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ABSTRACT
Background and aims: The clinical course of prostate cancer is highly variable and difficult to predict.
Stage at presentation, grade and PSA at diagnosis are traditionally used to predict outcome. The aim
of this thesis was to identify strategies for improved survival prediction in men with prostate cancer.
The way in which prostate cancer affects a population based‐cohort and how routinely measured
variables can be used to predict survival in an intermediate to long follow‐up period were explored.
From this large cohort we separately evaluated how survival can be predicted in men with incidental
carcinoma (T1a and b) and locally advanced disease (lymph node‐ positive). Immunohistochemistry
was added to routinely measured variables in the subgroup of men with incidental carcinoma.
Furthermore, we assessed how the outcome of metastatic disease may be predicted from information
available at diagnosis, and during the first six months after treatment. Finally we predicted survival
for men with metastatic hormone‐refractory prostate cancer (HRPC).
Material and methods: From the Swedish South‐East Region Prostate Cancer Register data on 8887
men were studied and the impact of tumour grade, serum PSA concentration, TNM classification and
treatment was studied in relation to survival.
Furthermore, an evaluation of the disease‐specific mortality of conservatively managed incidental
carcinoma in relation to T‐category, Gleason score, p53, Ki‐67, Chromogranin A and serotonin was
made. From the same register we studied whether common predictive factors such as serum‐PSA, T‐
category and biopsy tumour grade could be used to better assess the prognosis of men with node‐
positive prostate cancer. Using data from the clinical trial SPCG‐5 we studied the possibility of serial
measurements of PSA and ALP being to predict survival early in the course of hormone‐treated
metastatic prostate cancer. From the same trial, we also assessed the value of PSA kinetics in
predicting survival and related this to baseline variables in men with metastatic HRPC.
Results: In the South –East Region, where screening was seldom done the median age at diagnosis
and death was 75 and 80 years respectively, and 12% were diagnosed before the age of 65 years. High
tumour grade, high serum PSA and high T category were associated with poor outcome. The
projected 15‐year disease‐specific survival rate was 44% for the whole population. In total, 18% of
patients had metastases at diagnosis and their median survival was 2.5 years.
In the cohort of men with incidental carcinoma, 17% died of prostate cancer. Of 86 patients with
Gleason score ≤5, three died of prostate cancer. Independent predictors of disease‐specific mortality in
multivariate analysis were category T1b prostate cancer, Gleason score >5 and high immunoreactivity
of Ki‐67. Men with lymph‐node positive disease have a median cancer‐specific survival of 8 years.
Preoperatively known factors such as PSA, T‐category, age, mode of treatment, failed to predict
outcome, but there was a weak, not statistically significant difference in cancer‐specific survival in
relation to tumour grade.
Initial ALP, and ALP and PSA after 6 months of treatment were the serum markers that provided the
best prognostic information about the long‐term outcome of metastatic prostate cancer. In men with
HRPC, PSA velocity alone gave a better prediction of survival than all other PSA kinetic variables.
Conclusion: In an almost unscreened population, prostate cancer is the elderly mans disease but the
mortality is high. Ki‐67 may be of value in addition to stage and Gleason score for predicting the
prognosis in men with incidental carcinoma.
The impact of lymph node metastases on survival overrides all other commonly used prognostic
factors.
By following ALP and PSA for 6 months it is possible to predict outcome in metastatic prostate cancer.
This gives a much better prediction than baseline PSA and helps to select men with a poor prognosis.
By combining PSAV with the variables available at baseline, a better ground for treatment decision‐
making in men with HRPC is achieved.
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BACKGROUND

Epidemiology
Prostate cancer is a common disease in Sweden today. The incidence of prostate
cancer has risen in Sweden from approximately 4000 men in 1985 to 8930 cases in
2006.1 But the mortality rate has remained unchanged the last decade with around
2500 deaths per year due to metastatic decease.2 This increase is linked to a rising
number of non‐palpable tumours that have been diagnosed because prostate‐specific
antigen (PSA) testing has become more frequent. Prostate cancer is the most common
cause of cancer death in Swedish men today. In Sweden, age at diagnosis is falling. In
2006 the median age was 69 years, which is 3 years lower than in 2002. The numbers
of early prostate cancers are rising; more than 40% of the tumours are T1c cancers.
This coincides with a fall in the numbers of locally advanced and metastatic
tumours.3
In Europe, prostate cancer is estimated to have affected 345.900 men in 2006 and
87.400 of these will die of generalised disease.4 The American Cancer Society
estimates that 218.890 new cases were diagnosed in the United States during 2007
and that more than 27 000 men died of prostate cancer.5

Diagnosis
The main diagnostic tools used to search for evidence of prostate cancer include
digital rectal examination6 (DRE), serum concentration of PSA and transrectal
ultrasonography (TRUS). Diagnosis depends on the presence of adenocarcinoma in
prostate biopsy cores, operative specimens, or fine needle aspiration biopsy.
Histopathology examination also allows grading of the tumour. Most prostate
cancers are located in the peripheral zone of the prostate and may be detected by
DRE when the volume is large enough. The risk for a positive DRE turning out to be
cancer is highly dependent on the PSA value. With a PSA between 0‐1(ng/mL) there
is a 3‐5% risk for having a prostate cancer. With a PSA of 1‐2.5 the risk is 11‐14%, if
PSA is 2.5‐4 the risk rises to 22‐30 % and a PSA of 4‐10 corresponds to a 40% risk for
having a prostate cancer. If PSA is above 10 the risk becomes 70%. 7‐9

PSA as a diagnostic tool for prostate cancer
The measurement of PSA level has revolutionised the diagnosis of prostate cancer.10
PSA is a kallikrein‐like serine protease produced almost exclusively by the epithelial
cells of the prostate. For practical purposes, it is organ‐specific but not cancer‐
specific, and serum levels may be elevated in the presence of benign prostatic
hyperplasia (BPH), prostatitis and other non‐malignant conditions. PSA level, as an

11

independent variable, is a better predictor of cancer than suspicious findings on DRE
or TRUS.9
The detection of non‐palpable prostate cancer is dependent on the serum level of
PSA.11 There is no universally accepted lower cut‐off value, although > 4 ng/mL has
been used in many studies. The finding that many men may harbour prostate cancer
despite low serum PSA levels has been underscored by results from a US prevention
study.12
The following modifications of serum PSA value, which may improve the specificity
of PSA in the early detection of prostate cancer, have been described: PSA density13;
PSA density of the transition zone14; age‐specific reference ranges15; PSA molecular
forms16‐18; PSA velocity19; and PSA doubling time.20

TRUS and biopsy
The various forms of prostate cancer appear differently on TRUS. The classic picture
of a hypo‐echoic area in the peripheral zone of the prostate is not always seen. It
must be stressed that many cancers are iso‐echoic and only detectable by systemic
biopsies. TRUS has two potential roles in the diagnosis of prostate cancer: 1. To
identify lesions suspected of malignancy; and 2. To improve the accuracy of prostate
biopsy. Thus, the main role of greyscale TRUS is to direct biopsies in order to obtain
a systemic sampling of the gland. Ultrasound‐guided transrectal 18G core biopsy has
become the standard way to obtain material for histopathological examination.
Multiple cores can be taken with a low risk for complications if antibiotic prophylaxis
is used.21, 22 The number of biopsies required for the optimal detection of prostate
cancer is controversial. Several studies have examined the detection rate with higher
numbers of biopsy cores at primary biopsy. Nearly all have shown a higher cancer
detection rate compared to the standard sextant technique described by Hodge.23 For
example, Eskew and co‐workers demonstrated that the five‐region biopsy protocol
with 13 to 18 cores increased the detection rate by 35% when compared to standard,
mid‐lobar sextant biopsies.24 If the first set of biopsies is negative, repeated biopsies
can be recommended. In the second set of biopsies, a detection rate of about 10‐35%
has been reported in cases with a negative first set of biopsies.25‐27

Grading
WHO grading
The WHO (Mostofi) system, for grading prostate carcinoma is based on nuclear
features as well as architectural patterns. Grade I: well‐differentiated glands with
nuclei that show slight nuclear anaplasia. Grade II: gland formation but the nuclei
show moderate nuclear anaplasia. Grade III: Glands with marked nuclear anaplasia
or tumours that are undifferentiated (do not form glands).28
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Gleason grading
The most commonly used system for grading adenocarcinoma of the prostate is the
Gleason score.29 Biopsy material (core biopsy or operative specimens) is required to
be able to assess the Gleason score; cytological preparations cannot be used. The
Gleason score is based upon the degree of loss of the normal glandular tissue
architecture (i.e. shape, size and differentiation of the glands).
The sum of the primary and secondary Gleason grades is shown as the Gleason
score. The system traditionally describes a score between 2 and 10, with 2 being the
least aggressive and 10 the most aggressive (Fig1). Since 2005 this has been modified
whereby in core biopsy the most frequent grade is reported and then the worst
grade. For prostatectomy specimens the primary Gleason and the secondary Gleason
grades are reported; the secondary should be at least 5% of the pattern of the total
cancer observed. A tertiary grade could be added if higher than the first and second
grade.30

