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ABSTRACT
The natural history of localized prostate cancer is not fully understood. In most
patients the tumor will never progress to a lethal disease, while a subset of patients
will ultimately die of the disease. Efficient tools to separate indolent from lethal
disease is currently lacking which means that many patients will be offered treatment without any benefit, but still be at risk of experiencing treatment related side
effects.
The aims of these studies were to get more insight into the natural history of
untreated localized prostate cancer, to assess the prognostic value of established
clinical parameters such as Gleason score, nuclear grade and tumor volume and,
moreover, some new prognostic markers Ki-67, AMACR and MUC-1. We also
aimed to study time trends in the detection of incidental tumors in Sweden.
Patients with localized disease (n=223) and no initial treatment were followed
for 21 years. Most patients had a favorable outcome. However, a subset of patients
developed lethal disease even beyond 15 years of follow-up and these patients defi ne
the group that may benefit most from treatment with curative intent. Patients with
poorly differentiated tumors experienced a 9 time higher risk of dying in prostate
cancer.
The studies on prognostic markers are based on a cohort of patients (n=253)
with incidental prostate cancer detected by transurethral resection for presumed
benign hyperplasia. All patients were left without initial treatment. Gleason grade,
nuclear grade and tumor volume turned all out to be independent prognostic factors.
MUC-1, AMACR and Ki-67 also carried prognostic information. However, after
adjustment for Gleason grade, nuclear grade and tumor volume only MUC-1 and
AMACR remained as statistically significant prognostic factors. When tested for
sensitivity and specificity they all failed and, consequently, they seem to be of less
value in daily practice for cancelling an individual patient regarding the choice of
treatment.
Time trends in incidental prostate tumors in Sweden were analyzed in a cohort of
patients with prostate tumors detected by transurethral resection (TUR-P). Through
linkage of the national registration number (NRN) with several registers, e.g. the
Swedish Cancer Registry, the National Inpatient registry and the Cause of Death
Registry we identified, during the period 1970 through 2003, in total 23288 patients
with incidental prostate cancer, who constituted the study group. As comparison
group we choose all patients diagnosed with prostate cancer between 1970–2003
excluding those with incidental cancer, in total 112204 patients. Our result confi rms
earlier fi ndings that there has been a dramatic change over time in incidence of
incidental prostate cancers in Sweden, which parallels the introduction of prostate
specific antigen. We also found that the cumulative incidence of prostate cancer
death is high in the incidental group, opposing earlier fi ndings that incidental
tumours are a non-lethal disease.
Keywords: Prostate cancer, Natural History, Survival, Prognostic factor, Tumor
grade, TUR-P, Incidental, MUC-1, AMACR, Ki67, Tumor volume.
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INTRODUCTION
The appropriate management of localized prostate cancer is still unclear. Even though some
tumors will progress to metastatic disease, most patients will not experience advanced disease
nor need treatment. Indeed, several studies on the natural history of the localized disease,
reveal that the vast majority of patients will not die of their disease1-3. Despite this knowledge,
the number of patients treated for localized disease with curative intent has increased
dramatically over the previous decades4. As a result, in current practice, prostate cancer
patients are over treated and experience the consequences of treatment without any benefit5, 6.
Therefore, one of the most important areas in prostate cancer research today involves finding
tools that distinguish indolent disease from aggressive disease. The prognostic factors used
today are PSA, tumor stage7, grade and volume. Although the classification of tumor stage is
dependent on the examiner, it has some prognostic value and is still a cornerstone in clinical
practice. While tumor volume is a strong prognostic marker8, 9, it is hard to estimate for most
tumors in the diagnostic setting10, 11. For a long time tumor grade, which was nuclear grade
during the era of fine needle aspiration12, was the dominant grading system in Sweden. In the
United States, where core biopsies were introduced earlier, the Gleason grading system13 has
been the governing grading system and is the one supported by the World Health
Organization(WHO). Even though these four factors are strong prognostic markers10, 14, they
are not strong enough to predict the outcome of individual patients. New and more reliable
prognostic markers are needed in determining the course of the disease and in deciding
whether or not to treat the patient. Several studies to find new and more reliable markers11, 15,
16
have been performed, but no marker has proven to be a better predictor than tumor stage
and grade.

PROSTATE CANCER EPIDEMIOLOGY IN SWEDEN
The incidence rate of prostate cancer has increased dramatically during the last twenty years
(Fig. 1)4, 17, 18. The main reason for this is believed to be an increase in diagnostic activity.
This view is partly supported by the fact that the incidence of T1c tumors, detected by
elevated PSA, has seen the greatest increase. There have been smaller changes in incidence of
clinically detected tumors, except for a decline in metastatic disease at diagnosis4. There are
surprisingly large geographic differences in prostate cancer incidence; two geographically
close counties can report large differences in prostate cancer incidence4, 19. The median age at
diagnosis has decreased from 74 to 694. The number of patients treated with curative intent
has increased dramatically during last 15 years4, 20. Even though we diagnose and treat more
patients with localized tumors the number of men that die of prostate cancer has remained
fairly unchanged.4
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PSA SCREENING
Prostate specific antigen (PSA) is a serine protease produced exclusively by the prostate. All
prostatic diseases, including prostate cancer, may increase the serum levels of PSA. Increased
levels of PSA in serum may be indicative of prostate cancer21. This knowledge has
dramatically changed the management of prostate cancer, and increased PSA testing is the
main factor for the enormous increase in prostate cancer incidence in Sweden over the past
decades 4, 17, 18. PSA has been proposed as a screening tool for prostate cancer22, and two large
clinical trials are ongoing to explore the effect of PSA screening; however, no results have
been reported.
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Fig 1. Change in prostate cancer incidence and prostate cancer mortality in
Sweden 1970–2006
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TREATMENT OF LOCALIZED PROSTATE CANCER
In the early eighties, patients with localized prostate cancer were usually left without initial
treatment. The common opinion was that prostate cancer was an “old man’s” disease for
which treatment was withheld until symptoms appeared. The treatment was mainly hormone
manipulation, which dates back to late 1800, but which was first really understood in the
forties by the work of Huggins23.
Since the early nineties there has been a dramatic shift in the treatment of localized disease4.
In 2005, 5347 patients were treated with curative intent in Sweden as compared with 1069
patients in 1998. Curative treatment consists today of surgery or radiation therapy. The first
surgical attempt to cure a patient from prostate cancer also dates back to the late 1800s, but it
was not until the 1980s that the technique started to develop. In 1990, Dr. Patrick Walsh
described in detail the procedure still used today24. This technique improved surgical outcome
and quality of life, and has also been shown to improve cancer and overall survival compared
to watchful waiting5. In addition, the technique of radiotherapy has improved during the last
decade and today external multi-field techniques as well as brachytherapy are used. One
reason behind the increase in number of patients treated with curative intent is the
introduction of prostate specific antigen (PSA) in 198721. PSA screening has made it possible
to find prostate cancer at an earlier stage, where the possibility to cure the patient is better. At
the same time, PSA screening has led to considerable over diagnosis of cancers that otherwise
would not have come to clinical attention25.

PROSTATE CANCER DETECTED BY TRANSURETHRAL
RESECTION (TUR-P)
The clinical significance of incidental prostate cancer, detected by transurethral resection
(TUR-P) or by open adenoma enucleation (OAE) for assumed benign hyperplasia, has been a
matter of debate for years. One main question has been if these tumors represent a biological
domain different from those detected by rectal palpation or by PSA tests. A common opinion
has been that these tumors are harmless and could be left without immediate treatment,
especially those with volume tumors less than 5% of the total amount of resected tissue (T1a)
according to TNM classification 199226. Recent studies27-29 have shown that with increasing
tumor volume, greater than 5% of total resected tissue (T1b), the course becomes increasingly
unfavorable, comparable to palpable T2 tumors.
The resected tissue originates mainly from the transition zone of the prostate 30, 31. Tumors
from this part of the prostate have been described as low grade with low potential of
malignancy, and therefore are not believed to need treatment2, 32, 33. On the other hand, 8–37%
of all incidental tumours34 ultimately will progress. Bostwick et al.34 suggested that TUR-P
detected tumors may not exclusively have their origin in the transition zone, but instead might
represent peripheral zone tumors that have grown into the transition zone. He further
suggested that there may be a significant overlap between T1b, T1c and T2 tumors and that it
is merely the location of the tumor in the prostate and the ability of the urologist to find it that
ultimately determines the T-stage.
Before the PSA era, the urologist had to rely mainly on rectal palpation and serum acid
phosphates to evaluate if voiding symptoms were due to a benign condition or prostate
cancer. A great proportion of these men with voiding symptoms were subject to TUR-P or
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OAE. Happaniemi et al. 35 showed that the introduction of TUR-P in the late seventies
dramatically increased the number of incidental prostate cancer. The introduction of PSA
revolutionized the diagnosis of prostate cancer and the management of men seeking urologists
due to voiding symptoms. With the introduction of the PSA test, the frequency of incidental
tumors decreased significantly (Kien et al.) 36. Currently in Sweden incidentally detected
prostate tumors constitute around 10 % of all diagnosed PCa4.

PROGNOSTIC AND PREDICTIVE FACTORS
In the work of Humphrey, prognosis is defined as 37 “the prediction of future behavior of
established malignancy, either in absence of or after application of therapy.” Factors used to
predict prognosis fall into two groups38. Factors that provide information on the expected
behavior of an untreated tumor are called prognostic factors, while those that provide
information about the outcome of active therapy are called treatment-predictive. Factors that
could improve the identification of tumors that will progress, or respond favorably to a certain
therapy would facilitate choosing between treatment options. New prognostic factors may
also increase the understanding of the pathogenesis of prostate cancer, and could identify new
subgroups of tumors.
In the clinical practice we use prognostic factors on the group and the individual level. At the
group level we have a larger cohort of patients whom we, for example, try to stratify into
different risk groups. This perspective is often used in trials and in formulating general
treatment guidelines. At the individual level, the physician is counseling one patient in
making a decision on how to best treat his disease. In this latter situation, the patient is
probably less interested to learn that he has a two times greater risk of progression, than in
confidently knowing whether or not his tumor will progress to a lethal disease. Given this
situation neither the patient nor the doctor is likely willing to take any risks. As a result, most
patients opt for curative treatment even though very few of them will really benefit from the
treatment5. To assess the value of a prognostic factor we need to calculate its sensitivity and
specificity. The sensitivity is the probability that the disease will progress if the marker is
positive. Specificity on the other hand is the probability that the prognostic factor is negative
if the disease does not progress. The ultimate prognostic factor will have both a high
sensitivity and a high specificity, but in certain occasions it may be enough to only have a
high specificity or a high sensitivity.

PROGNOSTIC FACTORS USED TODAY
The prognostic factors that are used today for localized prostate cancer have not changed
during recent years. The most used clinical prognostic factors are still tumor grade, local
tumor stage, serum PSA, age and co-morbidity.

Histological grade
During the 20th century more then 40 different grading systems for prostate cancer were
proposed37. Before the introduction of transrectal ultrasound and core biopsies in the late
eighties, fine needle aspiration was the main tool used for diagnosis in Sweden. During this
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era nuclear grade was the grading system used in Sweden12. This is a three-tier grading
system based on the morphology of the nuclei. Today tumor differentiation is based on the
Gleason grading system39. This system grades the morphologic growth pattern of the tumor
and divides them into five categories. The Gleason score is then constructed by adding the
value of the most common pattern with the second most common, giving a Gleason score
between 2 and 10. This grading system has proven to be a strong prognostic factor for both
biochemical recurrence as well as prostate cancer death37.

Local tumor stage
The anatomic local spread of the tumor has been shown to be a strong prognostic factor in
many types of cancer40. In prostate cancer this is judged by digital rectal examination7. This
method is flawed by several limitations. Variability between observers, as well as the
inaccuracy in determining capsule penetration, are the most important limitations, both of
which are well documented41. Utilizing more objective staging modalities such as ultrasound,
CT or MRI has so far not proven to enhance the accuracy of staging.

Prostate specific antigen (PSA)
Prostate specific antigen (PSA) is a glycoprotein characterized by Wang et al. in 197942. It is
almost exclusively produced in the prostate gland. After secretion into the excretory ducts it
rapidly forms complexes with alfa-1-antichymotrypsin and to a lesser extent with alfa-2macroglobulin. Some 10–30% of the circulating PSA remains uncomplexed, so called “free”
PSA. The main function of PSA is proteolysis of the semen coagulum to facilitate sperm
motility43. Increased levels of PSA may be suggestive of prostate cancer. However, like all
diseases affecting the prostate, benign prostatic hyperplasia may give rise to PSA levels44.
Studies have also shown a strong correlation with patient age45, tumor volume and
prognosis46. The sensitivity and specificity of PSA is low. However, several refinements of
PSA screening have been proposed to enhance the predictability of PSA. The free PSA/total
PSA ratio has shown to increase the specificity47. The PSA change (PSA velocity) before, as
well as after diagnosis has also been suggested to carry prognostic information48. Despite
these refinements, PSA screening has limitations for diagnosing of prostate cancer49.
However, PSA has still proven to be a useful marker for monitoring the clinical course of the
disease.

Age at diagnosis
Younger patients have not been shown to have a more aggressive disease50. However, they do
have a greater risk of dying from prostate cancer as compared to older patients.51 This is
mainly due to the fact that they have a longer life expectancy and a lower risk of dying of
other causes. Thus, age has an impact on disease specific mortality in this slow growing
disease. The impact of age is also seen in the results from the SPCG 4 trial5 where patients
younger then 65 years seem to have the greatest advantage of surgery.
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Co-morbidity
Several studies have shown that co-morbidity is a strong prognostic factor in prostate
cancer52. This is parallel to the discussion about age at diagnosis. A person with less comorbidity has longer life expectancy and concurrently a higher risk that the prostate cancer
will develop to a more advanced disease.

NEW PROGNOSTIC MARKERS
A number of new prognostic factors, including morphometric, immunophenotypic and
genotypic have been discovered and put forward during the last decades15, 16. To prove the
utility of these new markers they have to be tested in prospective, randomized, controlled
clinical trials. Moreover they need to provide additive and independent value in multivariate
analysis, beyond established prognostic factors, such as pathologic stage and Gleason score.
So far none of these proposed new prognostic factors has fulfilled these criteria.

Tumor proliferation markers
There is convincing evidence that disturbance in the cell cycle machinery may contribute to
the uncontrolled growth characteristic for tumor cells53. Immunohistochemical analysis using
MIB-1/Ki67 antibody is very useful for measuring cell cycle progression in human tissue54.
Proliferation rate, assessed by Ki-67 immunoreactivity, have further been associated with
biochemical recurrence and prostate cancer death55-58.

AMACR
-Methylacyl CoA racemase (AMACR) is a biomarker that was identified by both
differential display and expression array analysis as a gene abundantly expressed in prostate
cancer relative to benign prostate epithelium 59-61. In a meta-analysis of 4 cDNA expression
array data sets, AMACR was one of the genes most consistently over expressed in prostate
cancer62. AMACR is a peroxisomal and mitochondrial enzyme that plays an important role in
bile acid biosynthesis and -oxidation of branched-chain fatty acids through the
interconversion of (R)- and (S)-2-methyl-branched-chain fatty acyl-CoA fragments63. Our
group initially reported that AMACR expression is consistently lower both at the
transcriptional (cDNA expression arrays and RT-PCR) and at the protein level (Western blot
analysis and immunohistochemistry) in metastatic prostate cancer compared to localized
prostate cancer 59, 64. More recently, a fluorescent-based measurement of AMACR in tissue
samples confirmed these observations 65.

MUC-1
The mucin family of anti-adhesion molecules have been implicated in the biological behavior
and progression of several types of cancer66, 67. The mucin, MUC-1, which is expressed at the
apical cell surface of many normal secretory epithelial cells68, contains an extra cellular
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domain that extends above most other cell membrane-associated proteins69, 70. As such, MUC1 has been suggested to prevent adhesion and to promote development of metastatic disease.
In prostate cancer, over-expression of MUC-1 in tissue has been correlated with both higher
Gleason grade and advanced tumor stage71. One study has, furthermore, suggested that MUC1 expression may predict prostate cancer recurrence after prostatectomy72, although these
results have been challenged by others73, 74. The disparate findings may in part be explained
by the use of PSA-recurrence as a measure of outcome, since biochemical failure does not
necessarily herald prostate cancer death75 .
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AIMS
The specific aims of the study were:
to study the natural history of prostate cancer, and evaluate the prognostic value of clinical
parameters, in a population based cohort of patients with localized prostate cancer with an
observation time of 20-years (paper I).
to study the prognostic value of Gleason score, nuclear grade, tumor extent and tumor
proliferation using Ki67 (mib-1) as a proliferation marker among a cohort of 253 patients with
untreated prostate cancer detected through TUR-P and with long follow up (paper II).

to study the prognostic value of AMACR expression in prostate tumors, and compare prostate
cancer death and biochemical failure as endpoints (paper III).

to study the prognostic value of MUC-1 expression in prostate tumors in a cohort of 253
patients with untreated prostate cancer detected through TUR-P and with long follow up
(paper IV).

to study the changes in the incidence and survival of TUR-P detected tumors in Sweden over
time (paper V).
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MATERIAL AND METHODS
Paper I
The subjects comprised a population-based cohort of patients with early, initially untreated
prostate cancer has previously been described in detail76. The TNM system of 1978 77 and the
World Health Organization78 classification of malignant diseases were used. At the time of
diagnosis, all patients underwent a clinical examination, excretory urography, chest radiography, bone scan, skeletal radiography (if needed) and had routine blood samples taken. The
nodal status was not known in any of the patients.
From March 1977 through February 1984, a total of 654 new cases of prostate cancer were
diagnosed. Patients were given no initial treatment if the tumor growth was localized to the
prostate gland. (T0-2) and no distant metastases were present (306 patients). The following
restrictions were applied, however, among those with palpable tumors (T1-2). From March
1977 through February 1979, only patients with a highly differentiated tumor (grade I) were
included in the untreated group. From March 1979 through the end of the recruitment period,
patients under 75 years of age at diagnosis and with moderately or poorly differentiated
tumors (grades II–III) were randomly allocated to receive local radiation (10 patients) or no
treatment, and only the latter group was included in this cohort study. Patients older than 75
years of age were not treated and included in the study.
Among the 227 eligible patients, 4 (2 percent) were given initial treatment and had to be
excluded from the analyses. The distribution of the study group of 223 patients by age, stage
and grade at the time of diagnosis is shown in table 1. The mean age at diagnosis was 72 years
(range 41–91 years). Altogether 106 (48 percent) were detected by histopathological
examinations of specimens obtained at operations for suspected benign prostatic hyperplasia
whilst the remaining 117 patients had a palpable clinical disease localized to the prostate
gland. About 2/3 of patients had highly differentiated tumors whilst only 9 (4 percent) had a
poorly differentiated tumor (Table 1).
All 223 patients were followed up from diagnosis until death or the end of the observation
period (September 1st, 2001). No patient was lost to follow-up. Clinical examination,
laboratory tests, and bone scans were carried out every six months during the first two years
after diagnosis and subsequently once a year during the first 10 years of observation and
thereafter at least once every second year. Those in whom the cancer progressed to symptomatic disease were treated with exogenous estrogens or orchidectomy.
Local progression was defined as tumor growth through the prostate capsule (T3) as judged
by digital rectal examination. Development of distant metastasis (M1) was classified as
generalization.
During the six first years of follow-up, all patients who were still alive and consented had a
new fine-needle biopsy every other year. We obtained such biopsies from altogether 178 of
the 223 (80 percent) patients. Although this procedure has lower than 100 percent sensitivity,
notably for impalpable tumors, remaining cancer growth was confirmed cytological in the
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majority of patients. Altogether 31 out of 178 (17 percent) patients showed evidence of
dedifferentiation.
The medical records of all deceased patients were reviewed. In most instances, the cause of
death was obvious on clinical grounds alone. Prostate cancer was recorded as the underlying
cause of death, a contributory cause of death, or unrelated to death as described in detail in a
previous report 76. If treatment of the prostate cancer was related to death prostate cancer was
recorded as a contributory cause. As a validation, we compared our own classification of
causes of death with those recorded in the Swedish Death Register. There was agreement in
90 percent of the patients and no evidence of systematic over or under ascertainment of
prostate cancer as cause of death in our data.
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Table 1. Characteristics of 223 patients with early prostate cancer (T0-2, Nx, M0)
who received no initial treatment, according to age, tumor stage and grade at time
of diagnosis in 1977-1984. The number of patients with progression of the tumor
manifested by local growth (T3) or distant metastases (M1) and the number and
causes of death are shown.
Category

Total
T3
number

M1

Total
(%)

Prostatic
cancer (%)

Other
cause1)

-61
61-70
71-80

13
86
96

6
40
26

4
22
13

6 (46)
46 (53)
29 (30)

3
19
12

(23)
(22)
(12)

3
59
79

81-

28

8

0

8

1

(4)

27

T01
T0d

72
34

14
14

11
8

17 (24)
17 (50)

10
8

(14)
(24)

55
26

T1-2
Grade3)

117

52

20

55 (47)

17

(15)

87

I

148

42

18

45 (30)

14 (9)

118

II
III
Total (%)

66
9
223

35
16
3
5
80 (36) 39 (17)

38 (58)
6 (67)
89 (40)

16 (24)
5 (56)
35 (16)

46
4
168 (75)

Age, years

(29)

Tumor stage2)

1) Three patients died of cardiovascular disease during treatment with estrogens.
2) T0 = clinically occult, incidental;
T0 l =T0 pT loc; cancer <25% of the total specimen.
T0d = T0pT diff; cancer >25% of the total specimen.
T1-2 = confined to prostate gland.
T1 = nodule surrounded by normal prostatic tissue.
T2 = large nodule or multiple nodules.
T3 = localized to periprostatic area.
This represents TNM classification from 1978 5. In the classification from 2000 T1 is
considered no evidence of clinical disease and T2 is palpable disease.
3) I = highly, II = moderately, III = poorly differentiated.
This refers to the World Health Organization classification of malignant disease 6. It could not directly
be compared to Gleason grade and score but in some reports 1 grade I corresponds to Gleason score 24, grad II to Gleason 5-7 and grade III to Gleason score 8-10.
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Paper II–IV
The University Hospital in Örebro (USÖ) has a defined catchment area of about 190, 000
inhabitants. All patients with voiding symptoms and suspicion of prostate cancer were
referred to the urological department at the University Hospital in Örebro. From March 1977
through September 1991, a total of 1,230 patients were diagnosed with prostate cancer in the
area. Of these, 252 patients were diagnosed through transurethral resection of the prostate
(TUR-P) or transvesical adenoma enucleation(OAE). Histopathological material was missing
in three patients and in nine patients there were no cancer found when reviewed by the
pathologist. Thus, 240 subjects were included in the analyses, although tissue was only
available for tissue micro array in 190 patients. Only patients without skeletal metastases at
diagnosis were included in this study. The baseline evaluation at diagnosis included physical
examination, chest radiography, bone scan and skeletal radiography (if needed). For staging
and grading of the tumors the TNM-classification from 199226 were used. No initial treatment
was offered to these patients with incidental prostate cancer. If the tumors progressed to
symptomatic disease the patients were treated hormonally. The patients were followed until
death from prostate cancer, or censored at time of other death or until end of observation
period in September 2003. No patient was lost to follow-up. The mean follow-up period was
108 months (range 1 to 280 months). Follow up and cause of death was defined as in paper
one.
In the analysis of AMACR we also used a cohort of patients with localized disease. This
cohort consisted of 204 patients, who underwent radical retro pubic prostatectomy as a
primary therapy. Clinical data regarding this cohort has been separately reported79, 80, and a
summary of the patient demographics is presented in table 1. Disease progression was defined
as a serum PSA increase to 0.2 ng./ml, or above after radical prostatectomy
Tumor specimens were fixed in buffered formalin and embedded in paraffin and the resected
tissue chips were randomly divided and placed in 6 paraffin blocks if enough material,
otherwise in as many as possible. Examination and Gleason grading39 was performed by one
pathologist (MR). Grading according to WHO classification12 was also preformed by one
pathologist (BR). We further assessed tumor volume by calculation of the ratio between the
number of chips with cancer and the total number of chips (hereafter referred to as the ratio)8.
The tissue micro arrays were assembled using the manual tissue arrayer (Beecher Instrument,
Silver Spring, MD) as previously described81. A 4 m section was cut and stained with
standard biotin-avidin complex immunohistochemistry with MIB antibodies to evaluate Ki67
and (p504s, Zeta Co., Ca.) to evaluate AMACR and for MUC-1 (Mucin 1(VU4H5): sc 73–
13) was used. Semi-automated, quantitative immunohistochemistry was undertaken using the
Chromavision system, and protein intensity was measured on a scale from 0–255. In the
AMACR study also a manual evaluation of the staining was preformed, by two study
pathologists using a categorical scoring method ranging from negative to strong staining
intensity as previously reported59.
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Paper V
In this study, we utilized nationwide data from several swedish health care registers. The use
of the national registration number (NRN), a unique 10 digit identification number assigned to
all Swedish residents, enables record linkages between the registers. There was almost no
private institutional care available in Sweden during the study period, so essentially all men
were referred to and treated at the main hospital in their county of residence and, therefore,
the study can be considered population-based.
The National Inpatient Register
For primarily administrative purposes the National Board of Health and Welfare started to
compile data for the National Inpatient Register in 1964 to capture hospitalizations.
Registration increased over the years and was 60% in 1969, 85% in 1983, and in 1987 the
coverage reached 100%. This register includes data on the NRN, discharge diagnoses (a
maximum of 8 including up to 6 surgical procedures) for each hospitalization, and date of
discharge. The 7th revision of the International Classification of Diseases (ICD-7) was used
for coding diagnoses through 1968, the 8th revision (ICD-8) between 1969 and 1986, the 9th
revision (ICD-9) between 1987 and 1996, and the 10th revision (ICD-10) thereafter. Surgical
procedures were coded according to the Swedish Classification of Operations and Major
Procedures.

