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Introduction 

INTRODUCTION 

In the past century treatment and primary prevention of disease has focussed on de­

creasing mortality rates (Wolleswinkel-van den Bosch, 1998). The current challenge is 

directed towards secondary prevention. Screening for disease is becoming increasingly 

part of medical practice in the Western world. Screening for cervical cancer with PAP 

smears and for lung cancer with chest X-rays were the first examples of cancer screen­

ing that were expected to reduce mortality (Boucot, 1948; Papanicoulou and Traut, 

1941; Victor, 1955). Although many in the medical profession had great expectations 

there were also opponents, at least for lung cancer screening (Boucot and Sokoloff, 

1955). The natural course and the screening tools (chest X-rays) available for the detec­

tion of lung cancer seemed not to be able to detect the cancer in a phase where treat­

ment resulted in substantially improved prognosis. The resuits of clinical trials, pub­

lished approximately 30 years later, showed no overall decrease in lung cancer mortal­

ity and screening for lung cancer never became established as a public health service 

(Early Lung Cancer Cooperative Study, 1984). For cervical cancer however, the charac­

teristics of screen test in combination with the natural history of the disease (I.e. the 

long duration of the screen detectable period), is estimated to reduce mortality by 75% 

(100% attendance of screening) (van Ballegooijen, 1998). Evidence about the effective­

ness of cervical cancer screening is provided by historical studies, case-control studies, 

analysis of data from large screening programmes and analysis of the natural history of 

cervical cancer using mathematical models. 

Mammography as a screening tool with acceptable test characteristics was devel­

oped in the sixties (Gershon-Cohen et a/., 1961). At that time, testing new techniques 

in Randomised Clinical Trials had become common practice. This explains why the 

estimates of the effectiveness of breast cancer screening were much more evidence 

based than those of cervical and lung cancer screening. 

In figure 1.1 the conceptual framework of screening is depicted. For lung cancer, 

because the pre-clinical detectable stage (B-C) is so short and lacks a suitable test to 

detect the disease early, no improvement in prognosis can be achieved. For breast and 

cervical cancer, screening by mammography and cervical smears can detect and treat 

the disease, while it is still in the pre-clinical phase. This resuits, on average, in im­

proved prognosis if treated and thus prevents deaths from the disease. 

For breast cancer, national screening programmes have been introduced in the Nether­

lands and in many European countries (Fracheboud et a/., 1998; Shapiro et a/., 1998). 
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Introduction 

Swedish randomised trials have shown that a breast cancer mortality reduction of ap­

proximately 30% can be achieved by mammography for women aged 50-69, of whom 

70% attend the screening (Nystrom et a/., 1993). The favourable outcome of a trial with 

regard to mortality is however not a guarantee of a successful nation-wide screening 

programme. Before the introduction of a screening programme in the total population, 

all positive and negative effects of screening for population health status should be 

quantified. In table 1.1, these favourable and unfavourable effects are summarised. The 

current state of health care relating to the disease, i.e. no available screening pro­

gramme is the baseline for a comparison with a situation where screening is available. 

The advantage of evaluating screening programmes and other health care facilities 

using a uniform outcome measurement (cost per Quality adjusted life year saved) en­

sures that the outcomes of health services can be compared and provides relevant in­

formation for assisting health policy priorities. The consequences for population health 

status can therefore be better assessed. This is currently, especially relevant as technical 

developments are resulting in new diagnostic tools and thus new possibilities for early 

detection. Because of a limited health care budget a uniform outcome is expected to 

facilitate considerations on the introduction of both screening programmes and new 

curative treatments. 

New challenges for cancer screening are in the area of colorectal cancer, mela­

noma and prostate cancer. Screening is, in regard to these diseases still however in a 

process of development. There are many questions that have to be resolved, before 

policy makers can decide about the introduction of these programmes. In this thesis the 

differences in the phase of evaluation between two cancer-screening programmes 

(breast cancer and prostate cancer) are used to illustrate aspects of the evaluation of 

cancer screening programmes. 

EVALUATION OF BREAST CANCER SCREENING 

In the Netherlands a thorough evaluation of all effects and costs in the total female 

population was carried out before the decision to introduce screening as a public 

health service was made, (de Koning, 1993). This cost-effectiveness analysis was also 

used to determine the most appropriate age group and screening interval (de Koning et 

a/., 1991). The MISCAN (Mlcrosimulation SCreening ANalysis) programme takes into 

account all favourable and unfavourable effects of the introduction of screening using 

the situation where no screening programme exists, as a reference (Habbenla et a/., 
1985; van Oortmarssen et a/., 1990). 
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Chapler 1 

Using the computer simulation package MlsCAN, individual life histories are gen­

erated, representing the demography, mortality of all causes and incidence and mortal­

ity from breast cancer. In the disease part of the programme the relevant stages of breast 

cancer are discerned and the natural history is simulated as a progression through these 

stages. Key parameters in the model of the performance of screening are mean duration 

of screen·detectable preclinical disease, sensitivity and improvement of prognosis for 

screen detected cancers. Changing one of the input parameters, e.g. sensitivity of the 

screening, age group or interval enables the evaluation of the impact of different sce­

narios. 
Some examples of evaluation issues that were (in part) studied in this thesis, in the 

phase after the introduction of screening programme as a national health care service in 

the Netherlands, are described below. An important question in regard to screening 

evaluation is whether the results of cost-effectiveness analyses in one country can be 

extrapolated to other countries with a different health care setting, epidemiology of the 

disease and perhaps other test characteristics of mammography. In a study by van 

Ineveld et al. it was shown that the cost·effectiveness of breast cancer screening might 

differ by a factor of 3-5 between different countries of the European Union (van Ineveld 

et at., 1993). In this thesis factors are explored that determine whether and how results 

of cost-effectiveness analyses and thus evaluation of screening programmes can be ex­

trapolated. This is illustrated using a cost·effectiveness analysis from Germany, in a de­

centralised screening setting and in Spain where there is a centralised screening system, 

but with lower levels of incidence and mortality of breast cancer. 

