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Abstract

Background Prostate cancer (PC) is the most common form of cancer, as well as the single
major cause of cancer-related mortality among Swedish males. Recent reports indicate that
screening of the serum levels of prostate-specific antigen (PSA) in asymptomatic men may
result in decreases in both the incidence of metastatic disease and PC-specific mortality.
However, the diagnostic performance of PSA-based screening is limited by rather low
sensitivity and specificity. An improved understanding of the natural course of PC in
relationship to PSA levels at the time of diagnosis is required in order to calculate how much
earlier diagnosis can be achieved by screening (the lead-time) and when the beneficial effect in
the form of improved survival can be expected to become apparent.

Patients and methods This study is based on two well-defined cohorts of men both selected
randomly from the general population. One of these cohorts (the Stockholm South PC study)
included 1782 men who participated in a single intervention study for evaluation of early
diagnostic methods in PC detection in 1988-89, whereas the other cohort (n=657) was involved
in a screening of general health in men, not including PC, in 1980 (The Study of Men Born in
1913). The diagnostic performance of percentage free PSA (%fPSA) was evaluated in the
Stockholm cohort. For estimations of lead-time and PC-specific survival, men from the two
cohorts, with a median age of 67 years, were monitored for 12 and 20 years, respectively,
following PSA testing. Individuals diagnosed as having PC as well as causes of mortality were
ascertained utilizing the national Cancer Registry together with the Cause of Death Registry.

Results and conclusions Retrospective application of a %fPSA “cut-off” value of < 18%
improved the diagnostic sensitivity among men with normal PSA levels (i.e.,

< 3.0 ng/ml), whereas a “cut-off” of 22% increased the specificity at slightly elevated PSA
levels (3.0-9.9 ng/mL). In men without PC the %fPSA ratios were influenced by age and
prostate volume, which at PSA levels in the interval of 4.0-9.9 ng/mL together accounted for
much of the variation in this ratio.

Men with PSA levels < 1.0 ng/mL were at a very low risk of being diagnosed as having, or of
dying from PC during 20 years of follow-up.

In the PSA interval of 3.0-9.9 ng/mL the various estimates of median lead-time obtained ranged
from 4.5-11.2 years. Successful screening for PC (i.e., decreased mortality) should be
discernible after 6 years, since men with PSA levels < 10.0 ng/mL accounted for 62%, 78% and
100% of all PC deaths 6-10, 11-15 and 16-20 years later, respectively.

The results of this study support the diagnostic value of %fPSA for early detection of PC.
Furthermore, this thesis indicates that intense PSA screening should result in a reduction in PC
mortality already before the median lead-time is reached.

Keywords: PSA, free PSA, prostate cancer, sensitivity, specificity, lead-time, survival,
epidemiology
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1 BACKGROUND

1.1 QUANTITATIVE ASPECTS OF PROSTATE CANCER

During the past few decades there has been steady improvement in the health status of
men and women in Western countries. As a consequence, life expectancy has increased
and greater awareness has been focused on diseases that cause morbidity and death
after middle-age. With a peak incidence during the eighth to ninth decades of mans life,
prostate cancer (PC) is a major form of fatal cancer among elderly men in the Western
world [1].

In the case of Sweden, the 7611 new cases of PC diagnosed in 2000 accounted for
32.6% of all male cancers diagnosed that year [2]. The mean age at the time of
diagnosis was 72.7 years. After a slow, but steady rise in the age-standardized
incidence of PC during the last 30 years (with an average of 1.6% per year from 1970-
1997) a trend towards a more rapid increase has been observed during the last few
years (on average of 6.5% per year from 1997-2000) [3].

As a consequence of the steep decrease in cardiovascular mortality among Swedish
males since the 1980°s, PC accounts for a steadily increasing percentage of all age-
standardized mortality among men, from 3.6% in 1980 to 5.6% in 2000 (Fig. 1), despite
only a modest rise in absolute age-standardized PC-related mortality [4].
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Fig. 1. The different causes of deaths in Swedish males between 1970 and 1998. Age-
standardized and calculated per 100,000 men. “Folkhélsorapporten 20017, page 41.
Socialstyrelsen. Reprinted with permission and slightly modified.



The increasing life-expectancy among males, a large number of whom are about to
enter the age at risk for developing PC (Fig. 2), together with the increased attention
directed towards this disease, will most probably lead to an increase, in the number of
men living with this disease (from 36,983 in 1999) [2], rendering it an even greater
health problem in the near future.
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Fig. 2. The Swedish population in the age-groups 65-79 and 80- by sex (females grey lines and
males black lines). Registered numbers 1950-2002 and forecasted numbers 2003-2050.
Thousands of individuals. From “Sveriges framtida befolkning —Befolkningsframskrivning for
aren 2003-2050” SCB 2003. Reprinted with permission.

Since in 1999 the mean age at the time of PC-related death was 79.1 years and the life
expectancy of a Swedish man was 77.1 years [3], it might seem reasonable to regard
PC almost as a disease associated with a longer-than-average lifetime. Nonetheless, in
most cases PC causes severe pain and discomfort during its final stages. Furthermore,
younger men also die from this disease, which in males less than 75 years of age was
second in incidence only to lung cancer as a cause of cancer-related death. In this
context it is also worth considering that the additional mean life-expectancy of a man
who reached 72 years of age in 1999 was 11.5 years [3].

The consequences of early detection and treatment of this form of cancer are evident
from reports from the US [5]. Following its introduction in this country 1987,
determination of serum levels of prostate-specific antigen (PSA) rapidly became a
widespread and common tool for early detection of PC. In 1992 when approximately
35% of American US men above the age of 65 had undergone PSA testing [6], the
recorded incidence of PC had doubled and the number of radical prostatectomies
performed tripled (to approximately 100,000 that year) [7]. However, whether the
decrease in PC-related mortality in the US, which started in 1993 and was 21.6% by the
year 1999 [8], is a result of this early diagnostic procedure remains an open question.



In the case of Sweden, the policy concerning early diagnosis of PC based on PSA
screening has been rather restrictive, due to an assumed risk of overdetection and
overtreatment [9]. The recent increase in the number of Swedish men undergoing PSA
testing at the initiative of individual doctors is the most probable cause for the increased
incidence of PC recorded in recent years. However, no decrease in mortality has yet
been observed.

In spite of refinements in early diagnostic procedures and the availability of improved
treatment options, several questions remain as to whether introduction of early
screening for PC is the correct approach for decreasing mortality from this disease.
Fortunately, two extensive screening studies, the ERSPC [10] and PLCO [11] studies,
presently being performed will most likely provide better understanding of the risk
versus gain associated with screening for PC. Evaluation of these studies will, however,
take at least five more years and in the meantime, while waiting for clearer directives
concerning which course to choose, individual physicians will have to follow their own
judgement.

1.2 STRATEGIES FOR PREVENTING DEVELOPMENT OF AND
MORTALITY DUE TO PROSTATE CANCER

1.2.1 Primary prevention

Primary prevention (PP) of PC involves all strategies designed to prevent the
development of this disease. The known risk factors for PC are advanced age, a familial
history of the disease, adequate androgen levels, a western life style and race [12].
Although these factors are strong predictors of the development of this disease in
certain men, they do not seem to explain why among the majority of men, at ordinary
risk, clinical symptoms of PC develop in some, but not in others. The virtually random
distribution of the clinical appearance of this form of men at ordinary risk supports the
belief that PC arises as the result of a complex cascade of genetic events influenced by
several environmental factors [13].

1.2.1.1 Genetic factors

As is the case for other forms of cancer, genetic changes are a prerequisite for the
development, of PC. These changes can be inherited or acquired. Hereditary impacts on
the aetiology of PC include autosomal dominant or X-linked mode inheritance of
predisposition with high penetrance [14], as well as familial and sporadic PC in which
mutations in several genes (genetic polymorphism) are involved [15].

Hereditary PC with three or more close relatives developing the disease accounts for
approximately 5-10% of all cases of this disease. In 1996, Gronberg et al. [16] mapped
the first locus associated with a predisposition for PC to chromosome 1 (HPC1).
However linkage of this locus, as well as of 6-7 others discovered later, to PC has not
been conclusive in subsequent studies [17].



Of the other 90-95% of cases of PC approximately 10-15% can be classified as familial
[18], with more than one family member being afflicted by the disease, but without
dominant inheritance. In such cases the relative risk for prostate cancer ranges from 2-
7, with an increase in the risk when several relatives are afflicted. Sporadic cases
account for the remaining 75-85% of prostate cancers. As in the case of familial
cancers, the aetiology of these sporadic cases could involve genetic polymorphism,
with additional exposition to environmental mutagens (with or without a genetic
predisposition). Several different kinds of genetic polymorphism have been proposed to
be of significance in this connection, but their association with an increased risk for
developing PC has, for the most part, not been observed consistently [15].

Thus, despite considerable research, the genetic changes involved in the development
of PC are still largely obscure. New methodological approaches, such as the use of
DNA microarrays to analyze the expression of thousands of genes in each individual
subject, should help to clarify this issue [19]. The possibility of preventing PC by
genetic manipulation still seems rather far-fetched.

1.2.1.2  Environmental risk factors and protective agents

Examples of PP in connection with PC include minimizing exposure to carcinogens, as
well as the use of substances that protect against the development of this disease
(chemoprevention). Potential environmental risk factors that can be avoided include
saturated fat, animal meat and high levels of calcium or potentially beneficial eg.
vitamin D [20, 21]. Possible candidates for chemoprevetion include, among other
things, finasteride [22], selenium [23], vitamin E [23], lycopens[24] and phytoestrogens
including soy proteins [25].