Figure 1. The original drawing of the 5 different
Gleason grades.29

TNM
In the TNM system31, the extent of the primary tumour (T‐category), regional lymph
node involvement (N‐category) and distant metastases (M‐category) are determined.
The clinical TNM categories are usually assigned at presentation using observations
from clinical examination, imaging modalities and laboratory testing. Pathological
TNM (pTNM) refers to categories determined by pathological examination of a
cancer resection specimen.
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2002 Tumour Node Metastasis (TNM) classification of prostate cancer
T ‐ Primary tumour
TX Primary tumour cannot be assessed
T0 No evidence of primary tumour
T1 Clinically unapparent tumour not palpable or visible by imaging
T1a Tumour incidental histological finding in 5% or less of tissue
resected
T1b Tumour incidental histological finding in more than 5% of tissue
resected
T1c Tumour identified by needle biopsy (e.g., because of elevated PSA
level)
T2 Tumour confined within the prostate
T3 Tumour extends through the prostatic capsule
T4 Tumour is fixed or invades adjacent structures other than seminal vesicles:
bladder neck, external sphincter, rectum, levator muscles, or pelvic wall
N ‐ Regional lymph nodes
NX Regional lymph nodes cannot be assessed
N0 No regional lymph node metastasis
N1 Regional lymph node metastasis
M ‐ Distant metastasis
MX Distant metastasis cannot be assessed
M0 No distant metastasis
M1 Distant metastasis
T‐category
The first level is the assessment of local tumour stage is done by DRE, where the
distinction between intracapsular (T1‐T2) and extracapsular (T3‐T4) disease has the
most profound impact on treatment decisions. DRE often underestimates the tumour
extension. Category T1a and T1b prostate cancer are incidentally diagnosed at
transurethral resection of the prostate (TURP) or open enucleation for what was
perceived, prior to surgery, to be benign prostatic hyperplasia (BPH).
The most commonly used method for viewing the prostate is TRUS. However, only
60% of tumours are visible at TRUS and the remainder are not recognised due to
their echogenicity. TRUS may reveal unsuspected extracapsular extension, but it
does not determine tumour extent with sufficient accuracy to be recommended for
routine use in staging. Magnetic resonance imaging (MRI) of the prostate appears to
be the most accurate non‐invasive way of identifying locally advanced disease.32
However, its routine use for the pre‐treatment staging of prostate cancer remains
unclear and no definitive recommendations can be made.
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N‐category
N‐staging is only performed when the findings will directly influence a treatment
decision. This is usually the case in patients for whom potentially curative treatment
is planned. The risk for having lymph node metastases is higher if the tumour is
locally advanced, if PSA is high or if the Gleason grade is high. Each patient’s
individual risk could be predicted using Partin tables.33 The best method for the
patient to obtain the nodal status for the patient would be a non‐invasive one, but
today the gold standard for N‐staging is operative lymphadenectomy. Computer
tomography (CT) and MRI are not sensitive enough to diagnose regional lymph node
disease. But there are new techniques that could detect small metastatic nodes such
as MRI with ultra small superparamagnetic iron oxide as contrast.34 The use of
positron emission tomography (PET) has shown promising results35, but there is not
enough evidence to warrant the use of this method routinely.
Although it is generally accepted that lymph node dissection (LND) provides
important information for prognosis (number of nodes involved, tumour volume,
capsular perforation) that cannot be matched by any other current procedures,
consensus has not been reached as to when LND is indicated and to what extent it
should be performed.
M‐category
Early detection of bone metastases will alert the clinician to the possible
complications inherent in skeletal destruction. Bone scintigraphy has been the
method of choice for detecting bone metastases, being superior in clinical evaluation,
bone radiographs, or ALP measurement. 36, 37 But MRI seems to be superior in
detecting involvement of the axial skeleton in patients with high‐risk prostate
cancer.38
Besides bone, prostate cancer may metastasise to any organ, but most commonly it
affects distant lymph nodes, lung, liver, brain and skin. Clinical examination, chest X‐
ray, ultrasound, CT and MRI scans are all appropriate methods of investigation if
symptoms suggest the possibility of soft‐tissue metastasis.

PSA and ALP as staging tools
PSA
The need for reliable serum markers to improve the pre‐treatment staging of patients
with prostate cancer has long been recognised. At present, PSA is the marker of
choice. The stage of prostate cancer and the probability of a positive bone scan are
strongly related to the serum PSA concentration.39 Patients with a low serum PSA
concentration have only rarely been found to harbour detectable skeletal metastases.
The correlation between serum PSA and bone scintigraphy in patients with newly
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diagnosed untreated prostate cancer has been further investigated. Results suggest
that a staging bone scan may be unnecessary if the serum PSA concentration is less
than 20 ng/mL in asymptomatic patients with a well‐, or moderately differentiated
tumour.40 In contrast, a staging bone scan should be obtained in patients with poorly
differentiated tumours and locally advanced disease, regardless of the serum PSA
value.41, 42
ALP
ALP is a group of enzymes found primarily in the plasma membranes of osteoblasts
and in the epithelium of the bile ducts. That is measured in the blood is the total
amount of ALP released from these tissues into the blood. As the name implies, this
enzyme works best at an alkaline pH and thus the enzyme itself is inactive in blood.
ALP acts by splitting off phosphorus creating an alkaline pH. The primary
importance of measuring ALP in men with prostate cancer is that elevated levels
may indicate the presence of bony metastasis.39

Treatments with curative intent
Surgery
In organ‐confined prostate cancer radical prostatectomy is shown to reduce overall
mortality when compared to watchful waiting (WW).43 Today this procedure can be
done by a retropubic, transperineal, laparoscopic or robot‐assisted laparoscopic
approach. For men with clinical stage T1 to T2 the overall progression‐free
probability was 75% at 10 years postoperatively.44 For men with pT2 and Gleason 6
or less the, 15‐year PSA free‐survival is as high as 98.7%.45
No randomized clinical trials comparing treatments have been performed on men
with clinically T3 cancer. Only single or multicentre reports can be used to define the
role of radical prostatectomy, so operative treatment is controversial. But it is
becoming increasingly evident that surgery has a place in treating locally advanced
disease.46, 47
Radiation therapy
There are three ways to deliver radiation to the prostate: 1. External beam
radiotherapy (EBRT); 2. High dose rate with temporary brachytherapy Ir‐192 as
radiation boost to EBRT; 3. Low dose rate brachytherapy with permanent
transperineal seed implantation.
There are no randomised studies comparing the outcome of surgery with either
external beam radiotherapy or brachytherapy for patients with clinically localised
prostate cancer. However, there is substantial documentation from large single‐
centre and multi‐centre series on patients with this disease category showing that the
outcome of external beam radiotherapy and brachytherapy is similar to that of
surgery.48 In locally advanced prostate cancer high dose rate has been tried with
some success.49
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Active surveillance (AS)
The concept of AS is to identify those patients who are not likely to experience
significant progression, while offering radical therapy to those who are at risk. The
approach to low‐risk prostate cancer uses estimation of PSA‐DT and repeat biopsy to
stratify patients according to the risk for progression. Those patients who have a
PSA‐DT of ≤3 years (based on a minimum of 3 determinations over 6 months) or a
worse Gleason score at biopsy are offered radical intervention. The remaining
patients are closely monitored with serial PSA and periodic prostate repeat biopsy at
1, 4, 7, and 10 years. So by following men with low‐risk cancer, defined as a Gleason
score of ≤6, PSA <10, and T1c‐T2a50, it was possible to keep 65% of the patients
treatment‐free at 8 years. The cancer‐specific survival was 99.3%.51

Non‐curative treatments
Watchful waiting (WW)
During watchful waiting, no medical treatment is provided – by that is meant
medications, radiation and surgery – avoiding the risks and side‐effects associated
with those management options. Watchful waiting can be recommended if the cancer
does not cause signs and symptoms, is expected to grow very slowly, and is at an
early stage. Watchful waiting is particularly appropriate in older men, in men with
poor health, or both. Many such men may live out their normal life span without
problems from their disease.52 If there is any progression of the disease androgen
deprivation therapy (ADT) should be initiated. The term ADT refers to any
treatment ultimately resulting in the suppression of androgen activity.
Hormonal treatment
In 1941, Huggins and Hodges assessed the favourable effect of surgical castration
and oestrogen administration on the progression of metastatic prostate cancer,
demonstrating for the first time the responsiveness of prostate cancer to ADT.53
Testosterone secretion is regulated by the hypothalamic‐pituitary‐gonadal axis. The
hypothalamic luteinising hormone‐releasing hormone (LHRH) stimulates the
anterior pituitary gland to release luteinising hormone (LH) and follicle‐stimulating
hormone (FSH). LH stimulates the Leydig cells of the testes to secrete testosterone. If
prostate cells are deprived of androgenic stimulation, they undergo apoptosis.54
ADT can be achieved either by suppressing the secretion of testicular androgens by
means of surgical (bilateral orchiectomy) or medical (LHRH‐agonists or parenteral
oestrogen) castration, or by inhibiting the action of the circulating androgens at the
level of their receptor in prostate cells using competing antiandrogens that could be
steroidal or non‐steroidal.
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Bilateral orchiectomy
Surgical castration is still considered the gold standard for ADT with which all other
treatments are compared.55 By removing the testicular source of androgens, a
considerable decline in testosterone concentrations is induced.
Luteinising hormone‐releasing hormone (LHRH) agonists
These are synthetic analogues of LHRH which interfere with the hypothalamic‐
pituitary‐gonadal axis. They initially stimulate pituitary LHRH receptors, inducing a
transient rise in LH and FSH release and consequently elevate testosterone
production. This initial rise in testosterone could cause a flare of symptoms. Chronic
exposure to LHRH agonists eventually results in down‐regulation of LHRH‐
receptors, with subsequent suppression of pituitary LH and FSH secretion and
testosterone production. The level of testosterone usually decreases to castration
levels within 2 to 4 weeks.
Oestrogens
The mechanism of action is manyfold: down‐regulation of LHRH secretion;
androgen inactivation; direct suppression of Leydig cell function; and direct
cytotoxicity to the prostate epithelium (in‐vitro evidence only). 56 Oral oestrogens are
associated with high cardiovascular morbidity and mortality due to first‐pass hepatic
metabolism and the formation of thrombogenic metabolites. By using the parenteral
route of administration, which avoids hepatic first‐pass metabolism it is possible to
reduce the cardiovascular mortality.
The final analysis of the Scandinavian Prostatic Cancer Group Study No 5 (a
prospective randomised trial of more than 900 men with metastatic prostate cancer
that compared parenteral estrogen therapy (polyoestradiol phosphate) with TAB
(orchiectomy or LHRH‐agonist plus flutamide) showed neither significant difference
in disease‐specific and OS between the treatment arms, nor significant increase in
cardiovascular mortality in the oestrogen arm, although the occurrence of non‐fatal
cardiovascular adverse events was considerably higher in this group. 57
Antiandrogens
Antiandrogens compete with testosterone and DHT for binding sites on their
receptors in the prostate cell nucleus, thus promoting apoptosis and inhibiting
prostate cancer growth.58 These orally administered compounds are classified
according to their chemical structure as steroidal or non‐steroidal. Both classes act as
competitors of androgens at the receptor level, but while this is the sole action of
non‐steroidal antiandrogens, steroidal antiandrogens also have progestational
properties with central inhibition of the pituitary gland. As a consequence, non‐
steroidal antiandrogens do not lower testosterone levels, which remain normal or,
conversely, slightly elevated.
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If the patient has undergone surgical or medical castration and the PSA starts to rise
an antiandrogen may be added with PSA decease of 50% or more in more than 50%
of patients. 59
Total androgen blockade (TAB)
Although serum testosterone levels are reduced by up to 95% by castration, the
intraprostatic androgen stimulus is sustained by the conversion of circulating
androgens of adrenal origin into DHT within the prostate cells. The action of these
adrenal androgens is blocked by the addition of an antiandrogen to either surgical or
pharmacological castration, a concept known as total androgen blockade. TAB
produces a modest increase in overall and cancer‐specific survival at 5 years but is
associated with increased adverse events and reduced quality of life. 60 When PSA
starts to rise after TAB treatment, it is possible to develop an antiandrogen
withdrawal syndrome when stopping the antiandrogen.61, 62
Timing of hormonal treatment
The Cochrane Library review extracted four good‐quality randomised controlled
trials 63‐66 which were all conducted in the pre‐PSA era and included patients with
advanced prostate cancer who received early versus deferred ADT. The conclusion
was that early ADT does not improve cancer‐specific survival and provides a
relatively small benefit in overall survival with an absolute risk reduction of 5.5%,
which does not become evident until after 10 years.67
Deferred hormonal treatment for men with advanced disease until they become
symptomatic may increase the risk for spinal cord compression, ureteric stasis and
development of extra‐skeletal metastases.66 Early ADT benefits patients with nodal
metastases who have undergone prostatectomy and lymphadenectomy, compared
with those who receive deferred treatment.68
Chemotherapy
Evolving data on chemotherapy in hormone‐refractory prostate cancer (HRPC) over
recent years suggest that this modality of treatment is likely to become an important
component in the overall treatment of prostate cancer. Until recently, the role of
chemotherapy was limited to palliation, based on the results of randomised clinical
trials that found a modest improvement in symptoms associated with mitoxantrone‐
based therapy. 69 70 However, results of recent clinical trials have renewed enthusiasm
for the development of effective treatments for this disease. Docetaxel can now be
considered the standard of care for the treatment of men with HRPC. 71‐73 Despite
these encouraging results, the time‐point at which to initiate a cytotoxic regime in
patients with HRPC remains controversial. Since the prolongation of survival is
modest and there is significant toxicity associated with the treatment, a more reliable
prediction of survival in order to enable better risk group stratification would be of
great value. By identifying these groups it may be possible to predict which patients
can expect the greatest treatment benefit.
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Hormone‐refractory prostate cancer
Most patients with metastatic disease are primarily hormone‐sensitive where
tumours that proliferate at physiologic levels of testosterone undergo apoptosis in
response to androgen ablation. Later they become androgen‐independent and
hormone‐sensitive which implies a tumour that proliferates in a castrate
environment but undergoes apoptosis when exposed to secondary hormonal
manipulation. And finally they are, hormone‐insensitive and androgen‐independent
which implies tumours that proliferates in a castrate environment and fails to
respond to subsequent hormonal manipulation.74 This last step could be considered
true HRPC.
The definition of hormone‐refractory disease is not standard.75 One definition of
HRPC is three consecutive PSA increases above the nadir, occurring at least 2 weeks
apart in a confirmed castrated man who stopped any non‐steroidal antiandrogen
therapy at least 4–6 weeks previously. The increasing PSA must be at least 50% more
than the nadir level.76 Other authors use a similar definition but only two consecutive
PSA increases above nadir and a PSA level of at least 5ng/ml. 77 A serum testosterone
level < 20 to 50 ng/mL should be documented at initial clinical relapse on hormonal
therapy.77
For the patient with progressive disease despite androgen deprivation, multiple
therapeutic options are available. These include addition of antiandrogens,
withdrawal of antiandrogen, oestrogenic compounds or corticosteroids.78 Further
hormonal manipulation with diethylstilboestrol had been tried with some effect on
PSA response.79

