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Abstract
Objective-To quantify the eventual extra
loss of life incurred to cancer patients in
Estonia compared with those in Sweden
that was possibly attributable to differ-
ences in society.
Design-Population based survival ofcan-
cer patients in Estonia was compared with
that of Estonian immigrants to Sweden
and that of all cancer patients in Sweden.
The cancer sites studied were female
breast and ovary, male lung and prostate,
and male and female stomach and colon.
Setting-Data on incident cases of cancer
were obtained from the population based
Swedish and Estonian cancer registries.
Participants-Data from Estonian
patients in Sweden, Estonian patients in
Estonia, and patients from the total Swed-
ish population were included in the study.
Main results-Differences in survival
among the three populations, controlling
for follow up time and age at diagnosis,
were observed in breast, colon, lung,
ovarian, and prostate cancers. The sur-
vival rates of Estonians living in Sweden
and the total population of Sweden were
better than that of the Estonians living in
Estonia. For cancers of the breast and
prostate, the excess mortality in the older
age group (75 and above) was much greater
in Estonia than in the other populations.
Conclusions-Most differences in cancer
survival between the Estonian and Swed-
ish populations studied could be attributed
to a longer delay in diagnosis, and also
to inferior treatment (including access to
treatment) in Estonia compared with Swe-
den. Estonia's lag in socioeconomic de-
velopment, particularly in its public health
organisation and funding, is probably the
main source of the differences observed.

(J7 Epidemiol Community Health 1997;51:41 8-423)

We compared cancer survival in the population
of Estonians who emigrated to (in fact, took
refuge in) Sweden in 1944-45 with that in the
total Swedish population and with that in the
Estonian population in Estonia. It has been
reported2 that breast cancer is diagnosed in
advanced stages more often in Estonia than in
Finland, which suggests that diagnostic delay
is longer in Estonia than in Finland. Assuming
the same is true for Estonia and Sweden, and
that the treatment of cancer is inferior in Es-
tonia to that in Sweden, it can be expected that
survival will be higher for Estonian patients
living in Sweden than those living in Estonia.

In addition, survival of Estonian patients living
in Sweden will be similar to that of all patients
in Sweden.

Methods
Data on incident cases of cancer were obtained
from the Swedish Cancer Registry3 for the
Swedish residents (patients diagnosed 1974-
86) and from the Estonian Cancer Registry4
for the Estonian residents (patients diagnosed
1979-85). Both registries are population based
and cover the entire country. The sites studied
were stomach and colon, female breast and
ovary, and male lung and prostate. For the
Estonians in Sweden and the Estonians in Es-
tonia, all cases for all six sites were included in
the analysis. For the total Swedish population,
every fifth case for each site was included,
except for ovarian cancer where every second
case was included.
Each cancer patient was followed up for

death through death certification, obtained in
Sweden from the National Bureau of Statistics
(NBS) death register, and in Estonia from the
State Statistical Office. The follow up ended
either with the death of the patient, or on
December 31, 1988 for Estonians in Sweden,
on December 31, 1989 for the Estonians in
Estonia, and on December 31, 1991 for the
Swedish population. The numbers of patients
lost to follow up during the first five years were
58 for Estonians in Sweden, nine for Estonians
in Estonia, and 39 patients from the total Swed-
ish population. For these patients, the date of
the last contact was used as the end of follow
up. The cancer cases based on autopsy or
death certificate only were excluded from the
analyses.

Relative survival was analysed using a com-
puter program package for cancer survival stud-
ies.5 The relative survival rate is the ratio of the
observed to the expected survival in a com-
parable general population, taking into account
population, age, sex, and calendar period.6 The
excess mortality rate is 1 -the relative survival
rate. We have used here the annual excess
mortality rates (after diagnosis):

* Excess mortality rate (EMR) year 1 = 1
minus the cumulative relative survival rate
(CRSR) year 1 (EMR1= 1-CRSRD).

* For years 2 to 5 the EMR+, =
(CRSR -CRSR.+ )/CRSKR, i= 1,2,3,4,5
years.

