 20 0.0 00 0.0 42 94 172 209 452 625 1180 999 622

Canada 20 0.0 0.0 0.0 0.0 46 00 7.2 0.0 0.0 242 00 584 549 1049 180.0 3734

154 Rectum Circumpolar 58 0.0 0.0 0.0 09 00 13 0.0 0.0 44 180 157 344 615 389 329 1507
Alaska 28 0.0 0.0 0.0 2.5 0.0 00 0.0 0.0 71 151 293 302 96.3 753 581 1229

Greenland 23 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 47 230 70 362 62.5 0.0 250 2177

Canada 7 00 0.0 0.0 0.0 00 6.7 0.0 0.0 00 121 137 389 0.0 350 0.0 747

155 Liver Circumpolar 53 2.3 0.8 2.3 26 53 0.0 0.0 0.0 44 180 125 306 280 389 329 3438
Alaska 37 0.0 2.2 7.0 7.6 165 0.0 0.0 00 142 302 293 503 642 301 581 737

Greenland 15 6.2 0.0 0.0 0.0 00 00 0.0 0.0 0.0 172 70 271 125 506 250 0.0

Canada 1 0.0 0.0 0.0 0.0 00 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 350 0.0 0.0

156 Gallbladder Circumpolar 23 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 22 26 125 7.7 280 259 219 464
Alaska 13 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 98 10.1 642 301 290 983

Greenland 7 0.0 0.0 0.0 0.0 00 00 0.0 0.0 4.7 00 139 9.0 125 169 250 0.0

Canada 300 0.0 0.0 0.0 00 00 0.0 0.0 00 121 137 0.0 0.0 350 0.0 0.0

157 Pancreas Circumpolar 49 0.0 0.0 0.0 0.0 00 00 0.0 38 6.6 103 63 344 448 842 439 464
Alaska 21 0.0 0.0 0.0 0.0 00 00 0.0 59 71 226 00 20.1 642 904 581 49.1

Greenland 23 0.0 0.0 0.0 0.0 00 0.0 0.0 42 4.7 0.0 139 543 375 1012 499 622

Canada 500 0.0 0.0 0.0 00 0.0 0.0 00 104 121 00 195 27.5 350 0.0 0.0

Table 5

Cancer in Circumpolar Inuit 1969-1988. Total number of cases and average annual incidence per 100 000 by site (ICD 9), region and 5-year

age group. Females

Age group

No. 00-04 05-09 10-14 15-19 20-24 25-29 30-34 35-39 40-44 45-49 50-54 55-59 60-64 65-69 70-74 75+

150 Oesophagus Circumpolar 50 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 23 00 127 117 480 582 86.8 1206
Alaska 10 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 96 113 327 184 966 409

Greenland 32 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 49 0.0 203 165 529 923 88.7 160.1

Canada 8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 63.5 40.7 61.5 2078

151 Stomach Circumpolar 45 0.0 0.0 0.0 0.9 0.0 13 0.0 5.9 92 161 127 0.0 21.3 452 772 563
Alaska 1500 00 0.0 25 0.0 38 0.0 5.9 70 164 9.6 0.0 00 368 966 613

Greenland 21 00 00 0.0 0.0 0.0 0.0 0.0 4.5 49 230 136 0.0 3.7 527 532 534

Canada 9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 8.7 23.2 0.0 16.1 0.0 31.5 407 123.0 519

153 Colon Circumpolar 163 0.0 0.0 0.0 09 2.1 1.3 1.6 2.0 162 321 255 702 1121 1874 1929 337.6
Alaska 97 0.0 0.0 0.0 0.0 3.2 0.0 0.0 5.9 141 572 669 101.9 2289 2762 3865 5924

Greenland 49 0.0 0.0 0.0 0.0 24 0.0 39 0.0 147 173 6.8 41.1 635 131.8 1420 1957

Canada 17 0.0 0.0 0.0 3.8 0.0 6.4 0.0 0.0 232 258 0.0 86.0 31.5 162.7 0.0 103.9

154 Rectum Circumpolar 46 0.0 0.0 0.8 0.0 0.0 2.7 33 0.0 0.0 134 95 156 374 388 386 965
Alaska 20 0.0 0.0 0.0 0.0 0.0 0.0 4.7 0.0 0.0 82 191 113 327 368 1288 143.0

Greenland 12 0.0 0.0 0.0 0.0 0.0 31 39 0.0 0.0 5.8 0.0 8.2 423 396 00 178

Canada 14 0.0 0.0 33 0.0 0.0 6.4 0.0 0.0 00 387 161 430 31,5 407 0.0 207.8

155 Liver Circumpolar 16 0.0 0.8 0.0 2.6 1.1 0.0 0.0 0.0 0.0 0.0 9.5 39 10.7 6.5 96 241
Alaska 6 0.0 0.0 0.0 7.5 3.2 0.0 0.0 0.0 0.0 0.0 0.0 113 0.0 0.0 3.2 0.0

Greenland 7 00 2.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 13.6 0.0 106 132 0.0 356

Canada 300 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 16.1 0.0 31.5 0.0 0.0 519

156 Gallbladder Circumpolar 42 0.0 0.0 0.0 0.0 0.0 0.0 0.0 20 0.0 54 64 273 320 51.7 386 965
and extrahepatic Alaska 27 0.0 0.0 0.0 0.0 0.0 0.0 0.0 5.9 0.0 8.2 9.6 226 654 921 644 2247
bile ducts Greenland 10 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 6.8 329 212 264 177 0.0
Canada 500 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 129 0.0 215 0.0 407 615 519

157 Pancreas Circumpolar 45 0.0 0.0 0.0 0.9 0.0 0.0 1.6 0.0 69 107 19.1 507 107 323 289 563
Alaska 1500 00 0.0 00 00 0.0 0.0 0.0 0.0 00 19.1 56.6 164 368 322 817

Greenland 23 0.0 0.0 0.0 0.0 0.0 0.0 3.9 0.0 147 173 27.1 411 00 396 17.7 534

Canada 7 00 0.0 0.0 3.8 0.0 0.0 0.0 0.0 00 129 0.0 64.5 315 00 615 0.0
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Fig. 3. Trends in cancer incidence among Inuit; ICD9 151 Stom-
ach, Men.

fruit and vegetables and fibre-rich food (cereals); factors
that may increase the risk are total and saturated fats,
animal and total proteins, and total calories (21, 22).

The high risk of colon cancer among Alaskan Inuit
compared with their counterparts in Greenland and
Canada remains unexplained. Caution is necessary when
attempting to interpret such findings. In addition to possi-
ble differences in diet, access to health care, availability of
specialized diagnostic procedures, methods used to record
and classify cancers, including definitions used for multiple
primaries must all be considered.

The Inuit diet, as earlier described (1-3), would tend to
increase the risk of colon cancer, particularly in Alaska,
where the Inuit incorporated dietary habits from the South
earlier than other Circumpolar populations. However, the
proportion of poly- and mono-unsaturated fats consumed
is relativley high, which may constitute a protective factor
(22) that varies within the Circumpolar region, particularly
for populations retaining a more traditional diet.

