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General introduction

This thesis describes research on screening for prostate cancer. To improve understanding of
the thesis, some background information will be provided in this introduction. First, a short
description of the prostate and of prostate cancer will be given in Chapter 1, followed by more
detailed background information on screening for prostate cancer in Chapter 2. The final part

of this introduction, Chapter 3, will outline the scope of this thesis.
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1.1 | The prostate

The prostate is a gland which is located beneath the urine bladder, surrounding the proximal
urethra in men. It produces a fluid which constitutes part of the semen and prolongs the lifespan

of sperm.

1.2 | Prostate cancer

1.2.1 | Diagnosis

There are several ways to examine the prostate for the presence of prostate cancer: a
serum prostate specific antigen (PSA) test, a digital rectal examination (DRE), transrectal
ultrasonography (TRUS) and prostate biopsy.

PSA is a protein produced by prostate cells, which may leak into the blood stream. An
increased serum PSA level indicates an increased prostate cancer risk. However, an increase
in the serum PSA level may also be caused by other causes: 1) an increase in normal prostate
glands like in benign prostate hyperplasia (BPH) or 2) an increased leakage of PSA into the
bloodstream due to infectious processes or obstruction. An increased PSA level thus is not
specific for prostate cancer. Moreover, a low PSA level does not exclude prostate cancer: even in
very low PSA ranges, a considerable prostate cancer detection rate has been described.! Despite
the important limitations of lack of specificity and lack of what might be considered a “normal”
level of PSA, the discovery of PSA has drastically changed prostate cancer care. In general, PSA
levels increase prior to the occurrence symptoms of metastasis, while prostate cancer mostly
manifests itself clinically only at the time of (bone) metastasis. This shifts the diagnosis to an
earlier and possibly curable stage of prostate cancer. Furthermore, PSA plays an important role
in the follow-up of prostate cancer patients.

A DRE entails the palpation of the prostate through the rectal wall (Figure 1). The size of
the prostate can be evaluated as well as the presence of nodules or indurations suspicious for
prostate cancer. TRUS produces an image of the prostate, which may show signs of prostate
cancer and can provide an accurate measure of prostate volume. TRUS is often used for guiding
prostate biopsies.

PSA, DRE and TRUS all give an indication about the risk of prostate cancer, but the definite
diagnosis can only be made with histological prostate tissue examination. During a prostate
biopsy, generally under ultrasound guidance, tissue cores are taken from the prostate with a
needle. These tissue samples are examined by a pathologist and may confirm the diagnosis of
prostate cancer.

More diagnostic tests are available, for example PSA derivates?, and prostate cancer antigen
3 (PCA3)* have been described amongst others to show promising results. However, those tests

have not yet been incorporated in standard clinical care.
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Figure 1 | Digital rectal

examination, adapted from?

1.2.2 | Staging

The extent of the disease is classified according the Tumour/Node/Metastasis (TNM)
classification (Table 1). The stage of the disease is predictive for the prognosis and is useful in
selecting treatment. The local stage of the tumour is determined by DRE and TRUS, known as
clinical tumour stage. The definite stage, or pathological tumour stage, can only be obtained

after radical prostatectomy.

1.2.3 | Grading

The grade of the tumour expresses the degree of abnormality of the tissue and thus the
aggressiveness of the tumour. Prostate cancer is graded using the Gleason grading system.* The
growth pattern is scored 1 (well differentiated) to 5 (poorly differentiated tumour) (see figure
2). The most common and second most common growth pattern observed by the pathologist
are summed to give a Gleason score, ranging from 2 to 10. A Gleason score is assigned to biopsy

tissue and prostatectomy specimens and both are highly prognostic for patient outcome.
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Table 1 | TNM classification, 2002

T-primary tumour Tx  Primary tumour cannot be assessed

TO  No evidence of primary tumour

T1 Clinically unapparent tumour Tla Tumour incidental histological finding
neither palpable nor visible by in 5% or less of tissue resected
imaging T1b  Tumour incidental histological finding

in more then 5% of tissue resected

Tlc  Tumour identified by needle biopsy
(e.g. because of elevated PSA)

T2 Tumour confined within the T2a  Tumour involves one-half of one lobe
prostate or less

T2b  Tumour involves more than one-half
of one lobe, but not both lobes

T2c  Tumour involves both lobes

T3  Tumour extends through the T3a  Extracapsular extension in
prostatic capsule periprostatic tissue

T3b Invasion of seminal vesicle(s)

T4  Tumour is fixed or invaded adjacent
structures other than the seminal
vesicles: bladder neck, external
sphincter, rectum, levator muscles,
or pelvic wall

N- regional Nx  Regional lymph nodes cannot be
lymph nodes assessed

NO  No regional lymph node metastasis

N1  Metastasis in regional lymph nodes

M- distant Mx  Distant metastasis cannot be assessed

metastasis MO  No distant metastasis

M1  Distant metastasis Mla Non-regional lymph nodes
Mi1b Bone(s)

Milc Other sites

1.2.4 | Treatment
Treatment of prostate cancer depends on patient and tumour characteristics. Overall, treatment
can be divided into 4 main modalities: surgical treatment, radiation therapy, hormonal

treatment and monitoring, i.e. active surveillance or watchful waiting.
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Figure 5.1: Appearance of cancer cells,
ranked according to the Gleason grade.
Figure 2 | Gleason grading system, adapted from®

1.3 | Prostate cancer as a major health problem

In Western countries, prostate cancer is the most common non-skin cancer type diagnosed
amongst men.” Based on rates of 2004-2006, a man in the US has a life-time risk of being
diagnosed with prostate cancer of almost 16%.% This indicates that 1 in 6 men will develop
prostate cancer. The incidence of prostate cancer has been rising since the early nineties (Figure
4). Several factors may have induced this increase, amongst which aging of the population,
increased awareness of prostate cancer, and the possibility of early detection through PSA.

Prostate cancer is the second leading cause of death from malignancy.” When one compares the
incidence and mortality rates a striking difference between those rates is observed (Figure 4).
This implies that more men die with prostate cancer than from prostate cancer. Especially in
the last decades, incidence and mortality rates have diverged (Figure 4). In addition to the rise
in prostate cancer detection, a more recent decline in mortality has occurred. Explanations for
this decrease may be found in improved prostate cancer treatment, wide-spread use of statins

and possibly for a part in screening for prostate cancer.”*
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Figure 3 | Age-standardised rates (European Standardised Rate) for incidence and mortality of prostate
cancer in the Netherlands 1970-2006 (incidence rates 1970-1988: data Comprehensive Cancer Centre
South; incidence rates 1989-2006: data Netherlands Cancer Registry - no differences between CCCS and
NCR data in period 1989-2006 -; mortality rates 1970-2006: Netherlands Cancer Registry)
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2.1 | Introduction

The European Randomized Study of Screening for Prostate Cancer (ERSPC) is a large
randomized study which aims to show or exclude a reduction in prostate cancer specific mortality
due to screening. In addition, the feasibility of such a program for population-wide use, the
cost-effectiveness and quality of life are studied. Recently, after the third interim analysis, the
first selected data end-points of the ERSPC have been published: PSA-based screening reduced
prostate cancer specific mortality by 20%.! In this chapter, an attempt is made to describe the
ongoing ERSPC.

2.2 | Background

2.2.1 | The start of the ERSPC

With emerging insights about the use of PSA as a screening test’, an idea of conducting a
randomized controlled study of screening for prostate cancer originated in Belgium and the
Netherlands during 1990-1991.>* No evidence of the effectiveness of screening for prostate
cancer existed at that time and the only way of obtaining such evidence seemed to be by
conducting a prospective randomized controlled trial (RTC). Several uncertainties existed
related to randomization, acceptance and value of screening tests, follow-up and others.
Therefore, between 1991 and 1994 a series of pilot studies were carried out in Belgium and
in the Netherlands. Summaries of the results of these pilots were published in 1995.>¢ The
main conclusion was that a European RCT of screening for prostate cancer seemed feasible.
Yet, the expense of such a trial made international co-operation a prerequisite, as no single
country could afford such a study. The ERSPC formally started on July 1 1994 in Belgium and
the Netherlands. After successfully conducting pilot studies’, Finland became the third partner
in the ERSPC during 1995. Furthermore, Sweden, Spain, Italy, Switzerland and France joined
the ERSPC.

A publication of Adami et al® in 1994 gave rise to a public discussion about the ethical
justification of such a RTC. Some felt that prerequisites for performing screening studies,
for example knowing the natural history and effectiveness of treatment, were not met. This
controversy has been subject of an extensive discussion.”'®!' However, in all participating

countries, ethical approval was obtained and the ERSPC started in 1994.

2.2.2 | Purpose and structure of the study

The main goal of the ERSPC is to show or exclude a prostate cancer mortality reduction through
screening and early treatment. In this large randomized controlled trial screening is offered
to the intervention group and the control group is managed according to regional health care

policies. The trial aims at showing or excluding a 20% difference in prostate cancer mortality
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with a power of 90%. This was decided at a consensus workshop held in 1994 on the basic
elements of screening in a RCT."?

Other important decisions were made at the consensus workshop, like the determination of
4.0 ng/ml as a PSA threshold for recommending a biopsy and initially including Digital Rectal
Examination (DRE) and Transrectal Ultrasound (TRUS) as screening tests. An age range of
55-70 years was determined as being the core age range on which power is calculated. Inclusion
of higher or lower age ranges could be chosen by the individual centers. Initial sample size
calculations were made without consideration of possible contamination in the control arm by
opportunistic PSA-based screening and it was calculated that 65,000 men per arm and a follow-
up of 10 years would be needed. Re-calculations considering this contamination showed that a
sample size of 85,000 men per arm would be needed.”

Furthermore, basic requirements for participation in the ERSPC and the content of the
future database were discussed during this workshop. This resulted in the establishment of
the following committees which run and control the ERSPC: an Epidemiology Committee, a
Pathology Committee, a PSA Committee, a Quality Control Committee, a Causes of Death
Committee, an independent Data Monitoring Committee (DMC) and the supervisory body
of the study as a whole, the Scientific Committee (SC). All important decisions are made by
the voting members of the SC, which consists of two representatives of each center. Every
participating center has accepted the authority of the controlling committees (i.e. the Quality
Control Committee and Data Monitoring Committee) and signed the set of basic requirements
as a cooperative contract. Because of the relative autonomy of the participating centers, the
ERSPC is conducted in a decentralized fashion. Centralized data collection is in the hands of an
independent center located in the UK (the Central Database).

2.3 | Randomization

Due to differences in legal requirements for running a RTC in the participating countries, two
different randomization schemes are used. In Belgium, Spain, Switzerland and the Netherlands,
informed consent is required before randomization (Figure 1). In the other countries, informed

consent is only required for those men who are randomized to the screen arm.
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2.4 | Screening tests

2.4.1 | PSA, DRE and TRUS

At the time the ERSPC started, PSA, DRE and TRUS were potential screening tests. Other
screening methods, such as the use of PSA derivatives (e.g. PSA velocity, PSA density, PSA
doubling time) and biomarkers are possibly proper screening tests as well, which were to be
evaluated in a later phase.

Between ERSPC centers next to the differences in randomization schemes, slightly different
screening protocols are used. Except one center all use a four-year screening interval (Sweden
uses two years). A PSA cut-off value of 3.0 ng/ml is applied after the prevalence screen and
was suggested to all centers as of 1997. The core age group is 55-69 and all centers use sextant
biopsies, at least initially.

Up to May 1997, a PSA >= 4.0 ng/ml and/or abnormal findings on DRE and/or TRUS was
an indication for prostate biopsy in the Rotterdam center of the ERSPC.

For a proper screening algorithm, it is very important to find a delicate balance between
sensitivity and specificity of the screening tests, as lead-time and over-diagnosis are inevitable

in prostate cancer screening. Therefore, evaluation of screening procedures was and is an
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essential part of the ERSPC, and prior to the initiation of the study, it was agreed that screening
procedures would be adjusted one time if necessary.

The first contribution to this evaluation came from the Italian group', and was followed by
major investments made by other centers as well to clarify the role of the different screening tests.
Improvements of test characteristics, potential reduction of proportions of men to be biopsied,
the loss of otherwise diagnosed cancers and the numbers of biopsies needed per prostate cancer
were investigated and simulated by Bangma et al.">!¢ These studies indicated the future direction
of test evaluation: main goal was to improve specificity (avoidance of unnecessary testing and
biopsies) and still maintain the detection rate of the first round (4-5%). The search for methods
for improvement of specificity was continued and led to many suggestions.'”'® However, great
reluctance existed to change the protocol with the acceptance of the loss of a proportion of
prostate cancers, whose final outcomes could not be judged. Nevertheless, a major change in
the screening protocol was implemented as a result of the evaluation outcomes. From February
1996, men with a PSA value of 0-0.9 ng/ml were not further screened but advised to be re-
screened four years later. This change was based on the observation that in 1451 men, 174
biopsies detected 4 cancers, resulting in a positive predictive value of 2% and a cancer detection
rate of 0.3%."7 All centers adopted this change in protocol, saving a screening visit for 35% of the
whole screening population and leading to an obvious reduction in costs of the study.

A second major change was omitting DRE and TRUS as screening tests and lowering the
biopsy threshold to a PSA value of 3.0 ng/ml. This decision was based on a study from the
Rotterdam center, where the value of DRE was investigated. Ideally, sensitivity and specificity of
a screening test are calculated. However, the prevalence of the disease is unknown in the case of
prostate cancer. Therefore, an estimate of the prevalence is set as the “gold standard” and used
to calculate a relative sensitivity and specificity.”” Relative sensitivity and specificity of DRE was
assessed in 10,523 consecutive men randomized to the screening arm of the Rotterdam section
of the ERSPC, based on estimates of the predictive index (the number of cancers that would
have been detected if all men had been biopsied, the “gold standard”). Of these men, 7055 were
found to have PSA values < 4.0 ng/ml. In the PSA-ranges 0-0.9, 1-1.9, 2-2.9 and 3-3.9 ng/ml,
positive predictive value (PPV) of a positive DRE was 4%, 10%, 11% and 33% respectively. In
these PSA ranges, relative sensitivity and specificity levels were 21%, 24%, 14%, 39% and 94%,
92%, 91% and 98%. Overall PPV of DRE in the PSA-range =< 3.0 ng/ml was 8.8%. Omitting
DRE as a screening test in men with a PSA <3.0 ng/ml, would have missed 57 of 473 cancers
actually detected (12.1%) and saved 533 biopsies (23.5%). Biopsying every men with a PSA of
3-3.9 ng/ml, would have added 43 cancers and decreased the false-negative biopsy indication
drastically. Furthermore, cancers detected in the PSA range < 4.0 ng/ml were classified as
minimal, moderate and advanced in 42%, 42% and 16% in men screened during the first round

in Rotterdam.??!
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The new screening protocol, with only a PSA higher than or equal to 3.0 ng/ml as a biopsy
indication, was implemented from February 1997 and a validation of this protocol was carried
out on 7943 men consecutively randomized to the screening arm of the ERSPC Rotterdam.* It
was shown that the detection rate remained almost the same (5.0% vs. 4.7% in the new protocol)
and the PPV of a PSA of 3.0 ng/ml or higher, predicted to be 12.3%, was actually 18.0%. The
proportion of men with a biopsy indication decreased from 28.2% to 19.5%. Furthermore, the
overall tumour characteristics found in the new protocol differed very little from those detected
in the old regimen, based on PSA, DRE and TRUS. Therefore, the new protocol contributes to
reaching a delicate balance between sensitivity and specificity. However, the search for an even
better balance is continuing. More research on the evaluation of screening tests is still being
performed and definite judgments on the validity of test regimens will only be possible after the

final conclusions of the trial have been reached.

2.4.2 | Biopsy

Similar to the screening regimen policy, the biopsy regimen depends on the choice of the
individual screening centers. At the time the ERSPC started, a systematic sextant needle biopsy
was the general accepted biopsy regimen among urologists. In Rotterdam, a lateralized sextant
biopsy scheme was chosen as the prostate cancer detection rate increases when the lateral
peripheral zone is sampled.?** Nowadays, the trend is to obtain more than six biopsy cores, as
this increases the detection rate of prostate cancer.”® Some centers adopted this more extensive
biopsy regimen to assure comparability with the control group. Others, including Rotterdam,
continue performing sextant biopsies, aiming for maximum of data consistency during the

study.

2.5 | Screening interval

2.5.1 | Lead-time

All centres, except for Sweden, have adopted a screening interval of four years. This was based
on estimations of lead-time available at the beginning of the ERSPC. Lead-time was estimated
to be 6-10 years, based on serum banks used for PSA-determinations and the subsequent
diagnosis of clinical prostate cancer.”*”” Of course, data that could confirm the correctness of
this relatively long interval were highly desirable.

A first evaluation of lead-time came from Finland.?® Auvinen et al defined lead-time as the
duration of follow-up needed to accrue the same expected number of incident prostate cancer
cases in the absence of screening as detected in the initial screening round. Expected numbers
were calculated using an age-cohort model. Based on findings among 10,000 men screened

in 1996-1997 with 292 screen-detected cancers, lead-time was estimated as approximately 5-7
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years. With the assumption that the cancers are detected on average at the midpoint of the
detectable preclinical phase, this detectable preclinical phase was estimated to be 10-14 years.