After screening was introduced in the Netherlands for all women aged 50·69 with an 

interval of 2 years, the National Evaluation Team on Breast cancer screening (NET B) 

analysed the early outcomes of the screening (de Koning et at., 1995; Fracheboud et 

at., 1998). At the end of 1997 all 750.000 women in the target age group had been 

invited at least once to participate in the national screening programme. During the first 

few years the evaluation of the national screening programme focused on the results of 

the first screening examinations. These results were very encouraging. The subsequent 

screens are however also of the most importance for the effectiveness of the screening 

programme (reduction of breast cancer mortality). After implementation of the pro· 

gramme, approximately 90% of all screening examinations consisted of subsequent 

screens. The cancers should be detected so early in their development that the ex­

pected breast cancer mortality reduction should result. This depends however on the 

sensitivity of the screening test and the biological growth of the tumours. The results of 

subsequent screens so far have not been as encouraging as those of the first screens 

(Fracheboud et at., 1998). 
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Introduction 

After the introduction of the Dutch screening programme, the results of a com­

bined analysis of the Swedish screening trials were published (Nystrom et al., 1993). 

These new results were implemented in the MISCAN model in order to make new es­

timates of the expected mortality reduction resulting from the Dutch national screening 

programme (de Koning et aI., 1995). Other issues that require continuous attention are 

new screening techniques such as computed assisted diagnosis (Karssemeijer and 

Hendriks, 1997) and the discussion about screening women in their forties and the ex­

pansion of screening to higher ages (Anonymous, 1997). 

Before the introduction of breast cancer screening in the Netherlands, all effects men­

tioned in table 1 were quantified and used in the cost effectiveness analysis (de Koning; 

1993). The quantification of secondary effects had however been based on assumptions 

that had not yet been studied or were judged to be of minor importance at the time. 

Two of these topics, namely opportunistic screening (screening outside a programme) 

and radiation risk of mammography were further studied in this thesis. 

The effect of introducing breast cancer screening in certain age groups (50-69) 

might change the use of mammography in other age groups and in the target popula­

tion. In the cost-effectiveness analysis a reduction of mammography requests was as­

sumed in the target population. In this thesis the use of mammography as requested by 

general practitioners was analysed before -and after the introduction of the national 

screening programme. 

The radiation dose used in modern mammography was assumed to be negligible 

at the time the decision was made to introduce breast cancer screening (Health Council 

of the Netherlands, 1987). As a result of new techniques (the use of grids to prevent 

scatter radiation) and continuous improvement of image quality, the radiation dose had 

probably increased from 0.5 mGy to about 2 mGy per examination. These develop­

ments had also accelerated, as a result of the introduction of screening programmes. In 

this thesis, the radiation risk of mammography and the implications for screening pro­

grammes with different age groups and intervals is further studied. 

EVALUATION OF PROSTATE CANCER SCREENING 

Screening for prostate cancer is much less developed than for breast cancer. Random­

ised Controlled Trials are now being conducted (Auvinen et a/., 1996; Gahagan et al., 

1994) but to date no country has implemented a national screening programme. In 

Europe, many urologists and policy makers seem to share the opinion that screening 

should only be introduced after it has been proven to save lives. Evidence about the 
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effectiveness of screening in reducing prostate cancer mortality will only be available 

approximately 10 years after the start of the randomised screening trials, i.e. from about 

2005. But for prostate cancer screening, saving lives is not the only issue in a policy 

decision tei introduce screening. All favourable and unfavourable effects of the screen­

ing (see table 1) should be identified and quantified. 

For the evaluation of prostate cancer screening a MISCAN (Micro Simulation 

SCreening ANalysis) disease module for prostate cancer was developed. In this module 

the relevant stages of the disease are integrated and validated with information about 

incidence, mortality, stage distribution and survival of prostate cancer in the situation 

where no screening programme exists. Information about detection rates and stage dis­

tribution of the trial is also a continuous source of clinical input for the model. 

In addition a quality of life study is also conducted alongside the trial. Quality of 

life before and after participating in the screening (Essink-Bot et al., 1998) and before 

and after primary treatment has been studied (Madalinska et a/.). Furthermore, quality 

of life of metastasised prostate cancer will also be studied. 

Another issue concerns the quantification of changes in assessment and therapy as 

a result of screening. The health care costs of diagnosis and treatment of prostate cancer 

have also to be estimated. All the information will be combined resulting in cost-effec­

tiveness ratios for prostate cancer screening. It is expected that, as for breast cancer, this 

analysis will also help to decide about a lower and upper age-limit of the target popula­

tion and the screening interval. Using this information will support a decision about the 

introduction of a nation-wide screening programme for prostate cancer. 

This thesis contains studies on some of the elements in table 1.1. Examples are the 

analysis of the most optimal combination of screening tests and the observation of PSA 

(prostate Specific Antigen) among men before and after participating in the screening 

trial and in the total population as a baseline value for the situation without screening. 

Determination of PSA in serum is a very simple screening test compared to 

mammography and a cervical smear. A widespread use of the screen test in the control 

arm of the trial (opportunistic screening) might affect the mortality reduction achieved 

in the trial. If large numbers of opportunistic screening occur this might be taken into 

account separately in the cost·effectiveness analysis. With the introduction of a 

screening programme this 'opportunistic' screening is (in part) replaced by an organised 

screening. Thus part of costs of screening is compensated for by abolishing 

opportunistic screening (which is generally less efficient). 

From the evaluation of breast cancer screening it was obvious that many of the 

extra costs (approximately 40%) induced by screening could be compensated for by 

prevention of advanced disease and its costs (de Koning et a/., 1992). Similarly for pros-
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tate cancer, quantification of advanced disease and its costs is also one of the aspects 

for consideration in the screening evaluation. Therefore in this thesis the course, care 

and costs of advanced prostate cancer were studied. 

