
Preface 

Acknowledgement 

Background 

Aims of this study 
Incidence o f cancer in the N ordic countries 

Screening for cancer 

Contents 

M ass-screening programmes for cancer in the N o rdic countries 

Effect of a screening programme on m ortali ty 

Effect o f a screening progra mme on qua lity o f li fe 

Economic evalua tion o f a screening programme 

Materia l 

Methods 

Predictions 
Evaluation of mortality reduction due to screening 

Estima tio n o f trea tment costs 

Estima tio n of costs with a nd witho ut screening 

Estima tion o f qua lity o f li fe a nd cost-utility 

Results 
M ortality predictions 

Breast ca ncer 

Cervical cancer 

Colorecta l cancer 

Summary 

Costs 

Breas t ca ncer 

Cervical ca ncer 

Colorectal cancer 

Summary 

Quality o f life 

Cost-utility analysis 

Breast ca ncer 

Cervical ca ncer 

Colorecta l cancer 

Summa ry 

Discussion 

Morta lity p redictions 
M o rtality reductio n 

Costs 

Quality of li fe 

Summary a nd conclusio ns 

References 

Appendix I : Breast ca ncer 

Appendix 2: Cervical ca ncer 

Appendix 3: Colo rectal cancer, females 

Appendix 4: Colo recta l ca ncer, males 

Appendix 5: Estima ted cost a ttributed to cervica l ca ncer in the absence of screening and if the F innish 

screening policy had been established 

iii 

IV 

I 
3 

5 
6 
8 

9 

11 

12 
12 
13 
14 
15 
16 

16 
16 
16 
18 
19 
22 
22 
22 
26 
29 
31 
31 
34 

34 

36 
36 

36 

37 
37 
38 
39 
42 

45 

46 

50 
52 

55 
57 

59 



iv 

ACKNOWLEDGEMENT 

This monograph is a pa rt of the collaborative resea rch project 'Cancer in the Nordic countries ' by the 

Associa ti on of the Nordic Ca ncer Registries, which is supported by the Nordic Action Plan Aga inst Cancer 

of the N ordic Council of Ministers. This monograph reports the effects of cancer screening on morta lity, 

cost and quality of li fe. 
The auth ors a re indebted to the staff of the Nordic Cancer Registries. Ta pio Luosta rinen and Lyly 

Teppo from the Finnish Ca ncer Registry provided importa nt and substantia l help and expert, advice a t 

different phases of this study . T he a uthors a re a lso indebted to the o ther contact persons of this project in 

the N ordic Cancer Registries, fn ge Clemmensen and Hans Sto rm, Denmark, Laufey Tryggvadottir and 

Hra fn Tulinius, Iceland, Freydis Langmark and Knut Magnus, Norway, Magnus Stenbeck and Pauli 

Vait tinen, Sweden, as well as to Marita Haili la a t the University of Tampere School of Public Hea lth for 

secreta rial assistance. The economic support by the N ordic Action Plan Aga inst Cancer and that by the 

Finnish Ca ncer Institute is gratefull y acknowledged. 



EFFECT OF SCREENING FOR CANCER IN THE NORDIC COUNTRIES ON 

DEATHS, COST AND QUALITY OF LIFE UP TO THE YEAR 2017 

LORA HRISTOVA and MATT( HAKAMA 

BACKGROUND 

Aims of this study 

Screening is practised for ca ncer at many sites using 
· several different screening tests (3). However, most of these 

lack scientific evidence of their effectiveness, i.e., in reduc
ing mortality. Only for breast cancer, cervical ca ncer and 
colorecta l cancer can the results be rega rded as sufficient 
evidence for screening to be run as a public health policy . 
In this monograph there are estimates on the effects o f 
screening for cancer supplemented by economic and qual
ity of life evalua tion. The effects a re based on a ll those 
tried and tested screening methods which a re or can be 
recommended to become a public health policy. Estimated 
effects of mammography on breast cancer mortality are 
based on ra ndomized preventive tria ls as well as those of 
feca l occult blood test on mortality from colorecta l cancer. 
Screening for cervica l cancer was never shown to be effec
tive by a randomized preventive trial, but the Nordic 
screening programmes provide convincing evidence of 
effectiveness. Other screening modalities a re not re
commended for application as public health policy be
cause of lack of evidence of the effect or beca use of 
sufficient evidence of ineffectiveness. Backgro und informa
tion and details on design and methods a re given by 
H ristova ( 4). 

In the Nordic countries these screening modalities a re at 
different phases of development. Screening for cervical 
cancer has been in opera tion since the mid- 1960s. Owing 
to va riations in screening policy between the Nordic coun
tries, different reductions in incidence of and mortality 
from the disease were reached . Breast cancer screening 
sta rted as randomized trials in Sweden (5) and as public 
hea lth policy gradually in the late 1980s in Finland (6), 
Iceland (7) and Sweden (8) . Even though the trials showed 
reduction in mortality, there is so fa r no reliable evidence 

From the Finnish Cancer Registry ( L. Hristova, M . Hakama), 
University of Tampere School of Public Hea lth (L. Hristova, 
M. Hakama), Bulgarian Cancer Registry (L. Hristova). 

of the effect of this screening as a public health policy. 
Colorectal cancer screening is a t an early stage of evalua
tion. Three ra ndomized screening trials have been pub
lished (9- 11 ) on the basis o f which it is likely tha t 
screening results in some reduction in morta lity. However, 
nowhere in the Nordic countries was the screening for 
colorecta l cancer practised as a public hea lth policy. 

The aim of this study was to eva lua te the potential 
effects of screening for cancer in the N ordic countries. The 
effects were measured in terms of morta lity reduction, 
costs for the society and quality of li fe. Following aspects 
were assessed in particular: 
I) The effect of cervica l cancer mass-screening if the 

F innish programme had been applied and the potential 
effect of breast and colorectal cancer screening pro
grammes on mortality from these three cancers in the 
period up to 2017. 

2) The costs of such screening programmes, taking into 
acco unt the direct costs of screening and savings from 
the treatment of adva nced disease and terminal ca re. 

3) The impact o f mass-screenings on the quality of li fe a t 
popula tion level by taking into account the effect of 
screening and the indirect effects o f prolongation of li fe . 

On the basis of the predicted number of dea ths pre
vented, effects on quality of li fe and costs, costs per li fe 
yea r saved and per quality adjusted li fe yea rs saved due to 
screening in 1993 - 201 2 will be predicted . 

Incidence of cancer in the Nordic countries 

In each of the Nordic countries there is a population
based cancer registry. T he N ordic cancer registries receive 
reports from ho pita ls, physicians, pathologica l and cyto
logica l labora tories (except in Denmark), and instituti ons 
wi th hospita l beds. Information is a lso collected from 
death certificates. Cases based solely on death certifica tes 
a re not registered in Sweden. N otifica ti on of cancer cases 
is compulsory in all the N ordic countries with the excep
tion of Iceland . The multiple sources of information guar
antee an a lmost I 00% coverage of all cancer cases in every 
Nordic country. The following items are used fo r routine 
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sta tistica l reporting: primary site of the tumour, date o f 
diagnosis, verification of diagnosis, and place of residence. 

The Nordic cancer registries collabora te in the fie lds of 

routine sta tist ics, epidemiology and public health . 

Breast cancer has been reported as the most freq uent 

form of cancer among fema les in the Nordic co untries 
since the 1960s, and in the period 1983 - 1987 it accounted 
for 24% of all new cancers in females. The incidence ra te 

of breast ca ncer was lowest in F inland and highest in 

Denmark ( l) (Fig. l) . 
Through the Nordic countries the incidence has in

creased in a ll age gro ups and by all birth cohorts durin g 

the period 1955 - 1990. The slope of the trend was simila r 
in a ll the Nordic countries by the end of the 1970s ( 12). 

Since the ea rly 1980s the increase in the incidence of breast 

cancer has been grea test in Finland and the trend is 

expected to remain unchanged in the next 20 years. During 

the period 1958 - 1987 the increase in the age-adjusted 
incidence rate was 28% in Sweden (the lowest) and 104% 

in Fin land (the highest) {I). 
Before 1965 the age-adjusted incidence rate for cervical 

cancer in Denmark was abo ut 28 per 100 OOO woman

years, 16- 17 per I 00 OOO, in Sweden and N orway and in 

Finland 14 per 100 OOO. (n D enmark , Norway and Sweden 
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the incidence was highest in the age group 40- 49 years. In 

Iceland and F inland the highest incidence rate was ob

served in the age group 50- 59 ( 13). In the period I 983 -

1987, 41 % of cases in the N ordic countries were between 

30 and 54 years o f age ( I). 
During the past two decades the incidence ra tes have 

decreased in all the N ordic countries (Fig. 2). Towards the 

end of the 1980s, the age-adjusted rates were 50% lower in 

Denmark and Sweden and 70% lower in Finland com
pared with those in the late 1960s. In F inland the maxi

mum decrease in the age-specific incidence ra tes was 
observed in the 30- 49 yea rs age group. There was no 

decline in incidence in the 20- 29 years age group ( I). 

In a ll the N ordic countries the incidence rates o f colon 
cancer were approximately similar in bo th males and fe

males, while for rectal cancer the ra tes were higher in males 
(Figs. 3- 6). The incidence of colo rectal cancer increased 
with age. In the N ordic countries the incidence rates have 

been highest in Denmark and lowest in F inland , and an 

increasing trend has been observed in all the N ordic coun
tries, with the exception of Denmark ( I). 

Screening for cancer 

Screening ca n be defi ned as identification of preclinical 

disease by a rela tively simple test. The aim o f screening 

for cancer is to reduce mortality and to improve qua lity 
of li fe (14). Incidence ra te ca n be reduced by screening 

if the disease has a detectable in situ phase which is 
curable. 

There a re wide va riati ons between screening pro

grammes, but in principle the success o f a screening pro
gramme depends on the foll owing prerequisites (.1 4 - I 6). 
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I) A disease is suita ble for screening if: 

- it is an important health problem justifying the effo rts 

o f screening 

- there is a long enough detecta ble asymptomatic pre

clinical phase 

- the proportion of lesions fo und in th is preclinical 

phase tha t would progress to clinica l lesions is signifi
ca nt 

- an accepta ble treatment is available, which can im
prove patients' p rognosis a fter ea rl ier diagnosis. 

2) The test should be va lid and identify the disease in its 
p reclinica l phase. The test should be acceptable fo r the 

population - easy to apply, painless and without side 

effects. 
3) A screening programme should make it possible to 

identify the disease in its p reclinical phase or a t an early 
stage in the target popula tion, and treatment facil ities 
should be availa ble. A screening programme is well 

o rganized when: 

- the ta rget popula tion is identified 
- individ uals in the ta rget populati on a re identifia ble 

- high coverage and attendance ra te can be gua ranteed 

- there a re the facilities fo r conducting the tests 
- there is a designed and agreed referral system 

- there is an organized qt\a lity control system. 
Va lidity o f a screening test is defined in terms of sensitiv

ity and specificity. Sensi tivity of a screening test is the 
proportion o f true positives from all persons with the 

disease. High sensitivity means few fa! e nega tives. Specifi
city is the proportion of true nega tives from all persons 

without the disease. High specificity mea ns few false 
positives. Sensitivity o f a particula r screening round can 

be defined as the proport ion o f screen-detected cancers in 
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this round o ut of the screen-detected plus interval cancers 
(17). 

Physical examina tion and mammography are the most 
frequently used methods for detection of breast cancer. 
The sensi tivity of mammography is higher in older age 
gro ups and in bigger tumo urs. The specificity is abo ut 
97%, and 50% to 90% of all the cancers a re diagnosed a t 
screening ( 18- 22). 

In 1941 Papanicolaou published a meth od for collection, 
smearing, sta ining, and interpretati on of exfolia ted cells 
from the ce rvix uteri ( PAP test). This test involves the 
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removal of a sample of cells from the epithelium of 
the transformation zone of the cervix on the basis of 
which a cytological diagnosis is made. Between I% and 
5% of smears indicate suspicious cells and further 
diagnostic measures and follow-up of women with these 
findin gs are required (23). Eva luation of the sensitivity 
and specificity of the PAP test to identify preclinical 
phases of cervical cancer is difficult because pre
invasive lesions a re usually asymptomatic and the total 
number of women with these lesions is unknown. Both 
the sensitivity and specificity of the PAP test a re high 
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and more than 90% also fo r the public health policy 
(24) . 

Biochemical tests for focal occult blood ( FOBT) are the 
only non-invasive methods of screening asymptomatic sub
jects for early diagnosis of colorectal cancer. Sensitivity of 
non-hydrated FOBT varied in di ffe rent studies from 52% 
to 80% and specifici ty was estimated to be between 96% 
and 98%. Rehydration of the slides increased the sensi tiv
ity · to more than 90% (25) for neoplastic lesions, but 
resulted in lower specificity, 90 - 94% (26) . 

There are other tests ava ilable to screening for these 
cancers but in a randomized preventive trial it was shown 
that none of them was effective or the cost precluded 
effective use of such tests (26- 28). 

Mass-screening programmes fo r cancer in the Nordic 
countries 

In Finland, an organized mammography breast cancer 
screening programme was implemented in 1987. The rec
ommendation of the National Board of Health is that 
women aged 50- 69 years should be screened every second 
year. By the end of 1991 , all birth cohorts born from 1928 
to 1941 had been invited a t least once for screening (29, 
30) . 

Nationwide screening for breast cancer in Iceland was 
introduced in 1987 (7). Women aged 40- 69 years are 
invited for screening every two years. During the first two 
yea rs the attendance rate was 64.3%. 

In Denmark and Sweden screening has been introduced 
in selected regions. In 1986 the Swedish National Board of 
Health recommended the establishment of orga nized 
screening programmes in 18 counties. The recommenda-

tion was to screen a ll women aged 40- 74 years according 
to the foll owing schedule: from 40 to 54 yea rs every I 8 
months and from 55 to 74 yea rs every 24 months. In 
1988, after a meta-analysis based on all ra ndomized tria ls 
in Sweden, the National Board o f Hea lth gave a recom
mendation to screen a ll women between 50 and 69 yea rs 
of age every two yea rs, and as fa r as the limited capacity 
a llows, to screen a ll women between 40 and 70 years (3 1). 
Norway has decided for the time being not to run any 
organized screening programme for breast cancer. 

During the 1960s di fferent kinds of screening pro

grammes fo r cervical cancer were initia ted in the Nordic 
countries, reaching their maximal coverage at the begin
ning of the I 970s. In F inland , fceland and Sweden there 
is an orga nized, nationwide screening programme. T here 
are some va n at1ons in the target popula tion and fre
quency of PAP smears taken between different Nordic 
countries . 

In Finland the screening interva l is 5 years. By I 970 the 
nationwide organized screening programme had covered 
100% of the women aged 30- 55, and 75% compliance o f 
the target popula ti on was reached (32, 33). Since I 987 the 
target population has extended to 60 yea rs. There is a 
slight va ria tion in the screening policy by municipality, 
and in some parts of Finland women yo unger than 30 
yea rs are invited for screening. 

In Iceland the screening programme covers age groups 
25 - 70 yea rs and the screening interval is 2- 3 years (24). 

In Sweden the recommendation is to screen a ll women 
between 30 and 50 years of age every 4 yea rs (33, 34). 

In Denmark and Norway there is no common screen
ing practice for the entire country. About 40% of the 
female popula tion in Denmark (35) and only 5% in No r-
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way (36) a re covered by the o rganized screening pro

gramme. In addition to the organized screening sponta

neo us PAP smea rs a re frequentl y taken within the hea lth 

ca re in all the N ordic co untries with the exception of 

Iceland . 

Mass-screening fo r co /orectal cancer is not a t present 
implemented as a public hea lth policy in any of t,he 

N ordic co untries . 

Effect of a screening programme on mortality 

Severa l benefits from a screening progra mme ca n be 

measured on an individual level. The major benefit is 
prolongati on of life fo r those wh o would have d ied from 
the disease without screening. T he second benefi t is fo r 

th ose who will need less radica l treatment. Reassurance is 
an important benefi t fo r th ose with negative results. 

A number o f d isadvantages ca n be menti oned · as well 

( 15, 37). Fo r fa lse positives and bo rderline a bnormalities 

there is unnecessa ry morbid ity and overtrea tment. For all 

true positives, independently of whether they will die 
from the disease o r not, there is a lead time morbidity. A 
sho rt-term psychologica l morbidity and the potential haz

a rd of a screening test itself a re also associated with 
screening. 

There a re severa l approaches to eva lua ting the results o f 
a screening programme on popula tion and group level. 

Benefits for the popula tion ca n be measured in terms of: 

- change in incidence 
- change in stage di stribution 

- change in surviva l time 
- change in morta lity ra te · 

- change in the distribution of the indica to rs o f qua lity o f 

life 

- cost - effectiveness. 
A review of di ffe rent models fo r estima tion of the effect 

o f screening depending on the natural history of the dis
ease and the screening practice was presented by Miller et 
a l. ( I 6, 38). Incidence ra te is an appropria te end point 

when preinvasive lesions a re detecta ble by screening and 
a re curable, as in the case of dysplasias and ca rcinoma in 
situ o f the ce rvix uteri . T he changes in stage distributi on 
or in surviva l time due to screening a re not good indica
tors of the effect of a screening programme, beca use both 
a re influenced by some kind of bias. 

Fou r types o f bias a re menti oned in the assessment o f 
the results o f screening (37, 39). A number o f cases which 

would never surface as invasive disease in the absence of 
screening a re diagnosed ( overdiagnosis bias). Screening 

tests detect the disease ea rlier than would have been 
the case if diagnosed without screening ( lead time bias) 

(40), and a re more effective in the detection of lesions 
with a prolonged natu ra l history and better p rognosis 

than in that o f diseases with a higher malignancy po
tential ( length bias) (41 ). Lead time and length biases 

a re related to changes in stage distribution and survival 

ra te. 

R eliable indicato rs of the effect of cancer screening 

which exclude these biases are the reduction in mortality, 
the number o f dea ths avoided due to · the screening, and 

the reduction in incidence of cervica l cancer. 

The screening results have been evalua ted on the basis 

o f popula tion o r sample-based studies. When a volunteer 

popula tion is involved the risk fac tors and the incidence 
a re usually different from those in the general popula tion. 

Therefore, the results a re not applicable for the whole 
popula ti on. This selection bias ca n be avo ided if the eval-

. ua tion of screening is based on randomized controlled 

tria ls. Genera l concepts for the design and control of a 
tria l a re formul a ted by Prorok (42). 

Since 1963 eight la rge ra ndomized trials o f breast can
cer screening have been conducted in different coun

tries - fi ve in Europe, one in the US and two in Canada. 

N ea rly 500 OOO women have been inclu9ed in these tria ls. 

The aim of the trials was to evaluate the effectiveness of 

breast ca ncer screening in general and sepa ra tely in differ
ent age groups. The screening test used was mammogra
phy a lone o r in addition to physical exa mina tion (5 , 17, 
43 - 44). 

fn the Hea lth Insura nce Plan ( HfP) study in the US 

mo rta lit y ·reduction from breast cancer in the tota l 

screened group was 30% during the first I O yea rs and 
abo ut 25% by the end of fo llow-up, i.e., 18 yea rs a fter 

entry into the tri al (45) . 
Four rand omized tria ls have been ca rried out in Swe

den to inves tiga te the efficiency of mammograph y breast 

ca ncer screening in reducing mortality- in Malmo, in 

Koppa rberg-6stergotland (Two-County Trial), in Stock

holm and in G o thenburg. All th e tria ls were populati on 

based . Some details o f the Swedish tria ls a re presented in 
Ta ble I. 

Meta-a nalysis on all rand omized Swedish tria ls was 

conducted in 1987 by the Swedish Cancer Society. Its a im 
was to check the qua lity of the foll ow-up information and 

to assess the overa ll effi cacy of breast ca ncer mammogra
phy screening. In tota l, 282 777 women were included -

156 9 I I in the study group and 125 866 in the control 
gro up. The rela tive risk (RR) of dying from breast ca ncer 
was significa ntly lower in the study group (RR = 0.77, 
95% Cl 0.66- 0.88) . Morta lity reduction va ried by age, 
a lthough the heterogeneity test between groups was not 
significa nt. The conclusion was tha t the grea test effect 
(29%) of screening was achieved in women aged 50- 69 
yea rs. In the 40 - 49 and 70 - 74 yea rs age groups, the 
cumula tive breast ca ncer mortality rate was a lmost simi
la r in the study and cont rol groups (46). 

The UK T rial o f Early Detection of Breast Cancer 
( Edinburgh Trial) was orga nized as a comparison be
tween two screening programmes (mammogra phy, BSE) 
and a cont rol group in different geogra phica l regions. 
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Table I 

Basic characteristics of the Swedish randomized breast cancer screening trials (43, 46) 

Study Year Age a t Study 
begun entry group 

Malmo 1976 45 - 69 2 1 088 

Two-County 1977 40 - 74 78 085 
Stockholm 198 1 40 - 64 39 164 
G ot hen burg 1982 40- 59 20 724 

After 6- 7 years of fo llow-up a mortality reduction of 
about 20% was reported in the mammography screened 
group compared with the control group but the difference 
was not statistically significant. Mortality in the BSE 
group was similar to that in the control group ( 17). 

Two Ca nadian National Breast Cancer Screening Stud
ies were initiated in 1980. Their aim was to evaluate the 
effect of a combination of annual mammography, physical 
examination and teaching of breast self-examination. 
Screening with mammography and physical examination 
every year detected considerably more small and node-neg
ative tumours than the usual health ca re or screening with 
physical examination only, but during the first 7 yea rs of 
fo llow-up no mortality reduction in breast cancer was 
observed in either of the study groups (47- 49). 

A summary of the results from randomized trials fo r 
breast cancer screening was presented by Fletcher et al. 
(43) and Wald et al. (44) (Table 2) . It can be concluded 
that screening for brea t cancer based on mammography 
results in a reduction of about 30% in the risk of dea ths 
from breast cancer in ages 50 to 69. 

The first screening programme fo r cervical cancer com
menced in 1949 in British Columbia, Canada. Data on the 
occurrence of clinica l invasive cervica l cancer in anada 
have been available since 1955, and a national cancer 
registry was established in 1969. The incidence of invasive 
cervical cancer in age group 35- 64 yea rs decreased from 
30 to about 10 per 100 OOO woman-years during the period 

Table 2 

Relative risk of breast cancer mortality i11 1romen of 50- 70 years 
invited/or mammographic screening compared 11'ith those not i11 vited 

(43. 44) 

Trial RR 95% Cl 

Hea lth Insurance Plan ( HIP) 0.79 0.62 - 0.99 
Ed inburgh 0.85 0.65 - 1.1 2 
Swedish Two Counties 0.78 0.65- 0.93 
Malmo 0.81 0.62- 1.07 
St ockh olm 0.76 0.50- 1. 14 
Gothenburg 0.78 0.70- 0.87 
Tota l Swedish tria ls 0.77 0.67 - 0.88 

All t ri als 0.78 0.70- 0.87 

Contro l Screening Attendance rate 
group interval at first round 

21 195 18m age< 50 74% 
24m age> 50 

56 782 24, 33m 89% 
19 943 28m 82% 
28 809 18m 84% 

1957- 1972, while the proportion of screened women aged 
20 or over increased from 5% to 55%. An increasing trend 
in the incidence of cervical cancer was observed in 1969-
1975 in the age group 20- 34 (50, 51). 

The results from mass-screening for cervical cancer in 
Finland were estimated on the basis of data from the 
Finnish Cancer Registry and the Mass-screening Registry 
1963 - 1971 according to the recommendation of the Na
tional Board of Health in Finland. The cohorts between 40 
and 54 years of age were most frequently screened. The 
probability of contracting invasive cervical cancer during 
one's lifetime was 0.010 for a woman aged 30- 59 before 
the screening programme, arid 0.002 after the first screen
ing, which implied an 80% effect (52). 

Screening for cervical cancer has been introduced to a 
different extent in the Nordic countries since the late 
1960s. Before the screening programmes were initiated, 
about 2 500 new cases of cervical cancer were diagnosed 
every year. In the 1980s the number of new cases of 
invasive disease had decreased to about I 700. A strong 
correlation has been found between the extent of the 
screening programmes and reduction in the incidence of 
invasive cervica l cancer and mortality from cervical cancer 
(6, 23, 33, 35, 53 - 56). 

Orga nized population screening programmes for cervica l 
cancer are currently run in other European countries or 
regions, too. In Florence cytologica l screening for women 
aged 18 to 60 was started in 1980 (57). In England and 
Wales nationwide cervica l screening was introduced in the 
mid-I 960s (58). 

Five contro lled randomized trials have been initiated to 
investiga te the potential effect of screening for colorectal 
cancer. 

In the New York trial, a total of 21 756 participants 
aged 40 or over were enrolled from 1975 to 1979 (11, 59). 
A total of 12 dea ths occurred among the screened group 
versus 22 expected ( p = 0.06) during a I 0-year follow-up 
(Winawer et al. 199 1). 

The Minnesota trial was initiated in 1975. By 1978, 
46 550 participants between 50 and 80 year of age were 
randomly assigned into three group . The study groups 
were offered FOBT every yea r or every two yea rs, the 
thi rd group constituted a control group without screening. 
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The mortality ra te ra tio from colorecta l cancer after 13 
years of foll ow-up was 0.67 (95% Cl 0.50- 0.87) in the 

annually screened group and 0.95 (non-significant) in the 
group screened every two years ( I 0, 60) . 

A populati on-based randomized contro lled clinica l trial 
was initiated in N ottingham, UK, in 1984. By I 989 about 
156 OOO persons between 50 and 74 years of age w~re 
randomly included in the study and control groups. The 
study group subjects were offered FOBT every two years. 
No reduction in the mortality ra te a ttributable to screening 
has been demonstra ted so fa r (6 1- 63). 

The G othenburg controlled tri al was started in 1982, 
and 27 700 inhabitants of G othenburg aged 60 to 64 were 
enrolled in the study by 1987. Subjects were randomly 
assigned to a test and a control group. M orta li ty reduc
tion attributable to the screening has not been reported so 
fa r (25, 64). 

A rand omized controlled screening trial was initiated in 
Denmark in 1985. In this study 62 OOO persons between 
45 and 74 yea rs of age were rand omly a lloca ted to screen
ing and control groups. Reduction in morta lity rate 
within the whole study group compared with the control 
group was 27% but non-significant over the short follow
up period (9, 65). 

T he reasons fo r non-participa ti on in screening for colo
recta l cancer have been investiga ted by Dent et a l. (66). 
They can be summarized as fo llows: indifference, procras
tination, absence of compla ints or preference for one's 
own doctor to do the test. Females, single, separa ted o r 
divorced and those with persona l knowledge of colorecta l 
ca ncer pa tients a re more likely to pa rticipate in screening. 

Attempts a t screening lu tve been made fo r lung cancer, 

ova rian cancer, stomach cancer, prosta te cancer and can
cers a t some other primary sites, but there is no scientific 
evidence of the effectiveness of these programmes. A re
view of publications on screening fo r cancer was published 
by Miller et al. (4). Screening for lung cancer based on 
cyto logical o r roentgenological tests has shown that it is 
not effective in morta lity reducti on and cannot be regarded 
as an alterna tive to primary prevention (67, 68). T he 
screening tests for ovarian cancer a re based on tumour 
markers and ultrasound. Stud ies ca rried out so fa r have 
fa iled to obtain sufficient sensitivity and specificity. Fur
ther development of the screening technique and a ran
domized contro lled trial are needed to prove the po tential 
effect of ovarian cancer screening (69). Studies eva lua ting 
the screening programme for stomach cancer in Japan 
suggest tha t morta lity rate could be reduced in regions 
with high incidence (70). However, there a re no results 
available on reduction in morta lity based on randomized 
preventive tri als. Prostate cancer screening may result in 
serious over-diagnosis and over-treatment - in the oldest 
ages when any possible ex tension of li fe is likely to be 
short and of poo r quality (71 ). At present, screening for 
cancer as public health policy cannot be recommended for 

any primary site listed above except for breast, cervix and 

colorectum cancer. 

Eff ect of a screening programme on quality of life 

'The term quality of life might suggest an abstract and 
philosophical approach, but most approaches used in 
medical contexts do not attempt to include more genera l 
notions such as li fe satisfaction o r living standard s and 
tend rather to concentra te on aspects of personal ex peri
ence that might be related to hea lth and health ca re' (72). 
During the pas t decade qua lity of life measurement has 

· become an essential pa rt o f assessing the results of any 
health ca re intervention. Different dimensions of quality 
of life (Qo L) can be considered depending on the purpose 
of evalua tion, but severa l of them a re included in most o f 
the measurement tools: physical function, emotional func
tio n, socia l fun ction ( o r role performance) and pain ( o r 
o ther disease-specific symptoms) (72, 7~). 

There are va rio us types of tools fo r measuring qua lity 
of life (73- 75). In general, they can be divided into two 
gro ups: generic (applicable in a wide ra nge of research 
settings), and specific ( designed for a specific disease o r 
treatment). Specific QoL tools for cancer can be divided 
into 'cancer-specific' questionnaires, those which can be 
used for all types of cancer, and 'specific cancer' question
naires, for one particula r type of cancer (76). 

Some of the questi onnaires a re constructed for self-as
sessment and some of them a re to be completed by med i
ca l profess iona ls. The eva lua tion and express ion of Qo L 
a re subjective and therefore the main respondent should 
a lways be the patient. When the pa tient's hea lth sta tus 

does not a llow him to respond adequa tely, ex perts' opin

ion can be submitted (77). 
Fo r assessment of the results of a screening programme 

it is important to estimate not only the costs and du ra tion 

of life but a lso the qua lity of the possibly gained li fe 
yea rs. The adjustment for qua lity of life is a way of 
linking the exactly measured but no t a lways sufficiently 
informative 'surviva l time' with a subjective qua lity of li fe 
(78- 80). 

The prio rity of different dimensions of quality of li fe 
va ries among individuals, and depends on the disease and 
phase of the disease. When QoL is assessed a t the diag
nostic phase, psychological consequences a re measured , 
whereas when Qo L of terminal stage is assessed, the abil
ity to co pe with self-ca re, other physica l fun cti ons and 
pain becomes highly significant. 

E ffect of screening for cancer on QoL can be defined 
as: 
- short-term effect - for a ll screened individua ls during 

the screening tests and diagnostic confirmation of fa lse 
positives, 

- long-term effect - for those diagnosed as cancer pa
tients. 



To assess the short-term effect, a study of 132 women 
with a normal test result in the Edinburgh breast cancer 
screening trial was carried out 6 months after the trial. 
No excess psychiatric morbidity related to the screening 
was found in the study group compared with the control 
group (81 ). The emotional , social and physical dysfunc
tion of women after the first round of breast cancer 
screening was studied by Cockburn et al. (82) in Aus
tralia. Women in the recall group showed sign ificant emo
tional (p < 0.001) and physical (p < 0.05) dysfunction one 
week after obtaining a nega tive result compared with 
those with a nega tive result in the initial mammogra phy 
test (at comparable times from the screening) and the 
control group (non-screened). The difference between the 
groups had disappeared eight months later (82) . 

The long-term effect can be divided into three phases 
related to the screening programme: I) lead time phase
from the diagnosis of the disease by screening test to the 
theoretical clinical surfacing of the disease without screen
fog; 2) clinical phase - from clinical diagnosis to theoreti
cal death without screening; 3) life time gained due to the 
screening. 

When the overall effect of a screening programme is 
assessed the psychological morbidity during the diagnostic 
period on population level (short-term effect) can be in
cluded in the lead time phase. 

For the assessment of the long-term effect of a screen
ing programme on QoL of patients diagnosed by screen
ing, the followin g steps were determined (83): 

I) Definition of the disease/treatment phases 
2) Definition of the duration of each of these phases 
3) Quantita tive evaluation of the quality of li fe in each 

phase, i.e., attaching utility to each of them. 

Utility refers to the value of a specific health status and 
can be measured by individuals' (patients' or hea lth care 
experts') preferences for any particular set of hea lth out
comes. 

de Koning et al. (84) calcula ted the overa ll effect of 
the screening programme in terms of quality adjusted life 
years (QALY) by multiplying the mean QoL va lue of 
each phase by the mean duration of the phase and the 
number of persons surviving this phase. Quality adjust
ment was estimated to reduce the effect of screening (in
crease in life years gained) for breast cancer by 3.2%. 

Some aspects of quality of life in the oldest age unre
lated to cancer were studied by Katz et a l. (85), Hofman 
et a l. (86), Skoog et a l. (87), Roelands et al. (88), Grimby 
& Wiklund (89) and Holmen et al. (90). The active li fe 
expectancy or independence in the daily life activities such 
as bathing, dressing, transfer and eating in the elderly was 
investigated by Katz et al. (85). Seventy-one per cent and 
54% of the total remaining life for men and women 
respectively is expected to be lived independently by peo
ple aged 65 - 69 years. At 80- 84 years the corresponding 
proportions of active years remaining are 65% and 49% 
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respectively. Roelands et al. (88) investigated the demen
tia-free life expectation in the oldest age in Belgium. 
Three levels of dementia were distinguished: mild, moder
a te and severe. Moderate dementia was defined as ' living 
independently is risky and some supervision is necessary' . 
Severe dementia was defined as hea lth sta tus requir
ing continued supervision . The authors fo und out that 
7% of the remaining li fe at age 65 wi ll be lived in moder
ate or severe dementia, and a t the age of 85 this propor
tion is 26%. A significa nt difference was found by sex 
(Table 3). 

