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Taoisme en winnen zonder strijd.

Vo]gens een oud verhaal vroeg een koning in het
oude China eens aan zijn arts, afkomstig uit een
gestacht van genezers, wie van hen het meest bedreven
in de geneeskunde was. De arts die zo'n reputatie had
dat zijn naam bijna synoniem geworden was aan de
medische wetenschap in China, antwoordde: "Mijn
oudste broer ziet de geest van de ziekte en verdrijft
deze voordat zif vorm kan aannemen en daarom reikt
zijn naam niet verder dan de voordeur van zijn huis.
Mijn oudere broer smoort ziekten in de kiem en
daarom is hij alleen maar in de buurt bekend. Zelf pas
ik acupunctunr toe, schrijf ik geneesmiddelen voor en
pas ik massage toe en daarom wordt mijn naam nog al
eens genoemd en is hij ook bij koningen bekend™.






Contents

List of abbreviations

List of contributing authors

Introduction and scope of the thesis

Chapter I

PART A:
Chapter II

Chapter 111

Chapter IV

PART B:
Chapter V

Chapter VI

Screening for prostate cancer, more questions than answers.

Introduction

Is prostate cancer an important health problem

Natural history

Primary prevention

Secondary prevention: Rationale for screening

Diagnosis of prostate cancer: Screening tests and their performance
TRUS guided systematic sextant biopsy

Treatment of prostate cancer

Risks of screening

DIAGNOSTIC TOOLS AND THEIR PERFORMANCE

Evaluation of prostate specific antigen, digital rectal
examination and transrectal ultrasonoegraphy in population
based screening for prostate cancer: improving the efficiency
of early detection,

The free-to-total prostate specific antigen ratio improves the
specificity of prostate specific antigen in screening for prostate
cancer in the general population.

Comparison of PSA corrected for total prostate volume and
transition zone volume in a population based screening study,

THE BIOPSY PROCEDURE

Complications of transrectal ultrasound-guided systematic
sextant biopsies of the prostate: Evaluation of complication
rates and risk factors within a population-based screening
program,

Repeat screening for prostate cancer after l-year followup in
984 biopsied men: Clinical and pathological features of
detected cancer,

11
12
13
17
17
8
20
20
27
29
37

41
45

65

83

97

121

135



PArT C:
Chapter VII

Chapter VIII

CANCERS DETECTED

The changing pattern of prostate cancer at the time of
diagnosis: Characteristics of screen detected prostate cancer
in a population baged screening studt (ERSPC data
Rotterdam).

General discussion

Performance of screening tests

Improvement of specificity in PSA based screening

TRUS guided systematic sextant biopsy procedure
Characteristics of prostate cancer detected in population based

screening

Summary and conclusions

Samenvatting en conclusies

Curriculum Vitae

List of publications

Dankwoord

10

153

173
173
175
177
178

187
191
195
196
198



List of abbreviations

ACT
BPH
DRE
ERSPC
F/T ratio
PSA
PSA-D

PSA-T

ROC curve

SEER

TRUS

o-1-antichymotrypsin

benign prostatic hyperplasia

digital rectal examination

European Randomized Study of Screening for Prostate Cancer
free to total seum PSA ratio

prostate specific antigen

prostate specific antigen density (PSA / total prostate volume)

prostate specific antigen density of the transition zone (PSA / transition
zone volume)

Receiver operating charactetistics curve (sensitivity versus 1 minus
specificity)

Surveillance, Epidemiology and End Results program (U.S.A)

transrectal ultrasonography

11



List of contributing authors

»  Department of Urology, Academic Hospital Rotterdan
Chris H. Bangma
Arto E. Boeken Kruger
Wimn J. Kitkels
John B.W. Rietbergen
Fritz H. Schroder

v Department of Pathology, Academic Hospital Rofterdam
Robert F. Hoedemaeker

*  Depariment of Clintcal Chemtsiry, Acadeniic Flospital Roiterdan
Bert G. Blijenberg

= Department gf Pubiic Health, Erasmus University Retterdam
Hatry J. de Koning

*  Department of Biotechnics, Trrkew University, Turks, Fintand
Kim Petterson

i2



Latroduction and seobe of the thesis

Introduction and scope of the thesis

O ver the past decade, considerable debate has occurred over the question whether
or not to screen asymptomatic men for prostate cancer. It is unknown whether
early detection and treatment of the disease will decrease the disease specific mortality.
On theoretical grounds screening may prove to be successful. If the disease is diagnosed
at an earlier stage of its development in which it is still organ-confined; treatment of the
disease has a higher chance of being curative. Comparisons have been made [1, 2fwith
the effective strategy [3, 4] of breast cancer scteening. Similar parallels however, can be
drawn between prostate and lung cancet screening in which a shift towards eatlier
(potentially curable) stage did not reduce the disease specific mortality in screenees [5].
To conduct a randomized screening study with prostate cancer mortality as the major
endpoint is one possible solution to the present controversy. For this purpose the
Buropean Randomized Study of Screening for Prostate Cancer {ERSPC) has been
initiated [6]. The studies presented in this thesis are conducted within the Rotterdam
section of the ERSPC to investigate the feasibility of screening and early detection of

prostate cancer in the general population. Intermediate endpoints of the study are:

1. Assessment of the efficiency of the screening tests, Serum Prostate Specific Antigen
(PSA}) Digital Rectal Examination (DRE}) and Transrectal Ultrasonography (TRUS).
2. To evaluate the morbidity related to the screening procedure.,

3. To study tumor extent at the time of diagnosis,

The first part (Part A) of this thesis is therefore devoted to the diagnostic tools and their
performance. The use of PSA, DRE and 'TRUS for the detection of localized prostate
cancer is widespread but little is known about the performance of these tests in the
general population. Is it possible to reduce the amount of false positive test results
without compromising on the potential benefit on prostate cancer mortality? Are
subgroups identifiable with an increased risk of having prostate cancer within the

screened population?

13



Introduction and scope of the thesis

In the second part (Part B} of this thesis the biopsy procedure is evaluated. What are the
complications of the biopsy procedure? Are there identifiable riskfactors tor
complications after biopsy? To what extent and why are cancers missed by the systematic
sextant biopsy procedure?

The final part of this thesis deals with the features of the tumors detected through
population based screening, Is there a relationship between tumor characteristics and the
outcome of the varicus screening tests? Does population based screening detect prostate

cancer in an earlier stage of development?
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Chapter

Chapter I
Screening for prostate cancer: More questions than answers .

John B.W. Riethergen and Frity H. Schrvder

Introduction

Whether prostate cancer screening should be applied to the male population or
not, remains an extensively debated issue [1][2]. Reference can be made to the
favorable results of breast cancer screening and the surprisingly unfavorable results of
lung-cancer screening [3]. Since 1993 the American Urological Association {AUA) and
the American Cancer Society (ACS) have recommend annual prostate specific antigen
{PSA) testing and rectal examinations beginning at age 50 for early prostate cancer
detection and at age 40 in men belonging to identifiable risk groups [4][5). In most
BEuropean counfries, particularly in Northern Europe, routine application of screening,
procedures for prostate cancer is not accepted for a number of reasons: There s limited
knowledge of the natural history of prostate cancer diagnosed at screening and the
increasing gap between lifetime incidence and mortality sugpests that there is a
substantial risk of overdiagnosis and subsequent overtteatment. Thete s no reliable
information on the effectiveness of treatment from randomized trials, The benefit of
prostate cancer screening, in terms of reducing prostate cancer specific mortality, has not
yet been shown. Adami and coworkers question whether even a randomized trial of
screening for prostate cancer meets the ethical requirements [6]. In this chapter the issues

that fuel the prostate cancer screening debate are reviewed.

" Sereening for prostate cancer: More qiestions than answers. JBW Riethergen, FH Sehrider. Acta
Ouncologica 1998; Vol 37: in press.
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Soreening for prostate cancer: more questions than answers

Is prostate cancer an important health problem

Incidence and mortality

The age and cormmon co-morbidity of prostate cancer patients, coupled with an often
slow rate of growth, have in the past resulted in widespread adoption of conservative
policies of surveillance and palliative treatment rather than active treatment in many
countries. However, incidence and mortality rates show the importance of the disease.
The 1994 report of the Netherlands Cancer Registty shows an incidence of 6,315 cases in
a male population of approximately 7.5 million. The crude rate is 83.0 cases per 100,000
person-years, the Buropean standardized rate is 87.2 cases per 100,000 person-years. The
mertality amounts to 2,374 men, the crude rate is 31.2 cases per 100,000 person-years,
the European standardized rate is 34.1 per 100,000 person-years. Prostate cancer mainly
occurs In men over 66 years of age; incidence and mortality rates are only 5.5% and
2.2%, respectively, between the age of 40 and 60 years, both rates rising steeply
thereafter. Prostate cancer is the second most diagnosed cancer in males after lung
cancer [7]. The prostate cancer incidence-rates are still rising whereas lung cancer
incidence-rates are decreasing, The rise in incidence by far exceeds the modest rise in

mortality.

Geographical patterns

The incidence of prostate cancer has risen dramatically over the past two decades, the
United States ranking as having the highest incidence in the world. The effect of
increasing male longevity and, above all, the increasing awareness and screening activities
are responsible fot this phenomenon. The increase in incidence is almost entirely due to
the detection of localized disease, with no appreciable increase in metastastatic disease.
The mortality rates remained relatively constant [8][9], Potosky et al. also state that the
“epidemic of prostate cancer” is likely the result of the increasing detection of tumors as
a result of increased prostate specific antigen (PSA) screening, Within Europe the highest
incidence is recorded in Sweden and most Northern European countries, while the
lowest incidence is found in the Mediterranean countries [10]. The increased incidence in
Europe is not as marked as that in the U.S.A; however, as a result of increasing male
longevity alone, Boyle et al,, expect an increase of 67% in prostate cancer incidence up fo
the yeat of 2020 in the Buropean community [11]. Since public awareness and screening

activities ate fikely to increase this may be a rather pessimistic view.

18



Chapter I

Lifetime rigk

An alternative way to look at prostate cancer as a public health problem is to assess the
cumulative risk or lifetime risk. [n the Netherlands the cumulative risk of being
diagnosed with prostate cancer between the age of 0 and 74 is 6.26 %. The cumulative
risk of prostate cancer specific death between the age of 0 and 74 is 1.4% [7]. However,
prostate cancer develops mainly in elderly men, thus it is useful to calculate the
accumulation of risks over time for the subset at risk i.e. men of 50 years old and older,
to observe the impact of the disease within this age group. Seldman and associates
estimated the probability in 50-year-old white males of eventually developing prostate
cancer at 9.5% using the SEER data relating to the period 1975 to 1980. The estimated
risk of dying from prostate cancer was 2,9% [12], A similar analysis for the incidence of
prostate cancer was done in the 1994 report of the Netherlands cancer registry. The
cumulative risk to be diagnosed with prostate cancer from the age of 55 until death is

9.9% [7].

Comment

These figures indicate that prostate cancer is a considerable public heaith problem. The
fact that the population in most western countries is aging and the life expectancy is
increasing will emphasize the importance of this disease. The epidemiological importance
of a disease however, does not in itself provide justification for screening unless an

important positive effect on mortality of eatly detection can be demonstrated.
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Sereening for prosiate cancer: wiore questions than answery

Natural history

The natural course of prostate cancer is in some aspects pootly understood. Knowledge
of the natural course of a given disease is a prerequisite for the application of screening
as a public health policy {13]. Screening for any disease is unlikely to reduce disease
specific mortality if most early, localized cancers that are detectable never progress within
the life span of the host, and most aggressive cancers are already too advanced for
curative treatment when detection is possible. On the other hand, screening may reduce
mortality if most early, localized cancers that are detectable will eventually progress and
the early detection of biologically aggressive cancers offers a window of opportunity

during which detection and cure is possible.

Latent cancer

One of the unique properties of prostate cancer is the high prevalence of histological
changes recognizable as cancer in surgical or in autopsy specimens and the much lower
incidence of clinical disease. Prostate cancer is very often found at autopsy, the
prevatence increases with age [14-17]. Such tumors are called “latent” carcinomas. In
table 1 the results of four autopsy series are described. The differences in prevalence are
probably the result of differences in preparative techniques, interval of sections, fixation
and staining methods. The cumulative risk that a 50-year-old man will eventually have

such a histological malignancy is approximately 30%,.

Age | Franks [T4]  Gaynor [15] Holund {16] Sakr [17] overatl

(N=210) (N=1050) (N=173) (N=152)
30-39 | 0% 4% 0% 27% 16/91=18%
40-49 1 0% 5% 12.5% 34% 24/198=12%
50-59 | 29% 10% 8. 7% - 38/302=13%
60-69 | 30% 18% 12.5% - 41/163=25%
70-79 | 40% 28% 25.8% - 119/400=30%
80-89 | 67% 39% 37.1% - 61/145=42%
90" 100% 40% 60% - 7/12=58%
Table 1:

Percentage of men with latent prostate cancer at aitapsy by age groups.
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Chapter

Unfortunately the characteristics in terms of grade of differentiation, tumeor volurne and
stage were not described in these series.

More recently information about unsuspected prostate carcinoma has become available
from prostate specimens removed at the time of cystoprostatectomy, performed for
cancer ot other pathologic conditions of the bladder [18-20]. These prostate cancers, not
identifiable with digital rectal examination (DRE), are stated to be compatible with the

autopsy cancers. The results of three such cystoprostatectomy series are described in

table 2,

Montie {18] Rabatin [19) Obori [20]
Mean age (range) 62 (34-80) 64 (31-83) -
Number of cystoprostatectomy 72 66 90
specimens {normal DRE)
Number of cancers (%) 33 (46%) 25 (38%) 90 ()
Gleason Score = 6 (Vo) 12 (36%) - -
Gleason pattern = 4 (%) - 0 (6%) 10 (11%0)
Mean tumor volume {ml.) - 0.11 0.04

{Range) - (0.01-1.10) (6.001-6.1)

Capsular penetration (Vo) 7 (21%) 0 (0%) 3 (3%)
Positive margins (%) 2 (6%) 0 (0%) 0 (0%)
Seminal vesicle invasion (%) 1 (3%) 0 (0%) 0 (0%)
Positive lymph nodes 0 0 0
Table 2:

Characteristics gf prostate cancer found incidentally at cystoprostatectomy. Al with normal findings on
digital rectal examination (DRE),

These cystoprostatectomy series show a prevalence of approximately 40%, which
indicates again that the prostate cancers that are clinically diagnosed form only the
proverbial “tip of the iceberg”. Stamey and coworkers [21] observed a similar prevalence
in a seties of 139 consecutively performed cystoprostatectomies. Fifty-three of the 55
men with prostate cancer had normal DRE findings. In this paper it is assumed that
cancer progression is proportional to the tumor volume. The 1973-1977 SEER data [22]

were used to calculate the lifetime probability at birth of 2 man having a diagnosis of
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Screening for prostate cancer: miore questions than answers

prostate cancer. This was estimated on 8% (Stage A disease was excluded from this
evaluation). This figure was compatible with the observation that 8% of the 55 cases of
prostate cancer were (1.5 ml ot larger. This led to the conclusion that tumors smaller
than 0.5 ml are ptobably clinically insignificant. Ohori and associates {20] compared their
seties of cystoprostatectomy cancers (in which the series of Stamey et al. were included)
with a seties of radical prostatectomy specimens performed for clinically detected
prostate cancer, They concluded that unsuspected carcinoma found at autopsy or

cystoprostatectomy is usually small, well or moderately differentiated and organ confined.

The natural course of clinically diagnosed prostate cancer

At the time of diagnosis, prostate cancer has often spread beyond the prostate. In the
U.S.A. and in most European countries more than 40 % was not organ confined or
metastatic in the pre screening era [23]. In the Netherlands the stage distribution of 4708
cases of prostate cancer diagnosed between the years 1989 and 1994 in the Amsterdam
cancer registry region has recently been described. In table 3 the stage distribution is
shown in total numbers and percentages. Twenty-four percent of these cancers had
already metastasized at the time of diagnosis. Sixty percent of these tumors were clinically

confined to the prostate [24].

Stage > T T2 13 T4 total
MO/MX 230 744 1846 566 183 3569
MO/MX() | 4.9 158 392 120 39 758

M+ 173 30 539 208 189 1139
M+ (%) 37 0.6 i14 4.4 4.0 24.2

Table 3:

Stage distribution of 4708 cases of prostate cancer diagnosed betneen 1989 and 1995 in the
Anrsterdam region (Visser and Horenblas, NTWG 52, 1996 [24]).

Abbreviations:

MO=no merastases; MX=metastases unknown; M+=metastases; TX="Tumor stage unknowu;
T1=Diagnocis throngh transuretral resection of the prostate; T2="TFumor within the prostatic capsule;
T3=Tumor with evidence of extracapsuiar growweh; Td="Trmor with evidence of invasion of the
bladderneck or peltic digphragm or pelvis.
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Chaprer 1

Once prostate cancet has metastasized the prognosis is poor. Cure is impossible and
median survival is in the range of 180 weeks in spite of endocrine treatment [25]. Series
of untreated metastatic prostate cancer patients are old and probably unreliable but
showed that two-thirds of patients died within 9 months after diagnosis. In 485 cases of
untreated metastatic prostate cancer the average duration of the disease from the first
symptoms to death was 31 months [26]. In the series of 701 cases described by Nesbit et
al. the mean survivai was 21 months after diagnosis (tange <1-180 months). The prostate

cancer specific mortality rate was 82% [27].

Deferred treatment series

Information concerning the natural course of clinically diagnosed prostate cancer is
available from several series of patients who were treated conservatively with observation
and delayed hormonal therapy.

Handley et al, reported 2 series of 278 patients that were diagnosed with prostate cancer
in the period between January 1978 and December 1985. They received no further
treatment after the diagnosis until symptomatic progresston occurred, Ninety-five
percent of patients were diagnosed by trans-urethral resection of the prostate. Metastases
were present in 19.4% of patients, The disease was considered clinically localized in 75%
of cases. Nevertheless, only 30% survived 5 years compared with the expected survival
rate of 65% for an age matched population. Prostate cancer was the cause of death cited
in 42% of all patients at 5 years. The survival rate for well-differentiated prostate cancer
was no different from that of an age matched population [28],

Johansson and coworkers are the authors of a paper with the title: High 10-year survival
rate in patients with early, untreated prostatic cancer. A subset of 223 patients with
localized prostate cancer was selected from a cohort of 654 men with prostate cancer.
The grade distribution showed 66% well differentiated tumors, 30% grade 2 and 4%
grade 3 tumors. The mean age was 72 years. During the mean obsetvation period of 123
months (range 81-165 months) 34% showed progression, 56% died, but prostate cancer
was considered the cause of death in 8.5% of these 223 men [29). In a later report with a
mean ohservation of 12.5 years prostate cancer was considered the cause of death in 10%
of the originat 223 patients {30].

In their most recent report the observations concerning the total cohort of 648

consecutive cases of prostate cancer with an average observation time of 168 months
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Screening for prostate cancer: more guestions than answers

(range 126-210 months) are described. At the end of the observation period 84% of
patients in the original cohott had died. Thirty-seven percent of the deceased men were
cansidered to have died from prostate cancer. In an additional 7% prostate cancer was
considered a contributory cause. Of the initial 159 (25%) patients with metastasized
disease 78% died from their disease, in an additional 6% their disease was considered
contributory. The corrected 15-year survival rate was 71.8% among patients without
distant metastases detected at diagnosis and 5.7% among those with metastases. In the
initially untreated group of 223 men the prostate cancer specific mortality was 11% [31].
The series of Johansson, together with five other series were included in 2 pooled
analysis by Chodak et al [32]. Actuarial survival statistics showed that grade is the most
important parameter in predicting survival. The mortality due to prostate cancer among
men with grade 1 and 2 disease was 13% at 10 yeats versus 66% in men with grade 3
disease. Ten years after diagnosis metastases had occurred in 19% (grade 1), 41% (grade
2) and 74% (grade 3) of cases.

The overall favorable result of conservative management within these series however,
gives too optimistic a view of the reality. These series have been criticized severely for
selection bias. This can be illustrated through compartison of the grade distribution within
this pooled analysis and the grade distribution in other series of clinically diagnosed
prostate cancer. The grade distribution shows 59% grade 1 tumors, 32% grade 2 tumors
and 8% grade 3 tumors. The grade distribution in the general population registry of the
previously described Amsterdam region shows 25% grade 1 tumors, 36% grade 2 tumors
and 32% grade 3 tumors [24]. For T1 tumors the difference in grade between the two
series is not very outspoken, both series show 57% of well differentiated tumors. Stage
T2 mamors howevet, are well differentiated in 52% of cases in the series of Chodak
versus 28% of cases in the Amsterdam series. Peorly differentiated tumors are seen in
(% of cases whereas 25% is seen in the Amsterdam region. Further criticism catne from
Aus and co-warkers. These authors indicated that age was not evaluated as a risk factor
with respect to the endpoints. The average age of 70 in the series of Chodak is high. This
group concluded that low cause-specific mortality rates at 10 years of follow-up in series
on deferred treatment comprising older patients with high competing mortality could not
be extrapolated to younger patients with a low competing mortality {33].

In order to estimate the long-term survival of men aged 65 to 75 years old (mean 70.9)
with conservatively treated newly diagnosed localized prostate cancer (between 1971 and

1976), Albettsen et al. recently conducted a study in such a way that biases observed in
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Chapter I

the series by Chodak and Johansson were minimized. The collected data was population
based and the original pathologic specimens were reviewed. The original hospital charts
were reviewed in order to obtain a consistent score for patient comorbidities. Two
important findings were demonstrated for this cohoert: (1) Fumor histologic features are
highly predictive of survival and (2) patient comorbidities are nearly as potent a predictor
of survival as tumor histologic findings. Men having low grade (Gleason scote 2-4)
prostate cancer and aged 65 to 75 years face no apparent loss in life expectancy
compared with an age matched general population [34]. This favorable outcome may be
due to the natural history of the tumor or of the host. Moreover, since the health
condition of the host has a significant impact on survival, a selection of healthier men

with longer life expectancy than average may benefit from early detection and treatment.

Cominent

One of the most important issues in the prostate cancer screening dilemma is the fact
that many cancers for various reasons will never be a threat to the hosts wellbeing within
his life span. If prostate cancer screening detects unimportant cancers this will lead to
teeatment of men for whom it is not necessary. The series described above however,
indicate that prostate cancer is a progressive and potentially lethal disease when managed
conservatively. Two factors appear to be decisive in the question whether prostate cancer
is able to kill the host. (1) The biologic activity which is represented by the grade of the
tumor. Poorly ditferentiated tumors metastasize within a short period of time and are
generally lethal, (2) The time during which the tumor can progress is determined by the
comorbidity and the age of diagnosis. It is still under discussion which factors are
responsible for the intrinsic biologic activity i.e. why some tumors become aggressive and
others remain latent. This can also be observed from the doubling time of prostate
cancer, which shows that 79% of all patients have 2 dout;ling time of more than 24
months. Doubling times were faster in patients with higher stages and grades. This also
implies that high volume tumors are generally more dangerous than small tumors [35,
36].

Are latent cancers and clinical cancers indistinguishable? According to some authots this
is not the case. Ohori and Scardino showed that clinically detected adenocarcinoma of
the prostate differs from that found incidentally at autopsy in important pathalogical
features, such as volume, grade and extent. [20, 37, 38}

A series of papers from Stanford University show that the biological aggressiveness of
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the cancer is directly related to tumor volume and histologic grade [39, 40}, Small, well-
differentiated prostate cancer will not pose a threat to the host. However, determination
with the current diagnostic tests of which lesions, that are still confined to the prostate,
will progress and therefore require active treatment, and which will remain slow growing

or inert, is a debated issue and will be addressed within this paper,
Primary prevention

Miniscule focuses of prostate cancer are already present in young adult men [17]. The
prevalence of focal cancers found at autopsy varies little among different countries and
races [41] whereas the incidence of clinical disease shows a considerable variation, These
findings suggest that environmental and genetic factors may promote the occurrence of
life-threatening prostate cancer. This hypothesis is enforced by the observation that the
morttality of prostate cancer in Japanese migrants increases to half that of the indigenous
population within two generations [42].

In a cohott of approximately 14,000 men dietary and lifestyle characteristics were
evaluated in relation to subsequent prostatic cancer risk. Increasing consumption of
beans, lentils and peas, tomatoes, raisin, dates, and other dried fruit were all associated
with sipnificantly decreased prostate cancer risk [43-45]. A high-fat diet is associated with
a high risk because of increased androgen activity [46-48). Genetic factors are related to

the rare but clinically significant occurrence of prostate cancer in familial cases [49-50].

Comment

Further identification of environmental and genetic factors that influence the prostate
cancer incidence will take titne. A variety of agents are being evaluated in vitro and in
vivo but it is not expected that results will be available at short notice [51-54]. The
question whether dietary measures or the use of chemo-preventive agents can prevent
prostate cancet will have to be tested in large randomized trials. Treatment of prostate
cancer has adverse effects. The primary prevention of prostate cancer appeals to many
struggling with the treatinent of the disease. However, effectiveness costs, side effects,
duration of the preventive treatment and difficulties in implementation will have to be
studied first. Primary prevention trials and randomized trials of screening for prostate
cancer have been initiated. It is unknown whether any of these approaches will reduce

prostate cancer motbidity and mortality.
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Chapter I
Secondary prevention-Rationale for screening

The series described by Nesbit and Butnpus [26,27] show that if prostate cancer is
diagnosed when symptoms are present and left untreated, almost all men die from the
disease. Curative treatment of prostate cancer is impossible onice the disease has spread
beyond the prostate {55]. At this time 40% of newly diagnosed cases are not localized
when diagnosed. In a large seties of men treated with radical prostatectomy for clinically
localized prostate cancer, over 50% had pathological evidence of extracapsular disease
and 23% had positive margiﬁs [56]. These patients are at risk for progression. Pattents
treated with radictherapy have also shown significant rates of both biochemical and
clinical progression [57]. Through the applicaton of early detection regitnes, if they ate

effective, cancer will be diagnosed at an earlicr stage in its biological development.

Feasibitity of early detection

It has been shown that early detection of prostate cancer is possible. The identification of
PSA as a diagnostic tool has been a major contribution to the diagnostic arsenal [58].
Catalona et al. reported on 10,251 men aged 50 years and older without a history of
prostate cancer who were initially screened with a serum PSA level. Men with a PSA level
of 4 ng./ml. or higher underwent both digital rectal examination (DRE) and trans-rectal
ultra-sonography (TRUS). A biopsy was petformed if either of these procedures revealed
ahnormal or suspicious findings. This group was compared to a group of 266
concurrently studied patients who were referred for TRUS and biopsy because of an
abnormal DRE. Sixty-three percent of 244 patients whose cancers were detected on
initial PSA based screening had pathologically localized disease versus 43% of the 47
patients in the comparison group. Four men (1.6%) had positive bone scan and bone
biopsy. Fifteen men (6.1%) had lymphnode metastases. [59]. Tn a mote recent report
6,630 men were screened through determination of serum PSA and a DRE. In 1,167
biopsied men, 264 cases of prostate cancer were detected. Only three of these patients
were found to have advanced disease. Of the remaining 261 patients, 162 were treated by
radical prostatectomy, Seventy-one percent of these men had organ confined cancer {60].
Mettlin and associates reported on the 164 cases of prostate cancer detected in a cohort
of 2,999 participants of the American Cancer Society-National Prostate Cancer Detection
Project. These men were screened theough PSA, DRE and TRUS. One hundred and
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three men were treated by radical prostatectomy. Sixty-two percent of cancers were

pathologically confined to the prostate [61].

Comment

The results of these casefinding studies show that early detection is possible. There is a
shift towards the detection of earlier stage prostate cancer with any form of PSA based
screening, The percentage of metastasized cancer is significantly lower when compared
to series of prostate cancers not detected through screening, This stage reduction
however, does not provide evidence that prostate cancer screening will decrease prostate
cancer rmortality, Two biases are associated with screening: Bias as a result of increased
survival in the screened group due to detecting the tumor eatlier without genuinely
prolonging life (fead time bias) and bias due to detecting slower growing tumors, that
would never have led to mortality due to prostate cancer, in the screened men (length
time bias). A randomized controlled trial with prostate cancer mortality, as endpoint s
needed to avoid these biases. Not only would this avoid selection bias, but also by using
reduction of prostate cancer specific mortality as the measure of qutcome rather than
survival after diagnosis, lead and length time bias can be avoided. One study estimated
that the lead-time wilt average 5.5 years {62]. In a nested case control study of men
without comorbidity providing plasma samples before a ten year follow-up the baseline
PSA level could have moved forward the diagnosis of prostate cancer by an average of
5.5 years, Lead-time distributions for aggressive and non-agpressive tumots wete the

same,
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Diagnosis of prostate cancer-Screening tests and their performance

'Three methods in various combinations are commonly used in the eartly detection of
prostate cancer. Palpation of the prostate through digital rectal examination (DRE) is the
traditional method. In 1967 an additional diagnostic tool became available: Trans-rectal
ultrasonotomogtraphy of the prostate {TRUS) [63]. This was the first method to actually
visualize the prostate itself. Criteria for recognition of prostate cancer were defined in the
following years [64]. The identification of Prostate Specific Antigen (PSA) has added to

the methods available for early detection of prostate cancer [65].

Prostate Specific Antigen

PSA is a 34 K Dalton serine protease, which can be detected in semen and male serum
[66]. It is part of the human kallikrein family. The production takes place in the epithelial
cells of the prostate, also in adenomatous and prostate cancer tssue [67). Recently other
PSA producing sources such as pancreas and salivary glands in both men and women
have been identified [68, 69]. It is unclear whether this will have clinical consequences in
the near future, In the daily practice however, PSA is still regarded as prostate specific.
PSA is most probably metabolized in the liver {70].

PSA is not tumor specific; several benign conditions may increase the serum PSA
concentration. Benign prostate hyperplasia is the most common cause of elevated PSA
levels. Aus and coworkers showed that after trans-urethral resection of the prostate with
a benign histopathologic specimen, PSA should be expected to be within the normal
range [71]. Prostatic needle biopsy, prostatic massage, trans-rectal ultrasonagraphy [72]
and digital rectal examination [73] may all lead to an increase of serum PSA. Tt is likely
that ejaculation leads to a transient increase of serum PSA [74,75] however, unchanged
tevel [76, 77) and decrease {78] have been described as well. The consequence is that

bloodsamples should be taken prior to any examination of the prostate.

PSA in nested case control studies

Serum PSA rises slowly with age and increasing prostatic volumne, The average increase is
small (0.3 ng./ml. per gram of tissue) [79] in comparison with the 3.5 ng./ml. per gram
of malignant tissue [80]. The concept of the mare pronounced PSA increase in prostate
cancer was evaluated retrospectively in four nested case control studies [62,81-83]. In

large groups of men, bloodsamples were drawn and stored for many years. This allowed
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comparison of PSA values in those who developed clinically evident prostate cancer and
those that did not. The advantage of this method is that no assumptions will have to be
made for clinical relevance of the detected cancers. The results however, are Rully
dependent on the reliability of the data provided by the cancer registry. In the study by
Gann and coworkers [62], a single PSA determination at a cutoff level of 4 ng, /ml, would
have detected nearly 80% of all aggressive cancers within 5 yeats and about 50%
appearing 9 or 10 years later. Only 96 of 1098 men who were not diagnosed with
prostate cancer had a false positive test result. Optimal validity was achieved at 2 PSA
cutoft of 3.3 ng,/ml. Whittemore et al. calculated the sensitivity and specificity for a PSA
cutoff level of 4 ng./ml. and for clinical cancer being diagnosed within 7 years. In men
younger than 65 years the sensitivity was 65%, the specificity was 94%. In men of 65
years and older the sensitivity was 100% and the specificity was 70%.

All studies agree that PSA determination is a suitable test for early detection of prostate

carcinoma.

PSA threshold value

In the early studies of prostate cancer detection a cutoff value of 4.0 ng./ml. was
arbitrarily chosen as the upper limit of normat [58]. This PSA cutoff is mainly used to
limit the number of men that undergo the more laborious screeningtests as DRE and
TRUS. In a later study biopsies were performed if the PSA level was above 4 ng. /ml. or
DRE was suspicious for cancer [84)]. Receiver operating characteristic (ROC) curve
analysis showed the 4 ng./ml. cutoff value to be optimal. A similar analysis performed
earlier by Labrie and associates showed optimal sensitivity and specificity (respectively
81% and 85%) using a PSA threshold of 3 ng./ml, using the same PSA assay [85]. It
should be noted that the description of the performance of tests in prostate cancer
screening through sensitivity, specificity and positive predictive value is hampered by the
fact that the denominator is not known. Instead of the true prevalence of prostate cancer

within the population under study the number of positive biopsy results is used.

PSA in screening

The increasing chance of detecting prostate cancer with increasing PSA levels has been
demonstrated repeatedly in case finding studies and population based screening projects.
Generally 70% to 80% of all cancers are detected in the PSA range above 4 ng./ml,, in

approximately 10% to 17% of the population under study [60,86-89). At normal PSA
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values DRE and in some cases TRUS are responsible for the detected cancers. Crawford
and coworkers [90] described the detection of prostate cancer in 31,953 eligible subjects
screened in centers throughout the US.A.. Among 1307 subjects who underwent biopsy,
322 cases of prostate cancer were detected. The cancer detection rate for PSA was 3.6%
and for DRE 3.0%. This percentage was 4.7% if both tests were positive. The positive
predictive value for elevated PSA levels was 31.6%. For DRE this was significantly lower
with 25.5%. Thirty-one percent of cancers were missed by DRE and diagnosed through
PSA only. DRE detected 27.6% of cancers that would have been missed by PSA. Again
the description of the properties of PSA as a screening test is difficult since not all men
in the population under study are biopsied. The true number of prostate cancer cases
remains unknown, It must be assumed that impalpable and invisible cancers are also
present at PSA levels below a cutoff of 4 ng./ml.. This implies that the positive
predictive values, sensitivity and specificity values reported in literature are incomparable
and incorrect. These values are dependent on the screening tests used, the biopsy
indications and the biopsy technique in use. If TRUS would have been used or more
biopsies had been taken in the latter study it is likely that more cases of cancer would
have been detected at PSA levels below 4 ng./ml.. This would have altered the described
values.

The most important observation however, is the fact that PSA is the strongest predictor
for prostate cancer and that DRE is of limitéd additional value.

The use of PSA and DRE in a screening setting will detect prostate cancer in
approximately 4% of subjects {60,86,89] in the age group of 55 to 75. This is only true
for population based screening programs. In a clinic population of symptomatic
urological patients detection rates up to 14.6% have heen described [91]. This shows that

the detection is strongly population dependent.

DRE

DRE. has been used for the detection of prostate cancer in several latge series. Chodak et
al. used DRE as the only test in the screening of 1,672 men aged 51-70 years. A detection
rate of 1.4% was found [92]. Although 68% of these cancers were clinically localized,
50% of these patients showed capsular penetration after examinatior of the radical
prostatectorny specitmen. It was concluded that DRE detects prostate cancer relatively
late. Pedersen et al. [93] diagnosed 13 cases of prostate cancer in 1163 screened men

(1.1%). Both a urologist and a general practitioner did the examinations, The positive
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predictive value within this population was 29%, 35% for the urologists and 27% for the
general practitioner. This illustrates the dependence of DRE on experience and quality of
performance. Smith and Catalona also showed a considerable inter-examiner variability.
The agreement among urologists was only fair. The interexaminer variability was greater
between faculty and resident examiners showing that experience plays an important role
in DRE [94]. However, in spite its shortcomings, DRE increases significantly the

detection rate that can be achieved with PSA alone.

TRUS

Prostate cancer can be visualized by TRUS as a hypo-echoic structure within the

peripheral zone of the prostate [95]). However, not all hypo-echoic lesions prove to be
prostate cancer and not all cases of prostate cancer appear to be hypo-echoic, Terris et al,
examined 51 patients with normal DRE findings by TRUS before they underwent radical
cystoprostatectomy for transitional carcinoma of the bladder. The ultrasound findings
were compared to the pathological slides. In 8 patients a hypo-echoic lesion proved to be
cancer. Nine patients had abnormal TRUS findings but no cancer. Seven patients with
normal TRUS findings had prostate cancer. Based on these results the positive predictive
value 1s 47%, the sensitivity i3 53% and the specificity is 75% [96]. Lee and co-workers
biopsied 256 patients with a hypoechoic lesion and detected 104 cancers. The positive
predictive value of 41% decreased to 24% if DRE was normal, and to 12% if PSA was
below 4 ng./ml.. TRUS alone had a positive predictive value of 5% [97]. This is in line
with the observations within the American Cancer Society National Prostate Cancer
Detection Project. In this study the positive predictive value of TRUS at PSA levels
above 4 ng./ml. is significantly higher (33%) than that of DRE (27%). Under a PSA level
of 4 ng./ml. the positive predictive value of DRE and TRUS are similarly low
(respectively 6.4% versus 5.4%) [86]. This shows that if DRE and TRUS are used for the
detection of prostate cancer at PSA levels below 4 ng./ml. the additional value is limited.
This is also confirmed by the receiver operator characteristic curve analysis by Ellis et al..
PSA, DRE and TRUS were evaluated in 1,001 six-sector prostate needle biopsies. This
analysis showed that PSA is the best predictor for prostate cancer with an area under the
curve of 0.64. The areas for DRE and TRUS were 0.58 and 0.50 respectively [98]. Again
the additional value of DRE and TRUS under a PSA level of 4 ng./ml, was limited. DRE,
ot TRUS alone each detected 5 cancers of the total 253 cases at the cost of 133 additional

biopsies (13.3% of all biopsies performed).
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The role of TRUS in screening for prostate cancer is more controversial than the use of
DRE. I accordance with DRE it is 2 strongly investigator-dependent technique but
above all it is relatively expensive and time consumning, Undisputed however, is the value
of TRUS for the visualization of the prostate and in guiding the biopsy needle in the case

of systematic sextant biopsies.

Stage T1C prostate cancer
Through the combined use of PSA, DRE and TRUS in the diagnostic procedure for

detection of prostate cancer it became clear that some cases of prostate cancer are
neither visible, nor palpable and were identified by needle biopsy. This has led to a new
category in the TINM classification of prostate cancer: Stage T1C ie. tumor identified by
needle biopsy [99]. From the previously described autopsy series it became clear that
30% of men over 50 years of age harbor malignant cells within their prostates, Only a
small subset of these cancers form a threat to their host. One of the first questions that
rose was whether T1C tumors are different from incidental tumors found at autopsy?
Several authors have reported on the characteristics of T1C prostate cancer. Epstein et al,
described a case series of 157 consecutive men who underwent radical prostatectomy for
clinical stage T1C disease. Sixteen percent of tumors were considered as insignificant and
10% as minimal lesions, based on tumor volume and grade {106]. Stage T1C rumors
more closely resemble stage T2 cancers than they do incidental prostate cancers detected
at cystoprostatectomy. ‘Their volume is about 50 times greater [20,101,102], One
difference between T2 and T1C cancers was the gland size. The prostates hatboring T1C

cancers were significantly larger, which might explain the impalpability [103].