Rectum (ICD9-154)

Results. From 1969 to 1988 a total of 104 cancers of the
rectum and rectosigmoid junction were reported among
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Fig. 4. Trends in cancer incidence among Inuit: ICD9 151 Stom-
ach, Women.

the three Inuit populations, 58 among men and 46 among
women (Table 7). Based on age-standardized rates, a small
male predominance was seen as in most parts of the world
(5), with a male:female ratio of 1.2. For colon cancer, the
age-standardized incidence rates were highest among
Alaskan Inuit men, and male rates in Alaska were by and
large similar to those in the three comparison populations
of Connecticut, Denmark and Canada (SIR 0.8-0.9). In
contrast, the SIRs for Greenlandic Inuit men ranged be-
tween 0.6 and 0.7, and Canadian Inuit men between 0.4
and 0.5 with an upper confidence boundary of less than
1.0, the risk was thus significantly lower than in the
comparison populations. Among women, only the risk
among Greenlandic Inuit was significantly low, with an
SIR of 0.4 and an upper confidence limit of 0.8.

Incidence rates among Canadian Inuit men were half
those of Alaska, whereas Greenlandic Inuit men took an
intermediate position (Table 7). This constrasts with the
observations among women, where Canadian Inuit took
the lead with an ASR of 12.3 per 100 000 over the Alaska-
Inuit ASR of 10.0, while the Greenlandic ASR of 4.4 was
just over one-third of the Canadian rate.

The age-specific incidence pattern of rectal cancer
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Table 6

Cancer in Circumpolar Inuit 19691988 by site (ICD 9). Total number of cases, crude-, age standardized (ASR World)- and cumulative
(Cum 64) incidence rates by sex, region and 5-year time period. Standardized incidence ratios (SIR) and 95% confidence interval (95% CI)
compared with Connecticut, Denmark and Canada

153 Colon Total Crude ASR Cum  Connecticut Denmark Canada
No. rate world 64

SIR  95% CI SIR  95% CI SIR  95% CI
Males 1969-88  Circumpolar 123 12.5 23.8 0.9 0.7 0.6-0.8 1.2 1.0-14 1.0 08-1.1
Alaska 70 20.8 34.6 1.1 1.0 0.8-1.3 1.7 1.3-2.1 1.4 1.1-1.8
Greenland 33 79 14.2 0.8 0.5 0.3-0.6 0.8 0.5-1.1 0.6 04-09
Canada 20 8.6 21.0 0.7 0.6 0.4-0.9 1.0 0.6-1.6 0.8 0.5-1.3
1969-73  Circumpolar 19 8.8 19.4 0.9 0.6 04-1.0 11 0.7-18 1.0 0.6-1.5
Alaska 9 12.7 26.4 1.1 0.8 04-1.5 1.4 0.6-2.7 1.2 0.5-2.3
Greenland 8 8.2 16.9 1.2 0.6 0.3-1.2 11 0.5-2.2 0.9 04-1.8
Canada 2 4.3 7.9 0.2 0.4 0.0-1.3 0.6 0.1-2.2 0.5 0.1-19
1974-78  Circumpolar 25 10.6 20,2 0.9 0.6 04-09 1.0 0.7-1.5 0.9 0.6-1.3
Alaska 14 17.7 29.6 1.2 0.9 0.5-1.5 1.5 0.8-2.5 1.3 0.7-2.2
Greenland 7 6.8 13.0 0.7 0.4 0.2-0.9 0.7 0.3-14 0.6 0.2-1.2
Canada 4 73 17.3 0.7 0.5 0.1-14 0.9 0.2-23 0.8 0.2-19
1979-83  Circumpolar 35 13.7 24.9 0.9 0.7 0.5-1.0 1.2 08-1.7 1.0 0.7-14
Alaska 22 25.3 40.1 1.1 1.1 0.7-1.7 1.9 1.2-2.9 1.6 1.0-2.3
Greenland 7 6.6 10.9 0.7 0.4 0.1-0.7 0.6 02-1.2 0.5 0.2-1.0
Canada 6 9.5 18.3 1.1 0.7 03-1.5 1.2 04-2.5 0.9 0.3-2.0
1984-88  Circumpolar 44 15.7 27.8 0.9 0.7 0.5-1.0 1.2 09-1.7 1.0 0.7-1.3
Alaska 25 252 379 1.2 1.1 0.7-1.6 1.8 1.1-2.6 1.4 0.9-2.1
Greenland 11 9.8 16.9 0.7 0.5 0.2-0.8 08 04-14 0.6 0.3-1.1
Canada 8 11.6 30.6 0.8 0.7 03-1.4 12 0.5-2.3 0.9 04-18
Females 1969-88  Circumpolar 163 17.0 28.3 1.3 1.1 09-1.2 1.4 1.2-1.6 1.2 1.0-1.4
Alaska 97 29.6 49.3 2.4 1.8 1.5-2.2 2.4 1.9-29 2.1 1.7-2.6
Greenland 49 12.1 17.6 0.7 0.7 0.5-0.9 0.9 0.6-1.2 0.8 0.6-1.0
Canada 17 7.6 15.4 0.9 0.7 0.4-1.1 0.8 0.5-14 0.7 04-12
1969-73  Circumpolar 32 15.1 294 1.4 1.1 0.8-1.6 1.6 1.1-2.3 1.4 09-19
Alaska 12 17.2 33.6 1.6 1.3 0.7-2.3 1.8 09-3.1 1.5 0.8-2.7
Greenland 15 15.4 26.9 1.3 1.1 0.6-1.7 1.5 0.8-2.5 1.3 0.7-2.1
Canada ) 11.3 26.1 1.5 1.1 0.3-2.5 1.5 0.5-3.5 1.3 04-2.9
1974-78  Circumpolar 34 14.8 26.3 09 1.0 0.7-1.4 1.3 09-1.8 1.1 0.8-1.6
Alaska 18 234 44.6 0.5 1.6 09-2.5 2.0 1.2-3.2 1.8 1.1-2.8
Greenland 13 13.0 19.8 1.3 0.8 04-1.3 1.0 0.5-1.7 09 0.5-1.5
Canada 3 57 12.0 0.7 0.5 0.1-1.5 0.7 0.1-2.0 0.6 0.1-1.7
1979-83  Circumpolar 40 16.2 26.4 1.2 1.0 0.7-13 13 09-1.7 1.1 0.8-1.5
Alaska 26 31.1 50.5 2.7 1.9 1.2-2.7 2.4 1.6-3.5 2.1 1.4-3.1
Greenland 9 8.8 12.0 0.2 0.5 0.2-0.9 0.6 03-1.1 0.5 0.2-1.0
Canada 5 8.2 16.7 1.0 08 0.2-1.8 0.9 03-22 0.8 03-1.9
1984-88  Circumpolar 57 209 304 1.6 1.1 09-1.5 1.5 1.1-1.9 1.3 1.0-1.7
Alaska 41 422 61.0 4.0 2.2 1.6-3.0 2.9 2.1-4.0 2.6 1.9-35
Greenland 12 11.1 13.9 04 0.5 0.3-0.9 0.7 04-1.2 0.6 03-1.1
Canada 4 5.9 10.1 0.6 0.4 0.1-1.1 0.6 0.2-1.5 0.5 01-13

among both Inuit men and women is similar to that seen
in Denmark, with practically no cases below age 40 years
and a steep increase in incidence with increasing age, as for
any other carcinoma (Tables 4, 5). The rates, however,
were somewhat lower than those observed in the compari-
son populations, reflecting the overall lower incidence de-
scribed above.

A decreasing trend over time was seen for rectal cancer
among Inuit men (Fig. 7), with a small upturn in the most
recent time period. Among women, ASRs were stable at
around 8 per 100000 (Fig. 8). Incidence rates of rectal
cancer should always be interpreted by giving consider-

ation to possible misclassification of cancers of the recto-
sigmoid junction in the past, when pathological and en-
doscopy diagnostic methods were less frequently used.

