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  ABSTRACT 

  Background.  Capture rate and representativity of quality registers need to be assessed in order to ensure that register 
data are generalizable. 
  Material and methods.  In 1998 – 2009, 103 047 men had been diagnosed with prostate cancer and registered in the 
Swedish Cancer Register to which registration is mandated by law and of these men, 100 849 men (98%) had also been 
registered in The National Prostate Cancer Register (NPCR) of Sweden. We compared demographics, cancer treatment, 
comorbidity, and mortality in men in NPCR, with those who had only been registered in the Cancer Register, by use of 
data from the Cause of Death Register, the In-Patient Register and the Prescribed Drug Register. In addition, we identi-
fi ed 1929 men who had prostate cancer as underlying cause of death in the Cause of Death Register who had neither 
been registered in the Cancer Register nor in NPCR. 
  Results.  Compared to men in NPCR, men only registered in the Cancer Register were slightly older, median age 72 
versus 71 years, and a lower proportion underwent radical prostatectomy, 15% versus 27%. Ten year prostate cancer 
mortality was 23% (95% CI 20 – 25) for men in the Cancer Register only and 24% (95% CI 24 – 25) in NPCR, while 
mortality from competing causes was 28% (95% CI 26 – 31) and 30% (95% CI 30 – 30), respectively. Men identifi ed with 
prostate cancer by a death certifi cate were old and had high comorbidity. 
  Conclusion.  The capture rate of NPCR is very high and there are only modest differences in demographics, cancer 
treatment, comorbidity, and mortality between the small proportion of men only registered in the Cancer Register and 
men registered in NPCR, indicating that information in NPCR can be generalized to all men with prostate cancer in 
Sweden.   

  Information obtained from high-resolution disease-
specifi c quality registers are increasingly used for 
quality assurance including assessment of outcome 
of various treatments, benchmarking between health-
care providers, and surveillance of adverse events 
[1]. To ensure that such registers are representative 
of all cases with the disease, it is important to assess 
the capture rate of a register and to characterize 

cases not registered. The National Prostate Cancer 
Register (NPCR) of Sweden [2] is a cancer quality 
register to which detailed information on tumor 
characteristics and primary management in men 
diagnosed with prostate cancer is reported [3]. The 
aim of this study was to assess the capture rate 
and representativity of NPCR by identifying men 
diagnosed with prostate cancer by the use of other 
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register resources and to characterize demographics, 
cancer treatment, comorbidity, and mortality in 
these men not registered in NPCR compared to 
men registered in the NPCR.   

 Material and methods 

 The NPCR of Sweden registers incident cases of 
prostate cancer (ICD-10 C619, ICD-9 185) in all 
six health care regions in Sweden since 1998 [4]. 
Registered variables include diagnostic unit, date of 
diagnosis, and tumor characteristics according to 
tumor, node, and metastases (TNM) classifi cation. 
Other variables include tumor differentiation accord-
ing to the Gleason classifi cation, serum level of pros-
tate specifi c antigen (PSA) at diagnosis, and primary 
treatment delivered within six months after date of 
diagnosis [3,4]. Cancer registration in Sweden is 
performed by six Regional Cancer Centers (RCC) 
and based on two independent reports, one from the 
responsible clinician who diagnosed the cancer case 
and one report from the pathologist who made the 
histopathological examination of the cancer tissue. 
Each RCC perform coding and logical checks, inves-
tigate cases that lack complete clinical, histopatho-
logical or cytological data, and transmit data to 
The Swedish Cancer Register held at The Board of 
National Health and Welfare (Socialstyrelsen). The 
RCCs also host 28 cancer quality registers, includ-
ing NPCR. Data on tumor characteristics, diagnos-
tic work up and primary treatment are extracted 
from medical charts and entered to NPCR by use 
of the web-based platform Information Network for 
Cancer care (INCA) since 2007 [5]. Three forms are 
used in NPCR: a form for diagnostic data, one form 
for subsequent primary therapy, and one separate 
form for radiotherapy. From year 2007 the NPCR 
diagnostic reporting form is also recognized as the 
clinical report to the Swedish Cancer Register. Men 
diagnosed and registered before 1998 in the Cancer 
Register were excluded from the study group. Men 
diagnosed with prostate cancer who had been regis-
tered in the Cancer Register but not registered in 
NPCR were identifi ed by use of the individually 
unique Swedish person identity number in a linkage 
between the Cancer Register and NPCR. Men reg-
istered between 1998 and 2009 with prostate cancer 
as underlying cause in the Cause of Death Register, 
but who had not been registered in NPCR or the 
Cancer Register, i.e.  ‘ death certifi cate only diagno-
sis ’  were identifi ed by cross-linking the Cause of 
Death Register and the Cancer Register. There is no 
information transmitted to NPCR or the Cancer 
Register from the Cause of Death Register so these 
registers do not include cases based on death cer-
tifi cate only. We retrieved data from the In-Patient 