Improvement of the specificity of PSA based screening: Reducing the number of

biopsied men
A high PSA level, abnormal findings on DRE and/or TRUS increase the chance of

diagnosing prostate cancer in a screened man. At low or intermediate PSA levels the false
positive rate is high, which results in a high amount of unnecessary biopsies. The use of
DRE and TRUS will reduce the number of unnecessary biopsies however, stage T1C
prostate cancers that are not visible by TRUS or impalpable will be missed. T1C cancers
form a potentially curable subset that amounts to 25 to 40% of all cancers diagnosed

within most screening programs.
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Prostate Specific Antigen-Density (PSA-D

PSA as a screening test identifies more cases of prostate cancer than DRE and/ or
TRUS. A complicating factor in PSA based screening is the fact that elevated PSA levels
are caused by both benign prostate hyperplasia and prostate cancer. PSA alone is unable
to discriminate between these conditions. The finding that PSA levels are proportional to
the volume of benign prostate tissue and the volume of the cancer present [79] has led to
the assessment of PSA corrected for total prostate volume in an attempt to avoid
unnecessary biopsies. Babaian et al. found the suspicion for the presence of cancer to be
greater if the volume of the prostate measured through TRUS is smaller than 25cc at
elevated PSA levels {104, 105]. The results of Benson and co-waorkers suggest that the
quotient of PSA and the prostate volume may be useful in distinguishing prostate cancer
and BPH [106, 107). A ROC curve analysis for PSA-D in a prospective evaluation
suggested that the best cutoff point for biopsies was 2 PSA-D value of 0.15 ng./ml./cc.
Thus suggesting that the normal prostate volume at a PSA level of 4 ng./ml. is 26-cc
{108], which is in line with the findings of Babaian et al.. Littrup et al. concluded that
PSA-D was superior to other tests and test combinations, a 16-55% reduction of biopsies
could be achieved with a respective loss of otherwise diagnosed cancers of 4-25% [109].
Although there is some optimism, several authors have reported that the use of PSA-D
at a cut-off level of 0.15 results in half of the tumors being missed and that biopsies
should be indicated by PSA rather than by PSA-D [110-112]. Loss of cancers detected
not only depends on PSA-D threshold value but also on the characteristics of the
population. A ROC curve analysis by Ohoti and associates showed a higher specificity
for PSA-D but only in a small subset of patients, those with a PSA value >10 ng, /ml.
and PSA-D below 0.15 [113]. Sitnilar findings were obtained by Brawer et al [114].

The use of PSA-D will imptove the specificity at the cost of loss in cancer detection. It
may prove to be useful in well-defined subsets of screened men. One of the major
disadvantages of the use of PSA-D is that the prostate volume has to be measured by

trans-rectal ultrasound, which is time-consuming, and expensive.

Age specific reference ranges
PSA not only rises slowly with prostate volume, but also with age {115, 116}. In order to

make PSA a more discriminating tumor marker for detecting significant cancers in older
men and to find more potentially curable cancers in younger men Oesterling et al suggest

the use of four different PSA threshold values, 2.5 ng./ml; 3.5 ng./ml; 4.5 ng./ml. and
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6.5 ng./ml. in men in the fourth, fifth, sixth and seventh decade respectively. The use of
these ranges in men aged 60 years and older saved 5.5% of biopsies at the cost of 0.6%
of cancers detected [117]. The hospital records of 4,579 patients with stage T1C, T2 or
T3A prostate cancer who underwent radical prostatectorny were reviewed. Subsequent
simulation of apge specific reference ranges, showed an increase in detection of 18% in
younger men and a decrease in detection of 22% in the older men. Ninety-five percent of
missed cancers would have favorable pathological findings [118]. El-Galley et al.
concluded that the use of age adjusted PSA is the most valuable for patients over the age
of 70, of whom 22% would he spared TRUS with biopsy [119]. Catalona et al, however
found that the number of biopsies performed for the detection of one case of prostate
cancer remains constant over the age groups suggesting that the use of age specific
reference ranges does not enhance the specificity [84]. Purthermore, application of age
specific reference ranges in men 50 to 59 years old would have resulted in 2 45% increase
of biopsy indications and a projected increase of 15% in cancer detection. In the sixth
and seventh decade the increased PSA threshold level would save respective 15% and
44% of biopsies at the cost of respective 8% and 47% of organ confined tumors. This
study concludes that the use of PSA at a cut-off level of 4 ng./ml. is preferable.

Ratio of free and total prostate specific antigen (free/total ratio)

A major part of PSA in serum of prostate cancer patients occurs as a complex between
PSA and o;-antichymotrypsin (ACT). Patients with prostate cancer have a significantly
higher proportion of complexed PSA (PSA-ACT) than those with benign prostate
hyperplasia [120]. Thus, men with a relatively high free PSA are more likely to have
benign disease. The ability of the free to total ratio to discriminate prostate cancer and
benign prostate hyperplasia was demonstrated in a retrospective non-randomized analysis
[121]. This concerned well-defined cases of BPH: Men having a prostate volume of at
least 40cc and negative biopsies and men with biopsy proven prostate cancer and normal
gland volumes. The conclusion was that measurement of the percentage of free PSA
improves the specificity of prostate cancer screening in selected men. This has repeatedly
been confirmed in similarly designed studies. The results described in the paper of van
Cangh and associates {122] are in line with these observations however, they also point
out that the use of the free/total ratio in screening appears problematic due to the low
prevalence of prostate cancer. In fact, within the Rotterdam section of the European

Randomized study of Screening for Prostate Cancer (ERSPC), the discriminating ability
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of the free/total PSA ratio, at a cut off value of (.20, did only lead to a small
improvement of area under the receiver operating characteristics cutve which, due to
large numbers, was statistically significant [123]. The use of a free/total ratio of 0.18 in
addition to the PSA cut-off in the G&teborg (Sweden) site of the ERSPC would save
42% of biopsies at the cost of 12% of cancers detected (all men were biopsied if PSA
was greater than 3 ng./ml.). When compared to a PSA cut-off level of 4 ng./ml both
sensitivity and specificity improved by the use of a free/total ratio 0of 0.18 {124]. In a
subsequent study by Bangma et al. sitilar results were obtained in the PSA range
between 4 and 10 ng./ml.. The use of a free/total ratio of 0.20 or less in combination
with DRE would reduce the number of biopsies by 38% with 12% of carcinomas
remaining undetected. However, the combination of DRE and PSA-Density value of
0.12 or more shows an identical performance [125]. A major advantage of the use of the
free/total ratio above PSA-D lies in avoiding the use of trans-rectal ultrasonography.
Various cut-off levels for the free/total ratio have been suggested, varying between 0.15
and 0.21 [126], however, cut-off values for clinical practice have not yet been established.
It will be crucial if sensitivity is sacrificed, to understand what the contribution of

undetected tumors to the desired decrease of prostate cancer mortality might be.

Comment

The reduction of negative effects of false positive indications for prostate biopsies leads
inevitably to a decrease in prostate cancer detection. Knowledge of the cancers not
detected is limited, i.e. although these cancers are often locally confined it is unknown
whether they would be potentially lethal and not detecting these cancers would narrow
the window of opportunity within a screening program. The use of age specific reference
ranges seems to have litde impact on the number of false negative biopsy indications and
cancer detection but merely shifts the detection towards a younger age group. Since the
value of mass-screening for prostate cancer is unknown, it is questionable whether this
shift will improve the overall outcome of screening,

PSA-Density and the use of the free/total ratio of serum PSA will reduce the number of
false positive biopsy indications. Cut-off values will have to be further evaluated. The
major advantage of the use of the free/total ratio lies in the reduction of the workload by

omitting TRUS.
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TRUS guided systematic sextant biopsy

The use of TRUS with the possibility of taking multiple trans-rectal core biopsies of the
prostate using fast spring loaded biopsy devices has become the standard procedure in
the diagnosis of prostate cancer. The procedure is relatively safe and can be performed in
an outpatient setting without the use of anesthesia. Minor adverse effects that are often
reported are transient hematospermia and hematuria. Infection is a less innocent
complication and may lead to septicemia and even death [127, 128]. Fortunately these
complications are rare. Septicemia occurs in 0.3 to 3.5% of cases [129, 130]. Mortality has
only been described in case reports.

The data derived from the autopsy series and cystoprostatectomy series show that the
pool of prostate cancers is very large. The minority of these cancers is thought to bea
potential threat to the host.

One of the concerns in eatly detection of prostate cancer is the sensitivity of the biopsy
procedure. Terris et al. introduced the concept of systernatic sextant biopsy [131]. Of the
442 cancers detected in 816 patients only 10% had a tumorvolume less than 0.5 cc and
were thus considered insignificant, In a series of T1C cancers the percentage of
insignificant cases was 16% [100] indicating that although insignificant cases are detected,
the majority are considered large enough to be potentially dangerous (provided the
parameters in use are reliable).

Not detecting potentially dangerous cancers is also undesirable, Daneshgari et al.
calculated the probability of detecting low volume cancer with a total aggregate volume
of 0.034 to 5.1cc. They found that the size of the prostate as well as the size and
distribution of the lesions within the gland determine the chance of diagnosis by sextant
biopsy. The chance of missing tumor was 27%. Furthermore a needle angle of 30° gave
significantly better results than 45° or 60°. Sextant biopsies were superior to random
biopsies [132),

In a retrospective seties of 123 men a second sextant biopsy procedure within 6 months
revealed 28 additional (23%) cases of prostate cancer. Ten of these cases were found in
66 re-biopsied men in the PSA range between 4-10 ng./ml. [133]. The accuracy of
diagnosis may not only be related to the tumor volume but also to the gland volume in
which the tutnor resides. The positive-predictive values for a positive biopsy of PSA
greater than 4 ng./ml. was reduced from 54% to 14% when gland volume increased from

less than 20cc to greater than 100cc [134]. Uzzo et al. showed similar findings in a
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multivariate analysis that patients diagnosed with cancer had significantly smaller
prostates [135},

To itnprove the detection rate by biopsy and to reduce the sampling error Eskew, Bare
and McCullough [136] increased the number of biopsies according to the prostate
volume measured by TRUS. Thirteen to eighteen biopsies in a 5-region pattern are taken.
The detection increased with 35% using this concept. No significant difference was
found in tumor volume or Gleason score between the tumors found with the systematic
sextant biopsy pattern and those detected in the additional seties of biopsies. However, it
should be noted that these figures come from a small series that needs further

confirmation,

Prediction of stage, grade and insignificant disease

Several parameters are considered important in the prognosis of prostate cancer. Large
tumor volume, high grade of malignancy and extracapsular extension are associated with
2 poor prognosis. Since prostate cancer screening detects prostate cancer in more men
than are likely to experience disease progression it would decrease the uncertainty if the
stage, prade and extent of the tumor would be known before the choice of treatment.
Cases have been reported in which radical prostatectomy had been performed for biopsy

proven cancer and after examining the specimen no cancer was found {137].

Prediction of insignificant disease
Terris et al. {131] treated 17 patients with less than 3mm of well differentiated cancer in

one of six biopsies by radical prostatectomy, The tumorvolumes of these patients ranged
from 0.04 to 10.1 cc. Eleven of these seventeen patients {(65%) had volumes less than 0.5
cc. This ratio however, was reduced to 10% by taking a second set of sextant biopsies.
Ravery et al. stressed the fact that a single positive biopsy in six does not predict a low-
volume prostate cancer on an individual basis [138). Twenty-four radical prostatectomies
were performed for prostate cancer detected with one positive biopsy out of six,
Capsular penetration was present in 29% and seminal vesicle invasion in 8%. If less than
10% of the biopsy core length was invaded by tumor all were free of extracapsular
involvement. If the whole biopsy length was involved all patients had extracapsular
cancer. The volume of cancer in the biopsy specimen, as a predictor for the volume of
cancer in the radical prostatectomy specimen, was evaluated by Cupp and co-workers

[139]. Regression analysis revealed a direct correlation. However, of 13 patients with 5%
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or less cancer only 1 had a tumor volume less than 0.5 cc. They concluded that the
biopsy specimen does not provide enough information for decisions on an individual
basis. According to Epstein et al. insignificant tumor is predicted with 73% accuracy by a
PSA- Density of less than 0.1 and no adverse pathological finding on needle biopsy or a
PSA-D of 0.1 to 0.15 with less than 3 mm low to intermediate grade cancer in only one

needle biopsy core [140].

Prediction of grade
When the grade of the biopsy specimen is compared to the radical prostatectomy

specitmen, undergrading is common [141, 142]. Possible explanations ate: (1) The
tendency to undergrade limited amounts of Gleason pattern 3 or 4 on needle biopsy. (2)
The sampled nodule is correctly staged but multifocal higher-grade tumor is present
elsewhere. (3) Heterogeneity of the grade within the tumor nodule induces sampling
error [143]. The ability to predict tumor grade can be enhanced by considering the PSA
value and PSA density [144). Stll poorly differentiated prostate cancer is only identified
on biopsy in about 50% of cases [145].

Prediction of stage

The clinical stage is a poor predictor for the stage at radical prostatectomy {56). Capsular
penetration and seminal vesicle invasion can to some extent be predicted by the
preoperative serim PSA concentration, Gleason patterns and the percentage of cancer in
the biopsy specimen [146}. D'Amico and co-workers used the calculated prostate cancer
volume to predict capsular penetration in clinically localized disease [147]. PSA, prostate
volume and Gleason score are the parameters used. The formula was the result of a
logistic regression multivariate analysis on 104 radical prostatectomy specimens.

Partin et al. showed that the combination of Gleason score in the biopsy specimen,
clinical stage and PSA provide the best separation to preaict the final pathological stage.
The analysis of 703 men undergoing radical prostatectomy resulted in probability curves
and nomograms that can be helpful in making clinical recommendations for men with
clinically localized prostate cancer [148]. In the most recent report the clinical and
pathological data of 4133 men treated with radical prostatectomy in four different centers
were combined and the nomograms were updated. Tn the validation analysis, 72.4% of
the time the nomograms correctly predicted the probability of a pathological stage to

within 10% {149]. This will enable patients and physicians to make more informed
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treatment decisions. Nevertheless, the uncertainties around the pre-treatment evaluation
are not excluded by using these nomograms. The development of improved sampling

methods and better prognostic parameters is imperative.

Re-screening interval
The frequency of screening for any cancer is a compromise between unnecessary testing

and the subsequent effects of false-positive testresults and the risk of missing curable
cancet with less frequent testing, Prostate cancer screening has not been shown to be
useful but is subject to study. Still, screening upon request takes place and optimization
of all aspects of the detection procedure is desirable, Several studies have used a yearly
re-screening interval. Mettlin et al. [88] reported on the annual detection rates in the first
five years of the National Prostatic Cancer Detection Project of the American Cancer
Society. These were respective 2.8%; 2.0%; 1.1%; 2.1% and 1.9% in the first to fifth
screening round. In this study initially biopsies wete not routinely taken at PSA levels
above 4 ng./ml., later biopsies were taken if the elevated PSA could not be explained by
benign gland enlargement. This may explain the relatively high detection rate in
subsequent years. Cancers within the screening interval were not reported. Labrie et al.
[150] described an initial detection rate of 3.4% With the use of 2 PSA cutoff of 3
ng./ml,, DRE and TRUS. In the subsequent yearly visits the detection rates were 0.6%;
0.7% and 0.3% (TRUS was not used as a screening tool in the yearly re-screening visits).
Smith and associates [151] observed a decrease in detection frequency from 3% below
1% after 48 months using PSA based screening with a cutoff of 4 ng./ml. and six-
monthly re-screening, The proportion of clinically advanced cancer also decreased from
(% to 2%. The proportion of high-grade disease after surgery decreased from 11 to 6%.
No interval cancers were detected.

To our knowledge no reports on interval cancers in prostate cancer screening are
available which indicates that a one-year screening interval is too short. In a recent paper
by Carter et al. a 2-year screening interval is suggested for men with PSA levels less than
2 ng./ml.. This was based on the observations that (1) PSA conversions in prostate
cancer cases to greater than 5 ng./ml. when the initial level was less than or equal to 2
ng./ml. is rare (4%) within 2 years and (2) when the pretreatment PSA level is helow 5
ng./ml. prostate cancer is highly likely to be curable [152]. Determination of the proper

re-screening interval is mandatory. Answers may come from the European Randomized
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study of Screening for Prostate Cancer where a 4-year re-screening interval is used and

from further knowledge concerning PSA doubling time and tumor characteristics.
Treatment of prostate cancer

Early detection of prostate cancer can only be useful if treatment for localized prostate
cancer is effective. Furthermore, the previously described reports on the natural course
of clinically localized prostate cancer and deferred treatment seties may give the
imptession that treatment is not necessary. Three options for therapy are commonly
used: Radical prostatectomy, radiotherapy and deferred treatment or watchful waiting,
There is still discussion concerning the optimal management of localized prostate cancer,
In fact only two randomized treatment studies have been reported. The first study
compares radical prostatectomy and watchful waiting [153]. No difference in overall
survival after 15 years of follow-up was found. However, the study was never completed
and lacks the necessary power as was recognized by the authors. One third of the
included 142 patients were lost to follow-up and there was an imbalance in age between
the two groups, Furthermore staging of the lymphnode stats and bonescans were not
performed. The second study compares radical prostatectomy and radiotherapy [154] and
found a significantly lower progression rate after surgery. This study has also been
criticized on methodological grounds. The randomization procedure was not entirely
blinded, and the difference in the number of patients included in the treatment groups
{56 received radiation and 41 underwent radical prostatectomy) is unexplained. Recently
large randomized trials have been initiated to compare radical prostatectomy and
watchful waiting [155,156] but their results will not be available for at least another
decade.

The cutrent opinions regarding treatment are based on 3 combination of petsonal
observations and data from reports of uncontrolled studies. In absence of evidence
attempts have been made to develop practical guidelines for treatment of patients with
prostate cancer [157,158]. The outcome concerning survival and treatment complications
aliowed no conclusion, It was advised to use the information to inform newly diagnosed
patients about the treatment options,

Comparison between radical prostatectomy and radiotherapy is hampered by differences
in staging, Surgical staging includes a lymph-node dissection. In patients that are found to

have positive [ymphnodes a radical prostatectomy is not performed. Only a small
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percentage of men treated with radiotherapy undergo a lymphnode dissection. If the
lymphnode status is known to be negative the results of radiotherapy appear to be similar
to surgical series [159]: 85% of patients were free of local disease at 10 years and 15%
had died of PC. In a recent seties the 10 and 15 year actuarial survival was 63.7% and
49.6% respectively. The cause specific survival was 84.2% and 80% respectively [160].

A turther obstacle lies in the fact that prostate cancer is generally understaged at clinical
examination. The clinical stage and biopsy grade are poor predictors for the pathological
stage and grade. This might overestimate the benefit of radical prostatectomy, On the
other hand the results of radical prostatectomy may be underestimated because surgically
treated patients are usually younger and in better health. Albertsen et al. [34] have
demonstrated that existing co-morbid disease is highly predictive of overall survival
above and beyond patient age. Because of their lower mortality from other causes men
treated by radical prostatectomy would have a greater opportunity to have a cancer-
related death, This may lead to increased rates of metastases and death in surgjcally
treated men, which tay decrease apparent cancer-specific survival rates in compatrison

with other forms of therapy.

The results of radical prostatectomy in 2758 men with clinically localized prostate cancer
were assessed in a multi-institutional pooled analysis by Gerber et al. [161]. Tumor grade
appeared to be the most important preoperative factor in determining outcome, The
disease specific survival 10 years following surgery were: 94% for grade 1, 80% for grade
2 and 77% for grade 3 disease. Metastases free survival at 10 years was 87%; 68% and
53% for the respective grades. Lu-Yao and Yao have carried out a survey of 59,876
prostate cancer patients treated by radical prostatectomy, radiotherapy or watchful
waiting [162). Again the cancer grade significantly affects overall survival. Patients with
grade 3 disease had a much lower overall survival than their age-marched cohort in all
treatment groups. The 10-year disease specific survival was poor in all three treatment
groups as can be observed in table 4. The relative and disease specific survival however,
were higher in the radical prostatectomy and radiotherapy group than in the deferred
treatment group. The therapy options were assessed by intention to treat and treatment
received to reduce bias because of exclusion from therapy of patients with positive
lymphnodes. Staging, age and general health biases were not avoided. Compatison with
the age matched cohorts shows that patients undergoing surgery have a higher overall

survival than their age matched counterparts. This may be due to selection of healthier
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patients for radical prostatectomy but it can not be excluded that the higher disease
speciﬁ-c survival within this group also plays a role. Adequate adjustment for comorbidity
is essential in comparison of overall mortality across treatment groups but its impact on
prostate cancet specific survival is modest [34]. Thus the observed differences between
the treatment options should be interpreted with caution.

Since grade 3 disease is associated with low disease specific survival whatever the
treatment chosen, the question rises whether grade 3 disease is curable? Partin et al. [163]
studied the outcome of 72 men with Gleason score 8-10 on needle biopsy. Twenty-nine
of these men had positive lymphnodes. In the remaining men the actuarial likelihood of
having undetectable serum PSA at 5 years was 43%. It was concluded that if the
lymphnodes are negative, men with high-grade disease are suitable candidates for radical
prostatectomy. With the proper evaluation some of the most aggressive tumors can be

cured [164, 165].

Intention to treat Treatwient received

Rp Rt Wawa Rp Re Wanwa

G1 |94 (9195 90 (87-92) 93 (91-94) |98 (97-99) 89 (87-92) 92 (90-93)
G2 | 87(85-89) 76 (72-79) 77 (74-80) |91(89-93) 47177 76 (73-78)
G3 | 67(6271) 53 (47-58) 45 (40-51) |76 (71-80)  52(46.57) 43 (38.48)

Table 4:

10-year disease specific survivalpercentage with 95% confidence interval, in patients with cinically
localiged prostate cancer by intention to treat and treatment received, (La-Yao, Lancet 349, 1997

(162])

Abbreviations:

Rp=Radical prostatectonyy; Rt=Radiotherapy; WalWa=Watchfil waiting; G1 =Well differentiated;
G2=Moderately differentiated; G3=Poorly differentiated.

Adverse effects from treatment
Quality of life after cancer treatment has become a major issue in the choice of

treatment. However, quality of life is not easy to assess. Litwin and co-workers used
validated Health Related Quality Of Lite (HRQOL) measures and new prostate —targeted
items in three treatment groups ( Radical prostatectomy (98 men); radiotherapy (56 men)
and observation alone (60 men)) and compared the findings with an age matched cohort
(273 men ). They concluded that no differences were seen in general HRQOL., The
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sexual, urinary and bowel function score in the disease-targeted HRQOL in both
treatment groups differed significantly from the control group. The difference in scores
between surgery and radiotherapy was not significant. The patients in the observation
group expetienced significantly more role limitations due to emotional problems than
both treatment groups [166].

Incontinence, erectile dysfunction and bowel problems are often reported as adverse
effects after treatment for prostate cancer. Table 5 shows a summary of four reports on
adverse effects [167-170]. Variations seen depend strongly on criteria and methods of
evaluation. Potency seems to be better preserved in patients receiving radiotherapy. In a
report by Bagshaw et al, [171] on 900 patients treated by radiotherapy, potency was
preserved in 86% of patients post-treatment and 50% of patients maintained erectile
function 7 years post-therapy, Incontinence is more frequent in surgically treated patients

whereas bowel problems are more pronounced in patients treated with radiotherapy.

Wasson Fowler Davidson  Walh

[166] [167] [168} [169]
Therapy. Radiation  Surgery  surgery  Surgery  Surgery
Mortality. 0.2% 1.1% 0.6% 1.5% -
Any incontinence, 6.1% 26.6% 30% 5.9% 8%
Complete incontinenceor ~ [1.2% 6.8% 6% 6% 0.3%
artificial sphincter implant.
Any bowel injury. 11.4% 2.7% - - -
Bowel injury requiring long- {2.3% 1.3% - - -
term treatment,
Stricture. 4.5% 124% 20% 32%
Impotence. 41.4% 84.6% 61% 57% 2%

Table 5

Sunmary of four reports on adverse gffects after freatmient for prostale cancer.
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Risks of screening

Serious complications of venous puncture, rectal examination and trans rectal uitrasound
have not been described. The screeningtests are generally well accepted. The patients
acceptance of the ultrasound guided trans-rectal biopsy procedure is very high, 70 to
92% of patients report no significant pain or discomfort during the biopsy procedure
[172-174]}. A process evaluation was carried out within the European Randomized study
of Screening for Prostate Cancer [£75). This showed that 95% of all participants is willing
to be re-screened. This indicates that patients are not experiencing too much discomfort
from the screening procedure, The complications of the biopsy procedure have been
described previously, as are the complications of treatent for prostate cancer. A second
survey carried out by Fowler et al. [176] showed that 89% of patients would choose
surgery again in spite of significant adverse effects. Eighty-one percent appreciated the
treatment as positive. Expectant management is shown to increase anxiety among

patients.
Comment

Considering the incidence and mortality of prostate cancer this disease forms a
significant health problem. Furthermore, the impact of the disease is expected to increase
in the near future because of the aging population and increasing awareness.

Once prostate cancer has spread beyond the prostate cure is generally impossible. The
best treatment option is still under discussion, randomized studies are on their way but
results are not expected within a decade.

It has been shown that early detection is technically possible but the optimal screening
strategy has not been determined yet,

Stage reduction of screen detected prostate cancer has been desctibed. This however,
does not prove that eatly detection provides evidence for a cancer mortality decrease.
Prostate cancer treatment is not successful in all cases. Lead- and length-time bias are
closely related to the phenomenon of stage reduction.

The prevalence of prostate cancer in autopsy studies is high. It is estimated that 10 to
25% of these insignificant cancers are detected by the current diagnostic tests [37).
However, the detection of prostate cancer in the population is 4 to 5 times higher than

the incidence of clinically diagnosed prostate cancer. More men ate treated for the
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disease than are at risk of dying from it. Part of the subsequent treatment may be
considered overtreatment. Men who would not have died from the disease have a high
chance of having to live with the adverse effects of treatment. However, it has been
shown that men are willing to trade the reduction of risk of prostate cancer refated death
and meortality for adverse effects [176].

The prostate cancer incidence in the U.S.A. has risen dramatically, which is mainly
explained by the increased awareness and eatly detection activities [8,9]. Recently declines
in incidence have been reported in the Utah and Connecticut center of the Surveillance
Epidemioclogy and End Result study areas of the National Cancer Institute of the United
States (SEER) [177,178]. Furthermore a 6.3% decrease in prostate cancer mortality was
observed [179]. This was mote pronounced in men under age 75. In fhi;s group the
dechine was 7.4% whereas the decline in men over 75 amounted 3.1%. There has been no
explanation for this phenoménon. The possibility that this trend is the result of eatly

detection and treatment can not be excluded at this time.
Conclusion

At this moment it is unknown whether prostate cancer screening will reduce the
mortality from this disease. This will have to be demonstrated in large prospective
randomized studies such as the ones initiated in Europe and the United States of
America [180].

Results however, are expected to be available about ten years from now in 2008, Men
who wish to be screened should be carefully informed about the risks, adverse effects

and potential benefits.

46



Chapter I

References

L.

19.

11.

12.

13.

14.

15.

16.

Schréder FH, Boyle P. Screening for prostate cancer: necessity or nonsense? Eur
J Cancer 1993; 29A(5): 656-61.

Chodak GW. Questoning the value of screening for prostate cancer in
asymptomatic men. Urology 1993; 42(2):116-8.

Collins MM, Bartry M]. Controvetsies in prostate cancer screening. Analogies to
the eatly lung cancer screening debate. JAMA 1996; 276(24): 1976-9.

American Urological Association: Position statement. Annual meeting, May 1993.
American Cancer Society. Position statement. Annual meeting, May 1993

Adami HQ, Baron JA, Rothinan KJ. Ethics of a prostate cancer screening trial,
Lancet 1994; 343: 958-60.

Visser O, Coebergh JWW, Schouten LJ, Dijck JAAM van. Incidence of cancer in
the Netherlands 1994: The sixth report of the Netherlands cancer registry.
Utrecht: SIG Health Care Information, 1997,

Lu-Yao GL, Greenberg ER. Changes in prostate cancer incidence and treatment
in USA. Lancet 1994; 343: 251-4,

Potosky AL, Miller BA, Albertsen PC, Kramer BS. The role of increasing
detection in the rising incidence of prostate cancer, JAMA 1995; 273(7): 548-52.

Meller Jensen O, Estéve ], Moller H, Renard H. Cancer in the European
Community and its member states, Bur ] Cancer 1990; 26: 1167-1256.

Boyle P, Maisonneuve P, Napalkov P. Geographical and temporal patterns of
incidence and mortality from prostate cancer. Urology 1995; 46(3 Suppl A):47-55.

Seidman H, Mushinski MH, Gelb SK, Silverberg E., Probabilities of eventually
developing or dying of cancer--United States, 1985. CA Cancer J Clin 1985; 35(1):
36-506.

Wilson JMG, Jungner G. Principles and practice of screening for disease.
Geneva: WHO, 1968: Public Health Paper No. 34,

Franks LM, Latent carcinoma of the prostate. } Pathol Bacteriol 1954; 68: 603-16.

Gaynor EP. Zur frage des prostatakrebs. Virchow’s Arch Path Anat 1938; 301:
602-52.

Holund B. Latent prostate cancer in a consecutive autopsy series. Scand | Urol
Nephrol 1980; 14: 29-35.

£7



Scrvening for prostate cancer: More guestions than ansiwery

11.

18.

19.

20.

21

22,

23,

24,

25.

26.

27.

28.

48

Sake WA, Haas GP, Cassin BF, Pontes JE, Crissman JD. The frequency of
carcinoma and intraepithelial neoplasia of the prostate in young male patients. J
Urol 1993; 150(2 Pt 1): 379-85.

Montie JE, Wood DP, Pontes JE, Boyett JM, Levin HS. Adenocarcinoma of the
prostate in cystoprostatectomy specimens removed for bladder cancer, Cancer
1989; 63(2): 381-385,

Kabalin JN, McNeal JE, Price HM, Freiha FS, Stamey TA. Unsuspected
adenocarcinoma of the prostate in patients undergoing cystoprostatectomy for
other causes: incidence, histology and morphometric observations. J Urol 1989;
141(5): 1091-4,

Ohori M, Wheeler TM, Dunn JK, Stamey TA, Scardino PT. The pathological
features and prognosis of prostate cancer detectable with current diagnostic tests,
J Urol 1994; 152(5 Pt 2): 1714-20.

Stamey TA, Freiha FS, McNeal JE, Redwine EA, Whittemore AS, Schmid HP.
Localized prostate cancer. Relationship of tumor volame to clinical significance
for treatment of prostate cancer. Cancer 1993; 71(3 Suppl): 933-8.

Surveillance, Epidemiology and End Results. Incidence and mortality data: 1973-
1977. Bethesda (MD): National Cancer Institute Monograph 57; 1981;
publication No (NIH) 81-2330.

Murphy GP, Natarajan N, Pontes JE, et al. The national survey of prostate
cancer in the United States by the American Coltege of Surgeons. J Urol 1982;
127(5): 928-34.

Visser O, Horenblas 8. Incidentie en behandeling van prostaatcarcinoom in de
regio van het integraal kankercentrum Amsterdam, 1989-1994. Ned Tijdschr
Geneeskd 1996; 140(52): 2627-31.

Schellhammer PF, Sharifi R, Block NL, Soloway MS, Venner PM, Patterson

AL, Sarosdy MF, Vogelzang NJ, Schellenger J], Kolvenbag GJ. Clinical benefits of
bicalutamide compared with flutamide in combined androgen blockade for
patients with advanced prostatic carcinoma: final report of a double-blind,
randomized, multicenter trial. Casodex Combination Study Group. Urology 1997;
50: 330-6.

Bumpus HC. Carcinoma of the prostate. A clinical study of one thousand cases.
Surg Gynecol Obstet 1926; 46: 150-155.

Nesbit RM, Plumb RT. Prostatic carcinoma. A follow-up on 795 patients treated
prior to the endocrine era and a comparison of survival-rates between these and
patients treated by endocrine therapy. Surgery 1946; 20: 263-72,

Handley R, Carr TW, Travis D, Powell PH, Hall RR. Deferred treatment for
prostate cancer. Br § Urol 1988; 62(3): 249-53,



29,

30.

31.

31

33.

34,

35,

36.

37.

38.

39,

40.

41.

42.

Chapter I

Johansson JE, Adami HO, Andersson SO, Bergstrom R, Holmberg L, Krusemo
UB. High 10-year survival rate in patients with early, untreated prostatic cancer.
JAMA 1992; 267(16): 2191-6.

Johansson JE. Expectant management of eatly stage prostatic cancer: Swedish
experience. } Urol 1994; 152(5 Pt 2): 1753-6.

Johansson JE, Holmberg L, johansson S, Betgstrom R, Adami HO. Fifteen-year
survival in prostate cancer. A prospective, population-based study in Sweden.
JAMA 1997; 277(6): 467-71.

Chodak GW, Thisted RA, Gerber GS, Johansson JE, Adolfsson J, Jones GW,
Chisholm GD, Moskovitz B, Livne PM, Warner J. Results of conservative
management of clinically localized prostate cancer. N Engl § Med 1994; 330: 242-
8.

Aus G, Pileblad E, Hugosson J. Impact of competing mortality on the cancer-
related mortality in localized prostate cancer. Urology 1995; 46(5): 672-5.

Albertsen PC, Fryback DG, Storer BE, Kolon TF, Fine J. Long-term survival
among men with conservatively treated localized prostate cancer. JAMA 1995;
274(8): 626-31.

Schmid HP, McNeal JE, Stamey TA. Clinical observations on the doubling time
of prostate cancer. Eur Urol 1993; 23(Suppl 2): 60-3.

Schrid HP, McNeal JE, Stamey TA. Observations on the doubling time of
prostate cancer. The use of serial prostate-specific antigen in patients with
untreated disease as a measure of increasing cancer volume, Cancer 1993; 71(6):
2031-40.

Ohori M, Scardino PT. Early detection of prostate cancet: the nature of cancers
detected with current diagnostic tests. Semin Oncol 1994; 21(5): 522-6.

Scarding PT, Weaver R, Hudson MA, Early detection of prostate cancer. Hum
Pathol 1992; 23(3): 211-22.

McNeal JE, Bostwick DG, Kindrachuk RA, Redwine EA, Freiha FS, Stamey TA.
Patterns of progression in prostate cancer. Lancet 1986; 1: 60-3,

McNeal JE, Villers AA, Redwine EA, Freiha FS, Stamey TA. Histologic
differentiation, cancer volume, and pelvic lymph node metastasis in
adenocarcinoma of the prostate. Cancer 1990; 66{G): 1225-33.

Breslow N, Chan CW, Dhom G, Drury RAB, Franks LM, Gellei B, Lee YS,
Lundber S, Sparke B, Sternby NH, Tulinius H. Latent carcinoina of the prostate
at autopsy in seven areas. Int ] Cancer 1977; 20: 680-688.

Haenszel W and Kurihara MI. Mortality from cancer and other discases among
Japanese in the United States. ] Natl Cancer Inst 1968; 40: 43-68

49



Scrvening for prostate cancer niove questions than ansivers

43,

44,

45,

46.

47,

48.

49.

50.

51.

52.

53.

54.

55.

56.

50

Mills PK, Beeson WL, Phillips RL, Fraser GI.. Cohort study of diet, lifestyle, and
prostate cancer in Adventist men. Cancer 1989; 64(3): 598-604.

Clinton SK, Emenhiser C, Schwartz §J, Bostwick DG, Williarns AW, Moore Bj,
Erdman JW, Jr cis-trans lycopene isomers, carotenoids, and retinol in the human
prostate. Cancer Epidemiol Biomatkers Prev 1996; 5: 823-33.

Giovannucci E, Ascherio A, Rimm EB; Stampfer M], Colditz GA, Willett WC.
Intake of catotenoids and retinol in relation to risk of prostate cancer. | Natl
Cancer Inst 1995; 87(23): 1767-76.

Rao GN. Influence of diet on tumors of hormonal tissues. Prog Clin Biol Res
1996; 394: 41-56.

Gann PH, Hennekens CH, Sacks FM, Grodstein F, Giovannucci EL, Stampfer
M]J. Prospective study of plasma fatty actds and tisk of prostate cancer, ] Nat
Cancer Inst 1994; 86: 281-6.

Wang Y, Corrt JG, Thaler HT, 'Tac Y, Fait WR, Heston WD. Diecreased growth
of established hurman prostate LNCaP tumors in nude mice fed a low-fat diet, J
Natl Cancer Inst 1995; 87(19): 1456-62.

Bastacky SI, Wojno KJ, Walsh PC, Carmichael M], Epstein JI. Pathological
features of hereditary prostate cancer. J Urol 1995; 153(3 Pt 2): 987-92.

Steinberg GD, Carter BS, Beaty TH, Childs B, Walsh PC. Family history and the
risk of prostate cancer, Prostate 1990; 17(4): 337-47.

Tsukamoto $, Akaza I, Onozawa M, Imade S, Tsukuba, Shirai T.
Chemoprevention of rat prostate carcinogenesis by use of finasteride or casodex:
A study of dose finding [Abstract 886]. ] Urol 1997; 157(4): 227.

Pienta KJ, Esper PS, Zaas F, Krzeminski R, Flaherty LE. Phase I1
chemoprevention trial of oral fenretinide in patients at risk for adenocarcinoma
of the prostate. Am ] Clin Oncol 1997; 20(1): 36-39.

Brawley OW, Ford LG, Thompson T, Periman A, Kramer BS. 5-Alpha-
reductase inhibition and prostate cancer prevention. Cancer Epidemiol
Biomarkers Prev 1994; 3(2): 177-82.

Brawley OW, Thompson IM, Chemoprevention of prostate cancer. Urology
1994; 43(5): 594-9.

Mettlin C, Natarajan N, Murphy GP. Recent patterns of care of prostate cancer
patients in the United States: results from the surveys of the American college of
Surgeons Commission on Cancer. Int Adv Surg Oncol 1982; 5: 277-321,

Rosen MA, Goldstone L, Lapin S, Wheeler T, Scardino PT. Frequency and
location of extracapsular extension and positive surgical margins in radical
prostatectomy specimens, J Urol 1992; 148: 331-337.



57.

58.

59.

60

61.

62.

63.

64.

65.

66,

67.

68.

69,

Chapter I

Stamey TA, Ferrari MK, Schmid HP, The value of serial prostate specific antigen
determinations 5 years after radiotherapy: steeply increasing values characterize
80% of patients. J Urol 1993; 150(6): 1856-9.

Catalona WJ, Smith DS, Ratliff TL, Dodds KM, Coplen DE, Yuan JJ, Petros JA,
Andriole GL. Measutement of prostate-specific antigen in serum as a screening
test for prostate cancer. N Engl ] Med 1991; 324: 1156-61.

Catalona WJ, Smith DS, Ratliff TL, Basler JW. Detection of organ-confined
prostate cancer is increased through prostate-specific antigen-based screening,
JAMA 1993; 270(8): 948-54.