High validity for diagnosis of rectal cancer was found
with an average of 88% histologically verified during the
entire study period, and 4% recorded from death certifi-
cates only (Table 2). These figures match those reported
from Denmark, Canada and Connecticut. No particular
improvement in histologic verification over time was found
that could explain the observed trends.

Discussion. Considerable international variation in inci-
dence of rectal cancer exists from ASRs of 22.7 per
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Fig. 5. Trends in cancer incidence among Inuit: ICD9 153 Colon,
Men.

100 000 among male Israeli Jews (US or European born)
to less than five in Africa, India and Asia (5). Among
females, Israeli Jews (US or European born) top the list at
15.9, while Indians, Arabs and Asians have the lowest
rates. Male and female Inuit populations, when combined,
experience ASRs similar to those observed in Japan and in
parts of Europe (UK, Spain, Hungary), close to average
ASRs world-wide. However, ASRs among female Inuit in
Alaska and Canada are among the highest in the world.
The large international variation and the close correla-
tion to colon cancer (23) have led to the suggestion that
colon and rectal cancers share risk factors (24), of which
diet is the most important (21, 25). These factors include:
a positive correlation with consumption of meat and ani-
mal fat, which may be mediated by exposure to faecal bile
acids excreted as a response to fat intake (23); alcohol —
particularly beer consumption described earlier by Breslow
& Enstrdm (26) and confirmed by many studies, most
recently by Newcomb et al. (27); medical conditions such
as familial polyposis; and inflammatory bowel disease.
Dietary differences likely exist among Inuit groups. If
colon and rectal cancers are taken together, ASRs were
highest in Alaska and second highest in Canada with
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Fig. 6. Trends in cancer incidence among Inuit: ICD9 153 Colon,
Women.

similar ASRs in Greenland. The diet of Alaskan Inuit may
differ from the other Inuit populations by including a
higher percentage of animal fat—either as a consequence
of a faster influx of dietary changes from the South or
because of hunting of land-based animals. Hunting is less
prevalent in Greenland, where traditional food items such
as fish, fish roe, fish liver, meat and blubber from whale
and seal, arctic birds and mutton are important food
constituents (10). While differences in alcohol consumption
may occur among the areas, alcohol consumption is
generally high, and the increase in alcohol consumption
in Greenland (1) does not correlate with a decreasing
trend in incidence of rectal cancer and the slight increase
in colon cancer. A recent study of Greenlandic migrants
to Denmark revealed that the risk of rectal cancer in-
creased dramatically (28). Differences in incidence rates
and trends between colon and rectal cancer should be
interpreted cautiously since misclassification between the
two sites undoubtedly occurs. The differences in rates and
trends between sexes in Canada are most likely due to
misclassification combined with chance variation from
small numbers, since ASRs for colorectal cancers com-
bined are relatively stable. Future studies should be aimed
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Table 7

Cancer in Circumpolar Inuit 19691988 by site (ICD 9). Total number of cases, crude-, age standardized (ASR world)- and cumulative (Cum
64) incidence rates by sex, region and 5-year time period. Standardized incidence ratios (SIR) and 95% confidence interval (95% CI)
compared with Connecticut, Denmark and Canada

154 Rectum Total Crude ASR Cum  Connecticut Denmark Canada
No. rate world 64

SIR  95% CI SIR  95% CI SIR  95% CI
Males 1969-88  Circumpolar 58 59 11.0 0.7 0.6 0.5-0.8 0.7 0.5-0.9 0.7 0.5-09
Alaska 28 8.3 14.0 0.9 0.8 0.5-1.1 0.9 0.6-1.2 0.9 0.6-1.3
Greenland 23 5.5 10.8 0.7 0.6 04-09 0.7 04-1.0 0.7 04-1.0
Canada 7 3.0 6.0 04 0.4 0.2-0.8 04 0.2-0.9 0.5 0.2-0.9
1969-73  Circumpolar 16 7.4 16.3 1.1 0.9 0.5-1.5 1.0 0.6-1.6 1.2 0.7-1.9
Alaska 8 11.3 21.4 1.5 1.2 0.5-2.3 1.3 0.6-2.6 1.5 0.7-3.0
Greenland S 5.1 10.5 0.9 0.7 02-15 0.7 0.2-1.7 0.8 0.3-2.0
Canada 3 6.4 14.4 0.8 0.9 02-2.6 1.0 0.2-2.8 1.1 0.2-3.3
1974-78  Circumpolar 13 5.5 10.7 0.6 0.6 0.3-1.0 0.7 03-1.1 0.7 04-13
Alaska 8 10.1 17.8 1.1 1.0 04-1.9 1.0 04-20 1.2 0.5-2.3
Greenland 3 2.9 6.1 04 0.3 0.1-1.0 04 0.1-1.0 04 0.1-1.2
Canada 2 36 6.8 0.2 0.5 0.1-1.8 0.5 0.1-1.9 0.6 0.1-2.1
1979-83  Circumpolar 10 39 7.5 0.6 0.4 02-0.8 04 0.2-0.8 04 0.2-0.8
Alaska 2 2.3 4.7 0.6 0.2 0.0-0.7 0.2 0.0-0.8 0.2 0.0-0.8
Greenland 6 5.7 11.4 0.6 0.6 02-1.3 0.6 0.2-14 0.6 0.2-1.4
Canada 2 32 5.6 0.6 04 0.0-1.6 0.5 0.1-1.8 0.5 0.1-1.7
1984-88  Circumpolar 19 6.8 11.5 0.6 0.7 0.4-1.1 0.8 0.5-1.2 0.7 0.4-1.1
Alaska 10 10.1 15.7 0.6 1.0 0.5-1.7 1.0 0.5-1.9 1.0 0.5-1.8
Greenland 9 8.0 13.2 0.8 0.8 04-1.5 0.9 04-1.7 0.8 04-1.5

Canada 0 0.0 0.0 0.0 0.0 - 0.0 - 0.0 -
Females 1969-88  Circumpolar 46 438 7.7 04 0.7 0.5-1.0 0.8 0.6-1.1 0.8 0.6-1.1
Alaska 20 6.1 10.0 0.4 0.9 06-1.4 1.0 0.6-1.6 1.0 0.6-1.6
Greenland 12 3.0 44 0.3 04 0.2-0.7 0.4 0.2-0.8 0.4 0.2-0.8
Canada 14 6.2 12.3 0.7 1.3 0.7-2.2 14 0.8-24 14 08-2.4
1969-73  Circumpolar 8 38 7.7 0.3 0.7 0.3-1.3 0.7 03-1.4 0.8 0.3-1.6
Alaska 4 5.7 10.4 1.0 1.0 0.3-2.7 1.1 0.3-2.7 1.2 03-32
Greenland 2 2.1 3.7 0.0 0.3 0.0-1.2 0.3 0.0-1.3 0.4 0.0-1.4
Canada 2 4.5 124 0.0 1.0 0.1-3.7 1.1 0.1-3.8 1.2 0.1-43
1974-78  Circumpolar 10 44 7.3 04 0.7 03-1.2 0.8 04-1.4 0.8 04-1.5
Alaska 4 5.2 10.0 0.2 0.8 02-2.0 0.9 0.2-23 1.0 0.3-2.5
Greenland 4 4.0 6.3 0.3 0.5 0.1-14 0.6 0.2-1.6 0.7 02-1.7
Canada 2 38 5.1 0.6 0.8 0.1-2.9 0.9 0.1-3.2 09 0.1-34
1979-83  Circumpolar 13 5.3 8.5 0.7 0.8 04-13 0.8 04-14 0.8 04-14
Alaska 4 48 7.7 0.1 0.7 0.2-1.8 0.8 0.2-1.9 0.7 02-19
Greenland 5 49 7.3 0.8 0.6 0.2-14 0.7 0.2-1.5 0.7 02-1.5
Canada 4 6.6 14.2 1.2 14 04-3.7 1.5 04-4.0 1.5 04-39
1984-88  Circumpolar 15 5.5 7.5 0.3 0.8 0.5-13 0.9 0.5-1.5 0.8 0.5-1.3
Alaska 8 8.2 10.6 0.3 1.2 0.5-2.3 1.3 0.6-2.6 1.2 0.5-24
Greenland 1 0.9 1.0 0.1 0.1 0.0-0.7 0.1 0.0-0.7 0.1 0.0-0.7
Canada 6 8.9 14.5 0.7 1.8 0.7-3.9 2.0 0.7-4.3 1.8 0.6-39

at elucidating dietary habits in
they relate to colo-rectal cancer.