In the Netherlands, a micro simulation model (MISCAN) was used to estimate lead-time.?
Simulation models are based on results of the Rotterdam section, which enrolled 42,376 men
and in which 1,498 cases of prostate cancer were identified, and on baseline prostate cancer
incidence and stage distribution data. The models were used to predict mean lead times, over-
detection rates, and ranges. Mean lead times and rates of over-detection depended on a man’s
age at screening. For a single screening test, the estimated mean lead-time was 12.3 years at age
55 and six years at age 75. For a screening program with a 4-year screening interval from age
55 to 67, the estimated mean lead-time was 11.2 years (range 10.8-12.1 years), and the over-
detection rate was 48% (range 44%-55%). This screening program increased the lifetime risk of
a prostate cancer diagnosis from 6.4% to 10.6%.

These studies seem to confirm the appropriateness of an inter-screening interval of at least

4 years.

2.5.2 | Distribution of prognostic factors at re-screening
For a screening interval to be appropriate, characteristics of tumours found at re-screen should
be favourable for curative treatment.

The incidence of potentially advanced malignancies in the second screening round of the
Rotterdam section was evaluated by Postma et al.* Potentially advanced malignancy was defined
as a biopsy Gleason score of 7 or higher. During the second screening round, 503 prostate
cancers were detected, of which 30 (6.0%) with features of potentially advanced malignancy,
in 11,210 screened men. Curative treatment was offered to 26 men, 12 men were treated with
radical prostatectomy. Of those 12 RP specimens, 11 showed organ-confined disease. This study
showed that potentially advanced disease is a rare finding in the second screening round, and
that prostate cancer was still potentially curable in most men.

Inaddition, other studies demonstrated a shift toward more favourable tumour characteristics
in the second screening round, compared to the initial round.*"** In Sweden, where screening
is performed with a two-year interval, stage distribution showed a trend toward a lower stage at
the second screening (an increase in T1 lesions from 60% to 74% in the second round) as well
as lower PSA in men diagnosed with cancer.’!

First and second round findings from the Rotterdam section were evaluated as well.** In the
second screening round, the mean prostate-specific antigen value was lower (5.6 versus 11.1 ng/
mL), advanced clinical stage T3-T4 was 7.1-fold less common, and 76.4% versus 61.5% of the
biopsy Gleason scores were less than 7. In the first screening round, 13 regional and 9 distant
metastases were detected. In the second round, 2 cases with distant metastasis were found.
Overall, a shift toward more favourable tumour characteristics was seen for the second round
of screening. These results support the screening methods used and the inter-screening interval

of 4 years.
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2.5.3 | Interval cancers

An interval cancer is a cancer detected during the interval between 2 screening visits. The rate
of interval cancers is an important parameter in determining the sensitivity of the screening
procedure and screening interval. In the Swedish centre, 5,854 men participated in the first
screening round and 145 prostate carcinomas were detected. During the second screening
round, two years later, 5,267 men participated and 111 cancers were found. Nine interval
carcinomas were diagnosed (10.6% of the control group prevalence).” Of these, three men had
metastatic disease, the others seemed confined to the prostate gland and were detected through
opportunistic screening or because of urinary symptoms.

In the Rotterdam section, interval carcinomas were studied in a cohort of 17,226 men (8350
in the screening arm, 8876 in the control arm), enrolled consecutively to the ERSPC.** During
the first screening round, 412 prostate cancers were detected. During the following four-year
interval, 135 cancers were found in the control group, and 25 interval cancers were diagnosed in
the screened arm (18.5% of the control group prevalence). Of these 25, seven men had refused
a recommended biopsy in the initial screening round. The remaining 18 prostate cancers were
all classified as T1 or T2A and none were poorly differentiated or metastatic. These data, which
show a low interval carcinoma rate, suggest that the 4-year screening interval is reasonable.

This was supported by a comparative study of the Swedish and Dutch ERSPC study centres,
comparing rates of overall interval cancers and high-grade interval cancers.’* The cumulative
incidence rates of interval cancers was 0.43% in Rotterdam with a 4-year interval versus 0.74%
in Sweden with a 2-year interval (p=0.51). The cumulative incidence rates of high-grade interval

cancer was 0.11% versus 0.12% (p=0.72).

2.6 | First end-point related results

2.6.1 | Recruitment and cancer detection

A total of 182,160 men aged 50-74 participated in the ERSPC, and part of this cohort is still
participating in the ongoing study. Of those, 162,387 men were in the core age range group,
i.e. 55-69 years old, of which 72,890 were randomized to the screening arm and 89,353 to the
control arm (see figure 2 NEJM). Randomization is unequal because Finland did not randomize
in a 1:1 ratio. Of the men randomized to the screening arm, 82.2% were actually screened at
least once. A total of 5,990 PC cases were detected in the screening arm and 4,307 in the control

arm, leading to cumulative incidence rates of 8.2% and 4.8%.
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182,160 Subjects 50~74 yr old underwent randomization
162,387 Were in the core age group (55-69yr old)

160 Subjects 50-74 yr old died
144 Were 55-69 yr old

82,816 Were assigned to the 099,184 Were assigned to the
screening group control group
72,890 Were 55-69 yr old 89,353 Were 55-69 yr old
6830 Had prostate cancer 4781 Had prostate cancer
5990 Were 55-69 yr old 4307 Were 55-69 yr old

Figure 1. Enrollment and Outcomes, According to Age Group at Randomization.

The predefined core age group for this study included 162,243 men be-
tween the ages of 55 and 69 years.

Figure 2 | Adapted from'

2.6.2 | Distribution of prognostic features

For screening to be effective, a stage shift into the direction of a more favorable distribution of
prognostic factors with respect to local tumour extent, grading (Gleason score) and presence
of metastases is a prerequisite. An early report on this issue is given by Rietbergen et al*® on
the Rotterdam section of the ERSPC. The TNM classification of 459 screen-detected prostate
cancers was compared to the TNM classification of a cohort of 4,708 men from the Amsterdam
Cancer Registry. A stage-shift towards more favorable features was seen for the screen-detected
cancers. Furthermore, the incidence of metastases was 24% in the cancer registry cohort,
compared to 1.7% in the screen-detected series.

Another report on the issue of metastatic disease comes from the Swedish section.*®
Metastatic prostate cancer incidence at diagnosis in a screened cohort was compared with a
control cohort, both 10,000 men. For the control group, diagnosis of metastatic prostate cancer
was monitored by using the Swedish Cancer Registry. During a time period of 10 years, the
risk of being diagnosed with prostate cancer with metastasis at the time of diagnosis differed
by 48.9%, decreasing from 47 cases in the control group to 24 cases in the group randomized
to PSA-based screening. However, the PC incidence in the screened cohort was 1.8-fold higher
than in the control group.

A comparison of all cancers found in the screening and the control arm of the Rotterdam
section was performed in 2003.”” By January 1, 2003, 1,269 cancers were detected in the

screening arm and 336 were detected in the control arm. A shift to more favourable clinical
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stage was seen in the screening arm of the trial. T1C and T2 cancers were 5.8 and 6.2 times more
often diagnosed, respectively, in the screening arm than in the control arm of the trial.
A grading shift towards lower Gleason scores in screen-detected PC was reported by Postma
et al.*® In radical prostatectomy specimens of the screening arm, 34.6% of the cancers had a
Gleason score equal to or higher than 7, a significantly lower proportion as compared to the
53.5% of cancers in the control arm. Furthermore, the median tumour volume was significantly
smaller in the screened population (1.0 ml versus 3.9ml).

These studies suggested that the prerequisite for effective screening, i.e. the shift towards

more favourable prognostic features, is met in the ERSPC.

2.6.3 | Prostate cancer specific mortality

After a third interim analysis, a significant reduction of prostate cancer mortality was found
in the screening arm compared to the control arm.! After a median follow-up of 9 years, there
were 214 prostate cancer deaths in the screening arm and 326 in the control arm (figure 3). This
resulted in an adjusted rate ratio of 0.80 (95% CI 0.65-0.98, p=0.04). Prostate cancer screening,
based on PSA testing, thus reduced prostate cancer specific mortality by 20% in the intention-

to-screen analysis.

0.020-

0.015+

Control group
0.010

0.005+

Screening group

Nelson-Aalen Cumulative Hazard

0.000 I I T T T T T T T T T T T T
01 2 3 4 5 6 7 8 9 1011 12 13 14
Years since Randomization
No. at Risk

Screening group 65,078 58,902 20,288
Control group 80,101 73,534 23758

Figure 2. Cumulative Risk of Death from Prostate Cancer.

As of December 31, 2006, with an average follow-up time of 8.8 years, there
were 214 prostate-cancer deaths in the screening group and 326 in the con-
trol group. Deaths that were associated with interventions were categorized
as being due to prostate cancer. The adjusted rate ratio for death from prostate
cancer in the screening group was 0.80 (95% CI, 0.65 to 0.98; P=0.04). The
Nelsen—Aalen method was used for the calculation of cumulative hazard.

Figure 3 | Adapted from!
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2.7 | Contamination

2.7.1 | Contamination and effective contamination

PSA contamination, i.e. the opportunistic PSA based screening in the control arm of the study,
can jeopardize the power of the ERSPC. With increasing contamination during the early years
of the study, the power decreases, necessitating higher numbers of participants in both the
screening and control arm. Therefore, the extent of contamination has been carefully studied in
several participating centres.**

However, it is important to realize that “effective” contamination cannot be determined by
assessing the number of PSA tests only. It is necessary to evaluate the number of men who were
PSA tested and who subsequently had a biopsy if indicated by the PSA level.

Such an analysis of “effective contamination” in the Rotterdam area was reported by Otto et
al.** During a period of 2.9 years, 2895 of 14,349 men (20.2%) in the control arm were PSA tested
and 1981 of 14,052 men (14.1%) in the screening arm were PSA-tested outside the screening
protocol. The proportion of men in the control arm with a PSA >= 3.0 ng/ml followed by a
biopsy and a prostate cancer diagnosis was 7-8% and 3% respectively (3% and 0.4-0.6% in the
screening arm). Therefore, although the PSA testing rate in the control arm was high, this was
not followed by a substantial increase in prostate biopsies and, more importantly, in detection
of prostate cancer. The effective PSA contamination was relatively small and may not jeopardize
the power of the trial. Furthermore, the rate of effective contamination was in line with the

predicted contamination rate of 20% used in adjusting the initial sample size of the ERSPC."*

2.7.2 | Adjustment for contamination and non-compliance

Next to contamination, another process that may dilute the effects of the ERSPC is non-
compliance. Non-compliers are participants randomized to the screening arm, who are not
screened or do not participate in the whole screening protocol. When an adjustment is made for
contamination and non-compliance during the final analysis of the ERSPC, the unbiased effect
of screening can be determined for those who are willing to participate in a screening program.
A method for this adjustment has been described by Cuzick et al.*

Roemeling et al reported on a feasibility study and impact simulation of a secondary analysis,
according to Cuzick et al, on the results of the Rotterdam center.* Endpoints in this analysis
were simulated prostate cancer mortality reductions and contamination was defined as a PSA
test only. This study concluded that the adjustment for contamination and non-compliance was
feasible. A second analysis according to Cuzick was described by Kerkhof et al.** In this analysis
data on the presence of metastasis at diagnosis, as a proxy for mortality, in both study arms from
the Rotterdam section were evaluated. A non-compliance rate of 26% and a contamination
rate of 12% were observed. Prostate cancer screening significantly reduced the occurrence of
metastasis in the intention-to-screen analysis (risk ratio 0.75, 95% CI 0.59-0.95, p=0.02). After

adjustment for both contamination and non-compliance, the risk was further reduced: RR 0.68,
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95% CI 049-0.94, p=0.02. The authors concluded that the screening effect on those who are
actually screened is approximately 28% greater than the overall effect seen without adjustment
for contamination and non-compliance.

Finally, a secondary analysis on the final results of the ERSPC was carried out to provide
accurate information for those men actually screened. Roobol et al*® reported a relative risk
reduction of 0.69 (95% CI 0.51-0.92) to 0.71 (95% CI 0.55-0.93) for men actually screened
after adjustment for contamination and non-compliance using 2 different estimates for
contamination. Thus, PSA screening reduces the risk of dying from prostate cancer by up to

31% in men who are actually screened.

2.8 | Overdiagnosis and indolent disease

2.8.1 | Overdiagnosis

Overdiagnosis is the detection of prostate cancer that would never have been diagnosed without
screening. Those cases of prostate cancer would not have led to symptoms or death during life
and therefore would not have been diagnosed clinically. This may relate to a relatively harmless
tumour behaviour or to competing causes of death. However, if such a carcinoma is found
through screening, adverse psychological and physical effects may arise. Especially, invasive
treatment for prostate cancer, which would not have been clinically relevant, with possible side
effects, may be harmful.

Using the micro simulation (MISCAN) model, the extent of overdiagnosis in the Rotterdam
section of the ERSPC was estimated.” A 100% attendance rate for each screening program was
assumed. Obviously, overdiagnosis leads to a rise in prostate cancer incidence. The first-round
detection rate in the screened arm was almost 17 times as high as the prostate cancer detection
rate in the control arm (54 versus 3.18 cases per 1000 man-years).

Screening men aged 55 to 67 years with a 4-year screening interval detects 41 irrelevant
cancers in 1000 men. This corresponds with an overdiagnosis rate of 48% (range 44%-55%).
Furthermore, the lifetime prostate cancer risk increases from 64 to 106 per 1000, a relative
increase of 65%.

This amount of overdiagnosis may be unacceptable in population-based screening, for both
health care providers and policy makers. Reduction of overdiagnosis by increasing specificity,
i.e. through individualizing screening programs and finding new markers, will be of great

importance during the years to come.”

2.8.2 | Indolent prostate cancer
However, as long as screening can not been made more selective for aggressive or clinically
significant prostate cancer, another approach was taken with the identification of potentially

indolent cancers. Indolent prostate cancer is cancer that will not cause any symptoms or
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mortality during life due to a relatively benign behaviour. If such a tumour is diagnosed and
treated radically, side effects may occur, possibly reducing the quality of life. To avoid this
unnecessary treatment or overtreatment, many attempts are made to identify indolent prostate
cancer. For the screening situation, a nomogram was described by Steyerberg et al based on
data from the ERSPC.* This nomogram can be used to identify 20-30% of screen-detected PC
as “potentially indolent” depending on the probability level chosen (70-80%).

Instead of radical treatment, those cases of indolent cancer may be offered active surveillance,
a strategy of closely monitoring the patient and offering radical treatment with curative intent
if signs of progression occur. The safety and feasibility of such a treatment strategy is subject
of investigation of the project Prostate Cancer Research International: Active Surveillance
(PRIAS).* This international website-based study has been launched at the end of 2006 and has
included around 850 prostate cancer patients up to June 2009. First reports of this study show
favourable results on quality of life and feasibility. Furthermore, no adverse effects of active
surveillance were shown in a retrospective study.” However, the safety of active surveillance

remains to be proven.

2.9 | Quality of life and costs of screening

2.9.1 | Quality of life

The evaluation of quality of life in relation to screening and treatment aspects of prostate
cancer has been considered essential from the start of the ERSPC. Therefore, next to mortality
reduction, quality adjusted life years (QALYs) will be calculated. Unfortunately, only in one
of the centers (Rotterdam) a truly systematic study of quality of life has been conducted and
is still ongoing. So far, only short-term effects could be analyzed and final conclusions about
the impact of prostate cancer screening on quality of life will only become clear after the final
analysis of the ERSPC.

Up to now, it has been shown that prostate cancer screening induced no important short-
term health status effects, with some exceptions of high levels of anxiety in subgroups.>* Health-
related quality of life (HRQoL) was related to tumour stage and the detection method (screen
vs. clinically detected PC).”> Furthermore, the type of post-treatment HRQoL impairments
was dependent on treatment modality (prostatectomy or radiotherapy). Patients with screen-
detected or clinically diagnosed PC reported similar post-treatment HRQoL.*

Prostate cancer diagnosis was shown to worsen mental and self-rated overall health immediately
after diagnosis in screened patients. However, six months later, health status scores improved

and no longer differed significantly from pre-diagnosis scores.**
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2.9.2 | Costs of screening

Due to screening, some cases will be prevented from reaching the advanced stage. In order
to evaluate a screening program thoroughly, it is important to quantify course, care, and
accompanying costs of advanced disease. Data on these factors are reported in.” Together
with the effects of advanced prostate cancer on quality of life, these data will be used for the

evaluation of prostate cancer screening. A report on the costs of screening is in progress.

2.10 | Future prospects

In the ERSPC, a prostate cancer specific mortality reduction has been shown due to PSA based
screening. However, 1410 men need to be screened and 48 cases needed to be treated in addition
to the control arm to avoid one prostate cancer death after 9 years of observation.'! These
numbers needed to screen and needed to treat are very high and could be lowered by increasing
the screening specificity for aggressive disease and avoiding overdiagnosis and overtreatment.
This is very important, as screening for prostate cancer is being performed on a growing
scale by general practitioners and urologists, independently of the final recommendations of
the ERSPC. Therefore, attention should be drawn to optimizing the screening regimen. For
example, the use of individual characteristics of the screening participant, new biomarkers, and

the use of nomograms may play a role in this search for optimal future screening programs.



Screening for prostate cancer: the European Randomized Study of Screening for Prostate Cancer (ERSPC) |

References

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Schréder FH, Hugosson J, Roobol MJ, Tammela TL]J, Ciatto S, Nelen V, Kwiatkowski M, Lujan M, Lilja H,
Zappa M, Denis L], Recker F, Berebnguer A, Méittanen L, Bangma CH, Aus G, Villers A, Rebillard X, Van der
Kwast ThH, Blijenberg BG, Moss SM, De Koning HJ, Auvinen A. Screening and prostate-cancer mortality in
a randomized European Study. N Engl ] Med 2009;360:1320-8

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

Schroder FH. (1993) Prostate cancer: to screen or not to screen? BM]J 1993;306:407-8.