RESEARCH PURPOSES 

The goal of this thesis is to elucidate some aspects of evaluation of screening pro­

grammes. The evaluations of breast cancer and of prostate cancer screening are in vel)' 

different phases. The differences are used to illustrate the challenges for the evaluation 

of both screening programmes. Especially the experience of the evaluation of breast 

cancer screening can be applied to prostate cancer. 

The following research purposes will be addressed in this thesis: 

• To identify and quantify factors that influence the cost-effectiveness of (breast) cancer 

screening programmes in different countries and thus health care settings (Part I) 

• To quantify secondary effects (racliation risk of mammography and opportunistic 

screening) of the introduction of a national breast cancer screen'ing programme (part 

II) 

• To quantify factors influencing the performance of a prostate cancer screening trial or 

a future programme (Part III) 

STRUCTURE OF THIS THESIS 

Chapter 2 presents the costs and effects of breast-cancer screening in Germany where 

health care is decentra[ised. The effect of sensitivity, specificity and attendance rate on 

the effects and costs is quantified. [n chapter 3, breast cancer screening programmes are 

evaluated to compare extension of screening of the age group 50-64 to higher or lower 

ages in a country with a lower leve[ of incidence and mortality (Spain; Catalonia). 

In chapter 4, the possible effects of radiation exposure in a breast cancer-screening 

programme are explored for different scenarios. Racliation risk is age-dependent and the 

effectiveness of screening is also age-dependent. Furthermore, radiation risk is propor­

tional to the total dose and thus dependent on the age-borders and interval. The effects 

of both factors combined, on the balance between breast cancer deaths induced and 

prevented is investigated. In chapter 5 we evaluate breast cancer screening outside an 
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organised screening programme by the general practitioner in the target age group of 

the national screening programme and in adjacent age groups. 

In part III the screening tests as used in the Rotterdam part of the European Ran­

domised Study on Screening for Prostate Cancer (ERSPC) are evaluated (chapter 6). We 

look at different scenarios by weighing screening procedures, biopsies and cancers de­

tected. In chapter 7 the use of 'screening tools', especially PSA (prostate Specific Anti­

gen) of the trial population before randomisation and during the study is quantified. 

Additionally the base line (situation without screening) with regard to the assessment 

of prostate disease is established. In chapter 8 the course of advanced prostate cancer is 

described, including the care given and the costs involved. 

In chapter 9 the most important aspects of both screening programmes are dis­

cussed to establish their relevance for the evaluation. It is obvious that the evaluation of 

the screening programmes is in totally different phases. For prostate cancer the evalua­

tion will be used to decide about whether a prostate cancer-screening programme 

should be introduced and if so, how. For breast cancer the issue is how to monitor and 

optimise an already established national screening programme. 
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Identification and quantifying factors 

that infl uence the cost effectiveness of 

(breast) cancer-screening programmes 

in different health care settings 
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PREDICTION OF THE 

EFFECTS AN D COSTS OF 

BREAST CANCER SCREENING 

IN GERMANY 



Summary 

Although breast cancer screening programmes are now being introduced it is still de­
bated whether tllis is an appropriate policy for all European countries. Taking into ac­
count empirical data from 2 regional pilot screening projects, this sWdy has evaluated 
the effects and costs of a nation-wide breast cancer screening programme in Germany. 
Special attention was paid to the decentralised German health-care system and to the 
influence of attendance, interval and age group. The recent results of the analysis of 
the Swedish randomised screening trials were used to estimate the improvement in 
prognosis after early detection of breast cancer. 

Our analysis shows that a programme providing for the screening of women aged 
50-69 at 2-year intervals might be expected to result in a decrease in mortality from 
breast cancer estimated at 11 % for the total German population, representing 2,100 
deaths from breast cancer prevented each year. The cost per life-year gained was as­
sessed at between OM 18,800 and OM 25,300 for tflis scenario; 2 to 3 times less fa­
vourable than in the UK and The Netherlands. The sensitivity of mammography was 
estimated to be 12% lower than in The Netherlands and the attendance rate was calcu­
lated at 47% on average. A greater effort to ensure the quality of the screening pro­
gramme and to improve the invitation system might finally lead to much bettcr results. 
The mortality reduction might be as much as 18% if the attendance and the sensitivity 
of the screening could be improved to the Dutch level. 
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Prediction of the effects and costs of breast cancer screening in Germany 

INTRODUCTION 

Mammographic screening has been shown to be effective in reducing breast-cancer 

mortality for women aged 50 to 69 in several West European countries (Nystrom et al., 

1993; UK Trial of Early Detection of Breast Cancer Group, 1993). Still, it is not evident 

that a decision for screening would be appropriate for all European countries since they 

might show large differences regarding epidemiology, screening and health care in 

general (van Ineveld et ai., 1993). in The Netherlands a detailed cost-effectiveness 

analysis was carried out to predict the favourable and unfavourable effects of breast­

cancer screening (de Koning, 1993; de Koning et al., 1991). These predictions led to 

the decision to introduce a national screening programme, the results of which ap­

peared to prove that the predictions had been accurate (NETB (National Evaluation 

Team for Breast cancer screening), 1993). 

We used the same approach to make predictions about the main consequences of 

breast cancer screening in one of the largest West European countries, Germany. Since 

1971 the opportunity has been afforded for regular cancer-related health check-ups 

each year, with mammography for high-risk groups only and if symptoms or complaints 

were present (Robra, 1993). In recent years experimental mammography screening has 

been carried out in 2 regions (OMS (Deutsche Mammographie-Studie), 1991, 1992, 

1993), which served as the basis for this analysis. 