Register, the Prescribed Drug Register, and the 
Cause of Death Register for men registered in the 
Cancer Register only and in the NPCR. By use of 
data on discharge diagnoses in the In-Patient Regis-
ter up to 10 years prior to the date of diagnosis, we 
classifi ed cases into four categories of comorbidity 
according to the Charlson Comorbidity Index (CCI), 
which is based on discharge diagnoses retrieved 
from the In-patient Register and is a weighted sum 
of a number of comorbid factors [6,7]. Data on 
radical prostatectomy (KEC00, KEC01, KEC10, 
and KEC20) and bilateral orchiectomy (KFC10 and 
KFC15) were also obtained from the In-Patient 
Register [1]. Data on use of GnRH analogs (ATC 
L02AE) and anti-androgens (ATC L02BB) were 
retrieved from the Prescribed Drug Register that 
includes the fi lled prescription item, amount, and 
dose from July 2005 and onwards [8]. The date of 
death and underlying cause were obtained from the 
Cause of Death Register. 

 Differences in demographics, cancer treatment, 
comorbidity, and mortality were examined in men 
with a prostate cancer diagnosis registered in NPCR, 
in the Cancer Register only, and in the Cause of 
Death Register only. For men identifi ed in the Can-
cer Register only, differences were also studied 
according to region in which health care was pro-
vided. For a subgroup of men in the Cause of Death 
Register diagnosed in 2006 – 2009 who had a record 
of prostate cancer treatment in the Prescribed Drug 
Register or in the In-Patient Register, the time from 
start of androgen deprivation therapy to date of 
death, i.e. time on treatment was used as a proxy for 
survival time.  

 Statistical analysis 

 Univariable and multivariable logistic regression 
models with odds ratios and 95% confi dence inter-
vals (CI) were used to investigate the association to 
registration in NPCR. In a competing risk analysis, 
prostate cancer mortality and death due to other 
causes was assessed. Survival time was defi ned as 
the time from date of prostate cancer diagnosis to 
the date of the death, emigration, or end of follow-up 
on 31 December 2011, whichever event came fi rst. 
All p-values were two-sided and the level of statisti-
cal signifi cance was set to 0.05. The analyses were 
performed using R 10.2. 

 The study was approved by the Research Ethics 
Board at Ume å  University.    

 Results 

 A total of 103 047 incident cases of prostate cancer 
were identifi ed in the Swedish Cancer Register with 
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a date of diagnosis between 1998 and 2009. Of these, 
100 849 (98%) men had also been registered in 
NPCR. In addition, 1929 men were identifi ed in the 
Cause of Death Register with prostate cancer as 
underlying cause of death who had neither been reg-
istered in the Cancer Register nor in NPCR. 