Catalona W], Richie JP, Ahmann FR, Hudson MA, Scardino PT, Flanigan RC,

deKernion JB, Ratliff TL, Kavousst LR, Dalkin BL, et al. Comparison of digital
rectal examination and serum prostate specific antigen in the eatly detection of
prostate cancer: results of a multicenter clinical trial of 6,630 men. ] Urol 1994;

151: 1283-90.

Mettlin C, Murphy GP, Lee F, Littrup PJ, Chesley A, Babaian R, Badalament R,
Kane RA, Mostofi FK. Characteristics of prostate cancer detected in the
American Cancer Society-Nattonal Prostate Cancer Detection Project. J Urol
1994; 152: 1737-40.

Gann PH, Hennekens CH, Stampfer MJ. A prospective evaluation of plasma
prostate-specific antigen for detection of prostatic cancer. JAMA 1995; 273(4):
289-94,

Watanabe H, Katho H, Tanaka M, Terasawa Y. Diagnostic application of
ultrasonotomography to the prostate. Invest Urol 1971; 8(5): 548-59.

Watanabe H, Igari D, Tanahashi Y, Harada K, Saitoh M. Transrectal
ultrasonotomography of the prostate. | Urol 1975; 114: 734-739,

Wang MC, Valenzuela LA, Murphy GP, Chu TM. Purification of a human
prostate specific antigen. Invest Urol 1979; 17(2): 159-63.

Lilja H, Laurell CB. Liquefaction of coagulated human semen. Scand J Clin
Invest 1984; 44: 447-52,

Lepor H, Wang B, Shapiro E. Relationship between prostatic epithelial volume
and serum prostate-specific antigen levels. Urology 1994; 44(2): 199-205.

Elgamal AA, Ectors NL, Sunardhi-Widyaputra S, Van Poppel HP, Van Damme
BJ, Baert LV. Detection of prostate specific antigen in pancreas and salivary
glands: a potential impact on prostate cancer overestimation. J Urol 1996; 156(2
Pt 1): 464-8.

Graves HCB. Nonprostatic sources of prostate-specific antigen: a steroid
hormone dependent phenomenon? Clin Chem 1995; 41: 7-9.

51



Scrvening for prostate cancer: Hore questions than answers

70.

71.

72,

73.

4.

75.

76.

17

18.

79.

0.

81.

82.

52

Agha AH, Schechter E, Roy JB, Culkin DJ. Prostate specific antigen i3
metabolized in the liver. J Urol 1996; 155: 1332-35,

Aus G, Bergdahl S, Frosing R, Lodding P, Pileblad E, Hugosson J. Reference
range of prostate-specific antigen after trans-urethral resection of the prostate.
Urology 1996; 47(4): 529-31.

Yuan JJ], Coplen DE, Petros JA, Figenshau RS, Ratliff TL, Smith DS, Catalona
W]. Efects of rectal examination, prostatic massage, ultrasonography and needle
biopsy on serum prostate specific antigen levels, J Urol 1992; 147: 810-14,

Breul J, Binder K, Block T, Hartung R. Effect of digital rectal examination on
serumn concentration of prostate-specific antigen. Eur Urol 1992; 21(3): 195-9.

Tchetgen MB, Song JT, Strawderman M, Jacobsen SJ, Qesterling JE. Ejaculation
increases the serum prostate-specific antigen concentration. Urology 1996; 47(4):
511-6.

Herschman JD, Smith 1§, Catalona WJ. Efffect of ejaculation on serum total and
free prostate-specific antigen concentrations, Urology 1997; 50(2): 239-43.

Kirkali Z, Kirckali G, Fsen A. Effect of ejaculation on prostate-specific antigen
levels in normal men. Eur Urol 1995; 27: 292-94,

Netto NR, Jr, Apuzzo F, de Andrade E, Srulzon GB, Cortado PL, Lima ML. The
effects of ejaculation on serum prostate specific antigen. J Urol 1996; 155(4):
1329-31.

Simak R, Madersbacher S, Zhang ZF, Maier U. The impact of ejaculation on
serum prostate specific antigen. ] Urol 1993; 150(3): 895-7.

Stamey TA, Yang N, Hay AR, McNeal JE, Freiha Fs, Redwine E. Prostate-
specific antigen as a serum marker for adenocarcinoma of the prostate. N Engl |
Med 1987; 317: 909-16.

Stamey TA, Kabalin JN, McNeal JE, Johnstone IM, Freiha F, Redwine EA, Yang
N. Prostate specific antigen in the diagnosis and treatment of adenocarcinoma of
the prostate. IL Radical prostatectormy treated patients. | Urol 1989; 141: 1076-
B3,

Parkes C, Wald NJ, Murphy P, George L, Watt HC, Kirby R, Knekt P,
Helzlsouer KJ, Tuomilehto ]. Prospective observational study to assess value of
prostate specific antigen as screening test for prostate cancer. BMJ 1995; 311:
1340-3.

Whittermnore AS, Lele C, Friedman GD, Stamey T, Vogelman JH, Orentreich N.
Prostate-specific antigen as predictor of prostate cancer in black men and white
men. | Natl Cancer Inst 1995; 87(5): 354-690.



83.

84.

85.

86.

&7.

88,

89.

90.

91.

92,

93.

94,

Chapter 1

Stenman UH, Hakama M, Knekt P, Aromaa A, Teppo L, Leinonen J. Serumn
concentrations of prostate specific antigen and its complex with alpha 1-
antichymotrypsin before diagnosis of prostate cancer. Lancet 1994;
344(8937):1594-98,

Catalona W, Hudson MA, Scardino PT, Richie JP, Ahmann FR, Flanigan RC,
deKernion JB, Ratliff TL, Kavoussi LR, Dalkin BL, et al. Selection of optimal
prostate specific antigen cutoffs for early detection of prostate cancer: receiver
operating characteristic curves. ] Urol 1994; 152: 2037-42.

Labrie F, Dupont A, Suburu R, Cusan L, Tremblay M, Gomez JL, Emond J.
Serum prostate specific antigen as pre-screening test for prostate cancer. ] Urol
1992; 147: 846-51.

Babaian R], Mettlin C, Kane R, Murphy GP, Lee F, Drago JR, Chesley A. The
relationship of prostate-specific antigen to digital rectal examination and
transrectal ultrasonopraphy. Findings of the American Cancer Society National
Prostate Cancer Detection Project. Cancer 1992; 69: 1195-200.

Mettlin C, Lee T, Drago J, Murphy GP. The Ametican Cancer Society National
Prostate Cancer Detection Project. Findings on the detection of eatly prostate
cancer in 2425 men, Cancer 1991; 67(12): 2949-58,

Metthin C, Murphy GP, Babaian RJ, Chesley A, Kane RA, Littrup PJ, Mostoft
FK, Ray PS, Shanberg AM, Toi A. The results of a five-year early prostate cancer
detection intervention. Investigators of the American Cancer Society National
Prostate Cancer Detection Project. Cancer 1996; 77: 1509,

Gustafsson O, Norming U, Almgard LE, Fredriksson A, Gustavsson G, Harvig
B, Nyman CR. Diagnostic methods in the detection of prostate cancer: a study of
a randotnly selected population of 2,400 men. J Urol 1992; 148: 1827-31.

Crawford ED, DeAntoni EP, Etzioni R, Schaefer VC, Olson RM, Ross CA.
Serum prostate-specific antigen and digital rectal examination for early detection
of prostate cancer in a national community-based program. ‘The Prostate Cancer
Education Council, Urology 1996; 47(6): 863-9.

Cooner WH, Mosley BR, Rutherford CL, Jr, Beard JH, Pond HS, Terry W], Igel
TC, Kidd DD. Prostate cancer detection in a clinical urclogical practice by
ultrasonography, digital rectal examination and prostate specific antigen. } Urol
1990; 143: 1i46-52.

Chodak GW, Kelter P, Schoenberg HW. Assessment of screening for prostate
cancer using the digital rectal examination. J Urol 1989; 141(5): 1136-8.

Pedersen KV, Catlsson P, Varenhorst E, Lofinan O, Berglund K. Screening for
carcinoma of the prostate by digital rectal exatnination in a randomly selected
population, BMJ 1991, 300: 1041-4.

Smith DS, Catalona W], Interexaminer vatiability of digital rectal examination in
detecting prostate cancer. Urology 1995; 45(1): 70-4.

53



Servening for prostate cancer: nore questions than answers

95.

96.

97.

98.

99.

100.

101,

102.

103.

104,

105.

106.

107,

54

Lee F, Gray JM, McLeaty RD, Meadows TR, Kumasaka GH, Borlaza GS, Straub
WH, Lee F, Jr, Solomon MH, McHugh TA. Transrectal ultrasound in the
diagnosis of prostate cancer: location, echogenicity, histopathology, and staging.
Prostate 1985; 7: 117-29.

Terris MK, Freiha IS, McNeal JE, Stamey TA. Efficacy of transrectal ultrasound
for identification of clinically undetected prostate cancer. | Urol 1991; 146(1): 78-
83.

Lee F, Torp-pedersen S, Littrup PJ, McLeary RD, McHugh TA, Smid AP, Stella
PJ, Borlaza GS. Hypoechoic lesions of the prostate: Clinical relevance of tumor
size, Digital rectal examination and prostat specific antigen. Radiology 1989; 170:
29-32,

Ellis WJ, Chetner MP, Preston SD, Brawer MK. Diagnosis of prostatic
carcinoma: the yield of serum prostate specific antigen, digital rectal examination
and transrectal ultrasonography. J Urol 1994; 152(5 Pt 1}: 1520-5.

Schrder FH, Hermanek P, Denis L, Fair WR, Gospodarowicz MK, Pavone-
Macaluso M. The TNM classification of prostate cancer. Prostate Suppl 1992; 4:
129-38.

Epstein JI, Walsh PC, Carmichael M, Brendler CB. Pathologic and clinical
findings to predict tumor extent of nonpalpable (stage Tlc) prostate cancer,
JAMA 1994; 271(5): 368-74.

Brendler CB, Characteristics of prostate cancer found with early detection
regimens. Urology 1995; 46(3 Suppl A): 71-6.

Matthews GJ, Fracchia JA. PSA-detected prostate cancer: contrasts with palpable
disease. J Surg Oncol 1995; 59(1): 28-30.

Oesterting JE, Suman V], Zincke H, Bostwick DG. PSA-detected (clinical stage
Tlc ot BO) prostate cancer. Pathologically significant tumors, Urol Clin North
Am 1993; 20(4): 687-93.

Babaian R], Fritsche HA, Bvans RB. Prostate-specific antigen and prostate gland
volume: correlation and clinical application, J Clin Lab Anal 1990; 4(2): 135-7.

Babaian RJ, Miyashita H, Evans RB, Ramirez EI. The distribution of prostate
specific antigen in men without clinical or pathological evidence of prostate
cancer: relationship to gland volume and age. ] Urol 1992; 147(3 Pt 2): 837-40.

Benson MC, Whang IS, Olsson CA, McMahon DJ, Cooner WH, The use of
prostate specific antigen density to enhance the predictive value of intermediate
levels of serum prostate specific antigen. J Urol 1992; 147(3 Pt 2): 817-21.

Benson MC, Whang IS, Pantuck A, Ring K, Kaplan SA, Olsson CA, Cooner
WH. Prostate specific antigen density: a means of distinguishing benign prostatic
hypertrophy and prostate cancer. J Urol 1992; 147: 815-6.



108,

109.

110

it1.

112,

113.

114,

115.

116.

117,

118,

Chapter T

Bazinet M, Meshref AW, Trudel C, Aronson S, Peloquin F, Nachabe M, Flhilali
MM. Prospective evaluation of prostate specific antigen density and systernatic
biopsies for eatly detection of prostatic carcinoma. Urology 1994; 43: 44-52

Littrup P}, Kane RA, Mettlin CJ, Murphy GP, Lee F, Toi A, Badalament R,
Babaian R. Cost-effective prostate cancer detection. Reduction: of low-yield
biopsies. Investigators of the American Cancer Society National Prostate Cancer
Detection Project. Cancer 1994; 74: 3146-58

Catalona W], Richie JP, deKernion ]B, Ahmann FR, Ratliff TL, Dalkin BL,
Kavoussi LR, MacFarlane MT, Southwick PC. Comparison of prostate specitic
antigen concentration versus prostate specific antigen density in the early
detection of prostate cancer: receiver operating characteristic curves. J Urol 1994;
152: 2031-6.

Cookson MS, Floyd MK, Ball TP, Jr, Miller EK, Sarosdy MF. The lack of
predictive value of prostate specific antigen density in the detection of prostate
cancer in patients with nortnal rectal examinations and intermediate prostate
specific antigen levels. J Urol 1995; 154(3):1070-3.

Bare R, Hart L, McCullough DL. Correlation of prostate-specific antigen and
prostate-specific antigen density with outcome of prostate biopsy. Urclogy 1994;
43(2): 191-6.

Ohort M, Dunn JK, Scardino PT. Is prostate-specific antigen density more useful
than prostate-specific antigen levels in the diagnosis of prostate cancer? Urology
1995; 46(5): 666-71.

Brawer MK, Aramburu EA, Chen GL, Preston SD, Ellis WJ. The inability of
prostate specific antigen index to enhance the predictive value of prostate specific
antigen in the diagnosis of prostatic carcinoma. J Urol 1993; 150(2 pt 1): 369-73.

Bosch JL, Hop WC, Bangma CH, Kirkels W7, Schréder FH. Prostate specific
antigen in 2 community-based sample of men without prostate cancet:
correlations with prostate volume, age, body mass index, and symptoms of
prostatism, Prostate 1995; 27(5): 241-9.

Qesterling JE, Jacobsen SJ, Chute CG, Guess HA, Girman C), Panser LA, Lieber
MM, Serum prostate-specific antigen in a comnmunity-based population of
healthy men. Establishment of age-specific reference ranges. JAMA 1993; 270:
860-4.

Oesterling JE, Jacobsen 8], Cooner WH. The use of age-specific reference ranges
for serum prostate specific antigen in men 60 years old or older. ] Urol 1995;
153(4): 1160-3.

Partin AW, Criley SR, Subong EN, Zincke H, Walsh PC, Oestetling JE. Standard
versus age-specific prostate specific antigen reference ranges among men with
clinically localized prostate cancer: A pathological analysis. J Urol 1996; 155(4):
1336-9.

55



J ) CANCER estions 4 ;
Screening for prostate cancer: more guestions than ansiers

119.

120.

121,

122.

123.

124,

125.

126,

127.

128.

129.

130.

56

el-Galley RES, Petros FRCS, Sanders WH, Keane TE, Galloway NTM, Cooner
WH, Graham jr SD. Normal range prostate specific antigen versus age specific
prostate specific antigen in screening prostate adenocarcinoma, Urology 1995; 46:
200-4,

Stenman UH, Leinonen J, Alfthan H, Rannikke S, Tuhkanen K, Alfthan O, A
complex between prostate specific antigen and al-antichimotrypsin is the major
form of prostate specific antigen in serum of patients with prostatic cancer: Assay
of the complex improves clinical sensitivity for cancer. Cancer Res 1991; 51(1):
222-6.

Catalona W7J, Smith DS, Wolfert RL, Wang TJ, Rittenhouse HG, Ratliff TL,
Nadler RB. Evaluation of percentage of free serum prostate-specific antigen to
improve specificity of prostate cancer screening, JAMA 1995; 274: 1214-20.

Van Cangh PJ, De Nayer P, Sauvage P, Tombal B, Elsen M, Lorge F, Opsomer
R, Wese FX, Free to total prostate-specific antigen (PSA) ratio is superior to
total-PSA in differentiating benign prostate hypertrophy from prostate cancer.
Prostate Suppl 1996; 7: 30-4.

Bangma CH, Rietbergen JBW, Kranse R, Blijenberg BG, Petterson K, Schrader
FH. The free-to-total prostate specitic antigen ratio improves the specificity of
prostate specific antigen in screening for prostate cancer in the general
population, ] Urol 1997; 157{6): 2191-6.

Hugosson J, Aus G, Bergdahl S, Frosing R, Lodding P, Fernlund P, Lilja H.
Results of a population bases randomized study of PSA screening for prostate
cancer [abstract 459]. ] Urol 1997; 157: 118,

Bangma CH, Rietbergen JBW, Schréder FH. Prostate specific antigen as a
screening test: The Netherlands experience. Urol Clin North Am 1997; 24(2):
307-14.

Rochrborn CG, Gregory A, McConnell JD, Sagalowsky AT, Wians FH, Jr
Comparison of three assays for total serum prostate-specific antigen and
percentage of free prostate-specific antigen in predicting prostate histology.
Urology 1996; 48(6A Suppl): 23-32,

Eposti PL, Elman A, Nortén H. Complications of transrectal aspiration biopsy
of the prostate. Scand J Urol Nephrol 1975; 9: 208-13.

Edson RS, Scoy van RE, Leary F]. Gram negative bacteremia after transrectal
needle biopsy of the prostate. Mayo clin proc 1980; 55: 489-91.

Davison P, Malament M. Urinary contamination as a result of transrectal biopsy
of the prostate. J Urol 1971; 105: 545-46.

Norberg M. Transrectal ultrasound and core biopsies for the diagnosis of
prostate cancer. Acta Radiol 1994; 393(Suppl): 1-21.



131,

132.

133,

134,

135,

136.

137

138.

139,

140,

141,

142,

143,

Chaprer I

Terris MK, McNeal JE, Stamey TA. Detection of clinically significant prostate
cancer by transrectal ultrasound-guided systernatic biopsies, ] Urcl 1992; 148(3);
829-32.

Daneshgari F, Taylor GD, Miller G, Ceawford ED, Computer simulation of the
probability of detecting low volume carcinomna of the prostate with six random
systeratic core biopsies. Urology 1995; 45(4): 604-9.

Roehrborn CG, Pickens (GJ, Sanders jS. Diagnostic yield of repeated transrectal
ultrasound-guided biopsies stratified by specific histopathologic diagnoses and
prostate specific antigen levels. Urology 1996; 47(3): 347-52.

Karakiewicz PI, Bazinet M, Aprikian AG, Trudel C, Aronson S, Nachabe M,
Peloquint F, Dessureauit J, Goyal MS, Begin LR, Elhilali MM. Outcome of
sextant biopsy according to gland volume. Urology 1997; 49: 55-9.

Uzza RG, Wei J'T, Waldbaum RS, Perlmutter AP, Byrne JC, Vaughan ED. The
influence of prostate size on cancer detection. Urology 1995; 46(6): 831-6.

Eskew LA, Bare RL, McCullough ID1.. Systematic 5 region prostate biopsy is
superior to sextant method for diagnosing carcinoma of the prostate. J Urol
1997; 157(1): 199-202.

Goldstein NS, Begin LR, Grody WV, Novak JM, Qian J, Bostwick DG. Minimal
or no cancer in radical prostatectomy specimens. Report of 13 cases of the
"vanishing cancer phenomenon". Am J Surg Pathol 1995; 19(9): 1002-9.

Ravery V, Szabo ], Toublanc M, Boccon-Gibod LA, Billebaud T, Hermieu JF,
Delmas V, Boccon-Gibod L. A single positive prostate biopsy in six does not
predict a low-volume prostate tumour. Br J Urol 1996; 77: 724-8.

Cupp MR, Bostwick DG, Myers RP, Oestetling JE. The volume of prostate
cancer in the biopsy specimen cannot reliably predict the quantity of cancer in the
radical prostatectomy specimen on an individual basis, J Urol 1995; 153(5): 1543-
8.

Epstein JI, Walsh PC, Brendler CB. Radical prostatectomy for impalpable
prostate cancer: the Johns Hopkins experience with tumors found on
transurethral resection (stages TtA and T1B) and on needle biopsy {stage T1iC). J
Urol 1994; 152(5 Pt 2): 1721-9.

Bostwick DG. Gleason grading of prostatic needle biopsies. Correlation with
grade in 316 matched prostatectomies. Amer ] Surg Path 1994; 18: 796-803.

Johnstone PA, Riffenburgh R, Saunders EL, Willison FW. Grading inaccuracies
in diagnostic biopsies revealing prostatic adenocarcinoma: implications for
definitive radiation therapy. Int ] Radiat Oncol Biol Phys 1995; 32(2): 479-82.

Epstein JI, Steinberg GD. The significance of low-grade prostate cancer on
needle biopsy. A radical prostatectomy study of tumor prade, volume, and stage
of the biopsied and multifocal tumor. Cancer 1990; 66(9): 1927-32.

57



Sereening for prosiate cancer: more guestions than answers

144,

145.

146,

147.

148,

149,

150.

151.

152.

153,

154,

155.

156.

58

Kaojima M, Troncoso P, Babaian R]. Use of prostate-specific antigen and tumor
volume in predicting needle biopsy grading error. Urology 1995; 45(5): 807-12,

van den Ouden D, Hop WC, Kranse R, Schroder FH. Tumour control according
to pathological variables in patients treated by radical prostatectomy for clinically
localized carcinoma of the prostate, Br | Urol 1997; 79(2): 203-11.

Bostwick DG, Qian ], Bergstralh E, Dundore P, Dugan J, Myers R, Oesterling
JE. Prediction of capsular perforation and seminal vesicle invasion in prostate
cancer. ] Urol 1996; 155: 1361-7.

D. Amico AV, Chang H, Holupka E, Renshaw A, Desjarden A, Chen M,
Loughlin KR, Richie JP. Calculated prostate cancer volume: the optimal predictor
of actual cancer volume and pathologic stage, Urology 1997; 49: 385-91,

Partin AW, Yoo ], Carter HB, Pearson JD, Chan DW, Epstein JI, Walsh PC. The
use of prostate specific antigen, clinical stage and Gleason score to predict
pathological stage in men with localized prostate cancer, J Urol 1993; 150: 110-4

Partin AW, Kattan MW, Subong ENP, Walsh PC, Wojno KJ, Cesterling JE,
Scardino PT, Pearson JD. Combination of prostate-specific antigen, clinical stage,
and gleason score to predict pathological stage of localized prostate cancer.
JAMA 1997; 277: 1445-51

Labrie F, Dupont A, Suburu R, Cusan L, Gomez JL, Koutsilieris M, Diamond P,
Emond J, Lemay M, Candas B. Optimized strategy for detection of early stage,
curable prostate cancet: role of prescreening with prostate-specific antigen, Clin
Invest Med 1993; 16: 425-39

Smith DS, Catalona W, Herschman JID. Longitudinal screening for prostate
cancer with prostate-specific antigen. JAMA 1996; 276(16): 1309-15.

Carter HB, Epstein JI, Chan DW, Fozard JL, Pearson JD. Recommended
prostate-specific antigen testing intervals for the detection of curable prostate
cancer. JAMA 1997; 277(18): 1456-60.

Graversen PH, Nielsen KT, Gasser TC, D.K. C, Madsen PO. Radical
prostatectomy versus expectant primary treatment in stages I and I prostatic
cancer. Urology 1990; 36(6): 493-8.

Paulson DF, Lin GH, Hinshaw W, Stephani S. Radical surgery versus
radiotherapy for adenocarcinoma of the prostate. ] Urol 1982; 128: 502-4.

Wilt TJ, Brawer MK, The Prostate Cancer Intervention Versus Observation
Triak a randomized trial comparing radical prostatectomy versus expectant
management for the treatment of clinically localized prostate cancer. J Urol 1994;
152(5 Pt 2): 1910-4,

Norlen BJ. Swedish randomized trial of radical prostatectomy versus watchful
waiting, Can J Oncol 1994; 4(suppl): 38-40.



157.

158.

159.

160.

161.

162,

163.

164.

165.

166.

167.

168.

Chapter 1

Austenfeld MS, Thompson IM, Jr, Middleton RG, Meta-analysis of the literature:
guideline development for prostate cancer treatment. American Urological
Association Prostate Cancer Guideline Panel. ] Urol 1994; 152(5 Pt 2): 1866-9.

Middleton RG, Thompson IM, Austenfeld MS, Cooner WH, Correa R, Gibbons
RP, Miller HC, Qestetling JE, Resnick M1, Smalley SR, et al. Prostate Cancer
Clinical Guidelines Panel Summaty report on the management of clinically
localized prostate cancer. The Amertican Urological Association. J Urol 1995; 154
2144-8

Hanks GE, Asbell 5, Krali JM, Perez CA, Doggett S, Rubin P, Sause W, Pilepich
MV. Qutcome for lymph node dissection negative T-1b, T-2 (A-2,B) prostate
cancer treated with external beam radiation therapy in RTOG 77-06. Int ] Radiat
Oncol Biol Phys 1991; 21: 1099-103.

Powell CR, Huisman TK, Riffenbutgh RH, Saunders EL, Bethel KJ, Johnstone
PAS. Outcome for surgically staged localized prostate cancer treated with
external beam radiation therapy. J Urol 1997; 157(5): 1754-9,

Getber GS, Thisted RA, Scardino PT, Frohmuller HG, Schroeder FH, Paulson
DF, Middleton AW, Jr, Rukstalis DB, Smith JA, Jr, Schelthammer PF, Chori M,
Chodak GW. Results of radical prostatectomy in men with clinically localized
prostate cancer. JAMA 1996; 276: 615-9.

Lu-Yao GI, Yao SL. Population-based study of long-term survival in patients
with clinically localised prostate cancer. Lancet 1997; 349(9056): 906-10.

Partin AW, Lee BR, Carmichael M, Walsh PC, Epstein JI. Radical prostatectomy
for high grade disease: a reevaluation 1994, J Urol 1994; 151(6): 1583-6.

Ohori M, Goad JR, Wheeler TM, Eastham JA, Thompson TC, Scardine PT. Can
radical prostatectomy alter the progression of poorly differentiated prostate
cancer? ] Urol 1994; 152(5 Pt 2): 1843-9.

Chodak GW, Thisted RA. Comparison of cancer specific survival following
radical prostatectomy (RP) or watchful watting (WW) based on two multi-
institutional pooled analyses [abstract 995]. ] Urol 1996; 155(5 suppl): 559A.

Litwin MS, Hays RD, Fink A, Ganz PA, Leake B, Leach GE, Brook RH. Quality-
of-life outcomes in men treated for localized prostate cancer. JAMA 1995; 273:
129-35,

Wasson JH, Cushman CC, Bruskewitz RC, Littenberg B, Mulley AG, Jr,
Wennberg JE. A structured literature review of treatment for localized prostate
cancer. Prostate Disease Patient Cutcome Research Team. Arch Fam Med 1993;
2(5): 487-93.

Fowler FJ, Jr, Barry MJ, Lu-Yao G, Roman A, Wasson ], Wennberg JE. Patent-
reported complications and follow-up treatment after radical prostatectomy. The

National Medicare Experience: 1988-1990. Urology 1993; 42(6): 622-9.

59



Screening for prostate cancer: miore questions than answers

169.

170.

171,

172,

173.

174,

175.

176.

177.

178,

179

180.

60

Davidson PJT, van den Quden D, Schrider FH. Radical prostatectomy:
Prospective assesment of mottality and morbidity. Eur Urol 1996; 29: 168-73.

Walsh PC, Partin AW, Epstein JI. Cancer control and quality of life following
anatomical radical retropubic prostatectomy: results at 10 years, ] Urol 1994;
152(5 Pt 2): 1831-6.

Bagshaw MA, Cox RS, Ray GR. Status of radiation treatment of prostate cancer
at Stanford University. NCI Monogr 1988(7): 47-60.

Aus G, Hermansson CG, Hugosson ], Pedersen KV, Transrectal ultrasound
examination of the prostate: Complications and acceptance by patients. Br ] Urol
1993; 71: 457-9.

Clements R, Aideyan OU, Griffiths GJ, Peeling WB. Side effects and patient
acceptability of transrectal biopsy of the prostate. Clin Radiol 1993; 47: 125-6.

Rietbergen JBW, Boeken Kruger AF, Kranse R, Schréder FH. Complications of
transrectal ultrasound-guided systematic sextant biopsies of the prostate:
Evaluation of complication rates and risk factors within a population-hased
screening program. Urology 1997; 49(6): 875-80.

Nijs HGT, Todoir DM, Schuurman JH, Kitkels W], Schréder FH. Randomised
trial of prostate cancer screening in the Netherlands: assessment of acceptance
and motives for attendance. ] Med Screen 1997; 4(2): 102-6

Fowler FJ, Jr, Barry MJ, Lu-Yao G, Wasson J, Roman A, Wennberg J. Effect of
radical prostatectomy for prostate cancer on patient quality of life: results from a
Medicare survey. Urology 1995; 45(6): 1007-13.

Polednak AP. Trends in prostate carcinoma incidence in Connecticut (1988-
1994) by age and race. Cancer 1997; 79(1): 99-103,

Stephenson RA, Smart CR, Mineau GR, James BC, Janerich DT, Dibble RL. The
fall in incidence of prostate carcinoma, Cancer 1996; 77(7): 1342-8.

Hoeksema M], Law C. Cancer mortality rates fall: A turningpoint for the nation. ]
Natl Cancer Inst 1996; 88(23): 1706-7.

Auvinen A, Rietbergen JBW, Denis L], Schréder FH, Prorok PC. Prospective
evaluation plan for randomised trials of prostate cancer screening, The
International Prostate Cancer Screening Trial Evaluation Group. | Med Screen
1996; 3(2): 97-104.









Part A

Diagnostic Tools
and their

performance






Chapier 11

Chapter 11
Evaluation of PSA, DRE and TRUS in population based
screening for prostate cancer: Suggestions to improve the

efficiency of early detection’.

John B, Riethergen, Ries Kranse, Wim J. Kivkels Harry J. de Koning and Fritz FL Schroder.
Abstract

he value of Digital Rectal Examination (DRE), Trans-rectal ultra-sonography
T(TRUS) and of serum Prostate Specific Antigen (PSA) level as tools for the early
detection of prostate cancer was evaluated to improve knowledge and skills in general
and in order to optimize the screening protocol of the European randomized study of
screening for prostate cancer (ERSPC).
Morhods: Between July 1994 and January 1996 4,334 men aged 55 to 75 years old enrolled
to the screening arm of the European randomized study of screening for prostate cancer
(ERSPC) section Rotterdam and 3,963 underwent all three screening tests. Sextant
biopsies wete carried out in case of an abnormality in one or more tests.
Renlie: 172 cases of prostate cancer were found at a detection frequency of 4.3%. PSA
proved to be the strongest predictor of prostate cancer. The value of DRE and TRUS is
limited especially below a PSA value of 1 ng./ml. where 43 biopsies are necessary to find
1 case of prostate cancer.
To improve the performance of the screening procedure age specific reference ranges,
PSA density and PSA pre-screening were applied to our biopsied population. Using Age
specitic reference ranges saves 14.3% of biopsies but 13% of prostate cancers will
remain undetected. PSA-D with cut-off levels varying from 0.10 to 0.15 saves 14.5% to
30.5% of biopsies at the expense of respectively 5.3% to 22.9% of cancers detected. Pre-
screening with PSA and omitting DRE and TRUS below a level of 1.8 ng./ml. saved
59.6% of screening-tests, 33.9% of biopsies and only 5.3% of detected cancers would

have been missed within the screened population of 3,963 men.

* Evaluation of PSA, DRE and TRUS in poprlation based screening for prostate cancer: Suggestions
fo improve the efficiency of early detection. JBW Rietbergen, R Kranse, W Kirkels HJ de Koning, FH
Schrider. British Journal of Urolagy 1997; Vel 79 (Suppl 2): 57-63.
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Conclusion: To improve the performance of the screening procedure, without losing a
considerable amount of cancers, the most promising way would be not to perform the

more laborious screening tests as DRE and TRUS under a PSA level of 1.8 ng./mil..

Introduction

In Europe prostate cancer is the second leading cause of male cancer deaths. In the
Netherlands the morbidity and mortality caused by this tumor are exceeded only by
those of lung cancer. In 1991, 4915 cases were discovered and 2222 deaths from cancer
of the prostate were recorded in a male population of 7.5 million [1}, This health
problem has been acknowledged in most of the western countries and efforts are being
made to decrease Prostate cancer mortality. The possibility exists that screening for
prostate cancer in asymptomatic men combined with early treatment may provide the
answer. This however is a debated issue. In the USA and some European countries
screening for prostate cancer is routinely applied to men at risk, in others, most
northern European countries routine application of screening procedures for prostate
cancer is not accepted [2].

The controversy over screening for prostate cancer hinges on whether or not early
detection and treatment will reduce the mortality rate and what the adverse effects will
be in terms of costs, anxiety and the morbidity and mortality of the screening tests, and
treatment of the detected prostate cancers. In several European countries randosmized
screening studies are conducted with prostate cancer mortality as the major endpoint in
order to prove or disprove the value of screening [3].

Three screening tests are available and are used in various combinations. The
measurement of the serum prostate specific antigen (PSA) concentration, digital rectal
examination (DRE) and trans- rectal ultrasonography (TRUS). PSA appears to be the
most efficient test of the three [4], however, is not specific for prostate cancer since
several non malignant conditions of the prostate are associated with elevated PSA levels
as prostatic intraepithelial neoplasia {5], acute prostatitis [6], prostatic ischemia 7] and
benign prostate hyperplasia {8]. Furthermore not ali prostate cancers give rise to an
elevated PSA concentration {9},

Reliable detection of clinically relevant but still confined prostate cancer cases is the goal
of presently applied detection regimes. Unfortunately the specificity of the screening

procedures is low which results in a considerable amount of "Low-Yield Biopsies". This
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not only reduces the cost effectiveness but aiso increases the anxiety and morbidity
within the screened population. Thus limiting the number of biopsies without loss of
cancers detected would improve the efficiency and diminish the discomfort and health
risks within the screened population.

We have assessed the screening tests and the biopsy rates (specified for the various
screening tests and PSA levels) within the screened population of the ERSPC

(Rotterdamy).
Materials and Methods

Patient poprilation.

Between July 1994 and January 1996; 8,668 men between 54 and 76 years old responded
positively to a letter of invitation to enter the European Randomized Study of Screening
for Prostate Cancer (Section Rotterdam). The only exclusion ctiterion is a previous
diagnosis of prostate cancer, Written informed consent was obtained from all study
subjects. Each participant filled out a questionnaire concerning their medical and family
history. Those who responded were randomized to either the screening arm or the
control arm. The men in the control arm were not tested in any way.

Of the 4,344 men in the screening arm 3,963 men underwent a serum PSA
determination, digital rectal examination and transrectal ultrasonography. A suspicious
finding by any of the three diagnostic tests prompted a sextant prostate biopsy.
Technigues:

All men underwent determination of serum PSA concentration (Hybritech Tandem-E
PSA immunoenzymetric assay), blood samples were drawn before the other tests were
petformed. The cut-off level of the PSA test was set on 4.0 ng./ml., any value greater
than 3.9 ng./ml. was considered elevated. At the time of screening the members of the
screening team were not aware of the PSA results,

Digital rectal examination was performed by a resident urologist or an ultrasound
technician, nodularity, induration and asymmetry were considered abnormal,

Biplanar transrectal ultrasonography was performed by a resident urologist or an
ultrasound technician, using a Bruel & Kiaer@ model 1846 mainframe and a 7 MHz
biplanar endorectal transducer, with the subject in the left lateral decubitus position. The
sonographic criteria for prostate cancer described by Lee et al. were used [10]. For each

subject the length, width and height of the total prostate and transition zone was
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determined as well as the volume. Volumetry was obtained using 5-mm step section
planimetry.

All prostate biopsies were done by a resident urologist with ultrasound guidance, using 2
Manan pro-mag® 2.2 biopsy gun and an 18 gauge Bard® biopsy needle. If the biopsy
indication was an elevated PSA level or an abnormal digital rectal examination sextant
biopsies were performed. In case of a hypoechoic lesion, the lesion was sampled in
addition to the sextant biopsy. All subjects received antimicrobial prophylaxis (Co-
frimoxazole 960 mg).

The pathological findings from sextant and ultrasound guided biopsies were the
reference test for determining the presence or absence of prostate cancer.

Statistical analysis:

A multivariate analysis was performed for 7 parameters: Age at entry; digital rectal
exarnination; positive family history for Prostate cancer (from the baseline questionnaire,
not verified): log prostate specific antigen; log total prostate volume; log transition zone
volume and trans-rectal ultrasonography. Within the biopsied group of subjects we
derived predictors for biopsy outcome (cancer or no cancert) from all single parameters
studied and several combinations (including all hivariate possibilities) by means of
logistic regression analysis [11]. The sensitivity and specificity were calculated as well as
the receiver operating characteristic curve that depicts the reciprocal relation between
sensitivity and specificity by plotiing true positive (sensitivity) versus false positive (1
minus the specificity) results, as a function of subsequent PSA cutoff values, [12]. We
compared the efticacy of the predictors thus obtained by means of the area under the
ROC curve [13]. The predictor value represents the chance on a cotrect answer in a two
alternative forced choice (cancer or no cancer) within the biopsied population (with a
maximum value of 100).

In the Venn diagrams (Fig, 1 and 2) the biopsies taken and cancers found are shown and
specified for all three screening tests as well as for their various combinations, Within
our screening procedure each of the 7 fields represents a reason for biopsy. To estimate
the reduction in the number of biopsies taken, one field or a combination of fields could
be excluded. The number of biopsies saved and the number of cancers lost can be read
from the Venn diagram. This procedure can be repeated for all possible combinations
(2(7) = 128}, If one or more pre-screen PSA values are added the number of possible

combinations doubles or increases accordingly.

68



Chapter 11

In this analysis these 128 possible screening algorithms were evaluated and also the
combination of the algorithms with other conditions which have been described in the
literature and which may reduce the number of biopsies: Age specific reference ranges
[15] and PSA-density [14]. In addition PSA-cut-off levels under which no biopsy should
take place were assessed for PSA =0 to PSA = 4 ng./ml. with increments of 0.1. For all
possible combinations the cancers lost and biopsies won were calculated.

The evaluation of the ratio of free and total PSA is subject to two other reports [16][17].
Results

Poputiation:

The mean age of the men in this screening population was 64.2 (range 54-76), the
median age was 64. Of the 4,344 subjects in the screening group 3,963 men underwent
all screening tests. In 1050 (26.5%) subjects there was an indication for biopsy. In table 1
the age disteibution of subjects enrolled and those who underwent a biopsy is shown. In
69 cases the biopsy was not performed for various reasons: 42 men refused a biopsy and
will be rescreened after 1 year, 24 men could not be biopsied for medical reasons and 3
biopsies are pending, Table 2 shows the PSA distribution within the screened
population. It should be noted that 86.6% of all subjects had PSA levels less than 4
ng./ml.. The median PSA value was 1.4 ng./ml. (cancers included).

Age <55 5559 60-64 6569 FO75 >ps fotal

Screened 1 1137 959 925 842 99 3963

Biopsies 0 197 204 290 257 33 981
Table 1:

Apge distribution and number of subjects envolled and nunmiber of bispsies.
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Cancer defection:

A total of 981 biopsies were performed and 172 cases of prostate cancer were found
resulting in an overall detection rate of 4.3 %. The prostate volume was measured in 967
of all biopsied men in whom 170 cases of cancer were detected. The performance of the
vatious screening tests expressed in number of biopsies and number of cancers found is
detailed in two Venn diagrams (Fig.1). A total of 499 men had PSA levels > 4 ng./ml., in
this group 138 (80.2%) cancers were found. 482 men had PSA levels <4 ng./ml. and 34
(19.8%) cancers were found. The median PSA value within the prostate cancer group
was 6.2 ng./ml. versus 1.3 ng./ml. within the biopsied group without the diagnosis of

cancer,

Biopsies (%) N= 981 Cancers (%) N= 172

Fig. 1

Nunber of biopsies specified per screening test or combination of lests.
Number of cancers defected, specified per screening test or combinalion of tests. Bach civcle represents a
serening-test. The overtapping fields represent consbinations of the fesis.,

Biopsy rates:

Fig.2 shows the number of biopsies performed for each cancer detected specified per
screening test or combination of tests.