The specific influence of a more decentralised screening organisation, including private 

practices, was taken into account. Another important issue was the influence of atten­

dance rates, which are likely to be lower in screening programmes without strict invita­

tion systems. Results are presented on the main favourable and unfavourable effects of 

screening women aged 50 to 69 at 2-year intervals and on quality of life and cost-effec­

tiveness. Because it is still debated whether younger women should also be screened, 

we considered alternative scenarios including women under 50 andlor different screen­

ing intervals. We also examined the country-specific characteristics of screening for 

breast cancer in Germany and the requirements for obtaining the largest possible bene­

fit from breast-cancer screening. 
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Chapter 2 

MATERIAL AND METHODS 

Cost effectiveness analysis and baseline assumptions 

The design of an analysis of the effects and costs of breast cancer screening has been 

described by de Koning et al. (de Koning et al., 1991). In short, the effects and costs of 

different policies are compared with a situation in which mass screening is not applied. 

The description of the latter situation is based on national data on assessment and 

treatment. Cost and effect estimates for screening are derived form the results of screen­

ing trials. The estimate of improvement in prognosis after early detection is based on 

resuits from the recent analysis of the Swedish randomised trials (Nystrom et a/., 1993). 

For the baseline assumptions on screening and the natural history of breast cancer 

we used the cost effectiveness approach and MISCAN model, which were also used to 

evaluate screening in The Netherlands (de Koning, 1993; van Oortmarssen et al., 

1990). All factors were adjusted for the German situation where available data allowed. 

This method has been shown to be useful for predicting the effects and cost of screen­

ing in Australia, done with the same base-line assumptions adjusted as required (Carter 

et al., 1993). The disease model is based on a 3-stage division of the development of 

invasive breast cancer (stages reflect the size of the tumour). A proportion of the inva­

sive breast cancers was assumed to be preceded by a screen-detectable ductal carci­

noma in situ (dClS). No changes were made regarding the impact on the quality of life 

in the different phases (de Haes et a/., 1991). Only the extent to which these states 

would be prevented or induced by screening in the German setting was taken into ac­

count. 

For the analysis it was assumed that screening would start in 1994, with a build-up pe­

riod of 5 years, based on the experience in The Netherlands and the UK. After this 

build-up period it was assumed that the programme would be carried out in the whole 

of Germany for a total period of 27 years. 

Demography and epidemiology of breast cancer in Germany 

The 1989 (5-year) age-specific distribution of the total German female population was 

used and the death rates from other causes than breast cancer were based on the 1990 

(5-year) age-specific rates from the former Federal Republic of Germany. Detailed data 

were lacking the former German Democratic Republic. Breast-cancer mortality rates for 

the total German population were calculated on the basis of 1990 data from the former 

FRG and 25% lower rales were used for the former GDR (Statistisches Bundesamt, 
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1992; Statistisches Bundesamt, 1991). The "onset" of disease (or preclinical incidence) 

could be assessed by using the clinical age-specific incidence figures from the Saarland 

cancer registry and the expected duration of preclinical breast cancer as estimated in 

detail in earlier analysis with empirical data on screening from the Dutch trials. The 

mean duration of preclinical disease was estimated in detail in earlier analyses with 

empirical data on screening from the Dutch trials. The mean duration of preclinical dis­

ease was estimated to range from 2.7 (age 50) to 6.2 (age 70) years (Statistisches Amt 

des Saarlandes, 1987, 1988, 1989, 1990; van Oortmarssen et al., 1990). Stage distribu­

tion of breast cancer was assumed to be the same as in The Netherlands, although it 

was difficult to make an accurate comparison on account of the diversity of sources 

(Netherlands Cancer registry, 1992; Leonhardt, 1988; Paterok et aI., 1992). 

Since data on the incidence of breast cancer in the whole of Germany were lack­

ing, the Saarland registry was used to determine breast-cancer incidence at the national 

level. Regional differences in incidence were assumed to be negligible on the basis of 

the regional mortality data for breast cancer (Smans et al., 1992). First, the Saarland 

incidence data were used to predict the mortality from breast cancer in Saarland 

(Statistisches Amt des Saarlandes, 1987, 1988, 1989, 1990). Since the predicted mortal­

ity was too high, the relative survival rates of breast cancer patients had to be adjusted 

slightly downwards for all ages and specifically for the younger age group to make the 

simulated breast-cancer mortality fit the data observed in Saarland. With the mortality 

incidence distribution from Saarland, it was possible to estimate national clinical inci­

dence form the national mortality data. The mortality rates predicted by MISCAN and 

those of the German national data were comparable. 

Screening in Germany 

In 2 pilot regions, Aurich and Braunschweigh, the Deutsche Mammographie-Studie 

(DMS) has been carried out since 1990 (DMS (Deutsche Mammographie-Studie), 1991, 

1992, 1993). The DMS study is part of the Krebs-Fruherkennungsuntersuchungen (KFU) 

programme, which affords women the opportunity to see a doctor for regular yearly 

examinations. The expected age-specific attendance rates were based on attendance 

rates observed in the KFU programme in 1985-1986 and on rates obtained from a re­

cent telephone survey (Berghof and Robra, 1988; Robra, personal communication). 

Because it was likely that these 2 sources of data would respectively underrate and 

overrate attendance, we decided to use the average. Moreover, as attendance rates ob­

tained form the telephone survey only concerned women aged 55 to 74, those for 

women age 40 to 54 were extrapolated from the data of the KFU. On the basis of the 

data thus obtained, the attendance rates for women attending breast cancer screening 
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Different attendance patterns for screening programmes with average values for women 
aged 50-69 (depicted by *l 

programmes at least every other year (2-year attendance) or every year (l-year atten­

dance) were calculated. The 1-year attendance rate of the KFU, considered at least a 

reasonable one, was used as a lower boundary. Attendance showed a steep decrease 

with increasing age, so relatively more younger women attend the programme (figure 

2.1). 