the three populations as

Liver (ICD9-155)

Results. A total of 53 primary liver cancers among men
were recorded in the Circumpolar regions, the majority
among Alaskan Inuit (37 cases), followed by Greenland
(n=15), and only one among Canadian Inuit (Table 8).
The combined ASR of 8 per 100 000 comprises the high
Alaska ASR of 15.1, the Greenland ASR of 5.7, and the
Canada ASR of 1.0. The 16 cases occurring among women

were more evenly distributed among the three Inuit popu-
lations, as ASRs of 2.3, varying from 2.0 to 3.1, were
observed. Liver cancer was almost 4 times as frequent in
Inuit men than in women. The lifetime probability of liver
cancer based on the cumulative rate to age 64 was as high
as 0.5% in men and 0.1% in women.

Among Inuit men, the risk of liver cancer was 3-4 times
higher than in Connecticut, Denmark and Canada (Table
8). Only a slight decrease in the overall SIRs was seen over
time because a clearly decreasing incidence trend since
1969-73 in Alaska (Fig. 9), the area of highest incidence,
was matched by a clearly increasing trend among Green-
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Fig. 7. Trends in cancer incidence among Inuit: ICD9 154 Rec-
tum, Men.

land Inuit since 1974-1978. Moreover, the decrease in
primary liver cancer in Alaska was compensated by a
similar increase in gallbladder and biliary tract cancer (see
below), suggesting that some misclassification may have
occurred. In Inuit women, SIRs ranged between 1.5 and
2.6 and decreased from a range of 4 to 7 in the early
period (1969-1973) to between 1 and 2 in 1984-1988.
These trends are also apparent for the age-standardized
incidence rates (Fig. 10).

Age-specific incidence rates (Tables 4, 5) show an un-
usual pattern, where rates for children and young adults
under age 25, predominantly in Alaska, are 5-10 times the
combined world experience (5). This cluster in young Inuit
has been described earlier (29, 30). Otherwise, the age-spe-
cific incidence follows the normal pattern of carcinomas
with an increasing incidence by age.

The validity of diagnosis may be questioned, in particular
concerning liver, a frequent site of metastatic cancer. How-
ever, the histologic verification is as high as 93% (Table 2),
and only 3% (2 cases) was based on death certificates only
(among women in Canada and Greenland). Furthermore,
based on the data from Greenland and Alaska (10, 29), the
morphological types clearly belong to the liver.
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Fig. 8 Trends in cancer incidence among Inuit: ICD9 154 Rectum,
Women.

Discussion. World-wide, cancer of the liver is among the
most prevalent form of cancer, in many African and Asian
countries (31} exceeded only by lung and cervical cancer.
Compared to Connecticut, Denmark and Canada, SIRs
among Inuit were high. Inuit men have the 25th highest
incidence in the world (Alaskan 14th), and Inuit women
the 40th (5). The causes of liver cancer of relevance to the
Inuit populations are infection with hepatitis B virus
(HBYV) (32), and alcohol consumption or other exposures
leading to cirrhosis (33). Alcohol consumption among the
Inuit is a recognized and growing problem, and in Green-
land a consumption twice that of the Danish and three to
four times that of the other Nordic countries was reproted
(1, 10).

A viral etiology has been strongly implicated (29, 34) by
a high prevalence of HBV infection, resulting in initiation
of an HBV immunization programme in Alaska in 1983
(35). Although very successfully reducing the incidence of
HBYV infection from 215 to 14 per 100 000, this programme
is unlikely to have had any impact on the observed de-
crease in liver cancer incidence seen in Alaska in our data.
The low liver cancer incidence in Greenland is surprising,
considering the reported high prevalence of surface antigen
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Table 8

Cancer in Circumpolar Inuit 19691988 by site (ICD 9). Total number of cases, crude-, age standardized (ASR world)- and cumulative (Cum
64) incidence rates by sex, region and 5-year time period. Standardized incidence ratios (SIR) and 95% confidence interval (95% CI)
compared with Connecticut, Denmark and Canada

155 Liver Total Crude ASR Cum  Connecticut Denmark Canada
No. rate world

SIR  95% CI SIR  95% CI SIR  95% CI
Males 1969-88  Circumpolar 53 5.4 8.0 0.5 40 3.0-52 31 2.3-4.0 41 3.0-53
Alaska 37 11.0 15.1 1.1 72 51-99 5.5 39-76 74 52-102
Greenland 15 3.6 5.7 0.4 27 15-45 2.1 1.2-34 28 15-45
Canada 1 0.4 1.0 0.0 04 0.0-22 0.3 0.0-1.7 04 0.0-2.1
1969-73  Circumpolar 11 5.1 77 0.6 55 27-98 4.3 21-7.7 56 2.8-99
Alaska 9 12.7 18.1 1.7 121 5.5-229 9.6 44-18.1 122 5.6-23.1
Greenland 2 2.1 32 0.0 23 0.3-8.1 1.8 02-64 23 03-84

Canada 0 0.0 0.0 0.0 0.0 - 0.0 - 0.0 -
1974-78  Circumpolar 11 47 72 0.5 46 23-82 2.8 1.4-5.0 41 20-73
Alaska 8 10.1 14.0 1.1 87 38-17.2 53 2.3-10.5 79 3.4-155
Greenland 2 2.0 2.7 0.2 20 0.2-7.1 1.2 0.1-44 1.8 0.2-64
Canada 1 1.8 43 0.0 22 0.0-122 1.3 0.0-74 1.9 0.0-105
1979-83  Circumpolar 14 5.5 8.6 0.7 40 22-6.7 2.9 1.6-4.9 4.1 22-69
Alaska 10 11.5 16.5 1.4 72 34-132 5.2 25-9.6 76 3.6-13.9
Greenland 4 38 6.6 0.6 27 07-7.0 2.0 0.5-5.1 2.8 0.8-71

Canada 0 0.0 0.0 0.0 00 - 0.0 - 0.0 -
1984-88  Circumpolar 17 6.1 8.4 04 32 19-5.1 29 1.7-4.6 34 20-55
Alaska 10 10.1 12.2 04 48 23-88 4.2 2.0-7.8 52 2.5-96
Greenland 7 6.2 9.5 0.5 33 1.3-6.7 2.9 1.2-6.0 35 14-71