The Swedish Cancer Register and Cause of Death Register
The Swedish Cancer Registry captures all incident cancers in the population, including PCa.
Mandatory reporting by clinicians and pathologists has contributed to the thoroughness of the
Swedish Cancer Register and the coverage has exceeded 97% since 198482. The Cause of
Death register was established in 1952, and the registries has captured virtually all deaths in
Sweden since 1961. The most significant variables in this register are the main and
contributory causes of death, date of death, notes on section, sex, age, and birthplace. Cancer
diagnoses and causes of death are coded according to the International Classification of
diseases and causes of deaths (ICD 7-10).
The Register of Population Changes
This register is based on the official Swedish Census data and includes all residents alive and
living in Sweden at the end of each year.
Methods
We identified all men (N=76,778) in the Swedish Inpatient Register who had been discharged
after TURP or OAE between 1970 and 2003. By linking the records of these men to the
Cancer Registry, we identified all men who were incidentally diagnosed with PCa by TURP
or OAE. The definition of incidentally detected PCa required the following criteria to be
fulfilled: (1) the date of the PCa diagnosis had to follow the date of first TURP/OA
admission, (2) the date of the PCa diagnosis had to be set within 14 days from discharge, (3)
the diagnosis of PCa had to be histopathologically verified, and (4) the hospital stay had to be
less than 60 days. A diagnosis of high-grade intraprostatic neoplasia (PIN) was not classified
as PCa. In total 23,288 men with incidentally diagnosed PCa was identified.
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As a comparison group, we chose all men clinically diagnosed with PCa in the Swedish
Cancer Register during the same time period and from the same counties. All men with PCa
in the comparison group (N=112,204) were diagnosed on clinical grounds alone (i.e. by tissue
biopsies or fine needle biopsies/cytology). By linking the records of these men to the records
of those discharged for TURP/OAE we were able to separate out men with histologically
confirmed PCa before surgery and men diagnosed later than 14 days after the TURP/OAE.
We further excluded all autopsy detected PCa. In total, the study population, including those
with both incidentally and clinically diagnosed PCa, comprised 135,492 men.
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STATISTICAL METHODS

Paper I
We estimated various measures of patient survival using the actuarial (life-table) method83.
Cause-specific survival was estimated by considering only deaths due to prostate cancer as
events of interest (deaths due to other causes were considered censored), observed survival by
considering deaths due to any cause as events, and progression-free survival by considering
progression as the event of interest. Relative survival was estimated, defined as the ratio of
observed survival to the expected survival of a comparable group from the general population
assumed to be free of prostate cancer. We estimated expected survival using the Hakulinen
method84 based on Swedish population life tables stratified by age, gender, and calendar time.
Prostate cancer-specific mortality rates was also calculated (deaths per 1,000 person years at
risk) and associated 95 percent confidence intervals85. We estimated Poisson regression
models85 to study the association between prostate cancer mortality and time since diagnosis
while adjusting for age at diagnosis, stage, and grade. Relative survival was estimated using
software developed at the Finnish Cancer Registry86. All other analyses were performed using
State (Stata Corporation, College Station, Texas). All reported p-values are two-sided.

Paper II and IV
We used Cox regression models to examine the risk of dying in prostate cancer as a function
of the various prognostic markers. The values of Ki-67 intensity were divided into quintiles
based on the distribution among the patients, and the lowest quintile was used as the
reference.
MUC-1 intensity was defined normal as the mean intensity in benign prostate tissue ±
0.25.standard deviations. Individuals whose MUC-1 tumor expression was within the normal
range represented the reference group. Individuals whose tumor expression was above or
below normal were so classified.
Relative hazard ratios were calculated before and after adjustment for all included variables.
We tested for linear trend by constructing ordinal variables through assigning consecutive
integers to consecutive levels of categorized variables. The Pearson correlation test and the
chi-square test were applied to formally assess correlation.

Paper III
AMACR intensity readings were obtained for each of the TMA slides separately and were
then normalized within each array before combining the data for analysis. Cut points for the
AMACR intensity scores, were determined by determining the cut point that best
differentiated PSA biochemical failure in the 204 patients from the surgical series. KaplanMeier estimates of the survival probabilities were computed and p-values from log-rank tests
were obtained to assess the discriminative power of the dichotomized marker. The optimal cut
point of dichotomization was then chosen to minimize the log-rank test p-values. A similar
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process was repeated for the Örebro watchful waiting cohort (n=240 cases) using cancer
specific death as the endpoint.
We tested the optimal cut point derived using the surrogate endpoint (PSA failure) on the
watchful waiting cohort to determine if it would predict a true endpoint (prostate cancer
specific death). The cut point was then tested using prostate cancer specific death as the
endpoint on the surgical series to see if it would predict PSA biochemical failure. Cox
Hazards regression analysis was used to develop multivariate models taking into account
other clinical parameters.
Investigators were blinded to all clinical outcome data. Statistical analysis for the surgical
series and watchful waiting series were performed at the Statistical centers in Michigan and
Sweden, respectively.

Paper V
The age-standardized incidence was calculated using the age distribution of the Swedish
population on January 1, 2000; data were obtained from Statistics Sweden87. We calculated
cumulative incidence curves to illustrate the risk of prostate cancer death while accounting for
the competing risk of death from other causes88. All statistical calculations were performed
using the statistical program package R89.
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RESULTS
Paper I
During a mean observation period of 21 years, 89 patients (40 percent) experienced
progression of disease and of these 39 (17 percent of the entire cohort) developed generalized
disease. A total of 203 patients (91 percent of the entire cohort) died during follow-up with
prostate cancer considered the cause of death in 35 (16 percent of the entire cohort) (Table 1).
Among patients who were 70 years or younger at diagnosis, 22 percent died from prostate
cancer during follow-up whilst this proportion decreased markedly at higher ages. The
proportion of patients dying from prostate cancer was strikingly similar among those with
non-palpable (T0) tumors detected at transurethral resection (17 percent) and those with a
palpable tumor (15 percent). In contrast, poor differentiation was a strong predictor of
prostate cancer specific death (Table 1).
Although based on small numbers, the progression and mortality rates remained fairly
constant during the first three 5-year periods following diagnosis (Table 2). Averaged over the
first 15 years, the rate of progression to metastatic disease was 18 per 1000 person years (95
percent confidence interval: 13–25) and the prostate cancer mortality rate was 15 per 1000
person-years (95 percent confidence interval: 10–21). In contrast, an approximately three fold
higher rate was found both for progression and death during follow-up beyond 15 years
(Table 2). This increase was almost significant for progression (p=0.06) and statistically
significant for death (p=0.01). Table 3 shows various measures of survival after 15 and 20
years of follow-up, respectively. During this 5-year period, the progression free survival
decreased from 45.0 to 36.0 percent. The low and rapidly decreasing observed survival
reflects chiefly the impact of causes of death other than prostate cancer. Most notably,
however, we found a substantial decline by about 25 percentage points both in the relative and
in the cause-specific-survival rate during the 5 years of follow-up. Figure 2 further illustrates
how a gradual decline in relative and cause specific-survival seemingly dropped more rapidly
after approximately 16 years of follow-up. This change seemed to affect tumors regardless of
initial stage (Figure 3) and also to affect both tumors that were initially highly and moderately
differentiated (Figure 4). The gloomy outlook among patients with poorly differentiated
tumors became manifested already within the first 5 years of follow-up.
Prostate cancer mortality was slightly higher among patients diagnosed at age 70 or younger
than among those diagnosed at older ages (Table 2). Strikingly similar mortality rates were
found among patients who had localized non-palpable cancer compared with those who had a
cancer in stage T1 or T2. In contrast, the mortality rate was 70 percent higher among men
with a non-palpable diffuse cancer. With regard to differentiation, the mortality rate increased
drastically from highly to poorly differentiated tumors (Table 2). Multivariable Poisson
regression models were fitted in order to quantify the independent effects of follow-up time,
age at diagnosis, grade and stage (Table 4). Our analyses showed a significant, about six fold,
higher mortality rate after 15 years of follow-up compared with the first five years. The strong
prognostic impact of grade, notably of poorly differentiated tumors, was also confirmed. In
contrast, neither age at diagnosis nor stage of disease was significantly associated with risk of
death due to prostate cancer. A separate model was fitted in which the event of interest was
local progression. In this analysis we disregarded if and when regional and/or distant
progression/metastases were ascertained. Except for age at diagnosis, the pattern for local
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progression was strikingly different from that of death due to prostate cancer (Table 4).
Hence, the risk of local progression did not increase over follow-up time, and the association
with grade was weak. Moreover, compared with T0l tumors, growth beyond the prostate
capsule was two or three times more likely in patients with T0d and T1-2 tumors,
respectively.
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Table 2. Rates per 1000 person-years with 95 percent confidence interval (CI)
for progression to metastatic disease and death due to prostate cancer by
years of follow-up, age, stage and grade at diagnosis

Category
Follow-up 1)
0-4
5-9
10-14
15+
Age, yrs
- 70
71 Stage
T01
T0d
T1-2
Grade
I
II
III
Total

Events

Progression
Rate
95% CI

Prostate cancer death
Events Rate
95% CI

18
9
5
7

20
15
16
41

13 - 32
8 - 30
7 - 38
20 - 87

11
11
5
8

12
18
15
44

7 - 22
10 - 33
6 - 36
22 - 88

26
13

24
15

16 - 35
9 - 26

22
13

19
15

13 - 29
8 – 25

11
8
20

17
31
19

9 - 30
15 - 62
12 - 30

10
8
17

15
28
16

8 - 28
14 - 57
10 - 25

18
16
5
39

13
29
242
20

8 - 21
18 - 47
101 - 581
14-27

14
16
5
35

10
27
194
17

6 - 17
17 - 44
81 - 466
12-24

1) Numbers of patients alive after 5, 10 and 15 years of follow-up were 150, 91 and 49
respectively.
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22.2
7.5
82.1
56.1
(12.4 – 32,0) (-0.1 – 15.0) (45.9 – 118.4) (0.6 – 112.8)

15-year

Table 3. The 15 and 20 year progression-free survival (PFS), observed survival (OS), relative survival (RS) and cause-specific
survival (CS) rates with 95% confidence intervals (within brackets), by stage and grade at diagnosis.
PFS
OS
RS
CS
20-year
15-year
20-year
15-year
20-year
15-year
20-year

Category

52.5
(32.7 – 72.3)

69.7
(50.1 – 89.2

81.1
57.9
(66.5 – 95.6) (28.3 – 87.5)

57.7
(38.9 – 76.5)

63.6
(11.1 – 116.1)

80.3
56.9
(69.8 – 90.8) (34.9 – 78.9)

Stage
T01

14.7
(2.6 – 26.8)

75.2
61.5
(49.8 – 100.6) (25.2 – 97.9)

78.7
54.5
(70.8 – 86.7) (37.6 – 71.4)

46.4
(6.3 – 86.5)

17.9
(-9.5 – 45.3)

23.1
10.3
(15.3 – 30.9) (4.2 – 16.3)

49.9
(23.4 – 76.4)

0

35.9
(15.1 – 56.5)
33.1
(20.9 – 45.4)

0

T0d
38.4
(26.8 – 50.1)

21.5
7.5
(16.0 – 27.0) (3.5 – 11.4)

75.9
(56.5 – 95.3)

T1-2

Grade
I
II

36.0
(24.2 – 47.9)

83.7
63.4
88.9
71.8
(59.4 – 108.0) (28.1 – 98.8) (81.4 – 96.3) (54.9 – 88.7)
64.7
23.4
64.5
22.1
(30.9 – 98.4) (-12.0 – 58.7) (47.2 – 81.8) (-7.5 – 51.7)
0
0
28.6*
(5.6 – 62.7)

45.0
(35.7 – 54.3)

56.0
46.0
24.3
9.7
(44.4 – 67.6)
(30.9 – 61.0) (17.2 – 31.4) (4.3 – 15.1)
28.8
24.3
18.2
3.5
(15.2 – 42.3) (10.2 – 38.4) (8.7 – 27.7) (-1.8 – 8.7)
15.6*
0
0
(-12.8 – 43.9)

III

All
Patients

Footnote: * after 7 year.
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Table 4. Multivariable* relative risks (RR) with 95% confidence intervals (CI) of
death from prostate cancer and of local progression (growth through the prostate
capsule) in relation to follow-up time, age at diagnosis, tumor grade and tumor
stage.
Death
Local Progression
Category

RR

95% CI

RR

95% CI

Follow-up
0-4

1.0

Ref

1.0

Ref

5-9

2.2

0.9-5.5

0.6

0.3-1.1

10-14

2.0

0.6-6.3

0.6

0.3-1.3

15+

6.4

2.3-17.8

0.8

0.3-2.1

<70

1.0

Ref

1.0

Ref

70+

0.7

0.3-1.6

0.9

0.6-1.5

I

1.0

Ref

1.0

Ref

II

3.4

1.6-7.3

2.5

1.6-4.0

III

46.6

12.3-177.4

3.3

0.9-11.9

T01

1.0

Ref

1.0

Ref

T0d

0.7

0.2-2.1

2.0

0.9-4.4

T1-2

0.7

0.3-1.6

2.7

1.5-4.9

Age at diagnosis

Grade

Stage

* Estimated using Poisson regression where each factor is simultaneously adjusted for all
other factors.
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Figure 2. Observed survival (OS), cause-specific
survival (CS), and relative survival (RS) in a cohort of
223 patients with prostate cancer.
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Figure 3. Cause-specific survival by stage of disease at diagnosis:
T0 loc, T0 diff and T1+T2.
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Figure 4. Cause-specific survival by tumor grade at time of diagnosis:
Grade I, highly
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Paper II
The baseline characteristics of the 240 patients and distribution according to tumor stage,
grade of differentiation, Gleason score, Ki67 expression and tumor volume are shown in table
5. Of the 240 patients 118 (49.2%) patients were in stage T1a and 122 (50.8%) in stage T1b.
The mean age at diagnosis was 73 years. Eighty-four percent (n=167) of the cases had either
Gleason score 6 or 7 and only 4% (n=11) had a Gleason score below 6. 175 patients (74%)
had nuclear grade 1. By the end of the observation period in September 2003, a total of 207 of
the 240 patients (86%) (Table 5) had died. Prostate cancer was a more common cause of
death in patients 70 years of age and younger in comparison with those over 70 years of age.
The age-adjusted risk of dying in prostate cancer with respect to grade of differentiation,
Ki67, Gleason score and tumor volume is shown in table 2 (Table 6). The risks tended to rise
with increasing Gleason score, nuclear grade and tumor volume (p for trend<0.05). There was
a 9-fold statistically significant increased risk for those with the highest Gleason score (8–9)
compared to those with the lowest (4–6). Among patients with Gleason score 7 a Gleason 3
predominant pattern (3+4) was not significantly different from a Gleason 4 predominant
pattern (4+3) (data not shown). Nuclear grade 3 tumors hade an almost eleven fold higher risk
to die in prostate cancer compared with tumors with nuclear grade 1. After adjustment, cases
with T1b tumors (ratio > 5%) were 2.5 times more likely to die of their disease than cases
with T1a tumors (HR=2.5; 95% CI, 1.1–5.7).
In the multivariate model Gleason score, nuclear grade and tumor volume remained
statistically significant independent prognostic markers of prostate cancer death. Ki67 was
highly correlated with Gleason grade, and the trend of increasing mortality rates with rising
values of Ki67, that was observed in the univariate analysis, disappeared after adjustment for
the other variables.
The sensitivity and specificity of the Gleason grading system at different cut-off points is
presented in table 7. Setting the cut-off value to 7 resulted in a sensitivity of 0.64 and a
specificity of 0.66. As the cut-off was increased by one step, the corresponding values fell to
0.33 and increased to 0.92, respectively. Moreover, the positive predictive value of Gleason 
7 was 0.29 and the negative predictive value 0.89. With a cut-off of 8, the corresponding
values were 0.48 and 0.87, respectively.
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Table 5. Characteristics of 240 patients with incidental prostate cancer (T1a-b, Nx, M0) who
received no initial treatment, according to age, nuclear grade, Gleason score, tumor volume
and Ki67 expression at time of diagnosis.
Total
N

Prostate
cancer
deaths

Deaths Alive Mean Minimum Maximum
by
Survival Survival
Survival
other
(Month) (Month)
(Month)
cause

Age
< 70
> 70

80
160

16
26

42
123

22
11

138
90

16
1

280
272

Nuclear-grade*
1
2
3

175
45
16

20
13
8

124
31
7

31
1
1

98
94
59

1
4
1

280
229
158

Gleason Score
4
5
6
7
8
9

4
7
136
64
26
3

3
12
13
13
1

2
3
99
46
13
2

2
1
25
5
0
0

132
122
118
96
73
49

56
5
1
1
4
17

167
235
284
230
229
85

Ratio chips with
cancer (%)**
5
6-25
26-50
>50

118
92
13
17

9
20
6
7

87
61
7
10

22
11
0
0

102
97
85
54

1
1
17
4

237
280
153
143

6
10
1
4
8

280
273
228
212
211

Ki67 (mean)
Q1 (101)
40
6
24
10
123
Q2 (112)
36
5
26
5
105
Q3 (117)
39
10
26
3
94
Q4 (122)
37
7
26
4
96
Q5 (129)
38
9
25
4
98
*Only 236 patients where graded according to nuclear grade.
** T1a has a ratio  5% T1b has a ratio > 5%
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Table 6. Hazard Ratio (HR) and 95% Confidence Interval (CI) of death from prostate cancer
in relation to age, nuclear grade, Gleason score, tumour volume and Ki67 expression.
HRa
Age
<70
>70

95 % CI

HRb

95% CI

0.6-3.2

1.0
1.5

0.8-2.8

1.0
1.4

Nuclear grade
I
II
III
p ( trend)

1.0
3.5
10.7

1.7-7.1
4.5-25.4

1.0
1.4
3.4

Gleason score
4-6
7
8-9
p ( trend)

1.0
2.5
9.5

1.2-5.3
4.5-20.2

1.0
1.5
3.3

Ratio chips with cancer (%)
5
6-25
25-50
50
p(trend)

1.0
3.0
10.3
16.8

1.3-6.6
3.5-30.5
6.0-47.5

1.0
1.9
3.6
5.2

0.4-4.2
0.9-7.6
0.6-6.0
0.9-7.4

1.0
1.2
1.4
0.9
1.3

Ki67
Q1 (medelvärde för varje Q)
1.0
Q2
1.2
Q3
2.6
Q4
1.9
2.5
Q5
p(trend)
a
age-adjusted badjusted for all other variables

0.5-3.5
1.1-10.7
0.03

0.5-4.2
1.0-11.6
0.04

0.6-5.8
0.8-15.7
1.2-22.8
<0.01

0.3-4.0
0.4-4.9
0.2-3.2
0.4-4.2
0.86

Table 7. Sensitivity, specificity, positive predictive value (PPV) and negative
predictive value (NPV) of Gleason grading in predicting prostate cancer death.
Gleason Score* Sensitivity

Specificity

PPV

NPV

6

0.92

0.04

0.17

0.73

7

0.64

0.66

0.29

0.89

8

0.33

0.92

0.48

0.87

*cut-off point
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Paper III
AMACR protein expression was evaluated manually by the study pathologist and graded on a
4-tiered scale, demonstrated a significant difference in intensity between prostate cancer
(mean score=3.14/4) and benign prostate epithelium (mean score=1.3/4). Using these
categorical scores for AMACR, no significant associations between AMACR intensity and
biochemical failure were observed in the surgical series consistent with previous
observations59.
Using the semi outomated analysis, in the surgical series using biochemical failure as the
endpoint, lower AMACR intensity was associated with a worse outcome (Tables 8 and 9).
We established a dichotomous cut point for AMACR intensity of –1.11 SD (i.e. samples with
minimum AMACR intensity of –1.11 SD below that of mean), wherein, 37,5% of patients
with AMACR intensity scores below the cut point progressed as compared to 14,5% of
patients with AMACR intensity scores above the cut point (P=0.0002). This univariate
association can be visually appreciated by Kaplan-Meier analysis (Figure 5). Using this
AMACR cut point in multivariate analysis, patients with AMACR expression levels below
the threshold were at a significantly higher risk of developing PSA recurrence (HR=2.12;
95% CI 1.04–4.32) after adjusting for pre-operative PSA, Gleason score and surgical margin
status.
Doing the same procedure in the watchfull waiting cohort using prostate cancer death as
endpoint. We determined an optimal cutpoint of 0.18 SD (HR=4.06; 95% CI 1.82–9.06). As
demonstrated in table 10 and figure 8, a significant cut point was identified in multivariable
analysis that takes patient age, Gleason score, and tumor stage into account. Although this cut
point is different from the one derived using biochemical failure, we also observe that lower
AMACR intensity is associated with worse outcome, in this case cancer specific death.
Using the surgical cutpoint –1.1SD, AMACR intensity did not predict prostate cancer specific
survival. In contrast, there was evidence that AMACR levels below the cutpoint determined
by prostate cancer death was significantly associated with time to biochemical failure at the
univariate level as demonstrated by the Kaplan-Meier analysis (Figure 6). On multivariate
analysis, AMACR expression, Gleason score, surgical margin status, and pre-treatment PSA
were all independently associated with PSA biochemical failure (HR= 3.67; 95% CI 1.25–
10.78).
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Table 8. Univariate Cox Regression Analysis for Associations between AMACR
intensity
and Prostate Specific Biochemical Failure
Factor
P-value Hazard Ratio
95% CI for
HR
AMACR(min>-1.11 vs. <=-1.11)
0.0003
0.34
0.19 0.60
Gleason Score 7 vs. <7)

0.0003

4.36

1.96

9.73

SM (Positive vs. Negative)

<.0001

3.61

2.26

5.76

Path stage

<.0001

3.01

2.09

4.34

ln(PSA)

<.0001

2.41

1.72

3.38

Tumor Size (>2 vs.2 cm)

<.0001

3.49

1.91

6.37

DRE (Positive vs. Negative)

0.03

1.90

1.07

3.36

Gland Weight

0.94

1.00

0.99

1.02

Age

0.61

1.01

0.97

1.05

EPE

<.0001

2.79

1.97

3.94

Table 9. Multivariate Cox model: Independent associations of AMACR,
Gleason score, PSA and positive margin with PSA Recurrence after Radical
Prostatectomy

Parameter

P-value

95% CI for
HR
0.20 0.66

AMACR(min>-1.11 vs. <=-1.11)

0.001

Hazard Ratio
0.36

Gleason(>=7 vs. <=6)

0.04

2.35

1.02

5.40

SM (Positive vs. Negative)

0.001

2.78

1.53

5.03

ln(PSA)

0.001

1.89

1.31

2.74
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Tabel 10.

<0.0001
0.027

0.013

0.58

0.0006

P

Tabel 10. Univariate and multivariate Cox models: association between AMACR and prostate cancerspecific death in watchfull waiting cohort, Örebro 1977-2003
Variable
Censored Pc-death Unadjusted
Multivariate adjusted

(n=152)
(n=36)
HR
95% CI
P
HR
95% CI
AMACR
<0.18 (low)
60.1
69.4
1.40
0.68-2.83 0.36
4.06
1.82-9.06
>0.18 (high)
39.9
30.6
REF
REF
Age (per year)
74.1y
72.5y
1.03
0.99-1.08 0.17
1.01
0.97-1.06
T stage
T1a
46.1
13.9
5.12
1.98-13.21 0.0007 3.61
1.30-9.97
T1b
53.9.
86.1
REF
REF
Geason score
8-10
8.5
33.4
10.45
4.55-24.0 <0.0001 13.03
4.88-34.8
7
26.9
33.3
2.84
1.27-6.38 0.011
2.70
1.12-6.52
5-6
62.7
33.3
REF
REF
Note: Data in multivariate model are adjusted for AMACR cutpoint, age, T stage and Gleason score
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Figur 5.