Schréder FH, Boyle P. Screening for prostate cancer- necessity or nonsense? Eur ] Cancer 1993;29A:656-61.
Schréder FH, Damhuis RAM, Kirkels WJ, De Koning HJ, Kranse R, Nijs HGT, Blijenberg BG. European
randomized screening for prostate cancer- The Rotterdam pilots. Intern ] Cancer 1996;65:145-51.

Schréder FH, Denis L], Kirkels W], De Koning HJ, Standaert B. European randomized study of screening for
prostate cancer: Progress report of Antwerp and Rotterdam pilot studies. Cancer 1995;76:129-34.

Auvinen A, Tammela T, Stenman U-H, Uusi-Erkkild I, Schroder FH, Hakama M. Screening for prostate
cancer using serum prostate-specific antigen; a randomized, population-based pilot study in Finland. Br J
Cancer 1996;74:568-72

Adami HO, Baron JA, Rothman KJ. Ethics of a prostate cancer screening trial. Lancet 1994;343:958-60
Schroder FH. Screening for prostate cancer (letter to the editor). Lancet 1993;343:1438-9.

Schroder FH. Detection of prostate cancer, screening the whole population has not yet been shown to be
worth while (letter to the editor).BMJ 1995;310:140-1.

Denis L, Standaert B. Contributors Chapter Prostate Cancer. (Dobrossy L ed.) Prevention in primary care.
Recommendations for promoting good practice. Copenhagen, SHO regional office for Europe, 1995, 139-45.
Denis L], Murphy GP, Schroder FH. Report of the consensus workshop on screening and global strategy for
prostate cancer. Cancer 1995;75:1187-207.

De Koning HJ, Liem MK, Baan CA, Boer R, Scroder FH, Alexander FE. Prostate cancer mortality reduction
by screening: power and time frame with complete enrollment in the European Randomized Study of
Screening for Prostate Cancer. Int ] Cancer 2002;98:268-73.

Ciatto S, Bonardi R, Mazzotta A, Lombardi C, Santoni R, Cardini S, Zappa M. Comparing two modalities of
screening for prostate cancer: digital rectal examination and transrectal ultrasonography vs. prostate specific
antigen. Tumouri 1995;81:225-9.

Bangma CH, Kranse R, Blijenberg BG, Schroder FH. The value of screening tests in the detection of prostate
cancer. Part I: Results of a retrospective evaluation of 1726 men. Urology 1995;46:773-778.

Bangma CH, Kranse R, Blijenberg BG, Schroder FH. (1995) The value of screening tests in the detection
of prostate cancer. Part II: Retrospective analysis of free/total prostate specific analysis ratio, age-specific
reference ranges, and PSA density. Urology 1995;46:779-784.

Beemsterboer PMM, Kranse R, De Koning HJ, Habbema JDE, Schréder FH. Changing role of 3 screening
modalities in the European Study of Screening for Prostate Cancer (Rotterdam). Int ] Cancer 1999;84:437-41.
Kranse R, Beemsterboer PMM, Rietbergen JBW, Habbema D, Hugosson J, Schroder FH. (1999) Predictors
for biopsy outcome in the European Study of Screening for Prostate Cancer (Rotterdam region). The Prostate
1999;39:316-22.

Schréder FH, Alexander FE, Bangma CH, Hugosson J, Smith DS. Screening and early detection of prostate
cancer. Prostate 2000;44:255-63.

Schréder FH, van der Maas P, Beemsterboer P, Kruger AB, Hoedemaeker R, Rietbergen J, Kranse R. Evaluation
of the digital rectal examination (DRE) as a screening test for prostate cancer. JNCI 1998;90:1817-23.

Schréder FH, Van der Cruijsen-Koeter I, De Koning HJ, Vis AN, Hoedemaeker RE, Kranse R. Prostate cancer
detection at low prostate specific antigen. ] Urol 2000;163:806-12.

33

‘ Chapter 2



34

| Chapter 2

22.

23.
24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34,

35.

36.

37.

38.

39.

40.

41.

Schréder FH, Roobol-Bouts MJ, Vis AN, Van der Kwast ThH, Kranse R. PSA-based early detection of prostate
cancer - validation of screening without rectal examination. Urology 2001;57:83-90.

Stamey TA. Making the most out of six systematic sextant biopsies. Urology 1995;45:2-12.

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

Aus G, Ahlgren G, Hugosson J, Pedersen KV, Rensfeldt K, Soderberg R. Diagnosis of prostate cancer:
optimal number of prostate-specific antigen and findings on digital rectal examination. Scand ] Urol Nephrol
1997;31:541-4.

Stenman UH, Hakama M, Knekt P, Aromaa A, Teppo L, Leinonen J. Serum concentrations of prostate-
specific antigen and its complex with al-antichymotrypsin before diagnosis of prostate cancer. Lancet
1994;334:1594-8.

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

Auvin A, Miittinen L, Stenman UH, Tammela T, Rannikko S, Aro J, Juusela H, Hakama M. Lead-time in
prostate cancer screening (Finland). Cancer Causes Control 2002;13:279-85.

Draisma G, Boer R, Otto SJ, van der Cruijsen IW, Damhuis RA, Schréder FH, de Koning HJ. Lead-time and
overdetection due to prostate-specific antigen screening: estimates from the European Randomized Study of
Screening for Prostate Cancer. JNCI 2003;95:868-78.

Postma R, Roobol M]J, Schréder FH, Van der Kwast TH. Potentially advanced malignancies detected by
screening for prostate carcinoma after an interval of 4 years. Cancer 2004;100:968-75.

Hugosson J, Aus G, Lilja H, Lodding P, Pihl C-G, Pileblad E. Prostate specific antigen based biennial screening
is sufficient to detect almost all prostate cancers while still curable. ] Urol 2003;169:1720-3.

Van der Cruijsen-Koeter IW, Roobol MJ, Wildhagen MF, Van der Kwast TH, Kirkels W], Schroder FH.
Tumour characteristics and prognostic factors in two subsequent screening rounds with four-year interval
within prostate cancer screening trial, ERSPC Rotterdam. Urology 2006;68:615-20.

Van der Cruijsen-Koeter IW, Van der Kwast TH, Schroder FH. Interval carcinomas in the European
Randomized Trial of Screening for Prostate Cancer (ERSPC) - Rotterdam. JNCI 2003;95:1462-6.

Roobol MJ, Grenabo A, Schroder FH, Hugosson J. Interval cancers in prostate cancer screening: comparing
2- and 4-year screening intervals in the European Randomized Study of Screening for Prostate Cancer,
Gothenburg and Rotterdam. ] Natl Cancer Inst 2007;99:1296-303

Rietbergen JBW, Hoedmaeker RE, Boeken Kruger AE, Kirkels WJ, Schroder FH. The changing pattern of
prostate cancer at the time of diagnosis: characteristics of screen detected prostate cancers in a population-
based screening study. J Urol 1999;161:1191-8.

Aus G, Bergdahl S, Lodding P, Lilja H, Hugosson J. Prostate cancer screening decreases the absolute risk of
being diagnosed with advanced prostate cancer- results from a prospective, population-based randomized
controlled trial. Eur Urol 2007;51:659-64.

Van der Cruijsen-Koeter IW, Vis AN, Roobol MJ, Wildhagen MF, De Koning HJ, Van der Kwast TH, Schroder
FH. Comparison of screen-detected and clinically diagnosed prostate cancer in the European Randomized
Study of Screening for Prostate Cancer, section Rotterdam. ] Urol 2005;174:121-5.

Postma R, Van Leenders GJ, Roobol MJ, Schréder FH, Van der Kwast ThH. Tumour features in the control
and screening arm of a randomized trial of prostate cancer. Eur Urol 2006;50:70-5.

Lujan M, Paez A, Pascual C, Angulo ], Miravalles E, Berenguer A. Extent of prostate-specific antigen
contamination int he Spanish section of the European Randomized Trial of Screening for Prostate Cancer
(ERSPC). Eur Urol 2006;50:1234-40.

Paez A, Lujan M, Llanes L, Romero I, de la Cal MA, Miravalles E, Berenguer A. PSA-use in a Spanish
industrial area. Eur Urol 2002;41:162-6.

Beemsterboer PM, de Koning HJ, Kranse R, Trienekens PH, van der Maas PJ, Schroder FH. Prostate specific
antigen testing and digital rectal examination before and during a randomized trial of screening for prostate
cancer: European Randomized Study of Screening for Prostate Cancer, Rotterdam. ] Urol 2000;164:1216-20.



Screening for prostate cancer: the European Randomized Study of Screening for Prostate Cancer (ERSPC) |

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Otto §J, van der Cruijsen IW, Liem MK, Korfage IJ, Lous JJ, Scréder FH, de Koning HJ. Effective PSA
contamination in the Rotterdam section of the European Randomized Study of Screening for Prostate
Cancer. Int ] Cancer 2003;20:394-9.

Cuzick J, Edwards R, Segnan N. Adjusting for non-compliance and contamination in randomized clinical
trials. Stat Med 1997;16:1017-122.

Roemeling S, Roobol MJ, Otto S], Habbema DF, Gosselaar C, Lous JJ, Cuzick J, Schroder FH. Feasibilty
study of adjustment for contamination and non-compliance in a prostate cancer screening trial. Prostate
2007;67:1053-60.

Kerkhof M, Roobol MJ, Cuzick ], Sasieni P, Roemeling S, Schréder FH, Steyerberg EW. Effect of the correction
for non-compliance and contamination on the estimated reduction of metastatic prostate cancer within a
randomized screening trial (ERSPC section Rotterdam). J Urol 2009;181(suppl 1):233.

Roobol MJ, Kerkhof M, Schréder FH, Cuzick J, Sasieni P, Hakama M, Stenman UH, Ciatto S, Nelen V,
Kwiatkowski M, Lujan M, Lilja H, Zappa M, Denis L, Recker F, Berenguer A, Ruutu M, Kujala P, Bangma
CH, Aus G, Tammela TL, Villers A, Rebillard X, Moss SM, de Koning HJ, Hugosson J, Auvinen A. Prostate
Cancer Mortality Reduction by Prostate-Specific Antigen-Based Screening Adjusted for Nonattendance and
Contamination in the European Randomised Study of Screening for Prostate Cancer (ERSPC). Eur Urol.
2009;56:584-591

Bangma CH, Roemeling S, Schréder FH. Overdiagnosis and overtreatment of early detected prostate cancer.
World ] Urol 2007;25:3-9.

Steyerberg EW, Roobol MJ, Kattan MW, Van der Kwast ThH, De Koning HJ, Schroder FH. Prediction of
indolent prostate cancer: validation and updating of a prognostic nomogram. J Urol 2007;177:107-12.

Van den Bergh RC, Roemeling S, Roobol MJ, Roobol W, Schréder FH, Bangma CH. Prospective validation
of active surveillance in prostate cancer: the PRIAS study. Eur Urol 2007;52:1560-3.

Van den Bergh RC, Roemeling S, Roobol MJ, Aus G, Hugosson J, Rannikko AS, Tammela TL, Bangma CH,
Schréder FH. Outcomes of Men with Screen-Detected Prostate Cancer Eligible for Active Surveillance Who
Were Managed Expectantly. Eur Urol 2009; 55:1-8.

Essink-Bot ML, De Koning HJ, Nijs HGT, Kirkels W], Van der Maas PJ, Schroder FH. Short-term effects of
population-based screening for prostate cancer on health-realted quality of life. INCI 1998;12:925-31.

Madalinska JB, Essink-Bot ML, De Koning HJ, Kirkels W], Van der Maas PJ, Schroder FH. Health-related
quality of life in patients with screen-detected versus clinically diagnosed prostate cancer preceding primary
treatment. Prostate 2001;46:87-97.

Madalinska JB, Essink-Bot ML, De Koning HJ, Kirkels W], Van der Maas PJ, Schroder FH. Health-related
quality-of-life effects of radical prostatectomy and primary radiotherapy for screen-detected or clinically
diagnosed localized prostate cancer ] Clin Oncol 2001;19:1619-28.

Korfage IJ, De Koning HJ, Roobol MJ, Schroder FH, Essink-Bot ML. Prostate cancer diagnosis: the impact on
patient’s mental health. Eur ] Cancer 2006;42:165-70.

Beemsterboer PMM, De Koning HJ, Birnie E, Van der Maas PJ, Schroder FH. Advanced disease in prostate
cancer, course, care and cost implications. The Prostate 1999;40:970-104.

35

‘ Chapter 2






Scope and outline of the thesis



38

| Chapter 3

3.1 | Scope

PSA based screening for prostate cancer reduces prostate cancer specific mortality.! Due to
screening the prostate cancer is diagnosed earlier in time and hopefully curable treatment can
be offered and disease specific mortality can be reduced. Differences in treatment distribution
between the screening and the control arm of the study and possible treatment bias were
assessed in the second part of the thesis.

Although a mortality reduction has been shown due to screening, some important
drawbacks prevent the introduction of a population based screening program at the moment.
The first reason is the lack of specificity of PSA for prostate cancer in general, with a subsequent
large number of unnecessary biopsies. The third part of this thesis contributes to improvement
of the current screening protocol.

Another essential limitation of screening is the substantial overdiagnosis and subsequent
overtreatment. This is reflected in a high number needed to treat (n=48, in excess to the control
group). The overdiagnosis results from the lack of specificity of the PSA based screening
protocol for clinically significant prostate cancer. However, as long as the protocol cannot be
made more selective for aggressive disease, we will need to be able to differentiate indolent from
aggressive prostate cancer and possibly prevent overtreatment. In the last part of the thesis an

effort is made to improve this differentiation.

3.2 | Outline

A different distribution of treatment for prostate cancer in the screening and control arm seems
logical, with the observed stage and grade shift between both study arms. However, if differences
in age, stage and grade do not completely explain the discrepancy in treatment between both
arms, the observed mortality reduction could be at least in part be due to differences in
treatment. In Part II, chapter 4 describes a study which evaluates treatment in both arms and
the possible influence of differences in treatment on prostate cancer mortality.

In Part III, an attempt is made to improve the current screening protocol. First, the
performance of PSA velocity, i.e. the rise in PSA per year, as a screening test was assessed in
Chapter 5. Specifically, the detection of clinically significant prostate cancer was described.
In Chapter 6 it was investigated whether pathological characteristics of a biopsy could
identify men with increased risk of prostate cancer diagnosis during a next screening visit. If
such characteristics could be identified, the screening protocol could be intensified for men
harbouring these high risk features or the protocol could be made less strict for men without
these characteristics. Another study on prostate biopsies is described in Chapter 7. The number

and characteristics of suspicious lesions and prostate cancer lesions are described that were
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missed during the original pathological examination. Knowledge about these missed lesions
could improve the diagnostic accuracy and prevent the delay of prostate cancer diagnosis.

In Part IV, Chapter 8 contains an evaluation of the independent prognostic value of tumour
volume. Although tumour volume alone unequivocally has been reported to be predictive for
patient outcome as a sole predictor, its value after correction in multivariable analysis for other
prognosticators like tumour stage and grade has been disputed. In Chapter 9, we reassessed
the 0.5 ml tumour volume threshold commonly used to identify indolent prostate cancer on
a radical prostatectomy series from the Rotterdam section of the ERSPC. Additionally, the
prognostic value of the tumour volume threshold for indolent disease was evaluated. Finally,
a study which aims to improve the differentiation of clinically significant and indolent cancer

with the use of immunohistochemical staining on biopsy specimens is described in Chapter 10.
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Abstract

Prostate cancer (PC) mortality is the most valid end-point in screening trials, but could be
influenced by the choice of initial treatment if treatment has an effect on mortality. In this study,
PC treatment was compared between the screening and control arms in a screening trial.

Data were collected from the European Randomized Study of Screening for Prostate Cancer
(ERSPC). Characteristics and initial treatment of PC cases detected in the screening and the
control arm were compared. Polytomous logistic regression analysis was used to assess the
influence of study arm on treatment, adjusting for potential confounders and with statistical
imputation of missing values.

A total of 8,389 PC cases were detected, 5,422 in the screening arm and 3,145 in the control
arm. Polytomous regression showed that trial arm was associated with treatment choice after
correction for missing values, especially in men with high risk PC. A control subject with
high-risk PC was more likely than a screen subject to receive radiotherapy (OR 1.43, 95% CI
1.01-2.05, p=0.047), expectant management (OR 2.92, 95% CI 1.33-6.42, p=0.007) or hormonal
treatment (OR 1.77, 95% CI 1.07-2.94, p=0.026) instead of radical prostatectomy. However, trial
arm had only a minor role in treatment choice compared to other variables.

Concluding, a small effect of trial arm on treatment choice was seen, particularly in men
with high-risk PC. Therefore, differences in treatment between arms are unlikely to play a major

role in interpretation of the results of the ERSPC.
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4.1 | Introduction

With the introduction of the serum prostate-specific antigen (PSA) test, early detection of
prostate cancer has become possible. PSA is nowadays widely used as a screening test for
prostate cancer. Recently, the European Randomized Study of Screening for Prostate Cancer
(ERSPC) has reported a disease-specific mortality reduction due to screening'.