Canada 0 0.0 0.0 0.0 0.0 - 0.0 - 0.0 -
Females 1969-88  Circumpolar 16 1.7 2.3 0.1 26 1.5-42 1.5 0.8-24 23 1.3-37
Alaska 6 1.8 2.0 0.1 28 1.0-6.0 1.6 0.6-3.5 25 09-54
Greenland 7 1.7 24 0.1 24  1.0-5.0 1.4 0.6-2.8 21 09-44
Canada 3 1.3 3.1 0.2 26 05-7.5 1.5 0.3-4.5 23 05-69
1569-73  Circumpolar 6 2.8 5.1 0.4 6.7 24-14.6 38 1.4-8.4 49 1.8-10.7

Alaska 0 0.0 0.0 0.0 0.0 - 0.0 - 0.0 -
Greenland 4 4.1 6.6 04 9.1 25-234 5.1 14-13.1 6.7 1.8-17.1
Canada 2 4.5 13.7 0.9 126 1.4-454 7.4 0.8-26.8 9.2 1.0-33.2
1974-78  Circumpolar 4 1.7 2.5 03 29 08-73 1.6 04-4.0 25 0.7-64
Alaska 2 2.6 2.9 0.3 42 0.5-152 2.3 0.3-8.2 3.7 04-135
Greenland 1 1.0 1.6 0.2 1.5 0.0-8.4 0.8 0.0-4.6 1.3 0.0-72
Canada 1 1.9 39 04 39 0.1-217 2.2 00-123 35 0.0-194
1979-83  Circumpolar 2 0.8 0.6 0.0 1.1 0.1-39 0.6 0.1-2.3 1.1 0.1-4.0
Alaska 2 24 1.7 0.1 31 0.3-11.2 1.8 0.2-6.6 32 04-116

Greenland 0 0.0 0.0 0.0 00 - 0.0 - 0.0 -

Canada 0 0.0 0.0 0.0 0.0 - 0.0 - 0.0 -
1984-88  Circumpolar 4 1.5 2.0 0.0 1.9 0.5-50 1.2 03-29 1.7 0.5-44
Alaska 2 2.1 2.6 0.0 27 0.3-96 1.6 0.2-5.7 24 0.3-85
Greenland 2 1.9 2.5 0.0 22 0.3-80 1.3 0.1-4.6 1.9 02-69

Canada 0 0.0 0.0 0.0 00 - 0.0 - 0.0 -

to HBV among Greenlanders (36). The findings may be
due, in part, to underreporting of this cancer, either as an
unknown primary, or because cases were missed due to
poor survival rates for this cancer. However, differences in
age at infection may play an important role, and the
observation of liver cancer among young Inuit— particu-
larly in Alaska—1is intriguing.

Gallbladder and biliary tract (ICD9-156)

Results. The incidence of cancer of the gallbladder and
biliary tract among Inuit showed a female preponderance,
with, as elsewhere in the world (5), a male-female ratio of

around 0.6 (Table 9). The 23 cases among men and 42
cases among women gave rise to ASRs of 4.5 per 100 000
among men and 7.4 among women, which place the Inuit
as sixth and fifth highest in the world for men and women
respectively. American Indians from New Mexico have the
world’s highest rates, twice those for Inuit. Among men,
ASRs for Asian populations, Korean in Los Angeles and
Japanese are somewhat higher than those for Inuit, as are
ASRs for women in Poland and Colombia. Age-specific
incidence rates did not deviate from those expected, and
only one case was observed below the age range 40-44
(Tables 4, 5).

SIRs for both men and women were significantly in-
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Fig. 9. Trends in cancer incidence among Inuit: I[CD9 155 Liver,
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creased two-to-four fold in comparison to the populations
of Connecticut, Denmark and Canada (Table 9). The
increase, however, was based entirely on the cases from
Alaska which, as for cancer of the liver, accounted for
more than half of the total number of Circumpolar cancers
of the gallbladder and biliary tract.

Time trends (Fig. 11, 12) differed among men and
women. Although ASRs were based on few cases, the two
largest contributors, Alaska and Greenland, agreed on the
general trend of a decrease among women and an increase
among men. Liver and biliary tract cancers were both on
the decrease among women, whereas the opposite trend
was found in men with a decrease for liver and an increase
for gallbladder and biliary tract cancer. Although this
observation could result from cross-classification of cancer
between sites, both Boss et al. (37) and Prener et al. (10)
showed a remarkable sex differential in subsites, with
gallbladder appearing as virtually the only site in biliary
tract cancer among Inuit women. In the Greenland series
(10), half of the biliary tract cancers among men were
found in the Ampulla of Vater contrary to women where
only one case ( < 10%) was found in this location. Among
the Circumpolar Inuit, 95% of cases were histologically
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verified (Table 2), with no variation occurring among Inuit
populations or over time.

Discussion. High incidence rates of biliary tract cancer
reported among New Mexican Indians and Alaskan Na-
tives (37) were found in Alaska to coincide with a high
incidence of non-malignant gallbladder disease identified
among cholelcystectomized patients. Earlier reports from
Canada (7) and Greenland (10) did not show the same
high rates, and the differences among the Inuit populations
still remain. Boss et al. speculated (37) on whether a
genetic component from intermarriage between Inuit and
Indians in Alaska could account for the differences, but
this explanation was discarded by the authors due to
limited intermarriage between the ethnic groups.

Gallbladder cancer and gall-stones share epidemiologic
characteristics (38). Obesity, dietary fat, low fibre diet,
cholesterol and carbohydrates have been mentioned as
possible causes, but no firm evidence of a link exists. A
high fat, low fibre diet mediated by bile acid metabolism is
believed to play a role in colo-rectal cancers (see above),
cancers where the Alaskan Inuit have the highest inci-
dence. Thus, differences in diet among the Inuit groups
may offer an explanation.
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Table 9

Cancer in Circumpolar Inuit 1969—1988 by site (ICD 9). Total number of cases, crude-, age standardized (ASR world)- and cumulative (Cum
64) incidence rates by sex, region and 5-year time period. Standardized incidence ratios (SIR) and 95% confidence interval (95% CI)
compared with Connecticut, Denmark and Canada

