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Thesis Oudines & Objectives; List of Abbreviations

THESIS OUTLINES AND OBJECTIVES

The aggregate morbidity and mortality attributed to prostate cancer are certainly
sufficient to justify 2 search for radonal, effective and efficient screening strategies.
Unfortunately, the outcome of randomized controlled trials (RCTS) that investigate the
efficacy of prostate cancer screening is still awaited. Before this final analysis takes place
at the end of this decade, and before screening for prostate cancer can be applicd as a
nation-wide health care measure, efforts should be made to optimize the validity of the
screening tests, assess the quality of life in those screened, and evaluate (reduce) the costs
associated with large scale screening programs. In other words, effotts should be made to
make the screening regimen more effective, selective and efficient.

The cutrent thesis provides further insight into the pathology of screen-detected
prostate cancer, and into its role in the clinical management of patients with this
potentiaily lethal disease. Despite our knowledge that a definite answer on the question
which cancers we wish to detect in screening programs to decrease the mortality of the
disease can only be answered after the completion of RCTs, potential measures to make
the screening regimen more selective and efficient are presented. Most data were
obtained from the screening arm of the Buropean randomized study of screening for
prostate cancet (ERSPC), a large multicenter RCT' that investigates the impact of
screening on prostate cancer mortality and quality of life.

Parr L. General Introduction

Chapter 1 provides an overview of the burden of prostate cancer to the male
population, and gives a detailed outline on the objectives, methodology and pitfalls of
early detection programs. The cutrrent controversies in prostate cancer screeming are
addressed, and a compatison is made to previous screening trials initated for lung and
breast cancer. Recent reports on prostate cancer screening are set in a wider clinical
perspective with a special interest in the tamor characteristics and prognostic factors of
the cancers detected. A further attempt is made to assess how theoretically a beneficial
outcome of prostate cancet screening might be achieved.

PART . Towards Predicting the Qutcome of Prostate Cancer Screening
Prostate cancer screening trials should be preferentally targeted at individuals who have
furare aggressive disease, though in whom the disease is still curable with the currently
available treatment options. Moreover, those cancers should be detected that constitute a
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high risk of mortality in the remaining lifespans of their hosts. These cancers have been
defined the ‘window of opportunity’ in screening for prostate cancer. Otherwise, cancers
which pose no threat to the lives ot well being of their hosts {i.e. clinically insignificant
disease) should be refrained from interventons, and preferably, even their detection. By
examining well-established pathologic prognostic tumor features, Chapter 2 questioned
whether sutgically treated patients could be stratified into prognostic subgroups by
relating combined statistically independent tumor features to the recurrence of PSA after
radical prostatectomy. Chapter 3 also deals with an (intermediate) end-point of a
screening trial. It provides a comparison between the screening group and the control
group of ERSPC with an intetest in the pathological characteristics of the cancers
detected. Eventually, this same comparnison will take place later on this decade to
compare the mortality rates. A potential caveat in prostate cancer screening is the
detection of a large number of cases with clinically insignificant tumor features.
Otherwise, a screening methodoelogy may be used that is ineffective to detect clinically
significant disease. Chapter 4 addresses this question and investigates whether other
biopsy techniques might result in a higher yield for clinically significant prostate cancer,
and conversely, is less likely to detect clinically insignificant cancers.

Part I11. The Predictive Value of Precursor Lesions of Prostate Cancer

Premalignant lesions of the prostate are detected coincidentally on prosmatic needle
biopsies. Recently, several putative precursor lesions of prostate cancer have been
proposed. Chapter 5 reviews the current knowledge and understanding of these distinct
histologic and diagnostic entities. As prostate cancer 15 a slow-growing disease in most
cases, and as 1t is assumed that precursor lesions of prostate cancer progress only slowly,
doubt is raised on the need for early diagnostic follow-up in men with a diagnosis of a
premalignant lesion of the prostate. Chapter 6 outlines the biopsy incidence rate and the
predictive value for prostate cancer of the most acknowledged precursor lesion of
prostate cancer, i.e. high-grade prostatic intraepithelial neoplasia (HPIN), in population-
based screening. To gain further insight into the need for diagnostic follow-up after a
diagnosis of HPIN, we compared these figures to those of men with lesions in which the
pathologist is uncomfortable in making a definite malignant diagnosis, i.e. a prostate
biopsy suspicious for malignancy (PBSM), and to those with an benign biopsy result.

Part IV. Towards a Refining of Screening in Low PSA Ranges
A particular area under fierce debate is the low PSA-ranges (0.0 — 3.9 ng/mL). In chis
PSA range, digital rectal examination (DRE) is the mainstay of eatly detection, and it has
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been described previously that its efficacy is only low. Chapter 7 again addressed the
efficacy of DRE as a screening test for prostate cancer in low PSA ranges with 2 special
focus on the tumor characteristics of the cancers detected. The number of presumably
clinically significant cancers was assessed and related to the number of men that came for
rectal examination and the number of men biopsied. In doing this, the number of men
required to undergo DRE, and the aumber of men needed to undergo prostate biopsy to
detect one case of clinically significant disease could be assessed. Chapter 8 builds on
these figures, and addresses another method of cancer detection in the low PSA ranges,
i.e. that of chance only (serendipity).

Part V. On the Predictive Value of Prognostic Tissue Markers

Chapter 9 deals with the prognostic value of three tissue markers (p27%r1, MIB-1 and
CID44s) in surgically treated patients with prostate cancer. We determined whether these
tissue markers were of additional value to predict the outcome of disease compared to
grade and stage alone. To account for sufficient follow-up, a series of cancers was
examined that was surgically treated in the 1980s. Chapter 10 deals with a specific
problem we encountered coincidentally in our laboratory, 1.e. the decay of antgenicity in
stored tissue sections. Chapter 11 determined whether the expression level of three
tissue markers was able to predict the expression level in matched radical prostatectomy
specimens, and whether tssue markers could help to predict well-established prognostic
factors as grade and stage in the radical prosmtectomy specimen. One of the mechanisms
by which a tumor suppressox gene is silenced is the methylation of the promoter region
within a gene. Furthermore, it was reported that tumor-derived DNA could be detected
in the serum of cancer patients. Chapter 12 questoned whether the assessment of the
methylation status of the promoter region of the tumor suppressor gene CD44 is feasible
in serum of prostate cancer patients, and whether it could distinguish between cases with

and withou? metastatic disease.

Part VI. General Discussion, Epilogue and Sumroary
Chapter 13 shortly outlines the important findings of this scientific repost. Guided by
the tumor characteristics of the cancers detected, 1t is hypothesized how screening efforts
can be made more selective and more efficient in population based screening programs
fot prostate cancer. Potential directions for furure studies on the clinical and pathological

characteristics of prostate cancer ate addressed as well.
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CHAPTER 1

PROSTATE CANCER AS
A HEALTH BURDEN

By: André N. Vis
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Prostate Cancer as a Health Burden

PROSTATE CANCER EPIDEMICLOGY

Incidence

Thete is no doubt that prostate cancer is a major public health problem (TABLE 1.1). At
present, prostate cancer is the most commonly diagnosed noncutaneous malignancy in
men beyond middle age, with an expected 6,500 new cases in the Netherlands in the year
2000 (Ficure 1.1 Malignancies that originate from the ptrostate gland account for
almost one fifth of all newly diagnosed cases with cancer in males. It is calculated that a
50-year old man has a cumulative lifetime risk of more than one in eleven to be ever
confronted with a diagnosis of prostate cancer {1]. The current position as the 'number
one’ cancer is expected to become even more pronounced in the oncoming years for the
incidence rates of prostate cancer are still tising, while that of lung cancer shows a sharp
decreasing trend [1]. Prostate cancer has often been described as a malignancy of older
age, and in part, the increase in incidence may be attributed to an aging male population
and an incteased male life expectancy. So, as more men live to older ages, the absolute
number of men with prostate cancer is likely to increase. Besides changes in the
composition of the population, changes in the clinical tools applied to a disease may
affect the epidemiclogical rates and trends as well. Over the past two decades, several
sophisticated diagnostic techniques have been developed, and some of these are able to
detect the abnormalities associated with a disease earlicr, even before they produce
clinical signs and symptoms [2]. It is obvious that as the thresholds for the detection of a
disease become lower by use of these advanced diagnosdcs, the incidence rates of the
disease may be affected. Previcusly, it has been described that the incidence rates of
various non-malignant and malignant conditions indeed increased considerably just by
close diagnostic scrutiny [2]. With respect to prostate cancer, there have been little
changes in either the incidence rates nor its mortality up until 1985, Since that time,
however, several new diagnostic ‘imptovements’ have been introduced as well as
refinements in the (surgical) treatment of the disease. The availability and applicability of
matkers for the presence of prostate cancer in the mid 1980s, particulatly that of
prostate-specific antigen (PSA), have had an inconceivable effect on the way the disease
was now to be looked upon. PSA is a protein exclusively produced by epithelial cells of
prostatic origin, and the molecule is known to leak into the blood circulation in small
ptoportions. In the eatly 1980s, the protein was demonstrated in serum of healthy males,
and increased serum PSA levels were shown to be associated with prostatic diseases such
as prostate cancet. The potential role of PSA as an indicator of eatly stage prostate cancer
was quickly recognized, and a series of convenient and reproducible blood tests was
developed. At present, it is acknowledged that the application of the PSA blood test
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Chapter 1

contributed most evidently to the rise in prostate cancer incidence in the United States in
the late 1980s and eatly 1990s [3]. This increase in the mumber of prostate cancer
diagnoses was preferably seen in younger men aged 50 to 70 years, and it is estimated that
prostate cancer is now being diagnosed approximately 2.5 years earlier than it was a
decade ago [4-6]. Besides changing the incidence rates of prostate cancer and the mean
age at diagnosis, the PSA blood test also affected the characteristics of the cancers
detected. The application of the serum-PSA test eventuated in more men being
diagnosed with clinically localized disease, whereas the cancers detected were mozre often
of intermediate histological grade of tumor differentation, both in absolute and relative
terms [7]. Also, the age-adjusted incidence rates of regional and distant stage disease
declined by use of the serum-PSA test [3,8]. In conjunction with the serum-PSA test, the
introduction of a safe and easy applicable technique to sample the prostate gland under
ultrasound guidance in the late 1980s may have added to the rise in prostate cancer
incidence as well [9]. As a result, it is now widely acknowledged that the introduction, and
more frequent application of new and more advanced diagnostic tools have remarkably
altered the yield for prostate cancer, the patent, clinical and tumor characteristics of
those eventually diagnosed with the disease, and probably the outcome of the disease as

well.

TaBLE 1.1
The impact of prostate cancer as a health burden

e Cumulative lifetime risk of prostate cancer atage 50 years................. 5.0%
*  Proportion of prostate cancer in all newly diagnosed cases with cancer in males...... 18.6%
¢ Cumulative ifetime fisk of dying from the disease..................o 3.5%
e Risk of dying from the disease when diagnosed. ... 40.0%
*  S-year disease-specific survival..........o.o 60.0%
¢ Loss of lifespan due to prostate cancer.........ooooiiiiiii 40.0%
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The increase in prostate cancer incidence was not only represented by an increase in the
detection of cancers with favorable prognostic features, but also by an increase in the
absohate number of poorly differentiated, potentially more sggressive, and metastatic
prostate cancers in men under the age of 60 years {10]. A genuine increase in the absolute
number of clinically apparent prostate cancers was also reported between the eatly 1970s
through the late 1980s, so before the introduction of the PSA blood test [11,12]. Whether
this trend has continued in the 1990s is stili wncertain, and may be veiled or even
prevented by the applicadon of case-finding screening programs with the PSA blood test.
At last, an increased awareness of the disease by padents, their parthers, and doctors, in
part thrown up by all kinds of media, may also be responsible for the reported rise in
prostate cancer incidence. It is expected that this increased attention of the disease by the
lay press, as well as an increased demand for diagnostc tests, and an increased medical

surveillance may further lead to an increase in prostate cancer incidence in oncoming

years,
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‘The expected incidence rates (umber of new cases with cancer per year) and the expected
morttality rates (number of cancer related deaths per year) of the seven most frequently
diagnosed malignancies in males in the Netherlands in the year 2000 [1].
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Because the incidence rates of prostate cancer increase with age, there is a
misconception that it is a disease of the zery eldetly, Prostate cancer oceurs infrequently
before the age of 50 years, whereas the incidence rates rise sharply in men above the age
of 60 years [1]. In the year 2000, almost 3,500 men in the age range 60 to 74 years are
expected to be diagnosed with prostate cancer, while this figure is 2,500 in the age range
75 years and older. Some of the younger cases may be diagnosed as a result of the
application of the serum-PSA test in case finding screening, but it is assumed that still the
vast majority of cases will be diagnosed as a consequence of the evaluation of clinical

signs and symptoms.

Mortality

It 15 calculated that the cumulative lifetime risk of a 55-year old man to succumb of
prostate cancer is approximately 3.5% {13]. Of al! newly diagnosed cases with prostate
cancer, approximately 40% will eventually die from the disease, and of those diagnosed
with prostate cancer before the age of 65 years, the mortality is far over 80% [14]. In
some men, the disease kills the patient within a year after diagnosis. It is estimated that
men with clinically diagnosed prostate cancer will lose an average of 40% of their life
expectancy compared o an age-matched control group without prostate cancer [15]. The
absolute mortality s high as well, second only after lung cancer, and will cotrespond to
almost 2,500 deaths in the Netherlands in the year 2000 (FIGURE 1.1). Similar to the
reported incidence rates, the mortality rates have increased in the Netherlands in the
1980s and early 1990s [11], and remain relatively stable thereafter {13].

Recent data from the United States of America, in which opportunistic prostate cancer
screening with the PSA blood test has been vigorously applied in the mid 1980s and early
1990s, showed that the reladve proportion of men dying from prostate cancer declined
from 1988 through 1995 [16,17]. The greatest decline was reported among younger white
men, 2 group that was intensely involved in early detection efforts. This proportionate
decline in the prostate cancer mortality may be merely due to a rise in the ‘incidence-to-
mortality ratio’ rather than to a genuine decrease of the number of prostate cancer
deaths. Recent reports from the Surveillance, Epidemiclogy, and End Results (SEER),
however, showed that the age-adjusted mortality rates of prostate cancer also fell by 6.5%
in the United States in the mid 1990s, an observation that was also reported for other
common cancers such as lung, colon and rectal cancer [18-21]. Some have already
suggested that this trend provides evidence for the effectiveness of screening for prostate
cancer with the serum-PSA test [19].

The significance of these data on the decline in prostate cancer mortality in SEER,
however, is subject to differing interpretations [20]. It 15 considered by many that the
application of the serum-PSA test may have been little responsible for the decline in
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prostate cancer mortality given the relatively long protracted course of most prostate
cancers. If at last, the PSA blood test proves an efficient screening tool, as demonstrated
in randormized clinical trials, improvements in the prostate cancer death rates are not
expected until halfway the present decade [21]. The reported decline in the prostate
cancer mortality rate in SEER may be merely due to the interest in other screening tests
for prostate cancer that began before the PSA era, such as digital rectal examinadon
(DRE), to an increased efficacy of newly applied curative treatment options, such as
radical prostatectomy, and/or to the availability of improved treatment options for
advanced prostate cancer, such as LHRH-agonists. Changes in lifestyle and
improvements in environmental conditions may also have been responsible for an
improved outcome in recent cohorts. The observation that the death rates for prostate
cancer have also declined in England and Wales in this same dme perod are in line with
these assumptions [22]. Also, ‘attribution’ bias (the incorrect labeling of deaths from
other causes a5 being death from prostate cancer) may also account for the apparent rise

and decline of the prostate cancer mortality rates [23].

Clinical Presentation and Prognosis

Prostate cancer used to be diagnosed only when symptoms of metastatic, regionaliy
advanced or locally advanced disease occurred or when patients were investigated or
treated for what was presumed to be benign discase [24]. Unforrunately, in the more
advanced stages of the disease, the cancer is often incurable, and consequently, only
palliative treatment may be offered [25]. In the pre-PSA era, almost 30% of newly
diagnosed cases with prostate cancer presented themselves with painful bony metastases
(M1) [26-29]. Besides skeletal pain, men with metastatic disease may suffer from
pathological fractures, spinal cord compression, and the morbidities associated with local
disease progression. The morbidites sssociated with palliative treatment such as
hormonal ablation therapy may be considerably high. In cases with metastatic prostate
cancer, the median survival is in the range of 2.5 to 3.5 years despite the application of
hormonal abladon thetapy [30]. By 10 years, the cancer specific mortality rate will be
greater than 85% [31]. Farly reports have demonstrated that untreated metastatic prostate
cancer is associated with an even worse prognosis [32]. Approximately 5 to 10% of men
will have regionally advanced disease (e.g. N1) at the time of first presentation of the
disease without evidence of distant metastases [29]. Mostly, these cases are Jocally
advanced as well, and many will experience severe morbidity resulting from bladder
outlet obstruction, urinary or rectal bleeding, and ureteral obstrucdon and hydronefrosis
{26). These patients also fare pootly regardless of treatment modalicy, and the prognosis
will be only slightly better than those who are diagnosed with distant metastases inittally
[33]. Approximately 20 to 25% of cases will present themselves with cancers that have
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already invaded adjacent organs such as the urinary bladder or the seminal vesicles.
Locally advanced cases have a high tendency to metastasize to pelvic lymph nodes, or
worse, to distant sites, and consequently, will have a relatively poor long-term outcome as
well [34,35]. As most patients with loco-regionally advanced disease recerve treatment by
means of hormonal ablation therapy, only one teport so far has dealt with the natural
course of disease In the absence of treatment. In a highly selected group of 50 men with
locally advanced prostate cancer who teceived no inidal treatment, Adolfsson and
colleagues reported a 26% prostate cancer mortality at 10 vears with neatly all patients
progressing locally [36]. As neatly all studied patients had well-differentiated cancer, the
presented figures may not reflect the expected cancer-specific mortality rates within the
whole group of patients with locally advanced prostate cancer.

The prediction of prognosis of men with clinically confined disease is even less
understood. Presently, it is not clear whether aggressive treatment of men with clinically
diagnosed, localized disease will eventually improve outcome compared to those who did
not receive inital treatment [28,35,37,38]. Johansson showed thart in a selected group of
223 men with clinically diagnosed, confined disease receiving no initial treatment, only
13% (29/223) died from prostate cancer over a 15-year period [28]. The authors claim
that patients with eatly stage disease might thus not benefit from aggressive treattment
such as radical prostatectomy. This study has been criticized for its inclusion of a
relatively older male population with low grade disease, thereby substantially increasing
the risk of mortality from concurrent illnesses. Chodak and associates petformed a meta-
analysis on six large studies of men who were treated expectantly, and showed that the
risk of dying from clinically diagnosed, confined prostate cancer steadily increased with
rising tumor grades, ie. 2 to 13% for low grade disease at 5 and 10 years follow-up, 3 to
13% for cases with intermediate grade disease, and 33 to 66% for men with poorly
differentiated tumors, respectively [35]. At 10 years after the inidal diagnosis, the
propordon of men with distant metastases was 19, 42, and 74% for grades 1, 2, and 3
prostate cancer, respectively. The authors stated that prostate cancer should be looked
upon as a potentially progressive disease when managed conservatively. In line with the
previous group, Albertsen and colleagues showed that men aged 65 to 75 vears who were
treated conservatively for low grade (Gleason scores 2 — 4) clinically diagnosed, localized
disease faced only a minimai risk of death from prostate cancer even after 15 years of
follow-up [38]. The cumulative mortality from prostate cancer at 15 years was 9%,
whereas this figure was 28% for moderate grade (Gleason score 5 — 7) and 51% for high

grade (Gleason score 8 — 10) disease, respectively. An interesting finding in this study was
that patient comorbidity was nearly as potent a predictor of cutcome as the histological
grade of tumor differentiation. Reports from Sweden are in line with those of Albertsen
o al. [38], and showed that as the life expectancy of cases with clinically diagnosed,
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confined disease exceeded 10 years due to low competing mortality (as is true for cases
undergoing radical prostatectomy), the cancer-specific mortality at 15 years may be
considerably high (approximately 30%) [26,39]. This is particularly of interest, since in the
Netherlands, most men in their sixties have an average life expecrancy of 15 years or
more, and when diagnosed with prostate cancer that is still confined to the prostate, they
may be at considerable risk of developing metastatic disease, loosing substantial quality of
tife, and eventually, to die from prostate cancer.

Summary I: Prostate Cancer as 2 Burden in the Pre-PSA Era

Prostate cancer is the most prevalent type of cancer in males in most Western
countties. In the absence of early detection programs, malignancies that originate from
the prostare gland often (30 to 60%) present themselves in a (loco-regional) advanced
stage of disease. Men who are diagnosed with prostate cancer in an advanced stage of
disease may suffer from severe motbidity, and will experience a substantial loss of quality
of life. No curative treatment is available in these cases, and consequently, the long-term
cancer specific mortality is high. Despite the knowledge that prostate cancer has a
protracted course of disease in most cases with clinically confined cancer, there is a
considerable mortality in subgroups, ie. those with poorly differentated cancers. For
now, the long-term benefits of curative treatment over surveillance and deferred
treatment in clinically diagnosed cases with localized prostate cancer have yet to be
established, but 25 the risk of competing mortality declines and the male life expectancy
increases, the role of prostate cancer as a major public health problem is likely to increase

even more in the future,
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EARLY DETECTION OF PROSTATE CANCER

Screening Policies

Screening implies the application of a simple and relatively inexpensive test to a large
number of individuals in order to classify them as likely or unlikely to have the disease
that is the objective of screening [40]. Screening efforts may be applied to individuals
{(opportunistic screening) or to the community as a whole (population based screening). It
scems intuitively logical that through the eadly detecton of disease using specific
screening tools, a disease may be more often amenable to curative treatment, and that
advanced disease and fatal cases may be postponed, or preferably, prevented. However,
the mere fact that a screening test is able to detect a disease eatly does not imply that all
those subjected to screening will also benefit. Fist, the vast majority of individuals
subjected to screening will not have the disease that is the objective of screening, and
obviously, in these cases screening efforts are not likely to yield any profit. More
distressing, these individuals will only suffer from the adverse effects of screening such as
anxiety for the disease, the inconvenience and discomfor: of diagnostc interventions, and
the downstream sequelae of false-positive screening test results. On the other hand, as
most solid malignancies present themselves with signs and symptoms in a stage of disease
when definite cure is beyond reach, a beneficial effect of screening (and eatly treatment)
may only be achieved in asymptomatic participants. It is assumed that when a disease
occurs frequenty in the population, causes a high level of suffering in those affected, and
is associated with a high rate of premarure deaths, screening policies directed against
asymptomatic individuals may more easily be accepted as a general health care policy.

Besides the possible negative side-effects of screening to those without the disease, it is
not always straightforward that the cutcome of those wizh the disease will be changed.
Basically, the natural course of the disease may or may not be changed by the application
of a screening test. The likelihood that a screening test will alter the natural course of
disease depends on the performance of the screening test and on the biological
agoressiveness of disease. This may be explained by the two extremes of disease (e.g.
cancet) detection by means of a screening test. At one end, the screening test may be too
sensitive, and a cancer is detected that would never lead 1o any clinical signs or symptoms
in the remaining lifetime of a screened individual. These individuals with the disease will
eventuzlly die from intercurrent illnesses tather than from the coincidentally detected
cancer. The chance of diagnosing a cancer that otherwise would not have revealed itself
clinically in the absence of screening will be increased in cancers that present themselves
clinically at an age at which competing illnesses are highly prevalent, and in cancers that
have a relatively long asymptomatic (pre-clinical) non-metastatic phase of disease. At the
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other end, if a screening test is not capable of detecting a cancer eatly enough, so that the
cancer is already advanced at the time of diagnosis, the application of methods of
screening are not likely to be beneficial neither. In these cases, early detection and early
treatment will not alter the natural course of disease, and patients will suffer or even die
from the disease despite the implementation of screening tools. In optimal conditions,
screening tests should only detect those cancers that would lead to meorbidity and
mortality in the absence of screening, though which are sdll curable when early detectad.
Unfortunately, as most cusrently applied screening tests cannot reliably distinguish
between potentally aggressive, curable cancers and non-aggressive, or otherwise, non-
cugable cancers, many individuals need to be subjected to the screening tests to provide
for an overall net benefit of screening in the population as a whole. Some criteria that
enable a mass screening project for a specific disease have been developed by Hulka in
1988 (TABLE 1.2)[41].

TABLE 12
The five criteria necessary to justify a mass screening project for a disease [41]

1. The disease investigated should represent a substantal disease burden at the public
health level and an early stage of disease should be prevalent in the population

2 The early phase of disease should be recognizable by a screening test

3 The screening test should have a good performance with respect to sensiivity,
specificity, and positive predictive value.

4, The disease that is diagnosed in an early stage of disease should be more amenable
t0 curative treatment than those that are detected in more advanced stages of the
disease

5. Early diagnosis and early curative treatment should reduce cause-specific mortality

Obviously, there is no point in screening for a disease that can be treated successfully
after clinical symptoms appeat, nor is thete a need for screening when no reliable curative
treatment options exists [40]. Furthermore, whea those undergoing treatment for early
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detected cancer have as good an outcome as those who do not receive treatment, the
earlier detection of disease is clearly not advantageous [42]. At last, the benefits of
screening may sometmes be illusoty, and the evaluation of the outcome of screening
programs Is known to contain serious pitfalls,

Pitfalls in the Evaluation of a Screening Program

The evaluation of the curcome of screening programs is known to suffer from serious
pitfalls. This implies that the application of the screening test itself may lead to an
apparent improvement in outcome in those screened, while actually there is none. Several
pitfalls have been described previcusly. First, the application of advanced diagnostic
techniques prompted by abnormal screening tests may result in 2 seeming advantage of
screening compared to the situation in which no screening is applied. One of the clearest
examples that screening might be beneficial in subgroups while there is no benefit in the
total cohort Is caused by the performance of pelvic lymph node dissection in those
planned to undergo radical prostatectomy. In all surgically treated patients with prostate
cancer, both screen-detected and non-screen detected, a histopathological examination of
the pelvic lymph nodes is pesformed to stage the disease. Conutary to clinically diagnosed
cases, however, the lymph node tumor involvement is often low in screen-detected cases
with prostate cancer, sometimes even limited to single cells or small cell clusters. In fact,
these so-called mmicrometastatic lesions may only be detected with the use of
immunologic or molecular matkers. Due to this low tumor 1oad in pelvic lymph nodes, it
is expected that the outcome of screen-detected cases with pelvic Iymph node disease is
more favorable than the outcome of clinical patients who are diagnosed by routine
histopathological examination only. So, as screen-detected patents with micrometastatic
lymph node disease shift from NO to N1, patients with a relatively favorable prognostic
constellarion are added to the group of patients with a relauvely adverse prognostic
constellation [43]. Conversely, screen-detected patients with an expected unfavorable
outcome compated to those with clear NO disease ‘mugrate’ from a lower stage to a
higher stage. Although the total outcome of the group will not be changed, this upward
stage migzation will improve the outcome in each of the constituent stages (both NO and
N1). This apparent improvement in prognosis in separate stage groups without a
concurrent improvement of the total cohort has earlier been defined the “Will Rogers’
phenomenon [43]. The application of bone scans, and computer tomography (CT) in
men with abnormal screening test results may also lead to an upward stage migration and
an apparent improvement in outcome in subgroups.

A screening program may also canse an apparent improvement in sugvival because of
lead-time and length-tme bias. By definition, individuals with screen-detected cancer will
live longer with their cancer from the time of diagnosis, whereas their actual overall
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survival is not changed if screening is ineffective. Lead-time bias pertains to compatisons
that are not adjusted for the timing of the diagnosis. Otherwise, in screening programs
only those cases with cancer may be detected that are expected to have a long protracted
course of disease. If fast growing, highly progressive cancers are not detected by the
screening tests, and consequently, screening programs will only detect patents with
favorable prognostic cancers, screening may appear beneficial. Length-time bias pertains
to comparisons that are not adjusted for the rate of progression of the disease [2,44]. At
last, screening programs are perceptive to selecton bias, as it is known that health-
conscious cases within the population ate more willing to participate in these screening

programs.

Characteristics of Successful Screening Programs

In successful screening programs, the first indication of a benefit of screening comes
from the detection of a large number of prevalent cases that would have gone undetected
are removed from the population (cull phenomenon) (FIGURE 1.Z). The stage
distributdon will be shifted towards less advanced disease categories relative to those of
clinically diagnosed cases. The incidence rate of advanced stages of disease will increase
as well iniually, but as the prevalent pool of these distant and regionally extensive cases
decreases, this temporary sise in incidence will be followed by a sustained decline. In the
most optimistic scenario, the survival rates, and more importantly, the mortality rates will
fall below those of prior to screening.

The golden standard in evaluating the value of cancer screening is the performance of a
randomized controlled tral (RCT). In such trials, invited participants’ are randomly
assigned to a group undergoing the screening tests followed by eatly treatment, or to a
group receiving standard medical care (and no screening). By the methodology of
randomization, the screening group and control group are comparable with respect to
age, descent, and other hitherto inexplicable clinico-social and prognostic variables.
Differences in outcome between the group invited to screening and the group that is not
can most likely be atttibuted to the application of the screening tests and its downstream
sequelae. Mostly, the prmary objective of a RCT is to prove a decrease in disease-related
mortality in the group invited to screening compared to the group that is not. The final
decision whether ot not to conduct a nation-wide population-based screening program
for cancer balances between the potential benefits of screening (e.g. a decrease in cancer-
related mortality) and the disadvantages of screening (e.g. anxiety, complications, health
care related costs) [45]. As was stated earlier, it is hard to estimate the value of the
implementation of a population based screening program on an individual level. Some
individuals will only experience the potential disadvantages of the screening efforts, while
others may indeed be saved from site-specific motbidity and/or mortality. For a
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participant of a populadon based screening program, it cannot be propetly determined

whether screening does more good than harm.

FiGURE 1.2
A schematic diagram of a successful screening program
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Much can be leatned from the earlier experiences of screening programs that were
directed against two other ‘high-incidence’ malignancies, i.e. those of the lung and breast.
Indeed, prosrate cancer screening has striking analogies with lung cancer and breast

cancer screening [46].

Comparison to Lung Cancer Screening

In the late 1950s until the early 1980s, lung cancer screening with annual chest X-ray
and sputom cytology was endorsed by the American Cancer Society (ACS). However, the
implementation of these eatly detection programs for lung cancer was not based on well-
performed RCTs that proved a decrease in lung cancer mortality in screened participants.
This is similar to the situation today in which the ACS and the American Urological
Association {AUA) recommend PSA blood testing and digital rectal examination (DRE)
in all men aged 50 vears and older, and from the age of 45 years in men in high-risk
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groups [47-50]. In most parts of Hurope, however, the major local health authotities as
well as the European Union discourage wide-scale opportunistic screening for prostate
cancer [51]. Population based screening will only be offered to the general population if
RCTs prove its efficacy with regard to an established decrease in disease-selated mortality
mn screened participants without a substantial concomitant loss of quality of life. In the
1970s, the continuance of lung cancer screening trials was justified by the observation
that the detection rate in the screened population was higher than in non-screened
populations, that the cancers detected were more often resectable, and that a considerable
stage shift was noted in screened lung cancer patients compared to those not subjected to
the screening tests. These findings were interpreted as a clear benefit of lung cancer
screening. Moreover, an improved five-year survival rate (from the time of diagnosis) was
reported among populations screened. These (misleading) mezsures of success are also
observed in the prostate cancer screening trals performed today [4,52,53]. The
inexperience with the presence of all kinds of biases (such as lead-time and length-time
bias) thrown up by non-randomized screening trials might have disturbed the adequate
interptetation of the outcomes of lung cancer screening programs, and might even have
wrongly approved the continuance of these screening programs [2]. None of the RCTs
that investigated the efficacy of lung cancer screening has eventually shown that lung
cancer screening was associated with a reduced mortality from lung cancer [54]. It has
even been suggested that lung cancer screening might even have increased the mortality
associated with the disease.

It has to be kept in mind, however, that lung cancer is known to have an eagetly more
aggressive (narural) course of disease than prostate cancer, and that lung cancer patients
will mostly die of the disease shortly after diagnosis (FIGURE 1.1). A successful screening
ptogram for lung cancer, therefore, should rely on very sensitive screening tests, a short
screening interval, and the availability of effective treatment options for clinically
localized disease. With respect to these differences, lung cancer screeming and prostate
cancer screening may differ substantially in their inital design.

Comparison to Breast Cancer Scteening

Several RCT's performed in the 1980s proved a benefit of breast cancer screening with
mammography in women aged 50 1o 69 years [35,56]. With respect to these favorable
outcomes, breast cancer screening is presently recommended by the Advisory Committee
on Cancer Prevention of the European Union [51]. Major doubts, however, have been
raised on the question whether these favorable outcomes can also be achieved in prostate
cancer, and more specifically, whether prostate cancer screening is feasible and ethical. Tn
contrast to breast cancer screening, it has often been assumed that prostate cancer
screening could not be beneficial since screening with the serum-PSA test (and DRE)
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would lead to a substantal overdiagnosis and overtreatment. These assumptions were
largely based on observations that in autopsy and cystoprostatectomy studies the
mictroscopical prevalence of prostate cancer was between 30 and 50% of males in the age
group 50 to 70 years [57-59], i.e. substandally higher than the cumulative lifetime risk of
clinically diagnosed cancer. It has long been feared that screening for prostate cancer
would preferably identfy only these microscopical cases, and that most men with
prostate cancer were more likely to die of intercurrent illnesses instead of prostate cancer.
The detecdon of these harmless cancers within screening programs, therefore, was
expected to outweigh any potential benefit [60]. With respect to the (microscopical)
prevalence of the disease, however, more and more evidence is cutrently available that
striking analogies between the malignancies of the prostate and those of the breast are
present. The prevaslence of breast cancer (and ductal carcinoma in situ lesions) was
reported to be remarkably similar to those of prostate cancer in males, 1.e. 39% of women
aged 20 to 54 years on autopsy [61]. Almost half of these cases were detected as
microcalcifications on post-mortem mammography. Besides similar (microscopical)
prevalence rates, the medico-social impact of breast cancer may be quite similar to that of
prostate cancer. Whereas prostate cancer Is often described as a silent cancer that elderly
men die rather #ith (other ilnesses) than ¢f (metastatic disease), the reality is that prostate
cancer cannot be dented as a major public health burden. In fact, the incidence rates and
mortality rates of the disease, and to a lesser extent the mean age, and stage at diagnosis
may be very similar to those of breast cancer, which is not often the subject of similar
concerns, For instance, the incidence of breast cancer is an expected 10,000 for the year
2000 in the Netherlands, whereas approximately 3,700 women are expected to die from
the disease in this year [1]. Part of the discrepancy between the incidence of prostate
cancer and breast cancer can be explained by active community based screening for
breast cancer, while that of prostate cancer is still discouraged by the major health care
providers in the Netherlands, Besides a high incidence rate, both breast cancer and
prostate cancer are associated with a tremendous motbidity in advanced cases of disease,
a substantial concomitant loss of quality of life, and a considerable consumption of health
care related resources. Furthermore, for both prostate cancer and breast cancer, suitable
screening tests are presently available that are able to detect the disease in a pre-clinical
and potentially curable stage. Remarkably, the PSA blood test in prostate cancer
screening has a higher positive predictive value than mammography in breast cancer
screening. Moreover, the PSA blood test is observer independent in contrast to
mammography, which is subject to significant wvariability in interpretation. Most
importtantly, the screening tests in prostate cancer scréening are not so sensitive to detect
many of the microscopically prevalent (and clinically irrelevant) cases, which was 2 fear.
With ths respect, it is wortisome that a multiplicity of research efforts and health care
resources are still preferably directed towards breast cancer studies,
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Preliminary Outcome of Prostate Cancer Screening Trials

The availability of relatvely valid screening tests, and the potential success of curative
treatment options in patients with localized prostate cancer, some U.S. health authorities
have already advocated screening for prostate cancer a recommended health care policy
[47-50]. On the other hand, the U.S. Prevendve Services Task Force, the Canadian
Urclogical Association and most health authorities within the European Union
discourage prostate cancer screening, while the recommendatons of the American
College of Physicians, and the American Academy of Family Physicians are cutrently
under review [62-64].

Preliminary data from two institutions have suggested that prostate cancer screening
might indeed lead to a reduction of prostate cancer mortality. The randomized screening
study performed in Quebec, Canada, showed that PSA based screening for prostate
cancer resulted in a reduction of prostate cancer motality o up to 70% In screened
participants [65]. This study has been ctiticized for randomizing men before they agreed
to take part in the study. In fact, only 23% of the trial population were willing to
participate. As claimed by the critics, a potential resulting lack of statistical power should
not be solved by increasing the number of men subjected to screening with those who
underwent screening in the non-invited (control) group of the trial. Vice wersa, the
number of men unscreened should not be obtained by adding the number of men that
did not attend screening in the invited group to those who were not invited for screening
at the time of randomizadon [66]. Second, as there was a long lag between the time of
randomization and the time of first screening (i.e. on average 3 years), and taking into
account that only men without a diagnosis of prostate cancer could participate into the
trial, those who were unscreened at the time of analysis had been under a substandal
longer risk of prostate cancer mortality than those in the screened group [66]. Therefore,
the reported reduction of prostate cancer mortality could be the result of a
nonrandomized comparison, and the study might have been biased. More indirect
evidence for a possible beneficial effect of prostate cancer screening came from the
Urological department of Innsbruck, Austria, where in contrary to other parts of Austria,
the serum-PSA test had been made freely avallable to the population in 1993, and where
the acceptance of testing was high [67]. The investigators reporred 33% fewer prostate
cancer deaths than expected in the Innsbruck area between 1996 and 1999 in men aged
40 to 79 years. The authors concluded that the policy of making the PSA assay univetsally
available to the population (and at no cost) might have reduced the prostate cancer
moxtality rate in that population,

Despite the early (and potentially misleading} signs of success in previously performed
prostate cancer screening trials, the outcome of well-performed RCTs is still awaited. The
outcome of these RCTs evaluating the benefits (or disadvantages) of population-based
screening for prostate cancer will not be available before the end of the present decade.
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The European Randomized study of Screening for Prostate Cancer (ERSPC)

Prospective RCTs provide a means to avoid impottant biases and to obtain sufficient
statistical power to prove or disprove a final ptimary end-point. The European
randomized study of screening for prostate cancer {ERSPC) is a muld-institutional study
that investigates the impact of screening for prostate cancer on site-specific mortality and
quality of life. Originally, seven Furopean centers participated in ERSPC, Le. Antwerp,
Belgium; Tampere and Helsinki, Finland; Florence, Italy; Rotterdam, the Netherlands;
Lisbon, Portugal; Madrid, Spain, and Géteborg, Sweden. During the course of the study,
two centers from France and Switzerland were added to the list of patrticipants (e
Toulouse and Aarau, respectively). The final objective of ERSPC is to demonstrate 2
reduction of prostate cancer mortality of at least 20% (with a stadstical power of 90%) in
screened participants compared to non-screened participants in the control group. To
achieve this, more than 200,000 men are to be invited, and are to be randomized into a
screening and control group. The screening stady was approved by the institutional and
regional ethical and scientific committees. The ERSPC is closely associated with the
Prostate, Lung, Colon, and Ovary (PLCO) screening project of the U.S. National Cancer
Institute, and a combined analysis is planned.

After a series of pilot studies from 1991 to 1993, the final scteening study started in
1994. In the Netherlands, parricipants were recruited from the general populadon of the
city of Rotterdam and those of surrounding communities on the basis of the population
registry. All men in the age range 55 to 74 years were invited to participate, and those
who responded to a letter of invitation (participation rate 45%) were randomly assigned
ta a screening and conrrol arm at a distdbudon of T : 1. Men with prevalent prostate
cancer were excluded from randomization. Between June 1, 1994 and December 31,
1999, a total of 41,919 men were randomized, and those randomized to the screening
arm were offered the screening tests (see below). The Rotterdam sceening protoco] uses 2
screening interval of four years with intenconally the same algorithm as on prevalence
screen. Men within the control group received standard medical care. Prostate cancer
deaths were recorded by linkage to the database of the Comprehensive Cancer Registry,
the ‘integraal kankercentrum Rotterdam® IKR).

The Rotterdam Screening Regimen
In all screened participants, PSA testing, DRE and TRUS were applied as inidal
screening tests for prostate cancer, Blood sampling was done before rectal examination,
so that DRE and TRUS were performed without knowledge of the PSA wvalue.
Participants were informed about the PSA value and the findings on DRE and TRUS by
letter, and were notified about the procedure to be followed. From June 1994 to February
1997, the screening protoco! determined that screened pardcipants with a PSA equal o
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or above 4.0 ng/ml. (Hybritech Tandem E Assay) were to undergo transrectal sextan:
prostate biopsy. [n the low PSA ranges (0.0 — 3.9 ng/mL), men with a suspicious DRE
{nodularity, asymmetry, induradon) or TRUS (hypoechogeneity) finding were invited to
undergo prostate needle biopsy on second visit. In February 1996, during the course of
the study, the biopsy indication for men who presented with a PSA value below 4.0
ng/mL was changed, resulting in the omission of DRE and TRUS as a screening tool in
cases where the PSA value was below 1.0 ng/mL. This was dong because of the very low
positive predictive value of biopsies for cancer in participants with a PSA value below 1.0
ng/ml.. In February 1997, a second major change of protocol was implemented within
ERSPC, when the European study group decided to exclusively take a biopsy from men
with 2 PSA of 3.0 ng/mL or mote, without performing a DRE or TRUS as screening
tests at all. All biopsies were performed under ultrasound guidance using a2 7 MHz end-
fire ultrasound probe.

All participants diagnosed with prostate cancer on prostate needle biopsy were sent
back to their General Practitioner to be referred for treatment to the University Hospital
Rotterdam or to one of the regional hospitals. Surgery (retropubic radical prostatectomy),
external beam radiation therapy, and brachytherapy are currently used as potentally
curative treatment options for clinically localized prostate cancer. Watchful waiting is
generally considered an accepted (and applied) treatment option for selected groups of
patients with prostate cancer.

Summary II: Early Detection of Prostate Cancer
Screening for prostate cancer may improve the morbidity and mortality 2ssociated with
the disease, but this hypothesis is unproven. Prostate cancer screening may lead to a
substantial overdiagnosis and overtreatment, but the magnitude of these risks are
wncertain, The effect of prostate cancer screening on the quality of life of screened
participants, and on consumption of heath care related resources remain yet to be

elucidated. Therefore, prostate cancer screening remains a controversial issue at this time.
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TOWARDS IMPROVING THE QOUTCOME OF
PROSTATE CANCER PATIENTS

Which Prostate Cancers do we Wish to Detect in Screening Programs?

As already stated previously, the aggregate morbidity and mortality attributed to
prostate cancer are certainly sufficlent to justify a search for effective and efficient
strategies for the eatly detection of the disease. But what factors determine whether a
screening program leads to a net beneficial outcome in the screened population? And,
meore specifically: Which prostate cancers do we wish to detect in screening programs to
reduce the mortality of the disease, and conversely, which cancers do we wish to be left
untreated?