To date, studies designed to specifically identify avoidable risk factors as well as agents
for chemoprevention have not been successful [26]. In one recently reported study, the
PC Prevention Trial (PCPT) [22], the potential preventive effect of finasteride was
evaluated. Among the 18,882 randomly subjected to treatment and follow-up for seven
years, more receiving the placebo were diagnosed as having PC, whereas the frequency
of high grade cancers (Gleason 7-10) was higher among the men who were actually
diagnosed as having PC in the finasteride group.

Another major on going study, the SELECT study [23], includes 32,400 men and is
designed to determine whether selenium and/or vitamin E can reduce the risk for PC. In
spite of the large number of participants involved, this study will only be ready for final
analysis 10 years from now. The stepwise and often lengthy development of PC, prior
to the appearance of clinical symptoms, complicate evaluation of such PP trials.

Modern techniques for early detection allow PC to be diagnosed during the detectable
preclinical phase (DPCP), giving rise to difficulties in evaluating whether the cancers
thus prevented are clinically significant. Consider the fact that in the PCPT study
described above, 18,4% of the men receiving finasteride and 24.4% of those
administered the placebo were diagnosed as having PC. These rates are extraordinarily
high, especially in the light of the low PSA levels (< 3.0 ng/mL), young age (with a



median of approximately 63 years) and benign DRE present at the start of this study, as
well as the short follow-up period of seven years.

It is possible that finasteride may prevent certain cancers from entering the DPCP, but
from this particular study it cannot be determined whether there is a reduction in PC
destined to cause clinical symptoms and/or death. More refined and aggressive
opportunistic screening (e.g., employing twelve instead of six biopsies and lowering the
PSA level “cut-off™), fuelled by a rapidly increasing awareness of PC among men at
risk, tends to complicate evaluation of PP. In summary, at present no reliable
recommendations can be made concerning the avoidance or use of specific agents in
order to decrease the risk of developing PC.

1.2.2 Secondary prevention

Secondary prevention (SP) of PC is designed to eradicate the established disease before
it becomes incurable. In most cases, PC is curable only as long as the cancer remains
localised in the prostate. Since the majority of PCs detected on the basis of clinical
symptoms have already passed the localized stage, effective SP requires identification
and treatment of men in the DPCP before the disease presents clinically, i.e., screening
is necessary. Strategies for curative treatment following early detection include radical
prostatectomy and radiation therapy. The recently described SPCG-4 study [27] was
the first to provide evidence for the much discussed assumption that treatment of
localised PC with intention to cure (radical prostatectomy) improves survival and
attenuates metastatic disease.

1.2.3 Tertiary prevention

To date, there is no treatment that has been demonstrated to cure PC when the disease
has spread outside the prostate gland (TP). However the waste majority of men afflicted
in this manner, respond positively to androgen deprivation, which results in temporary
arrest of cancer growth and exerts beneficial palliative effect on the symptoms.
Unfortunately, with time such PC enters a hormone-independent state, where palliative
treatment alone is provided and the survival time is likely to be less than 18 months. In
spite of the large number of trials performed in order to evaluate various
chemotherapeutical agents in this context, it has only rarely been possible to prolong
survival after this hormone-independent state has been reached [28, 29].

In summary, the aetiology of most cases of PC appears to involve both a vast number
of different genetic alterations, the majority of which are still unknown, and several,
largely unidentified environmental factors. This multifactorial origin probably explains
the difficulties involved in choosing effective PP strategies and the consequent highly
variable phenotype associated with PC may also explain the difficulties involved in
determining how to achieve early diagnosis of the disease and in identifying chemical
agents which are effective for SP and TP. The only proven strategy for decreasing PC
mortality at present is SP including surgery and, if such treatment is to be efficacious,



the disease must be detected and treated while still in a localised stage, thus
necessitating screening for early PC.

1.3 THE DETECTION AND TREATMENT OF LOCALISED PROSTATE
CANCER

Early detection and curative treatment thus appear to be the strategy of choice for
defeating PC. However, in spite of great improvements in both respects, this approach
still has major drawbacks.

There are several reasons why screening for PC in asymptomatic men is a highly
debated and complex procedure. The most important of these is, of course, the lack of
randomised studies that supply a definitive answer to the question as to whether early
detection really can lead to a reduction in PC mortality. Furthermore, several other
questions, some of which are listed below, remain unsolved:

o Uncertainty in the screening procedure may give rise to over- as well as
underdetection, the former especially in the case of latent cancers and due to the
obscure natural history of localised PC.

¢ Uncertainty in connection with prediction and unpredictiveness of prognosis leads
to a risk for overtreatment, especially since our understanding of the clinical
significance of PC detected at an early stage and of preoperative prognostic factors
is incomplete.

¢ Uncertainty at the level of treatment involves the choice of a treatment option,
adverse effects of this treatment and the key question as to whether early detection
and treatment actually reduce PC mortality.

1.3.1 Uncertainity in the screening procedure and the risk for over and
underdetection
1.3.1.1 Latent carcinoma

The prostate gland is prone to develop cancer with a greater frequency than perhaps any
other human organ. As early as 50 years ago, when Franks [30] performed a
histological examination of the prostate gland in connection with autopsies of men, he
observed small, focal PC in 69 (31%) of those cases. Since these cancers were
histologically identical to lethal PC, but would obviously not acquire aggressive
biological features during the men’s life-times, they were designated as latent
carcinoma. Further investigations have confirmed these findings and it has been
estimated that 30% of 50-year-old and 50% of 80-year-old men have latent carcinoma
[31].

The presence of such small focal PC even before the age of 50 was demonstrated by
Sakr et al. [32], who found in the prostates of autopsied men small (mean maximal



dimension of approximately 2 mm) foci of histological cancer in 27% and 34% of
these men in the fourth and fifth decades of life, respectively. Since the projected
probability of being diagnosed with clinical PC during a mans lifetime was only 9.5%
in the US in 1985 and since the probability of dying of this disease was only 3% [33], it
is apparent that only a few of these PC will ever lead to the development of clinical
symptoms.

Therefore, there has been much concern that the introduction of PSA-based early
detection would also result in identification of these latent carcinomas, thus causing
major overdetection and, possibly, overtreatment.

1.3.1.2 The natural course of localised prostate cancer

Localised PC was frequently diagnosed even before diagnosis based on PSA levels
became possible. Most of these PCs were diagnosed unintentionally in resected
prostatic tissue from men undergoing transuretral resection of the prostate (TURP) due
to symptomatic benign prostatic hyperplasia (BPH). Histological examination of
resected prostate tissue samples, resulted in a diagnosis of PC, often of small size and
highly differentiated, in approximately 10% of the cases. In addition, localized PC was
commonly detected in connection with digital rectal examination, performed as part of
a general health examination.

Several observational studies, both retrospective and prospective, have evaluated the
natural course of localised PC during the era prior to determination of PSA levels. For
example, a much debated study by Johansson et al. [34] from Orebro County, Sweden,
revealed that men with, predominantly, highly differentiated PC and a mean age of 72
years had an excellent disease-specific survival of 89% after 15 years. This report is in
disagreement with the SPCG-4 study [27], in which even after a median follow-up
period of 6,2 years, the cumulative PC-specific mortality in men subjected to “watchful
waiting” was 8.9%. Possible explanations for this difference might be the greater
percentage of highly differentiated PC (66%) and higher mean age at the time of
initiation of the study (72 years) in the former investigation than in the latter (48% and
64.7 years respectively). The significance of these two factors for the natural course of
localised PC has also been demonstrated, by among others, Adolfsson et al. [35] and
Albertsen et al. [36]. In the later study, by estimating retrospectively total and PC-
specific survival in men diagnosed with clinically localised PC, the authors could
demonstrate that the state of differentiation of the cancer at the time of diagnosis,
together with the remaining life-expectancy exert a decisive influence on the risk of
dying from PC (Fig. 3, see next page).

1.3.1.3 Overdetection and competing causes of death

Overdetection, (used here synonymously with overdiagnosis) is a crucial and probably
inevitable problem encountered in connection with all interventions designed to achieve
early diagnosis of cancer. There is no consensus with respect to how overdetection in
connection with PC should be defined and several different definitions have recently
appeared in the literature:
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Perhaps the most common definition of overdetection is the ratio of the incidence
following screening to the incidence in the absence of screening (i.e., PC detected
clinically). Applying this definition, Zappa et al. [37] estimated that the overdetection
in connection with biennial screening in Italy of 60 and 65 years old men was 44-55%
and 85-101%, respectively. Schréder et al. [38] employed this same definition when
comparing the PC incidence in a screened population in the Netherlands to that of a
control population and obtained, a ratio of 6.5/1 indicating an overdetection of 85%.

On the other hand, Etzioni et al. [39] defined overdetection as the proportion of the men
in whom PC was detected on the basis of PSA screening who would not survive long
enough to present clinical symptoms. Using this definition, these investigators
estimated that among US Caucasian and African 60-84 year-old men, 18-39% and 20-
44%, respectively, of the PCs detected would represent overdetection.