In the DMS study women were asked by their general practitioner or specialist to 

participate and undergo a 2-view mammography. Women with suspicious lesions were 

either directly for biopsy or received additional examinations first. The sensitivity and 

the positive predictive values (PPV) of screening were derived from the experience ob­

tained in the first years of the pilot project, including 31,000 first screening examina­

tions and 16,000 subsequent ones until the first quarter of 1993 (DMS (Deutsche 

Mammographie-Studie), 1991, 1992, 1993; Swart, 1992; Swart, personal communica­

tion). On the basis of these data the sensitivity for all stages was lowered by 12% com­

pared to the Dutch sensitivity. The sensitivity of the screening test was 0.73 on average 
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RESULTS 

Effects on incidence and mortality 

In the year 2000 breast cancer will be diagnosed in about 40,310 women if no screen­

ing is available. When a screening programme is implemented in Germany the number 

of newly diagnosed breast-cancer cases will eventually increase by about 2-3%. In a 

situation where women aged 50-69 are screened every 2 years, 42,100 cases will be 

diagnosed each year, 6,620 of them being detected by screening, that is 16% of all 

breast cancers diagnosed each year. To assist with these diagnoses, about 5.2 million 

women have received an invitation and about 2.4 million women have had a mam­

mography (0.6 million first screens and 1.8 million subsequent screens). Ultimately a 

total of 2,100 deaths from breast cancer will thus be prevented each year, and the re­

duction of mortality from breast cancer is expected to be 11 % in the total German 

population by the year 2020 (figure 2.2). 

A comparison between the stage distribution for 1 year in a situation with and 

without screening and of the screen-detected cases (50-69) is summarised in table 2.1. 

The stage distribution is much more favourable for screen-detected cancers. Since only 

16% of all breast cancers are detected by screening, the effect on the overall stage dis­

tribution is relatively small. 

Effects on health care 

With the introduction of a screening programme the use of health-care services for di­

agnosis and treatment will increase. In a programme form women aged 50-69 at 2-year 

intervals, 2.6% of all women screened will have additional examinations. After the first 

screen this proportion will be 4.5%, because of a prevalence screen. A biopsy will be 

carried out in 0.6% of all women screened. The number of diagnostic procedures out­

side screening will decrease, because some women will be diagnosed with breast can­

cer in the screening programme. The proportion of diagnostic procedures for non-pal­

pable breast cancers « 1 em) will increase, however, because smaller cancers will be 

detected by screening. 

Although the absolute number of treatments for breast cancer will rise si nce more 

breast cancers will be detected, the proportions between the various therapies used will 

change (figure 2.3), because the implementation of a screening programme will result 

in a more favourable stage distribution. In comparison with a situation without 

screening, the use of breast conserving therapy will increase by about 15% after the 

build-up period while 8% fewer mastectomies will be carried out. The treatment of 
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less anticipate minor differences in survival deriving also from minor regional differ­

ences in breast-cancer mortality (Smans et a/., 1992). The extrapolation is not likely to 

have influenced the results of the CE analysis very much. 

Another factor that influences the effects of screening is the quality of the screen­

ing test, its sensitivity and specificity. A third one is the behaviour of the target popula­

tion with respect to attendance. All these aspects are negatively related to the CE ratio. 

In Germany the incidence of breast cancer and the mortality incurred by this disease 

are about 20 tot 25% lower than in The Netherlands, so the detection rates will be 

lower and relatively fewer cancers will be found at the same cost. Sensitivity and atten­

dance rates also have lower values than in The Netherlands, with the difference that 

these aspects can be influenced. 

On the basis of the German pilot regions, the sensitivity of screening for breast 

cancer is estimated to be 12% lower than in The Netherlands. Improving sensitivity 

would have a positive effect by increasing the number of early-detected breast cancers 

and thus reducing mortality. In Germany only 16% of all breast cancers are screen-de­

tected while in The Netherlands, where sensitivity is higher, the proportion is 24%. 

Two factors to be taken into account are the higher proportion of older women living in 

Germany and their relatively low attendance. If more older women attended the pro­

gramme the effect of an improvement of sensitivity on reducing mortality would be 

more than proportional. 

Specificity affects the induced costs of the screening programme. In Germany a 

considerable number of additional examinations (2.6% of all screens) is carried out, 

although the percentage of biopsies (0.6% of all screens) is at the same level as in The 

Netherlands. Incidence is about 20 to 25% lower, so more women have to undergo a 

biopsy without having breast cancer. In The Netherlands, a very efficient referral system 

after screening (0.8% of all screened women are referred) reduces the costs of diagnos­

ing breast cancer in a situation with screening. In Germany the costs of diagnosing 

breast cancer are much higher when screening is carried out than when it is not. 

The attendance rate has a large impact on reducing mortality from breast cancer. 

The attendance assumed for this analysis in Germany was low compared to attendance 

in other European countries. The largest difference regarding the invitation system of 

the KFU programme is that women are not actively invited to participate. If a screening 

programme for breast cancer is implemented in Germany a personal invitation is ex­

pected to lead to much higher attendance rates. However, it is impossible to predict 

attendance in this situation since the health-care system is different. One way to in­

crease the overall attendance might be to use population registers or registers of the 

sickness funds (Krankenkassen) or of family practices and to promote health education. 

In the national programmes of both The Netherlands and the UK, this approach results 
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in an attendance of 70% or more (Chamberlain el al., 1993; de Koning, 1993). Our 

results show that with an average attendance rate of 70% the mortality reduction would 

increase to 17%. Finally, the cost of the screening procedure is high. If it were possible 

to save money on the screening examination the cost-effectiveness of this programme 

could be influenced. 

Our results also show that in Germany it is advisable to have an extensive system 

to ensure the quality of screening, as in other European countries. The predictive values 

of different procedures must be improved, thereby reducing the absolute number of 

additional examinations through increased sensitivity. This can be achieved by the ex­

tensive training of all people involved in screening and by using equipment of high 

quality. The decentralised health-care system in Germany presents a difficulty in this 

respect. One solution might be to introduce referral centres to which all women with 

an abnormality on mammography would be sent. Specialised doctors would have to be 

involved to advise for additional examinations and biopsy. 