The mortality reduction induced by screening for PC may be influenced by differences in
treatment. Due to early detection, prostate cancer is diagnosed in an earlier stage and grade
and may subsequently be more often suitable for radical treatment, like surgery. A different
treatment distribution is thus expected between the intervention and the control arm of the
ERSPC. However, similar PC cases are preferably treated similarly in both arms. Otherwise,
the mortality reduction may not only be due to early detection and early treatment, but could
possibly also be caused by different treatment choices for the same types of patients as treatment
choice is intermediate between randomization to a study arm and mortality. Since study arm
cannot be blinded, different treatment among diagnosed cancers could have an impact on study
arm differences, i.e. mortality. We analyze treatment choice as an embedded observational study
within the parent clinical trial, i.e. the ERSPC.

However, a complete separation between screening per se and treatment effect cannot be
made since a screen detected tumour differs in various ways from a clinically detected tumour.
Especially, correction may not be fully possible for the lead-time effect in screening.

In the current study, we aim to describe and compare the treatment modalities in the
intervention and control arm of the ERSPC, with correction for available patient and tumour

characteristics as far as possible.

4.2 | Methods

The main goal of the ERSPC trial was to show or exclude a 20% reduction in PC mortality due to
screening. The trial started in 1993 in Belgium and the Netherlands, soon followed by Finland,
Sweden, Spain, Italy, Switzerland and France.? The recruitment has been completed with 162,243
men randomized in the core age range of 55-69 years old, 72,890 in the intervention arm and
89,353 in the control arm’. Informed consent was obtained from all subjects.

The ERSPC has established a Central Database for data monitoring and joint analyses.’
From this Central Database, numbers of cancers in the screening and control arm were
obtained. Furthermore, age at diagnosis, PSA at diagnosis, Gleason score, TNM stage and initial
treatment were retrieved. Data were complete up to December 31, 2006, with identical follow-

up in the two study groups.!
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Patient and tumour characteristics, and the initial treatment were described for the whole
cohort and compared between study arms. Treatment was classified as radical prostatectomy
(RP), radiotherapy (RT), active surveillance (AS) or hormonal therapy (HT). The treatment
which was chosen as original treatment was scored. For example, when AS was chosen but HT
was applied after a year in case of symptoms, treatment was scored as AS. Men who declined
treatment were classified in the AS group. To describe treatment per risk group, all PC cases
were divided in three risk groups: low, intermediate and high risk PC, according to the criteria
of ¢Amico et al*. Low risk was defined as stage =< T2a and PSA=< 10 ng/ml and Gleason score
= 6. High risk was defined as stage T2c or higher or a PSA-level >20 ng/ml or Gleason score
>=8. The remaining cases (stage T2b or a Gleason score of 7 or a PSA level >10 ng/ml and <=
20 ng/ml) were defined as intermediate risk, unless data on PSA, Gleason score or T-stage were
missing. Cases with known positive lymph nodes or distant metastases were defined as high
risk.

The ERSPC was approved by the local institutional boards of all participating centers.

4.2.1 | Statistical analysis

Differences in treatment between trial arms, i.e. screening arm and control arm, were evaluated
using polytomous multivariate logistic regression. In the multivariable analysis, adjustment
was made for age (continuous), PSA (log transformation), Gleason score (3 categories: <7, =7,
>7) and TNM stage. Statistical significance was assessed with the likelihood ratio test, which
follows a chi-square distribution. Chi-square values were also used to indicate the relative
importance of the variables in the model. The higher the overall total Chi-square value, the
better the performance of the predictive model. In addition, the higher the Chi-square value
for a particular variable, the more important this variable is in predicting treatment choice. We
report odds ratios (OR) for a screen subject compared to a control subject for the 4 treatment
modalities based on the polytomous analysis with RP as a reference, using SPSS software (v 15,
SPSS Inc, Chicago, I1I).

This multivariable analysis was hampered by missing data for potential confounders.
Therefore, an imputation procedure was followed for missing data. Missing values were filled
in by a statistical method that accounted for correlations between the variables. We used the
first imputation of a multiple imputation procedure with the Impute function in R software (v
2.7.2, R foundation for statistical computing), with inclusion of treatment, study arm, and all
potential confounders as variables in the imputation model. A total of 3964 confounder values
were missing, comprising 9.5% of all values. By filling in these values, the 3030 patients with any
missing value (37.8% of all patients) could be included in the analysis. Apart from increasing
sample size, imputation corrects for a possible selection bias due to selective missingness®. A

p-value less than 0.05 was considered statistically significant.
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4.3 | Results

4.3.1 | PC characteristics in the screening and the control arm

A total of 10,297 PC cases were detected, 5,990 in the screening arm and 4,307 in the control
arm. For 8,389 (81.5%) cases data on initial treatment were available and those men were
included in the analyses (87.5% of all PC cases detected in the screening arm and 73.0% of all
PC cases detected in the control arm).

Of 8,389 PC cases, 5,244 (62.5%) had been diagnosed in the screening arm and 3,145
(37.5%) in the control arm. Men diagnosed with PC in the control arm were on average 1 year
older than those in the intervention arm (mean age 66.5 vs. 65.2 years, p<0.001). The PSA level
was much higher among PC cases in the control arm than in the screening arm (median 10.3
vs. 5.5 ng/ml, p<0.001). Gleason scores and TNM stage were also significantly worse among
cases in the control group (table 1). In the screened arm, 2766 (52.7%) cases were classified as
low-risk PC, 1319 (25.2%) as intermediate risk PC and 1159 (22.1%) as high risk PC. For the
control group, these numbers were 873 (27.8%), 976 (31.0%) and 1296 (41.2%) respectively.

Table 1 | General characteristics of the overall cohort and per study arm. All differences were significant

at the p<0.001 level.

Total group N=8389 Screen N=5244 Control N=3145
Age in years 65.7 (66.0) 65.2 (66.0) 66.5 (67.0)
Mean (median)
PSA in ng/ml 33.3(6.8) 17.6 (5.5) 64.2 (10.3)
Mean (median)
Gleason
<7 4815 (57.4) 3360 (64.1) 1455 (46.3)
=7 1695 (20.2) 946 (18.0) 749 (23.8)
>7 766 (9.1) 345 (6.6) 421(13.4)
unknown 1113 (13.3) 593 (11.3) 520 (16.5)
T-stage
Tla-c 4581 (54.6) 3121 (59.5) 1460 (46.4)
T2 2453 (29.2) 1521 (29.0) 932 (29.6)
T3 1985 (11.7) 447 (8.5) 538 (17.1)
T4 161 (1.9) 55 (1.0) 106 (3.4)
unknown 209 (2.5) 100 (1.9) 109 (3.5)
N-stage
NO 6627 (79.0) 4475 (85.3) 2152 (68.4)
N+ 156 (1.9) 66 (1.3) 90 (2.9)
unknown 1606 (19.1) 703 (13.4) 903 (28.7)
M-stage
Mo 7353 (87.7) 4773 (91.0) 2580 (82.0)
M+ 379 (4.5) 132 (2.5) 247 (7.9)

unknown 657 (7.8) 339 (6.5) 318 (10.1)
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4.3.2 | Initial treatment and differences in treatment by trial arm

The proportions of the treatments were significantly different between the screen and control
arms (p<0.001, table 2). In the screening arm, surgery (40.3% vs. 30.3%) and AS (21.3% vs.
13.9%) were performed more often than in the control arm. Hormonal treatment (20.8% vs.
7.8%) was used more frequently in the control arm.

We excluded 379 men with distant metastases of whom 353 received HT, to improve the
statistical analyses. The model estimation was compromised with inclusions of these cases due
to small numbers of men with metastases. No difference in treatment distribution was found
between study arms in this subgroup of cases with metastasis. This left a cohort of 8010 men
for further analyses (see table 3). The treatment modalities in the screening arm and control
arm were described stratified per risk group as well. This risk stratification showed that the
differences in treatment between the study arms were largely caused by differences in the high-
risk group: RP in 34.2% and 19.6% of screen and control cases, HT in 14.7% and 29.5% (Chi
square test, p<0.001).

Table 2 | Treatment modalities in the whole cohort and per study arm. Treatment distribution was

significantly different between arms (Chi-square test, p<0.001).

Treatment Total group n=8389 Screen n=5244 Control n=3145
(%) (%) (%)
Radical prostatectomy 3067 (36.6) 2113 (40.3) 954 (30.3)
Radiotherapy 2704 (32.2) 1604 (30.6) 1100 (35.0)
Active surveillance 1553 (18.5) 1116 (21.3) 437 (13.9)
Hormonal therapy 1065(12.7) 411 (7.8) 654 (20.8)

The polytomous regression analysis showed that study arm was not a significant factor in
treatment choice in the original dataset (table 4). In the analysis with completed data, however,
study arm was a significant predictor in treatment choice, but with a very small impact compared
to the other variables (chi-square 8 on a total chi-square of 2428, table 5). PSA and age were the
most important factors for treatment choice, followed by T-stage.

A control subject was more likely to receive HT (OR 1.28, 95% CI 1.05-1.57, p=0.016) or
RT (OR 1.13, 95%CI 1.01-1.28, p=0.039) than a screen subject using RP as reference treatment.
Additional analyses with AS as reference treatment, showed that a control subject was more
likely to receive HT instead of AS than a screen subject (OR 1.27 95% CI 1.02-1.59, p=0.036).

No differences were found between the other treatment modalities.
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Subgroup analyses were performed for the risk groups, since treatment distribution seemed
especially different between arms in the high risk group and less obvious in low and intermediate
risk (table 3). Indeed, study arm remained a significant predictive factor in treatment choice
in high risk PC: overall p-value 0.018, with a Chi square of 10 on a total of 401) (model not
shown). Compared to a screening subject, a control subject was more likely to receive RT (OR
1.43, 95% CI 1.01-2.05, p=0.047), AS (OR 2.92, 95% CI 1.33-6.42, p=0.007) or HT (OR 1.77,
95% CI 1.07-2.94, p=0.026) instead of RP. No differences between other treatments were found.
In low and intermediate risk PC, no significantly predictive value was observed for study arm
(p=0.334 and p=0.701 respectively). These results remained unchanged in the completed data.

Table 5 | Overall effect of patient and tumour characteristics on treatment for the original data and the
completed data after imputation. The importance of a variable for the model is expressed in the Chi-square

value relative to the total Chi-square.

Effect Original data Completed data

Chi-square p-value Chi-square p-value
Study arm 3 0.421 8 0.042
PSA 801 <0.001 647 <0.001
Age 574 <0.001 862 <0.001
Gleason score 197 <0.001 244 <0.001
T stage 293 <0.001 545 <0.001
N stage 78 <0.001 122 <0.001
Total Chi-square 1923 2428

4.4 | Discussion

This study shows a major stage and a grade shift of prostate cancer between the screen and the
control arm in the ERSPC, with more favorable characteristics in the screening arm. This is in
line with earlier reports from individual centers of the ERSPC”, but has not previously been
reported for the whole ERSPC.

Currently, there is a striking difference in the cumulative incidence of PC between the
study arms: 5,990 (8.2%) PC cases were detected in the screening arm and 4,307 (4.8%) in the
control arm". This markedly higher incidence in PSA-screened men has been reported by some
individual centers, as well other large databases”'*. Two main reasons should be mentioned.
First, lead-time bias is inherent to screening: the disease is identified earlier in a screening
setting than in the clinical setting. For the ERSPC, this lead-time is calculated to be around 10
years'>!. Therefore, one would expect a higher detection rate in the screened arm and to detect

more additional PC cases in the control arm in the future. Second, the high detection rate in the
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screening arm is partly caused by the detection of indolent disease (overdiagnosis). Those PC
cases would not have been diagnosed during a man lifetime in the absence of screening, due to
a non-aggressive natural course and competing causes of death. Therefore, screening currently
leads to over-detection, which presents a challenge to optimize screening and treatment
regimens in order to minimize the harms of screening.'®

Our results indicate a dissimilar distribution of initial treatments in the two arms of the
ERSPC. This is not surprising as stage and grade are important determinants in treatment choice
and these were significantly lower in the screening arm. This is reflected in the distribution
of treatment: AS and RP were more often used in the screening arm, whilst especially HT
was more frequently chosen in the control group. This observation is in line with a report of
the Swedish ERSPC group.’ It is worth noting that all expectant management strategies were
categorized in one group (AS), while the intent of treatment may differ: curative, similar to
active surveillance, or palliative as in watchful waiting.® In the trial database, the intent was
not recorded. Furthermore, all patients who received radiotherapy were categorized as a single
group, including those receiving monotherapy and those who received RT in combination
with HT. This approach was chosen because subdivision of the RT group resulted in too small
numbers for reliable statistical modeling.

Arm was not significantly predictive for treatment in the total cohort (overall p-value<0.001)
after correction for important factors in PC treatment choice, i.e. age, PSA and tumour
characteristics. A bias could be introduced in the analysis due to cases with missing values
(3,030 of 8,010, 37.8%). Nowadays, advanced statistical procedures are readily available to fill
in missing data.'” This increases efficiency and limits any selection bias. After correction for
missing values using an imputation method some differences in treatment choice were found
between both study arms: a control subject was more likely than a screen subject to receive
HT or RT instead of RP, and was also more likely to receive HT instead of AS. This could be of
importance if treatment affects the outcome within this group. This is especially true for men
treated with HT, as those are often men with high-risk PC and thus more prone to die from their
disease.

We note that study arm had statistically significant associations with treatment, but was
far less important than age, PSA level, T-stage, or Gleason score. Therefore, no systematic
discrepancy in treatment selection between arms could be shown and a mortality reduction
solely caused by a treatment effect is very unlikely. Inclusion of ERSPC center, or exclusion
of non-attendees and interval cancers in the screening arm did not change results (models
not shown). The discrepancy was mainly observed in 2076 men with high-risk PC without
metastases. Obviously, these patients are more likely to die from their disease. A total of 490
patients died from PC in the total cohort of men included in this report, and 187 (38.2%)
of these were in the current selection of 2076 men . The remaining major part of PC deaths

occurred in men with metastasis (207 or 42.2%) and in men with low or intermediate risk PC
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(96 or 19.6%). In these groups, no treatment difference was observed. Therefore, only a minor
part of the PC mortality could be influenced by a treatment difference between arms.

Although the role of study arm was small, it could have some influence on mortality if
treatment indeed influences outcome in the high-risk PC group. A screen subject was more
likely to receive RP than a control subject. Unfortunately, randomized studies comparing radical
prostatectomy to a control group in high risk cases are not available. Available randomized
studies in high-risk patients compare RT in combination with HT to RT alone' or HT alone®
and show a mortality difference in favor of combined therapy. Further exploration of the
treatment data in the 2076 high-risk patients showed that in the screening arm, 29.2% received
RT alone, 14.7% HT alone and 17.8% received a combination of RT with HT. For the control
arm these rates were 15.8%, 29.5% and 30.0% respectively. Thus, the only treatment which has
shown to be superior is a combination of RT with HT and this treatment was given more often
in the control arm. If an effect of different treatment on mortality would occur, this might be in
favor f the control arm based on available randomized trials. Concluding, a very small overall
effect on PC mortality, if any, is expected from the different treatment in the high-risk PC cases.

The most important reason for the uneven treatment distribution between arms in high
risk disease, even when correction for patient and tumour characteristics is made, is that a
screen-detected tumour per definition differs from a clinically detected tumour. Even after the
correction for age, PSA, Gleason and TNM-stage, a screen-detected tumour is not similar to a
clinically detected tumour due to a lead-time effect. For example a screen-detected T3 tumour
most probably has a more favorable prognosis than a clinically detected T3 tumour. Clearly,
this distinction plays a role in treatment selection. This should not be regarded as a bias, but a
screening effect. However, no correction could be made for this factor and this could, at least
partly, explain the fact that a control subject was more likely to receive HT. Moreover, men
in the control arm were diagnosed clinically and at least some of them were thus presumably
symptomatic, while the screen-detected cases were more likely to be non-symptomatic. The
presence or absence of symptoms is important in choosing a particular treatment, but no data
on symptoms were available.

Some other limitations of the analysis of treatment distribution between arms should be
taken into account. Firstly, HT is especially selected in men with high-risk PC or patient-bound
factors that make radical therapy less suitable, for instance men with locally advanced PC or
men with high age or extensive co-morbidity. In the analysis, correction was made for tumour
characteristics, PSA and age. However, extent of co-morbidity was not included in our data.
Co-morbidity plays an important role in treatment choice® and its prevalence and degree
may differ between study arms. It is likely that absence of this variable may explain part of the
treatment difference: it has been shown that trial participants tend to be healthier than their
general population counterparts (“healthy attendee bias™!). Therefore, the control subjects may

have been less suitable for radical treatment.
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Secondly, hospital of treatment was not included, although treatment choice is likely to differ
between clinics. Moreover, choice of hospital possibly differs between study arms. Screening for
PC within the ERSPC mostly takes place in large (university) hospitals and subsequently the
screen subject is more likely to be treated in this university hospital than a control subject who is
diagnosed in any hospital. Although participants were treated in similar hospitals in one center,
in another center a discrepancy in hospital of treatment was seen: 36.3% of screened men were
treated in the screening university hospital versus 7.9% of all control subjects (data not shown).
Hypothetically, this could result in differences in treatment choice.

Finally, treatment was not available for all cases initially selected for the analysis, especially
in the control arm. These cases were excluded from analysis. Explanations for the missing data
include the effect of post randomization consent used in the Scandinavian countries and in
Italy, which makes it more difficult to retrieve clinical information from the control group.
Although unlikely, this may influence the outcomes of the current analysis. If the data become

more complete during the coming years a second analysis can be considered .

4.5 | Conclusions

In conclusion, 8389 cases of prostate cancer with known treatment have been found so far in
the core age range cohort of the ERSPC, of which 5,244 in the screening arm and 3,145 in the
control arm. A stage and a grade shift were seen, with more favorable characteristics in the
screening arm.

