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Evaluation of a Breast Cancer Screening 
Programme- The DOM Project 

Corinne Collette, Hubertine J. A. Collette, Jacques Fracheboud, 
Bernard J. Slotboom and Frits de Waard 

In several studies it has been shown that breast cancer screening by means of mammography reduces breast 
cancer mortality. To ensure that when organising a service screening programme the aim is reached, it is 
necessary to control and monitor the process. This is possible by several methods. In this study, disease-free 
intervals and survival rates were used as monitoring tools. The DOM project, a breast cancer screening 
programme for women aged 50-64 years old at intake, started at the end of 1974. All breast cancer cases 
diagnosed between 1973 and 1989 were followed up to 1991. It is clear that disease-free interval and survival rates 
are proper predictors of the effects of screening on breast cancer mortality. 
EurJ Cancer, Vol. 28A, No. 12, pp. 198%1988,1992. 

INTRODUCTION 
MORTALITY REDUCTION as shown in randomised controlled trials 
[l-6], is the ultimate proof of the effectiveness of a breast 

cancer screening programme. However, when starting a new 

programme it is not acceptable to the population to be divided 
into a study and a control group. Moreover, it is more effective 

to monitor a population by being aware of signals that the 
expected effect will or will not be reached, so ways of monitoring 
have to be found. Monitoring has to be distinguished from 
quality control. Quality control deals with the test, both technical 
aspects and performance, in order to correct or improve it when 
necessary [7, 81. Monitoring focusses on events that cannot 
easily be influenced, such as participation rate of women, 
changes in methods of treatment, incidence rates, etc. [9]. Up 
to now little attention has been paid to the influence of the 
screening programme itself on survival of the breast cancer 
cases. Survival alone cannot be proof of the effectiveness of 
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screening, but in order to reduce mortality rate, increase of the 
survival rate is necessary (as screening is secondary and not 
primary prevention). So questions arise: ‘Are screening activities 
reflected in survival rates?’ and, ‘Will longer survival and better 

survival rates be predicted by disease-free interval rates?’ 

MATERIALS AND METHODS 
At the end of 1974 the DOM project, a population-based 

breast cancer screening programme was started in Utrecht, The 
Netherlands. All women born between 1911 and 1925, being 
between 50 and 64 years old at the start of the project, were 
invited; 72% participated (14697 women). The programme 
had a cohort design, which implied that only women having 
participated in the previous screening round were invited for 
the following screening. From 1974 to 1984 five screening 
rounds were performed, with different time intervals between 
two successive screening rounds [ 10, 111. As a consequence of 
this design the screening activities in Utrecht were variable 
(Table 1). 

At the start of the screening programme a breast cancer 
registry (including 1973) was established. Data from the popu- 
lation registry of Utrecht were collected making it possible to 
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Table 1. Number of screening examinations per screening round and 
calendaryear in the city of Utrecht 

Year 1 2 3 4 5 Total 

1975 5.327 5.327 

1976 6.940 4.248 11.188 

1977 2.430 5.542 1.432 9.404 

1978 2.077 4.620 6.697 

1979 4.022 1.168 5.190 

1980 372 134 7.449 7.955 

1981 4 4 

1982 

1983 - 

1984 6.118 6.118 

1985 37 37 

Total 14.697 12.239 10.208 8.621 6.155 51.920 

follow the population at risk and to calculate incidence rates in 
the different subgroups of the cohort. Regarding the follow-up 
of all breast cancer cases, the hospitals and, when necessary, the 
general practitioners provided details about therapy, progression 
and cause of death. 

In this paper the cancer cases from between 1973 and 1988 
with a follow-up period up to the end of 1990 are the object of 
analysis. 

Table 2 gives the total number of cancer cases (671 women) 
in the various subgroups according to their relation with the 
programme described below. 

Cancer cases diagnosed in 1973 and 1974 were considered as 
a historic control group. As it took more than 2 years to invite 
all women born between 1911 and 1925, women with breast 
cancer diagnosed before receiving the invitation were classified 
as the ‘before invitation group’. Women moving into Utrecht 
after 1925 were not invited. Women who dropped out of the 
programme after having participated at least once and who 
subsequently developed breast cancer were classified as ‘non- 
compliance’. Non-participants are women who never attended 
the screening programme. 