Fig 6.
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Paper IV
The baseline characteristics of the 195 patients are presented in table 11. Mean MUC-1
expression for all 195 patients was 107.3 (range 95–179, SD 10.2). Of the 43 patients that had
a MUC-1 intensity close to normal tissue (102.5–106) (Fig. 7 A-B) three (7%) died of prostate
cancer, compared with 34 (23%) of the 152 patients that deviated from the normal MUC-1
intensity (Fig. 7 C-D). As illustrated in table 12, there was no correlation between Gleason score
and MUC-1 intensity (p-value 0.8), while there was a tendency to correlation between tumor
extent and MUC-1 (p-value 0.08). The age-adjusted risk of dying of prostate cancer with
respect to MUC-1, Gleason score and tumor extent is presented in table 12. The risk of dying
of prostate cancer was four times higher among those with a higher [HR 3.9 (95% CI, 1.1–
14)] or lower [HR 3.8 (95%CI, 1.1–13)] MUC-1 expression than among those with a MUC-1
expression within the normal range (Fig 8). After adjusting for tumor extent and Gleason score, the
effect of MUC-1 was even stronger [HR 5.1(95%CI, 1.4–18)] and [HR 4.5 (95%CI, 1.3–15)],
respectively indicating that MUC-1 predicts prostate cancer death independently of clinical
parameters (Fig 9).
We further cross-classified participants on MUC-1 and Gleason score. The group with
Gleason score  7 and MUC-1 lower or higher then normal had a 17 [HR 17.1 (95%CI, 2.3–
128)] times higher risk of prostate cancer death compared with tumors with Gleason score < 7
and normal MUC-1 intensity (Table 14). We further assessed the ability of MUC-1 expression
(deviating from the normal range) to correctly classify prostate cancer cases as indolent or
lethal (defined as progressing to metastases and/or death). The sensitivity for MUC-1 as
predictor of lethal prostate cancer was 0.91 while the specificity was 0.25 (Table 15). When
combined with information on Gleason score, the specificity increased to 0.75 but the
sensitivity decreased to 0.56.
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Table 11. Characteristics of 195 patients with incidental prostate cancer (T1a-b, Nx,M0) who
received no initial treatment, according to age, Gleason score, tumor extent, and MUC-1
expression at time of diagnosis 1977-1991
N Prostate cancer Deaths by Alive Mean Minimum Maximum
deaths
other
survival survival
survival
causes
Age
<70
56
13
27
16
138
16
280
> 70
139
24
105
10
90
1
272
Gleason
score
4
3
1
2
132
56
167
5
7
3
3
1
122
5
235
6
107
10
77
20
118
1
284
7
53
12
38
3
96
1
230
8
22
11
11
0
73
4
229
9
3
1
2
0
49
17
85
Percentage
of chips with
cancer
<5%
80
6
58
16
102
1
237
6-25%
85
18
57
10
97
1
280
26-50%
13
6
7
0
85
17
153
>50%
17
7
10
0
54
4
143
MUC-1
Normal
43
3
35
5
118
4
284
Low
68
16
38
14
108
1
280
High
84
18
59
7
100
1
238

Table 12. Correlation between MUC-1 intensity expression and age, Gleason score and tumor
volume
MUC-1 intensity
Factor
Normal
Low
High
p-value
N (%)
N (%)
N (%)
0.188
Age<70
10 (23)
25 (37)
21 (25)
Age>70
33 (77)
43 (63)
63 (75)
Gleason 4-6
25 (58)
41 (60)
51(61)
Gleason 7
13 (30)
20 (29)
20 (24)
0.826
Gleason 8-9
5 (12)
7 (10)
13(16)
Percent chips< 5%
15 (35)
23 (34)
42 (50)
0.085
Percent chips 5-25%
23 (54)
33 (49)
29 (35)
Percent chips 25-50%
0 (0)
5 (7)
8 (10)
Percent chips >50%
5 (12)
7 (10)
5 (6)
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Table 13. Hazard Ratio (HR) and 95% Confidence Interval (CI) for prostate cancer death in
relation to protein expression of MUC-1 in tumor tissue from patients with localized prostate
cancer.
Na
Prostate
Crude HR (95% HRb (95% CI)
cancer deaths CI)
MUC-1 (intensity)
Normal (102.5-106)
43
3
1.0
1.0
Low (<102.5)
68
16
3.9 (1.1-14)
5.1 (1.4-18)
High (>105.5)
84
18
3.8 (1.1-13)
4.5 (1.3-15)
a
A total of 195 patients were assayed for MUC-1. b Adjusted for age, Gleason score, and
tumor extent.

Table 14. Hazard ratio (95% CI) of prostate cancer death associated with MUCintensity and Gleason score, cross classified.
Normal MUC-intensity
Aberrant MUC-intensity
PC death/ Total N
PC death/ Total N
HR (95% CI)
HR (95% CI)
Gleason < 7
1/25
12/92
Ref.
3.8 (0.5-29)
Gleason  7
2/18
22/60
3.8(0.3-43)
17.1 (2.3-128)

Table 15. Sensitivity, specificity, positive predictive value (PPV) and negative predictive
value (NPV) of Gleason grade and MUC-1 intensity in predicting prostate cancer death.
Gleason Score and MUCSensitivity
Specificity
PPV
NPV
1intensity
Aberrant MUC-1 intensity
0.91
0.25
0.22
0.93
Gleason >6 and Aberrant
MUC-1 intensity
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0.59

0.76

0.37

0.89

Figure 7. Tissue micro array analysis of MUC-1 immunohistochemistry:
selected images of TMA cores representing normal, high, and low MUC-1
intensity

A

B

Fig A, B. Normal MUC-1 intensity

C

D

Fig C, D. High (C) and Low (D) MUC-1 intensity
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Figure 8.
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Figure 9
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Paper V
Background data obtained through computerized registry linkage are shown in table 16. Most
patients with incidental PCa are older patients, about 50% are 75 years or older (mean age
74.4) and somewhat older than patients in the comparison group, i.e. men diagnosed on
clinical grounds alone. The mean age at incidental PC diagnosis increased slightly over time
from 72.5 in 1970–79 to 75.2 years in the last calendar period 1999–2003. The age
standardized incidence of incidental PCa peaked in the early nineties (Fig 10) and successively
declined during subsequent years, reaching 12% during the period of 1999–2003. We
observed a marked change in hospitalization time over calendar time. Initially, in the early
seventies, when the transurethral technique was introduced, the hospitalization time was
comparably long, lasting about 2–3 weeks. After a continuously and dramatic decrease the
hospitalization time leveled off at 4–5 days during the last 5-year period. During the entire
study period, 1970–2003, the age standardized PCa incidence rate raised continuously and
increased almost 15 times from 1973 to the mid eighties. The upward trend appeared to be
driven by the increased frequency of TUR-P, but the incidence rate rose continuously even
after the TUR-P frequency had leveled off.
At the end of 2003, 6300 patients (27.1%) with incidental PCa had died due to PCa and a
majority of them (50,9%) had died of intercurrent causes, while 5138 patients (22,1%) were
still alive. A somewhat higher death rate due to PCa was found in the comparison group
consisting of clinical detected PCa (33.2%). The age standardized cumulative incidence of
PCa death is demonstrated in fig 11. The corresponding curves by time period and by mode of
detection are shown in fig 12. We observed a clear decreasing trend over time after diagnosis,
but the prostate cancer specific mortality decreased both according to mode of detection and
calendar time. The mortality was higher among those with incidentally detected tumors
compared to those in the comparison group. However, it should be noted that although the
prostate cancer specific mortality among those with incidental PCa leveled off by time, it was
still 30% after 15 years of follow up after diagnosis.
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Figur 10. Age-standardized prostate cancer incidence and relation to history of
TUR-P, in Sweden between 1970 and 2003.
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Tabel 16. Characteristics of 23288 prostate cancer patients diagnosed
through or hospitalized for TUR-P between 1970 and 2003 in Sweden
TURPhospitalisations

TURP-diagnosed
patients
PC-comparisons

N

N

%

%

N

%

Age
<55
55-64
65-74
75-84
85+

708
8931
30854
31163
5122

(0.9)
(11.6)
(40.2)
(40.6)
(6.7)

123
2157
9085
10114
1809

(0.5)
(9.3)
(39.)
(43.4)
(7.8)

2462
17740
43060
40769
8173

(2.2)
(15.8)
(38.4)
(36.3)
(7.3)

Years
1970-79
1980-86
1987-90
1991-93
1994-98
1999-2003

12324
20793
14409
10106
9790
9356

(16.1)
(27.1)
(18.8)
(13.2)
(12.8)
(12.2)

2627
6693
4961
3349
2795
2863

(11.3)
(28.7)
(21.3)
(14.4)
(12.0)
(12.3)

13045
17116
13311
12480
20270
35982

(11.6)
(15.3)
(11.9)
(11.1)
(18.1)
(32.1)

Hospitalisation time
0-3 days
4-7 days
8-14 days
2-4 weeks
4+ weeks

17978
34758
14964
6655
2423

(23.4)
(45.3)
(19.5)
(8.7)
(3.2)

5680
10997
4175
1844
592

(24.4)
(47.2)
(17.9)
(7.9)
(2.5)

NA
NA
NA
NA
NA

NA
NA
NA
NA
NA

Nr TURP-treatments
0
1
2
3
4+

NA
NA
NA
NA
NA

NA
NA
NA
NA
NA

0
18007
4118
864
299

(0.0)
(77.3)
(17.7)
(3.7)
(1.3)

82389
23689
4719
1062
345

(73.4)
(21.1)
(4.2)
(0.9)
(0.3)

Status at end of follow up
20031231
Alive
Dead from other causes
PC-death

NA
NA
NA

NA
NA
NA

5138
11850
6300

(22.1)
(50.9)
(27.1)

39527
35469
37208

(35.2)
(31.6)
(33.2)

Follow up
Time in years , mean (sd)

NA

NA

6.1

(4.7)

4.3

(4.0)

53

Figur 11. Cumulative incidence of prostate cancer deaths in Sweden between
1970 and 2003, in relation to history of TUR-P.
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DISCUSSION
Paper I
Although our cohort of patients with early stage, initially untreated, prostate cancer has been
previously followed-up in great detail during on average 15 years 76, the additional six years
included in this analysis revealed an unexpected change in prognostic outlook; the causespecific survival rate dropped by almost 25 percentage points reflecting an approximate
threefold increase in prostate cancer mortality rate compared to the first 15 years of followup. This change occurred consistently across stage and grade except for poorly differentiated
cancers in which excess mortality becomes manifest already during early follow-up. We were
unable to conceive any bias that could have spuriously generated these recent findings.
Indeed, the internal validity of our population-based study should be high because we
achieved complete follow-up and used standardized procedures for clinical examination,
ascertainment of disease progression and classification of death. Moreover, the slight
difference between cause-specific and relative survival estimates was largely consistent over
time. This argues against any shifting criteria for classification of cause of death since the
relative survival rate reflects excess mortality (compared to mortality in the general
population) and is thus unaffected by any subjective judgment. Hence, chance is the only
realistic alternative to a real deterioration in prognosis after long-term follow-up and the level
of statistical significance argues against this explanation.
If our data reflect a real phenomenon, they would imply that the probability of progression
from localized and indolent to metastatic mortal disease increases markedly after long-term
follow-up. This progression is not restricted to cancers diagnosed due to clinical symptoms,
but includes also tumors detected incidentally at transurethral resection due to presumed
benign prostatic hyperplasia. Our survival data – supported by biopsies during follow-up –
would further imply that these latter lesions are either incompletely removed or multifocal
with malignant clones left at a transurethral resection. Contrary to emerging views 90, 91 our
data also suggest that metastases may arise as a consequence of late mutations rather than
being determined already by the early mechanisms of malignant transformation. According to
a rival interpretation, the phenomenon we observed reflects transformation of new, more
aggressive cancer clones rather than progression of those initially detected. Empirical testing
of these complementary, but not mutually exclusive, theories seems difficult. It may be
difficult to validate our survival data in any new cohort study of watchful waiting since
aggressive treatment of localized prostate cancer has become more routine now than 25 years
ago when we started to assemble our cohort 92-95. Indeed, it has been estimated that about
60,000 men undergo radical prostatectomy yearly in the United States alone and the number
performed annually in England increased nearly 20-fold between 1991 and 1999 96. This
development towards treatment with a curative intent may further accelerate following recent
documentation that radical prostatectomy reduces prostate cancer mortality by about 50
percent 97. Hence, support for our findings has to be found chiefly in existing studies of
watchful waiting. Other such cohorts are, however, few and small, none of them are
population-based and prospective, 98-101 and virtually no follow-up data are available beyond
15 years after diagnosis. Within these constraints, experience during the first 10 years after
diagnosis is strikingly similar in existing cohorts of patients with early stage prostate cancer
left without initial treatment with a favorable course of the disease for men with highly or
moderately differentiated tumors 3.
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From a public health perspective, implications of late progression from early stage to mortal
disease may not be dramatic because without PSA testing, average age at diagnosis of
prostate cancer is so high that competing causes of death predominate (Table 1). Although it
is well established 1, 50 that an excess death rate continues long-term in population-based
cohorts of prostate cancer patients, these data do not enable distinction of deaths generated by
patients initially diagnosed with localized disease. In our entire cohort, 25 out of 223 (11
percent) patients died from prostate cancer within 15 years of diagnosis, and an additional 10
during subsequent follow-up until a time when only 9 percent of all patients in the cohort
were still alive and therefore at risk of progression. Assuming that radical prostatectomy
prevents approximately 50 percent of prostate cancer deaths 97, about 18 patients in our entire
cohort (8 percent) – that is 0.5 x 35 – would have experienced a survival benefit whilst the
remaining 205 would not. However, among elderly men, reducing the risk of death from
prostate cancer by a certain amount may have limited impact on their overall survival.
Our data may be important for counseling and clinical management of individual patients.
First, postponement of death is not the only treatment objective since local progression may
create substantial suffering. Indeed, many of our patients experienced symptomatic local
growth without generalized disease (Table 1) requiring treatment with estrogens or
orchidectomy. Obviously, radical prostatectomy is a major procedure with substantial sideeffects, chiefly impotence and incontinence102, 103. Because these complications are
surprisingly well tolerated 6 many patients may prefer a radical prostatectomy even if
prolonged survival is an uncertain consequence. Our data may be particularly relevant to
otherwise healthy men diagnosed with prostate cancer at an early age. If such patients are in
their 60s or younger, disease progression occurring after 15 or more years may be a real
concern arguing for early local treatment with a curative intent. In patients with a PSA
detected cancer 22, such counseling is, however, complicated by the fact that a lead time that
cannot be individually determined, has to be added to the approximately 15 years that may
precede more rapid tumor progression. One important and complicated question is how the
findings of this study relate to the current era when many patients are detected by means of
PSA testing. The results are directly relevant for patients with clinical disease diagnosed
before the PSA era and also to preclinical disease detected at transurethral resection for
presumed benign prostatic hyperplasia. Indeed, as shown in Table 4, these two categories of
patients experienced similar risk of dying from prostate cancer. The natural history we have
described, reflect also what would happen among PSA detected cancer if the lead-time could
be accommodated and the patients were left without early therapeutic intervention. However,
a substantial proportion of PSA diagnosed cancers represents over detection of sub clinical
disease. These cancers would never have surfaced clinically during the subject’s lifetime –
either because they are indolent or because death occurs from competing causes before
clinical manifestation of the malignancy. By definition, these cancers do not generate any
mortality.
In conclusion, our data indicate that the probability of progression to a more aggressive and
lethal phenotype may increase after long-term follow-up of prostate cancers that are
diagnosed at an early stage and initially left without treatment. These findings provide no
information on the possible benefit of early PSA testing followed by aggressive treatment in
men with sub clinical disease. However, they argue for early radical treatment of patients with
clinical disease and a long-life expectancy. Not only would such surgical intervention
potentially prevent deaths; it would also convey prevention from disability caused by local
tumor growth.
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Paper II
In this population-based cohort of incidentally discovered localized prostate cancer cases
(T1a-b, Nx, M0) left without initial treatment, our main focus was evaluation of clinical
determinants of prostate cancer death. Deriving from a follow-up of more than 20 years, our
results confirm the findings of earlier studies that Gleason score is a predictor of prostate
cancer death 32, 98, 104, 105. However, the predictive value of the Gleason grading is noticeably
low.
The study cohort is well characterized, carefully followed during an extended period of time
and no patients have been lost to follow up. Validation of the classification of causes of death
against the Swedish Death Register showed a correlation exceeding 90%, in our previous
study76. The population-based study design with inclusion of all consecutive cases with newly
diagnosed, incidentally discovered, prostate cancer from a strictly defined catchment area,
further alleviates concerns of selection bias. Our results should therefore be both valid and
generalizable.
Like earlier longitudinal cohort studies using prostate cancer death as outcome we found
Gleason and nuclear grade to be a determinant of prostate cancer death98, 104-106. There are
today many articles like the one of Roehl et al106 that uses biochemical recurrence-free
survival (bRFS) as end point. Using bRFS as surrogate endpoint for prostate cancer specific
death has been debated107, 108, and as long as there is no clear evidence that there is a good
correlation between bRFS and prostate cancer specific death it is difficult to compare studies
with different end points. However, the accuracy of using the Gleason grading system to
correctly classify patients according to their risk of dying in prostate cancer was rather poor.
As a consequence, the positive predictive value of the Gleason grading system is expected to
be low. In these data, even a high set cut-point (Gleason score 8) could only forecast a 50%
probability of dying in prostate cancer. Moreover, it appears that the evaluation according to
the Gleason system has shifted towards intermediary values over time and in Sweden, more
than 70% of the localized tumors are presently graded as Gleason 6 or 7 4 (Fig.13). In the
present data more than 80% were diagnosed with Gleason 6 or 7. A grading system that
categorizes a majority of the cases into one group with highly variable outcomes is obviously
insufficient. In view of the increasing diagnostic activities in the Western world and the
resulting over-treatment of indolent prostate cancers, the need for other or additional
prognostic markers becomes even more evident.
The previous findings 55, 58, 109 of Ki67 as a prognostic marker for prostate cancer outcome
could not be confirmed in these data. Possible explanations may be the comparably long
follow-up time of the present study or the absence of more advanced tumors. In another
follow-up study of tumors detected through transurethral resection (TUR-P), Ki-67 was found
to be a prognostic marker of prostate cancer death, but this study included patients with more
advanced disease (T1-T3, M0–M1)58. Increased Ki-67 expression may precede the onset of
more advanced disease, such as local infiltration and metastases, which may explain the
difference between the study results. Comparisons with studies using PSA-recurrence as
outcome are furthermore difficult55, 109, because of limitations with surrogate end-points and
the potential effects of surgical intervention.
Furthermore, the present data confirm the previous findings of tumor volume at diagnosis as
an important predictor of outcome 8, 110. Yet, in clinical practice the value of tumor volume is
limited since it is difficult to assess other than through TUR-P.
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In summary, these data draw attention to the apparent limitations of the most frequently used
prognostic tools and highlight the need for improvement in this field. Considering the
increasing numbers of early detected prostate cancers and the consequent over-treatment of
many benign tumors, further efforts in finding other, or complementary, indicators of prostate
cancer outcome are warranted.

Fig 13. Gleasonscore in localized tumours (T0-T2,Nx,M0) in
patients diagnosed in Sweden 1996 and 2002. Data from the
Swedish Nationel Prostate Cancer register.
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Paper III
This is the first demonstration that AMACR protein expression levels are associated with
long-term clinical outcome. Our original observations suggested that AMACR expression
decreases with prostate cancer progression59, 64. However, standard immunohistochemical
evaluation failed to identify clinically significant associations between AMACR expression
and biochemical failure 59, 111, 112. Using a more sensitive technique to measure AMACR
protein expression, we were able to identify an AMACR cut point that was associated with a
three times greater chance of biochemical recurrence and a three to seven greater risk of
developing cancer specific death. These observations were independent of other conventional
clinical and pathologic parameters in multivariable analysis.
The paradigm for developing prostate cancer biomarkers has focused on using PSA
biochemical failure as the surrogate endpoint for the development of metastatic disease and
cancer specific death. Studies based on surrogate endpoints are inherently less reliable than
studies with clinical endpoints such as cancer specific death113. PSA failure is considered a
surrogate for the progression of metastatic disease and prostate cancer specific death114, 115.
Indeed, studies by Pound et al. support the potential role of PSA failure as a clinically relevant
surrogate endpoint115. For example, of 304 men who develop a PSA failure following radical
prostatectomy for clinically localized disease, 103 (34%) developed metastatic disease with a
mean actuarial time to metastases of 8 years following the initial PSA elevation. The Pound
study also demonstrated that time from initial diagnosis to PSA failure and PSA doubling
time predicted metastatic disease. These finding suggest that biochemical failure per se is not
a complete surrogate for clinical outcomes, in particular death, and should take into account
PSA kinetics as well116. Additional support that biochemical failure may not be an optimal
endpoint was recently reported by D’Amico et al.117. They evaluated surrogate endpoints for
prostate cancer-specific mortality in two multi-institutional databases of over 8669 patients
with prostate cancer treated with surgery (5918 men) or radiation (2751 men) The posttreatment PSA doubling time was statistically significantly associated with time to prostate
cancer-specific mortality and with time to all-cause mortality.
As the current study demonstrates, the optimal definition of biochemical failure is still
controversial and may be critical for the development of prostate cancer biomarkers. We
observed that the AMACR cutpoints differed depending on whether it was derived from the
PSA failure or cancer specific death. Biochemical failure may be due to other causes
unrelated to the biology of prostate cancer such as local recurrence due to positive surgical
margins. Moreover, given the slow progression of prostate cancer, even eight years may not
be sufficient to identify all of the patients who will die from prostate cancer. Therefore
censoring underestimates the number of men who will experience prostate cancer progression.
The work from Pound et al. and D’Amico et al. would suggest that the surrogate endpoint
needs further consideration.
The use of prostate cancer specific death, to develop a biomarker test is likely a more valid
strategy. In the current study, using cancer specific death to determine the AMACR cutoff
yielded a different cutoff from that derived from the surrogate endpoint. Using this revised
cutoff on the patients treated for clinically localized disease, AMACR expression
independently predicted PSA relapse even accounting for pre-treatment PSA, surgical margin
status, and Gleason score. The high-risk group included 81% of the patients in this surgical
cohort suggesting that using PSA recurrence as the surrogate endpoint, we are missing some
patients who would have progressed. This finding is not what one would anticipate if
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biochemical failure also included “false positives” due to other cases such as surgical
technique. If these data are confirmed then risk of progression given sufficient time is not
being adequately measured using one elevation of PSA following treatment. The most recent
review of the entire Örebro watchful waiting series identified a significant increase in prostate
cancer specific mortality beyond 15 years of follow up118. This would also further support the
need for better prognostic markers. In the randomized Swedish study, survival benefits were
observed for surgery over watchful waiting but the absolute reduction in prostate cancer
mortality was small 97. Longer follow up might demonstrate even greater benefits from
localized therapy give the significant percentage of men who developed metastatic disease
over the 8 years of follow up97.
This study also highlights one of the technical limitations of prior biomarker work. Most
studies to date, including our own work, have used manual evaluation dividing
immunostaining results into a small number of categories. Although reasonable reproducibility may be achieved using a 4-tiered (i.e., negative, weak, moderate, or strong), 3tiered or dichotomous scale, the range of expression is compressed and the ability of the
pathologist to distinguish, for example, various shades of moderate staining intensity is not
possible. The current study illustrates how critical this might be in the development of
prostate cancer biomarkers. Several studies on AMACR failed to identify an association with
decreased expression and prostate cancer progression 59, 60, 64, 111, 112. Our initial observations
suggested that AMACR expression decreased with cancer progression as both at the
transcriptional level and protein level AMACR was lower in metastatic prostate samples 59, 64.
However, using manual standard pathology review, no clinical associations were discovered.
More recent work using a fluorescence-based approach confirmed lower AMACR expression
in metastatic samples. This finding suggested that a quantitative method might be required to
identify a critical cutoff to distinguish clinically localized tumors with subtle differences in
AMACR expression levels 65. The current study confirmed this hypothesis. No significant
cutoff could be determined using a standard evaluation of immunohistochemical markers by
the pathologist. In contrast, the use of a continuous scale of protein measurement allowed us
to identify a critical cutoff. This cutoff could then be translated into a specific test using an
intensity level that was not appreciated despite numerous studies on AMACR to date.
The use of this semi-automated quantitative method for biomarker analysis is promising.
However, the clinical application of using such systems still in its early phases, and the results
need to be validated and tested in different cohorts and standardization needs to be worked
out. Specifically, can we determine a cut point that would be useful to apply to prostate
needle biopsies in the clinical assessment of men with clinically localized prostate cancer?
One future approach would be to evaluate prostate needle biopsies for AMACR staining
intensity and determine if this information added to currently employed clinical nomograms.
As recently described by Kattan et al., one could explore to see if the addition of the
biomarker, in this case AMACR intensity, improves the ROC area under the curve as
compared to a traditional nomogram 119, 120.
The current study now extends the potential utility of AMACR as prostate cancer biomarker.
The AMACR (p504s) antibody is gaining wide acceptance in clinical practices as an adjuvant
tool in the work up diagnostically challenging prostate lesions referred to as atypical small
acinar proliferation (ASAP) or atypical suspicious for cancer 59, 60, 64, 111, 112, 121-126.
Pathologists can now use AMACR (p504s) in combination with a basal cell marker to help
make a more definitive diagnosis. We also recently observed a measurable humoral response
directed against the AMACR protein127. Using an ELISA assay, this response could be
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measured in serum samples from men with known prostate cancer but not age-matched
controls. This early work suggests that AMACR expression, despite the fact that it is not a
secreted protein, may potentially become a clinically useful serum test. A second tissue based
assay can also detect enzymatic activity in prostate needle biopsy samples and may represent
another means of determining AMACR protein expression in a more reproducibly 128.
In summary, we demonstrated for the first time the AMACR expression is associated with
prostate cancer progression after examining tumors from over 440 men diagnosed with
clinically localized prostate cancer. Selection of the optimal test cut point came from analysis
using prostate specific death and not a surrogate endpoint, suggesting that the definition of the
surrogate endpoints, such a PSA biochemical failure need to be further evaluated. Future
work will need to determine if this AMACR tissue test can be applied to prostate needle
biopsies in a prospective manner to predict the risk of recurrence.