At PSA levels = 4 ng./ml,, 3.6 biopsies were performed to find one cancer. At PSA

levels less than 4 ng./ml., 14.2 biopsies were required.
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Fig 2:

Numiber of biopsies performied to defect one prosiate cancer.

Chaprer I

Table 2 shows the biopsy rates in various PSA ranges as well as the cancer detection in

those ranges. The numbert of biopsies necessary to find one cancer are specified in the

last row of the table. In the range 0-1 ng./ml., 43 biopsies had to be performed to find

one cancer. In the range 1-2 ng./ml., 18.7 biopsies were performed to detect one cancer.

PSA RANGE [0-1 1.2 2-3 34 04 4-10 =10 TOTAL
Screened # 1372 1270 511 278 3431 447 85 3963
Screened % |34.62% 3205% 1289% 7.01% }86.6% (11.28% 2.15% 100 %
Biopsies # 172 187 84 39 482 421 78 981
Biopsies % 175% 191% 86% 40% [14% 429% 80% 100%
Cancer # 4 10 12 8 34 93 45 172
Detection % [0.3 % 0.8 % 2.3 % 29% 1% 208% 53% 43%
biopsies/Pc |43 18.7 7 4.9 142 |45 1.7

Table 2:

PSA distribution jor the screened population, bispsied pupriation, poputation with prosiate cancer,
detection rate and nuniber of bigpsies performed fo detect one case of prostate cancer.
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Multivanate anafysis:

In table 3 the predictor values are shown for all 7 parameters that were tested as well as
for all bi-variate combinations. The highest value for a single parameter was found for
tog PSA (77). Of the combined tests log PSA and log total prostate volume showed a
value of 82, 'The predictor value was 80 for the multivariate combination of the three
screening tests used in our study (DRE, TRUS and log PSA). The area for the
combination of all 7 parameters was 84 which was the same as for the combination of

log PSA, DRE, TRUS and log volume.

P AGE  DRE  FAM  ilgPSA  igVOL  igTZV”  TRUS

53 56 51 7 53 53 53
AGE - 57 54 71 57 57 55
DRE - - 56 79 58 57 56
FAM - - - 77 55 55 54
logPSA | - - - - 82 82 79
logVOL | - - - - - 53 55
logTZV | - - - - - - 55
TRUS - - - - - - -
Table 3:

Predictor values for 7 paraweters and their combinations

Abbreviations:

AGE=Age af entry of the study; DRE=Digital rectal exanination; EAM=Positive famity Wstory
Jor prastate cancer; LagPS.A=Lagarithm of the servm PSA valve; LogV OL=Lagparithm of the total
prostate gland velime; LagTZV=1 gparithm of the transition gone volume; TRUS=Transrectal
wltrasonggraphy.
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Statistical anafysis:

Age specific reference ranges were applied on the populaton with PSA levels >4 since all
subjects underwent a biopsy. In this PSA range 22 cases of prostate cancer would have
been lost and 829 of 967 biopsies would have been performed to find 148 cancers (table
4).

Age range | PSA Cut-gff  Cancers ERSPC Cancers lost - Percentage lost
60-69 4.5 ng./ml. 76 12 7%
70-79 6.5 ng./ml. 39 10 5.9%
TOTAL 115 22 12.9%
Table 4:

PS.A Refervace ranges (Oesterfing et al. JAMA 270, 1993.) applied to ERSPC cancer detection.

PSA-Density (PSA level divided through the total prostate volume (PSA-D)) was
determined for all men with PSA levels 24 ng./ml. with or without an abnormal DRE
and/or TRUS, In table 5a the number of biopsies avoided and cancers lost are shown,
for various PSA-D levels, with an increment of 0.01 when applied on all men with PSA
levels 24. Table 5b is the same table however the PSA-D is only applied to men with
normal DRE and TRUS findings. If prostate cancer was diagnosed in this subset, the
stage will be T1C.

The use of PSA pre-screen cut-off levels is further specified in Fig. 3 where cut-off levels
with increments of 0.1 ng./ml. and their relation to the percentage of screened men,
biopsies done and cancers detected are plotted. This was done for the population with
PSA levels <4 ng./ml.. In this range 3430 men were screened (3396 men without the
diagnosis of prostate cancer), 482 biopsies were done and 34 cases of prostate cancer

were detected,
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@] N=967 b N=967
PSAD | Bxaroided®)  PClost (%) | Bxawided%)  PC lost (%)
0.06 22 (2.3) T (0.6) 18 (1.9) i (0.6)
0.07 43 (4.5) i (0.6) 37 (3.8) 1 (0.6)
0.08 63 (6.5) 3 (1.8 51 (5.3) 2 (1.2
0.09 104 (10.8) 5 (29) 87 (9.0) 2 (1.2)
0.1 140 (14.5) 9 (5.3) 112 (11.5) 3 (1.8)
0.11 174 (18.0) 13 (7.6) 140 (14.5) 7 (@0
0.12 210 (21.7) 19 (11.1) 171 (17.7) 13 (7.6)
0.13 244 (25.2) 30 (17.6) 197 (204) 21 (12.4)
0.14 271 (28.0) 34 (20.0) 220 (22.8) 23 (13.5)
0.15 295 (30.5) 39 (22.9) 239 (24.7) 24 (14.1)
0.16 321 (33.2) 44 (25.8) 257 (26.6) 25 (14.7)
0.17 342 (35.4) 51 (30.0) 272 (28.1) 20 (17.1)
0.18 355 (36.7) 54 (31.8) 281 (29.1) 30 (17.6)
0.19 377 (39.0) 62 (36.5) 299 (30.9) 34 (20.0)
0.2 387 (40.0) 68 (40.0) 305 (31.5) 37 (21.7)

Table 5:

az Number of biopsies avoided and prostate cancers lost when PSA-D wonld have been applied fo the
bigpsied popitation with PSA levels 24 ng. [l with or without abpormal DRE andfor TRUS

Jindings.
& Number of biopsies avoided and proitate cancers lost when PS.A-D wonld have been applied 1o the

biopsied population with PSA levels 24 ng.f ml. with pormal DRE andf or TRUS findings.
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0 3 6 9 12 15 18 21 24 27 3 33 36 39
Fig 3 PoA

Crnrlative perventage of men screened N= 3430,

Cmstlative percentage of men with prostate cancer N=34.

Cumulative percentage of men that undenvent a bigpsy N=482,

g o=
+ > OO

Chnritlative percentage of men screened/ bipsied minns Cuninative

percentage of men with prostate cancer,
%

100 1

80

60

Fig.4:
Percentage of biopsies and men screened specified for PSA levels from 0 to 4 ng./ ml, with increment of
0.1 ng./ mt.. Fitted line: y = 14.3 (Standard ervor = 1.4)
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Discussion

In evaluating the screening procedure that is used within the ERSPC section Rotterdam
the most important step has been simply counting all cancers and all biopsies specified
for PSA level, age and screening test. The first observations indicate that PSA is the
most powerful tool available for an early diagnosis of prostate cancer. The Venn
diagrams (Fig 1 and 2) show that most cancers (80.2%) were found within the PSA range
> 4 ng./ml.. The biopsy rates indicate that within this PSA range only 3.6 biopsies had to
be performed to find one case of prostate cancer. At PSA levels <4 ng./ml. 14.2
biopsies were necessary to find 1 cancer, This is further specified in table 2, an increase
in PSA level leads to a decrease in the number of biopsies that has to be performed for
the diagnosis of one case of prostate cancer. The cancets that were found through
positive DRE or TRUS findings alone (at PSA levels <4) formed respectively 8.1% and
7% of cancers detected. If PSA would not have been used as a screening test DRE could
have detected 47.1 % of all cancers. TRUS would have detected 45.3 %. The
combination of DRE and TRUS would miss 36 % of all cancers (The stage T1C tumors)
whereas the use of PSA alone would only miss 19.8 % of cancers diagnosed.

Within the biopsied subpopulation we performed a multivariate analysis, The results are
shown in table 3. It should be noted that the results detived from this statistical
procedure are only applicable to the biopsied population. The indication for
performance of biopsies is clearly very broad resulting in 2 high overall biopsy rate (24.7
%), The statistical analysis concerns a relatively large sample of the total screened
population. There is a reasonable ground that the conclusions based on this biopsied
sample of men may be extrapolated to the general screened population. Again it
becomes clear that PSA perforrns better than the other parameters with a predictor
value of 77. Age at entry, positive family history for prostate cancer, TRUS and log
prostate and transition zone volume are poor predictors. DRE is performing slightly
better. If log prostate volume is added to the PSA test the performance improves (the
predictor value increases to 82), this is also true for the combination of the 3 screening
tests in combination with log prostate volume {predictor value of 84}. Adding age does
not improve the performance of PSA and has a minimal effect on DRE and 'TRUS,

To improve the performance of the screening procedure, Le. to avoid unnecessary
biopsies we might conclude from the above that adding volume would have a beneficial

effect on the screening procedure, Benson and co-workers recommended the use of
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PSA density (PSA value divided by the volume of the prostate) [14] to discriminate
between BPH and prostate cancer. Using a cut off level of (.15 could have saved 295
unnecessary biopsies but 39 cases of prostate cancer would not have been detected
Using a cut off level of 0.10 could have saved 140 unnecessary biopsies but 9 cases of
prostate cancer would not have been detected. The use of PSA-D will reduce the
number of unnecessary biopsies, which explains the favorable predictor value of this
combination, however 5,3% and 22.9% of cancers would not have been detected using
PSA-D cutoft levels of respectively 0.1 and 0.15 ng./ml./cc.

Including age in the screening procedure did not improve the performance in our
multivariate analysis. Qestetling et al. recommend the use of age specific reference
ranges [15} which are specified in Table 7. The use of various PSA cut-off values within
age specific reference ranges are applied to our population using the same method as
Qesterling and co-workers did [18]. The range of 40-49 is not included in our study. The
range 50-59 with a PSA cut-off level of 3.5 ng,/ml. is not easily evaluated because
biopsies were only performed in case of DRE and/or TRUS abnormalities between PSA
levels of 3.5 and 4 ng./mk. We have chosen to limit the evaluation of the age specific
reference ranges to the PSA range where all subjects were biopsied in order to avoid
speculations. In this group we would lose 22 cancers and save 138 (14.3%) biopsies. If
we would apply these age-specific reference ranges on our population we are missing
12.9% of detected cancers. Saving 138 biopsies when using PSA-D with a cutoff of 0.1
would be at the expense of 13 cancers less.

In the Rotterdam section of the ERSPC all three screening tests were used and weighed
equally in the decision whether biopsies should be taken. If we look at the performance
of the various tests we can conclude that DRE and TRUS are poot predictors for
prostate cancer, this is especially true for PSA levels below 4 ng./ml.. To reduce the "low
yield" biopsies most is to be gained in this range since only 19.8% of all cancers were
found in a groﬁp of men that amounts to 86.6% of the screened population. For this
reason we focused on this PSA range. In Fig. 3 the cumulative percentages of men
screened, men biopsied and men with a biopsy positive for prostate cancer are plotted.
The graphs for men screened and biopsies done show a striking overlap, which is
explained by the fact that there is a linear relation between the number of biopsies taken
and the composition of the population (Fig. 4). This relation is best described through
the line y = 14.3 (Standard Error 1.4). DRE and TRUS abnormalities are obviously
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spread equally over the population and the fact whether prostate cancer is found
depends on the PSA value within this subset of men, This does not automatically mean
that DRE and TRUS have no discriminating properties because the men that had
normal DRE and TRUS findings were not biopsied, It remains unknown whether
clinically relevant prostate cancet is present in these men and what the number of
cancers will be that can be detected through sextant biopstes of the prostate. The only
way to evaluate the true value of DRE and TRUS for prostate cancer detection in the
PSA range <4 ng./ml. would be to biopsy a random sample of the population and study
the predictive potential of the screening modalities with respect to biopsy outcome
(zolden standard). However, ethically this would be a very complex issue.

The graph showing the number of prostate cancers detected is also a sigmoidal curve.
To determine where the efficacy is maximal {i.e. where minimal loss of detected prostate
cancers yields the maximal percentage of biopsies won and men screened less) the
curves were subtracted. Curve D shows that the efficacy is maximal at a PSA value of 1.7
ng./ml.. At this cutoff value 328 biopsies (33.9%) are won at the expense of 9 cases
(5.3%) of prostate cancer lost. Also 2361 men (59.6%) will have to be screened through
PSA only instead undergoing DRE and TRUS in addition, From a PSA level of 1.8
onwards the number of cancers diagnosed is rising and less biopsies are necessary to
diagnose one case of prostate cancer.

"These observations have led to a change in the study protocol. Since the maximum of
curve D still shows variations because of the small numbers of cancers detected in the
PSA range under four, on which the curve is based we have chosen a PSA pre-screen
cutoff value of 1 ng./ml.. Raising the cutoff value is under consideration.

Screening for prostate cancer is still a controversial issue, clinicians in many European
countries conclude that screening is premature and that the effect of early detection and
treatment will have to be studied in randomized screening studies with prostate cancer
mortality as a major endpoint [2]. The purpose of early detection regimes should be to
detect the cancer in a locally confined stage where it can be cured.

The final analysis of this study can only be made based on the survival within both the
screened and the control group. The clinical relevance and outcome of tumors found at
PSA levels below 4 ng./ml, should be assessed, as an endpoint of the study when the
PSA specific survival of detected prostate cancers is known. As long as the natural
history of these tumors is not sufficiently known, it is unfavorable to ignore this subset

because these tumors are locally confined and may contribute to the survival rate,
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On the other hand 43 biopsies, the number of biopsies needed to detect one prostate
cancer in the PSA range < 1 ng./ml. is unacceptable in terms of anxiety and risk of
complications within this group of subjects. The loss of 2.3% of prostate cancers is of
minimal relevance for the outcome of the study and will save 17.5 % of biopsies and
34.6% of the more laborious screening tests.

If we compare this to the use of PSA-density, age-specific reference ranges ot omission
of TRUS or DRE. the gain in screening tests and biopsies not performed is less.
However since the gain in survival has to come from early detection of prostate cancer
to find the tumor in a locally confined stage we think it is unfavorable to lose too many

detected cancers before we are able to determine their clinical relevance.
Conclusion

PSA as a screening tool is strongest predictor for prostate cancer,

In the PSA range 24 ng./ml. PSA-D is more efficient in diminishing the number of
biopstes petformed to detect one prostate cancer than the use of age specific reference
ranges. It is also more laborious and expensive since the prostate volume has to be
known.

The frequency distribution of serum PSA in the screened population shows that most
men have PSA levels <4 ng./ml. and the biopsy prostate cancer rate is very high in this
range.

A PSA pre-screen cut-off level of 1.7 ng./ml. under which no further tests should take
place is the most efficient method to diminish the number of more labotious screening
tests as DRE and TRUS and biopsies within our population. Only 5.3% of detected

cancers will be lost.
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Chapter II1
The free-to-total prostate specific antigen ratio improves the
specificity of prostate specific antigen in screening for

prostate cancer in the general population’.

Chris H. Bangwa, Jobn B, W. Réethergen, Ries Kranse, Bert G. Blijenbery,
Kim Petterson And Bty H, Schriden

Abstract

he ratio between free and total prostate specific antigen (PSA} in serum improves
Tthe specificity of total serum PSA for the detection of prostate carcinoma in select
populations. The value of the free-to-total PSA ratio for a PSA of 4.0 to 10.0 ng./ml. was
analyzed in & screening population.
Materials and Methods: From 4,800 participants 55 to 76 years old 977 biopsies were
obtained because of an abnormal digital rectal examination, suspicious transrectal
ultrasonography and total serum PSA 4.0 ng./mi. or more. Of 191 patients with prostate
carcinomz detected 101 had a serum PSA of 4.0 to 10.0 ng./ml. and 54 of them
underwent radical prostatectorny. A free-to-total PSA ratio of 0,20, age specific PSA
reference ranges and a PSA density of 0.12 ng./ml./cc were evaluated for the ability to
increase the specificity of total serum PSA in predicting positive prostate biopsy results.
Results: Receiver operating characteristics curves for the free-to-total PSA ratio showed a
significant increase in specificity compared to PSA. Retrospective application of age
specific PSA reference ranges, the free-to-total PSA ratio and the PSA density decreased
the number of biopsies significantly by up to 40% in our study, with a decrease in cancer
detection rate of 12%. When used in combination with digjtal rectal examination, the
pathological stage of undetected carcinomas appeared favorable.
Conclusions: The free-to-total PSA ratio may be used to decrease the number of biopsies in,

patients with an intermediate PSA of 4.0 to 10.0 ng./ml.

" The five-to-total prostate specific antigen ratio improves the specificity of prostate spectfic antigen in
sereening for postate cancer fn the general population. ChH Bangma, [BW Rietbergen, R Kranse, BG
Blijenberg, K Petterson, FH Schrider. Journal of Urology 1997, wel 157: 2191-2196.
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Introduction

Screening for prostate cancer is usually performed by determination of prostate specific
antigen (PSA) and digital rectal examination. Transrectal ultrasonography can be added
for ultrasonic lesion detection and prostate volumetry. Selection of candidates for
prostate biopsy is complicated by the fact that all screening modalities and their
combination lack sufficient specificity, resulting in 2 high ratio hetween the number of
biopsies obtained and the number of detected carcinomas. In most screening studies
averalt approximately 5 biopsies are needed to detect 1 carcinoma [I-5], To increase the
specificity to predict positive prostate biopsies, PSA has been adjusted to prostate
volume (PSA density) and age (age specific reference ranges) [6, 7].

The free-to-total serum PSA ratio offers a new parameter to increase the specificity of
total serum PSA to detect prostate cancer in select patients [8-10] and in a screening
population [11]. In previous studies a simulated case selection for biopsy was performed
in a well-defined screening population to analyze simultaneously the value of free-to-total
PSA ratio, age specific PSA reference ranges [12] and PSA density {13] for the detection
of prostate cancer. In thosé studies and in others in which these factors wete not
compared to each other [4] no significant increase in specificity was obtained for the
application of free-to-total PSA ratios compared to total serum PSA. Also no subgroups
within the studied population could be identified in which application of the free-to-total
PSA ratio showed a clinical or statistically significant advantage, We analyzed the value of
the free-to-total PSA ratio for screening prostate cancer in men with an intermediate PSA
of 4.0 to 10.0 ng, /mk, and simultaneously compared these values to age specific PSA

reference ranges and PSA density.
Patients and methods

We studied 4,800 consecutive participants (55 to 76 years old} of the Rotterdam site of
the European Randomized Study of Screening for Prostate Cancer [4] who had been
randomized to undergo total serum PSA determination (Hybritech Tandem-E assay
(Hybritech Inc., San Diego, Ca, USA.), digital rectal examination and transrectal
ultrasonography of the prostate. Blood sampling was done before further testing, Digijtal
rectal examination was performed before transrectal ultrasonography by 1 of 5 well

trained Urological residents without knowledge of the PSA values, An ultrasound
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machine with a 7.0 MHz. Biplanar probe was used for diagnostic uitrasonography, and
planimetric volumetry of the prostate gland and its inner zone.

Ultrasound guided systematic sextant biopsies were obtained in case of a suspicious
digital rectal examination and/or transrectal ultrasonography, and/or PSA greater than
4.0 ng./ml. An additional biopsy of any hypoechogenic lesion was obtained.

Prostate cancer was detected in 191 men. All men with a negative biopsy and those in
whom no biopsy was obtained were consideted free of prostate cancer. The biopsy
results were used to assess the validity of the free-to-total PSA ratio in combination with
total PSA to detect prostate carcinoma, and were considered to indicate the definitive
histological status for the individual. All 432 participants with an intermediate PSA of 4.0
to 10.0 ng./ml. underwent biopsy and results were analyzed according to the free-to-total
PSA ratio, PSA density and age specific reference ranges. A case selection simulation
procedure was used to evaluate the relative value of these 3 factors as indicators for
biopsy. The cutoff values chosen were a free-to-total PSA ratio of less than 0.20 [11] and
PSA density of 0.12 ng./ml./cc or more [6]. The histological results of men who
underwent radical prostatectomy {after pelvic Iymphadenectomy with perioperative
frozen section) were classified as organ confined (stage T2 NG M0, grades ! to 3} and
extensive (stages T3 to 4 NO MO grades 1 to 3) disease.

Age specific reference ranges for total serum PSA were determined with the ProStatus-
T™M (Delfia, Turku, Finland) PSA free/rotal assays using the 95th percentile upper limit
of total PSA values (mean + 1.65 standard deviations) in men without prostate cancer
[12, 15). Classification was by age ranges of 5 years (table 1). Also the 95th percentile

lower limit of the free-to-total PSA ratios was calculated to illustrate the age dependency.

Age (1) 5054 5559 G064 6569 70-74
Hybritech assay [12] 3.5 4.5 6.5
ProStatus-TM assay
Total PSA 38 4.3 4.9 5.5 6.3
Free PSA 0.87 0.96 1.1 1.2 1.3
Free-to-total PSA ratio:
PSA 0-200 0.14 0.14 0.14 0.14 0.14
PSA 4-10 - 0.10 0.11 0.12 0.12
Table 1:

Age specific referonce ranges for PSA (ng./ml) in 1,659 men withont prostate carinoma
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In all 991 participants who underwent prostate biopsies the free-to-total PSA ratio was
determined by retrospective application of the Delfia ProStatus-TM PSA free/total assay.
Serum samples had been stored at —70°C. The assay provides simultaneous dual label
measurement of free and total PSA by using time resolved flucrimetry of europium (free
PSA) and samarium (total PSA) chelates. This assay measures free and complexed PSA in
an equimolar fashion, The detection limits for the dual Iabel assay are less than 0.01 and
less than 0.1 ng./ml, for free and total PSA, respectively, The coefficients of variation
were 7.2 to 4.3% at serum concentrations of 0.7 to 70.7 ng./ml. for total PSA, and 10.3
to 3.7% at serum concentrations of 0.17 to 35.5 ng./ml. for free PSA during 22 days,
with 6 control samples supplied by the manufacturer [14].

The ProStatus-TM and Tandem-E assays proved to correlate well for a wide range, with
coeflicients of correlation of 1.00 for 67 men with and 0.99 for 1,659 men without
prostate cancer [15-17], Although both assays claim to be equimolar, they make use of
different antigenic sites and antibodies. Therefore, we stress that results of PSA
measurements with these 2 assays are not interchangeable by definition,

Receiver operator characteristics curves were used to show the relative intrinsic
discriminatory potential of the various parameters as predictors for a positive biopsy
result. These predictors were estimated as a function of the various continuous
parameters and of binary parameters, such as digital rectal examination and transrectal

ultrasonography, by means of logistic regression analyss.
Results

General characteristics of all men are shown in table 2, In 4,800 men 191 cancers were
diagnosed histologically by 977 sextant prostate biopsies (cancer detection rate 4.3%).
There was no significant difference between the median prostatic volume of men with
and without prostate carcinoma (Mann-Whitney U test). Therefore, no sampling
advantage by biopsy for smaller prostates occurred.

Venn diagrams were used to describe the indications for the 977 biopsies performed and
the subsequent number of cancers detected for each indication (fig. 1). In 1 biopsy the
transrectal ultrasonography result was not noted. The ratio of number of biopsies-to-
number of carcinomas is depicted between brackets. The low yield of diagnostic
transrectal ultrasonography for detection of prostate cancer at a PSA of less than 4.0

ng./ml. is apparent.
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Negative biopsies Positive bicpsies P Vatue
Neo. Median  (Range) No.  Median  (Range) Many Whitney U
Prs., Prs, rest
Apge (yrs) 786 67 (55-77) 191 67 (55-76) 0.13
Prostate volume (c¢) 781 382  (10.9224.6) 187 349  (154-106.8) 0.18
Transition zone volume (cc) (781 203 (2.2-166.7) 187 182  (3.3-822) (.06
Study PSA (ng./ml.) 78 30 0.1-49.4) 191 61 (0.3-304) <0.001
ProStatus-TM assay (ng,/ml.)
Total PSA 786 2.8 (0.09-35.2) 191 613 (0.452729) <0.001
Free PSA 786 057  (0.00-8.43) 191 0.85  (0.09-17.37) <0.001
Free-to-total PSA ratio 786 0.23 (0.00-0.78) 191 0.13 (0.04-0.57) <a.001

Table 2¢

Age, prostate volumes and PSA values in 977 partiaipants with 786 benjgn and 191 prostate cancer

bigpsies.

Biopsies #, (Biopsies/cancer) N = 976

FIG. 1;

Cancers # N = 190

Venn diggrams illustrate distibution of indications for prostate bigpsy in 4,800 men, and nwmber of
cancers detected by digital rectal examination {DRE), transrectal ultrasonagraphy (TRUS} and servm
PSA of 4.0 ng./ ml. or more. Numbers in parentheses indicate wonnded nunber of biopsier needed fo
detect T cancer (ratio of number of biapsies-to-minsber of prostate cancers). A, mwwber of bipsies. B,

nnber-of cancers detected,
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Figure 2 shows the distribution of PSA values (ProStatus-TM assay) and the free-to-total
PSA ratio in 977 men who underwent prostate biopsies. In table 1 the age specific
reference ranges of PSA and the free-to-total PSA ratio were calculated for 1,659 men 55
to 74 years old without prostate carcinoma [11]. In our sample of 331 men of the same
age without prostate cancer and with a PSA of 4 to 10 ng./ml. there was an age
dependency for free-to-total PSA ratio as shown by a linear regression formula of: free-
to-total PSA ratio == 0.003 x age (standard deviation 0.001) - 0.021 (standard deviation
0.046). The median free-to-total PSA ratio per 5-year age group was only significantly
different campared to an age group at least 10 years older or younger. Of note is that the
95th percentile lower limit of the free-to-total PSA ratio for the complete range of PSA
was identical for each age group (0.14), while that calculated for a PSA of 4 to 10 ng./ml.
was somewhat less, Hlowever, there were no significant differences between these lower
limits (table 1).

Receiver operating characteristics curves of total serum PSA and the free-to-total PSA
ratic were constructed for all 432 men undergoing biopsy with a PSA of 4.0 to 10.0
ng./ml., including 101 with cancer (fig. 3). A significant difference (2 standard errors) was
obtained between the area under the curve for the free-to-total PSA ratio and that for
total serum PSA. Figure 3 also shows the receiver operating characteristics curves for the
combination of PSA and digital rectal examination, or the combination of PSA, free-to-
total PSA ratio and digital rectal examination as indicators for biopsy in the intermediate
PSA range. Digital rectal examination added significantly in relative diagnostic potential
compared to PSA only, increasing the area under the curve by 7%. The combination of
PSA, free-to-total PSA ratic and digital rectal examination showed the largest area under
the curve, which was significantly different from other combinations and increased the
area under the curve of PSA only by 14%.

Table 3 shows the result of a case selection simulation procedure in which digital rectal
examination, free-to-total PSA ratio, PSA density or age specific reference ranges were
applied according to the aforementioned cutoff values as indicators for biopsy (instead of
the indicator of total PSA of 4.0 ng./ml. or more) for men with an intermediate PSA
range.

In 5 of 432 such men the ultrasound results were not complete so that 427 men were
included in the study. All men underwent systematic sextant biopsies. Those with a

hypoechogenic lesion underwent a seventh biopsy through the lesion.
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Diagnostic transrectal ultrasonography was a poor predictor for biopsy outcome and
therefore not analyzed in table 3. The distribution of organ confined and extended
carcinomas according to the histological results after radical prostatectomy in men not
selected (lost to detection) by the combination of parameters is shown in table 3. Using
digital rectal examination only as an indication for biopsy in the intermediate PSA range
57% of tumors would not have been detected. With free-to-total PSA ratio only as a
biopsy indicator 44% of biopsies would not have been performed, with 19% of cancers
not detected. The number of lost cancers could be significantly improved by the addition
of digital rectal examination. Only 12% of cancers would have remained undetected,
while 35% of biopsies would have been avoided. Using PSA density combined with
digital rectal examination instead of the free-to-total PSA ratio an identical number of

cancers remained undetected with 2 similar decrease in biopsies.

(Mean +5E)  (Mean £ SE)

Biapgy indication Bigpsies | Yo bigpsies % PC  Bigpy/ PC DPatholygically
PC Jess Jost rafio confined] extendve ratio

PSA 410 ng./ i, 427/99 - - 5.1 ---
Abwornal digital rectal examination|  73/43 83+1.8 57150 4.7 18/8
Free-to-total PSA ratie 0.2 or fess 239/80 44424 19441 4.6 7/3
Abnormal digital reeial examination, 5/0
Jree-to-total PSA ratio 0.2 or fess 264/87 38+ 2.3 i2+3.2 4.6

Abuormal digital rectal excanmination

PSA density 0.12 yg./ milfecor 242/85 43423 14435 45 3/1

smore

Total serimr PSA greater than age
speeifie referenee range, abuormal
Digital reetal excamination 301/81 30+ 2.1 18+ 3.8 5.0 1/2

Total sersm PSA greater than age
speeific reference rauge, free-to-total
PS.A ratio 0.2 or less, and

ap-norsal digital rectal excamination | 362792 154+ 1.7 6+2.4 50 0/0

Table 3:

Simulation of biepsy indications and results in 427 men with a total PSA of 4.0 1o 10.0 ng/ mi,

Of 107 mien with prosiate cancer 54 nadernent radical prostatectonty, including 30 with stage pT2, 13
with stage pT3 and 6 with stage pT4 disease, and 5 in whon staging was not yet perfornmed, The tnmors
were classified as histologically confined (stage pT2) or extensive ( stage pT3).
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The overall ratio of number of biopsies-to-number of carcinomas represents the effect of
the stimulation on the entire population of 4,800 men with 977 biopsies, showing the
possible gain of the application of additional screening modalities to the intermediate
PSA range compared to the actual screening policy. To illustrate the effect of various
cutoff levels of the free-to-total PSA ratio in combination with digital rectal examination
for selection of men for biopsies in the intermediate PSA range, table 4 lists the
sensitivity and specificity with the standard error for this combination of modalittes.
Table 5 shows the age and pathological tumor stage (when radical prostatectomy was
performed) for men with cancers lost to detection in the case selection simulation by use
of free-to-total PSA ratio combined with digital rectal examination, PSA density plus
digital rectal examination and age specific reference ranges plus digital rectal examination

for a PSA of 4,0 to 10.0 ng./ml.

Free-to-total PSA ratio cuteff Yo sensitivity Yo specificity
0.16 78 63
0.18 83 55
0.20 87 46
0.22 91 36
Table 4:

Sensitivity (standard ervor 1.4%) and specficity (standard ervor 2.1%) for varions cntoff vatnes of
Jree-to-fotal PSA ratio ar an indicator for bigpsy with digital redal exanination for infermediate PSA
of 4 1o 10 np./ wh. in 427 men

PSA age specific
Free-to-total ratio PSA Density reference range
Age (Yeany) Stape T2 Stage T3 Staoe T2 Stape T3 Staee T2 Stage T3
55-60 2 --- 1 - - 2
60-65 1 1* 1
65-70 1
7075 1* 1 -

* One cancer of unkniown stage

Table 5:

Nimber and patholagical stage of cancers lost lo detection by use of digital rectal examination contbined
with free-to total PSA ratig, PSA density and age specific reference ranges for a PSAgf 4.0 1o 10.0
ug./ wl.

91



Free to total PSA ratio inproves specificity

Discussion

Since the initial reports concerning the free-to-total PSA ratio in 1991, improvement in
specificity of total serum PSA to predict a positive prostate biopsy by use of the free-to-
total PSA ratio has only been statistically significant in clinically select groups of patients
but not in samples of the general population to which screening potentially will he
applied, A previous study from our clinic concerning a screening population showed that
free-to-total PSA ratio could decrease the number of biopsies by 35% at the cost of 11%
fewer detected cancers [11]. The free-to-total PSA ratio in the intermediate PSA range or
gray area of 4.0 to 10.0 ng./ml significantly improved the discrimination of benign from
malignant prostatic diseases compared to serum PSA only (fig. 3). A decreased number
of false-positive indications for biopsy is important, particularly in the intermediate PSA
range, since PSA values in men with benign conditions of the prostate, such as prostatitis
ot benign prostatic hyperplasia, ovetlap considerably those in men with a malignancy. In
that range PSA adjusted values may be helpful, since almost half of the total number of
biopsies (44% in our study) occur in that subgroup of participants (8% of our total
population). Using age specific reference ranges for total PSA in addition to digital rectal
examination in men with a PSA of 4.0 to 10.0 ng./ml. leads to a 30% decrease in
bropsies, while 18% of the cancers remain undetected, These percentages compare
unfavorably to the selection obtained by digital rectal examination combined with free-
to-total PSA ratio or PSA density, Both regimens decrease the number of biopsies
significantly more, while the number of undetected carcinomas remains similar. On the
other hand, of all 3 modalities age specific PSA reference range is the most easily applied,
followed by the free-to-total PSA ratio (particulatly when the ProStatus-TM assay is used,
which measures the total serum PSA and the free-to-total PSA ratio simultaneously).
Calculation of PSA density requires transrectal ultrasonography volumetry, which is more
time-consuming and more expensive. In this analysis 85% of carcinomas detected with
PSA density were in individuals whose carcinomas were detected by the free-to-total PSA
ratio, suggesting that the free-to-total PSA ratio measures the same biological entity as
does PSA density. However, the correlation among the 3 modalities of free PSA, prostate
volume and age is at hest moderate (maximum correlation coeflicient r = 0.31 [11}), and
the metabolic pathway determining the free-to-total PSA ratio is still unknown.

Of equal importance as the number of undetected cancers are the characteristics of the

detected and undetected catcinomas. In our study only limited information is given,
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namely the age of the men with carcinomas that would remain undetected, and the
pathb]ogicaf extent of those tumors that would contraindicate radical prostatectomy
(table 5). In contrast to other reports {7], age specific PSA reference range does not
mainly select younger men for prostate biopsies, since the distribution of undetected
cancers is similar for all age groups, and not solely in the oldest men. Not detecting
confined carcinomas might be regarded as favorable when they ave of small volume and
biologically insignificant. If they grow these cancers may be detected still at a confined
stage during subsequent sereening. On the other hand, not detecting extensive
carcinomas means missing larger cancers that ave often beyond the scope of radical
therapy, and that may present in 2 metastatic state during subsequent screening. A
screening regimen that misses these larger tumors may be of limited value. Various
characteristics of these screen detected tumors, such as tumor volume, grade and ploidy,
are being studied in Rotterdam and will be reported separately. As long as the
characteristics of screen detected cancers are not completely clear and the outcome has
not been established by adequate followup, one can only conclude that in our study the
various groups of men with cancers detected by each method of PSA adjustment do not
completely overlap. In an effort to make the free-to-total PSA ratio even more specific, it
has been suggested that the test be applied to younger men 55 to 65 years old and/or
those with a smaller prostate. Free PSA showed a volume and age dependency [11].
Therefore, improved specificity of PSA not only by free PSA (free-to-total PSA ratio) but
also by age and prostate volume might improve the specificity for prostate cancer.
Previously, however, multivariate analysis showed that in the complete PSA range the
power of prostate volume and age to predict a positive biopsy was slight and insignificant
compared to that of the free-to-total PSA ratio. This finding is probably due to the
mutual correlation. In our study the correlation between free-to-total PSA ratio and age
(and also prostate volume, not shown) was noted in men with a PSA of 4 to 10 ag. /ml.
The information given by age and volume might be used in various ways, for example by
construction of age specific reference ranges for free-to-total PSA ratio. This factor
seems to be of little benefit when the lower 95th peicentile of the free-to-total PSA ratio
is equal among the various age groups (table 1).

The choice of the best cutoff value for free-to-total PSA ratio in the intermediate PSA
range depends on a variety of arguments, which include mainly the combination of
screening modalities used and the level of sensitivity, This choice is illustrated most easily

by presenting the sensitivity and specificity for various levels between 0.16 and 0.22
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ng./ml. (table 4). Although the free-to-total PSA ratio also increases the specificity of
PSA at a PSA of 10 ng./ml or more [15] the clinical usefitlness is limited. At that range
the ratio of number of biopsies-to-number of carcinomas is less than 2, which makes it
acceptable to perform biopsy in all men with high PSA levels, For sirnilar ethical reasons
it is difficult to extend the biopsy indication to all men with PSA ranges of less than 4.0
ng./mk, although the number of carcinomas found will be increased. It must be realized
that a biopsy indication for the free-to-total PSA ratio of 0.20 or less at 2 PSA of 2.0 to
4.0 ng./ml. will increase the number of biopsies by approximately 60% [11]. The biopsy

rate per cancer found may increase to 6.3%.
Conclusions

In the intermediate PSA range of 4.0 to 10.0 ng./ml. the free-to-total PSA ratio imptroves
the specificity of total serum PSA significantly. In populations of symptomatic men who
present to a urclogical clinic the amount of improvement may be different. A cutoff level
of 0.20 or less combined with a positive digital rectal examination as indicators for biopsy
decreases the number of biopsies in that range by 38%, while maintaining the level of
sensitivity at 88%. The undetected carcinomas are likely to be organ confined. The effect
on the numbers of biopsies needed to detect 1 carcinoma in the entire population is
limited, changing the ratio of number of biopsies-to-number of carcinomas from 5.1 to
4.6. Use of the free-to-total PSA ratio may be more cost-effective than the
time-consuming measurement of PSA density, while the same number of men is selected
for biopsies. Biopsy policies may be constructed using optimal cutoffvalues of
parameters (free-to-total PSA ratio, PSA age specific reference ranges and PSA density)

in addition to total PSA and digital rectal examination.
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Chapter IV
Comparison of PSA corrected for total prostate volume and
transition zone volume in a population based screening

study’.
Jobn BV, Ricthergen, Ries Kranse, Robert F, Hoedenacker, Arfe B, Boeken Kruger, Chris H.
Bangma, Wim J. Kirkels and Fritg H. Schriden

Abstract

he objective of this study is to compare the discriminatory potential between
Tprostate cancer and benign conditions of the prostate in a population-based
screening study, of serum prostate specific antigen levels (PSA) and PSA corrected for
both the total prostate volume (PSA-D) and the transition zone volume (PSA-T).
Methods: In a randomized population based screening study (Rotterdam section of the
European Randomized Study of Screening for Prostate Cancer) in which 10,865 men
have been screened, the results of 1,202 biopsied men with PSA levels of 4 ng./ml. or
more were evaluated, Planimetric and prolate ellipsoid volume of the total prostate as
well as of the transition zone were measured. The measured volumes were compared
with the volumes of 57 radical prostatectomy specimens through Spearmans cotrelation
and agreement tests. A receiver operator characteristics (ROC) curve analysis was done
of sensitivity and specificity of biopsy indications through PSA and PSA corrected for
the volumes measured with transrectal ultrasound.
Results: In the 1,202 biopsied men, 361 cases of prostate cancer were diagnosed. Both
PSA-D and PSA-T showed a significantly higher area under the ROC curve (respectively
0.77 and 0.79) than PSA alone (area: 0.65)
There was no significant difference between PSA-D and PSA-T, The use of a PSA-D
threshold value of 0.10 ng./ml./cc would have avoided 28% of biopsies at the cost of
10% of detectable cancers. A PSA-D threshold of 0.15 ng./ml./cc would have saved
73.8% of biopsies at the cost of not diagnosing 43.8% of detectable cancers.