In this study quality of life not directly rela ted to cancer 
was also assessed , because not all the life years gained by 
screening wi ll be active and with good quality. 

Economic evaluation of a screening programme 

A necessary extension of an evalua tion in health care is 
economic evaluation, which incorporates both costs and 
effects. During the past decade the number of publications 
in this fie ld has grown rapid ly (91). 

From the viewpoint of society, both the effects and the 
costs can be presented as direct and indirect (92): 
- The direct benefits of a screening programme are savings 

in treatment costs attributable to the screening. 
- Indirect benefits are savings in loss of work time. 
- Direct costs include all the organizing and operating costs. 
- Indirect costs are costs due to time Jost from work . 

An estimate of the direct trea tment costs of breast 
cancer during the five first yea rs of fo llow-up in Tampere 
Universi ty Hospital was made by Holli et a l. (93) . Their 
estimates of the costs by sta ge are presented in Table 4. 

An overall estimate of primary trea tment costs for ad
vanced breast cancer in The Netherlands was obtained by 
de Koning et al. (94). Costs included in the estimation a re 
listed in Table 5. 

The purpose of an economic eva lua tion is to link the 
costs of the health programme under consideration to the 
consequences, and to identify the most favourab le alterna
tive. Economic ana lysis is useful when deciding on hea lth 
ca re resource allocation . It is important for decision-mak
ing on whether or not a screening programme is cost-effec-

Table 3 

Life expectancy (LE) and demelllia-free life expectancy (DFLE) 
according to age and sex in Belgium in /991 (88) 

Sex Age LE DFLE LE-D FLE DFLE/LE 

Men 65 14.0 13.4 0.6 95 .7 
75 8.3 7.7 0.6 92 .8 
85 4.5 3.4 0.9 75 .6 

Women 65 18.3 16.7 1.6 9 1.3 
75 10.9 9.2 1.7 84.4 
85 5.6 3.9 I. 7 69.6 
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Table 4 

Costs of breast cancer treatment and fo lio iv-up in patients diagnosed 
in 1977- 1980 in Tampere University Hospital (93) 

Stage o f disease 

II 
Ill - IV 

Overa ll costs per patient ($) 

7 700 
16 OOO 
16000 

tive, and to what extent the additiona l benefits justify the 

additiona l costs (95). 
There are four main types of economic eva lua tion tech

nique (92). If the outcome of two progra mmes is identica l 

and the lower cost a lterna tive is so ught, the analysis is 
called a cost-minimization ana lysis. When a cost-effective

ness analysis (CEA) is performed the effect of the pro

gra mmes is measured in single well-defined natural units, 

e.g., li fe years ga ined , number of correctly diagnosed 

cases, and so on. Furthermore, costs per unit of effect are 
compared betwee n the alternative progra mmes. CEA has 

the restriction that only one type of effect ca n be as
sessed. The specificity of cost-benefit ana lysis ( C BA) is 

that both effects and costs are measured in terms of 

money. Effects may be single or multiple, and not neces
sa rily common to both alternatives. However, it is 
difficult to eva lua te all the events in health ca re in terms 
of money and this is the reason why the applica bility of 

BA is limited. 

When the o utcome is measured in more genera l terms, 
such as QALY, the eva lua tion of cost-effecti veness is 

known as cost-utility ana lysis (CUA) (96- 98). In this 

form of ana lysis the effects o f a progra mme are measured 

in time units adjusted by hea lth utility weights. CUA is a 

relatively new technique, it is pa rticular ly important when 

the considered trea tment meth ods arc aggressive and pro
longation of life is achieved a t the ex pense of side effects, 

as in cancer treatment. The outcome of interest, usuall y 
meas ured in life years ga ined , is adjusted for qua lity of 

Table 5 

Medical costs for 1rn1m•11 treated/or adra11ced breast cancer based 
011 68 pa1i(•111 files in The Netherlands (in US dollars) (94) 

Proced ure 

Hospi ta l nursing 
Diagnosti c procedure 
R adia tio n trea tment 
Nursing home 
Hormonal trea tment 
Specia lists 
C hemothera py 

Total 

Costs per woman $ 

10 575 
I 700 
I 625 
I 250 

760 
640 
550 

17 100 

li fe and expressed in the corresponding number of hea lthy 

life years ga ined. 

·u sually the aim of cost-effectiveness and cost-uti lity 

ana lyses of screening programmes referred to in the litera

ture was to compare the advantages and disadvantages of 

different policies in a specific situation or under a particu
lar set of assumptions (84, 94, 99 - 102). Most of those 

studies have been based on complicated indica tor-based 

theoretica l models aiming at si mulation of the results of a 
possible mass-screening. This approach is employed when 

different variants of screening policies are discussed in 
order to choose a proper policy for a pa rticular practical 

· situa tion. The set of assumptions can be changed in order 
to discover the most effective programme. 

de Koning et al. (84, 94) examined the cost-effective
ness of different breast cancer screening policies in The 

Netherlands 1990 - 20 17. The overall result of the analysis 

summarized in Table 6 shows that mammogra phy screen
ing of women aged 50 - 70 every second year is the most 

effective in terms of the number of life years saved and 
cost per li fe year saved . 

An overview of the reported cost-effectiveness ana lysis 

of the mammogra phy breast cancer screening in women 
over the age of 50 ( Hl P, Two County, Dutch trials) 

shows that , depending on the different screening policies 

and base-line assumptions, the cost per li fe year saved 

would vary between $5 400 and $140 OOO (103) . Studies 
conducted in the US , where clinica l breast exa mination 

was included in the screening test, reported higher co ts 
compared with European studies which were based on 

ma mmogra phy on ly. The costs of the screening tests are 

significa ntly higher in the US when two-view mammogra 

phy or two-view mammogra phy plus clinica l breas t exam

ina ti on were applied , and although the incidence of and 

morta lity ra tes for breast cancer a re higher the co t-effect 

ratios are unfavo urable compared with those in the Eu

ropea n studies ( I 03) . 
Most cost-effectivene s estima tes of breast cancer 

creening reported costs per life year ga ined between 
$3 825 (The Netherl ands) and $6 200 (Two County Tria l) 
(83, 84, 94, I 03. I 04) . A co t-effectiveness ana lysis of 

breast cancer screening in G ermany was published re

cently ( 105). The meth od of eva luation was simila r to 
that a pplied by de Koning et a l. (84) . All the factors 
rela ted to the effectiveness of a screenin g programme vary 
widely between co untries due to differences in popula tion 

size to be screened, incidence and mortality rates, and 

other features of the pa rticular health care systems. A 
cost-effectiveness ana lysis of breast cancer screening in 

Spain . France. the UK and The Netherlands revea led that 
the relative effect of screening on mortality was grea test 
in the UK and sma llest in Spain (106). 

The tot a l cost of screening tests is proportiona l to the 
population size whi le the cost per tes t declines when 
the size of screened population increases. Diagnostic and 
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Table 6 

Effects of different breast cancer screening policies in The Netherlands in /990- 2017 (mi/ $) (84) 

Age and interva ls of screening 

50- 70 
2 yr 

Dea ths prevented* 17 OOO 
Life years gained* 260 OOO 
Cost of screening 300 
Cost of assessment - 10 
Cost o f prima ry treatment 50 
Cost of follow-up 22 
Cost of advanced disease - 128 
Difference in costs 233 
Deaths prevented 6000 
Life yea rs ga ined 61 OOO 
QAL Ys gained 57 500 
Cost per life yea rs gained 3 825 
Cost per QALYs ga ined 4 050 

* not di scounted 

treatment costs a re related to the incidence ra te and 
stage di stribution, and savings from advanced disease 
treatment are proportional to the mortality ra tes. The 
comparison showed that in 20 15, the cost per life year 
ga ined is expected to be more than three times higher 
in France, and more than five times higher in Spain, 
where the populations a re much bigger and both incidence 
and mortality ra tes a re lower than in The Netherlands 
(106). 

MATERIAL 

Data for breast cancer (ICD7 170), cervica l cancer 
( 1C D7 171) and colorectal cancer (IC D7 153+ 154) were 
employed to assess the results of the mass- creening pro
grammes for these three cancers. The observed numbers of 

new cancer cases from I 958 to 1992, grouped into five-year 
ca lendar periods and five-year age groups (0 - 4, 5-
9, ... , 80- 84, 85 + ), were obtained from the Cancer Reg
istries of Denmark, Finland, lceland , Norway and Sweden. 
The predicted numbers of incident cases of breast and 
colorecta l ca ncer for the next four 5-year periods, from 
1993 to 20 12, published in ' Pred iction of cancer incidence 
in the Nordic countries up to the years 2000 and 20 I O' (1) 
were employed in this study. 

The observed numbers of cancer deaths were employed to 
predict future number of deaths from cancer. The observed 
numbers of deaths from cancer by site, sex, 5-year ca lendar 
peri od (1953 - 1992 for Denmark and Fin land , 1958 - 1992 
for Iceland and Sweden, 1968- I 992 for Norway) and 
five-year age gro up (same as above) were obtained from 
the Nordic Cancer Registries. 

The observed ( 1953 - 1992) and predicted (1993 - 20 17) 
popular ion dara by sex, ca lendar period and age group ( as 

40 - 70 50- 70 57- 75 50- 65 
2 yr 1.3 yr 2 yr 3 yr 

17 800 19 800 19 450 10 800 
290 OOO 310 OOO 275 OOO 180 OOO 

457 405 310 185 
-62 - 12 2 - 12 

57 55 71 26 
25 25 27 14 

- 131 - 145 - 145 -80 
346 328 265 133 

6 11 5 6 780 6 790 3 770 
64000 70 OOO 64 500 41 OOO 
59 500 66 OOO 59 500 39 300 
5 385 4 670 4100 3 235 
5 815 5 OOO 4 450 3400 

above) were provided by the Nordic Statistical Offices and 
employed to predict future mortality rates and to calculate 
the costs of screening tests up to 20 12 for Norway and up 
to 20 I 7 for the other N ordic countries. 

Stage distribution of new cancer cases in Finland for the 
period 1961 - 1992 by site, sex and the same age groups as 
above was provided by the Finnish Cancer Registry and 
employed in the ca lculation of treatment costs in the 
absence of screening and when the potential effect of 
screening was approximated. Jn this study, Stages I and II 
were combined and referred to as ' loca lized ', and Stages 
Ill and IV 'non-localized'. Stage ' unknown' was consid
ered to be non-loca lized. 

Survival rates by age and ca lendar period in Finland 
were employed to estimate the proportion of number of 
deaths among cases diagnosed during the screening peri od 
out of the tota l number of death (which consists of cases 
diagnosed during the period the screening was practised 
and before tha t period) . The immediate reduction in mor
tality a ttributable to the screening programme in the 
screened age gro up is only a fraction o f the tota l ultimate 
effect, because many of the deaths occur in patients diag
nosed before the start of screening. Cumulative relative 
surviva l rates ( 107) for breast , cervica l and colorecta l 
ca ncer patients in Finland by sex, ca lendar period (1974 -
1980 and 198 1- 1987) and age group (0 - 44, 45- 64, 65 - 74, 
7 5 + ) were obta ined from the Finnish Cancer Registry and 
employed to estimate the immediate mortality red uction 
due to the screening programme in the screened age 
gro ups. 

Life expecrarion data for the genera l population were 
taken from Statistics Fin land . T he life expectat ion data fo r 
the pa tients were taken from the Finnish Cancer Registry, 
estimated by the method proposed by Hakama and Haku-
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linen ( I 08). The data were employed in the calculation of 
the average number of life years gained due to the screen
ing. The mean ages at diagnosis of patients with breast, 
cervical, or colorectal cancer in the period 1980- 1986, 
within the screened age groups were used to estimate at 
what age the life years gained will occur. Life expecta
tions were considered by the site of the cancer, sex ~nd 
age as above (109). 

The cost of PAP smear tests and mammography is the 
average charge per woman in the agreements on organiz
ing the screen ing between individual municipalities and the 
Cancer Society of Finland, $ 10 per PAP smear and $40 per 
mammography. The cost per FOBT was assumed a t $5 
(IOI). 

METHODS 

Predictions 

For morta lity prediction , age-cohort and age-cohort-pe
riod multiplicative models were fitted to the observed 
morta lity rates (I, 110, 111 ). The choice of models was 
justified by a wish to avoid difficulties arising from the 

problem of non-identifiability and to employ models al
lowing risk to be distinguished by birth-cohort or age 
g~oups. Particular age groups and observed periods (I 12, 
113) were included in the models according to the follow
ing considerations: 

I) the natural history of the disease: deaths from breast, 
cervical and co lorectal cancer are rare before the age 
of 25 ( cervix) or 30 ( breast, colorectum), 

2) changes in health policy, such as the establishment of 
mass-screening for cervical cancer, which have 
changed the pattern of mortality, 

3) goodness of fit of the model ( 114, 115). 
The number of deaths was predicted by the following 

scheme: I) observed mortality rates were used to forecast 
future morta lity rates, 2) number of deaths was calculated 
from the predicted population and predicted mortality 
rate. 

Five-year birth cohorts were defined synthetically. For 
example, the birth cohort which was 0- 4 years old in 
1938 - 1942 was aged 30- 34 in 1963- 1967, and aged 35 -
39 in 1968- 1972. In the figures the cohorts are indicated 
by the mid-year of birth. 

Table 7 

Models chosen for rlie predicrions 

Country Site Model Observed period Age groups Predicted period 

Denmark Breast Aa+ c multipl. 1968 - 1992 30- 85+ 1993- 20 17 
Cervica l Aa + Cc multipl. 1953 - 1967 25 - 85+ 1968- 20 17 

Aa + Cc multipl. 1968 - 1992 25 - 85+ 1993- 20 17 
Colorectal 

females Aa +Cc+ Pp multipl. 1953- 1992 30- 85+ 1993- 20 17 
males Aa +Cc+ Pp multipl. 1953- 1992 30- 85+ 1993- 20 17 

Iceland Breast Aa multipl. 1958 - 1992 35 - 85+ 1993- 20 17 
Cervical Aa + Cc multipl. 1958 - 1992 35 - 85+ 1993- 20 17 
Colorectal 

females Aa multipl. 1958 - 1992 50- 85+ 1993- 20 17 
males Aa multipl. 1958 - 1992 50- 85+ 1993- 2017 

Fi nland Breast Aa + Cc multipl. 1953 - 1987 30- 85+ 1988- 20 17 
Cervical Aa + Cc mullipl. 1953 - 1967 25 - 85+ 1968- 2017 

Aa + Cc multipl. 1968- 1992 25 - 85+ 1993- 20 17 
Colorectal 

females Aa +Cc+ Pp multipl. 1953- 1992 30- 85+ 1993- 20 17 
males Aa + Cc multipl. 1953 - 1992 30- 85+ 1993- 20 17 

Norway Breast Aa + Cc multipl. 1963 - 1992 30- 85+ 1993 - 20 12 
Cervical A'a + Cc multipl. 1963 - I 992 25 - 85+ 1993- 20 12 
Colorectal 

females Aa +Cc+ Pp multipl. 1963 - 1992 30- 85+ 1993 - 201 2 
males Aa +Cc+ Pp multipl. 1968- 1992 30- 85 + 1993- 20 12 

Sweden Breast Aa +Cc+ Pp multipl. 1963 - 1992 30- 85+ 1993- 20 17 
Cervical Aa + Cc ~ultipl. 1968- 1992 25 - 85+ 1993- 20 17 
Colorectal 

females Aa +Cc + Pp multipl. 1963 - 1992 30- 85+ 1993- 20 17 
males Aa +Cc+ Pp multipl. 1963- 1992 30- 85+ 1993- 20 17 

Aa = age component; Cc= cohort component, Pp = period component. 



The statistical package GLIM was used for the predic
tions (115). The models shown in Table 7 were chosen for 
the predictions. 

Age-adjusted ('world standard population') mortality 
was calculated on the basis of the age groups included in the 
prediction models, assuming zero mortality rate in the 
youngest age groups, which were excluded from the predic
tion models. 

Evaluation of mortality reduction due to screening 

Usually when a screening programme is initiated as a 
public health policy, screening covers the target population 
gradually and the immediate effect on the entire population 
takes place slowly. At the onset of a screening programme 
deaths from cancer in any particular screened group are a 
combination of deaths from cancer diagnosed before the 
establishment of screening and deaths from cancer diag
nosed by the screening programme. The proportion of 
deaths from cancer diagnosed by screening increases grad
ually during the first time periods until the optimal effect of 
the screening programme is reached. Mortality reduction as 
a result of screening can be expected only in those patients 
whose cancer is diagnosed by screening. 

In this study an attempt was made to assess the gradual 
effect of screening on mortality during the period up to 
20 17, when it was assumed that the ultimate effect would 
be reached. 

Breast cancer. The background for the reduction in 
mortality was derived from the Swedish trials. Biannual 
screening between ages 50- 69 was assumed. According to 
the results of the Swedish trials, mortality reduction in the 
invited group during the first five years after the establish
ment of a screening programme was about 30%, in the next 

5 years it was 28% and again 30% from the l 0th to the 13th 
year. These mortality reduction percentages were applied to 
numbers of breast cancer cases detected by screening. 

The percentage of breast cancer deaths occurring in the 
first 5 years after diagnosis were estimated on the basis of 
the 5-year survival rate of breast cancer patients in Finland 
and the assumption that about 50% of women with invasive 
breast cancer, diagnosed within the normal clinical practice, 
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will die from the disease (IOI) . It was calculated that about 
28% of deaths in the age group 50-54 are from breast 
cancer diagnosed after the age of 50. The mortality reduc
tion reported from Swedish trials was applied to this 
subgroup only. Furthermore, the same approach was used 
to calculate the number of screen-diagnosed cases who will 
die from breast cancer in the next age groups. 

During the first five years after the start of the screening 
programme an 8.4% reduction in breast cancer mortality 
was calculated. From the 6th to the 10th year this reduction 
is 17.4%. For those women who belong to a cohort screened 
for I Oto 15 years, mortality is estimated to be 28.2% lower 
than in the non-screened group. The optimal effect of 30% 
mortality reduction is estimated after the 15th year of the 
screening programme. The assumption was that after the 
age of 69 preventive effects by cohorts will remain at the 
same level as during the last screening period and will later 
decrease gradually. 

If the nationwide breast cancer screening programme had 
started in 1988 and had covered 80% of women between 50 
and 69 years of age, the scheme shown in Table 8 for breast 
cancer mortality reduction can be assumed. 

Cervical cancer. The observed mortality is affected by the 
mass-screening as practised in each country. Therefore, an 
approximation was made of what the mortality rates would 
have been without screening and if the Finnish screening 
programme had been applied. Finnish rates were consid
ered as a reference, since the effect due to screening in 
Finland is the largest of all the Nordic countries. In Finland 
the organ ized screening programme starts at the age of 25 
or 30 years and ends at 55 or 60 years . The interva l between 
the screening rounds in 5 years and the participation rate 
varies between 70% and 80%. 

Mortality rates in the absence of screening were assumed 
to follow the same trend as those in the period 1953- 1967, 
i.e., before the establishment of the screening programmes. 
Numbers of deaths from cancer in this period were avail
able for Denmark, and Danish data from 1953 to 1967 were 
used to predict mortality rates in the period 1968- 1992 
without mass-screening. The age-cohort model shown in 
Table 7 was chosen for the pred iction . The Danish cohort 
estimates of the model were applied for the other countries. 
The age log-rates of the Danish model were corrected by the 

Table 8 

Percentage reduction in breast cancer mortality by age and calendar period if screening had been 
established in 1988 and had covered 80% of women aged 50- 69 

Period 50- 54 55 - 59 60 - 64 65 - 69 70 - 74 75 - 79 80- 84 85+ 

1988 - 92 8.4 8.4 8.4 8.4 
1993- 97 8.4 17.4 17.4 17.4 10.0 
1998- 02 8.4 17.4 28.2 28.2 20.0 10.0 
2003 - 07 8.4 17.4 28.2 30.0 30.0 20.0 10.0 
2008- 12 8.4 17.4 28.2 30.0 30.0 30.0 10.0 
2013 - 17 8.4 17.4 28.2 30.0 30.0 30.0 20.0 
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logarithms of the age-specific mortality rate ratios of Den

mark and each of the other Nordic countries: 

where i is the age group, Aci is estimated age component 
for country c ( excl uding Denmark), Ao; is the estimated 

age component for Denmark , m 0 ; is morta lity rate in 

Denma rk in age gro up i, and me; is morta lity rate in 

country c (except Denmark). N orwegia n age rates were 
applied for Finland in the age groups over 50. 

A linea r trend was applied to the age componen ts o f the 

model fo r Iceland to avoid fluctuation due to small num

bers. 
The predicted number of deaths fo r 1968 - 1992 for each 

co untry was employed as 'observed' in the prediction 

model for the future ca lendar period , from 1993 to 2017. 
An approximati on of what the mortality from cervica l 

cancer in 1968 - 1992 wo uld have been in Denmark, Ice
land, Norway and Sweden if Finnish screening policy had 

been a pplied was made on the basis of the observed 

mortality in Fi nland in the period. The same cohort esti
mates as those for the observed cohorts in F inland were 

included in the models for the o ther Nordic cou ntries. 

F urthermore, age estimates for each of the Nord ic co un
tries except F inland were corrected in a similar way as in 

the models without screening: 

Log(Ac;) = Log(A F;) - Log(m FJmc;) 

where i is the age group, Ac; is age estimation for country 
c (exclud ing F inland), AF; is age coefficient for F inland , 

mF1 is morta lity ra te in F inland in age group i and mci is 
mortality rate in country c (excluding Finland). Norwe

gian age estimates were employed to predict mortality 

from cervica l cancer in Iceland. 

Predictions for the future period 1993 - 20 17 were made 
for each of the countries, based on the estimated numbers 

of deaths for the previou period 1968 - 1992. 
Colorectal cancer. Res ults of the randomized Minnesota 

( I 0, 60) trial revealed that a year ly feca l occult blood test 

(FOBT) from 50 to 74 yea rs reduced mortality from 
colorectal cancer in the invited gro up by 25% from the 5th 

to I 0th yea rs and by 30% after the I 0th year to the end of 
foll ow-up after 13 years. The a ttendance ra te was 75%. 

No reduction was observed in mortality rate during the 

first 5 years after implementa tion of the screening pro

gramme. The results of the Minnesota trial were applied in 
this study with some additional assumptions: 

1. Attendance ra te in a mass-screening programme is 
ex pected to be lower than that in a random ized tria l 

based on volunteers. If we assume 50% a ttendance 
rate, the reduction in morta lity ra te is considered to 

be 0% in the first 5 years, 15% from the 5th to 10th 
years and 20% after the I 0th year. 

2 . The influence of survivors from the previous age 

gro up ca n be ignored and the reduction in morta lity 

rates and number of dea ths is directly a pplicable to 

the corresponding age-speci fic dea th rates and num
ber of deaths. This assumption is justified on the 
basis of the following: 
- the difference in the incidence rate between age 

groups is la rge 

- the 5-yea r surviva l ra te is comparatively low

a bout 52% for females and 53°/o fo r ma les 

- the survival rate of colorectal ca ncer patients a fter 
7- 8 years is stabilized and reaches the point of 

cure 
- the red uction in morta lity rate from colorectal 

ca ncer due to screening is O during the first 5 years 

of•screening. 
3. The red uction in morta lity rate will remain at the 

same level as in the last screening period a t least 5 

years a fter the end of screening, and thereafter wi ll 
decrease grad ua lly . 

On the basis o f these assumptions the following scheme 

of red uction in the number of deaths from colorectal 

ca ncer was presumed if screening had been established in 

1993 (Table 9) . 

Estimation of treatment costs 

Cost estima tion of breast cancer treatment in Tampere 

University Hospital assessed by Holli et al. (93) was ap

plied . Treatment costs for cervica l and colorecta l cancer 
we re approxima ted on the basis o f breast ca ncer trea tment 

costs and the proportions between costs by site and stage 
described by Eddy (IOI) and Koopmanschap et a l. (116) . 

Table 9 

Percell/age red11c1io11 in co/orec f(I / umcer m orf(l /i1y by age and ('(l /endar period !l screening had been 
es f(lb /ished in 1993 and had covered 50% of 1he popu/a1io11 aged 50 - 74 years 

Period 50- 54 55 - 59 60 - 64 65 - 69 70- 74 75 - 79 80- 84 85 + 

1993 - 97 
1998- 02 15 15 15 15 15 
2003 - 07 15 20 20 20 20 15 
2008- 12 15 20 20 20 20 20 15 
20 13- 17 15 20 20 20 20 20 15 



Table 10 

Proportion of treatment costs by site and stage 

Site of cancer 
test ($) 

Breast 
Cervix 
Colorcctum 

Cost of screening Treatment costs ($) 

test ($) 
in situ loca lized non-loca lized 

40 8 OOO 16 OOO 
10 4 OOO 20 OOO 32 OOO 
6 16 OOO 24 OOO 

The costs applied are listed in Table I 0. Terminal care 
costs were included as a part of the costs by stage. 

The basis of the cost calcula tions was the average treat
ment costs for localized breast cancer which was assumed 
to be $8 OOO. These costs and proportions were assumed to 
remain unchanged during the study period. 

Estimation of costs with and without screening 

The total, or additional, costs of a screening programme 
can be presented as the difference between the direct costs 
of the screening and savings in treatment costs attributable 
to screening. Direct costs of a screening programme in
cluded the cost of the screening tests, the cost of consecu
tive diagnostic confirmation of positive screen results and 
the cost of excess treatment of preinvasive lesions. The 
estimation of the costs is given in terms of formul as in the 
footnotes of Tables 20 to 22 and in Appendix 5. Total 
costs of the screening test were ca lculated as the product of 
number of persons to be screened according to the particu
lar health care policy and costs per tes t. Savings from 
treatment costs were equal to the difference between treat
ment costs with screening and those in the absence of 
screening. Some fea tures of cost evaluati on by site are 
specified below. 

Incidence rates for breast and colorectal cancer were 
obtained from the Finnish Cancer Registry and 'Prediction 
of cancer incidence in the Nordic countries up to the yea rs 
2000 and 2010' ( I) because it refers to the incidence 
without screening. Instead, incidence predictions without 
screening had to be made for cervical cancer beca use the 
rates observed in 1953 - 1992 and predicted for 1993 - 2017 
include the effect of screening. 

The incidence of invasive cervica l cancer (I CC) was 
assumed to have remained at the same level as that before 
the start of the mass-screening in 1958 - 1962. The age-spe
cific number of new cases wo uld thus have depended on 
the population size only. The expected number of new 
invasive cancers was calculated by applying the incidence 
rate 1958 - 1962 to the population in the subsequent calen
dar periods: 

I58 - 62 = N 5s- 62/P5s- 62 and N P= 158 -62 x PP 

where 158 _62 is incidence ra te 1958 - 1962, N 58 _62 is number 
of new cases 1958 - 1962, P58 _62 is number of women and p 
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is calendar period (1963- 1967 to 2008- 201 2). The ratio of 
invasive cervical cancer to carcinoma in situ or severe 
dysplasia (ICC/CIN) before implementation of the 1958 -
1962 screening, was assumed to be one to two, and it was 
assumed that this ra tio and the risk of contracting CIN 
remained unchanged during the followin g calendar peri
ods. Total costs without screening, which are equal to the 
treatment costs for ICC, were calculated according to the 
stage distribution of 50% localized and 50% non-localized 
cancers. 

Numbers of CIN lesions in si tu with screening were 
ca lculated as the difference between approximated number 
of invasive cancers and CIN lesions if no screening was 
established and the observed ( or predicted) number of new 
cancers with screening. The cost of treatment of CIN 
lesions thus includes the cost of additional diagnostic 
procedures and the overtreatment of CIN lesions which 
were unlikely to progress into invasive disease. Total cost 
with screening was calculated as the sum of cost of treat
ment of new cases assuming screening and cost of screen
ing test and cost of treatment of CIN lesions. The cost of 
treatment of ICC assuming screening was calculated ac
cording to the observed stage distribution in F inland dur
ing the period 1963 - 1972. This stage distribution reached 
in 1973 remained the same until the end of the observation 
period, and was applied for the predicti on peri od up to 
2017 (Table 11 ). 

Trea tment costs for breast and colorectal cancer in the 
absence of screening were ca lculated on the basis of the 
observed ( or predicted) number of new cases and the same 
stage dis tribution in Finland as in the last observed peri od 
without screening: 1983 - 1987 fo r brea t cancer and 1988 -
1992 for colorectal cancer (Table 12). 

The proporti onal costs for diagnostic confirmation were 
estimated on the basis of results from ra ndomized tria ls 
and mass-screening for breast cancer in Europe (11 7) and 
Finnish data. For breast and colorectal cancer, costs for 
additional diagnostic procedures and trea tment of preinva
sive lesions were ca lculated ta king into account the per
centage of positive results after the first screening test and 
costs for diagnostic proced ures and trea tment of preinva
sive lesions. A coefficient of 1.1 was applied to the cost of 
screening tests fo r breas t cancer and 1.2 fo r colorectal 

Table 11 

S tage distribution (%) of new cases of cervical cancer applied fo r 
Finland by calendar period 

Stage Ca lendar period 

1958 - 1962 1963 - 1967 1968 - 1972 1973 - 20 17 

Localized 50 
N on-localized 50 

T otal 100 

72 
28 

100 

70 
30 

100 

60 
40 

100 
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Table 12 

Stage distribution (%) of new cases of breast and colorectal cancer 
in Finland in /983- /987 

Stage 
(both sexes) 

Localized 
Non-loca lized 

Total 

Breast cancer 

Without With 
screening screening 

50 66 
50 34 

100 100 

Colorectal cancer 

Without With 
screening screening 

43 59 
57 41 

100 100 

cancer screening, thus indica ting costs of diagnostic confir
mation of the fa lse positives. 

Costs fo r treatment of preinvasive lesions and overtreat
ment of invasive cases which were unlikely to have pro
gressed into the clinical stage were included in the 
treatment costs as an increase in number of new cases, 
with 10% for breast cancer and 20% for colorecta l cancer, 

due to the screening programme. 
Savings in trea tment costs attributable to screening for 

breast and colo recta l cancer were assumed to be related 
only to improvement in stage distributi on of new cases. 
The differences between the the stage distributions in 
screened and in non-screened popula tions estima ted on the 

basis of results from randomized tria ls a re presented in 
Table 12 (63, 118). 

The treatment costs were assumed according to the 
scheme shown in Table 10. 

Estimation of quality of life and cost-utility 

Costs may be considered as ' patient' and 'society' costs. 
Direct society costs have been mentioned already. Pa tient 

costs, such as time investments and travelling expenses, 
and indirect society costs, such as loss of production and 

hea lth ca re ex penses durin g the life yea rs ga ined, a re 
difficult to measure and they were no t taken into consider
a tion in this study. N on-moneta ry costs for pa tients were 
considered as 'qua lity of life' (95). 

T he benefits of the screening programmes were assessed 
in terms of life yea rs gained due to the screening. The 

number of life years ga ined was ca lcu lated as the product 
of the number of death s avoided and the difference be
tween life expectancy of the general populati on and that of 
cancer patients in Finland . The difference between life 
expectancy was assessed on the basis of Finnish data ( 109, 
11 9) by age and gender, specifica lly for each of the th ree 
sites of cancer. 

The loss of life yea rs ga ined (L YG) after adjustment fo r 
quality of life (QALYG) fo r breast canc,;:r patients was 
assumed to be 3% (84). For cervical and colorecta l cancer 
the values fo r QALY ga ined (QALYG) were assumed to 
be 1% and 5% respectively, Jess than tota l LYG. An 
additional adjustment fo r dementia-free li fe yea rs gained 

was performed. M oderate and severe dementia were in
cluded in the term 'dementia' in this study. The assump
tio n was tha t females over 75 years of age will live 85% of 
their remaining life dementia-free, and at the same ages 
males will live 93% of their remaining life free of dementia 
(87). L YG with good quality were defined as dementia-free 
life years out of those adjusted for qua lity of life. 

Finally, cost-uti lity was estimated as costs per QALYG, 
per dementia-free life yea rs gained and per life yea rs with 
good quality. 