Study arm played a statistically significant but minor role in treatment selection in patients
with high-risk PC: a control subject was more likely to receive RT, AS or HT instead of RP
than a screening subject, but no major differences in other treatment choices were seen. This
indicates that an effect of different treatment between arms on PC mortality may be possible but
probably will be small. Some important factors could not be corrected for in the analyses, while
they may differ by study arm and could explain treatment choice. However, even in absence of
these factors, study arm played only a minor role. Therefore, these results show that a mortality

reduction in the ERSPC based solely on unequal treatment in both arms is very unlikely.
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Abstract

Background: The value of prostate specific antigen velocity (PSAV) in screening for prostate

cancer and especially for clinically significant PC is unclear.

Objective: To assess the value of PSAV in screening for PC. Specifically, the role of PSAV in
lowering the number of unnecessary biopsies and reducing the detection rate of indolent PC

was evaluated.

Design, setting and participants: All men included in the study cohort were participants in

the European Randomized study of Screening for Prostate Cancer (ERSPC), Rotterdam section.

Intervention: During the first and second screening round, a PSA test was performed in 2217

men, and all underwent a biopsy during the second screening round 4 years later.

Measurements: PSAV was calculated and biopsy outcome was classified as benign, possibly
indolent PC or clinically significant PC.

Results and limitations: A total of 441 cases of PC were detected, 333 were classified as
clinically significant and 108 as possibly indolent. The use of PSAV cut-ofts reduced the number
of biopsies but led to important numbers of missed (indolent and significant) PC. PSAV was
predictive for PC (OR 1.28, p=0.000) and specifically for significant PC (OR 1.46, p=0.000)
in univariate analyses. However, multivariate analyses using age, PSA, prostate volume, DRE
and TRUS outcome and previous biopsy (yes/no) showed that PSAV was not an independent
predictor of PC (OR 1.01, p=0.91) or significant PC (OR 0.87, p=0.30).

Conclusions: The use of PSAV as a biopsy indicator would miss a large number of clinically
significant PC cases with increasing PSAV cut-offs. In this study, PSAV was not an independent
predictor of a positive biopsy in general or significant PC on biopsy. Therefore, PSAV does not
improve the ERSPC screening algorithm.
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5.1 | Introduction

Screening for prostate cancer (PC) by means of a serum prostate-specific antigen (PSA) test has
become widespread practice. The optimal PSA cut-off level to indicate a prostate needle biopsy,
however, is not easily identified. An optimal balance is to be found in detecting significant PC
(sPC), while avoiding unnecessary biopsies and the detection of indolent disease (iPC) (PC
which would not have been diagnosed in the absence of screening). Moreover, Thompson et al’
showed that PC is biopsy-detectable throughout the whole PSA-range. Therefore, with the use
of any PSA cut-off, cancers inevitably will be missed. However, lowering the biopsy threshold
will lead to an increase in unnecessary biopsies and possibly an increased detection of iPC.

To improve specificity of PSA testing, PSA kinetic parameters, such as PSA-velocity (PSAV)
has been studied extensively. PSAV is the change in PSA level during one year. Several studies
have shown that PSAV is predictive of PC detection®”but others did not support this finding.*”
In addition, dAmico et al reported a significantly higher chance of PC death after radical
prostatectomy (RP)® or radiotherapy’ in men with a PSAV >2.0 ng/ml in the year before
diagnosis. These findings were supported by another study that found a significantly higher
median PSAV in men with relapse after RP than in men without relapse.'® Those studies suggest
an association of PSAV with tumour aggressiveness and adverse outcome. If PSAV were able to
distinguish sPC from iPC, this would be an important step forward in screening for PC. Some
major concerns about screening, namely the large number of unnecessary biopsies and the high
detection rate of iPC, could be decreased in part by a marker selective for sPC.

The aim of this study was to assess the value of PSAV as a predictor of biopsy outcome
and tumour aggressiveness in a screened population. We evaluated the effects of applying a
PSAV cut-off level as a biopsy indicator in terms of relative sensitivity, specificity and positive
predictive value. In addition, the predictive value of PSAV for (significant) PC in the whole

cohort was calculated.

5.2 | Methods

5.2.1 | Study cohort

All men included in this study were participants in the European Randomized Study of
Screening for Prostate Cancer (ERSPC), Rotterdam section. The ERSPC was conducted to show
or exclude a significant difference in PC mortality by screening for PC.

In the second round of the ERSPC Rotterdam (1997-2003), 12,529 men aged 55-74 yr were
screened by means of a PSA serum test. PSA determinations were done with the Beckman-
Coulter Hybritech Tandem E Assay (Hybritech Incorporated, San Diego, CA). After January
2000, this assay was replaced by the automatic version (Beckman-Access; Beckman-Coulter,

Inc., Fullerton, CA). A PSA >= 3.0 ng/ml prompted a systematic lateralized sextant prostate
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needle biopsy. In 2502 men (20.0%) a PSA>= 3.0 was found and 2217 men (88.6%) were actually
biopsied. Our study cohort consisted of those 2217 men who underwent a biopsy in the second
screening round (Figure 1). This choice allowed us to study the value of PSAV in this selected
cohort without any verification bias, but it precluded an evaluation of the entire second-round

population.

Men screened by PSA test in
round 1
N= 19,970

A 4

Men screened by PSA test in

round 2
N=12,529
PSA >= 3.0 ng/ml PSA < 3.0 ng/ml
N=2,502 N=10,027

A

Actually biopsied
N=2,217 (88.6%)

A 4

Included in study cohort
N=2,217

Figure 1 | Consort diagram: Method of patient selection. PSA = prostate-specific antigen.

* Significant PC was defined as PC with a probability of indolence less than 70% according to the nomogram described by
Steyerberg et al'!
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All men had been screened during the initial screening round four years earlier. Therefore,
two subsequent PSA levels with a four-year interval were available for calculating the PSA-
velocity (PSAV), which was calculated as the difference of the two PSA-levels divided by the
exact time interval between the first and second screening visit.

In all cancers found, the probability of indolent disease was assessed. The probability of
iPCwas calculated using the nomogram described by Steyerberg et al."! For the development
of this nomogram, iPC was defined as pathologically organ-confined disease, tumour
volume <0.5 ml and no Gleason pattern 4/5 based on radical prostatectomy specimens. The
probability of iPC was calculated with the nomogram based on pre-treatment information:
PSA, prostate volume, Gleason patterns, total mm cancerous and non-cancerous biopsy core
tissue. If the calculated probability of iPC was >=70%, PC was prospectively defined as indolent.
The remaining PC cases (including those not suitable for the nomogram based on the entry
criteria'') were classified as significant disease. PSAV cut-offs of 0.15 to 1.0 ng/ml/yr as a biopsy
indicator were simulated in addition to the actual biopsy indicator of a PSA-level >= 3.0 ng/
ml. Relative sensitivity and specificity and the positive predictive value (PPV) were calculated.
Because overdiagnosed cancers cannot be reliable identified, all screen-detected cancers have
to be included in the denominator for sensitivity. This reduces the value of sensitivity as a useful
measure for clinically relevant disease. Therefore, we added another measure: the ratio benign
biopsies/delayed PC diagnoses.

Theoretically, PSA and subsequently PSAV can rise quickly due to (subclinical) prostatitis.
Because the PSAV is based on two PSA measurements, a period of PSA rise due to prostatitis
is not being accounted for. Therefore, in addition to clinical data, the histological diagnosis of
prostatitis was retrieved from the medical records.

Furthermore, follow-up and PC detection in the third screening round were evaluated.
To account for PC cases missed by biopsy during the second screening round, PC detected
during the third screening round were added to the cases detected during the second round and

analyses were repeated.

5.2.2 | Statistical analyses

PSA, PSAV, age and prostate volume were assessed as continuous variables. Abnormal digital
rectal examination (DRE) and transrectal ultrasonography (TRUS) outcome, having had a
previous negative biopsy and prostatitis were assessed as binary variables.

Differences in proportions were evaluated with a Student’s t-test (continuous variables,
normal distribution), Mann-Whitney U-test (continuous variables, no normal distribution) or
Chi-square test (binary variables). Univariate and multivariate logistic regression analyses were
performed, the latter using a backward stepwise method. Parameters were rejected at a p-value
>0.05. In all multivariate analyses the following variables were included: PSA level, age, prostate

volume, DRE and TRUS outcome, and previous biopsy. For PSA and volume, a logarithmic
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transformation was used to optimize the model fit. For statistical analysis the statistical package
for social sciences (SPSS 14.0; SPSS inc., Chicago, IL) was used.

5.3 | Results

In the 2217 men who underwent a biopsy during the second screening round, 441 (19.9%)
carcinomas were found. General characteristics of the study cohort are listed in Table 1. Of the
441 PC diagnosed during the second round, 333 (75.5%) were classified as significant disease
and 108 (24.5%) as possibly indolent.

Mean (median) PSAV was 0.47 (0.35) ng/ml/yr for the entire study population. PSAV-values
are shown in Figure 2, depicted by the presence or absence of PC. Mean PSAV in men with PC
was significantly higher than in men without PC (0.61 resp 0.44 ng/ml/yr, p<0.001;Table 1). A
negative PSAV was seen in 204 men(11.5%) with no PC, in 13 (12.0%) men with iPC, and in 10
(2.1%) men with sPC.

Table 1 | General descriptives of study cohort.

Total group n=2217 PCn=441 NoPCn=1776 p-value

Age (years, range 55-74) Mean (median) 67.2 (67.3) 67.1(67.1) 67.2(67.3)  0.76*
PSA (ng/ml, >=3.0ng/ml) Mean (median) 5.6 (4.5) 5.6 (4.4) 5.6 (4.5) 0.15%*
Prostate volume (ml) Mean (median) 52.6 (48.2) 44.0 (40.6) 54.7 (50.3)  0.000**
Abnormal DRE N (%) 479 (21.6) 143 (32.4) 336 (18.9) 0.000***
Abnormal TRUS N (%) 385 (17.4) 107 (24.3) 278 (15.7) 0.000***
Previous biopsy N (%) 953 (43.0) 116 (26.3) 837 (47.1) 0.000***
PSAV (ng/ml/yr) Mean (median) 0.47 (0.35) 0.61 (0.39) 0.44 (0.34)  0.000**

* Student’s t-test
** Mann-Whitney U test
***Chi square test

5.3.1 | PSAV as a biopsy indicator

The effect of various PSAV cut-off levels as a biopsy indicator on PC detection was assessed
(Table 2). With increasing PSAV cut-off levels, the PPV shows a tendency to increase (from
21.8% with a cut-off of 0.15 to 25.8% with a cut-off of 1.00 ng/ml/yr). Relative specificity
increased significantly, at the expense of the relative sensitivity (84.4 and 24.9% with a PSAV
cut-off of 0.15, 13.2 and 90.6% with a PSAV cut-oft of 1.00 ng/ml/yr). The ratio spared benign
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biopsies/delayed cancer diagnoses decreased with increasing PSAV cut-offs, indicating a less
beneficial trade-off in terms of avoiding unnecessary biopsies and delaying PC diagnoses with
higher cut-offs. The features of the carcinomas found and missed using the PSAV cut-offs in
addition to the PSA cut-off of 3.0 ng/ml, are listed in Tables 3 and 4. The proportion of sPC
rose with increasing PSAV cut-off levels (79.6% with a cut-off of 0.15 ng/ml/yr to 91.3% with
a cut-off of 1.00 ng/ml/yr), showing the ability of PSAV to discriminate between sPC and
iPC. However, although the larger proportion of missed PC is likely to be indolent, rapidly
increasing proportions of all significant disease were missed with the use of a PSAV cut-off as a
biopsy indicator (Table 4).

2,00

1,50

1,00 -

0,50

psavel

0,00

-0,50 =
Figure 2 | Prostate-specific antigen velocity (ng/ml/yr) in

men without prostate cancer (PC) (n=1776), men with iPC

1,00 (n=108) and men with sPC (n=333).

) - The boxes represent the interquartile range, the line in the box the
no PC indolent PC 5|gn|ﬁccant
P

median value. The tails of the boxes represent the 95% interval.

5.3.2 | PSAV and overall PC detection

PSAV was a significant predictor of PC in univariate logistic regression analysis (OR 1.28,
p=0.000). In a backward stepwise multivariate logistic regression analysis, PSA, prostate
volume, DRE, TRUS and previous negative biopsy were included in the model. PSAV and age
were omitted from the model, as they were not significant predictors of PC detection (PSAV
OR=1.01, p=0.913).
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Of the 1776 men with a non-malignant biopsy, 781 (44.0%) participated so far in the third
screening round 4 years later, 598 biopsies were performed and 85 cases of PC were found (PPV
14.2%). Adding those PC cases to the PC detected during the second round and repeating the
analyses described above did not change outcome: although PSAV was a significant predictor
of PC detection in univariate analysis (OR 1.28, p=0.000), this parameter lost significance in
multivariate analysis (OR 1.013, p=0.907).

Table 2 | Performance of PSAV as predictor of biopsy outcome with varying PSAV cut-off levels

biopsied PC (n) PPV (%) Rel. sens Rel. spec  Ratio spared benign
biopsy/delayed PC
diagnosis

PSA >=3 2217 441 19.9 100.0 0.0

PSAV>=0.15 1705 372 21.8 84.4 24.9 6.4
PSAV>=0.25 1429 327 22.9 74.1 38.0 5.9
PSAV>=0.35 1116 249 223 56.6 51.2 4.7
PSAV>=0.50 750 168 22.4 38.1 67.2 4.4
PSAV>=0.75 381 78 20.5 17.7 82.9 4.1
PSAV>=1.00 225 58 25.8 13.2 90.6 4.2

Table 3 | Features of carcinomas found with varying PSAV cut-off levels

Biopsied (n) PC (n) PC significant PC indolent
(% of PC found) (% of PC found)

PSA >=3 2217 441 333 (75.5) 108 (24.8)
PSAV>=0.15 1705 372 296 (79.6) 76 (20.4)
PSAV>=0.25 1429 327 266 (81.3) 61 (18.7)
PSAV>=0.35 1116 249 209 (83.9) 40 (16.1)
PSAV>=0.50 750 168 143 (85.1) 25 (14.9)
PSAV>=0.75 381 78 73 (93.6) 5(6.4)
PSAV>=1.00 225 58 53(91.3) 5(8.6)

5.3.3 | PSAV and sPC

All biopsy outcomes were divided in sPC (n=333) or iPC/no PC (n=1884) and the predictive
ability of PSAV on significant disease in the entire study cohort was assessed. In univariate
analysis, PSAV was a significant predictor of sPC (OR=1.46, p=0.000; Table 5). In multivariate
analysis, PSA, age, prostate volume, DRE, TRUS and previous negative biopsy were included.
In addition to age, PSAV was omitted from the model due to lack of significance (OR=0.87,
p=0.30) (Table 5).
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Table 4 | Features of carcinomas missed with varying PSAV cut-off levels

biopsied  PC (n) missed Missed PC significant Missed PC indolent
(% of total cases of sPC) (% of total cases of iPC)

PSA >=3 2217 0 0 0

PSAV>=0.15 1705 69 37 (11.1%) 32 (29.6%
PSAV>=0.25 1429 114 67 (20.1%) 47 (43.5%
PSAV>=0.35 1116 192 124 (37.2%) 68 (63.0%
PSAV>=0.50 750 273 195 (58.6%) 78 (72.2%
PSAV>=0.75 381 363 265 (79.6%) 98 (90.7%
PSAV>=1.00 225 383 285 (85.6%) 98 (90.7%

Table 5 | Predictive value of prostate-specific antigen velocity (PSAV) for detection of significant prostate

cancer (PC)* in uni- and multivariate analyses. CI=confidence interval

Variable Univariate analysis Multivariate analysis
Odds ratio (95% CI) p-value Odds ratio (95% CI) p-value

PSAV 1.54 (1.33-1.79) 0.000 1.01 (0.78-1.32) 0.939
Log PSA 1.96 (1.07-3.58) 0.029 5.66 (2.68-11.95) 0.000
Age 1.00 (0.97-1.02) 0.838 1.01 (0.98-1.04) 0.428
Log prostate volume 0.01 (0.01-0.03) 0.000 0.02 (0.01-0.04) 0.007
DRE 4.54 (3.51-5.87) 0.000 3.53 (2.64-4.72) 0.000
TRUS 3.43 (2.62-4.49) 0.000 2.20 (1.61-3.01) 0.000
Previous biopsy 0.41 (0.31-0.54) 0.000 0.43 (0.31-0.61) 0.000

5.3.4 | PSAV and prostatitis

Prostatitis was seen on biopsy in 177 men. In the total group, PSAV was not a predictor of
prostatitis (OR1.14, p=0.125) in univariate analysis, but in men without PC (n=1776, n=171
with prostatitis) PSAV was a significant predictor (OR=1.28, p=0.015). The analyses on the
predictive value of PSAV on (significant) PC as described above were repeated with exclusion

of all cases of prostatitis. Small, non-significant changes were found for the odds ratios (data

not shown).

5.4 | Discussion

Although some reports suggest that PSAV is a useful marker for aggressiveness in PC patients,
this does not necessarily imply that PSAV is a useful marker for detecting aggressive PC in a

screening setting.'>> However, a recent report by Carter et al' suggested that PSAV indeed was
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a useful marker for identifying men at risk of deadly PC during the preclinical curable phase.
We could not confirm those results.