" Comparison of PS.A corvected for total prostate volume and transition gone volume in a population
based sereening stndy, JBW Rierbergen, R Kranse, RE Hoedenacker, AE Bosken Kruger, ChH
Bangma, W] Kirkets, FH Schrider. UROLOGY 1998, val 52: 237-246,
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Conclusions: The planimetrically obtained prostate volume showed a more favorable
agreement with the radical prostatectomy volume than the prolate ellipsoid volume.

The discriminatory potential of the corrected PSA value is better in predicting the results
of needle biopsy of the prostate when compated to PSA alone. The use of the transition
zone volume for this correction results in a higher discriminatoty potential when
compared to the use of the total prostate volume; however, the observed difference was

not statistically significant.
Introduction

PSA is an important but imperfect means of detecting prostate cancer. A cutoff value
between 3 and 4 ng./ml. is generally used as a biopsy indication [1-4]. Approximately
80% of all cancers detected in these programs are detected in the PSA range above the
cutoft, the cancers below the cutoff are detected by digital rectal examination (DRE)
and/or transrectal ultrasonography (TRUS). Unfortunately the performance of PSA is
poor in terms of discriminating between benign and malignant biopsy results since
several conditions such as benign prostate hyperplasia (BPH) [5], acute prostatitis {6],
prostatic ischemia [7] and other forms of perturbation may increase the serum PSA level.
This results in a large number of false positive biopsy indications. Means of improving
the specificity and reducing the false positive biopsy indications are under discussion.
Babaian et al. showed a direct relationship between prostate gland volume and the serum
PSA value as well as a cancer value threshold [8,9]. Benson et al. further elaborated this
concept by introduction of PSA-density (PSA-D). They showed that PSA-D
discriminates better between patients with prostate cancer and BPH than PSA alone [10].
Several authors concluded that the use of PSA-D can safely reduce the number of
patients subjected to systematic biopsies without significantly compromising cancer
detection in populations of referred patients [11,12]. Littrup et al. plead for the
application of optimized decision levels i.e. performance of biopsy if the PSA-D level is
above the threshold level or the findings at digjtal rectal examination are abnormal [13].
These statements however, were opposed by several other authors. Brawer et al. did not
observe an advantageous effect of the use of PSA corrected for prostate volume in 218
referred patients {14]. Others observed a positive effect but concluded that over 30% to
50% of cancers would not have been detected if the often recommended PSA-D

threshold value of 0.15 ng./ml./cc had been used [15-17].
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The observation that setum PSA is more strongly cotrelated with the volume of
epithelium in the transition zonie [18] has led to the evaluation of PSA corrected for
transition zone volume (PSA-T). Two retrospective referced patient based studies
concluded that PSA-T s more accurate in predicting a positive biopsy than is PSA-D for
PSA levels between 4.1 ng./ml. and 10 ng./ml, [19,20]. However, Gohji et al found no
advantage of the use of PSA-T over PSA-D) in a population of 287 Japanese men [21]. In
a retrospective evaluation of the pilot studies of the ERSPC section Rotterdam, a modest
but statistically insignificant improvement of PSA-T over PSA-D was found. This
evaluation was done on 1726 screened men, of whom 308 were biopsied which resulted
in the detection of 67 cases of prostate cancer [22}. The majority (two thirds) of these
men however, wete not included in the current evaluation,

In this paper we assessed the value of PSA corrected for total prostate volume and
transition zone volume in 1202 consecutively biopsied men with PSA levels greater than
or equal to 4 ng./ml. in a population based screening study. Furthermore, the methods of

volume determination used.for the PSA correction are evaluated.
Methods

FPatients:

Between November 1993 and June 1997, 23,218 men between 54 and 76 years old
responded to a letter of invitation to enter the European Randomized Study of Screening
for Prostate Cancer (Section Rotterdam). The response rate was 42%. The only exclusion
criterion was a previous diagnosis of prostate cancer. Written informed consent was
obtained from all study subjects. Those who were included were randomized to either
the screening arm or the control arm of the study. The men in the control arm were not
offered testing in any way.

Of the 11,596 men in the screening arm 10,865 men underwent a serum PSA
determination. The remaining 731 men were scheduled for the first screening visit in
which bloodsamples will be drawn. One thousand three hundred and sixty-eight men had
PSA levels greater than 3.9 ng./ml. (12.6 %y). In the 1,239 biopsies that were performed,

373 cases of prostate cancer were detected (30.1%) and one case of leiomyosarcoma.
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Technigues:

All 10,865 men underwent determination of serum PSA concentration (Hybritech
‘Tandem-E PSA immunoenzymetric assay, Hybritech, Inc., San Diego, Calif), diggtal
rectal examination (DRE) and trans-rectal ultrasonography (TRUS).

Blood samples were drawn before the other tests were petformed. The cut-off level of
the PSA test was set at 4.0 ng./ml,, any value greater than 3.9 ng./ml. is considered
elevated. At the time of screening the members of the screening team were unaware of
the PSA results,

Digital rectal examination was performed by a resident urologist or an ultrasound
technician; nodularity, induration and asymmetry were considered abnormal.

Biplanar TRUS was petformed by a resident urologist or an ultrasound technician, using

a Bruel & Kjaer® model 1846 mainframe and a 7 MHz biplanar endorectal transducer
(B&K Medical Systems, Marlborough, MA), with the subject in the left lateral decubitus
position. The sonographic criteria for prostate cancer described by Lee et al, were used
[23]. All prostate biopsies were done by resident urologists (JBWR, AEBK and CHB)
with ultrasound guidance, using 2 Manan pro-mag® 2.2 biopsy gun and an 18 gauge
Bard® biopsy needle. All men with a PSA level higher than the threshold level were
biopsted. If the biopsy indication was an elevated PSA level or an abnormal digital rectal
examination, systematic sextant biopsies were performed. In case of a hypoechoic lesion,
the lesion was sampled in addition to the sextant biopsy. All subjects received
antimicrobial prophylaxis {Co-trimoxazole 960 mg p.o.) two hours prior and 4 hours
after the procedure.

The pathological findings from sextant and ultrasound guided biopsies were the

reference test for determining the presence or absence of prostate cancer.

Volume measuvement and PSA corvected for prostate volumis:

In all subjects the prostate volume was obtained through a planimetric volume
measurement with a 0.5 cm step section. Both the transition zone volume and the total
prostate volume were measured.

Furthermore the length, height and width of both transition zone and the total prostate
were tmeasured. These are respectively the cephalad-caudad, anteroposterior and
transverse dimensions of the prostate. The length of the tofal prostate was obtained at
the largest cephalad-caudad distance in the longjtudinal plane. Reference points for the

measurement of the length of the transition zone are the inner portion of the capsule and
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the verumontanum. Land marks for the measurement of the width and height in the
transverse plane, are the capsule and the distinct layer of fibrous tissue separating the
transition zone from the central and periferal zone. The results were entetred in the
formula: 0,52 Length*height*width, to obtain the prolate ellipsoid volutmne.

The PSA density was determined through the quotient of the PSA value and the volurme

of the prostate, Four different indices are calculated:

PSA-D plan (PSA / planimetrically measured total prostate volume);
PSA-T plan - (PSA / planimetrically measured transition zone volume);
PSA-DIlwh (PSA / prolate ellipsoid total prostate volume);
PSA-Tiwh (PSA / prolate ellipsoid transition zone volume).

Radical prostatectonsy toftire:

The prostate volume of the radical prostatectomy specimen of 57 men of the screening
population under study treated in our institution was measured. After fixation the radical
prostatectomy specimens were inked and step-sectioned at 4 mm intervals. Of each slice
a H&E stained histological slide was prepared. Slide surface areas were measured by a
digital morphometric analysis (Kontron imaging system (KS400), Kontron electronik
GmbH, Eching, Germany). The total prostate volume was determined by totaling all

areas and multiplying them by 4mm.

Statistical analysis:

The Mann-Whitney U test is 2 nonparametric equivalent to the t-test and uses the null-
hypothests that two independent samples come from populations with the same
distribution. ‘The observations from both groups are combined and ranked, with the
average rank assigned in the case of ties. The P value represents the chance that the null
hypothesis is rejected wrongly. This test was used to assess differences in PSA values,
PSA values corrected for volume and prostate volume and in men with benign and
malignant biopsy results (Table 1).

Spearmans correlation was used to determine the relationship between total gland
volume and transition zone volume (Fig. 4) and the relationship between the prostate
volume obtained by TRUS volume measurement and the volume of the radical
prostatectomy specimen (Fig. 1). Spearman’s rho measures the association between rank
orders. Correlation coefficients range in value from —1 (a perfect negative relationship)

and +1 (a perfect positive relationship).
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Agreement between the applied volume measurements was analyzed through the method
of Bland and Altman [24]. Because of increasing variation in the high volume ranges a
logarhitmic transformation was used as described by Hollis [25]. To prove or refute
agreement between two methods the mean value of the methods is plotted against the
difference. If two methods are to agree the points on a scatterplot of the two methods
must lie close to the line of equality over the total range. Systematic over- or under-
estimation of one of the methods leads to a horizontal line above or under the X.-axis. A
visible trend indicates that the difference of the two methods varies over the range of the
mean. In our evaluation a line was fitted through the data to visualize a possible trend.
The limits of agreement are given by the mean X 2 * Standard Deviation. The closer
these limits are to the mean, the better the agreement.

The discriminatory potential between benign and malignant biopsy results of PSA and
volume-corrected PSA values were assessed using Receiver Operating Characteristics
(ROC) curves. These illustrate the reciprocal relationship between sensitivity and
speciftcity by plotting false positive (one minus specificity) versus true positive
(sensitivity), The larger the area under the curve ie. the closer the curve is to the upper
left corner of the graph, the better the performance of the test. Statistical significance of
differences in the area under different curves was caleulated with the method as
described by Hanley and McNeil [26]. Since the data to be compared are derived from
the same cases, the biopsied population of 1202 men was divided into two populations
by randomization, to correct for possible correlations induced by the paired nature of the
data. This randomization has led to 613 men in the first population (1) and 589 men in
the second population (2). The statistical significance of the difference in area under the
curve of two tests was determined by comparing the test results in the first population

with the test results in the second population.

102



Chaprer IV

Results

Population:

A total of 10,865 men were screened in the Rotterdam section of the European
Randomized Study of Screening for Prostate Cancer (ERSPC). In 2,619 of these men a
biopsy was indicated by either abnormal DRE and/or TRUS findings or a serum PSA
level of 4 ng./ml. or higher. Systematic sextant biopsies were performed in 2,365 of these
men. Two hundred and fifty-four men were not biopsied for various reasons or biopsy
results are pending, In these biopsied men 505 cases of prostate cancer and one case of
leiomyosarcoma were detected resulting in an overall detection rate of 4.7%. In this
evaluation only men with PSA levels of 4 ng./ml, or higher were included since all men
were biopsted above the PSA threshold of 4 ng./ml. to determine the presence or
absence of prostate cancer. 1,368 (12.6%) of all screened men had a PSA level of 4
ng./ml. or greater. A biopsy was performed in 1,239 men and 373 (30.2%) cases of
prostate cancer were diagnosed. Reasons for not performing a biopsy were: Refusal of
biopsy or withdrawal from study: 80; Anticoagulant medication : 20; Pending hiopsy
result : 29,

In 1202 men all data concerning biopsy results and volume measurements were
complete, All evaluations were done on these 1202 men in whom 361 (30%) cases of
prostate cancer were detected.

Of these 1202 men, 724 men had normal DRE and TRUS findings. Within this subset
127 cases (34%) of stage T1C prostate cancer were detected,

The distributions of PSA, PSA-D, PSA-T, total prostate volume and transition zone
volume are shown in table 1. This was done for all 1202 men under study, as well as for
those with prostate cancer and those with a benign biopsy resuit. The difference between
benign and malignant cases was statistically significant for all parameters (p<0.001,
Mann-Whitney U).

103



Comparison of PSA-D and PSA-T

PSA (ng./ml) PSA-D PSA-T Total prostate  Transition zone
(ng./ml./cc)  {(ng./ml./cc} volume (co) volume (cc)
Al (N=1202)
Mean 8.9 0.2 0.38 51.7 319
Standard error (0.49 0.01 0.023 0.7 0.6
Median 58 0.13 0.23 46.1 264
Range 4.0 — 3157 0.03 - 7.6 004 — 152  15.4 - 224.6 5.5 - 166.7
Benign (IN=841)
Mean 6.7 0.13 0.23 55.9 356
Standard error [6.13 0.0026 0.0056 0.9 0.7
Median 5.5 0.12 0.195 49.9 304
Range 4-494 0.027-092 0.04-19 189-2246  6.0-166.7
Prostate cancer (N=361)
Mean 14.0 0.36 0.72 41.7 23.5
Standard error (1.6 0.036 0.072 0.94 0.77
Median 6.9 0.20 042 36.1 18.9
Range 4.0 - 315.7 0.04-7.6 0.06-152 1541085  55-849
P value (Mann- [P<0.0001 P<0.0001 P<0.0001  P<0.0001 P<0.0001
Whitney U test)
benign versus
prostate cancer

Table 1:
Distribution of PSA, PSA-D, PSA-T, total prostate volume and transition gone volume for the total
stndy popuiation, those with a benign biopsy result and those with prostate cancer.

Comparison of radical prostatectonty volume and TRUS measured volnme,

Of fifty-seven of these men, treated by radical prostatectomy in our institution, the
volumes of the radical prostatectomy specimen were compared to the results of
planimetric and prolate ellipsoid volume measurements by TRUS. The mean volume of
the radical prostatectomy specimen is 34.1 cc, the median is 27.8 cc (range 16.8 — 73.3).
The mean planimetric volume measured by TRUS of these 57 cases is 42.1cc, the median
is 35.4 cc {range 21.4 — 99.7). The mean prolate ellipsoid volume measured by TRUS of
these 57 cases is 41.3 cc, the median is 35.6 cc (range 16.4 — 103.7). In fipurel the
volumes measured by TRUS are plotted versus the radical prostatectomy volutne. The
Spearman rank correlation coefficient was determined for both plots. For the planimetric
volume (fig. 1A4) r = 0.81 (p<0.0001). For the prolate ellipsoid volume (fig. 1B) r = 0.83
(p<0.0001).
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Figure 2 shows the agreement evaluation. In figure 2A the mean value of the log radical
prostatectomy volume and the log planimetric volume obtained by TRUS is plotted
versus the difference (log planimetric volume measured by TRUS minus log radical
prostatectomy volume). The mean value is 0.092 (standard error of the mean : 0.612).
The mean value plus or minus two standard errors of the mean does not include zero
and remains positive. This indicates that the planimetric volume systematically
overestimates the radical prostatectomy volurne. The line fitted through the data is
described by the formula: y= 0.12 + ax in which a = -0.015. The 95% confidence limits
of a are -0.13 and 0.36. This confidence interval includes zero. This indicates that the
data show no significant trend and the observed difference between the measured
volume and the radical prostatectomy volume does not depend on the average value of
the two volumes compared. Specifically, the planimetric volume measurement
systematically overestimates the volume of the radical prostatectomy specimen. The
limits of agreetnent are described by the mean plus or minus two standard deviations.
For the log planimetric volume minus the log radical prostatectomy volume this is 0.092
+ 0.188. The back transformation of this logarithm shows that the mean planimetric
volume overestimates the radical prostatectomy volume by 23% and the radical
prostatectomy volume differs from the planimetric volume measurement by 43% below
and 67% above.

In figure 2B the mean value of the log radical prostatectorny volume and the log prolate
ellipsoid volume obtained by TRUS is plotted versus the difference (log prolate ellipsoid
volume measured by TRUS minus log radical prostatectomy volume). The mean value is
—0.072 (standard error of the mean : 0.014). The mean value plus or minus two standard
errors of the mean does not include zero and remains negative. The prolate ellipsoid
volume systematically underestimates the radical prostatectomy volume. The line fitted
through the data is described by the formula: y = 0.19 + .ax, in which a = -0.17. The 95%
confidence limits of a are -0.32 and -0.012. This confidence interval does not include
zero, This indicates that the data show a significant trend because the observed
difference between the two volumes depends on the average value of the two compared
volumes. The limits of agreement for the prolate ellipsoid volume minus the log radical
prostatectomy volume are —0.072 £ 0.208. The back transformation of this logarithm
shows that the mean prolate ellipsoid volume undetestimates the radical prostatectomy
volume by 15% and the radical prostatectomy volume differs from the prolate ellipsoid

volume measurement by 31% below and 53% above.
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TRUS planimetric volume

log (plan vol)-log (rad prost vol)

Comparison of PS.A-D and PSA-T
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Figure 1:

Radical prostatectony volume versus A: planimetric volume measnred by TRUS (correlation cogfficient: r
= 0.81). B: prolate ellipsoid volume measured by TRUS (correlation coifficient: r = 0.83 )
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Agreenient plot: A: Mean of the log planimeiric vohume measured by TRUS and the log radical
Prostatectomy tolunie versus the diference of the log planimeiric votume and and the log radical
prostatectomy tolume. Br Mean of the log prolate ellipsoid volume measnred by TRUS and the log
radical prostatectonsy volune tersws the différence of the lag prolate ellipsoid volume and and the fog

radical prostatedoryy volume.
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Comparison of PSA-D and PSA-T by planimetric and prolate ellipsoid voltme.

The agreement plot in Figure 3A shows the mean value of log (PSA-D-plas) and log
(PSA-D-hwl) versus the difference of log (PSA-D plan) and log (PSA-D hwl). The mean
value is —0.025 (standard error of the mean: 0.0023). The line fitted through the data is
described by the formula: y= -0.03 + ax in which a= -0.009. The 95% confidence limits
of a are ~0.03 to 0.007.

The second agreement plot (figure 3B) shows the mean value of log (PSA-T-plan) and
log (PSA-T-hwl) versus the difference of log (PSA-T plan) and log (PSA-T hwl). The
mean value is —0.074 (standard error of the mean: 0.003). The line fitted through the data
is described by the formula: y= -0.08 + ax in which a= -0.014. The 95% confidence
limits of a are ~0.03 to 0.004.

In both agreement plots the 95% confidence interval of a includes zero. However, the
standard error of the mean does not include zero, thus there is a systematic bias, t.e. there
is 2 constant difference in outcome between the PSA value corrected for the planimetric
volume and the PSA value carrected for the prolate ellipsoid volume, which is

independent of the size of the prostate,
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Figure 3:

Agreement plot for PSA corrected for volume: Mean of the log planimetric volume measured by TRUS
and the log prolaie ellipsoid colume measured by TRUS versus the difference of the log planimetric volume
and and log prolate ellipsoid colume measured by TRUS for A: Total prostate volume and B:
Transitian gone volume,
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Comparison of total prostate volume and fransition sone volune:

In a scatter plot (figure 4) the planimetric total prostate volumes were plotted versus the
planimetric transition zone volumes. The mean planimetric total prostate volume
measured by TRUS is 51.7cc, the median is 46.1 ce (range 15.4 — 224.6). The mean
planimetric transition zone volume is 31.9 cc, the median is 26.4 cc (range 5.5 — 166.7).
The Spearman cotrelation coefficient for total prostate volume versus transition zone

volume is 0.95 rho (p<0.0001).

240

total prostate volume

160 120 140 160 180 200

transition zone volume

Figure 4:

Total prostate volunie wersus transitiongone volnwse.

Receiver operating characteristic curver:

Assessment of sensitivity and 1-specificity was done through ROC curve analysis for five
modalities, PSA only; PSA-D-plan; PSA-D-lwh; PSA-T-plan and PSA-T-lwh. The areas
under the curve are shown in table 2, for all biopsied men and for those with normal
DRE and TRUS findings. ‘The differences between the area under the cutve of PSA only
and all four PSA density methods were statistically significant (P<0.0001), The
differences in area under the curve between the volume cotrected PSA values were not
statistically significant, This is further specified in table 3. Furthermore the comparable
volume corrected PSA values in the two populations obtained through randomization

showed no statistically significant differences.
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Area all biopsied Area normal DRE and TRUS
PSA only 0.65 0.61
PSA-D-plan | 0.77 0.71
PSA-D-lwh | 0.76 0.69
PSA-T-plan | 0.79 0.72
PSA-T-lwh 0.78 0.70
Table 2.

Area nuder the ROC curve for PSA and PSA corvected for volume for afl mien biopsied and men with
normal DRE and TRUS findings.

PSAonly PSA-D-plan  PSA-D-twh  PSA-T-plan  PSA-T-lwh

(0] (£)] 0)] ()] 0]
PSA only 0.41 <0.001 <06.001 <0.001 <0.001
PSA-D-plan (3 <0.001 0.33 €.25 0.44 0.33
PSA-D-iwh ¢ <0.001 0.47 0.37 0.43 0.45
PSA-T-plan <0.001 0.20 (.14 0.28 0.19
PSA-T-kwh @ <0.001 0.20 0.14 0.28 0.19
Table 3.

P values for significance in difference in area under the vartons ROC curves in popilation 1: (1) and
Doputation 2: (2).

The ROC curves for PSA only and PSA-D-plan and PSA-T-plan are shown in figure 5.
The respective areas under the curves are 0.65 for PSA only, 0,77 for PSA-D and 0.79
for PSA-T, A similar evaluation was done for men with a prostate volume greater than 40
cc and men with a prostate volume of 40 cc or less. In both groups no significant

difference was found in area under the ROC curve of PSA-D and PSA-T.
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Receiver gperating charactenistics cnrves for PSA; PSA-D and PSA-T, Various cutgff bevels for afl
Darameters are specified,

109



Comparison of PSA-D and PSA-T

Lmpact on cancer detection:

The consequences for prostate cancer detection and the number of biopsies are shown
for the use of PSA-D and PSA-T in table 4. The cutoff values were chosen based on the
available literature. The PSA volume quotients are based on the planimetrical volume.
For PSA-D the values reported in literature are 0.10 ng./ml. /ec; 0.12 ng./ml./cc and
0.15 ng./ml./cc. and for PSA-T 0.35 ng./ml./cc and 0.45 ng./ml./cc. The additional
cutoffs were chosen to establish a match in the number of biopsies avoided with
application of the PSA corrected for volume in order to compare the number of cancers
not diagnosed at comparable numbers of biopsies avoided. If biopsies would have been
performed above a PSA-D cutoff of 0.15 ng./ml./cc, 60.1% of biopsies would have been
avoided and 30.7% of cancers would not have been diagnosed. At a PSA-T cutoff of
0.275 ng./ml./cc, 60.3% of biopsies would have been avoided and 28.5% of cancers
would have been missed.

The same was done in table 5, for the scenario where the PSA-D or PSA-T is only used

for prostates with elevated PSA levels and normal DRE and TRUS findings.

N=1202 Biopies avoided %o PC not diggnosed %o
PSA-D > 0.10 337 (28.0%) 37 (10.2%)
PSA-D >0.12 505 (42.0%) 64 {17.7%)
PSA-D 2 0.15 722 {60.1%) i1 (30.7%)
PSA-D >0.185 887 {(73.8%) 158 (43.8%0)
PSA-D = 0,22 978 (81.4%) 206 (57.1%)
PSA-T 20.16 331 (27.5%) 35 ( 9.7%)
PSA-T =2 0.20 503 (41.8%) 67 (18.6%)
PSA-T = 0.275 725 (60.3%) 103 {28.5%)
PSA-T 2035 876 (72.9%) 153 {42.4%)
PSA-T = 0.45 981 (81.6%) 197 {54.6%)
Table 4.

Percentage bipsies avoided and cancers not diagnosed at varions PSA-D and PSA-T lepeks.
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N=1202 Biopsies avoided %% PC not diggnosed %o
PSA-D = .10 235 {19.6%) i8 (5.0%)
PSA-D = 0.12 344 {28.6%) 3 {8.6%)
PSA-D = 0.15 489 (40.7%) 51 (14.1%)
PSA-D > 0.185 518 (43.1%) 54 (15.0%)
PSA-D = 0.22 640 (53.2%0) 86 (23.8%)
PSA-T > 0.16 240 (20.0%) 21 (5.8%)
PSA-T > 0.20 354 (29.5%) 34 (9.4%)
PSA-T = 0.275 508 (42.3%) 51 (14.1%)
PSA-T > 0.35 592 (49.3%) 69 (19.1%)
PSA-T = 0.45 645 {53.7%) 84 (23.3%)
Table 5.

Percentage biopsies avoided and cancers not diagnosed at varions PSA-D and PSA-T levels ff PSA-D
or PSA-T threshold levels are only applied to nien with elevated PSA kwels and normal DRE and
TRUS findings.

Discussion

PSA-D has been proposed as an effective means of discriminating between elevated PSA
as a result of benign and malignant prostatic disease {10-13]. However, this method has
also been criticized because of its lack of sensitivity [16}. Others concluded that PSA-D
did not enhance the ability of serum PSA alone to predict the presence of prostate cancer
[14]. A partial explanation for this according to Catalona et al. is that the relationship
between transrectal ultrasound volume and pathological prostate weight is not great (r =
0.61}. This might very well be caused by subjectivity involved in measuring the TRUS
volume. However, even if the actual pathological gland volume would have been used in
the determination of PSA-D, a PSA-D value greatet than 0.10 ng./ml. /cc would have
missed 29% of cancers {16].

To assess the correlation between the prostate volume at radical prostatectomy and the
volume measured by TRUS we compared the volumes of 57 radical prostatectomy
specimens with the prolate ellipsoid and planimetric volumes that were measured at the
time of screening. We found correlations of 0.81 and 0.83 respectively (Fig 1). This
strong correlation however, does not imply that the two volumes agree since cotrelation
only means that the points in the scatterplot lie along any straight line. Agreement means
that these points lie along the line of equality, As can be observed from Fig. 2 the
planimetric volume and the radical prostatectomy volume agree well. The systematic bias

allows the use of a PSA volume quotient since it only influences the cutoff value.
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Although the correlation coefficient of the prolate ellipsoid volume and the radical
prostatectomy volume is slightly higher than in the comparison with the planimetric
volume, the agreement is poor. The line fitted through the data shows a significant trend
which indicates that with an increasing mean value of the measurement there is also an
increasing difference between the prolate ellipsotd volume and the radical prostatectomy
volume. Whether the limits of agreement are acceptable is a matter of clinical judgement,
unfortunately there are no statistical answers to this question, The major observation
based on the agreement plot is that the limits of agreement of the planimetric volume
measurements are closer to the mean and show no significant trend in contrast to the
prolate ellipsoid volume. This implies that the data obtained through planimetric
measurernent are more reliable, This is in line with the results of previous evaluations of
the pilot study of the ERSPC {27] and the observations by Littrup et al. [28]. However,
no agreement plots were used to show this reliability.

The use of PSA-T is still controversial. Only few publications are available. The fact that
the transition zone is most strongly correlated with the PSA level has led to assessment
of the PSA-T. Kalish et al. and Zlotta et al. {19,20] report a higher sensitivity and
specificity for PSA-T when compared to PSA-D. In the first mentioned paper the
contrast may be enhanced by the striking poor performance of PSA-D in the population
under study, Both studies were done on a limited number, respectively 59 and 162,
referred men, whereas our results are based on a large cohort of healthy participants in a
population based screening study. Their findings were in line with those of Kurita et al
[29]. They performed a ROC curve analysis on 164 men (44 cases of prostate cancet).
The area under the curve was 0.667 for PSA alone, 0.663 for PSA-D and 0.826 for PSA-
T which was significantly different from PSA alone and PSA-D. In an other repott also
on Japanese men, it was concluded that PSA-D offers additional information in men
with intermediate PSA concentrations but PSA-T does not [21]. In our series the values
for PSA-D and PSA-T were calculated using both planimetric and prolate ellipsoid
volume. The agreement between the two methods is shown in Fig. 3, for the total
prostate volume and the transition zone volume, It can be appreciated that both methaods
agree well. The limits of agreement however, are more favorable for the use of total
prostate volume when compared to the use of transition zone volurme. It has been
recognized that the accuracy of the transition zone measurement is ultrasonographer

dependent which may influence the reproducibility of PSA-T.

112



Chapter IV

We compared the correlation between the total prostate volume and the transition
volume (Fig.4). The correlation coefficient was 0.95. Based on this finding it is not to be
expected that PSA-T would be of more value than PSA-D in increasing the performance
of the screening procedure, This was confirmed by the ROC curve analysis, The area
under the curve for PSA alone is 0.65 which is comparable to the findings of Kurita et
al.. However, the curves for PSA-D and PSA-T showed a strong ovetlap (Fig.5) specially
in the area of interest i.e. the area where a potential cutoff value for PSA-D and PSA-T is
expected. The area under the curve is 0.77 for PSA-D and 0,79 for PSA-T. This small
difference however, is not significant (p= 0.44). Evaluation of PSA-D and PSA-T in men
with prostate volumes higher than 40 cc and men with a prostate volume of 40 cc or
lower showed identical results. The only significant difference was that between PSA and
PSA corrected for either transition zone or total prostate volume. The differences in area
under the curve between PSA corrected for prolate eilipsoid volume and planimetric
volume showed a trend in favor of the planimetric volume measurement but this
difference was not significant as is shown in table 3.

Assessmett of the number of biopsies avoided and prostate cancers not diagnosed
shows that there is no advantage if PSA-T is used instead of PSA-D. The number of
biopsies performed and cancers not diagnosed compare favorably, If a PSA-D cutoff of
0.10 ng./ml./cc would have been used in our series, 28% of biopsies would have been
avoided at the cost of 10.2% of cancers remaining undetected, In the series of Catalona
et al the use of the same cutoff would have saved 42.2% of biopsies, at the cost of 29%
of cancers. To save 42% of biopsies in our series we would have had to use a PSA-D
cutoff of 0,12 ng./ml./cc. Seventeen percent of cancers would have been missed. These
differences however might be based on differences in population and the type of
measurement since we used the planimetrically determined volume whereas Catalona et
al used the prolate ellipsoid volume. Application of PSA cortected for volume exclusively
on patients with normal DRE and TRUS findings would only give a marginal
improvement of the number of cancers missed. If a PSA-D threshold of 0.15 ng,/ml/cc
is used, 41% of biopsies will be avoided at the cost of 14% of cancers that remain

undetected.
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Conclusion

Both the planimetric and prolate ellipsoid method of volume measurement show a
favorable correlation to the radical prostatectomy volume. The agreement of the
planimetric measurement however, is slightly better. By contrast this method is more
time consuming than the prolate ellipsoid method. We found no significant difference in
the ROC curve analysis between PSA corrected for planimetrically determined volume
and prolate ellipsoid volume.

The results show that if PSA is corrected for prostate volume there is an increase in
specificity but a decrease in sensitivity is inevitable. The area under the ROC curve was
slightly higher for PSA-T than for PSA-D (0.79 versus 0.77); this difference, however,
was not statistically significant, Thus, although the use of of PSA-T results in a higher
discriminatory potential between prostate cancer and benign conditions of the prostate, it
does not do so significantly and not in the area of interest when compared to the use of
PSA-D within a screening population. However, both methods improve the performance
of PSA as a screening test significantly. The use of a PSA-D or PSA-T cutoff value
depends fully on the number of prostate cancers that is “affordable” to miss.
Unfortunately the answer to this question can only be given when proof concerning the

benefit of prostate cancer screening is available,

114



Chapter IV

References

1

10.

11.

Catalona WJ, Hudson MA, Scardino PT, Richie JP, Ahmann FR, Flanigan RC,
deKernion JB, Ratliff TL, Kavoussi LR, Dalkin BL, et al.. Selection of optimal
prostate specific antigen cutoffs for early detection of prostate cancer: receiver
operating characteristic curves. | Urol 1994; 152: 2037-42.

Labrie F, Dupont A, Suburu R, Cusan L, Gomez JL, Koutsilieris M, Diamond P,
Emond J, Lemay M, Candas B. Optimized strategy for detection of eatly stage,
curable prostate cancer: role of prescreening with prostate-specific antigen. Clin
Invest Med 1993; 16: 425-39.

Mettlin C, Murphy GP, Babaian R], Chesley A, Kane RA, Littrup P}, Mostofi
FFK, Ray PS, Shanberg AM, Toi A. The results of a five-year eatly prostate cancer
detection intervention. Investigators of the American Cancer Society National
Prostate Cancer Detection Project. Cancer 1996; 77: 150-9,

Crawford ED, DeAntoni EP, Etzioni R, Schaefer VC, Olson RM, Ross CA.
Serum prostate-specific antigen and digital rectal examination for early detection
of prostate cancer in a national community-based program. The Prostate Cancer
Education Council. Urology 1996; 47: 863-9.

Stamey TA, Yang N, Hay AR, McNeal JE, Freiha IS, Redwine . Prostate-
specific antigen as a serum marker for adenocarcinoma of the prostate. N Engl }
Med 1987; 317: 909-16,

Robles M, Morell A, Redorta JP, de Totres Mateos JA, Rosello AS. Clinical
behaviour of prostate specific antigen and prostatic acid phosphatase:A
comparitive study. Eur Urol 1988; 14: 360-6.

Glenski WJ, Malek RS, Myrtle JF, Oesterling JE. Sustained substantially increased
concentration of prostate specific antigenin the absence of prostatic ralignant
disease: An unusual clinical scenario, Mayo Clin Proc 1992; 67: 249-52,

Babaian Rf, Fritsche HA, Evans RB. Prostate-specific antigen and prostate gland
volume: correlation and clinical application. J Clin Lab Anal 1990; 4: 135-7.

Babaian RJ, Miyashita H, Evans RB, Ramirez EL The distribution of prostate
specific antigen in men without clinical or pathological evidence of prostate
cancet: refationship to gland volume and age. J Urol 1992; 147: 837-40.

Benson MC, Whang IS, Olssen CA, McMahon D], Cooner WH. The use of
prostate specific antigen density to enhance the predictive value of intermediate
levels of serum prostate specific antigen. J Urol 1992; 147: 817-21,

Bazinet M, Meshref AW, Trudel C, Aronson S, Peloquin F, Nachabe M, Begin
LR, Ethilali MM. Prospective evaluation of prostate-specific antigen density and
systematic biopsies for early detection of prostatic carcinoma. Urology 1994; 43:
44-51.

115



Comparison of PSA-D and PSA-T

12.

13.

14.

15.

16.

17.

18.

19.

20.

21

22.

116

Rommel FM, Agusta VE, Breslin JA, Huffnagle HW, Pohl CE, Sieber PR, Stahl
CA. The use of prostate specific antigen and prostate specific antigen density in
the diagnosis of prostate cancer in a community based urology practice. J Urol
1994; 151: 88-93.

Littrup PJ, Kane RA, Mettlin CJ, Murphy GP, Lee F, Toi A, Badalament R,
Babaian R. Cost-effective prostate cancer detection. Reduction of low-yield
biopsies. Investigators of the American Cancer Society National Prostate Cancer
Detection Project. Cancer 1994; 74: 3146-58.

Brawer MK, Aramburu EA, Chen GL, Preston SD, Ellis W]. The inability of
prostate specific antigen index to enhance the predictive value of prostate specific
antigen in the diagnosis of prostatic carcinoma. } Urol 1993; 150: 369-73.

Cookson MS, Floyd MK, Ball TP, jr., Miller EK, Sarosdy MF. The lack of
predictive value of prostate specific antigen density in the detection of prostate
cancer in patients with normal rectal examinations and intermediate prostate
specific antigen levels. ] Urol 1995; 154: 1070-73.

Catalona W], Richie JP, deKernion JB, Ahmann FR, Ratliff TL, Dalkin BL,
Kavoussi LR, MacFarlane MT, Scuthwick PC. Comparison of prostate specific
antigen concentration versus prostate specific antigen density in the early
detection of prostate cancer: receiver operating characteristic curves. J Urol 1994;
152: 2031-30.

Bare R, Hart L, McCullough DL. Correlation of prostate-specific antigen and
prostate-specitic antigen density with outcome of prostate biopsy. Urology 1994;
43: 191-6.

Lepor H, Wang B, Shapiro E. Relationship between prostatic epithelial volume
and serum prostate-specific antigen levels. Urology 1994; 44: 199-205.

Kalish J, Cooner WH, Graham SD. Serum PSA adjusted for volume of transition
zone (PSAT) is more accurate than PSA adjusted for total gland volume (PSAD)
in detecting adenocarcinoma of the prostate. Urology 1994; 43: 601-6.

Zlotta AR, Djavan B, Marberger M, Schulman CC: Prostate specific antigen
density of the transition zone. a new effective parameter for prostate cancer
prediction. ] Urol 1997; 157: 1315-21.

Gohji H, Nomt M, Egawa §, Morisue K, Takenaka A, Okamoto M, Ohori M,
Fujii A. Detection of prostate carcinoma using prostate specific antigen, its
density, and the density of the transition zone in japanese men with intertnediate
serum prostate specific antigen concentrations, Cancer 1997; 79: 1969-76.

Bangma CH, Kranse R, Blijenberg BG, Schréder FH. The value of screening
tests in the detection of prostate cancer, Part T: Results of a retrospective
evaluation of 1726 men. Urology 1995; 46: 773-8.



23,

24,

25.

26.

21.

28.

29.

Chapter IV7

Lee F, Gray JM, McLeary RD, Meadows TR, Kumasaka GH, Bortaza GS, Straub
WH, Lee F, Jr, Solemon MH, McHugh TA, et al.. Transrectal ultrasound in the
diagnosis of prostate cancet: location, echogenicity, histopathology, and staging,
Prostate 1985; 7: 117-29.

Bland JM, Altman DG: Statistical methods for assessing agteement between two
methods of clinical measurement. Lancet 1986; 1: 307-10.

Hollis S: Analysis of method comparison studies. Ann Clin Biach 1996; 33: 1-4.

Haniey jA, McNeil BJ. A method of comparing the areas under receiver
operating characteristic curves derived from the same cases. Radiology 1982;
148: 839-43.

Bangma CH, Niemer AQ, Grobbee DE, Schréder FH. Transrectal ultrasonic
volumetry of the prostate: in vivo compatisont of different methods. Prostate
1996; 28:107-10.

Littrup PJ, Wiliams CR, Egglin TK, Kane RA. Determination of prostate volume
with transrectal US for cancer screening, Part IT. Accuracy of in vitro and in vivo
techniques, Radiology 1991; 179: 49-53,

Kurita Y, Ushiyama T, Suzuki K, Fujita K, Kawabe K. PSA value adjusted for the

transition zone volume in the diagnosis of prostate cancer. Int | Urol 1996; 3:
367-12.

i17






Part B

The Biopsy

procedure






Chapter V7

Chapter V

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 .