RESULTS 

Mortality predictions 

Breast cancer 

Since the cancer registra tion in the Nordic countries was 
established, mortality from breast cancer has been increas
ing in Denmark and F inland , but has remained relatively 
sta ble in Iceland , N orway and Sweden (Appendix JA). A 
trend toward increase was observed in the 50 to 74 yea rs 
age groups in Denmark and in all ages in F in land . Breast 
ca ncer mortality is strongly correla ted with age. The mor
tality rates have been increasing with age d uring a ll the 
periods and the highest morta lity rates a re found in the 

o ldest ages. 
In a ll the N ordic countries except Finland , mortality 

from breast cancer was predicted to remain stable in the 
peri od 1993- 2017 (201 2) (Appendix 18). Following the 
observed trend of stabiliza tion in the younger age groups, 
the mo rtality rate in F inland in I 988 - 1992 was predicted 
to remain approximately on the same level as that in 

1983 - 1987 with .some va riati on by age group. The highest 
age-adjusted mo rtality ra te was predicted in Denmark , 

about 27.7 per 100 OOO woman-years over the predicted 
period. T he age-adjusted mortality rate from brea t cancer 

in Finland was fo recast to reach about 17.5 by the end of 
the period (20 13- 20 17). In Iceland and Norway mortality 
was predicted to remain unchanged , 20.3 and 18.5 respec
tively. The mortality rates increase with age in the Nordic 
countries, and in the 70- 74 years age group they are about 
twice as hi gh as in the 50- 54 yea rs age group in both 
observed and predicted periods. The highest morta lity ra te 
is expected in women over 85 years. 

The prediction of what the mortality ra te wo uld be if 
mass-screening for breast cancer, covering the ages from 50 
to 69, had been established in 1987, and had reached the 
optimal effect is shown in Appendix IC . The reduction in 
the tota l age-a djusted breast cancer morta lity is negligible 
in the first 5-yea r period, 0.7 per 100 OOO woman-years, but 
becomes la rger in the subsequent intervals. At the end of the 
period the expected difference between morta lity ra tes 
without screening and with screening is between 4.8 ( Den
mark) and 2.9 (Finland) (Table 13). Although the reduction 
in the age-adjusted mortality ra tes a ttributable to mass-
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Fig. 7. Age-adjusted mortality ra tes for breast cancer with and 
wi thout screening in the Nordic countries. 
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Table 13 
Predicted effect of breast cancer screening on the number of deaths and age-adjusted ('world standard population') mortality 

rates 

Period Predicted number o f dea ths Difference Predicted morta lity rates Difference 

Without With 
screening screening 

Denmark 
1988 - 92 6 65 1 6 430 22 1 
1993 - 97 6 947 6 457 490 
1998 - 02 7 211 6 373 838 
2003 - 07 7 453 6 307 I 146 
2008 - 12 7 646 6 359 I 287 · 
2013 - 17 7 826 6 395 I 431 
Tota l 43 734 38 32 1 5 413 

F in land 
1988 - 92 3 736 3 606 130 
1993 - 97 4 07 1 3 778 293 
1998 - 02 4 322 3 825 497 
2003 - 07 4 575 3 88 1 694 
2008- 12 4 829 402 1 808 
20 13- 17 5 045 4 11 6 929 
Total 26 578 23 227 3 35 1 

Iceland 
1988 - 92 186 176 10 
1993 - 97 178 164 14 
1998 - 02 198 175 23 
2003 - 07 217 185 32 
2008- 12 239 202 37 
2013 - 17 259 215 44 
Total I 277 I 11 7 160 

Norway 
1988 - 92 3 755 3 649 106 
1993 - 97 3 905 3 664 241 
1998 - 02 4065 3 644 421 
2003 - 07 4 194 3 596 598 
2008- 12 4 256 3 575 68 1 
Total 20 175 18 128 2 047 

Sweden 
1988 - 92 7 590 7 349 24 1 
1993 - 97 7 968 7 448 520 
1998 - 02 8 347 7 447 900 
2003 - 07 . 8 678 7 394 I 284 
2008 - 12 9 00 1 7 508 I 493 
20 13- 17 9 34 1 7 603 I 738 
Tota l 50 925 44 749 6 176 

screening for breas t cancer is rela tively low, the number of 
dea ths which can be avoided is substant ia l and will in
crease due to the increasing popu la tion size in the oldest 
ages. A total of 16 439 dea ths from breast cancer in the 
Nordic countries were estima ted as avoidable in the period 
1988 - 20 17. The reduction in the annual number of dea ths 
from breast cancer due to screening was 86 1 in the years 
2008- 20 12 (when the screening programme was predicted 
to have its ultimate effect) . The observed age-adjusted 
mortality from breast cancer and the predicted mortality 
ra tes with and without mass-screening a re presented in 
Fig. 7. 

Without With 
screening screening 

27.7 26.4 1.3 
27.6 25 .0 2.6 
27.7 23.8 3.9 
27.8 23 .2 4.6 
27.8 23.2 4.6 
27 .7 22.9 4.8 
27.7 24. 1 3.6 

16.3 15.6 0.7 
16.6 15.2 1.4 
16.8 14.6 2.2 
17.0 14.4 2.6 
17.2 14.4 2.8 
17.4 14.5 2.9 
16.9 14.8 2. 1 

23 .1 22.0 I.I 
20.3 18.4 1.9 
20.3 17.6 2.8 
20.3 17.1 3.2 
20.3 17.0 3.3 
20.3 17.0 3.3 
20.8 18.2 2.6 

18.8 18.0 0.8 
18.6 17.0 1.6 
18.5 16.0 2.6 
18.5 15.4 3.1 
18.3 15.1 3.2 
18.5 16.3 2.2 

17.9 17. 1 0.8 
18.0 16.4 1.6 
18.4 16.0 2.4 
18.8 I 5.8 3.0 
19.1 15.9 3.2 
19.4 16.0 3.4 
18.6 16.2 2.4 

Cervical cancer 

rn 1963- 1967 the age-adjusted mortality from cervical 
cancer was between 11 .1 per I 00 OOO woman-yea rs in 
Denmark and 5.6 in Sweden. During the subsequent ca len
dar periods mo rtality from cervical cancer decreased grad
ua lly in all the Nordic countries. During the last observed 
period ( 1988- 1992) the highest mortality from the disease 
was only 5.3 ( Denmark) and the lowest was I. 7 ( Finland) 
(Appendix 2A) . 

Deaths from cervical cancer in the 0- 24 age group are 
very rare. The mortality ra te in the 25 - 29 years age group 
was rela tively stable and low through the whole period in 



all the countries with the exception of Denmark, where a 
decreasing trend was observed, from 4.2 in the period 
1953 - 1957 to 1.0 in 1988- 1992. In the 35 - 59 years age 
group the most substantia l mortality reduction by calendar 
period was observed in Finland and Sweden. In the 60- 74 
years age group the reduction started later than in the 
35 - 44 years age group, and there was no reduction observed 
in ages over 75. In Denmark and Norway no reduction 
was observed in women over 60 years. The age-specific 
morta lity rates by birth cohorts have changed substantially 
during the period. For the oldest cohorts that have never 
been covered by an organized screening programme, mortal
ity rates of a given cohort have increased with age. The 
risk of death from cervical cancer has been decreasing 
gradually by cohort and by age within a cohort in the 
popula tions completely covered by a screening programme. 

The prediction of mortality rates in the absence of 
screening is shown in Appendix 28. The cohorts which 
were youngest at the beginning of the period 1953 - 1967 in 
Denmark had a lower relative risk of dying from cervica l 
cancer. A slightly decreasing trend in morta lity ra tes was 
therefore incorporated in the predictions. The age-adjusted 
morta lity would have increased annua lly in the first ca len
dar periods and would have decreased by about 1.0- 2.0 
per I 00 OOO woman-yea rs after that by the end of the 
period 201 2- 2017, if screening had not been established . A 
decreasing trend was predicted in the youngest age groups 
up to 50 years, a stable trend between 50 and 80 yea rs an_d 
an increasing trend in the oldest ages in all the Nordic 
countries. 

If the Finnish screening policy were applied th roughout 
the rest of the Nordic countries, a total decreasing trend 
stronger than that observed could be ex pected (Append ix 
2C). The age-specific mortality rates wou ld have decreased 
substantially in each of the countries. A considerable re
duction in mortality was also expected in women over 60 
years of age, and at the end of the period morta lity in the 
oldest women would stabilize close to tha t a lready 
achieved in younger women. By the end of the ca lendar 
period 2013 - 2017, the age-adjusted mortality from cervi
cal cancer could have reached a level between 0.2 per 
100 OOO woman-yea rs ( Iceland) and I. I per I 00 OOO 
woman-years (Denmark) . 

The maximal effect of the screening programme in terms 
of mortality reduction and as change in number of dea ths 
from cervica l cancer in the predicted period is shown in 
Table 14. The total difference between the estimated num
ber of deaths with no screening and if the Finnish screen
ing had been applied in a ll the Nordic countries is 33 572 
in the period 1993 - 2017. The reduction in the annual 
number of deaths from cervica l cancer due to screening 
was I 453 in the Nordic countries in the period 2008- 201 2. 
The overa ll pattern of mortality ra tes with and without 
screening during the entire period ( observed and predicted) 
is shown in F ig. 8. 

Co!orectal cancer 

Females 
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The age-adjusted morta lity from colorectal cancer m 
females was highest in Denmark and lowest Finland dur
ing the observed period (Appendix 3A). In 1988 - 1992 the 
rates were between 17. I per I 00 OOO woman-years in Den
mark and 8.5 in Finland. In the 1980s a slightly decreasing 
trend was observed in all the Nordic countries . Morta lity 
from colorectal cancer is strongly correla ted with age: the 
disease was extremely rare in the youngest age groups up 
to 29 years and dea ths from colorectal cancer a re only 
occasional, and the rate is highest in the oldest ages. The 
risk of dying from colorecta l cancer has been decreasing 
slightly by cohorts during the observed period. 

From 1993 - 1997 to 2013 - 2017, the decreasing trend in 
the age-adjusted mortality was predicted to continue in all 
the Nordic countries. In Denmark and Finland the morta l
ity rates up to 44 years and over 70 years of age were 
predicted to remain relatively stable, whereas a weak de
cline is expected in the 45 - 69 age gro up (Appendix 38). 
Some reduction in morta lity can be expected in Norway in 
women of up to 54 years, and an increasing trend after the 
age of 70. In Sweden a slight decrease was predicted in all 
ages. 

The mortality ra tes predicted under the assumption 
that FOBT mass-screening for colorectal ca ncer had been 
established in 1993 a re listed in Appendix 3C. Screening, 
if sta rted a t the age of 50, wou ld gradually affect a ll 
the age groups over 55 years in which the mortality rates 
a re high. Therefore, a stable decreasing trend in the age
adjusted mortality rates was predicted in each of the 
Nordic countries between the periods 1993 - 1997 and 
201 2- 2017. 

The hypothetica l effect of screening for colorecta l cancer 
on the number of dea ths and mortality rates from the 
disease is presented in Table 15 and graphica lly in F ig. 9. 
An overa ll reduction is predicted in the age-adjusted mor
tality from co lo recta l ca ncer in females between 2. 7 per 
100 OOO woman-years, Denmark , and 1.3 per 100 OOO, Swe
den, when the screening programme reaches full scope, in 
the period 2013 - 2017. A tota l of 10 376 dea ths from the 
disease would be avoided during the whole pred icted pe
riod in the Nordic co untries . 

Males 
The age-adj usted mortality from co lorecta l cancer in 

males has been increasing durin g the observed period in all 
the Nordic countries wi th the exception of Sweden, where 
there has been a decreasing trend since the la te 1970s 
(Appendix 4A). In the period 1988 - 1992 the highest mor
tality rate was observed in Denmark , 22.5 per 100 OOO 
man-yea rs, and the lowest rate was in F inland , 12.2. 
Mortality from colorecta l cancer has been increasing with 
age, and the time trends were different in different age 
gro ups. In the 35 to 54 age gro ups, the morta lity rates 
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Fig. 8. Age-adjusted morta lity ra tes for cervical cancer wi thout 
screening, observed and with the optimal screening in the Nordic 
countries. 
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Table 14 

Predic1ed effec/ of screening for cervical cancer on !he number of deaths and age-adjusted ("world standard populalion") 
mortality rates 

Period Predicted number of dea ths Difference Predicted morta lity rates Difference 

Without With 
screening screening 

Denmark 
1993 - 97 2 649 436 2 213 
1998 - 02 2 678 345 2 333 
2003 - 07 2 694 283 2 411 
2008 - 12 2 704 237 2 467 

20 13- 17 2 673 202 2 471 

Total 13 398 I 503 11 895 

Finland 
1993 - 97 I 444 335 I 109 

1998 - 02 I 506 259 I 247 

2003 - 07 I 548 196 I 352 

2008 - 12 I 564 152 I 412 

20 13 - 17 I 555 122 I 433 

Total 7 617 I 064 6 553 

Iceland 
I 993 - 97 55 5 50 

1998 - 02 59 3 56 

2003 - 07 64 2 62 

2008 - 12 65 I 64 

20 13 - 17 69 I 68 

Total 312 12 300 

Norway 
1993 - 97 I 24 1 242 999 

1998 - 02 I 274 186 I 088 

2003 - 07 I 300 154 I 146 

2008 - 12 I 306 122 I 146 

Total 5 121 704 4 4 17 

Sweden 
1993 - 97 2 374 509 I 865 

1998 - 02 2442 40 1 2 041 

2003 - 07 2 470 33 1 2 139 
2008 - 12 2 435 259 2 176 

20 13 - 17 2 386 200 2 186 

Total 12 107 I 700 10 407 

were relatively stable throughout the period, and found to 
have increased in the over 55 age groups in Denmark, 
Finland and Iceland. An increasing trend was also ob
served in men of over 50 years in N orway. In Sweden 
there was a slight decrease in morta lity from colorectal 
cancer in men younger than 45, and a stable morta lity in 
older ages. 

In the future ( 1993 - 2017), a decrease in mortality from 
colorectal cancer in men was predicted in Denmark and 
Sweden, with no changes in the mortality rates in Finland 
and Iceland, while an increase from 21.8 per I 00 OOO 
man-years to 27.4 was predicted in Norway (A ppendix 
48) . In the last predicted period the highest mortality rate 
was expected in Norway, 27.4 per 100 OOO man-yea rs, and 
the lowest was in Iceland and Sweden, 11.7 and 11.8 
respectively . 

Without With 
screening screening 

12.7 1.8 10.9 
12.3 1.4 10.9 
11.9 1.3 10.6 
11.6 1.2 10.4 
11.2 I. I JO. I 
11.9 1.4 10.5 

6.9 1.2 5.7 
6.7 0.9 5.8 
6.5 0.7 5.8 
6.2 0.6 5.6 
6.0 0.5 5.5 
6.5 0.8 5.7 

6.0 0.4 5.6 
5.8 0.3 5.5 
5.7 0.2 5.5 
5.5 0.2· 5.3 
5.4 0.2 5.2 
5.7 0.3 5.4 

6.9 I. I 5.8 
6.6 0.8 5.8 
6.4 0.7 5.7 
6. 1 0.6 5.5 
6.5 0.8 5.7 

6.4 1.0 5.4 
6.2 0.8 5.4 
6.0 0.7 5.3 
5.7 0.6 5. 1 
5.5 0.6 4.9 
6.0 0.7 5.3 

The predicted morta lity rates from colorectal cancer in 
males, assuming that screening was started in 1993, are 
lis ted in Appendix 4C. The increase in the mortality rate in 
the oldest age group could be suspended and a slight 
reduction was predicted. When the ultimate efTect of 
screening was reached the mortality was pred icted to be 
between 22.9 (Norway) and 9.6 (Iceland). 

In Table 16 and Fig. IO the effect of a hypothetical 
screening for colorectal cancer in males is shown. The 
expected reduction in mortality ra te would be between 4.5 
per 100 OOO man-years in Norway (2008 - 20 12) and 2.0 in 
Sweden (20 13- 2017), when the result s of the screening 
programme are ascertained . The number of deaths avoided 
would be proportionally larger than the reduction in mor
tality due to the ageing of the population. A total of 
11 11 9 deaths from colorectal cancer in males could be 
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Table 15 

Predic1ed effecl of .screening for colorec1a/ cancer on rhe number of dea1hs and age-adjusred ('world srandard popularion ') 
morlaliry r{/(es , females 

Period Predicted number o f dea ths Difference Predicted mo rta lity rates Diffe rence 

Without Wi th 
screening screening 

Denma rk 
1993 - 97 5 66 1 5 66 1 
1998 - 02 5 879 5 434 445 
2003 - 07 5 962 5 206 756 
2008 - 12 5 964 4928 I 036 
20 13- 17 6 097 5 038 I 059 . 

Total 29 563 26 267 3 296 
F in la nd 

1993 - 97 2 880 2 880 
1998 - 02 3 0 19 2 793 226 
2003 - 07 3 123 2 727 396 
2008 - 12 3 254 2 686 568 
201 3- 17 3 335 2 752 583 
Total 15 6 11 13 838 I 773 

Icela nd 
1993 - 97 11 5 11 5 
1998 - 02 124 11 3 II 
2003 - 07 136 11 7 19 
2008 - 12 148 122 26 
20 13- 17 160 132 28 
Total 683 599 84 

Norway 
1993 - 97 3 877 3 877 
1998 - 02 4 174 3 855 319 
2003 - 07 4 397 3 850 547 
2008 - 12 4 540 3 673 867 
Tota l 16 988 15 255 I 733 

Sweden 
1993 - 97 6472 6 472 
1998 - 02 6 557 6 07 1 486 
2003 - 07 6 53 1 5 732 799 
2008 - 12 6 388 5 270 I 11 8 
20 13- 17 6 IOI 5 029 I 072 
Total 32 049 28 573 3 476 

prevented during the study period in the Nordic countries . 
The reduction in- the annual number of dea ths from col
orectal cancer due to screening was I 46 1 (723 in females 
and 738 in males) in the Nordic co untries in the period 
2008- 20 12, when the screening progra mme was predicted 
to reach its ultimate effect. 

S ummary 

Without screening, a tota l of 348 58 1 deaths was pre
dicted to occur in the Nordic co untries in the period 
1993 - 20 17 from these th ree types of cancer - 12 1 OOO 
from breast cancer, 38 555 fro m cervica l cancer and 
189 026 from colorecta l cancer. This num ber would be 
21% smaller (71 506 cancer dea ths less) with screening as 
described in this study fo r cervical and breast cancer, and 
assumed for colorectal cancer. 

Without With 
screening screening 

17.0 17.0 
17. 1 15.5 1.7 
17.0 14.7 2.4 
16.7 14.0 2.7 
16.5 13.8 2.7 
16.9 15.0 1.9 

8.8 8.8 
8.7 7.9 0.8 
8.6 7.7 1.4 
8.4 7.0 1.4 
8.2 6.8 1.7 
8.5 7.5 1.0 

9.6 9.6 
9.6 8.6 1.0 
9.6 7.7 1.9 
9.6 7.5 2. 1 
9.6 7.5 2. 1 
9.6 8.2 1.4 

14.0 14.0 
14.3 12.8 1.5 
14.2 12. 1 2. 1 
13 .9 11.5 2.4 
14.1 12.6 1.5 

10.4 10.4 
10 .0 9.0 1.0 
9.4 8.1 1.4 
8.7 7.3 1.5 
7.9 6.6 1.3 
9.3 8.3 1.0 

In the period 201 3- 20 17 the annual number of dea ths 
will be 15 280 (5 345 from breast ca ncer, I 598 from cervica l 
cancer and 8 337 from colorecta l ca ncer) assum ing no 
screening had taken place (Table 17). If the fu ll effect 
screening had been sta rted in 1963 - 1967 for cervica l cancer, 
in 1988 for breast cancer and in 1993 for colorecta l cancer. 
the predicted number of dea ths would be 11 370 ( 4 38 1 
from breast cancer, 129 from cervical cancer and 6 860 from 
colorecta l ca ncer), wh ich is 26% less than assuming no 
screening. Those percentages a re 18, 91 and 18 for breast, 
cervica l and colorectal cancer screenings, respectively. 

Costs 

Breas/ cancer 

The costs of the breast cancer screening programme a re 
highly dependent on the population size and structure 
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Table 16 

Predicted effect of screening for co/orectal cancer 011 the number of deaths and age-adjusted ( 'world standard population') 
mortality rates, males 

Period Predicted number of deaths Difference Predicted mortality rates Difference 

Without With Without With 
screening screening screening screening 

Denmark 
1993 - 97 5 070 5 070 22. 1 22. 1 
1998 - 02 5 099 4 622 477 21.5 19.3 2.2 
2003 - 07 5 147 4406 741 20.9 17.9 3.0 
2008 - 12 5 194 4 290 904 20.2 16.9 3.4 
2013 - 17 5 296 4 373 923 19.8 16.5 3.3 
Total 25 806 22 761 3 045 20.9 18.5 2.4 

Finland 
1993- 97 2 354 2 354 12.9 12.9 
1998- 02 2 634 2 383 25 1 13.0 11.8 1.2 
2003 - 07 2 948 2 516 432 13.1 11.3 1.8 
2008 - 12 3 267 2 689 578 12.9 10.7 2.2 
20 13 - 17 3 595 2 956 639 12.8 10.6 2.2 
Total 14 798 12 898 I 900 12.9 11.4 1.5 

Iceland 
1993 - 97 110 110 11.7 11.7 
1998- 02 121 110 II 11. 7 10.4 1.2 
2003 - 07 134 I 14 20 11.7 9.9 1.8 
2008 - 12 149 122 27 11.7 9.6 2. 1 
20 13- 17 164 135 29 11. 7 9.6 2.1 
Total 678 59 1 87 11.7 10.2 1.4 

Norway 
1993- 97 4174 4 174 2 1.8 2 1.8 
1998- 02 4602 4 187 415 23.6 2 1.2 2.4 
2003 - 07 5 075 4 367 708 25.4 21.7 3.6 
2008 - 12 5 686 4 718 968 27.4 22.9 4.5 
Total 19 537 17 446 2 091 24.5 2 1.9 2.6 

Sweden 
1993 - 97 6490 6 490 14.4 14.4 
1998- 02 6647 6 045 602 14.1 12.6 1.5 
2003 - 07 6 723 5 758 965 13.6 11.5 2.0 
2008 - 12 6744 5 528 I 2 16 12.8 10.6 2.2 
20 13 - 17 6 709 5 495 I 214 11.8 9.8 2.0 
Total 33 313 29 317 3 996 13.4 11.8 1.6 

(Tables 18- 22). Therefore the costs of the screening tests The rapidly increasing number of new cases leads to 
are lowest in Iceland, between $2 m and $3 m in a 5-year about double the treatment costs without screening in each 
period , and highest in Sweden, between $98 m and $124 m. of the Nordic countries. According to the assumption that 
[n Denmark and Finland the costs of the screening test are the reduction in treatment costs results solely from the 
about the same, from $58 m in 1988 - 1992 to $74 m and change in the stage distribution in the screened group, 
$77.5 m respectively, at the end of the predicted pc_riod . treatment costs with screening were predicted to increase 

Table 17 

Site 

Breast 
Cervix 
Colorectum 

Total 

Annual number of deaths from cancer in 1993- 1997 and 2013 - 2017 in the Nordic co11ntries 

1995 

Screening Number 
prevented 

No Yes 

4 613 4 302 311 
I 553 306 I 247 
7 441 7 441 0 

13 607 12049 I 558 

% 

7 
80 
0 

II 

20 15 

Screening 

No 

5 345 
I 598 
8 337 

15 280 

Number 
prevented 

Yes 

4 381 964 
129 I 469 

6 860 1477 

I I 370 3 910 

% 

18 
91 
18 

26 
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in proportion to the treatment costs without screening. 
The difference between the total treatment costs with and 
without screening is relatively small because screening 
affects a relatively small proportion of patients. The differ
ence was predicted to increase slowly, depending on the 
number of new cases, by between $1 m and $2 mover the 
period in all the countries except Iceland, where the differ
ence was between $50 OOO and $73 OOO. This difference is 
the only comp_ensation for the costs of the screening test. 
Therefore, the difference between the two alternatives re
mains much smaller than the total cost of the screening 
test, and the cost of the screening programme is about the 
same as the cost of the screening test. 

Cervical cancer 

Although the number of new cases of invasive cervical 
cancer with screening was predicted to decrease in the last 
predicted 5-year period (Appendix 5), .the predicted num
ber of new cases without screening would have increased in 
all the Nordic countries. In the period after the starting of 
the screening programme, a number of cases which would 
have surfaced later as clinical diseases were diagnosed by 
the PAP test. Thus, an increase in the number of new cases 
was estimated. r n the period 1963 - 1967, when the first 
screening measures were initiated , the number of new 
invasive cervical cancers was higher than in the previous 

· and subsequent periods . 

Table 18 

Estimated cost difference between situation without screening fo r breast cancer and with mammographic screening of women aged 
50- 69 years every second year, Denmark 

Period Woman- years Cost of No. of new Cost of No. of new Cost of Difference 
(50- 69) screening and cases without trea tment cases with trea tment with between costs 

confirmation screening without sc reening screening with and 
screening without screening 

1988 - 92 2 656 OOO 58 439 OOO 6 666 79 992 OOO 7 333 78 605 OOO 57 053 OOO 
1993 - 97 2 794 OOO 61 479 OOO 6 986 83 832 OOO 7 685 82 379 OOO 60 026 OOO 
1998- 02 3 055 OOO 67 215 OOO 8 247 98 964 OOO 9 072 97 249 OOO 65 499 OOO 
2003 - 07 3 244 OOO 71 37 1 OOO 9447 113 364 OOO 'io 392 111 399 OOO 69 406 OOO 
2008 - 12 3 380 OOO 74 359 OOO 10 220 122 640 OOO 11 242 120 514 OOO 72 233 OOO 

Table 19 

Estimated cost difference between situation without screening for breast cancer and with mammographic screening of women aged 
50- 69 years every second year, Finland 

Period Woma n- years Cost of No. of new Cost of No. of new Cost of Difference 
(50- 69) screening and cases without treatment cases with trea tment with between costs 

confirmation screening without screening screening with and 
screeni ng without screening 

1988 - 92 2 68 1 OOO 58 99 1 OOO 5 170 62 040 OOO 5 687 60 965 OOO 57 915 OOO 
1993 - 97 2 745 OOO 60 381 OOO 6037 72 444 OOO 6 641 71 188 OOO 59125000 
1998 - 02 3 020 OOO 66 440 OOO 7 165 85 980 OOO 7 882 84 490 OOO 64 950 OOO 
2003 - 07 33 14000 72 899 OOO 8 081 96 972 OOO 8 889 95 29 1 OOO 71 218 OOO 
2008 - 12 3 526 OOO 77 572 OOO 8 873 106476000 9 760 104 630 OOO 75 726 OOO 

Table 20 

Estimated cost difference between situation without screening for breast cancer and with mammographic screening of women aged 
50- 69 years every second year, Iceland 

Year Woman- years Cost of No. of new Cost of No. of new Cost of Difference 
(50- 69) screening and cases without treatment cases with trea tment with between cos ts 

confirma tion screening without screening screening with and 
screening without screening 

1988 - 92 101 OOO 2 219 OOO 224 2 688 OOO 246 2 64 1 OOO 2 172000 
1993- 97 107 OOO 2 356 OOO 240 2 880 OOO 264 2 830 OOO 2 306 OOO 
1998- 02 11 9 OOO 26 14000 26 1 3 132 OOO 287 3 078 OOO 2 560 OOO 
2003 - 07 136 OOO 2 989 OOO 299 3 588 OOO 329 3 526 OOO 2 927 OOO 
2008 - 12 158 OOO 3 485 OOO 35 1 4212000 386 4 139 OOO 3412 OOO 
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Table 21 

Estimated cost difference bellVeen situation without screening for breast ca11cer a11d with mammographic screening of women aged 
50- 69 years every seco11d year, Norway 

Period Woman- years Cost of No. of new Cost of No. of new Cost of Difference 
(50- 69) screening and cases without trea tment cases with treatment with between costs 

confirmation screening without screening screening with and 
screening without screening 

1988 - 92 2 033 OOO 44 728 OOO 3 393 40716000 3 732 40 010 OOO 44 022 OOO 
1993 - 97 2 032 OOO 44 714 OOO 3 516 42 192 OOO 3 868 41 461 OOO 43 982 OOO 
1998 - 02 2 229 OOO 49 028 OOO 3 834 46 008 OOO 4 217 45 211 OOO 48 23 1 OOO 
2003 - 07 2 462 OOO 54 166 OOO 4 311 51 732 OOO 4 742 50 835 OOO 53 269 OOO 
2008 - 12 2 70 1 OOO 59 429 OOO 4 753 57 036 OOO 5 228 56 047 OOO 58 440 OOO 

Table 22 

Estimated cost difference between situatio11 without screening for breast cancer and with mammographic scree11i11g of women aged 
50- 69 years every second year, S weden 

Period Woman - years Cost of No. of new 
(50- 69) screening and cases without 

confirmation screening 

1988 - 92 4499 OOO 98 983 OOO 10 954 
1993 - 97 4 66 1 OOO 102 547 OOO 9 317 
1998 - 02 5 092 OOO I 12 029 OOO 10 377 
2003 - 07 5 431 OOO 11 9 488 OOO 11 398 
2008- 12 5 66 1 OOO 124 553 OOO 12 384 

The cost estimate of the screening program me for cervi
ca l cancer in the Nordic countries is presented in Tables 

23 - 27 and in Appendix 5. The costs of treatment of ICC 
were calcula ted for both alterna tives, i.e., with and without 

screening ( Appendix 5), according to the number of new 
cases and the stage di tribution of incident cases shown in 
Table 11. The number of new ICCs without screening 

would have increased until the ea rly 1990s and stabi lized 

Cost of No. of new Cost of Difference 
trea tment cases with trea tment wi th between cos ts 
without screening screening wi th and 
creening without screening 

131 448 OOO 12 049 129 170 OOO 96 705 OOO 
111 804 OOO 10 249 109 866 OOO 100 609 OOO 
124 524 OOO 11 415 122 366 OOO 109 870 OOO 
136 776 OOO 12 538 134 405 OOO 117117000 
148 608 OOO 13 622 146 032 OOO 121 977 OOO 

after that in a ll the Nordic countries with the exception of 
Iceland , where a decrease was predicted and where it 

would continue until the end of the period 201 3- 2017 
(Appendix 5). The total cost without screening is equal to 
the treatment cost of all cases that would have progressed 

to the invasive stage in the absence of screening. This 
would have increased in the period 1968 - 1997 and would 
remai n stable in the nex t predicted 5-year periods. 