Tt is well known that screen-detected cancers are basically different from those that are
diagnosed clinically, i.e. those that are found in patients with signs and symptoms of
ptostate cancer. From numerous studies it was reported that screen-detected prostate
cancers differ substantially from clinically diagnosed cases in their clinical, biochemical
and tumor features [6,7,15,52,53,68-74]. Although the clinical course of disease in
clinically diagnosed cases is not completely comprehended in all cases with respect to
their risk of progression and metastases, the expected biological behavior of screen-
detected prostate cancers is even less understood. In general, the severity of prostate
cancer ranges from non-fatal, asymptomatic, slow-growing tumors that do not require
treatment, to fast-growing, agetessive, and quickly metastasizing tumors that definitely are
responsible for moxstality. As screening tests are capable of detecting prostate cancers
catly in their biological development, screening efforts will shift the whole of detected
cancers rowatds the slow-growing, non-progressive extrerne of the spectrum of biological
aggressiveness. Basically, screen-detected prostate cancers can be divided into (at least)
three different prognostic subgroups based on the expected clinical course of disease.
First, thete are the screen-detected cancers that would never lead to any clinical signs and
symptoms, nor to any mortality in the absence of screening. These cancers have
previously been referred to as Jatent’, ‘indolent’, ‘incidental’, ‘microscopic’, ot ‘silent’. It is
clear that these cancers are not the main objective in prostate cancer screening as the
detection of these cases will only lead to unnecessary diagnostic procedures and
treatment with their associated morbidities. Second, there are the screen-detected cancers
that are already advanced at the tme of diagnosis, and cause their hosts to die of the
discase despite the implementation of screening. In these cases, it is unlikely that eatly
detection will improve their outcome, though it cannot be excluded that some cases with
advanced disease might indeed benefit (survive longet) from the early application of
hormenal ablation therapy. Third, there are the cancers that have not yet led to any
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clinical signs and symptoms, not to any mortality, but are prone to do so if these were
not detected by screening efforts. The major objective in screening trials is to detect these
futute clinically advanced ot metastatic cancers, which at the time of screen-diagnosis are
still confined to the prostate and amenable to curative therapy. A reducton in prostate
cancer mortality is most likely achieved by the derection of these intermediately
aggressive cancers. Previously, detection of these cancers was referred to as the ‘window
of opportunity’ in sereening for prostate cancex [75,76].

Recognizing that prostate cancer in most cases is a slow-growing disease, it is evident
that a 70-year old male with painful metastatic prostate cancer once was a 60-year old
man with clinically organ-confined disease, and that his disease burden and his potential
tisk of mortality might be prevented if the disease was diagnosed and treated earlier. This
concept of detecdon of disease by screening is illustrated in FIGURE 1.3.

Moetastatic disease
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FIGURE 1.3

Schematic diagram illustrating the expected natural course of disease in two cases with prosmte
cancet. At tme ‘S’ the cancers are assumed detected by screening efferts, whereas at time “C the
cancers ate assumed to appear clinically. The time between ‘87 en ‘C’ is considered the lead time.
At time ‘S’ case 1 and 2 have similar tamor features. At time ‘C’ case 2 has advanced disease and
is prone to die of the disease, while case 1 will still have locally confined disease with a long
protracted coutse. The outcome of case 1 depends on his remaining life expectancy and his risk
of competing mortality
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An often used classification of screen-detected cancers is the one that divides them into
clinically significant and clinically insignificant disease. By this definition, clinically
insignificant cancers are those that cause no symptoms and will never do so in the rest of
a man’s lifetime, (FIGURE 1.3, represented by black line), whereas clinically significant
cancers are those that have already caused symptoms, or are expected to do so in the
future (FIGURE 1.3, represented by grey line). Besides including men that are likely to
benefit from screening efforts with respect to the prevention of future morbidity and
mortality, this definition of clinically significant disease also includes men that are prone
to die of their disease. The distinction into clinically significant and clinically insignificant
disease is based on the assumption that men with clinically significant disease need some
sort of treatment, while those with clinically insignificant disease should be refrained
from any interventions, and preferably, even their detection. Detection of clinically
insignificant cancers in screening programs is referred to as overdiagnosis, whereas the
treatment of these cases is considered overtreatment. It is obvious that the features (ie.
grade and extent} of the cancers detected and more specifically, the umor doubling times
and growth rates of the cancers, determine whether a cancer will ever appear clinically.
From FIGURE 1.3 it can be demonstrated that as the curve of a cancer becomes steeper
{Le. the tumor doubling time increases), the different stages (confined, locally advanced,
metastatic} of the disease are passed mote quickly. An imporsant determinant in the
definition of what actually constitutes clinically insignificant disease is the patient’s life
expectancy at the time of diagnosis. As prostate cancer is a slow-growing disease in most
cases, the tumor needs time to appear clinically and cause morbidity and mortality. The
expected life expectancy of a man can be extracted from lifetables and depends on the
age at screen-diagnosis and the risk of death from other causes [77]. It may be expected
that a 64-year old man with no comorbidities who has clinically confined prostate cancer
detected in a screening program has a substantial risk of future metastatic prostate cancer
and death, whereas a 74-year old man in similar conditions has a much lower tisk, On the
other hand, the likelihood that a 64-year old, sevetely cardiac compromised man will ever
suffer from this prostate cancer is low. An appropriate management of the disease thus
requires a scrutinized assessment of a patient’s risk: How likely is a given man’s screen-
detected cancer to progress or metastasize over his retnaining lifespan? With this in mind
it is worth mentioning that curative therapy such as radical prostatectomy or radiothecapy
is only assumed to be effective in men with a life expectancy of 10 years or more. Again,
it must be emphasized that the remaining life expectancy at screen-detection is as much a

determinant of outcome of screening as are grade, volume and estent of the disease [38].
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How Can We Predict the Biological Behavior of Prostate Cancer?

To assess the usefulness of early cancer detection programs, and to define which
cancers may appest clinically in the future in the absence of screening, it is necessaty to
examine in detail the characteristics of screen-detected prostate cancers, From FIGURE
1.3 it can be demonstrated that, with respect to patient and tumor characteristics, the
differences between the cancers that are prone to present themselves clinically in the
future and those that remain silent in the rest of a man’s lifetime are only subtle. At
ptesent, it is not yet possible to determine with any degree of certainty, which locally
confined cancers at screen-detection will progress, and which cancers will remain
confined to the prostate. It may be expected that some of the biclogical potential for
progression and metastases is already present at the time of screening, and that an
examination of the histopathological tumor characteristics as well as of the molecular and
genedc constitution of the tumor may identify those at risk for progression and
metastases. Some evidence for the observaton that a substantal proportion of screen-
detected cancers may have an unfavorable prognostic constitution comes from the
finding that only about one-half to two-thirds of screen-detected cancers prove organ-
confined at the time of surgery [78,79]. Also, adverse prognostic genetic events have been
reported in premalignant lesions of the prostate and even in the tiniest screen-detected
prostate cancers [80,81]. Thus, 2 thorough examination of prognostic factors, both those
that are well-established and those that under investigation, may eventually help to
distinguish clinically significant from clinically insignificant disease in prostate cancer
screening.

A poteatial caveat in the examination of histologic, genetic and moleculat
characteristics of screen-detected prostate cancers is the understanding that screen-
detected tumors might not have undergone all the events necessary to produce a life-
threztening disease [82]. In other words, not all of the adverse prognostic indicators are
present at the time of screen-detection. So, it is likely that, besides time, these prostate
cancers require additional malignant events to produce clinically aggressive tumors. It is
obvious that this assumption will hamper an adeguate distinction between clinically
significant and clinically insignificant disease at the time of screening. Moreover, we do
not yet know all the molecular and genetic events thet are necessary to allow a cancer to
progress or to metastasize. It is thus possible that some screen-detected cancers already
have metastasized at the time of screen-detection, and did not have treatment that was
adapted to their stage of disease. What is needed is markers of progression and markers
of metastatic ability that can be used to discriminate those at risk for (or already have)
metastases and require treatment from those that have a neglectable fisk of progression
and metastases and do not need treatment.
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Risk Factors and Prognostic Factors

A prognostic factor may be defined as a marker of disease that increases the accuracy in
predicting the outcome (prognosis) of the disease, and generally, should be distinguished
from a tisk factor that may be defined as a marker that increases the likelihood of a
diagnosis of disease [83]. Some risk factors also have prognostic value, and vice versa.
The only known risk factors for prostate cancer are (increased) age, (black) race, and a
family history of prostate cancer. Other variables have only inconsistently been associated
with a higher incidence of disease, such as weight, cigarette smoking, zlcohol
consumption, sexual activity, vasectomy, and the intake of animal fats. The most
important risk factor currently known is the serum-PSA level, as are some of its
derivatives (such as PSA-velocity, PSA-density, free-to-toral PSA, complexed-to-total
PSA). Prognostc factors are to a mote ox lesser degree capable in predicting the extent of
disease, the likelihood of recurtence after treatment, and/or the rsk of death from the
disease. Several clinical (e.g. age, clinical tumor stage, radiographic images) and
biochemical {e.g. serum-PSA level, alkalic phosphatase, kidney functon) features are
known to hold prognostic information in patents with clinically diagnosed or screen-
detected prostate cancer. In screening for prostate cancer, however, the prognostic
impact of clinical and biochemical parameters is limited. Adverse prognostic findings
such as clinically advanced stage (Le. ¢T3 or ¢T4), positive bone scintigrams, and PSA-
levels equal to or higher than 50.0 ng/mL are relatively uncommon in prostate cancer
screening programs. As a matter of fact, most screen-detected cases with prostate cancer
have disease that remains clinically confined to the prostate, no abnormalities on bone
scindgraphy, and a PSA level between 3.0 and 10.0 ng/ml. The prognostic factors that
have proven to be of most predictive value as indicators of outcome (i.e. the extent of
disease, recurtence rates, cancer-specific death) are those that are determined by the

pathologist,

Pathological Prognostic Factors

The prognostic arsenal of the pathologist consists of markers that are currently well
supported and useful in clinical padent management {i.e. category 1 prognostic factors),
factors of which the prognostic value is promising though remains to be validated in
weli-powered studies (i.e. category Il prognostc factors), and factors of which the
prognostic importance remains to be established (category I prognostic factors) [84].
The first category of prognostic factors relates to the determination of the extent of the
disease, the determination of the histopathological grade of tumor differendation, and the
determination of the surgical margin status. All three are easily and cost-effectively
assessable at histopachological examination of routinely processed tssue specimens. PSA
Is a clear prognostic factor in this category I as well, but falls behind the scope of this
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thesis (i.e. pathological prognostic features). Still worth mentioning is that the sexrum PSA
level is strongly associated with pathological tumor stage, tumor grade, and tmor volume
[85,80]. The second category of prognostdc factors mainly concerns tumor volume (2s
determined on the prostatic needle biopsv and the radical prostatectomy specimen). The
third category of prognostic factors relates to a large number of factors with unclear
prognostic impact or those under investigadon for their prognostic value. The reporting
of perineural invasion and microvessel density are examples of these category I1I factors,
whereas the determination of the expression level of tssue markers and the assessment
of genetic and molecular changes fall into this category as well.

Pathological prognostic factors may be determined on the prostatic needle biopsy and
in the radical prostatectomy specimen. As the biopsy cores only sample the prostate
gland, they may not always be fully representative for the endre gland. Consequently,
progrnostic factors determined on the biopsy specimen may not always reflect those
within the cancer in the prostate, and needle biopsies are known to suffer from serious
‘sapling error’. This is particularly true for tamor volume, and the histological grade of
wmor differentiation [87-91]. Moreover, different study groups reported that a favorable
outcome on the biopsy does not imply by any means that a cancer with favorable
prognostc tumor features is to be expected. [87,92-97]. In other words, it 15 not yet
possible to distinguish clinically insignificant disease from clinically significant disease on
basis of biopy tumor features alone.

Lsctent of Disease

Historically, staging is used as the prominent prognostic factor in solid malignancies
such as prostate cancer. Basically, the stage of disease determines the anatomical extent of
disease, and does not in itself measure the biological aggressiveness of disease. The
TNM-staging (T = primary tamor status, N = lymph node status, M = distant status)
system is most often used and is now an established stratification means [98]. The clinical
stage (cT) is based on the results of DRE and the serum-PSA level, supplemented in
selected cases by bone scintigraphy and other imaging studies, whereas the pathological
stage (pT) is based on the microscopical evaluation of the radical prostatectomy specimen
(98,99]. As 2 substantial proportion of cases is misclassified by clinical staging [78,88,99],
pathological staging predicts disease recurrence and padent outcome much more
accurately than cT. Prostate cancers detected by PSA-based screening are more often
organ-confined (pT2a-b; pTNM'97) than those in historical controls or those detected
clinically [7,15,53,68,69,100,101]. In fact, up to 80% of surgically treated patients will
have organ-confined disease at the time of screen-detection [7,15,53,68,69,101].
Conversely, tumors that show extaprostatic extension {pT3a) and particularly those that
invade adjacent osgans such as the seminal vesicles (pT3hb) and bladder neck (pT4a) are
seen less frequently in prostate cancer screening trials [7,53,68,101,102]. Mostly , tumors
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that transgress the boundasies of the prostate are large, poorly differentiated, and have an
adverse prognostic outcome. As most of these tumors are already beyond the reach of
cure at the dme of screen-detection, early detection programs do not particularly aim at
the detection of these advanced cancers. Rather, screening efforts are directed at the
detection of cancers that are still organ-confined at the time of screening, though have
additional adverse prognostic signs. On the other hand, recent reports have suggested
that p'T'3a tumors may still be cured by radical prostatectomy when the amount (volume)
of tumor outside the border of the prostate is only low or when poorly differentiated
tumors were excluded [103]. A distinction between focal and established extraprostatic

extension, therefore, has been proposed [100].

Histologival Grade of Disease

Histological grade is an indeniable prognostic factor in prostate cancer. Several grading
systemns have been proposed for prostate cancer, and presently, the Gleason grading
system has found most widespread acceptance in clinical practice. The Gleasona system
has proven prognostic value in nearly all studies that in any wayv reported on prostate
cancer outcome. In this grading system, five different growth patterns of prostate cancer
are distinguished based on the degree of glandular differentiation, and the architectural
arrangement of the tumor as it relates to the prostatic stroma [89,104]. The Gleason
growth patterns range from well differentiated (Gleason grade 1) to poorly differentiated
(Gleason grade 5) cancer. The system takes into account the tumot heterogeneity by
adding the primary (dominant) growth pattern and the secondary (non-dominant) growth
pattern into a Gleason sum or score. When no secondary growth pattern is present or
constitutes less than 5% of the total tumor load, the primary growth patterns is simply
doubled. Thus, the Gleason score has nine digits and ranges from 2 to 10. Based on
similarities in predictive capacity and for statistical analyses, the Gleason score is often
compressed into 2 — 4,5 — 6, 7 and 8 — 10, or simply 2 — 6, 7, § — 10. In screening
studies, biopsy Gleason scores of 6 or 7 are most common with approximately 50% and
35% of screen-detected cases, respectively [52,58,69,70,72]. Cases with an excellent
outcome (Gleason 2 — 4) or a definite poor outcome (Gleason 8§ — 10) are seen only
infrequently. It its assumed that cases with high grade components (i.e. Gleason grade 4
and 3} in the tumor {(biopsy or radical prostatectomy specimen) are particularly prone to
appear clinically later on in the lifes of their hosts.

Sargical Margin Status
Sutgical margins may be determined after radical prostatectomy only and obviously, do
not exist before surgery. Positive surgical margins may result from cancer extending

outside the prostate to the matgins of resection or from inadvertent surgical incision into

40



Prostate Cancer as a Health Burden

the prostate itself [105]. So, due to the finding that part of the etiology of positive surgical
margins is explained by human factors, the prediction of the surgical margin status befotre
surgery seems pointless. Its (independent) prognostic impact is based on the assumption
that tumor is residual in the body after removal of the target organ. Though, a positive
surgical margin in a prostate cancer does not inexplicably imply that the tumor will also
recur. It is described that one third of patients with a positive surgical margin does not
have a recurrence of disease at a substantial follow-up as determined by PSA relapse after
nadir [102,106-108]. The occurrence of positive surgical margins is increased in cancers
with larger tumor volumes and in those with a higher stage of disease [102,108].

Tumor Voluwmre

Tumor volume is a category IT prognostic factor, which implies that its prognostic
value needs further validation. Historically, tumor volume has often been shown to be of
predictive value at univariate analysis, though jost its predictive capacity when associated
with other conventional prognostc factors such as grade at multivariate analyses. This
lack of an independent predictive value of the tumor volume was propably caused by the
methodology of tumor volume measurement. First, eatlier studies caleulated the tumor
volume by means of an estimadon of the gross clinical appearance on subtotally
submitted prostates or by calculating the percent of prostate involved with tumor [109].
As prosmate cancer often has an irregular growth pattern and is multifocal in
approximately 50% of cases [110], these studies are potentially flawed [111]. The current
consensus is that the tumor volume should be determined by morphometric analysis of
fully submitted prostates [111]. Second, some study groups included the volume of the
transition zone cancers into that of the total cancer volume. Transidon zone cancers are
often large at presentation, though of low grade (Gleason scores 2-4) mostly [111]. So,
despite the fact that these transition zone cancers often cause symptoms early due to
their latge size, they are unlikely to change overall outcome. Tumors detected within
screening programs are generally smaller that those detected clinically or those in
histotical coatrols [53,73,74]. Currently, more and more evidence (and consensus) is
available for the assumption that the volume of the peripheral zone cancer is of
prognostic value, and adds in making a proper estimate of disease outcome. [n this,
cancess with a tumor volume less than 0.5 mlL are thought to represent a general
indicator of clinically insignificant disease [101,112]. Furthermore, it is considered that
not the tumot volume or the grade of the tumor itself determine the clinical course best,
but rather the constituent of the two, i.e. the volume of pootly differentiated cancer (i.e.
the volume of Gleason grade 4 and 5 cancer) [113,114]. One of the determinants that
refrains one to consider the tumor volume a ‘category I” prognostic factor is the lack of a
vniform {and relatively laborious) method of measurement and reporting [84].
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The volume of a cancer may be estimated on the needle biopsy by calculadng the
number of cores with cancer, the biopsy tumor involvement, and the total length of
tumor on the cores. Although there is a correlation between the tumor volume as
determined on the necedle biopsy and the mumor volume in the radical prostatectomy
specimen {L.e. the golden standard), sampling error may create substantial outliners and
for now, makes an individual estimate of the actual tumor volume hardly possible.

Tissue and Tomor Markers

Several proteins expressed in the cell nucleus, the cell cytoplasm, or the cell membrane
are detectable by immunohistochemical staining methods, and are known to have an
altered expression in malignandy transformed cells. It is assumed that the altered
expression level of tissue markers in cancers (whether higher or lower) may help to
predict the tumor behavior in conjunction with conventional prognosticators as grade
and stage. Moreover, it is possible that tissue markers may identify those cases that have
an eagerly aggressive course of disease, or conversely may have a relatively benign course
of disease, within the group of cancers that otherwise would have similar outcomes if
assessed by stage and grade alone. It is evident that the use of these tissue markers must
add to the accuracy of prognostic prediction since it is found that new prognostic factors
are often strongly interrelated with conventional prognosticators. All kind of tssue
markers such as TP53, MIB-1 (Ki-67), Bcl-2, p275p!, plGinkts CD44s, and E-cadherin
have been studied extensively in laboravory settings in prostate cancer, but none so far
has found its place in clinical routine. The widespread application of tissue matkers in
clinical practice faces problems related to proper tssue handling, standardization of
methodology, quality assurance, and low reproducibility {84,115]. Moteover, different
study groups show discrepant and contradicrory results with respect to outcome that
discourage the routine clinical use of these markers. Scrutinized research is necessary to
overcome these problems and to assess which of these tissue markers tight indeed have
the potential to discriminate between future aggressive and non-aggressive disease.

Other and Future Prognostic Markers

There is an increasing interest in the use of new determinants of cancer outcome to
assist clinical decision meking. It is likely that molecular cytogenetic analyses studying
genetic changes such as deletions, losses, amplifications or gains of specific chromosomal
regions may enable use to establish more accurate methods of prognosticaton. All kind
of new diagnostic techniques are currently being tested in laboratory serting. Results from
new molecular biological techniques such as loss of heterozygosity (LOH) and
microsatellite analyses, fluorescent i sitw hybridization (FISH) analyses, and comparative
genomic hybridization (CGH} analyses appear with increasing frequency in the medical
literature and many show considerable promise. A probable future sutplus value of
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studies examining cellular and genetic processes may be the early identification of cases
that have already metastasized or are at great risk of progression. At this time, however,
most factors are still in an experimental phase and require clinical validation. As for
tumor markers, most of the investigational prognostic factors lack standardization of
methodology, quality control, and reproducibility. Some of the reported conflicting
results on these investigational prognostic factors may in part be explained by this
absence in consensus.

Combining Prognostic Factors

As was stated previously, the clinical course of screen-detected prostate cancer cannot
be adequately predicted on an individual basis by the assessment of only one (or two)
prognostic variables. This is mamly due to a large heterogeneity among prostate cancets,
even if they are of similar grade or stage, and screen-detected. Probably, combining
different independent prognostc factors into a so-called ‘prognostic index’ will enhance
the actual predictive capacity compared to that of individual prognostic factors [116]. It is
likely that, in addition to powerful prognosticators as grade and stage, the application of
furure prognostic parameters will provide for a more accurate outcome estimate in
individual patents and thus to more reliable treatment guides. The use of nomograms
that combine different prognosdc factors for the determination of a specific outcome
parameters might be of help for an adequate individual assessment of the extent of
disease or the rsk of progression and metastases. For instance, the nomograms
developed by Partin and colleagues combining serum-PSA, clinical tumor stage and
biopsy Gleason score are cusrently being used by some to predict the pathological stage
of disease and thus, to more accurately determine the appropriate treatment (or the
absence of treatment). [68,117]. Similar nomograms have been developed to predict the
tsk of positive lymph node involvement {118] and the likelihood of recurrence of disease
after initial curative treatment [119]. In both settings, the incorporation of new promising
variables may increase the predictve capacity [120]. At last, artficial neural network
analysis (ANN) and computer and regression trees (CART) analysis are being investigated
regarding their use in the prediction of prostate cancer cutcome measures.

Summary III: Prostate Cancers to be Detected
Prostate cancers detected in screening programs are often organ-confined, of
intermediate histologica! grade of tumor differentiadon, and of low tumor volume. With
respect to these prognostically favorable tumor features, carly detection programs may
indeed detect prostate cancer in its curable phase more often. Therefore, PSA based
screening for prostate cancer has the potential w0 decrease the rate of disseminated

disease and to decrease prostate cancer mortality, As of yet, however, we are not able to
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distinguish clinically significant from clinically insignificant disease at the time of
screening. An even more scrutinized histopathological examination of the prostate
cancers detected in screening programs, combined with a continued search for
prognostically independent, relevant and applicable tissue markers and molecular and
genetic techniques, must eventually help to identify those cases that are particularly prone
to present themselves clinically and cause disease-specific mortality if not screen-detected.

Again, it must be emphasized that the age of a screened man, and the number and
severity of his comorhidities, are as much predictors of outcome as the characteristics of
the tumor. The constellaton of tumor characterisdcs, whether those well-established or
under investigation, should always be related to the remaining life expectancy of a
screened individual. Although there is no absolute tumor size, pathological umor stage
o histological grade associated with clinical complaints or the occurrence of metastatic
disease, the chance of prostate cancer related morbidity and mortality increases steadily
with increasing tumor volume, tumor stage and histopathological grade of tumor
differentiation, and declines with an decreased patient’s life expectancy.
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Chapter 2

SUMMARY

BACKGROUND. Subdividing cancers according to the natural course of discase, both ar
the time of diagnosis and after radical prostatectomy, may influence management
decisions of patients with prostate cancer. We Investgated whether categorization of
prostate cancers into different prognostic subgroups is feasible.

METHODS. In 218 screened participants of a randomized study, conventional post-
operative tumor features were assessed for their accuracy in predicting PSA-relapse after
radical prostatectomy using Cox regression analysis. Independent prognostic tumor
features were combined to identify subsets of cancers with similar biological potential. A
cancer was defined that may be curable after its detection by screening tests, though i3
destined to progress to clinically manifest disease and cancer-related mortality in absence
of screening.

RESULTS. After a median follow-up of 33.0 months, pathological tumor stage (p = 0.03),
tumor volume (p = 0.04), and surgical margin status (p = 0.01) each independently
predicted PSA-relapse after surgery. The propordon of pootly-differentiated cancer
proved highly superior to Gleason score and most strongly predicted PSA-relapse after
radical prostatectomy (p < 0.0001), Based on combined independent prognostic tumor
features, a tumor classification model powerfully predicted PSA-relapse.

CONCLUSIONS. Based on tumor characteristics, possibly harmless, and conversely,
possibly non-curable disease, may be distinguished from cancers that are likely to show
clinical progression in the absence of screening and treatment. Prediction of these

subclasses prior to treatment may eventually lead to proper patient management.
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INTRODUCTION

In the last decade, extensive efforts have been undertaken in large tandomized and
case-finding screening trials, for the early detection of prostate cancer. In these trials,
serum prostate-specific antigen (PSA), digital rectal examinadon (DRE) and transrectal
ultrasound (TRUS) are used as indicators for the presence of prostate cancer. When
screening tests for prostate cancer are applied to the general population, it 1s anticipated
that a considerable proportion of screen-detected cancers may be detected and treated
unnecessarily, since the cancers have seemingly innocuous tumor characteristics. In the
absence of treatment, these cancers might not have caused clinical symptoms in their
host ever. Conversely, it is likely that some men are treated with erroneous curative
Intent, since the treated tumors have features associated with poor prognosis. The high
recurrence rates of these cancers after curative therapy indicate that these particular cases
might bettet be treated with (neo-adjuvant) androgen deprivation therapy. To optimize
screening-efforts and to improve patient management, it may be necessary to define a
type of cancer that, if not treated, may be responsible for prostate cancer mogtality, while
after its early detection by screening tests, may stll be curable by current treatment
options. The detection and treatment of patients wich this type of cancer have earlier
been defined the ‘window of opportunity’ in screening studies [1,2].

In the current study we 1nvestigated 218 men that underwent radical prostatectomy at
the University Hospital Rotterdam. All men were participants from the screening arm of
2 randomized screening study for prostate cancer. It is plausible that the biological
potentdal of prostate cancer is best reflected in the radical prostatectomy specimen, since
the tumor in its totality is studied [3-5]. Conventional post-operative tumor features
determined in the radical prostatectomy specimen were analyzed for their accuracy in
predicting PSA-relapse, as an intermediate endpoint after surgery. Independent
prognostic tumor features were combined to identfy subsets of cancers with similar
biological potendal. By consideting tumor characteristics only, an attempt was made to
distinguish possibly harmless cancers from those that are assumed to be in the ‘window
of oppormnity’. Moreover, an effort was made to define the characteristics of cancers
that might be tesponsible for progression and prostate cancer mortality even after
thetapy. A tumor classification model that is based on tumor characteristics only will be
especially amenable for predicdve analysis before treatment. By including treatment-
induced variables (e.g. surgical margins) into the model, the sisk of disease recurrence
after radical prostatectomy may be determined as well.
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MATERIALS AND METHODS

Patients

Between June 1994 and December 1998, a total of 34,930 participants, aged 55 to 74
years, were randomized to a screening and control arm within the Rotterdam section of
the Buropean Randomized Study of Screening for Prostate Cancer (ERSPC). No
participant had a previous diagnosis of prostate cancer. Written informed consent was
obtained from every participant prior to randomization and the study was approved by
the local medical ethics committee. Up untl Pebruary 1997 the screening protocol
determined that screened participants with a serum PSA-level equal to or above 4.0
ng/mL (Hybtitech Tandem E; Hybritech Inc., San Diego, CA) and/or a suspicious DRE
and/or TRUS-finding at low PSA-values (0.0 — 3.9 ng/mL) were to undergo prostate
biopsy, Additional biopsies were directed at ultrasound detectable (hypo-echogenic)
lesions when present. In February 1997, a major change of protocol was implemented
within ERSPC, when the study group decided to exclusively take 2 biopsy from men with
a PSA of 3.0 ng/mL or more, without performing 2 DRE or TRUS as screening tests at
all. Sexrant transrectal biopsy was performed using a Bard (C.R. Batd, Convington, GA)
spring-loaded biopsy gun and an 18-gauge biopsy needle. Ultrasound-guidance was
performed using a 7 MHz end-fire ultrasound probe. Until December 315t 1998, 17,424
men were randomized to the screening arm of ERSPC, and 777 participants were
diagnosed with prostate cancer after histopathological examinadon of the ultrasound-
guided sextant biopsy. All prostate cancetr patients were sent back to their General
Practtioner to be referred for treatment to one of the regional haspitals. The choice of
treatment (l.e. radical prostatectomy, radiotherapy, androgen deprivation therapy or
watchful waiting) was determined on basis of the biopsy tumor features, patient’s age, his
comorbidities and his preferences, as well as on the preferences of his treating Urologist.
A total of 219 consecutive patients within the screening arm of ERSPC underwent
bilateral pelvic lymph-node dissection and subsequent radical prostastectomy for prostate
cancer at the University Hospital Rotterdam. No patient received (hormonal) treatment
prior to operation.

For all but one case, follow-up data were available, leaving 218 patients included in the
study. Patients were followed at intervals of 3 months for the first year after radical
prostatectomy, semiannually for the second year, and veatly thereafter for evidence of
PSA-relapse. Time to biochemical progression was defined as the tme from radical
prostatectomy to the time of first recurrence of serum PSA (le. = 0.1 ng/ml)}, and untl
last follow-up, if the patient did not experience PSA-relapse. Two sequential elevated
PSA-levels were required to confirm PSA-progression. No patient received adjuvant
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hormonal or radiation therapy, until eventual PSA-relapse occurted. Two padents died

within one year after radical prostatectomy without evidence of recurrent prostate cancer.

Pathological Tissue Examination

All radical prostatectomy specimens were fixed, totally embedded, and processed
according to well-established protocols [6,7]. For each case, a Gleason score was
determined, and the tumor was staged according to the TNM "97 classification by a single
pathologist (ThvdK)}. Considering the proportion of high-grade cancer {Gleason growth
pattern 4/5) five categories were distnguished: 0, no high grade; 1, < 5% high grade; I,
5-24% high grade; III, 25-49% high grade; 1V, 2 50% high grade cancer. Presence of
rumor cells at the inked margin of resection was considered a positive surgical margin. All
mamor areas were traced and outlined on the slides, and subsequent morphometric
analysis was performed to determine the mmor volume as described in defail by
Hoedemaeker et al. {5]. Cancers were classified based on combined conventional tumor
characteristics into minimal, moderate, and advanced disease, according to the arbitrary

models proposed by Epstein et al. [3] and Hoedemaeker et al. [4].

Statistical Analysis

Statistical analysis was performed using the statistical package for the social sciences
(SPSS 9.0; SPSS Inc., Chicage, IL). Cox proportional regression analysis was used to
assess the relationship between the {combined) post-operative variables and PSA-relapse
after radical prostatectomy. The Gleason score, pathological tumor stage, the propottion
of high grade cancer, tumor volume, and surgical margins were categorized according to
TABLE 2.1. Kaplan-Meier curves were constructed to show the probability of remaining
free of PSA-relapse as a funcdon of time after radical prostatectomy. The Logrank test
was used to assess differences between baseline vatiables and biochemical progression.
The assumption that no predictive value (HO) existed for the varable evaluated was
rejected if p < 0.05. To identify independent prognostic factors, backward stepwise Cox
regression analysis was performed by removing variables from the model that were not
statistically significant at the univariate level, while controling for other variables.
Forward stepwise elimination was performed to verify that the same parameters remained
of prognostic significance in the final models. We then combined independent prognostic
tumor features in an attempt to improve the predictive capacity for PSA-progression
after radical prostatectomy.
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RESULTS

Patient Characteristics

For the cohort of 218 included patients, the median follow-up for PSA-relapse was
33.0 months (range, 5 - 63), the mean age was 64 years (SD I 4.8), and the median PSA-
level at the dme of biopsy was 5.3 ng/mL {fange, 0.8 - 29.5). No patient had positive
lymph-nodes on fresh-frozen tissue examination intra-operatively, while just one patient
experienced metastatic lymph-node disease afrer the evaluation of paraffin-slides (i.e.
pTa6pN1). The median twmor volume was 0.68 mL (range, 0.002 - 13.48). PSA-relapse
occurred in 24 padents (11.0%) after a median follow-up of 12.5 months (range, 1 - 41)
after radical prostatecromy.

Cenventional Prognostic Tumor Features and PSA-relapse (TABLE 2.1)

Gleason score significantly predicted PSA-relapse after radical prostatectomy. Of the
13 progressing cases with Gleason score 7, 9 had a dominant Gleason growth pattern 4.
No statistically significant difference was found for PSA-relapse between different
subsets of tumors with a low proportion of high grade cancer (0 - 49% high grade). Cases
with tumors containing = 50% high grade cancer, i.e. Gleason score 7 (4 + 3) or Gleason
scores 8 - 10, progressed more frequently than cases with tumors containing less than
50% high grade cancer. The association of the proportion of high grade cancer and PSA-
relapse free survival is depicted in FIGURE 2.1A. The pathological tumor stage
significantly predicted PSA-relapse after radical prostatectomy (F1G. 2.1B). No statistically
significant difference (p = 0.108) was found between organ-confined disease (pT2) and
tumors penetrating the prostatic capsule (pTs,), indicating that statistical significance was
gained only for tumors invading the seminal vesicles (pTs) and/or bladder neck (pT4).
Most recurrences were observed in the group of patients with a tumor volume of equal to
or more than 1.0 mL (FI1G. 2.1C). Of the 79 patients with a mmor volume less than 0.5
mL none eventaally progressed. Positive margins were identified in 56 patients (25.7%),
and significantly predicted PSA-relapse. Of 26 cases with capsular penetration (pThsa), and
that were specimen-confined after surgery, 2 (7.7%) experienced PSA-relapse. Both
progressing cases had a mumor volume 2 1.0 mL and 2 50% high grade cancer. Of 17
cases in which the tumor penetrated the prostatic capsule, of the ones that were not
specimen-confined afrer surgery, 4 (23.5%) experienced PSA-relapse. Of these 4 cases, all
had a tumor volume 2 1.0 mL, and 3 had = 50% high grade cancer.
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TABLE 2.1

Distribution of post-operative tumot features of screened participants of ERSPC, secdon
Rotterdam (n = 218). Univariate and multivariate analysis by Cox regression analysis of variables
in association with PSA-relapse after radical prostatectomy.

T s - Univasiate analysis - o Multivariate arialysi's '
_.__'V_ar'iﬂblé S Namber - :':Nilrh'be"r el il )
S ofrotal Y Crelapse g2 povalue® Hazard 0 CI Y pevalie
eyl (s S dration :
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CTumot stage |
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P T e 4319 6{(140) 3153 <0.001 2.60 1.08-6.25 0.03
Pl o 19BT) 10526
‘Gleason score -
w26 e 12055.0) 0 6 (5.0)
e 7 o 024422y 13(140) 1911 < 0.001 - - ns
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coAdvanced o 51 (23.4) 16 (31.4)

* Logrank test (for trend)

Cl1 95% Confidence intervals

ns not significant

t According to Hoedemaeker et al [5]
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On multivariate analysis tumor volume, pathological tumor stage, the proportion of
high-grade cancer, and surgical margin status independently predicted treatment failure
after radical prostatectomy, with the proportion of high-grade cancer being the strongest
predictot of PSA-relapse (TABLE 2.1),

Tumor Categorization Model and PSA-relapse (TABLE 2.2)

A previously constructed tumor categotization model that combined pathological
tumor stage, tumor volume, and Gleason score, significantly predicted PSA-relapse after
radical prostatectomy on a prospective basis (TABLE 2.7,

By the incorporation of independent prognostic tumor features identified in the present
study a modified model was established, that strongly improved the predictive capacity
for PSA-relapse (¥ = 51.27; p < 0.0001, FIG. 2.1D). Since this tumor dassificaton was
based on tumor charscteristics only, it is amenable to predictive analyses before tteatment
and is considered the ‘intention-to-treat” approach. The ‘treatment-received’ approach
also consideres surgical-margin status and lymph-node status, By assessing treatment-
induced variables also, the temor categorization model was capable of predicting disease
recurrence after radical prostatectomy on an individual basis. During the follow-up
period, only cases with advanced disease, ic. seven with pTs, three with pTa, seven
(three pT2 and four pTs,) patents with 2 tumor volume 2 1.0 mL and = 50% of poorly-
differentiated cancer, as well as seven patients with moderate disease and positive surgical
margins, expetienced PSA-relapse. Of 10 progressing cases with p'Isy or pl4 stage, six
had a tumor volume 2 1.0 mL and = 50% high-grade cancer, whereas four had a tumor
volume = 1.0 mL and less than 50% high grade cancer. Seven of 44 {15.9%) moderate
cancers with positive margins had PSA-relapse after radical prostatectomy. None of the
patients in the minimal group (n = 50), nor any of the patients In the moderate disease
group with negative margins (n = 96) progressed.

DISCUSSION

In recent years, large randomized and case-finding screening studies, initiated in
Western-Europe and North Amertica, provided insight into the clinical characteristics and
pathological tumor features of early detected prostate cancer. However, the optimal
screening-regimen and proper managing of patients who have eventually been diagnosed
with proszate cancer within these screening trials have yet to be elucidated.

60



PSA-relapse free survival

PSA-relapse free survival

Defining the Window of Opportunity

FIGURE 2.1
Kaplan-Meier curve of the probability of PSA-relapse as a function of: FIG 2.1A Gleason score
and the proportion of high-grade (HG) cancer in the radical prostatectomy specimen, divided in:
1. Gleason score 2-6¢ (0-5% HG), 2. Gleason score 7 (5-50% HG}, and 3. Gleason score 7, 8-10
& 50% HG) (p < 0.0001) FIG. 2.18 Pathological tumor stage, divided in: 1. pT, (ozgan-
confined), 2. pTy, {extraprostatic extension), and 3. pTy,., (invading adjacent organs) (p < G.0001)
FIG. 2.1C Tumor volume in the radical prostatectomy specimen, divided in 1. < 0.5 mL, 2. 0.5 -
1.0 mL, and 3. 2 1.0 mL {p < 0.0001) FIG. 2.ID A combined tumor feature model, including
pathological tumor stage, tumor volume and proportion of high-grade cancer (TABLE 2.2), in
which 1. Minimal disease, 2. Moderate disease, 3. Advanced disease (p < 0.0001).
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These early detection programs aim at detecting cancers that are destined to progress to
clinically manifest disease and cause cancer-related mortality, while they are stll amenable
to curative therapy. Because of the lack of sufficient follow-up, the identification of cases
that are most likely to benefit from screening efforts can only be achieved using
intermediate endpoints after treatment. After radical prostatectomy, PSA-relapse is the
first evidence of disease recurrence and may precede clinical recutrence months or years

before it can be detected by routine clinical and radiographic tests [8-15].

TABLE 2.2

Tumor categorization model, number of events (i.e. prostate-specific antigen relapse), and risk of
biochemical disease recutrence after radical prostatectomy according to the intention-to-treat
approach (white) and the treatment-received approach {grey). The intention-to-treat approach
considers tumor characteristics only, whereas the variables of lymph-node status and surgical

margin status are considered in the treatment-received approach as well.

Tumor Tumor  High-grade Tumor Events Even;cs . Risk of

category volume (HG) extent (%) “ (%) 7 i Blochermnical -
S T recutrence’
Minimal ~<05mlL  NoHG pT, 0/50  iogsg
0.0%) T (©0%) . Low -
Any  <50%HG o T, ST /146
Moderate  Any < 50% HG pT, 740 0/96 0 00%)
<10mL  >50% HG pTs GO%) o .0%)
<1.0ml > 50% HG pT,, e
>1.0ml = 350% HG pT, e
Advanced  »{gml =50% HG L., 17/28 T 8/15"
Any Any pTa (€0.7%) . (53_.3.,0/.0) L B :
Any Any pT, o .o - High
. - o e L e
pNL. 7 /1 BEE R CE OB
S 00.0%) - 16/57 ' :
o N - R L7 S
Positive Swrgical Margins  ~~© 15/56 .
(N 1 ¥ 7 SR,
= pTNM 97
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Defining the Window of Opportunity

Only few reports addressed the value of an isolated PSA-elevation after radical
prostatectomy with respect to prediction of prostate cancer mortality [15]. The cutrent
study investgated 218 patients that were retrieved from the screening arm of a large
randomized trial and who underwent radical prostatectomy for biopsy proven prostate
cancer. PSA-relapse occurred in 11.0% of cases after a median follow-up of 33.0 menths.
Well-established prognostic pathological variables were able to predict hiochemical
recutrence after radical prostatectomy (T'ABLE 2.1). Consistent with reports from
Stanford University [16-18], our data substantiate the supetior prognosde value of the
proportion of pootly-differentiated cancer to the conventional Gleason score system.
Cases with more than 50% high-grade cancer were at considerable risk of disease
recurzence. Unexpectedly, capsular penewration did not by itself seem to confer a wotse
prognosis than organ-confined disease in the multdvariate analysis, whereas tutnor volume
remained an independent predictor of disease recurrence. Our finding that patients with
tumor volumes less than 0.5 mL represented a subgroup of patents that were highly
uniikely to experience biochemical tecurrence after radical prostatectomy is in line with
other studies [2,3,17-20]. A previously proposed tumor categorization model, in which
well-established prognostic tumor features were combined to reflect the intrinsic
biological potentdal (i.e. the intention-to-treat approach), significandy predicted PSA-
relapse after radical prostatectomy (¥2 = 22.50). Taking into account other relevant
prognostic pathological factors observed in the present study, the historic model could be
adapted to strongly improve the predictive capacity for PSA-relapse after radical
prostatectomy (¥2 = 51.27). By also assessing treatment-induced prognosticators (i.e. the
treatment-reccived approach), a valid stratification of patients into different risk groups
was established.

During the follow-up pericd obtained in this analysis, only cases with advanced disease
and/or those with positive surgical margins expetienced PSA-relapse after radical
prostatectomy. All 50 cases with minimal discase and all 96 cases assigaed to the
moderate disease group with negative margins remained disease free during the foliow-up
period {Table 2.2). It is anticipated that detection of cases with minimal disease, i.e. small
(< 0.5 mL), organ-confined tumors without Gleason growth patterns 4 or 5, may be
avoided, whereas patients whom are eventually diagnosed with this seemingly ‘biological
insignificant’ disease would be suitable candidates for conservative therapy and
surveillance [1-5]. Though, since all minimal cancets in this study were treated, long-term
biological indolence, especially in younger men with a leng life expectancy, cannot be
proven with certainty. Patents assigned to the moderate disease group, i.e. tumors with
only small amounts of high-grade cancer and intermediate sized (< 1.0 mL) mamoss with
dominant (2 50%) poorly differentiated components (TABLE 2.2), are particularly prone

to follow an adverse prognostde course, if the screening-tests, diagnosis and subsequent
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treatment had not been applied. On an intention-to treat basis, all surgically treated cases
with tumot features corresponding to moderate disease remained free of disease duting
the follow-up period. Though, it is possible that with longer follow-up some cases with
moderate disease will relapse despite treatment. On the other hand, an unknown
proportion of men with features of moderate disease should rather be considered as
potentally harmless (Le. as having minimal disease) even withourt treatment. For now, no
further refining of the moderate disease group is possible. The definite answer to the
question what is the exact ‘window of opportunity’ in screening fof prostate cancer can
only be detetmined after the completion of randomized clinical trials that prove a

reduction of prostate cancer morrality in (subsets of) screened men (FIGURE 2.2),

FiGURE 2.2

According to the tumor classification model, tumors with features corresponding to minimal
disease are assessed as hagmless, while tumors with features of advanced disease are beyond the
reach of cure. All cancers with features in between those of minimal and advanced (e
moaderate) disease are assumed to canse prostate cancer mortality in the absence of screening and
treatment. Until screening programs prove a reducton of cancer mortality, the exact borders of
the model have vet to be defined.

r
MINIMAL

HARMLESS

Seventeen out of 28 (60.7%) cases with advanced disease and 7 out of 44 (15.9%) cases
with moderate disease and positive margins recurred, indicating that these patents are at
considerable risk of developing (or already developed) non-curable local recurrent and/or
systemic disease. By the intention-to-treat approach, presence of mamor in bladder neck
(pTs). seminal vesicle (pTw), and/or 2 large amount (Le. 2 0.5 ml) of poorly-
differentiated cancer lead to a high treatment faillure rate after surgery with curative
intent. Since the follow-up period was relatively short, and the fact that the biological
behavior of disease zlso depended on inexplicable host factors, not all patients with
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advanced disease and/or positive surgical margins expetienced PSA-relapse. An
unknown proportion of these cases tnight be cured despite their highly adverse
prognostic tumor features. Moreover, recent reports suggested that positive matgins
solely at the prostatic apex may not confer a worse prognosis than negative margin,
otgan-confined disease only [21-24].