Alternatively, McGregor et al. [40] use the term overdetection for all non-lethal PCs
detected by screening. Their reason to use this definition is that only men who are
destined to die from the disease may benefit from early detection. These investigators
calculated the mean annual ratio between the frequency of lethal, screen-detectable PC
(1.3/1000 men) and of all screen-detectable PC (8/1000 men) to be 0.16, indicating that
84% of all screen-detected PC in men between 50 and 70 years of age would not be
fatal before the age of 85 years. An even higher value was estimated by Schroder et al.
[38] by comparing the projected incidence/mortality ratio (case-fatality ratio) of a



screened population (14.6) to that of its control (2.2) concluding that 93% of all screen-
detected cancers represent overdetection. In the latter study the lead-time associated
with screen-detected PC was not taken into account. Such, case-fatality ratios may also
be estimated for an entire country. Thus, in the year 2000 this ratio was estimated to be
5.3 in the US, compared to 2.6 in Western Europe [1] In comparison the age-
standardized incidence/mortality ratio increased from 1.9 to 2.4 in Sweden between
1988 and 1999 [3].

Despite the somewhat divergent findings described above, all of these definitions of
overdetection can be considered to be appropriate. The choice of which one to apply
depends on what is being evaluated. However, shortly after the introduction of PSA
screening in the US, it became apparent that testing men with a short life-expectancy is
seldom beneficial [41, 42]. Ever since, it has been recommended that asymptomatic
men with a life-expectancy shorter than 10 years should not be tested. As a
consequence it seems appropriate to use the definition applied by Etzioni et al. [39]; see
above.

Since achievement of early diagnosis is the goal of a screening procedure for cancer, it
might be argued that evaluation of the consequences of screening should be postponed
until eventual benefits (i.e., prolonged post-lead-time survival) can be properly
determined, for example at the time chosen for evaluation of on-going randomised
screening trials. Furthermore, additional effects of screening, such as a possible decline
in the number of men diagnosed as having bone metastases, can also be evaluated then
and perhaps the issue of overdetection can be put into better perspective.

1.3.1.4 Underdetection

In addition to the risk of overdetection, it must be assumed that screening will not result
in identification of all cases of PC that are destined to lead to clinical symptoms and,
possibly, even death. The rapid growth of many such cancers entails that they remain
for only a short time in a detectable but preclinical stage. A short interval between
repeated testing and/or a highly sensitive screening procedure is required to identify
men with such cancers. In the ERSPC study, inter-screening intervals of different
lengths as well as different PSA “cut-off” values are being applied to different cohorts
[43]. The incidence of PC detected clinically between interventions (interval cancers) in
different cohorts of this study will most probably improve our knowledge in this area.

1.3.2 Uncertainity in connection with prediction and prognosis: the risk
for overtreatment
1.3.2.1 The clinical significance of prostate cancer diagnosed on the basis of early
intervention: evaluation of tissue samples obtained in connection with
radical prostatectomy

PSA screening has been estimated to enable detection of PC on an average of more
than 10 years prior to the development of clinical symptoms (lead-time) [44] and, due
to resulting treatment, this naturally makes it very difficult to decide which cancers



would have become clinically significant in the absence of screening. In order to be
able to relate PC detected on the basis of PSA to its assumed clinical behaviour in the
absence of such screening, Stamey et al. [45] in 1993 introduced the term “clinically
significant PC”. Definition of this term was based on the sizes of prostate tumours
detected unintentionally in connection with cystoprostatectomy of the bladder and the
prostate as treatment for bladder cancer. At that time approximately 8% of the male
population developed symptomatic PC in the US. Therefore, Stamey and co-workers
stated that among all cancers detected unintentionally those with the 8% largest tumour
volumes were prone to become clinically significant. By applying this hypothesis they
estimated that a tumour volume > 0.5 cm’ was likely to be clinically significant.
Employing this measure, several extensive studies on PCs detected by screening have
reported that the vast majority (i.e., 70-90%) of these cancers in men with PSA levels in
the interval of 4-10 ng/mL at the time of screening and later subject to radical
prostatectomy are clinically significant [46, 47].

Another definition, this time of “clinically insignificant cancer” was proposed by
Dugan et al. [48], who related significance to life-expectancy and the time required for
the volume of the cancer to double. The findings of these investigators indicated that a
doubling time of either 4 or 6 years was associated with a rate of 7.4% or 14.5% of
clinically insignificant PC among the cancers subjected to operation.

Further evaluation of tissue samples obtained in connection with prostatectomy has
revealed that the tumour volume is correlated to the risk for metastases. Thus, tumour
volumes of 5, 13, and 20 cm® are associated with on the average, 10%, 50% and 87%
risks, respectively, for metastases [49].

Post-operative measurement of tumour volume takes into consideration neither the
growth rate of the tumour nor the life-expectancy of the patient. In addition to cancer
volume, the pathological stage, surgical margin status and grade have also been
employed to define clinically insignificant PC [50].

Unfortunately, no reliable method for measuring tumour volume preoperatively is
currently available, so that the preoperative prediction of the clinical significance of a
given PC must be based on other prognostic factors.

1.3.2.2 Prognostic factors prior to treatment

When diagnosis of a localised PC has been established, a decision must be made
concerning subsequent management of the disease. This decision must be based on
often limited information regarding the clinical significance of the localised cancer.
Employing a combination of several risk factors, tables and nomograms have been
constructed to allow prediction of the stage of the cancer [51] and the prognosis with
respect to treatment [52]. The only factors that independently provide this information
[53, 54] are the clinical stage (extension of the cancer as decided before) and Gleason
grade of the cancer and the PSA level. Ideally these tables should make it possible to
decide which tumours are insignificant and require no treatment, which will benefit
from treatment and which are no longer amenable to treatment with curative intent.
However, the imprecise nature of the information obtained from each of these factors,
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together with the large heterogeneity in clinical behaviour even among PCs determined
to be of equal potential danger, make these predictions unreliable. Other factors that
have been examined for prognostic information include microvessel density [55] and
the percentage of PSA in serum that is free (%fPSA) [56].

1.3.3 Uncertainity at the level of treatment
1.3.3.1 The influence of early detection and treatment on prostate cancer mortality

No properly designed randomised screening study has been evaluated for the effect of
early detection and treatment on PC-specific survival. However, the decreasing PC
mortality in the US following the widespread introduction of PSA testing has been
considered to be indirect evidence for its effectiveness [57]. PSA testing was
introduced in the US in 1988 and by the end of 1994 the majority of men above the age
of 65 years had been tested. The parallel increase till 1992 in incidence and in the
number of radical prostatectomies performed during this period emphasise the
prevailing ambition to identify and treat PC at an early stage [7]. The subsequent rapid
decrease in the incidence of metastases at the time of diagnosis since 1991, followed by
a decrease in the incidence of early-stage disease since 1992 and a continuous decrease
in mortality since 1994 have been interpreted as positive effects of this early diagnostic
effort [57].

Critics of this interpretation have argued that in light of the long lead-time achieved, the
observed decrease in PC-specific mortality came too early to be a consequence of PSA-
based screening. Other arguments against a causal relationship between the screening
and decreases mortality in the US include the declines in PC mortality also observed in
countries where early detection and treatment have been much more limited [58].
Furthermore, similar declines in mortality have occurred in different parts of the US,
despite large regional differences in diagnostic and treatment activities [59]. Hopefully,
this issue will be resolved when the presently on-going, extensive, randomised
screening studies for PC [10, 11] are mature for evaluation.

1.3.3.2  Clinical management of localized prostate cancer

Today, decisions concerning management of a man diagnosed as having localised PC
are often made by the patient and his doctor together. In order to obtain complete
information concerning the treatment options, the patient should be invited to consult
with both the urologist and the oncologist. In addition to the personal preferences of the
patient, his general health status and the known prognostic factors associated with the
cancer should also be part of the basis for this decision.

Radical prostatectomy and radiation therapy are the two major forms of treatment with
curative intent in connection with early PC. So far, long-term follow-up on PC
mortality indicate that radical prostatectomy is preferable [60]. However, often these
evaluations appear to be biased in terms of patient selection, as well as with regards to
the analytical [61] and the treatment procedures employed (especially in the case of
radiation therapy).

11



Radical prostatectomy

The proportion of men in the US with clinically localised PC who underwent radical
prostatectomy increased from 10 to 25% during the period of 1983-1989 [62].
Improvements in surgical techniques resulting in reduced blood loss and an improved
rate of postoperative continence together with improvements in early detection due to
the development of TRUS [63] are the most probable reasons for this increase even
prior to the introduction of PSA testing. Furthermore, a nerve-sparing technique
developed by Walsh [64] in the 1980s has increased post-operative potency rates in
cases detected early. Recently, laparoscopic prostatectomy [65] allows a minimally
invasive operation, a better visualisation and, most probably, a reduced blood loss.
Only a few studies designed to compare this new technique to the traditional open
retropubic operation have been described.

Radiation therapy

In the 1980s external-beam radiotherapy was still limited by severe side-effects on the
bladder and rectum, in spite of the low, and often insufficient, dosages delivered. Later
developments in this area, including three-dimensional conformal radiotherapy and
intensity-modulated radiotherapy, have improved precision, as well as enabled much
higher dosages to be applied to the PC [66].

Treatment of PC by brachytherapy involves transperineal implacement of radioactive
isotopes in the prostate gland under TRUS guidance [67]. This placement, which can be
either permanent (with low-energy isotopes) or temporary (high-energy isotopes) is
performed under general or spinal anaesthesia and is often combined with external-
beam radiation. The use of brachytherapy to treat localised PC has increased
considerably during the past few years [68].

Neoadjuvant treatment in the form of androgen deprivation prior to (neo-adjuvant)
radiation therapy is considered to improve efficacy [69].