The KFU programme, in which a general check-up is offered to all inhabitants to 

screen for different kinds of cancer, has been carried out in Germany for about 20 

years. However, no favourable effect on breast cancer mortality has yet been demon­

strated (Robra, 1993). A better option might be to introduce a specially organised na­

tional screening programme for breast cancer, which would replace the breast-cancer 

"screening" in the KFU programme. It would be strongly advisable to carry out this 

screening programme in Germany only when the quality of screening is improved and 

attendance is heightened, especially among older women. Performing a cost-effective­

ness analysis would provide much information relevant to policy decisions before a 

national screening programme is implemented. This study has demonstrated that the 

results of a cost-effectiveness analysis are dependent on the country and the health serv­

ice system for which the analysis is carried out. Without the use of a model it is ex­

tremely difficult to predict the overall effects of breast-cancer screening. 

If sensitivity, specificity and attendance have the same value as in The Netherlands 

the mortality reduction in Germany will be even higher than in The Netherlands (18%) 

on account of the age structure of the German population. The CE ratio will improve as 

well (OM 15,700 per life gained). If all aspects of the Dutch screening programme ex­

cept the demography and epidemiology of breast cancer were applied to Germany 

(costs included), the costs per life-year gained would be DFL 8,900. This finding shows 

that because of differences in demography and epidemiology the CE ratio would 

probably not be as favourable as in The Netherlands. 
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SCREENING FOR BREAST CANCER 

IN CATALONIA: 

WHICH POLICY IS TO BE PREFERRED? 





Policies for breast cancer screening 

INTRODUCTION 

The cost effectiveness of breast cancer screening can vary substantially between coun­

tries, depending on, for example health care system, costs of health care, the screening 

programme and epidemiology of the disease. In Europe and the USA different screen­

ing policies exist and in the UK and The Netherlands these policies were in part based 

on cost-effectiveness analyses (de Koning el al., 1991; Forrest, 1987). 

In this study a detailed cost-effectiveness analysis was carried out for one region of 

Spain, Catalonia, where all relevant aspects were taken into account in as much detail 

as possible. In Spain, breast cancer screening activities are organised according to the 

regional health care organisation. Pilot projects on breast cancer screening have been 

started in different parts of Spain (Ascunce el a/., 1994; Servei de programmes espe­

cials, 1993). In Catalonia, a pilot project on breast cancer screening was started for 

women aged 50-64 years in Molins de Rei in the metropolitan area of Barcelona in 

1992 (Marzo, 1995). The upper age limit in all pilot projects in Spain is 64 years, while 

the starting age is 45 or 50 years. The screening interval in these pilot projects is 2 

years for the age group 50-64 years and 1 or 2 years for the age group 45-49 years. 

In this study we show the reduction in breast cancer mortality and the cost-effec­

tiveness ratio (CE ratio) of different screening intervals and age groups to be screened in 

Spain, taking into account the age-specific reductions in breast cancer mortality from a 

Swedish overview of screening trials (Nystrom el a/., 1993). Additional scenarios are 

examined in which screening women under the age of 50 years is as effective as for 

women aged 50-69 years. 

METHODS 

The MISCAN model approach to assessing the benefits of screening 

To predict the number of breast cancer deaths prevented for all separate screening poli­

cies, the computer simulation MISCAN (Mlcrosimulation SCreening ANalysis) model of 

the natural history of breast cancer was used. A detailed description of the earlier MIS­

CAN model is given by van Oortmarssen et al (van Oortmarssen et a/., 1990). In the 

present model, breast cancer has four invasive, screen-detectable, pre-clinical states 

(SO.5 cm, 0.5-1 cm, 1-2 cm and >2 cm) and one non-invasive state, Ductal Carcinoma 
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In Situ (DClS). The MISCAN model has been validated with data from the Dutch pilot 

screening projects from Utrecht en Nijmegen, which started in 1974 and 1975 (Collette 

et al., 1984; Verbeek et al., 1984). These data allowed an estimation of the sensitivity 

of mammography in the different states and the mean duration of the screen-detectable, 

pre-clinical period by age (van Oortmarssen et al., 1990). 

The level of mortality, underlying incidence and survival of breast cancer are im­

portant for the proportion of favourable and unfavourable effects of breast cancer 

screening. With the MISCAN model it is possible to take into account the demography 

and epidemiology of breast cancer. By generating individual life histories a dynamic 

population is simulated. The characteristics of the screening programme (attendance, 

interval and age groups) and the screening test (sensitivity) and assessment procedures 

(e.g. biopsy) are considered (see table 3.1). The value of the improvement in prognosis 

by stage after detection of breast cancer by screening was determined in a separate an­

alysis (de Koning et al., 1995). Based on the breast cancer mortality reduction reported 

in a Swedish overview of randomised breast cancer screening trials, the improvement 

Table 3.1 
Demography, incidence, mortality, survival and clinical stage distribution of breast cancer in 
Catalonia as used in the MISCAN model 

Population 1991 (female) 
Total 

Age 40-44 years 
Age 45-49 years 
Age 50-64 years 
Age 65-69 years 

Breast cancer incidence (per 100,000 person-years) 
Crude rate 
Age standardized (European) 

Mortality from breast cancer (per 100,000 persoll-years) 
Crude rate 
Age standardized (European) 

Five year relative survival rate 
Age < 65 years 
Age;?: 65 years 

Clinical stage distribution (%) 
DClS 

36 

'50.5 em (Tla) 
0.5-1 em (Tlb) 
1-2 em (fle) 
>2 em (T2+) 

3,096,552 
205,716 
184,291 
522,638 
160,973 

75.4 
66.4 

32.8 
27.3 

0.721 
0.693 

3.7 
1.4 
6.2 

32.4 
56.3 
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rable 3.2 
Characteristics of the screening for first and subsequent screenings or different age groups 

Attendance rate (average) 
Age 40-49 years 
Age 50-64 years 
Age 50-69 years 

Referral rare 
Age 50-64 years (2 year interval) 
Age 50-69 years (2 year inlelVa!) 