Our data demonstrate that 16 out of 17 (94.1%) cases with moderate disease, and a sole
positive apical surgical margin, remszined disease-free after radical prostatecromy.
Therefore, a wider window of curability, ie. a subgroup of advanced tumors and
mederate cancers with only minor positive apical surgical margins, may indeed exist.

Serum PSA-value was not incorporated in the present model, since our and other
studies demonstrated that a proportion of clinically significant (l.e. moderate and
advanced) disease was present at low PSA-values (0.0 — 3.9 ng/mL), indicating that silent
aggressive tumor growth may occur [1,25-28]. Otherwise, clinical staging was not
Incorporated in the model, since it cannot reliably differendate between curable and
incurable disease, nor between clinically significant and clinically insignificant disease.

CONCLUSIONS

The current study provided some arguments that a prognostic classification of prostate
cancers is conceivable. The ptresented tutnot categotization model incotporated the
powetful independent outcome predictor of the proportion of poorly-differentated
cancer, as well as tumor volume, and pathological tumor stge. Application of a tumor
categorization model will identify padents at increased risk of disease recurrence after
surgery, thereby opting for increased surveillance and/or application of early adjuvant
therapy. On the other hand, since the tumor classification mode] is based on tumor
characteristics only, it may be especially suitable for predictive analyses before treatment,
using regular statistics ot artificial neural network analyses. For now, our definition of the
‘window of opportunity’ in screening for prostate cancer is speculative and its precise
definifion is an ongoing continuous process. A further prospective evaluation at multiple
institutions is needed to prove its validity.
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Preliminary Qutcomes: Screening versus Control

INTRODUCTION

Randomized controlled trials (RCT) ate presently performed in Europe and the United
States to assess the impact of systematic screening for prostate cancer on cancet-specific
mortality and quality of life. The Eurcpean randomized study of screening for prostate
cancer (BRSPC) is a large multicenter RCT that seeks to demonstrate 2 reduction of
prostate cancer mortality of at least 20% in men randomized to screening compated to
men in the control arm. It has been calculated that at least 100.000 men are to be
screened (with 100.000 men in the control group) to provide for sufficient statistical
power [1]. ERSPC is closely associated with the Prostate, Lung, Colorectal and Ovary
(PLCO) trial of the National Cancer Institute (NCT), and a combined analysis is planned.

This chapter provides the first preliminary report on the comparison between the
screening arm and control arm of a large RCT that investigates the efficacy of systematic
prostate cancer screening. Since the beginning of ERSPC in October 1993, more than
40.000 men have been randomized into sereening and control in the Rotterdam section
of ERSPC. In the present report, special attention is given to the number of men
diagnosed with prostate cancer within either of the two randomization arms, as well as to
the number of men with lymph node and distant metastatic disease, and the distribution
of well-established prognostic tumor features determined on the biopsy and in the radical
prostatectomy specimen. These data represent an important intermediate endpoint of
population based screening for prostate cancer. In fact, this same comparison will take
place later on this decade to compare the mortality rates.

PATIENTS AND METHODS

Berween October 1993 and December 1998, a total of 35,149, aged 55 to 74 years, were
randomized to the screening arm and comntrol arm of ERSPC, secton Rotrerdam (17,636
in the screening atm and 17,513 in the control atm). Men in the screening arm underwent
initial screening at the Department of Urology, and comptised of PSA testing, digital
rectal examination (DRE) and transrectal ultrasound (TRUS;. In all men blood sampling
was done prior to rectal examination, so that DRE and TRUS were performed without
knowledge of the PSA value. From October 1993 to February 1997, the Rotterdam
screening regimen called for sextant transrectal biopsy if the PSA level was equal to or
higher than 4.0 ng/ml, and if DRE and/or TRUS were suspicious for cancet at low PSA
values (0.0 — 3.9 ng/ml). The biopsy procedure was performed in a second visit to our

Department. From February 1997 unwards, only men who had PSA = 3.0 ng/ml. were
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to return for prostate biopsy. In these men, DRE and TRUS were not anymore zpplied
as initial screening test for prostate cancer. Again, all men with a biopsy indication were
scheduled to undergo systematic sextant transrectal biopsy at our Department. Four years
after initial prostate cancer screening all men in the screen group were invited to undergo
repeated screening. The conditions and algorithm of the screening regimen of ERSPC are
described in greater detail elsewhere [2-4].

Cases within the control arm of ERSPC received standard medical care, which meant
that the evaluation of symptoms, a diagnosis of prostate cancer and subsequent treatment
(ot refrainment from treatment) were provided by local Urclogists (or our own). To
identify the cases with prostate cancer in the control arm, a linkage was performed with
the database of the local Comprehensive Cancer Registry (CCR). Men diagnosed with
prostate cancer, and those known to have died from whatever cause were identified, and
data were returned to ERSPC. The CCR provides for a 100% cancer registration within
the population. Data related to lymph node metastases and distant metastate discase
were obtained by a review of the patient’s charts at the local hospitals.

For prostate cancers detected in the screen group, a Gleason score was assessed
prospecdvely for each case by a single genito-urinary pathologist (ThvdK). After the
identification of men with prostate cancer in the control group, the histological slides
with prostate cancer were retrieved from the pathologic storage facilities of the local
hospitals (or that of cur own), and the Gleason scores were reviewed for all cases,

Vatious wvariables telated to men who underwent radical prostatectomy at our
Department for screen-detected prostate cancer {e.g. Gleason score, pathological tumor
stage) had been stored prospectively In a comprehensive database. The pathological
tumor features of the men who underwent radical prostatectorny in the control group
were obtained similatly to those of the biopsy specimens, i.e. by retrieving the histologic
slides from local hospitals, and subsequent reviewing of radical prostatectomy specimens.
All turnors were staged according to the pTINM 97,

The Pearson %2 test was used to assess differences between the screen group and
control group of ERSPC with respect to prognostic tumor features. ‘The assumption that
no difference existed for the variable evaluated (T10) was tejected (H1) if p < 0.05.

RESULTS

The important findings of this preliminary comparison between the screen and control
group of ERSPC are listed in TABLE 3.1 and TABLE 3.2. The number of prostate cancers
detected, the extrapolated number of cancers per 100.000 randomized men (*), and the
absolute number of men with pelvic lymph node disease was higher in the screen group
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than in the control group (TABLE 3.1). However, the absolute number and relative
propostion of men with distant metastatic disease was higher in the control group than in
the screen group. TABLE 3.2 shows that the histologic grade of rumor differentiation on
the biopsy was statistically significant more favorable in the screen group than in the
control group (*test: p < 0.01). The pathological tumor stage and Gleason in the radical
prostatectomy were not statistically different between the two randomization arms,
putentially because of selection bias before treatrment.

TABLE 3.1
A compatison between the screen and control group of ERSPC, section Rotterdam. Men were
randomized between October 1993 and December 1998

Randomized T 17,636 17,513

‘Biopsies 3,481 N/D
_Cancers (% of biopsies) " 818 (23.5%) 150

Rate #: (170l y e 4638/100,000 (4.6%) 856 /100,000 (0.8%)
Distant metastases (M1) 0 5(0.6) 10 (6.7)
Lymph-node metastases (pN1) 9 (LD 2(1.3)
# Number of cancers divided by the number of men randomized; that is the detection rate for the screen

group and the incidence rate for the control group
N/D  No darz available

DiIscuUssioN

This preliminary study shows a favorable prognosde shift in the screening arm of this
populadon based RCT compared to the control arm. Most pronounced is the
observation that the Gleason score on the biopsy was significantly lower in the screen
group. Another important finding is that the number of men with distant metastatic
disease was lower in the screen group compated to the control group (5 versus 10;
TABLE 3.1). Men with metastatic disease are most likely to die from prostate cancer later
on despite hormonal treatment, and figures on the metastatic rates may best reflect the
final mortality rates. However, the absolute number of men with metastatic disease was
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only low, especially when compared to the total number of men diagnosed with prostate
cancet, i.e. 0.6% of men {5/818) in the screen group, and 6.7% of men (10/150) in the
control group. The relative proportion of men presenting with distant metastatic disease
in the control group was also remarkably lower than that reported in histotical controls
(i.e. 20 0 25%) [5]. This figure might be explained by the application of screening tests in
the control group (contamination), though it is known that the contamination rate in the
control group of ERSPC is only about 11 to 13% [unpublished data]. Lead time (the time
between screen-detection and the clinical appearance of disease), which is known to be 4
to 6 years for prostate cancer, has only just been passed, and the differences between the
screen and control group of ERSPC are likely to become even more pronounced in the
furare.

TABLE 3.2
A comparison between the pathologic prognostic features of the cancers detected in the screen

and control group of ERSPC, sectdon Rotterdam. All men were randomized berween Qctober
1993 and December 1998

o Niagible’ o Scréening Arm. ' Control Arm . pevalue* ..
e e N by e R Ny
Bib?sy '_G.lé.a's'b.n sehre”

46 516 (64.3) 68 (48.6)

T 214 (26.7) 40 (28.6) < (.01
810 i 73 (9.1) 32 (22.9)

Total © & 803 140

Pathological Tumor Stage '

pT2 & i 207 (75.5) 14 (63.6)

pT3a : A7 (17.2) 5(22.7) ns

pT3b pT4 20 (7.3) 3 (13.6)

4% 161 (58.8) 11 (42.3)

T 106 (38.7) 13 (50.0) as

8-10 7 (2.6) 2(7.7)

* yP-test RRP  retropubic radical prostatectomy

1 pTNM 97 18 not significant
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A difference in the absolute number and relative proportion of men with lymph node
positive disease was observed as well, though in favor of the control group. At least part
of this difference may be explained by the performance of pelvic Iymph node dissection
in men planned to undergo radical prostatectomy for clinically localized prostate cancer.
The number of men undesgoing surgery was considerably higher in the screen group than
in the control group, and it was reported previously that the application of advanced
diagnostc tools (such as a staging lymph node dissection) may result in an upward stage
migration and an eponym called the “Will Rogers phenomenon’ (See for explanation:
General Introduction). Again, the relative proportion of men with metastatic lymph node
disease in the control group was only low compared to that in historical controls [51.

A previously mendoned drawback in prostate cancer screening is the detection of
presumably clinically insignificant disease {cancers that would never lead to any signs and
symptoms). In our study, the ratio of cancer detection between the screen and control
group was 5.5 (818 divided by 150), and it is assumed that art last part of these might be
cancers thar are overdiagnosed and overtreated. However, it can be calculated that
approximately 1,575 men (17.500 randomized X 9.0%) with (clinically significant)
prostate cancer reside in each of the two randomization arms, and that approximately 630
men (1,575 cancers X 40%)} are expected to die from their disease some time in the furure
(See: TABLE 1.1). We therefore do not have stringent evidence that overdiagnosis {and
overtreatment) is presently occurring in the screen group of our randomized clinical trial.

As was stated earlier, these results are only intermediate signs of success of prostate
cancer screening, and do not provide by any means the evidence that prostate cancer

screening reduces the mortality of the disease.
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SUMMARY

BACKGROUND. The optimal biopsy strategy for the detection of prostate cancer stll
needs to be established, as a considerable proportion of clinically significant cancers
remains undiagnosed on routine sextant transtectal biopsy. To assess the efficacy of
transperineal biopsy for the detecdon of prostate cancer, we compared this approach to
systematic sextant transrectal biopsy in a simulation experiment.

METHODS. Ultrasound-guided sextant transverse (transrectal} biopsy and subsequent
sextant longitudinal (transperineal) biopsy were performed on 40 radical prostatectomy
specimens of patients with (transrectal) biopsy-detected prostate cancer. Conditions were
simulative and may not be completely analogous to patient settings. Ultasound-
determined prostatic volume, blopsy tumor involvement, number of cores with cancer,
and tumor volume were determined. Detailed mapping of radical prostatectomy
specimens provided insight in the representativity of the biopsy techniques.

ResuLTS. Of 40 cancers 33 (82.5%) were re-detected by the transperineal approach,
while this was 29 (72.5%) by repeated transrectal biopsies. For both approaches, tumor
volume of undiagnosed cancers was significantly smaller (p < 0.01), and prostatic volume
was significantly larger (p < 0.01) than in re-detected ones. Between the two approaches
no difference was found for either of the variables determined in re-detected cancers.
Prostate-maps clarified that transperineal undiagnosed tumors were ejther small (< 0.2
L} or notably located at the prostatic base.

CONCLUSIONS. The biopsy procedure in which the biopsy needles enter the prostate at
the apex for a longitudinal direction may efficiently sample the prostatic peripheral zone.
Since the experiment was artificial in design, caution should be kept in extrapolating these
results to patient sertings,
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INTRODUCTION

Since its introduction by Hodge et al. in 1989, systematic sextant transrectal biopsy of
the prostate under transrectal ultrasound-guidance (TRUS) has become an accepted,
routinely performed technique for prostate cancer detection, that is to be prefetred over
digitally-guided or ultrasound-directed transrectal biopsy [1]. PSA-driven screening is
accepted by many men, and is promoted as health care policy in some countries,
especially the U.S.A. As a result, the number of men undergoing routine sextant biopsy
has increased exponendally, and correspondingly the incidence rate of prostate cancesr
increased. However, sextant transrectal biopsy may represent an inadequate sampling of
the prostate, since 20 - 35% of cancers, detectable by repeat biopsies, remain
undiagnosed in a single sextant biopsy session [2-6]. With the intent to improve the
diagnostic yield of prostate biopsy for the detecdon of prostate cancer, various biopsy
schemes and biopsy needle trajectories, that seck to represent a more thorough sampling
of the prostatc peripheral zone, have recently been evaluated [4,7-9]. Still, the optimal
biopsy strategy for prostate cancer detection needs to be defined.

We determined, ex g, the sensitivity of sextant transpetineal biopsy for the detection
of prostate cancer, compared to systematic sextant transtectal biopsy. Despite artificial
conditions, performing biopsies on radical prostatectomy specimens has the advantage of
knowing true prevalence of disease (100% prevalence by definition) in the selected
population of men. Features of prostate cancer determined on both biopsy specitmens
and radical prostatectomy specimens wete assessed in comparative analyses.

MATERIAL AND METHODS

A total of 4 consecutively obtained radical prostazectomy specimens from participants
of the Furopean Randomized Study of Screening for Prostate Cancer (ERSPC) was
studied. All evaluated cases had prior diagnosis of prostate cancer, prompted by an
elevated PSA @ 3.0 ng/mL) and confirmed by TRUS-guided sextant transrectal biopsy.
After retropubic radical prostatectomy (RRP), sextant (bilaterally, base, mid-gland, and
apex) transverse and sextant (bilaterally, paramedian, median, and lateral) longitudinal
biopsies were performed on the specimen by one of the investigators (ANV) using a
Bard (C.R. Bard, Convington, GA) spring-loaded biopsy-gun and 18-gauge biopsy needle
(FIGURE 4.1). Ultrasound-guidance was established by an experienced urological resident
(MOB), using 2 7-MHz end-fite ultrasound-probe positioned at the dorsal aspect of the
radical prostatectomy specimen. Both investigators were blinded with respect to location
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of cancer on pre-operative biopsies. No additional biopsies were divected towards
ultrasound-detectable (L.e. hypo-echogenic) lesions. Conditions in the experiment were
simulative and may not be completely analogous to patient settings. For consistenty in
terminology it was decided that needles entering the prostate for a longitudinal and
transverse directon were further arbitrarily referred to as transpetineal and transrectal,

respectively, although no perineum or rectum were actually present.

FIGURE 4.1

{4) Schermatic systematic sextant transversal (transrectal) biopsy, and (B) Schematic sextant
longitudinal {transperineal) biopsy. Left. Dorsal wiew; Middle. Sagittal view; Right. Transverse view. In
the transperineal approach the biopsy needle enters the prostatic peripheral zone at the apex,
transverses the gland towards the prostatic base, following a trajectory paraliel to the rectum wall

]

All biopsy cores were separately labeled, fixed and processed according to standardized

and established protocols [10,11]. Presence of tumor in both sets of biopsy cores was
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assessed by a specialized genito-utinary pathologist (THvdK), who was unaware of the
method and blinded with respect to the locadon of the biopsy cores, as well as to
outcome of pre-operatively performed diagnostic biopsies. The aumber of cores involved
with cancer (1-6) and the biopsy tumor involvement (%), 1.e. cumulative length of cancer
divided by the cumulative length of biopsy cotes, were assessed for each case. The tumos
was staged according to the pTINM 97 classification, the Gleason-score and the
proportion of high-grade cancer were assessed and morphometric analysis was
petformed to determine tamor volume [12]. All tumors were classified according to a
previously developed predictive model (TABLE 4.1; Vis et al, unpublished data) [12].
Detailed prostate-maps were devcloped to illustrate the size, extent and tumor location.
In this, range and trajectory of various biopsy needles could be reconstructed for both
approaches. Apicaily located tumors were arbitrarily defined as any tumor presence in the
fitst two 4-mm transverse slices of the radical prostatectomy specimen [11%. Of 38 cases
ultrasound-determined prostatic volume could be obtained from the ERSPC-database.

Varlous patameters determined on biopsy specimen and corresponding radical
prostatectomy specimen were compared using the Mann-Whitney U test. The
assumption that no difference (HO} existed for variables evaluated was rejected if p <
0.05.

FIGURE 4.2

Ultrasound of the prostate simulating transrectal ultrasound (TRUS), using the 7-MHz
ultrasound probe positicned at the rectal siie of the radical prostatectomy specimen. (A)
Transvetse view, demonstrating the transition zone (TZ), urethra prostatica {(U) and peripheral
zone (PZ), and (B} longitudinal view of mid-base prostate, demonstrating the trajectory of the
transrectal needle biopsy
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RESULTS

Of the 40 evaluated radical prostatectomy specimens the median tumor volume was
0.860 mL (range 0.012 - 4.166), whereas for 38 available cases, the median prostatic
volume was 43.0 mL (range 17.6 - 174.8). Thirty-four (85.0%) tumors were staged pTs, 5
(12.5%) were staged pT's, while 1 (2.5%) rumor showed seminal vesicle invasion (pTa).
Tweltve (30.0%) cases were classified as having minimal disease, whereas 23 (57.5%) and
5 (12.5%) cases were classified as having moderate and advanced disease, respectively
(TABLE 4.1).

TaBLE 4.1

Predictive model of tumors; Sensitivity of sextant transperineal and transrectal biopsy in
identifying prostate cancer in a selected group of patents undergoing retropubic radical
prostatectomy

- Tumor  Transperineal  Transrectal  Towl

| Category - Tamor - Highgrad

©* Cvolume - (HG) . Estentt " Sensitivity (%) Sensitvity.
T e : R i R ) it e
 Misimal - <05mL  NoHG  pT, 6 (54.5) 5 (45.5) 1
Cehaen) Any <50% HG pT,
‘‘Moderate . <1.0mL > 50% HG pT, 23 (95.8) 19 (792 24
ST Any NoHG 7T,
S 210mb 250%HG Pl
Advanced - Any Any HG T 4 (80.0) 5(100.0) 5
e Aﬂy Aﬂy ijh
Any Any Pty

t pPTNM 97

With the ultrasound probe applied to the dorsal aspect of the radical prostatectomy
specimen adequate ultrasound-visualization of the ptrostate was obtained for each case
(FIGURE 4.2). Of 40 cases, 33 cancers (82.5%) were re-detected by transpetineal biopsy,
while repeat transrectal biopsy detected only 29 out of 40 (72.5%). No statistically
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significant difference in number of cores involved with cancer, biopsy tumor
involvement, tumor volume, or prostatic volume was found between tumors detected
with either of the two repear biopsy procedures. TABLE 4.1 depicts the tumor
characteristics of (un)diagnosed cancers on repeat biopsy. For both approaches, the
majority of undiagnosed cancers was small (Le. < 0.5 mL), organ-confined, and without
Gleason grade 4/5, Le. minimal disease (TABLE 4.1). For both approaches, the tumor
volume of undiagnosed cancers was significantly smaller (p < ¢.01), and the prostatic
volume was significantly larger (p < 0.01) than their re-detected counterparts.
Examination of prostatic tumor mappings clarified that 25 out of 27 apically (92.6%)
located tumors were re-detected on transperineal biopsy, while this was 22 out of 27
(81.5%) for the transrecral approach. Cancers that remained undiagnosed on
transperineal biopsy were cither small (i.e. five cases with 2 tumor volume < 0.2 mL) or
notably located at the prostatic base (ie. two cases). The one advanced tumor
undiagnosed on transperineal biopsy comprised a pTs tumor of 1.10 mL with a Gleason
score 7 {< 50% high-grade), located exclusively at the base of a 45.6 mL large prostate.
For the 11 undiagnosed cancers on repeated transrectal biopsy, 9 had a tumor volume
less than 0.20 mL, whereas 2 (moderate) cancers had a tumor volume 1.70 ml. and 2.57
mL, respectively. Besides small tumer size, no particular partern of tumor exrension or
tumor locaticn in the prostate-maps could be determined for cancers that remained
undiagnosed on repeated transrectal biopsy.

DISCUSSION

Sextant transrectal ultrasound-guided biopsy of the prostate, though considered the
standard modality for prostate cancer detection, has been criticized for its limited capacity
to provide an adequate sampling of the prostate, since a significant proportion of cancers
remains undiagnosed [2,3]. On the other hand, in early-detection programmes, men are
frequently diagnosed and treated for prostate cancer that, because of small size and low-
grade, may intuitively be considered clinically insignificant and therefore would have been
better treated with an observational intent only. Some of the limited sensitvity of the
biopsy procedure may be explained by the fact that, on basis of random chance, cancers
are too small (eg. = 0.2 ml) to be detected. Furthermore, some cancers remain
undiagnosed, because of their localizadon in arezs that are not systematically sampled,
e.g. those anterdotly or those in the transition zone. Until now, no randomized
prospective trals have been conducted that clarify the clinical insignificance of these
undizgnosed cancers. Since clinically significant disease cannot yet be predicted on basis
of clinical variables and/or biopsy tumor features, the aim in prostate cancer detection,

81



Chapter 4

for the time being, should be to detect and treat as many cancers as possible with highest
efficacy and least patient morhidity.

Previous studies have sought to increase the accuracy of the diagnostic transrectal
procedure by increasing the number of biopsy cotes [4-6,13,14], or by modifying the
biopsy needle trajectory [7-9]. For all these studies the biopsy needle enters the prostate
at the rectal surface, and transverses the gland for an anteriotly directed angle. In
transpetineal biopsies, the prostatic gland is approached from an angle perpendicular to
that of the transrectal approach, ie. entering the peripheral zone at the apex and
transversing the prostate parallel to the rectum wall. Outcome of digically-guided or
TRUS-guided, lesion-directed, transperineal biopsies has been grossly described in early
studies [15,16]. Other study-groups investigated functionality of the transperineal
approach in patients after abdominoperineal resecdon of the rectum, iLe. without
knowing true prevalence of disease [17-191. After its first description and popularization
in the late 1980, however, the wansperineal biopsy approach was abandoned and
replaced by randomly performed systematic sextant transrectal biopsies. In subsequent
years, no proper evaluation has been performed on the sensitivity of systematic sampling
of the prostate by transperineal biopsies, a3 has been done for transrectal biopsies. Only
recently, Shingal and Terris [20] that sensitivity of sextant transperineal biopsy in re-
detecting prostate cancer was low (i.e. 10%), in 20 patients scheduled for RRP [20]. In
their study, both sextant transrectal and sextant transperineal biopsy were performed in
the same set of patients. The authors imitated the biopsy-setting applicable to patieats
who had their rectum excised, because of colorectal cancer or inflammatory disease. In
the absence of a rectum, prostate biopsy was performed under transperineal ultrasound-
guidance (TPUS) instead of TRUS. As was already suggested by the authors, TPUS may
have pronounced limitations in visualizing zbnormalities of the prostate, hypo-echogenic
areas in particular.

We report a prostate cancer detection rate for sextant transperineal biopsy of §2.5%
compared to 72.5% for routine sextant transcectal biopsy in a simulation experiment
performed on a selected group of patients undergoing RRP for biopsy proven prostate
cancer. The sensitivity of each of the biopsy procedutes in prostate cancer detection for a
general population, and with this the features of cancers missed by the original biopsy,
cannot be caleulated, since the underlying prevalence of disease remains unknown. The
proportion of cancers that remained undiagnosed on repeated transrectal biopsy was
similar to that reported in similarly perfomed studies [2,6]. Under artificial and optimized
conditions, ie. without a rectum or perineurn, and by properly positdoning the biopsy
needie, transperineal biopsies may prove at least as effective for prostate cancer detection
as routinely performed sextant transrectal biopsy. Sensitivity of TRUS-guided sextant
transperineal biopsy might be improved by performing additicnal biopsies of hypo-
echogenic or digitally suspect laesions, or by performing addittonal biopsies of the
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transition zone. In long prostates, use of elongated needles with an increased stroke or
advancement of the biopsy needle through the prostatic gland may improve adequate
sampling of the prostatic base. Moreover, in this study, sensitivity of the transperineal
procedure may be underestimated by the potential bias that all cancers were previously
detected by the transrectal approach.

TABLE 4.2

A comparison berween the minor and major complications after sextant transperineal (ERSPC,
section Florence, Italy) and sextant transrectal biopsy (ERSPC, section Rotterdam, the
Netherlands).

S '.-Tfan.s'recta.l";f'.a'ppfééa'chgf S _Tfinspéﬁnéél aprroach’
S Number of patients (%) Number of patients {%)
_I\'/_ﬁ_;iqf__gbr'np]_jc_a_ﬁogs i :
Haematuria > 3 days - 398 (23.6) 30%
. Haématospermia - - 765 (45.6) 50%
Major Complicatioris’ -
U Pever 5385°C 71 (4.2) ND
. Antibiotic therapy 1 52 (3.1) 3 (0.70)
{*Admittance to-hospital - 7 (0.4 3 (0.70)
Lo Bepsist 3(0.18) 2 (0.46)
Total 6f men biopsied 1.687 (100.0) 431 (100.0)

t After: Rietbergen ¢ o/ Complications of transrectal ultrasound (trus) guided systematic sextant biopsies of the
prostate: Evaluation of complication rates and risk factors within a population based screening program [24]

* Figures obtained from the Department of Diagnostic Medical Imaging, Centro per lo Stmudio e la Prevenzione
Oncologica, Florence, Iraly.

The issue, of course, is whether our reported high efficacy of transperineal biopsy for
prostate cancer detectomn, ex wre, should be further evaluated iz wiw, ie in patient
settings. For proper decision-making about which technique to prefer, gain of sensitivity
needs to be weighted against patient tolerance and the frequency of adverse effects and

83



Chapter 4

procedure-related complications. As has been suggested, transperineal biopsies, with the
patient in lithotomy position, may cause considerably moge discomfort (and pain),
compared to routine transtectal biopsy [15]. Chart-data from our ERSPC-partner in
Florence, Italy, who petforms sextant transperineal biopsy on a routine basis, clarify that
patient acceptance to the procedure can be achieved in the majority of patients by giving
proper information about the biopsy ptior to examination. Further acceptance to the
procedure might be obtained by a TRUS-guided transperineal biopsy technique, with the
patient in the left lateral decubitus position, in which the needle is propetly positioned
and guided by a puncture attachment {21]. Procedure-related pain can be adequately
reduced by applicadon of local perineal infiltrative anesthesia. Frequency of minor and
major complications, severe infectious in patticular, is reported similar to that in our
clinic, although no antbiotic profylaxe is recommended (FABLE 4.2) [22-24]. Certainly,
withholding patients from antibiotic prophylaxis will decrease health-related concerns as
antibiotic hypersensitivity and microbiotic antibiotic resistance.

The optimal biopsy strategy for prostate cancer detection has yvet to be defined. The
present study has provided some arguments that the biopsy procedure in which the
biopsy ncedles enter the prostate at the apex for 2 longitudinal direction, previously
arbitrarily referred to as transpetineal, may efficiently sample the prostatic pedpheral
zone. Since the experiment was aruficial in design, caution should be kept In
extrapolating these results to patient settings.
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PIN and Precutsor Lesions of Prostate Cancer

INTRODUCTION

In recent years, prostate cancer has become an increasing health problem in North
America and Western Europe, now being the most commonly diagnosed noncutaneous
malighancy in men beyond middle age, and the second cause of cancer related death afer
lung cancer [1]. The causes of prostate cancer, the target cells of prostade carcinogenesis,
and the histological changes preceding and leading to the initiation and progression of
prostate cancer have yet to be elucidated. Many research groups are trying to solve the
puzzle of prostatic carcinogenesis, with their attenton focused within the morphological
continuum between benign glands at one end, to premalignant lesions and invasive
disease at the other. Also clinicians are somedmes confronted with morphological
features on the diagnostic prostatic needle biopsy that although negative for cancer raise
suspicion of concomitant malignancy. These findings present a pasticular diagnostic
challenge (TABLE 5.1).

This review highlights the cutrent understanding and knowledge of the main putative
premalignant lesions of the prostate and of lesions that maise particular suspicion of
concomitant malignancy. Their association with clinical variables and incidence rates were
assessed in different study groups and in ours, as were the predictive values for prostate
cancer on follow-up biopsy. The consequences of finding these distdnct morphological
entities on the diagnostic needle biopsy are set in a wider clinical perspective.

POSSIBLE TARGET LESIONS OF PROSTATIC CARCINOGENESIS

Carcinogenesis s a complex multstep process, invelving molecular, celiular, and
histological changes. It describes the conversion of benign epithelial glands, through
premalignant lesions, to Invasive carcinoma. Several requirements should be met to
considetr a lesion premalignant (TABLE 5.2). An epidemiological relationship must be
shown, especially when the development of a premalignant lesion to ¢arly stromal
invasion and full blown malignant disease takes months or years The precursor lesion
presents itself at an eardier age than its malignant equivalent, and the age-adjusted
prevalence is expected to rise synchronously with that of histologically proven and/or
clinically manifest malignant disease. Typically, the age-adjusted prevalence of the
precursor lesion decreases at a partucular gme, while that of cancer continues to increase
(FIGURE 5.1). As an epidemiological association does not tule out that premalignant and
malignant conditions simply coexist with each other, clear morphological (cellular,
histological, architectural) similarities should be present as well. In addition, organs
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harbouring invasive cancer should have a greater frequency, severity and extent of the
premalignant lesion than organs that have not. In the organ, premalignant lesions should
be located in close proximity with therr presumed malignant equivalents, whereas
sometimes micro-invasion of the stroma by the precursor lesion may be seen at the
microscopical level. The definite proof of a relatonship between a precursor lesion and
malignancy is the clinical evidence of progression into invasive carcinoma.

Previously, several morphological lesions have been but forward that may act as
potential precursor lesions of prostatic adenocarcinoma. These are the morphologically
distinct entities of focal atrophy or postatrophic hyperplasia (PAT), atypical
adenomatous hyperplasia (AAH) or adenosis, and prostadc intra-epithelial neoplasia
(PIN). Lesions designated as ‘atypical” or ‘suspicious” have been associated with the
presence of prostate cancer as well. As a wide diversity of morphological features is
reported, a clear description in histological terms is not possible and consequencely
‘suspicious for malignancy’ lesions should not be locked upon as premalignant lesions of
the prostate in a strict sense, but shouvld be regarded as a scparate diagnostic entity

associated with concomitant prostate cancer.

FiGURE 5.1
The schematic epidemiclogical relationship between the age-dependent prevalence of the
precursor lesion, for instance HPIN, and malignant disease (le. prostatic adenocarcinoma). As

the true prevalence of disease is not known, the ordinate has no denominator.
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FIGURE 5.2

The histopathological features of the main putative precursor lesions of prostate cancer and of
lesions that hold an increased risk for concomitant malignancy. A. Focal atrophy B. The same
lesion of image A, immunostained with basal cell specific antibody 34BE12 cytokeratin. C.
Atypical adenomatous hyperplasia (AAH) D. prostate biopsy suspicious for malignancy (PBSM).
E. Micropapillary high-grade intra-epithelial neoplasia (HPIN) F. Tufted HPIN
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Conventional histopathological examination is used to distinguish the different
precursor lesions of prostatic adenocarcinoma (Figure 5.2). In addition, immunostaining
with antibodies directed agzinst basal cell specific cytokeratin (clone 34BE12) may be
applied to discriminate putative premalignant lesions from benign glands and prostade
adenocarcinoma. Characteristically, benign glands show 2 continuous basal cell layer,

while In adenocarcinomas the basal cell laver is immunhistochemically absent.

TABLE 5.1
The histopathological diagnosis rendered on the prostatic needle biopsy

1 Prostatic adenocarcinoma (PC)

2 Prostate biopsy suspicious for malignancy (PBSM)

3 High-grade prostatic intra-epithelial neoplasia (HPIN)
- Micropapillary
- Tufted
- Flat

- Intraductal (cribriform, trabecular, small-cell, comedo-carcinoma, solid)

4 ‘Benign’
- Atypical adenomatous hyperpiasia (AAH)
- Focal atrophy
- Postatrophic hyperplasia (PAH)
- Low-grade prostatic intra-epithelial neoplasia (LPIN)
= Chronic or acute prostatitis
~  Benign prostatic epithelial glands

5 Other malignancy
- Carcinosarcoma
- Squamous-cell carcinoma
- Urothelial-cell carcinoma
- Rectal adenocarcinoma
- Metastasis from other primary

G Other diagnosis

7 Insufficient material for histopathological diagnosis (IM)
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It is plausible that the aforementoned morphologies may not account for all
malignancies of the prostate, and that the human prostate gland may harbour other
hitherto untecognized premalignant lesions.

Focal atraphy, postatrophis hyperplasia (PAH), and atypical adenomatons hyperplasia (AAH)

Focal atrophy should be distinguished from diffuse atrophy, as the latter is not
consideted premalignant. Diffuse atrophy may be a consequence of a decrease in
circulating androgens, and results in a uniform decrease in volume of pre-existing
epithelial glands and prostatic sttoma. Focal atrophy, including simple atrophy, sclerotic
atrophy, and PAH, reportedly occur in up to 85% of prostates at autopsy and in a
considerable proportion of biopsies [2,3]. A role in the genesis of PIN aad/or
carcinogenesis was proposed by Frank as early as 1954 [4]. The recent observation that
focal atrophic lesions showed an increased proliferative activity of luminal cells and 4
decreased frequency of apoptosis added to this assumption {5]. The hyperplastic form of
atrophy, PAH, may closely mimic the histology of prostatic adenocarcinoma and
represents a diagnostic pitfall [3,6,7]. Recent studies reported that a spadal relatonship
between PAH and prostate cancer could not be shown, and that the frequency of PAH in
radical prostatectomy specimens was remarkably similar to that in cystoprostatectomy
specimens [3,7]. This implies that the simultanous finding of PAH together with prostate
cancer is coincidental. Despite the observation that focal atrophic lesions and PAH
consist of flattened and dispersed acini, immunostaining with 34BE12 cytokeratn is
almost always positive and continuous, i.c. similar to that of benign epithelial glands [6,7].
To date, thete have been few genetic and molecular analyses.

AATM can be found throughout the prostate, but is most often located in the transition
zone of the prostate in intimate association with benign nodular hyperplasia [8,9]. This
distinct morphological entity was formertly thought to be associated with the well-
differentiated carcinomas that originate in the transition zone of the prostate [8]. Indeed,
several epidemiclogical and histological findings have caused some to suggest that AAH
may be related to prostate cancer [9]. For instance, the basal cell layer is discontinuous
and fragmented on 34BE12 cytokeratin immunostaining, although recent studies noted
that only few genetic alterations are present [10-12].

Prostatic intra-epithelial neoplasia (PIN)

Lesions with the morphology of PIN are regarded as the most likely precursor lesion of
(periphetal zone) prostatic adenocarcinoma [12,13]. Tt is now widely accepted that low-
grade PIN (LPIN) should be distinguished from high-grade PIN (HPIN), as the former
lesion is only infrequently associated with coexistent cancer [14,15]. Because of this
finding and the high interobserver variation among pathologists for the recognition of
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LPIN, it is now the consensus that LPIN should no longer be reported as a separate
diagnostic entity [16].

Epidemiological evidence for the hypothesis that PIN precedes its possible malignant
equivalent is provided by the presence of PIN in men as early as in their 40 and 5%
decade of life, whereas the incidence and extent of PIN tend to increase with age {17].
Therefore some have suggested that PIN lesions pre-date the onset of cancer by at least 5
to more than 10 years [17]. Purther evidence for the suggested relationship was given by
the finding that in autopsy and surgical series PIN was identified in 60 to 90% of
prostates harbouring carcinoma, and PIN was often close (< 2 mm} to its presumed
invasive equivalent [14,17-20]. The anatomic distribution within the gland shows that
PIN is predominantly located in the prostatic peripheral zone, the area in which most
clinically important prostatic adenocarcinomas (> 70%) are found [14,18]. Very similar o
prostate cancer, PIN is often multfocal [18,21]. In addidon, multple phenotypical and
genotypical studies indicate that there are remarkable motrphological, molecular, and
biochemical similarities between PIN and prostatic adenocarcinoma [13,21-24). The
observed molecular abnormalities in PIN are mostly intermediate between benign
prostatic epithelium and prostate cancer, reflecting an impairment of cell-differentiation
and regulatory control (TABLE 5.2).

The morphological entity referred to as HPIN consists of architecturally benign
prostatic acini and ducts, lined by cytological atypical cells. Unlike prostate cancer, an
incomplete disruption of the basal cell layer can be shown by 34BE12 cytokeratin
immunostaining. The cytological changes are characterised by prominent nucleoli in 2
substantal proportion & 5%) of cells, nuclear enlarggement, nuclear crowding, an
increased density of the cytoplasm, and anisonucleosis [13]. HPIN lesions can be
subdivided into at least four different architectural partterns, based on the atrangement of
the cells within pre-existing ducts or glands, i.e. tufred, micropapillary, flat and intraductal
HPIN (T'ABLE 5.1). Tufted and micropapillary HPIN are most common, whereas fiat and
intraductal variants are less frequent [25]. At present, this distnction of different
architectural patterns appears to be of disgnostic utlity only, for no substantial
differences have been detected in the development of prostate cancer and overall
prognosis. Some argued that those HPIN lesions that span the glandular lumen may not
be a premalignant lesion of the prostate, but may represent intraductal spread of
concuttent carcinoma [26,27]. It was recently reported that these lesions might indeed
have their own clinical and prognostic significance [26,28,29]. Intraductal HPIN in
prostates with established carcinoma was associated with high tumour volumes, the
presence of pootly differentiated tumour cotponents, and a higher progression rate after
radical prostatectomy than prostate cancers without these coexisting proliferations.

96



PIN and Precursor Lesions of Prostate Cancer

Therefore, a separate histological entity was proposed that should be distinguished from
HPIN, ie. intraductal carcinoma of the prostate [27 28]

Despite the remarkable morphological and genetic similatities between HPIN and

invasive prostatic adenocarcinoma, it is not yet clear which proportion of HPIN retmains

stable, regresses or progresses to invasive cancer or simply coexists with its presumed

malignant equivalent.

TABLE 5.2

Evidence of the precursor lesion relationship of high-grade prostatic intra-epithelial neoplasia

(HPIN) to invasive cancer

Relationship Fvidence
Epidemio]ogicai - HPIN occurs in the 4th and 5th decade of life
i - 'The incidence and extent of HPIN increase with age
Meorphological HPIN has similar cyeological and histological features to invasive
) carcinoma

Zonal and Spatial . -

Prominent nucleoli

Nuclear enlargement

Nuclear crowding

Increased cytoplasmatic stainitig
Anisonucleosis

Fragmented and disrupted basal cell layer

HPIN is most often located in the prostatic peripheral zone
HPIN is most often multifocal

HPIN is more frequent in prostates containing invasive carcinoma
than in those that do not

HPIN is found in close proximity to invasive carcinoma

Genetical HPIN has similarities to invasive carcinoma

Downregulation of markers of secretory differentiation (i.e. PSA,
neurcendoctine cells, cytoskeletal proteins, cell-adhesion proteins)
Increased microvessel density

Increased markers of proliferation and apoptosis suppression
Altered expression of growth factors (receptors)

Loss of heterozygosity and chromosomal gains

Hypermethylation of DINA

Clinical | . . HPIN is associated with increased yield of cancer on repeated biopsy (7)
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Chapter 3

Prostate biopgy suspicions for malignancy (PBSM)

As a consequence of programmes for the carly detection of prostate cancer, the
aumber of biopsies taken, and the number of biopsy specimens evaluated have increased
substantially. In more than 95% of cases the diagnosis of these biopsies will be equivocal
‘benign’ or ‘prostatic adenocarcinoma’. However, as a result of the limited quantity of
tissue that is sampled, the probability of finding a lesion that raises particular diagnostic
confusion has increased. Besides lesions that mimic the histology of prostatic
adenocarcinoma (such as PAH, AAH, or HPIN), architectural anomalies may be present
that lack sufficient cytological or histologic criteria to convince the pathologist that the
lesion represents an overt carcinoma. In other words, the constellation of cytological and
histological changes of these abnormalities fall below the diagnostic threshold of
carcinoma. Mostly, these ‘suspicious for, but not conclusive for malignancy’ lesions are
small and have a wide diversity of architectural and morphological features. As the
histology of these ‘suspicious for malignancy’ lesions is so distinct, pathologists should
refrain from terms that imply a confined morphological entity, such as ‘atypical small
acinar proliferaions (ASAP)” [30-33]. As, by definition, these lesions are only present
within the needle biopsy, we recently proposed the terminology ‘prostate biopsy
suspicious for malignancy’ (PBSM) to classify these lesions (TABLE 5.1} [34].

There may be interobserver variability amoag pathologists in the classification of these
lesions, and it is likely that pathologists who are not ‘experts’ may inapproptiately
designate some cases as focal atrophy, PAH, AAH, HPIN or even prostatic
adenocarcinoma. The lesion in PBSM generally fails to stain with the basal cell specific
cytokeratin (34BE12) antbody, creating greater confusion with other lesions such as
AAH or PIN. Biopsy samples may be obtained from immunohistochemically negative
areas within lesions that are known to have a discontinous basal cell layer; a small focus
of negative immunostaining may thus produce false-negative results. Results of
immunohtstochemical tests are only used to support the histopathological diagnosis of
prostatic adenocatcinoma, given the presence of cytological and architectural features
diagnostic of carcinoma [30]. Pathologists are becoming increasingly aware that false-
positive results may strengly influence a man’s guality of life through unnecessary
psychological stress, unnecessary treatment and treatment associated morbidites, For
medicolegal reasons, it is obvious that false-positive biopsy results are to be avoided. On
the other hand, reporting of the histopathology should be as unequivocal and concise as
possible and vague diagnoses should not lead to unnecessary biopsy with its associated
morbidities [35]. Urologists should be aware that PBSM is not a clear morphological
entity or a premalignant lesion of the prostate in 2 strict sense, but rather a diagnostic
entity raised by pathologists who are uncomfortable in establishing a definite malignant
dizgnosis. As was stated earlier, adopting a term such as ‘ASAP’ will possibly lead to an
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underestmation of the risk of coexistent malignancy by Urologists and with this, 2
potential for a delay in diagnosis [36]. Indeed, it is likely that PBSM (or ASAP) often
represents a marginally sampled, tangendally sectioned, or outpouching prostatic
adenocarcinoma [32].

THE ASSOCIATION WITH CLINICAL PARAMETERS

As PIN is frequently assoclated with a disruption and fragmentation of the basal cell
layer, it was previcusly assumed that proteins hike PSA could easily gain access to the
systemic circulation. Men with PIN lesions were expected to have serum-PSA levels
between those of benign epithelial glands and catcinoma. Nowadays, it is the opinion that
PIN lesions do not contribute to an clevadon of serum-PSA, PSA-density, or to a
decrease in free-to-total PSA ratio [14,37,38]. This view is substantiated by the
observation that PIN lesions show less expression of PSA in luminal cells, as determined
by immunolistochemistry, than do benign epithelial glands [39]. An elevaton of PSA
should be attributed to the presence of associated prostate cancet, gland volume, and/or
concurrent prostatic inflammations rather than the presence of PIN.