The natural course of early prostate cancer
Without an understanding of the natural history of prostate cancer, patient
counselling and clinical management is difficult. In the case of early prostate cancer,
the challenge is to maximise the possibility of survival without extensive
overtreatment. There are two studies on early prostate cancer with follow‐up
exceeding 20 years. These studies are from the pre‐PSA era. In the Swedish
population‐based, cohort study, 223 patients with early‐stage (T0‐T2 NX M0)
prostate cancer were followed for a mean observation period of 21 years. 80 All men
were without initial treatment, if tumour progression occurred they were given ADT.
Johansson et al concluded that most cancers had an indolent course during the first
10‐15 years. Further follow‐up from 15 until 20 years, however, revealed a substantial
decrease in cumulative progression‐free survival. Tumour grade was a very strong
predictor for survival.
In the study by Albertsen, 767 men with a median observation period of 24 years
were followed. These men were a case mix of M0 and MX and T0‐T3 tumours. The
tumours were diagnosed at transurethral resection of the prostate, adenoma
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enucleation or needle biopsy. Their conclusions were that there is small risk for death
due to metastatic disease after 20 years in men with localised, low‐grade prostate
cancer. In the Albertsen study, 29% of the patients died due to prostate cancer
compared to 16% in the study by Johansson. When this is compared with the
mortality of 14% after a median of 8.2 years in the very well documented cohort of
the 348 men assigned to WW in the study undertaken by the Scandinavian Prostate
Cancer Group‐4 (SPCG‐4), the conclusion must be that our understanding of the
natural course of early prostate cancer is highly dependent on which patients are
studied. There are several older studies on incidental carcinoma and they all
conclude that most men do well without any additional treatment but that some will
progress in their disease and some will eventually die due to metastatic disease.81‐85

The natural course of lymph node‐positive prostate cancer
For obvious reasons there no studies on totally untreated lymph node‐positive
prostate cancer, but Davidson et al evaluated 61 patients from the European
Organisation for Research and Treatment of Cancer (EORTC) protocol 30846 with
node‐positive disease who received no treatment until progression. The median time
to progression was only 18 months without treatment, underlining the fact that N1
disease at times is an aggressive disease.86
Zagars reported on a series of 179 patients treated with early ADT and with a median
follow‐up of 43 months. They noted a five‐year survival rate of 85% but thereafter a
relatively rapid decline and after 8 years the survival rate was 57%. 87

The natural course of metastatic prostate cancer
When referring to the natural course of distant metastatic disease this often implies
the natural course of hormonally treated metastatic disease. The 5‐year overall
survival rate by life table analysis reported by Ryan et al was 61%.88 When this is
compared to approximately 20% alive at 5‐years in the Kaplan–Meier estimates of
overall survival by Hedlund et al it is clear that metastatic disease is a very diverse
disease. 89 Most patients that receive ADT in metastatic prostate cancer experience
relief from their symptoms and an initial decline in their PSA but their median
survival is still only 2 to 3 years.90, 91 63, 92, 93

Population‐based studies on all stages of prostate cancer
There are few unselected studies on prostate cancer; most reports dealing with
specific tasks. However there are some population‐based studies with intermediate‐
to long‐term follow‐up of how prostate cancer affects a whole population.
Grönberg reported on 6514 men diagnosed between 1971 and 1987 in northern
Sweden. Very few of these men received treatment with curative intent. They saw
that prostate cancer‐specific survival was 55% and that age and tumour grade were
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strong predictors of prostate cancer deaths. T‐category could not be studied. Patients
younger than 60 years at diagnosis had 80% risk for dying of prostate cancer. 94
There is one Danish study on 719 men diagnosed without any screening programmes
and treated without curative intent. 31% of all patients had organ‐confined disease
(T1a‐T2, NX, M0) and 62% of the patients died primarily of prostate carcinoma. The
median age at diagnosis was 75 years. A multivariate analysis showed a statistically
significant relationship between disease‐specific death and T‐category and tumour
differentiation.95 From Iceland there is a population‐based study of stage, Gleason
score, treatment and long‐term survival on men diagnosed between 1983 and 1987.
The mean age at diagnosis was 74.4 years and after a median follow‐up of 6.15 years
50% had died of prostate cancer. A Cox multivariate analysis showed age, stage and
Gleason score to be independent predictors of prostate cancer death.96
Finally Sandblom repored the survival of 813 men in a population‐based cohort with
a mean age at diagnosis of 73 years. After 10 years the prostate cancer‐specific
survival was 53.7% and as suspected higher grade and higher stage were associated
with a worse outcome. 97 So to summarise these four studies: in unscreened
populations prostate cancer affects older men and the prostate cancer‐specific
mortality is high; large population‐basedstudies are few; and very large population
based studies with TNM, grade/Gleason score and treatment are lacking.

Prognostic factors of incidental carcinoma
The incidence of incidental carcinoma has decreased since the introduction of PSA
testing98, 99, this is especially true for T1b tumours.100 But even with a PSA within age‐
specific reference levels and a normal digital rectal examination incidental carcinoma
could be diagnosed after TURP.101
T1a tumours have a very good prognosis even without treatment.102, 103
To advise these men on further treatment is still a balance between overtreatment
and the risk for losing the chance of cure for a potentially lethal disease. So
prognostic factors are of interest when to advising these men what to do. But
prognostic factors of incidental carcinoma are also interesting since there are tumour
data available with long‐term follow‐up where the outcomes of the untreated and
palliative treated patients are known.
Immunohistochemistry can be added to the standard variables Gleason score and
TNM category to see if there is any extra information that can be retrieved, but this
has been used sparsely in incidental carcinoma. 104
Ki‐67
Expression of the human Ki‐67 protein is strictly associated with cell proliferation.
During interphase, the antigen can be exclusively detected within the nucleus,
whereas in mitosis most of the protein is relocated to the surface of the
chromosomes. The fact that the Ki‐67 protein is present during all active phases of
the cell cycle (G1, S, G2, and mitosis), but is absent from resting cells (G0), makes it
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an excellent marker for determining the so‐called growth fraction of a given cell
population.105
In the population‐based cohort from Örebro, 240 men with incidental carcinoma
were followed for 20 years. They found that higher Gleason grade, higher nuclear
grade and larger tumour volume were independent predictors of death in prostate
cancer. Their analysis included Ki‐67 but this gave no additional information. 104
Ki‐67 was also studied by Feneley et al and in their settings there was no
independent information in the Ki‐67 index to be found when added to grade and
stage in T1 disease.106
Josefsson et al studied Ki‐67 to se if it could add prognostic information in prostate
cancer diagnosed at TURP (all tumour stages). It did not give any extra information
when added to Gleason score or tumour volume.107 Two earlier studies with
basically the same setting showed that Ki‐67 index remained an independent
predictive factor in a Cox multiple regression analysis.108, 109 So it is unclear if Ki‐67
has any prognostic value in incidental carcinoma.
p53
Mutations in the p53 tumour suppressor gene, found on the short arm of
chromosome 17, can be detected by immunohistochemical staining for its protein
product. Antibodies to p53 protein bind both normal (wild type) and mutant forms,
but the mutant protein has a much longer half‐life and is not affected by formalin
fixation. Hence, detecting the p53 protein immunohistochemically on formalin‐fixed
paraffin tissue has been shown to correlate with alterations at the genetic level. Wild
type p53 protein normally inhibits the advancement of cells from the Gl to the S
phase of the cell cycle. When DNA is damaged, the cell signals for an increase in p53
production, which then arrests the cycle, allowing for repair of the DNA. Once DNA
repair is complete, p53 production returns to normal levels and the cell is allowed to
continue through the cycle. Loss of this regulation due to a damaged (mutated) or
deleted p53 gene allows for unregulated growth of abnormal cells and has been
implicated in the pathogenesis of numerous human malignancies.110, 111
p53 was studied in 44 men with T1a prostate cancer and there was no evidence that
p53 could add prognostic information on survival or progression in a multivariate
setting.112 Gleason score was the only significant predictor of progression. 102
patients with T1a tumor were followed at the Mayo Clinic with a mean follow‐up of
9.5 years and their conclusion was that Gleason score did not predicted outcome. The
only variable that predicted outcome was the weight of the TURP material.113
Chromogranin A
A substantial proportion of primary prostate cancer cases contain a subpopulation of
highly specialised malignant cells expressing a neuroendocrine (NE) phenotype. NE
cells are characterised by the synthesis and secretion of a variety of neuropeptides
and hormones, such as chromogranin A and neuron‐specific enolase, which are
considered to play a significant role in prostatic growth and differentiation, as well as
in the regulation of the secretory process of the mature gland, by way of endocrine,
lumencrine, or neurocrine mechanisms.114 There is a study from Greece that suggests
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that chromogranin A could be of importance for progression in well‐ and moderately
differentiated incidental carcinoma of the prostate.115