Table 23 

Estimated cost difference between situation without screening for cervical cancer and with scree11ing of 
women aged 25- 59 years every fifth year, Denmark 

Period Woman- years OSI of Total cost Total cos t wi th Difference 
(25 - 59) creening without screening between cos t 

screening with and 
without screening 

1963 - 67 5 180 OOO 10 360 OOO 95 161 OOO 126 315 OOO 31 154000 
1968 - 72 5 320 OOO 10 639 OOO 97 728 OOO 110 60 1 OOO 12 873 OOO 
1973 - 77 5 534 OOO 11 068 OOO IOI 668 OOO 86 36 1 OOO - 15 307 OOO 
1978 - 82 5 675 OOO 11 350 OOO 104 258 OOO 77 718 OOO - 26 540 OOO 
1983 - 87 5 797 OOO 11 593 OOO 106 493 OOO 74 272 OOO - 32 22 1 OOO 
1988 - 92 6 051 OOO 12 102 OOO 111 168 OOO 74 864 OOO - 36 303 OOO 
1993 - 97 6 324 OOO 12 647 OOO 11 6 174 OOO 76 377 OOO - 39 797 OOO 
1998 - 02 6 474 OOO 12 948 OOO 11 8 939 OOO 78 195 OOO - 40 744 OOO 
2003 - 07 6 36 1 OOO 12 723 OOO 116 867 OOO 76 833 OOO - 40 034 OOO 
2008- 12 6 074000 12 147 OOO 111 580 OOO 73 357 OOO - 38 223 OOO 
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Table 24 

Estimated cost difference between situation without screening for cervical cancer and with screening of 
women aged 25- 59 years every fifth year, Finland 

Period Woman - years Cost of Total cost Total cost with Difference 
(25 - 59) screening without screening between cost 

screening wi th and without 
screening 

1963 - 67 5 032 OOO 10 065 OOO 37 931 OOO 56 259 OOO 18 327 OOO 
1968 - 72 5 060 OOO 10 11 9000 38 138 OOO 49 063 OOO 10 925 OOO 
1973 - 77 5 373 OOO 10 745 OOO 40 497 OOO 40 734 OOO 237 OOO 
1978- 82 5 655 OOO II 310 OOO 42 625 OOO 38 290 OOO - 4 334 OOO 
1983 - 87 5 867 OOO 11 735 OOO 44 226 OOO 37 609 OOO - 6617000 
1988 - 92 6 04 1 OOO 12 083 OOO 45 537 OOO 37 753 OOO - 7 785 OOO 
1993- 97 6 212 OOO 12424 OOO 46 825 OOO 38 036 OOO - 8 789 OOO 
1998- 02 6 184 OOO 12 368000 46 612 OOO 37 787 OOO -8825 000 
2003 - 07 6 210 OOO 12 421 OOO 46 812 OOO 37 895 OOO -8 917000 
2008- 12 5 974 OOO 11 947 OOO 45 028 OOO 36 616 OOO - 8412000 

Table 25 

Estimated cost difference between situation without screening for cervical cancer and with screening of 
women aged 25- 59 years every fifth year, Iceland 

Period Woman- years Cost of Tota l cost Total cost with Difference 
(25 - 59) screening without screening between cost 

screening wi th and without 
screening 

1963 - 67 175 OOO 35 1 OOO I 367 OOO 20 17000 650 OOO 
I 968 - 72 186 OOO 372 OOO I 452 OOO I 858 OOO 406 OOO 
1973 - 77 203 OOO 405 OOO I 580 OOO I 576 OOO - 4 500 
1978- 82 223 OOO 445 OOO I 735 OOO I 549 OOO - 185 OOO 
1983 - 87 248 OOO 496 OOO I 93 1 OOO I 632 OOO - 299 OOO 
1988 - 92 275 OOO 549 OOO 2 142 OOO I 759 OOO - 383 OOO 
1993 - 97 297 OOO 595 OOO 2 318 OOO I 866 OOO - 452 OOO 
1998- 02 321 OOO 642 OOO 2 504 OOO 2 016 OOO - 488 OOO 
2003 - 07 339 OOO 678 OOO 2 644 OOO 2 129 OOO - 515 OOO 
2008- 12 350 OOO 701 OOO 2 73 1 OOO 2 199 OOO - 532 OOO 

Table 26 

Estimated cost difference between situation without screening f or cervical cancer and with screening of 
women aged 25- 59 years every fifth year, Norway 

Period Woman- years Cost of Total cos t Total cost with Difference 
( 25 - 59) screening without screening between cost 

screening with and without 
screening 

1963 - 67 3 964 OOO 7 928 OOO 34 929 OOO 50 490 OOO 15 560 OOO 
1968 - 72 3 998 OOO 7 997 OOO 35 234 OOO 44 036 OOO 8 802 OOO 
1973 - 77 4 140 OOO 8 279 OOO 36 478 OOO 35 294 OOO - 11 84000 
1978 - 82 4 255 OOO 8 509 OOO 37 492 OOO 32 376 OOO - 5 11 6 OOO 
1983 - 87 4 398 OOO 8 795 OOO 38 752 OOO 31 604 OOO - 7 148 OOO 
1988 - 92 4 648 OOO • 9 296 OOO 40 957 OOO 32 419 OOO - 8 538 OOO 
1993 - 97 4 978 OOO 9 956 OOO 43 865 OOO 34 019 OOO - 9 846 OOO 
1998 - 02 5 250 OOO 10 499 OOO 46 259 OOO 35 875 OOO - 10 383 OOO 
2003 - 07 5 309 OOO 10 618 OOO 46 782 OOO 36 28 1 OOO - 10 50 1 OOO 
2008 - 12 5 234 OOO 10 467 OOO 461 19000 35 767 OOO - 10 352 OOO 
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Table 27 

Esrimared cosr difference berween siruarion 1virhour screening for cervical cancer and 111irh screening of 
women aged 25- 59 years every fifrh year, Sweden 

Period Woman - years Cost of 
(25 - 59) screening 

1963- 67 8 646 OOO 17 292 OOO 
1968 - 72 8 820 OOO 17 639 OOO 
1973 - 77 9 068 OOO 18 136000 
1978- 82 9 198 OOO 18 396 OOO 
1983 - 87 9 243 OOO 18 486 OOO 
1988- 92 9 582 OOO 19 165 OOO 
1993 - 97 10 035 OOO 20 069 OOO 
1998 - 02 10 318 OOO 20 636 OOO 
2003 - 07 10 189 OOO 20 379 OOO 
2008 - 12 9 897 OOO 19 794 OOO 

In Denmark and Finland the total cost of screening tests 
was estimated to be between $10 m in the period 1968 -
1972 and $12 m in the period 1988 - 1992, and the cost was 
predicted to remain unchanged by the end of the studied 
period, 2008 - 2012. In Iceland the cost of screening test 
increased from $400 OOO to $700 OOO in the same period, 
and from $8 m to $10 m in Norway. Screening tests in 
Sweden were the most expensive, $18 m to $20 m over the 
period. T he trea tment of carcinoma in situ, including 
excess diagnostic work-up and overtreatment of preinva
sive lesions, was the most expensive component of the 
screening policy, according to the set of assumptions ap
plied in this study. Trea tment costs of invasive cervical 
cancer decreased during the screening period in all the 
Nord ic countries. Accord ing to the prediction, cost re
mained constant in Denmark, Finland, Norway and Swe
den in the period 1993- 20 12. The total cost of the 
screening programmes was predicted to be lower than the 
trea tment costs of invasive disease wi thout screening. The 
total cost of the screening programmes, includ ing the test 

Total cost Total cost with Difference 
without screening between cost 
screening with and wi thout 

screening 

91 746 OOO 129 086 OOO 37 339 OOO 
93 592 OOO 11337 1000 19 779 OOO 
96 226 OOO 89 398 OOO - 6 828 OOO 
97 606 OOO 80 529 OOO - 17 077 OOO 
98 083 OOO 76 215 OOO - 21 868 OOO 

IO I 686 OOO 76 574 OOO - 25 11 2 OOO 
106 484 OOO 78 483 OOO - 28 001 OOO 
109492 OOO 80 700 OOO - 28 792 OOO 
108 128 OOO 79 695 OOO - 28 433 OOO 
105 022 OOO 77 406 OOO - 27 616 OOO 

costs and the treatment costs of C IN and invasive cancers, 
was estimated to decrease in the period. Screening for 
cervical cancer is expensive during the first years, but when 
the fu ll intensity of the programme is reached and the 
number of new invasive cancers is substantially reduced it 
could be considered as cost-saving in each of the Nordic 
countries. The savings amounted to $38.2 m, $8.4 m, $0.5 m, 
$10.3 m and $27.6 m in the period 2008- 20 12, in Denmark, 
Finland, Iceland , Norway and Sweden, respectively. 

Colorectal cancer 

The cost estimates for colorectal cancer creening a re 
listed in Tables 28 - 32. According to the Nordic incidence 
predictions for 1988- 20 12, the number of new cases of 
colorecta l cancer in the 50- 74 years age group will in
crease in both sexes ( I). Males a re more often affected 
by the d isease, and a lt hough the female population is 
somewhat bigger in this age group in all the Nordic 
countries, more new ea es occur among males. The total 

Table 28 

Esrimared cost difference berween siruarion 111irhour screening for co /ore ta / cancer and with screening of pop11/ario11 aged 50- 74 years every 
year, Denmark 

Period Woman- yea rs ost of No. of ost of No. of ost of Difference 
(50 - 69) screening and new cases trea tment new cases treatment between costs 

confirmation wi thout without with wi th wi th and 
screening screening screening screening without screening 

Females 
1993 - 97 3 373 OOO 20 239 OOO 3 948 81 171 OOO 4 738 91 34 1 OOO 30 409 OOO 
1998- 02 3 592 OOO 21 549 OOO 4023 82 713 OOO 4 828 93 076 OOO 31 913 OOO 
2003 - 07 3 764 OOO 22 58 1 OOO 4 183 86 002 OOO 5 020 96 778 OOO 33 357 OOO 
2008 - 12 3 936 OOO 23 616 OOO 440 1 90 485 OOO 5 28 1 IOI 822 OOO 34 953 OOO 

Males 
1993 - 97 3 138 OOO 18 829 OOO 4 730 97 249 OOO 5 676 109 433 OOO 31 013 OOO 
1998 - 02 3 407 OOO 20 442 OOO 4 798 98 647 OOO 5 758 111 007 OOO 32 802 OOO 
2003- 07 3 594 OOO 21 566 OOO 4 929 IOI 340 OOO 5 915 11 4 037 OOO 34 263 OOO 
2008 - 12 3 76 1 OOO 22 567 OOO 5 215 107 220 OOO 6 258 120 654 OOO 36 00 1 OOO 
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Table 29 

Estimated cost difference between situation without screening for colorectal, cancer and with screening of population aged 50- 74 years every 
year, Finland 

Period Woman - years Cost of No. of Cost of No. of Cost of Difference 
(50- 69) screening and new cases trea tment new cases trea tment between costs 

confirma tion withou t without with wi th with and 
screening screening screening screening without screening 

Females 
1993 - 97 3 326 OOO 19 957 OOO 2 415 49 652 OOO 2 898 55 873 OOO 26 178 OOO 
1998 - 02 3 612 OOO 21 675 OOO 2473 50 845 OOO 2 968 57 215 OOO 28 045 OOO 
2003 - 07 3 877 OOO 23 260 OOO 2 599 53 435 OOO 3 11 9 60 130 OOO 29 955 OOO 
2008- 12 4 109 OOO 24 655 OOO 2 840 58 390 OOO 3 408 65 706 OOO 31 971 OOO 

Ma les 
1993 - 97 2 867 OOO 17 203 OOO 2 725 56 026 OOO 3 270 63 046 OOO 24 222 OOO 
1998 - 02 3 279 OOO 19 672 OOO 2 958 60816000 3 550 68 436 OOO 27 292 OOO 
2003 - 07 3 608 OOO 21 648 OOO 3 172 65 216 OOO 3 806 73 387 OOO 29 819 OOO 
2008- 12 3 855 OOO 23 130 OOO 3 368 69 246 OOO 4 042 77 922 OOO 31 806 OOO 

Table 30 

Estimated cost difference between situation without screening for colorectal cancer and with screening of population aged 50- 74 years every 
year, Iceland 

Period Woman- years Cost of No. of . Cost of No. o f Cost of Difference 
(50- 69) screening and new cases trea tment new cases trea tment between costs 

confirma tion without without with with wit h and 
screening screening screening screening without screening 

Females 
1993 - 97 128 OOO 767 OOO !04 2 138 OOO 125 2 406 OOO I 035 OOO 
1998 - 02 141 OOO 847 OOO 109 2 241 OOO 131 2 522 OOO 11 27 OOO 
2003 - 07 159 OOO 95 1 OOO 11 9 2 447 OOO 143 2 753 OOO I 258 OOO 
2008- 12 180 OOO I 081 OOO 135 2 776 OOO 162 3 123 OOO I 429 OOO 

Males 
1993 - 97 123 OOO 739 OOO 129 2 652 OOO 155 2 985 OOO I 072000 
1998 - 02 139 OOO 83 1 OOO 125 2 570 OOO 150 2 892 OOO I 153 OOO 
2003 - 07 157 OOO 944 OOO 139 2 858 OOO 167 3 216 OOO I 302 OOO 
2008- 12 180 OOO I 078 OOO 160 3 290 OOO 192 3 702 OOO I 490 OOO 

Table 31 
Estimated cost difjerence between situation without screening for colorectal cancer and with screening of population aged 50- 74 years every 

year, Norway 

Period Woman- yea rs OS( of N o. of Cost of No. of Cost of Difference 
(50 - 69) screening and new cases trea tment new cases trea tment between costs 

confirma tion wi thout with out with with wi th and 
screening screening screening screening without screening 

Fema les 
1993 - 97 2 547 OOO 15 282 OOO 345 1 70 953 OOO 4 141 79 842 OOO 24 171 OOO 
1998 - 02 2 678 OOO 16 070 OOO 3 414 70 192 OOO 4 097 78 986 OOO 24 865 OOO 
2003 - 07 2 868 OOO 17 207 OOO 3 578 73 564 OOO 4 294 82]8 1 OOO 26 424 OOO 
2008- 12 31 18000 18 700 OOO 3 909 80 369 OOO 4 69 1 90 439 OOO 28 775 OOO 

Males 
1993 - 97 2 368 OOO 14 210 OOO 4 30 1 88 429 OOO 5 161 99 508 OOO 25 289 OOO 
1998 - 02 2 554 OOO 15 323 OOO 4 309 88 593 OOO 5 171 99 693 OOO 26 423 OOO 
2003 - 07 2 769 OOO 16 612 OOO 4 58 1 94 185 OOO 5 497 105 986 OOO 28 413 OOO 
2008- 12 3 022 OOO 18 132 OOO 4 968 102 142 OOO 5 962 11 4 940 OOO 30 930 OOO 
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Table 32 

Estimated cost difference between siwation without screening f or colorectal cancer and with screening of population aged 50- 74 years every 
year, Sweden 

Period Woman- years Cost of No. of 
(50- 69) screening and new cases 

confi rmation without 
screening 

Females 
1993- 97 5 755 OOO 34 53 1 OOO 5 719 
1998- 02 6 082 OOO 36 494 OOO 5 724 
2003 - 07 3 363 OOO 38 175000 5 966 
2008- 12 6 653 OOO 39 917 OOO 6 378 

Males 
1993 - 97 5 440 OOO 32 637 OOO 6 370 
1998- 02 5 846 OOO 35 074 OOO 6 204 
2003 - 07 6 169 OOO 37 014 OOO 6 304 
2008- 12 6 464 OOO 38 785 OOO 6 677 

cost of the screening tests and confirmation of the diag
noses is expected to be higher for fema les than for males 
over the predicted period. The treatment costs per patient 
were assumed to be equa l for men and women , and the 
total treatment cost without screening depended on the 
predicted numbers of new cases and on the stage distribu
tion of the cancers. Thus the highest treatment costs were 
predicted for Sweden, between $280 m and $302 m, about 
twice those in F in land , while the lowest cost was predicted 
for Iceland . The costs of trea tment without screening were 
estimated to increase in both sexes in each of the Nord ic 
countries. Owing to the smaller number of predicted new 
cases in females and, thus, lower treatment costs, the 
overa ll screening programmes were estima ted to be less 
expensive in males than in females. The cost difference 
between the two alternatives (wi th and without screening) 
was more fa vourable in men compared wi th that in women 

(T ables 28 - 32). T he tota l cost of the colo recta l ca ncer 

Table 33 

Summary of estimated cost in 111illio11s of do llars. Screening com 
pared with no screening in 1995 and 20 /0 by primary site. All 

Nordic counrries combined 

Year, Primary site Screening 

No Yes Difference 

Yea r 1995 
Breast 62.6 109.3 46.7 
Cervix 63. 1 45.8 - 17.3 
Colorectum, females 64.3 72.3 8.0 
Colorectum, males 75. 1 84.5 9.4 
Total 265. 1 311 .9 46.8 

Yea r 20 10 
Breast 87 .8 154. 1 66.2 
Cervix 62 .1 45. 1 - 17.0 
Colorectum , females 72.6 103.3 30.7 
Colorectum, males 83.8 115.0 31.2 
Total 306.3 417.5 111 .2 

Cost of No. of Cost of Difference 
trea tment new cases treatment between costs 
without with with with and 
screening screening screening without screening 

11 7 583 OOO 6 863 132 3 I 5 OOO 49 263 OOO 
11 7 685 OOO 6 869 132 430 OOO 51 239 000 
122 66 1 OOO 7 159 138 029 OOO 53 543 OOO 
131 132 000 7 654 147 56 1 OOO 56 347 OOO 

130 967 OOO 7 644 147 376 OOO 49 046 OOO 
127 554 OOO 7 445 143 536 OOO 51 055 OOO 
129 610 OOO 7 565 145 849 OOO 53 253 OOO 
137 279 OOO 8 012 154 479 OOO 55 985 OOO 

screening programme was predicted to be $7 1 m in Den
mark, $64 m in Finland , $2.9 m in fceland , $60 m in 
N orway, and $ 11 2 m in Sweden in 2008- 201 2. 

Summary 

The cost estimates in 1995 and 2010 a re presented in 
Table 33 for the N ordic co untries combined . Cost of 
screening for colorecta l cancer would be the most expen
sive, $ 157 m in 1995. The difference between cost with 
screening and cost without screening was the grea test for 
breast cancer, $47 m, however. After fu ll maturation of the 
programmes, as estimated for the yea r 20 10, the relative 
position of colorecta l screening becomes less fa voura ble: 
the difference in cost between screening and no screening is 

the same, more than $60 m, fo r both breast and colo rectal 
cancer. Colorectal ca ncer screening wi ll cove r both sexes, 

however. Screening for cervica l cancer is cost-saving, 
about 17 m a yea r and the savings a re stable over time. In 

the yea r 20 I O screening for these three primary sites is 
assumed to be $ I 11 m more than would be the resources 
without screening in the N ordic countries combined . 

Quality of life 

In Table 34, we find the overa ll number of dea ths 
avoided and life yea rs ga ined ( L YG) due to breas t cancer 
screeni ng in the Nordic countries. In 1993 - 1997, a tota l of 
233 life years, out of 7 790 yea rs ga ined , can °be considered 
as ' lost' a fter adjustment for qua lity of life rela ted to the 

screening programme. In all , I 200 of the LYG s will be 
lived in modera te o r severe dementia , independent of 
cancer. In the last column of Table 34, ' LYG with good 
quality' (GQLYG), dementia-free li fe yea rs gained 
(DF LYG) out of QALYG are presented . The tota l num
ber of GQL YG wi ll rise from 6 424 in 1993 - 1997 to 
17 752 in 2008- 20 12. According to the scheme for ca lcu
la ting QALYG, DFLYG and GQLYG increase in propor-
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Table 34 

Total life years gained due to screening for breast cancer, life years gained (L YG) discounted for quality of life (QA L YG) and life years free 
of dementia in the Nordic countries 

Country Period Deaths Life QALYG Dementia-free -LYG with 
avoided years gained LYG good quality 

Denmark 1993 - 97 490 2 450 2 377 2 083 2 020 
1998 - 02 838 4190 4064 3 562 3 455 
2003 - 07 I 146 5 730 5 558 4 87 1 4 724 
2008 - 12 I 287 6 435 6242 5 470 5 306 

Finland 1993 - 97 293 I 465 I 421 I 245 I 208 
1998 - 02 497 2 485 24 10 2 11 2 2 049 
2003 - 07 694 3 470 3 366 2 950 2 861 
2008 - 12 808 4040 3 919 3 434 3 33 1 

Iceland 1993- 97 14 70 68 60 58 
1998 - 02 23 11 5 11 2 98 95 
2003 - 07 32 160 155 136 132 
2008 - 12 37 185 179 157 153 

Norway 1993 - 97 24 1 I 205 I 169 I 024 994 
1998 - 02 421 2 105 2042 I 789 I 736 
2003 - 07 598 2 990 2 900 2 542 2 465 
2008 - 12 68 1 3 405 3 303 2 894 2 807 

Sweden 1993 - 97 520 2600 2 522 2 210 2 144 
1998- 02 900 4 500 4 365 3 825 3 710 
2003 - 07 I 284 6 420 6 227 5 457 5 293 
2008 - 12 I 493 7 465 7 24 1 6 345 6 155 

tion to an increasing number of dea ths that would have of deaths from cervical cancer avoided due to the screening 
occurred during the period but were avoided due to the programme are predicted to increase slightly during the 
screening programme. period 1993- 20 I 2 in all the Nordic countries. A total of 

The results of cervical cancer screening in terms of life 43 652 person-years of life would have been 'ga ined' due to 
years ga ined are shown in Table 35. The predicted number deaths avoided in the period I 993 - I 997 because of cervi-

Table 35 

Total life years gained due to screening for cervical cancer, life years gained (L YG) discounted for quality of life (QA L YG) and life years 
free of dementia in the Nordic countries 

Country Period Deaths Life QALYG Dementia-free LYG with 
avoided years gained LYG good quality 

Denmark 1993 - 97 2 213 15 49 1 15 026 13 167 12 772 
1998 - 02 2 333 16 33 1 15 84 1 13 88 1 13 465 
2003 - 07 24 11 16 877 16 37 1 14 345 13 915 
2008- 12 2 467 17 269 16 751 14 679 14 238 

Finland 1993 - 97 I 109 7 763 7 530 6 599 6 401 
1998 - 02 I 247 8 729 8 467 7 420 7 197 
2003 - 07 I 352 9 464 9 180 8 044 7 803 
2008 - 12 I 4 12 9 88'4 9 587 8 40 1 8 149 

Iceland 1993 - 97 50 350 350 298 289 
1998 - 02 56 392 380 333 323 
2003 - 07 62 434 42 1 369 358 
2008 - 12 64 448 435 38 1 369 

Norway 1993 - 97 999 6 993 6 783 5 944 5 766 
1998 - 02 I 088 7 616 7 388 6474 6 279 
2003 - 07 I 146 8 022 7 78 1 6 819 6 614 
2008 - 12 I 146 - 8 022 7 78 1 6 819 6 6 14 

Sweden 1993 - 97 I 865 13 055 12 663 11 097 10 764 
1998 - 02 2 04 1 14 287 13 858 12 144 11 780 
2003 - 07 2 139 14 973 14 524 12 727 12 345 
2008 - 12 2 176 15 232 14 775 12 947 12 559 
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Table 36 

Total life years gained due to screeing for colorecta/ cancer, life years gained (LYG) discounted for quality of life (QALYG) and life years 
free of dementia in the Nordic countries, f emales 

Co untry Period Deaths Life 
avoided yea rs gained 

Denmark 1998- 02 445 3 560 
2003 - 07 756 6 048 
2008 - 12 I 036 8 288 

Finland 1998 - 02 226 I 808 
2003 - 07 396 3 168 
2008 - 12 568 4 544 

Iceland 1998 - 02 II 88 
2003 - 07 19 152 
2008 - 12 26 208 

Norway 1998- 02 319 2 552 
2003 - 07 547 4 376 
2008 - 12 867 6 936 

Sweden 1998 - 02 486 3 888 

2003 - 07 799 6 392 
2008 - 12 I 11 8 8 944 

ea] cancer screening, and this number would increase to 
50 855 in the period 2008- 20 12. Although the ta rget age 
group for cervical cancer screening (30- 59 years) is much 
younger than that for breast cancer, the L YG occur at the 
same age, and the same effect of ageing was considered. 
After adjustment for quality of life due to screening and 
discounting for dementia-free life years, the total number 
of person-yea rs with good quality of life tha t would be 
gained would increase from 36 039 in the period 1993 -
1997 to 42 795 in 2008- 201 2. 

QALYG Dementia-free LYG with 
LYG good quality 

3 382 3 026 2 875 
5 746 5 141 4 884 
7 874 7 045 6 693 

I 718 I 537 I 460 
3 0 10 2 693 2 558 
4 3 17 3 862 3 669 

84 75 71 
144 129 123 
198 177 168 

2424 2 169 2 061 
4 157 3 720 3 534 
6 589 5 896 5 60 1 

3 694 3 305 3 140 
6072 5 433 5 162 
8 497 7 602 7 222 

Tables 36 and 37 show the life years ga ined due to 
avoidance of colorectal cancer· by sex. During the first five 
year of the screening programmes, 1993 - 1997, no reduc
tion in the number of deaths from the disease was as
sumed, and acco rding to the scheme applied, no change in 
the quality of li fe was predicted either. In the next three 
5-year periods the tota l number of li fe years ga ined would 
increase graduall y in both sexes from 11 896 to 28 920 in 
females a nd from 12 292 to 25 85 1 in males. Although the 
predicted number of LYG at the end of the period was 

Table 37 
To tal life years gained (L YG) due to screeing for colorectal cancer and life years gained discounted for quality of life (QA L YG) and life years 

free of de111e111 ia in the Nordic countries, males 

Country Period Dea ths Life QALYG Dementia-free LYG with 
avo ided yea rs ga ined LYG good quality 

Denmark 1998 - 02 477 3 339 3 172 3 105 2 696 
2003 - 07 74 1 5 187 4 928 4 824 4 189 
2008 - 12 904 6 328 6 0 12 5 885 5 I 10 

Finland 1998 - 02 25 1 I 757 I 669 I 634 I 4 19 
2003 - 07 432 3 024 2 873 2 812 2 442 
2008- 12 578 4046 3 844 3 763 3 267 

Iceland 1998 - 02 II 77 73 72 62 
2003- 07 20 140 133 130 1 IJ 
2008 - 12 27 189 180 176 153 

Norway 1998 - 02 415 2 905 2 760 2 702 2 346 
2003 - 07 708 4 956 4 708 4 609 4002 
2008 - 12 968 6 776 6 437 6 302 5472 

Sweden 1998 - 02 602 4 2 14 4 003 3 919 3 403 
2003- 07 965 6 755 64 17 6 282 5 455 
2008 - 12 I 216 8 512 8 086 7 916 6 873 
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Table 38 

Summary of estimated life years gained in 2010 due to screening by 
primary site. All Nordic countries combined 

Life years 
ga ined 

Deaths avoided 
LYG 
QALYG 
DFLYG 
GQLYG 

Breas t Cervix Colorectum 

86 1 
4 306 
4 176 
3 659 
3 549 

I 453 
10 17 1 
JO 069 
8 645 
8 559 

Females Males 

723 
5 784 
5 495 
49 16 
4 670 

739 
5 170 
4 912 
4 808 
4 175 

Tota l 

3 776 
25 431 
24 652 
22 028 
20 953 

somewhat higher in fema les than in males, the difference 
was partly compensated when dementia-free life years 
ga ined were calculated . This was due to the fact that men 
spend a smaller proportion of their remaining life over the 
age of 75 in dementi a than women. Fina lly, 23 353 and 
20 875 life years gai ned with good qua lity were estimated, 

respectively, in women and men in the period 2008 - 20 12 if 
a screening programme for colorecta l cancer had been 
established in 1993 in a ll the Nordic countries (Tables 36 
and 37). 

Table 38 summarizes the life years ga ined for all the 
Nordic countries in 20 I 0. The LYGs varied from 4300 for 
breast cancer to 10 200 for cervical cancer. The total 
number of L YG was 25 400 which decreased to 21 OOO 
GQLYG after adjusting for quality of life and dementia . 

Cost-utility analysis 

Breast cancer 

As the breast cancer screening programme in the Nordic 
countries has not reached its optimal intensity, the number 
of deaths avoided is expected to increase rapidly during the 
predicted period (Table 39). Breast cancer screening does 
not save money: in Sweden additional costs of up to $122 
m in the period 2008 - 2012 were predicted to be at
tributable to the programme. Despite the predicted in
crease in the total additiona l costs of the screening 
programme, the additional costs per life years gained are 

. expected to decrease, and at the end of the period the 
predicted costs per life years gained wi ll only be ha lf those 
in 1993- 1997 (Table 39). The additional costs per li fe 
years gained attributable to the programme in the period 
2008- 2012 are predicted to be between $II OOO in Den
mark and $19 OOO in Finland. The predicted difference 
between the addit ional costs per life years gained and 
additiona l costs per quality-adjusted life years gained de
creased over time; from $ I 200 in 1993- 1997 the cost wi ll 
fa ll to $580 in 2008 - 20 12. The additiona l costs per demen
tia-free life years gained were approximated between 
$47 OOO in Fin land and $29 OOO in Denmark in the period 
1993 - 1997. At the end of the predicted period these costs 
were predicted to decrease to 22 OOO and 13 OOO, respec
tively. The additional costs per L YG with good qua lity are 
slightly higher than those per dementia-free LYG, and this 

Table 39 

Cost -utility estimation j(Jr breast cancer screening in the Nordic countries 

Count ry Period Dea ths Life Additional AC per QALYG AC per Dementia- A per AC per LYG AC per 
avo ided years costs (AC) LYG QALYG free LYG dementia- dea th wi th LYG 

gained free LYG avo ided good wi th 
qua lity good 

quality 

Denmark 1993 - 97 490 2 450 60 026 OOO 24 OOO 2 377 25 OOO 2 083 29 OOO 122 OOO 2 020 30 OOO 
1998 - 02 838 4 190 65 500 OOO 16 OOO 4064 16 OOO 3 562 18 OOO 78 OOO 3 455 19 OOO 
2003 - 07 I 146 5 730 69 406 OOO 12 OOO 5 558 12 OOO 4 87 1 14000 61 OOO 4 724 15 OOO 
2008 - 12 I 287 6 435 72 233 OOO 11 OOO 6 242 12 OOO 5 470 13 OOO 56 OOO 5 306 14000 

Finla nd 1993 - 97 293 I 465 59 126 OOO 40 OOO I 421 42000 I 245 47 OOO 202 OOO I 208 49 OOO 
1998 - 02 497 2 485 64 950 OOO 26 OOO 2 410 27 OOO 2 11 2 3 1 OOO 131 OOO 2 049 ·32 OOO 
2003 - 07 694 3 470 71 218 OOO 21 OOO 3 366 21 OOO 2 950 24 OOO 103 OOO 2 86 1 25 OOO 
2008 - 12 808 4 040 75 726 OOO 19000 3 9 19 19 OOO 3 434 22 OOO 94 OOO 3 33 1 23 OOO 

Icela nd 1993 - 97 14 70 2 306 OOO 33 OOO 68 34 OOO 60 39 OOO 165 OOO 58 40000 
1998 - 02 23 11 5 2 560 OOO 22 OOO 11 2 23 OOO 98 26 OOO 11 1 OOO 95 27 OOO 
2003 - 07 32 160 2 927 OOO 18 OOO 155 19000 136 22 OOO 9 1 OOO 132 22 OOO 
2008 - 12 37 185 3 4 12 OOO 18 OOO 179 19 OOO 157 22 OOO 92 OOO 153 22 OOO 

Norway 1993 - 97 24 1 I 205 43 982 OOO 36 OOO I 169 38 OOO I 024 43 OOO 182 OOO 994 44000 
1998 - 02 421 2 105 48 23 1 OOO 23 OOO 2 042 24 OOO I 789 27 OOO I 15 OOO I 736 28 OOO 
2003 - 07 598 2 990 53 269 OOO 18 OOO 2 900 18 OOO 2 542 21 OOO 89 OOO 2 465 22 OOO 
2008 - 12 68 1 3405 58 440 OOQ 17 OOO 3 303 18 OOO 2 894 20 OOO 86 OOO 2 807 2 1 OOO 

Sweden 1993 - 97 520 2 600 100 609 OOO 39 OOO 2 522 40000 2 2 10 46000 193 OOO 2 144 47 OOO 
1998 - 02 900 4 500 109 870 OOO 24 OOO 4 365 25 OOO 3 825 29 OOO 122 OOO 3 710 30 OOO 
2003 - 07 I 284 6 420 117117000 18 OOO 6 227 19 OOO 5 457 21 OOO 9 1 OOO 5 293 22 OOO 
2008 - 12 I 493 7 465 121 977 OOO 16 OOO 7 24 1 17 OOO 6 345 19 OOO 82 OOO 6 155 20 OOO 
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Table 40 

Cost-utility estimation fo r cervical cancer screening in the Nordic countries 

Country Period Dea ths Life Additional AC per QALYG AC per Dementia- AC per AC per LYG AC per 

avo ided yea rs costs (AC) LYG QALYG free LYG dementia- death with LYG 

ga ined free LYG avoided good with 
qua lity good 

qua lity 

Denmark 1993- 97 2 213 15 491 39 797 OOO 2 600 15 026 2600 13 167 3 OOO 18 OOO 12 772 3 100 
1998- 02 2 333 16 33 1 40 744 OOO 2 500 15 841 2 600 13 88 1 2 900 17 500 13 465 3 OOO 
2003- 07 24 11 16 877 40 034 OOO 2 400 16 37 1 2400 14 345 2 800 16 600 13 915 2900 
2008- 12 2 467 17 269 38 223 OOO 2 200 16 75 1 2 300 14 679 2 600 15 500 14 238 2 700 

Finland 1993- 97 I 109 7 763 8 789 OOO I 100 7 530 I 200 6 599 I 300 7 900 6401 I 400 
1998- 02 I 247 8 729 8 825 OOO I OOO 8 467 I OOO 7 420 I 200 7 100 7 197 I 200 
2003 - 07 I 352 9464 8 917 OOO 900 9 180 I OOO 8 044 I 100 6 600 7 803 I 100 
2008 - 12 I 412 9 884 8 412 OOO 900 9 587 900 8 40 1 I OOO 6000 8 149 I OOO 

Iceland 1993- 97 50 350 452 OOO I 300 340 I 300 298 I 500 9 OOO 289 I 600 
1998- 02 56 392 488 OOO I 200 380 I 300 333 I 500 8 700 323 I 500 
2003 - 07 62 434 515 OOO I 200 42 1 I 200 369 1400 8 300 358 1400 
2008- 12 64 448 532 OOO I 200 435 I 200 38 1 I 400 8 300 369 1 400 

Norway 1993 - 97 999 6 993 9 846 OOO I 400 6 783 I 500 5 944 I 700 9 900 5 766 I 700 
1998 - 02 I 088 7 616 10 383 OOO I 400 7 388 I 400 6 474 I 600 9 500 6 279 I 700 
2003- 07 I 146 8 022 10 50 1 OOO I 300 7 78 1 I 300 6 819 I 500 9 200 6 614 I 600 
2008 - 12 I 146 8 022 10 352 OOO I 300 7 781 I 300 6 819 I 500 9000 6 614 I 600 

Sweden 1993 - 97 I 865 13 055 28 00 1 OOO 2 100 12 663 2 200 11 097 2 500 15 OOO 10 764 2600 
1998 - 02 2 04 1 14 287 28 792 OOO 2 OOO 13 858 2 100 12 144 2400 14 100 11 780 2 400 
2003- 07 2 139 14 973 28 433 OOO I 900 14 524 2 OOO 12 727 2 200 13 300 12 345 2 300 
2008- 12 2 176 15 232 27 616 OOO I 800 14 775 I 900 12 947 2 100 12 700 12 559 2 200 

Table 41 

Cost-utility estimation for co/orectal cancer screening in the Nordic countries, f emales 

Country Period Dea ths Life Additional AC per QALYG A per Dementia- AC per A per LYG A per 
avoided yea rs costs (A ) LYG QALYG free LYG demen tia- dea th wi th LYG 

gai ned free LYG avoided good with 
q uality good 

quality 

Denmark 1998- 02 445 3 560 31 913 OOO 9000 3 382 9000 3 026 11 OOO 72000 2 875 11 OOO 
2003- 07 756 6 048 33 357 OOO 6 OOO 5 746 6000 5 141 6 OOO 44 OOO 4 884 7 OOO 
2008 - 12 I 036 8 288 34 953 OOO 4000 7 874 4 OOO 7 045 5 OOO 34 OOO 6 693 5 OOO 

Finland 1998- 02 226 I 808 28 045 OOO 16 OOO I 718 16 OOO I 537 18 OOO 124 OOO I 460 19000 
2003- 07 396 3 168 29 955 OOO 9000 3 010 10 OOO 2 693 11 OOO 76 OOO 2 558 12 000 
2008 - 12 568 4 544 31 97 1 OOO 7 OOO 4 317 7 OOO 3 862 8 OOO 56 OOO 3 669 9000 

Icela nd 1998 - 02 II 88 I 127 OOO 13000 84 13 OOO 75 15 OOO 102 000 71 16000 
2003 - 07 19 152 I 258 OOO 8 OOO 144 9 OOO 129 10 OOO 66 OOO 123 10 000 
2008- 12 26 208 I 429 OOO 7 OOO 198 7 OOO 177 8 OOO 55 OOO 168 9 OOO 

Norway 1998- 02 319 2 552 24 865 OOO 10 000 2 424 10 OOO 2 169 11 OOO 78 OOO 2 06 1 12000 
2003 - 07 547 4 376 26 424 OOO 6 OOO 4 157 6000 3 720 7 OOO 48 OOO 3 534 7 OOO 
2008- 12 867 6 936 28 775 OOO 4000 6 589 4 OOO 5 896 5 OOO 33 OOO 5 60 1 5 OOO 

Sweden 1998- 02 486 3 888 51 239 OOO 13 OOO 3 694 14000 3 305 16 OOO 105 OOO 3 140 16 OOO 
2003- 07 799 6 392 53 543 OOO 8 OOO 6072 9 OOO 5 433 10 000 67 OOO 5 162 10 000 
2008- 12 I 11 8 8 944 56 347 OOO 6000 8 497 7 OOO 7 602 7 OOO 50 OOO 7 222 8 OOO 
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Table 42 

Cost-utility estimation for colorecrnl cancer screening in the Nordic countries, males 

Country Period Deaths Life Additional AC per QALYG AC per Dementia- AC per AC per LYG AC per 
avoided years costs (AC) LYG 

gained 

Denmark 1998 - 02 477 3 339 32 802 OOO 10 OOO 3 172 
2003 - 07 741 5 187 34 263 OOO 7 OOO 4 928 
2008- 12 904 6 328 36 001 OOO 6 OOO 6 012 

Finland 1998 - 02 25 1 I 757 27 292 OOO 16 OOO I 669 
2003 - 07 432 3 024 29 819 OOO 10 OOO 2 873 
2008- 12 578 4 046 31 806 OOO 8 OOO 3 844 

Iceland 1998 - 02 II 77 I 153 OOO 15 OOO 73 
2003 - 07 20 140 I 302 OOO 9000 133 
2008- 12 27 189 I 490 OOO 8 OOO 180 

Norway 1998 - 02 415 2 905 26 423 OOO 9 OOO 2 760 
2003 - 07 708 4 956 28 413 OOO 6 OOO 4 708 
2008 - 12 968 6 776 30 930 OOO 5 OOO 6 437 

Sweden 1998 - 02 602 4 214 51 055 OOO 12 OOO 4 003 
2003 - 07 965 6 755 53 253 OOO 8 OOO 6 417 
2008- 12 I 216 8 512 55 985 OOO 7 OOO 8 086 

difference decreases with lime. In the last predicted period 
the difference between costs per L YG and costs per L YG 
with good quality was approximately half that in the 
period 1993 - 1997. 