Figure 1 depicts the stage distribution of the different groups. 
Tumours were classified according to tumour diameter (either 
I 2.0 cm or > 2.0 cm) and to axillary nodes (either negative or 

Table 2. Number of women with (first) breast cancer in 
several subgroups (LobCis excluded) 

Number of women with 

breast cancer (%) 

Historic controls 

Before invitation 

No invitation 

Screen detected 

First screen 

Following screens 

Detected in an interval 

Detected after non-compliance 

Non-participants 

Total 

110 (16.4) 

;; ) (11.0) 

100 (14.9) 

84 (12.5) 

77 (11.5) 

102 (15.2) 

124 (18.5) 

671 (100) 

75 

2 
- 50 

25 

n 
A B C D E 

Fig. 1. Stage distribution per subgroup. A = historic controls; B 
= before/no invitation; C = screen detected; D = interval/non- 

compliance; E = non-participants. 

positive). The relatively large number of cancers with unknown 
stage in the historic control group is caused by the incom- 
pleteness of information at the start of the registration. In the 
other groups it concerns mainly small cancers as it is not usual 
to explore the axilla when the cancer is very small. 

Follow-up data were collected for all 671 women up to the 
end of 1990, so the period of follow-up differs from 1 to 18 
years. 

Survival analysis (with deaths from breast cancer only) was 
performed using the actuarial method (SPSS, significance test 
of Lee-Desu [ 121). Survival time of women with screen-detected 
cancers was corrected for lead time, 2.5 years when detected at 
the first screen and half the length of the last interval when 
detected at a following screen. In this analysis, attention has 
been paid to stage of the disease, age at diagnosis and the 
relation to the screening programme, i.e. the above-mentioned 
subgroups. In addition, an analysis of the disease-free interval 
is given. Disease-free interval is defined as the period without 
progression after initial surgery. 

Survival curves are given in Figs 2-5. Curves of disease-free 
interval in combination with survival curves are given in Figs 6 
and 7. 

RESULTS 
It is clear that screening detects cancers at an early stage (Fig. 

1). Figure 2 shows the survival of all cancers together according 
to the stage of the tumour at diagnosis. The differences between 
the stages are significant, as was expected. 

An analysis for various age groups showed no influence of age 
at diagnosis, even after correcting for stage at diagnosis. Overall 
survival rate after 10 years is between 60 and 70% and after 15 
years is approximately 50%. 

3 e 

(252/1121 

(84/29) 

(132/45) 
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Months of follow up 

Fig. 2. Survival of breast cancer cases by stage. A G 2 Ax-; B > 2 
Ax-; C s 2 Ax+; D > 2 Ax+. Number of breast cancer cases at 

start and after 10 years follow-up are in parentheses. 
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I I I I I 
0 50 IO0 150 200 250 

Months of follow up 

Fig. 3. Survival of breast cancer cases by group. 1 = screen detected 
(corrected for lead time); 2 = historic controls; 3 = before/no 
invitation; 4 = interval/non-compliance; 5 = non-particpants. Num- 
ber of breast cancer cases at start and after 10 years follow-up in 

parentheses. 

Fig. 
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4. Survival of breast cancer cases by stage. -ALL; --- screen 
detected. 

In Fig. 3 a division is made between the subgroups mentioned 
in Table 2. The screen-detected cancers prove to have the best 
survival rates. In Fig. 4 survival curves according to stage 
distribution of all cancers are given together with those of the 
screen-detected cancers. The screen-detected cancers prove to 
have by far the best rates, regardless of the stage at diagnosis. 

In Fig. 5 a distinction is made between pre and post intake. 
For evaluation purposes, the screening programme started at 
the first invitation to be screened for each individual. Thus, the 
terms pre-intake and postintake stand for preprogramme period 
and programme period, respectively. There proves to be a 
significant difference between both curves: all cancers, including 
cancers in the non-participants, having a better survival rate on 
the postintake curve. 

Figure 6 depicts the survival and disease-free interval rates 
by stage at diagnosis. Survival curves follow the curves of the 

80 

60 
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Fig. 5. Survival of breast cancer cases by intake. Number of breast 
cancer cases at start and after 10 years follow-up in parentheses. 
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Fig. 6. Survival and disease-free interval by stage. - survival; --- 
disease-free. 

disease-free interval after a longer or shorter period. The same 
holds true when comparing these rates per subgroup, as men- 
tioned in Table 2 (Fig. 7). 