156 Gali bladder Total Crude ASR Cum  Connecticut Denmark Canada
No. rate world 64

SIR  95% CI SIR  95% CI SIR  95% CI
Males 1969-88  Circumpolar 23 2.3 4.5 0.3 24 1.5-3.5 2.2 14-33 2.5 1.6-3.7
Alaska 13 39 6.9 0.4 33 1.8-5.7 32 1.7-5.4 3.5 1.9-6.1
Greenland 7 1.7 2.8 0.2 1.7 0.7-36 16 0.7-33 1.8 0.7-3.8
Canada 3 1.3 2.5 0.1 1.7 0.3-4.8 1.5 0.3-4.5 1.7 0.3-5.1
1969-73  Circumpolar 4 1.9 44 0.1 1.9 0.5-4.9 1.9 0.5-4.8 2.6 0.7-6.7
Alaska 2 2.8 5.3 0.0 2.5 0.3-9.0 24 0.3-8.38 34 04-12.3
Greenland 2 2.1 4.2 0.2 22 0.2-8.0 2.2 0.2-7.9 3.0 0.3-11.0
Canada 0 0.0 0.0 0.0 0.0 - 0.0 ~ 0.0 -
1974-78  Circumpolar 2 0.8 1.9 0.0 1.0 0.1-3.4 0.8 0.1-2.8 1.0 0.1-3.6
Alaska 1 1.3 2.3 0.0 1.2 0.0-6.7 1.0 0.0-54 1.3 0.0-7.0
Greenland 0 0.0 0.0 0.0 0.0 - 0.0 - 0.0 -
Canada 1 1.8 43 0.0 2.5 00-142 21 0.0-11.5 2.6 0.0-14.7
1979-83  Circumpolar 6 23 4.1 0.2 2.0 0.7-44 22 0.8-4.9 2.2 0.8-4.8
Alaska 4 4.6 7.7 0.5 33 0.9-8.3 37 1.0-9.5 37 1.0-9.4
Greenland 1 0.9 1.1 0.1 0.8 0.0-4.5 0.9 0.0-5.0 0.9 0.0-49
Canada 1 1.6 2.4 0.2 1.9 0.0-10.5 2.1 0.0-11.5 2.0 0.0-11.4
1984-88  Circumpolar 11 39 7.0 0.6 43 2.1-7.7 3.7 1.9-6.7 3.7 1.8-6.6
Alaska 6 6.1 10.3 0.9 5.7 2.1-12.5 5.1 1.8-11.0 5.0 1.8-10.9
Greenland 4 3.6 5.7 04 19 1.0-99 34 0.9-8.6 33 0.9-8.5
Canada 1 1.5 2.1 0.2 2.0 0.0-11.3 1.8 0.0-9.8 1.8 0.0-9.7
Females 1969-88  Circumpolar 42 4.4 7.4 0.4 3.6 2.6-4.8 2.2 1.6-3.0 32 23-43
Alaska 27 8.2 13.4 0.6 6.6 44-96 42 2.7-6.0 59 39-8.6
Greenland 10 2.5 3.6 0.3 1.8 0.8-3.2 1.1 0.5-2.0 1.6 0.8-2.9
Capada 5 22 5.1 0.2 2.6 0.8-6.0 1.6 0.5-3.7 23 0.7-53
1969-73  Circumpolar 10 4.7 9.3 0.6 3.8 1.8-6.9 2.5 1.2-4.6 39 1.8-7.1
Alaska 7 10.0 18.7 1.5 8.0 3.2-16.6 52 2.1-10.8 8.3 3.3-17.0
Greenland 3 3.1 52 0.4 22 04-6.5 1.5 0.3-44 2.3 0.5-6.7
Canada 0 0.0 0.0 0.0 0.0 - 0.0 - 0.0 -
1974-78  Circumpolar 11 438 8.7 0.4 42 2.1-7.5 2.3 1.2-42 39 20-71
Alaska 7 9.1 16.9 0.6 7.8 3.1-16.0 44 1.8-9.0 7.4 3.0-15.2
Greenland 3 3.0 4.8 04 2.3 0.5-6.8 1.3 0.3-3.8 2.2 04-6.4
Canada 1 19 34 0.3 23 0.0-12.8 1.3 0.0-7.2 2.2 0.0-12.0
1979-83  Circumpolar 11 4.5 74 0.3 3.6 1.8-6.4 22 1.1-4.0 3.1 1.5-5.5
Alaska 5 6.0 9.1 0.2 4.7 1.5-11.0 3.0 1.0-6.9 4.1 1.3-9.6
Greenland 3 29 4.6 04 20 04-5.7 12 0.2-36 1.7 0.3-50
Canada 3 49 14.7 0.4 6.2 1.3-18.2 3.8 0.8-11.0 52 1.0-15.2
1984-88  Circumpolar 10 37 5.1 0.2 3.0 1.4-5.5 2.0 0.9-3.6 24 1.1-4.3
Alaska 8 8.2 10.9 0.3 6.4 2.8-12.7 42 1.8-8.4 5.1 2.2-10.1
Greenland 1 0.9 1.0 0.1 0.7 0.0-3.6 0.4 0.0-2.4 0.5 0.0-29
Canada 1 1.5 3.0 0.0 1.7 0.0-9.5 1.1 0.0-6.3 1.3 0.0-7.4

Pancreas (ICD9-157)

Results. A total of 94 pancreatic cancers were reported
during the study period, 49 in men and 45 in women
(Table 10). Incidence rates among Inuit men were highest
in Alaska and Greenland in the earlier years, and although
the lowest ASRs occurred among Canadian Inuit in all
four time periods, the Canadian ASRs moved closer over
time to those for Alaska and Greenland (Fig. 13). Among
Inuit women (Fig. 14) ASRs were comparable for Alaska
and Greenland, with Canadian rates fluctuating widely.

Age-specific incidence rates for Inuit (Tables 4, 5) did
not deviate from international patterns (5). However,
ASRs did place Inuit women in the top ten and Inuit men
in the top 20 of incidence registries world-wide. SIRs for
pancreatic cancer revealed no significant differences among
the Inuit and comparison populations.

Cancer of the pancreas is difficult to treat by surgery,
and biopsy is less frequently used for diagnosis because of
possible complications from proteolytic enzymes floating
from the biopsy site into the abdominal cavity. Conse-
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Table 10

Cancer in Circumpolar Inuit 1969- 1988 by site (ICD 9). Total number of cases, crude-, age standardized (ASR world)- and cumulative (Cum
64) incidence rates by sex, region and 5-year time period. Standardized incidence ratios (SIR) and 95% confidence interval (95% CI)
compared with Connecticut, Denmark and Canada