Jobn BV, Riethergen, Arto B, Boeken Konger, Ries Kranse and Frity H. Schroder.
Abstract

creening for prostate cancer with the purpose to reduce the mortality and morbidity
S from this disease has become an important issue in recent years. Of all diagnostic
procedures used to diagnose prostate cancer, biopsy of the prostate is the cause of most
complications. To evaluate the safety of the screening procedure we have evaluated the
complications and risk factors for complications within the screened population of the
European Randomized Study of Screening for Prostate Cancer (ERSPC} section
Rotterdam.
Material and rethods: Between June 1994 and July 1996 1,687 TRUS guided systematic
sextant biopsies were performed after screening of 6,198 men through PSA, digital rectal
examination and transrectal ultrasonography.
Resnits: With these 1,687 hiopsies, 302 cases of prostate cancer were diagnosed, Mild
complications as haematuria and haematospermia were reported frequently with rates of
23.6 and 45.4%. More severe complications were far less frequently seen. Fever, usually
of low grade, was seen after 4.2% of biopsies. Seven men (0.4%) were admitted to a
hospital after biopsy. Risk factors for complications could not be identified.
Conclusion: Review of literature concerning transrectal biopsies of the prostate shows that
the complication rates within this screened population are compatable to those reported
within referred patients. The admittance rate is slightly lower. TRUS guided systematic
sextant biopsy of the prostate is a safe procedure for the diagnosis of prostate cancer
within the general population, however, identification of risk factors for complications

might further improve the safety of the screening procedure.

" Complications of transrectal ultrasonnd guided systematic sextant biopsies of the prostate: evalnation of
complication rates and risk factors within a population based screening program. JBW Ricthergen, AE
Bozken Kruger, R Kranse, FH Schrider. UROLOGY 1297, Vol 49: 875-880),

121



Coniplications of prostate bigpsy

Introduction

In 1937 Astraldi described a technique for biopsy of the prostate gland through a rectal
approach [1]. Since then the technique has been greatly modified. At present, prostate
biopsies ate performed as an out-patient procedure without need even for local
anesthesia. The main improvements in technique are the use of thin needles and of fast,
autoratic biopsy devices. These technical improvements have greatly reduced the
discomfort of the patients as well as the costs of the procedure. Consequently the
performance of transrectal ultrasonography guided systematic sextant biopsies has
become the method of choice for most urologists in Europe and the US.

In recent years screening for prostate cancer has become a very important issue because
the possibility of early diagnosis has been greatly improved by the use of PSA
measurements, The question whether diagnosis and treatment of prostate cancer in an
early stage could reduce the mortality from this disease is a major scientific issue,
Screening for disease is defined as the use of diagnostic testing in the asymptomatic
general population. These men generally have no complaints and are screened on a
voluntary basis. Hence it is of the utmost importance that the screening procedure and
the biopsy procedure is safe and the discomfort is minimal. The part of the screening
procedure with the highest risk of complications is the biopsy procedure. The patients
acceptance of the ultrasound guided transrectal biopsy procedure is very high, 70 to 92%
of patients report no significant pain or discomfort during the biopsy procedure [2][3].
Hawever, adverse effects and even severe complications have been described.
Haemorrhagic complications are frequently seen and vary from expected minor
complications as transient haematuria, haematospermia and rectal bleeding, to gross
bloodloss by either route, or development of haematomas, that may require multiple
transfusions [4-6]. Damage to adjacent anatomical structures has been the subject of
several case reports: Ureteral trauma [7], perforation of the terminal ileum {8] and
osteitis pubis [9]. A major drawback of the transrectal approach, however, is the risk of
infection leading to febrile reaction, prostatitis, epididymitis, septicemia and even death
[10][1].

To evaluate the safety of the screening procedure within the European Randomized
Study of Screening for Prostate Cancer (ERSPC) we have evaluated the complication

rates within the screened population. Identification of risk factors for the complications
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that cause substantial morbidity might be of importance to improve the safety and

acceptance of the screening procedure within population based screening programs.
Material & methods

Between June 1994 and July 1996 13,542 men, between 54 and 76 years old responded
positively to a letter of invitation to enter the European Randomized Study of Screening
for Prostate Cancer (section Rotterdam). The only exclusion criterion was a previous
diagnosis of prostate cancer. Written informed consent was obtained from all study
subjects. Each patticipant filled out an AUA7 symptom score form and a baseline-
questionnaire concerning their medical history. Those who responded were randomized
to either the screening or the control arm. Of the 6599 men in the screening arm 6198
men underwent all three screening tests: Digital Rectal Examination (DRE), Transrectal
Ultrasonography (TRUS) and a serum prostate specific antigen determination (a cut-off
value of 4 ng./ml. was used as a biopsy indication). The prostate volume was determined
for all subjects using 5 mm step section planimetry. A suspicious finding by any of the
three diagnostic procedures prompted a prostate biopsy.

All biopsies were performed by resident urologists in an outpatient setting, Neither Pre-
biopsy bowel preparations not cleansing enemas were used. The procedure was
performed without anesthesia. Aspigin or anticoagulant therapy was stopped 10 days
before the biopsy after consultation of the subscribing physician. Two hours prior and
four hours after the biopsy all patients received oral antimicrobial therapy:
Trimethoprim-sulfamethoxazole 960 mg, TRUS was performed using a Bruel & Kjaer
model 1846 mainframe and a 7 MHz biplanar endorectal transducer with the patient in
the left lateral decubitus position.

Six systematic sextant biopsies were taken during longitudinal scanning, through an
oblique channel in the ultrasound probe, using a Manan® pro-mag biopsy gun and an 18
gauge (1.2mm) Bard® biopsy needle. In case of a hypoechoic lesion an additional
seventh biopsy was done. This technique was described in detail by Torp-Pedersen and

co-workers [12].
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All patients were informed of possible cotnplications, Le. bleeding and infection, Special
care was taken to stress the importance of medical attention in the event of fever with a
temperature higher than 38.5 centigrade or severe discomfort at micturition, Both oral
and written information was given.

After two to three weeks all patients were seen by one of the staff-urologists, and
informed about the biopsy results. At that time a questionnaire was filled in, related to
complications following the biopsy.

Three possible risk factors for complications wete evaluated: A positive biopsy outcome,
a prior history of diabetes mellitus and a history of prostatitis. To assess the significance
of differences, concerning risk factors for complication and infection, the chi-square

test with Yates’ correction was used where appropriate.
Results

Cancer detection:

A total of 6,592 screening procedures was performed. For 6,198 subjects this was the
first screening-visit. In this group 1,447 biopsies were performed and 36 biopsies were
repeated because of a suspicious biopsy outcome requiring confirmation. Three-hundred
and ninety-four men that had a negative biopsy outcome the year before were screened
for the second time after a one year interval. Two-hundred biopsies were performed and
4 biopstes were repeated.

A total of 1687 procedures to obtain biopsy specimens were performed and have led to
the diagnosis of 302 cases of prostate cancer.

After the first round of screening 278 (18.75%) biopsy-specimens were positive for
prostate cancer. In the second round 24 (11.8%) biopsies showed prostate cancer. The
40 repeated biopsies resulted in the diagnosis of 15 (37.5%) prostate cancers.

Complication rates:

‘The complication rates of the biopsy procedures are specified in table 1, for all men
biopsied and for four age groups. The complications were divided into two groups.
Minor complications, defined as expected side effects of the biopsy procedure, causing
minimal or no discomfort and requiring no additional treatment. Major complications
were defined as adverse effects causing significant discomfort, disability or requiring

additional treatment,
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allftt) all%) | <60 | 260,<65 | 265,<70] 270
Number of wen 1687 337 392 509 449
Minor complications
Haenaturia >3 days 398 23.6% ] 23.7% 22.19%  23.6% 24.5%
Any haematospernia 765 454% § 62.9% 51.3%  43.8% 285%
Any rectal bleeding 29 L% | 12%  1.5% 1.8%  22%
Major complications
Pain 126 7.5% | 74%  84% 92%  4.2%
Use of analgesics 6 04% / / / /
Nansea/ sichness 15 0.9% / / / /
Urinary refention 7 04% | 0.6%  0.5% 02%  0.5%
Allergic reaction on antibiotic 2 012% / / / /
Drophylasds
Perineal swelling 2 012%( / / / /
Ferer >38.5°C 71 42% | 36%  3.6% 4.9%  4.2%
Auntibiotic therapy 52 31% | 24%  28% 34%  38%
Hospitalization 7 0.4% / / / /
Sepsis 3 0.18% / / / /
Table 1

Complication rates of 1687 transrectad prosiate bigpsies in fotal numbers and percentages for afl wen
biopsied, Complication rates in percentages for four qge groups:
1<60; 2260,<65; 3265<70; 4-270.

Minar complications:

Most men reported bleeding in sperm (23.6%) or utine (45.4%). Only 1.7% of men
reported rectal bleeding, The haemorrhagic complications were never reason for
hospitalization.

Major complications:

Pain after biopsy was reported by 126 men (7.5%) but only 6 men (0.36%) used
analgesics after the biopsy. Almost one percent of subjects experienced nausea or
sickness immediately after the biopsy procedure. Three men reported to have felt ill
during one or more days following biopsy but they did not contact a physician.
Seven men (0.4%) complained of urinary retention. They received an indwelling catheter
which was removed within a week. Five of these men had an AUA7 symptom score
below 10 {range 3 to 35). The planimetric prostate volume ranged from 30cm® to
148cm’, two men had prostates larger than 50cm’. Two patients noticed a perineal

swelling that disappeared spontaneously and did not need any medical attention.
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Seventy-one subjects (4.2%) developed fever within 10 days after biopsy, 52 (3.1%)
needed antibiotic therapy and six were admitted for parenteral antibiotic therapy.

Three patients showed signs of sepsis and had positive cultures of both blood and urine,
one of them was admitted on the intensive care unit for two days with sepsis and shock.
Three other admitted patients had high fever and clinical signs of cystoprostatitis. One
of these patients had a positive urine culture but the blood culture was sterile, in the
other patients both urine and blood cultures remained sterile. All positive cultures
showed a Trimethoprim-sulfamethoxazole resistant Escherichia Coli, All patients
recovered within a week.

The seventh admission was because of arthythmia, this patient was discharged after two
days, no explanation was found for his symptoms.

Age related complication rafes:

In table 1 the complication rates are specified for four age groups: @ Men younger than
60, ® men between 60 and 65, © men between 65 and 70 and O those older than 70
years. The rate of haematospermia decreased with an increasing age (P<<0.001). The rates
of retention, pain and fever did not show significant differences over the age groups.
Rectal bleeding showed a slightly increasing trend with increasing age but this was not
significant (P=0.72).

Risk factors:

The relevance of possible risk factors was analyzed in all 1687 biopsied subjects, The
presence of cancer in the biopsy specimen was not associated with fever, pain or
hospital adinission after biopsy. Statistical independence of occurrence of complications,
haematuria, haematospermia, pain after biopsy and infection after biopsy in
combination with the biopsy outcome was tested by means of the Chi-square test with
Yates’ correction. Table 2 shows the number of men with a riskfactor and the number
and percentages for complications within the groups. Bath occurrence of haematuria
and haematospermia and the biopsy outcome were found to be dependent events. This
dependence is significant with a P value of resp. 0.006 for haematuria and 0.0004 for
haematospermia. Haematuria was present in 17.5% of men with prostate cancer and in
24.9% of men without cancer. Haematospermia was present in 36.1% of men with

prostate cancer and in 47.4% of men without cancer.
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The subjects with a former history of prostatitis and diabetes showed a slightly higher
infection rate of 4.6% and 7%, but this was not significant with P values of resp. 0.87
and 0.22,

Risk factor N Complication P value Feyer P yalue

prostatitis 65 42 (64.6%) p=1.0 3 (4.6%) p=0.87
Diabetes 71 48 (67.6%) p=059 5 (M%)  p=0.22
prostate cancer 302 182 (60.3%) p=0.08 11 (3.6%)  p=0.59
Table 2:

Possible 1isk factors for complications afier bigpyy.

Abbreviations:

N: Nunmber of biopsies donie in patients with the 15k factor.

Complication:  Number and percentage of patients with the visk factor and ayy complication,
Fever: Nimber and perventage of patients with the risk factor and fever > 38.5C after bigpsy.
Discussion

Screening for prostate cancer may reduce the mortality caused by this disease. Adverse
effects and complications from the diagnostic procedures should be of minimal
consequence for the quality of life within the screened population of “healthy men™.
TRUS guided systematic sextant biopsy is the standard method for the diagnosis of
prostate cancer for most urclogists in Europe and the US. ‘The examination is easy to
perform and causes little discomfort to the patient[2][3].

Complications, however, do occur and biopsy related mortality has been described
[10][13]{14]. The most severe complications are those caused by infection. Some authors
advocate transperineal biopsy techniques because of the increased risk of bacteremia
after transrectal prostatic needle biopsy [15). The transperineal biopsy technique has a
lower complication rate [15] but there have been several reports of needle tract sceding
of prostate cancer. Incidence rates up to 1% have been desctibed {16]. To our
knowledge there has only been one case repott of clinically evident needle tract seeding
after transrectal biopsy of the prostate {17). Bastacky and coworkers reviewed 350
previously biopsied ch:nicai stage B radical prostatectomy specimens and identified a 2%
incidence (7 cases) of needle biopsy associated tumor tracking, Five of these seven

biopsies were performed transrectally. The extension into soft tissue, which was
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microscopic in all cases, ranged from 0.1 to 1.2 cm. No positive margins due to tumor
tracking were found [18]. In our series there has been no clinical evidence of needle tract
seeding after transrectal biopsy.

The evaluation of the complication rates within the ERSPC population showed that
64.6% of all biopsied men experienced adverse effects of the biopsy procedure, Minor
complications as haematospermia and haematuria for more than 3 days appeared to be
the most frequent complications but medical attention was never necessary.
Haemorrhagic complications have been reported frequently (table 3) with haematutia
rates varying from 1.6% [10] (where only gross haematuria was reported) to as high as
58.4% where any haematuria was reported. In the latter study 20 % still had macroscopic
haematuria 3 days after biopsy [19]. Haematospermia rates varied from 5.7% to 46%
[20]f21]. Blood in the stool was reported less frequently (1.7%). The rates within our
series compare favorably to the rates in other reports,

One-hundred and twenty-six men (7.5%) complained of pain following biopsy, Only six
of them reported the use of analgesics. Unfortunately the questionnaire used was not
designed for further specification of this issue. In two other reports similar rates were

described (table 3)[3][20].

referenee (N HU% HS% RB%  pain
Torp-Pedersen 1989 [12] 138 37 5 94 /
Gustafison 1990 [20]  [145 393 46 /62

Aus 1993 [3] 39 13 9 28 069
Clensents 1993 [ 80 20 11.25 75 /
Collins 1993 [19] 89 584 281 371 /
Hampmerer 1994 [21] 612 144 57 23 /
Table 3:

Literature revies of bacmorrhaplc complications in perventages.
Abbreviatlons:

N: Number of patients; HU: Flaematuria; HS: Haematospermia;
RB: Rectal biseding: Pain:Pain after bigpsy

This subject deserves to be further investigated to determine whether the rate of this
complication can be diminished. Urinary retention after biopsy only occurred in 7
patients, These patients had no previous diagnosis of urinary retention. Their AUA7
symptom score and prostate volume could not have predicted this complication.

The risk of infection is a frequently discussed problem. Sepsis is undoubtedly the most
hazardous complication. In our series only 1 case of life threatening sepsis has occurred.
The patient was admitted on the intensive care unit for two days but recovered
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completely. Fever was reported by 4.2% of the biopsied men in spite of antibiotic
prophylaxis, Of these men 3.1% neceded medical attention and were treated with
antibiotics, Six men (0.4%) were admitted o a hospital.

Infection rates varying from 2.6% up to 27.4% have been reported, however, most
patients did not receive antibiotic prophylaxis[22]. The men that did receive antibiotic
prophylaxis showed a lower fever rate of 18.9% versus 36.2% in the untreated group
[14]. Gustafsson and co-authors also report a higher infection rate in a series of men
that did not receive such prophylaxis. Torp-Pedersen and co-workers report a much
lower infection rate of 1.5% in a population of 138 biopsied patients. Thirty-four
patients received prophylactic antibiotics, In the group of 104 men that did not receive
prophylaxis the infection rate was 2%. This difference was not significant. One
explanation for the higher infection rate in our series might be that six or seven biopsies
wete taken instead of two or three, which could increase the iﬁfection risk.

The infection rates in the ERSPC population are comparable to those specified in other
reports (Table 4). Our study does not support any conclusions regarding the use of

prophylactic antibiotic therapy.

Awnthor year  nference (N AB inf%  fever%e  hosp%  sepsis%e  death%e
Ostroff 1962 [24] 74 Y 54 54 9.5 5.4 0
Davison 197t 14 113 Y/N 274 274 / 3.54 1
Davison 1971 [i4) 8 Y [/ 18.9 / / /
Davison 1971 [14] 55 N/ 362 [/ / /
Gustafsson 1990 {20] 45 N/ 6.2 3.5 / 0
Cooner 1990 [23] 835 Y/N / / 0.7 0.6 0
Cooner 1990 [23] 620 Y / / / 0.5 0
Cooner 1990 {23] 200 N/ / / 1.0 0
Aus 1993 [3] 391 Y 41 26 18 / 0
Clemnents 1993 {2 80 Y / 2.5 1.25 / 0
Collins 1993 [19] 80 Y / 4.5 0 0 0
Norberg 1994 [22] 347 Y 26 26 1.2 0.3 0
Aus 1996 [21] 491 Y 79 39 0.8 / /
Table 4:

Literature review of infections corplications in percentages.

Abbreviations:

N: Number of patients; AB: Antibiotic prophylaccis Y(es) or N{a); inf: Symptoms of infection,
Jewer: Fever following biopsy; Hosp.: Hospitalization; sepsis: Sepsis following bgpsy.

death: Death due to biopsy; [ not reported,

129



Complications of prostate hiopsy

It is possible that sustained use of antibiotics or the use of antibiotics with broader
coverage will reduce the infection rate. However, this may cause other adverse effects
and promote the development of resistant bacterial strains,

The hospitalization rates in the reviewed literature vary from 0.7% to 9.5% [23][24]. In
comparison to the reviewed repotts the hospitalization rate is very low with 0.4% even if
we include the two patients that were admitted three weeks after the cut-off date of this
evaluation this rate will not exceed 0.5%,

Much is to be gained through identification of high risk patient groups for post biopsy
infection. Aus and co-workers demonstrated that risk factors such as a former history of
diabetes or prostatitis have a clear impact on the risk of developing an infection after
transrectal biopsy of the prostate [25]. We have not been able to reproduce those results,
The infection rates for men with a history of prostatitis were almost identical to those in
mer: without such history. In the subset of men with diabetes 7% developed fever in
contrast to the 4.1% of men without diabetes that developed fever. This difference,
however, was not significant within our population.

The assessment of cancer as a risk factor for complications demonstrated that
haematospermia and haematuria are less frequently seen in men with prostate cancer in
the biopsy specimen. The explanation for this phenomenon remains uncertain. It might
imply that the threshold for reporting these complications is higher after having received
bad news. Evaluation of the age related complication rates (table 1) does not identify age
as a risk factor for post-biopsy complications, Haematospermia decreases with an
increasing age. This was observed in both men with and without the diagnosis of
prostate cancer and might be explained through the fact that the sexual activity decreases

with increasing age.
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Conclusions

While the overall complication rate seems to be high, there were very few serious events,
most complications were mild and expetienced as acceptable by the participants. This is
also reflected in a low refusal rate at repeat-biopsy after one year ( 8.8%) and favorable
attendance and acceptability figures. Process evaluation data show that ninety five
percent of participants would participate again [26]. The complication rates of the TRUS
guided core biopsy procedure within a population based screening program are fully
comparable to those reported within referred patients, Risk factors for infection after
biopsy could not be identified within this biopsied series. However, minimizing the risk
of infection remains an important issue.

Careful counseling before the biopsy procedure remains very important in order to
minimize the patients anxiety and to assure that if complications occur they are dealt
with adequately. Transrectal ultrasound guided systematic sextant biopsy of the prostate

is a safe procedure for the diagnosis of prostate cancer in the general population.
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Chapter VI

Repeat screening for prostate cancer after 1-year followup in
984 biopsied men: Clinical and pathological features of detected

cancer .
Johu B Rietherpen, Arto E. Boeken Kruger, Robert Y. Hoederragker, Chris Fi. Bangma,
Wim J. Kirkels and Frity H. Schrijder.

Abstract

T the objective of this study is to describe the yield of a repeat examination and

L

L. biopsy procedure one-year after an initial negative biopsy, We also assessed the
parameters responsible for the failure to diagnose these cancers at the primary screening,
Methods: A total of 8,103 men, randomized to the screening arm of the Rotterdam section
of the Buropean Randomized Study of Screening for Prostate Cancer were screened
usintg PSA, DRE and TRUS. At the pritnary screening 1,875 men were biopsied .
Prostate cancer was diagnosed in 374 men. Of the remaining 1,501 men, 984 underwent
repeat screening,

Resuits: Biopsy at repeat screening diagnosed prostate cancer in 49 of 442 men (11%), a
rate significantly lower than the 19.9% true positive biopsy rate at the primary screening,
Pathological characteristics of the tumors diagnosed were not significantly different in
the two groups. However, prostate volume in men diagnosed with prostate cancer was
significantly greater at repeat versus primary screening (mean 42,6 cc versus 34.9 cc, p =
0.003). The clinical characteristics were more favorable because of an increased
proportion of stage T1C tumors. Prostate volume tn men with stage T1C cancer was
significantly greater than in those with palpable or visible fumors in whom PSA values
were i the same range,

Conclusion: The most important factor responsible for failure to diagnose these cancers at
the primaty screening was the significantly higher prostate volume. The tumor

characteristics were not significantly different in the groups. If prostate cancer screening

" Repeat screening for prostate cancer after 1-year follownp of 984 bigpsied men: Clinical and
pathological features of detected cancer: JBW Riethegen, AE Boeken Kruger, RE Hoederiacker, ChH
Bangrma, W Kivkels, FH Schrider. Jonrnal of Urology 1998; vol 160 in press.
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ever becomes z routine or health care policy, efforts will have to be made to improve the
chances of diagnosing prostate cancer in larger prostates by repeat biopsy procedures or

by increasing the number of cores obtained.
Introduction

Although it is controversial due to a lack of evidence in randomized screening studies,
secondary prevention of prostate cancer through early detection and treatment is
widespread. For detecting prostate cancer in asymptomatic cases serum prostate specific
antigen (PSA) determination, digital rectal examination and transrectal ultrasound have
led to an increasing number of prostate biopsies and clinically diagnosed cases of
prostate cancer. However, biopsy resuits are negative in the majority of men who
undergo biopsy because of abnormal test results. Itis well recognized that cases of
prostate cancer are missed at biopsy [1, 2.

The introduction of six random systematic core biopsies by Hodge et al. [3] increased the
accuracy in diagnosing prostate cancer. Recently Eskew et al. described the method of
systematic 5 region prostate biopsy, which may further increase the diagnostic yield {4].
Others have recommended repeat biopsies for such specific indications as persistently
elevated serum PSA [5] and abnormal histological findings in the initial biopsy specimen
[6, 7, 8], to reduce the proportion of prostate cancer missed by initial biopsy.

In this context it is of interest to know what the yield of a selective repeat examination
procedure is and whether there are any parameters that might explain why cancers
diagnosed at repeat screening were not diagnosed by the primary biopsy. In this chapter
we describe prostate cancer detection in relation to such clinical features as PSA, prostate
volume and the clinical and pathological characteristics of cancers detected after repeat
exatnination in 984 men in whom biopsy results were negative in the initial round of a
population based screening study. Evidently our study comprises a highly select group of
men and the results are not applicable to the issue of repeat screening in a population

based setting,
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Methods

Popntation:

Between QOctober 1991 and July 1996, 17,006 men between 55 and 76 years old
responded to a letter of invitation to be entered in the Rotterdam section of the
European Randomized Study of Screening for Prostate Cancer (ERSPC). This jarge
general population based study aims at randomizing 190,000 men, including 40,000 in
Rotterdam, The Nethetlands, The only exclusion criterion in the study was a previous
diagnosis of prostate cancer. Written informed consent was obtained from all study
participants. Those who responded were randomized in either the screening arm (8,593)
or the control arm (8,413). Men enrolled to the control ann were not offered testing in
any way.

Techniques:

Of the 8,593 men in the screening arm, 8,013 underwent determination of serum PSA
concentration (Hybritech Tandem-E PSA immunoenzymetric assay (Hybritech, Inc., San
Diego, CA)), Digital Rectal Examination (DRE) and Trans Rectal Ultrasonography
(TRUS). The cut-off level of the PSA test was set at 4.0 ng./ml., any value greater than
3.9 ng,/ml. was considered elevated. At digital rectal examination and transrectal
ultrasound the screening team was blinded to the PSA results. Nodularity, induration and

asymmetry of the prostate were considered abnormal DRE results. Biplanar transrectal

ultrasonography was performed, using a Bruel & Kjaer® model 1846 mainframe and a 7
MHz endotectal transducer (B&K Medical Systerns, Matlborough, MA). The
sonographic criteria for prostate cancer described by Lee et al. were used [9]. The
prostate volume was obtained through 2 planimetric measurement using a 0.5 cm step-
section technique.

Beginning in October 1995, DRE and TRUS were not performed in men with PSA
levels below 1 ng./ml. [10].

TRUS guided systematic sextant biopsies were performed by a resident urologist, using a
pro-mag® 2.2 biopsy gun and an 18 gauge Bard® biopsy needle. In case of a hypoechoic
lesion, the lesion was sampled in addition. In case of high-grade prostatic intraepithelial
neoplasia (PIN) or atypia the biopsy was repeated within 3 months. Men in whom the
results of the primaty ot repeat biopsy wete negative were invited to undergo a repeat
examination after 1 year, according to the screening algorithm. The screening team was

blinded to the results of the primary screening.
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Parhology:

Tumor volume of the radical prostatectomy specimens processed at our hospital was
determined using a KS400 Kontron digital morphometric analysis imaging system
{Kontron electronic GinbH., Eching, Germany). Tumor grading was done according to
the M, . Anderson grading system because pathological evaluation of the radical
prostatectomy specimen was performed at the hospital in which the patient was treated,
and not all of those institutions use the Gleason score,

Clinical Stage of diagnosed cancers:

‘The 1992 TNM classification was used for the description of the clinical stage [11].
Tumor stage was determined at the time of screening, while lymph node and metastatic
stages were determined at the hospital in which each patient was treated.

Statistical methods:

The chi square test was used to assess the significance of differences in the primary
screening and repeat screening results in regard to cancer detection rate, clustered PSA
differences in men with positive and negative biopsy results, and stage and grade
distributions.

The Mann-Whitney U test was used to assess differences in prostate volume and PSA

values in the primary and repeat screening groups.
Results
Pritnary screening

Population:

A total of 8,013 men were screened in the Rotterdam section of the Eutopean
Randomized Study of Screening for Prostate Cancer (ERSPC). The serum PSA level was
less than 4 ng./ml. in 6,949 men (86.7%) of whom biopsy was indicated by abnormal
digital rectal examination and/or transrectal ultrasound findings in 1,139 (16.4%). In
1,064 patients (13.3%) serum PSA was 4 ng./ml. or greater, which was the indication for
performing biopsy. Overall biopsy was indicated in 2,203 men, including 328 who did
not undergo the procedure for various reasons,

Cancer detection:

Systematic sextant biopsies were performed in 1,875 men, which has led to the diagnosis

of 374 cases of prostate cancer at an overall detection rate of 4.7% and a the true positive
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biopsy rate of 19.9%. At PSA levels less than 4 ng./ml 943 systematic sextant biopsies
were performed and 100 cases of prostate cancer were diagnosed (10.6% true positive
biopsy rate). At PSA levels greater than or equal to 4 ng./ml. 932 biopsies wete
performed and 274 cases of prostate cancer were diagnosed (29.3% true positive biopsy

rate).
Repeat screening

Repeat screening population:

In 1,501 men the initial biopsy results were negative. These men were invited for a repeat
screening visit 1 year later, To date 984 subjects have been screened, resulting in 498
biopsy indications. The remaining 486 men were not biopsied for various reasons: In 280
men, abnormalities on DRE and/or TRUS could not be reproduced. In 136 men the
serum PSA level was below 1 ng./ml. In 60 men the PSA level decreased below 4
ng./mil. and DRE and TRUS findings were normal. Ten men dropped out of the study.
Cancer detection afler repeat examination of 984 bigpsied men (Table 1):

In 632 men the PSA level was below 4 ng./ml.. DRE and/or TRUS wete abnormal in
146 men, of whom 123 were biopsied. Twelve cases of prostate cancer were diagnosed
(9.8% true positive biopsy rate).

Of the 352 men in whom PSA was 4 ng./ml, or greater 319 underwent biopsy and 37
were diagnosed with prostate cancer (11.6% true positive biopsy rate). Overall 49 cases

of prostate cancer were diagnosed in 442 biopsies (11% true positive biopsy rate).

Primary screening  Re-screening Primary screening  Re-serecniing
PSA (ng.fml.) <4 ng.fml, <4 ng./ . >4 ng./ ml 24 ng./wil
Screened 6,949 632 1,064 352
Biopsy 943 (13.6%) 123 (19.5%) 932 (87.6%) 319 (90.6%)
Prostate cancer 100 (1.43%) 12 (1.9%) 274 (258%) 37 (10.5%)
True positive biopsy rate |10.6% 9.8% 29.4% 11.6%
Table 1:

Numbers of men screened, bigpsied, diagnosed with prostate cancer and trae pasttive biopsy indications in
the primary romnd of screening and in the repeat screening after 1 year, for PSA <4 ng./mil. and PSA

21 g /ol
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Comparison of the primary screen vislt and repeat screening visits

Cancer detection
The true positive biopsy rate (percentage of cancer cases detected per number of biopsies

done) is not significantly different in men in whom PSA was less than 4 ng,/ml. and who
underwent biopsy at primary versus repeat screening (10.6 versus 9.8%; p = 0.8 chi-
square test, table 1), In men with a PSA level greater than or equal to 4 ng./ml. thete is a
significant difference (29.4% vs. 11.6%; p<0.0001, chi square).

Prostate specific antigen

The mean PSA value of the cancers detected in the primary screening was 11.6 ng,/ml.
(median 5.7 ng./ml,, range 0.3 ng./mi.-315.7 ng./ml). In the cancers diagnosed in the
repeat screening the mean PSA value determined in the repeat screening was 6.4 ng./ml.

{(median 5.4, range 1.0 ng./ml.- 24.8 ng./ml). This difference was not statistically
significant (p=0.38, Mann-Whitney U).
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Figure 1:

PSA in the primary sereening versus PSA in the repeat sereening for 442 men bigpsied, specified for
benign bigpsy ontcome and prostate cancer. The line in the plot is the line of equality of PSA mieasnred in
the firit and PS.A wieastred in the repeat sereening vistt.
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In those biopsied (N=442) the PSA value in the repeat screening visit increased in 278
men (62.9%). The mean increase in PSA was 0.6 ng./ml.. In men with prostate cancer
(N=49), 35 (71.4%) had an increased PSA value in the repeat screening visit. The mean
increase of the PSA level was 0.8 ng./ml.. In the 393 biopsied men with a negative
outcome the PSA level in the repeat screening visit was higher in 243 (61.8%) cases with
a mean increase of 0.6 ng./ml.. This difference was not statistically significant (p=0.083,
Mann Whitney U), An increase of 0.75 ng./ml, or more was seen in 134 of 391 (34.3%)
of men with a benign biopsy outcome and 22 of 49 (44,9%) of men with prostate cancer,
This difference was not statistically significant (p=0.14, chi-square). In figure 1 the PSA
value of the primary and repeat screening visit are plotted for men biopsied in the repeat
screening visit,

Prostate volume.

The mean planimetric prostate volume in the primary screening group was 43.6 cc
(median 37.5, range 6.4 to 224.6), while in the repeat screening group it was 53.4 cc
(median 48.2, range 10.0 to 175.5). This difference was statistically significant (p <0.0001
Mann-Whitney U). Men diagnosed with prostate cancer in the primary screening showed
a mean volume of 40.2 cc (median 34.9 cc, range 6.4 cc-108.5 cc). In men diagnosed with
prostate cancer in the repeat screening visit the mean prostate volume (determined in the
primary screening visit) was 48.3 cc (median 42.6 cc, range 21.1 cc- 116.4 cc). This
difference was statistically significant as well (p=0.003, Mann-Whitney U).

In-the 19 men diagnosed at repeat screening with clinical stage T1C prostate cancer mean
prostate volume was 58.9 cc (median 53.2, range 28.2 to 116.7), while it was 46.2 cc
(median 36.4, range 21.0 to 121.9) in men with clinical stages T2 and T3 prostate cancer
in whom PSA was 4 ng./ml, or greater. This difference was statistically significant (p =
6.018 Mann-Whitney U).

Clinical stage and grade distribution (Table 2).

The clinical stage and grade distribution of the 374 cancers diaghosed in the primary
screening and the 49 cases of prostate cancer diagnosed in the repeat screening is shown
in table 2. In the primary screening 77 cancers {20.6%) were not organ confined. Seven
of these patients had bone metastases (N=4) or lymphnode metastases (N=3). Of the 49
cases of prostate cancer diagnosed in the repeat screening two (4%) wete not confined to
the prostate (stage T3). No metastases were found. The difference in clinical stage
distribution for organ confined versus advanced disease is statistically significant

(p=0.005, chi square). Prostate cancer diagnosed at the primary screening was well
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differentiated in 54% of the cases, whereas at repeat screening disease was well

differentiated in 69%. This difference however, was not statistically significant (p=0.06,

chi-square).

Stage / grade Tx Tt T2 T3 T4 T- T- |wal |GX Gt G2 G3 |t/
Metastases MO MO MG MO MO M+ N+

Primary round N |2 94 201 68 2 4 3 374 |2 203 131 38 1122
Primary onnd % [0.5% 25.1% 53.7% 18.2% 0.5% 1.1% 0.8%;100% (0.5% 54.3% 35% 10.2% {100%
Repeat sereening N|0 19 28 2 0 0 0 49 0 34 i4 1 147
Repeat screening % (0%  38.8% 57.1% 41% 0% 0% 0% (100% (0% 69% 29% 2% |100%
Table 2:

Clinical stage and grade distribution of 374 cases of prostate cancer diagnosed in the primayy round and

49 in the repeat screening in the Rotterdam section gf the ERSPC,

Patients treated by radical prostatectorsy (Table 3):

In the primary and repeat screening groups 149 (40%) and 20 (41%) men were treated

with radical prostatectomy, respectively. Table 3 shows the pathological stage and grade

distribution of the radical prostatectomy specimens of men diagnosed in the primary and

repeat screening. Men treated by radical prostatectomy show a similar stage distribution

in both groups with approximately 40% locally advanced cancers (p=0.64, chi-square}. In

the primary screening group 47% of cancers were well differentiated, in the repeat

screening group 55% were well differentiated, This difference however, was not

statistically significant (p=0.5, chi square).

T T2 T3 T™ | Gx GI G2 G3  |Tet
Primary screening N 11 88 45 15 149 |1 70 61 17 |149
Primary sereening% 1% 59% 30% 10% (100% |1% 47% 4% 11% |100%
Repeat sereening N 10 11 7 2 20 0 11 8 1 20
Repeat sereening % 10%  55% 35% 10% |100% [0% 55% 40% 5% [100%
Table 3

Pathological siqge and grade distibution of 149 radical prostatectoniies from the primary
sereening and 20 radical prostatectonies frons the repeal screening group in numibers and percentages.
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The prostate volumes of men treated by radical prostatectomy differed significantly
among men from the primaty and repeat screening group (p=0.038, Mann-Whitney U},
The mean prostate volume in the primary screening was 37.2 cc (median 32.8 cc, range
15.4 ¢c-99.7 cc). In the repeat screening the mean prostate volume was 46.6 cc (median
41.5 cc, range 22.7 cc-116.4 cc). The PSA values however, were not significantly different
{(p=0.4, Mann-Whitney U). The mean PSA value in the primary screening was 6.5 ng./ml.
{median 5.6 ng./ml, range 0.4 ng./ml.-31.8 ng./mL). In the repeat screening the mean
PSA value was 6.2 ng./ml. (median 6.2 ng./ml,, range 1.0 ng./ml.-13.2 ng./ml.).

The tumor volume is known in 71 men with prostate cancer diagnosed at a PSA level
greater than or equal to 4 ng./ml. and treated by radical prostatectomy in our institution.
Sixty of these men were diagnosed in the primary screening round and 11 in the repeat
screening. The tumor volumes did not differ significantly (p=0.14, Mann-Whitney U).
The mean tumorvolume of men diagnosed in the primary screening was 1.6 cc (median
1.0 cc, range 0.1 cc-13.5 ¢c), the mean tumorvolume of men diagnosed in the repeat
screening was 0.8 cc {median 0.7 cc, range 0.04 cc-1.9 cc). There was no significant

difference in PSA value between the two groups (p=0.87, Mann-Whitney U).
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Discussion

The frequency of screening and subsequent performance of biopsy procedures is a trade-
off between unnecessary testing and the risk of missing potentially curable cancer that
may pose 2 threat to the wellbeing of the host within his life span. Recently Stroumbakis
et al. showed that in 20% of 89 men with biopsy proven prostate cancer the second
biopsy was negative [1]. In a study by Keetch and associates {5], repeat biopsies were
done because of a persistent clevated PSA level in combination with abnormal findings
by DRE and/or TRUS in men initially biopsied for the same reasons. They showed a
19% true positive biopsy rate. In our series, men with PSA levels 24 ng./ml. were
biopsied, regatdless of the DRE and TRUS findings, which resulted in a true positive
biopsy rate of 11.6%. Men biopsied above the PSA threshold with abnormal findings by
DRE and/or TRUS showed a true positive biopsy rate of 15.7%, which is comparable to
the series of Keetch etal..

We found no significant difference in true positive biopsy rates at PSA levels below 4
ng./ml. in the primary and re-screening group {Table 1). A considerable number of men
was not biopsied in the repeat screening since the abnormal DRE and TRUS findings in
the primaty screening could not be reproduced. The mechanisms that may have had a
role were high interexaminer variability during digital rectal examination [12] which was
most important, and the fact that reversible conditions, such as prostatitis, may cause
abnormal digjtal rectal examination and transrectal ultrasound ﬂndings. However, the
selection of men in whom digital rectal examination and transrectal ultrasound findings
are abnormal seems to maintain the true positive biopsy rate at repeat screening at almost
the same level as at primary screening,

The PSA distribution did not differ significantly among patients diagnosed in the primary
and repeat screening visit (p=0.38, Mann-Whitney U). The initially measured prostate
volume of men with prostate cancer was significantly higher in men from the repeat
screening group (a mean volume of 48.3 cc versus 40.2 cc (p=0.003, Mann-Whitney U}).
It has been shown that prostate size as welt as tumor characteristics may influence cancer
detection [13, 14). In the subset of men treated by radical prostatectomy, the pathological
characteristics of tumors diagnosed in the primary and repeat screening were identical.
Both groups showed capsular penetration in approximately 40% of patients. The tumort
volumes did not differ significantly (p=0.14, Mann-Whitney U), however, there was a

trend towards lower tumor volumes in the repeat screened group which may not have

144



Chaprer V1

been.significant due to the low number of men in the repeat screening group. The PSA
distributions did not differ significantly in spite of the fact that the median PSA value in
the repeat screening was slightly higher, The prostate volume however, was significantly
higher in the repeat screening group (p= 0.003, Mann-Whitney U) which must have
reduced the chance of diagnosis in the primary screening visit. This confirms findings by
Eskew et al, [4] who showed that a volume based biopsy pattern will enhance the yield of
the biopsy procedure in terms of cancers diagnosed.