The regression analyses make clear why the implementation of a PSAV cut-off as a biopsy
indicator in screening for PC is not feasible in this cohort: PSAV was not an independent
predictor of PC detection on biopsy. This finding is in line with previous reports from our study
group.”'>'* More importantly, PSAV was not a significant independent predictor of aggressive
disease in the cohort (OR 1.10, p=0.55).

Two main factors may negatively influence the predictive value of PSAV for detection of PC:
missing PC with biopsy and subclinical prostatitis. Subclinical prostatitis has been reported to
elevate PSA levels'” and may cause an increased PSAV. The effect of these possible confounding
factors is shown in Figure 2: the upper range of PSAV values in the men without PC is similar
to the range in men with PC, especially men with sPC. On the other hand, the lower range
shows more spread to negative values than in men with PC. Missed PC at biopsy or prostatitis
could explain this upper range in the men without PC detected. For this reason, men with
PC detected during the third screening round, were scored as having PC as well. However,
PSAV still was not a significant predictor of PC detection in multivariate analysis (OR 1.013,
p=0.907). Additionally, exclusion of all men with prostatitis in the subgroup without PC did not
significantly change test results. False-negative biopsy or subclinial prostatitis as an explanation
for the absence of the predictive value of PSAV for PC or sPC consequently seems unlikely.

It should be noted that our study differs in several aspects from the reports in which PSAV
was described to be a predictor of PC aggressiveness and outcome. First of all, we studied a
screened population, with cancers detected during the pre-clinical detectable phase. As
previously described,”* it is likely that during this phase the PSAV does not yet show the
significant increase as assessed in studies including clinically detected PC. Furthermore, our
cohort consisted of men aged 55-75. As age was shown to be related to the predictive value of
PSAV?, this may further explain the discordant results as some studies included men in the age
range of 41 to 94.%*

A third and very important difference is that all men in our cohort were biopsied. This is in
contrast with other reports, in which only a part of the population (mostly with an indication
for biopsy) has been biopsied.>>!® The remaining part is assumed not to have PC, which is not
true. Clearly, the verification bias that is inherent to this type of analysis will result in a higher
predictive value of PSAV for the detection of PC." In our study every man was biopsied due to
our patient selection method and verification bias could be kept to a minimum. Our results are
concordant with a study by Thompson et al: in the control arm population of the PCPT trial
all men were biopsied as well and PSAV lost its predictive value on PC detection in multivariate
analyses.

The high mean PSAV in men without PC detected (0.44 ng/ml/yr) is a result of the patient

-selection method: men with a PSA <3.0 ng/ml were excluded, as they were not biopsied. Earlier
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reports from our study group showed that, when including those with low PSA levels, mean
PSAV in men without PC was 0.09 ng/ml/yr.'¢

Nevertheless, there are some limitations. Most importantly, like every other retrospective
analyses also this one is subject to verification bias. This results from the fact the PSAV was not
used as a biopsy indication. Only a PSA >= 3.0 ng/ml indicated a biopsy and cancers with a high
PSAV but a PSA < 3.0 ng/ml in the second round remain undetected (Figure 1). Furthermore,
not all men with a PSA >=3.0 ng/ml were biopsied (Figure 1), due to co-morbidity, medication
use or refusal. This also adds to the verification bias.

The method of patient selection was based on the possibility to calculate a PSAV (at least 2
PSA levels available). Our population consisted of men screened during the second round and
therefore they were all screened before (during the first round). This method of patient selection
has two major consequences. First, this makes our cohort a pre-screened population, thereby
restricting the applicability of our results. Secondly, the PSAV-calculations are only based on 2
PSA values. PSA change may not be linear, which cannot be accounted for using a two-point
method for PSAV-calculation. Furthermore, the impact of biological variation in PSA-values
cannot be accounted for®. This limits our results. However, Connolly et al** concluded that
linear regression should be the method of choice, and that using two PSA values had a similar
predictive value and may be adequate as long as measurements are separated by a sufficiently
long time period. These findings are supported by a study of King et al.”2 Therefore, the method
used in our study may be adequate for these circumstances.

In this study, we explored whether PSAV could improve screening by identifying sPC and by
reducing overdiagnosis. However overdiagnosis is not only based on PC features (and indolent
disease), but also on patient related features (for example age and co-morbidity). Therefore,
even a non-indolent cancer may be over-diagnosed. Moreover, even if a cancer is classified as
indolent, this cancer may progress to more aggressive stages and become relevant.

The most ideal endpoint to define indolent and significant disease is PC-specific mortality.
However, follow-up is this cohort is not long enough to consider this endpoint and a proxy had
to be chosen. Clearly, using a proxy will influence the results. IPC was defined as a chance of
indolence >= 70% based on probabilities calculated using a nomogram that was developed for
this cohort.! This 70% cut-oft is arbitrary. Therefore, we assessed the predictive value of PSAV
with varying probability cut-offs (range 0-80%). Little variation was seen in odds ratios and
with all cut-offs PSAV lost significance in multivariate analyses (data not shown).

Finally, even if men are biopsied, the true incidence of PC remains unknown as a biopsy
may miss PC. For this reason, “relative” sensitivity and specificity were calculated for the PSAV
cut-off levels.”

Despite its limitations, some points of strength of our study must be emphasized. Verification
bias was kept to a minimum by selecting a cohort in whom every man was biopsied. In addition,

all men were biopsied following identical biopsy protocols.
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5.5 | Conclusion

In our screened cohort, PSAV was not an independent predictor of sPC. Using a PSAV cut-off
as biopsy indicator would miss an important proportion of clinically sPC. Therefore, PSAV
does not improve the ERSPC screening algorithm. Although PSAV seems a possible marker for
tumour aggressiveness and outcome in PC patients, its value as a predictor of clinically sPC may

not be applicable in a screening setting.
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Abstract

Objectives: To identify pathological features in non-malignant sextant prostate needle biopsies

and assess their predictive value for detecting prostate cancer (PC) on biopsy 4 years later.

Patients and Methods: We selected and reviewed the biopsy specimens of 121 men that were
diagnosed as non-malignant during the first screening round of the European Randomized
Study of Screening for Prostate Cancer (ERSPC), Rotterdam section. Of these 61 (50.4%) were
positive for PC during the second round (result of a matched random sample). The biopsies
were indicated by prostate-specific antigen levels of >= 3.0 ng/ml. Specimens were scored for
high-grade prostatic intraepithelial neoplasia (HG-PIN), active and chronic inflammation (Al,
Chl), biopsy core length and glandular core length. The predictive value of the pathological

features fo rdetecting PC after 4 years was assessed.

Results: In the first-round biopsies the incidence of HG-PIN was 7.1%; there was Al in 22.4%
and CI in 51.0%. The mean core length was 9.3 mm and mean glandular core length 7.4 mm.
The mean total biopsy length (sum of core lengths) was 56.3 mm and mean total glandular
length (sum of glandular core lengths) was 44.6 mm. None of the pathological features in the

initial round was significantly related to PC detection in the second round.

Conclusions: In this study of non-malignant prostate biopsy specimens from a screened
population, no pathological features could be identified that were predictive for PC detection

on biopsy 4 years later.
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6.1 | Introduction

With the introduction of serum prostate-specific antigen (PSA) measurement, screening
for prostate cancer (PC) has become widespread practice. One of the important challenges
in screening is the length of the screening interval. It should be short enough to prevent the
occurrence of clinically important interval cancers and incurable tumours found at re-screening,
but it should be long enough to avoid unnecessary biopsies and costs. Furthermore, men with
features that are known to increase the risk of PC may benefit from more frequent screening
than men without those features. For identifying men at increased risk, next to clinical variables,
histopathological features might be important. Can features of a non-malignant biopsy define
subgroups at increased risk of subsequent prostate cancer detection 4 years later?

Several histological predictors of subsequent prostate cancer detection have been described.
First, high-grade prostatic intraepithelial neoplasia (HG-PIN) is considered a premalignant
lesion'. By contrast with earlier reports on its predictive value for adenocarcinoma,'” recent
studies indicate that men with limited HG-PIN are probably not at increased risk of PC.>*

Second, active (AI) or chronic inflammation (ChI) can be found in a biopsy. Although
considered to have no direct clinical implications, these lesions may influence the risk of a
prostate cancer diagnosis in the subsequent screening round. Chl is especially considered to be
a risk factor for carcinoma,’ including prostatic carcinoma.®

Finally, the sextant biopsy core length is a variable of biopsy quality and a greater total
core length raises the cancer detection rate.”® Therefore, it may be possible that a low total core
length is not a good representation of the prostate and men with an initial benign biopsy with
a low total core length have a higher risk of PC diagnosis during a subsequent screening round
compared to men with a high total core length.

Thus the aim of the present study was to evaluate the predictive value of features of a non-
malignant initial biopsy (PIN, inflammation, and biopsy length) on having biopsy detectable

prostate cancer 4 years later in a screened population.

6.2 | Patients and methods

6.2.1 | ERSPC and patient selection

We retrospectively evaluated prostate needle biopsy specimens of a screened population. The
European Randomized Study of Screening for Prostate Cancer (ERSPC) is investigating the
impact of screening on mortality and quality of life in men aged 55-75 years.” In the Rotterdam
section of the ERSPC, men randomized to the screening arm are screened every 4 years, i.e. a
systematic lateralized sextant prostate needle biopsy prompted by an elevated PSA level (>=3.0
ng/ml).
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The biopsy was taken using longitudinal and cross-sectional transrectal ultrasound
guidance. In our institution, a lateralized biopsy strategy is used, based on the observation that
sampling the lateral peripheral zone increases the prostate cancer detection rate.'*'! A seventh
biopsy was taken when a hypo-echoic lesion was visible at TRUS.

If there is an initial diagnosis of HG-PIN on biopsy, another biopsy is taken within 6 weeks.
When no cancer is found on this immediate re-biopsy, men are enrolled in the regular screening
programme (i.e. next screening visit after 4 years).

In the first screening round 1,850 men had a biopsy prompted by a PSA>= 3.0 ng/ml (May
1997 to December 1999). Of the 1309 men without prostate cancer in the first round, 584
(44.6%) had a repeat biopsy during the second screening round 4 years later. In the second
round, 61 prostate cancers were diagnosed and were included in the present study. Of the 523
men in whom no prostate cancer was found at repeat screening, 60 men were randomly chosen
and formed the control group of the present study. Therefore, our study group comprised 121

men, all with a non-malignant biopsy in the first screening round ( Figure 1a).

N=1850
Biopsied in
first screening
round

N=584
Biopsied in
second screening

round
I I ]
PCn=61 No PC n=523
I
Randomly chosen
to control group
N=60
[
Total group -
N=121 Specimen not
I available for review
Specimen N=8

available for review
. Missed diagnosis of
e —r—— ATYP or PC
on-maiigha N=15 excluded
biopsy
N=98
I

Included in study
N=98

Figure 1 |Consort diagram of patient selection. PC= prostate cancer, ATYP= atypical lesion suspect for

prostate cancer.
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6.2.2 | Pathologic evaluation

All biopsy cores were labelled separately and processed as described previously®. At time of
diagnosis, pathologists with no specialisation in uro-genital pathology had evaluated all samples.
In the present study, the negative first- and second-round biopsies were blindly reviewed by
an uro-pathologist (GvL). Within the scope of the ERSPC protocol, all positive second-round
biopsies had been confirmed by another uro-pathologist (TvdK). Biopsy specimens from the
first round were scored for HG-PIN (as described)?. Furthermore, Chl and AI were scored; Chl
was graded as negative (no or sporadic lymfocytes in stroma), mild (aggregates of lymfocytes,
plasma cells and histiocytes in stroma, without influx in epithelial glands), severe (as mild,
with influx in epithelial glands). AI was scored as negative (no neutrophilic granulocytes
present), mild (sparse neutrophilic granulocytes in stroma, without influx in epithelial glands),
severe (neutrophilic granulocytes in stroma, with influx in epithelial glands). The extent of
inflammation was scored as the number of biopsy cores positive for inflammation. The total
length of the needle-biopsies was measured manually with a ruler on the slides. In addition,
the spatial distance between the most proximal and peripheral epithelial gland in the needle-
biopsies was determined (glandular length) to exclude non-prostatic tissues, i.e. colonic mucosa
and fat tissue, from our measurements. All pathological data were matched with clinical data
(age, PSA, PSA-density, DRE and TRUS outcomes and prostate volume) as assessed at the initial

screening round.

6.2.3 | Statistical analyses
For binary variables a chi-square test with continuity correction was used to assess differences
(for small expected numbers, a Fisher’s exact test was used). For ordinal and continuous
variables t-tests (normally distributed variables), Mann-Whitney U tests (non-normally
distributed variables) and logistic regression analyses were used.

The hypothesis that no difference or predictive value existed was tested using a two-sided

assessment and rejected at a p-value <0.05.

6.3 | Results

Of the 121 men, both first- and second-round biopsy specimens could be retrieved from the
pathology archive of the Erasmus Medical Center Rotterdam for 113. The review by the uro-
pathologist showed 6 cases with a missed diagnosis of PC and 9 with missed atypical lesions
suspect for adenocarcinoma (ATYP), all in first-round biopsy specimen. Those cases were
excluded from further analyses (see figure 1b), leaving 98 men for the present study, of whom
44 (45%) were diagnosed with PC 4 years later. In men with cancer in this second screening
round, advanced clinical stage (cT3-4) was seen in 1 man (2.3%). The biopsy Gleason sum score

was 7 or more in 6 men (14%).
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The general descriptive data of the first screening round are listed Table 1.
The incidence rates of the pathologic features and analyses of PC detection rates 4 years later

are summarized in Table 2.

Table 1 | Descriptive parameters at the time of initial biopsy: median and interquartile range (IQR) of age,
PSA, PSA density, prostate volume, transition zone volume, DRE results and hypo-echoic lesion at TRUS

(total group values and values depicted by presence or absence of PC at repeat screening).

Total group PC after 4 years No PC after 4 p-value

(n=98) (n=44) years (n=54) (two-sided)
Age (years )
median 64.1 65.2 3.6 0.290*
IQR 61.0-67.2 60.9-67.9 61.1-65.9
PSA (ng/ml)
median 4.10 4.30 4.05 0.207**
IQR 3.30-5.10 3.63-5.75 3.30-4.90
PSA density (nl/ml/gr)
median 0.10 0.10 0.09 0.100**
IQR 0.07-0.13 0.08-.014 0.07-0.12
Prostate volume (ml)
median 44.6 43.8 46.2 0.126*
IQR 34.5-59.7 33.7-54.6 35.05-66.80
Transition zone volume
median 24.5 22.5 26.3 0.207**
IQR 18.4-35.5 17.7-33.8 18.65-44.65
Abnormal DRE (%) mean 19.4 20.0 19.0 0.809 ***
Hypo-echoic lesion on TRUS (%) mean 15.3 9.0 21.0 0.123 ***

* Student’s t-test
** Mann-Whitney U test
*** Chi-square test

Table 2 | Incidence of the first round pathologic lesions and the second round PC prevalence depicted by
the presence or absence of this lesion. PC = prostate cancer, HG-PIN = high-grade prostatic intraepithelial

neoplasia, Chl = chronic inflammation, AI = active inflammation.

Prevalence in total PC incidence when PC incidence when P-value (two-sided)
group (n=98) lesion present lesion absent
HG-PIN 7.1% (7/98) 42.9% 46.2% 1.00*
ChI 51.0% (50/98) 44.0% 48.0% 0.85**
Al 22.4 % (22/98) 50.0% 44.7% 0.85**

* Fisher’s exact test
** Chi square test with continuity correction
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6.3.1 | HG-PIN

All HG-PIN lesions found were focal lesions limited to one core; there was HG-PIN in 7 men
(7.1%). As none of these cases was diagnosed during the original pathological examination,
these were newly found HG-PIN cases. The PC-incidence after 4 years was the same for men
with HG-PIN and men without HG-PIN (43% and 46%, p=1.00).

6.3.2 | Inflammation

Of the 51% of men with Chl, 47% had mild inflammation; there was a severe lympho-
plasmacytic infiltrate in 4.1%. ChI was not predictive for detecting PC in the second screening
round (Table 3). Clustering by degree (mild or severe) or extent of inflammation (number of
cores with ChI) had no significant predictive value either (p=0.981 and p=0.577).

The incidence of Al was 22%, of which 21% was mild and 1.0% severe. Al was not predictive for
detecting PC 4 years later (Table 3). There was no significant predictive value if AT was clustered

by degree (p=0.897) or extent (p=0.526) of inflammation.

Table 3 | Biopsy length parameters (mean, median and interquartile range (IQR)) for the total group and

depicted by presence or absence of prostate cancer (PC) in the second screening round.

Total group PC after 4 years No PC after 4 years P-value

(n=98) (n=44) (n=54) (two-sided)

Core length mean 9.3 mm 9.2 mm 9.4 mm 0.47*
median 10.0 mm 10.0 mm 10.0 mm

IQR 8.0-11.0 mm 8.0-11.0 mm 8.0-11.0 mm

Glandular core length mean 7.4 mm 7.2 mm 7.5 mm 0.21*
median 7.0 mm 7.0 mm 7.0 mm

IQR 6.0-9.0 mm 6.0-9.0 mm 6.0-10.0 mm

Total biopsy length mean 56.3 mm 55.6 mm 56.9 mm 0.59*
median 57.0 mm 57.0 mm 57.0 mm

IQR 50.0-63.0 mm 50.0-62.0 mm 51.0-64.0 mm

Total glandular biopsy length mean 44.6 mm 43.6 mm 45.5 mm 0.34*
median 45.0 mm 45.0 mm 45.0 mm

IQR 39.0-51.0 mm 38.5-49.5 mm 39.0-52.5 mm

* Student’s t-test

6.3.3 | Biopsy length

The effect of biopsy length is listed in Table 3; in 5 cores (0.8%) glandular structures were lacking.
In 15 men, a seventh biopsy core was taken, prompted by a hypo-echoic lesion. The total biopsy
length and total glandular length were calculated by adding the sextant biopsy core lengths,
and values are for complete sextant biopsy cores only (96, thus with no possible seventh biopsy

length or missing values). None of the biopsy length variables was predictive of subsequent PC.
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Adding the length of the seventh biopsy to the sextant biopsy cores did not change the results
(p=0.655 for total length and p=0.421 for total glandular length).