The expected survival probabilities for the
Estonians in Sweden and for the total Swedish
population were provided by the NBS, and
values for the Estonians in Estonia by the
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Table 1 Number ofpatients at the beginning offollow up and number of deaths during
the first five years offollow up in the total Swedish population (cancer diagnosed
1974-86), in Estonians in Sweden (cancer diagnosed 1974-86), and in Estonians in
Estonia (cancer diagnosed 1979-85) in relation to site, age group, and sex

Site Age (y) General Swedish Estonian migrants Estonians in
population in Sweden Estonia

No of No of No of No of No of No of
cases deaths cases deaths cases deaths

Female breast -44 933 237 14 1 278 109
45-64 3814 1033 56 15 845 349
65-74 2656 861 36 15 372 186
75 + 2705 1511 34 17 258 182

Total 10108 3642 142 48 1753 826
Male stomach -44 38 31 1 - 69 51

45-64 591 486 27 19 525 443
65-74 993 891 29 26 436 394
75 + 1127 1061 31 30 278 264

Total 2749 2469 88 75 1308 1152
Female stomach -44 50 44 4 4 63 55

45-64 311 265 11 8 322 262
65-74 474 404 17 13 384 335
75+ 918 851 36 34 360 343

Total 1753 1564 68 59 1129 995
Male colon -44 81 32 - - 20 13

45-64 685 402 24 14 133 80
65-74 1010 664 23 11 119 96
75 + 1225 1008 30 26 95 87

Total 3001 2106 77 51 367 276
Female colon -44 139 45 1 - 34 20

45-64 723 375 16 10 193 118
65-74 980 558 29 16 213 141
75+ 1541 1166 49 42 169 141

Total 3383 2144 95 68 609 420
Male lung -44 76 68 3 3 78 69

45-64 1301 1166 43 37 1025 959
65-74 1695 1588 47 47 714 701
75+ 1233 1219 38 38 335 330

Total 4305 4041 131 125 2152 2059
Ovary -44 613 194 3 - 73 33

45-64 2555 1497 15 8 327 237
65-74 1603 1173 12 8 208 181
75+ 1237 1065 12 12 143 131

Total 6008 3229 42 28 751 582
Prostate -44 3 3 - - 2 2

45-64 1160 544 55 14 133 87
65-74 3426 1855 70 34 341 250
75+ 4543 3317 38 24 246 209

Total 9132 5719 163 72 722 548

Table 2 The five year observed and relative survival rates (%) ofpatients from the total
Swedish population (cancer diagnosed 1974-86), Estonians in Sweden (cancer diagnosed
1974-86), and Estonians in Estonia (cancer diagnosed 1979-85) in relation to site and
sex

Site Sex General Swedish Estonian migrants Estonians in
population in Sweden Estonia

Observed Relative Observed Relative Observed Relative

Breast Female 63.9 75.0 63.4 73.6 52.4 58.0
Stomach Male 10.1 12.8 14.5 19.4 11.8 14.8

"$ Female 10.7 16.5 12.4 17.1 11.8 13.8
Colon Male 29.7 37.5 31.8 43.2 24.4 30.9

"13 Female 36.6 53.2 27.9 38.0 30.9 36.3
Lung Male 6.0 7.2 4.6 6.0 4.2 5.2
Ovary Female 34.5 39.3 34.9 40.8 22.4 24.7
Prostate Male 37.3 56.1 52.7 61.8 23.5 34.2

Estonian Inter-University Population Research
Center.

Regression analyses of the hazard functions,
(excess mortality functions), as developed by
Hakulinen and Tenkanen,7 were performed
using GLIM software.8 Categorical background
factors studied were: follow up time (EU) in
years (1, 2, 3, 4, 5), age in years (0-44, 45-64,
65-74, 75+), sex (male, female), and popu-
lation (Estonians in Sweden, Estonians in Es-
tonia, and the total population of Sweden).
Interactions between these variables were also
considered. Only significant terms were in-
cluded in the models.

Additional comparisons between survival
among "high" (75 + years) and "low" (s, 74

years) age patients were carried out for cancer
at the different sites studied on model based
fitted relative survival rates of the patients.
Age standardisation ofthe model based relative
survival rates for the age group 0-74 years
was carried out for each cancer site and sex

separately by the direct method, using the age
distribution of the Estonian residents of Swe-
den as a standard. Excess or deficit in (excess)
mortality for older compared with younger age
was calculated on fitted values by the formula:

1 - (relative survival rate (high age)/relative sur-

vival rate (low age)).