Despite the identical distribution of pathological stage in the two groups the distribution
of clinical stage in the men with prostate cancer diagnosed at repeat screening was
significantly more favorable than in the primary screening group. The percentage of T1C
cancers nearly doubled and only four percent of men had clinical signs of extracapsular
growth. Both Epstein and coworkers and Oesterling and coworkers {15, 16]
independently showed that T1C cancers were diagnosed in prostates with significantly
higher volumes which may explain why these tumors are impalpable. Our findings in the
repeat screened group were in line with these observations. Prostates harboring T1C
cancers were significantly larger (median 53.2 cc) than those harboring T2 or T3 cancers
at a PSA level24 ng./ml, (median 36.4 cc). Half of the 20 men treated by radical
prostatectorny had stage T1C cancer. Four of these were pathologically organ confined.
Nine men had stage T2 disease of whom 7 had organ confined disease. One patient had
clinical stage T3A disease which was also the case in the radical prostatectomy specimen.
The Fact that higher prostate volumes lead to underestimation of extracapsular disease in
T1C cancers and that the percentage of stage T1C cancers nearly doubled due to the
higher prostate volumes in the repeat screening resulted in a more favorable clinical stage
distribution when compared to the pathological stage distribution.

An additional explanation for the diagnosis of prostate cancer in men with a negative
biopsy cutcome in the primary screening could be the presence of small but rapidly
growing tumors which would enhance the detection chance at repeat screening, Carter et
al. [17] reported that on serial measurements the rate of increase in serum PSA was
higher in patients with prostate cancer than in those with benign conditions of the
prostate. A PSA velocity cutoff point of 0.75 ng./ml. was suggested. In our series of 442
re-biopsied men the mean increase of PSA in men with prostate cancer was 0.8 ng./ml,
versus 0.6 ng./ml. in men with negative biopsy results. This trend however, was not
statistically significant (p=0.083, Mann-Whitney U). An increase of 0.75 ng./ml. or more

was seen in 34.3% of men with a negative biopsy result and in 44.9% of men with
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prostate cancer. This difference was not significant either (p=0.14, chi-square}. In figure

1 this overlap is shown in a scatterplot. Pearson and Carter [18] demonstrated that cancer
cases showed an early linear phase of PSA increase followed by an exponential phase.
Since the increase of PSA in men with and without prostate cancer did not differ
significantly it can safely be assumed that diagnosis in the repeat screening visit is not
caused by tumors with a short PSA doubling time. As suggested by Cartet, a longer
observation period of two years tnay be necessary to study on the value of “PSA

velocity” in this situation.
Conclusion

The significantly higher prostate volume seems to have a key role in the diagnosis of
prostate cancer in the repeat screening visit as well as in the increase of the proportion of
T1C disease. Our results indicate that the chance of diagnhosing prostate cancer in men
with a large prostate is reduced. Patients treated by radical prostatectomy from both the
primary and repeat screening group show a similar pathological stage distribution. The
tumorvolumes did not differ significantly; however, it can not be excluded at this time
that the trend towards smaller tumors in the repeat screening group will become
significant with increasing numbers. If early detection and treatment are able to decrease
prostate cancer specific mortality the diagnosis of cancers in larger prostates should be
improved by either repeat biopsies or increasing the number of cores in the initial biopsy
in men with high prostate volumes since the characteristics in terms of proportion of

extracapsular tumors are often unfavorable.

146



Chapter VT

References

10.

11.

12,

13,

Stroumbakis N, Cockson MS, Reuter VE, Fair WR. Clinical significance of repeat
sextant biopsies in prostate cancer patients. Urology 1997; 49(3A Suppl): 113-8.

Coplen DE, Andriole GL, Yuan J}, Catalona WJ. The ability of systematic
transrectal ultrasound guided biopsy to detect prostate cancer in men with the
clinical diagnosis of benign prostatic hyperplasia. ] Urol 1991; 146(1): 75-7.

Hodge KK, McNeal JE, Terris MK, Stamey TA. Random systematic versus
directed ultrasound guided transrectal core biopsies of the prostate. ] Urol 198%;
142(1): 71-4.

Eskew LA, Bare RL, McCullough DL. Systernatic 5 region prostate biopsy is
superior to sextant method for diagnosing carcinoma of the prostate. J Urol
1997; 157(1): 199-202.

Keetch DW, Catalona W], Smith DS. Serial prostatic biopsies in men with
persistently elevated serum prostate specific antigen values. J Urol 1994; 151(6):
1571-4.

Ellis W], Brawer MK. Repeat prostate needle biopsy: who needs it? J Urol 1995;
153(5): 1496-8.

Wills ML, Hamper UM, Partin AW, Epstein JL. Incidence of high-grade prostatic
intraepithelial neoplasia in sextant needle biopsy specimens. Urology 1997; 49(3):
367-73.

Bostwick DG, Qian J, Frankel K, The incidence of high grade prostatic
intraepithelial neoplasia in needle biopsies. J Urol 1995; 154(5): 1791-4,

Lee F, Gray JM, McLeary RD, Meadows TR, Kumasaka GH, Borlaza GS, Straub
WH, Lee F, Jt, Solomon MH, McHugh TA, et al. Transrectal ultrasound in the
diagnosis of prostate cancer: location, echogenicity, histopathology, and staging,
Prostate 1985; 7: 117-29

Rietbergen JB, Kranse R, Kirkels W], De Koning HJ, Schréder FIL Evaluation
of prostate-specific antigen, digital rectal examination and transrectal
ultrasonography in population-based screening for prostate cancer: improving the
efficiency of eatly detection. Br ] Urol 1997; 79(Suppl 2): 57-63.

Schréder FH, Hermanek P, Deenis L, Fair WR, Gospodarowicz MK, Pavone-
Macaluso M, The TNM classification of prostate cancer, Prostate Suppl 1992; 4:
129-38.

Smith DS, Catalona W]. Interexaminer variability of digital rectal examination in
detecting prostate cancer. Urology 1995; 45(1): 70-4.

Uzzo RG, Wei JT, Waldbaum RS, Perlmutter AP, Byrne JC, Vaughan ED, Jr The
influence of prostate size on cancer detection, Urology 1995; 46(6): 831-6.

147



Repeat screening after 1_year

14.

15.

16.

17.

18.

148

Daneshgari F, Taylor GD, Miller GJ, Crawtord ED. Computer simulation of the
probability of detecting low volume carcinoma of the prostate with six random
systematic core biopsies. Urclogy 1995; 45(4): 604-9.

Oesterling JE, Suman V], Zincke H, Bostwick DG. PSA-detected (clinical stage
Tic or BO) prostate cancer. Pathologically significant tumors. Urol Clin North
Am 1993, 20(4): 687-93,

Epstein JI, Waish PC, Brendler CB. Radical prostatectomy for impalpable
prostate cancer: the Johns Hopkins experience with tumors found on
transurethral resection (stages T1A and T1B) and on needle biopsy (stage T1C). J
Urol 1994; 152(5 Pt 2): 1721-9.

Carter HB, Pearson JD, Metter EJ, et al. Longitudinal evaluation of prostate-
specific antigen levels in men with and without prostate disease . JAMA 1992;
267(16): 2215-20.

Pearson D, Carter HB. Natural history of changes in prostate specific antigen in
early stage prostate cancer. ] Urol 19%4; 152(5 Pt 2): 1743-8.









Part C

Cancers

Detected






Chapter VT

Chapter VII
The changing pattern of prostate cancer at the time of
diagnosis: Characteristics of screen detected prostate cancer in a

population based screening study. (ERSPC data Rotterdam) .

Jobn B, Ricthergen, Robert . Hoedgmacker, Arto B. Bosken Kruger, Wim |, Kirkels and
Fritz H. Schroder.

Abstract

he clinical and pathological features of prostate cancer diagnosed through serum
TPSA, Digital Rectal Examination (DRE} and Trans Rectal Ultra-Sonography
(TRUS) it a population based randomized screening study are described.
Methods: Between November 1993 and June 1997, 20,632 volunteers aged hetween 55
and 76 years were included in the study, In the screening arm 9,776 men underwent
DRE, TRUS and a serum PSA determination. Biopsies were taken if the findings at
DRE and/or TRUS were abnormal or if the PSA level was greater than or equal to 4
ng./ml.. A total of 2,262 men underwent a biopsy procedure and 474 cases of prostate
cancer were diagnosed.
Resslts: The pre-treatment data were complete in 459 men. Clinically organ-confined
disease was seen in 78% of men. Bone or lymphnode metastases were seen in 8 cases
(1.7 %). In two of the 172 men who undenwent a radical prostatectomy, lymphnode
metastases were seen. Organ confined disease was seen in 66.3% of men treated by
radical prostatectomy.
Conglusion: Comparison of the characteristics of prostate cancer detected through
screening of the general population with the features of a series of incident cases in a
population based cohort of men where no organized screening for the disease took
place shows a dramatic stage reduction, mainly expressed in the proportion of
metastasized cases. Whether this stage reduction will lead to a decrease in disease specific
mottality remains unknown until the study has been finished, and the endpoint, prostate

cancer specific mortality can be evaluated.

" The changing pattern of prostate cancer at the time of diagnosis: Characteristics of soreen detected
prostate canver in a poputation based screening study. (ERSPC data Rotterdany). JBW Rietherpen, RF
Hoedemacker, AT Boeken Kruger, W Kirkels, FH Schrader: Submitted 1998.
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Introduction

Prostate cancer is a serious health problem in elderly men. In the Netherfands it is the
second leading cause of male cancer deaths. The most recent report of the Netherlands
Cancer Registry [1] shows a cumulative tisk of being diagnosed with prostate cancer
between the age of 0 and 74 of 6.26 %. The risk of developing prostate cancer from age
55 until death is 9.9%. The cumulative risk of prostate cancer specific mortality without
age limits is estitnated on 2%.

Prostate cancer develops unnoticed within the prostate; even metastatic disease may
exist with no signs or symptoms for years. Many of the clinically diagnosed cancers have
already spread outside the prostate before the first diagnosis is made. The prognosis of
patients with advanced prostate cancer is poor. Cure is impossible and once metastases
to bone occur the median sutvival is in the range of 180 weeks in spite of endocrine
treatment [2].

At this time the most promising way to contro} prostate cancer and to reduce mortality
seems to be through early detection and treatment. Screening of the male population in
the high-risk age group however is still controversial. This controversy is based on a
marked discrepancy between prevalence and mortality. Autopsy studies have shown that
approximately 30 % of all men who come to necropsy harbor latent prostate cancer [3].
In series of cystoprostatectomy specimens obtained from men with normal digital rectal
examinations operated for a pathological condition of the bladder a 38% to 46%
incidence has been ohserved [4, 5. Most of these tumors however are different from
those detected clinically. Their volumes are smaller (mean 0.11 ml, range 0.01-1.10 ml),
These cancers are often welt differentiated and usually confined to the prostate. In
contrast, only 10 to 15% of screen detected cancers have the features of autopsy cancers
[6, 7]. Furthermore, 97% of these tumors were organ confined, 3% had extracapsular
extension and none demonstrated positive surgical margins, seminal vesicle invasion or
positive lymph nodes.

In several European countries as well as in the U.S.A. randomized screening studies are
conducted with prostate cancer mortality as the major endpoint in order to find a
possible solution to the present controversy [8]. In this chapter the characteristics of
prostate cancers detected in the first round of screening in the ERSPC section

Rotterdam are described, The relationship between the clinical and pathological
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characteristics is assessed. Furthermore, a compatison is made with reports from
literature describing features of prostate cancer diagnosed through screening and

incident cases of prostate cancer in the general population.
Methods

Patient popuiation:

Between November 1993 and June 1997, 20,632 men between 55 and 76 years old
responded to a letter of invitation to enter the Furopean Randomized Study of
Screening for Prostate Cancer (Section Rotterdam), The response rate was 42%. The
only exclusion criterion for participation in the study was a previous diagnosis of
prostate cancer. Written informed consent was obtained from all study subjects, Those
who responded were randomized to either the screening arm ot the control arm. The
10,183 men in the control arm were not offered testing in any way.

Of the 10.449 men in the screening arm 9,776 men undenwent a serum PSA
determination, digital rectal examination and transrectal ultrasonography. The remaining
673 did not show up on the scheduled screening visits.

Technigues:

All men underwent a determination of serum PSA concentration (Hybritech Tandem-E
PSA immunoenzymetric assay (Hybritech, Inc., San Diego, CA)), blood samples were
drawn before the other tests were performed. The cut-off level of the PSA test was set
at 4.0 ng./ml,, any value greater than 3.9 ng./mi. was considered elevated. At the time of
screening the members of the screening team were not aware of the PSA results,

Digital rectal examination was performed by a resident urologist or an ultrasound-
technician; Nodularity, induration and asymmetry of the prostate were considered
abnormal,

Biplanar transrectal ultrasonography was performed by a resident urologist or an
ultrasound technician using 2 Bruel & K}aer® model 1846 mainframe and a 7 MHz
endorectal transducer (B&K Medical Systems, Marlborough, MA) with the subject in the
left lateral decubitus position. The sonographic criteria for prostate cancer desctibed by
Lee et al. were used [9]. An abnormality by any of the three diagnostic tests prompted a
sextant prostate biopsy. Quality control showed there was no significant difference in
prostate cancer detection among the residents and the ultrasound technician. All

prostate biopsies were performed under ultrasound guidance, by a resident urologist,
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using a pro-mag® 2.2 biopsy gun and an 18 gauge Bard® biopsy needle, If the biopsy
indication was an elevated PSA level or an abnormal digital rectal examination sextant
biopsies were performed. In case of a hypoechoic lesion, the lesion was sampled in
addition to the sextant biopsy. All subjects received antimicrobial prophylaxis (Co-
trimoxazole 960 mg P.O.} two houts prior and four hours after the procedure, The
pathological findings from the biopsies were the reference test for determining the
presence or absence of prostate cancer.

All subjects were informed about the biopsy outcome in our institution. In case of a
positive biopsy result the patients were informed about the various treatment options.
The family physician was informed on the same day. The patients were referred to the
hospital of their choice by their family physician, The choice of treatment was made
after consideration of all facts by both the Urologist and the patient. Information about
the pretreatment evaluation of 459 patients is available and was obtained by reviewing
the patient records in the various hospitals.

Clinical Stage of diagnosed cancers:

The TNM classification of 1992 was used for the description of the clinical stage [10].
The stage as described at the time of the screening visit was used as Tumor stage. Stage
T1C prostate cancer is defined as impalpable and invisible at the time of TRUS
diagnosed on needle biopsy. We have added a separate category of impalpable prostate
cancer, regardless of the findings on TRUS to improve the comparability of our series
with series from other centers where TRUS is not used for the diagnosis of prostate
cancet.

The Lymphnode and Metastases stage was determined in the hospital where the patients
were treated. All men who underwent a radical prostatectomy had a pelvic lymphnode
dissection. If the frozen sections were negative, the clinical stage was considered NO.
Those treated with radiotherapy had a CAT scan of the prostate as well as of the
regional lymph nodes for planning of the radiation field. The scans were reviewed by a
Radiologist and the lymphnode status was described. Twenty patients had an additional
pelvic lymphnode dissection because of a high PSA value, Men treated by watchful
waiting (N=36) had a CAT scan in 12 cases and the remaining 22 had PSA levels below
16 ng./ml..

To determine whether bone metastases were present, routine bonescans were
performed. Recently, most hospitals decided not to perform bone scans in absence of

bone pain, a normal serum alkaline phosphatase level and a PSA level below 10 ng./ml..
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In some cases a cutoff level of 20 ng./ml. was used [11, 12]. The biopsy grade was never
reason for performing bone scans or CAT scans.

Patholagy.

After routine fixation in a 4% buffered formalin solution, biopsy cores were separately
embedded into paraffin blocks. Biopsy cores were longitudinally sectioned at three levels
with 4 thickness of 5lm and standard haematoxylin-eosin-stained histological slides were
prepared. The pathologists of the Rotterdam University Hospital pathology department
performed routine histological examination. In case of doubts, there was a low threshold
for consultation with the uro-pathological reference pathologist of the department, All
biopsy specimens were graded according to both the MD Anderson and the Gleason
grading system.

Immediately after radical prostatectomy the specimens were totally (including seminal
vesicles) submitted to the pathology department. After fixation the radical
prostatectomy specimens were inked and sectioned at 4 mm. intervals. OF each slice an
H&E stained histological slide was prepared. All specimens were graded according to the
MD Anderson grading system since the pathological evaluation of the radical
prostatectomy specimen took place in the hospital where the patient was treated and not
all institutes use the Gleason score. The radical prostatectomy specitnens processed in
our own institution (N=101) were graded according to the Gleason grading system as
well.

Statistical methods:

Chi-square test: To assess the significance of differences in stage (intra- or extracapsular
growth) and grade distribution of different PSA groups, T1C versus not T1C cancers
diagnosed at PSA levels of 4 ng.ml. or higher and palpable and impalpable prostate
cancer diagnosed at PSA levels greater than or equal to 4 ng./ml.., the chi-square test
with Yates’ cotrection was used where appropriate,

Kruskal- Wallis test. To assess the significance of differences in PSA distribution between
the vatious grades of differentiation,

Mann-Wehitney U fesr. To assess the significance of differences in PSA distribution
between patients with a maximal Gleason score of 7 (pattern 3 and 4) and patients with
a Gleason score of 7 (pattern 4 and 3) or higher.

Binominal test: To evaluate the probability that a random sample of 459 men from 4708
incident cases shows 2 similar percentage of metastasized cases and clinically organ

confined prostate cancer as was the case in the screening population.
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Wileoxcon paired rank fest: To determine whether the MD Anderson score and the Gleason
score show a difference in distribution in the biopsy specimen and the Radical

prostatectomy specimen.
Results

Population:

The mean age of the screened men in this population was 63.4 (range 55-76, median
63.0). Of the 10,449 subjects in the screening group 9,776 men underwent all scteening
tests. In 2,373 (24.3%) subjects there was an indication for biopsy. In 111 cases the
biopsy procedure was not performed for various reasons: 87 men refused a biopsy, 24
men could not be biopsied because of the use of anticoagulant therapy.

Cancer defection:

A total of 2,262 biopsies were performed. Four hundred and seventy-four prostate
cancers were diagnosed resulting in an overall prostate cancer detection rate of 4.8 %.
The performance of the various screening tests expressed in number of biopsies and
number of cancers diagnosed is detailed in Table 1. At PSA levels below 4 ng./ml., 1,086
biopsies were performed and 123 cases of prostate cancer were diagnosed. At PSA levels
greater than or equal to 4 ng./ml, 1,176 biopsies were performed and 351 cases of
prostate cancer were diagnosed.

Clinical stage and grade distribution:

‘Table 2 shows the clinical stage distribution of 459 cases of prostate cancer diagnosed in
the ERSPC section Rotterdam, Seventy-eight percent of cancers are clinically confined
to the prostate, Bone sans were done in 342 patients. Men treated more recently
(N=112) did not have a bone scan if the PSA value was below 10 ng./ml.. In 4 men the
PSA value was below 20 ng./ml. and this was reason for not performing a bone scan. In
one patient a bone scan was not performed because lymphnode metastases were
present. In four cases (0.9%) bone metastases were present. Lymphnode metastases
were seen in 4 cases {0.9%). Three cases were diagnosed by CAT scan and one by a
pelvic lymphnode dissection because of a high PSA level prior to radiotherapy, No
metastases were found in the frozen sections before radical prostatectomy. However, in

two men micro-metastases were seett in the paraffin sections.
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DRE TRUS |Bigpsies  Prostate cancer  Bigpsies/ cancer PP
- - 124 5.7 17.4%
PSA>4 ng./ml | + - 149 48 31 32.2%
- 4+ (137 45 3.0 32.8%
+ + [179 134 13 74.8%
+ - 444 45 9.9 10.1%
PSA<4 ng./ml. | _ + |442 40 111 9.0%
+ +  j200 38 53 19.0%
overall 2262 474 4.8 20.1%

Table 1:

Number of bigpsies, cancers detected, biopsies per cancer rate and positive predictive valne (PPV) for all
individual screeningtests and their combinations in mien with PSA Jewels greater than or equal to 4

ng./ mid, and wen with a PSA level below 4 ng./ mi..

Keys: DRE: Digital rectal Examination; TRUS: Transrectal Ultrasonography; (4} Abnormal test
results; (-} Norwral findings

Stage X Tt 12 T3 ¢ Ti4  Ti4  total
Metastaies MO MO MO MG MO M+ N+

ERSPC Rotterdam Screen detected prostate cancer
Number - 117 240 20 4 4 4 459
Yo - 25%  52% 2% 1% 1% 1% 100%
Incident cases Amsterdam cancer registry

Number 230 744 1846 566 183 1139  -ns 4708
Yo 5% 16% 3% 12% 4% 24%  -ns 100%

Table 2

Clinical stage distribution of 459 cases of prosiate cancer diagnosed in the Rotterdan section of
ERSPC, -n5 = not specified seperately.

Clinical stage distribution of 4708 cases of prostate cancer diagnosed between 1989 and 1994 in the
Amsterdan region (Visser and Horenblas, NTvG 52, 1996 [13])
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The second part of table 2 shows the clinical stage distribution of 4,708 incident cases of
prostate cancer diagnosed between 1989 and 1994, reported by the Amsterdam cancer
registry in the Netherlands [13]. The stage distribution of these incident cancers shows
60% of locally confined prostate cancer and 24% of metastasized cases. The probability
that 1.7 percent of metastasized men or 78 percent of men with clinically localized
disease would have been found in a sample of 459 men from the Amsterdam population
is less than 0.001 (Binominal test).

The clinical grade distribution (grade of the biopsy specimens) shows 269 (58.6%) well-
differentiated cancers, 145 (31.6%) moderately differentiated and 45 (9.8%) pootly
differentiated cancers.

The Gleason score distribution of the biopsy specimens shows: 16 (3.5%) Gleason 4, 50
(10.9%) Gleason 3, 218 (47.5%0) Gleason 6, 122 (26.6%) Gleason 7, 43 (9.4%) Gleason 8,7
(1.5%) Gleason 9 and 3 (0.7%) Gieason 10.

Cancer Ireatment:

Information about the pretreatment evaluation of 459 patients is available. In 4 cases
(1%) the treatment choice has not been made yet. Radical Prostatectomy was chosen for
the treatment in 176 (38%) patients {The radical prostatectomy was performed in 172
men, in 4 cases the pathological results are pending), 236 (51%} men received
radiotherapy. Watchful waiting was chosen by 36 (8%) patients. Seven (2%) patients
have received endocrine treatment, five because of metastases and two insisted on
hormonal treatment for localized prostate cancer, which is not a standard procedure.
Clinical versns pathologival characteristics of 172 radical prostatectomy specimens:

The clinical characteristics and pathological characteristics of men diagnosed with
prostate cancer that underwent a radical prostatectomy were compared. The results are
presented in Table 3, and Table 4. Table 3 shows the clinical versus the pathological
stage distribution. Two men with pelvic lymphnode metastases were included in the
tables and are indicated with an asterix. In both cases the metastases were not seen in
the frozen sections, only in the definitive paraffin sections after performance of the
radical prostatectomy. The pathological stages of these two men were: T3C N1 MO
(PSA=24.8 ng./ml) and T2B N1 M0 (PSA=5.4 ng./ml.). In hoth cases the cancer was

well differentiated.
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# pT0 | pT2A | pT2B ' pT2C I pT3A l pT3B ] pT3C l pT4A ' pT4B | total
TIC 11 0 24 g 1 1 4 o] s0
T2A | 1 12 3 36 13 1 4 8 1] 7
T2B 2 - 5 3 2 1 1 -4
T2C | 2 . 6 2 - - - IR
TT3A | - 1 7 4 - r 2 -l 15
T3B 1 - - - - - - - 1
T3C 2 - 1 - - - - - 3
T4A | . - . - . - . . 0
T4B - - - - - - - - 0
total | 1 30 4 79 31 4 7 15 1| 172
Table 3:

Clintcal versus pathological stage distribution of 172 patéents that wnderwent a radical prostatectonyy.

For the comparison of clinical intra and extra capsular disease versus pathological intra
and extracapsular disease the TNM system is applied: Only capsular penetration, not
capsulat infiltration is accounted for as “extracapsulat disease”, The Stage T1C cancers
are included and considered clinically intra-capsular. OF 153 men thought to have organ
confined disease, 51 (33.3%) had extracapsular extension. Of 19 men with clinical signs
of locally advanced disease, 12 (63.2%) had tumors limited to the prostate (intra-
capsutar). The clinical and pathological stage were unrelated (p=0.76, chi square)

The comparison of the biopsy MD Anderson grade with the grade in the radical
prostatectomy specimen shows that 120 cases (70%) have been graded correctly.
Undergrading is the case in 37 men (22%} and overgrading in 13 (8%) men. The grade in
the radical prostatectomy specimens is significantly underestimated in the biopsy
specimen {p=0.002, Wilcoxon paired rank).

Table 4 shows the biopsy Gleason scores versus the Gleason score in 101 radical
prostatectomy specimens processed in our institution. According to the Gleason score
46% of tumors were correctly graded, 39% wete under-graded and 16% were over-
graded. The Gleason score in the radical prostatectomy specimens is significantly

underestimated in the biopsy specimen (p<0.001, Wilcoxon paired rank).
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B4 Bs Bs B7 B& Total

p5 z|212- 1 16

po 1 2 22 - - 25
p7 2 5 22 22 4 55
p8 - - 1 1 - 2
P9 - - 1 - 2 3

total 5 9 58 23 6 101

Table 4:
Biopsy Gleason score (B) versus Gileason score in 101 radical prostatectomy specimens (p).

Pathological characteristics of 172 radical prostatectomy specimens:

The stage and grade distribution of the radical prostatectomy specimens is shown in
Table 5 and Table 6. This was done for all cancers, those diagnosed at PSA levels below
4 ng./ml. and those diagnosed at PSA levels greater than or equal to 4 ng./ml., T1C
cancers and not T1C cancers (visible and or palpable cancers diagnosed at PSA levels 24
ng,/ml) and palpable and impalpable disease at PSA levels of 4 ng./ml. or higher.
Overall 114 cancers (66%) were pathologically intra-capsular, At PSA levels below 4
ng./ml. this was 84% and at PSA levels 2 4 ng./ml. 59% of cancers were intra-capsular.
This difference is statistically significant (p=0.001, chi square). Seventy percent of T1C
cancers were confined to the prostate whereas 51% of not T1C cancers wete confined
to the prostate. This difference was statistically significant (p=0.03, chi square), Palpable
disease at PSA levels of 4 ng./ml. or higher was intracapsular in 53% of cases and
impalpable disease was intracapsular in 63% of cases. This difference was not statistically
significant (p=0.27, chi squaré).

The overall MD Anderson grade distribution of the radical prostatectorny specimens
showed pootly differentiated tumors in 17 (10%) cases. The grade of differentiation was
moderate in 57 (33%) cases and 96 (56%) tumors were well differentiated. In two cases
the grade was not documented. At PSA levels below 4 ng,/ml. 39 cancers were well-
differentiated (77%) and 11 were moderately differentiated (22%). In one case (2%) the
grade was not documented. There were no poorly differentiated tumors. At PSA levels
>4 ng./ml, 57 cancers (47%) were well differentiated, 46 (38%0) were moderately
differentiated and 17 (14%) were poorly differentiated. In one (1%) case the grade was

not documented. The observed difference in these two groups was statistically
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significant {p<0.001, chi square). Furthermore a positive correlation was found between
the MD Andetson score and PSA levels. Weli-differentiated tumors were found at
significantly lower PSA levels than moderately and p=00r1y differentiated tumors
{(p<0.001, Kruskal-Wallis). T1C and not T1C cancers showed a similar MD Anderson
grade distribution (p=0.95, chi square}. T1C cancers were well differentiated in 23 (46%)
cases, moderately differentiated in 20 (40%) cases and pootly differentiated in 7 (14%)
cases. Not T1C cancers at PSA levels of 4 ng./ml. or higher wete well differentiated in
34 (48%) cases, moderately differentiated in 26 (37%) cases and pootly differentiated
in10 (14%) cases, in one case the grade was not documented. The difference between
palpable and impalpable disease at PSA levels of 4 ng./ml. or higher was not statistically
significant either (p=0.95, chi square). Palpable disease was well differentiated in 23
(45%) cases, moderately differentiated in 20 (40%) cases and poorly differentiated in 7
(14%) cases, in one case the grade was not docurnented. Impalpable disease was well
differentiated in 34 (49%) cases, moderately differentiated in 26 (37%) cases and poorly
differentiated in10 (14%) cases.

N (%) Confined (pT2) | pT34 pIT3B pT3C pT4A pT4B|total
Al 114 (66%) |31 (18%) 4 (2%) 7 (4%) 15 (9%) t (1%)] 172
PSA<4 43 (84%) 7 (14%) 0 (0%) 0(0%) 0(0%) 1(2%)[ 51
PSA>4 71 (39%) 24 (20%) 4 (3%) 7 (6%) 15 (12%) 0 (0%) | 121
TIC 35 (70%)  |9(18%) 1(2%) 1(2%) 4 (8%) 0(0%)| 50

Not T1C (PSA24) 36 (51%) 15 (21%) 3 (4%) 6 (9%) 11 (16%;) 0 (0%)] T1

Impalpable 44 (63%)  [1521%) 1 (1%) 4 (6%) 6 (9%) 0 (0%)] 70
(PSA>4)
Palpable (PSA>4) | 27 (53%) {9 (18%) 3 (6%%) 3 (6%) 9 (18%) 0 (0%)] 51

Table 5

Pathological stage distribution of alf 172 radical prostatectonies. Stage distribution of radical
prostatectomyy specimens petformed for 51 cancers detected at PSA<4 ng./ml; 121 cancers detected at
PSAXE ng fonl; 50 T1C cancers and 71 not T1C (palpable and or visibie) prostats cancers at PSA
levels 24 ng./ mi; 70 impalpable cancers detested at PSA 24 ng.[ mi. and 51 palpabie cancers detected
at PS.A 24 ng./ mil. in total numbers and (row percentages).
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The mean Gleason scote of the 101 cases of prostate cancer treated by radicat
prostatectomy in our institution was 6.5 0,18 (range 5 to 9). The Gleason scores are
further specified in Table 6. A Gleason score of 7 was seen in 55 men (55%). Of these
men, 11 had had a tumor containing mote than 50% Gleason growth pattern 4. A
Gleason score of 8 or higher was seen in 5 men. These tumors were all palpable and
visible and the PSA value was higher than 4 ng./ml.. The observed differences in
Gleason score hetween men with PSA levels below 4 ng./ml. and those with PSA levels
equal to or higher than this threshold level did not differ significantly (p=0.34, chi
square). No positive correlation was found between PSA level and Gleason score
(p=0.18, Kruskall-Wallis). We did find a positive correlation between PSA and men with
a Gleason score of 7 or lower and less than 50% of growth pattern 4 and men with a
Gleason score of 7 or higher and more than 50% of pattern 4 (p=0.02, Mann-Whitney
Uy

The diffetences in Gleason score between T1C and non-T1C disease and palpable and
impalpable disease at PSA levels of 4 ng./ml. or higher were not statistically significant
{respectively p=0.20 and 0.42, chi square).

Positive surgical margins were seen in 47 of 172 radical prostatectomy specimens (27%).
The prevalence of positive margins in cancers diagnosed at PSA levels under 4 ng./ml.
was 10 of 51 (20%), at PSA 24 ng./ml. this was 37 of 121 (31%). T1C cancers showed
positive margins in 13 of 50 cases (26%) and not T1C cancers had positive margins in 24
of 71 cases (34%). Palpable cancers hat PSA levels of 4 ng./ml. or higher had positive
margins in 20 of 70 cases (29%) and in impalpable cancers at PSA levels of 4 ng,/ml. or
higher the margins were positive in 17'of 51 cases (33%). The observed differences were
not statistically significant (respectively p=0.14, p=0.36 and p=0.6 chi square). If the
tumnor did not show pathological evidence of extracapsular growth the surgical margins
were positive in 16% of cases. In case of extracapsular growth 50% of surgical margins

were positive. This difference was significant (p<0.001, chi square).
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N %) P Gleason p Gleason  p Gleason p Gleason p Gleason p Gleason Total Mean soore SE
5 6 T4 T@E+3) 8 9

al 16 (16%) 25 (25%) 44 (44%) 11 (11%) 2(2%) 3@Q%) 101 65  0.09

PSA<4 [ 402%) 11 (33%) 165 (49%) 2(6%) - - 33 64 012

PSA>4 12 (18%) 14 (21%) 28 (41%) 9(13%) 2(3%) 3(%) 68 66 012

TIC 8 (30%) 6(22%) 10(37%) 3 (11%) - - 27 6.2 0.17

Not TIC (PSA 2 | 4 (10%) 8(20%) 18(44%) 6(15%) 2(5%) 3(7%) 4 68 015
9)
Impalpable 10 (25%) 9(23%) 14(35%) 5(13%) 103%) 1(3%) 40 64 015
PSA>4)
Palpable (PSA24)| 2(7%) 5(18%) 14(50%) 4(14%) 1(%) 2(%) 28 68 017

Table 6:
Patholagical Gleason score distribution, mean Gleason score and standard ervor gf the mean Gleason
score corvelated with PSA- and T-catggories of 101 mien after radical prostatectomy:

Discussion

Stage reduiction:

Screening for any cancer will reduce mortality if localized cancers that are detectable
include biologically aggressive cancers in a curable stage. This offers a window of
opportunity during which screening may impact on mortality if used appropriately. If
this requirement is fulfilled, the detection of locally confined tumors should be pursued,
whereas the detection of tumors with capsular penetration and even more important,
distant metastases is undesirable. The characteristics at t‘he time of diagnosis of incident
cases of prostate cancer in the Amsterdam region [13], in the period 1989 to 1994 were
described by the Amsterdam Comprehensive Cancer Registry, Cases diagnosed at
autopsy or cystoprostatectomy were not included. It should be noted that in the
Netherlands as well as in many ‘other European countries screening for prostate cancer
is not routinely applied to the general population. The official policy of the ministry of
Health is that screening for prostate cancer is only allowed in a study setting, as is the
case in our study, which has been approved according to Dutch law. This implies that all

cancers described by the regional cancer registries are incident cases, not diagnosed
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through organized screening but some opportunistic screening takes place. The stage
distribution of prostate cancer diagniosed in the Amsterdam region shows 24%
metastasized cases and 60% of locally confined cancers (Table 2). In our series of 459
cancers detected in the first round of screening, 77% of cancers were locally confined,
only 0.9% of men showed bone metastases and an additional 0.9% had lymph node
metastases, The stage distribution|of the screened population was significantly different
(p<0.001, binominal test) from the stage distribution within the Amsterdam céhort of
incident cases,

This stage reduction is an important finding which justifies the continuvation of the
ongoing randomized screening studies howevet, the uncertainty continues whether
screening will decrease prostate cancer mortality,

Over-defection:

Concern has been raised that screening for prostate cancer, although it increases the
detection of localized cancer, may identify tumors of little biological significance.
Autopsy and cystoprostatectomy studies have shown a prevalence of 30 to 46% {3, 4].
Ohori and coworkers {5] showed that only 10 to 15% of screen detected prostate
cancers have characteristics similar to prostate cancer in cystoprostatectomy specimens.
Epstein et al. classified 16% of cancers as insignificant and an additional 10% as minimal
disease in a series of 157 stage T1C prostate cancer treated by radical prostatectomy {14].
In contrast, some very small tumors (stage A or T1A) that were well differentiated have
been shown to be potentially dangerous in patients with a life expectancy of 15 years or
more [15]. In a recent study by Albertsen et al. [16] with the objective to estimate long-
term survival of men aged 65 to 75 years {mean 70.9) with conservatively treated newly
diagnosed localized prostate cancer two important findings were demonstrated: (1)
Tumor histologic features are highly predictive of survival and (2) patient comorbidities
are nearly as potent a predictor of survival as grade of differentiation. Men having low
grade (Gleason score 2-4) prostate Icam:er (mainly diagnosed incidental on trans-urethral
resection for benign prostatic hyperplasia) face no apparent loss in life expectancy
compared with a relevant general population. Men with higﬁer—grade tmors experience
a progressively increasing loss of lite expectancy‘v. Since the health condition of the host
has a significant impact on survival, selection of healthier or younger men with prostate
cancer and a iongelr life expectancy than average who may benefit from early detection

and treatment is desirable.
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Praguostic factars, pre- and post-treatment:

In the population of screened men of the present study 30 of 101 men treated by radical
prostatectomy in our institution (30%) have tumors that may qualify as clinicaily
unimportant if 2 worst case scenatio is applied: no Gleason pattern 4 or higher and
pathologic locally confined disease. A detailed analysis is subject of a separate report [17].
Only 7 of these 30 men were older than 64 yeats and 13 wete younger than 60 years.
This indicates that the majority of these men may have benefited from the early
detection of their tumors since they are relatively young and the time during which the
tumor could have progressed is long, Unfortunately it is impossible to determine at the
time of diagnosis which patients will benefit from eatly detection and treatment. The
clinical and pathological features of the cancers detected in ERSPC Rotterdam show a
poor correlation. The prediction of extracapsular disease through DRE and TRUS is not
reliable. Clinical and pathological findings concerning capsular penetration appear to be
unrelated (p=0.76, chi square). In about 30% of tumors capsular penetration is not
recognized at clinical examination. The grade of differentiation in the radical
prostatectomy specimen ate underestimated by the grade in the biopsy specimen
(p<0.001, wilcoxon paired rank). The biopsy MD Anderson grade and the grade in the
radical prostatectomy specimen were equal in 70% of cases. The biopsy Gleason scores
and the Gleason score in the radical prostatectomy specimen were equal in 46%s of
cases. The relevance of this finding however, remains questionable since a well-
differentiated biopsy outcome does not guarantee a well-differentiated tumor, In 22% of
tadical prostatectomy specimens the MD Anderson grade is underestimated by the
biopsy results. The Gleason score of the radical prostatectomy specimen was
underestimated in 39% of cases. This tendency to undergrade as well as the fact that the
trequency and percent of poorly differentiated carcinoma in the biopsies was less than in
the radical prostatectomies has been well documented [18, 19]. In our series, there were
13 cases (8%) in which the radical prostatectomy specimen showed a poorly
differentiated tumor whereas the biopsy grade was well or moderately differentiated. All
but one were clinically localized whereas the pathological stage showed extracapsular
disease in 10 (77%) cases. Six patients (46%) had T4 disease. The PSA value at the time
of diagnosis was between 4 and 10 ng./ml in 10 of these patients, three men had a PSA
value greater than 10 ng./ml.. The features of these cases are very unfavorable and could

not have been anticipated based on clinical stage, grade and PSA level,

167



Characteristics of sereen detected prostate cancer

Thirty percent of these specimens showed positive martgins, which is comparable with
the overall percentage of positive margins, Whether these patients have been cured will
have to be concluded from their follow-up results. Eventually if screening for prostate
cancer ever becomes 2 health care policy, test procedures must become more selective.
Those tumors, which are aggressive and curable, must be identified prior to decision
making, Treatment and even biopsy in men with a low risk on progressive disease must
become avoidable.