6.4 | Discussion

After a non-malignant initial biopsy, a screening participant in the ERSPC will be screened
further, following the regular screening schedule (re-screen after 4 years). However, non-
malignant initial biopsies might provide information that can be used to identify men at
greater risk of prostate cancer detection in subsequent screening rounds. This information
could possibly be used in optimizing future screening programmes. For example, men with
pathological features at initial biopsy that are known to increase subsequent PC detection rate
might benefit from a more intense screening protocol than men without these features.

The aim of the present study was to identify possible predictive features of a non-malignant
initial biopsy. None of the features assessed (HG-PIN, active and chronic inflammation, biopsy
length and glandular length) was a significant predictor of PC detection in the next screening
round, using a 4-year interval.

The 7 cases of focal HG-PIN evaluated in the study were newly diagnosed at re-evaluation,
and hence those men had not been re-biopsied at initial screening (as described by the screening
algorithm) but were biopsied at the second screening round four years later. In all cases the PIN
at initial screen was confined to 1 biopsy core. Nevertheless, those men were at no greater risk
of PC after 4 years (43% in men with HG-PIN and 46% in men without). Although there were
too few cases to draw conclusions, these findings are in agreement with recent review studies,
which show that the risk of PC following a diagnosis of focal HG-PIN is only slightly higher
than the risk of PC after a benign diagnosis, and questioning the need for repeat biopsy.**

ChI is frequently found in prostate biopsies’? and its role in prostatic carcinogenesis
is currently being assessed.’** MacLennan et al® recently published a study in which they
evaluated the presence and degree of Chl in 177 prostate needle biopsies of men with clinical
variables suspicious for malignancy. During a follow-up period of 5 years there was a higher
incidence of cancer in men with ChI (20% vs. 6% in men without ChI). We could not confirm
these findings, possibly because of the characteristics of the present study population, being all
screen-detected prostate cancers, while that of McLennan et al comprised men with a clinical
suspicion of malignancy. Furthermore, all the present participants had had a repeat biopsy
during the follow-up and had a chance of being diagnosed with PC, even when no clinical
suspicion was present. In the study of McLennan et al only 64% of men with ChI and 30% of
men without ChI had had a repeat biopsy during the follow-up after an initial biopsy with no
cancer (the reason for repeat biopsy was not described). Therefore, their chance of a diagnosis

of prostate cancer was smaller than in the present study, especially in men with no Chl.
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Al and its relation to PC has also been studied, especially when presenting clinically as
prostatitis.'>!. However, the present goal was to evaluate the influence of AI found in biopsy
specimens of men with no clinical signs of inflammation. Men with AI had no significantly
greater risk of PC after four years than men without AI (50% vs. 45%, p=0.85). In 21 of 22
men with AI, Chl was also present; this finding is in agreement with the results of Anim et al,'¢
who found no AI without ChI during their review of prostate tissue specimens. As stated by
Schatteman et al,'? both forms of inflammation are probably dynamically related to each other.
In multivariate analyses Al and ChI were not predictive of the PC detection rate (data not
shown). In the present study, the presence of ChI or AI did not contribute to defining high-risk
patients after four years, in this screening-based population.

Finally, we analysed the predictive value of the lateralized sextant biopsy core length. We
hypothesized that a higher total biopsy length would decrease sampling artefacts, resulting in
a lower incidenceof PC after 4 years. However, no prognostic value of total biopsy length or
total glandular length on cancer detection rate after 4 years could be identified in this dataset.
When we corrected biopsy length for the total prostate volume it was also not predictive for
having a biopsy-detectable PC at repeat screening 4 years later. An explanation could be the
small variance in core lengths in the specimens studied (IQR 8.00-11.00 mm). Iczkowski et
al” and Van der Kwast et al® reported that a higher total biopsy length is related to a higher
cancer detection rate on that same prostate biopsy. Therefore, although not predictive for the
PC detection rate four years later, biopsy length should be monitored by the urologist and the
pathologist.

Atypical lesions suspicious but not diagnostic of malignancy (ATYP) (i.e. atypical small
acinar proliferations, ASAP) are known to be predictive of concurrent or subsequent prostate
cancer.”” An aim of the present study was to assess the predictive value of ATYP (with no
PC at immediate repeat biopsy) on the detection of PC four years later. However, there were
no cases of ATYP without PC at immediate re-biopsy in the study population and thus the
predictive value could not be evaluated.

Previously, the relationship between atrophy and the incidence of PC in subsequent
screening rounds in the ERSPC population (Rotterdam section) was assessed by Postma et al*.
They found no association of atrophy with the PC incidence, mainly because of its widespread
occurrence. Therefore, atrophy was not studied as a possible predictor of PC detection in the
present study.

The features of the tumours found after 4 years in the present population were in general
favourable for curative treatment and comparable to the features found during the second
screening round of the ERSPC?, in which there wassignificant down-grading and down-
staging of PC. These findings support the view that there is no indication for a shorter screening
interval in the present study population.

Our study has some general limitations. Although our data are based on lateralized sextant

biopsies, the current trend is to obtain more than six biopsy cores, to obtain more adequate

81

‘ Chapter 6



82

| Chapter 6

information on cancer presence and its features. One of the side-effects is that more clinically
insignificant cancers are diagnosed. The ERSPC study protocol was designed in the early 1990s,
when sextant biopsies were the ‘reference’ standard. The Rotterdam study group has decided
that it will follow this protocol for reasons of data consistency. Second, there were relatively few
patients in the present study; although this affects the power of the study, the study is unique
because patients are very well characterized by clinical variables, review of all slides and the
exclusion of minimal PC and ATYP that had been missed on the first evaluation. The number
of incidentally found minimal PC (n=6, 5%) and ATYP (n=9, 8%) at re-evaluation grossly
overestimates the real prevalence of false-negative biopsies in the ERSPC, as the group was
selected for patients with PC on the second screen. The prevalence of a false-negative diagnosis
in the ERSPC was reported by Van der Kwast et al2, who found a false-negative biopsy outcome
rate for adenocarcinoma of 4%. Combining ATYP and definite PC, in 6%-10% there was a
missed lesion, the rate depending on the review pathologist. Therefore, our findings of missed
lesions seem to be in agreement with earlier reports. However, the consequences of missing PC
or ATYP are not yet entirely clear, and will be subject of further investigation. All the missed
lesions in the present study were diagnosed during repeat screening rounds (Gleason scores =<
7, cT-stadium =< 2A). Those cases were excluded, because they fell beyond the scope of this
study.

In this era of widespread screening for PC, the need for risk stratification of possible
screening candidates is increasing; non-malignant biopsy features could not identify high-risk

subgroups in the present study.

6.5 | Conclusions

In conclusion, we evaluated the predictive value of pathological features (HG-PIN, chronic and
active inflammation and biopsy core length and glandular core length) in a non-malignant
prostate needle biopsy for detecting prostate in a screened population on biopsy taken 4 years
later. None of these features were significantly predictive of subsequent prostate cancer detection,
and therefore no high-risk subgroups of PC-detection 4 years later could be identified.
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Abstract

Little is known about the frequency, histopathological characteristics and clinical consequences
of false-negative prostate biopsies, i.e. biopsies classified as benign but containing
adenocarcinoma or atypical suspicious glands (ASAP). Objective of this study was to evaluate
false-negative prostate biopsy in a prostate cancer screening setting. Prostate biopsy sets of
196 participants of a screening trial which had been reported as ‘benign’ at initial diagnosis,
followed by a diagnosis of adenocarcinoma in a subsequent screening round were reviewed by
two urologic pathologists. Adenocarcinoma was identified in 19 biopsy cores corresponding
to 16 (8.2%) patients and ASAP in 24 cores, corresponding to 19 patients (9.7%). All missed
prostate cancers were Gleason score 6 (3+3). After correction for patient selection, the overall
false-negative biopsy rate was estimated to be 2.4%; 1.1% for prostate cancer and 1.3% for
ASAP. Clinicopathological features at the time of initial biopsy and of subsequent prostate
cancer diagnosis did not differ between patients with a false-negative or true benign biopsy.
Relatively low number of atypical glands (<10 glands), intense intermingling with pre-existent
glands or lack of architectural disorganization were the most prominent risk factors for a false-
negative diagnosis. Another potential pitfall was the presence of prostate cancer variants, since
one adenocarcinoma was of foamy gland type and three of pseudo-hyperplastic type. Routine
examination of at least one level of prostate biopsy sets at high magnification and awareness
of histologic prostate cancer variants might reduce the risk of missing or misinterpreting a

relevant lesion at prostate biopsy evaluation.
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7.1 | Introduction

Widespread PSA testing for prostate cancer has resulted in increased detection of small foci
of adenocarcinoma on diagnostic needle-biopsies. Pathologists are therefore more often
confronted with the presence of only a few atypical or malignant glands in diagnostic needle-
biopsies. Small lesions of malignant glands or glands suspicious for malignancy, i.e. atypical small
acinar proliferations (ASAP)' may be at increased risk to be overlooked, or to be misdiagnosed.
Nevertheless, correct diagnosis of these lesions is required, because their presence may have
clinical consequences.

The presence of ASAP is reported in about 5% of prostate biopsies* and warrant renewed
and targeted needle-biopsies: the risk of cancer detection at re-biopsy is on average 40% after
a diagnosis of ASAP in the first biopsy.>® The diagnosis of minimal prostate cancer might be
clinically relevant as well because significant tumour may be found at radical prostatectomy
after such a small prostate cancer lesion at biopsy.** However, the recognition of a small focus
of ASAP or minimal prostate cancer may be difficult.>

Little is known about the frequency, histopathological characteristics and clinical
consequences of false-negative prostate biopsies, i.e. biopsies in which an atypical or malignant
lesion is missed. Nevertheless, study of missed lesions which have resulted in false-negative
biopsies is important as this will lead to increased awareness and more accurate diagnosis of
these challenging lesions. To provide more insight into false-negative prostate biopsy, a review
study was performed of prostate biopsy specimens of participants in a large screening trial
who were screened every four years. In this study, we assessed the frequency of false-negative
prostate biopsies containing ASAP or carcinoma, their histopathological characteristics and

potential clinical consequences.

7.2 | Materials and Methods

7.2.1 | Patient selection

All patients included in this study were participants in the screening arm of the ERSPC,
Rotterdam section. First end-point results of the ERSPC have recently been published indicating
a 20% mortality reduction due to screening’. Men in the age range of 55-74 were invited for
screening every 4 years. From 1993 until May 1997, a PSA level >= 4.0 ng/ ml, an abnormal
digital rectal examination (DRE) and/or transrectal ultrasound (TRUS) result prompted a
lateralized sextant prostate biopsy. Hereafter, a biopsy was only indicated by a PSA level >= 3.0
ng/ ml. A lateralized sextant prostate needle biopsy was performed using TRUS guidance. If a
hypo-echoic lesion was visible at TRUS, a seventh biopsy core was taken from this lesion. For

all participants, written informed consent was obtained.?
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To enhance the chance of finding missed lesions in the current study, we retrieved all patients
from the Rotterdam ERSPC database who were diagnosed with prostate cancer in the second
or third screening round (n=857) up to May 2008, and who had a previous biopsy diagnosis of
benign prostate tissue (n=202, 23.6%). Clinical data and follow-up data were retrieved from the

medical records.

7.2.2 | Histopathological processing of needle-biopsies

Prostate needle-biopsies were subjected to routine pathological processing with stretching
of cores, inclusion of one core per cassette and H&E stainings on three levels.” While all
pathologists at the Department of Pathology participated in histological evaluation, the protocol
required re-evaluation of all needle-biopsies signed-out as prostate adenocarcinoma, ASAP or
prostate intraepithelial neoplasia (PIN) by a urologic pathologist (ThvdK, GvL) at the time of
diagnosis. Needle-biopsies with a benign diagnosis including normal, hyperplasia, atrophy and

inflammation were generally not reviewed at that time.

7.2.3 | Review of biopsy specimens

For this study, the slides of previous benign biopsy specimens were retrieved from the
archives and evaluated by two urologic pathologists (GvL, ThvdK). If suspicious or malignant
glands were identified, we manually counted the maximal number of atypical glands in the
most affected level. For all false-negative biopsy cores the following histological criteria were
recorded: number of atypical or malignant glands, architecture, cytoplasm, nucleus, nucleolus,
intraluminal mucin, eosinophilic debris and crystalloids. In case of an uncertain diagnosis at
re-evaluation, additional levels were cut and stained for H&E and immunohistochemically for

basal cell keratins (34BE12) according to standard procedures.

7.2.4 | Statistical analysis
Differences between cases with and without a missed lesion were assessed using the Chi-square
test for binomial variables and a Kruskal-Wallis test for continuous variables. The Fisher’s exact
test was used in case of small numbers. A two-sided p-value<0.05 was considered statistically
significant.

For statistical analysis the Statistical Package for Social Sciences (SPSS version 15.0; SPSS
inc., Chicago, IL, USA) was used.
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7.3 | Results

7.3.1 | Population characteristics

Up to May 2008, a total of 857 patients were diagnosed with prostate cancer in the second
(n=550) or third (n=307) screening round, of whom n=96 (17.5%) and n=106 (34.5%) men had
a benign biopsy in the prior screening. Of these 202 cases, 196 (97.5%) biopsy specimens could

be retrieved from the archive and were available for review.

7.3.2 | Occurrence of relevant lesions in initially negative biopsy specimens

At initial review of the tissue slides, a total of 43 lesions consisting of atypical glands were
identified in 35 patients (17.9%), 11 of which were considered diagnostic for adenocarcinoma
and 32 suspicious for adenocarcinoma (ASAP). In six of 43 biopsy cores, the atypical glands
were located adjacent to high-grade PIN. A total of 17 all-round pathologists with variable years
of diagnostic experience had signed out the initial “benign” pathology reports, indicating that
missing of atypical glands was a general phenomenon.

To establish a definitive diagnosis for lesions suspicious for adenocarcinoma or confirm
a diagnosis of adenocarcinoma, we obtained deeper sections from the original paraffin
blocks for H&E and immunostaining for basal cells. In 23 cases no staining was performed as
definitive diagnosis did not warrant additional staining in case of adenocarcinoma (n=7), or
the staining would not be informative because atypical glands were not present anymore in the
deeper sections (n=16). For one biopsy the representative block could not be retrieved form
the archive, leaving 19 biopsy cores for additional evaluation. Based on the outcome of deeper
sections and lack of basal cell staining, 8 suspicious foci were now considered diagnostic for
adenocarcinoma, including two of six lesions adjacent to high grade PIN. In 7 atypical lesions
no definitive diagnosis could be reached due to a low number of atypical glands negative for
basal cells. In 4 cases, the presence of adenocarcinoma was confirmed by absence of basal cells.
Therefore, the final diagnosis was adenocarcinoma in 19 biopsy cores corresponding to 16
(8.2%) patients and ASAP in 24 biopsy cores, corresponding to 19 patients (9.7%). All missed
prostate cancer cases were Gleason score 6 (3 + 3).

The rate of false-negative biopsy outcome was 17.9% in this subset of biopsied men diagnosed
with prostate cancer during a subsequent screening round. This rate of false-negative biopsy
outcome was extrapolated to the overall screening population. Of all screening participants
in the ERSPC Rotterdam with a benign biopsy in the first or second screening round, and a
second biopsy during the subsequent screening round, on average 13.4% were diagnosed with
cancer during the following, i.e. second or third, screening round. Based on this mean cancer
incidence of 13.4% in men with a previous biopsy, we estimate that 2.4% (i.e. 17.9% of 13.4%)
of all biopsied screening participants had a false-negative biopsy outcome; for prostate cancer,
this rate was 1.1% and for ASAP 1.3%.
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7.3.3 | Histopathological characterisation of false-negative needle-biopsies

The histopathological characteristics of the missed cancers and ASAP are shown in Table 1. In
28 patients the missed atypical and malignant glands were identified in 1 core, in 6 patients in
2 cores and in 1 patient in 3 cores. In 16 patients, the missed lesion was observed in the same
biopsy core as the final diagnostic lesion at the time of actual PC detection, in 14 patients the
lesion was found in the same lobe, and in 4 patients the missed lesion and the final malignant
lesion were both identified in the base or both in the apex of the prostate. Only in 1 patient a
missed ASAP lesion was found in a core from the opposite side of the prostate compared to the
location of actual PC detection during the subsequent screening round.

In four biopsy cores the missed lesion was easily identified and no specific aspect could be
identified explaining why this lesion was missed. All other missed lesions showed at least one
feature, which could explain why they were not diagnosed as such. Most common amongst
these features were absence of architectural abnormality (n=21, 48.8%) and low number
of atypical glands (less then 10 glands, n=22, 51.2%). Low number of glands was especially
observed in the ASAP lesions, which consisted of median 5 glands compared to malignant
lesions comprising a median of 17 glands (Table 1). Larger missed lesions consisting of more
atypical glands generally resembled normal glands more closely at low magnification or they
were intensely intermingled with pre-existent glands (Figure 1, 2).