Watchful-waiting

Long-term follow-up studies on the natural course of localised PC in men with a good
prognosis and/or short life-expectancy have revealed that a considerable number of
men diagnosed as having localised PC will not benefit from treatment with curative
intent[34, 70, 71]. If they could be correctly identified, conservative treatment
(watchful-waiting) would be the management strategy of choice for these men. If the
cancer progresses, most of these men can receive effective, but temporary palliation
from endocrine treatment. A study begun recently [72] proposes a more active
watchful-waiting approach and considers indications for active therapy of localised PC
of low or intermediate grade to be either a doubling of the PSA value in less than 2
years, clinical progression and/or histological progression observed in connection with
regularly repeated examinations.

1.3.3.3 Adverse effects associated with treatment of prostate cancer at an early
stage

All treatments with curative intent are associated with side-effects and the incidence of
such morbidity is probably the major obstacle to introduction of PSA screening of the
general population. The frequency of reported side-effects differs between different
studies, as well as between individuals. A recent report on the Netherlands arm of the
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ERSPC study [73] revealed that one year after treatment by radical prostatectomy or
external beam radiation, 80-90% and 41-55% erectile dysfunction, 39-49% and 6-7%
urinary incontinence, and 6-7% and 30-35% gastrointestinal problems respectively,
were observed. The side effects associated with brachyterapy are likely to resemble
those from external beam radiation.

Investigations have been designed to evaluate the extent to which such side-effects
lower the quality of everyday life. Quality of life [74], as well as the economics [75], of
screening are fundamental factors involved in evaluating the total cost benefits of
screening for PC. However, both of these issues are outside the scope of the present
study.

1.4 PSA AND ITS MOLECULAR ASPECTS

1.4.1 Historical background

In 1970 the glycoprotein later referred to as prostate-specific antigen (PSA) was first
described by Ablin et al. [76], and PSA was further purified and characterised by Wang
et al in 1979 [77]. Stamey et al. [78] found that PSA level in serum increases with an
increasing volume of the PC, thus enabling detection of PC at an early-localised stage.
This approach is, however hampered by the fact that even benign disorders of the
prostate lead to elevated PSA levels. Further investigations of specimens obtained in
connection with radical prostatectomy by Stamey et al. [79] revealed that each ml
increase in the volume of a PC causes an elevation in the PSA level which is
approximately 10-fold greater than the increase associated with each ml of benign
prostatic hyperplasia (BPH). Population-based studies also revealed that the serum PSA
concentration is directly correlated with patient age [80]. In spite of its limitations,
including low specificity, a relatively low sensitivity and a substantial risk for
overdiagnosis, opportunistic PSA-based screening for PC became widespread in the US
from 1988 onwards, resulting in the most dramatic rise in cancer incidence ever
recorded [58].

1.4.2 Molecular aspects

PSA is one of 15 known members (hK1-15) of the tissue kallikrein family of proteins
the genes for which are all located on chromosome 19q13.3-q13.4 [81]. As is the case
for the gene encoding PSA (hK3), the genes coding for hK2 and hK4 are also
expressed primarily in the prostate gland under the regulation of androgens.

PSA is a serine protease with a molecular weight of approximately 33 kDa. It is
normally first synthesized by secretory cells of the prostatic epithelium in the form of
an inactive 244-aminoacid precursor protein (proPSA) [82]. This is after secretion into
the excretory ducts cleaved by hK2, which removes the first 7 N-terminal amino acid,
to produce the active, 237-amino acid enzyme [83]. The major function of active PSA
appears to be proteolysis of the seminal coagulum, thus enhancing sperm motility.
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However, not all of the PSA in the semen is free and enzymatically active. Recent
investigations [84] have revealed that in addition to binding of a minor proportion (5%)
of seminal PSA to the protein C inhibitor, approximately 25% of this enzyme is
inactive, even though uncomplexed. This inactive free PSA contains internal cleavages
at various positions, leading to an alteration of the PSA molecule from a single to a
multi-chain state.

On the other hand, PSA in the circulation has no known biological function and cell
walls and the basal membrane at the dorsal surface of the epithelial cells form a barrier,
which efficient prevents PSA from entering the circulation. Thus, when this barrier is
intact, as is the case in both most young men, and many older men, only small amounts
of PSA leak out and serum levels remain below 1 ng/mL i.e., 1/ 1000™ of the
concentration present in seminal fluid [85].

When the number of epithelial cells, in the prostate increases, as seen in connection
with BPH, serum PSA levels often rise in proportion to the concomitant increase in
prostate volume. However, damage to this barrier by prostatic disorders results in the
leakage of even more PSA into the circulation. If the nature of this leakage is more
acute, e.g. associated with prostate biopsy or prostatitis, the PSA level will usually
return to normal within 4-6 weeks after termination of the damage, although recent
result indicate that this normalisation may last as long as one year [86]. In contrast
chronic disruption of the epithelial cells and basal membranes, as caused by prostate
cancer, lead to an elevation in PSA levels that is surprisingly stable. Studies on
prostatic tissue itself [87] have revealed lower PSA levels in malignant than in benign
tissue, emphasising the fact that the increase in serum PSA is due to increased leakage,
not to increased production.

Once in the blood, the enzymatically active PSA rapidly forms complexes with alpha-
1-antichymotrypsin and, to a lesser extent, with alpha-2-macroglobulin and the alpha-1-
proteinase inhibitor. However, some 10-30% of this circulating PSA remains
uncomplexed (free PSA,) with lower levels of free PSA being observed in the serum of
men with prostate cancer than of men with BPH. Circulating, free PSA is not
enzymatically active. Recent publications have concluded that at least three different
forms of inactivated, free PSA are present in serum. One of these forms is the precursor
proPSA [88], which is either intact, with all 7 amino acids at the N-terminal end in
place, or truncated, with only 1-6 of these amino acids still present. Another form is the
so called BPSA [89], in which internal cleavages have rearranged the molecule and
thus inactivated its enzymatic activity. The third form is referred to as inactive PSA,
and is similar to intact PSA, but with only minor structural changes.

1.4.3 Early detection of prostate cancer based on determination of
serum levels: diagnostic limitations and efforts to overcome them
1.4.3.1 The accuracy of PSA testing

Despite the fact that among tumours markers, PSA exhibits an outstanding ability to
indicate the presence of cancer, the most effective clinical application of this marker is
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not diagnostic, but rather for monitoring the clinical course PC. When employed to
diagnose early PC, the usefulness of PSA levels is limited by the fact that PSA is also
produced by benign tissue which might be present, as well as by its ability to detect PC
that will never cause clinical symptoms. As is the case for other diagnostic tests as well,
the usefulness of PSA testing depends on the degree to which it correctly identifies
those who are ill-i.e., sensitivity- and those who are healthy—specificity,- employing a
given “cut-off” level. Since there is a reciprocal relationship between sensitivity and
specificity (i.e., if one increases the other will decrease), the choice of ““cut-off” point
will always be arbitrary and dictated by whether false negatives or false positives are
most harmful.

Factors that influence the prevalence of PC have to be considered when the
performance of PSA testing is decided on. Such factors are: age; presence or absence of
micturition problems; findings on digital rectal examination and whether it is single or
repeated testing [90]. Once the test results become available, it is possible to evaluate
the performance of PSA screening on both sides of the “cut-off” chosen. The positive
predictive value (PPV) is determined from the group with a value above the” cut-off”
level (i.e., positives). In this group the ratio between those with the disease and all men
who test positive provides the probability of being diagnosed on the basis of a positive
test or the PPV. Similarly, the negative predictive value (NPV) is determined from the
men with a value below the “cut-off” level (negatives) by dividing the number without
the disease by the total number of those testing negative.

As discussed above, the aim of early detection of PC is to diagnose and treat this
disease while it is still localised to the prostate gland. It soon became evident that the
risk for residual cancer following surgery was directly proportional to the pre-operative
serum PSA level. In men with a level between 4 and 10 ng/mL, 75-90% of the PC was
localized [90-93] and this interval thus became “the window of opportunity” for early
detection. However, as many as 20-30% of PC detectable by digital rectal examination
or transrectal ultrasonograhy were associated with PSA levels below 4 ng/mL [94-96]
and consequently not diagnosed when this “cut-off” for biopsy was employed.
Strategies for increasing the sensitivity of PSA screening includelowering the ““cut-off”
level[97], combining such screening with digital rectal examination, repeating the PSA
testing (velocity of change)[98]: application of age- standardised “cut-off” levels [99]
and determination of the percentage of the total serum PSA which is free [100]. In
addition analysis of complexed PSA [101], hK2, BPSA, proPSA and/or truncated
proPSA has been proposed to provide useful information although this proposal has not
yet been adequately evaluated or tested in clinical practice.

The clearest limitation associated with determination of PSA levels as a diagnostic test
for localised PC is the relatively large number of false positives obtained, even
employing rather high “cut-off” levels. Choosing a “cut-off” value of 4 or 10 ng/mL
will, at the expense of impaired sensitivity, provide a specificity of approximately 60%
or 95%, respectively [102]. Nonetheless, if men with PSA levels in the interval 4.0 to
10.0 ng/mL are subjected to sextant biopsy, only one in 4 or 5 will prove to have PC
(PPV =20-25%). Lowering the “cut-off” level to 3 ng /mL will reduce this PPV value
even further [103]. Strategies proposed for increasing this specificity include,
adjustment of the PSA value to account for prostate volume (PSAD); use of age-
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standardised “cut-off” values (age PSA); and determination of %fPSA. In addition, in
this case as well, analysis of complexed PSA, hK2, BPSA, proPSA and/or truncated
proPSA have been proposed to provide useful information, although as for sensitivity
this proposal has not yet been adequately evaluated or tested in clinical practice.