Prognostic factors in lymph node‐positive prostate cancer
Davidsson evaluated 61 patients from the EORTC protocol 30846 with node‐positive
disease who received no treatment until progression. After a median follow‐up of 41
months, tumour grade was predictive of progression. A higher initial T‐category was
also associated with an increased risk for progression, with clinically extracapsular
disease having a greater risk for progression than organ‐confined disease. Patient
age, change in T‐category during the study, and the degree of nodal involvement
were shown not to correlate with risk for progression.86 Zagars reported that pre‐
operative PSA or T‐category or grade did not give any prognostic information about
survival, but tumour grade and T‐category affected progression.87 So the value of T‐
category and grade when predicting survival is unclear.

Prognostic variables in hormone naïve metastatic prostate cancer
The Soloway score
In 1988 Mark Soloway presented his study on 166 men with untreated metastatic
disease. By using a semiquantitative grading system based upon the extent of disease
(EOD) observed on the bone‐scan, he showed that the EOD on the scan correlated
with survival. EOD grades are as follows: I, number of bony metastasis less than six,
each of which is less than 50% the size of a vertebral body; II, number of bone
metastases between six and 20; III, number of metastases more than 20 but less than
superscan; IV, superscan or its equivalent, i.e. more than 75% of the ribs, vertebrae
and pelvic bones involved. One lesion about the size of a vertebral body would be
counted as two lesions. The 2‐year survival rates for EOD I to IV were 94%, 74%,
68%, and 40%, respectively. The survival of patients in categories EOD I and IV
significantly differed from the other categories.116
PSA
PSA has been used as a marker of total tumour burden in metastatic disease but the
prognostic role of pretreatment PSA level is controversial. In the study by Reynard et
al based on 134 men with metastatic prostate cancer that were followed
prospectively, it was found that pretreatment PSA levels were not related to survival
in univariate analysis.117 On the other hand in the study by Ernst et al on 162 men
with metastatic disease, there was a trend toward a decrease in survival with
increasing PSA values at diagnosis in univariate analysis. However, they concluded
that the limited follow‐up made it impossible to draw definite conclusions.118 Two
more studies on metastatic disease concluded that a high pretreatment PSA level was
associated with worse outcome119, 120 Figg could not find any value of pretreatment
PSA values in predicting death.121
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ALP
Nakashima et al found that a pretreatment ALP level higher than twice normal was
significantly related to a worse outcome in univariate analysis.122 The same definition
of ALP at diagnosis was used by Smith et al in a study on 868 men, coming to the
same conclusion.123
ALP flare
ALP flare, i.e. a transient increase in ALP following initiation of androgen
deprivation treatment is an index of activity of osteoblasts during the initial month of
treatment. This flare phenomenon is linked to a poor outcome. 122, 124

Prognostic variables in metastatic hormone‐refractory prostate cancer
(HRPC)
The ability to provide prognostic information in men with HRPC is essential for
randomised clinical trials where homogenous groups with similar survival data prior
to onset of the trial are required. Furthermore if physicians are to recommend
treatment to their patients they must have some idea of the individual patient’s
prognosis. Today nomograms are recommended and frequently used.125 There are
several nomograms that may be used to predict death in men with HRPC.126‐128
These protocols typically include baseline PSA, ALP, hemoglobin and performance
status. The Karnofsky129 score is an example of a performance status and it is an
indicator of the general well‐being of the patient and there are various other forms of
performance status that correlate with survival in metastatic disease.90, 130
The weakness of the nomogram is that their concordance index is just below 0.70.
This means that the model correctly predicts that the patient who dies first had a
higher probability of death in less than 7 out of 10 times. 0.5 means no ability to
discriminate and 1 indicates perfect discrimination.131 A variable that make it possible
to get a better concordance index would enable better discrimination.
PSA kinetics
PSA doubling time (PSA‐DT) is calculated using logarithmic transformation of PSA
values, and a slope is calculated by linear regression. The doubling time is
determined by dividing the slope with log(2).20 PSA‐DT could be used as a proxy for
increasing tumour volume.77, 132 PSA‐DT has been studied in med with HRPC and a
PSA‐DT of 70 days or less was a significant predictor for shorter survival in
multivariate analyses.133 There is one similar study from France that showed that a
PSA‐DT below 45 days prior to onset of chemotherapy in metastatic HRPC was
associated with an increased risk for death from the cancer.134
PSA velocity is the rate at which PSA increases per time unit, it is presented as ng/ml
and year. Rozhansky at al using multivariate Cox analysis showed that PSA velocity
(PSAV) was associated with survival in men with HRPC treated with cytotoxic,
cytostatic or combination therapy, PSA‐DT was not tested in this study.135
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AIMS

To describe how prostate cancer affects men in a population‐based prospectively
assembled cohort and to see how tumour grade, serum PSA concentration, TNM
classification, and treatment are related to survival (Paper I)
To evaluate the disease‐specific mortality of conservatively managed incidental
carcinoma of the prostate (T1a and T1b) in relation to prognostic factors in a
population‐based cohort (Paper II)
To investigate whether common prognostic factors such as serum‐PSA, T‐category
and biopsy tumour grade can be used to better assess the prognosis of the individual
patient with locally advanced (T1–4, N1, M0) prostate cancer (Paper III)
To determined how serial measurements of PSA and ALP can be used to predict
survival early on in the course of hormone‐treated metastatic prostate cancer
(Paper IV)
To assess the value of PSA kinetics in predicting survival and relate this to baseline
variables in men with metastatic hormone‐refractory prostate cancer (Paper V)
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MATERIAL, METHODS AND STATISTICS
Sources of data Papers I‐III
The South‐East Region Prostate Cancer Register
Since 1987, the National Cancer Register (NCR) has expanded to include a separate
register for prostate carcinoma in the South‐East Region of Sweden. This extended
registration includes the collection of data on tumour characteristics, treatment, and
survival in order to track patterns of epidemiology, treatment, outcomes, and
assessment of prognostic factors for mortality and quality of life. The South‐East
Region had a total population of 978,442 in 2003 and comprises of the counties of
Östergötland, Jönköping and Kalmar. Whenever a patient is newly diagnosed with
prostate carcinoma and a treatment decision is taken, the physician responsible for
the patient submits a report, according to a standardised protocol, to the oncologic
centre of the South‐East Region for registration. This includes tumour classification
according to the TNM system, serum PSA concentration, grade of malignancy, and
treatment. Second and third protocols are submitted for patients who receive
secondary therapy after expectant management, patients who receive hormone
treatment after curative therapy, and/or patients who have died. The date and cause
of death are recorded in the register when applicable. Causes of death are reported
by the attending physician, who fills in a special form according to the register
protocol. One problem with registers, when the registration continues for several
years, is the gradually changing views on staging, diagnosis, and treatment of
disease. The codes employed at the time when the register is initiated are often
insufficient for adequate description of the tumour and treatment when new
principles of management evolve. For this reason the South‐East Region Prostate
Cancer Register is updated continuously. Several new variables have been added or
adapted, and new modes of treatment have been included. No variables have been
removed, and the original codes have remained the same, which makes longitudinal
comparisons possible. A local management programme is incorporated in the South‐
East Region Prostate Cancer Register to maintain common principles for diagnosis
and treatment in the region. The register has been updated as shown in Table 1.
A validation study of the South‐East Region Prostate Cancer Register showed high
accuracy.136 The National Cause of Death Register was checked for deaths that were
not available in the regional register.
National Cancer Register
The National Cancer Register was founded in 1958 to enable continuous surveillance
of the incidence of oncologic disease and to detect any regional or temporal
variations occurring in the population. According to law, the NCR must be notified
separately by the clinician responsible and by the pathologist or cytologist involved
in the case for every diagnosis of primary cancer in residents in Sweden. The date of
diagnosis, municipality, county of residence, and type of tumour are reported.
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Personal registration number
The Scandinavian system of a personal 10‐digit registration number (PRN) for each
resident, which has been in use since 1947, enables efficient follow‐up and linking
between different registers. By using the PRN, every individual can be traced in
different registers without drop‐out. Data are primarily collected in regional
oncologic centres. Sweden is divided into six health‐care regions, each with a
regional oncologic centre that is responsible for collecting data regarding cancer.
Table 1. Variables included in The South‐East Region Prostate Cancer Register
Version
1

