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aBsTRacT 
INTRODUCTION: The objective of this study was to investi-
gate standardised relative survival and mortality ratio for 
patients undergoing radical prostatectomy for localized 
prostate cancer at our institution.
MATERIAL AND METHODS: Between 1995 and 2010, a total 
of 1,350 consecutive patients underwent radical prostatec-
tomy. Patients were followed prospectively per protocol. 
No patients were lost to follow-up. Overall and cause-spe-
cific survival were described using Kaplan-Meier plots. 
Standardized relative survival and mortality ratio were cal-
culated based on expected survival in the age-matched 
Danish population using the methods and macros described 
by Dickmann. The country-specific population mortality 
rates used for calculation of the expected survival were 
based on data from The Human Mortality Database.
RESULTS: The median follow-up was 3.4 years (range: 
0-14.3 years). A total of 59 (4.4%) patients died during fol-
low-up. In all, 17 (1.3%) patients died of prostate cancer. 
The estimated ten-year overall survival was 89.3%. The can-
cer-specific survival was estimated to 96.6% after ten years. 
Relative survival was 1.04 after five years and 1.14 after ten 
years. The standardized mortality ratio, i.e. observed mor-
tality/expected mortality, was 0.61 and 0.39 at five and ten 
years, respectively.  
CONCLUSION: The overall and cancer-specific ten-year sur-
vival in a consecutive series of patients in a non-screened 
Danish population is ≥ 89%. The survival and mortality ratio 
is significantly better than expected in the age-matched 
background population. This finding is likely explained by 
selection bias. Although the results indicate an excellent 
outcome in terms of cancer control, the efficacy of prostat-
ectomy for localized prostate cancer remains at debate. 
FUNDING: not relevant.
TRIAL REGISTRATION: not relevant. 
 

Radical prostatectomy as curatively intended treatment 
for localized prostate cancer was introduced in Denmark 
in 1995. Although prostate-specific antigen (PSA)-
screening has never been recommended in Denmark, an 
increased awareness and “grey-scale” screening has re-
sulted in a sharp rise in the prostate cancer incidence 
during the past 15 years [1]. Consequently, surgical 
treatment for localized prostate cancer with radical 
prostatectomy is now being performed in increasing 

numbers at several institutions. We have previously re-
ported early results, mortality and morbidity. This paper 
focuses on outcomes in terms of survival – overall, 
cause-specific, relative – and standardized mortality ra-
tio after ten years in a consecutive series of patients un-
dergoing radical prostatectomy at the Department of 
Urology, Rigshospitalet.

maTERial and mEThOds
Since 1995 patient data were collected prospectively in 
a database approved by the Danish Data Protection 
Agency (file#: 2006-41-6256). All data were collected 
through systematic patient file review after achieving 
consent from all patients.

Patients with clinically localized prostate cancer 
(clinical T-category (cT)1-cT2) and a life expectancy of 
10-15 years were offered radical prostatectomy. Some 
patients with clinical suspicion of T3a cancer were of-
fered radical prostatectomy, if biopsy Gleason score 
and/or preoperative PSA-concentration were low. All 
patients with a PSA-concentration > 10 ng/ml and/or a 
Gleason score > 6 had bone scans prior to treatment. 
Positive scans were supplemented with magnetic res-
onance imaging to rule out bone metastasis.

Biopsy and specimen Gleason score were assigned 
according to the International Society of Urological 
Pathology 2005 guideline for all patients operated after 
2006. Pathology evaluation in patients managed before 
2006 (498/36.8%) were not re-reviewed.  Radical pros-
tatectomy was performed according to P. Walsh. Since 
2009, selected patients have been operated with 
DaVinci robotic-assisted laparoscopic prostatectomy. 
Limited lymphadenectomy in the obturator fossa were 
performed in patients with a PSA-concentration > 10 ng/
ml and/or a Gleason score ≥ 7 or if suspect lymph nodes 
were encountered during surgery. The first 131 patients 
were treated with three months of neoadjuvant gonado-
tropin-releasing hormone (GnRH) agonist to reduce pos-
itive surgical margins and improve survival. This method 
was abandoned when international trials failed to dem-
onstrate a reduction in risk for biochemical recurrence 
or survival [2]. GnRH treatment is known to affect path-
ological evaluation; we therefore do not report the his-
topathological data for these patients, which constitute 
9% of the total cohort.  
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Data collected for this analysis included age, PSA-
concentration, clinical T-category (cT) and biopsy 
Gleason score, specimen pathology, i.e. pathological 
T-category (pT)-category, specimen Gleason score and 
surgical margin status.