This quantity will be referred to as the relative
excess mortality due to high age.

Results
The final analysis included data from the
40 439 patients from the total Swedish popu-

lation, the 806 Estonian patients living in Swe-
den, and the 8791 Estonian patients living
in Estonia. The number of patients at the
beginning of follow up and the number of
deaths during the first five years in relation to
age group for each cancer site studied are

presented in table 1. Almost all observed and
relative five year survival rates in relation to
site and sex were lower for the Estonian patients
in Estonia than for the Estonian patients in
Sweden and the patients from the total Swedish
population (table 2). The exceptions were

stomach and female colon cancers. The Swed-
ish patients were, however, on average, older
than the Estonian patients and no age stand-
ardisation was carried out here.

BREAST CANCER
For female breast cancer, all categorical factors,
including population category, were significant
in the fitted model (table 3)-the relative sur-

vival being lower in Estonia compared with
Sweden. Adding an interaction term between
the follow up year and age also showed a

significant reduction in deviance. After four
years of follow up, the excess mortality still
differed between the Estonians in Estonia and
the two other populations (fig 1) (Estonian
patients in Sweden and patients from the total
Swedish population represented by the same

line). Excess mortality prevailed in all three
populations during the five years of follow up.

The relative survival rates were lower in Estonia
than in Sweden. In both Estonia and Sweden,
the relative survival rates were lower for the
high age group (75 + years) than for the low

KEY POINTS
* Estonians living in Sweden and the
general population of Sweden had higher
cancer survival rates than Estonians living
in Estonia.
* Differences in cancer survival between
countries are largely related to the level of
socioeconomic development.
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Figure 1 Excess mortality in female breast cancer
patients from the total Swedish population (cancer
diagnosed 1974-86), Estonians in Sweden (cancer
diagnosed 1974-86) and Estonians in Estonia (cancer
diagnosed 1979-85), in relation to follow up year after
diagnosis.

Table 3 Variables included in the finally chosen relative survival models in relation to
site and sex

Site Sex Terms* Pearson's x2 df

Breast Female 1, F, A, C, F. A 37.5 38
Stomach Male 1, F, A, C, F. A 37.6 38
Stomach Female 1, F, A, C, F. A 36.2 35
Colon Male 1, F, A, C, F. A, C. A 29.8 28
Colon Female 1, F, A, C, F. A 37.2 38
Lung Male 1, F, A, C, C. A, C. F 21.3 28
Ovary Female 1, F, A, C, F. A 30.4 38
Prostate Male 1, F, A, C, F. A 29.1 28

* 1: constant; F: first five follow up years, categorical; A: age 4 (4 age groups), categorical; C:
population (3 groups), categorical; interaction between variables.

Table 4 Model based fitted relative survival rates ofpatients from the total Swedish
population (cancer diagnosed 1974-86), Estonians in Sweden (cancer diagnosed
1974-86), and Estonians in Estonia (cancer diagnosed 1979-85) in relation to site, age
group, sex, and year offollow up (1 and 5)

Site FoUlow Age Relative survival, % age standardised
up (Y)