 Table I shows the baseline characteristics for men 
in NPCR, men in the Cancer Register only, and men 
identifi ed with prostate cancer by a death certifi cate 
only. The median age at diagnosis for men in NPCR 
was 71 years (25th, 75th percentile 64 – 78), and 72 
years (25th, 75th percentile 65 – 80) for men regis-
tered in the Cancer Register only (p    �    0.001). The 
proportion of men in the Cancer Register only 
increased with older age. The proportion of men with 
CCI    �    0 was higher in the Cancer Register only com-
pared to men in NPCR, 74% versus 65% (p    �    0.001). 
The proportion of men identifi ed with prostate can-
cer by the Cause of Death Register only who were 
in the two oldest categories (77%) and the propor-
tion of men with high comorbidity (CCI 2 and 3 � ) 
(46%) was three times higher than for men in 
the other two groups. A total of 246 men had been 
registered in NPCR but not in the Cancer Register 
in 1998 – 2009 (Supplementary Table I, to be found 
online at http://informahealthcare.com/doi/abs/
10.3109/0284186X.2014.939299). 

 The cancer treatment in the three groups of men 
diagnosed 2006 – 2009 is demonstrated in Table II. 
There were minor differences regarding androgen 
deprivation therapy between men in NPCR and men 
in the Cancer Register only, 37% of cases in NPCR 
received androgen deprivation therapy versus 31% 
for men in the Cancer Register only, out of these 
35% versus 29% received GnRH analogs, and 32% 
versus 26% received monotherapy with anti-andro-
gens. In analysis of the full study period 1998 – 2009, 
the proportion of men who underwent radical pros-
tatectomy was larger in NPCR (27%) than in the 
Cancer Register only (15%), whereas the 90-day 
postoperative mortality after radical prostatectomy 
was quite similar, 0.2% in NPCR and 0.4% in the 
Cancer Register only (p    �    0.43). The median dura-
tion of the perioperative hospital stay was fi ve days 
for men in NPCR (25th, 75th percentile 3 – 6) and 4 
days (25th, 75th percentile 2 – 5) for men in the Can-
cer Register only (p    �    0.125) and the perioperative 
hospital stay was less than three days for 14% of men 
in NPCR and 27% of men in the Cancer Register 
only (p    �    0.001) (Table III). 

 There were substantial regional differences in the 
proportion of men who had only been registered in 
the Cancer Register, a total of 1455 out of 18 147 
(7%) men diagnosed in Stockholm had only been 

Table I. Demographics and comorbidity for men diagnosed with prostate cancer and registered in the 
National Prostate Cancer Register (NPCR) of Sweden, the Cancer Register only (CR Only), and the 
Cause of Death Register only (DC Only).

NPCR 
N � 100 849

CR Only 
N � 2198

DC Only 
N � 1929

Region
Northern 10 376 (10%) 59 (3%) 196 (10%)
Uppsala Örebro 21 373 (21%) 135 (6%) 583 (30%)
Western 21 787 (22%) 207 (9%) 211 (11%)
Southern 17 647 (18%) 193 (9%) 374 (19%)
Southeastern 11 519 (11%) 149 (7%) 159 (8%)
Stockholm 18 147 (18%) 1455 (66%) 406 (21%)

Calendar period
1998–2000 20 494 (20%) 394 (18%) 444 (23%)
2001–2003 23 927 (24%) 491 (22%) 498 (26%)
2004–2006 28 564 (28%) 557 (25%) 459 (24%)
2007–2009 27 864 (28%) 756 (34%) 528 (27%)

*Age at diagnosis, years
� 65 31 089 (31%) 593 (27%) 50 (3%)
66–74 33 492 (33%) 667 (30%) 158 (8%)
75–79 17 244 (17%) 342 (16%) 231 (12%)
80–89 17 742 (18%) 519 (24%) 982 (51%)
90� 1282 (1%) 77 (4%) 508 (26%)

Charlson Comorbidity Index
0 65 649 (65%) 1633 (74%) 630 (33%)
1 18 188 (18%) 287 (13%) 423 (22%)
2 9896 (10%) 164 (8%) 226 (12%)
3� 7116 (7%) 114 (5%) 650 (34%)

 *For men diagnosed with prostate cancer in the Cause of Death Register only, date of start of treatment 
was used as a proxy for date of diagnosis for 698 men who had been diagnosed after 2006, for the 
remaining 1   231 men, date at death was used.
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registered in the Cancer Register whereas the cor-
responding proportion was 0.6% in the Northern 
and Uppsala  Ö rebro regions, 0.9% in the Western 
region, and 1% in the Southern and South eastern 
regions. In a multivariable analysis including calen-
dar period, comorbidity, age at diagnosis, and cancer 
treatment, the risk of non-registration remained 
unaltered (data not shown). 