PSA and tumor characteristies:

The overall stage distribution shows 66% of cancers treated by radical prostatectomy are
organ confined. At PSA levels below 4 ng./ml. 84% of cancers are organ-confined
wheteas 16% show extracapsular growth, Capsular penetration and PSA level are related
(p<0.001, chi-square), Prostate cancer detected at PSA levels below 4 ng./ml. has a more
favorable grade distribution. We found a statistically significant positive correlation
between the serum PSA value and the grade of differentiation in the radical
prostatectomy specimen. In our series no poorly differentiated tumors were diagnosed
at PSA levels below 4 ng,/ml.. Moreover, 77% of these cancers were well differentiated,
At PSA levels below 4 ng./ml. 20% of positive margins were seen versus 31% of positive
margins in tumors detected at PSA levels above the threshold value. This difference was
not significant (p = 0.14, chi-square). It can be concluded though that prostate cancer
detected under a PSA threshold level of 4 ng./ml. shows more favorable characteristics
than prostate cancer detected above this threshold. Whether these cancers form a
window of opportunity for curative treatment and mortality reduction or add to the
pool of insignificant prostate cancer will have to be determined after comparison of the
screening and control group at the endpoint of this study. The fact however, that part of
these tumors show capsular penetration and a moderate grade of differentiation (more
than 50% Gleason score 7) suggests that this subset as a whole should not be considered
insignificant at this time.

T1C cancers are significantly more often organ confined (70%) than palpable or visible
cancers {51%) detected at PSA levels 24 ng./ml. (p = 0.03, chi square), The grade
distribution shows an identical grade distribution for T1C and not T1C cancers. Both
categories show 14% of poorly differentiated tumors and approximately 40% are
moderately differentiated, Positive margins were seen in 28% of all prostatectomnies. The
T1C cancers showed 26% of positive margins versus 34% in not T1C cancers, this

difference however was not statistically significant (p = 0.36, chi square). This suggests
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that T1C cancers are not much different from palpable and visible cancers in terms of
grade and positive margins, however, these tumors are more often locally confined.
There was no statistically significant difference between palpable and impalpable disease
at PSA levels of 4 ng./ml. or higher. Palpable disease was pathologically confined in 53%
of cases whereas 63% of impalpable cases were organ confined (p=0.27, chi square),
There were no statistically significant differences in grade of differentiation and positive
margins.

To date there have been only few investigations on the pathological characteristics of
prostate cancer detected through screening of the general population [7, 20, 21]. The
pathologicat characteristics of cancers detected in the ERSPC section Rotterdatn are
comparable to the characteristics of other screening programs that have been described
previously as can be appreciated in Table 7.

Most cancers are confined to the prostate (66%0) and lymphnode metastases are
sporadically seen. In 72% of cases there is no indication for residual cancer after radical
prostatectomy, however, the follow-up of patients with positive margins will show
whether the treatment has been successful since it has been shown repeatedly that

positive surgical margins do not inevitably lead to progression [22, 23].

N Intracapsular Sewinal vesicle invasion  Positive  Lymph node rietastases
disease AN
Humghrey [7] | 100 61% 4% 34% 1%
Smith {20} 816 71% 6% / 2.1%
Mettlin [21] 100 64% / / 6%
Present stndy 172 66% 4% 27% 1%

Table 7
pathological characteristics of screen detected prostate cancer treated by radical prostatectonty. Conparison

with sevies from bterature,
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Conclusion:

Comparison of the characteristics of prostate cancer detected through screening of the
general population with the features of incident cases of prostate cancer in a population
based cohort of men where no orpanized screening for the disease took place shows a
dramatic stage reduction mainly expressed in the proportion of metastasized cases.
Whether this stage reduction will lead to a decrease in disease specific mortality remains
unknown since the effect of lead time and length time bias are unknown. A definitive
conclusion will not be possible until the endpoint of the study is reached and the disease
specific mortality within the screened and the control group will be compared. En the
meantime the study of features that may allow screening to become more selective

should have high priority.
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Chapter VI

Chapter VIII

General discussion’.

he incidence of prostate cancer in the Netherlands in the year 1994 [1] amounts to
T6,315 men atf a crude rate of 83.0 per 100,000 person years. The cumulative risk to
be diagnosed with prostate cancer from the age of 55 until death is 9.9 %. In 1994
prostate cancer represented 19 % of all new cancers diagnosed in males. The mortality
from prostate cancer amounts to 2,374 men at a crude rate of 31.2 per 100,000 person
years, These figures indicate that prostate cancer is an important health issue. The
incidence of prostate cancer in the Netherlands is rising. Since 1989 there has been a
51% increase in absolute numbers and a 40 % increase in crude rate. This increase was
mainly seen in localized disease but advanced disease also showed a moderate increase.
The age adjusted mortality showed an increase of 7 % since 1989 and 20 % since 1980,
This increase however was less than the increase in incidence. Two mechanisms may
explain this discrepancy: First of all increased testing may lead to increased diagnosis of
clinically not apparent prostate cancer at an eatlier stage (stage reduction). Furthermore,
progress in treatment of localized prostate cancer could explain the discrepancy between
incidence and mortality. This however, will have to be concluded from randomized trials
with prostate cancer mortality as a main outcome.
The dilernma whether or not to perform prostate cancer screetting has important
implications for both individual and public health but no randomized trial has ever
demonstrated or refuted the benefit of prostate cancer screening, Furthermore, if
screening for prostate cancer should be able to reduce the disease specific mortality, the
overall balance of benefit and harm of both diagnostic procedures and treatment of the

disease is unclear,

Performance of screening tests
It is generally accepted that PSA is the strongest indicator for prostate cancer. Because it
might be unethical for researchers to perform biopsies on men with normal PSA values

the true sensitivity and specificity of PSA screening is unknown. In early studies a PSA

" Prostate cancer screening and characteristics of prostate cancers detected. JBW Rietbergen and FH
Schrider. Enirgpean Urology Update Series 1998; (in press),

173


043530
Pubmed


General discussion

cut-off value of 4 ng./ml. was arbitrarily chosen [2]. Labrie and associates [3] have made
an effort to redefine the cut-off level using a ROC curve analysis. They conclude that a
PSA cut-off level of 3 ng,/ml is a more suitable cut-off level above which further testing
should take place. However, in most case finding and screening studies biopsies are
performed at PSA levels of 4 ng./ml. or higher [4-9]. At PSA levels below this threshold
level biopsies were taken if DRE findings were abnormal and in some studies TRUS was
added as 4 screening tool. The percentage of the male population with a PSA level of 4
ng./ml. or greater lies between 11% and 15% and in this subset of men about 75% of
prostate cancer cases are diagnosed. In the cited papers it is concluded that DRE and/or
TRUS have a limited additional value in prostate cancer detection, In our evaluation of
PSA, DRE and TRUS in a population based prostate cancer screening program (Chapfer
II) serum PSA proved to be the most powerful predictor for a positive biopsy. The
evaluation was done on 4,344 consecutively screened men of whom 981 wete biopsied
and 170 cases of prostate cancer were detected. Overall PSA correctly predicted the
outcome in 77% of biopsied men. The use of DRE or TRUS would have increased this
percentage to 79%. The use of the combined screening tests showed a predictor value of
80% within the biopsied population. This indicates that DRE and or TRUS are of limited
additional value. At PSA levels below the threshold level of 4 ng./ml. DRE and TRUS
were responsible for 49.2% of biopsy indications and the detection of 19.8% of all
cancers diagnosed in 86.6% of all screened men. These cancets would have been missed
if serum PSA alone was used as the only screening test. The number of biopsy
indications, men screened and cancers detected were evaluated in relation to the serum
PSA value in an attempt to find a PSA value with optimal efficacy i.e. a PSA value where
not performing biopsies would save a maximal amount of biopsy procedures per cancer
not detected. This optimal balance between biopsies saved and cancers lost was reached
at 2 PSA level of 1.7 ng./ml.. In a later evaluation on 7,775 screened men the optimal
PSA value appeared to be between 1.6 ng./ml. and 2.4 ng./ml.. This indicates that the
performance of DRE and TRUS are dependent of the PSA value and that performing
biopsies indicated by DRE and/or TRUS starts to be efficient from a PSA level of

approximately 2 ng./ml. or higher.
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Improvement of specificity in PSA based screening

Improvement of the specificity of the screening procedure is an important issue in
prostate cancer screening. Several conditons of the prostate as benign prostate
hyperplasia (BPH), acute prostatitis, prostatic ischetnia and other fotms of prostatic
perturbation have been shown to increase the setum PSA value [10-12].

Several methods have been suggested to reduce the number of false positive biopsy
indications, Oesterling and associates suggested the use of Age Specific reference ranges
for PSA {13] based on the observation that older men have higher serum PSA values.
The relation between gland volume and the PSA value [14,15] has led to the concept of
PSA corrected for prostate volume or PSA density (PSA-D). Benson and coworkers
showed that PSA-D discriminates better between patients with prostate cancer and BPH
than PSA alone [16]. This was opposed by several authors who did not find an
advantageous effect of the use of PSA-D [17,18] or felt that too many cases of prostate
cancer are being missed if PSA-D is used [19,20]. In chapter I, age specific reference
ranges were retrospectively applied to the population under study. The results however
wete not very promising. Saving 14.3% of biopsies would leave 12.9% of cancers
undetected. The use of PSA-D at a cutoff level of 0.1 ng./ml./cc would save the same
percentage of biopsies at the cost of 7.6 % of cancers remaining undetected. The use of
prostate volume as an extra parameter in predicting the biopsy outcome further increased
the predictor value from 80% to 84% whereas age as additional parameter did not
improve the predictor value at all. It is very likely that the use of age-specific reference
ranges increases the sensitivity in younger men and decreases the biopsy rate in older
men who may not be candidates for aggressive treatment {21] but does not change the
overall specificity.

‘The use of the transition zone volume instead of total prostate volume was advocated by
several groups [22,23]. They found a better performarice of PSA cotrected for transition
zone volume (PSA-T) in predicting a positive biopsy. This however was opposed by
Gohji et al. who found no advantage of the use of PSA-T over PSA-D [24]. Maeda and
coworkers {25] found a better discriminatory potential between benign and malignant
cases for PSA-T when compared to PSA-D. This difference however was not significant.
‘These evaluations however, were not done on a population based screening cohort.

In the European Randomized Study of Screening for Prostate Cancer section Rotterdam

the application of PSA corrected for total prostate volume and transition zone volume
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was further elaborated in a ROC curve analysis of 1,202 men, biopsied because of a PSA
level greater than ot equal to 4 ng,/ml.. The results are described in chapter IV. OF these
men 361 had prostate cancer, PSA-D and PSA-T both showed a significantly better
performance in discriminating benign cases from cancer cases than PSA alone. The
performance of PSA-T was slightly better than PSA-D but the difference was not
statistically significant. The use of a PSA-D threshold level of 0,12 ng./ml./ec would
have saved 42% of biopsies and 17.7% of cancers would not have been diagnosed. A
PSA-T cut-off value of 0.20 ng./ml./cc would have saved 41.8% of biopsies at the cost
of 18.6% of cancers remaining undetected. We concluded that PSA-T offers no
advantage over PSA-I and the use of PSA-D in prostate cancer screening does offer an
increase in specificity but a decrease in sensitivity is inevitable. To what extent this is
acceptable can only be concluded when proof concerning the benefit of prostate cancer
screening is available and the characteristics and prognostic impact of missed cancers
becomes known.

Stenman and associates showed that patients with prostate cancer have a significantly
higher proportion of complexed PSA (a complex of PSA and ¢,-antichymotripsin) than
those with BPH [26]. Thus men with a relatively high free PSA or high free-to-total ratio
are more likely to have benign disease. This was confirmed by Catalona and coworkers
[27]. The use of the free-to-total PSA value in prostate cancer screening however is still
under discussion [28-30]. In a comparing study of PSA and free-to-total PSA by Bangma
et al. [31] in a population based screening population it was shown that the specificity
might be improved minimally by the free-to-total PSA ratio, but not significantly in a
sample of 1726 screened men. In a subsequent study (Chapter ITI) on 4800 screened men
the free-to-total PSA ratio significantly decreased the number of biopsies by 40 % with a
decrease in cancer detection of 12%. The result of application of the free-to-total ratio
combined with DRE however, was identical to that of PSA-D in combination with DRE.
The main advantage of application of the free-to-total PSA ratic above PSA-D lies
mainly in the fact that time consuming and expensive ultrasonographic measurement of

the prostate volume can be omitted.
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Trans Rectal Ultrasound guided systematic sextant biopsy procedure

The cornerstone of prostate cancer diagnosis is the prostate biopsy procedure. This
diagnostic taol is unfortunately the procedure with the highest risk of morbidity within
the screening course. Hematuria and hematospermia are frequently seen, fever occurs in
2.5 to 6% of biopsied men [32-38] in spite of the use of antibiotics as prophylaxis. Even
mortality has been reported [39]. In chapter V, 1,687 men are evaluated that underwent a
sextant biopsy under antimicrobial prophylaxis mild complications as hematuria and
hematospermia were seen in respectively 24 % and 45 % of cases. More severe
complications were rarely seen, Fever was reported in 4.2% of cases, 3.1 % of biopsied
men needed additional antibiotics. Hospitalization was necessary in 0.4% of cases and
sepsis occurred in 0.2 % of biopsied men. These figures compared favorably to the
reported complications in literature. Critical assessment of the biopsy procedure and the
antimicrobial prophylaxis however, remains an important issue to reduce infectious
complications. In our study potential risk factors as diabetes mellitus and previous
episodes of prostatitis wete not significantly associated with such complications whereas
Aus and coworkers [35) observed a significantly higher number of infectious
complications in patients with these risk factors. In our institution a randomized trial is
on its way to investigate the ability of alternative antibiotics and dosage schemes to
reduce the number of infectious complications,

A further point of interest concerning the systematic sextant biopsy procedure is the
sensitivity of the procedure, Hodge and associates introduced the concept of systematic
sextant biopsies and showed this method to be superior when compared to directed
biopsies only [40]. Stamey suggested that directing the biopsies more laterally in the
peripheral zone could further improve the yield of the biopsy procedure [41]. It has been
well recognized that cases of prostate cancer are missed at the time of biopsy [42,43].
Keetch et al. demonstrated that after repeat biopsy of men with initially negative biopsies
and 2 persistently elevated serum PSA 19% had cancer on biopsy [44]. In chapter VI, we
investigated the yield of a repeat biopsy procedure after one year in men with initially
negative biopsies and a persistently elevated serum PSA (greater than or equal to 4
ng./ml} ot abnormal findings at DRE and/or TRUS and normal serum PSA values. In
442 biopsied men 11% of prostate cancer cases were diagnosed. At elevated PSA levels,
this figure was 11.6%. The tumor characteristics were not significantly different from

cancers detected in the first round of screening, The only significant difference was the
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highet prostate volume measured in the initial screening visit in the repeat biopsy group
which explains why these cancers were not found in the first biopsy procedure, This
confirms findings by Uzzo et al. [45]. Furthermore biopsy of additional areas may further
improve the sensitivity of the biopsy procedure especially in men with larger prostates.
Computer model based analysis showed that repeat biopsies would reliably detect 73% of
previously detected cancers. A 10-core biopsy scheme would increase the yield to 96%
{46]. There is evidence that such increased detection rates are clinically achievable. Eskew
et al. reported on a 5 region biopsy technique and observed a 35% increase in detection
rate when compared to the systematic sextant biopsy procedure. Whether increased
sensitivity will tead to an improved prostate cancer specific survival remains a debated

issue,
Characteristics of prostate cancer detected in population based screening

At the time of diagnosis, prostate cancer has often spread beyond the prostate. A
descriptive study of prostate cancer incidence in the Amsterdam region of the
Netherlands by Visser and Horenblas [47] showed that 31% of cases are not organ
confined at the time of diagnosis and metastases are seen in 24% of newly diagnosed
patients. The prognosis of locally advanced and advanced disease is poor; therefore the
goal of early detection regimes is to diagnose prostate cancer at an carlier stage of its
development in which treatment might be more successful.

Before the PSA era Chodak et al. [48] studied DRE as a screening method for prostate
cancer in a referred patient population, The detection percentage in 2,131 men was 1.5%
after the first round of screening. Clinically localized disease was seen in 68% and 14% of
men had metastatic disease. The authors concluded that this modest stage reduction did
not justify the use of DRE in mass screening programs. Catalona and associates
compated a PSA-based screening group with a group of men referred for prostate biopsy
because of an abnormal DRE {49]. The percentage of both clinically and pathologicaily
confined disease was significantly higher (nearly doubled) in the PSA-based screening
group when compared to the group of referred men. In a subsequent case finding study
[50] of 24,346 men screened by serum PSA, 96% had clinically localized disease. Bone
metastases were seen in 1% of cases. In men treated by radical prostatectomy 69% had
pathologically organ confined disease. In a Swedish study [51] using PSA with a
threshold level of 10 ng./ml as a biopsy indication, in combination with DRE and TRUS
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under this threshold level, 65 cases of prostate cancer were detected in 1,780 men. Sixty
one percent of these cancers were clinically organ confined.

The American Cancer Society National Prostate Cancer Detection Project [52] found
93% clinically confined cases of prostate cancer and 3.6% of metastatic cases mainly
using DRE and TRUS. Elevated PSA levels not explained by BPH led to some biopsies.
The results of the multi-center approach in the prostate cancer awareness week in the
U.S.A. [53] showed 88.9% of clinically localized tumors and 11% of advanced disease.
This case finding study was conducted in a multi-center setting, If an elevated PSA value
could be explained by BPH no biopsy was performed. Furthermore, the DRE results
were interpreted; abnormal but not suspicious DRE did not prompt a biopsy. Abnormal
test results were not used as a standard indication for biopsy but merely an indication for
further follow-up by TRUS, bone scan, computed tomography or prostatic biopsy.
Furthermore the interpretation of the results of this study is hampered by the low
percentage of reported follow-up for men with positive test results.

In a population based randomized and controlled prostate cancer detection program by
Labrie and coworkers [54] the use of DRE, TRUS and serum PSA-D led to the diagnosis
of 252 cancers in 7,350 men in the first round of screening, Organ confined disease was
seen in 70% of cases, extracapsular disease and metastatic disease were seen in
respectively 19% and 10.5% of cases. The characteristics of cancers diagnosed in the first
round of screening in the Rotterdam section of the European Randomized Study of
Sereening for Prostate Cancer (ERSPC) are described in chapter VIL The characteristics
of these cancers compare favorably to those in the previously cited studies. At PSA levels
of 4 ng./ml. or higher all men were evaluated by systematic sextant biopsies. At PSA
levels below this threshold DRE and/or TRUS abnormalities prompted a sextant biopsy
procedure. The clinical stage distribution shows 2% of metastasized disease (0.9% bone
metastases and 0.9% lymphnode metastases). Seventy eight percent of patients had
clinically organ-confined disease, Radical prostatectomy was performed in 38% of men,
Of these men 66% had pathologically organ confined disease, which is fully comparable
to the results of Humphrey et al. [55] and Mettlin et al.[56). The question how many of
the cancers diagnosed by early detection regimes are clinically significant remains a
debated issue. Several hypotheses have been used to demonstrate clinical insignificance
of tumor in the radical prostatectomy specimen: Focal and well differentiated tumor [49];
Tumor volume smaller than 0.5cm’ [57]; Tumor volume smaller than 0.5cm*and

confined to the prostate with a Gleason score less than 7 [58]; Tumor volume smaller
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than 0.2cm’ and confined to the prostate with a Gleason score less than 7 [59]. Most of
these hypotheses are based on the pathologic features of prostate cancer found at
autopsy or in cystoprostatectomy specimens (latent prostate cancer). It is estimated that
between 10 and 20% of all cancers diagnosed at screening have pathologic features
comparable to these latent cancers. Evaluation of 51 radical prostatectomies for prostate
cancer detected in the ERSPC section Rotterdam [60] showed 6% of insignificant cancer
according to the Epstein criteria [59] or 18% according to the Ohoi criteria [58]. These
however are very crude criteria that are based on circumstantial evidence and do not
measure the biologic potential of a tumor, Answers concerning biologic behavior of
tumors will have to come from the field of melecular biology rather than from
morphometric studies of diagnosed tumors.

Although the percentage of metastasized cancers found by screening of the general
population is very low (2% versus 24% in incident cases) it is still unknown whether
screening for prostate cancer will reduce mortality. This stage reduction however, may
appear favorable but does not prove that prostate cancer screening will decrease prostate
cancer mortality, Two biases are associated with screening: Bias as a result of increased
survival in the screened group due to detecting the tumor earlier without genuinely
prolonging life (fead time bias) and bias due to detecting slower growing tumors, that
would never have led to mortality due to prostate cancer, in the screened men (length
time bias). A randomized controlled trial with prostate cancer mortality, as endpoint s
needed to avoid these biases. Not only would this avoid selection bias, but also by using
reduction of prostate cancer specific mortality as the measure of outcome rather than
survival after diagnosis, lead and length time bias can be avoided.

To our opinion screening for prostate cancer should not be applied to the general
population at this time, Large prospective randomized screening studies with prostate
cancer specific mortality as main outcome are on their way but results are not expected
to be available within the next ten years. Those men who wish to be screened should be

fully informed about the risks and potential benefits,
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Stmimary and conclusions

Summary and conclusions.

Chapter I reviews all issues fueling the prostate cancer screening debate. The
incidence and mortality data show prostate cancer is an important health problem.
An important subject however is the fact that more men die with rather than from
prostate cancet. Thus, screening for this disease will also detect cancers that will not lead
to mortality. The performance of the screening tests is discussed as well as methods to
itnprove the discriminatory potential between benign and cancer cases in order to avoid
unnecessary biopsy procedures. Identification of possible insignificant prostate cancer
cases and prediction of stage and grade through the use of the ocutcome of screening tests
does not yet provide a secure method to select patients for treatment. The efficacy and
adverse effects of the treatment options: Watchful waiting, radiotherapy and radical
prostatectomy are discussed. In theory screening for prostate cancer may reduce
mortality. Prostate cancer mortality decreases in certain areas of the U.S.A.. Whether this
is the result of early detection and treatment policies remains questionable. This has to be
demonstrated first in randomized controlled studies with prostate cancer mortality as the

major endpoint.

The performance and efficacy of the screening tests is further elaborated in chapter IL
The use of serum PSA provides the highest discritninatory potential between benign
cases and prostate cancer cases. The additional value use of DRE and TRUS is limited,
The PSA level below 4 ng./ml, is important since 19.8% of all cancers detected in the
screening program are detected in this PSA range. Of all screened men 86.6% of men
have PSA levels below 4 ng./ml.. Roughly half of all biopsies are performed in men with
a PSA level below 4 ng./ml.. To reduce the number of unnecessary biopsies most is to be
gained within this PSA range. At PSA levels below 4 ng./ml. biopsies are indicated by
DRE and/or TRUS. The percentage of biopsies taken is approximately 14%. This
percentage does not change with an increasing PSA level in the range between 0.1 and 4
ng./ml.. The ratio of the number of biopsies taken and the number of cancers detected
however decreases with an increasing PSA level again indicating that PSA 1s a better
predictor of a positive biopsy outcorne than DRE or TRUS. The efficacy of performing
biopsies is maxitmal from a PSA value of 1.7 ng,/ml., Not performing biopsies under this
PSA threshold would result in the optimal ratio between the percentage of cancers not

diagnosed and percentage of biopsies saved.
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In chapter ITT the use of the free-to-total PSA ratio to reduce the number of unnecessary
biopsies in the PSA range between 4 and 10 ng./ml. is discussed. This method is
compared to the use of PSA cotrected for total prostate volume (PSA-D) in combination
with DRE and the use of serum PSA alone or combined with DRE. The use of a Free-
to-total PSA ratio with a cutoff of 0.2 or less would save 44% of biopsies at the cost of
not detecting 19% of cancers. The use of a PSA-D cutoff of 0.12 ng./ml./cc or more in
combination with DRE would lead to a 43% reduction of the number of biopsies at the
cost of 14% of cancers remaining undetected.

The effect of both methods on the number of biopsies saved and cancers remaining
undetected is similar. The disadvantage of the use of PSA-D however is that time
consuming and expensive volume measurements using TRUS are necessary whereas the

use of the free to total PSA ratio is more cost effective.

The use of total prostate volume and the volume of the transition zone for cotrection of
the serum PSA value is discussed in chapter IV. The comparison of the use of PSA-D
and PSA-T as screening tests leads to the conclusion that there is no significant
difference in the area under the ROC curves. Both methods however perform
significantly better than PSA alone. The use of PSA-I2 with a threshold level of 0.12
ng./ml./cc would tead to a 42% reduction of the number of biopsies and 18% of cancers
would remain undetected. The use of PSA-T with a cutoff level of 0.20 ng./ml./cc would
reduce the number of biopsies with 42% at the cost of an 18.6% reduction of cancers
detected.

'The method of volume measurement was assessed as well. The results of the
planimetrically determined volume and the prolate ellipsoid method for volume
measurement were compared to the volume of the radical prostatectomy specimen. Both
methods correlated well. The agreement of the planimetrically determined volume was
slightly better. The comparison of the use of PSA corrected for planimetric and prolate
ellipsoid volume by means of a ROC curve analysis showed no significant difference.
Thus both volume measurements may be used for correction of the PSA value.

Whether the loss of cancers detected in a screening program in order to improve

specificity is affordable remains an unanswered question.

The safety of a screening program depends mainly on the safety of the biopsy procedure

since this procedure is responsible for most complications, In chapter V the
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complications of the TRUS guided systematic sextant biopsy procedure are described.
Minor adverse effects as hematuria and hemospermia are frequently seen, in 24% and
45% respectively. Major complications as fever requiring antibiotic therapy is seen in 3%
of cases. Hospitalization was necessary in 0.4% of cases and sepsis was rare with 2
prevalence of 0.18%. These figures compare favorably with complication rates reported
in literature. This has led to the conclusion that the biopsy procedure as performed in
this study is a safe method however research remains necessary for further reduction of

these adverse effects.

Although the biopsy procedure is regarded as the "golden standard” for presence or
absence of cancer in the prostate it is clear that cancers are missed by the systematic
sextant biopsy procedure. In chapter VI the results of 442 men with an initial negative
biopsy who were biopsied again after 1 year are described. A true positive biopsy
percentage of 11% was found in these men, which was significantly lower than the 19.9%
true positive biopsy rate in the initial screening. The pathological tumor characteristics of
the tumors detected in the re-biopsy group were similar to those in the initial screening
group. Reason for not having diagnosed these cancer in the initial biopsy was explained
by the finding that the prostate volume of the men with cancer diagnosed in the re-
screening visit was significantly larger (42.6 cc versus 34.9 cc (p=0.003)). If prostate
cancer screening proves to be effective in reducing mortality efforts will have to be made

to improve the sensitivity of the biopsy procedure in men with larger prostates,

The reduction of prostate cancer mortality by screening of the general population is
based on the hypothesis that prostate cancer is diagnosed in an eatlier stage in which it is
more often confined to the prostate, which increases the chance of curative treatment. In
Chapter VII the characteristics of the cancers diagnosed in the ERSPC section
Rotterdarn are described and compared to the characteristics of incident cancets
diagnosed in the daily clinical routine in the Amsterdam region of the Netherlands.

In the Amsterdam region 24% of cancers had already metastasized at the time of
diagnosis whereas screen detected cancers were metastasized in 2% of cases. This
however does not provide proof for the success of a screening program since a
conclusion considering a beneficial effect of screening is hampered by length time and
lead time bias. Such proof can only be provided by randomized controlled studies with

prostate cancer specific mortality as major outcome.
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Samenvatting en conclusies.

Hoofdstuk I geeft een overzicht van de problemen waarop de discussie omtrent
bevolkingsondetzoek naar prostaatkanker is gebaseerd, De incidentie en
mortaliteit getallen laten niet alleen zien dat prostaatkanker een belangrijke ziekte is maar
ock dat meer mannen sterven met prostaatkanker dan aan deze ziekte. Fen
bevolkingsonderzaek zal niet alleen resulteren in de diagnose van prostaatcarcinomen die
tot mortaliteit geleid zouden hebben maar ook in de diagnoge van prostaatcarcinoom bij
mannen welke zullen overijden aan eventuele comorbiditeit. De eigenschappen van de
onderzoeksmethoden worden beschouwd evenals de methoden die het onderscheidend
vermogen tussen kanker en benigne gevallen van de betreffende onderzoeksmethoden
kunnen vergroten om ovetbodige biopsiegn te voorkomen, Tdentificatie van mogelifk
onbelangrifke prostaatkanker gevallen en het voorspellen van maligniteitsgraad en het
stadium met behulp van de resultaten van de onderzoeken is vooralsnog niet
betrouwbaar als het gaat om het selecteren van de patignten die al dan niet behandeld
dienen te worden. De effectiviteit en nadelige effecten van de verschillende
behandelingsmethoden: uitgestelde behandeling, bestraling en radicale prostatectomie
worden besproken. Het is theoretisch mogelik dat een bevolkingsonderzock naar
prostaatkanker de sterfte aan deze ziekte vermindert. De prostaatkanker sterfte daalt in
een-aantal gebieden in de Verenigde Staten, het is echter nog onduidelijk of dit het
resultaat is van de daar toegepaste vroege opsporing en behandeling. Fen
gerandomiseerde studie met een controle groep en een screeningsgroep waarbij als
eindpunt een reductie van prostaatkanker specifieke sterfite gehanteerd dient te worden

zal hieromtrent vitsluitsel moeten geven.

In hoofdstuk IT wordt dieper ingegaan op de eigenschappen en de effectiviteit van de
verschillende onderzoeksmethoden. Het gebeuik van de serumconcentratie van het
prostaat specifiek antigen is de beste test voor vroege opsporing van prostaatkanker. Het
onderscheidend vermogen tussen benigne en maligne s supericur ten opzichte van het
gebruik van het rectaal toucher en transrectale ecﬁograﬁe. De toegevoegde waarde van de
laatstgenoernde onderzoeken is beperkt. Met name het gebied onder de PSA waarde van
4 ng./ml. is belangrijk aangezien in de beschreven screeningsstudie 19.8 % van alle
prostaatkanker in dit gebied ontdekt worden. Van alle gescreende mannen heeft 86.6%

een PSA waarde onder de 4 ng,/ml. en grofiveg de helft van alle biopsieén worden in
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deze groep gedaan zodat de meeste winst betreffende de vermindering van onnodige
biopsieén in deze groep te behalen is. Onder een PSA waarde van 4 ng./ml. worden
alleen biopsieén genomen als et afwijkingen zijn bij het rectaal toucher en/of afwijkende
echobevindingen. Het percentage gescreende mannen dat een biopsie ondergaat is
ongeveer 14 %. Dit percentage is onafhankelijk van de PSA waarde in het PSA gebied
onder de 4 ng./ml.. De verhouding tussen het aantal biopsieén en het aantal
gediagnostiseerde kankers neemt echter af bij een toenemende PSA waarde. De
effectiviteit van een biopsie is maximaal bij een PSA waarde van 1.7 ng./ml.. Het afzien
van een biopste onder deze waarde resulteert in een optimale verhouding tussen het

percentage kanker dat gemist wordt en het percentage bespaarde biopsieén.

In hoofdstuk 11T wordt het gebruik van de verhouding tussen vrij en totaal PSA (F/T
ratio) in een PSA gebied tussen 4 ng./ml. en 10 ng,/ml. besproken teneinde de
hoeveelheid overbodige biopsieén te verminderen. Deze methode wordt vergeleken met
het gebruik van PSA gecorrigeerd voor het prostaatvolume (PSA-D) gecombineerd met
rectaal toucher en het gebruik van PSA alicen met rectaal toucher. Het gebruik van de
F/T ratio met cen waarde van 0.2 of minder, vermindert het aantal biopsieén met 44%
en reduceert de kanker detectie met 19 %. Het gebruik van PSA-D met een waarde van
0.12 ng./ml./cc of gerecombineerd met rectaal toucher levert een reductie van 43% van
het aantal biopsieén op ten koste van 14% van de gediagnostiseerde kankers, Het effect
van beide methoden op de biopsie-reductie en kankerdetectie is volledig vergelijkbaar.
Het nadeel van het gebruik van PSA-D is echter de tijdrovende echografische
valumemeting, De kosten effectiviteit ven het gebruik van de F/T ratio zal dan ook

groter zijn,

Hoofdstuk IV is gewijd aan het gebruik van PSA gecotrigeerd voor het totale
prostaatvolume (PSA-D) en het overgangszone volume (PSA-T) als test. Uit de in dat
hoofdstuk beschreven vergelijking tussen beide methoden kan geconcludeerd worden dat
er geen significant verschil is in het oppervlak onder de ROC-cutve die de verhouding
tussen sensitiviteit en specificiteit beschrijft. Beide methoden hebben wel betere test
eigenschappen in vergelijking met het gebruik van PSA alleen. Wanneer PSA-D met een
drempelwaarde van 0.12 ng./ml./cc wordt gebruikt levert dit een besparing op van 42 %

van de biopsieén ten koste van 18 % vermindering van de kanker detectie. Het gebruik
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van PSA-T met een drempelwaarde van 0.20 ng./ml./cc vermindert het aantal biopsietn
met 42 % ten koste van 18.6 % van de voorheen wel gedetecteerde carcinomen.

In dit hoofdstuk wordt ook de methode van volumebepaling onderzocht. De resultaten
van het planometrisch vastgestelde volume en de volumina bepaald met behulp van de
volgende formule: 0.52 maal de gemeten lengte maal breedte maal hoogte van de prostaat
wordt vergeleken met het volume van het resectiepreparaat na radicale prostatectornie.
Beide echografische methoden laten een goede correlatie zien met het eigenlijke
prostaatvolume. Het planometrisch bepaalde volume stemt echter iets beter overeen met
het eigenlijke prostaatvolume. Een vergelijking van beide methoden door middel van een
ROC curve analyse laat peen significant verschil zien, Beide volume metingen kunnen
gebruikt worden voor de cotrectie van PSA voor prostaatvolume.

De vraag of het niet diagnostiseren van prostaatcarcinomen teneinde de specificiteit van
een bevolkingsonderzoek te verbeteren consequenties heeft blijft vooralsnog

onbeantwoord.

De veiligheid van een bevolkingsonderzoek naar prostaatkanker is met name afhankelijk
van de veiligheid van de biopsie procedure aangezien hierbij de grootste kans op
complicatics bestaat. In hoofdstuk V worden de complicaties van de systematische
sextant biopsie procedure beschreven, Minder emstige nadelige effecten als hematurie en
hemospermie worden frequent gezien in respecticvelifk 24 % en 45 % van de gevalten.
Meer ernstige nadelige effecten als infectie en koorts, behandeld met antibiotica, werd in
3% van de gevallen gezien, Opname in het ziekenhuis was noodzakelijk in 0.4% van de
gevallen. Sepsis was zeldzaam en werd in 0.18 % van de gebiopteerde mannen gezien.
Deze aantallen steken gunstig af in verpelijking met de getallen in de geraadpleegde
literatuur. Hieruit concludeerden wij dat de biopsie-procedure zoals uitgevoerd in het
kader van onze studie een veilige methode is, Het is echter wel noodzakelijk verder

onderzoek te doen om de nadelige gevolgen van de biopsie procedure te verminderen.

De biopsie procedure geldt als "gouden standaard" voor het al dan niet aanwezig zijn van
een prostaatcarcitioom. Het is echter duidelijk dat er kankers gemist worden., In
hoofdstuk VI worden de resultaten van een her-biopsie bij 442 het jaar daaraan
voorafgaand gebiopteerde mannen beschreven. Het percentage juist positieve biopsie
indicaties was 11 % in deze groep, hetgeen significant lager is dan de 19.9 % in de initicel

gebiopteerde groep. De pathologische tumor eigenschappen van de in de her-biopsie
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gediagnostisecrde tumoren zijn vergelijkbaar met de karakteristieken in de initieel
gescreende groep. Het feit dat de tumoten uit de her-biopsie groep niet in de initiéle
screening ontdekt zijn wordt verklaard door de bevinding dat de prostaatvolumina in
deze groep op het moment van de initiéle screening significant groter waren (42,6 cc
versus 34.9 ce (p=0.003)). Dit betekent dat verdere verbetering van de gevoeligheid van
de biopsie-procedure noodzakelijk is bij mannen met een groot prostaatvolume, echter
alleen wanneer een bevolkingsonderzoek naar prostaatkanker een positief effect op de

mortaliteit blijkt te hebben.

De vermindering van sterfte aan prostaatkanker door bevolkingsonderzoek is gebaseerd
op de hypothese dat de carcinomen in een vroeger stadium van hun ontwikkeling
gediagnostiseerd worden waarin de ziekte frequenter tot het orgaan beperkt blijft,
hetgeen de kans op curatief zijn van de behandeling vergroot, In hoofdstuk VIII worden
de karakteristieken van de in de Rotterdamse onderzoeksgroep gediagnostiseerde
carcinomen beschreven. Er wordt een vergelijking gemaakt met de karakteristieken van
de in de dagelijkse klinische routine gediagnostiseerde tumoren uit de regio Amsterdam.
In de laatstgenoemde regio bleck 24% van de tumoren reeds gemetastaseerd op het
moment van diagnose. In de gescreende groep uit Rotterdam bleek in 2 % van de
gevallen sprake van metastasen. Deze bevinding is echter niet bewijzend voor de
effectiviteit van een bevolkingsonderzoek. Enerzijds kan het zo =ijn dat het beloop van
de ziekte identiek is maar dat alleen de tijdsduur waarin de patiént op de hoogte is van
eifn malipniteit verlengd is (lead time bias). Anderzijds kan het zijn dat het beschreven
effect het gevolg is van de diagnose van kleine ongevaatlijke vormen van prostaatkanket
met een gunstige prognose die de poel van potenticel gevaarlijke carcinomen slechts
verdunnen waardoor het aanvankelijk lijkt of er over het algemeen een gunstiger stadium
wordt gediagnostiseerd maar het uiteindelifke beloop in de gehele groep ongewijzigd
blijft length time bias). Bewijs voor cen gunstig effect van bevolkingsonderzoek naar
prostaatkanker kan alleen geleverd worden na een gerandomiscerd onderzoek met een
screening en controle groep waarin een verschil in prostaatkanker sterfte tussen beide

groepen uiteindelijk vitshuitsel geeft.
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