Year
1987

2
3

1989
1990

4

1992

5

1994

6
7

1995
1998

8

2000

9

2004

Variables included
TNM classification [UICC 1978]
Tumour grade[WHO 1980]
Base for diagnosis (cytology/histopathology)
Primary therapy
Date of death
Autopsy performed (yes/no)
First version of the management programme
Management programme updated
Gleason score added
Date and type of secondary treatment following expectancy or radical treatment
added.
PSA value and date of sampling added
Management programme updated
TNM classification changed to the 1992 version [UICC 1992]
Cause of death changed to four categories:
1. Prostate cancer
2. Other cause and prostate cancer as a contributing factor
3. Other cause, advanced prostate cancer present
4. Other cause
5. Unknown
Management programme updated
New treatment alternatives added (neoadjuvant therapy)
New treatment alternatives added (brachytherapy)
PSA value missing included as an alternative
Autopsy performed unknown included as an alternative
Secondary therapy unknown included as an alternative
‘Management programme updated
TNM classification changed to the 1997 version [UICC 1997]
Adaptation to the National Prostate Cancer Register
Free text alternatives excluded
New form for registration of secondary therapy and cause of death
Management programme updated
TNM classification changed to the 2002 version [UICC 2002]
Prostate cancer diagnosed due to LUTS added to the reasons of diagnosis
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Methods specific for Paper I
A total of 8887 patients diagnosed with prostate carcinoma between 1987 and 1999
were registered. Follow‐up data with regard to survival and cause of death were
available up to December 31, 2002. TNM stage, tumour grade, PSA (available from
1992), primary treatment and time and cause of death were registered. The study
endpoints were prostate carcinoma‐specific survival, overall survival, and relative
survival (the ratio between the observed survival and the expected survival of age‐
matched controls according to the Swedish population).
The life table method was used to estimate the projected disease‐specific survival. A
Cox proportional hazards model was used to examine the effects of tumour grade,
serum PSA concentration, TNM classification, and treatment on disease‐specific
survival.
Methods specific for Paper II
All patients below 8o years‐of‐age, diagnosed with incidental prostate cancer
between 1987 and 1991 at two departments of pathology were included in the study.
197 cases were managed with watchful waiting or with ADT when symptoms
occurred. The median age at diagnosis was 75.2 years (range 55‐79 years). The
material in this study was assembled before PSA values were entered into the
register. Follow‐up was available until 31 October, 2004. Follow‐up was possible for
up to 17.5 years and the mean follow‐up period was 7.8 years (median 6.8 years).
Gleason score and tumour involvement
The malignancy grading of the tumour material was performed according to the
original description by Gleason and Mellinger.29 The Gleason score was divided
according to Egevad et al. into four groups, as follows: (I) 4‐5; (II) 6; (III) 7; and (IV) 8‐
10. 137 The percentage of chips involved was determined by counting the proportion
of carcinoma involved TUR chips. All material was embedded and examined. A chip
was considered malignant regardless of the degree of involvement.
p53
Analysis was performed using Dako Monoclonal Anti‐ Human p53 protein. Antigen
retrieval was performed by heating in 0.01M citrate buffer for 10 min at 100°C. Slides
treated with primary antibody and secondary Envision antibody were incubated for
25 min at room temperature and consecutively developed with diaminobenzidine
and nuclei staining using Harris haematoxylin.
Chromogranin A and serotonin
The polyclonal antibody against chromogranin A was purchased from Dako (A 430;
lot 072). The antibody was diluted 1:100. For antigen retrieval, slides were treated in
a microwave oven for 10 min while immersed in 0.01 M citrate buffer, pH 6.0. The
serotonin monoclonal antibody (Dako; M 758; lot 120; clone 5 HT‐H209) was diluted
1:10, and slides were trypsinated for 10 min.
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Ki‐67
The monoclonal antibody (Ki‐67; Immunotech; lot 197; clone MIB‐1) was diluted 1:25,
and slides were treated in a microwave oven for 30 min in 0.01 M citrate buffer, pH
6.0. Negative controls were obtained from Dako: x0931 mouse IgG1 and X0903 Ig
fraction. Quantitative and qualitative assessments of the histological and
immunohistochemical parameters were performed using a standard optical
microscope.
Microscope fields with the highest achieved immunohistochemically positive yield
were chosen and five consecutive high‐power fields (X/400) were randomly
scrutinised and counted for positively stained cells.
The independent prognostic value of each variable determined at diagnosis was
analysed by means of univariate analysis and multiple Cox regression analysis.138
Cox regression was also used to test for a linear trend in the hazard ratio between the
categories of a prognostic variable. Cancer‐specific survival was calculated and
presented using Kaplan‐Meier curves and a survival difference was tested using the
log‐rank test.

Methods specific for Paper III
We selected all 181 patients with T1–T4, N1, M0 prostate cancer found in the South‐
East Region Prostate Cancer Register, diagnosed between January 1, 1987 and
October 1, 2000. Follow‐up was until December 31, 2001. TNM‐category, tumour
grade, PSA (available from 1992), primary treatment and time and cause of death
were registered. To be categorised as M0, the patient must have had a negative bone
scan and to be categorized as N1 and to have had an operative lymphadenectomy
with histopathologically verified cancer growth in the lymph node specimens.
The cancer‐specific and overall survival were calculated and presented with the
Kaplan–Meier curves. The impact of different prognostic factors was tested with the
log‐rank test.

Sources of data Papers IV‐V
Between December 1992 and June 1997, 915 men with hormone‐naive, T1‐4, Nx, M1,
all Grades prostate cancer and an Eastern Cooperative Oncology Group (ECOG)
performance status of 0‐2 from 63 Nordic urological centres were randomised to
receive treatment with either PEP or TAB. All patients had skeletal metastases as
evaluated by bone scans supplemented with X‐rays when needed. The primary
tumour was staged by digital rectal examination according to the TNM classification
of 1987, and graded according to the World Health Organisation (WHO) system,
either on the base of fine‐needle aspiration cytology or histologically from
transurethral resection specimen and needle biopsies. The extent of bone disease was
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calculated from pretreatment bone scans according to a modified Soloway score as
follows: score 1, total area of hot spots is less than three bodies of a lumbar vertebra;
score 2, the total area of hot spots is larger of that of score 1, but less than 75% of the
total scan; and score 3, superscan.
Exclusion criteria were as follows: patients who had received previous systemic
therapy for prostate cancer or other malignancy of any kind with the exception of
basal cell carcinoma of the skin, patients who had suffered a myocardial infarction or
cerebral infarction within 1 month prior to randomisation in the study, patients with
current or previous liver disease with a bilirubin or alanine aminotransferase value
above the upper limit of normal, and patients who it was felt would not be able to
comply with the study protocol. The patients were given verbal and written
information about the study and gave their verbal consent to participate. The
patients were stratified according to country, with Iceland included in the
Norwegian group, ECOG performance status 0‐1 versus 2, an alkaline phosphatase
under versus over 1.25 times the upper normal limit, and whether they had or not
had a previous or current history of cardiovascular disease. PEP was given as i.m.
injections of 240 mg twice a month for 2 months and thereafter once a month. TAB
was given as flutamide 250 mg orally three times a day in combination with either
intramuscular triptorelin 3.75 mg per month, or bilateral orchiectomy according to
the choice of the patient and trialist. Flutamide was started 1 week before the first
triptorelin injection. Irradiation of the breasts prior to therapy was optional. The
patients were followed by visits to the trialist 1, 3 and 6 months after randomisation
and thereafter every 6 months until clinical progression was clearly established. At
every visit the patients were questioned and evaluated with regard to symptoms and
signs of disease progression and adverse events. Blood pressure, body weight,
performance status and pain and analgesic scores were noted, and levels of
hemoglobin, creatinine, PSA and liver enzymes including ALP were measured.
Digital rectal examination and bone scan or X‐rays were done only if considered
necessary for the evaluation of the disease status. Between the 6 monthly visits the
PSA was measured so that the patients were monitored for PSA every 3 months. If
required, the patients could attend for extra checks. When clinical progression was
definitely established, treatment and follow‐up of the patient were at the discretion
of the individual trialist. Patients were usually given other forms of endocrine
therapy, sometimes with known cardiovascular toxicity, or chemotherapy. Time and
cause of death were recorded. Monitoring was done by research nurses or
monitoring specialists by means of visits to the trialist at least once a year for the first
5 years. After this, monitoring was done only by means of telephone contacts or
correspondence. To check compliance with medication the patients had to return
empty vials of flutamide and charts were kept by the nurses of all injections of PEP
or triptorelin. A statement by the trialist regarding compliance was included in the
case report form.
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Definition of endpoints: Time to biochemical progression was the time from
randomisation to the time when the first rise of PSA from nadir was observed and
followed by a continuous rise in consecutive measurements. Time to clinical
progression was the time from randomisation to the first suspicion of clinical
deterioration of the disease which could be supported by further clinical
deterioration in consecutive evaluations. Overall survival was the time from
randomisation to death from any cause. Analysis of disease‐specific survival
included all the typical deaths from prostatic cancer with progressive cachexia, etc.,
but also deaths from another disease with significant contribution from the prostatic
malignancy meaning that clinical progression of the cancer was established. For
patients who died of another disease and had no symptoms of their prostate cancer,
the cause of death was counted as being independent of the prostatic malignancy.
Patients found dead in their homes and where no examination had been made in the
immediate period prior to death or where no post‐mortem examination was done
were classified as death of unknown cause.
There was no difference between the treatment groups in terms of biochemical or
clinical progression‐free survival or in overall or disease‐specific survival. 139
Methods specific for Paper IV
From the SPCG‐5 study named above we had the serum concentrations of PSA and
total ALP, these were determined by routine laboratory methods before the start of
treatment, after month 1, after month 3 and every 3 months thereafter. There were
697 men still alive 6 months after starting treatment who had complete data on PSA
and ALP for the first 6 months. The normal range for PSA was 0‐3ng/ml, for ALP <4.6
μKat/l and for hemoglobin 134‐170 g/l. The 6‐month longitudinal course of PSA and
ALP levels was used to define the 6 prognostic factors: 1) logPSA at baseline; 2)
relative PSA velocity (during the period 0 to 6 months) defined as the slope from a
linear regression of the logarithmic transformation of the PSA level at baseline, and 1,
3 and 6 months after start of treatment; 3) ALP at baseline; 4) ALP at 6 months (to
adjust for minor variations during the 6‐month period we extrapolated the ALP level
at 6 months from a linear regression based on the logarithmic transformation of ALP
levels measured at 1, 3 and 6 months); 5) ALP flare (The model is based on the
increase in ALP 1 month after start of treatment, ie the ratio between ALP after 1
month and before treatment. ALP at 1 month was extrapolated from the linear
regression in number 4); and 6) logPSA at 6 months taken from the regression model
in number 2. The relative PSA velocity was calculated as described by Vollmer.140
The prognostic factors were initially studied using Cox’s regression analysis with
death from prostate cancer death as the main end point, censoring for deaths from
other causes.138 In a further analysis Cox’s regression was adjusted for age, grade and
tumour stage. In the case of a statistically or close to significant interaction between
treatment and prognostic factor, analysis for that prognostic factor was performed
for each treatment (PEP or TAB) separately. Our models were constructed on the
information available after the initial 6‐month treatment period. The prognostic
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capability of the variables was studied by ROC curves. Whereas traditional ROC
curves (ie plots of sensitivity vs 1‐specitivity for various cut‐off values) cannot depict
the ability of the model for censored data during the follow‐up period, this can be
solved by using time‐dependent ROC curves. In a time‐dependent ROC curve the
probability of prostate cancer death is replaced by an estimate originating from the
survival function.141 A span of λn=5% is the nearest neighbour estimator of the time‐
dependent ROC curves. We used the survival of 3 years as the cut‐off for our time‐
dependent ROC curves.
Area under the curve was also calculated from the time‐dependent ROC curves. On
the ROC curve we chose a cut‐off value where sensitivity and specificity was of the
same magnitude. This value was used as cut‐off point, dividing data into 2 groups.
For each group we determined the cumulative incidence of lethal prostate cancer,
with death from other causes considered as competing events, and the positive
predictive likelihood ratio.142