General Swedish Estonian migrants Estonians
population in Sweden in Estonia

Female breast 1 -74 95.0 94.7 90.5
75 + 88.7 88.2 79.4

5 -74 75.8 74.8 58.6
75 + 71.1 69.9 51.8

Male stomach 1 -74 36.4 39.7 34.7
75 + 23.9 27.0 22.3

5 -74 18.6 21.5 14.9
75+ 10.6 12.7 9.4

Female stomach 1 -74 39.1 42.2 38.4
75 + 23.0 26.0 22.5

5 -74 15.1 17.7 14.6
75 + 10.2 12.3 9.8

Male colon 1 -74 73.8 72.6 56.1
75 + 53.9 52.3 30.8

5 -74 50.2 54.1 33.4
75 + 33.7 31.8 12.6

Female colon 1 -74 71.0 64.7 60.2
75 + 51.7 43.2 37.5

5 -74 51.1 42.6 36.9
75 + 39.1 30.3 24.8

Male lung 1 -74 30.2 38.9 27.2
75 + 13.4 15.9 26.6

5 -74 10.2 12.4 6.7
75 + 1.6 0.2 4.4

Ovary 1 -74 68.4 67.3 57.1
75 + 38.0 36.4 23.8

5 -74 47.5 56.3 34.2
75 + 22.2 20.3 10.4

Prostate 1 -74 84.9 89.3 73.9
75 + 73.8 80.3 55.6

5 -74 55.6 67.7 31.8
75 + 42.7 55.0 20.2

Table S Surgical treatment offemale breast cancer diagnosed in Sweden and Estonia in
1979-85 in relation to age groups 75 years and less and 76 years and more

Age (y) Sweden Estonia

No of No operated % No of No operated %
cases on cases on

-75 4787 4365 91.2 1525 1005 65.9
76+ 1203 821 68.2 224 124 55.4

Total 5990 5186 86.6 1749 1129 64.5

Figure 2 Excess mortality in male colon cancer patients
from the total Swedish population (cancer diagnosed
1974-86), Estonians in Sweden (cancer diagnosed
1974-1986), and Estonians in Estonia (cancer diagnosed
1979-85) in relation to follow up year after diagnosis.

age group (s< 74 years) (table 4). The relative
excess mortality due to high age was much
greater in the Estonians in Estonia compared
with the Estonians in Sweden and the total
population of Sweden-11.6% v 6.6% after
five years. Surgical treatment in female breast
cancer patients was more common (according
to what was recorded in the cancer registries
of Stockholm and Estonia) in Sweden (86.6%)
compared with Estonia (64.5%), during 1979-
1985 (table 5). In patients below the age of 7
years, the difference in percentages between
the countries was 25.3, while for older patients
(76 + years) it was 12.8.

STOMACH CANCER
For stomach cancer, among men and women,

the categorical factors included in the model
were follow up, age, population category, and
an interaction between follow up and age;

population, however, was not significant (table
3). Very little difference in excess mortality
between the populations could be detected
during the five years of follow up. Com-
paratively small excess mortality could be de-
tected after three to four years of follow up in
the populations. Relative survival rates differed
for low and for high age patients between the
populations (table 4). No differences in excess

mortality rates due to high age could be de-
tected between the populations studied.

COLON CANCER
For colon cancer, in men and women, a differ-
ence between populations was observed and
also an effect of age and year of follow up, an

interaction effect between follow up and age,

and, for men, an interaction between age and
population category (table 3). No difference in
excess mortality between the populations was

seen after the second follow up year (figs 2 and
3). After four years of follow up, comparatively
little excess mortality could be detected in the
populations studied. The relative survival of
male and female patients in relation to age
group was lower for the Estonians in Estonia
than the Estonians in Sweden or the total
Swedish population (table 4). The excess mor-

tality rates due to high age were greater in
Estonia than in Sweden.
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Figure 3 Excess mortality in female colon ca?

from the total Swedish population (cancer diag
1974-86), Estonians in Sweden (cancer diagr
1974-86), and Estonians in Estonia (cancer
1979-85), in relation to follow up year after d

LUNG CANCER
The fitted model for lung cancer ix
cluded follow up year, age, populatior
action term between age and p
category, and follow up and popul
egory (table 3). Excess mortality cot

tected in the populations mainly t
fourth year of follow up. There waf
relative survival in low age group
Estonians in Sweden and the total
patients than for Estonians in Esto
4). In the high age group, on the ot
there was a somewhat higher survival
than in Sweden. The excess high age
during the first year of follow up %

higher in the Estonians in Sweden (5'
in the total Swedish population (56
in the Estonians in Estonia (2.2%).

OVARIAN CANCER
The fitted model for ovarian cancei

follow up year, age, population cate
an interaction term between follom
age (table 3). Differences in excess

between the populations could be se

during the first three years of follow x
mortality could also be detected in
lations mainly during the first years
up. Relative survival was higher in
in Sweden and in the total populatic
den for both the low and the high ag
compared with the Estonians in Estc
4). The excess high age mortality at
was somewhat higher among the
in Estonia (69.6%) than in the Esi
Sweden (63.9%) and the total Swed
lation (53.3 %).