1.4.3.2 PSA density (PSAD)

The ten-fold greater increase in serum PSA observed per gram PC tissue in comparison
to gram BPH [79] indicates that the ratio between the PSA level and the volume of the
prostate might be a useful tool for distinguishing between benign and malignant
prostate tissue when the PSA level is only slightly elevated (i.e., 4-10 ng/mL) [79, 104,
105]. However, employing a “cut-off” ratio of 0.15 in this PSA interval, increased
specificity is only achieved at the expense of an unacceptable reduction in sensitivity
[106, 107]. With lower “cut-off” ratios the sensitivity would be higher, but the test will
then be less specific.

There are several explanations for the poor diagnostic performance of PSAD. One is
the relatively large inter-individual variation in the number of PSA-producing epithelial
cells present per ml BPH tissue. Another explanation involves the relatively poor
agreement between estimations of prostate volume performed by TRUS by different
examiners, as well as, a rather poor correlation between estimated prostate volume and
prostate weight (1=0.61) [106]. In addition, estimation of prostate volume employing
TRUS is time-consuming and relatively expensive.

Furthermore, the originally reported clear-cut difference in PSAD between PC and
BPH, described by Stamey was recently questioned by this same investigator, who now
finds only weak correlation between PC volume and PSA at levels below 9 ng/mL
[108]. In retrospect, it can be seen that the original study, in which the correlation was
0.70, included men with PSA levels as high as 266 ng/mL with the majority of
participants having a PSA value greater than 10 ng/mL. Apparently, the correlation
between the PSA level and PC volume is only strong in the case of larger PC volumes.
Recently, TRUS measurement of the volume of the prostatic transition zone and
subsequent calculation of its PSA density has been proposed as an approach to
increasing specificity [109]. However, use of the PSA density of the transition zone
appears to involve much of the same problems as does the use of PSAD.

1.4.3.3 Age-standardised PSA "cut-off” levels (Age PSA)

Serum PSA levels increase slowly throughout the adult life of men, even in the absence
of benign and/or malignant growth. Considering this age-related increase, Oesterling
[80] concluded that normal values are lower than 4.0 ng/mL in younger and higher in
elder men. Application of these age-standardised “cut-off” levels will increase the
sensitivity of PSA testing in young men and decrease the number of biopsies performed
on elderly. However, this will be achieved at a cost of more biopsies being performed
on the younger men and fewer cancers being successfully diagnosed in the elderly.
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1.4.3.4 Lowering the “cut-off” levels

Although certain investigators have proposed that the majority (69%) of PC associated
with PSA levels below 4 ng/mL are small and of low grade [98] other studies have
reported a higher incidence of significant cancers, at least in the PSA interval of 3-4
ng/mL [97, 103, 110]. However, the decreasing PPV [103] associated with lower PSA
“cut-off” values necessitates the use of additional tools to identify those individuals
with PC. An alternative strategy is to repeat determination of PSA levels in hope of
being able to diagnose developing PC while still curable.

1.4.3.5 Repetitive the PSA testing

The concept of repetitive PSA testing arose from the retrospective analysis of the
absolute change in PSA levels with time performed by Carter el al. [111], who
observed a more rapid increase in those men who were subsequently diagnosed as
having PC compared to those without PC. These studies also indicated a change from
slow to exponential PSA velocity on the average of 7-9 years prior to clinical diagnosis.
This approach requires determination of PSA in least three serum samples over a period
of 1-2 years and its use is further limited by the relatively large day to day variations in
the PSA levels of any given individual [112]. As an alternative,the time required for the
PSA value to double [113] may be estimated, which has the possible advantage of
measuring the change observed relative to a previous measurement.

1.4.3.6 Percentage of the total serum PSA that is free (%fPSA)

Introduction of analysis of %fPSA opened the possibility of improving the diagnostic
performance of PSA screening at the cost of just one additional serum analysis [100,
114]. Evaluations has demonstrated that in the PSA interval of 4-10 ng/mL this
approach yields, increases in specificity with up to 20-30% at the expense of not
detecting 5% of cancers [115]. In connection with lower PSA levels, determination of
% fPSA may improve sensitivity while requiring fewer unnecessary biopsies than DRE
or the use of age standardised “cut off™ levels [97]. The problems associated with this
approach include the instability of the free component, large variations in inter-assay
performance and difficulties in choosing an appropiate “cut-off “level. In addition there
are contradictory reports on the variation in % fPSA with age and changing prostate
volume.

Also the use of complex PSA, hK2, BPSA, proPSA and truncated proPSA have been
proposed and shown promising results. Although, they are still not sufficiently
evaluated to be used in clinical practice.

1.4.3.7 Artificial neural networks

Clinical data on a large number of patients who have undergone prostate biopsy have
been collected and subjected to computerized processing in order to construct models
for use in making decisions about whether or not to perform a biopsy. These models,
called artificial neural networks (ANN), are predominantly based on the variables
discussed above. A recent study [116] showed that in comparison to basing such
decisions on %fPSA values, application of ANN would have increased specificity from
21% to 41%, with a sensitivity of 95%, in the PSA interval of 4-10 ng/mL. In the PSA
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interval of 2-4 ng/mL, sensitivity would have increased from 10% to 65% at a
specificity of 95%. Problems connected with the use of ANN include unsatisfactory
reproducibility between different populations and the need to determine multiple
variables each with its own risk of misclassifications.

1.5 DIGITAL RECTAL EXAMINATION (DRE) AND TRANSRECTAL
ULTRSONOGRAPHY (TRUS)

1.5.1 DRE

Digital rectal examination (DRE) was till the mid 1980’s the method of choice for early
detection of localised PC [117]. The shortages of this diagnostic method became
evident with the introduction of PSA. A meta-analysis comparing the sensitivity of
DRE to that of all cancers diagnosed due to DRE, TRUS and or an elevated PSA level
revealed a high specificity (0.94) but a low sensitivity (0.59) and a very low PPV
(0.28). [118]. Furthermore, several studies [119-121] have shown even lower PPV (6-
10%) for DRE in early detection of PC in men with normal PSA levels (< 4.0 ng/mL).
At PSA levels in the interval < 1.0 ng/mL, which included 38% of all studied men,
Schroder et.al. [122] found a PPV of only 2% for DRE i.e., 46 biopsies were needed
per detected PC. The poor performance of DRE in men with PSA levels < 4.0 ng/mL
made the authors question DRE as a primary test for annual PC screening as is
recommended in the US [123].

The introduction of PSA and systematic sextant biopsies have enabled detection of PC
long before they become palpable. This is underlined by the increase of inpalpable
(T1C cancers), which now are estimated to constitute 80% of all new PC in the US
[124]. Thus, DRE is unspecific at normal PSA levels and in men with moderately
elevated PSA its diagnostic value is limited due to a low sensitivity. Nevertheless, DRE
is still often used as an adjunct test to PSA.

1.5.2 TRUS

Transrectal ultrasonography (TRUS) of the prostate was first described in 1957 but it
was not until the mid 1980s that it became accepted as a diagnostic tool for PC [63].
The imaging is performed by insertion of an ultrasound transducer into the rectum.
Different parts of the prostate can be visualised due to differences in echo-densities. In
comparison to kidney and testicular cancer the echogenic pattern of PC is more variable
and less specific. Compared to DRE, TRUS has a better diagnostic accuracy since
80%-90% of all palpable tumors are visible by TRUS, but only 50%-60% of all tumors
visible by TRUS are palpable. Furthermore TRUS enable ultrasoundguided biopsies
towards palpable and/or visible lesions in the prostate as well as randomised,
systematic-quadrant or sextant-biopsies—[125, 126]. However, with the introduction of
systematic biopsies it became apparent that PC often is neither visible on TRUS [127]
nor palpable with DRE. Since TRUS also lack specificity [126] this method is today
rarely used as a primary tool in early detection of PC.
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Recent attempts to improve the diagnostic ability of TRUS include 3 dimensional
colour doppler imaging and injection of contrast agents. Also prostate volume is
measurable with TRUS although the accuracy of formulas for this estimation are
limited by the varying shape of the prostate gland as well as variability in results
between examiner.

During the late 1980°s and early 1990’s, there was considerable optimism concerning
the use of TRUS as a compliment to DRE to achieve improved pre-treatment staging of
PC. However, the efficacy of this approach was never established and today routine use
of TRUS has been abandoned in favour of the use of various tables and nomograms
[51]. Despite all its shortcomings, TRUS is still necessary for examination and
systematic biopsy of the prostate gland, and few contemporary urologists would be
satisfied to perform their work without access to this diagnostic tool.

1.6 BIOPSY

Examination of a sample of prostate tissue under the light microscope is absolutely
necessary to establish a diagnosis of prostate cancer. Such an examination can involve
cytology on single prostate cells or, as is more common today, by histopathology. The
cytological or histological evaluation also provides the pathologist with highly
important information concerning the nature and future behaviour of the cancer, leading
to the assignment of a grade of malignancy.