Methods specific for Paper V
Of the original 915 patients in SPCG‐5, 383 were excluded due to incomplete PSA
follow‐up. In 21 men the cancer was primarily hormone‐insensitive and 10 had
missing values at baseline. In 81 men the PSA at 6 months after nadir was lower than
3 months after nadir, and in 3 men no date of nadir was recorded. The remaining 417
constituted our study population. PSA, ALP and hemoglobin were determined by
routine laboratory methods prior to start of treatment. Thereafter PSA was taken
every third month. The tumour burden seen on bone scan was classified according to
a modified Soloway score. Performance Status Pain Analgesic score (PSPA‐ score)
was obtained by adding WHO performance status 0‐5 points, pain 0‐4 points and use
of analgesic 0‐5 points. This being a measure of how patients are clinically affected by
the disease. These 5 variables (PSA, ALP, hemoglobin, Soloway‐ and PSPA‐ score)
constituted the baseline model and benchmark against which the variables related to
PSA kinetics were compared. In order to see which variable added most prognostic
information compared to the baseline model, we included PSA nadir, PSAV, time to
nadir, PSA‐DT, PSA halving time, treatment and age when HRPC was confirmed.
Definitions of the post‐treatment covariates were as follows:
1. Time to nadir
Time from start of treatment until the lowest PSA value was recorded. If there were
several identical values, the time to when the last one was recorded was used.
2. PSA halving time
Calculated from the PSA values taken from start until nadir. If the lowest value was
repeated, the first one was used. Using logarithmic transformation of PSA values a
slope was calculated by linear regression. The halving time was calculated by
dividing the slope by ‐log(2).
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3. PSA‐DT
Calculated from the PSA values from nadir until HRPC was diagnosed. Using
logarithmic transformation of PSA values a slope was calculated by linear regression.
The doubling time was determined by dividing the slope with log(2).
4. PSA nadir
The lowest PSA value measured.
5. PSAV
The absolute increase in PSA (ng/ml/year) from nadir until HRPC was diagnosed.
6. HRPC age
Age when HRPC was diagnosed.
7. Treatment
Parenteral oestrogen treatment or total androgen blockade.
Our definition of HRPC was two consecutive rising PSA following nadir. Since PSA
was taken every 3rd month it took 6 months after nadir before HRPC could be
diagnosed. PSAV and PSA‐DT were calculated from PSA values between nadir and 6
months thereafter.
The data were dichotomised into two groups; dead or alive 9 months after diagnosis
of hormone‐refractory disease. To begin with, a baseline covariate risk model was
established by a backward elimination in a logistic regression analysis using, PSPA,
hemoglobin, Soloway score, ALP and PSA as covariates. In the analysis of odds
ratios, logarithmic transformation was performed to achieve symmetric distribution
for the skewed variables PSA, PSAV and PSA nadir. Odds ratios were calculated by
standardising for the standard deviation of the distribution of each covariate. In
order to evaluate the predictive ability of the various covariates and models, we
studied odds ratios, net reclassification improvement (NRI) proposed by Pencina et
al143, and area under the receiver operating characteristic (ROC) curve.
The predicted 9‐month death probability gained from the baseline model gave three
risk groups: the low‐risk group with predicted probability less than 0.23
corresponding to the 30% percentile of predicted risk; the intermediate‐risk group
with predicted probability between 0.23 and 0.40, where 0.40 corresponds to the 70%
percentile of predicted risk; and a high‐risk group with a predicted probability above
0.40.
For each of the new prognostic markers a logistic regression model including the
baseline covariates and the new prognostic marker were fitted and the predicted 9‐
month survival calculated. The cut‐off probabilities 0.23 and 0.40 split the data into
new risk categories and NRI were calculated. The prognostic ability of each
prognostic marker was tested by z‐statistics. AUC was calculated by means of the c‐
statistic144, a nonparametric estimate of the area under the ROC curve.

34

RESULTS

PAPER I
The median patient age at diagnosis was 75 years (mean, 74.1 years; range, 40–96
years), with 1072 men (12.1%) age < 65 years, 4531 men (37.0%) ages 65–74 years, and
4531 men (51.0%) age ≥75 years. 5873 of the 8887 men (66.1%) had died. The median
age at death was 80 years (mean, 79.6 years; range, 41–100 years). The causes of death
were prostate carcinoma in 2595 men (44.2%). 2582 (44.0%) men died from unrelated
causes and the cause of death was unknown in 146 men (2.5%). The overall survival,
disease‐specific survival, and relative survival for the entire cohort are presented in
Figure 1. In addition, both the tumour grade (Fig. 2) serum PSA concentration (Fig. 3)
and M‐category (Fig 4) were clearly related to the disease‐specific survival rate. The
projected 15‐year disease‐specific survival rate was 44% for the whole population. In
total, 18% of patients had metastases at diagnosis (M1), and their median survival
was 2.5 years. Patients with non‐metastatic T1–T3 prostate carcinoma (age<75 years
at diagnosis; n=2098 patients) had a 15‐year projected disease‐specific survival rate of
66%.

Figure 1. Overall, disease‐specific, and relative survival in the full cohort of
8887 men. Patients at risk were calculated for overall‐ and disease‐specific
survival.
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Figure 2. The impact of tumor grade on disease‐specific survival for the full
cohort (n = 8887 men). G1–G3: Grades 1–3.
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Figure 3. The impact of serum prostate‐specific antigen (PSA) concentration
(ng/mL) on disease‐specific survival in patients who were diagnosed
between 1992 and 1999 (n=4480 men).
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Figure 4. The impact of M‐category on cancer‐specific survival for the full cohort
(n=8887).
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A Cox multivariate analysis showed that T‐classification, tumour grade, and type of
treatment all had an independent impact on the disease‐specific survival in this
group of patients, who most likely had non‐metastatic prostate carcinoma, Table 2.

Table 2. Disease‐specific survival for patient’s age < 75 years with no metastasized
disease at diagnosis: Cox multivariate regression analysis
No. of
patients

No. of
events

HR

T1

516

49

1.00

‐

‐

T2

1131

154

1.51

0.013

1.09‐2.09

T3

440

149

2.77

< 0.00001

1.99‐3.85

NX

1305

251

1.00

‐

‐

N0

782

101

0.83

0.23

0.60‐1.13

Grade 1

463

37

1.00

‐

‐

Grade 2

1285

208

2.47

< 0.00001

1.73‐3.53

Grade 3

339

107

4.90

< 0.00001

3.33‐7.22

417

27

1.00

‐

‐

P value

95% CI

T‐category

N‐category

Tumour grade

PSA level (ng/mL)

0

PSA < 10

10

PSA < 20

316

25

1.16

0.59

0.67‐2.01

20

PSA < 50

265

33

1.39

0.21

0.83‐2.33

1089

267

1.90

0.0019

1.27‐2.85

1252

242

1.00

‐

‐

546

51

0.40

< 0.00001

0.27‐0.59

289

59

1.01

0.98

0.72‐1.41

PSA missing

Treatment

Expectancy or palliative
treatments
Radical prostatectomy

Radiation therapy
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PAPER II
Age, TNM category and Gleason score for the study population are shown in Table 3.
During follow‐up, one (2.3%) of the 44 men in category T1a received treatment with
curative intent and five (11.4%) received ADT. Of the 152 patients in category T1b, 52
(34%) received ADT and one (0.7%) treatment with curative intent. At the time of the
last follow‐up, therefore, 139 patients (70%) had not received treatment for their
prostate cancer.
Table 3
Distribution of age, TNM categories and Gleason score
Number
(%)

Age (years)

55‐69

70‐74
75‐79
T‐category
T1a
T1b
Information missing
N‐category

40 (20.3)

55 (27.9)
102 (51.8)

44 (22.3)
152 (77.2)
1 (0.5)

NX
N0
N1
M‐category

182 (92.4)
10 (5.1)
5 (2.5)

MX
M0
M1
Information missing
Gleason score
4‐5
6
7
8‐10

89 (45.2)
107 (54.3)
‐
1 (0.5)

86 (43.7)
42 (21.3)
40 (20.3)
29 (14.7)

158/197 patients (80%) had died. Of these 158 patients, 33 (21%) died of prostate
cancer, corresponding to 17% of the entire cohort. Only cases with prostate cancer as
the underlying cause of death (n=33) were used in our evaluation of disease‐specific
survival.
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Figure 5. Kaplan‐Meier curves of prostate cancer‐specific survival for men with
different Gleason scores (n=197). Log‐Rank: p<0.0001
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Of the 86 patients with Gleason score 4‐5 tumours, there were three deaths (3.5%)
due to prostate cancer. Similarly, there was only one death due to prostate cancer
amongst the 44 patients (2.3%) with category T1a disease. Of the 89 patients with MX
disease, 13 (14.6%) died of prostate cancer and of the 107 M0 patients, 20 (18.7%) died
of prostate cancer. Kaplan‐Meier curves of prostate cancer‐specific survival for men
with different Gleason scores are shown in Figure 5.
In multiple Cox regression analysis, patients with category T1b disease showed a
significant risk for dying of prostate cancer when analysed against Gleason score.
Finally, we applied Cox multivariate analysis to the clinically used variables T1a and
T1b and Gleason scores 4‐5, 6, 7 and 8‐10 to see if Ki‐67, chromogranin or p53
provided any extra prognostic information in addition to that provided by T‐
category and Gleason score. We found that Ki‐67 provided extra prognostic
information, whereas none of the other variables did so when used in the same
multivariate setting as shown in Table 4.
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Table 4. Multiple Cox’s regression analysis comparing T‐category, Gleason score and
Ki‐67.