The incidence of HPIN does not differ substandally between men with or without
abnormalities on DRE or TRUS. Moreover, most studies do not report a predictive value
of current screening tools for prostate cancer on follow-up biopsy for cases diagnosed
with isoclated HPIN [14,15,40-44]. As there is a considerable overlap for cases with
benign, premalignant, and malignant diagnoses for age, this clinical variable is not a
valuable disctiminative factor [14,43,44]. Also for cases that were inidally diagnosed with
PBSM (or ASAP), padent’s age, PSA levels, and findings on DRE and TRUS could not
assist in predicting those padents who were later diagnosed with prostate cancer [30-
32,45).

INCIDENCE AND YIELD ON REPEATED BIOPSY

A remarkable variaton in the incidence of HPIN and ‘suspicious for malignancy’
lesions has been repotted in different institutions. Published data reporting on HPIN in
the absence of identifiable carcinoma have shown incidence rates of 0.15 to 16.5% of
needle biopsies [14,30, 35,42,43,46-48], and this figure was 1.5 to 6.3% of biopsies in case
of a ‘suspicious for cancer’ diagnosis or ‘ASAP’ [30,33,35,43-48]. If the criteria for
establishing a diagnosis are better defined, and more cases are included, the two
diagnoses are rendered less frequently [35]. In studies reporting on series of over a
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thousand biopsies, the repotted incidence of HPIN were lower at 0.15 to 3.7% of
biopsies [14,30,33,35,46,47], while that of a ‘suspicious’ lesion vaded between 2.5 and
4.8% of biopsies [30,45,47]. Apparently, referral and consultation bias may have occurred
in some of the smaller series.

The variations from one institution to another can be explained by the method of
patient selection in these hospitals, the recommendations for biopsy, and the hbiopsy
compliance rates. Alsc the side of the prostate gland that is biopsied, the number of
biopsies taken, and the quality and processing technique of the biopsy cores greatly
influence the incidence rates of prostate cancer, and those of lesions with an assumed
increased risk of concomitant prostate cancer. The experience and ease of establishing a
diagnosis by the pathologist will determine the reported rates as well, especially for the
threshold of making the diagnosis of PBSM,

The frequency of cancer on repeated biopsy after an initial diagnosis of isolated HPIN
was repored to vary between 22 and 100% of repeated biopsies [14,15,42,46-501. This
figure was between 29 and 58% of repeated biopsies after an initial diagnosis designated
as  C‘atypical’ |, ASAP’ |, or ‘suspicious for malignancy’ [30-33,44,45-47,49]. The
confounding factors mentioned eatlier also influence the predictive value for prostate
cancer on follow-up biopsy. Furthermore, the yield for prostate cancer on repeated
biopsy will depend on the effectiveness of the initial biopsy procedure to detect prostate
cancer, For instance, when the initial biopsy procedure fails to detect some of the
prevalent cases of prostate cancer, the yield for prostate cancer on repeated biopsy will be
increased. Also, the more reluctant a pathologist is to render a diagnosis of malignancy
on initial biopsy, the more frequent the cancer will appear in subsequent biopsies. Finally,
when more extensive repeated biopsy is undertaken in men with an assumed increased
risk of prostate cancer, the likelihood of detecting prostate cancer on follow-up biopsy is
increased, and vice versa.

When follow-up biopsies are taken in men with foci of isolated HPIN, the site of
prostate cancer may not always be simular to the site that raised the suspicion of
concurrent carcinoma [33,41,4250]. The detection of prostate cancer may then be
considered coincidental. In contrast, the re-biopsy strategy after an initial diagnosis of
PBSM mostly concentrates on the site of the prostate where the inidal ‘suspicious for
cancer’ lesion was found, and therefore, the frequency of {coincidental} cancer detection

has not been evaluated.
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CLINICAL MANAGEMENT

Clinical management of men with lesions that raise suspicion of coexisting malighancy
depends on the risk of concurrent prostate cancer, on the way in which the lesions were
initially diagnosed, and on patient factors. It is clear that men in whom the finding of a
‘non-cancerous’ lesion is associated with a negligible risk of prostate cancer, or with 2
risk that is not substantially higher than that of men with no such lesion, should be saved
trom further diagnostic follow-up and/or therapeutical interventions. A proportion of
prevalent (and clinically significant) prostate cancers will remain undetected on routne
transrectal sextant biopsy. As a result, cancers will be diagnosed on repeated biopsy
irrespective of the outcome of the initia} biopsy, even if the inidel biopsy was designared
as ‘benign epithelial glands”. Accordingly, we designated morphological lesions with a
risk of prostate cancer that was not subsrantially different from that of benign epithelial
glands as ‘benign’ (TABLE 5.1).

Since unnecessary diagnostic procedures and unnecessary therapeutical interventons
are to be avoided, it is likely to assume that only men with a sk of prostate cancer which
is substantially higher than baseline should be offered diagnostic follow-up. However, the
decision to take a repeated biopsy should also be related to the expected benefits of
diagnosing prostate cancer overall, i.e. the detection (and treatment) of prostate cancer
should be beneficial to those subjected to diagnostic procedures, cspecially within early
detection programmes. Large RCTs currently being undertaken investgate the impact of
systematic screening for prostate cancer followed by early treatment on cancer-specific
mortality and quality of life. Undl these early detecton programmes for prostate cancer
ptove beneficial, the need for and the gain of undertaking diagnosdc follow-up in men
with screen-detected premalignant lesions of the prostate remains a controversial issue.
Furthermore, of the currently available curative rreatment options for clinically localised
prostate cancer, none has definitely proven to reduce prostate cancer mortality. So, for
now, both repeated biopsy and curatve treatment may at best be considered as
controversial clinical interventions.

Clinical decisions should be restticted to the morphological components that are
expected to be associated with the worst prognosis. This implies that when premalignant
lesions ate diagnosed together with prostatic adenocarcinoma, therapectical decisions are
determined by the invasive component only, and should be taken irrespective of the
presence, severity and extent of precursor lesions. For instance, prostate cancer in the
ptesence of HPIN should be treated no differently (ie. no more aggressively) than
prostate cancers that are not accompanied by these preneoplastic proliferations. This may
be further strengthened by the observation that the volume of HPIN was reported to be
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inversely correlated with pathological tumour stage, overall tumour volume 2nd volume
of high-grade cancer [15]. The presence of HPIN on the needle biopsy (in the absence of
cancer) might therefore be interpreted as a favourable prognostic indicator. On the other
hand, as some HPIN lesions were associated with small, high-grade cancers, the
occurence of HPIN on diagnostic biopsies may selectively idendfy those malignancies
that are particularly prone to cause prostate cancer mortality [18,20].

The decision to undertake a diagnostic follow-up in men with putative premalignant
lesions of the prostate should also relate to patient’s age, general physical condition and
co-morhidides. Obviously, men who might not potentdally benefit from curative
treazment or eatly hormonal therapy should not be subjected to follow-up biopsy.

TABLE 5.3

The clinical implications of different diagnosis rendered on the prostatic needle biopsy

Disgnosis " Cliical Iplicadions .-

Focal atrophy No
PAH No
AAH No
LPIN No
HPIN Controversial

PBSM Yes

PAH  post-atrophic hyperplasia

AAH  atypical adenomarous hyperplasia

LPIN  low-grade prostatic intra-epithelial neoplasia
HPIN  high-grade prostatic intra-epithelial neoplasia
PBSM  prostate biopsy suspicious for malignancy

Diagnostic tntervention
Dazta from others and those of ERSPC showed that focal atrophy (including PAH) is
present 1n a substantial proportion of needle biopsies (up ro 90%j) [3], whereas AAH is a
relatdvely rare event (< 1%) {52]. Morcover, atrophic lesions are encountered in most
radical prostatectomy specimens, whereas AAH Is not an unuswal finding in TURP
material. For this high reported prevalence of focal atrophy and PAH, the presence of

these putative precursor lesicas on the needle biopsy is not a valuable discriminator for
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the coezistence of malignant conditfons within the prostate. Any future confirmed
relationship of AAH with low-grade transidon zone cancer is not expected to have
clinical consequences either. Besides a minor effect on patieat prognosis as a
consequence of detecting these cancers, diagnostic and/or follow-up biopsies would have
to be re-directed at the transifon zone of the prostate, the area in which these tamors
mostly reside. Currently the consensus is that the finding of focal atrophy, PAH, AAH,
or LPIN on the needle bicpsy or in TURP matetial for BPH should not lead to any
diagnostic follow-up (TABLE 5.3}. The clinical management of men with these ‘benign’
conditions should be determined from varables other than morphological features.

HPIN is a generally accepred premalignant lesion of the prostate (TABLE 5.2). The need
for and the extensiveness of diagnostic follow-up first depend on the way this
premalignant lesion was diagnosed. Obviously, the isolated finding of HPIN in the
cystoprostatectomy specimen holds no clinical implications since the target organ was
removed together with the urinary bladder, and clinical management decisions and the
prognosis of the patent are determined by the imtial indication for surgery {i.e. urothelial
cell carcinoma of the bladdet}. The presence of HPIN in TURP material for BPH is
uncommeon and has a low predictve value for cancer [53,54]. In our opinion, the finding
of HPIN in these men needs no further action.

From a RCT, we reported that the additional predictive value for prostate cancer of an
isolated finding of HPIN on initial biopsy is limited, and that the high predictive values
for cancer reported earlier may be prejudiced by referral and consultation bias, and by
vagiable biopsy techniques [34]. In our opinion, asymptomatic men within screening
settings who are eventually diagnosed with isolated HPIN do not need to be subjected to
an eqry diagnostic follow-up. Men with these lesions should be followed at regular timing,
including PSA testng, assessment of clinical symptoms, and if clinical suspicion persists,
repeated sextant biopsy. The precise interval of these assessments remains as yet unclear.
‘The impact of a finding of intraductal HPIN on initial biopsy needs further investigation.
Despite the observation that only « minority of HPIN lesions were classified as
‘intraductal’ in ERSPC, and that no unequivocal cancers were detected on repeated
biopsy, it cannot be excluded that this putadve precursor lesion represents an intraductal
spread of carcinoma. Pardeularly because of the eazlier finding that this lesion is possibly
related to potentially aggressive cancer and a poor prognosis, we recommend follow-up
biopsy in all cases that are initially diagnosed with intraductal HPIN [26-29].

The appropriate management of patients with bladder outlet obstructive symptoms, an
increased serum-PSA level, a decrease in free-to-total PSA rato, a large prostate, or with
clear abnormalities on DRE or TRUS, with or without isolated (ntraductal) HPIN,
remains unclear. At present, repeated biopsy in these cases is recommended since the
overall risk of being diagnosed with prostate cancer regardless of finding of HPIN is
mcreased.

103



Chapter 5

By definition, ‘suspicious for cancer’ lesions are diagnosed within biopsy cores only,
and will not be a separate finding in surgically obtained material. In a recent study [34] we
noted that this diagnostic entity was assoclated with a considerable risk of prostate
cancer. We therefore advocate an eatly diagnostic follow-up and repeated biopsy in all
men diagnosed with PBSM on initial biopsy (TABLE 5.3).

Therapeutical intervention
Despite the finding that isolated HPIN may or may not be associated with an increased
risk of prostate cancer on repeated biopsy, it is the consensus that the (repeated) finding
of HPIN (and no cancer) on the biopsy will have no therapeutc implicagons. The same
is true for an inidal diagnosis of PBSM, i.c. radical prostatectomy and radiotherapy should
only be used in men with histopathologically confirmed prostatic adenocarcinoma,

Chemoprevention

Chemoprevention implies the administration of drugs or other agents aimed at
preventing the initiation of prostate cancer (primary preventon), or the inhibition of
progression of prostate cancer to clinically manifest disezse and advanced disease
(secondary and tertiary prevention, respectvely). Recently, it was suggested that andi-
androgen therapy may be offered to men with HPIN (and no cancer) on the biopsy for
this might halt or reverse the process of carcinogenesis, and prevents the transition of
PIN to overt prostate cancer [55]. As HPIN precedes the development of prostate cancer
by 5 to 10 years, and Is casily identifiable, some considered the application of anti-
androgen therapy a unique opportunity to decrease the incidence of prostate cancer and
ies morbidity and mortality [55]. Androgens are required for the normal development,
differentiation, and functioning of the human prostate gland. Similar to benign prostatic
glands, PIN is androgen dependent and after hormonal deprivation therapy, the
prevalence and extent of HPIN decrease [56). This observation has been attributed to an
actual volume decrease of PIN glands, as well as to 4 diminished ability of the pathologist
to identify PIN [56]. On a molecular level, anti-androgen therapy induces the regression
of epithelium by the enhancing apoptosis, suppressing proliferative activity, and
inhibiting angiogenesis in benign prostatic epithelium, PIN and prostatic adenocarcinoma
[57,58]. Importantly, the obsetved morphological changes caused by anti-androgen
therapy are reversible and HPIN lesions seem to recover rapidly and will even further
expand after the cessation of androgen deprivation therapy [58]. To have a possible
protective effect against prostate cancet, chemopreventive agents should be administered
for life. Moreover, it was teported that androgen-receptor gene-amplication occurs in
cases that were eventually dizgnosed with prostate cancer during the treatment of BPH
with finastetide. This finding is worrisome as the amplification of the androgen-receptor
gene in androgen-deficient conditions had been observed to occur exclusively in
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hormone-refractory metastasised prostate cancer [59-61]. Cote and associates showed
that men with no evidence of carcinoma on inital biopsy who were pretreated with
finasteride had a significantly greater prostate cancer detection rate at 1 year than had
men in the observation-only group (30 versus 4%:)[62].

Besides anti-androgens, other drugs (e.g. anti-angiogenic) and nutritional supplements
{e.g. vitamin D, selenium} may be applied in chemoptevention trials {631, It is likely that
global differences in prostate cancer incidence may be attributed to differences in dietary
habits and that changes in nutrition might lower the incidence rates of prostate cancer.
Several nutritional supplements have been shown to have an ant-rumorigenic effect in
animals, although there is little human-based evidence.

Ix our opinion, the natural biological behaviour of HPIN is pootly understood,
whereas its clinical impact is limited, especially within eatly detection programmes.
Moteover, beneficial effects of ‘promising’ chemoprevention agents in reducing prostate
cancer incidence have not been confirmed in well-conducted RCTs. It has even been
teported that some chemopreventive agents may have serious and harmful side-effects,
that HPIN recurs quickly and is more pronounced after the cessation of therapy, and that
some agents might even enhance the outgrowth of unfavourzbly prognostic cancers.
Until certain proof of progression to invasive prostatic carcinoma is established, and until
population-based screening for prostate cancer proves beneficial, there should be
teluctance to offer chemopreventive agents to men with isolated HPIN on the diagnostic
biopsy.
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SUMMARY

BACKGROUND. Suspicion of prostate cancer may persist after an initial negative biopsy
result and repeated biopsy is suggested. We assessed whether diagnostic follow-up of
men with an initial diagnosis of isolated high-grade prostatic intraepithelial neoplasia
(HPIN) and a prostate biopsy suspicious for malignancy (PBSM) is needed.

METHODS. The frequency of isolated HPIN and PBSM was determined in 4,057
participants of a pepulaton-based screening study, who underwent systematic sextant
transtectal biopsy. The predictive value for prostate cancer of HPIN and PBSM was
determined by performing repeated biopsy at 6-weeks interval. The additional predictive
value for cancer within a screened population was assessed by performing repeated
biopsy at l-year interval in consecutively recruited men with an initial benign biopsy
result. Pardcipants were subjected to 2 screen at 4-year interval. The biopsy and radical
prostatectomy tumor features were determined.

RESULTS. Isolated HPIN and PBSM were diagnosed in 0.8% and 2.6% of biopsied men,
respectively. Cancer detection rates on repeated biopsy were 10.0% (3/30) for isolated
HPIN, 38.7% (36/93) for PBSM, and 11.0% (51/462) for men with initial benign biopsy
resuits. Except for two cases (one PBSM and one HPIN}, all others remained free of
prostate cancer on 204 screen. Tumor featutes of cancets detected after PBSM were
comparable to those detected on indtial biopsy, whereas the few cancers diagnosed after
HPIN had highly favorable tumor features.

CONCLUSIONS. In contrast to men with PBSM, men with isolated HPIN on initial
biopsy are at no greater risk of being diagnosed with prostate cancer than if their inidal
biopsies were assessed as benign only. Moreover, tumor features of cancers diagnosed
after an evaluation of HPIN warrant no early, extensive diagnostic follow-up.
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INTRODUCTION

Serum prostate-specific antigen (PSA) testing, and to a lesser extent, digital rectal
esaminaton (DRE) and transtectal ultrasound (TRUS) are used in early detection
programs for their ability to indicate the presence of prostate cancer. However, the
histopathological examination of the prostate biopsy specimen remains the only tool to
establish a definitive diagnosis of prostate cancer. Due to the limited quantity of tissue
that is sampled and/ot insufficient cytological or architectural atypia, the diagnosis of
malignancy may not be always unequivocal. Lesions of which the morphological features
resemble those of cancer, but ate not absolutely diagnostic for cancer, have recently been
agsociated with the detection of prostate cancer on repeated biopsy {1-3]. Otherwise,
putative precursor lesions of prostate cancer represent a different diagnostic entity and
these lesions may closelv mimic their carly invasive counterparts. The histopathological
changes referred to as high-grade prostatic intra-epithelial neoplasia (HPIN) are generally
considered the most likely precursor of invasive carcinoma [4,3]. Since HPIN has a
presumed predictive value as a marker of concomitant prostatic adenocarcinoma, it is
argued that its identficadon in the biopsy specimen warrants further search for
concurrent invasive carcinoma [4,5]. Recently, it is suggested that men with isclated
HPIN may be candidates for chemoprevention therapy for this may decrease the
incidence of prostate cancer [6,7].

In the current study we determined the frequency of isolated HPIN and a prostate
biopsy suspicious for malignancy (PBSM) in participants from a large randomized
population-based screening study for prostate cancer. The predictive value for prostate
cancer of HPIN and PBSM was determined by performing repeated biopsy within six
weeks after the initial diagnosis. The additional predictive wvalue within a screened
population was assessed by performing repeated biopsy at 1-year interval in an unselected
consecutively recruited group of men with an initial benign biopsy result [8]. Special
attention was focussed on the biopsy and radical prostatectomy tumor features (grade,
extent) of the prostate cancets detected on repeated biopsy. By assessing the diagnostic
vield for cancer on repeated biopsy in patients with an initial diagnosis of either PBSM,
HPIN, or 2 benign biopsy result, as well as by studying the tumor features of the cancers
detected, particular insight is given into the need for and the frequency of diagnostic
follow-up of these two diagnostic entities.
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FIGURE 6.1

A. Prostate biopsy suspicious for malignancy (PBSM). B. 34BE12 cytokeratin immunostaining of
this same suspicious for cancer lesion. The immunchistochemical expression is mostly absent,
while it is present in the surrounding benign glands in the basal cell layer. This particular patient
had prostatic adenocarcinoma on repeatéd biopsy C. Tufted architectural pattern of isolated
high-grade prostatic intra-epithelial neoplasia (HPIN) on the initial biopsy D. Scattered 34BE12
cytokeratin immunostaining expression within this same HPIN lesion at the basal cell layer. This
patient did not have prostatic adenocarcinoma on tepeated biopsy.
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PATIENTS AND METHODS

The Screening Regimen, Participants and Cancets Detected

Between June 15t 1994 and March 31t 2000, 41,919 men, aged 55 - 74 years, wete
randomized to the screening and control arm of the Rotterdam secdon of the European
randomized study of screening for prostate cancer (ERSPC). The ERSPC investigates the
impact of systematic population-based screening for prostate cancer on cancer specific
maortality and quality of life. ERSPC is closely associated with the Prostate, Lung, Colon,
and Ovary (PLCO) screening project of the National Cancer Institute, and a combined
analysis is planned. The Rotterdam protocol provides for re-screening after four years,
but since participants continue to be enrolled into this second screening round (2n¢
screen), this report will concentrate on the first screening round (prevalence screen)
notably. The conditions and algorithm of the screening regimen are described in detail
elsewhere [9-11]. According to the screening protocol, participants in the screening arm
with a PSA equal to or above 4.0 ng/mL (Hybritech Tandem E Assay; Hybritech Inc,,
San Diego, CA) and/or a suspicious DRE ot TRUS finding at low PSA-values (0.0 — 3.9
ng/ml) were to undergo prostate needle biopsy. In all cases in which a biopsy was
prompted, sexwant transrectal bilopsy was performed using a Bard (CR. Bard,
Convington, GA) spring-loaded biopsy gun and an 18-gauge biopsy needle. Ultrasound-
guidance was performed using 2 7 MHz end-fire ultrasound probe. Additional biopsies
were directed to palpable and/or ultrasound detectable (hypo-echogenic) lesions when
present. In February 1997, a major change of protocol was implemented in ERSPC,
when the European study group decided to exclusively take a biopsy from men with a
PSA of 3.0 ng/mL or more, without performing 2 DRE or TRUS as screening tests at all,
The Rotterdam screening protocol calls for repeated biopsy within six weeks in men in
whom the initial biopsy specimen was inconclusive for malignancy (i.e. PBSM) and/or
showed isolated foci of HPIN. In participants with PBSM, four new biopsies were
obtained from the area of suspicion, while in participants with isolated HPIN repeated
systematic sextant biopsy was performed. No repeated biopsy was prompted in
participants with an initial histopathological diagnosis of isolated atypical adenomatous
hyperplasia (AAH) or adenosis, low-grade prostatic intra-epithelial neoplasia (LPIN}, or
atrophy. Participants that were eventually diagnosed with prostate cancer were sent back
to their General Practitioner to be referred for treatment to the University Hospital
Rotterdam or to ane of the regional hospitals. The choice of treatment (i.e. radical
prostatectomy, radiotherapy, androgen deprivation therapy, deferred treatment) was
determined on basis of patient’s age, his comorbidities and his preferences, as well as on

the preferences of his treating Urologist.
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Between June 15t 1995 and July 31 1999, an unselected consecutively recruited group
of men 1n whom the inidal (or repeated biopsy results at 6-weeks interval) were negative
for prostate cancer were offered repeated screening one year after the initial screening
applicaton. The screening team was blinded to the results of the initial screening tests.
The screening algorithm and management of patients wete similar to those on initial
screen. The inclusion critetia of participants on 1-year repeated screening, the clinical and
pathological parameters responsible for not diagnosing cancers on initial screening have

been outlined in detail in a previous report from our department [8].

Histopathological Processing, Examination and Diagnosis

All sextant biopsy cores were labeled and processed separately. The biopsy cores were
routinely fixed in 10% buffered formalin at pH = 7.5, embedded in paraffin, freshly cut
into 4 UWm thick tissue sections and mounted on glass shides. Haematoxylin & eosin
(H&L) slides of three subsequent levels of the needle biopsy were histologically
examined by one of the regular pathologists of the University Hospital Rotterdam. A
specialized genito-utinary pathologist (ThvdK) was consulted on cases of doubt or when
putative precursor lesions and/or otherwise suspect lesions were observed. The Uro-
pathological ‘reference’ pathologist reviewed all cases with cancer and the number of
cores with cancer (1-G), a biopsy Gleason score [12] and a three-tiered biopsy MD
Anderson score [13] were determined for each case.

The histopathological diagnoses on the biopsy sextant were categotized according to
TABLE 6.1 of the previous chapter. A PBSM was characterized by the presence of an
architectural anomaly in a prostatic needle biopsy that lacks sufficient cytological or
histologic critetia to convince the pathologist that the lesion represents an overt
carcinoma (FIGURE 6.1). In general, immunostaining for basal cell specific cytokeratin, if
performed, is negative in these lesions. A PBSM should be distinguished from HPIN
since in the latter lesion, the normal glandular architecture is maintained (FIGURE 6.1).
Cases assessed as HPIN were further classified into four architectural patterns, ie. tufted,
micropapillary, flat and intraductal [14,15]. The latter variant included cribriform,
trabecular, smali-cell, solid and comedo-carcinoma like morphologies. When more than
one histological entity was observed in the biopsy sextant, the diagnostic classification
concerned the prognostically worst entity only. Foci of prostate cancer and HPIN
together on the biopsy sextant were classified as prostatic adenocarcinoma, while for
instance HPIN and LPIN together on the biopsy were categorized as isolated HPIN.
Since the true predictive value of PBSM and HPIN for the presence of cancer was
unknown, the presence of both PBSM and HPIN on the diagnostic biopsy sextant was
assessed as a separate diagnostic category, Le. (4).

114



Lesions that Raise Suspicion of Concomitant Prostate Cancer

Radical prostatectomy specimens were fixed, totally embedded and processed
according to well-established protocols [16,17]. For each cancer, a Gleason score was
determined, and the tumor was staged by a single pathologist (ThvdK) according to the
TNM 97 classification. Morphometric analysis was performed to determine overall
tumor volume as desctibed in detail by Hoedemaeker e o/ [18]. Using the criteria of
Epstein ¢ «/ [19], Ohort e a/ [20], and Vis f 2d [21], small (< 0.5 ml) organ-confined
tumors without Gleason growth patterns 4 or 5 were classified as minimal disease {i.e.
possibly harmless), while cancers with tumor features other than those of minimal disease

were assumed clinically relevant

Statistical Analysis

Statistical analysis was performed using the statistical package for the social sciences

(SPSS 9.0; SPSS Incorporated, Chicago, IL). The chi-square (%?) test was used to assess
differences for ordinal variables (e.g. Gleason score) and the Mann Whitney U (MWL)
test was used to assess differences for continuous variables (e.g. the serum-PSA level).

The assumption that no difference existed for the variable evaluated {HO) was rejected
(H1) #f p < 0.05.

RESULTS

Initial and Repeated Biopsy at 6-weeks Interval on Prevalence Screen

Until Mareh 315 2000, 20,979 men were randomized to the screening arm of ERSPC
and 19,475 (92.8%) behaved in compliance with the screening tests. Of these, 4,057
(20.8%) eventually underwent sextant transrectal biopsy, and 959 (23.6%) participants
were diagnosed with prostate cancer in the first biopsy session. PBSM and isolated HPIN
were diagnosed in 106 (2.6%) and 33 (0.8%) bicpsied men, respectively (TABLE 6.1}. Of
33 cases with isolated HPIN, 27 were tufted and/ox micropapillay, 2 were flat, 2 showed
intraductal components, while 2 sets of biopsies could not be retrieved. Despite the fact
that the screening protocol called for repeated biopsy after 6 weeks, 12 (11.3%) and 3
(9.1%) men with PBSM and isolated HPIN on initial biopsy, respecuvely, refused
diagnostic follow-up or have not yet undergone repeated biopsy. In one case (0.9%) with
PBSM, the repeated biopsy cores were inadequate for histopathological diagnosis. For
participants that underwent repeated biopsy for PBSM and in whom a histopathological
diagnosis was available, 38.7% (36/93) were diagnosed with prostate cancer (TABLE 6.1).
For those who underwent repeated biopsy for isolated HPIN and had their biopsies
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histopathologically evaluated, 10.0% (3/30) had prostate cancer. All three cases had
tufted and/or micropapillary components on initial biopsy. In the two men with PBSM
and isolated HPIN together on the initial biopsy sextant, the repeated sextant biopsy
showed benign prostatic epithelial glands only.

TABLE 6.1

The absolute number and the relative proportion of men that underwent repeated biopsy within
six weeks after the initial biopsy for the different diagnostic enttes. The histopathological
diagnosis after repeated biopsy (Prevalence screen)

B "'His{(_)'pa.tl.'l_élog:'ic_ﬂ éiagﬁogis st:ffef e

- Diagnosis . N Repeated ~ PC ~ PBSM HPIN HPIN/ Benign

afterinitial © (% oftowl)  Biopsy N (%) N{%) N(®) PBSM N (%)
. biopsy N (%) N (%)

CPC T 959 (236) * * * * * *

' ?B_SM‘_'__ 106 (2.6)  93(87.7) 36387 3(3.2 000 1(.1) 53(57.0)
~ HPIN' 3308 300901 3(10.0) 267 4133 000 21(70.0)
o Bothiiot 2(0.) 2710000 0@©00) 0@0 0.0 000 2(100.0)

Bemgn C2950 (727 1800 3(16T) 000 1(6 000 14(778)

L Other - T(02) * * * * x x
Towl 4057 143 (3.5) 42(294) 5(35) 5035 107 90(62.9)
PC prostate cancer
PBSM  prostate biopsy suspicious for malignancy
* no repeated biopsy

HPIN  high-grade prostatic intta-epithelial neoplasia

For 106 cases with PBSM, the median (mean £ 5D) PSA-level was 4.4 ng/mL (6.3

ng/ml £ 7.3), and the median tdme to repeated biopsy was 3.9 weeks (range, 2 - 19). For
the 36 men with PBSM on initial biopsy and prostate cancer on repeated biopsy, the
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median PSA (mean * SI) was 5.5 ng/ml. (8.3 ng/ml. = 11.0). For the 33 cases with
isolated HPIN, the median {mean £ SD) PSA was 3.7 ng/ml. (5.0 ng/mL * 3.4) and the

median time to repeated biopsy was 3.4 weeks (range 1 - 35). The median PSA (mean £
SD) for the three cases with isolated HIPPIN and prostate cancer on repeated biopsy was
3.2 ng/mL (3.5 ng/mL £ 0.6). No statistically significant difference was found for PSA-
ievel between men with an initial diagnosis of PBSM and those with an initial diagnosis of
isolated HPIN (MWU; p = 0.18). Also the proportion of men in different PSA-ranges
was not different between those who had an initial diagnosis of PBSM and those who
had an inidal diagnosis of isolated HPIN, ie. 18.9% (20/106) and 18.2% (6/33) for low
PSA-ranges (0.0 — 2.9 ng/mL) and 11.3% (12/106) and 12.1% (4/33) for high PSA-
ranges (2 10.0 ng/mL), respectively.

The biopsy tumor characteristics of the cancers detected in the first biopsy session and
of those on repeated biopsy are listed in TABLE 6.2. The biopsy Gleason score for
cancers diagnosed on repeated biopsy after PBSM was not statistically different from that
of prosmate cancers diagnosed on the first biopsy sextant (x% p = 0.15). A trend was
observed for more favorable MDD Anderson scores in cases diagnosed after PBSM and
repeated biopsy compared to those diagnosed with prostate cancer on initial biopsy (% p
= 0.08). The number of cores with cancer was significantly lower (% p < 0.01). Due 1o
small numbers (n = 3), no statistical comparison was made between the biopsy tumor
characteristics of cancers diagnosed on repeated biopsy after isolated HPIN and those
with prostate cancer on initial biopsy.

Six of 36 men with an initial diagnosis of PBSM, who were diagnosed with prostate
cancer on repeated biopsy, underwent radical prostatectomy at our department. All but
one had organ-confined disease, and a radical prostatectomy Gleason score of 6. Using
previously developed cxtetia [19-21], half of the surgically treated cases were assessed as
clinically significant, and half 2s minimal (i.e. potentially harmless). Two of 3 men with
isolated HPIN on initial biopsy, and who were diagnosed with prostate cancer on
repeated biopsy, were surgically treated at our department. An examination of tumor
characteristics explained that both cancers were classified as minimal.

In 18 participants, in whom the initial biopsy was benign (L€ no prostate cancer, no
PBSM, no HPIN), repeated sextant biopsy was performed. Although the screening
protocol did not recommend so, repeated biopsy was performed because of a persistently
elevated serum PSA-level, mostly. In three cases (16.7%) prostate cancer was diagnosed
(TABLE 6.1). Two of these had clinical signs of BPH, the PSA-levels were 30.8 and 16.9
ng/mL, and the biopsy Gleason scores were 8 (3 + 5) and 7 (3 + 4), respectively. The
third case had LPIN on initial biopsy, a PSA of 1.6 ng/ml, and a biopsy Gleason score
of 6 (3 + 3).
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Repeated Screening and Repeated Biopsy at 1-year Interval

A total of 1,839 consecutive cases were offered repeated screening one year after the
application of the prevalence screening tests, and 1,403 (76.3%0) eventually underwent the
screening tests. In 510 men (36.4%) a biopsy was prompted and 485 (95.1%) men in fact
underwent repeated sextant transtectal biopsy. Of these, 470 men already had a sextant
biopsy one year catlier. In five men that were previously biopsied and came for 1-year
tepeated screening, an earlier evaluation of PBSM on the initial biopsy was done and all
five were benign on repeated biopsy at 6-weeks Interval and on 1-year repeated screening,
Three previously biopsied men had an initial diagnhosis of isolated HPIN and two of three
proved benign on repeated biopsy at 6-weeks interval. One case had a diagnosis of PBSM
on repeated biopsy and prostate cancer on l-year repeated screening. This surgically
treated case had 2 2.8 mL large, organ-confined tumor with a Gleason score 6 (3 + 3) and
no high-grade components.

A total of 462 men underwent repeated biopsy one year after an initial benign biopsy
result. The median (mean & S} PSA was 4.8 ng/ml. (5.3 ng/mL £ 3.4) and the median
time to repeated biopsy was 58.4 weeks (range, 43 — 123). No statistically significant
difference for PSA was found between men on 1-year repeated screening and those that
underwent repeated biopsy after an initial PBSM (MWU; p = 0.19) or isclated HPIN
(MWU; p = 0.64). The proportion of men i high PSA-ranges was lower, Le. 6.5%
(30/462), than that of men with an initial diagnosis of PBSM or isolated HPIN, whereas
the propottion of men in low PSA-ranges was similat, ie 19.9% (92/462). In 11.0%
(51/462) of the men with an initial benign biopsy result prostate cancer was diagnosed
and their median PSA-level (mean + SD) was 5.2 ng/mL (6.3 ng/mL + 4.3).

The biopsy tumor features of cancers detected on l-year repeated screening are listed in
TABLE 6.2. The MD Anderson score in cases diagnosed after PBSM was significanty
lower than that in cases with a diagnosis of cancer on 1-year repeated screening (% p =
0.02). No difference was found for biopsy Gleason score (¥% p = 0.29} and the number

of cores with cancer (% p = 0.45).

Initial and Repeated Biopsy on 27d Screen at 4-year Interval
Until Apnl 30% 2000, approximately one fourth of the men in the screening arm of
ERSPC (5,101 participants) were to undergo 2 screen at a 4-year interval. Of these,
3,266 (64.0%) eventually underwent the screening tests, 620 biopsies were perfortned and
121 {19.5%) prostate cancers were diagnosed. PBSM and isolated HPIN were diagnosed
in 2.9% (18/620) and 2.3% (14/620) of biopsied cases, respectively. The cancer detection
rate on repeated biopsy at 6-weeks interval was coasiderably lower than that on

prevalence screen. These figures on 274 screen were 6.7% (1/15) in biopsied men with an

118



Lesions that Raise Suspicion of Concomitant Prostate Cancet

initial diagnosis of PBSM and 0.0% (0/10) for men that had a diagnosis of isolated HPIN
on initial biopsy.

TABLE 6.2

Features of cancers detected on the initial biopsy and of those detected on repeated biopsy after
six weeks and on repeated biopsy after one year, respectively

: epeatedbiopsyafter Repeatedbzopsy

g weeks G0 after One year
Initial biopsy Initial Injtial Tnitial

Prostate PBSM HPIN Benign

cancer N %) N (%) N (%)

N (%)

42 (4.4) 2 (5.6) G (0.0) 3 (5.9)
565 (58.9) 27 (75.0) 3 (100.0) 35 (68.6)
272 (28.4) 4(11.1) 0 (0.0) 12 (23.5)

80 (8.3) 3 (8.3) 0 (0.0) 12.0)
631 {65.8) 30 (83.3)  3(100.0) 31 (60.8)
257 (26.8) 4011 0000 19 (37.3)

71 (7.4) 2 (8.3 0 (0.0 1 (2.0
237 (247) 15417 1(33.3) 22 (43.1)
230 (24.0) 17 (47.2) 2 (66.7) 18 (35.3)
189 (19.7) 2 {5.6) 0 0.0 8 (15.7)
303 (31.6) 2 {5.6) 0{0.0) 3(5.9)

959 36 3 51

Of the 121 cases that wete diagnosed with prostate cancer on 2% screen, one (0.8%)
had an earlier diagnosis of PBSM on prevalence screen, 74.4% (90/121} did not have
sextant transrectal biopsy eatlier and 24.8% (30/121) underwent a previous biopsy that
was classified as benign. For cases with a diagnosis of PBSM on prevalence screen and no
cancer on tepeated biopsy, all but one remained free of prostate cancer after 4 years.
None of the participants with HPIN on initial biopsy was diagnosed with cancer on 2

SCreen.
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DISCUSSION

In the last decade, extensive efforts have been made for the early detecdon of prostate
cancer using serum prostate-specific antigen (PSA), digital rectal examination (IDRE) and
transrectal ultrasound (TRUS) as markers for prostate cancer. Barly detection programs
aim at the detection of cancers that are likely to reveal themselves clinically and cause
prostate cancer mortality. Since missing potentially harmful cancers may possibly
interfere with the outcome of randomized clinical trals, Le. the reduction of prostate
cancer related mortality, diagnostic follow-up of men for whom clinical, biochemical or
pathological sespicion of prostate cancer persists after a non-cancerous biopsy result is
pursued. In particular, the presence of putative precursor lesions of prostate cancer or
otherwise suspicious Jesions on the diagnostic prostatc needle biopsy have been the topic
of majot concerns for these may indicate the presence of concomitant malignancy. Using
data from a large randomized population-based screening trial, in which screened
participants were subjected to standardized screening regimens, the current study
agsessed whether diagnostic follow-up of men who have been diagnosed with
pathological findings associated with an increased risk of prostate cancer is needed.

The diagnostic entty referred to as prostadc intra-epithelial neoplasia consists of
architecturally benign prosratic acini and ducts, lined by cytological atypical cells and an
incomplete disruption of the basal cell layer [14-22]. Lesions with the morphology of PIN
are regarded as the most likely precursor of (peripheral zone) prostatic adenocarcinoma.
Based on the low predictive value for cancer and its high interobserver variation among
pathologists, low-grade PIN (LPIN) should be distingnished from high-grade PIN
(HPIN) lesions [23]. It is now the consensus that LPIN should no longer be reported as a
scparate diagnostic entity [24]. Undl present, it is not yet clear whether HPIN remains
stable, regresses or progresses to Invasive cancer or simply co-exists with its presumed
malignant equivalent. A remarkable variation in the incidence rates of HPIN has been
reported in different insdtutdons. Published data reporting on HPIN in the absence of
identifiable carcinoma have shown incidence rates of 0.15% to up w 16.5% of needle
biopsies {1,5,23,25-29]. If the criteria for cstablishing a diagnosis are berter defined, and
more cases are included, the diagnosis is rendered less frequently. In studies reporting on
seties of over a thousand biopsies, the reported incidence rates of isolated HPIN were
lower at (.15 to 3.7% of needle biopsies [1,23,27-29]. Apparenty, referral and
consultation bias may have occurred in some of the smaller patient series. The variations
from one institution to another can further be explained by the method of patient
selection in these hospitals, the recommendatons for biopsy, and the biopsy compliance

rates. Also the number of biopsies performed, and the biopsy sampling technique Itself
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may have influenced the incidence rates of this putative premalignant lesion of the
prostate, Reports from opportanistic screening studies demonstrated that prostate cancer
was revealed in 22 to 100% of men that underwent repeated biopsy after an initial
diagnosis of isolated HPIN(25,29,30,32-38]. The confounding factors mentioned earlier
may also influence the diagnostic yield for prostate cancer on repeated biopsy.
Furthermore, the yield for prostate cancer on follow-up biopsy will depend on the
effectiveness of the inidal biopsy procedure to detect prostate cancer, and it may be well
expected that when more extensive repeated biopsy is performed in men with an
assumed increased tisk of prostate cancer, the Lkelthood of detecting prostate cancer on
follow-up bicpsy is increased, and vice versa. Despite the low comparability of these
studies, it has become a widely accepted routine to perform vigorous diagnostc follow-
up in men in whom the needie biopsies fail to identify prostate cancer in the presence of
HPIN lesions [4,5,22]. It has recently even been suggested to offer hormonal deptivation
therapy to men with a diagnosis of isolated HPIN [6,7]. However, considerable concern
has been raised about the actual predictive value of HPIN as an indicator of co-existent
neoplasia [29,38]. This may imply that a renewed look on the recommendations of the
diagnostdc follow-up of men with isolated HPIN is warranted.

Other architectural anomalies may be present that do not truly convince the pathologist
that the lesion reptesents an overt carcinoma. Due to insufficient cytological,
architectural or histologic atypia an unequivocal diagnosis of malignancy may not be
made. In other words, the constellation of cytological and histological changes of these
abnormalities fall below the diagnostic threshold of cagcinoma. The incidence rates of
suspicious lesions or ‘atypical small acinar proliferations’ (ASAP) varied between 1.5%
and 6.5% of biopsies [1,5,26-29.39,40], and between 2.5% and 4.8% when studies
reporting on over a thousand needie biopsies were considered [1,26,29]. Repeated biopsy
is often recommmended in these cases [1,2,41]. The frequency of cancer on repeated
biopsy after a suspicious for cancer diagnosis is reported to vary between 29% and 60%
of biopsies [1,2,26,29,33,39,40-43]. Besides differences in study design, patent
characteristics and biopsy technique, this variation may also be explained by the
definition of what actually consdtutes a suspicious lesion. It is likely that ‘non-expert’
pathologists may inappropriately have designated some cases as HPIN or prostatic
adenocarcinoma. Some guidelines for the histopathological diagnosis of ‘suspicious for
malignancy’ lesions have been given by Cheville ¢# &/ [1} and Iczkowski ¢ o/ {2,41]. The
possibility cannot be excluded that these lesions often represent a marginally sampled,
tangentially sectioned, or outpouching of prostatic adenocarcinoma.

The current study reported on 20,979 participants derived from the screening arm of a
randomized screening trial for prostate cancer. All screened participants were subjected
1o 2 standardized screening protocol every four years using serum-PSA testing, DRE and
TRUS 28 screening wols. An abnormal screening test prompted diagnostic sextant
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transrectal biopsy. When the histopathological examination of the biopsy specimen
remained inconclusive for prostate cancer (.e. PBSM) or showed HPIN in the absence of
prostate cancer, repeated biopsy was recommended at G-weeks intetval. Our data
demonstrated that the incidence rate of isolated HPIN was 0.8% (33 of 4,057 cases) with
a cancet detection rate on repeated biopsy of only 10.0% (3/30). PBSM occurted in 2.6%
of biopsied cases, whereas the yield on repeated biopsy was 38.7% (36/93). It is likely
that the cancer detection rate on repeated biopsy after PBSM may have been higher if
repeated sytematic sextant biopsy was performed instead of four biopsies directed at the
area of suspicion [43]. Our data further indicate that the yield on repeated biopsy does
not substantially increase with longer follow-up. One additicnal cancer was detected on
l-year repeated screening in a case with isolated HPIN, whereas one cancer was
diagnosed on 27 screen in a case with PBSM on prevalence screen. In our opinion, the
reported incidence rates of isolated HPIN and PBSM, as well as their vield for cancer on
repeated biopsy are of interest since our study was populadon-based, and participants
underwent screening (and re-screening) according to well-established and  well-
standardized screening protocols.

An unselected cohort of 462 consecutvely recruited men was subjected to repeated
biopsy one year after an inital benign biopsy result. In these men, 51 (11.0%) cancers
were detected, implying that this cancer detection rate was similar to that of men with an
initial diagnosis of HPIN. No statistically significant difference was found for serum-PSA
between the three different indications for repeated biopsy (L.e. PBSM, HPIN or benign),
indicating that this may not have largely influenced the diagnostic vield for cancer. Men
who underwent repeated biopsy after an inidal benign biopsy result had a PSA-level of
10.0 ng/mL ot higher less often. This discrepancy may be explained by the fact that a
large proportion of men in high PSA-values underwent systematic sextant biopsy on
prevalence screen, were subsequently diagnosed with prostate cancer, and did not
undergo subsequent repeated biopsy.