Paper IV
In this population-based cohort of men with localized prostate cancer cases (T1a-b, Nx, M0),
we found that MUC-1 expression at diagnosis was a predictor of prostate cancer death.
Individuals with dysregulated (either over- or under) MUC-1 expression had a 4–5-fold
increased risk of dying of prostate cancer, independent of clinical parameters. We further
examined the accuracy of using MUC-1 as a test for prostate cancer progression and found
that using MUC-1 alone resulted in a reasonable sensitivity but poor specificity. The addition
of information on Gleason Score improved the specificity of the MUC-1 biomarker, but at the
cost of a lower sensitivity. Still, these data suggest that MUC-1 may be promising to include
in a panel of molecular markers to distinguish aggressive disease from indolent at diagnosis.
These data are in line with the accumulating evidence of the role of MUC-1 in the cell- cell
interaction. On one hand, over-expression of MUC-1 has been shown to increase the
metastatic potential of the cancer cells129-131. On the other, Kontani et al.132 suggested that the
loss of MUC-1 expression or modulation of its antigenicity might cause cancer cells to be
unresponsive to the effect of cytotoxic T-lymphocytes. These competing mechanisms provide
possible explanations of our findings that both over and under expression of MUC-1 increase
the risk of prostate cancer progression.
In this study, we could not confirm the findings of Kirchenbaum et al.71 of a correlation
between MUC-1 expression and tumor differentiation. Differences in the assessment of
MUC-1 expression may explain the diverging results however; while we evaluated staining
intensity, Kirchenbaum et al examined staining patterns (apical and diffuse). Our data
furthermore confirm the results of Lapointe et al.72 demonstrating that MUC-1 is an
independent prognostic marker that adds prognostic information over and above known risk
factors of grade and stage.
The strengths of the study include the long-term and complete follow-up of more than 20
years. A unique feature is that the cohort includes a sizeable number of prostate cancer deaths,
which allowed for us to evaluate an important clinical outcome. The fact that the cases had
not received any curative treatment further enabled us to explore the effect of dysregulated
MUC-1 expression in the natural course of the disease. We employed high-density tissue
micro arrays, which represent an efficient approach for immunohistochemical analysis that
also reduces potential batch-to-batch variation in staining. Moreover, the Chromavision

60

59
61

system provided an automated assessment of protein intensity on a continuous scale. Our
cases were diagnosed prior to introduction of PSA screening in the population, and thus PSA
levels at diagnosis were not available. While controlling for PSA levels could attenuate the
association between MUC-1 and prostate cancer death, it is unlikely that it would fully
explain the relationship.
In summary, these data show that MUC-1 is an independent prognostic marker for prostate
cancer death. Furthermore, although based on small numbers, our data suggest that MUC-1
expression together with Gleason grade provide substantial information to distinguish prostate
cancer outcomes.
As the accuracy of MUC-1 alone or together with the Gleason Score in predicting prostate
cancer progression was low, we conclude that its use as a single biomarker in clinical decision
making is limited. Yet, we believe that alterations in MUC-1 expression may be useful as part
of a composite set of biomarkers in accurately predicting prostate cancer outcome.

Paper V
In this large, population-based study of incidental PCa we observed changes over time in the
incidence of incidental PCa in Sweden. We also found significant prostate-specific mortality
among men with PCa diagnosed by TURP or by other modes of detection. These data do not
fit earlier descriptions of incidental PCa as a non-lethal disease32, 133.
The introduction of TURP in the late 1970s increased not only the incidence of incidental
tumours as earlier described 35, but also the overall incidence of prostate cancer. TURP
specimens mainly derive from the transition zone of the prostate 30, 31. Tumours originating
from this part of the prostate have been described as low grade with low potential of
malignancy, and therefore not considered in need of treatment2, 32, 33. On the other hand, 837% of all incidental tumours will ultimately progress34. Chun et al134 demonstrated in a study
of radical prostatectomy specimens that there is no difference in time to biochemical failure
between transition zone tumours and tumours that derive from the peripheral zone. Bostwick
et al34 suggested that TURP detected tumours do not exclusively have their origin in the
transition zone, but may instead represent peripheral zone tumours that have grown into the
transition zone. Thus, there may be a significant overlap between T1b, T1c, and T2 tumours.
In the end, it might be the tumor location within the prostate gland and the chance the
urologist has of finding it that ultimately determines the T stage.
Before the PSA era, the clinical decision of whether or not presentation with voiding
symptoms was indicative of a benign condition or PCa was mainly based on rectal palpation
and measurements of acid phosphates. A substantial proportion of men with voiding
symptoms were treated by TURP or OAE. Our data confirm earlier observations of a
declining incidence of incidental tumours after the introduction of PSA screening36. In
Sweden, incidental PCa currently constitutes around 10% of all diagnosed PCa4. We further
observed that the cumulative incidence of PCa mortality seemed to decrease over time; this
may either describe an increase in lead time after the introduction of PSA, or that tumours
detected with TURP today represent a different biological domain then earlier incidental
tumours.
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This large, register-based study with essentially complete follow-up allowed a comprehensive
examination of incidence and mortality trends in Sweden over the last three decades. Since
health care is free to all Swedish residents, selection forces associated with the TURP
procedure should be minimal. A limitation, shared by all register-based studies, though, is the
quality of available data. The accuracy of the official causes of death data, with regard to
prostate cancer, should however be high135.
Most studies of cancer mortality among incidental tumours are based on patients diagnosed
during the 1970s and 1980s. Our study indicates that those findings are not representative of
incidental tumours of today. Indeed, the incidental tumors of earlier decades are more likely
to represent today’s T1c and T2 tumours. Our data support the thesis that the T-classification
system describes availability of tools for the urologist rather than the biology of the tumour34.
Thus, new knowledge is needed to characterize incidental tumours detected today.
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CONCLUSIONS
Paper I
Although most prostate cancers diagnosed at an early stage have an indolent
course, local tumor progression and aggressive metastatic disease may develop in
the long term follow up. These findings would argue for early radical treatment of
clinical disease, notably among patients with an estimated life expectancy exceeding
15 years. Tumor grade is a prognostic factor, where poorly differentiated tumors
experienced a 9 time higher risk of dying in prostate cancer.

Paper II
Although a high Gleason score, tumor volume and high nuclear grade are
determinans of prostate cancer death, their positive predictive value are relatively
low. Further efforts in finding other, or complementary, indicators of prostate cancer
outcome are thus needed. The proliferation marker Ki67 is closely related to Gleason
grade and do not add prognostic information.

Paper III
AMACR expression is associated with prostate cancer progression. It also highlights
the fact that surrogate endpoint, such a PSA biochemical failure is doubtful, and need
to be further evaluated.

Paper IV
MUC-1 is an independent prognostic marker for prostate cancer death. The
usefulness of MUC-1 in clinical decision-making is limited, at least when used as a
single determinant of prostate cancer progression.

Paper V
There has been a dramatic change over time in the incidence of incidental prostate
cancers in Sweden, which parallels the introduction of prostate specific antigen. We
also found that the cumulative incidence of prostate cancer death is high in the
incidental group, opposing that incidental tumours are a non-lethal disease. Further
we found that the cumulative incidence of prostate cancer death decreased over
time.
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SUMMARY AND FUTURE ASPECTS
The result of our study on the natural history of localized prostate cancer with high to
intermediate grade of differentiation indicates that in most cases, the course of the disease is
favorable and most men die with and not from their prostate cancer. However, it seems that a
subset of tumors still progress and become lethal as long as 15 years after diagnosis, including
a proportion of T1a or low grade tumors. Although our study does not provide any
explanation behind these remarkable phenomena, one might speculate that it could reflect a
transformation of new, more aggressive cancer clones or progression of those initially
detected.
Our studies further show that tumor characteristics, such as tumor volume, nuclear grade and
Gleason score are all strong and independent prognostic factors. Regarding Gleason grading
we observe a shift in grading towards Gleason grades 6 and 7 over time. Indeed, now more
than 70% of all prostate tumors are judged to fall into these two groups, which obviously
reduces the predictive value of this grading system in current clinical practice.
We also found that Ki-67, MUC-1 and AMACR expression in tumors harbors prognostic
information. Both MUC-1 and AMACR, but not Ki-67, were found to have independent
prognostic value when other clinical parameters such as stage, grade and tumor volume were
taken into account. However, possibly the most important lesson from the studies of these
markers is that risk estimates for a specific tumor marker alone is not sufficient to assess its
clinical value. More important is to analyze its accuracy in terms of sensitivity and specificity,
preferably as the area under the curve of a Receiver Operating Characteristic (ROC). This is
especially important if we want to use a prognostic or predictive tumor marker in daily
practice, where the patient demands information regarding the prognosis and we have to
council him regarding the best form of treatment.
The results from our study on trends over time indicate that many of the tumors we classified
as T1A and T1B in the eighties resemble those we today classify as T1C. Since most studies
on tumors detected by TUR-P were performed during the seventies and eighties they cannot
be viewed as biologically similar to those we currently diagnose by TUR-P. More studies
regarding T1 A-C tumors are needed to clarify their biological behavior. During the last
decade an enormous body of work has emerged on potential prognostic factors15, 16, 136, 137. So
far none has shown to be superior to those we already use in clinical practice today. However,
there is intense research ongoing in this field.
Why have none of the proposed tumor markers turned out to be useful in daily practice? One
simple reason is that when it comes to sensitivity and specificity they have all failed.
Moreover, as our knowledge about molecular genetics and the complexity of cellular
mechanism have increased enormously during recent years, it does not seem reasonable to
hope for a single tumor marker that would predict the course of an individual tumor as there
appear to be a large number of important pathways cooperating in networks. Consequently,
we hope to identify sets of genes that carry prognostic and predictive information. We have
used this strategy in a large collaboration group and identified a 9-138 and a 12-gene model (in
press) where we included the strongest prognostic genes, but so far the results have been
discouraging. In fact, none of these models were superior to the Gleason grading alone in
predicting outcome.
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A new approach in the search for new genes carrying prognostic information has been the
utilization of microarray16 analysis in defining gene expression profiles co-segregating with
poor clinical outcome. In breast cancer, for example, a 70-gene model has been found to
adequately identify those women that will benefit from adjuvant treatment after surgery139, 140.
In a collaborative work we have used this approach in a large cohort of patients with prostate
cancer with extended follow-up and with disease specific death as endpoint. So far the results
have been discouraging. This may have several explanations. First, prostate cancer is a
multifocal and heterogeneous disease in a majority of cases (> 80%),141-145 which confers
sampling difficulties, in identifying the index tumor, which ultimately will define the course.
Second, due to the genetic instability and mutations occurring in the tumor over time, the
hypothesis that there is a genetic profile of an index tumor identified at diagnosis that can
predict the outcome might be wrong. This would imply that the prognostic information is not
available at diagnosis. If so, this would be discouraging for the effort to find new prognostic
markers. Nonetheless, there is an urgent need for more knowledge in this field. It is quiet
clear that this knowledge only can be obtained within the context of large collaborative
groups of multidisciplinary nature consisting of urologists, pathologists, bio-informatics,
statisticians, genetics, and molecular genetics. Moreover, these types of studies require large,
well-characterized cohorts of molecular genetics among patients with long follow-up.
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Context Among men with early prostate cancer, the natural history without initial
therapy determines the potential for survival benefit following radical local treatment.
However, little is known about disease progression and mortality beyond 10 to 15 years
of watchful waiting.

Anders Magnuson, BSc
Hans-Olov Adami, MD, PhD

Design Population-based, cohort study with a mean observation period of 21 years.

W

ITHOUT UNDERSTAND ing the natural history of
prostate cancer diagnosed at an early, localized stage, patient counseling and clinical management are difficult. The
challenge is to maximize the possibilities for survival without extensive overtreatment. Even without initial treatment, only a small proportion of all
patients with cancer diagnosed at an
early clinical stage die from prostate cancer within 10 to 15 years following diagnosis.1-3 However, to our knowledge,
no study has hitherto adequately analyzed whether patients who escaped metastasis and death during those 10 to 15
years without treatment continue to have
an indolent, nonfatal disease course or
whether in the long term, tumor progression takes a more aggressive course.
Recently, a randomized trial4 demonstrated that radical prostatectomy may
further reduce the low-death rate in early
prostate cancer by approximately 50%.
Because it takes several years after operation for this benefit to emerge, age at
diagnosis, comorbidity that influences
life expectancy, and long-term natural
history will determine the potential advantage with radical primary treatment.

For editorial comment see p 2757.

Objective To examine the long-term natural history of untreated, early stage prostatic cancer.
Setting Regionally well-defined catchment area in central Sweden (recruitment March
1977 through February 1984).
Patients A consecutive sample of 223 patients (98% of all eligible) with early-stage
(T0-T2 NX M0 classification), initially untreated prostatic cancer. Patients with tumor
progression were hormonally treated (either by orchiectomy or estrogens) if they had
symptoms.
Main Outcome Measures Progression-free, cause-specific, and overall survival.
Results After complete follow-up, 39 (17%) of all patients experienced generalized
disease. Most cancers had an indolent course during the first 10 to 15 years. However, further follow-up from 15 (when 49 patients were still alive) to 20 years revealed a substantial decrease in cumulative progression-free survival (from 45.0% to
36.0%), survival without metastases (from 76.9% to 51.2%), and prostate cancer–
specific survival (from 78.7% to 54.4%). The prostate cancer mortality rate increased
from 15 per 1000 person-years (95% confidence interval, 10-21) during the first 15
years to 44 per 1000 person-years (95% confidence interval, 22-88) beyond 15 years
of follow-up (P= .01).
Conclusion Although most prostate cancers diagnosed at an early stage have an
indolent course, local tumor progression and aggressive metastatic disease may develop in the long term. These findings would support early radical treatment, notably
among patients with an estimated life expectancy exceeding 15 years.
www.jama.com

JAMA. 2004;291:2713-2719

This study focuses on information
that aids clinical decision making,
namely the association between prognostic factors available at diagnosis and
the long-term natural history in patients without initial treatment. Such
knowledge can help us understand
whether there are men with prostate cancer and a long life expectancy in whom
early radical treatment might be justified despite the fact that they have favorable prognostic signs seen from a perspective of 5 to 10 years of follow-up.
We studied these issues prospectively in
the largest population-based cohort ever

©2004 American Medical Association. All rights reserved.

impaneled to analyze survival following watchful waiting of patients with
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SE-701 85 Örebro, Sweden (jan-erik.johansson
@orebroll.se).

(Reprinted) JAMA, June 9, 2004—Vol 291, No. 22

Downloaded from www.jama.com on February 4, 2008

2713

EARLY, LOCALIZED PROSTATE CANCER

Table 1. Characteristics of 223 Patients With Early Prostate Cancer (T0-2 NX M0) Who
Received No Initial Treatment According to Age, Tumor Stage, and Grade at Time of
Diagnosis in 1977-1984*
Cause of Death,
No. (%)
Progression, No. (%)
Total No.
of Patients

T3

M1

Total

Prostatic
Cancer

Other
Cause†

13
86

6 (46)
40 (46)

4 (31)
22 (26)

6 (46)
46 (53)

3 (23)
19 (22)

3 (23)
59 (69)

71-80

96

26 (27)

13 (14)

29 (30)

12 (12)

79 (82)

ⱖ81
Tumor stage‡
T01
T0d

28

8 (29)

0 (0)

8 (29)

1 (4)

27 (96)

72
34

14 (19)
14 (41)

11 (15)
8 (24)

17 (24)
17 (50)

10 (14)
8 (24)

55 (76)
26 (76)

T1-T2
Grade§
1
2

117

52 (44)

20 (47)

55 (47)

17 (15)

87 (74)

148
66

42 (28)
35 (53)

18 (12)
16 (24)

45 (30)
38 (58)

14 (9)
16 (24)

118 (80)
46 (70)

3
Total, No. (%)

9
223

3 (33)
80 (36)

5 (56)
39 (17)

6 (67)
89 (40)

5 (56)
35 (16)

4 (44)
168 (75)

Category
Age, y
⬍61
61-70

*The number of patients with progression of the tumor manifested by local growth (T3) or distant metastases (M1) and
the number and causes of death are shown.
†Three patients died of cardiovascular disease during treatment with estrogens.
‡T0 indicates clinically occult, incidental; T01, T0pT localized (cancer ⬍25% of the total specimen); T0d, T0pT diffuse
(cancer ⱖ25% of the total specimen); T1-2, confined to prostate gland (T1, nodule surrounded by normal prostatic
tissue; T2, large nodule or multiple nodules; and T3, localized to periprostatic area). These grades correspond to the
TNM classification from 1978.5 In the classification from 2002, T1 is considered no evidence of clinical disease and
T2 is considered palpable disease.
§Grade 1 indicates highly differentiated; grade 2, moderately differentiated; and grade 3, poorly differentiated. These
grades refer to the World Health Organization classification of malignant diseases.6 They are not directly translatable
to the Gleason grading system. However, in an earlier report,1 grade 1 was compared with Gleason score 2 to 4,
grade 2 with Gleason score 5 to 7, and grade 3 with Gleason score 8 to 10.

low-up of this cohort has now been
achieved during an average of 21 years,
and only 9% of the patients are still alive.
METHODS
Patients

The patients comprised a populationbased cohort of patients with early, initially untreated prostate cancer as previously described in detail.3 The TNM
system5 and the World Health Organization6 classification of malignant diseases were used. At the time of diagnosis, all patients underwent a clinical
examination, excretory urography,
chest radiography, bone scan, and skeletal radiography (if needed) and had
routine blood samples taken. The nodal
status was not known for any of the patients. Prostate-specific antigen (PSA)
testing was not available, and no screening activities for prostate cancer took
place during the period when this cohort was recruited.
From March 1977 through February
1984, a total of 654 new cases of pros-

tate cancer were diagnosed among residents in the regionally well-defined catchment area in central Sweden. Patients
were given no initial treatment if the
tumor growth was localized to the prostate gland as judged by digital rectal
examination (T0-T2) and no distant
metastases were present (306 patients).
This was in accordance with the standard management at the time in Sweden. The following restrictions were
applied, however, among those with palpable tumors (T1-T2). From March 1977
through February 1979, only patients
with a highly differentiated tumor (grade
1) were included in the untreated group.
From March 1979 through the end of the
recruitment period, patients younger
than 75 years at diagnosis and with moderately or poorly differentiated tumors
(grades 2-3) were randomly allocated to
receive local radiation (10 patients) or
no treatment, and only the latter group
was included in this cohort study.
Patients 75 years or older were not treated
and included in the study.

2714 JAMA, June 9, 2004—Vol 291, No. 22 (Reprinted)

Among the 227 eligible patients, 4
(2%) were given initial treatment and
had to be excluded from the analyses.
The distribution of the study group of
223 patients by age, stage, and grade at
the time of diagnosis is shown in
TABLE 1. The mean age at diagnosis was
72 years (range, 41-91 years). Altogether 106 (48%) cases were detected
by histopathologic examinations of
specimens obtained at operations for
suspected benign prostatic hyperplasia. The remaining 117 patients had a
palpable clinical disease localized to the
prostate gland. A review by an experienced histopathologist confirmed the
initial diagnosis in all cohort members. Approximately two thirds of patients had highly differentiated tumors, whereas only 9 (4%) had a poorly
differentiated tumor (Table 1).
Procedures

All 223 patients were followed up from
diagnosis until death or the end of the
observation period (September 1,
2001). No patient was lost to followup. Clinical examination, laboratory
tests, and bone scans were performed
every 6 months during the first 2 years
after diagnosis and subsequently once
a year during the first 10 years of observation and thereafter at least once every second year. Those in whom the
cancer progressed to symptomatic disease were treated with exogenous estrogens or orchidectomy.
Local progression was defined as tumor growth through the prostate capsule (T3) as judged by digital rectal examination. Development of distant
metastasis (M1) was classified as generalization. If both local progression and
metastatic disease were present, the patient was classified as having generalized disease.
During the first 6 years of followup, all patients who were still alive and
consented underwent a new fineneedle biopsy every other year. We obtained such biopsy specimens from 178
(80%) of the 223 patients. Although this
procedure has lower than 100% sensitivity, notably for impalpable tumors,
remaining cancer growth was con-

©2004 American Medical Association. All rights reserved.
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Statistical Methods

We estimated various measures of patient survival using the actuarial (lifetable) method.7 Cause-specific survival was estimated by considering only
deaths due to prostate cancer as events
of interest (deaths due to other causes
were considered censored), observed
survival by considering deaths due to
any cause as events, and progressionfree survival by considering progres-

Table 2. Rates per 1000 Person-Years for Progression to Metastatic Disease and Death Due
to Prostate Cancer by Years of Follow-up, Age, Stage, and Grade at Diagnosis*
Prostate Cancer Death

Progression
Category

No. of Events

Rate (95% CI)

No. of Events

Rate (95% CI)

Follow-up, y*
0-4
5-9

18
9

20 (13-32)
15 (8-30)

11
11

12 (7-22)
18 (10-33)

10-14

5

16 (7-38)

5

15 (6-36)

ⱖ15

7

41 (20-87)

8

44 (22-88)

Age, y
ⱕ70
ⱖ71

26
13

24 (16-35)
15 (9-26)

22
13

19 (13-29)
15 (8-25)

Stage
T01
T0d

11
8

17 (9-30)
31 (15-62)

10
8

15 (8-28)
28 (14-57)

20

19 (12-30)

17

16 (10-25)

Grade
1
2

T1-2

18
16

13 (8-21)
29 (18-47)

14
16

10 (6-17)
27 (17-44)

3
Total

5
39/223 (17)

242 (101-581)
20 (14-27)

5
35/223 (16)

194 (81-466)
17 (12-24)

Abbreviation: CI, confidence interval.
*Numbers of patients alive after 5 years were 150; 91 after 10 years; and 48 after 15 years.

sion as the event of interest. We also
estimated relative survival, defined as
the ratio of observed survival to the expected survival of a comparable group
from the general population assumed
to be free of prostate cancer. We estimated expected survival using the
Hakulinen method8 based on Swedish
population life tables stratified by age,
sex, and calendar time. We also calculated prostate cancer–specific mortality rates (deaths per 1000 personyears at risk) and associated 95%
confidence intervals (CIs).9 We estimated Poisson regression models9 to
study the association between prostate cancer mortality and time since diagnosis while adjusting for age at diagnosis, stage, and grade. Relative
survival was estimated using software
developed at the Finnish Cancer Registry.10 All other analyses were performed using Stata statistical software
(Stata Corporation, College Station,
Tex). All reported P values are 2-sided.
Statistical significance was P⬍.05.
RESULTS
Overall Findings

During a mean observation period of 21
years, 89 patients (40%) experienced
progression of disease, and of these 39

©2004 American Medical Association. All rights reserved.