Next to small size and lack of architectural abnormality, some other specific histopathological
characteristics were observed that might explain why theselesions were missed or misinterpreted.
One adenocarcinoma was of the foamy gland type and 3 lesions had atypical large-sized glands
indicative for pseudo-hyperplastic prostate cancer, which can both be easily misinterpreted if
one is not familiar with these variants (Figure 3). Four lesions were probably missed because
they were small and were located at the border of a biopsy or in a small biopsy fragment. At
low power, cases might have been less conspicuous due to normal gland size (n=16, 37.2%) or
normal spacing between the glands (n=6, 14.0%). In one case, no definitive distinction between
the atypical lesion and partial atrophy could be made. The most common findings, which
triggered our suspicion for the presence of an atypical lesion were architectural abnormality,
presence of enlarged nuclei, prominent or conspicuous nucleoli, amphophilic cytoplasm and
presence of intra-luminal eosinophilic secretions or crystalloids (Table 1).

In 12 of the 24 cores with ASAP, the diagnosis might have been modified if

immunohistochemistry could have been performed on the most relevant level.
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Figure 1 | False-negative prostate biopsies with adenocarcinoma. A, B: Prostate cancer glands are
architecturally arranged in a nodule reminiscent of benign tissue. In B two foci (arrowheads) of atypical
glands are present adjacent to normal pre-existent glands. C, D: At high magnification enlarged nuclei
and conspicuous nucleoli (arrows) are visible, while cytoplasm is not conspicuous (D). E, F: Basal cells
are absent (34BE12). In F the second focus of atypical glands also lacked basal cells (not shown); notice
positive internal control (F). Both lesions were considered adenocarcinoma Gleason score 6 (3+3). The
lesions were derived from two separate patients (A, C, E and B, D, F). Original magnifications: A, B H&E
40x; C, D H&E 200x; E 34BE12 100x; F 34BE12 200x. For color images, see appendix page 181.
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Figure 2 | False-negative prostate biopsies with atypical glands suspicious for adenocarcinoma. A, B: Two
(A; arrowheads) and one (B) atypical glands were discovered at low magnification by their amphophilic
cytoplasm and subtle architectural abnormality. C, D: At high magnification, the suspicious glands
revealed enlarged nuclei and prominent nucleoli (arrows). E, F: The atypical glands showed lack of basal
cells (34BE12). Both lesions were considered highly suspicious for malignancy. Due to a low number
of atypical glands no definitive diagnosis for malignancy was given. The lesions were derived from two
separate patients (A, C, E and B, D, F). Original magnifications: A H&E 40x; B H&E 100x; C, D H&E 200x;
E, F 34BE12 200x. For color images, see appendix page 182.
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Figure 3 | False-negative prostate biopsy with pseudohyperplastic (A, C, E) and foamy gland (B, D)
prostate adenocarcinoma. A, C: Dilated glands with cytoplasmic amphophilia, enlarged nuclei and
conspicuous nucleoli characterize pseudohyperplastic cancer. E: Basal cells are absent in 34BE12 staining;
notice positive staining in pre-existent atrophic glands. The lesion might be missed as large-sized glands
can be interpreted as benign or hyperplastic glands at low magnification. B, D: Foamy gland cancer is
characterized by architecturally disorganized glands with clear to foamy cytoplasm with some enlarged
nuclei and sporadic nucleoli (arrow). The lesion might be missed as cytoplasmic amphophilia is not
conspicuous at low magnification and only some of the nuclei are atypical with prominent nucleoli at high
magnification. No immunohistochemical staining was performed on this lesion. Original magnifications:

A, BH&E 40x; C, D H&E 200x; E 34BE12 200x. For color images, see appendix page 183.
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7.3.4 | Clinico-pathological follow-up of false-negative prostate biopsies
At the time of the first biopsy, no differences were found between patients with a missed prostate
cancer lesion, a missed ASAP lesion or “true benign” diagnosis (Table 2).

Patient and tumour characteristics at the time of prostate cancer detection are listed in Table
3. None of the cases were diagnosed with positive lymph nodes or metastasis at the time of
prostate cancer diagnosis. When these characteristics were stratified by missed adenocarcinoma
lesion, missed ASAP lesion and no missed lesion in the previous biopsy no significant
differences in tumour characteristics were observed. Overall, men with a false-negative biopsy
seemed to be in a curable stage at the time of PC diagnosis. Strikingly, the six prostate cancers
with a Gleason score >7 detected in the next screening round were all found in patients with a

previous “true benign” biopsy (no missed lesion).

Table 2 | Patient and tumour characteristics at the time of the previous benign biopsy. Characteristics are
depicted for the total cohort and stratified by previous biopsy review outcome, i.e. missed adenocarcinoma

lesion (n=161), missed suspicious lesion (n=19), no missed lesion (n=161).

Total group Missed PC lesion Missed suspicious No missed lesion P value

n=196 n=16 lesion n=19 n=161

Age mean (median) 64.4 (64.5)  65.1(66.4) 65.1 (64.9) 64.2 (64.3) 0.438
PSA ng/ml 4.9 (4.3) 5.6 (4.9) 4.4 (4.0) 4.9 (4.3) 0.343
mean (median)

Volume ml 46.1 (43.1) 51.4 (42.1) 44.3 (40.9) 45.8 (43.1) 0.667
mean (median)

Abnormal digital rectal 33 (16.8%) 4 (25%) 1(5.3%) 28 (17.1%) 0.271
examination

Visible lesion at 20 (10.2%) 2 (12.5%) 1(5.3%) 17 (10.6) 0.765

transrectal ultrasound
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Table 3 | Patient and tumour characteristics at the time of prostate cancer detection. Characteristics are
depicted for the total cohort and stratified by previous biopsy review outcome, i.e. missed adenocarcinoma

lesion (n=16), missed suspicious lesion (n=19), no missed lesion (n=161).

Total group ~ Missed PC  Missed suspicious ~ No missed P value

n =196 lesion n= 16 lesionn =19 lesion n = 161
Age mean (median) 68.5 (68.7) 69.3 (70.5) 69.3 (69.1) 68.4 (68.6) 0.426
PSA ng/ml mean (median) 7.4 (5.7) 7.8 (6.8) 7.4 (5.4) 7.3 (5.5) 0.852
Volume ml mean (median)  55.8 (51.5) 57.8 (46.2) 52.3 (51.2) 56.0 (51.9) 0.698
Clinical tumour stage
Tlc 127 (64.8) 10 (62.5) 13 (68.4) 104 (64.6) 0.853
T2 64 (32.7) 5(31.3) 6 (31.6) 53 (32.9)
T3/4 5(2.6) 1(5.3) 0(0.0) 4(2.5)
Gleason score
<7 170 (86.7) 14 (87.5) 18 (94.7) 138 (85.7) 0.732
=7 20 (10.2) 2 (12.5) 1(5.3) 17 (10.6)
>7 6(3.1) 0(0.0) 0(0.0) 6(3.7)
Number of positive cores
1 118 (60.2) 9 (56.3) 13 (68.4) 96 (59.6) 0.923
2 51 (26.0) 4(25.0) 4(21.1) 43 (26.7)
>2 27 (13.8) 3(18.8) 2(10.5) 22 (13.7)
Maximum tumour
invasion per core
<50% 172 (87.8) 13 (81.3) 17 (89.5) 142 (88.2) 0.701
>=50% 24 (12.2) 3(18.8) 2(10.5) 19 (11.8)

7.4 | Discussion

In this study, a false-negative biopsy rate of 17.9% was found in screening participants who
were subsequently diagnosed with prostate cancer: in 8.2% a prostate cancer lesion was missed
and in 9.7% a lesion suspicious for adenocarcinoma. After correction for the selection in this
study, i.e. only men who were diagnosed with PC 4 years later during the subsequent screening
round, the overall false-negative biopsy rate was estimated to be 2.4% in men who underwent
a prostate biopsy. For this calculation it was assumed that in case of a second negative biopsy,
the preceding biopsy was not false-negative, which is supported by a previous review study
reporting no ASAP or carcinoma in 54 men with a second negative biopsy."’

The true incidence of false-negative prostate biopsy outcome is unknown and publications
on this topic are scarce. Kronz et al'! identified missed lesions at a consultation service, including
high-grade PIN in 2.7% of the biopsies submitted for review. They considered this percentage
an underestimation, since only selected biopsies were submitted for consultation. In a study
by Van der Kwast et al,'> two pathologists reviewed 141 prostate biopsy sets from a screened

population, including 127 originally reported as benign and 14 reported as malignant. When
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prostate cancer and ASAP were combined, one review pathologist reported missed lesions in
6.3% of the biopsies and the other in 10.2%. The opposite scenario, i.e. calling a benign lesion
carcinoma, has been described as well. The rate of overcalling a lesion has been reported to be
about 1.2%,"!* but this phenomenon was not assessed in the current study.

Several histological explanations for the occurrence of false-negative needle-biopsy
examination were identified. The majority of false-negative biopsies contained lesions with
minimal architectural abnormality and were very small. Additionally, some lesions consisted
of glands of normal size and spacing. To enhance the chance of finding small atypical foci we
screened one level of a needle-biopsy at 10x objective magnification and the other levels on
4x. In this way, even one or two glands that may initially be overlooked at low magnification
screening can be identified by their cytologic atypia or presence of abnormal luminal contents.
It seems thus important to examine at least one level of prostate biopsies at high magnification
even if no abnormalities are observed at low magnification. Furthermore, 4 of a total of 19
(21%) prostate cancer lesions showed specific characteristics of foamy gland adenocarnioma’®
or atypical large-sized glands typical for pseudo-hyperplastic prostate cancer,'® which may be
difficult to recognize for a pathologist without special interest in urologic pathology. Missing
such a specific entity at prostate biopsy is probably more difficult to prevent, but increasing the
awareness of these histological variants could improve their identification.

Other explanations for the occurrence of false-negative prostate needle biopsies may be
found in factors other than histopathological characteristics. Although the possibility could be
entertained that during the earlier years of the screening study more atypical lesions would be
missed than in later years, our analysis did not support such a “learning curve” (data not shown).
Inter-observer variability may also explain the reporting of false-negative needle-biopsies. It is
well known that pathologists with special interest in urologic pathology are more confident in
interpretation of small atypical lesions. After review by a urologic pathologist, atypical lesions
can be reclassified as malignant in 2.2%-45.1% and as benign in 5.2%-16.7%.>%° In addition,
the two review pathologists may have reported a false-negative atypical lesion as carcinoma
or suspicious more frequently as they were aware of the final outcome due to the study design.
Since consensus of the diagnosis was reached between the two pathologists for all cases, we
think that this inter-observer variability and detection bias was minimal.

The majority of patients with a false-negative biopsy outcome seemed to be in a curable
stage at the time of actual prostate cancer detection, even though 16 of 35 patients with a false-
negative biopsy were classified as having a missed prostate cancer lesion 4 years prior to the
eventual diagnosis. In only 2 of these 16 patients the diagnostic biopsy revealed a Gleason score
7 adenocarcinoma. This favorable outcome after a false-negative biopsy can be explained by two
reasons. First, all men were enrolled in a screening program and were re-biopsied 4 years after
the false-negative biopsy. Cancers in such a screening program are detected in a pre-clinical
phase, with an estimated lead time of on average 10 years in our population’. Secondly, almost

all missed lesions were small and all missed prostate cancer lesions were Gleason score 6 (3
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+ 3). Consequently, missing a lesion in this particular setting may not necessarily negatively
influence patient outcome.

Studies on false-negative or -positive diagnosis in pathology might be confronting to
patients and doctors. Nevertheless, they reflect quality measures for daily clinical practice and
offer opportunities to improve logistic and clinical expertise. In this study, the overall rate of
false-negative biopsy was estimated to be 2.4%, of which 1.1% represented prostate cancer and
1.3% an atypical lesion suspicious for adenocarcinoma. Although missing a small suspicious
or malignant lesion did not necessarily negatively influence patient outcome in this screening
setting, the clinical effect of missing an atypical lesion in other settings is unclear. A relatively
low number of atypical glands, intense intermingling with pre-existent glands or subtle
architectural abnormality were potential risk factors for false-negative interpretation together
with the occurrence of unusual histological variants such as pseudohyperplastic and foamy
gland cancer. Routine examination at high magnification of at least one level of each prostate
biopsy core, even in absence of abnormalities at low magnification, might reduce the number of

false-negative prostate biopsies.
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Abstract

Background: The independent prognostic value of tumour volume in radical prostatectomy
(RP) specimens is controversial and it remains a matter of debate whether the pathologist
should report a measure of tumour volume. In addition, tumour volume might be of value in

substaging of pathological tumour stage (pT2) prostate cancer (PC).
Objective: To assess the prognostic value of PC tumour volume.

Design, setting and participants: The cohort consists of 344 participants of the European
Randomized Study of Screening for Prostate Cancer (ERSPC), Rotterdam section whose PC

was treated with RP. Mean time of follow-up was 96.2 months.

Measurements: Tumour volume was measured in totally embedded RP specimens with a
morphometric, computer-assisted method and assessed as a continuous variable, as relative
tumour volume (tumour volume divided by prostate volume) and in a binary fashion (>= or
< than 0.5ml). These variables were related to PSA progression, local recurrence or distant
metastasis and PC-related mortality using univariate and multivariable Cox proportional

hazards analyses. The analyses were repeated in the subgroup with pT2 tumours.

Results and limitations: Tumour volume was related to tumour stage, Gleason score, seminal
vesicle invasion and surgical margin status. In univariate analyses, tumour volume and relative
tumour volume were predictive for all outcome variables. In multivariable analyses, including
age, tumour stage, Gleason score, seminal vesicle invasion and surgical margin status, neither
tumour volume nor relative volume were independent predictors of progression or mortality.
Tumour volume>=0.5ml was predictive for PSA recurrence and local and/or distant progression
in univariate analyses, but not in multivariable analyses. Tumour volume was not predictive for

recurrence or mortality in univariate or multivariable analyses in the pT2 subgroup.

Conclusions: Tumour volume did not add prognostic value to routinely assessed pathological
parameters. Therefore, there seems to be little reason to routinely measure tumour volume in

RP specimens.
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8.1 | Introduction

The relation of prostate cancer (PC) tumour volume with pathological features at radical
prostatectomy specimens, PC progression and mortality has been reported by several
independent study groups.'>* However, whether tumour volume or a derivate of tumour volume
should be included in the pathology report of radical prostatectomy specimens, remains subject
of debate. This is due to the fact that the independent prognostic value of tumour volume, i.e.
after correction for other pathological parameters like tumour stage, Gleason score, seminal
vesicle invasion and surgical margin status, is controversial. Some studies report independent
prognostic value of tumour volume after correction for other routinely used parameters,-*”*
while others find opposite results>>¢ (Table 1).

Therefore, although the prognostic value of tumour volume is not in doubt, the question
is whether tumour volume adds value to the prognosticators tumour stage, Gleason score,
seminal vesicle invasion and surgical margin status. This is an important discussion: if tumour
volume does not add value to the more easily accessible data on tumour stage, Gleason score,
seminal vesicle invasion and surgical margin status, there would be no need to report tumour
volume.

One explanation for the discordant data on the independent prognostic value of tumour
volume may be the differences between the cohorts in the reported studies. The studies that
showed independent value, more often described a cohort with unfavorable tumour features'®
(Table 1) compared to the more contemporary studies that failed to show similar results.>*’
Therefore, subgroup analyses in cases with high-risk PC will be done in this study to see whether
the prognostic value of tumour volume is higher in this particular subset.

A second explanation may be the use of different tumour volume variables. Some use
tumour volume as a continuous variable, log transformed or not"*> while others use relative
tumour volume, i.e. the percentage of the prostate volume invaded by tumour®*” or use cut-
off values, defining two or three categories.** Two studies suggested that the relative tumour
volume was more strongly associated with prognosis than tumour volume.'”"" In order to deal
with these differences, we studied tumour volume as a continuous variable, as relative tumour
volume and as a binary variable in the current study.

Finally, we considered that tumour volume might be of help in the substaging of pathological
tumour stage 2 (pT2) prostate cancer. The current subclassification of pT2 PC,* distinguishes
unilateral PC invading less than half a lobe (pT2a), more than half a lobe (pT2b) and bilateral
tumour invasion (pT2c). This classification lacks uniform criteria for assigning a substage,
especially in distinguishing pT2a from pT2b PC and lacks clinical relevance: the pathological
substaging of pT2 tumours has no prognostic value.”* In order to assess whether tumour
volume may be useful to differentiate separate prognostic groups within the set of pT2 tumours,

we performed a subgroup analysis for pT2 PC.
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8.2 | Methods

8.2.1 | Patient selection

All men included in the study were participants in the screening arm of the Rotterdam section
of the European Randomized Study of Screening for Prostate Cancer (ERSPC). Up to May
1997 a lateralized sextant prostate needle biopsy was indicated by a PSA >= 4.0 ng/ml, or a
suspicious digital rectal examination or transrectal ultrasound. Hereafter, only a PSA >=3.0
ng/ml prompted a biopsy. All patients diagnosed with PC during the first screening round or
during the early re-screening round 1 year later and treated with radical prostatectomy were
selected for the analysis, resulting in a total of 424 cases. For 344 (81.1%) cases the prostate
cancer volume was known and those were included in the cohort. All patients were treated

between November 1993 and June 2000 and none received adjuvant therapy.

8.2.2 | Pathologic examination
RP specimens were processed following the protocol 