157 Pancreas Total Crude ASR Cum  Connecticut Denmark Canada
No. rate world 64

SIR  95% CI SIR  95% CI SIR  95% CI
Males 1969-88  Circumpolar 49 5.0 9.1 0.5 1.1 08-1.4 1.0 0.8-1.3 I.1 08-1.5
Alaska 21 6.2 10.4 0.6 1.2 0.7-1.8 1.1 0.7-1.7 1.2 0.7-18
Greenland 23 55 10.2 0.6 1.2 0.8-1.8 1.1 0.7-1.7 1.2 0.8-1.8
Canada 5 2.1 43 0.3 0.6 02-1.4 0.5 0.2-1.3 0.6 02-14
1969-73  Circumpolar 13 6.0 13.7 0.9 1.5 0.8-2.5 1.3 0.7-2.3 1.5 0.8-2.6
Alaska 5 7.0 15.7 0.6 1.5 0.5-3.4 1.4 04-32 1.6 0.5-3.7
Greenland 7 72 14.5 1.2 1.8 0.7-3.8 1.7 0.7-3.5 1.9 0.8-4.0
Canada 1 2.1 6.6 0.8 0.6 0.0-3.3 0.5 0.0-3.0 0.6 0.0-3.5
1974-78  Circumpolar 10 4.2 79 0.4 0.9 04-1.7 09 0.4-1.6 1.0 0.5-1.9
Alaska 5 6.3 1i.1 0.5 1.2 04-2.8 1.1 0.4-2.6 1.3 04-3.0
Greenland 5 4.9 9.3 0.6 1.1 04-2.6 1.0 03-2.4 1.2 04-2.8
Canada 0 0.0 0.0 0.0 0.0 - 0.0 - 0.0 -~
1979-83  Circumpolar 14 5.5 9.3 04 1.2 0.7-2.0 1.1 0.6-1.8 1.1 0.6-1.9
Alaska 6 6.9 10.5 0.5 1.3 0.5-2.8 1.2 0.4-2.5 1.2 04-2.6
Greenland 5 47 9.4 0.2 1.0 0.3-24 0.9 0.3-2.2 1.0 03-2.2
Canada 3 4.7 79 0.8 14 0.3-4.1 1.3 03-3.7 1.3 0.3-3.8
1984-88  Circumpolar 12 4.3 72 0.5 0.9 0.5-1.6 0.9 04-1.5 09 0.5-1.5
Alaska 5 5.0 7.7 0.8 0.9 0.3-2.2 0.9 0.3-2.1 0.9 0.3-2.1
Greenland 6 53 8.5 0.5 1.1 04-24 1.0 0.4-23 1.1 0.4-23
Canada 1 1.5 3.8 0.0 0.4 0.0-2.1 0.4 0.0-2.0 0.4 0.0-2.1
Females 1969-88  Circumpolar 45 4.7 7.3 0.5 1.3 09-1.7 1.2 09-1.6 1.4 1.0-1.9
Alaska 15 4.6 73 0.5 1.2 0.7-2.0 1.1 0.6-19 14 08-2.3
Greenland 23 57 7.8 0.5 1.3 09-2.0 1.2 0.8-1.9 1.5 1.0-2.3
Canada 7 3.1 6.2 0.6 1.2 05-2.4 [.1 04-22 1.3 0.5-2.7
1969-73  Circumpolar 6 2.8 5.0 0.2 0.9 03-2.0 0.8 03-18 1.1 04-24
Alaska 3 43 6.2 0.5 1.4 0.3-4.2 1.3 0.3-3.7 1.7 0.3-4.8
Greenland 3 3.1 5.5 0.1 0.9 0.2-2.7 0.8 0.2-25 1.1 02--32
Canada 0 0.0 0.0 0.0 0.0 - 0.0 - 0.0 -
1974-78  Circumpolar 12 52 8.3 0.5 1.6 0.8-2.8 1.5 0.7-2.5 1.8 09-3.1
Alaska 3 39 6.4 0.2 1.2 02-3.4 1.1 0.2-3.1 1.3 0.3-39
Greenland 5 5.0 7.0 0.5 1.3 0.4-3.1 1.2 04-29 1.5 0.5-3.5
Canada 4 7.6 14.7 0.9 32 0.9-8.1 29 0.8-7.5 3.6 1.0-9.1
1979-83  Circumpolar 15 6.1 9.6 0.7 1.6 0.9-2.6 14 0.8-2.3 1.7 1.0-2.9
Alaska 3 36 5.8 0.0 0.9 02-2.7 0.8 02-24 1.0 02-29
Greenland 9 8.8 11.5 0.8 1.9 09-3.7 1.7 0.8-3.2 2.1 1.0-4.0
Canada 3 49 11.2 1.4 2.0 04-5.7 1.7 0.3-5.0 2.1 04-6.2
198488  Circumpolar 12 4.4 6.1 0.5 1.0 0.5-1.8 1.0 0.5-1.7 1.1 0.6-2.0
Alaska 6 6.2 9.8 0.9 1.4 0.5-3.0 1.4 0.5-2.9 1.5 0.6-3.3
Greenland 6 5.6 6.1 0.5 1.1 04-2.4 1.1 0.4-2.4 1.2 0.5-2.7
Canada 0 0.0 0.0 0.0 0.0 - 0.0 - 0.0 -~

quently, other diagnostic procedures, such as ultrasound,
are used. As a result, a low proportion of cases was
histologically verified (61%), with 33% verified by other
means, and 6% by death certificate only (Table 2). These
findings are similar to the Danish experience where in 1989
about 20% were diagnosed without histology, and 2%
from death certificates (39). Although more cases were
diagnosed in Greenland by other means than histology
compared to the other areas, no apparent change in diag-
nostic procedure occurred during the study period in any
of the three Inuit populations.

Discussion. Cancer of the pancreas comprises about 3%
of incident cases in the developed countries (18). The

highest incidence rates in the world have been recorded
among black populations in the USA, with ASRs fre-
quently about 15 per 100 000 for men and 10 per 100 000
for women. In contrast, ASRs less than one-third that rate
are found among Chinese in Singapore, Hong Kong and
Tianjin, while intermediate rates predominate in Caus-
casian populations in northern Europe and the USA, and
among Chinese in the San Francisco Bay Area (5).

The high incidence of pancreatic cancer in the Inuit
populations was not unexpected, given that the best de-
scribed risk factors are smoking and alcohol (40). Up to
30% of all pancreatic cancers world-wide can be attributed
to cigarette smoking (41-46). Use of tobacco, particularly
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cigarette smoking, has long been prevalent in all Inuit
populations and in both sexes (7, 10, 47-52). Beer drink-
ing, diabetes mellitus and gall-stones due to a fatty diet,
have also been identified as risk factors (41). Both the
alcohol-related etiology for pancreatic cancer, and its rela-
tion to gall-stones correlates well with the cancers observed
in excess among Inuit (oesophagus, colo-rectal, liver and
gall-bladder and biliary tract). The widespread exposure to
alcohol and smoking in the comparative populations
largely explains our observation that the incidence of
pancreatic cancer among the Inuit does not deviate from
that of Connecticut, Canada and Denmark.

Detailed tabular material by 5-year calendar periods
19691988 is available upon request. Please contact the
Danish Cancer Registry, Danish Cancer Society, Strand-
boulevarden 49, DK-2100 Copenhagen, Denmark.

ACKNOWLEDGEMENT

This project was supported by the Danish Cancer Society
(Grant No. 90-7617).

REFERENCES

1. Nielsen NH, Storm HH. Cancer in Circumpolar Inuit. Back-
ground information for the cancer pattern in Greenland. Acta
Oncol 1996; 35: 535-7.

2. Gaudette LA, Freitag S, Dufour R, Baikie M, Gao RN,
Wideman M. Cancer in Circumpolar Inuit. Background infor-
mation for cancer patterns in Canadian Inuit. Acta Oncol
1996; 35: 527-33.

3. Lanier A. Cancer in Circumpolar Inuit. Background informa-
tion for Alaska. Acta Oncol 1996; 35: 523-5.

4. Nielsen NH, Storm HH, Christensen N, Gaudette G, Lanier
AP. Cancer among Circumpolar Inuit 1969-1988. Introduc-
tion and methods. Acta Oncol 1996; 35: 539-43.

5. Muir C, Waterhouse J, Mack T, Powell J, Whelan S. Cancer
incidence in five continents. Volume V, IARC Scientific Publi-
cations No. 88, Lyon, 1987.

6. Day N, Munoz N. Esophagus. Cancer Epidemiology and
Prevention. In: Schottenfeld D, Fraumeni JF JR, eds.
Philadelphia: W.B. Saunders, 1982: 596-622.

7. Schaefer O, Hildes JA, Medd LM, Cameron DG. The chang-
ing pattern of neoplastic disease in Canadian Eskimos. Can
Med Assoc J 1975; 112: 1399404,

8. Lanier AP, Kilkenny SJ, Wilson JF. Oesophageal cancer
among Alaskan natives. Int J Epidemiol 1985; 14: 75-8.

9. Nielsen NH, Mikkelsen F, Hansen JPH. Oesophageal cancer
in Greenland. Selected epidemiological and clinical aspects. J
Cancer Res Clin Oncol 1979; 94: 69-80.

10. Prener A, Nielsen NH, Storm HH, Hansen JPH, Jensen OM.
Cancer in Greenland 1953-1985. APMIS 1991; 99 (Suppl.
20): 1-79.

11. Poirier S, Ohshima H, de-Thé G, Hubert A, Bourgade MC,
Bartch H. Volatile nitrosamine levels in common foods from
Tunisia, South China and Greenland, high-risk areas for
nesopharyngeal carcinoma. Int J Cancer 1987; 39: 293-6.

12. Correa P, Fontham E, Pickle LW, Chen V, Lin Y, Haenszel,
W. Dietary determinants of gastric cancer in south Louisiana
inhabitants. J Natl Cancer Inst 1985; 75: 645-54.