(17% of the entire cohort) developed
generalized disease. A total of 203 patients (91% of the entire cohort) died
during follow-up, with prostate cancer considered the cause of death in 35
(16% of the entire cohort; Table 1).
Among patients who were 70 years or
younger at diagnosis, 22 (22%) died
from prostate cancer during followup, whereas this proportion decreased markedly at higher ages. The
proportion of patients dying from prostate cancer was strikingly similar among
those with nonpalpable (T0) tumors detected at transurethral resection (18 patients [17%]) and those with a palpable tumor (17 patients [15%]). In
contrast, poor differentiation was a
strong predictor of prostate cancer–
specific death (Table 1).
Progression and Survival Rates

Although based on small numbers, the
progression and mortality rates remained fairly constant during the first
three 5-year periods following diagnosis (TABLE 2). Averaged over the first
15 years, the rate of progression to
metastatic disease was 18 per 1000 person-years (95% CI, 13-25) and the prostate cancer mortality rate was 15 per
1000 person-years (95% CI, 10-21). In
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firmed cytologically in most patients:
45 (73%) among those with T01 disease, 24 (92%) among those with T0d
disease, and 90 (100%) among those
with T1-2 disease. Altogether 31 (17%)
of 178 patients showed evidence of dedifferentiation. Twenty-one patients
(18%) changed from high to moderate
differentiation, 7 (13%) from moderate to low differentiation, and 3 (3%)
from high to low differentiation.
The medical records of all deceased
patients were reviewed. In most instances, the cause of death determined
in real time was obvious on clinical
grounds alone. An autopsy was performed if the cause of death was not
clear. Prostate cancer was recorded as the
underlying cause of death, a contributory cause of death, or unrelated to death
as described in detail in a previous report.3 If treatment of the prostate cancer was related to death (chiefly due to
cardiovascular complications following estrogen administration), prostate
cancer was recorded as a contributory
cause. As a validation, we compared our
own classification of causes of death with
those recorded in the Swedish Death
Register. This information was obtained through record linkage between
our study cohort and the Swedish Death
Register based on the individually
unique national registration number assigned to all Swedish residents. There
was agreement in 90% of the patients
and no evidence of systematic overascertainment or underascertainment of prostate cancer as cause of death in our data.
Although based on small numbers, there
was no evidence that the disagreement
was larger in older than in younger patients.

EARLY, LOCALIZED PROSTATE CANCER

Table 3. The 15- and 20-Year Progression-Free Survival, Observed Survival, Relative Survival, and Cause-Specific Survival Rates by Stage and
Grade at Diagnosis*
Percentage of Survival (95% Confidence Interval)
Progression Free
Category
Stage
T01
T0d
T1-2
Grade
1
2
3

15 Years

Observed

20 Years

15 Years

Relative
20 Years

57.7 (38.9 to 76.5)

52.5 (32.7 to 72.3) 22.2 (12.4 to 32.0)

35.9 (15.1 to 56.5)
38.4 (26.8 to 50.1)

17.9 (−9.5 to 45.3) 14.7 (2.6 to 26.8)
0
33.1 (20.9 to 45.4) 23.1 (15.3 to 30.9) 10.3 (4.2 to 16.3)

56.0 (44.4 to 67.6)

46.0 (30.9 to 61.0) 24.3 (17.2 to 31.4)

28.8 (15.2 to 42.3)
24.3 (10.2 to 38.4) 18.2 (8.7 to 27.7)
15.6 (−12.8 to 43.9)†
0
0

All patients 45.0 (35.7 to 54.3)

36.0 (24.2 to 47.9) 21.5 (16.0 to 27.0)

15 Years

Cause Specific
20 Years

15 Years

20 Years

81.1 (66.5 to 5.6)

57.9 (28.3 to 87.5)

63.6 (11.1 to 116.1)
0
75.2 (49.8 to 100.6) 61.5 (25.2 to 97.9)

69.7 (50.1 to 89.2)
80.3 (69.8 to 90.8)

46.4 (6.3 to 86.5)
56.9 (34.9 to 78.9)

7.5 (−0.1 to 15.0) 82.1 (45.9 to 118.4) 56.1 (0.6 to 112.8)

9.7 (4.3 to 15.1)

83.7 (59.4 to 108.0) 63.4 (28.1 to 98.8)

88.9 (81.4 to 96.3)

71.8 (54.9 to 88.7)

3.5 (−1.8 to 8.7)
0

64.7 (30.9 to 98.4)
0

23.4 (−12.0 to 58.7)
0

64.5 (47.2 to 81.8)
28.6 (5.6 to 62.7)†

22.1 (−7.5 to 51.7)
0

7.5 (3.5 to 11.4)

75.9 (56.5 to 95.3)

49.9 (23.4 to 76.4)

78.7 (70.8 to 86.7)

54.5 (37.6 to 71.4)

*For definitions of tumor stages and grades, see Table 1 footnotes.
†After 7 years.

who had a cancer in stage T1 or T2. In
contrast, the mortality rate was 70%
higher among men with a nonpalpable diffuse cancer. With regard to differentiation, the mortality rate increased drastically from highly to poorly
differentiated tumors (Table 2).

Figure 1. Survival of Prostate Cancer Patients (n = 223)
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contrast, an approximately 3-fold higher
rate was found both for progression and
death during follow-up beyond 15 years
(Table 2). This increase was almost statistically significant for progression
(P=.06) and statistically significant for
death (P = .01).
TABLE 3 shows various measures of
survival after 15 and 20 years of followup. During this 5-year period, the progression-free survival among all patients decreased from 45.0% to 36.0%.
The low and rapidly decreasing observed survival reflects chiefly the impact of causes of death other than prostate cancer. Most notably, however, we
found a substantial decline by approximately 25 percentage points in both the
relative and the cause-specific survival
rate during the last 5 years of follow-

91

up. FIGURE 1 further illustrates how a
gradual decline in relative and causespecific survival seemingly occurred
more rapidly after approximately 16
years of follow-up. This change seemed
to affect tumors regardless of initial stage
and also to affect tumors that were both
initially highly and moderately differentiated (FIGURE 2). The gloomy outlook
among patients with poorly differentiated tumors became manifested already
within the first 5 years of follow-up.
Prostate cancer mortality was slightly
higher among patients whose cancer
was diagnosed at 70 years or younger
than among those whose cancer was diagnosed at older ages (Table 2). Strikingly similar mortality rates were found
among patients who had localized nonpalpable cancer compared with those
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Multivariable Poisson regression models were fitted to quantify the independent effects of follow-up time, age at diagnosis, grade, and stage (TABLE 4). Our
analyses showed a significant (approximately 6-fold) higher mortality rate after 15 years of follow-up compared with
the first 5 years. The strong prognostic impact of grade, notably of poorly
differentiated tumors, was also confirmed. In contrast, neither age at diagnosis nor stage of disease was significantly associated with risk of death
due to prostate cancer. Although we had
limited power to test interaction, the
risk of death due to prostate cancer after 15 or more years of follow-up compared with 0 to 14 years was similar
among patients with cancer diagnosed before (relative risk, 4.1) and after (relative risk, 3.1) 70 years of age.
A separate model was fitted in which
the event of interest was local progression. In this analysis, we disregarded if
and when regional and/or distant progression or metastases were ascertained. Except for age at diagnosis, the
pattern for local progression was strikingly different from that of death due
to prostate cancer (Table 4). Hence, the
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Figure 2. Cause-Specific Survival by Stage of Disease and Tumor Grade at Diagnosis
Survival by Tumor Grade at Diagnosis
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Disease stages were T0 localized, T0 diffuse, and T1-T2. Grades were as follows: grade 1, highly differentiated; grade 2, moderately differentiated; and grade 3, poorly
differentiated.

risk of local progression did not increase over follow-up time, and the association with grade was weak. Moreover, compared with T01 tumors,
growth beyond the prostate capsule was
2 or 3 times more likely in patients with
T0d and T1-2 tumors, respectively.
COMMENT
Although our cohort of patients with
early stage, initially untreated prostate cancer has been previously followed up in great detail during an average of 15 years,3 the additional 6 years
included in this analysis revealed an unexpected change in prognostic outlook; the cause-specific survival rate decreased by almost 25 percentage points,
reflecting an approximate 3-fold increase in prostate cancer mortality rate
compared with the first 15 years of follow-up. This change occurred consistently across stage and grade except for
poorly differentiated cancers in which
excess mortality becomes manifest already during early follow-up. We were
unable to conceive of any bias that
could have spuriously generated these
recent findings. Indeed, the internal validity of our population-based study
should be high because we achieved

complete follow-up and used standardized procedures for clinical examination, ascertainment of disease progression, and classification of death.
Moreover, the slight difference between cause-specific and relative survival estimates were largely consistent
over time. This argues against any shifting criteria for classification of cause of
death, since the relative survival rate reflects excess mortality (compared with
mortality in the general population) and
is thus unaffected by any subjective
judgment. Prostate cancer mortality
rates were mirrored closely by rates of
disease progression to metastatic disease. Hence, chance is the only realistic alternative to a real deterioration in
prognosis after long-term follow-up,
and the level of statistical significance
argues against this explanation.
If our data reflect a real phenomenon, they would imply that the probability of progression from localized and
indolent to metastatic mortal disease increases markedly after long-term followup. This progression is not restricted
to cancers diagnosed due to clinical
symptoms but includes also tumors detected incidentally at transurethral resection due to presumed benign pros-

©2004 American Medical Association. All rights reserved.

Table 4. Multivariable Relative Risks of
Death From Prostate Cancer and Local
Progression (Growth Through the Prostate
Capsule) in Relation to Follow-up Time, Age
at Diagnosis, Tumor Grade, and Tumor
Stage*
Relative Risk
(95% Confidence Interval)
Category
Follow-up, y
0-4
5-9
10-14
ⱖ15
Age at
diagnosis, y
⬍70
ⱖ70
Grade
1
2
3
Stage
T01
T0d
T1-2

Death
1.0
2.2 (0.9-5.5)

Local
Progression
1.0
0.6 (0.3-1.1)

2.0 (0.6-6.3)

0.6 (0.3-1.3)

6.4 (2.3-17.8)

0.8 (0.3-2.1)

1.0
0.7 (0.3-1.6)

1.0
0.9 (0.6-1.5)

1.0
3.4 (1.6-7.3)

1.0
2.5 (1.6-4.0)

46.6 (12.3-177.4) 3.3 (0.9-11.9)
1.0
0.7 (0.2-2.1)

1.0
2.0 (0.9-4.4)

0.7 (0.3-1.6)

2.7 (1.5-4.9)

*Estimated using Poisson regression where each factor
is simultaneously adjusted for all other factors. For definitions of tumor stage and grade, see Table 1 footnotes.

tatic hyperplasia. Our survival data,
supported by biopsy specimens taken
during follow-up, would further im-
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ply that these latter lesions are either
incompletely removed or multifocal
with malignant clones left at a transurethral resection. Contrary to emerging views,11,12 our data also suggest that
metastases may arise as a consequence of late mutations rather than
being determined already by the early
mechanisms of malignant transformation. According to a rival interpretation, the phenomenon we observed reflects transformation of new, more
aggressive cancer clones rather than
progression of those initially detected.
Empirical testing of these complementary, but not mutually exclusive, theories seems difficult.
It may be difficult to validate our survival data in any new cohort study of
watchful waiting since aggressive treatment of localized prostate cancer has
become more routine now than it was
25 years ago when we started to assemble our cohort.13-16 Indeed, it has
been estimated that approximately
60000 men undergo radical prostatectomy yearly in the United States alone,
and the number performed annually in
England increased nearly 20-fold between 1991 and 1999.17 This development toward treatment with a curative intent may further accelerate
following recent documentation that
radical prostatectomy reduces prostate cancer mortality by approximately 50%.4 Hence, support for our
findings has to be found chiefly in existing studies of watchful waiting. Other
such cohorts are, however, few and
small, none of them are population
based and prospective,2,18-20 and virtually no follow-up data are available beyond 15 years after diagnosis. Within
these constraints, experience during the
first 10 years after diagnosis is strikingly similar in existing cohorts of patients with early stage prostate cancer
left without initial treatment, with a favorable course of the disease for men
with highly or moderately differentiated tumors.1
From a public health perspective, implications of late progression from early
stage to mortal disease may not be significant because without PSA testing,

average age at diagnosis of prostate cancer is so high that competing causes of
death predominate (Table 1). Although it is well established21,22 that an
excess death rate continues long term
in population-based cohorts of prostate cancer patients, these data do not
enable distinction of deaths generated
by patients initially diagnosed as having localized disease. In our entire cohort, 25 (11%) of 223 patients died from
prostate cancer within 15 years of
diagnosis and an additional 10 during
subsequent follow-up until a time when
only 9% of all patients in the cohort
were still alive and therefore at risk of
progression. Assuming that radical
prostatectomy prevents approximately 50% of prostate cancer deaths,4
approximately 18 patients (8%) in our
entire cohort (that is, 0.5⫻35) would
have experienced a survival benefit,
whereas the remaining 205 would not.
However, among elderly men, reducing the risk of death from prostate cancer by a certain amount may have limited impact on their overall survival.
Our data may be important for counseling and clinical management of individual patients. Postponement of
death is not the only treatment objective because local progression may create substantial suffering. Indeed, many
of our patients experienced symptomatic local growth without generalized
disease (Table 1), requiring treatment
with estrogens or orchidectomy. Obviously, radical prostatectomy is a major procedure with substantial adverse effects, chiefly impotence and
incontinence.23,24 Because these complications are surprisingly well tolerated,25 many patients may prefer a radical prostatectomy even if prolonged
survival is an uncertain consequence.
Our data may be particularly relevant
to otherwise healthy men diagnosed as
having prostate cancer at an early age.
If such patients are in their 60s or
younger, disease progression that occurs after 15 or more years may be a real
concern, arguing for early local treatment with a curative intent. In patients with a PSA-detected cancer,26
such counseling is, however, compli-
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cated by the fact that a lead time that
cannot be individually determined has
to be added to the approximately 15
years that may precede more rapid tumor progression.
One important and complicated
question is how the findings of this
study relate to the current era when
many patients are detected by means of
PSA testing. The results are directly relevant for patients with clinical disease
diagnosed before the PSA era and also
to preclinical disease detected at transurethral resection for presumed benign
prostatic hyperplasia. Indeed, as shown
in Table 4, these 2 categories of patients
experienced similar risk of dying from
prostate cancer. The natural history we
have described reflects also what would
happen among PSA-detected cancer if
the lead time could be accommodated
and the patients were left without
early therapeutic intervention. However, a substantial proportion of PSAdiagnosed cancers represents overdetection of subclinical disease. These
cancers would never have surfaced clinically during the patient’s lifetime, either
because they are indolent or because
death occurs from competing causes
before clinical manifestation of the
malignancy. By definition, these cancers do not generate any mortality.
In conclusion, our data indicate that
the probability of progression to a more
aggressive and lethal phenotype may increase after long-term follow-up of prostate cancers that are diagnosed at an
early stage and initially left without
treatment. These findings argue for
early radical treatment of patients with
long life expectancy. Not only would
such surgical intervention potentially
prevent deaths, it would also convey
prevention from disability caused by local tumor growth.
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How Well Does the Gleason Score Predict Prostate Cancer
Death? A 20-Year Followup of a Population Based Cohort in Sweden
Ove Andrén,* Katja Fall, Lennart Franzén, Swen-Olof Andersson, Jan-Erik Johansson and
Mark A. Rubin

Purpose: Adenocarcinoma of the prostate is the most common cancer among men in Western countries. Although the
prognostic heterogeneity of prostate cancer is enormous, clinically insigniﬁcant aggressive prostate cancers cannot be reliably
distinguished. Therefore, identifying prognostic factors is increasingly important, notably among men diagnosed with
localized prostate cancer, because many of them may not require aggressive treatment.
Materials and Methods: We analyzed a population based cohort of 253 men with early stage (T1a-b, Nx, M0) initially
untreated prostate cancer diagnosed between 1977 and 1991, before PSA screening was available. Tissue samples were
available for 240 patients diagnosed with transurethral resection. During complete followup through September 2003,
standardized criteria were used to classify histopathological characteristics, progression and causes of death.
Results: Higher Gleason grade, higher nuclear grade and larger tumor volume were independent predictors of death in
prostate cancer with monotonous and statistically signiﬁcant trends (p ⬍0.05). In contrast, the level of Ki-67 – strongly
correlated to Gleason score – was not an independent predictor of prostate cancer death. Given a Gleason score of 7 or greater,
the probability of dying of prostate cancer was 29%. The corresponding predictive value for Gleason score 8 or greater was
48%.
Conclusions: Although a high Gleason score is a determinant of prostate cancer death, its PPV is relatively low. Thus,
further efforts in ﬁnding other or complementary indicators of prostate cancer outcome are needed.
Key Words: prostatic neoplasms, prognosis, neoplasm staging

denocarcinoma of the prostate has emerged as one of
the most common cancer forms in the Western world.
Although some patients with prostate cancer experience a rapidly progressing or lethal disease, the majority of
patients diagnosed at an early stage have a long expected
survival.1 While treatment such as radical prostatectomy
has been demonstrated as effective in reducing prostate
cancer mortality, it carries with it side effects that may
impair quality of life. Furthermore, it appears that a significant proportion of men would have survived their cancer
even without treatment.2 Not withstanding the apparent
risks of over treatment, the number of younger men undergoing radical treatment is increasing. In Sweden the numbers have increased from 1,107 in 1998 to 2,213 in 2002.3
Wider indications for biopsy testing, as proposed by some,3
would further increase this number. Therefore, identiﬁcation of reliable predictors for the outcomes of this unpredictable and highly variable disease is critical.
In addition to age and comorbidity4 at diagnosis, clinical
management is mainly based on classiﬁcation of tumor stage
(TNM),5 grading (Gleason)6 and PSA. Tumor volume and
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proliferation rate, assessed by Ki-67 immunoreactivity, have
further been associated with prostate cancer death.7,8 Gleason score is currently known as the most informative predictor of prostate cancer outcome, especially for low and high
grade tumors. The prognostic value, however, seems lower
for the intermediate group (Gleason 6 to 7), to which the
majority of tumors belong.9 It has been suggested that the
order of the 2 values comprising the Gleason score is of
importance,10 indicating that predominance of Gleason 4 (4
⫹ 3) would have a worse prognosis than predominance of
Gleason 3 (3 ⫹ 4).
Extension of a previously described population based cohort of untreated prostate cancer patients from Örebro, Sweden, allowed us to examine patients with early localized
incidental tumors, diagnosed through TURP, to evaluate the
inﬂuence of tumor grade, predominance pattern, volume,
and proliferation rate (Ki-67) on prostate cancer death.

MATERIALS AND METHODS
The University Hospital in Örebro has a deﬁned catchment
area of about 190,000 inhabitants. All patients with voiding
symptoms and suspicion of prostate cancer were referred to the
urological department at the hospital for diagnosis, treatment
and followup. From March 1977 through September 1991, a
total of 1,230 patients were diagnosed with prostate cancer in
the area. Of these, 252 patients were diagnosed through TURP
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or transvesical adenoma enucleation. Histopathological material was missing in 3 patients and in 9 patients there were no
cancer found when reviewed by the pathologist. Thus, 240
subjects were included in the analyses, although tissue was
only available for tissue microarray in 190 patients. The cases
without enough tissue to be included in the array were smaller
in size but had the same distribution of Gleason score and
prostate cancer death. Only patients without skeletal metastases at diagnosis were included in this study. At the time,
there were no private urologists practicing in the area, and no
screening for prostate cancer took place during the study period. The baseline evaluation at diagnosis included physical
examination, chest radiography, bone scan and skeletal radiography (if needed). For staging and grading of the tumors the
TNM classiﬁcation from 1992 were used.5 Nodal staging was
not performed.
Treatment
No initial treatment was offered to these patients with incidental prostate cancer. If the tumors progressed to symptomatic disease the patients were treated hormonally,
typically with exogenous estrogens, gonadotropin-releasing
hormone analogues, antiandrogen or bilateral orchiectomy.
Followup
The patients were followed until death from prostate cancer,
or censored at time of other death or until end of observation
period in September 2003. No patient was lost to followup.
The mean followup period was 108 months (range 1 to 280).
A bone scan was performed every 6 to 12 months during the
ﬁrst 5 years, every second year thereafter. The medical
records of all deceased patients were reviewed. In most
instances, the cause of death was obvious on clinical grounds
alone, but autopsy was performed if the cause of death was
not clear. Prostate cancer was recorded as the underlying
cause of death, a contributory cause of death or unrelated to
death. If treatment of the prostate cancer was related to
death (eg cardiovascular complications following estrogen
administration) prostate cancer was recorded as a contributory cause.
Histopathological Analyses
Tumor specimens were ﬁxed in buffered formalin and embedded in parafﬁn and the resected tissue chips were randomly divided and placed in 6 parafﬁn blocks if enough
material, otherwise in as many as possible. The average
number of parafﬁn blocks per case was 3.2. Grading according to nuclear grade11 was performed by 1 pathologist (BR).
All specimens were reevaluated and graded according to the
Gleason6 in 2003 (MR). We further assessed tumor volume
by calculation of the ratio between the number of chips with
cancer and the total number of chips (hereafter referred to
as the ratio).7 The tissue micro arrays were assembled using
the manual tissue arrayer (Beecher Instrument, Silver
Spring, Maryland) as preciously described.12 Tissue cores
from circled areas were targeted for transfer to recipient
array blocks. One to 2 replicate tissue cores were sampled
from each patient sample. Selection of tumor was based on
areas most representative of overall tumor Gleason grade.
The 0.6 mm diameter tissue microarrays cores were each
spaced at 0.8 mm from core center to core center. After
construction, 4 m sections were cut and stained with he-

matoxylin and eosin on the initial slides to verify the histological diagnosis. An additional 4 m section was cut and
stained with standard biotin-avidin complex immunohistochemistry with MIB antibodies to evaluate Ki-67.
Statistical Methods
We used Cox regression models to examine the risk of dying
in prostate cancer as a function of various clinical parameters as well as Ki-67 levels. The values of Ki-67 intensity
were divided into quintiles based on the distribution among
the patients, and the lowest quintile was used as the reference. Relative hazard ratios were calculated before and after
adjustment for all included variables. We tested for linear
trend by constructing ordinal variables through assigning
consecutive integers to consecutive levels of categorized
variables. The Pearson correlation test and the chi-square
test were applied to formally assess correlation.
RESULTS
The baseline characteristics of the 240 patients and distribution according to tumor stage, nuclear grade, Gleason
score, Ki-67 expression and tumor volume are shown in
table 1. Of the 240 patients 118 (49.2%) patients were in
stage T1a and 122 (50.8%) in stage T1b. Mean age at diagnosis was 73 years. Of the cases 84% (167) had Gleason score
6 or 7 and only 4% (11) had a Gleason score below 6. 175
patients (74%) had nuclear grade 1. Most tumors (49.2% or
118) were small with a ratio less than 5%. By the end of the
observation period in September 2003, 207 of the 240 patients (86%) (table 1) had died. Prostate cancer was a more
common cause of death in patients 70 years of age and
younger in comparison with those older than 70 years, 20%
(16) and 16% (26), respectively.
The age adjusted risk of dying in prostate cancer with
respect to nuclear grade, Ki-67, Gleason score and tumor
volume is shown in table 2. The risks tended to rise with
increasing Gleason score, nuclear grade and tumor volume
(p for trends ⬍0.05). There was a 9-fold statistically significant increased risk for those with the highest Gleason
score8,9 compared to those with the lowest.4 – 6 Although the
analysis was somewhat hampered by small numbers, the
risk associated with a Gleason 3 predominant pattern (3 ⫹
4) did not seem different from that of a Gleason 4 predominant pattern (4 ⫹ 3) (data not shown). Nuclear grade III was
associated with an almost 11-fold risk increase compared
with nuclear grade I.
In the multivariate model Gleason score, nuclear grade, and
tumor volume remained statistically signiﬁcant independent
prognostic markers of prostate cancer death. Ki-67 was highly
correlated with Gleason grade, and the trend of increasing
mortality rates with rising values of Ki-67, that was observed
in the univariate analysis, disappeared after adjustment for
the other variables. Cases with T1b tumors (ratio greater than
5%) were 2.5 times more likely to die of their disease than cases
with T1a tumors (HR 2.5, 95% CI 1.1-5.7)
In table 3 the sensitivity and speciﬁcity of the Gleason
grading system at different cutoff points are presented. Setting the cutoff value at 7 or greater resulted in a sensitivity
of 0.64 and a speciﬁcity of 0.66. As the cutoff was increased
by 1 step, the corresponding values decreased to 0.33 and
increased to 0.92, respectively. Moreover, the PPV of Gleason 7 or greater was 0.29 and the NPV was 0.89. With a
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TABLE 1. Characteristics at diagnosis of 240 patients with incidental prostate cancer (T1a-b, Nx, M0) who received no initial treatment
No. Prostate Ca
Deaths

No. Deaths By
Other Cause

No. Alive

Mean Mos
Survival

Min Mos
Survival

Max Mos
Survival

80
160

16
26

42
123

22
11

138
90

16
1

280
272

175
45
16

20
13
8

124
31
7

31
1
1

98
94
59

1
4
1

280
229
158

4
7
136
64
26
3

3
12
13
13
1

2
3
99
46
13
2

2
1
25
5
0
0

132
122
118
96
73
49

56
5
1
1
4
17

167
235
284
230
229
85

118
92
13
17

9
20
6
7

87
61
7
10

22
11
0
0

102
97
85
54

1
1
17
4

237
280
153
143

40
36
39
37
38

6
5
10
7
9

24
26
26
26
25

10
5
3
4
4

123
105
94
96
98

6
10
1
4
8

280
273
228
212
211

Age:
Younger than 70
Older than 70
Nuclear grade:*
1
2
3
Gleason score:
4
5
6
7
8
9
Ratio chips with Ca (%):†
5 or less
6–25
26–50
Greater than 50
Ki67:
Q1 (101)
Q2 (112)
Q3 (117)
Q4 (122)
Q5 (129)

* Only 236 patients had disease graded according to nuclear grade.
† T1a has a ratio 5% or less. T1b has a ratio greater than 5%.

cutoff of 8 the corresponding values were 0.48 and 0.87,
respectively.
DISCUSSION
In this population based cohort of incidentally discovered
localized prostate cancer cases (T1a-b, Nx, M0) left without
initial treatment, our main focus was evaluation of clinical
determinants of prostate cancer death. Deriving from a followup of more than 20 years, our results conﬁrm the ﬁndings

TABLE 2. Hazard ratio and 95% conﬁdence interval of death
from prostate cancer

Age:
Younger than 70
Older than 70
Nuclear grade:
I
II
III
p (trend)
Gleason score:
4–6
7
8–9
p (trend)
Ratio chips with Ca (%):
5 or less
6–25
25–50
50
p (trend)
Ki67:
Q1
Q2
Q3
Q4
Q5
p (trend)

HR*

95% CI

HR†

95% CI

1.0
1.5

0.8–2.8

1.0
1.4

0.6–3.2

1.0
3.5
10.7

1.7–7.1
4.5–25.4

1.0
1.4
3.4

1.0
2.5
9.5

1.2–5.3
4.5–20.2

1.0
1.5
3.3

1.0
3.0
10.3
16.8

1.3–6.6
3.5–30.5
6.0–47.5

1.0
1.9
3.6
5.2

0.4–4.2
0.9–7.6
0.6–6.0
0.9–7.4

1.0
1.2
1.4
0.9
1.3

1.0
1.2
2.6
1.9
2.5

* Age adjusted.
† Adjusted for all other variables.