Positive predictive value (PPV) of advice for biopsy 
Age 40-49 years 
Age 50-64 years 
Age 50-69 years 

Detection rate (per 1000 examinations at 2 year interva1J4 
Age 40-44 years 
Age 45-49 years 
Age 50-54 years 
Age 55-59 years 
Age 60-64 years 
Age 65-69 years 

Age 50-64 years 5 

Age 50-69 years 5 

First screening 
(%) 

75 
70 
69 

6.2 
6.3 

21 
35 
37 

0.7 
1.7 
2.4 
2.9 
4.5 
6.5 

3.3 
4.1 

Subsequent 
screening 

(%) 

75 
70 
69 

3.6 
3.6 

33 
55 
58 

0.7 
1.4 
1.6 
1.8 
2.7 
3.6 

2.2 
2.6 

Age 45-49 years2 Age 50-69 years 

Sensitivity of screen rest' 
DCIS 
s 0.5 em (T1 a) 
0.5-1 em (fl b) 
1·2 em (fle) 
>2 em (T2+) 

Improvement in prognosis due to screen detection] 
DClS 
S 0.5 em (fla) 
0.5-1 em (flb) 
1·2 em (1le) 
>2 em (12+) 

0.32 
0.52 
0.64 
0.72 
0.76 

1.000 
0.310 
0.230 
0.070 
0.050 

0.40 
0.65 
0.80 
0.90 
0.95 

1.000 
0.892 
0.814 
0.567 
0.395 

1 Sensitivity of screen test is the probability of a positive screen result when screening a woman with 
screen-detectable pre-clinical cancer. 

2 For the age group 40·44 years the values for sensitivity were 60% of those for the age group 50-69 years. 
3 Improvement in prognosis is the reduction in risk of dying from breast cancer compared to a situation 

without screening, detected in that stage. 
4 Note: the possibility of an increase in underlying incidence over time, as seen in some parts of Spain, is 

not taken into account, due to lack of data. 
5 During the first 5 years of the programme. 
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mortality from breast cancer was based on the vital health statistics of Catalonia (figure 

3.1) (Servei d'informacio Sanitaria, 1993). 

The clinical stage distribution was used to estimate the mean duration of the 

screen-detectable, pre-clinical phase of the different states in the model. Data on the 

tumour size, lymph nodes and distant metastasis (TNM stage) were available for all 

women hospitalised for breast cancer in Girona. These data were compared to less de­

tailed data (local, regional and distant) of all incident cases in the Cancer Registry of 

Girona (Viladiu et a/., 1994). We used the TNM stage information of all patients that 

were hospitalised during 1989, because the differences were small. The age- and stage­

specific survival from breast cancer as used in the model was in accordance with the 5 

year relative survival rate from Girona for the years 1985-1989 (Viladiu et al., 1994). 

With the incidence and survival of breast cancer, the mortality of breast cancer, as 

found in the vital statistics, was predicted by the MISCAN model. The parameters used 

in the MISCAN model are shown in table 3.1. 

The screening process 

With regard to the screening process, we used the data of the small pilot project in Mo­

lins de Rei and the published results of a breast cancer screening programme in Na­

varra (Ascunce et al., 1994). We assumed two-view mammography for the first screen­

ing and one-view screening for subsequent examinations. The number of women re­

ferred to the hospital for additional examinations after the first screen was 6% in Na­

varra, which was similar to the percentage of referrals found in Molins de Rei after a 

two-view examination (Marzo, 1995). We used a referral rate of 6.2% for the first 

screening and 3.6% for subsequent screening for women aged 50-64 years. The values 

for referral after subsequent screens and for the other age groups (50-69 and 40/45-64 

years) were extrapolated using proportions of the Dutch situation, because no data for 

Catalonia and Navarra were available. All referred women received a clinical mam­

mography and 12% of them also needed a biopsy. The attendance rate in Molins de 

Rei was 68% (Marzo, 1995) and in Navarra 86% (Ascunce et aI., 1994). In the scenario 

of screening women aged 50-69 years with a 2-year interval we used an attendance rate 

of 70% on average. The attendance showed a slight decrease with increasing age, from 

75% at age 50 years to 65% at age 70 years. The attendance rate for women aged 40-

49 years was 75% for all ages. We took into account that not all women will attend the 

screening every round. The percentage of attenders that will attend the next screening 

is estimated at 88% and the percentage of women that did not attend but will attend 

next time is estimated at 24% for each screening round, based on the pilot project and 

the national screening programme in The Netherlands (de Koning et al., 1995). 
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operation and Development), 1992). The categories of costs for the total programme 

with a duration of 27 years are listed for the basic scenario in table 3.3. 

The costs and effects were presented using a discounting rate of 5%, representing 

a time preference. Based on all effects and costs in a screening situation compared to a 

non-screening situation, CE ratios were calculated. For policy decisions the differences 

between scenarios are often expressed in marginal CE ratios. This ratio represents the 

extra costs to gain one extra life-year compared to the reference scenario. 

RESULTS 

Screening policies for women aged 50-64 years 

In Catalonia screening programme for women aged 50-64 years with an interval of 2 

years (eight invitations), the detection rates predicted by the model were 3.3 per 1,000 

examinations for the first screening and 2.2 per 1,000 for subsequent screening during 

the first 5 years (lower part of table 3.2). The mortality from breast cancer in the total fe­

male population is eventually expected to be reduced by 12%, which would mean that 

157 deaths from breast cancer per year would be prevented in this scenario (table 3.4). 