Post-operatively, patients were followed with PSA-
concentration measurements three and six months after 
surgery, then twice a year for two years and annually 
hereafter. No patients received adjuvant hormonal or 
radiation therapy before biochemical failure, defined as 
the first confirmed PSA-concentration ≥ 0.2 ng/ml. 
Patients were followed until death or 31 December 
2010.

Causes of death were determined from patient files 
and/or autopsy reports. Prostate cancer was recorded 
as the cause of death when prostate cancer was the only 
cause of death noted and if patients had died following 
metastatic disease. Survival was calculated from the 
date of surgery. No patients were lost to follow-up.

Overall and cancer-specific survival was described 
using the Kaplan-Meier method. Further, survival was 
analyzed as relative survival and standardized mortality 
ratio (SMR). Relative survival and SMR were calculated 
based on expected survival in the age-matched Danish 
population using the methods and macros described by 
Dickmann [3]. The country-specific population mortality 
rates used for calculation of the expected survival were 
based on data from The Human Mortality Database with 
rates adjusted using five-year averages over time. The 
standardized mortality ratio was calculated as observed 
mortality divided by expected mortality. 

Trial registration: not relevant.

REsUlTs
A total of 1,350 consecutive patients operated at our in-
stitution in the period from 1 August 1995 to 1 August 
2010 were included in this analysis. No patients were ex-
cluded. Median follow-up was 3.4 years (range: 0-14.3 
yrs). A total of 456 and 87 patients were followed for 
more than five and ten years, respectively.

Patient characteristics are listed in Table 1. Median 
age at surgery was 63 years (interquartile range (IQR): 
60-67 years). The median PSA-concentration was 8.7 ng/

Patient characteristics, including patients dying from prostate cancer.

 
all patients

Patients dying 
from Pca

median iQR n % n %

Preoperative characteristics

Age, years 63 60-67

< 56 127 9.4 13 10.2

56-66 852 63.1  2  0.2

> 66 371 27.5  2  0.5

PSA-concentration, ng/ml 8.7 5.9-13.0

0-4 126 9.3  3  2.4

4.1-10 669 49.6  6  0.9

10.1-20 443 32.9  4  0.9

> 20  11 8.2  4 36.4

cT

T1 683 50.6  2  0.3

T2 629 46.6 11  1.7

T3a  28 2.8  4 14.3

Biopsy Gleason score

2-5 154 11.4  2  1.3

6 481 35.6  7  1.5

7 529 39.2  3  0.6

8-10  63 4.7  2  3.2

Not availablea 123 9.1  3  2.4

Pathological characteristics

pT

pT0   6 0.4  0 –

pT2a/b 126 9.3  1  0.8

pT2c 745 55.2  1  0.1

pT3a 223 16.5  4  1.8

pT3b 116 8.6  5  4.3

pT4   3 0.2  0  –

Not availableb 131 9.7  6  4.6

pN

Nx 549 40.7  7  1.3

N0 646 47.9  2  0.3

N1  24 1.8  2  8.3

Not available 131 9.7  6  4.6

Margin status

Margin positive 510 37.8  9  1.8

Margin negative 709 52.5  2  0.3

Not availablea 131 9.7  6  4.6

Margin positive versus pT 510

pT2 284 32.6  –  –

pT3a 139 62.3  –  –

pT3b   84 72.4  –  –

pT4     3 100.0  –  –

Specimen Gleason score

2-5  67 5.0  0 –

6 317 23.5  6  1.9

7 741 54.9  1  0.1

8-10  80 5.9  4  5.0

Not available 145 10.7  6  4.1

cT = clinical T-category; IQR = interquartile range; PCA = prostate cancer; PSA = prostate specific anti-
gen; pN = pathological N-category; pT = pathological T-category.
a) Due to WHO-grading or insufficient material for Gleason scoring.
b) Due to neoadjuvant treatment.

TaBlE 1

Survival analysis.

Years following 
surgery

Relative survival 
(95% ci)

standardized  
mortality ratio (95% ci)

 1 1.015 (1.010-1.016)                0.100 (0.025-0.403)

 5 1.038 (1.011-1.057) 0.607 (0.419-0.879)

10 1.137 (1.045-1.186) 0.393 (0.197-0.787)

CI = confidence interval.

TaBlE 2
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ml (IQR: 5.9-13 ng/ml). Preoperative PSA-concentration 
was not available for one patient. 

Surgery was performed by six different surgeons 
with one surgeon accounting for 52% of the operations. 
Nerve-sparing procedure was performed in 338 (25%) of 
the patients. Lymphadenectomy was carried out in 50% 
of all cases. 