T1a
T1b
Gleason score 4‐5
Gleason score 6
Gleason score 7
Gleason score 8‐10
Ki‐67 1‐50
Ki‐67 51‐100
Ki‐67 > 100

n

No. of
events

Hazard Ratio

95 % Confidence
Interval

Statistical
Significance
(p value)

38
144
79
38
37
28
97
54
31

1
31
3
6
10
13
8
10
14

1.00
15.24
1.00
11.96
17.87
34.78
1.00
1.59
2.87

‐
1.51‐153.94
‐
2.19‐65.14
3.41‐93.64
6.14‐196.89
‐
0.56‐4.47
1.03‐7.98

‐
0.021
‐
0.0041
0.00065
0.00006
‐
0.38
0.043

Test for trend Ki‐67: p=0.036

PAPER III
Characteristics of the tumours at diagnosis and primary treatments given are shown
in Table 5. Median age at diagnosis was 65 years. Cancer‐specific survival was highly
variable with a 5‐year survival of 72%, a median survival of 8 years and the projected
13‐year figure being 31%. T‐category, age, PSA or treatment did not affect the
outcome while poorly differentiated tumours had a tendency towards lower cancer‐
specific survival (p = 0.0523) when compared to well‐ and moderately differentiated
tumours, Figure 6.
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Table 5. Characteristics of the tumours at diagnosis and primary treatments given.
Number of patient
(%)
T‐category
T1‐T2
100 (55,2%)
T3‐T4
81 (44,8%)
Tumour grade
Well differentiated
13 (7,2%)
Moderately differentiated
87 (48,1%)
Poorly differentiated
77 (42,5%)
Unknown
4 (2,2%)
PSA (ng/ml)
<10
13 (7,2%)
10‐30
47 (26,0%)
30‐100
45 (24,9%)
>100
16 (8,8%)
Not known
60 (33,1%)
Primary treatments
Hormonal or expectancy
160 (88,4%)
Radiotherapy or prostatectomy
21 (11,6%)

Figure 6. Cancer‐specific survival curve according to tumour differentiation.
(A) Well and moderately differentiated, — cumulative survival, + censor
times. (B) Poorly differentiated, — cumulative survival, censor times
( p = 0.0523).
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PAPER IV
PSA at baseline, relative PSA velocity, ALP at baseline, ALP at 6 months, ALP flare
and PSA at 6 months were all significantly associated with death from prostate
cancer within 3 years (Table 6). The 3 variables with the best ability to predict
survival were ALP at 6 months (AUC 0.79 for PEP and 0.72 for TAB), ALP at baseline
(AUC 0.70) and PSA at 6 months (AUC 0.70). The cumulative incidence of death from
prostate cancer after 3 years is shown in Table 7. The 2 best predictive variables in the
PEP group when the PPLR is calculated were ALP at 6 months <4 μKat/l compared
to ALP≥4 μKat/l giving a ratio of 2.61 and a baseline ALP<6 μKat/l compared to
ALP≥6 μKat/l giving a ratio of 1.77. The best predictive variables in the TAB group
was a baseline ALP<6 μKat/l compared to ALP≥6 μKat/l giving a ratio of 1.88. The
second best predictive variable was ALP at 6 months <4 μKat/l compared to ALP≥4
μKat/l giving a ratio of 1.84.
Table 6. Cox regression analysis with unadjusted and adjusted (age, grade and tumor
stage) hazard ratios (HR) for the risk for death from metastatic prostate cancer in
697 patients treated with PEP or TAB and calculations with P‐values showing if there
is any interaction between the covariates and treatment. In the case of interactions,
PEP and TAB are separated into different groups. P‐value 1 refers to the hazard
ratios and P‐value 2 refers to the interaction test.
Model Characteristic

logPSA level at
baseline, per 1 unit
increase

Relative PSA
velocity per 1 unit
increase
ALP at baseline, per
10 unit increase

ALP at 6 month
per 1 unit increase

ALP flare per 1 unit
increase
logPSA at 6 month

per 1 unit increase

Treat‐
ment
All

HR (95% CI)

P‐value 1

P‐value 2

HR adj (95%CI)

P‐value 1

1.12 (1.05‐1.19)

<0.001

0.33

1.11 (1.04‐1.19)

0.001

P‐value
2
0.19

All

4.83 (3.55‐6.56)

<0.001

0.72

5.23 (3.82‐7.18)

<0.001

0.66

All

1.18 (1.14‐1.22)

<0.001

0.016

1.17 (1.12‐1.22)

<0.001

0.051

PEP
TAB
All

1.16 (1.10‐1.22)
1.30 (1.19‐1.42)
1.033 (1.027‐1.040)

0.041

1.14 (1.08‐1.21)
1.29 (1.18‐1.41)
1.037 (1.030‐1.044)

<0.001

0.065

PEP

1.031 (1.023‐1.039)

TAB
All

1.045 (1.032‐1.058)
1.038 (1.015‐1.061)

0.001

0.30

1.046 (1.032‐1.060)
1.039 (1.013‐1.065)

0.003

0.83

All

1.34 (1.28‐1.40)

<0.001

0.30

1.36 (1.30‐1.43)

<0.001

0.33

PEP
TAB

1.33 (1.24‐1.42)
1.39 (1.30‐1.48)

<0.001

1.033 (1.025‐1.042)

1.37 (1.27‐1.47)
1.42 (1.32‐1.52)
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Table 7. Cumulative incidence of lethal prostate cancer at 3 years among 697 patients
with metastatic disease, stratified by value of baseline logPSA (ng/ml), relative PSA
velocity (1/year), baseline ALP(μKat/l), ALP after 6 months (μKat/l), ALP
flare(quotient) and logPSA after 6 months (ng/ml) treated with PEP or TAB and
corresponding positive predictive likelihood ratio (PPLR).
Cumulative
incidence
3 years
0.40
0.49

Confidence
interval 95%

Sensi‐
tivity

1‐Speci‐
ficity

PPLR

( 0.34 , 0.46 )
( 0.44 , 0.54 )

0.60

0.51

1.19

RelativePSA Velocity 269 (38.8)
< ‐0.69
Relative PSA Velocity 425 (61.2)
≥ ‐ 0.69

0.29

( 0.23 , 0.35 )

0.74

0.50

1.49

0.55

( 0.50 , 0.60 )

Baseline ALP<6 for
PEP
Baseline ALP≥6 for
PEP

185 (53.2)

0.30

( 0.23 , 0.36 )

0.63

0.36

1.77

163 (46.8)

0.57

( 0.49 , 0.65 )

Baseline ALP<6 for
TAB
Baseline ALP≥6 for
TAB

187 (53.6)

0.34

( 0.27 , 0.40 )

0.62

0.33

1.88

162 (46.4)

0.64

( 0.56 , 0.72 )

ALP6months<4PEP
ALP6months≥4PEP

198 (57.1)
149 (42.9)

0.24
0.66

( 0.18 , 0.30 )
( 0.58 , 0.74 )

0.68

0.26

2.61

ALP6months<4
TAB
ALP6months≥4
TAB

175 (50.3)

0.33

( 0.26 , 0.40 )

0.66

0.36

1.84

173 (49.7)

0.63

( 0.56 , 0.70 )

ALP flare<1.25
ALP flare≥1.25

315 (45.3)
380 (54.7)

0.32
0.56

( 0.26 , 0.38 )
( 0.50 , 0.62 )

0.68

0.44

1.53

Log(PSA6months<1.1) 334 (48.1)

0.30

( 0.25 , 0.35 )

0.68

0.39

1.74

Log(PSA6months≥1.1) 360 (51.9)

0.59

( 0.54 , 0.64 )

n (%)

log (Baseline PSA)<5.3 315 (45.2)
log (Baseline PSA)≥5.3 382 (54.8)
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Paper V
Time to nadir, PSA‐DT and PSAV were the variables with the highest odds ratios to
predict death within 9 months. Log (PSA) at base line, PSA halving time, HRPC age
and treatment had no predictive power (Table 8). ALP was excluded from the
baseline model since it had no predictive power in the multivariate logistic
regression model (data not shown). PSAV gave the highest NRI when added to the
baseline model (NRI=0.35, AUC=0.81) followed by time to nadir (NRI=0.27,
AUC=0.76) and PSA‐DT (NRI=0.25, AUC = 0.76) (Table 9).When all the baseline
variables were included in a multivariate model together with PSAV, time to nadir,
PSA‐DT, and HRPC age, the NRI was 0.39 with an AUC of 0.83 (Table 9). The NRI
calculation for the baseline model plus PSAV is shown in Table 10.
Table 8. Univariate logistic regression with odds ratios (OR) and p‐values for all
variables studied to predict the risk for death within 9 months of diagnosis of
hormone refractory‐prostate cancer, sd=standard deviation
Model Characteristic
Log(PSA) level at baseline, per 1
sd decrease
Soloway score , 1 =reference
2
3
Hb at baseline per 1 sd decrease
ALP at baseline per 1 sd increase
PSPA per 1 sd increase

OR (95% CI)
1.09 (0.89‐1.34)

p
0.39

2.22 (1.36‐3.62)
2.53 (1.24‐5.15)
1.60 (1.29‐2.00)
1.39 (1.13‐1.70)
1.45 (1.18‐1.78)

0.001
0.011
<0.001
0.002
<0.001

HRPC age, per 1 sd decrease
Treatment

1.01 (0.82‐1.24)
1.30 (0.86‐1.96)

0.91
0.22

Time to nadir, per 1 sd decrease
PSA halving time, per 1 sd
increase
PSA‐DT, per 1 sd decrease
Log(PSA nadir), per 1 sd increase

3.51 (2.35‐5.24)
1.03 (0.85‐1.26)

<0.001
0.76

4.69 (2.59‐8.47)
1.51 (1.22‐1.86)

< 0.001
<0.001

Log(PSAV), per 1 sd increase

3.05 (2.33‐3.99)

<0.001
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Table 9
Net reclassification improvement (NRI) for PSA kinetic variables, HRPC age and
treatment when added to the baseline variables. The prognostic ability for each
prognostic marker is shown by z‐statistics with corresponding p‐value and area
under the ROC curve (AUC).
NRI
‐

Z‐statistic
‐

p
‐

AUC
0.67

PSA nadir
PSAV
Time to nadir
Treatment
PSA halving time
PSA‐DT
HRPC age
Multivariate model with
the baseline variables and
PSAV, PSA‐DT, time to
nadir and HRPC age

0.09
0.35
0.27
0.01
0.00
0.25
0.00
0.39

1.51
4.89
3.93
0.38
‐0.27
3.73
‐0.22
5.05

0.13
<0.001
<0.001
0.70
0.78
<0.001
0.83
<0.001

0.70
0.81
0.76
0.68
0.67
0.76
0.67
0.83

Baseline variables and
PSA nadir + PSAV

‐
0.34

‐
4.67

‐
<0.001

‐
0.81

PSA nadir + time to nadir

0.25

3.60

<0.001

0.76

PSA nadir + PSA‐DT

0.30

4.43

<0.001

0.79

PSAV + time to nadir

0.35

4.76

<0.001

0.82

PSAV + PSA‐DT

0.32

4.44

<0.001

0.81

Time to nadir + PSA‐DT

0.35

4.84

<0.001

0.80

Baseline variables and
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Table 10
Baseline model and baseline model including PSAV in a net reclassification
improvement model. The NRI calculation is shown below the Table. Risk group 1=
low risk. Risk group 2=intermediate risk. Risk group 3= high risk