The costs per life-year gained were estimated to be 730,000 Pts (table 3.4). If the 

screening is carried out with a 1 or 3 year interval, the mortality reductions would be 

Table 3.4 
Effects and costs of screening women aged 50-64 years, different policies 

Breast cancer mortality 
Costs and cost-effectiveness 

reduction 
(5% discounted) 

Scenario (age group, 
(no discounting)i 

interval and number of 
% 

N (per Life-years rotal cost Life-years 
CE ratio (Pts) 

invitations per woman) year) gained (' 1 0' Pts)' gained 

50(1)64 (15 invitations)' 15.8 207 104,505 21,121 22,864 923,800 

50(2)64 (eight invitations) 12.0 157 78,593 12,451 17,049 730,300 

50(3)64 (five invitations) 8.6 112 55,088 8,627 11,991 719,500 

50(2)64 (sensitivity -12%) 10.9 143 71,107 12,395 15,479 800,700 

50(2)64 (attendance 50%) 8.9 116 57,854 9,637 12,570 766,700 

I Steady state after approximately 25 years from the start of the screening programme. 
2 50(1)64 is a screening programme carried out for women aged 50·64 years with a 1 year interval. 
J Refers to all costs due to breast cancer with screening minus all costs due to breast cancer without 

screening (see table 3). 
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Policies for breast cancer screening 

16 and 9% and the CE ratios would be 924,000 and 719,000 Pts respectively. Intensify­

ing the programme from a 2 year to a 1 year interval would result in an extra mortality 

reduction of only 33% [(16%-12%)/12%]. 

The scenarios were analysed with a 12% lower sensitivity or an attendance rate of 

50% on average. The mortality reductions for these scenarios were 11 and 9% respec­

tively and the CE ratios were 801,000 and 767,000 Pts respectively (table 3.4). These 

estimates show that a lower attendance rate would result in a proportionally lower re­

duction in mortality from breast cancer, but did not much influence the CE ratio. 

Other screening policies 

The estimates if the less intensive programme (age 50-64 years, interval 3 years and CE 

ratio 719,000 Pts) were to be extended to other age groups and/or intervals are summa­

rized in table 3.5. A programme for women aged 50-69 years and a 3 yearly interval 

would have a CE ratio of 694,000 Pts and the marginal CE ratio would be 614,000 Pts 

indicating that the costs per life-year gained for women aged 65-69 years are less than 

for women of 50-64 years of age. Screening with a higher frequency (50-64 years and 2 

year interval) would result in a marginal CE ratio of 756,000 Pts. Saving an extra life­

year will cost almost the same amount of money if the screening interval for the age 

group 50-64 years is 2 years instead of 3 years (table 3.5). A comparison of the 

screening scenarios 50-64 years with an interval of 2 years and 50-69 years with an 

interval of 3 years showed an almost equal effectiveness (mortality reductions 12 and 

12.3% respectively). The marginal CE ratio for the scenario 50-64 years with an interval 

of 2 years is, however, much higher; to save an extra life-year will cost over 1 million 

Pts (table 3.5). 

Screening with an interval of 2 years until the age of 69 years would result in a 

mortality reduction of 15% and the costs per life-year gained would be 744,000 Pts, 

with a marginal CE ratio of only 844,000 Pts per life-year gained (table 3.5). 

The first variant of the improvement in prognosis was based on the RR of dying 

from breast cancer of 0.90 (95% CI 0.65-1.24) from the Swedish overview by Nystrom 

et al (Nystrom et a/., 1993). In this scenario an extension to younger ages (45-64 years) 

did not much influence the mortality reduction (12.2% instead of 12.0%) and resulted 

in a higher CE ratio of 868,000 Pts. The marginal cost-effectiveness with the scenario 

50-64 years with a 2 year interval as a reference shows that the costs per extra life-year 

saved are much less for an extension to the age group 65-69 years than for an extension 

to the age group 45-49 years (table 3.5). Screening from the age of 40 years would 

result in a high CE ratio of over 1 million Pts per life-year gained. 
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Table 3.5 
Cost-effectiveness and marginal cost-effectiveness for an extension to other age groups 

Breast cancer 
mortality Costs and cost-effectiveness (5% discounted) 

Scenario (age group, interval 
reduction 1 

and number of invitations per 
% 

N (per Total costs life-years CE-ratio MarginalCE 
woman) year) (* 1 0' Pts) gained (Pts) ratio (Pts) 

50(3)64 (five invitations)' 8.6 112 8,627 11,991 719,500 
50(3)69 (seven invitations) 12.3 161 10,926 15,734 694,400 614,200' 

50(2)64 (eight invitations) 12.0 157 12,451 17,049 730,300 756,000' 

50(3)69 (seven invitations) 12.3 161 10,926 15,734 694,400 
50(2)64 (eight invitations) 12.0 157 12,451 17,049 730,300 1,159,7004 

50(2)64 (eight invitations) 12.0 157 12,451 17,049 730,300 

50(2)69 (ten invitations) 14.9 195 14,477 19,447 744,400 844,500' 

45(2)64 (ten invitations) 12.2 159 15,240 17,559 867,900 5,468,600s 

40(2)64 (13 invitations) 12.7 167 19,512 18,566 1,050,900 4,654,600' 

Improvement in prognosis for women aged 40-49 years as high as for women aged 50-69 years (optimistic variant) 

45(2)64 (ten invitations) 13.8 180 14,947 20,438 

40(2)64 (13 invitations) 15.1 198 19,198 23,127 

1 Steady state after approximately 25 years from the start of the screening programme. 
2 50(3)64 is a screening programme carr"led out for women aged 50-64 years with a 3 year interval. 
3 With 50 (3) 64 as a reference. 
4 With 50 (3) 69 as a reference. 
s With 50 (2) 64 as a reference. 

731,400 736,500' 

830,100 1,110,100' 
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