0.5–3.5
1.1–10.7
0.03
0.5–4.2
1.0–11.6
0.04
0.6–5.8
0.8–15.7
1.2–22.8
⬍0.01
0.3–4.0
0.4–4.9
0.2–3.2
0.4–4.2
0.86

of earlier studies that Gleason score is a predictor of prostate
cancer death.13–15 However, the predictive value of the Gleason grading is noticeably low.
The study cohort is well characterized, carefully followed
during an extended period of time and no patients have been
lost to followup. Validation of the classiﬁcation of causes of
death against the Swedish Death Register showed a correlation greater than 90%, in our previous study.16 The population based study design with inclusion of all consecutive
cases with newly diagnosed, incidentally discovered, prostate cancer from a strictly deﬁned catchment area, further
alleviates concerns of selection bias. The method of case
ﬁnding twenty years ago differs from contemporary practices, particularly in areas where PSA testing is intensive. It
may be argued that tumors detected in such settings may
differ biologically from those included in our study, and that
the generalizability of our results is limited. However, to our
knowledge there are few data to support such biological
differences and we believe that our results should be valid
and generalizable.
Like earlier longitudinal cohort studies using prostate cancer death as outcome we found Gleason score and nuclear
grade to be determinant of prostate cancer death.13–15,17 In
recent years there have been many reports like that of Roehl et
al in which bRFS is used as the end point.17 The use of bRFS
as surrogate end point for prostate cancer speciﬁc death has

TABLE 3. Sensitivity, speciﬁcity, positive predictive value and
negative predictive value of Gleason grading in predicting
prostate cancer death
Gleason Score*
6 or Greater
7 or Greater
8 or Greater
* Cutoff point.

Sensitivity

Speciﬁcity

PPV

NPV

0.92
0.64
0.33

0.04
0.66
0.92

0.17
0.29
0.48

0.73
0.89
0.87
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been debated,18,19 the absence of clear evidence that there is a
good correlation between bRFS and prostate cancer speciﬁc
death makes comparisons of studies with different end points
difﬁcult. The accuracy of the Gleason grading system to correctly classify patients according to their risk of dying of prostate cancer in this study was rather poor, and as a
consequence, the PPV of the Gleason grading system is expected to be low. In these data, even a high set cut point
(Gleason score 8 or greater) could only forecast a 50% probability of dying in prostate cancer. Moreover, it appears that the
evaluation according to the Gleason system has shifted toward
intermediary values over time and in Sweden, more than 70%
of the localized tumors are presently graded as Gleason 6 or 7.9
In the present data, more than 80% were diagnosed with Gleason 6 or 7. A grading system that categorizes a majority of the
cases into 1 group with highly variable outcomes is obviously
insufﬁcient. In view of the increasing diagnostic activities in
the Western world and the resulting over treatment of indolent
prostate cancers, the need for other or additional prognostic
markers becomes even more evident.
The previous ﬁndings8 of Ki-67 as a prognostic marker for
prostate cancer outcome could not be conﬁrmed in these
data. Possible explanations may be the comparably long
followup time of the present study or the absence of more
advanced tumors. In another followup study of tumors detected through TURP, Ki-67 was found to be a prognostic
marker of prostate cancer death, but this study included
patients with more advanced disease (T1-T3, M0-M1).8 Increased Ki-67 expression may precede the onset of more
advanced disease, such as local inﬁltration and metastases,
which may explain the difference between the study results.
Comparisons with studies using PSA recurrence as outcome
are difﬁcult, because of limitations with surrogate end
points and the potential effects of surgical intervention.
The present data conﬁrm the previous ﬁndings of tumor
volume at diagnosis as an important predictor of outcome.7,20 Interestingly, in these data the cut point of prognostic interest appeared to be higher (25% cancer) than that
used presently in the TNM classiﬁcation (5% cancer).
CONCLUSIONS
These data draw attention to the apparent limitations of the
most frequently used prognostic tools and highlight the need
for improvement in this ﬁeld. Considering the increasing
numbers of early detected prostate cancers and the consequent over treatment of many benign tumors, further efforts
in ﬁnding other, or complementary, indicators of prostate
cancer outcome are warranted.
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Decreased A-Methylacyl CoA Racemase Expression in
Localized Prostate Cancer is Associated with an
Increased Rate of Biochemical Recurrence and
Cancer-Specific Death
Mark A. Rubin,1,2,4 Tarek A. Bismar,1,2 Ove Andrén,9 Lorelei Mucci,2,3 Robert Kim,1
Ronglai Shen,5 Debashis Ghosh,5 John T. Wei,6,8 Arul M. Chinnaiyan,6,7,8
Hans-Olov Adami,3,10 Philip W. Kantoff,2,4 and Jan-Erik Johansson9

Abstract
A-Methylacyl CoA racemase (AMACR) is overexpressed in
prostate cancer relative to benign prostatic tissue. AMACR
expression is highest in localized prostate cancer and
decreases in metastatic prostate cancer. Herein, we explored
the use of AMACR as a biomarker for aggressive prostate
cancer. AMACR protein expression was determined by
immunohistochemistry using an image analysis system on
two localized prostate cancer cohorts consisting of 204 men
treated by radical prostatectomy and 188 men followed
expectantly. The end points for the cohorts were time to
prostate-specific antigen (PSA) failure (i.e., elevation >0.2 ng/
mL) and time to prostate cancer death in the watchful
waiting cohort. Using a regression tree method, optimal
AMACR protein expression cutpoints were determined to
best differentiate prostate cancer outcome in each of the
cohorts separately. Cox proportional hazard models were

then employed to examine the effect of the AMACR cutpoint
on prostate cancer outcome, and adjusted for clinical
variables. Lower AMACR tissue expression was associated
with worse prostate cancer outcome, independent of clinical
variables (hazard ratio, 3.7 for PSA failure; P = 0.018; hazard
ratio, 4.1 for prostate cancer death, P = 0.0006). Among those
with both low AMACR expression and high Gleason score,
the risk of prostate cancer death was 18-fold higher (P =
0.006). The AMACR cutpoint developed using prostate
cancer – specific death as the end point predicted PSA failures
independent of Gleason score, PSA, and margin status. This
is the first study to show that AMACR expression is
significantly associated with prostate cancer progression
and suggests that not all surrogate end points may be optimal
to define biomarkers of aggressive prostate cancer. (Cancer
Epidemiol Biomarkers Prev 2005;14(6):1424 – 32)

Introduction
The prevalence of pathologic prostate cancer is extremely high
and increases with age. Pathologic prostate cancer is seen in
autopsy series in men in their 20s and 30s and increases to
>80% in men over the age of 70 (1). Prostate-specific antigen
(PSA) testing has facilitated the detection of prostate cancer,
which may have contributed to the decline in mortality from
prostate cancer over the past few years (2, 3). However, PSA
may also have introduced an increase in the detection of
clinically insignificant disease (4-6). Moreover, the relationship
between pretherapy clinical variables and outcomes have
become obscured in part due to an eroding relationship
between serum PSA and the abundance of cancer and/or
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higher grade cancer in the gland. Given the incidence and
prevalence of prostate cancer, the ease of diagnosis, the aging
of the population, and the morbidity of treatment, the ability to
distinguish aggressive versus indolent forms of prostate cancer
is critical.
Clinicians treating prostate cancer patients can assess the
risk that a prostate cancer poses to the patient by using
pretreatment nomograms that have been developed and
validated to predict prostate cancer recurrence after treatment
for localized disease (7-10). These nomograms account for
serum PSA levels, prostate needle biopsy Gleason score, and
clinical stage. At best, these clinical nomograms have an area
under the receiver operating characteristic curve of 0.75.
Kattan et al. have recently shown that the addition of two
serum markers (IL6SR and TGF-h1) improve the area under
the receiver operating characteristic curve to 0.83, suggesting
that molecular markers in combination with clinical variables
could improve on existing predictive nomograms in their
ability to predict recurrence after local therapy (11). Molecular
biomarkers are being characterized in order to help refine
these clinical nomograms, and moreover, to help distinguish
aggressive from indolent prostate cancer in an effort to spare
men from unnecessary treatment (12, 13).
a-Methylacyl CoA racemase (AMACR) is a biomarker that
was identified by both differential display and expression
array analysis as a gene abundantly expressed in prostate
cancer relative to benign prostate epithelium (14-16). In a
metaanalysis of four cDNA expression array data sets,
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AMACR was one of the genes most consistently overexpressed
in prostate cancer (17). AMACR is a peroxisomal and
mitochondrial enzyme that plays an important role in bile
acid biosynthesis and h-oxidation of branched-chain fatty
acids through the interconversion of (R)- and (S)-2-methylbranched-chain fatty acyl-CoA fragments (18). Our group
initially reported that AMACR expression is consistently lower
both at the transcriptional (cDNA expression arrays and RTPCR) and at the protein level (Western blot analysis and
immunohistochemistry) in metastatic prostate cancer compared with localized prostate cancer (14, 19). More recently, a
fluorescent-based measurement of AMACR in tissue samples
confirmed these observations (20).
In the current study, we describe the development of a
quantitative AMACR protein expression test to determine the
risk of progression for men with clinically localized prostate
cancer and for men treated for localized prostate cancer.

Materials and Methods
Patient Cohorts
Surgical Cohort. This cohort consisted of 204 patients from
the University of Michigan (Ann Arbor, MI), who underwent
radical retro pubic prostatectomy as a primary therapy (i.e., no
preceding hormonal or radiation therapy) for clinically
localized prostate cancer between 1994 and 1998. Clinical and
pathologic data for all patients were acquired with approval
from the Institutional Review Board at the University of
Michigan. Clinical data regarding this cohort has been
reported separately (21, 22). Disease progression was defined
as a serum PSA increase >0.2 ng/mL after radical prostatectomy. Patients were considered censored if they have not had a
PSA biochemical failure at the last follow-up time evaluated
for that individual. Mean follow-up time in the cohort was
4.8 (2.4) years. In this cohort, 60% of cases were Gleason 7 or
more. Mean age at diagnosis was 60 years.
Watchful Waiting Cohort. This cohort is the largest populationbased watchful waiting cohort, and consists of patients from
Örebro, Sweden with clinically localized prostate cancer, who
underwent watchful waiting. This cohort, initially described in
1989 (23), consists of men who all presented with voiding
symptoms referred to the urology department to rule out the
diagnosis of prostate carcinoma. From March 1977 through
September 1991, 1,230 patients were diagnosed with prostate
cancer in Örebro County. Among these, 253 were diagnosed
through transurethral resection of the prostate and these
represent the study base for the watchful waiting cohort. None
were diagnosed by PSA screening. For the current investigation,
cases were excluded due to insufficient amount of tumor (n = 39),
inadequate immunohistochemistry (n = 13), inability to confirm
the original diagnosis of cancer (n = 9), or initially presenting for
cystoprostatectomy due to bladder cancer (n = 1). Thus, data
from 188 watchful waiting cases were included in this study.
The baseline evaluation of these patients at diagnosis
included physical examination, chest radiography, i.v. pyelogram, bone scan, and skeletal radiography (if needed). Lymph
node staging was not done. In accordance with standard
practices at that time in Örebro, these patients were initially
followed expectantly (‘‘watchful waiting’’). Patients were
treated with androgen deprivation therapy only if they
exhibited symptoms. Patient follow-up included clinical
examinations, laboratory tests, and bone scans every 6 months
during the first 2 years following the initial prostate cancer
diagnosis and subsequently every 2 years. Medical records of
all deceased patients have been reviewed to determine cause of
death. As a validation, the classification of cause of death was
compared with that recorded in the Swedish Death Register.
Thus far, agreement on cause of death has been >90%, with no

evidence of systematic over- or underestimation of prostate
cancer as cause of death. Through March 2003, with up to 23
years of follow-up, 36 (19.2%) of the patients in this cohort died
of prostate cancer. The remaining patients are considered
censored, having either died of other causes (126 or 67.0%) or
were still alive without disease at time of last follow-up (26 or
13.8%). No patients have been lost to follow-up.
In order to ensure a uniform review of the pathology, one of
the study pathologists reviewed all cases from both series.
Uniform pathology review included Gleason grading, an
estimate of overall tumor involvement (tumor burden per
tissue samples evaluated), and tumor type (peripheral zone
versus transition zone). Although there are no strict criteria for
distinguishing a transition zone tumor from a peripheral zone
tumor that has invaded the transition zone, we defined the
transition zone tumors for the sake of this analysis as tumors
with Gleason score of 6 and below with a well-circumscribed
growth pattern. For staging and grading of the tumors, the
TNM classification from 1992 (6) and the WHO classification
(8) were used. Of the 188 patients in the watchful waiting
cohort, 75 (39.9%) were stage T1a and 113 (60.1%) were found
to have T1b. The mean age at diagnosis was 73 years.
Tissue Microarray Construction. The tissue microarrays
(TMA) from both patient cohorts were assembled using the
manual tissue arrayer (Beecher Instruments, Silver Spring, MD)
as previously described (24). Tissue cores from circled areas
were targeted for transfer to the recipient array blocks. Three to
five replicate tissue cores were sampled from each patient
sample. In all cases, the dominant prostate cancer nodule or the
nodule with the highest Gleason pattern was sampled for the
TMA. The 0.6-mm diameter TMA cores were each spaced at 0.8
mm from core-center to core-center. Six TMA blocks with an
average of 480 cores per block were used for this study. All
blocks contained benign prostate tissue as well as prostate
cancer. Each block was assembled without prior knowledge of
associated clinical or pathology staging information. After
construction, 4-Am sections were cut and stained with H&E on
the initial slides to verify the histologic diagnosis. All data is
maintained on a relational database as previously described (25).
Immunohistochemistry. Pretreatment conditions and incubations were worked out for AMACR immunostaining using a
commercially available monoclonal antibody directed against
AMACR (p504s, Zeta Co., Sierra Madre, CA). Pretreatment
included placing the slide in a pH 6.0 citrate buffer and
microwaving for 30 minutes. Primary p504s antibodies were
incubated for 40 minutes at room temperature. Secondary antimouse antibodies applied for 30 minutes and the enzymatic
reaction was completed using a streptavidin biotin detection
kit (Dako Developing System, Dako, Carpinteria, CA) for 5
minutes. Optimal primary antibody concentration was determined by serial dilutions, optimizing for maximal signal
without background immunostaining.
Manual Scoring of AMACR. All TMA cores were assigned
a diagnosis (i.e., benign, atrophy, PIN, or prostate cancer) by
the two study pathologists. Prostate cancer samples were
only included in the analysis if both reviewers agreed that it
was cancer. All manual scoring was done on an Internetbased image evaluation tool that employs zoomable TMA
images generated by the BLISS Imaging System (Bacus Lab,
Lombard, IL). The AMACR protein expression was evaluated
using a categorical scoring method ranging from negative to
strong staining intensity as previously reported (14).
Semiautomated Quantitative Image Analysis of AMACR.
A semiautomated quantitative image analysis system, ACIS II
(Chromavision, San Juan Capistrano, CA), was used to
evaluate the same TMA slides from both cohorts. The ACIS
II device consists of a microscope with a computer-controlled
mechanical stage. Proprietary software is used to detect the

Cancer Epidemiol Biomarkers Prev 2005;14(6). June 2005

1426 AMACR Expression Associated with Prostate Cancer Progression
brown stain intensity of the chromogen used for the
immunohistochemical analysis and compares this value to
blue counterstain used as background. Theoretical intensity
levels range from 0 to 255 chromogen intensity units. In pilot
experiments for this study, the reproducibility of the ACIS II
system was tested and confirmed by scoring several TMAs on
separate occasions. The correlation coefficient for these experiments was r 2 = 0.973. Because of tissue heterogeneity, one of
the study pathologist digitally circled the areas of histologically recognizable prostate cancer using the ACIS II software
for each TMA core. This process ensured that AMACR
intensity measurements were from prostate cancer tissue only
and not the surrounding benign glands or stroma.

¼
intensitynormalized
ij

intensityij  mean ðintensityi Þ
SD ðintensityi Þ

where j = 1, . . ., ni (ni is the total number of cores on TMAi ). As
a result, each of the normalized arrays has mean score of 0 and
SD equal to 1. Data were then combined using this normalized
scale.
In order to determine an optimal cutpoint for AMACR, we
used a modification of the method of regression trees (26)
applied to censored data (27). The regression tree method is an
estimation procedure that selects a cutpoint for AMACR based
on optimizing a discriminating measure using the censored

Results
Manual Evaluation of AMACR. AMACR protein expression was evaluated manually by the study pathologist and
graded on a four-tiered scale. We found a significant
difference in intensity between prostate cancer (mean score =
3.14/4) and benign prostate epithelium (mean score = 1.3/4)
with a mean difference of 1.84 (ANOVA post hoc Scheffé
analysis, P < 0.00001). In the surgical series, no significant
associations between AMACR intensity scores and biochemical failure were observed, consistent with previous observations (14).

Table 1. AMACR tissue expression and prostate cancer patient demographics among men (n= 204) with clinically localized
prostate cancer treated by radical prostatectomy
Mean (range) AMACR

Characteristic
Mean age (y)
Gleason score (%)
4/5
6 (3+3)
7 (3+4)
7 (4+3)
8/9
Mean preoperative PSA
Mean tumor weight (g)
Surgical margin status
Negative
Positive
Extraprostatic extension (%)
Abnormal digital
rectal examination (%)
PSA recurrence during
follow-up (%)

AMACR expression (tertiles)
1

2

3

1.8 (4.3 to 1.2)

0.77 (1.20 to 0.28)

+0.40 (0.24 to +1.9)

60.6

60.6

59.4

6.0
31.3
43.3
13.4
6.0
9.3
52.7

1.4
42.9
40.0
12.9
2.9
7.5
52.4

3.0
35.8
47.8
10.5
3.0
8.7
49.2

67.2
32.8
25.4
41.8

72.9
27.1
21.4
42.9

71.6
28.4
23.9
43.3

37.3

15.7

17.9

NOTE: Surgical margin status, tumor size, digital rectal examination results, and extraprostatic extension, by two-sample t test for pretreatment PSA serum levels,
age, and gland weight.
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Statistical Analysis. AMACR intensity readings were
obtained for each of the TMA slides separately and were then
normalized within each array before combining the data for
analysis. After several pilot studies (data not shown), we
determined that normalization of the data was necessary.
Despite using the same protocol for immunohistochemical
staining, experiment-to-experiment variation was observed.
Therefore, we normalized the AMACR intensity readings for
each TMA core on a given array prior to merging all of the data
for the final analysis. Critical for the normalization process was
the presence of approximately equally distributed numbers of
normal and cancer samples on each TMA. AMACR staining
intensity readings for each TMA core from a given array were
subtracted by the mean intensity for that same array and then
divided by the SD:

failure time outcome. The method employs a likelihood
criterion to optimize the cutpoint, and assumes that the cost
of a false-positive and false-negative are equal. We further did
an adjusted analysis for determining a cutpoint, which
involves obtaining Martingale residuals (28) at the first stage
by adjusting for potential confounders and then applying the
regression tree algorithm in order to find a cutpoint. The
adjusted method allowed for the cutpoint to be determined
accounting for clinical variables.
The cutpoints for the AMACR intensity scores had a
theoretical range between 0 and 255 intensity units. Using
the regression tree method, we determined the cutpoint that
best differentiated PSA biochemical failure in the 204 patients
from the PSA-screened surgical series. A similar process was
repeated for the Örebro watchful waiting cohort (n = 188 cases)
using cancer-specific death as the end point.
Once the cutpoints were determined for each cohort, we
then applied the cutpoint to the other cohort. For example, we
tested the optimal cutpoint derived using the surrogate end
point (PSA failure) on the watchful waiting cohort to
determine if it would predict a true end point (prostate
cancer – specific death). We then tested the cutpoint derived
using prostate cancer – specific death as the end point on the
surgical series to see if it would predict PSA biochemical
failure. We further employed Cox proportional hazards
regression analysis to examine the association between the
AMACR cutpoint and time to prostate cancer outcome, taking
into account other clinical variables.

Cancer Epidemiology, Biomarkers & Prevention 1427
Semiautomated Quantitative AMACR Expression Analysis
The Surgery Cohort with Time to PSA Recurrence. In Table 1,
we present clinical characteristics of the surgery cohort in
relation to tertiles of AMACR expression. There were only
small differences in clinical characteristics comparing men
with lower and higher AMACR tissue expression. In contrast,
men with the lowest levels of AMACR expression were more
than twice as likely to experience PSA recurrence during
follow-up compared to those with higher levels.
Using the adjusted regression tree method, we established a
dichotomous cutpoint for AMACR intensity of 1.11 SD (i.e.,
samples with minimum AMACR intensity of 1.11 SD below
that of the mean), wherein 37.5% of patients with AMACR
intensity scores below the cutpoint had PSA biochemical
failure compared with 14.5% of patients with AMACR
intensity scores above the cutpoint (P = 0.0002). This univariate association can be visually appreciated by KaplanMeier analysis (Fig. 1). Tables 2 and 3 present the univariate
and multivariate associations, respectively, between AMACR

expression, clinical characteristics and time to PSA recurrence.
In multivariate analysis, patients with AMACR expression
levels below the threshold were at a significantly higher risk of
developing PSA recurrence [P = 0.04, hazard ratio (HR) 2.12;
95% confidence interval (CI), 1.04-4.32] after adjusting for
preoperative PSA, Gleason score, and surgical margin status.
In complimentary analyses, we found that the likelihood of
PSA recurrence increased 60% with each additional SD
decrease in AMACR expression (P = 0.004). Comparing the
lowest to highest tertiles of AMACR expression, the HR (95%
CI) was 2.80 (1.37-5.72).
The Watchful Waiting Cohort with Time to Prostate Cancer
Death. In the watchful waiting cohort, AMACR tissue
expression correlated with clinical characteristics (Table 4).
Cases with lowest AMACR expression were also more likely to
be clinically stage T1b and to have Gleason > 7.
Using the adjusted regression tree method, we determined
an optimal cutpoint of 0.18 SD using time to prostate cancer
death as the outcome. The univariate and multivariate analysis

Figure 1. A. Screen shot of the automated cellular imaging system (ACIS II) software interface demonstrating a low-power view of multiple
TMA samples immunostained for AMACR (left) and a higher power view of two TMA cores (right). B. The AMACR intensity for each TMA
core was determined after the area of the tissue containing prostate cancer was circled digitally (data not shown). Using the normalized AMACR
cutoff of 1.11, examples of three high and low AMACR expressing prostate cancers as determined by the ACIS system are presented with
their raw intensity scores. C. As described in Materials and Methods, the raw AMACR intensity readings required normalization due to
experiment-to-experiment variation (‘‘chip to chip’’ variation) despite the same immunohistochemical protocol. Two histograms show the
distribution of scores for the raw (left, original scale) and normalized AMACR analysis. The majority of cases had AMACR expression values
within a 2 SD range. D. Lower AMACR intensity was associated with prostate cancer progression as determined by PSA biochemical failure.
PSA biochemical recurrence occurred in 30 of 80 (37.5%) men with AMACR scores below the cutpoint of 1.11 as compared with 18 of 124
(14.5%) with AMACR scores above the cutpoint (log-rank P value of P < 0.001).
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Table 2. Univariate Cox regression analysis for associations
with prostate-specific biochemical failure
Variables

Univariate
Censored
(n = 156)

HR

95% CI
for HR

Variable

P

62.5%
37.5%
61 y

2.89 1.47-5.68
REF
1.01 0.97-1.05

0.002

10.5
75.0
24.6
12.7 ng/mL

10.7 3.40-33.9 <0.0001
4.04 1.79-9.08
0.0007
REF
2.41 1.72-3.38 <0.0001

0.61

66.7%
33.3%

3.49 1.91-6.37 <0.0001
REF

41.7%
58.3%

3.61 2.26-5.76 <0.0001
REF

50.0%
50.0%

2.79 1.97-3.94 <0.0001
REF

43.8%
56.3%

1.90 1.07-3.36
REF

0.03

NOTE: ln(PSA), the natural logarithm of pretreatment PSA.