The grade (Gleason score, MD Anderson scote) of cancers detected on repeated biopsy
after an initial diagnosis of PBSM was comparable to that of cancers detected in the first
biopsy sesston (TABLE 6.2). The number of cores with cancer was significantly lower for
men diagnosed with cancer on repeated biopsy after an initial PBSM diagnosis than that
of men diagnosed with cancet on initial biopsy. This may be explained by the fact that
only four biopsies were taken from the area that raised suspicion of cancer, though also
that these tumors had littler chance of being detected due to small tumor size. The tumor
volume, determined in the radical prostatectomy specimen, indeed was lower in men
diagnosed with cancer after PBSM (data not shown). However, it may not be excluded
that some treatment selection bias may have occurred for not an even proportion of men
diagnosed within the different indications of repeated biopsy underwent radical
prostatectomy. Although the absolute number and the proportion of men undergoing
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radical prostatectomy at our department was small, the proportion of clinically significant
disease indicated that tepeated biopsy after PBSM is still warranted.

The few tumors detected on repeated biopsy after zn inidal diagnosis of HPIN all
showed highly favorable tumor features, both on the biopsy specimen and the radical
prostatectomy specimen. Two of three men with cancer underwent radical prostatectomy
and both were considered as having possibly harmless disease.

CONCLUSIONS

Clinicians are sometimes confronted with biopsy results that although negative for
cancer, raise sugpicton of concurrent carcinoma. The diagnosis of high-grade prostatic
mtra-epithelial neoplasia (HPIN) and a prostate biopsy suspicious for malignancy (PBSM)
present a particular diagnostic challenge. In 4,057 biopsied participants of a large
population-based screening trial, the frequency of HPIN on initial biopsy was 0.8%,
while this was 2.6% for PBSM. Participants that were diagnosed with PBSM on initial
biopsy are at considerable risk of being diagnosed with prostate cancer on repeated lesion
directed biopsy (i.e. 38.7%). The tumor features of the cancers detected indicate that
these resemble those of the cancers detected on initial biopsy. Therefore, men that are
diagnosed with PBSM are candidates for close diagnostic follow-up.

Despite the fact that HPIN 1s an assumed premalignant lesion of the prostate, screened
men with an isolated focus of HPIN on the needle biopsy are at no greater risk of having
prostate cancer than if their initial biopsies were assessed as benign prostatic tissue only.
Our data indicate that the risk of concomitant prostate cancer is similar {i.e. 10.0%) to
that repotted in an unselected cohort of men that underwent 1-year repeated biopsy after
an initial benign biopsy result (Le. 11.0%). Moreover, the highly favorable tumor features
of the cancers detected on repeated sextant biopsy indicate that many of the cases with
isolated HPIN on inital biopsy may have been subjected to unnecessary early diagnostic
follow-up. In contrast to the outcome of eatlier studies we cast doubt on the actual
predictive value for cancet of repeated sextant biopsy in men who are initially diagnosed
with isolated HPIN in population screening for prostate cancer.
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SUMMARY

BACRGROUND. The value of rectal examination as initial screening test for prostate
cancer at low PSA values (0.0 — 3.9 ng/mL) was determined by evaluatng the number
and tumor characteristics of the cancers detected.

METHODS. Two separate study populations were subjected to screening with (n =
10,226) and without {n = 10,753) rectal examination as initial screening test. The number
of cancers detected at low PSA values for both screening regimens, the corresponding
biopsy and radical prostatectomy tumor characteristics were assessed. Possibly harmless
cancers were defined as small {< 0.5 ml) otgan-confined tumors without Gleason
growth-patterns 4/5.

RESULTS. At low PSA, 26.6% (117/440) of screen-detected cancers were detected after
the evaluation of a suspicious rectal examination. The number of cancets and tumor
aggressiveness features were highly associated with serum-PSA level The proportion of
possibly harmless disease steadily declined from 100% (PSA 0.0 — 0.9 ag/mL) to 15.4%
(PSA 3.0 — 3.9 ng/mL). Rectal examinations were performed unnecessatily in 94.7% to
100% of cases, when detection of clinically significant disease was aimed at, Using PSA
(and a cut-off of 3.0 ng/ml) as the only screening tool, 24.3% (121/498) of screen-
detected cancers were in the PSA range 3.0 - 3.9 ng/ml, and 60.0% were assessed as
clinically significant.

CONCLUSIONS. Rectal examination as inital screening test for prostate cancer at low
PSA values may be replaced by screening using serum-PSA only. Ar PSA levels below 3.0
ng/mL, 289 rectal examinations are required to find one case of clinically significant
disease, and 90 rectal examinations are needed to diagnose prostate cancer of any size,

grade or stage.
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INTRODUCTION

Prostate cancer is the most commonly diagnosed non-skin malignancy in eldetly males
in the Netherlands and in the United States, and the second cause of cancer-related
death, only surpassed by lung cancer [1,2]. In recent years, extensive efforts have been
made for the early detection of prostate cancer, using serum prostate-specific antigen
(PSA), digital rectal examination (DRE) and transtectal ultrasound (TRUS) in case-
finding and randomized screening studies. So far, screening for prostate cancer remains 2
controversial issue and has not yet proved to reduce disease specific mortality.

The ERSPC is a multicenter study, which seeks to demonstrate 2 reducton of prostate
cancer mortality of at least 20% (with a statistical power of 90%) in screened pasticipants
aged 55 to 74 years, compared to non-screened participants in the control group. Within
ERSPC, evaluation of the applied screening regimen is part of the study protocol in an
effort to optimize the validity (L.e. sensitivity and specificity} of the screening tools [3-7].
An evaluation by logistic regression analysis led to a major change of screening regimen
in February 1997, at which time the original screening protocod, Le. a prostate biopsy for
all men with a serum PSA 2 4.0 ng/mL or a suspicious DRE/TRUS at low PSA values
(0.0 - 3.9 ng/ml)), was teplaced by 2 new protocol. The new screening regimen called for
prostate biopsy in all men with 2 setum PSA 2 3.0 ng/ml, irrespective of DRE/TRUS-
findings [4}. Validadon of this major change in screening protocol with respect to
detection tates, positive predictive value (PPV}, and the number of cancers found per
biopsy in different PSA ranges is described in detail by Schrdder e /. [6].

By examining tumor characteristics, the current study assessed whether the major
change in screening regimen for the eatly detection of prostate cancer, which meant that
rectal examination (DRE/TRUS) was omitted as an inidal screening tocl, is justified. The
number of cancets detected within two separate populations subjected to screening with
or without rectal examination was compated, as were the biopsy tumor features and the
characteristics of the tumor in the radical prostatectomy specimen. Special focus was paid
to the proportion of assumed clinically significant disease detected within either of the
two scteening regimens and to the yleld of rectal examination and transrectal sextant
biopsy for the detection of clinically significant disease. Based on these results, rational
recommendations may be given concerning the value of rectal examination as a tool for

the early detection of prostate cancer at low PSA values.
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MATERIALS AND METHODS

Patients

Between June 1, 1994 and December 31, 1999, 41,919 men, aged 55 to 74 years, were
randomized to a screening and control arm within the Rotterdam secdon of ERSPC. The
Rotterdam protocol provides for re-screening after four years, but this report
concentrates on the first screening round only (prevalence screen). The conditons and
algorithm of screening are described in detail elsewhere [3-7]. Until February 1997, the
screening protocol determined that screened participants in the Rotterdam area with a
PSA equal to or above 4.0 ng/mL (Hybritech Tandem B Assay; Hybtitech Incorporated,
Sen Diego, CA) and/or a suspicious DRE/TRUS-finding at low PSA (0.0 — 3.9 ng/ml)
were to undergo prostate biopsy. Sextant transrectal biopsy was performed using 2 Bard
(C.R. Bard, Convington, GA) spring-loaded biopsy gun and an 18-gauge biopsy needle.
Ultrasound-guidance was performed using 2 7 MHz end-fire ultrasound probe.
Additional biopsies were taken from any suspicious areas within the prostate gland.
Within the original protocol, 10,226 men were randomized to screening, resulting in 440
cases diagnosed with prostate cancer on initial biopsy. All prostate cancer patients were
sent back to their General Practitioner to be referred for treatment to the University
Hospital Rotterdam or to one of the regional hospitals.

In February 1996, during the course of this study, the biopsy indication for men who
presented with a PSA value below 4.0 ag/mL was changed, resulting in the omission of
DRE and TRUS as a screening tool in cases where the PSA value was below 1.0 ng/mL
[3]. This was done because of the very low positive predictive value (PPV) of biopsies for
cancer in participants with a PSA value below 1.0 ng/mL. To simplify presentation, it
was decided o extrapolate the number of biopsies and cancers which would have been
found if this policy change had not occurred [6].

In February 1997, a second major change of protocol was implemented within ERSPC,
when the European study group decided to exclusively take a biopsy from men with a
PSA of 3.0 ng/mL or more, without performing a DRE or TRUS as screening tests at all.
Undl December 31, 1999, 10,753 men living in the direct surroundings of Rotterdam
wete randomized according to this new screening protocol and 498 patients were
diagnosed with prostate cancer after the histopathological examination of the biopsy

sextant.
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Pathological Tissue Examination
All sextant biopsy cores were labeled and processed separately. The biopsy cores were
routinely fixed in 10% buffered formalin at pH = 7.5, embedded in paraffin, freshly cut

into 4 pm thick tissue sections and mounted on glass slides. Haematoxylin & cosin (H &
E} slides of three subsequent levels of the needle biopsy were histologically examined and
the number of cores with cancer (1 — 6}, a biopsy Gleason score, and the biopsy tumor
mvolvement (le. the comulative length of cancer divided by the cumulative length of
biopsy cores) were determined for each case by & specialized genito-urinary pathologist
{ThvdK).

All radical prostatectomy specimens were fixed, totally embedded and processed
according to well-established protocols [8,9]. For each cancer, a Gleason score was
determined and the tumor was staged by a single pathologist (Thvd<) according to the
TNM 97 classification. All cancers detected in the radical prostatectomy specimen were
examined for the relative proportion of high-grade (HG) cancer {ie. Gleason growth
pattera 4 ot 5) and subsequent morphometric analysis was performed to determine the
tumot volume as described in detail by Hoedemacker ef 2/ [10]. Tumors were categorized
accotding to a previously developed predictive model, including pathological stage, tumor
volume and the proporton of high-grade cancer [11]. In this model, minimal tumors
wetre defined as small (< 0.5 mL), otgan-confined tumors without Gleason-pattern 4 and
5, whereas advanced cancers were tumors invading adjacent organs (i.e. seminal vesicle,
bladder neck), cancers of 2 1.0 ml in tumor volume extending the prostatic capsule
and/or tumors containing high amounts (2 0.5 mL} of pootly differentiated cancer. All
cancers with tumot chatacteristics in between those of minimal and advanced disease
were clagsified as moderate (Le. potendally aggressive and curable) disease. Since the
prognostic significance of the model is to be further established, we considered moderate
and advanced tumor characteristics as ‘clinically significant’. Minimal tumors, on the
other hand, were assumed “possibly harmless” on basis of their low biological

aggressiveness features.

The Efficacy of the Screening Tools

The efficacy of the screening tests (rectal examination and sextant transrectal biopsy)
for the detection of climically significant prostate cancer was determined by comparing
the number of men with clinically significant disease to the number of men that came for
rectal examination (DRE/TRUS), and to the number of men that eventually underwent
transrectal sextant biopsy. The yield of a screening test in this context is defined as the
proportion of cases accurately identified by this screening test. The yield of recral
examination for the detection of clinically significant disease was defined as the expected
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aumber of clinically significant prostate cancers within a particular PSA range divided by
the total numbet of rectal examinations performed within this PSA range. This figure
explains how many rectal examinations are needed to detect one case of clinically
significant disease. The yield of transrectal sextant biopsy for the detection of clinically
significant disease was defined as the expected number of clinically significant disease
within a particular PSA range divided by the number of sextant transrectal biopsies
performed within this PSA range. This figure demonstrates how many clinically
significant cancers are found for any biopsy taken. The aumber of men expected to have
clinically significant disease within a particular PSA range was calculated by multiplying
the total number of cancers detected in the PSA range with the observed proportion of
men with assumed clinically significant disease after radical prostatectomy. Despite the
fact that the ttue number (e prevalence) of men with clinically significant disease
remains unknown in the population, and that the tumor features of clinically significant
disease were arbitrarily defined in our study, we assumed that the tumor features of those
that underwent one of the other treatment modalities (radictherapy or deferred

treatment) was similar to those of men that underwent retropubic radical prostatectomy.

Statistical Analysis
Statistical analysis was performed using the statistical package for the social sciences
(SPSS 9.0; SPSS Incorporated, Chicago, IL). Baseline variables and pathological tumeor
features determined on the biopsy specimen have been listed in TABLE 7.1. The 2 —test
was used to assess differences between the original protocol and the PSA  driven

protocol. The assumption that no difference existed between the original protocol and

the PSA-dtiven protocol (HO) for the variable evaluated was rejected (H1) if p < 0.05.

RESULTS

Biopsy Tumor Characteristics of Men Diagnosed With Prostate Cancer

Of the 440 patients who were biopsied and diagnosed with prostate cancer according
to the original protocol (PSA 2 4.0 ng/ml. and/or DRE/TRUS+), 117 (26.6%) wete
diagnosed at a low PSA-value (0.0 — 3.9 ng/mL). Of the cancers detected at low PSA
values, 43 (36.8%) were detected in the PSA-range 3.0 — 3.9 ng/mL, 27 (23.1%) were in
the PSA range 2.0 — 2.9 ng/mL, and 47 (40.2%) were in the PSA range 0.0 - 1.9 ng/mL
(TABLE 7.2). Forty (34.2%) cases with cancer had an abnormal DRE zlone, 39 (33.3%)
had an abnormal TRUS alone, and 38 (32.5%) had abnormal findings on both DRE and
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TRUS. For the PSA driven protocol (PSA 2 3.0 ng/mL), 121 (24.3%) of the 498 cases
diagnosed with prostate cancer came from the PSA range 3.0 — 3.9 ng/mL.

Baseline vartables and the biopsy tumor features for cases diagnosed with prostate
cancer in the PSA range 0.0 — 3.9 ng/ml are given in TABLE 7.1. Between the two
screening regimens, no statistically significant difference was found for age, number of
cores with cancer, or blopsy mumor involvement. The Gleason score on the other hand

was statistically more favorable in the PSA driven protocol (%2 - test: p = 0.027).

TaBLE 7.1

Comparison of baseline variables and biopsy tumor features in the low PSA ranges for cases
diagniosed with prostate cancer within the original protocol (biopsy indication if PSA 0.0 — 3.9
ng/ml together with 2 suspicious DRE/TRUS) and the PSA driven protocol (biopsy indication
if PSA 3.0 3.9 ng/mL) within ERSPC, section Rotterdam

' Otiginal protocol PSA dﬁven protocol a %) - ~value
Age (}rears) L
- 55 59 30 (25.6) 28231
G064 29 (248) 28 (23.1)
6569 33 (28.2) 35 (28.9) ns
TG 25 (21.4) 30 (24.8)

Number of possuve cores _-j:'*

43 (36.8) 52 (43.0)
43 (36.8) 33 (27.3)
21(17.9) 22 (18.2) ns
10 (8.5) 14 (11.6)
8 (6.8) 12 (9.9
72 (61.5) 87 (71.9)
26 (22.2) 20(16.5) 0.027
11 (9.4 2.7
58 (49.6) 72 (59.5)
43 (36.8) 34 (28.1) ns
16 (13.7) 15(12.4
Total fiumber of cancers = 117 121
* %7 - test
ns not significant
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TABLE 7.2 shows the number and distribution of cancers within different PSA ranges
when classified according to Gleason score. For the otiginal screening regimen, the
proportion of moderately (Le. Gleason score 7) and pootly (l.e. Gleason scores 8 - 10)
differentiated cancers increased with rising PSA wvalues, although some poorly
differentiated cancers were also found in the very low PSA ranges.

TABLE 7.2

The number of prostate cancers detected, and the distrdbution of tumors according to biopsy
Gleason score in different PSA ranges of cases detected within the original protocol (biopsy
indication if PSA 0.0 — 3.9 ng/mL together with a suspicious DRE/TRUS) and the PSA driven
protocol (biopsy indication if PSA 3.0 — 3.9 ng/mL) within ERSPC, section Rotterdam

Original protocol (n = 117) PSA driven protocel (n = 121)

(leason score Gleason score
CRHPSARE N 2.4 5.6 7 810 N 24 5.6 7 8-10
 (og/mL). n@®)  a(m a0 A on n n

S (%) (%o) (%)
0.0 09 4 1230) 3750 0 0.0 0.0 - - - -

'i_.b;_'1.9;__ 43 3(70) 32044 6(140) 2046 - . .

205290 27 0OO) 17630 8296 204 - - -

30-39. 43 4(93) 20465 12279 7de3y 121 12 87 20 2
R ©9 719 (165 (A7)
Towl . 117 868 72(615) 260222 1104 121 12 87 20 2

9.9 (719 (165 (L7)

Characteristics of Surgically Treated Patients
From the original protocol 49 out of 117 (41.9%) cases detected within the PSA range
0.0 ~ 3.9 ng/mL weye treated with radical prostatectomy at the University Hospital
Rotterdam, whereas 25 out of 121 (20.7%) cases underwent radical prostatectomy at the
University Hospital Rotterdam in the PSA driven protocol. For PSA values below 4.0
ng/ml. there was no statistically significant difference between the two screening
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regimens for those who were surgically treated as far as baseline variables and tumor
features of the diagnostic biopsy were concerned (data not shown).

Cut of the 49 cases detected after the evaluadon of a suspicious rectal examination in
the PSA range 0.0 — 3.9 ng/mL, 24 (49.0%) had evidence of possibly harmless (minimal)
disease as determined in the radical prostatectomy specimen, whereas 2 (4.1%) might be
beyond cure because of advanced disease (TABLE 7.3). The proportion of minimal
disease decreased from 100% for PSA values below 1.0 ng/mL, 73.7% in the PSA range
1.0 — 1.9 ng/ml., 40.0% in the PSA-range 2.0 — 2.9 ng/mL, to 15.4% for PSA wvalues
between 3.0 and 3.9 ng/ml. The relatve number of cases with assumed clinically
significant disease showed an increasing trend with nising PSA values (TABLE 7.3). For
cases detected by PSA based screening in the PSA range 3.0 — 3.9 ng/mL, 13 (52.0%)
cases were classified as having moderate disease, whereas 10 (40.0%) and 2 {8.0%) cases

showed evidence of minimal and advanced disezse, respectvely.

The Efficacy of Screening Tests to Detect Clinically Significant Disease

TABLE 7.4 shows the yield of rectal examination and sextant transrectal biopsy for the
detecdon of clinically significant disease in different PSA ranges. Since in the PSA range
0.0 — 0.9 ng/mL no clinically significant cancers were diagnosed, rectal examination and
biopsy were of no (predictive) value when the detection of clinically relevant discase was
aimed at. In the PSA range 1.0 — 1.9 ng/mL, 0.4% of rectal examinations led to the
detection of cancers with clinically significant tumor features (e 11 in 3,051 screened
men). This figure was 2.2% (11/511) for men that eventually underwent a sextant biopsy.
So, only one in every 277 rectal examinations and only one in every 46 biopsies
eventuated in the detection of clinically significant disease. Conversely, 99.6% (i.e. 3,040
men) and 97.8% (.e. 500 men) of men in the PSA range 1.0 — 1.9 ng/mL underwent a
rectal examination or a sextant transrectal biopsy, respectively, that in the end may tutn
out to be unnecessary. The yield of rectal examination and transtectal sextant biopsy for
the detection of clinically significant disease increased steadily with rising PSA values
(TARBLE 7.4). In the PSA range 2.0 — 2.9 ng/mL, one case of clinically relevant cancer was
detected for every 77 rectal examinations (yield = 1.3%), and one for every 14 biopsies
(vield = 7.2%). In the PSA range 3.0 — 3.9 ng/mk, 5.3% (one in every 19) of rectal
examinations and 21.3% {approximately one in every 5) of blopsies resulted in the
detection of clinically significant disease. Again, 94.7% and 78.7% of rectal examinations
and biopsies, respectively, may be assessed as being performed unnecessarily in this PSA
range. In the PSA range 3.0 — 3.9 ng/mkL, within PSA driven screening, the yield of
sextant transrectal biopsy for the detection of clinically significant disease was 12.5% (73
in 585 biopsied men) or 8 biopsies needed to detect one cancer with clinically significant

tumaot featuges.
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TABLE 7.3

The distribution of tumors according to a prognostic tumor classification model in different PSA
ranges of cases detected (and surgically treated) within the original protocol {biopsy indication if
PSA 0.0 ~ 3.9 ng/mL together with a suspicious DRE/TRUS) and the PSA driven protocol
{(biopsy indication if PSA 3.0 — 3.9 ng/ml}

g Ongma]protocol Shrhen PSA diean protocol L

Possibly Clinically significant’ Possibly Clinically significant!
Rt harmless* harmless*
J{og/mLy7 Minimal Moderate  Advanced Minimal Moderate Advanced
B n (%) n (%) n (%) N (%) N (%) n (%)
00-09 70 20000 00.0) 0 (0.0) - . ]
10-19°00 14737 4 (21.7) 1(5.3) - - -
: - 6 (0.0 8 (53.3) 1067 - - -
2(154) 11 (84.6) 0 0.0y 10 (40.0) 13 (52.09 2 (8.0)
Toml” T 24(40.0) 23 (46.9) 2 (4.1) 10@00) 13(G20) 280
* Possibly harmless: Organ-confined prostate cancer with a umor volume less than 0.5 mL, without Gieason
growth pattern 4 or 5
1 Clinically significant: Prostate cancer with tumor features other than those of possibly harmless (Le. minimal)
disease
Di1SCUSSION

Population-based screening for prostate cancer remains a controversial issue. Large
randomized screening ttials performed today in Western Europe and Notrth America, will
provide 2 final answet to the question whether screening for prostate cancer is beneficial
or not, at the end of this decade. Irtespective of the outcome of these screening trials, the
validity of different screening tests with respect to detection rates, and the characteristics
of the cancers detected, may give the clinician (and his parient) insight into the proper
management decisions for the early detection of prostate cancer.

In general, a screening test should have a high probability of diagnosing disease when
the test is abnormal, while a minimum of cancers should be present when the test is
normal {12}, To determine the sensitivity and specificity of a screening test, one would
need to know what proportion of participants tested positive and negative among those
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who truly do or do not have the disease. For the negative predictive value of a screening
test, one would need to know the proportion of participants that truly remain free of
disease among those who tested negative. Unfortunately, these figures can only be
catculated if all participants (even those who tested negative) would be subjected to
screening and its diagnostic sequelac (e.g. sextant transrectal biopsy}). This, of course,
would be hard to approve ethically. So far, no screening test exists that can reliably
differentiate between the presence and absence of prostate cancer, nor is there a
screening test that can distinguish between aggressive and non-aggressive features in the
tumor [13]. The main goal in the application of a2 screening test for prostate cancer,
whether in randomized screening trdals or in oppottunistic screening, is the detection of
cancers that can be cured by current treatment policies, while avoiding unnecessary
testing, and avoiding the detection of cancers that are not life threatening and remain so
in the patients’ lifedme. Recent studies provided arguments that different prognostic
subgroups of tumors, combining well-established prognosticators such as pathological
tumor stage, tumor volume and the proporton of high-grade cancer could be identified,
each having its own intrinsic behavior with respect to recurrence rates after radical
prostatectomy {10,11,14-17]. According to this predictive model, patients with minimal
disease would be suirable candidates for conservative treatment and surveillance, while
many of those with advanced disease are presumed to be beyond cure. All cases with
tumor features in berween those of minimal and advanced disease are especially amenable
to curative treatment and therefore, the detection and the treatment of these cases is
considered the ‘window of opportunity’ in large-scale screening studies [6,11,18],

While annual PSA testdng and DRE are recommended by the American Cancer Saciety
and the American Urological Association for all men from the age of 50, validated
guidelines for rational and selective screening for prostate cancer are lacking [19-21].
Different study groups have addressed the value of PSA testing and rectal examination
(DRE/TRUS) as screening tests at low PSA values (0.0 — 3.9 ng/mL), but no appropriate
guidelines have yet been established [7,22-26]. The present study focussed on the number
and the characteristics of prostate cancers diagnosed within 2 large populaton-based
screening trial when rectal examination is or is not used as an initial screening test at low
PSA values.

Qur data indicate that the tumor aggressiveness features are associated with serum-PSA
level, even at low PSA vzlues. When DRE and TRUS are used as initial screeping tests
for prostate cancer, the absolute number and the proportion of men with any pootly
differentiated components (L.e. Gleason scores 7 to 10) in the biopsy specimen increased
from 0% (0 cases) in the PSA range 0.0 — 0.9 ng/mlL, to 44.2% (19 cases) in the PSA
range 3.0 - 3.9 ng/ml (TABLE 7.2).

139



TABLE 7.4

The number of men compliant to screening {serum-PSA testing, rectal examination), the number of men with an abnormal sercening test, the number

of biopsies performed, the number of prostate cancers detected, the relative proporton and the absolute number of men with clinically significant

disease to be expected in different PSA ranges. The yield of rectal examination and transrectal sextant biopsy for the detection of clinically significant
disease for different PSA ranges within the otiginal protocol (biopsy indication if PSA (.0 — 3.9 ng/mL together with a suspicious DRE/TRUS) and
the PSA driven protocol (biopsy indication if PSA 3.0 — 3.9 ng/mlJ).

"Clinically éignjﬁcant disease *:

PSA {ng/ ) . ~ Screened  Abnormal  Biopsies  Cancers Expected Yield of Rectal Yield of Biopsies
ERRAE N Testing Rectal exans Biopsy needed

o Recml B ot No. * exam needed
With :
00 - 09 . 3556 509 376 4 0% o 0.0 % oo 0.0 % -
_1._0_:;" 1900 3,051 556 511 43 25 % 11 0.4 % 277 2.2% 46
10— 29 i 1,199 238 221 27 60 Y 10 1.3 % 77 7.2 % 14
30 =39 0 701 182 174 43 85 % 37 53 % 19 21.3 % 5
Tét’.ﬂ 5 8,507 1,485 1,282 117 55 % 64 0.8 % 133 50% 20
Without
3.0 395 688 688 585 121 60 % 73 N/A N/A 12.5% 8

T The expected proportion of clinically significant disease as described in TABLE 7.3

I The number of cancers multiplicd by the expected proportion of cinically significant discase

* Cancer with characteristics other than those of minimal discase {organ-confined cancer with tumor volume < 0.5 ml., no Gleason growth pattern 4 or 5)

oo Infinite number

N/A Not applicabie
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The proportion of men with minimal disease (Le. small, organ-confined mumors without
Gleason growth patterns 4 and 5) declined steadily from 100% in the PSA range 0.0 —~ 0.9
ng/ml, to 15.4% in the PSA range 3.0 — 3.9 ng/mL. It may be well assumed that the
detection of tumors with these highly favorable tumor characteristics may at the end turn
out to be unnecessary. With a rsing mwmor volume and a PSA value zsing
correspondingly, the detection of these cancers is likely in successive screening rounds.

The PSA range 3.0 — 3.9 ng/mL, within PSA driven screening, included 24.3% of all
screen-detected cancers. This is comparable to other studies with a similar design
[19,23,27]. An examination of tumor characteristics indicated that 60% of cancers in this
PSA range were assessed as clinically significant, and that 8 biopsies were required to
detect one cancer with clinically significant tumeor features (TABLE 7.4). Our data further
indicate that in the PSA range 0.0 — 3.9 ng/mL overall more clinically significant tumors
were detected {and treated) by screening using PSA 2 3.0 ng/mL as a trigger point for
biopsy than by screening using a suspicious rectal examination as the trigger point for
biopsy (73 versus 64 cases; TABLE 7.4). From this observation one might conclude that in
the PSA range 0.0 — 3.9 ng/mL prostate cancer screening using serum-PSA alone could
replace the screening regimen in which serum-PSA testing is followed by DRE and
TRUS.

The decision to use a specific trgger point for biopsy (e.g. a PSA cut-off level, a
suspicious rectal examination) in mass screening programs will in part depend on the
trade-off between the gain of detecting clinically significant (and curable) disease above
the trigger point for biopsy, and the risk of missing potentially aggressive tumozrs below
the trigger point for biopsy. Missing potentdally aggressive tumors may interfere with the
final outcome of a randomized screening trial, namely with proving or disproving a
significant difference in prostate cancer mortality. The number of missed cases with
potentially aggressive tumor characteristics depends on the prevalence of clinjcally
significant disease below the trigger point for biopsy, as well as on the (in)effectiveness of
the screening tests to detect these cases. If DRE and TRUS would have been omitted as
screening tools for prostate cancer in the PSA range 0.0 — 2.9 ng/ml., and were replaced
by screening using serum-PSA alone, overall 27 clinically significant cancers would have
been missed, and 81 cancers of any volume, grade or stage (TABLE 7.4). Though, our data
also indicate that when a suspicious rectal examination was used as a trigger point for
biopsy in the PSA range 0.0 — 2.9 ng/ml, the efficacy to detect potentially aggressive
tumnors was extremely low. A total of 289 rectal examinadons were required to detect one
case of clinically significant disease (27 in 7,806 screened men), and 96 recral
examinations (81 in 7,806 screened men) were needed to diagnose one case of prostate
cancer of any size, grade ot stage (TABLE 7.4). The number of biopsies needed to detect

one potentaily aggressive cancer was 41 in this PSA range, and this figure was 14 for
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prostate cancer of any extent or grade. This unnecessazy testing will occur even more
frequenty at PSA values below 2.0 ng/ml, Le. 11 clinically significant cancess in 6,607
screened men and in 8§87 sextant biopsies. In our opinion, when mass screening for
prostate cancer would be applied to the community, this extremely low yield of rectal
examination and sextant transrectal biopsy for the detection of clinically significant
disease would be unethical. The efficacy of the screening tests individually would be even
wotse, since in the PSA range 0.0 — 3.9 ng/mL 33.3% and 34.2% of cases with cancer
had no abnormalities on DRE and TRUS, respectdvely. Moreover, the small proportion
of interval cancers seen in this study and the favorable distribution of prognostic factors
at te-screening after four vears (unpublisned data from our department) suggest that most
of the missed cancers in the PSA range 0.0 — 2.9 ng/mL are likely to be detected at
second screen.

Some restrictions should be kept in the interpretation of these results. At first, this
study does not report on the yield for prostate cancer in men randomized to screening
with rectal examinarion versus men randomized to PSA based screening only. In fact, this
is an observational study in which twe different study populations were subjected to two
different screening regimens at two different points of time, Thus, biases may have
occurred due to subtle differences in study design. Second, the efficacy of rectal
examination and sextant transrectal biopsy for the detection of clinically significant
disease may be underestimated in this study, since the compliance to biopsy was only
86% (1,282 out of 1,485) of men with a suspicious rectal examination in the original
protocol, and 85% (585 out of 688) of men with a PSA level 2 3.0 ng/mL in the PSA
driven protocol, If all men with a biopsy indication were in fact biopsied, the aumber of
{clinically significant) cancers would have been highet. The vield of rectal examination
and transrectal sextant biopsy may be different in populations for whom the prevalence
of disease is higher {e.g. African-American men) or lower {e.g. Asian men) than that of
our target population {mostly Caucasian males). Furthermore, our data indicate that rectal
examination may pick up aggressive cancers more selectively than screening using serum-
PSA as a tool alone. The evaluation of a suspicious rectal examination led to the
detection of significantly more moderately and pootly differentated cancers (as
determined on the biopsy) than PSA based screening (TABLE 7.1}, Also in the PSA range
3.0 — 3.9 ng/mL proportionally more men had 2 biopsy Gleason score 7 to 10 (44.2%
versus 18.2% of cancers) in the original protocol. On the other hand, the absolute
number of men with these high Gleason scores on the biopsy was similar in both
screening protocols in this PSA range (TABLE 7.2; 22 versus 19 men). This may indicate
that screening using PSA 2 3.0 ng/ml as the only trigger point for biopsy does also pick
up these assumed aggressive cancers. Despite this relative efficacy of rectal examination
for the detection of mumors with poorer grades, it should be stated that only 2 small
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proportion of men with a suspicicus finding on rectal examination and who underwent
transrectal sextant biopsy were eventually diagnosed with a prostate cancer of Gleason
score 7 to 10, i.e. 18 out of 1,108 biopsies (T'ABLE 7.4). In the PSA range 0.0 ~ 2.9 ng/mL
and 3.0 -3.9 ng/ml., 72.2% (26 out of 36) and 38.5% (5 out of 13 of cancers found as 2
result of 2 suspicicus rectal examinadon showed tumor volumes of less than 0.5 mL after
radical prostatectomy. It is plausible that a substantial proportion of these small tumors
are not detected as a consequence of the screening tests itself, but should be considered
as false-positives on DRE and/or TRUS, or as detected by serendipity (chance) only [28].
Our findings that suspicious findings on rectal examinadion only weakly correlate or not
correlate at all to the presence of cancer in low PSA ranges are in line with those of
others [5,22,23]. Since only a proportion of men (e 41.9%) underwent radical
prostatectomy, 4 potential for selecton bias is created. On the other hand, it is not likely
that the tumor features of those that underwent prostatic surgery would differ
substantally from those that underwent one of the other treatment modalities (.e.
radiotherapy, deferred treatment), particulatly in low PSA ranges.

Besides the fact that PSA based screening detects clinically significant discase more
frequently in the PSA range 0.0 — 3.9 ng/ml, PSA testing has also major practcal
advantages. The scteening test s limited to the collecdon of one blood sample, rather
than a sometimes hazardous (and more expensive) tectal examination by DRE and/or
"TRUS. For a population based screening progtam to reach its objectives (i.e. reduction of
mortality within a screened population) compliance to the screening tests and avoidance
of unnecessary testing are prerequisites, Serumn-PSA measurement as an initia] screening
test offers & simple, readily accepted and relarive costless tool for an effective detection of
prostate cancer. Unlike rectal examination, PSA sampling proves highly reproducible, for
which inter-observer variability plays no role [3,5,7]. The PSA range 2.0 — 2.9 ag/mL
within PSA based screening is subject to an ongoing study within ERSPC, section
Rotterdam, and figures on the cancer detection rates, the yield of sextaat transrectal
biopsy and the charactetistics of the corresponding cancers detected within this PSA
range will be presented in a future report.

CONCLUSIONS

Rectal examination (DRE/TRUS) as initial screening test for prostate cancer at low
PSA values (0.0 — 3.9 ng/mL) may be replaced by screening using serum-PSA only. Due
to the fact that clinically significant disease is rare at low PSA levels, the omission of

rectal examination as a scteening test may avoid a large amount of unnecessary testing, a
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high false-positive rate, and an extremely low vield of biopsy detectable clinically

significant disease.
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SUMMARY

BACKGROUND. Serendipity is defined as the coincidental detection of disease {prostate
cancer) during the evaluation of an abnormal screening test result. This study was
performed to assess the magnitude of prostate cancer detection by serendipity when
digital recral examination (DRE) and transrectal ultrasound (TRUS) are used as initial
screening tests for prostate cancer at low prostate-specific antigen (PSA) values (0.0 - 3.9
ng/mL).

METHODS. 117 participants of a populadon-based screening study were diagnosed with
prostate cancer after the standardised evaluation of an abnormal screening test result. 49
of these underwent radical prostatectomy. Serendipity was defined threefold: (1) the
ptesence of prostate cancer opposite to the side that raised suspicion for cancer on DRE
and/or TRUS (2) a negative lesion-directed biopsy, while cancer is present in the biopsy
sextant, (3) a tumour volume less than .5 mL.

RESULTS. Depending on the definition, 27% to 63% of prosmte cancers detected at low
PSA values were detected coincidentally and not as a result of a true positive test result.
The proportion of cancers detected by serendipity was inversely correlated to serum-PSA
fevel.

CONCLUSIONS. A relatively high proporton of prostate cancers diagnosed at low PSA,
and in which a biopsy was prompted by a suspicious DRE and/or TRUS, ate consideted
detected by chance only. Since these cancers are mostly small (i.e. less than 0.5 ml), with
potentially low biological aggressiveness, relving on serendipity seems disadvantageous in
prostate cancer screening. With regard to serendipity in prostate cancer detection, the
poor performance of the screening test, and high inter-observer variability, we cast
further doubt on the usefulness of DRE {and TRUS) as initial screening test for prostate

cancer in population-based screening.
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INTRODUCTION

Population-based screening for prostate cancer by digital rectal examination (DRE) and
prostate-specific antigen (PSA) testing remains a controversial issue. Untl present,
screening for prostate cancet has not yet proven to reduce prostate cancer mortality in
randomised clinical trials (RCTs), and the validity and usefulness of the screening tools
are not completely comprehended. Despite these concerns, the American Cancer Society
and the American Urological Association believe that, as preventive health care policy,
annual PSA testing and DRE should be offered to all men beginning at age 50 years, and
from the age of 45 years in men belonging to high risk groups [1,2]. On the other hand,
the U.S. Preventive Services Task Force, the Canadian Urological Association and most
health authorities within the European Union discourage prostate cancer sereening, while
the recommendations of the American College of Physicians, and the American Academy
of Family Physicians are currenty under review [3-5]. In the PSA range 0.0 — 3.9 ng/mlL,
the use of DRE as a screening test for prostate cancer has recently become the topic of
serious debates. Adversaries of screening with DRE as a screening test for prostate
cancer point to the poot performance of the screening test at low PSA values, and to its
high inter-obsetrver variability [6-9]. Advocates merely refer to the independent predictive
value of DRE for prostate cancer, complementary to PSA testing, and indicate that some
potentially aggressive cancers may remain undetected if DRE would be omitted as a
screening test [1,10,11]. In North America, the cutrent dispute has even reached 2 judicial
level (Schréder FH, personal communication).

A screening test may be positive due to the presence of the disezse that is the primary
objective of the screening test (true positives), or it may be positive due to non-disease
related morbidities (false positives). The targeted disease may also be detected
coincidentally during the evaluation of a false positive screening test result. Then, the
detection of the disease cannot be attributed to the screening test itself. This mechanism
of the coincidental detection of disease has carlier been defined ‘serendipity® [12]. Since in
prostate cancer catly detection programs systematic sextant biopsy and additional lesion-
directed biopsies from suspicious areas of the prostate gland is prompted in cases with
abnormal screening test results, prostate cancer detection by serendipity is likely. In
addition, the small tumour size of 2 cancer and with this, its low likelihood of being
palpable on DRE and/or visible on transrectal ultrasound (TRUS), indicate that the
abnormal screening test itself might not have been responsible for the detection of the
disease.

In the current repott, the magnitude of prostate cancer detection by serendipicy
(chance) was determined when DRE alone and in combination with TRUS was used as

149



Chapter 8

an initial screening test for prostate cancer at low PSA values (0.0 — 3.9 ng/ml). Data
were obtained from the screening arm of a large population-based RCT, the European
Randomized Study of Screening for Prostate Cancer (ERSPC). In our opinion, these
figures will give additonal insight into the perfosmance of DRE and TRUS as screening
tests for prostate cancet in this highly debated PSA range.

PATIENTS AND METHODS

Patients and Screening Regimen

The present data are derived from the prevalence screen of a multi-instirutional
population-based RCT {ERSPC, Rotterdam section) that investigates the impact of
systematic screening for prostate cancer on cancer-specific mortality and quality of life.
The ERSPC is closely associated with the Prostate, Lung, Colon, and Ovary (PLCO)
screening project of the U.S. Natonal Cancer Instdtute, and a combined analysis is
planned. The conditions and algofithm of the screening regimen of ERSPC are described
in detail elsewhere [13-16].

Between June 1994 and February 1997, 10,226 men, aged 55 to 74 years, were
randomised to the screening arm of the ERSPC. In all screened participants, PSA testing,
DRE and TRUS were applied as initial screening tests for prostate cancet. Blood
sampling was done before rectal examination, so that DRE and TRUS were performed
without knowledge of the PSA value. Participants were informed about the PSA wvalue
and the findings on DRE and TRUS by letter, and were notified about the procedure to
be followed. In low PSA ranges (0.0 - 3.9 ng/ml), men with a suspicious DRE
(nodularity, asymmetry, induration} or TRUS (hypoechogeneity) finding were invited to
undergo prostate needle biopsy on second visit. Systematic transrectal sextant biopsy was
performed using a spring-loaded biopsy gun and an 18-gauge biopsy needle as described
by Rietbergen ef #f [16] Additdonal biopsies were taken from any suspicious areas within
the prostate gland. Ultrasound-guidance was performed using 2 7-MHz end-fire
ultrasound probe. Figures with respect to cancer detection rates, the positive predictive
value (PPV) of the screening test and the number of biopsies needed to detect one cancer
are outlined by Schroder ef 2/ [15].

Al separate biopsy cores were labelled and processed for routine histopathological
examination and patients with prostate cancer were offered treatment guided by their
Urologist. Radical prostatectomy specimens were routinely fixed and processed according
to well-established protocols [17,18], and morphometric anzlysis was performed to
determine the tomeour volume as described in detall by and Hoedemacker 7 2/ [19].
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Definition of Prostate Cancer Detection by Serendipity

Prostate cancer detection by serendipity may be defined as the presence of prostate
cancer opposite to the side that raised suspicion for cancer on DRE or TRUS and
prompted the biopsy. To assess how often prostate cancer detection by serendipity might
oceut, the side of the abnormal screening test (left/dght/bilateral) was compared to the
side of the tumour on needle biopsy (left/right/bilateral). Inconsistencies were
considered serendipity-detected. The contributgon of DRE and TRUS to serendipity
alone was determined by excluding cases in which the other screening test was abnormal
as well A more precise indication of the magnitude of serendipity may be given by
defining serendipiry-detected cancers as those in which the diagnosis of cancer was made
in one of the cotes of the biopsy sextant, while the biopsy that was specifically ditected at
the suspicious area of the prostate gland and that prompted the biopsy remained free of
disease. Third, we defined serendipity-detected cancers as those in which the tumour
volume as determined in the radical prostatectomy specimen was not likely too cause the
screening tests (DRE or TRUS) to be suspicious for cancer. A perfect sphere of 0.5 mL
has a diameter of almost 1 em (*/3 I1 ©* = 0.5 mL), and we assumed that this is the
bordetline of palpation on DRE and visualisadon on TRUS. As a consequence, prosuate
cancets with a tumour volume of less than 0.5 ml were assumed to be detected by
serendipity as well. The dependency of the percentage of serendipity findings on the 0.5
mL volume threshold was assessed by repeating the calculations for threshold volumes of
0.4 mL, 0.25 mL and 0.1 mL (sensitivity analysis).

Statistical Analysis
The Pearson %2 -test was used to assess the trend between the serum-PSA level and the

frequency of serendipity-detected cancers. The assumption that no difference existed for
the variable evaluated (H0) was rejected (H1) if p << 0.05.

RESULTS

At low PSA, 117 cases were diagnosed with prostate cancer after the evaluation of a
suspicious screening test, 40 (34.2%%) after an abnormal DRE alone, and 39 (33.3%) after
an abnormal TRUS alone. Using the outcome of both screening tests (IDRE and TRUS),
31 of 117 (26.5%) cancers happened to be detected at the side of the prostaze gland other
than the palpable or visible suspicious area that prompted the biopsy (TABLE 8.1). On the
basis of a suspicious DRE alone, serendipity accounted for 15 of 40 (37.5%0) cases, and
this figure was 13 of 39 (33.3%) for cancers diagnosed after a suspicious TRUS alone. No
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association was found for the number of these serendipity-detected cancers and serum-

PSA level.