PROSTATE CANCER
For prostate cancer, the factors in
model were follow up year, age, p

category, and an interaction term be
low up and age (table 3). Differences
mortality between the populations
during the five years offollow up (fig
mortality in the patient groups persist
the five years of follow up. The relati
rates were much higher for the Esi
Sweden than for the Estonians in Estc
4). The excess mortality in high ag
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ncer patients Figure 4 Excess mortality in prostate cancer patients from
nosed the total Swedish population (cancer diagnosed 1974-86),
zosed Estonians in Sweden (cancer diagnosed 1974-86), and
diagnosed Estonians in Estonia (cancer diagnosed 1979-85) in
liagnosis. relation to follow up year after diagnosis.

was greater in the Estonians in Estonia
n men in- (36.5%), compared with the Estonians in Swe-
i, an inter- den (18.8%), and the total Swedish population
population (23.2%).
ation cat-
uld be de-
efore the Discussion

s a higher With regard to relative survival, no substantial
is for the differences were found between the Estonians
I Swedish living in Sweden and the total Swedish popu-
nia (table lation. The size of the migrant population
ther hand, studied was, however, rather small compared
in Estonia with the other two populations. Considerable
mortality differences were found between the Estonians
was much in Estonia and the other two populations.
9. 1%) and Cancer survival data have become in-
.3%) than creasingly available for international com-

parisons during the past decade. At the same

time, there have been warnings regarding the
interpretation of the differences between sur-

vival rates.910 These are related to the com-

r included parability of the incident cases of cancer

~gory, and included in survival analyses, and to specific
v up and factors that may affect the survival rates of
mortality patients.
en mainly In Sweden and Estonia death certificates
ap. Excess only cases (DCO) are not used to any extent in
the popu- the cancer registration process, which excludes
of follow cases with a short survival after follow back
Estonians procedures.
)n in Swe- A major advantage of population based sur-

Ye patients vival studies is the avoidance of selection bias,
)nia (table and the use of a relative survival rate provides
five years a control for competing causes of death.6 In
Estonians the present study, both approaches have been
tonians in used. However, part of the differences in the
lish popu- survival pattern seen in the populations prob-

ably remain uncontrolled and cannot be ex-

haustively explained on the basis of the data
used for the study. For example, no adjustment
for the tumour stage could be carried out be-

the fitted cause the Estonian Cancer Registry, but not
population the Swedish Cancer Registry, collects in-
tween fol- formation on stage.
s in excess For female breast cancer, our analysis
prevailed showed higher relative survival rates for patients
4). Excess in Sweden than those in Estonia, and the
ted during difference was largest in the high age group.

ve survival This is consistent with the findings from sur-

tonians in vival studies comparing Finland and Estonia,2
)nia (table and the former GDR and Estonia." 1 These data
,e patients suggest that the diagnostic lag, particularly for
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elderly patients, was longer in Estonia than in
Finland and the GDR (and probably also in
Sweden). In Estonia the symptoms of breast
cancer in older patients may be studied less
intensively and/or older patients may seek med-
ical assistance later than younger patients.

In 1979-85, the proportion of female breast
cancer patients treated surgically was much
smaller in Estonia than in Sweden. (According
to what was recorded as surgical treatment
in the cancer registries.) This difference was,
however, not as great for patients aged 75 and
above as it was in younger patients, suggesting
that the treatment modality itself cannot be
regarded as a cause of lower survival among
high age patients in Estonia. The treatment
differences are probably reflecting the differ-
ences in the stage of the disease, which is the
main indicator of diagnostic delay. One cannot
exclude underdiagnosis of slowly growing loc-
alised malignancies, which have a better prog-
nosis, in Estonia, where there is no extensive
mammographic screening programme.2 How-
ever, screening based on mammography has
only a limited role in the high relative survival
rates of breast cancer patients in Sweden, as it
was mainly introduced after 1986, the last year
included in the Swedish incident data for this
study. 12
For male and female stomach cancer

patients, no difference in relative survival was
detected between the populations studied over
the follow up-neither in younger nor older
patients. However, the proportion of histo-
logically non-verified stomach cancer cases
among patients aged 75 and over was much
higher in Estonia than in Sweden,' suggesting
that there may be more non-malignant lesions
in the Estonian population because of a lower
level of diagnostic accuracy leading to mis-
classification.
For colon cancer, the patients among Es-