A total of 219 patients (16.2%) received additional 
treatment (first line) after radical prostatectomy. 
Salvage radiotherapy for patients with confirmed bio-
chemical recurrence was used in 89 (6.6%) patients.  
A total of 33 patients (31/2.3%) were enrolled in the 
AdPRO trial (open-label, randomized trial comparing six 
cycles of docetaxel/chemotherapy versus observation 
after radical prostatectomy), with 16 patients receiving 
active treatment. Endocrine treatment for suspected or 
confirmed distant failure after biochemical recurrence 
was used for 99 (7.3%) of the patients. 

The overall biochemical recurrence-free survival af-
ter five and ten years was 72.1% (95% confidence inter-
val (CI): 68.4-75.8) and 64.9% (95% CI: 59.4-70.4), re-
spectively (figure not shown). In all, 59 (4.4%) patients 
died during follow-up. Seventeen (1.3%) patients died of 
prostate cancer. The characteristics of patients dying of 
prostate cancer are listed in Table 2. A high preoperative 
PSA-concentration (> 20 ng/ml), clinically palpable tu-
mour (≥ cT2) and a biopsy Gleason score ≥ 8 were fre-
quent in patients with prostate cancer death. Young age, 
extra-capsular extension, presence of positive surgical 
margins, lymph node-positive disease and a specimen 
Gleason score ≥ 8 were all associated with prostate can-
cer death in univariate analysis, Table 1. The low mortal-
ity did not allow for multivariate analysis.

The estimated ten-year overall survival was 89.3% 
(95% CI: 85.8-92.8), Figure 1. Cancer-specific survival 
was estimated to 96.6% (95% CI: 94.7-98.5) after ten 
years of follow-up, Figure 2.    

Relative survival after five and ten years, respec-
tively, was 1.038 (95% CI: 1.011-1.057) and 1.138 (95% 
CI: 1.045-1.186). The five- and ten-year SMR was 0.607 
(95% CI: 0.419-0.879) and 0.393 (0.197-0.787), respect-
ively, Table 2. 

discUssiOn
Treatment of localized prostate cancer remains contro-
versial. During the past 20-30 years, several treatment 
options have been suggested. 

In patients managed with watchful waiting, i.e. no 
initial treatment and only hormone manipulation if or 
when the disease progresses, Johansson et al found a 
cancer-specific survival for grade 1 tumors (~ biopsy 
Gleason score ≤ 6-7) of 71.8% in a Swedish cohort of 223 
patients [4]. Albertsen et al showed that the natural his-
tory of localized prostate cancer was slow, and the cu-
mulative incidence of prostate cancer mortality after 20 
years was 0-30% for patients with a biopsy Gleason 
score ≤ 6 who were in the 55-74-year age range at diag-
nosis [5]. Likewise, Adolfsson et al found a risk of pros-
tate cancer death at ten years of 16% in an uncontrolled 
series of 122 patients [6]. Watchful waiting was the pre-
ferred treatment for localized prostate cancer in the 
1980s, especially in Scandinavia. 

The retropubic radical prostatectomy approach was 
introduced in 1947 by Millin, but never gained popular-
ity as prostate cancer treatment before the late 1970s 
when it was modified by Walsh. As reported in several 
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studies, radical prostatectomy can be performed with 
low morbidity and perioperative mortality [7, 8]. We 
have previously published a detailed description of bio-
chemical recurrence rates and their association with 
pre- and post-operative parameters [9].

Survival after cancer therapy remains the best end-
point for efficacy of treatment. Several prospective sur-
gical series have reported long-term survival after radi-
cal prostatectomy [10]. Generally, overall and 
cause-specific survival are reported in the range from 
75-96% after ten years. Comparison across surgical se-
ries is complex. Cause-specific survival is influenced by 
several factors, including cT, PSA-concentration and bi-
opsy Gleason score, as well as final specimen Gleason 
score and pT-category. Selection bias is critical and can 
explain at least some of the differences in survival. 
Moreover, PSA-testing and screening has induced a 
lead-time bias in prostate cancer diagnosis and thus im-
proved survival in contemporary radical prostatectomy 
[11, 12]. 