Cervical cancer 

According lo the treatment costs employed in this study, 
screening for cervica l cancer was estimated as cost-saving 
(Table 40) . osts saved per li fe years ga ined were predicted 
to be between $2 600 in Denmark and $ 1 100 in Fin land in 

the period 1993- 1997 but a decrease in cost savings wa 
predicted in the next 5-year period. The overall financial 

savings per cervica l cancer dea th avoided varied by country, 
and was twice as high in Denmark (the highest) than in 
Finland (the lowest). The rank ing was the same for savings 
per L YO with good quality, ranging from $2 700 in Den
mark, to $ 1 OOO in Finland, in the period 2008 - 20 12. 

Co /orec/a/ cancer 

rn Tables 41 and 42 the cost-utility estimations for 
colorecta l cancer screening progra mmes in the Nordic 
countries by sex a re presented. The additional costs per life 
years gained are expected to decline rapidly and the trend 
is similar in both sexes. At the end of the predicted period , 
the years 2008 - 20 12, the highest additional cost a t
tributable to colorccta l cancer screening is expected in 
Iceland ($7 OOO and 8 OOO) and the lowest in Norway 
($4 OOO and 5 OOO), in fema les and males, respectively. 

The additional costs per dementia-free life years out of 
the screening prolonged lifespan in females are about the 

QALYG free LYG dementia- dea th . with LYG 
free LYG avoided good with 

quality good 
quality 

10 OOO 3 105 11 OOO 69 OOO 2 696 12 OOO 
7 OOO 4 824 7 OOO 46000 4 189 8 OOO 
6000 5 885 6 OOO · .. 1 40 OOO 5 110 7 OOO 

t ~ 
16 OOO I 634 17 OOO Jb9 OOO I 419 19 OOO ., 
10 OOO 2 812 11 OOO i9000 2442 12 OOO 
8 OOO 3 763 8 OOO 5 OOO 3 267 10000 

16 OOO 72 16000 105 OOO 62 19000 
10000 130 10 OOO 65 OOO 11 3 12 OOO 
8 OOO 176 8 OOO 55 OOO 153 10 OOO 

10000 2 702 10 OOO 64000 2 346 13 OOO 
6 OOO 4 609 6000 40000 4002 7 OOO 
5 OOO 6 302 5 OOO 32 OOO 5 472 6000 

13 OOO 3 919 13 OOO 85 OOO 3 403 15 OOO 
8 OOO 6 282 8 OOO 55 OOO 5 455 10000 
7 OOO 7 916 7 OOO 46000 6 873 8 OOO 

same as or slightly higher than those for males in all the 
Nordic cou~tries in the period 1998- 2002, but the decreas

ing trend is also stronger in fema les. However, the differ
ence between costs per L YG and costs per LYG with good 
quality remained slightly less favourable in males than in 
fema les except in Norway, where the difference was simila r 
in both sexes (Ta bles 41 and 42). In the period 2008 - 2012 
the additional costs per death avoided are predicted to be 
lowest in Norway a t $33 OOO and 32 OOO, and highest in 
Finland at $56 000 and 55 OOO, and within $55 OOO in 
Iceland in both females and males. 

Summary 

Table 43 pre en ts a summary of a ll the Nordic co untries 
combined in the year 20 I 0. The addi tion al cost per deaths 
avoided by means of the three screening programmes is 

Table 43 

Summary of cost (in US dollars) utility analysis in !he year 2010 
due to screening by primary site. All Nordic co11111ries combined 

Additional 
cost 
($) per 

Death avoided 
LYG 
QALYG 
DFLYG 
GQLYG 

Prim ary si te 

Breast Cervix 

77 073 - 11 700 
15 414 - I 671 
15 89 1 - I 688 
18 135 - I 966 
18 696 - I 986 

Colorectum 

f emales Males 

42 434 
5 304 
5 583 
6 240 

42 246 
6 036 
6 353 
6 489 

Total 

29 465 
4 375 
4 515 
5 053 

6 569 7473 53 12 



about $30 OOO and about $5 300 per GQLYG. Screening 
for breast cancer is the most expensive, $77 OOO per dea ths 
prevented and $ 18 700 per GQLYG. The cost saved by 
screening for cervica l cancer was $ 11 700 per dea ths pre

vented and $2 OOO per GQLYG. 

DISCUSSION 

Mortality predictions 

The most reliable measure of the effect of a screening 
programme for cancer is the reduction in the number of 
deaths from cancer. For the purpose of this study, the 
predicted number of dea ths was assumed to fo ll ow the 
same age, period and cohort trends as the observed num
ber of deaths from 1953 to the beginning of screening. 
Another approach was applied in the mortality predictions 
of the KiN-project published by Engeland et al. (2) . They 
estimated the number of deaths from cancer in the Nordic 
countries in the period 1968 - 1987 as a function of the 

observed incidence rates and relative surviva l rates. For 
the period 1953 - 1957, they did not estimate the number of 
deaths due to cancer. The estimates for the periods 1958 -
1962 and 1963- 1967 included only those cases of dea th 
due to cancer that occurred in pa tient s with tumours 
diagnosed after 1957. Therefore, the number of dea ths in 
these periods was underestimated and the underestimation 
decreased with time, making the estimated number of 
deaths unsuitable as ;reference va lues. 

The estimate of what the mortality ra te would have been 
if screening for cer~ica l cancer had not been established is 
based on the observed morta lity da ta from Denmark in the 
period 1953 - 1967 a~d on the a sumption tha t the mortal
ity rate would have fo ll owed the same trend as tha t 

observed before the establishment of the screening pro
gramme,. A biased estimate of the base-line morta lity for 

these periods wou ld introduce bias in the future mortality 
trends. An increasing trend was observed in the oldest 
birth cohorts in the beginning of the period ( 1953 - 1962), 
which may be partly due to improved qua lity of definin g 
the cause of dea th in these age groups rather than to a rea l 
increase in mortality rates. Such a bias affecting on ly ea rly 
periods and advanced ages will have only a sma ll effect on 
the predictions, however. On the basis of the observed 
mortality, a slightly declining trend was predicted for the 
number of deaths from cervical cancer a fter 1967 in the 
absence of screening. A simi la r pattern of cervica l cancer 
mortality was observed in co untries where there wa no 
orga nized screening policy or where the effect of screening 
was shown to be small (36, 120). 

The age-cohort model was fitted to the observed breast 
cancer morta lity data in the period up to 1987 to predict 
mortali ty rates and number of deaths without screening. 
The last observed period ( 1988 - 1992) was not included in 
the model for breast cancer in Finland because the fit of 
the model based on the observed period 1953 - 1987 was 
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substantially better than that based on the period I 953 -
1992. A comparison between the mortality from breast 

cancer in the Nordic countries pred icted in this study and 
the results from the Nordic mortality predictions for the 
yea rs 1993- 201 2 (2) revea ls that the difference between 
these two predictions increases with calendar time (Table 
44) . The number of dea ths increases with calendar time in 
both predictions but the trends differ considerably. The 
grea test differences appea r in age groups in which the 
highest level of mortality reduction attributable to screen
ing is ex pected. Thus the effect of mammography is la rger 
and the cost-effectiveness ra tio smaller if the Engeland et 
al. (2) predictions are to be assumed . 

Simi lar comparisons between the predictions of deaths 
from cervica l ca ncer cannot be made for any other country 
except Finland. In Fin land the number of deaths from 
cervical cancer has been continuously declining since the 
screening programme was establi shed, and the trends a re 
similar in both predictions. Although the number of dea ths 
varies over time, there is no difference between the overall 

morta lity trends. 

Table 44 

Mortalily predic1ions for Finland based 011 !he observed mor1ali1y 
darn (presellf s /Udy) and on !he joi11t effect of incidence and s111·vival 

ra tes (2) 

Site, age group 

Breast 
30- 85+ 

ervica l 
25 - 85+ 

olorectal, 
females 30- 85 + 

olorectal, 
males 30- 85 + 

* Observed 
.. Es timated 

Period 

1983 - 1987 
1993 - 1997 
1988 - 2002 
2003 - 2007 
2008- 201 2 

1983 - 1987 
1993 - 1997 
1998 - 2002 
2003 - 2007 
2008 - 20 12 

1983 - 1987 
1993 - 1997 
1998 - 2002 
2003 - 2007 
2008- 20 12 

1983 - 1987 
1993 - 1997 
1998 - 2002 
2003 - 2007 
2008 - 201 2 

Number of dea ths 

Based on Based on 
observed incidence 
number and surviva l 
of deaths 

3 488* 3 518** 
4 071 4 744 
4 322 5 475 
4 575 6264 
4 829 7 061 

478* 536 .. 
335 302 
259 238 
196 199 
152 179 

2 474* 303 .. 
2 880 2 669 
3 019 2 804 
3 123 2 970 
3 254 3 098 

I 862* I 750** 
2 354 2 2 10 
2 634 2 472 
2 948 2 762 
3 267 3 020 
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The number of colorectal cancer deaths will increase by 

calendar period according to both compared predictions. 
The number of deaths estimated by Engeland et al. (2) on 
the basis of incidence and survival is slightly less than that 
observed in the period 1983- 1987, but the same difference 
remai ns over the pred icted period and the trends a re similar 
in females and males. 

Mortality reduction 

Jn this study mammogra phy screening of women aged 50 
to 69 years every two years was predicted to reduce the 
number of dea ths from breast cancer in the Nordic coun
tries by about 15 OOO, whic.h is 12% of a ll breast cancer 
deaths in women 30 years of age and over, during the total 
predicted period , 1993- 20 17. Ultimately, in the year 20 I 5 it 
is predicted that about I OOO deaths from breast cancer will 
be prevented in the Nordic countries. This is about 18% of 
all breast cancer dea ths predicted in 20 15. ln The Nether
lands, where both the incidence of and mortality from 
breast cancer are higher, de Koning et al. (84) estimated 
that mortality from breast cancer in the tota l female 
popula tion can be reduced by a maximum of 16% in the 
period 1990- 2017, if women aged 50- 70 were screened 
mammogra phica lly every second year. An analysis of the 
data from the Swedish breast cancer screening trials by 
counties was published recently by Ti:irnberg et a l. (8). They 
estimated tha t I O years after the onset of the progra mme, 
morta lity in the 50 - 74 years age gro up would have been 
19°/c, lower if I 00% of the population of tha t age had been 
invited and pa rticipated in screening. Morta lity reduction 
due to breast cancer screenin·g in Sweden was ca lcula ted as a 
product of the proportion of women invited to screening 
and the presumed fu ll effect on mortality: 0% during the 
first 5 years of fo llow-up; 50% from the 5th to the I 0th yea r; 
and 100% after the 10th yea r. This assumption was based 
on da ta from the Stockholm Regional Cancer Registry, and 
these fi gures co rrespond fully with those assumed in the 
present study. The summary report (44) on six randomized 
trials of breast ca ncer screening showed an overa ll atten
dance rate of 70% in the 50- 74 years age gro up leading to a 
24% reduction in morta lity in the invited group. 

The ultimate mortality reduction observed in the Swedish 
trials was applied directly on the popula tion affected by 
screening in the Nordic countries, thus ass timing the same 
partici pation rate, sensitivity of test and other indica to rs of 
the program me. These assumptions are crude but avoid the 
possible errors arising from the inevitable differences be
tween the empirical results from mass-screening as well as 
those arising from the assumptions of specific theoretica l 
models. The wide variations between the assumptions em
ployed in the models indicate that it would be difficult to 
defi ne any one of them more clea rly than the other. 

The predicted reduction in the number of deaths from 
colorectal cancer durin g the period 1998 - 20 17 was about 

13 .6% in fem ales and about 14.6% in males, compared with 
the. situation without screening. This reduction is somewhat 
higher than the estimated mortality reduction from breast 
cancer. The total number of deaths that can be prevented 
by screening (21 500) is larger for colorectal than for breas t 
cancer beca use of the large total number of deaths predicted 
( 152 OOO) . Jn 20 I 5 the predicted number of dea ths pre
vented is I 500, wh ich is 18% of the tota l number of deaths 
from colorectal cancer. Only limited data on the overall 
effect of screening on popula tion level are available, and the 
validity of these results is difficult to verify. 

The effect of screening for cervical cancer can be pre
·sented in terms of incidence reduction and in terms of 
mortality reduction. The reduction in the number of 
deaths from cervical cancer due to screening over the 
predicted period , 1993- 2017, was estimated to be 89%. A 
tota l of 33 600 deaths from cervical cancer would be 
prevented in the Nordic countries out of 37 600 estimated 
in the absence of screening. The effect p f cervical cancer 
screening in terms of preventable dea ths is equal to the 
combined effect of screening programmes for breast and 
colorectal cancers. The decrease in the number of invasive 
cervica l cancers in Finland comes close to that predicted in 
the literature as an optimal decline a ttributable to an 
organized screening programme. Day (121) predicted that 
the cumul:ttive incidence rate would decrease by about 
82% if 100% of the population aged 25- 64 years is 
screened every 5 years. The observed number of cases in 
Finland in I 988 - I 992 was a bout 17% of tha t estimated 
without screening. In the predicted period 1993- 2017, the 
ex pected reduction in the number of new cases is approxi
mately 85%. Ultimately, in the year 201 5 the number of 
deaths prevented would be I 500 out of I 600 expected 
deaths (9 I%). To a la rge extent the reduction in mortality 
from cervical cancer can be considered to be a consequence 
of the substantial reduction in the incidence of the disease 
(6, 33, 35, 56). The estimated numbers of invasive new 
cases in Fin land in the period 1958- 1992 compared with 
the period before the establishment of the screening pro
gramme, I 958 - 1962, are presented in Table 45. An in
crease of 9% in the number of new cases was observed in 

Table 45 

Incidence of cervical cancer in the 25- 59 age group (%) from that 
observed in I 958 - 1962 in Finland 

Ca lenda r period 

1958 - 62 
1963 - 67 
1968 - 72 
1973 - 77 
1978 - 82 
1983 - 87 
1988 - 92 

New cases 

No. 

I 349 
I 462 
I 087 

564 
390 
310 
275 

% 

100 
109 
80 
42 
29 
23 
20 



the first 5-yea r calendar period after the start of screening, 
followed by a considerable fall in the number of invasive 
diseases in the subsequent calendar periods. The decreas
ing trend was stronger during the first time intervals, and 
diminished la ter when screening reached its full coverage. 

The NCI of the US estimated that a reduction of 
between 25% and 50% in total mortality from cancer can 
be achieved in the US as a result of a combination of 
prevention , screening and treatment by the year 2000 (99) . 
According to the same study the estimated reduction in 
mortality due to prevention alone was about 13% in both 
sexes. The potential contribution of treatment only was 
10% in males and 8% in fem ales and that of screening was 
3% in the fem ale population due to screening for breast 
and cervical cancers. Hakama (30) estimated that a 3% 
potential reduction in mortality can be expected in a 
European fem ale population as a result of screening for 
cervica l cancer only. Results of the present study are more 
optimistic compared with those of the NC I project (99) 
and simila r to those suggested by Hakama (30). The total 
predicted mortality in the period 2008- 201 2 can be found 
in Engeland et a l. (2). The prediction is based on the 
observed trends in incidence, therefore the effect of screen
ing for cervical cancer is incorporated . The difference 
ca used by these two approaches is small in predictions for 
total mortality from cancer, and therefore the estimate of 
the total mortality by Engeland et a l. (2) can be used in the 
estimation of the ultimate proportion of dea ths. In the 
period 2008- 201 2, when breast cancer screening is ex
pected to reach its full extent, of those dea th in fem ales 
which were predicted by Engeland et a l. (2), 5% were 
estimated in this study to be avoidable due to screening for 
breast and cervical cancer . In addition, a reduction in 
mortality of 1.8% in females and 1.6% in males was 
predicted in this study as a result of screening for colo
rectal cancer in the same period . 

Extrapola tion of the Engeland (2) results and assump
tion of the re ults on mortality of,this stud y will predict 
mortality reduction due to screening to be 5.7% of the 
total predicted mortality in 20 13- 201 7 (9.7% in females 
and 2.0% in males) (Table 46). 

Table 46 

Estimated mortality reduction due 10 screening for breas/, cervical 
and co/orec1al cancers in 1he Nordic co11111ries in 2013- 2017 

Females 
Males 

Total 

Tota l annua l number Morta lit y red uction•• 
of dea ths from 
cancer• 

32 600 
36 300 

68 900 

Annual number 

3 270 
740 

3 910 

• Pred icted on basis of Engeland et al. (2) 

% 

9.7 
2.0 

5.7 

•• Annual number of dea ths from breast, cervical and colorectal 
ca ncers predicted in this study. 
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The potential effect of screening on mortality reduction 
is rela tively small compared with the estimated . impact of 
prevention and treatment, but it has been empirically tried 
and tested a t population level by cervical cancer mass
screening and by randomized screening trials for breast 
and colorectal cancer. 

Costs 

The wide range of cost-effectiveness and cost-utility 
estimates can be referred to in correspondence with the 
broad set of assumptions employed. However, several rea
sons for the incomparability of the direct results from the 
present study with those from other studies on cost-effec
tiveness of screening for cancer can be pointed out. 

A serious uncertainty in the eva luation of cost-effective
ness is the estimation of costs. The orga niza tion of health 
care in the Nordic countries does not allow differentiation 
between all the treatment costs by stage of the disease. 
This was the reason for approximating the costs, admitting 
a ll the risks and uncertainties that are likely to appea r in 
such an estimation . 

The cost per screening test for cervica l cancer in F inland 
is approximately $ 10. Costs of sending an invita tion letter 
and letter of result information, registra tion, smea r-taking 
and cytologica l examinati on are a ll included in this cost. Tn 
some of the studies referred to the cost per PAP test is 
considerably higher. For instance, in The Netherlands the 
costs per PAP test were assumed to be $16- 18, and the 
total cost of screening per smea r was $2 1- 29 ( 100). Eddy 
(101 ) stated that in the US the laboratory fees for PAP 
smea rs were approx imately $3, but when the high fees of 
priva te physicians or clinicians were included the total 

charge va ried from $34 to more than $ 100. The cervical 
ca ncer screening programme covers a wide age group of 
the fema le popula tion and , corresponding to the number 
of smea rs taken, a possible underestimation of the costs 
ca n influence significa ntly the cost-effectiveness ra tio of the 
whole programme. Although the cost per screening test 
( PAP test) in Finland is lower than that mentioned above, 
it ca n be considered rela tively reliable, due to the well
organized programme. Therefore, the cost of screening 
tests in Finland was not likely to be seriously underesti 
mated and it was applied for a ll the Nordic countries. 

The co ts per breast cancer screening test referred to in 
litera ture va ry between $40 (84) and $46 (101 ) per single
view mammography, and a re close to the two-view mam
mogra phy in Finland , $40. Costs per FOBT vary between 
$2 ( 102) and approx imately $5 (1 22). An average $5 per 
test ( 101 ) was employed in the present study. 

The definiti on of the trea tment co ts depends on the 
standard trea tment procedures in a particular stage of a 
given cancer. When the costs of cervica l cancer screening 
were estimated , the diagnostic work-up of all positives 
after the first PAP test, overtreatment due to screening and 
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treatment of C IN were included in the ca lcula tions as 
'costs of treatment of in situ cases'. These costs were. 
applied to the difference between the estimated cases of 
C IN and invasive cancer in the absence of screening and 
the number of new cases with screening. A simila r scheme 
for estimation of the potentia l effect of cervical cancer 
screening was applied in the model to project cancer 
morta lity in the yea r 2000 in the US (99). The a uthors 
considered the tota l number of CIN and invasive ca ncers 
unchanged over the peri od and estima ted the potential 
effect o f creening as a change in the stage distribution as 
foll ows: the ra tio CIN/invasive ca ncers is 4/ I in the ab
sence of screening and it is changed to 9/ I when the 
maximum programme effect is reached . One out of 3 CIN 
lesions wo uld probably have progressed into invasive can
cer if no t subjected to trea tment (52). Owing to the differ
ence in the ra tios between the studies, a slight difference in 
the estimated reduction of the number of invasive d iseases 
can be seen. The number of new invasive ca ncers with 
screening is half that without screening according to the 

N I model (99), and the reduction estimated for the 
Finnish screening progra mme was about 57% (52). The 
assumption fo r the change in the stage distribution o f 
invasive cancers with screening in the N C I model was that 
the percentage of localized cancers is likely to increase, but 
the observed data from Finland show the reverse to be 
true. The screen-detected cases will be diagnosed ma inly as 
CIN . T herefore, the new invasive cancers a re mainly inter
va l cancers which ca n be considered as fa st-growing tu
mours or that they appear in women who did not attend 
the screening, o r that they a rc fa l c nega tives. This ac
counts fo r the slight increase in the percentage of non-lo
ca lized cancers during the period the screening was 
implemented in Finland. The costs of the diagnostic con
fi rma tion were included in the trea tment co ts. 

Fo r breast and colo rectal cancer the estima te is only a 
crude one for the additional diagnostic procedures due to 
fa lse positive screening tests and the number of cancers in 
the preclinical stage which would never have surfaced as 
clinica l d isease in the absence of screening ( overdi agnosis) . 
Severa l approaches to these problems have been employed 
in different studies. An optimistic assumption is that breast 
and colo recta l ca ncers have an identifiable preclinical stage 
when the disease can already be diagnosed by a screening 
test and cured successfull y, and the incidence rates thus 
reduced . Such an assumption was, employed in the cost
effecti veness analyses of colorectal cancer screening ca rried 
out in Japan (102) . This scheme was based o n the assump
tion that 50% of colorecta l cancers are derived from ade
nomas and 3% of all adenomas progress to invasive cancers. 
Costs applied fo r Japan were as follows: colonoscopy $ 120, 
biopsy $75, complica tions $5 OOO, polypectomy $2 170, and 
initia l treatment for cancer $8 600. These costs a re lower 
than those estimated in the Nottin gham trial (122) and 
th ose employed in the evalua tion models in the US (123), 

but they support the assumption tha t the expenses caused 
by fal se positives and overdiagnosis due to screening a re 

close to those of the initial treatment of cancer ( IOI). This 
scheme of estima tion of the impact of screening is uncertain 
until there is evidence of to what extent the progress of 
adenomas to invasive cancer ca n be prevented by ea rly 
detection and trea tment. In the present study a similar 
approach to considering the excess costs of false positives 
and overdiagnosis was used . The test is sensitive to ade
nomas, and thus a considerable increase in the number of 
persons undergoing excess diagnostic procedures and treat
ment of adenomas ( or ea rly stage invasive disease) is 
ex pected. T hese additional diagnostic procedures and treat
ment of adenomas a re included in the treatment costs by 
ass umin g a 20% increase in the number of new cases. As far 
as the relationship between the preinvasive lesions and 
invasive cancers has not been quantatively assessed for 
colorectal cancer, it is difficult to estimate the effect of 
trea tment of preinvasive lesions as a pa rt of a screening 
progra mme on the fo recast of decrease in incidence rates or 
on the cost of the programme. 

T he specificity of the FOBT is 98%, i.e., the proportion 
of fa lse positives in randomized screening tria ls is 2% 
( 101 ). T he cost of additiona l diagnostic procedures (a p
proximately $50) of fa lse positives (2%) is included in the 

cost of scret!ning tests. The difference between treatment 
costs fo r loca lized and non-loca lized colorecta l cancer is 
estimated to be as much as half of the costs for loca lized 
colo recta l ca ncer. T his ratio was proposed by Edd y ( IOI ) 
and Brown et a l. ( I 23) . 

T he increase in the number of new cases diagnosed by 
screening and the change in the stage distribution of new 
cases a re greatest in the fi rst round . For example, the 
max imum increase in the number of newly d iagnosed 
breast ca ncers compared with the situation without screen
ing was estima ted to be about 17%, falling later to a 3.5% 
excess in number of new cases (84). de Koning et a l. (84) 
showed that the costs per years of li fe ga ined are expected 
to be lower a fter the first rounds, whereas later the increase 
in the number of new cases is ex pected to diminish, which 
wi ll result in a less favo urable cost-effectiveness ra tio. 

This study is based on the assumption tha t the reduction 
in morta lity from breast and colorecta l cancers is expected 
to a ppea r due to reduction in the number of advanced and 
termina l stage cases and that no tempora ry increase in the 
number of new cases was considered after the preva lence 
round . By this approach the favo urable effect, in terms o f 
cost-effectiveness ra tio, is overestimated . The costs of addi
tiona l diagnostic procedures fo r fa lse po itives a fter the 
first screening test for breast cancer are approximately 
$ 120 and they were included as part of the screening tests 
costs. Greenwald and Sondik suggested a 10% increase in 
the number of ea rly diagnosed new cases in the long run of 
the screening programme for breast cancer (99). T herefore, 
the additional diagnostic procedures of the true po itives 



and the additional treatment were included in the treat
ment expenses in the form of assuming an increase of 10% 
in the number of invasive cases. The difference is non-sig
nificant between treatment costs of localized breast cancer 
detected through normal clinical practice and preclinical 
disease (101). Elixhauser (1 24) applied the same assump
tion in the cost-effectiveness estimation of breast cancer 
screening in the US, a 10% increase in the number of new 
cases compared with the situation without screening in the 
long term. Brown ( 125) discussed that a I 0% overdiagnosis 
due to screening, if treated simila rly to ea rly-s tage cancer, 
could increase the cost-effectiveness ratio by 27%. 

The costs of histological analysis of biopsy specimens 
were assumed to remain unchanged by the screening pro
gramme and were included in the treatment costs (84, 94). 

The trea tment costs estimated for breast cancer patients 
during the first 5 years of follow-up in Tampere University 
Hospita l were employed in the analysis: $8 OOO for local
ized and $16 OOO for non-localized breast cancer (93). This 
estimation of treatment costs is supported by several stud
ies on breast cancer screening (83, 84, 94, IOI , I 03). A 
simila r model for estimating the results of breas t cancer 
screening was applied by the US Office of Technology 
Assessment (126). They assessed the co ts of a breast 
cancer screening programme as the difference between 
costs of the screening test and the reduction in costs for 
treatment and terminal care. The estimate was ca lculated 
over the period 1987- 2020, based on assumptions of 30% 
participation ra te, .50% mortality reduction a t 5 yea rs 
among participants, gradua lly fallin g to 30% at 20 yea rs. 
The foll owing costs were assumed: mammography and 
physical examination $83, diagnostic work-up for a fa lse
positive $1 500, terminal ca re $18 OOO, $2 OOO less expenses 
for ea rly-stage breast ca ncer treatment than for la te-stage 
disease during the initia l three months of trea tment. In the 
present analysi the costs of terminal ca re were included in 
the trea tment costs of non-loca lized cases and thus the 
total cost reduction was accounted for by the change in the 

stage distribution . 
Non-medical direct costs such as tra vel ex pen es and 

time loss for participants a re minimal in an orga nized 
screening programme. However, they were not assumed to 
be society co ts and therefore they were not included in the 
estimate. 

Results of screening for cancer arise in the aide t age 
group when indirect society benefits, such as avings in 
lost work time, cannot be achieved . This limitation is 
likely to have an unfavourable effect on a comparison 
between cancer screening programmes and other hea lth 
programmes affecting younger popula tions. Therefore, 
the indirect society costs, such as loss of production, 
are not considered, either. If indirect costs only, but 
not the indirect benefits, had been included in the esti 
mate, the overall cost of the programme would have been 
higher. 
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The evalua tion of health ca re expenses during the li fe 
yea rs ga ined is technica lly difficult. Moreover, if costs of 
future health ca re a re incorpora ted, benefits should also be 
attributed to the life years gained. However, it is impossi
ble to assess the value of life in terms of money. These 
costs or benefits a re not taken into consideration in most 
cost-effectiveness estimates. In this study an attempt to 
evalua te the prolonga tion of li fe was made by the QALYs 
and by taking into account the expected du ra tion of 
enility, but no excess hea lth ca re costs were included. 

According to Taplin et al. (125) a t the age of 80 and older 
the to tal cost of continuing ca re is about the same for 
colon cancer pa tients, for breast cancer pa tients and for 
any individual free of these two diseases. Furthermore, the 
cancer pa tient cost was rela tively independent of age. 
Therefore, it is likely tha t the net costs of screening will be 
equal to the screening costs and the cost of the resultant 
cancer trea tment in prevention of cancer dea th . 