tonians in Sweden and the total Swedish popu-
lation experienced a higher relative survival
compared with patients in Estonia, particularly
during the first year offollow up. The treatment
of colon cancer was mainly surgical during the
period studied in both Sweden and Estonia,
but the difference in stage distribution could
be a factor leading to the differences in survival.
As recently shown by the EUROCARE
study,'0 colon cancer patients in Estonia and
Poland (Cracow) experienced much lower rel-
ative survival than most western Europe popu-
lations studied.
For male lung cancer patients, survival was

higher among low age patients in Sweden than
in Estonia. For elderly patients, however, the
survival rates were somewhat higher in patients
in Estonia, which may be a result of over-
treatment of the lung cancer patients in Swe-
den. The difference in survival for high age
patients was largest during the first year of
follow up. This suggests that more elderly
patients died soon after diagnosis in Sweden
than in Estonia because of a higher surgery rate
in Sweden in these patients. (Other possible,
but not as likely, reasons for the difference
could include different distribution of cell type
and even later disease stage at diagnosis). This

finding was unexpected and shows that com-
parisons between intensively and less in-
tensively treated patient populations like those
in Sweden and Estonia could be valuable.
The higher relative survival rate of the high

age lung cancer patients in Estonia compared
with those in Sweden cannot be considered a
result of poor follow up. The patients' follow
up in the Estonian cancer registry is a mixed
type, including the updating of records from
death certificates and direct contacts with the
health care institutions.4 The relatively good
quality of follow up in the Estonian cancer
registry was shown recently by an international
survival study.'0 From a sample of 196 lung
cancer patients considered alive five years after
diagnosis, an error in determining life status
was found in only 1.0%, leading to a difference
from the true five year observed survival rate
of 0.1 %. But, again, as with stomach cancer,
one cannot exclude the possible role of a much
smaller percentage of microscopically con-
firmed cases in Estonia than in Sweden."3
The ovarian cancer patients in Sweden

showed better survival than those in Estonia.
Overall, the relative survival was poorer for
high age patients than low age patients, while
the excess mortality in the high age group was
somewhat higher in Estonia. In prostate cancer,
the patients in Sweden had better survival,
whereas the excess high age mortality was much
higher in Estonia than in Sweden. This finding
suggests, as with breast cancer, that the diag-
nostic delay among patients aged 75 years and
over was much longer in Estonia. Latent pro-
state cancer, as an additional finding in elderly
men, is found more often in Sweden than in
Estonia, perhaps because of differences in the
frequency of transurethral resection for hy-
perplasia between countries.'" If this is true,
then the number of patients with slowly de-
veloping tumours with a better prognosis may
be much larger in Sweden.
Taken with the results of the previous study,'

we can conclude that:

* The Estonians in Estonia had lower cancer
survival rates than Estonians in Sweden,

* The cancer survival rates are similar for Es-
tonians in Sweden and the total Swedish
population, and

* The cancer incidence in the Estonians who
took refuge in Sweden in 1944-45 was inter-
mediate in relation to that among Estonians
in Estonia and the entire Swedish popu-
lation.

Lower survival rates of cancer patients in the
former Eastern Bloc countries compared with
western countries is a common finding from
recent survival comparisons.' 1516 On the other
hand, a clear social class gradient has been
observed in cancer patients' survival in Sweden
and Finland, the countries with declared fairly
equal accessibility to health care.'"'9 Among
possible explanations, diagnostic delay, differ-
ent treatment, and even the host resistance
have been suggested.
Although there are many reasons underlying

differences in cancer patients' survival between
"rich" and "poor" countries, these are largely
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related to the community's wealth, and par-

ticularly, to the resources allocated to health
care. Sweden, a country with a largerGDP than
Estonia, also contributes a larger percentage of
it to health care. In Sweden, health expenditure
was 8.8% of GDP in 1990,2° and in Estonia it
was 2.5% of GDP in 1989.2' The big lag in
socioeconomic development and public health
organisation in Estonia may affect survival from
a disease like cancer, and particularly in older
patients who also experience a deficiency in
social support.
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