In the 1980’s fine needle aspiration cytology (FNAB) of the prostate [128] was still the
method of choice for diagnosing PC in Sweden. Evaluation of the findings is based on
the World Health Organisations criteria for highly, moderately and poorly
differentiated malignant cells. Compared to the prostatic core biopsy, which allows
histopathology and was introduced in the 1980’s, FNAB appears to exhibit equal
sensitivity [129, 130] and a lower risk for septic complications. However, during the
past decade core biopsy has become the method of choice, probably because it is
supposed to allow better estimation of the extent of the tumour and the possibility to
evaluate premalignant lesions (PIN), as well as due to a lack of pathologists trained in
cytological evaluation. The Gleason grading system is widely applied to the analysis of
core biopsies [131]. With this system the predominant and second most prevalent
architectural patterns are identified and assigned a grade from 1-5, with 1 being the
most differentiated and 5 the least. A sum (score) of these grades greater than 7 is
characteristic of a highly aggressive tumour; a sum of 7 indicates a lower degree of
aggressiveness; and PC with a sum below 7 usually have the best prognosis.
Unfortunately, the vast majority of PC detected by biopsy receive a Gleason score of 6
or 7, which provides rather limited prognostic information.

With the improvements in TRUS and procedures for systematic biopsy it became
evident that a considerable number of significant PC are neither detectable by
ultrasound nor palpable. Randomly directed quadrant biopsies in men exhibiting
elevated PSA levels were replaced by sextant biopsies [126] in order to enhance the
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diagnostic performance. Although the average palpable PC is larger than the average
non-palpable [132], questions have been raised concerning whether PCs detectable by
TRUS are larger than those not detectable by this procedure [133].

In studies where systematic sextant biopsies are employed in combination with lesion-
directed biopsies alone or together with a PSA “cut-off” value of 3.0 ng/mL, the
improvement in diagnostic outcome is surprisingly small 3.9% and 4.4%, respectively
[121, 134], compared to studies employing only lesion-directed biopsies (3.6%) [105].
Several new biopsy strategies have been proposed in attempt to further improve this
performance. Norberg et al. [135] found that an additional 15% of cases of PC could be
diagnosed employing eight or ten biopsies instead of six. Other investigators have been
concerned with the use of as many as 32 biopsies in certain cases, the optimal sites for
systematic biopsying [136] and the importance of repeated biopsying in the case of
negative findings [137]. The common philosophy of biopsy studies can be summarised
as “seek and you shall find”. At present, the most generally accepted biopsy strategy in
Sweden involves taking lateral sextant biopsies, as proposed by Hodge et al.[126].

1.7 THE EPIDEMIOLOGICAL METHODOLOGY EMPLOYED

1.7.1 Analysis of survival time and censoring

Analysis of survival time is concerned with the time that elapses before an individual
reach an endpoint of interest (often, but not always death), starting from a given time-
point [138, 139]. Two characteristic features of survival analysis are the length of time
required to reach the endpoint and lack of complete data, i.e., censoring. As used here,
censoring means that only partial information is available for a participant, because he
is not followed-up before he reaches the endpoint of interest, or before the study is
terminated.

Survival time, even for censored individuals prior to censoring, can be evaluated
utilizing the Kaplan-Meier procedure and the cumulative probability that the endpoint
has not been reached by an individual at any given period of time subsequent to
baseline can then be illustrated in the form of survival curves. Thereafter, the log-rank
test, which compares events occurring at all time-points on the survival curves, can be
employed to test for differences in survival between the groups studied. The use of
survival curves involves two assumptions: first, that the risk for the event remains
constant throughout the entire follow-up period and, secondly, that individuals who are
censored during the follow-up are at the same risk as those who are not censored.

1.7.2 Lead-time

Lead-time is the period of time, which is gained by basing diagnosis on early detection
rather than clinical symptoms. If early detection is achieved at the very beginning of the
detectable preclinical phase (DPCP), then the lead-time will be the same as the DPCP
or sojourn time. If no previous (prevalence) screening for PC has been conducted,

20



stages of the cancers detected at the time of the screening will be randomly distributed.
Lead-time will then, on the average be, equal to half the sojourn time, whereas repeated
(incidence) screening will result in a lead-time that is somewhat longer, especially
when short screening intervals are employed (due to the comparatively fewer number
of cancers detected which are at the end of the DPCP).
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Figure 4. This schematic figure is an attempt to explain the terms used to describe the
progression of PC over time. The large arrow pointing obliquely to the right represent this
process in a man. The three phases highlighted to the left indicate both characteristic steps in
the cancer development as well as defined periods of time. (The scale in this figure is not
defined.)

A. The non-detectable preclinical phase. This phase starts with the malignant
transformation of a dividing cancer cell and includes the time until the cancer is
detectable by screening.

B. The detectable preclinical phase. The cancer has now become detectable with the
screening method employed eg. a PSA level > 3.0 ng/mL. This phase lasts until the
cancer is diagnosed due to symptoms. Another name for this period is sojourn time

C. The delay-time is the time from the entrance of the DPCP till diagnoses. In this
figure the delay time is shortened due to screening.

D. The lead-time. The time gained by screening. If early detection of PC is
introduced, e.g. by screening, the time of diagnoses is advanced from the time of
clinical diagnoses due to symptoms.

E. The post lead time survival. Is the period of time from diagnose due to symptoms
until death from PC or death from other cause (or in a study until censoring).

F. Total survival. This expression is used to consider the false improvement in cancer
survival due to early detection. It estimates the time between diagnose and death
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including both lead-time and post-lead-time survival.

1.7.3 Attributable mortality

Attributable risk used in epidemiology to evaluate how much of the incidence of a
disease can be attributed to a certain factor, e.g., the attributable risk of lung cancer in
smokers or the relationship between incidence of acute myocardial infarction and blood
cholesterol levels. In a similar fashion the attributable mortality in connection with a
disease can be employed to indicate how much of the total mortality can be attributed
to a certain parameter, e.g., how much of the total PC-related mortality is accounted for
by men with a baseline PSA level > 10.0 ng/mL. This measure can then be utilized to
estimate when and to what extent a reduction in PC mortality may be expected if
successful curative treatment of men with PSA levels in this interval is achieved.

1.8 METHODOLOGICAL ASPECTS OF SCREENING

Screening for a disease in asymptomatic men is associated with responsibilities beyond
those encountered in connection with a patients visit to the doctor to due to symptoms.
Screening introduces considerations such as harm, anxiety [140], loss of time and
unreasonable cost [75], which are usually not otherwise present. Consequently, in order
to justify screening, the physician must be convinced that the benefits for certain men
outweigh the negative consequences for all of the others. Furthermore, since the
prevalence of clinically significant PC is relatively low in asymptomatic men, the
screening test employed must possess a high degree of sensitivity in order to detect all
men with the disease and, perhaps even more important, this test must exhibit
pronounced specificity in order to minimize the number of false positives.

According to Gann [141] four factors decide the pattern of incidence following the
introduction of a screening method i.e., the rate of dissemination of the screening
technique, the lead-time, the background level of incidence and the extent of
overdiagnosis.

In 1968 Wilson and Jungner [142] listed some principle criteria which must be fulfilled
before population screening is to be recommended. A simplified version of their list
includes the following major criteria:

1) The disease should represent a substantial burden in terms of public health.

2) The asymptomatic, non-metastatic phase of the disease should be detectable by the
procedure employed.

3) The screening procedure employed should demonstrate satisfactory sensitivity,
specificity and PPV.

4) The potential for successful curative treatment should be substantially greater during
the early than during the late stage of the disease.

5) Treatment of screen-detected patients should lead to a reduction in cause-specific
mortality.

These criteria will be commented upon briefly here in relationship to our current
knowledge concerning PC.
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The first criterion is probably fulfilled, considering the high rate of PC-specific
mortality in Sweden and the significant morbidity associated with the large number of
PC detected clinically. Likewise, the second criterion can also be considered to be
fulfilled, with the present availability of serum PSA testing and systematic biopsy
procedures guided by ultrasound. In contrast, it is less evident that the third criterion is
fulfilled with respect to PC. The sensitivity of 70-90% obtained with these screening
procedures [143] is acceptable. However, specificity is a major weakness, since 75-
80% of the men who test positive for PC in connection with such primary screening
(i.e., who exhibit PSA levels of 3-10 ng/ml) are not diagnosed as having PC on the
basis of subsequent biopsy. The PPV associated with this PSA interval is
approximately 15-25% [134]. The recent evaluation of the SPCG 4 study [27] indicates
that the final two criteria above may also be considered as being fulfilled, even though
most of the patients involved in that study were diagnosed on the basis of clinical
symptoms, rather than screening.

Thus, most of the criteria discussed above are fulfilled and, furthermore, screening
appears to be the only realistic strategy currently available for reducing PC mortality.
Nonetheless, before deciding that such screening is justified, certain other major
disadvantages must also be taken into consideration, i.e., the potential harm associated
with curative treatment, the risk of overdetection and the prolonged anxiety of living
with a diagnosis of cancer (as a result of the additional lead-time obtained). More
information about such considerations, as well as an improved understanding with
respect to who to screen, who to biopsy, and who to treat and how are required before a
well-founded and definite decision about PC screening of the general population can be
reached. Fortunately, the two large randomised screening studies [11, 43], designed to
answer these questions, will hopefully give an answer to the crucial issue whether the
sacrifice of many will justify the benefits in a few.
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2 THE STUDIES

21 AIMS OF THE PRESENT INVESTIGATION

e To decide the diagnostic performance of percent free PSA with regard to sensitivity
at normal PSA levels and specificity at moderately elevated PSA levels (I)

o Study the influence of PSA, prostate volume and age of the patient on the percent-
free PSA ratio (II).

e Evaluate the lead-time to prostate cancer diagnosis in relation to PSA levels (III).

