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Evaluation and monitoring of the effectiveness of screening
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Any health services activity should be subjected to evaluation and monitoring. There is no general agreement at the level of a specific activity, what is the conclusive method of evaluation. In the evaluation and monitoring of screening for cancer, the design of a programme can not be separated from the analysis. The programme should be designed in such a way that it can be evaluated. This simple principle will be illuminated by the programmes for cervical cancer in Finland. As the text involves many terms a draft for a general glossary is appended. 

The screening programme has three levels of hierarchy from the point of view of evaluation: infrastructure, process, and outcome. Infrastructure consists of the administrative setting of the programme and resources for screening, diagnosis, and treatment. Process describes the actions taken within the screening programme. Outcome is related to the objective – the average health status of the target population. Infrastructure can be evaluated by process or outcome indicators, and process can be evaluated by outcome indicators.

A screening programme for cervical cancer requires appropriate availability of laboratories with equipment, cytotechnicians and cytologists and treatment facilities. The process of screening is described in terms of numbers of women in the target population, women attending the screening, number of positive tests, or number of confirmed cervix cancers subjected to operation. The process indicators of yield compare the proportion of early disease with a clinical series and even the proportion of survivors among the screen-detected patients with the survivors among clinically detected patients.

The purpose of screening is to reduce the mortality from the cancer subjected to screening. Therefore, the primary indicator of effect is the observed mortality compared with the expected, assuming no screening. For cervical cancer, the preinvasive disease is detected by screening and therefore reduction in incidence of invasive cancer is also a valid indicator of effectiveness.

Process evaluation 

Process or intermediate indicators are also used in the evaluation of screening. They are applicable if there is proof of effect in terms of reduction in mortality, and evidence of a relationship between the intermediate indicators and the outcome indicator. Most process indicators are the results of the screening examinations, such as the numbers or proportions of early or preinvasive cancers detected at screening or the proportion which such cases comprise of all cancers. Short term follow-up may permit estimates of the validity i.e. sensitivity and specificity of the screening test.

An effective programme will show a favourable change in the process measures. To be effective the screening programme for cervix cancer must cover the target population and identify pre-clinical cancer to an acceptable level and there must be a more favourable distribution in the clinical stages of the cancers than for the clinical series. An evaluation of the effect of a screening programme based on process indicators has severe limitations as ineffective programmes may show favourable changes in process indicators.

Realizing that evaluation is causal research may be helpful. The cause may be introducing a programme, providing a test., or applying a test. Different interventions lead to different types of evaluation called programme or test evaluation. The design follows the principles of causal research.

Because of the inability of a process indicator to distinguish between effective and ineffective screening programmes, evaluation should be carried out in terms of outcome indicators. For a severe chronic disease the preferred indicator is mortality. However, screening programmes also affect morbidity of the population and, more broadly, the quality of life. Even though not commonplace, such indicators should also be taken into account, although they should not be mixed with process indicators of the programme. For example, fertility may be maintained after a positive Pap test and breast-conserving surgery may be applied after a positive mammogram. Such procedures may reduce physical invalidity and adverse mental effects, and thereby improve the quality of life. However, the process measures, i.e. number or proportion of conizations or breast-conserving surgery out of all surgery, are invalid indicators of effect. Proper evaluation involves a comparison of the target and control population of all disease distribution in terms of population-based rates.

Non-experimental outcome evaluation 

A randomized preventive trial is the preferred means of evaluating a screening programme. Unfortunately, there are very few examples of such experimental evaluation. Epidemiological cohort studies are also rare, and only relatively recently, the case-control approach has been proposed as a method of evaluating screening programmes (Berrino et al. 1984, Clarke and Anderson 1979). Instead, most data on the effectiveness of screening programmes stem from time trends of and geographical differences between populations subjected to screening of variable intensity.

It is often emphasized that distinction is to be made between screening as a research exercise and as a public health policy. From the point of view of evaluation, it may be more valid to distinguish between the effectiveness of the test and of the programme, i.e. the health service activity. Below it is demonstrated that both research exercises and public health policy should be evaluated by means of a randomized preventive trial.

If the effect of screening is large, it may be evident in population rates of disease. Perhaps the most convincing evidence for the effectiveness of organised screening programmes (Hakama 1982, Läärä et al. 1987) stems from the comparison of trends and differentials in incidence with the screening activities in the Nordic countries (Hakulinen et al. 1986, Engeland et al. 1993). Only Norway had not started an organised screening programme by the 1990's and the reduction in incidence there was much smaller than in the other countries. Denmark was partly covered by an organised programme and the reduction in incidence was largest in areas with organised programme within Denmark (Lynge et al. 1989). Spontaneous Pap smears were common in all the Nordic countries (Hakama 1982) and smears taken within the organised programmes were, in fact, fewer than the spontaneous ones except in Iceland. However, the decrease in the incidence of cervical cancer seems to have been proportional to the intensity of the organised screening programme (Hakama 1982). Also direct comparison of the organised smears and the spontaneous ones within Finland confirmed the difference in the effect (Nieminen et al. 1999).