TABLE 8.1

The frequency of prostate cancer detection by serendipity (*} in patients diagnosed with prostate
cancer i Jlow PSA ranges (0.0 — 3.9 ng/mL). The use of TRUS and DRE as initial screening test
for prostate cancer Is compated to the use of DRE and TRUS alone

DRE and TRUS' = 2" DRE alone* ' TRUS alone §

(n=117) .. - {n = 40) {n =39
L Serendipity total Serendipity total Serendipity total
PSA (ng/ml)
Sl n (% of n (% of N (% of n (Yo of n (% of o (%
total) Total) total) Total) total} Total)
00-09 1250 434 1(30.0) 2(5.0) 0 0 (0.0)

S10-190  14(326) 43 (36.8) 6 (46.2) 13(32.5)  7(46.7) 15 (38.5)
©.20-29 S 6223 27 (23.1) 3 (27.3) 11(27.5) 3 (30.00 14 (35.9)
- 30-39 10(23.3) 43 (36.8) 5 {35.7) 14 (35.0) 3 (30.0) 10 (25.6)

Total 31 (26.5) 117 15 (37.5) 40 13 (33.3) 39

The presence of prostate cancer opposite to the side of the prostate gland that
raised suspicion for prostate cancer and prompred the biopsy

¥Z—test for trend p = (.72

X2 —test for trend p = 0.79

¥ —test for trend p = 0.34

o A —-

Overall, 75 of 117 (64.1%) men that were later diagnosed with prostate cancer
underwent additional lesjion-directed biopsy. In men in whom no additional lesion-
directed biopsy was performed, the original suspicious lesion that prompted the biopsy
could not be retrieved at second visit or was found to be at the opposite side compared
to the first visit. In these cases, it was decided to petform sextant biopsy only. In 24
(32.0%) men who underwent additional lesion-directed biopsy, prostate cancer was
present in one or more of the cores of the biopsy sextant only (TABLE 8.2). The number
of prostate cancers detected coincidentally showed an inverse trend with rising PSA
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values (p = 0.08), and the proportion of serendipity-detected cancers declined from
100% in the PSA range 0.0 — 0.9 ng/mlL., to 20.0% in the PSA range 3.0 — 3.9 ng/mlL.

TABLE 8.2

The frequency of prostate cancer detection by serendipity (*) in patients diagnosed with prostate

cancer in low PSA ranges {0.0 - 3.9 ng/mL) and who underwent an additional lesion-directed
biopsy

Additional lesion-directed biopsy T - -

(n = 75)
PSA (ng/mL) ' Serendipity total
N (o of total) 2 (% of Toral)
00-09 2 (100.0) 2(2.7)
1.0-19 ' 10 (35.7) 28 (37.3)
20-29 6 (40.0) 15 (20.0)
3.0-39 6 (20.0) 30 (40.0

~1
(¥ 33

CTowl 24 (32.0)

The presence of prostate cancer in one of the cores of the sexrant biopsy, while the biopsy that was
specifically irected at the suspicious area of the prostate gland remains negative for cancer.
T ¥2—test for trend: p = 0.08

The absolute number and the relative proportion of 49 men who were surgically
treated and who had a tumour volume of less than 0.5 mL is given in TABLE 8.3. The
frequency of these serendipity-detected cancers was inversely correlated to seram-PSA
level (p = 0.03), and the proportion of cancers found coincidentally steadily declined
from 100% in the PSA range 0.0-0.9 ng/mL to 38.5% in the PSA range 3.0 — 3.9 ng/mL
(TABLE 8.3). Serendipity still accounted for 55%, 37%, and 24% of detected cancers if a

tumour volume of less than 0.4 mL, 0.25 mL, or 0.1 mL, respectively, was used as a cut-
off .
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TABLE 8.3
The frequency of prostate cancer detection by serendipity () in patients diagnosed with prostate
cancer in low PSA ranges (0.0 -~ 39 ng/ml) and who subsequently underwent radical

prostatectomy.

S0 Radical prosmtectomyt o
L (= 49 T
SRR Serendipity Total
7 PSA (pg/mI) - N (% of total) N (% of Total)
0009 2 (100.0) 2 (4.0)
B N N 16 (84.2) 19 (38.8)

S 20 E 8 (53.3) 15 (30.6)
ST 30-39 5 (38.5) 13 (26.5)
CiTorl 31 (63.3) 49

* Caneers with a tumour volume of less than 0.5 ml.
T ¥Z-test for trend: p = 0.03
DISCUSSION

At present, both the serum-PSA test and DRE are used as tools for the early detection
of prostate cancer. It is widely acknowledged that the application of the serological PSA
test has substantizlly improved the ability to detect prostate cancer. In the early 1990s, its
inroduction led to a major increase in the incidence of prostate cancer, and
corresponded to an increase of organ-confined, potentially curable disease mostly [20]. In
the low PSA ranges (0.0 - 3.9 ng/mL), DRE is the mainstay of early detecdon. The
screening test has often been considered complementary to the PSA test, while its
performance is PSA-dependent, and its application requires skilled examiners [2].
Recently, the use of DRE as a screening test for prostate cancer has been cridcised for its
subjectivity with high inter-obsetrver variability [9], and its poor performance reladve to
the serum PSA rest {21]. It has even been suggested that DRE as an initdal screening test
for prostate cancer might be discarded in the PSA area that is considered the primary
domain of DRE, i.e. the low PSA ranges [8,15].

In the United States, prostate cancer screening is performed in individuals who seek
screening and who are interested in the assessment of their risk of the disease
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(opportunistic or case-finding screening). The Ametican Cancer Society and Ametican
Urclogical Association recommend that all men from the age of 50 years should undergo
PSA testing and DRE on a veatly basis, and from the age of 45 years in men in high tisk
groups [1,2]. However, a beneficial effect of screening has not yet been established, and
with regard to this observation, the major health authorities in 2 number of European
countries discourage opportunistic prostate cancer scteening, In their consideradons, a
reference was made to the eatly signs of success In the lung cancer screening tials
performed in the 1970s [1]. Despite a substantial stage shift due to screening, RCT's did
not demonstrate a difference in lung cancer mortality between those screened and those
who were not. Also for prostate cancer, only well-performed RCTs will eventually
provide a final answer to the question whether screening does more good than harm
[24,25]. Until the outcome of these RCTs, efforts should be made in the optimalisation of
the appled screening approach. This implies an extensive study of the validity of the
screening tests, its effects on the quality of life of screenees, and an evaluation of health
care related costs.

At low PSA values, the application of DRE (and TRUS) as initial screening test for
prosute cancer has been the topic of debate [6-11,13]. In these low PSA ranges, the
reported cancer detection rates are low and the positve predictive values (PPV) of the
screening test ‘less than desirable’ [6,7]. In the ERSPC, the PPV of DRE was between
4% and 33% of men with PSA levels within the ‘normal’ tange (0.0 — 3.9 ng/mL), and
this figure averaged 8.8% in men with a PSA level below 3.0 ng/mL [6]. The PPV of
TRUS was low as well, i.e. 0% in the PSA range 0.0 — 0.9 ng/mL, and 11% at PSA values
between 1.0 — 3.9 ng/mL. The relatvely poor performance of DRE has also been
encountered in other reports {6,25-28]. A recent report from our department clarified
that the vield of rectal examination (both DRE and TRUS) for the detection of prostate
cancetr was extremely low in low PSA ranges. Prom a populaton based smdy, we
calculated that at PSA levels below 3.0 ng/mL, 96 rectal examinations were required to
find one case of prostate cancer of any size, grade or stage, and that 289 rectal
examinations wete needed to find a cancer with assumable clinically significant tumour
features [8]. These figures wete substantially higher in even lower PSA ranges. How to
react on these figures ethically is 4 question that has to be deliberated by primary health
care providers and those who will eventually finance the nation wide screening program.

The above mentioned studies all had in common that positive screening test results
were considered true positives, Le. that the observed abnormalities on DRE or TRUS
were caused by the cancer in question. However, the true informative wvalue of a
screening test may be overestimated for the finding that cancers may be found after the
evaluation of a false positive screening test result. In prostate cancer screening, these false
positives are mainly caused by benign prostatic hyperplasia (BPH} or prostatitis. The
method of tissue sampling in prostate cancer screening (i.e. sexrant biopsy and lesion
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directed biopsies from suspicious areas) and the recognition of favourable prognostic
indicators (i.e. low tumour volumes) enable this mechanism of the coincidental detection
of disease, called serendipity [8]. We defined serendipity-detected cancers as those in
which a diagnosis was made at the side of the prostate gland that was opposite to the side
that raised suspicion for cancer on DRE or TRUS, or those that had a negative lesion
directed biopsy while cancer was present in one of the cores of the biopsy sexrant.
Furthermore, since it is highly unlikely that cancers with low tumour volumes are
palpable on DRE or visible on TRUS, these cases were assumed to be detected by
serendipity as well.

Our data from a population-based screening study (ERSPC) indicate that, depending
on the definition of serendipity, between 27% and 63% of cases with prostate cancer that
were detected in the PSA range 0.0 — 3.9 ng/ml, and in which a biopsy was prompted by
a suspicious DRE or TRUS, were detected coincidentally. These were therefore not
detected as a result of a true positive test result. The frequency of serendipity-detected
cancers was inversely correlated to the serum-PSA level and serendipiry accounted for
proportionally more cases if DRE was used independently from TRUS (TABLE 8.1).
Considering the fact that the majority of serendipity-detected cancers in the PSA-range
0.0 — 3.9 ng/mL had tumour volurnes of less than 0.5 ml. {TABLE 8.3), acceptance of
serendipity might not be advantageous in prostate cancer early detecdon programs. Small
prostate tumours are not considered the primary target cancers in RCTs, i.e. those that
are responsibie for future prostate cancer mortality, and it may be assumed that patients
whom are eventually diagnosed with these seemingly ‘biologically insignificant’ cancers
might have been suitable candidates for conservative therapy and close surveillance if not
treated [29-31]. The assumption that these small cancers are biologically insignificant may
be strengthened by the observation that most prostate cancers with tumour volumes of
less than 0.5 mL are organ-confined and lack poorly differentiated componeats [29-31].
With a rising tamour volume and a PSA value dsing cotrespondingly, it is likely that these
cancers will be detected in a curable stage in successive screening rounds. Even if these
small prostate cancers are prone to present themselves clinically in the future and are
destined to cause future morbidity and/or mortality, relying on chance to detect these
cases may not be a desirable screening objective.

The estimadon of prostate cancer detection by serendipity was based on arbitrary
assumptions in our study, and the actual magnitude of this coincidental detection of
disease might be distinct from the presented figures. As more than half of the biopsy
cores (the lesion-directed biopsy and three unilateral biopsies within the sextant) were
directed to the side that was suspicious for cancer, the magnitude of serendipity may be
underestimated. Bilateral suspicious screening tests may also cause serendipity to be
undetreported as these cases can only be classified as true-positives using this definidon

of serendipity. Conversely, it is likely that an investigators finding of 2 particular
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suspicious side on DRE or TRUS may sometimes be erroncously reported (Le. left versus
right, or vice versa) due to the fact that patients are in the left lateral decubitus position.
As 2 consequence, any Inconsistencies in DRE and/or TRUS findings between first
{(screening tests) and second (biopsy) screening visits were not followed by addidonal
lesion-directed biopsies. This low compliance rate to additional biopsy may thus have
overestimated the magnitude of serendipity, Also, a palpable or hypoechogenic lesion
may still contain cancer even though the lesion-directed biopsy was negative for cancer
due to sampling error. In these cases in whom cancer was coincidentally found in one of
the cores of the biopsy sextant, claiming serendipity seems premature. We have already
stated that a cut-off tumour volume of 0.5 mL to define serendipity was arbitrarily
chosen, and that perfect spheres with these volumes might still be palpable on DRE or
visible on TRUS. On the other hand, prostate cancers are often ovoid of shape and
multifocal, indicating that the likelihcod of DRE or TRUS being suspicious for cancer is
reduced. Moreover, sensitivity analysis revealed that serendipity still accounted for 55%,
37%, and 24% of the detected prostate cancers when cut-off volumes of 0.4 mL, 0.25
mk., and 0.1 mL, respectively, were used.

With respect to the relatively high contribution of serendipity {chance) in prostate
cancer detection, and with regard to earlier studies reposting on the poor performance of
DRE and TRUS as screening tests for prostate cancer, and their high inter-observer
variability, we cast further doubt on the usefulness of DRE and TRUS as screening test
for prostate cancer in low PSA ranges. To avoid unnecessary testing, increase compliance
rates to population-based screening, and to encourage cost effective screening programs,
it might well be considered to omit DRE and TRUS as initial screening tests for prostate
cancer within these low PSA ranges.
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SUMMARY

BACKGROUND. Molecular tissue markers may give the clinician additional information
about prostate cancer patients at risk for treatment failure after retropubic radical
prostatectomy (RRP). This study substantates the prognostic value of three dssue
markers, ie. the cell cycle proteins p27'p!, MIB-1, and the cell-adhesion protein CID44s,
in addition to more conventional pathological prognosticators, in a historic (pre-PSA)
cohort of patents with prostate cancer.

METHODS. Of 92 patients, who underwent RRP, representative tumor sections were
immugnohistochemically stained with antibodies against p27€el, MIB-1 (Ki-67) and
CD44s and assessed in a semiquantitative mannet. Gleason score and pathological tumor
stage were recorded. All variables were correlated with clinical progression and disease
specific survival on univariate and multivariate analyses.

RESULTS. On umivatiate analysis low (< 30%) p2741, high (& 10%) MIB-1, and loss of
CD44s expression were significantly associated with clinical outcome parameters, though
MIB-1 did not reach statistical significance for discase specific survival All three
molecules were highly correlated with Gleason score and pathological tumor stage.
Multivariate analysis showed that low p275el was independent of grade and stage in
predicting clinical recurrence {p < 0.001) and disease specific survival {p = 0.045), while
loss of CID44s was an additional independent prognostic factor for clinical recurrence (p
= 0.02).

CONCEUSIONS. Reduced p274p! expression is an independent predictor of poor patient
outcome in prostate cancer, while MIB-1 is not. Decreased expression of CD44s yields
additional information in predicting clinical recurrence. These tissue markers may identify
patients at tisk for disease recurrence after RRP, who may beanefit from adjuvant cherapy.
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INTRODUCTION

Prostate cancer is the most commonly diagnosed malignancy in the Netherlands in men
between 55 and 74 years of age and is, after long cancer, the second most common cause
of cancer-related death within the male pepulation [1]. Management decisions of patients
with prostate cancer should ideally depend on an accurate assessment of the biological
potential of the tumor. Tumors that are likely to progress and influence patient outcome
have to be distinguished from those which are indeolent and will not affect patient
prognosis, even without treatment. While pre-operative serum prostate-specific antigen
(PSA)-level, clinical stage and Gleason score of the tumor in the prostatc needle biopsies
can predict pathological tumor stage and patient outcome to some extent [2,3], this
prediction is hardly applicable to the individual patient, mostly because of wide ranges of
confidence intervals. After retropubic radical prostatectomy (RRP), Gleason score and
pathological tumor stage remain the most powerful predictors of clinical outcome, mote
powerful than tumor volume, surgical margins or the presence of perineural invasion
[4,5]. Again, these prognostic factors cannot be applied to the individual patient. In order
to search for additional prognosticators which can predict disease recurrence and patient
prognosis on an individual basis, special attention has recently been paid to certain tissue
markers involved in cell cycle regulation, e.g. p274F! and MIB-1.

Cell cycle regulation is influenced by nuclear proteins that enhance cell division, the
cyclin dependent kinases (cdks), or disrupt cell division, the cdk-inhibitors (edki), of
which p27&p! is one. When cdks bind to cell cycle specific cyclins, cell proliferation is
stimulated by phosporylation of certain proteins, involved in DINA-replication {(G1-5) or
mitosis (G2-M). p274e! inhibits cell proliferation by binding and inactivating the cdk-
cyclin unit, thereby blocking the transition from G1 to S-phase [6]. In a great vatiety of
solid tumors decreased expression of p27ke! is associated with malignant behavior and
poor patent outcome, eg. in breast [7,8] and colorectal [9,10] carcinomas. Also in
prostatic carcinoma decseased levels of p274e! have recently been associated with poor
tumor grade, tumor progression and poor patdent survival {11-16]. The nuclear Ki-67
protein, which can be visualized by the MIB-1 antibody, is expressed in all proliferating
cells (G1-S-G2-M0-phase}, but not in quiescent cells (GO-phase) or in the early G1-
phase. The proliferative index (PI) of prostate cancers has by some authors been
indicated as a predictive marker of clinical outcome [17-20]. Other study groups could
not find a relation between PI and patient prognosss, indicating that this relation needs to
be further clarified [21,22]. In prostate cancer loss of the transmembranous cell-adhesion
protein CD44s was found to be an independent prognostic tumor marker for
biochemical and clinical progression, but not for disease specific sugvival [23,24].
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We performed this study to compare the prognostic value of three dssue markers, ie.
p27kel, MIB-1 and CD44s, in addidon to more conventional prognostic factors, as
Gleason score and pathological tumor stage, on clinical outcome in a (pre-PSA) cohort of
patients with long-term follow-up, who underwent RRP for histologically proven
prostate cancet. To our knowledge, this 1s the first study to evaluate the prognostic role
of p27kr!, combined with other important prognostic tissue markers, by multvariate
analysis.

MATERIALS AND METHODS

Patients

Between 1980 and 1988 159 consecutive patdents were operated at the University
Hospital Rotterdam, the Nethetlands, for clinically localized prostate cancer (¢T1.3NxMa,
TNM °92). In 49 patients pelvic lymph node dissection (PLND) showed lymphogenic
metastatic disease on intra-operative examinadon of frozen tissue sectons. In these
patients no subsequent retropubic radical prostatectemy (RRP} was performed, except
for two patients, who had only microscopic, focal involvement. Therefore, a total of 112
patients underwent RRP for histologically proven prostatic carcinoma with curative
intent. This cohort of padents was followed at regular intervals and all data concerning
pathologic tumor characteristics, time to disease recurrence, subsequent treatment and
patient survival have prospectively been stored in a comprehensive database.

Routine measurement of serum-PSA was not available undll the beginning of 1988 in
our clinic. Therefore, exclusion of cases with incomplete PSA follow-up data, ie. no
regulatly determined postoperative PSA-measutements, resulted in only 18 cases in
whom this intermediate end-point could be considered. This cohort was assumed to be
of too low statistical power to make compatisons. Clinical progression was defined as
histolegically proven recurrence of cancer near the vesico-urethral anastomosis or as
proven distant metastases on radionuclide bone scintigraphy, abdominal computetized
tomography (CT), X-ray image of the thorax or ultrasound image of the lLiver. Time to
clinical recurrence was defined 2s the time from RRP to the time of clinical progression
or to date of last follow-up, if the subject had no evidence of discase recurrence. In case
of clinical tumor progression patients were offered treatment guided by their urologist.
Tumor death was recorded by the urologist as death directly related to prostate cancer,
whether caused by tumor load, tumor related complications or tumnor tefated therapy and
survival was calculated as the time of RRP to tme of prostate cancer related death or in
case patients were still alive to date of last follow-up.
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Tissue Specimens
The radical prostatectomy specimens were routinely fixed in 10% buffered formalin at

pH = 7.4, embedded in paraffin, freshly cut into 4 lm thick sectons and mounted on
amino alkylsilane (AAS)-coated glass slides. Haematoxylin & eosin slides were reviewed
by a specialized genitoudinary pathologist (THvdI), for all tumor sections within the
prostate the Gleason growth pattern was determined, and the tumor was staged
according to the pathological TNM 92 system. The dssue material of 16 radical
prostatectomy specimens was unavailable for immunohistochemical staining analysis. In
three radical prostatectomy specimens obtained after transurethral resection of the
prostate (TURP), i.e.T1ab, the mumor could not be found. These three patents were
staged pToNoaMo. In one patient the tumor was disgnosed as a metastasis of a
coloncarcinoma. Hence, 20 patients were excluded from further analysis, leaving 92
patients included in the study. Of all remaining radical prostatectomy specimens 1-3
paraffin tissue blocks, representative for the whole tumor were selected. The selection
was made on presence of the poorest grade within the radical prostatectomy specimen,

assumning that these growth patterns within the tumor would predict patient outcome.

Immunostaining
After deparaffinization through xylene and 100% ethanol, endogenous peroxidase
activity was blocked by immersing the slides for 20 min in a 3% HzOz/methanol bath,
The slides were placed in a 10 mmol/L citrate buffer at pH = 6.0, Antigen retrieval was
petformed in a microwave oven at 700W for 15 minutes. After cooling, the slides were
placed in a Sequenza immunostining system (Shandon, UK) and pre-incubated with
10% normal goat serum (DAKO, Glostrup, Denmark) in PBS/BSA 5%. Then the slides
were incubated overnight at 4 ° C with the primary antibody MIB-1 (Immunotech,
France) at a optimal dilution of 1: 3000 or p275rt (Novocastra, UK) at 1: 40 in PBS/BSA
5%. In each batched series negative controls were included. For all immunostainings the
conventional avidin-biotin complex method was applied. Briefly, a 30 min incubation
with biotinylated goat-anti mouse antibody (Biogenex, San Ramon, USA) was followed
by a 30 min incubation with streptavidin-peroxidase complex (Biogenex). Subsequently,
the antibody-antigen binding was visualized with diaminobenzidine hydrochloride (Fluka,
Neu-Ulm, Germany) with 0.08% H2O; and the specimens were lightly counterstained

with Mayer’s Haematoxylin, dehydrated and covered.
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Quantitation

All slides were assessed by two independent observers without knowledge of clinical
data. Almost all selected sections contained benign prostatic glands, which could serve as
internal positive controls for both p275e! and MIB-1. For p278p!, nuclear staining was
assessed on g continuous scale from 0 to 100% by estimating a positive to total ratio,
thereby assessing the whole tumor area. The tumor slides were also classified using the
scoring system according to Catzavelos et al [3]: 1, 0 - 25%; 2, 26 - 50%; 3, 51 - 75%; 4,
76 - 100% positive nuclear staining. It is assumned that & decreased expression of the
p27kp! protein is associated with worse patient prognosis. Therefore, in case of tumor
heterogeneity, only those parts within the tumor that showed lowest positive to total rato
in particular were assessed. This was performed only if these regions comprised at least
10% of the tumor load in the tissue secton. If mote than one slide of a tumor was
selected, the slide with the lowest positive to total ratio was considered to be most
predictive for final patient outcome and this tumor p279! ratio was taken for further
statisdcal analysis.

For MIB-1, nuclear staining was assessed by estitpating the percentage of MIB-1
positive cells, ie. the proliferation index (PI), in & particular area in a semiquantitative
manner: £, tare (occasional nuclear staining; comparable to benign prostatic glands); 1+, <
10%,; 2+, 10 - 24%; 3+, = 25%. In line with the p275p! staining assessment, if the tamor
exhibited heterogenuous MIB-1 expression, the area with the highest density of MIB-1
posidve cells was selected and analysed further.

All data concerning the semiquantitative assessment of CD44s expression (categorized
i 0, < 10%; 1, 10 - 25%; 2, 25 - 50%; 3, > 50%) were available from previous studies at
our institution and these unchanged dara were used for comparison to the investigated
prognostic variables [23].

Statistical Methods

Statistical analysis was performed using the statistical package for the social sciences
(SPSS 8.0). Cox proportional regression analysis was used to assess the relationship
between baseline variables and clinical outcome parameters. The variables examined for
their prognostic value were radical prostatectomy Gleason score (categorized in 2-6, 7, 8-
10y, pathological tamor stage (categorized in pTzue, pTsas, pTace; TINM *92), lymph node
status (categorized in pNo and pNi), expression of cell cycle proteins p274p! and MIB-1,
and expression of celi-adhesion protein ClD44s [23].
Although we reached statistical significance for the different pathological parameters at
different cut-off points of p27He! expression, i.e. 25%, 40% and 50%, we choose a cut-off
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point of 50% (high vs. low) p274P! positive staining for final statistical analysis with
respect to its ease of being determined and its reproducibility by independent observers.

FIGURE 9.1

p27"" nuclear and CD44s membranous immunostaining of prostate cancer. A. High (250%)
positive to total ratio for p27""' protein in prostate cancer showing perineural invasion, in
combination with normal prostatic tssue, counterstained with Haematoxylin. B. Low
(<50%)positive to total ratio for p27°*' in large cribriform fields of prostatic adenocarcinoma. C.
Strong immunostaining of CD44s in prostatic neoplastic glands, and D. Reduced
immunostaining of the CD44s protein in prostate cancer cells




Chapter ©

For confirmation, receiver operating characterisdecs (ROC) analysis was performed to
determine the most approptiate cut-off level for p274e! for the different clinical outcome
patameters. For MIB-1 a cut-off level of 10% was chosen, again confirmed with ROC
analysis. Kaplan-Mejer curves were constructed for p279p! to show the probability of
clinical progression and cause specific death as a function of time after RRP. Association
between tissue tnarkers and known prognostc variables was calculated using the
Spearman’s correlation test. To identify independent prognestic factors, forward stepwise
Cox regression analysis was performed by entering variables in the meoedel thar were
statistically significant at the univariate level, while controlling for the other variables in
the model. Backward stepwise elimination was done to verify that the same parameters

remained in the final models. Statistical significance was serarp < 0.05.

RESULTS

Patient Cohort

For the 92 patients included in the study median age was 63 years (range, 48 - 70) and
median follow-up comprised 9.4 years {range, 0 - 17). These data include the two patients
who died within one month after surgery due to myocardial infarctdon and pulmonary
embaolism, respectively. No pre-operative serum PSA-Tevels were available. 18 Padents
had clinical Th.+ disease, 47 patients had clinically organ-confined disease (cTz.c), and 27
patients had clinically stage T Six patients showed metastatic Iymph node disease after
evaluation of paraffin slides, ie. pTzapNi , including the two padents who showed
Iymphogenic metastatic disease intra-operatively. No patient received pre-operative
therapy of any kind. Pathological data are listed in TABLE 9.1. Of the patients with clinical
recurrence eventually half {17 out of 36, at last follow-up) died of prostate cancer after a

median time of 34 moaths after first evidence of clinical progression.

Immunochistochemistry of Prognostic Tissue Markers

For p275! mostly strong nuclear immunostaining was noted in the benign glands
surrounding the tumor areas, the positive to total ratio for benign prostatic tissue was
assessed to be 80 to 90% (FIGURE 9.1). In most benign hyperplastic noduli, which were
occasionally present in the slides, expression of p27%! protein was decreased, resulting in
a decreased positive to total ratio. This is in keeping with an increased proliferative state
of these hyperplastic nodull. The intensity of staining of p274¥e! within and between
tumors was highly variable. To define a marginal value of nuclear immunostaining, p27ki!

assessment will account for interobserver variability and this may be further increased by
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tumor heterogeneity and focal downregulation. Varlability in staining intensity also holds
true for other cycling proteins, like Ki-67. Compared to p27¥r!, tumor heterogeneity and
focal clustering seemed even more outspoken for MIB-1 expression. The 50% cut-off
level of p27kP! assessment was confirmed by ROC-curve analysis for the predicton of
both disease recurrence (FIGURE 9.2) and disease specific survival (data not shown).
Comparing the assessments of two observers for interobserver variability, less than 10%
of cases changed category for each tissue marker (e low to high expression, or vice

Versa).

TABLE 9.1

Tissue marker expression and umor characteristics

- ':_3 '..._;pé”iﬁf.”__ezi?réé:éidn' o - - MIBA 'e'xpré.s"si'on

L asitive to total Fafio) 0 (positive 16 total Fafio) -

S Varable T 0-49% > 50% 0-9% = 10% Total
ST No (%) No. (%) No. (%) No. (%) No. (%)
Pathological stage

LT 4 20 (35) 18 (41) 6(13) 24 (26)
S T EY) 15 (26) 11 (25) 15 (31) 26 (28)
ST 20 (5T) 22 (39) 15 (34) 27 (56) 42 (46)
jRRP Gleason 's.co'r:é

X S SR X ek 19 (33) 17 (39) 8(17) 25 (27)
GO 14(40) 27 (47) 19 (43) 22 (46) 41 (45)
CUSBGT U 15 (43) 11 (19) 8 (18) 18 (38) 26 (28)

Of the 92 tumors evaluated 35 (38%5) were assessed as expressing low (< 50%) p27ie!
protein and 16 (17%) as very low or absent (0 - 24%) expression. 13 of 35 p27kr!
negative tumors were highly heterogeneous with focal regions of low p278p! expression
within large tumor fields of high p275r! expression. It was noticed that cells expressing
low p27kpl protein were often localized within large cribriform fields and within Jarge
solid tumor areas, while this was less frequenty present within small groups of cells
infiltrating the prostatic stroma (FIGURE 9.1). For MIB-1 10 tumeors had rare, occasional,
nuclear reactivity, 38 tumors showed expression in 0 - 9% of nuclei, and a total of 48 out
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of 92 (52%) tumors were recorded as having high MIB-1 & 10%) cxpression (TABLE

9.1). For expression and assessment of CDD44s we refer to previously published data and
to FIGURE 9.1 [23].

FIGURE 9.2

ROC-curve analysis for the prediction of disease recurrence at different cut-off levels of p27™F
assessment (n=92). The optimal and most appropriate cut-off level (i.e. highest sensitivity and
specificity) lies between 40% and 50% positive to total ratio.
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On univariate analysis low (< 50%) p2750! expression, high (= 10%) MIB-1 expression
and loss of CD44s expression were all associated with clinical recurrence and cause
specific death, though MIB-1 did not reach statistical significance for the latter {TABLE

9.2). Both grade and pathological tumor stage were also highly associated with clinical
outcome parameters.
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TABLE 9.2
Univariate analysis of pathological prognostic markers

- Clinteal follow-up deta

" Clinical progression Disease specific survival
Progﬁoé'ﬁt S ¥ p-value” ¥ p-value”
coofactor
“Gleason Score” 23.5 < 0.0001 145 < 0.001
T 25.2 < (.0001 9.3 <0.01
P PN’ 1.7 ns 0.8 ns
CpaTE 235 < 0.0001 10.6 <0.01
CUMIBAL 9.7 <0.01 2.6 ns
CCD44s 17.3 < 0.0001 5.3 0.02

“Logrank test {for trend)
11s: not significant

Fi1G. 9.3 A-B show graphically the relationships between the expression of p27&r! and
clinical outcome parameters in subsequent Kaplan-Meier curves. The probability of being
free of treatment failure at 5 and 10 years of follow-up were 37% and 26% for low p275pl
expression, while these were 79% and 77% for high p274r? expression, respectively. For
MIB-1 these figures were 75% for both 5 and 10 years of follow-up for low expression
and 52% and 42% for high MIB-1 expression, respectively. In Spearman's correlation
analysis Gleason score of the radical prostatectomy specimen was inversely associated
with p27%e! expression (r = -0.26, p = 0.01; TABLE 9.3). Low p27r! expression was also
inversely correlated with pathological umor stage (r = -0.24; p = 0.02) and lymph node
stage (£ = -0.25; p = 0.02), but not with MIB-1 expression and only tended to correlate
with CD44s expression (r = 0.20, p = 0.06; TABLE 9.3). Both MIB-1 and CD44s were
strongly associated with Gleason score and pathological tumor stage and with each other.
Pathological tumor stage was highly correlated o Gleason score (data not shown; r =
0.55, p < 0.0001).
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FiGURE 9.3

Kaplan-Meier curve of the nuclear expression of the cell cycle protein p27"#' using a cut-off level
of 50% positve to total ratio, in relation to time after retropubic radical prostatectomy (RRP),
concerning A. Clinical progression free survival {(p<0.0001}, and B. Disease specific survival
(p<C.01).
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TABLE 9.3

Correlation of cell cycle proteins p27""' and MIB-1, and the cell-adhesion protein CD44s with
pathological characteristics. In cells are listed the correlation coefficients (r) and p-values
according to Spearman's rank test

R R Vs i- & R e s TV IS

R p - value T p - value R p - value
" Gleason score’ . -0.26 0.01 0.28 0.008 0.31 0.003
ST 04 0.02 0.30 0.006 0,49 0.001
COUUpN -0.25 0.02 0.08 0.47 -0.16 0.12
S 1.0 1.0 047 0.11 0.20 0.06
CUMIBL 017 0.11 1.0 1.0 -0.23 0.03
o CDddst 020 0.06 023 0.03 1.0 1.0

TABLE %.4
Multivariate analysis of pathological progrnostic factors

.j - C].truca? .fc."ﬂo\v»'upﬂé.té. o

Clinical progression Disease specific survival
: Vanable 3 N crTt p-value P crt p-value
Gleason score . - - 0.06 348 144-835 <001
ST 2.85 1.50-543 <001 - - ns
PN - - ns - - s
Colp2i o 4140 200-854 < 0.001 3.26 1.02-1035  0.045
COUMIBL - - ns - - ns
. CD44s - 065 0.45 - (.95 0.02 - - ns

* b Risk ratio
1 CI; 95% confidence interval
ns: not significant
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Multivariate analysis using the Cox regression analysis showed that low expression of
the p275p! protein was independent of grade, pathological tumor stage, and other tissue
markers in predicting clinical recurrence (p < 0.001) and disease specific survival (p =
0.045), though with wide confidence intervals, referring to the small sample size (TABLE
9.4). Also pathological tumor stage showed to be a significant predictor of clinical failure,
but not of disease specific survival. Gleason scote was the most powerful predictor of
disease specific survival (p < 0.01) on multivariate analysis, but not of disease recurrence,
indicating the strong cotreladon between grade, stage and p27¢p! expression. Loss of
CD44s expression was an independent prognostic factor in the prediction of clinical
recurrence, while MIB-1, as a marker of proliferation, failed to be a predictor of patient

outcome after correcden for other pathological prognosticators.

DiIscussioN

Application of prognostic dssue markers, in addition to conventional variables as serum
PSA, grade, stage and surgical margins, will help the clinician in identifying biological
aggressive tumors and thereby patients at risk for disease recurtence after intentive
curative surgery. Correspondingly, in an effort to ensure definite cancer control,
assessment of expression of prognostc tssue molecules may select candidates for
adjuvant treatment, whether radiotherapy or hormonal ablation therapy. A large arsenal
of molecular dssue markers have been studied in prostate cancer recently, some of which
have individually proven to be of prognostic value, even independent of Gleason score
and pathological tumor stage. To confitm the prognostic value of three tissue markers,
Le. p274pl, MIB-1 and CD44s, we related expression of each of these proteins, additive to
grade and stage, to clinical outcome in a histotic cohort of patients from the pre-PSA era
undetgeing retropubic radical prostatectomy (RRI) for prostate cancer. We show that
low (< 50%) expression of the cell cycle protein p27ke! is an important predictor of
clinical progression (p < 0.001) and decreased disease specific survival {p = 0.045) in
patients with prostate cancet, additional to Gleason score, pathological tumor stage and
the other evaluated tissue markers. MIB-1 (Ki-67) shows to be a significant prognostic
factor on univariate analysis using a proliferation index (PT) of 10% as cut-off (TABLE
9.2), but this association was not sustained after including more powerful variables on the
multivatiate analysis (TABLE 9.4).

A remarkable finding in this study was that no correlation could be determined
between MIB-1 expression, 2 profound marker of proliferative activity, and p27+s!
expression. (r = -0.17, p = 0.11; TABLE 9.3). As a protein involved in cell cycle transition
cycling cells were expected to downregulate the p275¢! protein, as is noted in hyperplastic
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BPH noduli. Apparently, in prostate cancet, being a relatively slow growing tumor,
factors other than proliferation rate alone will determine tumor aggressiveness and
patient outcome. Palmauist ¢f 4/ previously reported that p275p! expression not metely
controls cell cycle progression, but might also be associated with othet mechanisms
responsible for aggressive tumor behaviour {103, It is assumed that low levels of p274e!
interfere with the unability of cells to halt cell cycling, through which additional {genetic)
alterations lead to an aggressive, infiltrating growth [25]. So far, few alterations and
mutations in the p279p! gene and the mRNA transctpt have been reported [26],
indicating that decreased levels of the p27<e! protein result from yet unknown influences
on a posttranslationsl level. Preliminary results from our department suggest that low (<
S0%;) p278p! expression also occurs in early-detected, preclinical (Tio) cancers in radical
prostatectomy specimens in a frequency comparable to that repotted in the pre-PSA
cohort, also after correcting for Gleason score aad pathological tumor stage. Hence, low
expression of p27kp! might be an eatly event in carcinogenesis. The (molecular)
mechanisms by which downregulation of the p27%r!l protein lead to aggressive tumor
behavior, however, need to be further elucidated.

Recent reports concerning the prognostic role of p27¥r, and its association to other
prognostic variables, have shown conflicting results. Some groups reported an association
between low p275p! expression and biochemical and treatment faflure [12,14], while
others could not determine such an association [15]. Subsequently, an association of
p279P1 expression and prostate cancer related survival has pot been established,
Differences in study design and selection of cut-off poinr of immunohistochemical
nuclear reactivity may account for these discrepancies. For application of an independent
prognostic dssue mmarker in routine clinical diagnostics, standardisation of marker
assessment is needed. In this, the selection of a cut-off point of tumor masker assessment
should meet three criteria; 1. a (sub) opdmal cut-off point needs to be confirmed by
ROC-curve analysis, 2. the cus-off point needs to be ‘easy to assess’ to reduce inter-and
intraobserver variability, and 3. the cut-off point needs still to be an independent
prognosticator on an independent patient series. Our study indicates that 2 cut-off point
of 50% (low vs. high) of p275r! immunostaining meets the first two crteria and is
thereby justified (FIGURE 9.2). Since the study population was small in design with small
number of patients in individual subgroupings, other studies need to confirm the
independent value of the obtained cut-off points. Furthermore, in reducing biopsy
sampling error caused by tumor heterogeneity and tumor multifocality, assessment of
specific tumor areas predictive of patient outcome, rather than a time consuming cell-
counting in randomly chosen high-power fields, is preferred. Identification of tumor
areas with a morphologically worse appearance may be rather quick and has low risk of
assessing non-representative areas within the tumor. Though, as is the case for the
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Gleason grade system, tumor heterogeneity may be especially prone to result in biopsy
sampling error when tumor marker expression s concerned.

In our study, Gleason score of the radical prostatectomy specimen remains the most
powetful predictor of tumor related death (p < 0.01), while patholegic tumar stage is a
strong independent prognostic factor for treatment failure and disease recurrence (TABLE
94). Decreased expression of the cell-adhesion protein CD44s vields additional
progrostic information in the prediction of clinical progression (p = 0.02), independent
of p274el, grade and stage. Strikingly, no association could be determined between node
status (pN) and patient outcome, though being a part of the pTNM-classification. An
explanation for this is the selection bias, prior to surgery.

In retrospective analysis studies, the independent prognostic value of specific molecular
tissue markers is well established in predicting patient outcome. Detection of molecular
features indicating aggressive disease in both the radical prostatectomy specimen, as well
as in the prostatic needle biopsy, may help o identify clinically relevant cancers, thereby
selecting patients for (adjuvant) treatment. The other way around, absence of aggressive
features in the tumor would identify those who would be suitable candidates for
watchful-waiting. Though, prospective studies concerning the role of these markers on an
individual basis, kave not been performed, yet.

CONCILUSIONS

Ouy results show that reduced (< 50%} expression of the cell cycle protein p27KP! is a
sustained independent predictor of poor patient outcome in prostate cancer, also after
including powerful prognosuc variables in the agalysis, while MIB-1 (Ki-67) is not.
Decreased expression of the cell-adhesion protein CID44s yields additional information in
the prediction of clinical recurrence. These prognostic tissue markers may distinguish
patients at high risk for disease recurrence after radical prostatectomy -and thus might
benefit from adjuvant therapy- from those who may be curatively treated.
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SUMMARY

BACKGROUND. Applicadon of immunohistochemistiy to assess presence of prognostic
tissue markers is widely used. The quantitation of these markers may be hampered by a
time-related loss of antgenicity in formalin-fixed paraffin-embedded dssue stored on
glass slides.

METHODS. Potential loss of immuazohistochernical staining intensity was examined on
prostatic needle biopsy sections stored for a maximum of 4 years with andbodies against
p27ket, CD44s, MIB-1 and AR. In benign dssue the positive to total ratio for p275P1 was
determined, while CID44s staining intensity was assessed semiquantitatively. For MIB-1
and AR nucleair staining intensity was assessed using computed image analysis.

RESULTS. An exponential and significant decay of immunoreactivity was seen for p27kiel
(p < 0.01), ChHMs (p < 0.01), MIB-1 (p < 0.001) and AR {p < 0.001) with half-lives of
587 days, 214 days, and 290 days for p274»1, MIB-1 and AR, respectively.
CONCLUSIONS. Immunohistochemical assessment of prognostc tissue markers on
stored slides must be considered with care in both research and clinical settings.
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INTRODUCTION

Applicaton of immunohistochemistry to investigate the expression of tssue matkers
on formalin-fixed, paraffin-embedded dssue is widespread and the prognostic role of
some of these markers is used as 2 diagaostic and therapeutical decision-making tool in
several cancers. The need for additonal prognostdc tumormartkers is a drive for
considerable research efforts in many institutions. To evaluate the prognostic importance
of a dssue marker by immunochistochemistry, well-fixed, adequately processed and
preserved tissue material is a prerequisite for the prevention of false positive and/or
negative staining outcome. In an cffort to stain specific markers of interest in prostate
needle biopsies, we happened to notice a potential loss of immunoereactivity over dme in
formalin-fixed, paraffin-embedded tissue stored on glass slides.

In most clinical and research settings it is 2 common practice to store precut unstained
tssue sections on glass slides for reasons of direct access to positive control slides,
Secandly, tissue specimens are stored on glass slides for retrospective studies in case
there is too litde dssue material left in the paraffin blocks after completion of routine
diagnostcs. This holds particulatly true for prostate and mamma 18-gauge needle biopsy
specimens.

Recently, several authors reported a loss, or occasionally an increase, of antigenicity in
paraffin sections stored on glass slides [1-4]. Unformunately, the results of these studies
lack general applicability, because of their use of highly unorthodox tissue fixation
methods, Therefore, we wanted to repeat these studies on loss of immunostaining
intensity on dssue specimens, fixed and processed according to an ontime method,
commonly applied in the majority of pathologic labaratories. The potendal loss of
immunostaining ntensity of four prognostic tissue markers for prostate cancer was
studied on tissue sections of prostatic needle biopsies stored for a maximum of 4 years
{5-12]. The expression of antigens in stored slides was compared to that in freshly cut
paraffin  blocks. By this approack we demonstrated an exponential decay of

immunoreactivity throughout the years of all four investigated prognostic tissue markers.

MATERIALS AND METHODS

Between 1994 and 1998 all prostate needie biopsy specimens were routinely fixed in
10% buffered formalin at pH = 7.4, embedded in paraffin, cut into 4 llm tssue sections
and mounted on glass slides. Unstained tissue sections representative for the detected

prostate cancer were stored for later use on glass slides coated with amino-alkylsilane
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(AAS), in a dark eavironment at room temperature. To evaluate loss of immunostaining
we immunohistochemically stained and assessed a series of 7 slides of the subsequent
storage years 1994 to 1998 with antdbodies against the nuclear, cell-cycle marker MIB-1
(Immunotech, France) and p27521 (Novocastra, UK), the cell-cell adhesion protein
CD44s (Bender MedSystems, Austria) and the Androgen Receptor (AR) (clone F39.4.1)
[13]. For each marker batched series, including freshly cut specimens of prostate biopsies
of 1994 were immunostained.

Immunostaining

After deparaffinization through xylene and 100% ethanol, endogenous peroxidase
activity was blocked by immersing the slides for 20 minutes in a 3% HzOz/methanol
bath. The slides were placed in a 10 mmol/] citrate buffer at pH = 6.0. Antigen retrieval
was performed in 2 microwave oven at 700 W for 15 minutes. After cooling, the slides
were placed in & Sequenza immunostaining system (Shandon, UK) and pre-incubated
with 10% normal goat serum (DAKQO) in PBS/BSA. 5%. Then, the slides were incubated
overnight at 4 °C with the primary antibody MIB-1 at an optimal dilution of 1 : 3,000,
p27e at 1 : 40, ant-AR at 1 : 200 and anti-CD44s at 1 : 20 in PBS/BSA 5%. Faor all
immunostainings the conventional avidin-biotda complex method was applied. Briefly, a
30 min incubation with the biotinylated goat-anti mouse antdbody (Biogenex, San Ramon,
USA) was followed by a 30 min incubation with the streptavidin-peroxidase complex
(Biogenex). Subsequently, the antbody-antigen binding was visualized with
diaminobenzidine hydrochloride (Fluka, Neu-Ulm, Germany) with 0.08% H2(; and the
CD44s and p27%p! stazined specimens wete lightly counterszained with Mayer's
Haematoxylin, dehydrated and covered. No counterstaining was performed for MIB-1
and AR.