Multivariate adjusted

AMACR
<1.11 (low)
z1.11 (high)
Gleason score
8+
7
5-6
Surgical margin status
Positive
Negative
ln(PSA)

HR

95% CI

P

2.12
REF

1.04-4.32

0.039

2.97
3.31
REF

0.44-20.0
0.94-11.6

0.26
0.06

2.92
REF
1.70

1.68-5.08

0.0001

1.09-2.67

0.020

NOTE: Data in multivariate model are adjusted for AMACR cutpoint, Gleason
score, surgical margin status, and natural log of PSA.

Lymph node status, tumor stage, and seminal vesicle invasion
were associated with a 50% greater likelihood of PSA failure
but were not significant predictors of outcome in the final
multivariate model. As this was a PSA-screened population,
only 4 of 204 had positive lymph nodes and 10 of 204 had
seminal vesicle invasion. After excluding these cases, there
was no significant difference in the HRs for either cutpoint
(data not shown).

for the association between the +0.18 SD AMACR cutpoint and
prostate cancer – specific survival are presented in Table 5. As
shown in Table 5 and Fig. 2, there was a significant association
between the AMACR cutpoint and prostate cancer death in the
multivariable analysis. Adjusting for clinical characteristics,
the HR for prostate cancer death after >20 years of follow-up
was 4.06 (95% CI 1.82-9.06; P = 0.0006) comparing those with
low AMACR levels to those with high levels. The effect of
AMACR was independent of age at diagnosis, Gleason score,
and tumor stage as evidenced in the multivariable analysis.
The association between the AMACR cutpoint and prostate
cancer death was constant across follow-up time (data
available upon request). In complimentary analyses, we
observed that the likelihood of PSA recurrence increased
50% with each additional SD decrease in AMACR expression
(P = 0.023). Men in the lowest tertile of AMACR expression
were 3-fold more likely to die of prostate cancer over follow-up
compared with those in the highest tertile.

Cross-classifying AMACR Expression and Gleason Score.
The application of a biomarker in the clinical setting would
likely accommodate clinical characteristics of patients as well
in assessing prostate cancer prognosis. In Table 7, we examine
the joint association between AMACR expression and Gleason
score on prostate cancer outcome in the two cohorts. For this
analysis, we rely on the AMACR cutpoint of 0.18 SD.
Compared to those with ‘‘better’’ biomarker and clinical
measures (i.e., high AMACR expression and low Gleason
score), those with both low AMACR expression and high
Gleason score had an almost four times higher risk of PSA
biochemical failure. In the watchful waiting cohort, however,
individuals with the ‘‘poorer’’ measures had an 18-fold higher
risk of prostate cancer death (P = 0.006). In fact, among the 12
prostate cancer deaths with Gleason score of 6 or less, using
the AMACR cutpoint appropriately predicted 11 as deaths.

Cross-validation of the AMACR Cutpoints. After development of an optimal AMACR expression cutpoint to identify
men at highest risk of developing PSA biochemical recurrence,
we sought to explore if this cutpoint developed with PSA
relapses following radical prostatectomy also predicted cancerspecific death among patients left without curative treatment
by applying the 1.11 SD cutoff on the watchful waiting
cohort. Similarly, we examined the AMACR cutpoint determined in the watchful waiting cohort (0.18 SD) to the surgery
cohort (Table 6). Using the surgical cutpoint of 1.11 SD,
AMACR intensity did not predict prostate cancer – specific
survival in univariate or multivariate analysis. The multivariate adjusted HR for prostate cancer death after 20 years of
follow-up was 1.09 (95% CI, 0.33-3.62; P = 0.89). In contrast,
there was evidence that AMACR levels below the cutpoint
determined by prostate cancer death was significantly associated with time to PSA biochemical failure at the univariate
level as shown by the Kaplan-Meier analysis (Fig. 2) On
multivariate analysis, AMACR expression <0.18 SD cutpoint
was a significant predictor of biochemical failure, independent
of Gleason score, surgical margin status, and pretreatment
PSA, with a HR of 3.67 (95% CI, 1.25-10.78; P = 0.018; Table 6).

Table 4. AMACR tissue expression and clinical characteristics, Örebro watchful waiting cohort, Sweden
Mean (range)
AMACR

AMACR expression (tertiles)
1

2

3

1.0
0.15
+1.2
(1.5 to 0.6) (0.56 to +0.27) (+0.28 to +3.8)
Characteristics
Mean age, years
T stage (%)
T1a
T1b
Gleason score (%)
4/5
6 (3+3)
7 (3+4)
7 (4+3)
8/9
Status in 2003 (%)
Prostate cancer death
Other death
Alive

72.9

74.2

74.1

47.6
52.4

46.8
53.2

25.4
74.6

4.8
60.3
12.7
7.9
14.3

8.1
61.3
14.5
8.1
8.1

3.2
38.1
30.2
11.1
17.5

19.1
68.3
12.7

21.0
62.9
16.1

17.5
69.8
12.7
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AMACR
<1.11 (low) 32.1%
z1.11 (high) 67.9%
Age, per year
60 y
Gleason score
8-9
1.9
7
50.0
<7
48.0
ln(PSA), per
7.2 ng/mL
unit increase
Tumor size (cm)
>2
89.7%
V2
10.3%
Surgical margin status
Positive
79.5%
Negative
20.5%
Extraprostatic extension
Extension
84.6%
No extension 15.4%
Digit rectal exam
Positive
61.5%
Negative
38.5%

Recurred
(n = 48)

Table 3. Multivariate Cox regression model: independent
associations with PSA recurrence for men with clinically
localized prostate cancer following radical prostatectomy
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Table 5. Univariate and multivariate Cox models: association between AMACR and prostate cancer – specific death in
watchful waiting cohort, Örebro 1977-2003
Variable

AMACR
<0.18 (low)
z0.18 (high)
Age (per year)
T stage
T1b
T1a
Gleason score
8+
7
5-6

Censored
(n = 152)

Prostate cancer
death (n = 36)

Unadjusted

Multivariate adjusted
P

HR

95% CI
0.68-2.83

0.36

0.99-1.08

0.17

P

HR

95% CI

4.06
REF
1.01

1.82-9.06

0.0006

0.97-1.06

0.58

60.1
39.9
74.1 y

69.4
30.6
72.5 y

1.40
REF
1.03

46.1
53.9

13.9
86.1

5.12
REF

1.98-13.21

0.0007

3.61
REF

1.30-9.97

0.013

8.5
26.9
62.7

33.4
33.3
33.3

10.45
2.84
REF

4.55-24.0
1.27-6.38

<0.0001
0.011

13.03
2.70
REF

4.88-34.8
1.12-6.52

<0.0001
0.027

NOTE: Data in multivariate model are adjusted for AMACR cutpoint, age, T stage, and Gleason score.

Furthermore, among the four prostate cancer deaths with
Gleason score 6 or less and tumor stage T1a, all were correctly
predicted as death. These data indicate that the AMACR
biomarker, in combination with clinical variables, can substantially predict prostate cancer mortality.

Discussion
This is the first demonstration that AMACR protein expression
levels are associated with long-term clinical outcome in
early prostate cancer. Our original observations suggested
that AMACR expression decreases with prostate cancer
progression (14, 19). However, standard immunohistochemical
evaluation failed to identify clinically significant associations between AMACR expression and biochemical failure
(14, 29, 30). Using a more sensitive technique to measure
AMACR protein expression, we were able to identify an
AMACR cutpoint that was associated with a three times
greater chance of biochemical recurrence and a three to
seven greater risk of developing cancer-specific death. These
observations were independent of conventional clinical and
pathologic variables in multivariable analysis.
The paradigm for developing prostate cancer biomarkers
has focused on using PSA biochemical failure as the surrogate
end point for the development of metastatic disease and
cancer-specific death. Studies based on surrogate end points
are inherently less reliable than studies with clinical end points
that therapeutic intervention aims to prevent or delay, such as
cancer-specific death (31). PSA failure is considered a

surrogate for the progression of metastatic disease and
prostate cancer – specific death (32, 33). Indeed, studies by
Pound et al. support the potential role of PSA failure as a
clinically relevant surrogate end point (33). For example, of 304
men who develop a PSA biochemical failure following radical
prostatectomy for clinically localized disease, 103 (34%)
developed metastatic disease with a mean actuarial time to
metastases of 8 years following the initial PSA elevation. The
Pound study also showed that time from initial diagnosis to
biochemical failure and PSA doubling time predicted metastatic disease. These findings suggest that biochemical failure
per se is not a complete surrogate for clinical outcomes, in
particular death, and should take into account PSA kinetics as
well (34). Additional support that biochemical failure may not
be an optimal end point was recently reported by D’Amico
et al. (35). They evaluated surrogate end points for prostate
cancer-specific mortality in two multi-institutional databases
of over 8,669 patients with prostate cancer treated with surgery
(5,918 men) or radiation (2,751 men). The posttreatment PSA
doubling time was significantly associated with time to
prostate cancer – specific mortality and with time to all-cause
mortality.
The current study is consistent with the view that PSA
failure may not be the optimal end point to use to predict
prostate cancer – specific death and thus not optimal for the
development of prostate cancer biomarkers. We observed that
the AMACR cutpoints differed depending on whether it was
derived from PSA failure or cancer-specific death. Biochemical
failure may be due to causes unrelated to the biology of
prostate cancer such as local recurrence due to positive

Figure 2. A. Lower AMACR intensity is associated with prostate cancer – specific survival in a watchful waiting cohort with up to 20 years of
clinical follow-up (see tables) using a cutpoint of 0.18. This histogram shows the distribution of AMACR intensity units for the tumors from the
surgical series. B. Using the continuous values, one appreciates lower expression in the 48 cases with a PSA biochemical failure versus the
patients without disease progression (error bars with 95% CI). C. The Kaplan-Meier curve shows a PSA recurrence – free survival advantage
with patients whose tumor had lower AMACR protein expression using the 0.18 cutpoint (see text for details as to how this cutpoint was
determined).
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Table 6. Effect of derived AMACR cutpoints in the watchful waiting cohort with prostate cancer death as outcome
compared with Michigan cohort with biochemical recurrence as outcome
AMACR cutpoint

Prostate cancer death
Low (<0.18)
High (z0.18)
Biochemical failure
Low (<1.11)
High (z1.11)

Surgical cohort PSA biochemical failure

Watchful waiting cohort (Prostate Cancer Death)

HR* (95% CI)

P

HR* (95% CI)

P

3.67 (1.25-10.78)
REF

0.018

4.06 (1.82-9.06)
REF

0.0006

2.12 (1.04-4.32)
REF

0.039

1.09 (0.33-3.62)
REF

0.89

*Data were adjusted for Gleason score; surgical margin status, and the natural log of pretreatment serum PSA.

survival benefits were observed for surgery over watchful
waiting but the absolute reduction in prostate cancer mortality
was small (36). Longer follow-up might show even greater
benefits from localized therapy given the significant percentage of men who developed metastatic disease over the 8 years
of follow-up (36).
This study also highlights one of the technical limitations
of prior biomarker work. Most studies to date, including our
own work, used manual evaluation dividing immunostaining results into a small number of categories. Although
reasonable reproducibility may be achieved using a fourtiered (i.e., negative, weak, moderate, or strong), three-tiered
or dichotomous scale, the range of expression is compressed
and the ability of the pathologist to distinguish, for example,
various shades of moderate staining intensity is not possible.
The current study illustrates how critical this might be in the
development of prostate cancer biomarkers (Fig. 3). Several
studies on AMACR failed to identify an association with
decreased expression and prostate cancer progression (14,
19, 29, 30, 38). Our initial observations suggested that
AMACR expression decreased with cancer progression as
both at the transcriptional level and protein level AMACR
was lower in metastatic prostate samples (14, 19). However,
using manual standard pathology review, no clinical
associations were discovered. More recent work using a
fluorescence-based approach confirmed lower AMACR expression in metastatic samples. This finding suggests that a
quantitative method might be required to identify a critical
cutoff to distinguish clinically localized tumors with subtle
differences in AMACR expression levels (20). The current
study supports this hypothesis. No significant cutoff could
be determined using a standard evaluation of immunohistochemical markers by the pathologist. In contrast, the use of
a continuous scale of protein measurement allowed us to
identify a critical cutoff. This cutoff could then be translated
into a specific test using an intensity level that was not
appreciated despite numerous studies on AMACR to date.
The use of this semiautomated quantitative method for
biomarker analysis is promising. However, the clinical
application of such systems is still in its early phases. Results
need to be validated and tested in different cohorts and
standardization needs to be worked out. Specifically, can we
determine a cutpoint that would be useful to apply to prostate
needle biopsies in the clinical assessment of men with clinically

Table 7. HR (95% CI) of prostate cancer outcome associated with AMACR expression and Gleason score, cross-classified

Gleason z 7
Gleason < 7

Surgical cohort, PSA biochemical failure

Watchful waiting cohort, prostate cancer death

Low AMACR

High AMACR

Low AMACR

High AMACR

3.9 (0.53-29.2)
1.2 (0.12-10.9)

1.7 (0.21-14.5)
REF

18.0 (2.3-140.8)
6.4 (0.8-51.2)

4.9 (0.63-37.9)
REF

Note: Data are adjusted for surgical margins and PSA (surgical cohort) or age and T stage (watchful waiting cohort). AMACR cutpoint = 0.18.
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surgical margins. Moreover, given the slow progression of
prostate cancer, even 8 years may not be sufficient to identify
all patients who will die from prostate cancer. Therefore,
censoring underestimates the number of men who will
ultimately experience prostate cancer progression. The work
from Pound et al. and D’Amico et al. would suggest that the
surrogate end point needs further consideration.
However, we also need to be cautious as there are other
possible explanations as to why the cutpoint derived by
biochemical failure did not predict prostate cancer – specific
death. There are several important differences between the two
populations including eras collected (i.e., pre- and post-PSA
screening era), populations (i.e., Swedish versus U.S.), and
treatment (i.e., watchful waiting versus surgery). Theoretically,
a clinical trial such as the Scandinavian Prostate Cancer Group
IV study (36), where patients were randomized to be either
followed expectantly or treated by surgery, would be
extremely useful in the development of prostate cancer
biomarkers to predict cancer-specific death. Given the important need for the development of uniformly collected cohorts,
there is currently an important effort by the National Cancer
Institute – supported prostate cancer Specialized Programs of
Research Excellence groups to develop such resources.
The use of prostate cancer – specific death to develop a
biomarker test is likely a more valid strategy. In the current
study, using cancer-specific death to determine the AMACR
cutoff yielded a different cutoff from that derived from the
surrogate end point. Using this revised cutoff on the patients
treated for clinically localized disease, AMACR expression
independently predicted PSA relapse, even accounting for
pretreatment PSA, surgical margin status, and Gleason score.
The high-risk group included 81% of the patients in this
surgical cohort suggesting that using PSA recurrence as the
surrogate end point, we are missing some patients who would
have progressed. This finding is not what one would anticipate
if biochemical failure also included ‘‘false-positives’’ due to
other cases such as surgical technique. If these data are
confirmed, then risk of progression given sufficient time is not
being adequately measured using one elevation of PSA
following treatment. The most recent review of the entire
Örebro watchful waiting series identified a significant increase
in prostate cancer – specific mortality beyond 15 years of
follow-up (37). This would also further support the need for
better prognostic markers. In the randomized Swedish study,
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Figure 3. Prostate cancer biomarker development requires selecting an end point for the study. After initial diagnosis, several treatment options
are available for men with clinically localized prostate cancer such as radiation therapy, surgery, or observation (also known as expectant therapy
or watchful waiting). In most cases, prostate cancer biomarkers are developed using samples from prostatectomy series as this provides the best
source of tumor tissue. Patients are clinically followed and the development of either a PSA elevation following surgery, the development of
metastatic disease or cancer-specific death are all end points used for the development of prostate cancer biomarkers. However, most studies use
PSA biochemical failure (surrogate end point) as the end point given the long time required to observe clinical events. It is assumed that
biochemical failure is a surrogate end point for the development of these clinical events. However, the current study suggests that the surrogate
end point may not be sufficient to define cutpoints for predicting cancer-specific death. Specifically, the AMACR cutpoint used to predict PSA
biochemical failure did not predict cancer-specific death, whereas the AMACR cutpoint used for predicting cancer-specific death identified a
distinct cutpoint that predicted biochemical failure in the surgical cohort.
localized prostate cancer? One future approach would be to
evaluate prostate needle biopsies for AMACR staining
intensity and determine if this information adds to currently
employed clinical nomograms. As recently described by
Kattan et al., one could explore if the addition of AMACR
intensity improves the receiver operating characteristic area
under the curve as compared with a traditional nomogram
(11, 39). However, as seen in this current study using a
regression tree method to identify the optimal cutpoints,
different populations may end up having different significant
cutpoints after adjusting for different covariates. Therefore,
predictive models using molecular data will be no different
than standard nomograms as both approaches require carefully defining the clinical cohort.
Another reasonable approach to developing cutpoint is to
make them cohort-specific biomarkers. The biomarkers could
theoretically be tested in half of the cohorts and validated in
the remaining cases. If the testing phase took into account the
clinical variables, one might predict that the model would
stand a better chance of being predictive in the validation set
where clinical variables would also be required to show that
the molecular biomarker improves over the current clinical
model.
One can also use a metric called the concordance index to
determine how much a predictive model with the molecular
biomarker improves over and beyond that with the clinical
models alone. The concordance index is the probability that,
given two randomly selected patients, the patient with the
worse outcome is, in fact, predicted to have a worse
outcome (40). This measure ranges from 0.5 (i.e., chance)
to 1.0 (perfect ability to rank patients). This step is important

because the ultimate goal of identifying molecular signatures
for prostate cancer outcome is to improve the current clinical
models (39). If the molecular signature is only informative in
that it predicts the clinical markers, then the signature will
not be useful in the clinical setting. One limitation of this
study was that the relative small size of the two groups
precluded dividing them up for testing and validation sets.
We did, however, try a leave-one-out cross-validated
analysis in which each sample in the study was held out,
and various cutpoints of AMACR were considered. The
predictive power of AMACR was assessed using the C-index
(41) with the response being time to biochemical failure in
the Michigan cohort and time to death in the Örebro cohort.
The cross-validated values of the C-index for the two
cohorts, across a variety of cutpoints, ranged between 0.5
and 0.6.
The current study now extends the potential utility of
AMACR as a prostate cancer biomarker. The AMACR (p504s)
antibody is gaining wide acceptance in clinical practices as an
adjuvant tool in the workup of diagnostically challenging
prostate lesions referred to as atypical small acinar proliferation
or atypical suspicious for cancer (14, 19, 29, 38, 42-48).
Pathologists can now use AMACR (p504s) in combination
with a basal cell marker to help make a more definitive
diagnosis. We also recently observed a measurable humoral
response directed against the AMACR protein (49). Using an
ELISA assay, this response could be measured in serum
samples from men with known prostate cancer but not in agematched controls. This early work suggests that AMACR
expression, despite the fact that it is not a secreted protein, may
potentially become a clinically useful serum test. A second
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tissue-based assay can also detect enzymatic activity in
prostate needle biopsy samples. This assay may represent
another means of determining AMACR protein expression
more reproducibly (50).
In summary, we showed for the first time that the AMACR
expression is associated with prostate cancer progression after
examining tumors from >440 men diagnosed with clinically
localized prostate cancer. Selection of the optimal test cutpoint
came from analysis using prostate-specific death and not
a surrogate end point, suggesting that the definition of the
surrogate end points, such a PSA biochemical failure need to
be further evaluated. Future work will need to determine if
this AMACR tissue test can be applied to prostate needle
biopsies in a prospective manner to predict the risk of
recurrence.
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Cancer metastasis involves the dysregulation of a complex
interplay of multiple pathways. One critical step towards metastatic potential involves the detachment of tumour cells from the
surrounding environment. Anti-adhesion molecules inhibit the
cell – cell and cell – extra-cellular matrix interactions, and may
promote development of metastatic disease by down regulating
cellular adhesion.
The mucin family of anti-adhesion molecules have been
implicated in the biological behaviour and progression of several
types of cancer (Bresalier et al, 1991; Gendler and Spicer, 1995).
The mucin MUC-1, which is expressed at the apical cell surface of
many normal secretory epithelial cells (Ho et al, 1993), contains an
extra-cellular domain that extends above most other cell
membrane-associated proteins (Hilkens et al, 1992; Hilkens et al,
1995). As such, MUC-1 has been suggested to prevent adhesion and
to promote development of metastatic disease. In prostate cancer,
overexpression of MUC-1 in tissue has been correlated both with
higher Gleason grade and advanced tumour stage (Kirschenbaum
et al, 1999). One study has, furthermore, suggested that MUC-1
expression may predict prostate cancer recurrence after prostatectomy (Lapointe et al, 2004), although these results have been
challenged by others (O’Connor et al, 2005; Zellweger et al, 2005).
*Correspondence: Dr O Andrén; E-mail: ove.andren@orebroll.se
Received 2 April 2007; revised 29 June 2007; accepted 20 July 2007;
published online 28 August 2007

The disparate findings may in part be explained by the use of PSArecurrence as a measure of outcome, as biochemical failure does
not necessarily herald prostate cancer death (Jhaveri et al, 1999).
In the present study, we test the hypothesis that altered tumour
expression of MUC-1 is associated with prostate cancer death. We
nest the study in a population-based cohort of men with localised
prostate cancer who have been followed prospectively for more
than 20 years.

MATERIALS AND METHODS
The study population is a cohort of all cases of early prostate
cancer (T1a-b, Nx, M0) diagnosed at the Örebro University
Hospital, Sweden between 1977 and 1991 by transurethral
resection of the prostate or transvesical adenoma enucleation for
symptomatic benign prostatic hyperplasia (Andren et al, 2006). As
no private institutional care was available in the region at the time
and as the population was required to seek care within their county
of residence, the cohort can be considered population-based.
Baseline evaluation at diagnosis included physical examination,
chest radiography, bone scan and skeletal radiography (if needed).
Nodal staging was not carried out. In accordance with standard
practice at that time in Örebro, these patients were initially
followed expectantly (‘watchful waiting’) (Johansson et al, 2004).
Patients received clinical exams, laboratory tests and bone scans

PAPER IV

Anti-adhesion mucins have proven to play an important part in the biology of several types of cancer. Therefore, we test the
hypothesis that altered expression of MUC-1 is associated with prostate cancer progression. We retrieved archival tumour tissue
from a population-based cohort of 195 men with localised prostate cancer (T1a-b, Nx, M0) that has been followed for up to 20 years
with watchful waiting. Semi-automated, quantitative immunohistochemistry was undertaken to evaluate MUC-1 expression. We
modelled prostate cancer-specific death as a function of MUC-1 levels accounting for age, Gleason grade and tumour extent, and
calculated age-adjusted and multivariate adjusted hazard ratios (HR). Men that had tumours with an MUC-intensity lower or higher
than normal tissue had a higher risk of dying in prostate cancer, independent of tumour extent and Gleason score (HR 5.1 and 4.5,
respectively). Adjustment for Gleason grade and tumour stage did not alter the results. Men with a Gleason score X7 and MUC-1
deviating from the normal had a 17 (RR ¼ 17.1 95% confidence interval ¼ 2.3 – 128) times higher risk to die in prostate cancer
compared with men with Gleason score o7 and normal MUC-1 intensity. In summary, our data show that MUC-1 is an independent
prognostic marker for prostate cancer death.
British Journal of Cancer (2007) 97, 730 – 734. doi:10.1038/sj.bjc.6603944 www.bjcancer.com
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Through March 2003, with up to 23 years of follow-up
(mean ¼ 9, median ¼ 8), 37 (19.0%) patients in this cohort had
died of prostate cancer. The remaining patients were considered
censored having either died of other causes (132 or 67.7%) or were
still alive without disease at time of last follow-up (26 or 13.8%).
We estimated person-time in the cohort as time between date of
diagnosis to cancer death, or censored at death from other cause or
end of follow-up (October 2003). We used Cox regression to model
time to prostate cancer death as a function of MUC-1 levels
accounting for age, Gleason grade and tumour extent. For each
individual, we calculated the mean intensity across the two cores.
We defined normal MUC-1 intensity as the mean intensity in
benign prostate tissue70.25 standard deviations (s.d.). Individuals
whose MUC-1 tumour expression was within the normal range
represented the reference group. Individuals whose tumour
expression was above or below normal were so classified. Using
Cox-regression, we calculated age-adjusted and multivariate
adjusted hazard ratios (HR). We tested for linear trend for
continuous variables using the McPhearson’s test. Furthermore, we
calculated the sensitivity and specificity of MUC-1 protein
expression as a predictor of prostate cancer death to explore its
usefulness as a biomarker of prostate cancer outcomes.

