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Abstract 
Prostatic cancer has a long natural history and a significant 

preclinical period, during which the disease is detectable. Thus, 
this common malignancy in males fulfills some of the most 
important criteria for initiating screening programs. However, the 
still enigmatic epidemiology also includes features of the disease, 
which make the possible gain from screening programs question- 
able. Thus, before embarking on expensive community or national 
screening programs, the beneficial effect of such an effort on 
morbidity and mortality must be demonstrated in large-scale trials 
comparing a screened population with non-screened controls. In 
this paper, some of the problems associated with such studies are 
addressed. 
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Screening has been defined as the use of simple tests or 
examinations to differentiate those who probably have 
disease from those who probably do not (1).  

The difference between normal medical practice and the 
situation where healthy individuals are exposed to screen- 
ing procedures is obvious, and while the idea of screening 
is simple, the implementation and validation of the con- 
cept is complex. 

Before considering screening for a specific disease, the 
following criteria should be met: 
- The disease must contribute significantly to morbid- 

ity/mortality in society, i.e., it must be a common 
disease. 

- The preclinical period should be sufficiently long, 
and the disease should be detectable during that 
period. 

- An effective treatment should be available, and the 
combination early detection/early treatment should 
significantly alter the prognosis of the screened pop- 
ulation. 

Epidemiology and general considerations 

Prostatic cancer is one of the most common malignan- 
cies in males and, when diagnosed, it is advanced beyond 
curability in the majority of cases. The probability that a 
screening program for prostatic cancer will influence mor- 
bidity and mortality from the disease in society more 
specifically depends upon: 

1. The natural history of prostatic cancer: 

cancer can be detected by screening. 

that would progress, if left untreated. 

a) The duration of the preclinical period, where the 

b) The proportion of cancers detected by screening 

2. A reliable screening test to detect the preclinical cancer. 
3 .  The extent to which available treatment alters the 

natural history of prostatic cancer, i.e. the efficacy of 
therapy. 

4. Compliance in the population, i.e. the percentage of 
the population in question attending the program. 

In a screening scenario, an effective therapy is a neces- 
sity. The optimal management of localized prostatic cancer 
is still an unsettled issue, and randomized controlled trials 
are few and small. However, radiotherapy and radical 
prostatectomy are both modalities generally accepted as 
effective in the treatment of localized cancer (2, 3) .  There- 
fore, in this context, the problems of therapy will not be 
addressed further. 

The natural history of diagnosed clinical prostatic can- 
cer is long (4, 5 )  and ample evidence points to an even 
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longer preclinical period. This very long preclinical period 
explains in part what makes cancer of the prostate unique 
in man-the finding of prostatic malignancy at autopsy 
in approximately 30-40% of males above the age of 60 
(6). Further, probably reflecting the high prevalence at 
autopsy, ‘incidental’ cancer is found in approximately 
10% of transurethral resections for clinically benign en- 
largement of the prostate (7). When comparing these 
percentages to the actual incidences of clinical 
cancer, it is clear that many men will outlive their 
prostatic cancer without ever enduring any morbidity 
from it. 

The histology of these early cancers found incidentally 
at transurethral resections or at autopsy are indistinguish- 
able from clinical cancers, and even though some rough 
correlations are established between histology and prog- 
nosis, we are not presently able to predict in the individ- 
ual male if an early cancer of the prostate will cause 
disease and even death, or it will remain silent for the rest 
of his life. 

We are faced with a paradox. The long natural history 
allows us to detect and treat the disease in a preclinical 
phase, but in many patients this preclinical phase exceeds 
the remaining life time of the individual. Thus, in a 
screening situation, we would not wish our screening test 
to detect these ‘insignificant’ cancers. 

The ideal screening test is simple, safe, inexpensive and 
may be performed by a para-medical personnel. Specific- 
ity must be high to spare the many without disease un- 
necessary evaluation and anxiety. 

A sensitivity of the test less than 100% theoretically 
results in preclinical cancers not being detected. However, 
the true sensitivity cannot be calculated without knowing 
the prevalence of the disease in the population. If the 
prevalence at autopsy is used, a sensitivity of 100% 
would lead to detection of cancers, that would never have 
required treatment. An estimate of the prevalence with 
relevance to screening should ideally include all preclinical 
cancers that would ‘surface’ as clinical cancers, i.e. the 
cumulated incidence rate. Still, a high sensitivity calcu- 
lated from this prevalence would not ensure that the 
cancers detected at screening would be identical to those 
emerging clinically years later. 

Clinical experience 

Several non-controlled screening studies have been per- 
formed. Most investigators have used digital rectal exami- 
nation (DRE) as screening test, some have employed 
transrectal ultrasonography (TRUS). Typically, DRE has 
led to a detection rate of up to 1.5% cancers (8), while 
TRUS has resulted in a detection rate as high as 2.6% 
(9). Interpretation of these studies is difficult. They are all 
subjects to one or more of the following biases: Selection 
bias, diagnostic bias, length time bias, and lead time bias 

(10-12). Detection of more localized tumors does not in 
itself prove screening to be beneficial, and an effect on 
mortality and morbidity from prostatic cancer has not 
been demonstrated in these studies. 

To clarify the issue we need controlled randomized 
trials with a screening group compared to a control (non- 
screened) group. 