Quantitation

Staining in the benign prostatic glands was blindly assessed. For p27<pl and CD44s
stained slides this was performed by two independent observers (ANV, THvdK)}. For
p275et 3 total of 400 nuclei was counted and a positive to total ratio was calculated. For
CD-44s the membranous staining was scored semiquantitatively as 0 = absent, + = weak,
only in basal cells, ++ = moderate, in basal cells and sporadically also in luminal cells or
+++ = intense, in basal cells and most luminal cells, For MIB-1 and AR nuclear staining
intensity was assessed by a single observer (ANV) using a computer video-image analysis
program (KKS 400, Kontron Elektronik, GmbH., Germany). For each slide 2 total of 20

randomly selected color video images of 512 X 512 pixels with a resoludon of 0,4348 um
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per pixel was recorded. Of all nuclel above a prefixed threshold, the inversed mean
density was measured by the computer program. The detection of the immunopetoxidase
product was enhanced by omission of the Haematoxylin counterstaining.

Statistical Methods

The Chi-square (X% test was used to determine the significance of differences in CD44s
score in the different storage years. The Mann Whitney U test was used to assess
differences in mean positive to total ratio for p275p!, absolute imrﬁunostaining intensity
and number of detected auclei per slide for MIB-1 and AR. The level of significance was
set at 0.05. For p27&pl, MIB-1 and AR the difference between day of storage and day of
immunostaining was calculated and a decay curve of relative antigen expression was
generated using the formula y, = 100 * 2 exp (-0t Xt) + ap, in which y: stands for the
relative antigen expression as a percentage, x, for days of storage before immunostaining
and in which o and a0 are parameters assessing the curvarure and horizental asymptote of
the exponental decay curve. Using this formula, the day of immunostaining (xo = 0)
stands for a relative antigen expression of 100% (yo = 100). A half-ife (x,) of antigen
expression was calculated by replacing factor x. with 1/0t. TABLE 10.3 shows the exact

figures for ¢ and a0 for the different tumormarkers,

RESULTS

For p274<p! there was a gradual, but consistent decrease of mean immunopositive to
total ratio throughout dme varyiag from 75.9% £ 12.49% in 1998 to 11.96% * 30.85%
in 1994 (TABLE 10.1; p < 0.01} with a calculated half-life of p27<p! antigen expression of
587 days. The freshly cut specimens had a mean rato of 45.1% £ 30.6%. This was pot
stadstically different from the slides stored in 1998 according to the Mann Whitney U
test. The mean interobserver varance was 06.3% per slide. Similarly, for CD-44s 2
significant and contdnuous decay was recorded throughout time (FABLE 10.2; p < 0.01).
In these slides, the discrepancy in intetobserver slide assessment of more than one digit
was noted in only 2 of 36 slides {6%). A significant loss of nuclear immunostaining
intensity was seen throughout time for MIB-1 as was quantitated by computer-assisted
image analysis (TABLE 10.1; p < 0.001), while the number of separately detected nuclei
per slide could be kept relatively constant per storage year. For AR both the total number
of detected nuclei per storage vear and the mean number of detected nuclei per slide
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decreased significanty with time (TABLE 10.1; p < 0.001), but in the remaining detected

nuclei the mean measured Immunostaining intensity was not different per storage year.

TABLE 10.1

Immunostaining assessment of tissue markers p27°°', MIB-1 and anti-Androgen Receptor (AR)

Store’
year:

Tog4

95 -

'.: 96

97

- 98

94

‘N

p27sielt MIB- 1t ARS
Mean pos/ Nuclei Nucl Inverse Nuclei Nucl  Inverse Mean
total ratio (%)  measured per  Mean density measured  per density = 3D
+sSD slide T SD slide
11.96+ 30.85 440 62.9 168.3+15.0 10 14 17451 + 9.18
2311+ 11.46 253 36.1 164.3 + 18.9 44 6.3 19152 & 958
33.06 + 8.56 230 329 1658 £ 18.6 300 42.9 189.93 £ 6.12
3164+ 1234 355 50.7 157.4+19.9 1027 1467 191.00 = 6.31
7590 % 12.49 369 52,7 1425+ 25.0 1975 2821  187.04 + 8.80
4718 + 30.85 66 16.4 1469 21.5 770 1925 17873 £ 1279

* positive control; freshly cut specimen

1 p < 0.001 Mann Whimey U

T p < 0.01 Maon-Whitney U
i p < 0.001 Mann Whitney U

The half-life of immunohistochemical staining intensity for MIB-1 was calculated as

214 days and for AR the halfife of proportional nuclear immunopositivity comprised
290 days (FIGURE 10.1). For both MIB-1 and AR the immunostining intensity and
detection of the positive controls, the freshly cut specimens of the paraffin-blocks of

1994, were compatable with the Immunostaining results of the slides stored in 1998

(TABLE 10.1), indicating maintainance of antigenicity of tissue stored in paraffin blocks.
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TABLE 10.2
Immunostaining assessment of CD44s

: o Immunostamlng;~mten51ty of CDMs'fnﬁmbéf of shdes) S _

Storagé year - 0 + ++ +obet
940 6 0 0 0
95 - i 3 3 2 0
96 2 2 2 1
97 0 2 0 2
DgL 0 0 0 6

0 = absent, + = weak, only expression in basal cells, ++ = mederate, expression in basal cells and sporadically in
Juminal cells, +++ = intense expression in basal cells and in most luminal cells (3= p < 0.01)

TaBLE10.3
Constant varizbles for the tumormarkers p27"", MIB-1 and the Androgen-Receptor (AR)

R 000170 ' - B
COMIBAL 0.00467 81
L CD4ds 0.003446 0

DISCUSSION

Immunchistochemical assessment of tissue markers in (pre)malignant dssue is widely
used aand it is presumed that the assessment of these markers will continue to play a
decisive role in diagnostic and treatment decisions of patients with different kinds of
tumors. For biopsy detected breast cancer, for example, the estrogen-receptor status of
the tumor, as is assessed by immunohistochemical analysis, has already found an
undisputed place in the treatment decision of women with this malignant neoplasm. It is
anticipated that prognostic tissue markers may also have an important tole in
therapeutical decision making in patients with biopsy-detected prostate cancer. For
immunochistochemical staining and gquantification of tissue antigens standardized
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methads and reproducibility are prerequisite to prevent false positive and negative test
results.

We observed an exponential, significant decrease of immunoreactivity throughout time
for 4 prognostic tissue markers in prostate carcinoma, i.e. p275pl (p < 0.01), CD44s (p <
0.01), MIB-1 (p < 0.001) and AR {p < 0.001}, in benign tissue stored on glass slides in a
dark environment and at room temperatuze. This decay is relatively slow and shows a
half-life of absolute immunostaining intensity of 214 days for MIB-1 and a half-life of
proportion of immunopositive cells of 587 and 290 days for p27¥e! and AR, respectively.

FiGure 10.1

Exponential decay curve of immunoteactivity for p27%, MIB-1 and the Androgen-receptor
(AR). The y-axis showed the relative antigen expression (%) and the x-axis the time of storage
before inmunostaiming (yrs). For MIB-1 the relative antigen expression stands for absolute
immunostaining intensity, while for p27%' and AR this stands for the proporton of
immunopositive cells. For MIB-1 the half-life was 214 days and for AR and p27 the halfife
was 290 and 587 days, respectively

Relative sntigan sxprassion (%)

100
by
o P
'\, \\ MIE-1 (21 4 chrys)
o | \\ .
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'\\
= b
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Obviously, the time-course of loss of immunoreactivity depends on the antigen and
probably also on the affinity of the antibody and the type of tssue. Whether & tissue
marker presents itself with loss of absolute immunostaining intensity or with loss of
relative immunopositivity depends on its frequency of expression in benign tissue in
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combination with its ease of being detected as a separate object by the naked eye or by 2
computer program. MIB-1 is a cell proliferation marker and is expressec by few cells in
benign prostate tissue. Therefore, MIB-1 positive nuclel were easily detected against a
white background by both the naked eye and the computet program. With time still all
MIB-1 immunopositive nuclel will be detected as separate objects on stored slides,
though with a decreasing immunostaining intensity. Figure 10.1 shows that the MIB-1
immunostaining intensity reaches a asymptote of relative antigen expression after slide
storage. The androgen-receptor (AR) and p27¥rl, on the other hand, are expressed in
most nuclei in benign prostate tssue. Wheteas the staining assessment of p27ke! was
done with the naked eye, the immunoreactivity of AR was assessed using a computer
program, which was set to detect all AR positive nuclei above a certain detection
treshold. We observed that for AR more positive nuclel could be detected with the naked
eye than could be detected by the computer program. Therefore, it is assumed that only
those nuclei with an AR expression that exceeded background staining were detected as
separate measurable objects by the computer program. With loss of immunoreacdvity
through dme the proportion of AR positive nuclei, and thus the mean number of
detected nuclei per slide, will decgease (FIGURE 10.1). Of course, the exact total of celis,
susceptible for detection, could not be obtained in order to calculate a positive to total
ratio, as was done for p275pl, but the expected number of cells, susceptible for detection,
was kept relatively constant by recording an exact number of 20 video-images per slide.

A cause for the observed decay in immunoreactivity on stored slides cannot be given
with certainty. It seems clear that the composition of tissue fixadon is of utmost
importance in the prevention of loss of immunoreactvity in stored slides, since Jacobs &
al reported a significant decrease of immunostaining of p53, factor VIII, ER and Bcl-2
within 12 weeks of slide storage in breast carcinoma specimens after fixation in 10%
buffered formalin supplemented with 70% alcohol [1]. Bertheau et al. reported a loss or
even increase of antigenicity in stored slides of different tissue origins after fixation in
10% formalin and postfizxation with Bouin’s solution [3]. Furthermore, both oxidation of
the antigen and a masking of the antigen may underlie this Joss of immunoreactivity. In
our study antigenicity of p275e!l, MIB-1 and AR was preserved when sections of long-
term stored paraffin blocks ate freshly cut. These results are in line with those of Manne
et al., who observed no temporal decline in p53 and Bel-2 expression after long-term
storage of paraffin blocks {4]. Despite their unorthodox tissue fixation, Jacobs et al
showed that coating the surface of the tissue sections with a paraffin coat, to diminish
contact with the ambient atmosphere, did not significantly prevent loss of
immunoreactivity for p53 in breast carcinoma {1].

This result suggests that antigen degradation may only be prevented by an embedding
of the tissue specimen deep in the paraffin block and by proper tissue fixation and
processing. Whether storage of tissue slides in a low-oxidative envitonment, i.e. in Ny, in
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different storage temperatures, or under a paraffin coat, will diminish the destructon of
the antigen by oxidation and thereby diminish decay of immunoreactivity, s undet
further investigation. Alternative methods to retrieve immunoresctivity of the antigen
after its decay may be an optimized mictowave antgen retrieval or antigen amplification
methods, like the Tyramide Signal Amplification method (TSA).

In this article we like to emphasize on the picfall, which may occur in the assessment of
immunohistochemically stained formalin-fixed, paraffin-embedded dssue stored on glass
slides at room temperature, whether this is for tesearch or clinical settings. Storage of
tissue material on glass slides for future use can cause unreliable Immunostaining tesules
for an indefinite number of antigens, while this immunoreactivity is maintained when
tissue is archived in paraffin blocks.
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SUMMARY

BACKGROUND. The pre-operative predicdon of prognostic tumor features in the radical
prostatectomy specimen using routine clinicopathological variables remains limited. The
present stady evaluated the predictve value of the cell-cycle protein p27¥e?, the
proliferation marker MIB-1, and the cell-adhesion protein CD44s determined on the
diagnostic needle biopsy of asymptomatic men screened for prostate cancer.

MATERIALS AND METHODS. Of 81 screen-detected prostate cancers, representative
biopsy cores and matched radical prostatectomy specimens were immunohistochemically
stained with antibodies against the tssue markers p2791, MIB-1 and CD44s.
Conventional pre-operative and post-operative clinicopathological variables were
assessed, and cancers were divided according to a validated tumor classification model
{potentially harmless, clinically significant).

RESULTS. Low (<50%) p27r!l expression, high (& 10%) MIB-1 expression, and low
(<25%) CD44s expression were considered adverse prognostic signs. Binary logistic
regression analysis was performed to assess the most valuzble predictors of clinically
significant disease. An adverse prognostic immunostaining assessment on the biopsy was
found in 10 (12.3%), 17 (21.0%), and 25 (30.9%} cases for p27kp!, MIB-1, and CI344s,
respectively. The concordance in tissue marker assessment between the biopsy specimen
and matched radical prostatectomy specimens was low for all three tissue markers. The
posidve predictive value {PPV) of p275r! was 90.0%, remarkably higher than that of
MIB-1 and CD44s (41.2 and 52.0%, respectively), indicating that a low radical
prostatectomy pZ7%P! score is expected if the biopsy p27¥r! score is low. Logistic
regression analysis revealed that biopsy Gleason score (p < 0.01) and p274p! assessment
(e < 0.01) remained the only significant predictors of clinically significant disease. All
cases with low p27Xrl expression were found to have clinicaily significant disease after
radical prostatectomy.

CONCLUSIONS. The assessment of p278el in the biopsy specimen might add in
distinguishing between potentially aggressive and potentially non-aggressive disease in

prostate cancer screening,
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INTRODUCTION

Despite prognostic information gained from serum prostate-specific antigen (PSA),
chinical tumor stage and tumor grade on prostatic needle biopsies, the accuracy of
predicting prostate cancer turmor characteristics in the radical prostatectomy specimen
and with this, the final outcome of screen-detected prostate cancer, remains limited {1-4].
The vast majotity of cancers is diagnosed within the PSA range 3.0 — 9.9 ng/mL, with
biopsy Gleason scores 6 or 7, and with clinical tumor stage Tic - Tz [5,6]. However, the
biological behavior of these tumors is highly variable. Some might have been treated
unnecessarily as the post-operative prognostc tumor features proved highly favorable,
while others might have too advanced disease to be cured. Therefore, refining of the
prognoste information gained from pre-treatment vagiables, prostate cancer biopsy
specimens in particular, is warranted.

Recently, several immunohistochemical studies demonstrated that the cell-cycle protein
p274p!, the proliferation marker Ki-67 (MIB-1), and the cell-adhesion protein CI>44s had
independent prognostc value with respect to disease recurrence and patient survival after
radical prostatectomny [7-13]. Potendally, these tissue markers might help in differentiating
aggressive from non-aggressive cancets on a pretreatment basis. In the present study, we
assessed whether their immunohistochemical expression on the diagnostc needle biopsy
was representative for that in matched radical prostatectomy specimens. The predictive
value of these tissue markers for well-established prognostic factors as pathological
tumor stage, tumor grade, and tumor volume in the radical prostatectomy specimen was
examined. It is andcipated that the tumor marker most suitable for application on the
needle biopsy thus identified may give the clinician additional information on tumor
aggressiveness and patient prognosis on a pre-treatment basis.

MATERIALS AND METHODS

Patients

Between January 1, 1998 and September 15, 1999, 99 consecutively admitted men
within the screening arm of the Furopean randomized study of screening for prostate
cancer {ERSPC) underwent bilateral pelvic lymph-node dissection and radical
prostatectomy at the University Hospital Rotterdam. In all screened participants prostate
cancer was diagnosed on ultrasound-guided sextant transrectal biopsy of the prostate
prompted by an elevated (2 3.0 ng/ml) serum-PSA level. Neo-adjuvant (hormonal)
treatment was not applied in any of the patients. No patient had pelvic lymph-node
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metastatic disease neither on intra-operative examination of frozen tissue sections, nor
after the examination of paraffin slides. Of 81 surgically treated patients, tissue of both
the diagnostic needle biopsy and matched radical prostatectomy specimens was available
for (immunohistochemical} analysis. Preoperative PSA and clinical tumor stage were
obtained from the ERSPC database.

Pathological Tissue Examination

All sextant diagnostic biopsy cores were labeled and processed separately. The biopsy
cores were routinely fixed in 10% buffered formalin (pH = 7.5), embedded in paraffin,
freshly cut intc 4 Wm thick dssue sections and mounted on glass slides. H&E slides of
three subsequent levels of the needle biopsy were histologically examined and a Gleason
score wag assigned by a specialized genito-urinary pathologist (THvdI<) [14].

Radical prostatectomy specimens were fixed similarly, schematically cut [15], embedded
in paraffin, cut into 4 {im wssue sections, and mounted on glass slides. The tumor was
staged according to the TNM 97 system, and the Gleason score was determined. All
tumor ajeas were traced and outlined on the slides. Detailed prostate maps were
developed to illustrate the size, extent and location of the prostate tumor and its different
histopathological grades (FIGURE 11.1). Motphometric analysis was performed to assess
the tamor volume as described by Hoedemaeicer and associates [16]. Finally, cancers were
categorized according to a previously developed and validated prognostic tumor
classification model, including pathelogical tumor stage, tumor volume and the
proportion of high-grade cancer [17]. According to this classification todel, organ-
confined cancers with a tumor volume less than 0.5 mL, without Gleason growth
patterns 4 and 5 were considered potentially ‘harmless’, while all other cancers were
arbitrarily assessed as ‘clinically significant’ [17,18].

Selection of Most Representative Slides
The selection of the most representative biopsy core was done by an experienced
pathologist (THvdI<). The selecton was based on the assumption that the observed
tumor features within the slide would be most predictive of padent outcome. The most
representative core was the core with the highest Gleason score or, when the Gleason
scote was not different between biopsies, the core with the most extensive tumor
involvement. The biopsy slides wete stored for 4 maximum of two-and-a-half vears in a

dark environment at room temperatute untl immunostaining was performed.
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FIGURE 11.1

A prostate map showing the site, range and trzjectory of the most representative biopsy core
{IVy and two other biopsy cores (Il and V) as well as the location of the tumor in the prostate
and its corresponding grade of differentdation according to Gleason. The tumor is shown in
black (Gleason growth pattern 3) and dark grey {Gleason growth pattern 4). Prostate sections Cl1
and D4 were assessed as the most representative of the tumor in the prostate, whereas biopsy
core IV contained the highest amount of cancer (approximately 60%). Biopsy V missed the

tumotr completely, while biopsy 11 was only marginally involved with cancer (< 10%).
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The sclection of the most representadve slides within the radical prostatectomy was
performed similasly. One to three paraffin blocks with tumor tissue most representative
for the whole tumor within the radical prostatectomy specimen were selected for
immunohistochemical analysis. Using radical prostatectomy maps, the site, range and
trajectory of the individual biopsy cores, and that of the most representative biopsy core
in particular, were reconstructed (FIGURE 11.1). In doing so, one may determine whether
the representative biopsy needle hit or did not hit the representative tumor parts within

the radical prostatectomy specimen.
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FIGURE 11.2
Immunostaining images of tssue marker expression on the diagnostic needle biopsy

(magnification 400 x). A. Low (< 50%) tumor p27**" expression. B. High (2 50%) tumor p27"'
expression. C. Low (< 25%) tumor CD44s expression, and D. High (= 25%) tumor CD44s

expression.
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Immunostaining

Slides with biopsy tissue and slides from the radical prostatectomy specimen were
immunchistochemically stained according to similar protocols. Tissues from the radical
prostatectomy specimens were freshly cut, while those of the biopsy specimens were
retrieved from the storage. After deparaffinization through xylene and 100% ethanol,
endogenous peroxidase activity was blocked by immersing the slides for 20 min in a 3%
hydrogen peroxide/methanol bath. The slides were placed in a 10 mmol/L citrate buffer
at pH = 6.0. Antigen retrieval was petformed in a microwave oven at 700 W for 15
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minutes. After cooling the slides were placed in a Sequenza immunostaining system and
pre-incubated with 10% normal goat serum in phosphate buffered saline/bovine serum
albumin 5%. The slides were incubated overnight at 4° C with the primary andbody MIB-
1 (Immmunotech, France) at a opamal dilution of 1 : 3,000, p27%»! (Novocastra, UK) at 1:
40, or CD44s (Bender MedSystems, Austria) at 1 : 200 in phosphate buffered
saline/bovine serum albumin 5%. To each batch of slides, negative controls were
included. For slides stained with MIB-1 and p27¥! the conventional avidin-biotin
complex method was applied. Badefly, a 30 min incubation with bictinylated goat-anti
mouse antibody (Biogenex, San Ramon, USA) was followed by a 30 min incubaton with
streptavidin-peroxidase complex (Biogenex). For slides immunostained with the primaty
antibody antd-CD44s, the catalyzed signal amplification (CSA, K1500, DAKO) system
was used. After overnight incubation with the primary antibody, a 15 minute incubation
with a linking antibody was followed by a 15 miaute incubation with streptavidin-biotin
complex, a 15 minute incubation with an amplification reagent (diluted 1 : 4 in
phosphate buffered saline), and a final 15 minute incubation with streptavidin-peroxidase.
Subsequendy, in all slides the antibody-antigen binding was visualized with
diaminobenzidine hydrochloride (Fluka, Neu-Ulm, Germany) with 0.08% hydrogen
peroxide for 7 minutes. The specimens were counterstained with Mayer’s hematoxylin,
dehydrated and covered.

Quantitation

All slides were assessed by two independent observers {ANV, BWvR) withour
knowledge of matched biopsy ot radical prostatectomy tumor features. In case of
discrepancy between observers, the slides were reassessed in a combined session.
Agreement between observers occurged in over 80% of cases for all three tissue markers.
All selected sections contained benign prostatic glands, which could serve as internal
positive controls. For all three tissue markers the immunostaining quantitation was
siznilar for hoth the biopsy specimens and the radical prostatectomy specimens.

For p275pl, nuclear staining was assessed by estimating a positive-to-total ratio as
previously described [7] A tumor was considered ‘high’ for p279e! expression if 50% or
more nuclei showed positive immunostaining, and Jow’ if a positive-to-total ratio of less
than 50% was recorded [7] (FIGURE 11.2). In case of tumor heterogeneity those parts
within the temor that showed the lowest positive-to-total ratic were assessed. For MIB-1,
nuclear staining was assessed by estimating the percentage of MIB-1 positive cells [7].
Tumors with 10% or more nuclei positive for MIB-1 were considered ‘high® for MIB-1
expression, whereas those with less than 10% of MIB-1 positivity were assessed Tow’ for
MIB-1 expression. If the tumor exhibited heterogeneous MIB-1 expression, the area with
the highest density of MIB-1 positive cells was selected. Slides stained with CD44s wete
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assessed according to the percentage of cells showing positive membranous
immunostaining (FIGURE 11.2). Since a less than 25% negative immunostaining was
reported to be most predictdve of clinical progression after radical prostatectomy [12],
this cut-off point was taken for statistical analysis. Sllides were assessed as having low’
(<25%) or ‘high’ & 25%) tumor CD44s expression. A tumor CD44s scote was obtained
by taking the lowest assessed scote within the tumor sections.

The concordance in tissue marker assessment berween the biopsy and the radical
prostatectomy specimen was determined for 2ll three dssue matkers. In this, an adverse
prognostic assessment {.e. low p275p1 high MIB-1, low CD44s) was considered 2
positive test outcome. The sensitvity of tissue marker assessment implies the numbet of
adverse prognostic assessments determined on the biopsy divided by the total number of
adverse prognostic outcomes in the radical prostatectomy specimen. The specificity
implies the number of favorable prognostic assessments on the biopsy divided by the
toral number of favorable prognosde outcomes in the radical prostatectomy specimens.
The posidve predictive valve (PPV) corresponds to the proportion of men with an
adverse prognostic assessment on the biopsy who also had an adverse prognostic
outcome in the radical prostatectomy. The negative predictive value (NPV) is the
proportion of men with a favorable assessment cn the biopsy who had a favorable
outcome in the radical prostatectomy specimen as well. Similar analyses wete performed

with respect to biopsy tssue marker assessment and clinical significance of disease.

Statistical Analysis

Statistical analysis was performed using the statistical package for the social sciences
(SPSS Inc., Chicago, IL). The association between the exptession of p27ke!, MIB-1 and
CID44s on the biopsy and conventonal clinicopathological parameters was evaluated by
means of the Pearson chi-square (}2) test. The pre-operative PSA-level was categorized
3.0 -39 ng/ml, 4.0 - 59 ng/mL, 6.0 - 9.9 ng/mL, 2 10.0 ng/ml, clinical tumor stage
Tie, Tzab, Tae, Gleason score 2-6, 7, 8-10, and proportion of high-grade cancer (%6, 0—9%,
10-49%, 2 50%. Post-operadve variables were categotized as listed in TABLE 11.1.

Binary logistic regression analysis was performed to assess the statistical significance of
pre-operative vatiables. Clinically significant disease was taken as the dependent vatiable,
while conventional pre-operative clinicopathological vatiables, and the expression of
tissue markers p275pl, MIB-1 and CD44s on the biopsy were taken as co-variates.
Variables that were not statstically significant at the univariate level were removed from
the model, while controlling for the other variables (i.e. backward elimination method).
Porward stepwise elimination was performed to verify that the same parameters remained
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of prognostic significance in the final models. The assumption that no association existed
between the variables evaluated (HO) was rejected (H1) if p < 0.05.

RESULTS

Patient Characteristics

All 81 patients had clinically localized disease at the time of diagnosis. The median
serum-PSA level was 5.2 ng/ml (range, 3.0 - 15.1}, and 71 (87.7%) had a PSA level
between 3.0 9.9 ng/mL. A total of 48 {(59.3%) and 18 (22.2%) men had a Gleason score
of 6 or 7 on the biopsy, respectively, and 11 {13.6%) a Gleason score 7 (4 + 3) or 8,
Within the radical prostatectomy specimen, 69 (85.2%) cancers were organ-confined, 10
(12.3%) had extraprostatic extension, and 2 (2.5%) showed extensive infiltrating disease
(TABLE 11.1). The Gleason score was 2 to 6 in 53 (65.4%), and a dominant Gleason
growth pattern 4 or 5 was seen in 6 (7.4%). According to the mumor classification model,
23 (28.4%) cases were considered harmless’ and 58 (71.6%) ‘clinically significant’. Using
prostate maps, in 14 (17.3%) cases the selected representative biopsy needle did not hit
the site of the prostate that was thought to contain the representative sections within the
umor (FIGURE 11.1}.

Immunostaining Assessment

Of 81 padents, 10 (12.3%) and 35 {43.2%) had a low tumor p27P! expression on the
diagnostic needle biopsy and radical prostatectomy specimen, respectively. These figures
were 17 {21.0%) and 26 (32.1%) for high MIB-1 expression, and 25 (30.9%) and 26
{(32.1%%) for low CID44s expression.

TABLE 11.2 shows the sensitivity, specificity, PPV, and NPV of tissue marker
assessment. The sensitivity of tissue marker assessment was low for all three tissue
markers, implying that a substantial proportion of cases was incorrectly designated a
favorable prognostic outcome. Nine of 10 (PPV=90.0%) cases with a low bicpsy p27kp!
expression had a low p274r! expression in the prostate, whereas 26 of 71 cases designated
as having a high tumor p275p! expression pre-operatively, changed category after radical
prostatectomy (NPV=63.4%). The PPV of MIB-1 and CD44s expression was lower than
02741 while the NPVs were only slightly higher (TABLE 11.2). The expression of p27kp!
and CD44s were nearly almost absent {ie. low) in intraluminar growing strands of
cribriform and intraductal prostate cancer (FIGURE 11.2).
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Tapreill

The association of the expression of P27 MIB-1, and CD44s with pathological tumor stage,
Gleason score and the tumor classification model as determined on the radical prostatectomy
specimen. Numbers in pareathesis ate percentages.

Tissue marker expression on the diagnostic biopsy

Radical p27“P’ MIB-1 CD44s
prostatecromy Low High Low High Low High  Total
tumot features (<50%) (250%) (<10%) (@10%) (< 25%) (= 25%)

Pathological stage "

pT,, . 5(50.0) 64(90.1) 56 (87.5) 13 (76.5) 20(80.0) 49 (87.5) 69
pTs 4(40.0) 685 7(109) 3(17.6 4(160) 6(107) 10
PTi 1(100) 1(100) 106 169 140 108 2

Gileason score

2-6 2(200) 51 (718 46(71.9) T@LL 1280y 41(732) 53
7T3+4 5300 17239 13203 903629 11440 110%6 22
7@+ 3) 3300y 342 5(7.8 169 260 400 6
Tumor
classification
Harmless' 0000y 23324 200313y 3{17.60 4(l6.0) 19(33.9) 23
Clinically 10 (100 48 (67.6) 44 (68.8) 14(82.4) 21 (84.0y 37 (66.1) 58
significant?
Total 10 1 64 17 25 56 81
* pINM 1997
T Possibly harmless disease; organ-confined cancers with a remor volume of less than 0.5 mi that lacks
Gleason growth patterns 4 and 5
T Clinically significanr disease; All others

Association of Tissue Matker Expression with Pre-and Post-operative Variables

The association of the expression of the tssue markers on the biopsy with pre-
operative and post-operative clinicopathological parametets is given in TABLE 11.3. While
p27krl expression was highly associated with most of the pre-operative and post-
operative variables, as well as to MIB-1 and CD44s exptession, the latter two tissue
markers were not, or only weakly, correlated to these same parameters (TABLE 11.3). A

200



Tissue Markers and Pre-operative Prediction

low expression of p27%r! had a high predictive value for the presence of clinically
significant disease (TABLE 11.1). In fact, all cases with low pre-operative p27%r! nurned
out to have clinically significant discase after radical prostatectomy (PPV=100.0%). For
biopsy Gleason scores of 7 or higher, all bt one (22 of 23) cases were found to have
clinically significant disease after radical prostatectomy (PPV=95.7%). Logistic regression
analysis revealed that biopsy Gleason score (p < 0.01) and low expression of p275p! (p <
0.01) on the biopsy were most valuable as predictors of clinically significant disease,
though with wide confidence intervals (TABLE 11.4). CD44s and MIB-1 expression on
the biopsy did not remain in the final models as independent predictors of clinically

significant disease.

TABLE 11.2

The sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV)
of the expression of p27", MIB-1, and CD44s as determined on the biopsy specimen. A low
{less than 50%) mmor p27%F, a high (10% or more) wumor MIB-1, and a low (less than 25%)
tumor CD44s expression on the biopsy were considered positive test outcomes (i.e. adverse
prognostic indicators).

Biopsy tissue marker Sensitivity Specificity PPV NPV
p27™ expression 25.7% 97.8% 20.0% 63.4%
MIB-1 expression 26.9% 31.8% 41.2% 70.3%
CD44s expression 50.0% 78.2% 52.0% 76.8%

DISCUSSION

In prostate cancer screening, no reliable method exists today that may identify the
patients with non-aggressive disease and those with fatal disease beyond cure. Such tools
are required, for it is considered that a substantial proportion of screen-detected prostate
cancers may have been overdiagnosed (and subsequently overtreated), while others might
not have been detected (and treated) eatly encugh. Unfortunately, the predictive value of
conventional clinicopathological parameters for powerful prognosticators as pathological
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mumor stage and lymph-node metastatic disease, and with this, the idendfication of
aggressive but curable cancers, remains limited.

TABLE 11.3 7
The correlatdon of p27"'””, MIB-1, and CD44s with pre-operative clinicopathological parameters

and tamor characteristics determined on the radical prostatectomy specimen. The figures
presented are p values,

Tissue marker expression on the diagnostic biopsy

Variable p27%et MIB-1 f CD44s
PSA level < 0.01 0.06 ns
Clinical tamor stage 0.01 ns ns
Biopsy Gleason score < 0.01 <001 ns
Biopsy high-grade cancer < 0.01 0.01 0.02
Biopsy p27% - 0.05 < 0.01
Biopsy MIB-1 0.05 - 0.01
Biopsy CD44s < 0.01 0.01 -
Pathological tumor stage <{.01 ns ns
Prostatic Gleason score <{.01 ns s
Tumor classification model <0.01 1 ns

Dichotomized as low p275p! (less than 50%) and high p275r! (50% or more) expression
Dichotomized as high MIB-1 (10% or more) and low MIB-1 {less than 10%) expression
Dichotomized as low CD44s (Jess than 25%) and high CD44s (25% or more) expression
ns not significant

et

Recent studies demonstrated that the expression of the cell-cycle protein p27591, the
proliferation marker MIB-1, and the cell-adhesion protein CD}44s within tumors was of
prognostic importance in men treated with radical prostatectomy, additonal to grading
and staging [7-13]. Valuable tissue markers assessed on the diagnostic needle biopsy may
aid in the selection of patients to undergo {or to refrain from) radical surgery for clinically
localized prostate cancer. In the current study we reported a relatively poor concordance
tor the expression level of p274e!, MIB-1, and CD44s on the diagnostic needle biopsy
and representative sections of the corresponding radical prostatectomy specimen (TABLE
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11.2). The sensitivity was low for all three tissue markers, indicating that prognostically
adverse tumor areas within the prostate were missed in a substantial number of cases.
These results are in line with those of previously published and similarly performed
studies [19-21]. Furthermore, the PPV was high only for low p27%0! expression
(PPV=90%), while these were comparably low for MIB-1 and CD44s (41.2 and 52.0%,
respectively).

TaBLE 11.4

Logistic regression analysis for the prediction of ‘clinically significant’ disease using conventional
clinicopathological variables and the expression of P27 MIB-1, and CD44s on the diagnostic
needle biopsy.

Logistic regression analysis

P 95% CI p value

PSA level - - ns
Clinical tumor stage - - ns
Biopsy Gleason score 13.01 1.78 —=96.03 < 0.01
Propotdon high-grade - - ns
Biopsy p274r" 8.97 1.03 - 7692 < 0.01
Biopsy MIB-1 7 - - ns
Biopsy CD44s * - - ns

95%, CI 95% confidence interval

ef Odds ratio

ns not significant

* Low p274p! (less than 50%) expression

T High MIB-1 (more than 10%) expression

T Low CD44s (less than 25%0) expression

Our analysis by logistic regression showed that biopsy p27Ke! expression and biopsy
Gleason score were significant predictors of clinjcally significant disease (TABLE 11.4).
Despite wide confidence intervals due to small patient series, the observation of 2 low
p274el expression on the diagnostic biopsy might thus be indicative for biologically
aggressive disease. In our study, 2ll men with a low (<50%) wumor p274P! score on the

biopsy were found to have clinically significant disease after radical prostatectomy using
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the definitions of the tumor classification model. On the other hand, a high & 50%)
biopsy p279P1 score poorly predicted the presence of a prostate cancer with
prognostically favorable tumor features. Therefore, the assessment of p274e! expression
on the biopsy is not helpful to identify patents who are most likely to benefit from
conservative treatment and surveillance. Moreover, our study did not provide data
whether ‘aggressive’ cancers identified by a low biopsy tumor p275P!, may be cured by
the currently available treatment options, or otherwise, may already be beyond the reach
of cure.

The interpretation of cur results may be lmited by various factors. Multifocality and
tumor heterogeneity may have contributed to sampling error of the diagaostic needle
biopsy, and to the poor concordance of tissue marker assessment between biopsy and
radical prostatectomy specimen. As only one or two hiopsy cores per patient were stained
immunohistochemically, i.e. those that werc assumed most representative within the
biopsy sextant, dssue marker assessment may not have reflected the entite primary tumor
within the prostate. On the other hand, it i1s not likely that an adverse prognostic
mmunostaining assessment would have been found in one of the ‘non-representative’
biopsy cores, especially when taking into account that these were mostly of lower grade
and of low tumor volume. The frequency of adverse prognostic immunostaining
assessments was low in our screened populadon (e.g. 12.3% for low p2749! expression),
and as a consequence, definite conclusions on the predictive value of tissue markers may
only be given using larger patient series. It is lkely that the proportion of adverse
prognostic indicators may have been higher in other patient groups that lacked the
tavorzble prognostic features observed in our screening group. Finally, the long-term
prognostic significance of our tumor classification model remains to be established. It
might well be that some men classified s having clinically significant disease in our study
population would not have experienced signs or symptoms of prostate cancers ever, and
conversely, that some men designated as having potentially harmless disease may still
have had clinically manifest disease if not treated.

At present, the routnely performed diagnostic technique of systematic sextant prostate
biopsy has a limited capability in predicting the tumor characteristics in the prostate
gland, and with this, the expected biological course of disease. The present study
provided some substantiation that tissue marker assessment on the biopsy, p27¥F! in
particular, might help in discriminating between potentially aggressive and potentially
non-aggressive cancers In prostate cancer screening. Before the applicaton within clinical
settings is considered, our promising results on the value of p275P! protein expression on
prostade needle biopsies in men with screen-detected prostate cancer will have to be
confirmed, preferably in prospective, muld-insttutional studies with larger number of

patients.
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SUMMARY

BACKGROUND. CD44 is an important metastasis suppressor gene in prostate cancer
patients. Downregulation of the CD44 gene was sattributed to transcription repression by
methylation of CpG islands in the promoter region. The feasibility of CD44 promoter
methylation to be used as a diagnostic tool was assessed in the serum of prostate cancer
patients,

MATERIALS AND METHODS. Seven serum samples of patients with prostate cancer
were Investigated for CD44 promoter methylation by methylatdon-specific PCR. Three
patients had proven metastatic discase, and 4 were free of metastases. Tissues from s
variery of normal epithelia were assessed as well.

ResULTS. CD44 promoter methylation was readily detectable in all serum samples,
although no distinction could be made between patients with and those ndthont metastatic
disease on the basis of the signal intensity of methylation-specific PCR products.
Remarkably, tissue specimens from different normal epithelia, especially those of the
colon and rectum, repeatedly showed aberrant methylation of the promoter region of
CD44.

CONCLUSIONS. In the serum of prostate cancer patients, assessment of the methylation
status of CpG islands in the promoter region of the CD¥4 gene is feasible using
methylation-specific PCR. However, due to physiological promoter methylation of the
CD44 gene in normal tissues, including the colorectal mucosa, assessment of methylation
of tumor-derived IDNA in the serum of cancer patients lacks tssue-specificity and seems
not applicable in clinical settings.
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INTRODUCTION

In recent years, major efforts have been directed at the search for markers of metastatic
potental in prostate cancer patients. This would be of benefitr for padents with clinically
unsuspected  (occult) prostate  cancer metastases who might have undergone
inappropriate treatment with curative intent, To improve the management and treatment
of patients with prostate cancer, markers of metastatic ability are needed to identify those
at risk of (occult) metastatic discase.

In previcus studies on prostate cancer, downregulation of CD44 expression at the
mRNA and protein level was correlated with high tumor grade (L.e. Gleason score), an
increased rate of progression after radical prostatectomy, and decreased disease-specific
survival rates, somedmes even independent of grade and stage [1-6]. Tt was reported that
standard CID44 (CID44s) protein expression was strongly reduced in pelvic lymph-node
and distant prostate cancer metastases as well as in the corresponding primary tumors [7].
A decreased CD44 expression in tumor cells might thus identify the prostate carcinomas
with an acquired metastatic potentdal [8]. This downregulaton of the CD44 gene was
recently attributed to the methylation of CpG islands in the promoter region in prostate
cancer cell lines and metastatic dssue specimens [9-11]. Repression of trapscription by
promoter methylation is one of the mechanisms responsible for loss of gene expression,
and has been reported for other penes as well, and in a variety of other human cancers
[12-15%.

Recently, 2 sensitive method for the rapid analysis of the methylation status of CpG
islands was described, i.e. methyladon-specific PCR. [16]. This technique is able to detect
even very low quantities of altered (e.g. methylated) DNA in different kind of solid
tumors such as prostate cancer, Moreover, recent studies have indicated that tumor-
derived free DNA is present in the blood of cancer patients, and that molecular genetic
alterations can be detected in these blood samples [12-15,16]. In the cartent study, we
investigated whether the assessment of promoter methylation of the metastasis
suppressor gene CD44 is feasible in human serum samples. The determination of the
methylation status of the promoter region of a tnetastasis suppression gene in serum of
cancer patients might be particularly valuable for this would help to distinguish between
prostate cancers with favorable characteristics from those with an enhanced potential to

metastasize.
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MATERIALS AND METHODS

Patient Selection and Serum Collection

A total of 7 serum samples, collected from the blood storage facility of the Department
of Urology, University Hospital Rotterdam, was analyzed. After blood withdrawal, the
samples were incubated at 37°C overnight, centrifuged at low speed, and the serum was
stored at —80°C before DNA extraction. Three of 7 serum samples were detived from
patients with proven metastatic disease as determined by *hot-spots’ on bone scintigraphy
(2 cases) or pelvic lymph-node disease {1 case), and 2ll 3 had prostate-specific antigen
(PSA) levels of more than 100 ng/mL. The other 4 samples were derived from patients
with PSA levels of 4.9, 6.4, 6.6, and 7.1 ng/ml, tespectively, at the time of diagnosis.
They subsequently underwent radical prostatectomy for biopsy proven prostate cancer,
and their PSA-levels remained undetectable fe. < 0.1 ng/ml) 4 years after surgery.
DNA from serum samples was obtained by digestion with SDS and proteinase K at 48°C
overnight, purified by phenocl-chloroform extraction and precipitated with ethanol [17].
After purification, 1 mL of serum yielded an average of 50 ng of IDNA, consistent with
previous absetvations [17).

Presh-frozen tissue specimens from a variety of ozgans (breast, colon, liver, lung,
ovarium, prostate, rectum, and thyroid) were analyzed for promoter methylation of the
CD44 gene as well. In doing this, histologically proven benign tissue was selected. DNA
of PC-346, a xenograft known to have an absent CID44 expression at the mRNA and
protein level {due to CD44 promoter methylation) was taken as a posidve control and
dH20 as a negative control [9). Genomic DNAs of PC-346 and tdssue specimens wete
obtained according to standard procedures.

Bisulphite Modification and PCR Amplification

Isoclated DNA of serum samples, tissue specimens, and PC-346 was pre-digested with
EwRI DNA (1 ub) in a total volume of 50 W, denaturated by adding NaOH to a final
concentration of 0.3 M, and incubated overnight at 37°C. The solution was neutralized by
addifon of NH: OAc (pH 7.0} to 3.0 M, and the DNA was precipitated with ethanol.

We designed primers to distinguish methylated from unmethylated DNA in bisulphite-
modified IDNA. In bisulphite modification, cytosines are converted to uracil, but those
that are methylated are resistant to modification and remain as cytosine. Altered
(methylated) DNA and unaltered (unmethylated) DNA can then be distinguished by
methylation-specific PCR since marked sequence differences exist between these DNAs.
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The method of bisulphite modification is described in detall by Herman e af [16] and
Vetkaik ez 4/ [11].

For human CD44 amplificadons, primers were used based on the CD44 DNA
sequence: (F) 5 -GGTCATCCTCTGTCCTGACGCCGC- 3 and ®) 5 -
GAGCGAGCGAAGGACACACC- 3 [11]. Bisulphite modified DNA (100 ng) was
amplified in a PCR analysis using the primer set specific for the methylated CD44
sequence giving a 269-bp product: () 5 -GGTTATTTTTITGTTTTGACGTCGC- ¥
and (R) 5 ~AAACGAACGAAAAACACACC- 3 and a second round of PCR using a
methylated-specific nested primer set (F) 5> CGCAGGTATAGGTATTTCGC -3 and
R) 5 ~AACGAACCCCTCTACCCCCG- 3. In this nested PCR a 109-bp product was
obtained {Ver00]. As a quality control of the bisulphite conversion process, all bisulphite-
treated DNAs were also amplified with prmers specific for the unmethylated CD44
sequence: (F) 5 -GGTTATTITTTGTTITTGATGTTIGT- 3 and (R} 5 -
AAACAAACAAAAAACACACC- 3. For all PCR amplifications the conditons were as
follows: 94°C for 5 min, followed by 35 cycles of 94°C, 1 min; 60°C, 1 min; 72°C, 1 min
for amplifications, and a final extension for 10 min at 72° C. The PCR mixture contained
2 pl SuperT'aq DNA polymerase (Sphaero 3, HT Biotechnology, Cambridge, UKD, 10 1l
buffer (Sphaero Q)), 100 ng of each primer (1 Kl), and 1 Wl 100 mM dNTPs in a final
volume of 50 pl PCR products were loaded on denaturated 1% polyacylamide gels,
stained with ethidium bromide and visualised under UV illumination.