DISCUSSION 
In this study, the follow-up data of 671 women with breast 

cancer, diagnosed when a breast cancer screening programme 
was operational, are analysed. These women were divided into 
several subgroups. When analysed according to stage at diagnosis 
(Fig. 6), disease-free interval and survival appear to be strongly 
related to stage at diagnosis: survival curves follow the disease- 
free interval curves after a longer or shorter period. As both 
types of curves per subgroup do not end at the same level, more 
deaths from breast cancer are expected to occur in the near 
future. 

Age at diagnosis does not influence the outcome. These results 
are independent of the stage at diagnosis. Adami et al. [13], 
using the nationwide cancer registry, analysed the follow-up of 
more than 55000 women with breast cancer. He found a 
difference between age groups in survival rates, namely women 
40-49 years old having the best prognosis and women over 75 
years the worst prognosis, in particular after a longer follow-up 
period (15 years). The other age groups did not differ. Breast 
cancer cases in Norway (more than 10000) follow the same 
pattern [ 141. Our cohort mainly consists of women between 50 
and 70 years old; the findings concerning these women are in 
accordance with those of Adami [ 131 and in Norway [ 141. The 
time of follow-up for women aged 70 and over is only 10 years, 
so if these women resemble Swedish and Norwegian women 
their survival will become worse in the coming years. 

The prognosis is strongly related to the motive for the breast 
examination, namely asymptomatic (screening) or not (Fig. 3). 
The screen-detected group shows by far the best prognosis. 

Months of follow up 

Fig. 7. Survival and disease-free interval by group. 1 = screen 
detected (corrected for lead time); 2 = historic controls; 3 = before/no 
invitation; 4 = intervaunon-compliance; 5 = non-participants. - 

survival; --- disease free. 
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Moreover, it is highly probable that women with screen-detected 
breast cancer who are alive after 10 years are cured as both 
curves, namely disease-free interval and survival, run parallel at 
the end at virtually the same level for up to 15 years of follow- 
up, in contrast with curves of the other subgroups (Fig. 7). 

When looking at the curves per subgroup by stage it turns 
out that the curves of the screen-detected group run at a higher 
level than those in the other groups. An explanation may be the 
rather broad classification (four groups only): screen-detected 
cancers may have more small cancers in each group. Inspection 

and comparison of the ranges proved this to be true: in the 
screen-detected group 40% of the cancers were < 1.0 cm and 
85% were > 2.0 and < 3.0 cm, compared with 19 and 53%, 
respectively, in the rest. 

A point of criticism not yet mentioned is the length bias. 
From a theoretical point of view screening preferentially picks 
up slow growing cancers which have a better prognosis. In an 
earlier analysis we compared survival rates of cancers detected 
on the first screen with those from following screens, as in the 
latter mainly newly arising cancers should be detected and 
length bias will therefore be minimal. There was no significant 

difference [ 151. 
A second pitfall is lead time bias, we corrected for this when 

analysing the follow-up. The third possible bias is partici- 
pation/selection bias. We compared incidence rates in the his- 
toric group and in the non-participants group; there were no 

significant differences [ 161. An analysis of breast cancer risk 
factors and survival of the disease did not reveal any biasing 
factors either (not published). We also looked at compliance for 
control in the hospitals: no difference appeared to be present 
between the historic group and the non-participants, thus mak- 
ing it unlikely that there is a difference in health behaviour of 
participants and non-participants. 

Moreover, the differences between screen-detected cancers 
and those diagnosed by other means is so large as to make it 

very unlikely that they could be fully explained by any sort of 
bias. 

As the DOM project was a research project with a specific 
design and not a service screening, the screening activities in 
Utrecht were deliberately unequal over the years (Table 1). 88% 
of the breast examinations were performed in the first 6 years. 
Thus, any effect of the project on prognosis of breast cancer 
cases will be more visible in cancers detected in those 6 years 
than in later years. This was visible in the follow-up: the survival 
rates are better for the first period (19751980) than for the 
whole period (1975-1988; data not shown). The same holds true 

for the disease-free interval. As a consequence, the difference 
between the pre- and postintake groups is in favour of the first 6 

years. Thus, these results of the DOM project are in accordance 
with other results regarding mortality reduction [ 171. 

CONCLUSION 
Screening activities are reflected in both the disease-free 

interval and survival rates. An effect of screening cannot formally 
be proved in this way but these rates can be used when 

monitoring a programme, as a reduction in mortality is not very 
likely without a better prognosis of screen detected breast 

cancers. 
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