A practical fea ture of this eva lua tion is the assessment of 
the main benefits from a screening programme. Some of 
the screening programmes have covered age gro up other 
than those in the Nordic countries, or the interva ls be
tween the screening rounds were different, or different 
screening tests were applied and thus the expected effect of 
screening va ried . The number of li fe years ga ined per death 
avoided was ca lcula ted as the product of number of deaths 
avoided and average prolonga tion o f pa tients' li fe at
tributed to the ea rlier diagnoses of the disease. The average 
prolonga tion of li fe for patients who would avoid dea th 
from breas t cancer in Finland according to the da ta ava il
able ( 109) is significantly shorter than tha t a sumed by de 
Koning et al. (84) (Ta ble 6). The average age of diagnosing 
breast cancer in the 50- 69 age group in Finland is 59.8 
yea rs, and pa tient s have 16.9 yea rs of life expectancy, 
which is 5 yea rs les than the popula tion li fe expectancy a t 
that age (109). The same problem occurs in cervical and 
colorecta l cancer screening estimation. In a number of 
studies the assumed prolonga ti on o f li fe per dea ths 
avoided is 16 yea rs or more (102, 128), which is approxi
mately the tot al ex pected length of li fe for the genera l 
population at the same age a the patients. However, in 
this study the difference between the life ex pectancy of the 
general population and tha t of the pa tient was applied as 
li fe yea rs ga ined per dea ths avoided . This could be one of 
the rea on that the cost per li fe years ga ined in The 
Netherlands was much lower than that estimated for the 
Nordic countries. 

While most base-line assumptions in the present study 
a re simila r to those employed in the assessment of the 
results from brea t cancer screening in The Netherlands, 
the variation in the overa ll cost-effect ra tios can be ex
pla ined by different approaches in the estimate o f li fe yea rs 
gained per death avoided and the discount ra te of 5%. In 
the most cost-effectiveness estimates a 5% discount is 
applied to both effects and costs. Accord ing to the results 
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of the US Office of Technology Assessment (103) the 5% 
discount in breast cancer screening analyses leads to about 
a 20% increase in cost per life year saved, but a compari
son of the results of analyses of cervical cancer screening 
( 100, 129) indica ted that the difference could be much 
bigger. fn this study it is considered that dea ths prevented 
a t present a re as valuable as those in the future, whereas . 
the idea of discounting 5% is that deaths prevented at 
present a re more valuable. If this is accepted, the clinical 
medicine which gives results immediately should be evalu
ated as more important than preventive medicine, and 
such an a ttitude would be particula rly misleading when 
comparisons a re made between prevention, screening and 
clinica l treatment. From an ethical point of view it is 
equa lly important to invest in the future . Russell ( 130) 
suggested that the cost evaluation of li fe years saved 
should be utilized only when the tota l medica l ca re ex
penses are planned, but not as an a rgument about wh.ether 
a preventive policy is a good investment. However, about 
5% discount is not li kely to change the order of primary 
si tes as to the costs of the screening progra mmes. 

The effect o f correct specifica tion of assumptions and 
modelling on the cost-effectiveness is routinely eva luated 
by sensitivity analysis in health economics (92). fn this 
. study no detai led formu lation was available on treatment 
costs and on other clinica l information, which has been 
consistent and comparable between the primary sites. The 
screening costs were estimated as one entity and the effect 
of changing the cost of tests on the cost-effectiveness could 
be directly estimated. Jn this study no form al sensitivity 
analysis was made. 

If it is assumed, as in the ex perimental models, tha t 

screening wi ll be stopped, the savings in treatment costs 
will continue for the next 15 years and the average cost-ef
fectiveness ra tio will be more favo urable. This stra tegy is 
not a subject for discussion in public health policy, but it 
should be taken into considera tion when cost-effect rates 
are compared with those reported in simila r studies. 

Although the colorectal cancer incidence ra te is much 
lower than that of breast cancer and the screening interval 
was annual for colorecta l and biannual for breast cancer, 
the total estimated cost per years of li fe saved in colorecta l 
cancer is about 30- 40% of that in breast cancer screening. 
Rega rdless o f the bigger popula tion size and shorter 
screening interva l, the total cost of screening and confirma
tion of colorectal cancer is about 30% less than that for 
breast cancer. F urthermore, the difference in treatment 
costs between the situa tion with and without screening for 
colorecta l cancer remains stable over the period and much 
higher than the difference in treatment costs for breast 
cancer. Fina lly, total additi onal costs attribu.ted to the 
screening programme were lower for co lorectal cancer 
than those for breast cancer. 

The estimates of the cost-effectiveness of cervical cancer 
screening may seem unexpected, therefore some fea tures of 

the model should be discussed . The observed reduction in 
the number of new cases in Finland was accepted for this 
estimation model as the optimal, real effect of the screen
ing programme on incidence of the disease, whereas the 
estimations found in the literature were based on theoreti
cal, indica tor-based, or on sample-based approximations 
of the effect of screening (100, 101 , 131- 133). The ob
served sta ge distribution was also applied . The number of 
new cases without screening is unlikely to be overestimated 
regarding the incidence trend in Norway and other Eu
ropean countries where there are no organized screening 
programmes (36, 120) (Appendix 5). Trea tment costs were 
approximated, and some uncerta inty can be assumed tak
ing into consideration the wide variation between different 
estimates of treatment costs. 

The substantial difference in the approach to the three 
primary sites in the present study and the differences in the 
models from the literature expla in the wide variation be
tween the estimated cost-effectiveness. The overall cost
saving effect of the programme for cervical cancer could be 
substantially changed if more data were available. How
ever, in thi s study mass-screening for cervica l cancer was 
assessed as fin ancially beneficial for society, whereas 
screening for colorectal cancer and especially tha t for 
breast cancer will need substantia l additional resources . 

Quality of life 

Prolongation of patients' li fe is accepted as the basic 
measurement of the favourab le effect of any trea tment but 
it is often attai ned by more aggressive treatment methods, 
resulting in lower quality of life during the prolonged 
li fe time. If a better rate of survival can be achieved with 
screening, less aggressive treatment and an improved qual
ity of li fe can a lso be achieved. The measurement of the 
benefi ts and possible un favo urable effects of screening 
cannot be completed without taking into considera tion the 
effect on quality of li fe. In some cases the improvement in 
the qua lity of li fe may be the only or the main effect of a 
screening programme. 

Measurement of QoL in breast cancer patients per
formed by Koning et al. (84) and Haes et a l. (83) was 
applied in this study. QoL in each phase of the disease was 
evalua ted by 13 medical experts: 3 surgical oncologists, 3 
medical oncologists, 2 radiotherapists, I radiologist and 2 
epidemiologists. The estimates were given on a visual 
analogue scale from O (the worst) to I ( the best) (83). For 
each of the phases physical, psychologica l and social sta tus 
were estimated . Questionnaires concerning QoL during 
subsequent phases were sen t to 3 1 breast cancer clinical 
experts: screening examination, assessment (biopsy), pri
mary surgery, primary radiotherapy, adjuvant systematic 
therapy, first year after mastectomy, first year after breast 
conserving therapy, disease-free interval after mastectomy, 
disease-free interval after conserving thera py, and ad-
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Table 47 

Duration and utilities of the phases related to screening for breast cancer (83) 

Phase* Uti lity I-utility Dura tion 

Terminal illness 0.288 0.71 2 I month 
Pall ia tive+ chemotherapy 0.53 1 0.469 4 months 
Palliative + radiotherapy 0. 59 1 0.4 19 I month 
Palliative+ surgery 0.617 0.383 5 weeks 
Palliative+ hormonal therapy 0.663 0.337 14 months 
Initia l chemotherapy 0.7 17 0.283 6 months 
Init ia l radiotherapy 0.803 0.197 2 months 
Initia l hormonal therapy 0.820 0.180 2 yea rs 
2 months- I yr after mastectomy 0.844 0.156 10 months 
Initial surgery 0.867 0.133 2 months 
Diagnostic phase 0.895 0.105 5 weeks 
2 months- I yr aft er breast-conserving therapy 0.9 14 0.086 10 months 
Disease-free > I yr after mastectomy 0.947 0.053 Life expectancy 
Disease-free > I yr after breast-conserving therapy 0.960 0.040 Li fe ex pectancy 
Screening attendance 0.994 0.006 I week 

* Phases a re ranged according to the value of the utility attributed 

vanced disease (treatment episodes/terminal care). QoL 
was valued on a visual analogue scale from O to I 00. The 
duration of health states and utility estimated for each of 
them (83, 84) are presented in Table 47. 

Since the target group of mass-screening is the entire 
population at a particular age, the effect of screening on 
QoL should be investigated at population level. For the 
purpose of measuring QoL, the population liable to 
screening can be divided into subgroups according to 
results from screening tests, age, change in long-term prog
nosis due to the programme, and trea tment ·practice. 

The only part of the programme which affects the entire 
screened population is the screening test. The effect of this 
phase on QoL has been assessed in severa l studies, referred 
to in the review of the literature section, and is usually 
included in the estimate when the total effect of a screening 
programme on QoL is evaluated. The duration of the 
screening phase was estimated to be one week (83), which 
is the period of receiving the results of the mammogra phy, 
and less than I% loss in utility was attributed to the 
screening test itself (83). 

Furthermore, the QoL in four separate ca tegories shou ld 
be measured in accordance with the results from a screen
ing test. In each of these four categories basic differences 
in relation to influence on QoL can be ascertained. When 
Qo L is measured, the group always considered is that with 
a positive result from a screening test. In this group there 
are several subgroups, a ll of which have not received equal 
attention in relation to QoL measurement. 

QoL in fa lse positives (FP) is measured in the interval 
between a positive test result and receiving a negative 
result from subsequent diagnostic procedures . The influ
ence of screening on this group is relatively short. de Haes 
et al. (83) assumed 5 weeks' dura tion of diagnostic phase 
for breast cancer patients. The QoL in this group was 

evaluated, first, in the time interval between the positive 
result from mammography and following biopsy, which is 
the most widespread method for diagnostic confirmation 
at present, and then in the time interva l between ca rrying 
out the biopsy and receiving the result. The losses in uti lity 
were estimated to be 10% for all the women during the 
diagnostic phase. 

The group of true positives (TP) has always been the 
major object of interest when QoL is measured. Most of 
the attention of researchers has been focused on this 
group, but in spite of this QoL has not been studied 
adequately in some subgroups. The benefit from screening 
is optimal for patients who are likely to avoid advanced 
and terminal stages and dea th from the disease. Those are 
patients included in the category 'dea ths avoided'. They 
remain longer in the hea lth status in which QoL is higher 
and thus escape the adva nced and terminal stages of the 
disease when QoL is significantly lower. 

Although the duration of advanced stages, estimated by 
de Koning et al. (84) on the basis of 68 women who died 
from breast cancer, cannot be expected to change signifi
cantly as a result of screening, an issue to be discussed is 
the duration of ea rlier health states. According to the main 
aim of any screening programme, a certain prolongation of 
ea rlier phases shou ld be expected for screen-diagnosed 
cases. The obvious cause of extension of the life span in 
the earlier phases for screen-detected cases is the lead bias. 
Furthermore, it can be supposed that there wiJ I be a 
difference between the duration of some of these phases in 
symptomatically detected cases and those diagnosed by 
screening. 

For those who will die from the disease despite screen
ing, longer morbidity because of lead time results has a 
nega ti ve effect on QoL. It has been reported that when a 
standard gamble technique is used to measure patients' 
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preferences for quality and quantity of life, the estimate 
varies depending on the long-term prognosis (134) . There
fore some variation in utility estimate cou ld be expected in 
this group. 

[n the case of overdiagnosis, patients would never die 
from the disease independently of screening, and the effect 
of screening in terms of mortality reduction or deaths 
avoided cannot be assumed in this group. The impact of 
this group on QoL was not taken into consideration in the 
model applied by de Koning et al. (84). According to that 
model, no long-term increase in the number of new cases 
was assumed to be attributable to screening programme 
and . cases of overdiagnosis were not included when the 
utilities were ca lculated. As far as these cases could be 
ca lled long-term fa lse positives, they receive excess diag
nostic procedures and overtreatment and their QoL is 
unjustifiably diminished. Screening can be considered as 
nega tively modifying QoL in this group and the percentage 
of the total reduction of QoL attributable to the pro
gramme wi ll increase. 

Those who have a true negative (TN) result from the 
screening test make up the largest group within the total 
screened population . However, sufficient attention has not 
been paid to the QoL in this gro up. Even though thi s 
effect is assumed to be relatively sma ll , it concerns a large 

· population and the total estimate should not be neglected. 
Because the negative effect of screening tests at population 
level is often included in the estimate of QoL, the positive 
effect of a nega tive test result should also be taken into 
consideration. According to Kauppinen et al. ( 135) a ma
jor section of the partici pants (72%) a ttend screening for 
cervica l cancer in order 'j ust to be sure' that they are 

healthy. Since the expectation of a nega tive result is the 
strongest motive for most of the individuals, a certain 
positive effect of a nega tive test result on QoL must be 
included in the eva luation. However, no studies on this 
topic have been found and the probable duration and 
utility of this effect are unknown. This viewpoint on QoL 
related to screening was not included in the estimation of 
QoL in this study. · 

The number of fa lse negatives ( FN) is strongly related 
to the test itself and to the technical quality of the test 
applied . A rough assumption is that there is no change in 
their health status and QoL related to screening. These 
individuals do not receive health care before the disease 
has reached a symptomatic, clinical stage, after which time 
the model of treatment is not significantly different from 
that without screening, given the same stage. The QoL in 
FN in the interval between the test and diagnosis may be 
considered equal to that in TN and after that it is similar 
to QoL without screening. If the estimation is more pre
cise, it should stress the fact that after a negative screening 
result people are less likely to pay attention to symptoms 
and they may either never seek treatment or obtain it later 
than they would if the test had not been performed. The 

consequences from the delay could be a poorer prognosis 
and thus a lower QoL compared to cases diagnosed with
out screening. Interval cases, independently of whether 
they are FN or faster growing cancers with higher malig
nant potential, from the point of view 'of QoL, can be 
included in this group. False negatives were included in the 
model applied as interval cases but no unfavourable effect 
was attributed to the programme. 

The scheme of measuring the effect of screening on the 
quality of life in TP was considered similar for the three 
primary sites studied . 

When the effect of screening on QoL in FP is estimated, 
a s ignificant difference by site can be expected. In the case 
of cervical cancer screening, the lesion diagnosed by a PAP 
test is not called 'cancer', which has been found to influ
ence patients' assessments when a standard gamble tech
nique was applied for estimation of QoL. It is well known 
that CIN is curable, therefore a minimal negative effect of 
the positive ( or FP) test results on QoL C<}n be a ttributed 
to a cervical cancer screen ing programme. For breast and 
colorectal screening, some short-term negative effects can 
be expected after an FP test result. The specificity of 
diagnostic procedures should also be taken into account 
when QoL of FP is estimated. Furthermore, the positive 
effect of a TN result on QoL can be considered as an 
inverse proportion to the negative effect after an FP result. 
The unfavourable effect of screening in FN, including 
effect on QoL, could be considered as being strongly 
rela ted to the duration of the preclinical phase of the 
disease. lf the period of progression of CIN to invasive 
disease is more than ten years, then at least two PAP 
smears will be taken in this time interval and the condi
tional probability of obta ining an FN result from both 
tests is practically negligible. Consequently, the negative 
effect of FN results on QoL in cervical cancer screening 
can be ignored. But for breast and colorectal cancer all the 

nega tive consequences in FN mentioned above are applica
ble. 

A simplification in the evaluation of results from screen
ing is always to assume that the earlier the disease is 
detected , the better the results, the lower the costs and the 
better the cost-effectiveness ratio, or the less radical the 
treatment, the better the QoL. Conservative breast cancer 
surgery is applied in order to improve QoL, although it 
does not affect survival rate (136). Nevertheless, psycho
logical morbidity in women who have undergone conserva
tive surgery and in those who have had radical treatment 
is not essentially different (137, 138). According to the 
opinion of the experts' (84) employed in this study, the 
effect of breast-conserving therapy was assessed to have a 
7% higher utility 3 to 12 months after the surgery com
pared with those who underwent mastectomy, and a 1% 
higher utility later. 

Cancer is a disease that affects mainly the oldest age 
groups, and the effect of ageing, unrelated to cancer, 



should be taken into consideration when the quality of the 
cancer patient's life is being assessed. It has been reported 
that the age of the individual is related in many ways to 
the estimation of QoL (I 34). No studies on the direct 
relation of age factor on QoL assessment in cancer patients 
have been found. Therefore population sample-based esti
mations of age-related QoL in the oldest were employed in 
this study to discount life years gained for life years spent 
in severe or moderate dementia. As far as the estimate 
based on the experts' opinion of QoL was applied in the 
calculation of QALY, there was justification for applying 
an estimate of dementia-free life expectancy at population 
level in order to obtain a more objective assessment of the 
benefit from screening for society. To the best of our 
knowledge such an adjustment has never been applied in 
studies on the effect of disease on quality and length of 
life. Estimation of QoL should be made in the future based 
on self-assessment of individuals from all the categories 
concerned above and after incorporation of a method for 
age-adjustment. The viewpoints of society and the indiv.id
ual on the benefit of a screening programme are comple
mentary rather than contradictory. They have different 
applications. The estimate of the benefits to society should 
not be employed as an argument in decision-making on 
whether to screen or not to screen but as a basis for 
comparison between the cost-utility rates of different 
health policies and as an argument when resources are 
allocated. 

SUMMARY AND CONCLUSIONS 

The aim of this study was to evaluate the effects of 
screening for cancer in the Nordic countries. There is 
sufficient scientific evidence to conclude that screening for 
cervical cancer, breast cancer and colorectal cancer will 
result in a reduction in mortality. The effects on mortality 
were predicted for the future up to the year 2017 assuming 
that the Nordic countries are covered by screening as ~ 
nation-wide population-based public health policy and 
comparing the predicted mortality trends with those as
suming no screening programmes. 

For cervical cancer the programme as practised in Fin
land was used as a point of reference. For breast cancer 
and for colorectal cancer the results of randomized preven
tive trials were assumed in the absence of detailed results 
based on any public health policy, i.e., a reduction of 30% 
in mortality from breast cancer and 20% in mortality from 
colorectal cancer. The assumed ages and frequencies of 
screening ranged from 25 to 59 years at 5-year intervals for 
cervical cancer, from 50 to 69 at 2-year intervals for breast 
cancer and annual screening from 50 to 74 years for 
colorectal cancer. 

Data on incidence and incidence predicted up to the 
year 2012, mortality, survival and size of the general 
population were employed in the estimation. Age-cohort 
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and age-period-cohort log-linear models were applied in 
predicting future mortality rates with and without screen
ing. The choice of the models depended on the age distri
bution of deaths from each particular site of cancer, on 
changes in public health policy, such as establishment of 
mass-screening, and on the goodness of fit of the model. 

The screening policy assumed would result in I 600 
annual deaths prevented out of the potential 13 600 deaths 
in the Nordic countries in 1995, corresponding to 11 % of 
the deaths from the three primary sites. Only after the year 
2010 will the ultimate effect of such a screening policy have 
as full an effect and in 2013 - 2017 the annual number of 
cancer deaths prevented will be 3 900 out of 15 OOO poten
tial deaths, i.e., a 26% reduction. This is equal to 5.7% of 
all cancer deaths in the Nordic countries in 2013 - 2017 
(2.0% for males and 9.7% for females) . 

The predicted numbers of annual deaths prevented in 
2013 - 20 17 are I 500 for cervical cancer, I OOO for breast 
cancer and I 500 for colorectal cancer. Most (91 %) of the 
cervical cancers can be prevented, whereas the proportion 
of breast cancer deaths ( 18%) and colorectal cancer deaths 
(18%) prevented will be much smaller. 

Costs of the screening programmes were estimated tak
ing into consideration the direct costs of screening and 
savings from advanced disease treatment and terminal 
care. The total cost of screening for cervical, breast and 
colorectal cancer in the Nordic countries in the year 2010 
is estimated to be $1 11 m. Cervical cancer screening is 
estimated to save $17 m yearly in the period 2008- 2012. 
Screening for cervical cancer is approaching a phase when 
both the effect and costs are relatively stable and it was 
estimated to be cost-saving. The effect of screening for 
breast and colorectal cancers is expected to become appar
ent gradually during the predicted period due to the in
creasing number (and percentage) of patients diagnosed by 
screening. When the screening programmes are assumed to 
achieve the optimal effect, the reduction in mortality will 
increase and treatment costs fall, resulting in a substantial 
decrease in the cost-effectiveness ratio. Jn the last consid
ered period (2008 - 2012) the costs per life year gained 
(breast cancer $15 400, colorectal cancer $5 700) are ap
proximately one half of those at the onset of screening. 
The differences in the costs per LYG were relatively small 
between the Nordic countries and mainly dependent on the 
differences in baseline risk of cancer. The total cost of the 
three screening programmes was estimated at $4 400 per 
li fe years gained in the year 2010. 

The impact of mass-screening on the quality of life at 
population level was estimated including the psychological 
consequences of screening tests, adverse effect of false 
positives and the advantages for those who would avoid 
radical treatment and advanced stage disease. The reduc
tion in the number of li fe years gained (L YG) after 
adjustment for quality of life (QALYG) was relatively 
small. Not all the li fe years gained are of good quali ty and 
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the prolongation of life will not take place without medical 
cost. The costs due to ill health during the life years gained 
were not estimated. fn stead , a further adjustment for senil
ity during the life years gained was estimated and adjusted 
for. Senility adjustment had a greater effect on L YG than 
the traditional adjustment for quality of life. The differ
ence between quality- and dementia-adjusted L YG is small 
in men, due to the fact that men spend a shorter period of 
their remaining life in dementia, partly due to the shorter 
life expectancy. The life years gained due to screening after 
adjusting both for the traditional quality of life and for 
dementia a re called good quality life years gained (GQ
L YG). The total number of GQLYG in the year 20 I O was 
18 500 instead of 25 400 life years gained . 

Finally, cost-utility analyses were performed. The esti
mated costs per GQLYG were $18 700 for breast cancer 
and $6 700 for colorectal cancer screening in the period 
2008 - 2012. The savings per GQLYG were $2 000 for 
cervical cancer. 

Two screening programmes a re run in most of the 
Nordic countries as organized public health policy, screen
ing for cervical cancer and screening for breast cancer. 
Screening based on the PAP-smea r is inexpensive and 
effective in reducing cervical cancer morta lity. Its positive_ 
and negative effects on quality of life are relatively small. 
Mammography is a more expensive technology, screening 
is more intensive (with shorter interval s between the 
rounds), and the effect in deaths prevented and in reducing 
morta lity is smaller than tha t of screening for cervical 
cancer. Screening for colorectal cancer may occupy an 
intermediate position even if experience is limited. Com
pared to cancer prevention or treatment of cancer, the 
effect of screening may seem modest in total cancer control 
(5.7% of a ll cancer deaths). However, the effectiveness is 
tried and tested , whereas many of the health service activ
ities have never been subjected to rigoro us scientific eva lu
ation. Any screening programme will have an impact on 
length of life, quality of life and cost. Any of these 
components may be a bas is of decision on whether to 
screen or not to sc.reen. Unfortunately, the effects ( on 
length, quality, cost) may be contradictory. The relative 
importance of these components cannot be scientifica lly 
proven. Therefo re, there is no unique combination i.e. 
rela tive weighting or utilities which would be inevitably 
true or correct. Therefore, there is neither a scientific. proof 
to support the decision whether to run or not to run an 
organized programme but value judgements a re also 
needed in deciding whether to screen or not to screen for 
cancer. 
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Appendix l. Breast cancer 
Appendix tA 

Observed age-specific and age-adjusted ('world standard' population) mortality rn tes per JOO OOO by calendar period 

Country/ 30- 34 35 - 39 40- 44 45 - 49 50 - 54 55 - 59 60 - 64 65 - 69 70 - 74 75 - 79 80- 84 · 85 + ws 
Period 

Denmark 
1953 - 57 3.5 10.5 25.2 4 1.7 62.6 71.3 87.4 105.8 129.3 177.6 232.3 265.0 24.4 
1958- 62 3.4 10.0 24.5 41.2 6 1.6 70. 1 8 1.4 108.8 123.0 176.9 233.3 347.4 24.3 
1963 - 67 5.4 12.8 23.4 40.6 61.6 78.6 87. 1 103.2 132.4 176.9 20 1.2 28 1.1 24.6 
1968- 72 5.6 13.4 28.2 47.7 67.6 82.9 94.2 103.7 130.5 154.9 194.7 273.8 25.8 
1973 - 77 6. 1 12.6 28.4 46.7 70.0 85 .1 99.2 105.5 128 .2 153 .9 190.7 27 1.0 26. 1 
1978 - 82 5.0 10.9 25. 1 41.3 63.5 85.6 100.0 100.3 135.3 154. 1 198.5 293.7 25.3 
1983 - 87 4.4 11.0 25.3 48.4 75.4 9 1.5 10 1.8 11 7.0 137.8 16 1.4 206. 1 316.9 27.3 
1988 - 92 4.0 12.9 27.9 42.7 70.6 98.4 103.0 125.5 145.8 167 .7 203.3 295.1 27.7 

Fin land 
1953 - 57 2.8 7.3 15.6 28 .2 38 .0 33.5 47. 1 61.7 . 61.2 76.6 88.6 124.2 13.3 
1958 - 62 2.5 9.2 16.8 25.5 38.6 42.6 46.9 64.4 66.9 74.5 88.4 11 4.0 13.8 
1963 - 67 3.0 7.3 14.3 30.6 37 .1 45 .5 49.6 52.8 73.4 88.5 102.4 18 1.4 14.3 
1968 - 72 3.3 8.5 16.2 25.8 39.3 53.3 57.3 51.9 68.0 90.8 11 6.6 150.4 14.8 
1973 - 77 3.0 8.4 15.8 25.9 40.6 51.4 56.5 73 .1 70.5 80.3 132.8 171 .0 15.5 
1978 - 82 3.5 7.8 16.8 30.7 38.3 48.6 54.1 60.2 8 1. 2 86.1 11 0.8 184.0 15.3 
1983 - 87 3.2 8.2 15.6 27.9 41.7 50.6 61.2 64.8 87.8 11 2.5 134.0 183.5 16i3 
1988 - 92 2.9 9.5 17.7 36.8 46. 1 49.7 64.3 71.2 77.4 101.9 11 9.8 179.4 17. 1 

Iceland 
1958 - 62 8.0 29.0 46.0 8 1.0 68.0 87.0 78.0 39.0 104.0 153 .0 125.0 21.5 
1963 - 67 11.0 27.0 47.0 70.0 84.0 30.0 80.0 95.0 96.0 128.0 2 11.0 20.4 
1968 - 72 11.0 29.0 31.0 44.0 96.0 60.0 11 5.0 149.0 38.0 172.0 180.0 22 .1 
1973 - 77 7.0 36.0 15.0 56.0 76.0 60.0 35 .0 120.0 71.0 156.0 92.0 18.0 
1978 - 82 16.0 19.0 36.0 34.0 73.0 65.0 85.0 90.0 98.0 11 5.0 167.0 18.5 
1983 - 87 20.0 19.0 45 .0 44.0 80.0 67.0 84.0 99 .0 121.0 170.0 219.0 2 1.2 
1988 - 92 17.0 20.0 53.0 42.0 105.0 94.0 80.0 124.0 123.0 136.0 150.0 23. 1 

Norway 
1963 - 67 2.4 9.2 18.2 32.0 42.0 58.7 64.2 70.2 87 .6 102. 1 124.8 186.3 17.2 
1968 - 72 5.2 9.6 17.3 31.1 47.0 61.6 70.7 76.0 91.6 106.6 128.2 171.4 18. 1 
1973 - 77 5.5 7.6 17.1 28.4 47 .0 61.6 75.6 73.3 89.8 107.1 129.4 182. 1 18.0 
1978 - 82 2.9 8.3 17.6 24.4 45.5 59.2 78.7 81.4 102.6 12 1.2 144.1 175.7 18.3 
1983 - 87 2.9 10. 1 18.8 29.9 40.8 57 .2 69.0 78.5 97.7 120.0 152.6 20 1.5 18. I 
1988 - 92 3.4 8.9 20.5 34.1 43 .9 58.4 67 .8 76.9 104.0 122.0 158.0 225.6 18.8 

Sweden 
1963 - 67 2.2 7.8 17.6 31.2 50 .1 65.2 71.3 82.5 94. 1 11 8.0 140.3 188. 1 18.7 
1968 - 72 2.6 8.5 17.2 31.3 49.7 66.9 71. 1 79. 1 104.8 130.6 161.8 20 1.7 19.2 
1973 - 77 4.8 7.3 20 .7 29.9 49 .0 61.7 71.9 87.6 102.9 130.6 16 1.1 245.0 19.6 
1978 - 82 3.0 9.0 15.7 30.7 42.3 59.8 7 1.1 83 .2 100.9 11 6.6 16 1.6 218.9 18.4 
1983 - 87 3.9 9. 1 17.0 27.9 43 .9 62.2 69 .1 77. 1 95.0 111 .4 134.8 185.4 17.8 
1988 - 92 2.7 10.9 18.7 33.0 42 .7 56.2 68.2 75.3 94. 1 11 0.5 137.0 180.3 17 .9 

Appendix 18 

Predicted age-specific and age-adjusted ('world standard' population) mortality rntes per /00 OOO for, the period 1988- 2017 in the situation 
without screening 

Country/ 30- 34 35- 39 40 - 44 45 - 49 50 - 54 55 - 59 60 - 64 65 - 69 70 - 74 75 - 79 80 - 84 85 + ws 
Period 

Denmark 
1993 - 97 5.3 12.0 26.9 44.7 65.3 92.0 11 0.7 11 8.4 15 1.8 175.5 212.0 311 .4 27 .6 
1998 - 02 5.3 12.0 26.8 45 .0 68.0 85.2 107.2 126.0 149.9 182.7 225 .3 318.8 27.7 
2003 - 07 5.3 12.0 26.8 44.9 68.4 88 .9 99.3 122. 1 159.6 180.4 234.6 338.8 27.8 
2008 - 12 5.3 12.0 26.8 44.9 68.3 89.4 103.6 11 3.1 154.6 192.0 23 1.6 352.8 27 .8 
2013 - 17 5.3 12.0 26.8 44.9 68 .3 89.2 104.2 11 7.9 143.2 186.0 246.5 348.2 27.7 
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Appendix 18 ( continued) 

Country/ 30- 34 35- 39 40 - 44 45 - 49 50 - 54 55 - 59 60 - 64 65 - 69 70 - 74 75 - 79 80- 84 85 + ws 
Period 

Finland 
1988 - 92 3.2 8.6 16.8 27.3 41.5 52.8 56.7 68.0 84.8 104.7 148.8 190.1 16.3 
1993-97 3.3 8.7 17.1 29.4 39.5 51.8 61.4 66.4 85.6 106.6 145.5 224.3 16.6 
1998 - 02 3.3 8.9 17.2 29.9 42.4 "49.3 60.3 71.9 83.6 107.7 148. 1 219.3 16.8 
2003 - 07 3.4 9.0 17.6 30.0 43.2 53.0 57 .4 70.7 90.5 105.0 149.6 223.2 17.0 
2008 - 12 3.4 9.1 17 .7 30.7 43.5 54.0 61.7 67.2 89.0 11 3.8 146.0 225.5 17.2 
20 13- 17 3.4 9. 1 17.9 31.0 44.3 54.3 62.8 72.3 84.6 111 .9 158.2 220.0 17.5 

Iceland 
1993 - 97 13.6 25.0 39.1 51.3 83.8 67.7 79.4 105.3 95.0 146.9 167.0 20.3 
1998 - 02 13.6 25.0 39 .1 51.3 83.8 67.7 79.4 105.3 95.0 146.9 167.0 20.3 
2003 - 07 13.6 25 .0 39.1 51.3 83.8 67.7 79.4 105 .3 95 .0 146.9 167 .0 20.3 
2008 - 12 13.6 25.0 39. 1 51.3 83.8 67.7 79.4 105.3 95 .0 146.9 167.0 20.3 
20 13- 17 13.6 25.0 39. 1 51.3 . 83.8 67.7 79.4 105.3 95.0 146.9 167.0 20.3 

Norway 
1993 - 97 3.4 8.2 17.0 32.7 49.2 59.2 65.8 74.6 99.6 129. 1 160.5 221.8 18.6 
1998 - 02 3.4 8.2 16.5 28.2 48.9 65.9 70.4 7 1.2 96.3 123.0 166.7 226.9 18.5 
2003 - 07 3.4 8.2 16.5 27.4 42.2 65.4 78.4 76.1 91.9 11 9.0 158.9 235.6 18.5 
2008 - 12 3.4 8.2 16.5 27 .5 41. 1 56.4 77.4 84.7 98.2 11 3.4 153.7 224.6 18.3 