RESULTS

In the 7 serum samples, human CD44 DNA was readily detectable by standard PCR
analysis, However, we found that all examined serum samples, i.e. cases with proven
metastases and cases without, exhibited aberrant promoter methylation in serumn DINA
(FIGURE 12.1). No substantial difference in signal intensity was observed between the
patients (l.e. with metastases) and controls (Le. without metastases), indicating that the
determination of the methylation status of CpG islands in the promoter region of the
CD44 gene is not likely to identify a subset of cases with unfavorable characteristics.

In all the evaluated dssue specimens, human CD44 DNA was detectable, although the
signal intensity in colon and breast tissue was lower than that of other tissues (data not
shown), In methylation-specific PCR, all colon specimens repeatedly showed aberrant
methylation of the promoter region of the CD44 gene, whereas some of the evaluated
breast, liver, lung, rectal and thyroid specimens showed promoter methylation as well,
However, none of the dssue specimens from ovarium or prostate ever had detectable
methylated CD44 sequences (FIGURE 12.2).
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Froure 12.1

Methylation status of CpG islands of the promoter region of the CD44 gene in the serum of
patients with prostate cancer. Lane M1 is the molecular weight marker. Lanes 1, 2, and 4
correspond to patients with clinically manifest prostate cancer metastases as determined by ‘hot-
spots” on bone scintigraphy and/or highly elevated PSA levels. Lane 3, 5, 6, and 7 are derived
from patients who underwent radical prostatectomy for biopsy proven prostate cancer, and as
the PSA levels were undetectable four years after surgery were assumed free of (occult)
metastatic disease at the time of diagnosis. Lane 9 is PC-346 (positive control). The size of the
methylated PCR-product is 269-bp

As a control for bisulphite modification, all bisulphite treated serum samples, tissue
specimens and tissue from xenograft PC-346 were amplified with primers specific for the
unmethylated CD44 sequences. All samples proved to have amplifiable sequences,
demonstrating the efficacy of the bisulphite modification process.

DI1SCUSSION

Metastasized prostate cancer cazties a dismal prognosis., When treatment with curative
intent is performed in patients with clinicaily localized prostate cances, a proportdon of
these patents will experience metastatic progression later on. The serum-PSA level and
the tumor grade are currently the only indicators of metastatic potendal at the time of
diagnosis in patients with clinically localized prostate cancer. As most patents are
diagnosed with prostate cancer in the PSA range 3.0 - 10.0 ng/ml., and with biopsy
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Gleason scores of 6 and 7, the distinctive capacity of serum-PSA and tumor grade for
(occult) metastatic disease is limited [2]. In an attempt to adapt treatment of prostate
cancer patients to the expected clinical course of disease, the search for tools that allow
for an effective assessment of the metastatic potendal of tamors is warranted. Recently,
the attention has been directed at molecular markers with metastasis supptession ability
that have the potential to distinguish metastasized cases from those that are not.

FIGURE 12.2

Methylation status of CpG islands of the promoter region of the CD44 gene in a variety of
benign tissue specimens. Lare M7 is the molecular weight marker. Lane 7, 2, and 3 are normal
rectal specimens (R}, Fane 4, 6, and 77 are benign lung tissue (Lu}, Lase 5 and 7 are normal colon
(C), Lane 8, 9 and 10 are normal liver tissue (Li), Lage 72, 73 and 74 are benign breast (B), Lane
15 is normal ovagum {O), Lare 16 is tissue from the normal thyroid gland (T}, and Lawe 77 is
benign prostate hyperplasia (BPH). Lare 78 is PC-346 (positive control). The size of the nested
methylated PCR-product is 109-bp

The standard CD44 (CD44s) protein is normally expressed in the plasma membrane of
benign prostate epithelial cells. Downregulation of CD44 expression at the mRNA and
protein level was associated with adverse pathological tumor features and poor outcome
in several studies on prostate cancer [1-6]. For CD44, it is acknowledged that
transcriptional supptession is caused by hypermethylation of CpG islands in the gene-
regulatoty (promoter) sequences of the gene. In benign prostatic glands, these CpG
islands are unmethylated, while in metastasized prostate cancer these CpG islands are
often hypermethylated [10,11]. Transcriptional inactivation by hypermethylation of the

213



Chapter 12

promoter region has also been dermonstrated in a vardety of other malignancies and for
other genes such as E-cadberin, BRCAY, VVHL, p16™KA and p27%7 [12,14,15]. However,
promoter methylation is not a feature of malignant cells alone, Loss of gene expression
by hypermethylation has been seen in physiclogical conditions such as female X-
chromosome inactivation, genomic imprinting and during the ageing process [19-20).
Previcus studies showed that genetic alterations in tumot-derived DNA are detectable
in the blood of patients with various malignancies, and some study groups have suggested
that the assesstnent of promoter methylation in the serum of cancer patients may detect
free DNA sheded by cancer cells, and improve disgnostics and patient management
{14,15]. Our results confirm those of other groups, and showed that the assessment of
promotet methylation of the metastasis suppressor gene CD44 indeed is possible in the
serum of prostate cancer patients. Unfortunately, under the reported conditions, no
distinction could be made between patients w4 and those withons metastatic disease using
the signal intensity of methylation-specific PCR products (FIGURE 12.1). This lack of
distinctive capacity complicates the use in clinical settings, and quantitation of circulating
aberrant tumor DNA of the CD44 gene seems not feasible in prostate cancer patients.
These unfortunate results are largely explained by our unexpected finding that methylated
CD44 was present in the blood of men withost detectable metastatdc prostate cancer, i.e.
in normal physiological conditions. As we have demonstrated, a variety of evaluated
tissue specimens derived from normal epithelia, including those of the colon and rectum,
repeatly showed CD44 promoter methylation, while other organs lacked this
physiological DNA methylation (FIGURE 12.2). Although we cannot give definite prove,
our data seem to suggest that the soutce of this methylated CI244 in the blood is the
normal epithelium of the rectum and colon, whereas other organs may also have
contributed to rthis physiological CD44 promoter methylationl. In physiological
conditions, CD44 expression is restricted both at the mRNA and the protein level in
benign epithelia of the gastro-intestinal tract, and the expression of standard and/or
‘splice-variants’ of CD44 is upregulated during malighant transformation [21-23]. Our
observations tend one to hypothesize that CD44 silencing by methylation of CpG islands
is one of the mechanisms responsible for transcription inactivation in benign cells of the
colon and rectum. Indeed, it has been reported for several other genes that a
physiological type of methylation occurs in the normal colon mucosa during the process
of ageing [19,20]. This age-dependent methylation, and resulting gene silencing, may also
hold true for the CD44 gene in normal colorectal epithelia, although it cannot be
excluded that other gene inactivating mechanisms are also Involved. Furthermore, only
upregulation of CDD44 isoforms (most notably, the splice vatiant v6) has been associated
with the development of distant metastases in colorectal carcinomas [21-23], whereas
altered expression levels of other splice variants or standard form CD44 have only
inconsistently been associated with malignant potendal. Quesdons remain how the
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different expression patterns of the standard and variant CD44 isoforms in benign and
malignant cells of different tissue types can be explained by differences in DNA
methylation. Understanding of the different mechanisms of promoter methylation of
CpG islands in the CIM4 gene would provide further insight into the catcinogenic
processes, and will probably improve the diagnostics and management of padents with
cancer of different origins.

In conclusion, assessment of the methylation status of CpG islands of the promoter
region of the CD44 gene in serum is feasible using methylation-specific PCR. Since DNA
methylation is not a feature of malignant disease alone, and occurs frequently in normal
{colotectal) epithelia, the assessment of promoter methylation of the CD44 gene in serum
may not distinguish cases with (occult) prostate cancer metastases from those that have
not. Thus, the lack of tissue and cancer specificity hampers the clinical applicability in
prostate cancer patients. On the other hand, as methylaton-specific PCR is a relatively
easy procedure, and sensitive to detect even the smallest amounts of altered (methylated)
DNA sequences, the technique may be further applied to investigate other metastatic
suppressor genes in which loss of gene expression is explained by promoter methylation
such as E-cadberin, p16INKA and p27427,
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GENERAL DISCUSSION

Prostate cancer is an intriguing disease with 2 high socioeconomic impact, though its
clinical complexity stll remains difficult to understand by padents, doctors, and the
general public. While the general knowledge on the epidemiology, risk factors, and
dangers of lung and breast cancer is generally reasonable, prostate cancer is sdll
surrounded by a curtain of uncertainties, taboos and misperceptions. This is worrisome
as the unfortunates diagnosed with the disease may not always receive a balanced advice
on proper disease management, and a potential for treatment delay is created. Two main
misperceptions on prostate cancer are maintained by the lay press as well as by medically
educated personnel. First, prostate cancer is often considered a disease that does not
actually poses a threat to the ones diagnosed with the disease. This misperception is build
on the observation that previous autopsy studies reported a 30 to 50% prevalence of
disease in 80-year old males who had no evidence of clinical disease during life. With
respect to these observations, malignancies that otiginated from the prostate gland were
assumed to remain silent in their hosts during lifetime, and were unlikely to cause any
bother ever. Basically, of course, this is true, but it has to be kept in miad that the
microscopical prevalence of disease is not in any way similar to the prevalence of discase
as reflected by the cumulative incidence of disease. This figure is calculated by adding the
number of living cases with prostate cancer that have presented themselves clinically in
previous years. In fact, epidemiological data prove that prostate cancer has become the
‘number one’ incidence cancer in males in the Netherlands in the year 2000. Moreover, &
substantial proportion (30 - 60%) of these 6,500 newly diagnosed cases will be advanced
at the time of diagnosis, and 20 to 25% will already be beyond the reach of cure. Also,
40% of men diagnosed with the disease will eventually die from their disease, and the
mortality 1s substantally higher in younger (< 65 years) patients and in certain high-risk
groups. Obviously, these are not the microscopical cancers detected coincidentally within
autopsy studies. A second often heard misperception is that prostate cancer is considered
a disease of the rery elderly. Similar to other ‘high-incidence’ cancers such as colorectal
cancer and breast cancer, the majority of prostate cancers is diagnosed before the age of
75 years, and one in thirteen {i.e. 500 cases a year) is even diagnosed before the age of 60
years (in the absence of screening).

Prostate cancer is better considered a malignancy with a variable and sometimes
unpredictable course of disease, that because of its protracted course of disease causes
itself to be preferentally found i elderly males. Indeed, the different stages of discase
(i.e. locally confined, locally advanced, metastatic, death) are passed within the time frame
of many years in most cases, and many men with prostate cancer will live into their
seventies and eighties under adequate therapy. With safficient time, however, the majority
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of clinically diagnosed cases with prostate cancer will progress if not treated with some
evolving quickly, and causing premature deaths.

These unforrunate misperceptions on prostate cancer may also influence a proper
judgement making on issues like prostate cancer screening and carly tteatment of disease.
It has been suggested previously that screening for prostate cancer could hardly be
beneficial, as the application of the PSA test would lead to the detection of a large
number of clinically insignificant (Le. microscopical) cancers. Moreover, it was claimed
that the performance of the screening tests was not clearly understood, and that the
efficacy of early treatment has not yet been proven. For now, screening for prostate
cancer is still considered a controversial issue and should not be offered to asymptomatic
men within the population. Large randomized clinical trials such as the European
Randomized study of Screening for Prostate Cancer (ERSPC) are presently underway to
assess the impact of prostate cancer screening on disease-specific survival and quality of
life. These RCTs provide 3 means to study the performance of the screening tests in
detail in association with the biological potential of the cancers detected.

ParT Il Towards Predicting the Outcome of Prostate Cancer Screening

The study of the tumor characteristics of the cancers diaghosed in screening trials may
help to identfy the padents who are most likely to benefit from screening efforts.
Unfortunately, the final endpoint of RCTs that investigate the impact of screening on
cancer-specific mortality has not yet been reached, so a distinction between those who
are truly to benefit from screening efforts and those that are not, can only be estimated
by examining surrogate and/or intermediate endpoints. Chapter 2 attempted to stratfy
surgically treated patients in three prognostic subgroups, Le. those that are cured from
(future) aggressive disease, those that are overtreated, and those that are already beyond
cute at the time of radical prostatectomy. Despite the fact that a surrogate endpoint was
used in this study (PSA relapse after radical prostatectomy), we were able to stratify
patients into three prognostic subgroups based on well-established pathological
prognostic tumor features. In our prognostic stratification model, approximately 20
to 25% of surgically treated cases were diagnosed with prostate cancer that may
not need to be treated at the time of screen-detection, while 10 to 15% of surgically
treated cases had prostate cancer that could not be cured by radical
ptostatectomy. The stratificadon model remains arbitrarily as PSA relapse after radical
prostatectomy will only predict some of the future cases that will progress clinically or the
ones who are to die from the disease. So, a proper division of cancers into ‘harmless’,
‘curable’, and ‘non-curable’ can only be determined retrospectively, ie. after the
completion of well-performed RCTs. During the continuation of the screening study, the
exact borders of the three prognostic subgroups have to be re-evaluated and adapted, and
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finally, the exact ‘window of opportunity’ may be defined. For now, the presented
stratification model only provides an estimate of the risk of PSA relapse after radical
prostatectomy, thereby opting for increased surveillance or early hormonal treatment in
those with an increased risk of progression, or otherwise, for a decreased visit frequency
in those with a low risk of progression.

The proposed tumor classification model may be especially amenable to predictive
apalyses before treatment. This is needed as the number and proportion of men with
presumably ‘harmless’ disease is remarkably high (20-25%) in our study. Therefore,
future major efforts should be directed at the prevention of treatment (and
detection) of cancers with innocuous tumor features. Using a variety of clinical,
biochemical and tumor features, a reliable method should be developed that is able to
predict the different prognostic subgroups before treatment. In this, artificial neural
networks analysis (ANN) and correlation and regression tree analysis (CART) may be
particularly valuable. Of course, the question remains whether the cancers defined as
‘innocuous’ in cur prognostic classification model truly remain ‘incocuous’ if not treated.
This question can only be answered by randomizing men with presumably innocuous
tumor features before treatment into 2 group that receives treatment and a group that
receives no treatment. The clinical manifestation of prostate cancer may then serve as an
endpoint. The prognostic significance of the two other prognostic subgroups remains to
be established as well. For instance, it might well be that some cases with advanced
disease will benefit from early treatment, e.g. radical prostatectomy, or that some may
profit from the early application of adjuvant hormonal therapy.

In Chapter 3 it was demonstrated that a favorable prognostic shift was observed
in the screen group of ERSPC compared to the control group. The proportion,
and more importantly, the absolute number of men with metastatic disease was
also lower in the screened group. Cases with distant metastases are most prone to die
of their disease later on, holding strongest evidence for an indirect success of screening.
As lead time has only just been passed, differences between screen and control may get
more pronounced in the future. As was stated eatlier, these results are only intermediate
signs of success of screening trals, and do not provide by any means evidence for the
assumption that prostate cancer screening reduces the mortality of disease. Chapter 4
investigated the performance of two different biopsy techniques for the (repeated)
detection of prostate cancer. For both procedures, cancers that retmained undetected on
repeated biopsy had most often features of clinically insignificant disease, while most of
the clinically significant cancers were redetected. Therefore, it is supposed that
prostate biopsy is unlikely to detect many of the clinically insignificant cancers
residing in the population. A potential bias is raised, as it is not known how many
cancers with clinically (in) significant tumor features remain after the first biopsy session.
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Part TT1. On the Predictive Value of Prostate Cancer Precursor Lesions

Major debates have been elicited on the outcomes of the study presented in Chapter 5.
In population based screening for prostate cancer, the most established precursor
lesion of prostate cancer, HPIN, lacked additional predictive value for the
detection of prostate cancer on repeated biopsy compared to cases that had an
initial benign biopsy outcome. Moteover, we teported that the incidence rate of
HPIN, and the yield for prostate cancer on repeated biopsy was lower than those
reported in non-population based screening programs. Potential explanations for these
discrepancies are addressed in detail in Chapter 5 and Chapter 6, and are mostly
explained by differences in the populatons studied, differences in the initial indications
for biopsy, and differences in the biopsy technique itself, both of the initial and repeated
biopsy. Factors associated with the classification of precursor lesions by pathologists may
have influenced the findings as well. Although we do not have any prove, it might well be
that medicolegal reasons tefrain (mosty American) pathologists from making a definite
equifocal diagnosis in case of uncertainty. In our belief, the results of our study are
particularly valuable for it concerns a population based screening study, whereas most
ather studies reported on opportunistic and case-finding screening studies. A population
based study is known to represent a satnple of the general populadon, and reduces the
chance of all kind of biases. A further strength of our study lies in its initial design, which
compared the yield for prostate cancer after a diagnosis of HPIN to that of men with an
initial benign biopsy resuit. Only few studies on HPIN have evaluated a conrol group
within the same study. In fact, two other study groups could not demonstrate a
difference in the yield for prostate cancer on repeated biopsy in cases that underwent
repeated biopsy after 2 diagnosis of HPIN to ‘no evidence of disease’. It might well be
that slight differences in the baseline characteristics of men who underwent a repeated
biopsy (e.g. the PSA-level or findings on DRE or TRUS) might have influenced the
outcomes of the repeated biopsy.

Part IV. Towards a Refining of Screening in Low PSA Ranges

None of the currently applied methods for prostate cancer detection, alone or in
combination, wosrks optimally as a screening tool. We do not yet have screening tests that
can reliably differentiate between the presence and absence of prostate cancer, nor
between aggressive and non-aggressive disease. The currently applied screening tests for
prostate cancer are the PSA test, digital rectal examination (DRE) and transrectal
ultrasound (TRUS). Presently, we know that the PSA blood test does rather well as an
indicator for the presence of prostate cancer with respect to its sensitivity, specificity and
positive predictive value. However, its validity needs to be further improved to avoid
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inefficient, costly and unnecessary testing, overdiagnosis and overtreatment. The
performance of DRE as a screening test for prostate cancer is known to be less accurate
than PSA, and its performance is hampered by a limited reproducibilicy from one
examiner to another. Whether this screening test for prostate cancer sdll has a place in
the early detection of prostate cancer in population based screening is flercely questioned.
TRUS has the lowest test performance of the three with regard to fts yield of prostate
cancer detection. Its application is time-consuming, examiner dependent and costly.
Though, improvements in its epplication have been described, and are to be further
expected in the near future.

In Chapter 7 we have demonstrated that the screening regimen in which DRE is
applied as a screening test for prostate cancer at low PSA values (0.0 — 3.9 ng/mL) leads
to a tremendous lot of unnecessary testing, both with respect to the aumber of DREs
needed, and the number of biopsies required to detect one case of presumably clinically
significant disease. We also demonstrated that when PSA only & 3.0 ng/ml.) was applied
as a screening test for prostate cancer, the number clinically significant cancers was higher
than when rectal examination only was used. Moteover, PSA based screening was far
more efficient. Of course, the bothers, negative side-effects, and costs associated with the
applicadon of DRE as 2 screening test for prostate cancer must be balanced against the
risk of missing potentially aggressive cancers within the low PSA ranges. Though, we
showed that the toral number of clinically significant cancers is low at low PSA values,
and a substantial proportion of these undetected cancers may be detected later on in
subsequent screening rounds, With the objective of rational and efficient screening,
we claim that DRE c4n and must be omitted as an initial screening test for
prostate cancer at low PSA values (0.0 — 3.9 ng/mL). In Chapter 8 we demonstrated
that most of the cancers detected in low PSA ranges using DRE as a screening test for
prostate cancer were not detected as a result of a true-positive screening test, though
rather coincidentally. Depending on the definition, between 27 and 63% of the
prostate cancers detected after the evaluation of a suspicious rectal exarnination
(whether DRE or TRUS) at low PSA values were detected by chance only (i.e. by
serendipity).

As DRE is not routinely performed or recommended in the intermediate and higher
PSA ranges (i.e. 2 4.0 ng/mlL), this screening test for prostate cancer looses its position
2$ a detecton measure in population based screening programs. The question then
retnains what is the proper screening regimen in low PSA ranges, as it is known that 2
number of clinically significant cancers reside here. Presentdy, we recommend that PSA
only {i.e. 3.0 ng/mL or higher) is to be used as a trigger point for biopsy at low PSA
values. The collection of a blood sample is simple, readily accepted, and serum-PSA
measurement is relatively inexpensive, and quite reproducible. In ERSPC, section
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Rotterdam, screening efforts are presemtly directed at the PSA range 2.0 — 2.9 ng/mL
with PSA only as the indication to biopsy. Data on the positive predictive value, the
number of biopsies needed to detect one prostate cancet, and date on the tumor
characteristics of the cancers detected will be given in a future report, and give further
insight into the effectiveness and efficiency of screening in this debated PSA range.

PART V. On the Predictive Value of Prognostic Tissue Markers

Despite the independent prognostic value of tumor stage and the grade of tumor
differentiation for the prediction of prognosis in almost evety study on prostate cancer,
additional matkers are needed to give a more derailed and individualized insight into the
expected extent of disease, the tumor aggressiveness, the risk of progression after
curative treatment, and the risk of death from disease. Particulatly, those tumor markers
that can identify the cases with (future) metastatic disease, ot those that may identify the
cases that are most likely to die from the disease later on are warranted, and are and
should be the subject of major research efforts. Treatment may thus be adapted to the
extent of discase more often. Otherwise, tumor matkers that point cut the cases with
potentially harmless (clinically insignificant) disease might be useful as these may reduce
the risk of overtreatment.

In Chapter 9 we investigated the prognostic impact for disease outcome of three
prognostic tissue proteins expressed in mmors of the radical prostatectomy specimen. By
immunchistochemical analysis, we found that a low cell-cycle protein p275p! expression
was independent of grade and stage to predict clinical disease progression, and death of
disease. Also, the cell-adhesion protein CID44 was predictive for the development of local
recutrence and distant metastate disease on multivariate analysis. Potentially, these
markers can be used o predict disease outcome on an individual level in surgically treated
patients. Unfortunately, the expression level of these prognostic dssue markers on the
diagnostic biopsy was only weakly correlated to the expression level of matched radical
prostatectomy specimens (Chapter 11). Due to sampling error, the applicability of the
prognostic tissue markers p274e! and CD44s was also limited with respect the prediction
of grade and stage of discase. Only a low (prognostically unfavorable) p275p! expression
could predict a worse prognostic constellation within the prostate. Chapter 10 and
Chapter 12 indicated that the search for reliable, independent and clinically relevant
tissue markers is stll ongoing and impeded by all kind of problems related to proper
tissue handling, reproducibility, and lack of sensitivity and specificity.
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Chapter 13

EPILOGUE

If RCT's that investigate the impact of systematic prostate cancer screening on cancer-
specific mortality and quality of life eventually prove net beneficial, screening efforts
should be preferentially directed at the detection of cancers within the ‘window of
opportunity’. The validity of the screening tests should be optimized to advocate rational,
selective and (cost) efficlent prostate cancer screening. When prostate cancer is
diagnosed, a risk analysis should be performed before treatment to minimize the
treatment of cases with ‘clinically insignificant’ disease. Nevettheless, cases with
presumably innocuous tumor features should be followed with care 2s it is known that
prostate cancer is an unpredictable disease, and some of the ‘harmless’ cancers may still
progress clinically. Although not proven, it might well be that cases with advanced
disease at the time of screen-detection will benefit from (eatly) detection as well, for
instance, by radical prostatectomy, or by the early applicadon of hormonal treatment.
This has to be evaluated in future studies.

But alse if RCTs do not prove net beneficial, the knowledge of the behavior of the
disease, its prognostic factors, the ecfficacy of curative treatment options, and the
management of patients with localized and advanced disease, will be tremendously
increased by research efforts on prostate cancer screening, Despite the eventual
(regrettable) finding that population based screening may not be warranted as 2 nation-
wide health care policy, because the adverse effects of screening do not outweigh the
benefits, it is likely that certain high-risk groups can be identified. These selected groups
of patients may nonetheless profit from opportunistc prostate cancer screening efforrs.
In other words, even if screening trials do not prove beneficial on a population based
level, the knowledge detived from screening trials may help to provide a motre balanced
advice to men who seek information on their risk of having this potentially lethal disease.
Furthermore, when prostate cancer is diagnosed by the application of screening tools {or
after the evaluation of signs and symptoms), guidelines may have been developed that
help to select the appropriate treatment of patients with the different stages of disease.
Also, a predicton of the long-term prognosis may be given to patients with the disease
when treated or when treatment is refrained. In other words, the knowledge obtained
from large-scale screening trals for prostate cancer will eventually improve the

diagnostics, management and treatment of patients with the disease.

226



Appendices

SAMENVATTING
[DuTCH]

DEEL I. Algemene Introductie

Prostaatkanker is met longkanker de meest voorkomende vorm van kanker bij mannen
en is, na longkanker, de meest frequente sterfteoorzaak aan kanker (Zie: FIGUUR 1.1). Na
aanleiding van het eerdere succes bij borstkanker is onlangs de vraag gerezen of ook bij
prostaatkanker een bevolkingsonderzoek gezondheidsvoordeel zou kunnen opleveren.
De gouden standaard met betrekking tot de vraag of een bevolkingsonderzock ook ten
goede komt aan de gezondheid van de bevolking in zijn geheel is het uitvoeren van een
gerandomiseerd klinisch screenings-onderzoek. Een screenmingsprogramma behelst het
aanbieden van cen eeavoudige en relatief goedkope screeningstest aan cen grote groep
mensen met als doel deze personen te classificeren als “aannemelijk”™ of “minder
aannemelijk” voor het hebben van een ziekte of aandoening. Bij randomisatie wordt de
populade willekeurig onderverdeeld in een groep die de screeningstests ondergaat (de
screeningsgroep), en cen grocp die op de gebruikelijke wijze wordt benaderd en
behandeld (de controlegroep). Een verschil in uitkomst tussen beide groepen,
bijveorbeeld een vermindering van het aantal sterfgevallen aan prostaatkanker in de
screeningsgroep, kan dan worden toegeschreven aan de toegepaste screeningstests en de
vioegbehandeling van de zickte. Voor prostastkanker zijn diverse screeningstests
beschikbaar. Ten eerste de bepaling van het serum prostaat-specifiek antigen (PSA). PSA
is een eiwitstof die enkel (di. specifiek) door de prostaatklier wordt gemaakt en in kleine
hoeveelheden naar het bloed leke. Bij mannen met prosmatziekten, zoals bijvoorbeeld
prostaatkanker, 1s het PSA in verhoogde concentraties aanwezig en aantoonbaar in het
bloed. Wanneer in een screemingsprogramma cen verhoogd serum-PSA wordt
aangeroond, is verder diagnostisch onderzoek middels een prostaatbiopsie geindiceerd. In
het bij het prostaatbiopt verkregen weefsel kan prostaatkanker worden aangetoond dan
wel uitgesloten. Daarnaast worden als screeningstest voor prostaatkanker toegepast het
rectaal toucher {DRE) en de transrectale echografie (TRUS). De bepaling van de serum-
PSA waarde is de meest gevoelige en specificke test voor de vroegopsporing wvan
prostaatkanker.

Het lijkt intuitief aannemelijk dat de vroegopsporing van cen ziekte gepaard gaat met
cen vermindering van het aantal patiénten in éen vergevorderd stadium van de ziekte,
bijvoorbeeld die met metastasen op afstand {di. uitzaaiingen), alsmede met een
vermindering van het aantal personen dat viteindelijk aan de ziekte zal overlijden. Dit is
echter niet vanzelfsprekend. Screeningstests worden toegepast bij personen zonder
klachten ea het is niet # prigr7 duidelijk welke personen kanker hebben en welke niet. In
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een bevolkingsonderzoek zal de meerderheid van de gescreende personen immers geen
kanker hebben en dus cok geen voordeel van de toegepaste screeningstests ondervinden.
Ock wanneer In een bevolkingsonderzoek onverhoopt toch kanker wordt
gediagnosticeerd, garandeert dit nog geen gunstig effect van het screeningsprogramma.
Enerzijds zulien niet alle in een bevolkingsonderzoek ontdekte kankers tot klachten en
sterfte leiden wanneer het bevolkingsonderzoek niet zou zijn uvitgevoerd. De detectie van
deze kankers heet overdiagnose en de behandeling van een overgediagnosdeeerde kanker
overbehandeling. Bij lkankers die betrekkelijk langzaam groeien, en/of reladef laat
aanleiding geven tot klachten is de kans op overdiagnose en overbehandeling groter. Cok
wanneer cen kanker zich relatief vaak presenteert op latere leeftiid zal vroegopsporing
niet aldjd gezondheidsvoordee! opleveren. Immers, personen op oudere leeftijd hebben
vaak andere ziekten (comorbiditeit) en de kans dat een gescreende persoon in de djd
tussen het toepassen van de screeningstests en de klinische manifestatie van de ziekte zal
overlijden aan één van deze andere zickten (bijvoorbeeld ecen hartinfarct of
hersenbloeding) zal vergroot ziin. Anderzijds kunnen in een bevolkingsonderzoek
kankers worden gevonden, die ondanks de vroegopspoting toch aanleiding zullen geven
tot klachten en sterfte. Vroegopsporing zal dan het klinisch beloop van een kanker niet
veranderen, en het zal duidelijlk zijn dat deze personen geen voordeel zullen hebben van
het bevolkingsonderzoelk; ze zullen enkel langer leven met de wetenschap van het hebben
van een potentieél dodelijke ziekte. Niet alle deelnemers aan een bevolkingsonderzoek
zullen dus profiteren van de screeningsinspanningen. Een uiteindelijk besluit of een
bevolkingsonderzoek op prostaatkanker zal worden aangeboden aan de populate zal
worden gewogen aan de voordelen en nadelen van het bevolkingsonderzoek voor de
populatic en in mindere mate aan die van het individu.

De Europese gerandomiseerde studie voor de vroegopsporing van prostaatkanker
{ERSPC) is een bevolkingsonderzoek dat in zeven Europese landen wordt verricht.
ERSPC heeft als doel cen vermindering van prostaatkankersterfre aan te tonen wan
minimaal 20% in de screeningsgroep (Studie-codrdinator: Prof. Dr F.H. Schréder). Om
dit verschil statistisch aan te tonen is berekend dat 100.000 mannen moeten worden
gescreend (met 100.000 mannen in de controlegroep). Ulteindelijk zullen we pas aan het
eind van het huidige decennium weten of een bevolkingsonderzoek op prostaatkanker
ook ten goede komt aan de gezondheid van de (mannelijke helft van de) bevolking. Tot
die tjd zullen inspanningen moeten worden verricht om de beschikbare screeningstests
meer selectief (d.w.z. enkel die groepen mannen dienen de screeningstests te ondergaan
waatin de « priori kans op prostaatkanker het grootst is), en efficiént te maken (d.w.z. met
minimale inspanningen en met minimale kosten zoveel mogelijk prostaatkankers vinden).

Het hier gepresenteerde proefschrift rapporteert (met name) over de screeningsarm van
ERSPC. Speciale aandacht is besteed aan de (tumor) karakteristieken van de in het
bevolkingsonderzoek gevonden prostaatkankers en die van zijn vootlopers. Met behulp
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van deze gegevens worden suggesties aangereikt die mogelifk cen screeningsonderzoek
meer selectief en efficiént kunnen maken. Tevens deden we onderzoek naar enkele
prognostische weefselmarkers die zijn geassocieerd met tumoragressiviteit, met de kans
dat een tumor terugkeert na een in opzet curatieve therapic en de prognose van de ziekte.
Weefselmarkers kunnen mogelijk bijdragen aan een meet individueel afgestemde

benadering en/of behandeling van de patiént met prostaatkanker.

DEELII. Over het Voorspellen van de Uitkomst van Prostaatkanker Screening

Als één van de in opzet curatieve behandelingsopties voor prostaatkanker geldt de
“retropublische radicale prostatectomie”, het operatief verwijderen van de prostaat
middels een onderbuiksincisie, Echter niet in alle operatief behandelde patdéoten met
prostaatkanker is de kanker ook definitef verdwenen; prostaatkanker kan lokaal of
uitgezaaid terugkeren. Na een operatie is ook het PSA doorgaans niet meer aantoonbaar
in het bloed, echter wanneer blijkt dat het PSA toch aantconbaar is of wordt na een
operatie, dan is dit een uiting van (biochemische) ziekteterugkeer. Het lijkt zannemelijk
dat de agressiviteit en uitgebreidheid van de tumor ten tjde van de operatie zullen
bepalen of de prostaatkanker kan worden genezen middels radicale prostatectomie of een
boge kans heeft terug te keren. Belangrike determinanten die het biologisch gedrag, de
agressiviteit van de tumor en de uiteindelifke prognose van de patiént zullen bepalen zijn
het tumor stadium, de graad van de tumor (de “Gleason score™}, en her tumor volume,
zoals die door de patholoog microscopisch kunnen worden beoordeeld in het operatie
preparaat. In Hoofdstuk 2 correleerden we deze pathologische prognostische tumor
karakteristicken, alleen en in combinade, met de PSA terugkeer na radicale
prostatectomie. Hierblj trachtten we de door screeming ontdekte kankers onder te
verdelen in diie prognostische groepen: 1. De groep die het meeste baat heeft bij
vroegopsporing en vroegbehandeling, aangezien er een aantal prognostisch ongunstige
(agressieve) factoren aanwezig is, maar waarbij de tumor niet (biochemisch) terugkeert na
radicale prostatectomie. Deze groep kankers heeft, als ze niet zou zijn ontdekt door
screening, een aanzienlijke kans om in de toekomst te leiden tot ziekte en sterfte. 2. Een
groep die een prognostsch zeer gunstg profiel heeft en die mogelijk niet direct een
gevaar voor de patént zou hebben opgeleverd. Deze kankers hebben een lage
groeisnelbeid, een lage kans op uitzaaiingen, en zouden hoogstwaarschijolijk tot zan
volgende screeningsronde(s) niet hebben geleid tot klachten. 3, De groep die zeer
agressieve tumor karakterisdeken heeft ten tjde van de operate en waarbij het PSA snel
rerugkeert na radicale prostatectomie. Mogelijk waren deze kankers al vitgezaaid ten tijde
van de operatie, al kan dit niet met zekerheid worden aangetoond.
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Hoofdstuk 3 geeft de voorlopige resultaten van de vergelijking tussen de screeningsarm
en de controle arm van ERSPC. In de screeningsarm is de Gleason score, zoals bepaald
op het naaldbiopt van de prostaztkankers, gunstiger dan in de controlearm, terwijl ook
het aantal paténten met uitzaalingen in zowel absolute zin als relatieve zin lager was in de
screeningsgroep. Deze resultaten geven dus een eerste  aanwijzing voor de
veronderstelling dat een bevolkingsonderzeok op prostaatkanker voordelen kan
opleveren met betrekking tot de sterftereductie aan de ziekte. Het aantal patiénten in de
controlegroep met uitgezaaide zickte slechts was klein en definitive conclusies kunnen
nog niet worden getrokken. Tien patiéaten presenteerden zich initiegl met uitgezaaide
zickte ongeveer 5 jaar na randomisade. Wanneer de gegevens over enige tijd worden
herbeoordeeld 1s het aannemelijk dat het verschil russen screeningsgroep en

contralegroep meer geprononceerd is.

DEEL T, Over de Voorspellende Waarde van Voorloper Lesies

Naast de diagnose “definitef geen prostaatkanker” of “aangetoond prostaatkanker”
wordt in een screeningsonderzoek door de patholoog soms ook de diagnose “vootloper
lesie van prostaatkanker” of “afwijking, verdacht voor kanker” gesteld. Vootloper lesies
zijn microscopisch waarneembare afwijkingen die worden beschouwd als de laatste fase
in de ontwikiceling van ecen kanker voordat eigenschappen van maligne ontaarding
(kanker) optreden. De meest erkende vootloper lesie van prostaatkanker is hooggradige
prostatische intra-epitheliale neoplasie (HPIN). Een “afwijking, verdacht voor kanker” is
een  microscopisch  waarneembare  afwijking die cellulaire en  histologische
overeenkomsten vertoont met prostaatkanker, maar niet in die mate dat de patholoog
ook definitief de diagnose “prostaatkanker” durft te stellen. Omdat de hoeveetheid
verkregen weefsel in een screeningsprogramma relatief gering is, komt deze diagnose
meer voor dan buiten screeningsprogramma’s. Het is vanzelfsprekend dat cen “fout-
positieve” diagnose vetregaande consequenties heeft voor een decloemer aan een
screeningsonderzock en deze moet dus worden vermeden. Bij de diagnose “HPIN” of
“prostaatbiopt verdacht voor maligniteit” wordt geadviseerd het biopt te hethalen binnen
6 weken om prostaatkanker aan te tonen dan wel uit te sluiten. In Hoofdstuk 6 toonden
we aan dat in een bevolkingsonderzoek voor de vroegopsporing van prostaatkanker de
diagnose “HPIN” relatief weinig frequent wordt gesteld (0.8% van de 4.057 gebiopteerde
mannen) en dat vervolgdiagnostick niet vaker leidt tot de diagnose “prostaatkanker” dan
wanneer het eerste biopt zou zijn afgedaan als “definitief geen prostaatkanker”. Int 3 van
de 30 (10.0%) hergebiopteerde mannen met HPIN troffen we prostaatkanker aan in het
herhalingsbiopt, tegen 51 van de 462 hergebiopteerde mannen met een eerdere “benigne”

biopsie uitslag. De aanvullende voorspellende waarde voor prostaatkanker van HPIN is
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dus relatief gering of zelfs afwezig. Bovendien toonden we aan dat de tumor
karakteristieken van de 3 gevonden kankers prognostisch zeer gunstdg warzen. Anderzijds
kwam de diagnose “afwiiking, verdacht voor kanket” vaker voor dan “HPIN (2,6% van
de 4.057 gebiopteerde mannen) en in een aanzienlijk groter deel (36 uit 93; 38.7%) van de
hergebiopteerde mannen troffen we prostaatkanker aan in het herhalingsbiopt. De tumot
karakteristicken van de gevonden kankers kwamen nagenoeg overeen met die van de
kankers die op het eerste naaldbiopt werden gevonden. We kunaen concluderen dat een
herhalingsbiopt bij mannen met HPIN niet direct geindiceerd s, terwiil mannen met een

verdachte lesie een hethalingsbiopt dienen te ondergaan.

DEELIV. Over de Waarde van Screening bij lage PSA Waarden (0.0 - 3.9 ng/mL)
De “American Cancer Socetwy” en de “American Urological Association” adviseren
vanaf het begin van de jaren 90 om bij elke man vanaf de leeftijd van 50 {aar jaarlijks een
PSA bepaling en een DRE als screeningstest voor prostaatkanker uit te voeren. Naar
analogie van deze Amerikaanse screeningsaanbevelingen werden aanvankelijk in ERSPC
alle mannen in de screeningsgroep uitgenodigd voor een PSA bepaling en, in hetzelfde
bezoek, het ondergaan van een DRE. In de lage PSA waarden (0.0 — 3.9 ng/mL) vormt
enkel een afwikend DRE een indicatie voor naaldbiopsie. Recent is gebleken dat de
positief voorspellende waarde van een DRE (di. het percentage gevonden kankers per
afwijkende screeningstest) voor de detecte van prostaatkanker beperkt is in de lage PSA
regionen. Echter, wanneer een groot deel van de op deze manier gevonden kankers
agressief zou zijn en mogelitk in de toekomst zou leiden tot klachten of sterfte, dan zou
een relatief inefficiént screeningsbeleid gerechtvaardigd kunnen zijn.

Op geleide van eerder gepresenteerde onderzocken (Hoofdstuk 2) konden de door
screening ontdekte prostaatkankers worden onderverdeeld in “ilinisch irrelevant”
(kankers die vanwege hun relatief onschuldige tumor karakteristicken mogelijk niet direct
detecde en behandeling behoeven) en “klinisch relevant” (kankers die vanwege hun
agressieve tumor karakteristicken mogelijk aanleiding hebben gegeven of zullen geven tot
klinisch manifeste ziekte en/of sterfte). In Hoofdstuk 7 toonden we aan dat het aantal
dootr DRE ontdekte klinisch relevante kankers in de lage PSA regio’s relatief gering is en
bovendien evenredig steeg met de serum-PSA waarde. We konden berekenen dat een
zecr groot aantal mannen een DRE (289 mannen bij PSA < 3.0 ng/ml) moest
ondergaan om één klinisch relevante kanker te vinden en tevens dat slechts een klein deel
van de mannen met cen afwikende screeningsstest ook daadwerkelik werd
gediagnosticeerd met prostaatkanker op het nazldbiopt (1 op de 46 bij PSA < 3.0
ng/mL). Bovendien bewezen we in Hoofdstuk 8 dat cen niet gesing deel {tussen 27 en

63%) van de ontdekte kankers niet op basis van een juist-positieve screeningstest werd
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ontdekt, maar op basis van toeval. In andere woorden, de voorspellende waarde van de
scteeningstest voor prostaatkanker {DRE) bij lage PSA waarden wordt overschat.

DEEL V. Over de Voorspellende Waarde van Prognostische Weefselmarkers

Naast de differentiatiegraad van de tumor en de stadiering is er behoefte aan
aanvullende merkstoffen die een betrouwbare uitspraak kunnen doen over de agressiviteit
van de tumor voor het individu, de kans dat de tumor curatief kan worden behandeld
middels radicale prostatectomie en/of de uiteindelijke prognose van de patiént. Met name
tumor mmarkers die voorspellend zijn voor het hebben van of het in de toekomst krijgen
van metastasen op afstand zijn gewenst aangezien deze de behandeling van de ziekte
meer kunnen afstemmen op de uitgebreidheid van de ziekte, De studie gepresenteerd in
Hoofdstuk 9 onderzocht de prognostische waarde van drie weefseleiwitten, te weten
p27¥et, MIB-1 (cel cyclus eiwitten) en CID44s (celmembraan eiwit) met betrekiking tot het
optreden van klinische progressie en sterfte aan prostaatkanker in een groep patiénten die
cen radicale prostatectomie onderging tussen 1980 en 1988. Uit cerdete studies was reeds
gebleken dat een verlaagde immunohistochemische expressie van p275p! en CD44s en
een vethoogde expressie van MIB-1 samengaan met cen slechiere prognose nz radicale
prostatectomie. I onze studie bleken de diie eiwitten sterk geassocieerd met tumor graad
en tumor stadium, en een verlaagde expressie van p27'P! was een onathankelijk statistisch
significante variabele voor het optreden van klinische progressic en prostaatkankersterfe.
Oock een verlaagde expressie van CD44s bleck een onafhankelijke voorspellende factor,
echter alleen voor klinische progressie. Deze beide factoren kunnen dus naast graad en
stadium een betrouwbaarder vitspraak doen over de prognose van de individuele patiént.

We onderzochten in Hoofdstuk 11 of de drie weefselmarkers konden worden gebruikt
om reeds voor een behandeling iets te zeggen over de expressie in de prostaat en over de
te verwachte graad en het stadium van de tumor. Hiervoor vergeleken we in een groep
mannen, die een radicale prostatectomic had ondergaan, de expressie van de drie
weefselmarkers op het diagnostisch biopt met die in de tumor in de prostaat. Tevens
vergeleken we de expressie van de tumormarkers met de graad van de tumor en het
tumor stadivm. Doordat het diagnostisch biopt soms prognostisch belangrijke delen in
de tumor mist was de correlatie tussen de expressie van de weefselmarkers in het biopt en
die in de prostaat alsook met de graad en het stadium van de tumor gering,

In Hoofstuk 10 en Hoofstuk 12 toonden we aan dat de zoektocht naar betrouwbare,
statistisch onafhankelijke en klinisch relevante weefselmarkers nog steeds doorgaat, en
dat het toepassen van weefselmarkers in de kliniel nog steeds wordt belemmerd door
alletlei problemen gerelateerd aan adequate weefsel fixatie, reproduceerbastheid en een

gebrel aan sensitiviteit en specificiteit,
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