So far, radical prostatectomy and watchful waiting 
or observation are the only two treatment options that 
have been compared in a randomized setting [13, 14]. 
The Scandinavian Prostatic Cancer Group-4 (SPCG) rand-
omized patients with clinically localised prostate cancer 
to watchful waiting or radical prostatectomy. The major-
ity of patients were diagnosed and included before PSA-
testing became commonly used, and 88% had palpable 
tumour at the time of radical prostatectomy. After a me-
dian follow-up of 12 years, the relative risk of prostate 
cancer mortality was reduced by 38% for patients under-
going radical prostatectomy compared with watchful 
waiting [14]. The absolute risk reduction for prostate 
cancer death was 6.1% and the number needed to treat 
was 16. Recent analyses of the SPCG-4 data suggest that 
the individual absolute reduction in the risk of dying of 
prostate cancer can vary between 0-25% depending on 
age, cT and biopsy Gleason score. Patients above age 70 

have no benefit of radical prostatectomy, regardless of 
the other variables [15]. 

The US Prostate Cancer Intervention Versus 
Observation Trial (PIVOT) randomized PSA-screened pa-
tients to radical prostatectomy or observation. The 
study failed to demonstrate an overall benefit of radical 
prostatectomy [13]. Cancer-specific survival at ten years 
in the radical prostatectomy arm was > 90%. Thus, data 
from the SPCG-4 and PIVOT studies strongly suggest that 
the benefit of radical prostatectomy compared with  
deferred endocrine treatment is minimal. Subgroup 
analysis of PIVOT revealed a possible survival benefit for 
patients with a higher risk prostate cancer, i.e. a PSA-
concentration > 20 ng/ml or a biopsy Gleason score ≥ 8 
or ≥ cT2.  

We found an estimated prostate cancer-specific 
survival of 96.6%, and an 89.3% overall survival at ten 
years. Because of the limited number of deaths, it was 
not possible to estimate risk factors in a multivariable 
model. However, as shown in Table 2, there was a trend 
towards younger age and more aggressive clinical and 
histopathological features in those patients dying from 
prostate cancer, but this finding should be interpreted 
with caution. Longer follow-up is needed to evaluate risk 
factors associated with prostate cancer mortality. 
Furthermore, it could be speculated whether the in-
creased use of PSA-testing in the Danish population, 
which has increased the incidence of prostate cancer 
tremendously, has affected pre- and post-operative par-
ameters for patients undergoing radical prostatectomy. 
At present our data do not have sufficient statistical 
strength to evaluate this speculation. 

Relative survival and standardised mortality ratio in-
dicate that survival of patients with prostate cancer man-
aged with radical prostatectomy is better than the sur-
vival in the background population. This finding is in 
accordance with results reporting a better than expected 
survival in patients with prostate cancer in the pre or 
early PSA-era [16]. Recent results show better survival in 
men with screening-detected clinically localized prostate 
cancer compared with the background population re-
gardless of treatment [17]. Selection bias is a major and 
apparent explanation for this. First, patients eligible for 
radical prostatectomy have low co-morbidity and long 
life expectancy. Secondly, higher socio-economic status 
and good general health have been found to correlate 
with likelihood of PSA-testing and undergoing radical 
prostatectomy [18, 19]. Also, being diagnosed with a 
cancer may alter a patient’s lifestyle and may lead to an 
improved survival [20]. Unpublished results from the 
Danish Diet, Cancer and Health Study indicate that de-
spite equal and free access to health care, socio-eco-
nomic factors are associated with opportunistic PSA-
testing, which consequently may lead to earlier 

Radical prostatectomy.
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diagnosis and better survival. We were unable to adjust 
for differences in survival due to differences in socio-
economic status. The data did not allow for stratification 
on pre- or post-operative parameters on relative survival 
or standard mortality ratio. Further, data did not allow 
for evaluation of the impact on year of surgery. 

The main limitation of this study is the relatively 
short follow-up and the low number of events. Thus, 
ten-year estimates of relative survival and standard mor-
tality ratio are associated with uncertainty. This is re-
flected in the wide confidence intervals of the estimate. 
Longer follow-up is needed to confirm our findings 10-
20 years after radical prostatectomy.

cOnclUsiOn
Overall and cancer-specific survival in our consecutive 
series of patients undergoing radical prostatectomy was 
≥ 89% after ten years. Survival was thus significantly bet-
ter than expected in the age-matched background popu-
lation. This finding is likely explained by selection bias, 
i.e. long life-expectancy prior to surgery, impact of socio-
economic factors on opportunistic PSA-testing. How-
ever, longer follow-up is needed to confirm this finding 
at 10, 15 or 20 years after surgery. Although the results 
confirm an excellent outcome in terms of cancer control, 
the efficacy of radical prostatectomy as treatment for lo-
calized prostate cancer remains controversial, as results 
from randomized trials demonstrate a modest survival 
benefit compared with observation, especially among el-
derly men with low-risk prostate cancer.
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