Hypothetical screening study 

In a recent study (Iversen and Torp-Pedersen: unpub- 
lished data), we designed and discussed a hypothetical 
screening study including a non-screened control group 
in a population of 65-year-olds. The hypothetical set-up 
and calculations were based upon Danish cancer statistics 
( 13), a hypothetical biological model for prostatic cancer, 
a hypothetical screening test, and a hypothetical treatment. 

The biological model proposes a preclinical period of 15 
years for all tumors. When the cancers are diagnosed 
clinically (without screening), 20% are localized. When 
detected at screening one year before it would have 
emerged clinically (lead time = 1 year), 30% are localized; 
when detected 2 years before (lead time 2 years), 40% are 
localized. . . and 8 years before, 100% are localized. Thus 
stage distribution depends upon lead time, i.e. how much 
the detection is advanced in time by screening. 

The screening test is thought to have a specificity of 
100%. The sensitivity depends upon lead time. Ninety 
percent of cancers destined to ‘surface’ one year later will 
be detected, 80% of cancers which will surface 2 years 
later will be detected . . . ending with a sensitivity of 10% 
for cancers destined to surface 9 years later. 

The treatment cures cancers confined to the prostate. 
Patients with advanced cancers are considered ‘lost to 
disease’ and will eventually die from the malignancy. 

With these prerequisites we conducted a trial with 
I00000 males screened once at age 65, and 100000 65- 
year-olds serving as controls. Each year, incidence of pro- 
static cancer in the two groups was recorded. Stage for 
stage, individuals in the two groups received identical 
treatment. 

After 10 years, 1066 cancers were detected by our 
screening test in the screening group. Further 999 cancers 
in the group were ‘overlooked’ ‘by our test and were 
diagnosed clinically. 

In the control group, 1944 cancers were diagnosed. The 
difference of 121 cancers between the two groups repre- 
sents cancers ‘overdiagnosed’ in the screening group. This 
refers to cancers with the biological potential to emerge 
as clinical cancer had their hosts not died from other 
causes. 

The total number ‘lost to disease’ in the screening 
group was 1223, and in the control group 1555. Thus, in 
this scenario, 332 was saved from prostatic cancer by 
screening 100 000 65-year-olds. 
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If we accept the assumptions in our hypothetical study 
as realistic, how many mates d o  we need in a real study to 
reach statistically valid conclusions? Accepting a type 1 
error of 5 %  and a type 2 of lo%, 23700 males in each 
group are needed. 

In this calculated example, the screening test only de- 
tected cancers destined to become clinical cancers. In real 
life, our test may detect cancers that would never surface 
clinically. This would lead to  a much more significant 
‘overdiagnosis’. 

In our trial model, the hypothetical presumptions 
may be changed, screening may be repeated and similar 
calculations may be performed. Even though the above 
example is a simplification of real life, it still serves 
the purpose to demonstrate the magnitude of the 
problem. 

Problems and biases in randomized screening trials 

A randomized trial is not without shortcomings. A 
control group ensure an average measure for how many 
cancers detected at screening that would have surfaced 
later if left alone. However, because of the treatment, we 
are not able to establish which cancers detected in screen- 
ing that would have remained silent, and which that would 
have become clinical realities. 

Along the same lines, we are in fact determining the 
effect of screening plus treatment. In the situation 
where treatment does not improve survival at all, we 
would not be able to detect any difference in mortality 
between the two groups, even though the screening served 
its purpose. 

Further, how to form a screening group and a compara- 
ble control group? If we select the study population and 
randomize via a civil registry, it must be expected, that 
only a fraction of the individuals offered screening would 
accept the invitation. Thus, the screened population would 
be a (self) selected group. How to create a similarly 
selected control group? 

Instead we could invite a number of males to partici- 
pate in a randomized study. Following acceptance, half 
would be allocated to a control group. In this situation, 
the controls would be alerted to the risk of prostatic 
cancer, and might not behave like the background popu- 
lation. 

Thus, in both these designs, we would be subjects to  a 
selection bias. 

As mentioned, treatment would have to be identical 
in the two groups in a randomized study. However, it is 
likely, that new and improved treatment modalities would 
appear. Even though the treatment was changed concur- 
rently in the two groups, we would again be subjects to a 
bias, treatment bias, based on the fact that while a detected 
cancer in the screening group was managed with the ‘old’ 
therapy, the ‘corresponding’ cancer in the control group 

emerging x number of years later would be treated with the 
improved treatment. If this new treatment really improved 
prognosis, it is obvious that the effect of screening would 
decrease. 

As discussed, mortality and morbidity are the only valid 
endpoints in a screening study. Evaluating these parame- 
ters may be very difficult in large populations, and it is 
possible that morbidity and mortality would be more 
easily recognized in the screened population which is more 
alerted to the risk of prostatic cancer. This possible bias 
may be identified as surveillance bias. 

Conclusive remarks 

The required size of studies to demonstrate an effect 
of screening on mortality from prostatic cancer must 
affect all with experience in clinical trials. Also, the 
problems in design and interpretation are of significant 
dimensions. 

The huge cost of a screening program is beyond dispute, 
and whether or not to initiate large scale screening pro- 
grams for prostatic cancer is in essence a political question. 
Even though the task seems overwhelming, further research 
into the topic and probably large scale multicenter/national 
trials are warranted to supply the best possible basis for 
making the right decision. 
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