¢ Evaluate the risk of overdiagnosis in relation to PSA levels at a single intervention
(Im).
Study the total PC-specific survival at different PSA levels (IV)
Evaluate whether the decrease in PC mortality in the US is in accordance with the
lead-time of the present study. (TV)

2.2 METHODOLOGICAL ASPECTS
2.21 The populations studied

The men studied here belong to one of two well-defined cohorts that are described
further below. In both cohorts the men were selected randomly, on the basis of their
age, from the general population and invited to participate in health examinations.

The Stockholm South Prostate Cancer Study (the SOS study) conducted in 1988-1989,
involved a single intervention designed to evaluate early detection of PC. Among the
26,830 men born between 1918 and 1933 and living in the southern region of
Stockholm in January of 1988, 2,400 (every eleventh man in each annual age group
from 55-70 years of age) were chosen randomly on the basis of the day of their birth to
receive an invitation to undergo PC screening. Of these 2,400 men, 1,782 without a
prior diagnosis of PC accepted this invitation.

All participants underwent a digital rectal examination (DRE) and transrectal
ultrasonography (TRUS), irrespective of their serum PSA levels, which were also
determined (Tandem-R Hybritech). Prostate biopsies were taken in cases involving
abnormal findings upon either DRE and/or TRUS and/or a PSA level > 10.0 ng/mL. As
aresult of these procedures for early detection, 65 men were diagnosed as having PC
[120].

The study of men born in 1913. In 1963 all men living in Gothenburg, Sweden, who
were born on dates that were divisible by 3 during 1913 were invited to a health
screening. The total number was 973, and the attendance rate was 88% [144]. These
men were subsequently followed and re-examined for, above all, risk factors for
cardiovascular disease. In 1980 serum was sampled and stored frozen from 657
participating men without PC diagnosis. The frozen sera were analysed for PSA in
1995. During follow-up no man underwent PSA testing for early detection of PC and
no man diagnosed as having PC underwent treatment with curative intent. Two
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previous publications have evaluated this population with regard to the risk of being
diagnosed with or to die from PC [134, 145].

Paper 1

The population examined in Paper I included those 1,748 men (98.1% of all
participants) from the SOS study from whom frozen serum samples were available for
determination of the percentage of serum PSA that was free (%fPSA). Eligible for
inclusion were men with prostate cancer diagnosed either at the time of the early-
detection intervention (n =64) or clinically (on the basis of symptoms) during the five-
year period immediately following this intervention, referred to here as interval cancers
m=7).

Paper I

The population studied in Paper II consisted of 1622 men who, after participating in the
SOS study, fulfilled four criteria: no diagnosis of PC at the time of the early screening
nor during the first 5 years of follow—up; a PSA level of less than 10.0 ng/mL;
determination of their prostate volume in connection with the intervention; and
availability of a serum sample for determination of %fPSA.

Papers III and IV

Two cohorts of men, designated as the reference and screening populations, were
investigated in these studies. The reference population included 657 men who had
participated in the study of men born in 1913 and for whom serum samples were
available for PSA analysis. The screened population was selected by age-matching of
the men in the SOS study to participants in the study of men born in 1913 (the
reference population). This matching resulted in a group of 946 men born between
1918 and 1925 with available serum PSA values. The reference population was
monitored for 20 years, whereas the follow-up period for the screened population was
12 years. As background controls for these two populations we used all age-matched
men living in the Stockholm and Gothenburg communities during the same time
period.

2.2.2 The methodology employed

In the SOS study, serum samples was taken from all participating men at the beginning
of study and stored frozen at —70° C thereafter. These frozen serum samples were
assayed in 1995 for total PSA content and %fPSA using a commercially available,
dual-label, time-resolved immunofluorometric assay (Delfia Prostatus PSA free/total,
Wallac Oy, Turku, Finland).

In the study of men born in 1913, serum samples were taken from all participants in
1980, stored frozen and analysed for total PSA content with the same assay as
employed in the SOS study (Delfia Prostatus PSA free/total, Wallac Oy, Turku,
Finland).

In all cases (Papers I-IV) the Swedish Cancer Registry was employed to identify those
of the men who were diagnosed as having PC during the follow-up period. In a similar
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manner the Swedish Cause of Death Registry was utilized to identify those men who
died during this same period, as well as the assigned causes of deaths. Information from
medical charts was used to carry out TNM classification of the clinically detected PCs.
In the cases of men with PC who died during the follow-up period, their medical
journals provided detailed information concerning the cause of deaths. These
independent conclusions concerning cause of death were then compared to those stated
on the death certificates.

Paper [

Total levels of serum PSA (Tandem-R Hybritech PSA assay) and %fPSA (Delfia
Prostatus PSA free/total, Wallac Oy assay) were analyzed with the Mann-Whitney U
test in order to detect possible differences between the men with PC and those without.
The Kruskal-Wallis analysis was used to determine the statistical significance of
differences in median %fPSA values between patients with cancer of different stages
and grades. The outcome of the screening intervention was evaluated with respect to
%fPSA in relationship to PSA levels using a “cut-off”” value of 3.0 ng/mL and the
findings from DRE and TRUS, as well as the biopsy results. A more detailed
descriptive analysis was performed on %fPSA values and the clinical features of those
men who were diagnosed as having PC during the follow-up period. Different assay
procedures were employed to determine total PSA levels (Tandem-R Hybritech PSA
assay) and %fPSA values (Delfia Prostatus PSA free/total, Wallac Oy assay) in this
study. We chose to utilise the Tandem-R assay for determination of total serum PSA
content since we wished to compare the results obtained to previous reports on the SOS
study group, in which the Tandem-R procedure was employed.

Paper 11

In this study the Prostatus assay procedure was utilized to determine both total and
%fPSA. To allow evaluation of the influence of prostate volume (measured by TRUS),
PSA level and age on the %fPSA value, the men were classified arbitrarily into 4
groups with different PSA levels (0-1.9, 2.0-3.9, 4.0-6.9 and 7.0-9.9 ng/mL). For the
men in each PSA interval, as well as for all of the men combined, comparison between
%fPSA values and prostate volumes, age and PSA levels were undertaken employing
Pearson correlation analysis. Fishers r-to-z transformation was employed to determine
the significance of the results thus obtained. Multiple regression analysis was used to
calculate the proportion of variability (adjusted R®) in %fPSA values that was
accounted for by prostate volume and age. The correlation values determined in our
study were also compared to those reported previously by others.

Paper 111

The cumulative incidence from the time of PSA determination at the beginning of the
study to the time-point when PC was diagnosed was calculated for the different PSA
intervals in the two populations employing survival curves (Kaplan Meier). Lead-time,
defined as the time gained by basing diagnosis on early intervention (after adjusting for
censoring) was here determined by two different approaches. Both of these approaches
assume that in men who later developed PC, the disease was already present at the time
when the PSA level reached a value > 3.0 ng/mL.
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In the case of the reference population, lead-time was estimated as the period of time
that clasped from determination of an elevated PSA level to the clinical diagnosis of
PC. In the case of the screened population, on the other hand, the men had undergone
an early diagnostic intervention, so that the time that elapsed from determination of an
elevated PSA level to clinical detection was unknown. Utilising the other approach
with this population, we considered the observed cumulative incidence for the reference
population to represent the expected incidence for the screening population. The lead-
time was then calculated as the advancement in time from the expected incidence to
that reached by the early diagnostic intervention. The median lead-time, defined as the
time after which the cumulative incidence reaches 50% of its maximum value, was then
calculated for the PSA intervals >3.0, 3.0-9.9 and > 10 ng/mL. Confidence intervals for
the median lead-time and the 80™ percentile for the screened population were then
calculated employing the percentile bootstrap approach.

Paper IV

The men in the two populations were evaluated for risk of PC death. Survival analysis
revealed a similar cumulative PC-specific mortality at 12 years in the populations,
which together with a comparable cumulative PC incidence allowed us to merge the
two populations for further analysis. The total survival, here including lead-time and
post-lead-time survival, was calculated in relation to PSA levels at blood sampling.
Men who were diagnosed with PC during follow-up were then considered to have PC
already at the time of sampling of an elevated PSA. We also studied how different PSA
intervals attributed to PC specific mortality during various time periods. The attribution
of PC deaths was calculated both in relation to the number of person-years at risk in the
actual PSA interval as well as in the total population (population attributable PC
mortality). Finally, also the population attributional ratio was calculated as the
percentage of population attributable PC mortality that was attributable to different
PSA levels during the specified time periods.

2.3 FINDINGS

Paper 1

Retrospective analysis of the diagnostic performance of %fPSA values at the time of
the screening intervention for men with PSA levels < 3.0 ng/mL indicated that a “cut-
off” ratio of <18% correctly identified all nine men with PC and 75% of all men
diagnosed as having PC at the time of screening or within the first 5 years of follow-up.
In this same PSA interval and during the same period of time the large group of 1109
men (63% of the total) with %fPSA ratios >18% were at very low risk of being
diagnosed as having PC. In this later group, 159 biopsies (49% of the total) were
performed on the basis of positive findings with DRE and/or TRUS and no cancers
were detected. In the PSA interval of 3.0-9.9 ng/mL, a “cut-off” ratio of 22% correctly
identified 24 (96%) of the 25 detected cancers, resulting in a 24% decrease in the
biopsy rate. If PSA and %fPSA values had been used in combination, a PSA “cut-off”
level of > 3.0 ng/mL and/or a %fPSA ratio of < 18% would have correctly identified all
64 men with PC.
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Regarding the two different assays utilized in this paper, simple linear regression

analysis of the total PSA values for our samples determined using the Prostatus® and

the Hybritech® assays revealed a close correlation (Y=-0.544-+0.933X; r=0.984).