INUIT CANCERS OF DIGESTIVE SYSTEM 569

13. Haenszel W, Kurihara M, Locke FB, Shimizu K, Segi M.
Stomach cancer in Japan. J Natl Cancer Inst 1976; 56: 265-
78.

14. La Vecchia C, De Carli A, Franceschi S, Gentile A, Negri E,
Parazzini F. Dietary factors and the risk of breast cancer.
Nutr Cancer 1987; 10: 205-14.

15. Tricopoulos D, Ouranos G, Day N, et al. Diet and cancer of
the stomach: a case-control study in Greece. Int J Cancer
1985; 36: 291-7.

16. You MC, Blot WI, Chang YS, et al. Diet and high risk of
stomach cancer in Shandong, China. Cancer Res 1988; 48:
3518-23.

17. Bartsch H, Ohshima H, Pignatelli B. Inhibitors of endogenous
nitrosation. Mechanism and implications in human cancer
prevention. Mutat Res 1988; 202: 307-24.

18. Tomatis L, Aitio A, Day N, et al. Cancer, causes, occurrence
and control. IARC, Lyon, 1990.

19. Lanier AP, Bender TR, Blot WJ, Fraumeni JF, Hurlbert WB.
Cancer incidence in Alaskan natives. Int J Cancer 1976; 18:
409-12.

20. Nielsen NH, Hansen JPH. Gastric and colo-rectal cancer in
Greenland. Diagnostic basis and minimum incidence. Scand J
Gastroenterol 1979; 14: 697-703.

21. Miller AB, Howe GR, Jain M, Craib KJ, Harrison L. Food
items and food groups as risk factors in a case-control study
of diet and colorectal cancer. Int J Cancer 1983; 32: 155-61.

22. Tuyns AJ, Kaaks R, Haelterman M. Colorectal cancer and
the consumption of foods: a case-control study in Belgium.
Nutr Cancer 1988; 11: 189-204.

23, Hill MJ. The etiology of colon cancer. Crit Rev Toxicology
1975; 4: 31-82.

24. Schottenfeld D, Winawer SJ. Large intestine. In: Schottenfeld
D, Fraumeni JF Jr, eds. Cancer epidemiology and prevention.
Philadelphia: W.B. Sauders, 1982: 703-27.

25. Graham S, Dayal H, Swanson M, Mittelman A, Wilkinson G.
Diet in the epidemiology of cancer of the colon and rectum.
INCI 1978; 61: 709-14.

26. Breslow NE, Enstrom JE. Geographic correlations between
cancer mortality rates and alcohol-tobacco consumption in
the United States. J Natl Cancer Inst 1974; 53: 631-9.

27. Newcomb PA, Storer BE, Marcus PM. Cancer of the large
bowel in women in relation to alcohol consumption: a case-
control study in Wisconsin (United States). Cancer Causes
Control. 1993; 4: 405-11.

28. Prener A, Nielsen NH, Hansen JPH, Jensen, OM. Cancer
pattern among Greenlandic Inuit migrants in Denmark,
1968—-1982. Br J Cancer 1987; 56: 679-84.

29. Lanier AP, McMahon BJ, Alberts SR, Popper H, Heyward
WL. Primary liver cancer in Alaskan Natives. 1987; 60:
1915-20.

30. Alberts SR, Lanier AP, McMahon, BJ, et al. Clustering of
hepatocellular carcinoma in Alaska native families. Genet
Epidemio! 1991; 8: 127-39.

31. Szmuness W. Hepatocellular carcinoma and hepatitis Bvirus:
evidence for a dausal association. Prog Med Virol 1978;
40-69.

33. Tuyns AJ. Alcohol. In: Schottenfeld D, Fraumeni JF Jr, eds.
Cancer epidemiology and prevention. Philadelphia: W.B.
Saunders, 1982: 293-303.

34. Barret DH, Burks JM, MacMahon B, Elliot S, Berquist KR,
Bender TR, Maynard JE. Alaskan communities. Am J Epi-
demiol 1977; 105: 118-22.

35. McMahon BJ, Rhoades ER, Heyward WL. A comprehensive
programme to reduce the incidence of hepatitis B virus infec-
tion and its sequelae in Alaskan Natives. Lancet 1987; 6568:
1134-6.



570

36.

37.

38.

39.

40.

41.

42.

43.

H. H. STORM AND N, H. NIELSEN

Melbye M, Skinhej P, Vestergaard BF, Ebbesen P, Hansen
JPH, Biggar RR. Virus-associated cancers in Greenland: Fre-
quent hepatitis B virus infection but low primary hepatocellu-
lar carcinoma incidence. J Natl Cancer Inst 1984; 73:
1267 -72.

Boss LP, Lanier AP, Dohan PH, Bender TR. Cancers of the
Gallbladder and Biliary Tract in Alaskan Natives: 1970-79.
J Natl Cancer Inst 1982; 69: 1005-7.

Fraumeni JF Jr, Kantor AF. Biliary tract. In: Schottenfeld D,
Fraumeni JF Jr, eds. Cancer epidemiology and prevention.
Philadelphia: W.B. Saunders, 1982: 554—63.

Storm HH, Manders T, Friis S, Bang S. Cancer Incidence in
Denmark 1989. Danish Cancer Society, Copenhagen, 1992.
Mack TM. Pancreas. In: Schottenfeld D, Fraumeni JF Jr, eds.
Cancer epidemiology and prevention. Philadelphia: W.B.
Saunders, 1982: 638-67.

Cuzick J, Babiker AG. Pancreatic cancer, alcohol, diabetes
mellitus and gall-bladder disease. Int J Cancer 1989; 43:
415-21.

Mack TM, Yu MC, Hanisch R, Henderson BE. Pancreas
cancer and smoking, beverage consumption and past medical
history. J Natl Cancer Inst 1986; 76: 49-60.

MacMahon B, Yen S, Tricopoulos D, Warren K, Nardi G.
Coffee and cancer of the pancreas. N Engl J Med 1981; 304:
630--3.

44,

45.

46.

47.

48.

49.

50.

51.

52.

Acta Oncologica 35 (1996)

Raymond L, Infante F, Tuyns AJ, Voirol M, Lowenfels AB.
Alimentation et cancer du pancreas. Gastroenterol Clin Biol
1987; 11: 488-92.

Wynder EL, Mabuchi K, Maruchi N, Fortner JG. Epidemiol-
ogy of cancer in the pancreas. J Natl Cancer Inst 1973; 50:
645-67.

Wynder EL, Hall NEL, Polansky M. Epidemiology of coffee
and pancreatic cancer. Cancer Res 1983; 43: 3900-6.

Kjzr SK, Teisen C, Haugaard BJ, et al. Risk factors for
cervical cancer in Greenland and Denmark. A population
based cross sectional study. Int J Cancer 1989; 44: 40-7.
Lanier AP, Bulkow LR, Ireland B. Cancer in Alaskan
Indians, Eskimos, and Aleuts, 1969-83: Implications for
etiology and control. Public Health Reports, 1989; 104: 658
64.

Lanier AP, Bulkow LR, Novotny TE, Giovino GA, Davis
RM. Tobacco use and its consequences in northern popula-
tions. Arct Med Res 1990; 49 (Suppl 2): 17-22.

Misfeldt J. Trends in tobacco consumption in Greenland and
a suggestion for plan of action. Arct Med Res 1990; 49
(Suppl. 2): 29-31.

Nielsen NH, Hansen JPH. Lung cancer in Greenland. J Can
Res Clin Oncol 1982; 104: 295-305.

Millar WJ. Smoking prevalence in the Canadian Arctic. Arct
Med Res 1990; 49 (Suppl. 2): 23-8.