Baseline model plus PSAV

Baseline model

Risk group 1 Risk group 2 Risk group 3 Total

Alive at Risk group
9
months

1

80

18

6

104

2

64

28

27

119

3

19

19

21

59

163

65

54

282

1

10

3

5

18

2

10

20

33

63

3

3

5

46

54

Total

Dead
Risk group
within
9
months

135
84
28
23
Total
For men with no event a change from a lower to a risk higher group (18+6+27) when
adding PSAV should be interpreted as unfavourable reclassification and a change
from a higher to a lower risk group (64+19+19) as favourable reclassification.
For men with a recorded event, the interpretation is the opposite: a change from a
lower to a higher risk group (3+5+33) implies a favourable reclassification and a
change from a higher to a lower risk group (10+3+5) indicates unfavourable
reclassification. The NRI is calculated:
NRI = ((3+5+33)/135‐(10+3+5)/135)‐((18+6+27)/282‐(64+19+19)/282)=(41/135 ‐ 18/135) –
(51/282‐102/282) = 0.351
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DISCUSSION
A newly diagnosed patient with prostate cancer wants to know what lies ahead; he
wants to accurately predict his own future and he wants to know if a poor prognosis
can be improved by treatment. An accurate prognosis is necessary when planning
management of men with localised as well as node‐positive and metastatic prostate
tumours. Clinical outcome predictions are made by determining how the individual
patient relates to other similar men who have been followed over time and whose
prognostic factors and clinical outcomes are known. The characteristics of a historical
population of men with prostate cancer are thus very important. The ideal is a
populations‐based cohort that is large enough, and followed up over a period
enough to enable prediction of survival. When treatments are compared, the results
from randomised controlled trials are superior to other study forms.145 This thesis is
based on data from the validated South‐East Region Prostate Cancer Register136 and
from the randomised controlled trial SPCG‐5.139
Prostate cancer and it’s affect on an almost unscreened population
The results from this prospective, population‐based study describe the outcomes of
8887 patients with prostate carcinoma in a defined geographic area from 1987 to
1999. Based on these results, it becomes apparent that, when no active screening
policy is advocated, prostate carcinoma is a disease that appears to affect mostly
elderly males, with >50% of men diagnosed after the age of 75 years, and only 12% of
men being <65 years at the time of diagnosis. This may be compared with the results
from early‐detection programmes in which the average age at diagnosis is 63 years.146
When the mean age at death is as high as 79.6 years it seems that early detection
programmes do not significantly influence the overall survival for these men. They
probably die at about the same mean age but of something else, hopefully something
less painful than metastatic prostate cancer. The overall cumulative risk for dying
from prostate carcinoma after 15 years of follow‐up was 56% with the diagnostic and
treatment strategy used during this period. The rates for both overall survival and
disease‐specific survival after 15 years were remarkably similar to those reported by
Johansson et al. in their population‐based study from Örebro, Sweden147. It is very
clear that metastatic status, tumour grade, and serum PSA concentration at the time
of diagnosis have a close relationship to the risk for dying from prostate cancer.
From this large cohort of 8887 patients we chose two stages of cancer which are not
so common today. The best way to acquire enough patients to predict survival in
these stages is through large prospective population‐based material such as the
South‐East Region Prostate Cancer Register. We studied men with incidental
carcinoma and men with metastasis to the lymph nodules and investigated if it was
possible to predict outcome for these men in relation to the variables routinely
registered. In the subgroup of men with incidental carcinoma immunohistochemistry
was added.
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Prediction of survival for men with incidental carcinoma
We examined the long‐term outcome of patients with incidental carcinoma of the
prostate without known distant metastases and managed conservatively. Our
survival data show that only one of 44 patients died of a T1a tumour, which
correlates well with the EAU guidelines and previous studies.100, 113, 148. In our study
we found that there was a statistically significant difference between the Gleason
groups regarding survival prediction. In our series, 3/86 patients died of a Gleason 4‐
5 tumour. This in line with a previous report.137 Therefore, incidental carcinoma with
a Gleason score of 4‐5 seems to have a very indolent course and is suitable for
watchful waiting. In our report immunohistochemical staining yielded significant
prognostic information in univariate analysis, but only Ki‐67 immunoreactivity
retained the ability to provide independent prognostic information in multivariate
analysis. Previous studies of Ki‐67 in men with prostate cancer have yielded varying
results but most indicated that there is prognostic information to be retrieved when
Ki‐67 is used in multivariate settings. 107‐109 Paper II is however the first to show that
Ki‐67 provides extra prognostic information in a multivariate setting in incidental
carcinoma.
When comparing our material with that of others80 who studied the natural history of
early, population‐based, localised prostate cancer, we conclude that the mortality
rate due to early prostate cancer in this relatively old population followed up
without curative intent was 16‐17%. However, when life expectancy is taken into
account, as in the Kaplan‐ Meier analysis, even patients in the most favourable group
(those with Gleason 4‐6 score) may also have a substantial risk for dying from their
disease if they live long enough. This is also clearly shown in the Örebro study. 80
Prediction of survival for men with lymph node metastases
We describe the outcome for a consecutive, population‐based group of patients
found to have lymph node metastases at staging pelvic lymphadenectomy. The
management was mainly without curative intent. The vast majority of patients who
succumbed during the follow‐up period did so due to prostate cancer indicating the
aggressiveness of the disease. The cancer‐specific survival for patients with nodal
metastases is unpredictable with a projected 28% cancer‐specific mortality at 5 years,
a median survival of about 8 years and 31% still alive after 13 years. We failed to find
any clinically significant relationship to ultimate outcome of preoperatively known
factors such as serum PSA, T‐category, age, mode of treatment but there was a weak,
not statistically significant difference in cancer‐specific survival in relation to tumour
grade. It seems that when lymph node metastases are present, this overrides the
common prognostic factors. These findings are in line with previous reports.86, 87
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The prognosis of men with bone metastasis is generally poor, but as seen in Figure 4
there are a number of men living more than two years. We wanted to predict their
survival after treatment start but this information is not possible to retrieve from the
South‐East Region Prostate Cancer Register, since the register does not record
variables routinely measured at follow‐up. For this purpose we used data from
SPCG‐5.
Prediction of survival of metastatic prostate cancer based on early serial
measurements of PSA and ALP
We studied how serial measurements of PSA and ALP can be used to predict
survival early in the course of hormone‐treated metastatic prostate cancer. PSA117‐119,
149, 150 has been used as a marker of total tumour burden and ALP122‐124, 151 as a marker
of skeletal involvement. However, these studies have provided conflicting results.
The early course of PSA and ALP may not only provide information on initial
tumour burden and skeletal involvement, but also on the response to hormone
treatment and predict long‐term outcome. A high ALP flare is associated with a poor
outcome.124, 152, 153 By using ROC curves and the corresponding AUC we can
determine the prognostic value of each variable. Our model provides the possibility
of observing what happens to sensitivity and specificity at various cut‐off points and
emphasises the importance of PSA and ALP as prognostic factors in metastasising
prostate cancer. The cut‐off levels presented in our study have been chosen
arbitrarily as examples of the trade‐off between sensitivity and specificity. Some of
the curves achieved can be used as strong predictors of survival, in particular
baseline ALP, ALP and PSA 6 months after start of treatment. We also found that
PSA and ALP levels 6 months after start of treatment give better prediction of
survival than the baseline levels. The strong prognostic value of ALP after 6 months
has not to our knowledge been described before. We recommend that the ALP level
after 6 months of treatment is included in the follow‐up of every patient where
prognostic information is required. The interpretation of normalisation of ALP after 6
months is that treatment has been effective and that tumor activity in the skeleton is
low which in turn implies longer survival. In recent years there have not only been
different forms of androgen deprivation therapy but also new chemotherapy drugs
such as docetaxel that could prolong survival in men with metastatic disease.71‐73
Unfortunately the general condition of the patient has often deteriorated too much
when the question of chemotherapy is raised. As the men in our study were in good
to fair performance status according to the WHO classification, they could be
considered potential candidates for chemotherapy early on in the course of their
disease. In a systematic review by Lucas et al. it was concluded that prognostic
markers are important in the selection of patients with metastatic disease for early
therapy.154 However, aggressive chemotherapy should be avoided in men with long
survival on hormone treatment alone to avoid the side‐effects of chemotherapy. By
assessing these markers according to the principles presented in this study, we
believe it is possible to select patients with poor prognosis after 6 months of
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treatment. However, the optimal timing of treatment is an issue that still lacks a
reliable evidence base.
PSA kinetics provide improved prediction of survival in metastatic HRPC
We assessed the value of PSA kinetics in predicting survival and related this to
baseline variables in men with metastatic HRPC. Several nomograms have been
developed to predict prostate cancer‐related outcomes and have proved to be of
great use in treatment decision‐making.125 There are two nomograms for prediction
of survival in men with metastatic HRPC, both using pretreatment variables only. 126,
127

When introducing a new prognostic marker the predictive ability of the markers that
are already established in clinical practice should be considered as benchmarks for
comparison. By quantifying any improvement using NRI the clinical value of the
new marker can be determined. The AUC in the previous studies were 0.71 and 0.69.
Our results showed the baseline model to provide prognostic information with an
AUC of 0.67, but when PSAV was added to the model the NRI was 0.35 and the AUC
became 0.81. This implies that PSAV gives a reliable prediction of survival in men
with HRPC. When all combinations of PSA kinetic variables were tested the
maximum NRI was found to be 0.39 and the corresponding AUC 0.83 in the
multivariate model. Since PSAV alone gave almost the same increase as all other
variables put together, this variable may be considered a major predictor of disease
course in clinical practice as well as in research.
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Conclusions Paper I
In an almost unscreened population the median patient age at diagnosis and death is
75 and 80 years respectively, 12% of patients were diagnosed before the age of 65.
The projected 15‐year disease‐specific survival rate was 44% for the whole
population. In total, 18% of patients had metastases at diagnosis, and their median
survival was 2.5 years. A high tumour grade, a high serum PSA and a poor T‐
classification predicted a worse outcome.
Conclusions Paper II
Elderly men with category T1a and/or Gleason score 4‐5 prostate cancer have a
favourable prognosis with conservative management. Immunohistochemical staining
with Ki‐67 may be of help in situations where further prognostic information is
required.
Conclusions Paper III
This population‐based cohort of prostate cancer patients with pelvic lymph node
involvement treated principally with non‐curative intent had a median cancer‐
specific survival of 8 years. We failed to find any clinically significant relationship to
ultimate outcome of preoperatively known factors such as serum PSA, T‐category,
age, and mode of treatment, but there was a weak, not statistically significant
difference in cancer‐specific survival in relation to tumour grade. It seems that when
lymph node metastases are present, this overrides the common prognostic factors.
Conclusions Paper IV
Initial ALP and ALP and PSA after 6 months of treatment are serum markers that
provide prognostic information about the probable long‐term outcome of metastatic
prostate cancer. They give a much better prediction than baseline PSA, for example,
and help to select men with a poor prognosis.
Conclusions Paper V
PSAV alone has a better prediction of survival value than all other PSA kinetics
variables. By combining PSAV with the variables available at baseline, a better
foundation for treatment decision‐making in men with HRPC is achieved. Together
with other variables available prior to start of treatment, PSAV may be helpful in
clinical decision‐making as well as stratification in clinical studies.
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