Paper I

The estimated correlation coefficients for %fPSA in relationship to prostate volume,
patient age and PSA level are summarised in Table 1.

PSA level |All combined* |<2.0 2.0-3.9 4.0-6.9 7.0-9.9
(ng/mL) (n=1622)
(n=1144) (n=331) (n=112) (n=35)

Variable
Prostate r=-0.13 r=-0.04 r=20.26 r=0.39 r=10.60
volume P <0.001 P=0.18 P <0.001 P <0.001 P <0.001
Age r=-0.01 r =0.02 r=0.22 r=10.24 r=10.56

P=0.74 P =0.45 P <0.001 P =0.009 P <0.001
PSA r =0.46 =-0.50 r=-0.14 r=-0.08 r=-0.10
level P <0.001 P <0.001 P=0.01 P=0.39 P=0.56

Table L. The correlation-coefficients for 2%5fPSA in relationship to prostate volume,

patient age and total PSA level. *The median PSA level for all of the men combined
was 1.22 ng/mL

As can be seen, %fPSA values increased with increasing prostate volume and age for
men with PSA values > 2.0 ng/mL, whereas %fPSA decreased with increasing PSA
levels in the intervals of < 2.0 and 2.0-3.9 ng/mL. When all men with PSA levels of
<10 ng/ml were combined and analysed, the correlation to prostate volume and age was
not statistically significant, while the correlation to PSA levels was negative.
After grouping according to median PSA levels, the correlation coefficients observed in
previously published studies are closely similar to those calculated here.

Further analysis (not included in IT) revealed that in the case of free PSA, there was a
direct correlation to prostate volume and age in all intervals (Table IT). The correlation
of the total PSA and complexed PSA values to these same parameters was, on the other
hand, more variable (Tables III and I'V).

PSA All combined |<2.0 2.0-3.9 4.0-6.9 7.0-9.9
(ng/mL) (No.=1622)
(No.=1144) (No.=331) (No.=112) (No.=35)

Variable
Prostate r=0.63 r=0.38 r=035 r=0.49 r=0.63
volume P <0.001 P <0.001 P <0.001 P <0.001 P <0.001
Age r=0.22 r=0.16 r=0.24 r=0.23 r=10.58

P <0.001 P <0.001 P <0.001 P = 0.009 P <0.001

Table II -The correlation-coefficients for free PSA in relationship to prostate volume
and patient age.
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PSAlevel |All combined |<2.0 2.0-3.9 4.0-6.9 7.0-9.9
(ng/mL) (No.=1622)
(No.=1144) (No.=331) (No.=112) (No.=35)

Variable
Prostate r=0.53 r=0.35 r=0.20 r=0.17 r=0.002
volume P <0.001 P <0.001 P =0.0003 P=0.07 P=0.99
Age r=0.16 r=0.11 r=0.12 r=0.04 r=0.07

P <0.001 P=0.0001 P=0.02 P=0.65 P=0.68

Table III. -The correlation-coefficients for fotal PSA in relationship to prostate volume
and patient age.

PSA All combined |<2.0 2.0-3.9 4.0-6.9 7.0-9.9
(ng/mL) (No.=1622)
(No.=1144) (No.=331) (No.=112) (No.=35)

Variable
Prostate r=0.49 r=022 r=0.037 r=0.009 r=-0.25
volume P <0.001 P <0.001 P =0.50 P=0.93 P=0.15
Age r=0.14 r=10.09 r=0.10 r=-0.05 =-0.47

P <0.001 P=0.002 P =0.09 P=0.57 P =0.005

Table IV. -The correlation-coefficients for complexed PSA in relationship to prostate
volume and patient age.

Multiple regression analyses, controlled for PSA levels, demonstrated that the
proportion of variability (adjusted R?) in %fPSA values for the entire population (all
combined) that could be explained by variabilities in prostate volume and age was not
significant (adjusted R* =0.02). With PSA levels > 2.0 ng/mL, the adjusted R* value
was significant and in the PSA interval 7.0-9.9 ng/mL, variations in prostate volume
and age together could account for as much as 47% of the variation in %fPSA.

Paper 111

The cumulative incidences for the two populations were in good agreement with those
of their respective background populations. When the cumulative incidences for men
with PSA levels > 3.0 ng/mL in the two populations were compared, the incidence
curves intersected after 10.6 years of follow-up. In the case of PSA levels > 10.0
ng/mL, the curves approached one another after 5 years and intersected after 10 years.
In the reference population a significantly higher cumulative incidence was associated
with increasing PSA levels, and for men with PSA levels > 10.0 ng/mL, this incidence
curve reached 50% after 10 years of follow-up.

The median lead-time after 12 years of follow-up was shorter in the screened
population compared to the reference population when all men with PSA levels > 3.0
ng/mL were analysed (4.5 versus 7.8 years), which was also the case for men in the
PSA interval 3.0-9.9 ng/mL (5.3 versus 8.5 years). In contrast, men in these two
populations with PSA levels > 10.0 ng/mL exhibited similar median lead-times (3.5
versus 3.6 years).
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In the case of the reference group after 20 years of follow-up, even longer lead-times
were associated with the PSA intervals of > 3.0 and 3.0-9.9 ng/mL (10.7 and 11.2
years, respectively), whereas the lead-time for PSA values > 10.0 ng/mL was
unchanged (i.e., 3.6 years).

Paper IV

In men who developed PC during follow-up the total survival from sampling of an
elevated PSA level was, due to the lead-time included, strongly dependent on the
magnitude of that baseline PSA value. Thus, men with baseline PSA levels > 10.0
ng/mL exhibited a significantly shorter survival time than to those with values of 3.0-
9.9 ng/mL (p<0.001). Interestingly, men with baseline PSA levels in the range 1.0-2.9
ng/mL demonstrated the same PC-specific survival time as those in the interval 3.0-9.9
ng/mL. On the other in the large group of men (38% of all men) with PSA levels < 1.0
ng/mL only one man (0.02% of all those men) died from PC during follow-up. During
the 67-10® year period of follow-up men with PSA levels > 10.0 ng/mL were at a 10
times higher risk of death from PC compared to men in the intervals 1.0-2.9 ng/mL and
3.0-9.9 ng/mL. However, when PC mortality of the entire population was considered
the attributions from these intervals were similar to that from the interval > 10.0 ng/mL.
With follow-up beyond ten years the attribution to population attributable mortality was
totally dominated by men with PSA levels < 10.0 ng/mL at base-line.

2.4 CONCLUSION AND FUTURE PERSPECTIVES

The diagnostic performance of determining serum levels of PSA as a screening
procedure for early detection of PC can be improved by analysing the percentage free
PSA (%fPSA) as well. In the present study choice of a “cut-off” value of 18% for this
latter parameter results in correct identification of all nine men with screening-detected
PC and a PSA level < 3.0 ng/ml. Thus, by also taking the %fPSA values for men with
normal PSA levels into consideration, the sensitivity of the screening procedure can be
enhanced.

Most cases of PC in men with slightly elevated PSA levels (i.e., in the interval 3.0 - 9.9
ng/ml) are localised and thus amenable to curative treatment. However, approximately
70% of all men with PSA levels in this interval on a single screening occasion did not
have PC (false positives). By retrospective application of a %fPSA “‘cut-off” value of
22% in this PSA interval, the number of false positives was reduced by 24% leading to
a total false positive ratio of approximately 55%.

The correlation between prostate volume, age and total PSA level, on the one hand, and
%fPSA, on the other, was determined primarily by the serum PSA levels of the men
examined. In men with PSA levels of 4.0-9.9 ng/ml, variations in prostate volume and
age explained a significant proportion of the variation in %fPSA, indicating that an
improvement in specificity might be achieved by controlling for these variables.
Recently, possible approaches to achieving this task by employing artificial neural
networks [116] or logistic regression analysis have been proposed.
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Diagnosis of PC at a considerably earlier stage can be accomplished with PSA-based
screening. The length of the lead-time thus obtained is dependent on the relative
sensitivity of the screening procedure employed, the length of the follow-up period and
the method used to calculate lead-time, as well as on the PSA levels at the time of
screening. However, there are large variations in this lead-time for men with slightly
elevated PSA levels. These variables should be taken into consideration if lead-time is
used to determine the length of the period between screening occasions.

The PSA levels at the time of screening also determine, at least in part, the total
survival time. Men with PSA levels > 10 ng/ml accounted for most of the PC-specific
mortality during the first 5 years of follow-up, but less thereafter. Consequently, men
with PSA levels of < 10 ng/ml accounted for most of the PC-specific mortality in our
population at longer follow-up times. Since most PC in men with these latter levels is
amenable to curative treatment, the effect of successful screening for this disease
should be discernible in the form of decreasing mortality after this initial 5-year period.
A significant number of such men with rapidly progressing cancers will thus die from
this disease even before the mean or median lead-time has elapsed. Since these men are
the ones who may benefit most from screening for PC, a short screening interval and/or
application of approaches that increase the sensitivity of PSA-based screening are of
vital importance to them. Further improvement in the diagnostic performance of PSA-
based testing is mandatory in order for such screening to be effective. Application of
the %fPSA value in combination with other variables may improve the sensitivity and
specificity of such early detection, a possibility which needs to be evaluated in studies
involving large numbers of patients [116]. The number and clinical characteristics of
the interval cancers detected in the large screening trials which are presently ongoing
will provide further information concerning the length of the screening interval
necessary to allow detection of these cancers as well.
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