Sweden 
1993 - 97 3.2 8.7 22.9 32.6 49.6 54.2 65.6 73 .9 90.3 108. 1 138.8 187.3 18.0 
1998 - 02 3.2 8.7 18.6 40.2 49.6 64.9 61.1 73.9 88.5 106.0 134.7 187.3 18.4 
2003 - 07 3.2 8.7 18.6 32.6 6 1.1 64.9 73 .2 68.9 88.5 103 .8 132.0 181.8 18.8 
2008 - 12 3.2 8.7 18.6 32.6 49.6 80. 1 73.2 82.5 82.5 103.8 129.4 178.2 19. 1 
20 13- 17 3.2 8.7 18.6 32.6 49.6 64.9 90.3 82.5 98 .8 96.8 · 129.4 174.7 19.4 

Appendix IC 

Predicted age-specific and age-adjusted ('world standard' population) mortality rates per 100000/or the period 1988- 2017 1/women aged 
50- 69 years are screened by mammography every second year 

Country/ 30- 34 35 - 39 40- 44 45 - 49 50 - 54 55 - 59 60- 64 65 - 69 70 - 74 75 - 79 80 - 84 85 + ws 
Period 

Denmark 
1988 - 92 4.0 12.9 27.9 42.7 64.7 90. 1 94.4 11 5.0 145.8 167.7 203.3 295. 1 26.4 
1993 - 97 5.3 12.0 26.9 44.7 59.8 76.0 91.4 97.8 136.6 175.5 212.0 311.4 25.0 
1998 - 02 5.3 12.0 26.8 45 .0 62.3 70.4 77.0 90.5 11 9.9 164.4 225.3 318.8 23.8 
2003 - 07 5.3 12.0 26.8 44.9 62.6 73.4 71.3 85.5 111.7 144.3 211.1 338.8 23 .2 
2008 - 12 5.3 12.0 26.8 44.9 62.6 73 .8 74.4 79.2 108.2 134.4 208 .4 352.8 23.2 
20 13- 17 5.3 12.0 26.8 44.9 62.6 73.7 74.8 82.5 100.2 130.2 197.2 348.2 22.9 

Finland 
1988 - 92 3.2 8.6 16.8 27.3 38.0 48.3 5 1.9 62.3 84.8 104.7 148.8 190. 1 15.6 
1993 - 97 3.3 8.7 17.1 29 .4 36.2 42.8 50.7 54.8 77.5 106.6 145.5 224.3 15.2 
1998 - 02 3.3 8.9 17.2 29.9 38 .9 40.7 43.3 51.6 67.0 96.9 148. 1 219.3 14.6 
2003 - 07 3.4 9.0 17.6 30.0 39.6 43.8 4 1.2 49.5 63.4 84.0 134.7 223.2 14.4 
2008- 12 3.4 9.0 17.7 30.7 39.8 44.6 44.3 47.0 62.3 79.7 131.4 225.5 14.4 
20 13- 17 3.4 9. 1 17.9 3 1.0 40.6 44.8 45 .l 50.6 59.2 78.3 126.5 220.0 14.5 

Iceland 
1988 - 92 17.0 20.0 53.0 38.5 96.2 86. 1 73.3 124.0 123.0 136.0 150.0 22.0 
1993 - 97 13.6 25 .0 39. l 47.0 69.2 55.9 65.6 94.8 95.0 146.9 167.0 18.4 
1998 - 02 13.6 25 .0 39. 1 47.0 69.2 48.6 57 .0 84.2 85 .5 146.9 167.0 17.6 
2003 - 07 13.6 25.0 39.1 47.0 69.2 48.6 55 .6 73.7 76.0 132.2 167.0 17. 1 
2008 - 12 13.6 25.0 39. 1 47.0 69.2 48.6 55.6 73 .7 66.5 132.2 167.0 17.0 
20 13- 17 13.6 25.0 39. 1 47.0 69.2 48.6 55.6 73 .7 66.5 11 7.5 167.0 17.0 

Norway 
1988 - 92 3.4 8.9 20.5 34. 1 40.2 53 .5 62. 1 70.4 104.0 122.0 158.0 225.6 18.0 
1993 - 97 3.4 8.2 17.0 32.7 45.1 48.9 54.4 61.6 89.6 129.1 160.5 22 1.8 17.0 
I 998 - 02 3.4 8.2 16.5 28.2 44.8 54.4 50.6 51.1 77.0 11 0.7 166.7 226.9 16.0 
2003 - 07 3.4 8.2 16.5 27.4 38 .7 54.0 56.3 53.3 64.3 95.2 143.0 235.6 15.4 
2008 - 12 3.4 8.2 16.5 27.5 37.6 46.6 55.6 59.3 68.7 79.4 138.3 224.6 15. 1 
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Appendix IC ( continued) 

Country/ 30- 34 35 - 39 40- 44 45 - 49 50 - 54 55 - 59 60 - 64 65 - 69 70 - 74 75 - 79 80 - 84 85 + ws 
Period 

Sweden 
1988 - 92 2.7 10.9 18.7 33.0 39. 1 51.5 62.5 69.0 94. 1 110.5 137.0 180.3 17.1 
1993 - 97 3.2 8.7 22.9 32.6 45.4 44.8 54.2 61.2 81.2 108. 1 138.8 187.3 16.4 
1998 - 02 3.2 8.7 18.6 40.2 45.4 53.6 ' 43 .9 53 .1 70.8 95.4 134.7 187.3 16.0 
2003 - 07 3.2 8.7 18.6 32.6 56.0 53.6 52.5 48 .2 61.9 83. 1 11 8.8 181.8 16.0 
2008 - 12 3.2 8.7 18.6 32.6 45.4 66. 1 52 .5 57.8 57.8 72.7 I 16.5 178.2 16.0 
20 13- 17 3.2 8.7 18.6 32.6 45.4 53 .6 64.8 57.8 69.2 67.8 103.5 174.7 16.0 

Appendix 2. Cervical cancer 
Appendix 2A 

Observed and predic!ed (assuming 1he observed rates) age-;pecific and age-adjus!ed ('world standard' popula1ion) mortality rates per JOO OOO 
by calendar period 

Country/ 25 - 29 30- 34 35 - 39 40 - 44 45 - 49 50 - 54 55 - 59 60- 64 65 - 69 70- 74 75 - 79 80- 84 , 85 + ws 
Period 

Denmark 
1953 - 57 4.2 9.7 14.0 20.8 27.6 25 .3 22.9 23.4 23.6 28.6 21.1 33.6 16.1 9.5 
1958 - 62 3.1 8.5 18.0 24.1 27.0 32.7 29.9 28.2 30.0 27.2 24.5 35.2 31.4 10.9 
1963 - 67 2.0 9.0 17.5 26.4 32.3 30.3 29 .3 28 .8 28 .9 30.7 26.8 24.8 31.6 I I.I 
1968 - 72 1.9 6.3 14.0 20.3 28.2 32.6 26.5 27.0 26. 1 28.2 29.8 25.5 36.6 10.0 

. 1973 - 77 1.6 5.4 8.3 12.2 2 1.0 24. 1 27.4 30.9 27 .. 8 31.1 27.0 29.9 30.6 8.5 
1978 - 82 1.5 4.9 5.5 9.7 18.0 20.7 23.6 30.3 27.7 28.1 32.6 35 .9 3 I. I 7.7 
1983 - 87 1.9 4.3 3.7 7.2 9.4 12.5 21.0 25. 1 23.7 25 .6 34.4 29.0 32.5 6.0 
1988 - 92 1.0 2. 1 4.0 6.4 8.5 11.0 17.1 19.5 25.9 28.0 28.2 33.7 26.3 5.3 
1993 - 97 0.9 2.4 3. 1 5.2 6.6 7.5 9.5 15.3 18.9 24.5 30.8 31.0 31.1 4. 1 
1998 - 02 0.7 2.0 2.7 3.7 5.9 6. 1 7.2 9.8 14.2 19.7 26.7 31.9 29.8 3.3 
2003 - 07 0.6 1.7 2.3 3.2 4.3 5.5 5.9 7.4 9.1 14.8 21.5 27 .7 30.7 2.6 
2008 - 12 0.5 1.4 1.9 2.7 3.7 4.0 5.3 6.0 6.9 9.5 16.2 22 .3 26.6 2. 1 
20 13- 17 0.4 I. I 1.5 2.2 3. 1 3.4 3.8 5.4 5.6 7.1 10.4 16.7 21.4 I. 7 

Finland 
1953 - 57 1.0 4.2 10.1 10.4 16.5 2 1. 2 21.4 20.0 16.5 26.5 19.5 22 .1 12. 1 6.7 
1958 - 62 0.6 2.4 7. 1 13.8 13.4 20.8 20.7 19.0 23 .3 28.6 28. 1 30.5 33.2 6.8 
1963 - 67 0.1 3.3 3.8 9.7 14.6 20.5 22.1 22.0 21.9 28.2 28.2 38.8 34.6 6.6 
1968 - 72 0.4 I. I 3.5 5. 1 10.9 14.8 17.3 20.8 18.4 20.4 27.9 31.4 29.0 5. 1 
1973 - 77 0.3 0.8 1.2 1.5 4.9 7.3 II.I 14;0 17.7 18.8 17.1 29.0 34.5 3.3 
1978 - 82 0.3 0.6 1.2 1.7 3.4 4.4 9.8 11 .5 13. 1 18. 1 17.7 21.1 30.7 2.7 
1983 - 87 0.3 0.4 0.8 0.9 2.2 3.7 3.4 7.2 11 .4 17.3 21. 1 18.8 23.4 2.0 
1988 - 92 0.2 0.8 1.2 1.4 1.8 2.9 2.4 4.5 8.8 13.0 15.9 24.5 27.3 1.7 
1993- 97 0.3 0.6 I. I 1.3 1.4 1.4 1.9 2.6 3.9 8.4 12.2 17.7 26.3 1.2 
1998 - 02 0.3 0.6 I.I 1.7 1.4 1.3 1.3 1.8 2.5 4.3 8.3 13.7 20.5 0.9 
2003 - 07 0.3 0.6 I. I 1.7 1.4 1.2 1.2 1. 2 I. 7 2.8 4.2 9.3 15.9 0.7 
2008 - 12 0.3 0.6 I. I 1.7 1.4 1.2 I. I I. I 1.2 1.9 2.7 4.7 10.7 0.6 
20 13- 17 0.3 0.6 I.I 1.7 1.4 1.2 I. I 1.0 1.0 1.3 1.9 3.0 5.5 0.5 

leeland 
1958 - 62 8.0 21.0 23 .0 10.0 17.0 0.0 42 .0 10.0 0.0 44.0 31.0 6.3 
1963 - 67 4.0 34.0 13.0 9.0 26.0 6.0 40.0 16.0 12.0 0.0 30.0 7.2 
1968- 72 11.0 14.0 16.0 31.0 38.0 5.0 32.0 37.0 38.0 17.0 0.0 8.3 
1973 - 77 7.0 11.0 15.0 4.0 13.0 15.0 23.0 2 1.0 18.0 13.0 23 .0 4.8 
1978 - 82 0.0 0.0 11.0 7.0 12.0 14.0 11.0 6.0 25.0 12.0 0.0 3.0 
1983 - 87 5.0 3.0 11.0 4.0 23.0 4.0 25.0 0.0 8.0 0.0 12.0 3.8 
1988- 92 4.0 3.0 6.0 4.0 4.0 4.0 9.0 11.0 34.0 10.0 32.0 2.8 
1993 - 97 2.9 4.9 4.3 - 2. 1 6.7 2.9 13.6 7.9 18.8 9.2 9.9 2. 1 
1998- 02 2.9 4.9 4.4 2.6 3.4 2.2 8.8 7.2 12.7 8.6 12.4 1.7 
2003- 07 2.9 4.9 4.4 2.7 4.3 I. I 6.5 4.7 11.6 5.8 11.5 1.6 
2008 - 12 2.9 4.9 4.4 2.7 4.4 1.4 3.3 3.4 7.5 5.3 7.8 1.4 
20 13- 17 2.9 4.9 4.4 2.7 4.4 1.4 4.1 1.7 5.5 3.4 7. 1 1.4 
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Appendix 2A ( continued) 

Country/ 25 - 29 30- 34 35- 39 40- 44 45 - 49 50- 54 55 - 59 60 - 64 65 - 69 70 - 74 75 - 79 80- 84 85 + ws 
Period 

Norway 
1963 - 67 1.2 3.0 9.6 10.6 15.0 14.4 17.9 18.2 14.5 22. 1 17.9 21.0 25. 1 5.8 
1968-72 1.8 2.4 7.3 10.6 15.9 16. 1 16.8 15.2 20.7 22.3 2 1.8 20.5 11.2 5.8 
1973 - 77 0.9 3.5 6.2 8.4 9.9 14.0 19.5 17.3 18.0 20.7 23.5 19.2 20.7 5.3 
1978- 82 1.2 2.3 4.8 8.8 I I.I 14.8 16.5 18.0 19.6 20.0 24.4 21.9 25.7 5.3 
1983 - 87 1.4 2.8 5.0 5.8 8.0 10.2 10.4 15.3 16. 1 21.7 21.0 19.8 25.1 4.3 
1988 - 92 0.9 3.5 4.5 4.9 10.2 11.2 9.7 15.3 16.7 16.8 19.8 19.3 21.7 4.3 
1993 - 97 1.0 2.3 4.6 5.8 8.0 9.2 9.9 10.9 13.7 17.6 20.1 19.3 20.8 3.8 
1998 - 02 0.9 2.0 4.2 5.7 7.3 8.4 9.2 JO. I 11.4 14.5 18.8 18.2 2 1.7 3.4 
2003 - 07 0.9 1.9 3.8 5.1 7.1 7.7 8.4 9.4 10.5 12. 1 15.5 17.1 20.5 3. 1 
2008 - 12 0.8 1.9 3.6 4.6 6.4 7.4 ,7.7 8.5 9.8 11.2 12.9 14. 1 19.2 2.9 

Sweden 
1963 - 67 0.8 3.7 8.5 12.0 16.4 16.1 15.7 15.7 12.7 13.9 18.6 15.7 12.8 5.6 
1968 - 72 1.4 2.9 6.2 I 1.8 13 .8 15.3 18.4 16.6 14.9 18.4 18.3 18.2 13.0 5.5 
1973 - 77 0.8 2. 1 3.9 7.3 9.4 10.0 13.9 13.2 17.6 19. 1 20.0 19.4 25.0 4.3 
1978- 82 0.9 2.6 2.5 4.3 5.5 8.0 10.9 14. 1 16.8 15.8 15.9 19.7 18.0 3.5 
1983 - 87 I.I 1.8 2.7 3. 1 6. 1 5.7 8.3 10.9 12.9 14.7 15.2 16.2 12.9 2.9 
1988- 92 1.0 1.6 2.9 3.8 2.8 4.1 5.4 5.8 10.5 11.3 15.5 14.2 13.7 2.2 
1993- 97 0.9 1.8 2.3 3.3 3.3 2.4 3.7 4.5 7.1 9.5 12.5 14.2 13.8 1.8 
1998 - 02 0.9 1.8 2.4 2.9 3.0 2.7 2.3 3.3 4.7 6.8 9.5 11.7 13.0 1.5 
2003 - 07 0.9 1.8 2.4 3.0 2.6 2.4 2.6 2. 1 3.4 4.5 6.8 9.0 10.7 1.3 
2008 - 12 0.9 1.8 2.4 3.0 2.7 2. 1 2.3 2.3 2. 1 3.3 4.5 6.4 8.2 1.2 
20 13- 17 0.9 1.8 2.4 3.0 2.7 2.2 2.0 2.1 2.4 2.0 3.3 4.2 5.8 I.I 

Appendix 28 

Predicted age -specific and_age-adjus1ed ('world s/andard' population) 111or1ali1y rates per JOO OOO for the period /968- 2017 without screening 

Country/ 25 - 29 30- 34 35- 39 40 - 44 45 - 49 50- 54 55 - 59 60 - 64 65 - 69 70 - 74 75 - 79 80- 84 85 + ws 
Period 

Denmark 
1968- 72 3.2 8.2 15.8 27. 1 36.9 35.4 30.6 34.0 34.0 33 .9 28.2 30.5 29.6 12.2 
1973 - 77 3.0 7.8 15. 1 25.0 36.4 41.1 35 .5 33.5 38.9 38.5 30.2 34.8 30.6 12. 7 
1978 - 82 2.9 7.4 14.3 23.9 33.6 40.6 4 1.2 38.9 38.3 43.9 34.3 37.2 35.0 13.0 
1983 - 87 2.8 7.0 13.6 22.7 32.2 37.4 40.7 45.1 44.5 43.4 39. 1 42.3 37.4 13. 1 
1988 - 92 2.6 6.7 13.0 21.6 30.6 35.8 37.6 44.6 5 1. 7 50.4 38.6 48.3 42.5 13 .0 
1993- 97 2.5 6.9 12.8 20.6 29.2 34.1 35.5 41.2 51.2 58 .4 40.0 47.6 48.5 12.7 
1998 - 02 2.5 6.4 12.7 19.9 27.7 32.4 34.2 38 .9 47.2 57.9 52.0 49.4 47.8 12.3 
2003- 07 2.5 6.4 11. 7 20.1 26.8 30.9 32.6 37.5 44.6 53.4 5 1.5 64,2 49.6 11.9 
2008 - 12 2.5 6.4 11. 7 18.6 27.1 29.9 31.0 35 .7 43.0 50.4 47.5 63.6 64.4 1.1.6 
20 13- 17 2.5 6.4 11. 7 18.6 25.0 30.2 30.0 34.0 40.9 48.6 44,9 58 .6 63.8 11.2 

F inland 
1968 - 72 0.9 3.0 6.4 11.5 16.8 18.2 . 18.2 21.4 21.0 21.2 21.9 21.2 22.7 6.3 
1973- 77 0.8 2.9 6.1 10.6 16.6 21.1 2 1.1 2 1.2 23 .9 24.1 23 .5 24.2 23.5 6.7 
1978- 82 0.8 2.7 5.8 10.1 15.3 20.9 24.5 24.6 23.6 27.5 26.6 25.9 26 .8 6.9 
1983 - 87 0.8 2.6 5.6 9.6 14 .6 19.3 24.2 28.5 27.4 27.2 30.4 29.4 28.6 7.0 
1988 - 92 0.7 2.5 5.3 9. 1 13.9 18.4 22.4 28 .2 31.8 3 1.5 30.0 33.6 32.5 7.1 
1993- 97 0.7 2.4 4.9 8.8 13. 1 17.5 21.4 26.0 31.4 36.6 34.9 33 .3 37.3 6.9 
1998- 02 0.7 2.3 4.7 8. 1 12.6 16.5 20.3 24.8 29 .0 36.2 40.4 38.6 36.8 6.7 
2003 - 07 0.7 2.3 4.7 7.8 11. 7 15.9 19.3 23 .6 27 .7 33.4 40.0 44.7 42.7 6.5 
2008 - 12 0.7 2.3 4.6 7.8 11.3 14.8 18.5 22.4 26.3 31.9 36.9 44.3 49.6 6.2 
20 13 - 17 0.7 2.3 4.6 7.7 11.2 14.2 17.2 21.5 24.9 30.3 35.3 40.9 49.J 6.0 

Iceland 
1968 - 72 8.3 10.6 12.9 17.1 21. 1 2 I. I 22.2 24.9 26.6 28.6 32.7 6.2 
1973 - 77 7.9 JO. I 12.3 15.8 20.9 24.5 25.8 24.6 30.4 32.5 35.0 6.3 
1978- 82 7. 5 9.6 11.7 15. 1 19.3 24.2 30.0 28.5 30.0 37.2 39.7 6.4 
1983 - 87 7.1 9. 1 11.2 14.3 18.4 22.4 29.6 33 .1 34.9 36.7 45.4 6.3 
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Appendix 28 ( continued) 

Country/ 25 - 29 30- 34 35- 39 40 - 44 45 - 49 50- 54 55 - 59 60 - 64 65 - 69 70 - 74 75 - 79 80- 84 85+ ws 
Period 

1988 - 92 6.8 8.7 10.6 13.6 17.5 21.4 27.3 32.7 40.4 42.6 44.8 6. 1 
1993 - 97 6.4 8.9 9.2 12.7 19.0 20.2 25.3 29.5 43.4 47. 1 57. 1 6.0 
1998 - 02 6.4 8.8 9.3 12.4 1,5.8 21.0 25.0 27.7 39.3 46.8 68.6 5.8 
2003 - 07 6.4 8.8 9.2 12.6 15.4 17.5 26.0 27.4 37.0 42.4 68.2 5.7 
2008 - 12 6.4 8.8 9.2 12.4 15.6 17.0 21.6 28.5 36.6 39.9 6 1. 7 5.5 
20 13- 17 6.4 8.8 9.2 12.4 15.4 17.3 21. 1 23.7 38.0 39.5 58. 1 5.4 

Norway 
1968 - 72 1.4 3.9 8.7 10.9 17. 1 16.8 18.8 19.2 17 .2 24.4 18.9 2 1.2 23.6 6.3 
1973 - 77 1.4 3.7 8.3 JO.I 16.9 19.5 21.8 19.0 19.6 27.7 20.2 24.2 24.4 6.6 
1978- 82 1.3 3.5 7.9 9.6 15.6 19.3 25.3 . 22.0 19.3 31.7 22.9 25.9 27 .9 6.9 
1983 - 87 1.2 3.4 7.5 9. 1 14.9 17.8 25 .0 25.5 22.4 31.3 26.2 29 .4 29.8 7.0 
1988 - 92 1. 2 3.2 7.1 8. 7 14.2 17.0 23 .1 25.2 26. 1 36.3 25.8 33.6 33 .9 7.0 
1993 - 97 I. I 3.0 6.7 8.2 13.4 16.2 22.0 23.3 25 .8 42.0 29.9 33.2 38.6 6.9 
1998 - 02 I. I 3.0 6.3 7.8 12.7 15.3 20.8 22.3 23.8 4 1.6 34.7 38.6 38 .1 6.6 
2003 - 07 I. I 2.9 6.2 7.3 12.0 14.5 19.7 2 1. 2 22.8 38.4 34.3 44.7 44.3 6.4 
2008 - 12 I. I 2.9 6. 1 7.2 11.2 13.7 18.7 20.0 2 1.6 36.7 31.7 44.3 51.3 6. 1 

Sweden 
1968 - 72 1.2 3.4 7.7 12.3 18.7 18.7 16.3 18.5 14.9 15.4 19.6 19.2 , 12.0 6. 1 
1973 - 77 I. I 3.2 7.3 11.3 18.5 2 1.8 18.9 18.2 17.0 17 .5 2 1.0 2 1.9 12.4 6.3 
1978 - 82 I.I 3.0 7.0 10.8 17.1 2 1.5 22.0 2 1.1 16.8 20.0 23 .9 23 .5 14. 1 6.5 
1983 - 87 1.0 2.9 6.6 10.3 16.3 19.8 21.7 24.5 19.5 19.7 27 .3 26.6 15.1 6.6 
1988 - 92 1.0 2.8 6.3 9.8 15.5 19.0 20.0 24.2 22.6 22.9 26.9 30.4 17.2 6.5 
1993 - 97 0.9 2.6 6. 1 9.4 14.8 18. 1 19. 1 22.4 22.4 26.6 31.2 30.0 19.5 6.4 
1998 - 02 0.9 2.6 5.8 9.0 14.1 17 .2 18.3 21.4 20.6 26.3 36.2 34.8 19.3 6.2 
2003- 07 0.9 2.5 5.6 8.5 13.5 16.4 17.3 20.4 19.7 24.3 35 .9 40.4 22.3 6.0 
2008 - 12 0.9 2.5 5.6 8.3 12.8 15.7 16.6 19.4 18'.8 23. 1 33. 1 40.0 25.9 5.7 
20 13- 17 0.9 2.5 5.5 8.2 12.4 14.8 15.8 18.5 17 .9 22. 1 31.6 36.9 25 .6 5.5 

Appendix 2C 

Predicted age-specific and age -adjusted ('world standard' population) mortality rates per JOO OOO for the period 1968- 2012 if the Finnish 
screening policy had been applied 

Country/ 25 - 29 30- 34 35 - 39 40 - 44 45- 49 50- 54 55 - 59 60 - 64 65 - 69 70- 74 75 - 79 80- 84 85 + ws 
Period 

Denmark 
1968 - 72 0.3 2.7 12.2 11.0 23.2 20.4 2 1.4 25 .3 22.8 29.5 24 .9 19.6 26.5 7.6 
1973 - 77 0.3 1.9 8.5 7.0 11.9 13.8 16.6 19.8 24.6 20.8 25.3 18.8 32.5 5.6 
1978 - 82 0.3 1.6 5.7 4.9 7.6 7.0 11.2 15.3 19.2 22.4 17.8 19.1 3 1.1 4. 1 
1983 - 87 0.4 1.6 5.1 3.3 5.3 4.5 5.7 10.4 14.8 17.5 19.2 13.5 31.6 3.0 
1988 - 92 0.2 2.1 4.8 2.9 3.6 3.1 3.7 5.3 10.0 13.6 15.0 14.6 22 .3 2.2 
1993 - 97 0.3 1.6 4.9 2.8 3.2 2.1 2.6 3.4 5.2 9.2 11.6 11.3 24.0 1.8 
1998 - 02 0.3 1.6 4.9 2.8 3.0 1.9 1.8 2.4 3.3 4.7 7.9 8.8 18.7 1.4 
2003- 07 0.3 1.6 4.9 2.8 3.1 1.8 1.6 1.6 2.3 3.0 4.0 6.0 14.6 1.3 
2008 - 12 0.3 1.6 4.9 2.8 3.1 1.9 1.5 1.4 1.6 2. 1 2.6 3.0 9.9 1.2 
20 13- 17 0.3 1.6 4.9 2.8 3. 1 1.9 1.5 1.4 1.4 1.4 1.8 1.9 5.0 I.I 

Finland 
1968 - 72 0.4 I. I 3.5 5.1 10.9 14.8 17.3 20.8 18.4 20.4 27.9 3 1.4 29.0 5.1 
1973 - 77 0 .3 0.8 1. 2 1.5 4.9 7.3 II.I 14.0 17.7 18.8 17. 1 29.0 34.5 3.3 
1978 - 82 0.3 0.6 1.2 1.7 3.4 4.4 9.8 11.5 13.1 18. 1 17 .7 2 1.1 30.7 2.7 
1983 - 87 0.3 0.4 0.8 0.9 2.2 3.7 3.4 7.2 11.4 17.3 21.1 18.8 23.4 2.0 
1988 - 92 0.2 0.8 1. 2 1.4 1.8 2.9 2.4 4.5 8.8 13.0 15.9 24.5 27.3 1.7 
1993 - 97 0.3 0.6 I. I 1.3 1.4 - 1.4 1.9 2.6 3.9 8.4 12.2 17.7 26.3 1.2 
1998 - 02 0.3 0.6 I. I 1.7 1.4 1.3 1.3 1.8 2.5 4.3 8.3 13.7 20.5 0.9 
2003 - 07 0.3 0.6 I. I 1.7 1.4 1.2 1. 2 1. 2 1.7 2.8 4.2 9.3 15.9 0.7 
2008 - 12 0.3 0.6 I. I 1.7 1.4 1.2 I. I I.I 1. 2 1.9 2.7 4.7 10.7 0.6 
20 13- 17 0.3 0.6 I. I 1.7 1.4 1. 2 I.I 1.0 1.0 1.3 1.9 3.0 5.5 0.5 



55 

Appendix 2C ( continued) 

Country/ 25 - 29 30- 34 35- 39 40- 44 45 - 49 50- 54 55 - 59 60 - 64 65 - 69 70 - 74 75 - 79 80 - 84 85+ ws 
Period 

Iceland 
1968 - 72 3.2 2.0 3.5 3.4 6.9 9.7 9.6 16.2 11.9 16.2 24.7 2.3 

1973 - 77 2.8 1.3 2.5 2. 1 3.5 6.5 7.5 12.6 12.9 11.4 25. 1 I. 7 
1978 - 82 2.7 1.2 1.7 1.5 2.2 3.3 5.0 9.8 10.0 12.3 17.7 1.2 
1983 - 87 3.7 I. I 1.5 1.0 1.6 2. 1 2.6 6.6 7.8 9.6 19.1 1.0 
1988- 92 2.1 1.5 1.4 0.9 I. I 1.5 1.6 3.4 5.3 7.4 14.9 0.7 
1993 - 97 2.1 0.4 0.3 0. 1 0. 1 0. 1 0.5 3. 1 3.6 5.3 12.8 0.4 
1998 - 02 2. 1 0.4 0. 1 0. 1 0. 1 0.1 0.1 0.7 2.1 4.4 7.4 0.3 
2003 - 07 2.1 0.4 0.1 0. 1 0.1 0. 1 0.1 0.1 0.4 2.5 6. 1 0.2 
2008- 12 2. 1 0.4 0.1 0.1 0. 1 0. 1 0.1 0. 1 0. 1 0.5 3.5 0.2 
20 13- 17 2. 1 0.4 0.1 0. 1 0. 1 0. 1 0. 1 0.1 0.1 0.1 0.7 0.2 

Norway 
1968 - 72 0.3 0.9 6.7 4.4 10.8 9.7 13. 1 16.0 11 .4 21.2 16.6 16.6 21.0 4.2 
1973 - 77 0.3 0.6 4.7 2.8 5.5 6.6 10. 1 12.5 12.3 15.0 16.9 15.9 25.8 3.1 
1978 - 82 0.3 0.6 3.2 2.0 3.5 3.4 6.9 9.7 9.6 16.2 11.9 16.2 24.7 2.3 
1983 - 87 0.4 0.5 2.8 1.3 2.5 2.1 3.5 6.5 7.5 12.6 12.9 11 .4 25.1 I. 7 
1988 - 92 0.2 0.7 2.7 1.2 I. 7 1.5 2.2 3.3 5.0 9.8 10.0 12.3 17.7 1.3 
1993 - 97 0.3 0.5 4.0 I.I 1.4 1.0 1.5 2. 1 2.5 6.6 7.8 9.6 19.2 I.I 
1998 - 02 0.3 0.6 2.6 1.6 1.4 0.9 1.0 1.5 1.6 3.3 5.3 7.5 14.9 0.8 
2003 - 07 0.3 0.6 2.9 I. I 2.0 0.8 0.9 1.0 I.I 2.1 2.7 5.1 11.6 0.7 
2008 - 12 0.3 0.6 2.9 1.2 1.3 1.2 0.9 0.9 0.8 1.5 1.7 2.5 7.9 0.6 

Sweden 
1968 - 72 0.3 I I 5.9 5.0 11.2 10.8 11.5 13.8 10.0 13.4 17.3 12.4 29.2 3.9 
1973 - 77 0.3 0.8 4.1 3.2 5.7 7.3 8.9 10.8 10.8 9.4 17.6 11.9 35.8 2.9 
1978 - 82 0.3 0.7 2.8 2.2 3.7 3.7 6.0 8.4 8.4 10.2 12.4 12.1 34.2 2.2 
1983 - 87 0.4 0.6 2.5 1.5 2.5 2.4 3.1 5.7 6.5 7.9 13.4 8.5 34.8 1.6 
1988 - 92 0.2 0.9 2.4 1.3 1.7 1.7 2.0 2.9 4.4 6.1 10.4 9.2 24.6 1.2 
1993 - 97 0.3 0.5 3.1 1.3 1.5 I. I 1.4 1.9 2.3 4.2 8. 1 7.1 26.7 1.0 
1998 - 02 0.3 0.7 1.7 I. 7 1.4 1.0 0.9 1.3 1.5 2.1 5.5 5.6 20.8 0.8 
2003 - 07 0.3 0,7 2.4 0.9 1.9 0.9 0.8 0.9 1.0 1.4 2.8 3.8 16.2 0.7 
2008 - 12 0.3 0.7 2.4 1.3 1.0 1.2 0.8 0.8 0.7 0.9 1.8 1.9 11.0 0.6 
20 13- 17 0.3 0.7 2.4 1.3 1.5 0.7 1.0 0.7 0.6 0.7 1. 2 1. 2 5.6 0.6 

Appendix 3. Colorectal cancer, females 
Appendix 3A 

Observed age -specific and age-adjusted ('world standard ' population) mortality ra tes per JOO OOO by calender period 

Country/ 30- 34 35- 39 40- 44 45 - 49 50 - 54 55 - 59 60 - 64 65 - 69 70 - 74 75 - 79 80 - 84 85 + ws 
Period 

Denmark 
1953 - 57 1.6 3.2 6.9 10.8 20.0 33.5 44.1 75.7 11 9.0 162.9 27 1.2 340.2 14.8 
1958 - 62 2.2 4.2 6.3 13.2 24.8 44.7 66.4 94.4 162.0 247.2 384.5 46 1.2 20.0 
1963 - 67 I. 7 4.4 8.8 13.6 29.3 40.1 6 1.2 95 .2 153.3 225.0 353.4 429.6 19.3 
1968 - 72 I. I 3.1 8.9 14.6 29.5 41.5 65.3 90.8 138.3 203.4 304.0 394.8 18.4 
1973 - 77 1.5 3.4 8.2 13. 1 22.5 39.2 61.0 85.5 140.4 212.9 315.6 409.7 17.8 
1978 - 82 I. I 3.1 6.7 13 .8 20.0 37.4 67 .0 90.6 139.0 211.2 309.2 449.6 18. 1 
1983 - 87 I. I 3.2 4.9 12.0 24.2 42.3 59.1 90.5 142.4 200.4 304.2 395.7 17.6 
1988 - 92 1.2 2.1 5.6 13.0 22.1 38.3 62.0 84.6 144.3 199.9 258.5 392.2 17. 1 