RESULTS
The baseline characteristics of the 195 patients are presented in
Table 1. Mean MUC-1 expression for all 195 patients was 107.3
(range 95 – 179, s.d. 10.2). Of the 43 patients that had an MUC-1
intensity close to normal tissue (Figures 1 and 2) (102.5 – 106),

Figure 1 Tissue micro array analysis of MUC-1 immunohistochemistry: selected images of TMA cores representing normal, high and low MUC-1 intensity
(A, B). Normal MUC-1 intensity (C, D). High (C) and Low (D) MUC-1 intensity.
& 2007 Cancer Research UK
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every 6 months during the first 2 years after diagnosis and
subsequently at 12-month intervals. Patients that developed
metastases, as judged by bone scan, were treated with androgen
deprivation therapy if they exhibited symptoms.
Cause of death in the cohort was determined by review of
medical records by the study investigators. An autopsy was
performed if the cause of death was not clear. A validation study
regarding cause of death compared with the Swedish Death
Register showed greater than 90% concordance, with no systematic
under- or over-reporting of any cause of death. Follow-up of the
cohort with respect to mortality was 100%, and no patients were
lost to follow up.
We retrieved archival tissue specimens (formalin-fixed paraffin
embedded) and H&E slides from all 240 cases in the cohort, and we
had sufficient tumour tissue available for a total of 195 cases.
Histological examination was performed by one pathologist
(MAR) for Gleason grade who also assessed tumour extent by
calculating the ratio of the number of chips with cancer and the
total number of chips (Humphrey and Vollmer, 1988). Highdensity tissue micro arrays (TMAs) were assembled from the TURP specimens using the manual tissue arrayer (Beecher Instrument,
Silver Spring, MD, USA) as described previously (Perrone et al,
2000). Two representative cores were taken from each tumour
specimen. Benign tissue was also included on the TMA. After
construction, a 4 mm section was cut and stained with standard
biotin – avidin complex immunohistochemistry antibodies (Mucin
1(VU4H5): sc 73 – 13) to evaluate MUC-1. Semi-automated,
quantitative immunohistochemistry was undertaken using the
Chromavision system, and protein intensity was measured on a
scale from 0 to 255 (Figure 1A – D).
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Table 1 Characteristics of 195 patients with incidental prostate cancer (T1a-b, Nx, M0) who received no initial treatment, according to age, Gleason
score, tumour extent and MUC-1 expression at time of diagnosis 1977 – 1991
Deaths by other
causes

Alive

Mean survival
(month)

Minimum
survival (month)

Maximum
survival (month)

Age
o70
470

56
139

13
24

27
105

16
10

138
90

16
1

280
272

Gleason score
4
5
6
7
8
9

3
7
107
53
22
3

—
3
10
12
11
1

1
3
77
38
11
2

2
1
20
3
0
0

132
122
118
96
73
49

56
5
1
1
4
17

167
235
284
230
229
85

Percentage of chips with cancer
o5%
80
6 – 25%
85
26 – 50%
13
450%
17

6
18
6
7

58
57
7
10

16
10
0
0

102
97
85
54

1
1
17
4

237
280
153
143

MUC-1
Normal
Low
High

3
16
18

35
38
59

5
14
7

118
108
100

4
1
1

284
280
238

43
68
84

Combination of Gleason
and MUC intensity

MUC intensity

1.0

High MUC

1.0

Low MUC

High or low MUC,
Gleason<7
High or low MUC,
Gleason>6

High MUCcensored
Low MUCcensored
Normal MUCcensored

0.6

0.4

Cumulative survival

Normal MUC

0.8

0.8
0.6

Normal MUC,
Gleason<7
Normal MUC,
Gleason>6

0.4

High or low MUC,
Gleason<7-censored
High or low MUC,
Gleason>6-censored

0.2

Normal MUC,
Gleason<7-censored
Normal MUC,
Gleason>6-censored

0.2
0.0
0.0

0
0

50

100

150 200
Months

250

300

Figure 2 Survival curves of 195 patients according to high-, low- and
normal MUC-1 intensity.

three (7%) died of prostate cancer, compared with 34 (23%) of the
152 patients that deviated from the normal MUC-1 intensity
(Figure 2 and 3). As illustrated in Table 2, there was no correlation
between Gleason score and MUC-1 intensity (P-value 0.8), whereas
there was a tendency to correlation between tumour extent and
MUC-1 (P-value 0.08).
The age-adjusted risk of dying of prostate cancer with respect to
MUC-1, Gleason score and tumour extent is presented in Table 3.
The risk of dying of prostate cancer was four times higher among
those with a higher (3.9 (95% confidence interval (CI) ¼ 1.1 – 14))
or lower (3.8 (95%CI ¼ 1.1 – 13)) MUC-1 expression than among
those with an MUC-1 expression within the normal range. After
adjusting for tumour extent and Gleason score, the effect of
MUC-1 was even stronger (HR 5.1 (95%CI ¼ 1.4 – 18) and 4.5
(95%CI ¼ 1.3 – 15), respectively), indicating that MUC-1 predicts
prostate cancer death independently of clinical parameters.
British Journal of Cancer (2007) 97(6), 730 – 734
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Figure 3 Survival curves of 195 patients according to combination of
Gleason score and MUC-1 intensity.

Table 2 Correlation between MUC-1 intensity expression and age,
Gleason score and tumour volume
MUC-1 intensity
Normal N (%) Low N (%) High N (%) P-value

Factor
Age o70
Age 470
Gleason 4 – 6
Gleason 7
Gleason 8 – 9
Percent chips
Percent chips
Percent chips
Percent chips

o5%
5 – 25%
25 – 50%
450%

10
33
25
13
5
15
23
0
5

(23)
(77)
(58)
(30)
(12)
(35)
(54)
(0)
(12)

25
43
41
20
7
23
33
5
7

(37)
(63)
(60)
(29)
(10)
(34)
(49)
(7)
(10)

21 (25)
63 (75)
51(61)
20 (24)
13(16)
42 (50)
29 (35)
8 (10)
5 (6)

0.188
0.826

0.085
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Na
MUC-1 (intensity)
Normal (102.5 –
106)
Low (o102.5)
High (4105.5)

Prostate cancer
deaths

Crude HR
(95%CI)

HRb
(95%CI)

43

3

1.0

1.0

68
84

16
18

3.9 (1.1 – 4)
3.8 (1.1 – 13)

5.1 (1.4 – 18)
4.5 (1.3 – 15)

CI ¼ confidence interval; HR ¼ hazard ratio. aA total of 195 patients were assayed for
MUC-1. bAdjusted for age, Gleason score and tumour extent.

Table 4 Hazard ratio (95% CI) of prostate cancer death associated with
MUC-intensity and Gleason score, cross classified
Normal MUC-intensity
PC death/total N HR
(95%CI)

Aberrant MUC-intensity
PC death/total N HR
(95%CI)

1/25 Ref.
2/18 3.8(0.3 – 43)

12/92 3.8 (0.5 – 29)
22/60 17.1 (2.3 – 28)

Gleason o7
Gleason X7

Table 5 Sensitivity, specificity, PPV and NPV of Gleason grade and
MUC-1 intensity in predicting prostate cancer death
Gleason score and
MUC-1 intensity
Aberrant MUC-1
intensity
Gleason 46 and
aberrant MUC-1
intensity

Sensitivity

Specificity

PPV

NPV

0.91

0.25

0.22

0.93

0.59

0.76

0.37

0.89

NPV ¼ negative predictive value; PPV ¼ positive predictive value.

We further cross-classified participants on MUC-1 and Gleason
score. The group with Gleason score X7 and MUC-1 lower or
higher than normal had a 17 (HR ¼ 17.1 (95%CI ¼ 2.3 – 128)) times
higher risk of prostate cancer death compared with tumours with
Gleason score o7 and normal MUC-1 intensity (Table 4).
We further assessed the ability of MUC-1 expression (deviating
from the normal range) to correctly classify prostate cancer
cases as indolent or lethal (defined as progressing to metastases
and/or death). The sensitivity for MUC-1 as predictor of
lethal prostate cancer was 0.91, whereas the specificity was
0.25 (Table 5). When combined with information on Gleason
score, the specificity increased to 0.75 but the sensitivity decreased
to 0.56.

sensitivity but poor specificity. The addition of information on
Gleason Score improved the specificity of the MUC-1 biomarker,
but at the cost of a lower sensitivity. Still, these data suggest that
MUC-1 may be promising to include in a panel of molecular
markers to distinguish aggressive disease from indolent at
diagnosis.
These data are in line with the accumulating evidence of the role
of MUC-1 in the cell – cell interaction. On the one hand,
overexpression of MUC-1 has been shown to increase the
metastatic potential of the cancer cells (Evangelou et al, 2002;
Schut et al, 2003; Huang et al, 2004). On the other, Kontani et al
(2001) suggested that the loss of MUC-1 expression or modulation
of its antigenicity might cause cancer cells to be unresponsive to
the effect of cytotoxic T lymphocytes. These competing mechanisms provide possible explanations for our findings that both overand underexpressions of MUC-1 increases the risk of prostate
cancer progression.
In this study, we could not confirm the findings of
Kirschenbaum et al (1999) of a correlation between MUC-1
expression and tumour differentiation. Differences in the assessment of MUC-1 expression may explain the diverging results
however; although we evaluated staining intensity, Kirchenbaum
et al examined staining patterns (apical and diffuse). Our data
furthermore confirm the results of Lapointe et al (2004)
demonstrating that MUC-1 is an independent prognostic marker
that adds prognostic information over and above known risk
factors of grade and stage.
The strengths of the study include the long-term and complete
follow-up of more than 20 years. A unique feature is that the
cohort includes a sizeable number of prostate cancer deaths, which
allowed for us to evaluate an important clinical outcome. The fact
that the cases had not received any curative treatment further
enabled us to explore the effect of dysregulated MUC-1 expression
in the natural course of the disease. We employed high-density
TMAs, which represent an efficient approach for immunohistochemical analysis, that also reduce potential batch-to-batch
variation in staining. Moreover, the Chromavision system
provided an automated assessment of protein intensity on a
continuous scale. Our cases were diagnosed before introduction of
PSA screening in the population, and thus PSA levels at diagnosis
were not available. Although controlling PSA levels could attenuate
the association between MUC-1 and prostate cancer death, it is
unlikely that it would fully explain the relationship.
In summary, these data show that MUC-1 is an independent
prognostic marker for prostate cancer death. Furthermore,
although based on small numbers, our data suggest that MUC-1
expression together with Gleason grade provide substantial
information to distinguish prostate cancer outcomes.
As the accuracy of MUC-1 alone or together with the Gleason
Score in predicting prostate cancer progression was low, we
conclude that its use as a single biomarker in clinical decision
making is limited. Yet, we believe that alterations in MUC-1
expression may be useful as part of a composite set of biomarkers
in accurately predicting prostate cancer outcome.
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Table 3 HR and 95% CI for prostate cancer death in relation to protein
expression of MUC-1 in tumour tissue from patients with localised prostate
cancer
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Abstract
Background: The clinical significance of incidental prostate cancer (PCa) has been
debated during recent years. One main question has been whether or not these
tumors represent a biological domain different from those clinically detected through
PSA screening or digital rectal examination. In this study we took advantage of
several Swedish registers to study trends and survival in patients with incidental PCa.

Methods: Using the national registration number, we identified a study group of
patients diagnosed with PCa between 1970 and 2003 incidentally by TURP
(N=23,288) as well as a comparison group consisting of all other men diagnosed with
PCa (n=112,204) during the same period. We followed the men prospectively for
cancer-specific and total mortality.

Results: The incidence of incidental PCa increased during 1970 to 1990, and has
since declined. The cumulative incidence of cancer mortality among men diagnosed
with incidental PCa was 27.1% compared to 33.2% among those with clinically
detected disease between 1970 and 2003.

Conclusions: There has been a dramatic change over time in the incidence of
incidental prostate cancers in Sweden. We also found that the cumulative incidence
of prostate cancer mortality is high in the incidental group.
Our results do not fit earlier descriptions of incidental PCa as a non-lethal disease.
The data suggest that most studies on incidental PCa, which are based on men
diagnosed in the 1970s and 1980s, involve tumors that we today would classify as
T1c and T2 tumors. Our findings support Bostwicks thesis that T-classification
primarily reflects mode and tools of detection rather than variation in tumor biology. In
conclusion, new studies are needed to gain knowledge of the incidental tumors we
find today.

Introduction
The clinical significance of incidental prostate cancer (PCa) detected by transurethral
resection (TURP) or by open adenoma enucleation (OAE) for assumed benign
hyperplasia has been a matter of debate1-3. The main question is whether or not
these tumours represent a biological domain different from those clinically detected
by rectal palpation or by PSA tests. It is commonly believed that incidental tumors,
especially those of small volume4 (<5% of the total amount of resected tissue; T1a
tumors), are harmless and can be left without immediate treatment5. However, recent
studies6-8 have demonstrated that with increasing tumor volume (>5% of totally
resected tissue;T1b tumors), the clinical course of PCa becomes gradually more
unfavourable, and is comparable to that of palpable T2 tumors.

PCa in order to understand whether its biological behaviour differs from other types
of PCa. Using the Swedish Inpatient Register and the Swedish Cancer Register we
were able to examine trends over time and survival among patients with incidental
PCa in Sweden between 1970 and 2005.
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We undertook a large, population-based study to more fully characterize incidental

Materials and methods
In this study, we utilized nationwide data from several swedish health care registers.
The use of the national registration number (NRN), a unique 10 digit identification
number assigned to all Swedish residents, enables record linkages between the
registers. There was almost no private institutional care available in Sweden during
the study period, so essentially all men were referred to and treated at the main
hospital in their county of residence and, therefore, the study can be considered
population-based.

The National Inpatient Register
For primarily administrative purposes the National Board of Health and Welfare
started to compile data for the National Inpatient Register in 1964 to capture
hospitalizations. Registration increased over the years and was 60% in 1969, 85% in
1983, and in 1987 the coverage reached 100%. This register includes data on the
NRN, discharge diagnoses (a maximum of 8 including up to 6 surgical procedures)
for each hospitalization, and date of discharge. The 7th revision of the International
Classification of Diseases (ICD-7) was used for coding diagnoses through 1968, the
8th revision (ICD-8) between 1969 and 1986, the 9th revision (ICD-9) between 1987
and 1996, and the 10th revision (ICD-10) thereafter. Surgical procedures were coded
according to the Swedish Classification of Operations and Major Procedures.

The Swedish Cancer Register and Cause of Death Register
The Swedish Cancer Registry captures all incident cancers in the population,
including PCa. Mandatory reporting by clinicians and pathologists has contributed to

the thoroughness of the Swedish Cancer Register and the coverage has exceeded
97% since 19849. The Cause of Death register was established in 1952, and the
registries has captured virtually all deaths in Sweden since 1961. The most
significant variables in this register are the main and contributory causes of death,
date of death, notes on section, sex, age, and birthplace. Cancer diagnoses and
causes of death are coded according to the International Classification of diseases
and causes of deaths (ICD 7-10).

The Register of Population Changes
This register is based on the official Swedish Census data and includes all residents
alive and living in Sweden at the end of each year.

We identified all men (N=76,778) in the Swedish Inpatient Register who had been
discharged after TURP or OAE between 1970 and 2003. By linking the records of
these men to the Cancer Registry, we identified all men who were incidentally
diagnosed with PCa by TURP or OAE. The definition of incidentally detected PCa
required the following criteria to be fulfilled: (1) the date of the PCa diagnosis had to
follow the date of first TURP/OA admission, (2) the date of the PCa diagnosis had to
be set within 14 days from discharge, (3) the diagnosis of PCa had to be
histopathologically verified, and (4) the hospital stay had to be less than 60 days. A
diagnosis of high-grade intraprostatic neoplasia (PIN) was not classified as PCa. In
total 23,288 men with incidentally diagnosed PCa was identified.
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Methods

As a comparison group, we chose all men clinically diagnosed with PCa in the
Swedish Cancer Register during the same time period and from the same counties.
All men with PCa in the comparison group (N=112,204) were diagnosed on clinical
grounds alone (i.e. by tissue biopsies or fine needle biopsies/cytology). By linking the
records of these men to the records of those discharged for TURP/OAE we were able
to separate out men with histologically confirmed PCa before surgery and men
diagnosed later than 14 days after the TURP/OAE. We further excluded all autopsy
detected PCa. In total, the study population, including those with both incidentally
and clinically diagnosed PCa, comprised 135,492 men.

Statistical Methods
The age-standardized incidence rates of PCa were calculated using the age
distribution of the Swedish population on January 1, 2000, which was obtained from
Statistics Sweden10. The men were followed prospectively from date of cancer
diagnosis to death from cancer, or censored from other causes of death or end of
follow-up (Dec 31, 2003). Information on cause of death was obtained through
linkage with the Cause of Death Registry and the ICD codes were used to identify
PCa (ICD10 = C619) as the main cause of death. We calculated cumulative
incidence curves to illustrate the risk of PCa death while accounting for the
competing risk of death from other causes11. All statistical calculations were
performed using the statistical program package R12.

Results
Clinical characteristics among the men with PCa are presented in table 1. Most
patients with incidental PCa are diagnosed age 65 and older, with half age 75 years
or older (mean age 74.4). Men with incidental PCa are somewhat older than men
diagnosed on clinical grounds alone. The mean age at PCa diagnosis increased
slightly over time from 72.5 in 1970-79 to 75.2 in the last calendar period 1999-2003
(Fig 1).

The age-standardised incidence of incidental PCa peaked in the early 1990s (Fig 3)
and successively declined during subsequent years, reaching 12% during the period
of 1999-2003. During the entire study period, 1970-2003, the total PCa incidence rate
increased continuously and during the mid 1980s was almost 15 times higher than in

but the incidence rate continued to rise even after the TURP frequency had levelled
off.

We observed a marked decrease in hospitalisation time over calendar time. Initially,
in the early 70s, when the transurethral technique was introduced, the hospitalisation
time was comparably long, lasting about 2-3 weeks. After a continuous and dramatic
decrease, the hospitalization time levelled off to 4-5 days in the last 5-year period
(Fig 2).

Among the men with incidental PCa, 6,300 had died of PCa, 11,850 had died of
intercurrent causes, and 5,138 patients were still alive at the end of 2003. Accounting
for competing causes, the cumulative incidence of PCa mortality during the study
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1973. The upward trend appeared to be driven by the increased frequency of TURP,

period was 27.1%. This compares to 33.2% among the comparison group consisting
of clinically detected PCa. The age standardised cumulative incidence of PCa
mortality comparing incidental and clinical PCa is shown in Fig 4. The corresponding
incidence curves by time period and by mode of detection are shown in Fig 5. We
observed a clear decreasing trend over time after diagnosis, but the prostate cancer
specific mortality decreased both according to mode of detection and calendar time.
The mortality was lower among those with incidentally detected tumors compared to
those in the comparison group. However, it should be noted that although the
prostate cancer specific mortality among those with incidental PCa levelled off by
time, it was still 30% 15 years post diagnosis.

Discussion
In this large, population-based study of incidental PCa we observed changes over
time in the incidence of incidental PCa in Sweden. We also found significant prostatespecific mortality among men with PCa diagnosed by TURP or by other modes of
detection. These data do not fit earlier descriptions of incidental PCa as a non-lethal
disease3, 5.

The introduction of TURP in the late 1970s increased not only the incidence of
incidental tumours as earlier described 13, but also the overall incidence of prostate
cancer. TURP specimens mainly derive from the transition zone of the prostate 14, 15.
Tumours originating from this part of the prostate have been described as low grade
with low potential of malignancy, and therefore not considered in need of treatment5,
. On the other hand, 8-37% of all incidental tumours will ultimately progress2.

16, 17

no difference in time to biochemical failure between transition zone tumours and
tumours that derive from the peripheral zone. Bostwick et al2 suggested that TURP
detected tumours do not exclusively have their origin in the transition zone, but may
instead represent peripheral zone tumours that have grown into the transition zone.
Thus, there may be a significant overlap between T1b, T1c, and T2 tumours. In the
end, it might be the tumor location within the prostate gland and the chance the
urologist has of finding it that ultimately determines the T stage.
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Chun et al18 demonstrated in a study of radical prostatectomy specimens that there is

Before the PSA era, the clinical decision of whether or not presentation with voiding
symptoms was indicative of a benign condition or PCa was mainly based on rectal
palpation and measurements of acid phosphates. A substantial proportion of men
with voiding symptoms were treated by TURP or OAE. Our data confirm earlier
observations of a declining incidence of incidental tumours after the introduction of
PSA screening19. In Sweden, incidental PCa currently constitutes around 10% of all
diagnosed PCa20. We further observed that the cumulative incidence of PCa mortality
seemed to decrease over time; this may either describe an increase in lead time after
the introduction of PSA, or that tumours detected with TURP today represent a
different biological domain then earlier incidental tumours.

This large, register-based study with essentially complete follow-up allowed a
comprehensive examination of incidence and mortality trends in Sweden over the
last three decades. Since health care is free to all Swedish residents, selection forces
associated with the TURP procedure should be minimal. A limitation, shared by all
register-based studies, though, is the quality of available data. The accuracy of the
official causes of death data, with regard to prostate cancer, should however be
high21.

Most studies of cancer mortality among incidental tumours are based on patients
diagnosed during the 1970s and 1980s. Our study indicates that those findings are
not representative of incidental tumours of today. Indeed, the incidental tumors of
earlier decades are more likely to represent today’s T1c and T2 tumours. Our data
support the thesis that the T-classification system describes availability of tools for

the urologist rather than the biology of the tumour2. Thus, new knowledge is needed
to characterize incidental tumours detected today.
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Table 1. Characteristics of prostate cancer patients diagnosed by or hospitalized for
TUR-P between 1970 and 2003 in Sweden compared to other PCa patients.
TUR-PTUR-PPCadiagnosed
hospitalisations comparisons
patients
N
Age
<55
55-64
65-74
75-84
85+

%

N

%

N

%

123
2157
9085
10114
1809

(0.5)
(9.3)
(39.0)
(43.4)
(7.8)

708
8931
30854
31163
5122

(0.9)
(11.6)
(40.2)
(40.6)
(6.7)

2462
17740
43060
40769
8173

(2.2)
(15.8)
(38.4)
(36.3)
(7.3)

2627
6693
4961
3349
2795
2863

(11.3)
(28.7)
(21.3)
(14.4)
(12.0)
(12.3)

12324
20793
14409
10106
9790
9356

(16.1)
(27.1)
(18.8)
(13.2)
(12.8)
(12.2)

13045
17116
13311
12480
20270
35982

(11.6)
(15.3)
(11.9)
(11.1)
(18.1)
(32.1)

Hospitalisation time
0-3 days
4-7 days
8-14 days
2-4 weeks
4+ weeks

5680
10997
4175
1844
592

(24.4)
(47.2)
(17.9)
(7.9)
(2.5)

17978
34758
14964
6655
2423

(23.4)
(45.3)
(19.5)
(8.7)
(3.2)

NA
NA
NA
NA
NA

NA
NA
NA
NA
NA

N TURP-treatments
0
1
2
3
4+

0
18007
4118
864
299

(0.0)
(77.3)
(17.7)
(3.7)
(1.3)

NA
NA
NA
NA
NA

NA
NA
NA
NA
NA

82389
23689
4719
1062
345

(73.4)
(21.1)
(4.2)
(0.9)
(0.3)

Status at end of follow up
(Dec. 31, 2003)
Alive
Dead from other causes
PCa-death

5138
11850
6300

(22.1)
(50.9)
(27.1)

NA
NA
NA

NA
NA
NA

39527
35469
37208

(35.2)
(31.6)
(33.2)

6.1

(4.7)

NA

NA

4.3

(4.0)

Years
1970-79
1980-86
1987-90
1991-93
1994-98
1999-2003

Follow up
Time in years , mean (sd)
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Figure legends
Figure 1. Mean age at cancer diagnosis among TURP/OAE detected PCa) in
Sweden between 1970 and 2003.
Figure 2. Mean duration of hospitalization for TURP procedure in Sweden between
1970 and 2003.
Figure 3. Trends in the age-standardized incidence of TURP-detected and total
prostate cancer in Sweden between 1970 and 2003
Figure 4. Cumulative incidence of prostate cancer-specific mortality in Sweden
between 1970 and 2003 among men diagnosed incidentally by TURP or clinically
detected.
Figure 5. Cumulative incidence of prostate cancer deaths by calendar time period
among patients diagnosed at TURP (left panel) and among patients not detected at
TURP (right panel).
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