Cohort studies involve a follow-up comparison between the target population or the population screened and the control population. A cohort study assumes that individuals in the target and control populations can be identified. Follow-up involves linkage of the screening data with data on subsequent disease. Linkage is usually based on the official death register, the population register, or the disease register. The results of a cohort study are given in terms of absolute rates and relative risks.

The most important characteristics of an organised screening programme is the personal invitation. From the point of view of research, i.e. evaluation of the effectiveness of screening, this invitation defines the population to be screened. The invitees can then be divided into screenees and non-responders, but the reduction in risk should be evaluated in the total target population of invitees, and compared with the risk in the invitees before screening, or with an independent, apparently similar, unscreened population.

One of the first indications of the magnitude of the effect of screening for cervical cancer in the Nordic countries was provided by a cohort study (Hakama and Räsänen-Virtanen 1976). Based on the first 80 000 women screened twice it was found that the risk of invasive cervical cancer was 0.2 after a negative smear, and the risk among non-attenders was 1.6, in terms of unit risk of reference i.e. the overall Finnish incidence in years preceeding the start of the programme. If this was combined with the prevalence of attendance, it could be projected that the ultimate risk after full operation of the programme would be 0.4, in terms of unit risk before the screening programme, among the total Finnish target population. In general terms, the effectiveness of the screening test applied was 80 per cent (100 x (1.0 – 0.2)), indicating the result of outcome evaluation of the test in the broad sense. The effectiveness of the public health service was 60 per cent, indicating the result of outcome evaluation of the programme.

Experimental evaluation 

The effect of screening on the risk of invasive cervical cancer is large. Many routine health services activities have only small effects at a public health level and one cannot presume that these effects will be demonstrable by a crude design or analysis. Instead, public health policy should be designed in such a way that small effects can be identified with reasonable accuracy. Screening with new test will, at best, have much smaller effect on incidence than was the effect of screening with papsmear compared to no screening.

There has been pressure to renew the cytology based screening by a more modern test. The most immediate options for the traditional papsmear are based on automation i.e. use of computer technology, liquid-based cytology, and etiology based screening with HPV-test. In a developing country visual inspection with modifications (VIA) may be a low technology option. More remote in the future is control of cervical cancer by vaccination. Also the organized screening programme in Finland is subjected to such a renew. 

The new technology will either insinuate spontaneously into the screening practice, it may be evaluated after the new test was run for some time by the nonexperimental means of case-control and cohort studies. Or the new test can be evaluated by a specifically designed evaluation scheme. The most powerful and valid is the randomised screening trial. 

The organized screening programme that is run as a public health policy can provide the background for an experimental evaluation when the new test is first applied and evidence on the success or the effectiveness of new technology is inconclusive. The evaluation assumes a control population that was offered the traditional screening. When the new test is introduced, resources are not available to cover the total target population immediately. Therefore, the limited resources available can be used to apply the new screening test to a randomly allocated sample of the population, not a self-selected or haphazardly selected fraction of the population. As long as the new technology only covers a small proportion of the population, it is ethically acceptable to carry out a randomized trial because the new test is withheld from nobody and the trial gives an a priori equal chance to those in the target population to benefit from the test and to avoid any adverse effects of the test. For those who will be subjected to the public health services in the future, it will provide the most reliable basis for accepting or not the new techology within the public health policy.

There is much comparability between randomizing the screening programme and randomizing the clinical trial. The errors and limitations in the non-experimental evaluation of a screening test are the same as in a clinical trial. The timing of the trial is also the same: the experiment should be started at the same time as the new test becomes available. As soon as the new screening practice becomes widespread, it is practically and often ethically impossible to withhold the service from any members of the population.

Finland offers excellent means of evaluation any new technology as the population is covered with the organized programme with personal invitation as an essential element. The new technologies most immediately available in Finland are those based on automation and on HPV-testing. The design for evaluation of the effectiveness of this new technology follows the randomised experiment described above. The first results on intermediate indicators of screening with automation (Papnet) are available (Nieminen et al. 2003). 

This 2:1 randomized, prospective (still ongoing) trial is carried out as a part of the national screening program for cervical cancer. Drawing invitations from the national population registry, a large number of women (250,000), aged 30–60 (25–65 in some municipalities) were invited to attend the organized mass screening in Finland since 1999. The women were individually randomized into 2 arms to have their smear analyzed either conventionally (2/3) or with Papnet (1/3). The randomization was done by the national authorities and it was based on random allocation of the personal identification number issued to every resident in Finland.

Our randomized study on primary screening with arms subjected to independent assessment of test performance allows the results to be expressed as detection rates and not only as relative sensitivities. Results available so far (Nieminen et al. 2003) showed that the desing was acceptable and feasible. First results on performance indicators confirm the need of design allowing identification even of small effects. Performance of the test is not, however, sufficient evidence for effectiveness of the new screening techniques. The prospective and randomized design allows an evaluation of the screening methods in terms of reduction in incidence and in mortality of cervical cancer. As the number of women in the target population is large, it is possible to include other competing technologies to a multi-arm randomized design. Numbers large in and comparable between the arms allows valid evaluation even on small effects. 
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