Finland 
1953- 57 0.9 1.5 4.5 5.3 10.6 15.1 27.5 40.8 68.3 103.2 134.0 184.8 8.2 
1958 - 62 0.5 0.9 4.0 6.1 8.5 14.2 25.0 48.4 86.2 106.8 173 .7 190.0 8.7 
1963 - 67 0.6 1.5 3.7 6. 1 9.9 16.1 27. 1 48 .9 92.3 130.6 165 .1 226.8 9.5 
1968 - 72 1.0 3.0 4.9 . 6.0 12. 1 16.5 26.5 45 .8 7 1.1 135.6 210.6 318.8 10.0 
I 973 - 77 I. I 2.2 3.6 8. 1 12.9 17.4 27 .2 53.7 68.5 104.9 20 1.6 35 1.7 JO. I 
1978- 82 0.9 1.2 3.8 4.7 12.5 19.0 26.8 40.3 75 .8 98.0 177.4 346.2 9.4 
1983 - 87 0.6 1.7 3.8 7.3 9.9 16.2 26.2 45 .0 74.0 11 0.7 160.5 282.7 9.1 
1988 - 92 0.2 1.5 2.8 5.3 11.0 14.8 22.7 42.8 66.8 11 9.5 177.0 24 1.5 8.5 
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Appendix 3A (continued) 

Co unt ry/ 30- 34 35 - 39 40- 44 45 - 49 50 - 54 55 - 59 60- 64 65 - 69 70 - 74 75 - 79 80 - 84 85 + ws 
Period 

Icela nd 
1958 - 62 5.0 34.0 6.0 28.0 79.0 I 18.0 284.0 2 19.0 9.0 
1963 - 67 19.0 10.0 24.0 73 .0 79.0 121.0 107.0 211.0 9.8 
1968 - 72 9.0 33.0 49.0 64.0 104.0 125.0 24 1.0 359.0 13.1 
1973 - 77 16.0 18.0 40.0 76.0 85.0 142.0 182.0 30 1.0 11.6 
1978 - 82 7.0 24.0 33 .0 53.0 109.0 147.0 196.0 274.0 I 1.0 
1983 - 87 26.0 I 1.0 29 .0 50.0 58.0 136.0 170.0 207.0 9.7 
1988 - 92 15.0 26.0 47 .0 49.0 65.0 130.0 11 7.0 140.0 9.7 

Norway 
1963 - 67 1.0 2.2 5.4 8.2 12.4 2 1.8 36.9 54.8 95 .6 139.5 193.7 237.6 I I.I 
1968 - 72 0.6 2.8 4.7 11.6 15.6 25 .8 44.3 57.0 105.8 149.8 208.4 272.8 12.5 
1973 - 77 I. I 2.2 6.5 10.6 22.6 29.4 4 1.8 6 1.4 92. 1 153.6 206.8 263 .2 12.8 
1978 - 82 I. I 3.0 7.2 11.2 15.0 32.0 48 .5 71.6 109.6 150.3 249.5 356.2 14.2 
1983 - 87 1.2 1.6 5.3 12.6 17.8 3 1.8 52. 1 71.1 11 3.5 153.0 242.8 313 .3 14.2 
1988 - 92 0.8 0.9 4.9 10.0 19.5 27 .3 55.6 68 .9 107.5 143.5 209.2 339.0 13.7 

Sweden 
1963 - 67 1.7 3.0 5.9 9.7 17.6 26.2 40.0 66 .7 10 1.7 149.8 219.2 257.6 12.7 
1968 - 72 2.0 2.2 5.6 8.3 16.6 25.6 42.3 64.2 100.0 158 .0 228.9 323 .8 12.9 
1973 - 77 0.8 3.4 4.4 8.7 16.7 27.0 4 1.8 64.8 103.4 160.6 248.1 367.2 13.3 
1978 - 82 0.8 1. 6 4.8 9.1 13 .4 29.6 40.6 60.8 95 .8 14 1.6 213.0 323.4 12.3 
1983 - 87 0.5 1.4 3.2 8.9 15.5 25. 1 40.0 60.0 85 .3 120.5 183 .9 277. 1 11.2 
1988 - 92 0.7 1.9 3.4 7.8 14.3 26.8 38 .5 56.6 83 .6 123 .8 175.8 255.1 10.9 

Appendix 38 

Predicted age-specific and age -adjusted ('world standard ' pop11/a1ion) mortality rates per 100 OOO by calendar period /993- 2017 without 
screening 

Country/. 30- 34 35 - 39 40 - 44 45 - 49 50- 54 55 - 59 60 - 64 65 - 69 70 - 74 75 - 79 80 - 84 85 + ws 
Period 

Denmark 
1993 - 97 1.2 2.8 5.6 10.5 2 1.1 35 .7 60.2 88 .8 135.8 2 12.7 302.8 378.8 17.0 
1998- 02 1.2 2.8 5.6 10.5 19.7 35 .1 56.0 89.7 145.0 204.6 320.5 4 12.8 17.1 
2003 - 07 1.2 2.8 5.6 10.5 19.7 32.8 55 .1 83.5 146.5 2 18.5 308 .2 437.0 17.0 
2008 - 12 1.2 2.8 5.6 10.4 19.7 32.8 5 1.4 82.2 136.3 220.7 329.3 420.3 16.7 
2013 - 17 1.2 2.8 5.6 10.4 19.6 32.8 5 1.5 76.7 134.2 205.4 332.6 449.0 16.5 

Finland 
1993 - 97 0.7 1.4 3.1 4.9 9.6 17. 1 22.8 43 .9 72.4 107.0 173 .4 280.4 8.8 
1998 - 02 0.7 1.4 3.1 4.9 8.8 14.4 26.9 39.8 72.0 11 0.8 170. 1 280.2 8.7 
2003 - 07 0.7 1.4 3. 1 4.9 8.7 13.3 22.7 46.9 65.4 11 0.3 176.2 274.9 8.6 
2008 - 12 0.7 1:4 3. 1 4.9 8.7 13. 1 20.9 39.6 77.0 100. 1 175.5 284.7 8.4 
20 13- 17 0.7 1.4 3. 1 4.9 8.7 13.1 20.5 36.5 65.0 11 7.9 159.3 283.6 8.2 

Iceland 
1993 - 97 14.2 22.3 33 .9 55 .9 81.7 133.3 178.2 226.5 9.6 
1998- 02 14.2 22.3 33.9 55 .9 81.7 133.3 178.2 226.5 9.6 
2003 - 07 14.2 22.3 33 .9 55 .9 81.7 133 .3 178.2 226.5 9.6 
2008 - 12 14 .2 22.3 33.9 55.9 81.7 133.3 178.2 226.5 9.6 
20 13- 17 14 .2 22.3 33 .9 55.9 81.7 133 .3 178.2 226.5 9.6 

Norway 
1993 - 97 0.6 1.4 4:1 8.7 16.9 33 .0 49.4 73 .1 123.1 160.9 229.6 312.7 14.0 
1998 - 02 0.6 1.3 3.6 7.7 14.4 29.2 56.8 7 1.4 123.9 181. 1 246.6 329.4 14.3 
2003 - 07 0.5 I. I 3.2 6.8 12.8 24.9 50.2 82.1 12 1.1 182.3 277.6 353.8 14.2 
2008 - 12 0.4 1.0 2.9 6.1 11 .4 22.2 42.8 72.6 139.2 178.2 279.4 398.3 13.9 

Sweden 
1993 - 97 0.7 1.4 3.0 5.5 11.2 25.6 38.2 54.8 85.9 12 1.9 174.7 250.4 10.4 
1998- 02 0.7 1.3 2.6 5.4 9.3 19.0 38.2 57 .0 80.9 123. 1 174.7 245.4 10.0 
2003 - 07 0.6 1.3 2.5 4.7 9.2 15.8 28.3 57 .0 84.9 11 5.9 176.4 245.4 9.4 
2008 - 12 0.6 1.2 2.4 4.5 8.0 15.7 23.6 42.2 84.9 120.6 166.2 247.9 8.7 
20 13- 17 0.6 1.2 2.4 4.4 7.7 13.5 23.4 35 .3 62.4 120.6 172.9 233.4 7.9 
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Appendix 3C 

Predicted age -specific and age-adjusted ('world standard' population) mortality rates per 100 OOO for the period 1993- 2017 if screening had 
been established in 1993 

Country/ 30- 34 35- 39 40- 44 45 - 49 50 - 54 55 - 59 60- 64 65 - 69 70 - 74 75 - 79 80 - 84 85 + ws 
Period 

Denmark 
1993 - 97 1.2 2.8 5.6 10.5 2 1.1 35.7 60.2 88.8 135.8 212.7 302.8 378.8 17.0 
1998 - 02 1.2 2.8 5.6 10.5 19.7 29.8 47.6 76.2 123 .2 173.9 320.5 412.8 15.5 
2003 - 07 1.2 2.8 5.6 10.5 19.7 27.9 44. 1 66.8 117.2 174.8 262.0 437 .0 14.7 
2008 - 12 1.2 2.8 5.6 10.4 19.7 27.9 4 1.1 65 .8 109.0 176.6 263.4 357.3 14.0 
2013 - 17 1.2 2.8 5.6 10.4 19.6 27.9 4 1.2 61.4 107.4 164.3 266. 1 38 1.6 13.8 

Finland 
1993 - 97 0.7 1.4 3. 1 4.9 9.6 17.1 22.8 43 .9 72.4 107.0 173.4 280.4 8.8 
1998 - 02 0.7 1.4 3.1 4.8 8.8 12.2 22.8 33 .8 61.2 94.2 170.1 280.2 7.9 
2003 - 07 0.7 1.4 3. 1 4.9 8.7 11.3 18.1 37.5 52.3 88.3 149.7 274.9 7.2 
2008 - 12 0.7 1.4 3. 1 4.9 8.7 I I.I 16.8 31.6 6 1.6 80.1 140.4 242.0 7.0 
20 13- 17 0.7 1.4 3. 1 4.9 8.7 11.2 16.4 29.2 52.0 94.3 127.4 24 1.0 6.8 

Iceland 
1993 - 97 14.2 22.3 33 .9 55.9 81.7 133.3 178.2 226.5 9.6 
1998 - 02 14.2 19.0 28.8 47.5 69.4 11 3.3 178.2 226.5 8.6 
2003 - 07 14.2 19.0 27.1 44.7 65 .4 106.6 151.5 226.5 7.7 
2008 - 12 14.2 19.0 27.1 44.7 65.4 106.6 142.6 192.5 7.5 
2013 - 17 14.2 19.0 27. 1 44.7 65.4 106.6 142.6 192.5 7.5 

Norway 
1993- 97 0.6 1.4 4 .1 8.7 16.9 33 .0 49.4 73 .1 123. 1 160.9 229.6 312.7 14.0 
1998 - 02 0.6 1.3 3.6 7.7 14.4 24.8 48 .3 60.7 105.3 153.9 246.6 329.4 12.8 
2003 - 07 0.5 I.I 3.2 6.8 12.8 21.2 40.2 65.7 96.9 145.4 236.0 353.8 12.1 
2008 - 12 0.4 1.0 2.9 6. 1 11.4 18.9 34.2 58. 1 111 .4 142.6 223.5 338.6 11.5 

Sweden 
1993 - 97 0.7 1.4 3.0 5.5 11.2 25.6 38.2 54.8 85.9 121.9 174.7 250.4 10.4 
1998 - 02 0.7 1.3 2.6 5.4 9.3 16.1 32.5 48.4 68.8 104.6 174.7 245.4 9.0 
2003 - 07 0.6 1.3 2.5 4.7 9.2 13.5 22.6 45.6 67.3 92.7 150.0 245.4 8.1 
2008 - 12 0.6 1.2 2.4 4.5 8.0 13.3 18.9 33 .8 67.3 96.5 132.9 210.7 7.3 
20 13- 17 0.6 1. 2 2.4 4.4 7.7 11.5 18.7 28.2 49.9 96.5 138.4 198.4 6.6 

Appendix 4. Colorectal cancer, males 
Appendix 4A 

Observed age-specific and age-adjusted ('world standard' population) mortality rates per 100 OOO by calendar period 

Co untry/ 30- 34 35 - 39 40- 44 45 - 49 50 - 54 55 - 59 60 - 64 65 - 69 70- 74 75 - 79 80- 84 85 + ws 
Period 

Denmark 
1953 - 57 1.6 2. 1 5.2 10.6 18.5 38 .0 65.16 106.4 186.2 235.5 347.0 398.0 19.2 
1958 - 62 0.8 4.7 5.5 12.6 22.9 45 .1 76.11 140.6 215.5 328.9 460.4 653.6 24.8 
1963 - 67 1.6 3.4 6.6 11.9 24.8 44.2 77.44 128.2 215.6 303.7 437.4 532.9 23.6 
1968 - 72 1.8 2.8 7.3 11.9 21.7 43 .8 77.97 121.9 184. 1 278.6 372.1 465. 1 21.7 
1973 - 77 1.2 3.8 6.8 14.3 27.0 43 .3 73 . 10 126.0 182.5 283.6 405.4 530.7 22.5 
1978- 82 1.7 2.9 6.0 16.6 27. 1 46.0 75 .20 104.7 203 .8 306.8 4 15.3 598.3 23.2 
1983 - 87 1.3 3.8 6.0 11.2 22.4 44.5 77.39 135.0 199.8 295.2 400.4 592.2 23.3 
1988 - 92 1.8 2.7 5.3 11.5 20.7 44.2 78.05 131.7 199.6 290.1 357.3 525.3 22.5 

Finland 
1953 - 57 1.3 2.3 3.5 5.4 8.4 12.2 33 .5 50.3 101.9 111 .4 130.0 180.6 9.2 
1958 - 62 1.0 1.0 3.0 7.2 10.6 17.5 26.8 52.7 77.7 133.0 154.0 192.3 9.2 
1963 - 67 I. 7 2.3 4.6 6.6 12.1 19.6 31.4 49.9 97.7 140. 1 204.0 30 1 .5 10.9 
1968 - 72 1.9 3.1 4.1 4.5 12.4 20.5 32.0 57. 1 88.8 170.2 215.5 328.8 11 .4 
1973 - 77 1.0 2.6 3.2 7.6 14.1 2 1.4 34.7 62.0 89.5 11 9.3 242.4 397.8 11.9 
1978- 82 1.3 2.2 3.3 6.8 12.6 18.1 34.5 59.6 103.6 158.3 199.5 387.9 11.9 
1983 - 87 0.9 2.3 2.6 5.4 13.4 19.0 37.2 69 .6 99.8 168.4 220.9 343.2 12.2 
1988 - 92 0.9 1.4 3.3 7.6 10.0 24.3 39.6 65. 1 105.6 149.0 203 .5 349.0 12.2 
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Appendix 4A ( continued) 

Country/ 30- 34 35- 39 40 - 44 45 - 49 50 - 54 55 - 59 60 - 64 65 - 69 70 - 74 75 - 79 80 - 84 85 + ws 
Period 

Iceland 
1958 - 62 15.0 22.0 13.0 54.0 102.0 169.0 440.0 11 7.0 10.5 
1963 - 67 14.0 2 1.0 36.0 29.0 63.0 102.0 395.0 316.0 10.5 
1968 - 72 22.0 49.0 62.0 74.0 70.0 175.0 298.0 338.0 15.4 
1973- 77 16.0 32.0 32.0 70.0 11 2.0 124.0 196.0 182.0 11.4 
1978 - 82 7.0 29.0 54.0 53.0 14 1.0 142.0 262.0 25 1.0 12.9 
1983 - 87 4.0 27.0 26.0 76.0 97.0 18 1.0 190.0 326.0 11. 7 
1988 - 92 8.0 34.0 60.0 72.0 144.0 11 6.0 197.0 396.0 13.9 

Norway 
1963 - 67 1.0 2. 1 4.7 8.4 15.5 23.8 45.7 . 76.7 11 3.0 190.0 235 .5 238.6 13.4 
1968 - 72 0.6 2.6 5.0 II.I 15.5 30.2 51.5 86.7 127. 1 197 .6 289.5 325.0 15.4 
1973 - 77 0.4 1.7 5.2 JO. I 19.0 3 1.4 51.2 83.0 120.9 203.4 284.0 342.0 15.4 
1978 - 82 I.I 2. 1 3.9 9.3 18.9 33.7 57.6 9 1.0 150,2 233.7 319.6 484.4 17.7 
1983 - 87 1.3 2.6 4.3 11.6 19.8 37.0 62.3 105.6 165 .6 228 .4 319.9 433.4 18.7 
1988 - 92 1.2 3.4 3.4 12.2 24.6 44.7 74.5 11 0.7 160. 1 254. 8 343.4 442.0 20.2 

Sweden 
1963 - 67 1.6 3.2 4.0 9.5 15.4 29.4 48.0 83.6 138.2 219.2 293.8 375.0 15.8 
1968 - 72 1.4 2.6 5.2 10.6 15.9 29.4 53.2 85.8 138.0 228.8 327.2 456.5 16.8 
1973 - 77 I. I 2.5 6.5 9.7 17.3 30.2 56.0 95.4 155.6 230.5 350.1 523.2 18.2 
1978 - 82 0.8 2.8 3.5 7.9 16.4 30.7 49 .2 84.9 137.0 210.0 328. 1 442.7 16.2 
1983 - 87 0.7 1.6 3.3 8.2 17.7 28.2 50.9 78 .7 125.8 182.4 260. 1 390.9 14.8 
1988 - 92 0.7 1.9 3.7 7.0 16.0 29.4 51.2 78.2 129.3 185 .6 241.3 37 1.6 14.7 

Appendix 48 

Predicted age-s1Jecific and age-adjusted ('world swndard' population) mortality rates per JOO OOO for the period 1993- 2017 without screening 

Country/ 30- 34 35 - 39 40 - 44 45 - 49 50 - 54 55 - 59 60- 64 65 - 69 70 - 74 75 - 79 80 - 84 85 + ws 
Period 

Denmark 
1993 - 97 1.5 3.3 5.8 11 .7 20.3 37.8 75 .3 126.7 197.5 290.3 370.2 532.7 22. 1 
1998 - 02 1.5 3.2 5.8 11.6 2 1.2 36.4 65 .0 12 1. 7 199. 1 290.9 385.3 506.7 21.5 
2003 - 07 1.5 3.2 5.8 11.6 2 1.0 38 .0 62.6 105 .0 191.3 293.2 386.0 527.4 20.9 
2008 - 12 1.5 3.2 5.8 11.5 2 1.0 37.7 65.4 IOI. I 165.0 28 1.7 389.1 528.4 20.2 
20 13- 17 1.5 3.2 5.8 11.5 20.8 37 .7 64.8 105.7 158.8 243 .0 373.9 532.7 19.8 

Finland 
1993 - 97 1.2 2.1 3.2 6.4 11.9 18.2 42.0 69.0 107.5 174.0 230.8 397.4 12.9 
1998 - 02 1.2 2.1 3.2 6.0 11.8 19.8 33.3 75.4 11 4.7 17 1.0 250.9 400.0 13.0 
2003 - 07 1.2 2.1 3.2 6.0 I I.I 19.7 36.2 59.8 125.3 182.4 246.6 435.0 13.1 
2008 - 12 1.2 2. I · 3.2 6.0 I I.I 18.5 36.0 65.0 99.4 199.3 263.0 427.4 12.8 
20 13- 17 1.2 2. 1 3.2 6.0 I I.I 18.5 33.8 64.8 108.0 158. 1 287.4 455 .8 12.8 

Iceland 
1993 - 97 11.7 30.7 41.7 62 .6 107 .1 143.7 257.7 293 .2 11.7 
1998 - 02 11. 7 30.7 4 1.7 62 .6 107. 1 143.7 257.7 293.2 11.7 
2003 - 07 11. 7 30.7 4 1. 7 62.6 107. 1 143.7 257 .7 293 .2 11.7 
2008 - 12 11.7 30.7 4 1. 7 62.6 107.1 143.7 257.7 293.2 11.7 
20 13- 17 11.7 30.7 4 1.7 62.6 107. 1 143 .7 257.7 293.2 11. 7 

Norway 
1993 - 97 1.3 3.4 5.8 13.9 23.8 43.8 76.2 124.6 18 1.0 266.8 375.1 484.8 21.8 
1998 - 02 1.5 3.8 6.4 15.4 26.3 46.0 79.9 132.8 202.5 293.4 393.6 527.0 23.6 
2003 - 07 1.6 4.2 7. 1 17.0 29.0 50.8 83 .9 139.4 216.0 328.3 432.9 553.0 25.4 
2008- 12 1.8 4.6 7.9 18.8 32.1 56.2 92.8 146.3 226.6 350. 1 484.4 608.2 27.4 

Sweden 
1993 - 97 0.6 1.5 3.1 6.2 12.7 • 26. 1 52.1 81.7 129.4 183.6 258 .0 362.5 14.4 
1998 - 02 0.6 1.4 2.5 6.0 11.3 22.7 46.2 85 .0 130.7 19 1.1 255.4 362.5 14. 1 
2003 - 07 0.6 1.4 2.4 4.9 10.8 20. 1 40.2 75.4 136.0 193.0 265.8 358.8 13.6 
2008 - 12 0.6 1.3 2.3 4.7 8.9 19.3 35.6 65.6 120.6 200.9 268.5 373.5 12.8 
2013 - 17 0.6 1.3 2.2 4.5 8.5 15.8 34.2 58. 1 104.9 178.2 279.5 377.3 11.8 
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Appendix 4C 

Predicted age -specific and age -adjusted ('world standard' population) mortality rates per 100 OOO for the period /993- 2017 if screening had 
been established in 1993 

Country/ 30- 34 35 - 39 40- 44 45 - 49 50- 54 55 - 59 60- 64 65 - 69 70- 74 75- 79 80- 84 85 + ws 
Period 

Denmark 
1993- 97 1.5 3.3 5.8 11.7 20.3 37.8 75.3 126.7 197.5 290.3 370.2 532.7 22.1 
1998- 02 1.5 3.2 5.8 11.6 21.2 30.9 55.2 103.4 169.2 247.3 385.3 506.7 19.3 
2003- 07 1.5 3.2 5.8 I 1.6 21.0 32.3 50. J 84.0 153 .0 234.6 328. 1 527.4 17.9 
2008 - 12 1.5 3.2 5.8 11.5 21.0 32.0 52.3 80.9 132.0 225.4 311 .3 449.1 16.9 
20 13- 17 1.5 3.2 5.8 11.5 20.8 32.0 51.8 84.6 127.0 194.4 299.1 452.8 16.5 

Finland 
1993- 97 1.2 2.1 3.2 6.4 11.9 18.2 42.0 69.0 107.5 174.0 230.8 397.4 12.9 
1998- 02 1.2 2.1 3.2 6.0 11.8 16.8 28.3 64.1 97.5 145.4 250.9 400.0 11.8 
2003- 07 1.2 2. 1 3.2 6.0 II.I 16.8 28.9 47.9 100.3 145.9 209.6 435.0 11.3 
2008- 12 1.2 2.1 3.2 6.0 II.I 15.8 28.8 52.0 79 .5 159.5 210.4 363.3 10.7 
20 13- 17 1.2 2.1 3.2 6.0 II.I 15.8 27.1 51.8 86.4 126.5 229.9 387.4 10.6 

Tceland 
1993- 97 11.7 30.7 41.7 62.6 107.1 143.7 257.7 293.2 11.7 
1998- 02 11.7 26.1 35.4 53 .2 91.0 122.2 257.7 293.2 10.4 
2003- 07 11.7 26.1 33.4 50. 1 85.7 11 5.0 219.0 293 .2 9.9 
2008- 12 11.7 26.1 33.4 50 .l 85.7 I 15.0 206.2 249.2 9.6 
20 13- 17 11.7 26. 1 33 .4 50.1 85.7 11 5.0 206.2 249.2 9.6 

Norway 
1993 - 97 1.3 3.4 5.8 13.9 23.8 43.8 76.2 124.6 181.0 266.8 375.1 484.8 21.8 
1998- 02 1.5 3.8 6.4 15.4 26.3 39.1 67.9 11 2.9 172.1 249.4 393.6 527.0 21.2 
2003 - 07 1.6 4.2 7.1 17.0 29.0 43 .2 67.1 111 .5 172.8 262.6 368.0 553.0 21.7 
2008- 12 1.8 4.6 7.9 18.8 32. 1 47.8 74.2 11 7.0 181.3 280.J 387.5 517.0 22.9 

Sweden 
1993- 97 0.6 1.5 3. 1 6.2 12.7 26.1 52.1 81.7 129.4 183.6 258.0 362.5 14.4 
1998- 02 0.6 1.4 2.5 6.0 11.2 19.3 39.3 72.3 111.1 162.4 255.4 362.5 12.6 
2003- 07 0.6 1.4 2.4 4.9 10.8 17.1 32. J 60.3 108.8 154.4 226.0 358.9 11.5 
2008- 12 0.6 1.3 2.3 4.7 8.9 16.4 28 .5 52.4 96.5 160.7 214.8 317.5 10.6 
20 13- 17 0.6 1.3 2.2 4.5 8.5 13.5 27.4 46.5 83.9 142.6 223.6 320.7 9.8 

Appendix 5 

Estimated cost attributed to cervical cancer without screening and if the Finn ish screening policy had been established 

Co unt ry/ Without screening Cost of Wi th Finnish screening policy 
Period trea tment 

Woman-years No. of = total No. of No. of Cost of Cost of Cost of Total Cost 
(25 - 59) cases cost cases invasive+ screening treatment treatment cost with difference 

in situ of in situ of invasive screening 
cancers cancers cancers 

(A) (B) (C) ( D) (E) (F) (G) (H) (I) (J) 

Denmark 
58- 62 5153048 338 1 94668000 338 1 10143 10306000 27048000 94668000 132022000 37354000 
63 - 67 5179887 3399 95 161000 3670 10196 10360000 26101000 89854000 1263 15000 311 54000 
68 - 72 53 19620 3490 97728000 2792 1047 1 10639000 307 15000 69247000 I 1060 1000 12873000 
73 - 77 5534085 363 1 101668000 1416 10893 11 068000 37908000 37385000 8636 1000 - 15307000 
78- 82 5675058 3723 104258000 968 111 70 11 350000 408 10000 25558000 777 18000 - 26540000 
83 - 87 5796708 3803 106493000 761 11 410 11 593000 42597000 20082000 74272000 - 32221000 
88- 92 605 1170 3970 1111 68000 675 11 9 11 12102000 44943000 178 19000 74864000 - 36303000 
93 - 97 6323661 4149 11 6174000 622 12447 12647000 47299000 16430000 76377000 - 39797000 
98 - 02 6474189 4248 11 8939000 637 12743 12948000 48425000 1682 1000 78 195000 - 40744000 
03 - 07 636 1399 4174 11 6867000 626 1252 1 12723000 47582000 16528000 76833000 - 40034000 
08 - 12 6073629 3985 111 580000 598 11 955 12147000 45429000 1578 1000 73357000 - 38223000 

Finland 
58 - 62 50 111 00 1349 37772000 1349 4047 10022000 10792000 37772000 58586000 208 14000 
63 - 67 5032300 1355 37932000 1462 4064 10065000 10404000 35790000 56259000 18327000 
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Appendix 5 ( continued) 

Country/ Wit hout screening Cost of With Finnish screening policy 
Period treatment 

Woman-years No. of = total No. of No. of Cost of Cost of Cost of Total Cost 
(25- 59) cases cost cases invasive+ screening treatment treatment cost with difference 

in situ of in situ of invasive screening 
cancers cancers cancers 

(A) (B) (C) (D) (E) (F) (G) (H) (I) (J) 

68- 72 5059700 1362 38 138000 1087 4086 1011 9000 11 986000 26958000 49063000 10925000 
73 - 77 5372600 1446 40497000 564 4339 10745000 150 10000 14890000 40734000 237000 
78- 82 5654900 1522 42625000 390 4567 11 310000 16685000 10296000 38290000 -4334000 
83- 87 5867300 1579 44226000 310 4738 11 735000 17690000 8184000 37609000 - 66 17000 
88- 92 6041300 1626 45537000 275 4879 12083000 18410000 7260000 37753000 - 7785000 
93- 97 6212200 1672 46825000 248 50 17 12424000 19065000 6547000 38036000 - 8789000 
98- 02 6183900 1665 46612000 244 4994 12368000 ]8978000 6442000 37787000 - 8825000 
03- 07 6210400 1672 468 12000 243 5016 1242 1000 19059000 6415000 37895000 - 89 17000 
08- 12 5973700 1608 45028000 240 4824 11 947000 18333000 6336000 36616000 - 8412000 

Iceland 
58- 62 1688 14 47 1316000 47 141 338000 376000 1316000 2030000 714000 
63- 67 175394 49 1367000 53 146 35 1000 375000 129 1000 2017000 650000 
68- 72 186247 52 1452000 41 156 372000 456000 1029000 1858000 406000 
73- 77 202693 56 1580000 22 169 405000 589000 58 1000 1576000 - 5000 
78- 82 22253 1 62 1735000 16 186 445000 679000 425000 1549000 - 185000 
83- 87 247760 69 193 1000 14 207 496000 773000 364000 1632000 -299000 
88- 92 274727 76 2142000 13 229 549000 866000 343000 1759000 - 383000 
93- 97 297292 83 23 18000 12 248 595000 944000 328000 1866000 - 452000 
98- 02 32 11 81 89 2504000 13 268 642000 1019000 354000 20 16000 - 488000 
03- 07 339216 94 2644000 14 283 678000 1077000 374000 2129000 - 515000 
08- 12 350378 98 273 1000 15 293 70 1000 11 l i!OOO 386000 2199000 - 532000 

Norway 
58- 62 4025938 1267 35476000 1267 3801 8052000 10136000 35476000 53664000 18188000 
63- 67 39639 10 1247 34929000 1347 3742 7928000 958 1000 3298 1000 50490000 15560000 
68- 72 3998457 1258 35234000 1007 3775 7997000 11 073000 24966000 44036000 8802000 
73- 77 41396 12 1303 36478000 508 3908 8279000 1360 1000 13413000 35294000 - 11 84000 
78 - 82 42547 14 1339 37492000 348 40 17 8509000 14675000 9191000 32376000 - 511 6000 
83 - 87 439769 1 1384 38752000 277 4152 8795000 1550 1000 7307000 31604000 - 7148000 
88 - 92 4647986 1462 40957000 249 4388 9296000 16558000 6565000 324 19000 - 8538000 
93- 97 4977958 1567 43865000 235 4700 9956000 17859000 6204000 340 19000 - 9846000 
98- 02 5249586 1652 46259000 248 4956 10499000 18834000 6542000 35875000 - 10383000 
03- 07 5309013 167 1 46782000 25 1 5012 10618000 19047000 6616000 3628 1000 - 10501000 
08- 12 5233742 1647 46 11 9000 247 4941 10467000 18777000 6523000 35767000 - 10352000 

Sweden 
58- 62 8723235 3306 92568000 3306 99 18 17446000 26448000 92568000 136462000 43894000 
63- 67 8645799 3277 91746276 3539 9830 17292000 25 165000 86629000 129086000 37340000 
68- 72 88 19727 3343 9359 1940 2674 10028 17639000 29415000 66317000 11 337 1000 19779000 
73- 77 9067970 · 3437 96226210 1340 103 10 18136000 35879000 35384000 89398000 - 6828000 
78- 82 9197973 3486 97605758 906 10458 18396000 38206000 23927000 80529000 - 17077000 
83- 87 9242974 3503 98083293 701 10509 18486000 39233000 18496000 762 15000 - 21868000 
88 - 92 9582466 3632 101685867 617 10895 19165000 4111 0000 16299000 76574000 - 25 11 2000 
93- 97 10034613 3803 106483897 570 11409 20069000 43354000 15060000 78483000 - 28001000 
98- 02 103 18070 3910 109491846 587 l 173 1 20636000 44579000 15485000 80700000 - 28792000 
03 - 07 10189506 3862 108 127569 579 11 585 20379000 44023000 15292000 79695000 - 28433000 
08- 12 9896863 375 1 10502214 1 563 11 252 19794000 42759000 14853000 77406000 - 276 16000 

i = 1, 2, . . . , 11 calendar period 
B; = B, *A;/A 1 

C; = 0.5 • B1 • 20000 + 0.5 • B; • 36000 
D; = D1 • P1 where P; is the proportion given in Table 42 
E; = 3 • B1 

F1 = 10•A;/5 
G; = (E; - D;) • 4000 
H; = D; • K ; • 20000 + D; • ( I - K;) • 36000 where K; is the proportion of localized cases given in Table 11 
l; = G1+H; 
11 = 1; - C; 