 There were small differences in mortality between 
men in NPCR and in the Cancer Register only, the 
cumulative 10-year prostate cancer mortality was 
24% (CI 95% 24 – 25) for men in NPCR and 23% 
(CI 95% 20 – 25) for men in the Cancer Register 
only, and the 10-year mortality from competing 
causes was 30% (CI 95% 30 – 31) for men in NPCR 
and 28% (CI 95% 26 – 31) for men in the Cancer 
Register only (Figure 1a and b). As there is no date 
of diagnosis for men registered with prostate cancer 
in the Cause of Death Register only, we used start 
of treatment as proxy for date of diagnosis that was 
identifi ed in the Prescribed Drug Register for GnRH 
analogs and anti-androgens as well as in the 
In-Patient Register for bilateral orchiectomy. The 
Prescribed Drug Register started in July 2005 so we 

could assess the date of start of cancer treatment for 
a subgroup of 698 men who started their treatment 
after 1 January 2006 by use of the date for the fi rst 
fi lled prescription. For men identifi ed with prostate 
cancer in the Cause of Death Register, median age 
at start of cancer treatment was 83 years (25th, 75th 
percentile 78 – 88) and median time from start of 
treatment to death of prostate cancer was 15 months 
(Figure 1c).   

 Discussion 

 In this population-based study, the capture rate of 
NPCR was 98% and there were very modest differ-
ences between men registered in NPCR and men 
in the Cancer Register only regarding demograph-
ics, cancer treatment, comorbidity, and prostate 
cancer and all-cause mortality. These results show 
that virtually all men diagnosed with prostate can-
cer are captured in NPCR, that men in the NPCR 
are representative, and that information in NPCR 
can be generalized to all men with prostate cancer 
in Sweden. 

 Strengths of our study include the use of data 
from population-based, nationwide health care regis-
tries with known high quality [3]. The completeness 
of the Cancer Register to which registration is man-
dated by law is very high, although capture has been 
shown to decrease somewhat with older age [4]. High 
completeness, between 96% and 99%, has also been 
found for other Swedish quality registers, e.g. for can-
cer of the breast, colon, and rectum [9]. The capture 
rate of other health care registers used in this study 
is also high. The Prescribed Drug Register has an 
extremely high capture rate with less than 0.3% of all 
records incomplete due to missing personal identity 
numbers [10]. The primary discharge diagnosis in 
the In-Patient Register has been demonstrated to be 
accurate in 88 – 90%, although with a wide variation 
for different diagnoses [11,12]. Results from previous 
studies have shown high accuracy of cause of death 
for men with prostate cancer in the Cause of Death 
Register compared to chart reviews [13,14]. 

 Lower capture rate has been noted in private health 
care, in units with a high case load, and in university 
hospitals compared to county and local hospitals [4] 
which may account for the fact that Stockholm, a 
populous region with many private health care provid-
ers and a high proportion of cases treated at large 
hospitals, had the lowest capture rate.  

 Demographics 

 A patient case fi le is never closed in NPCR and a 
small number of cases are entered into the NPCR 
up to several years after date of diagnosis, which 

Table II. Treatment for men diagnosed with prostate cancer in 
2006–2009 and registered in the National Prostate Cancer 
Register, the Cancer Register only (CR Only), and the Cause of 
Death Register only (DC only).

NPCR 
N � 36 967

CR Only 
N � 1020

DC Only 
N � 698

Treatment
*Androgen 

deprivation therapy
13 691 (37%) 312 (31%) 395 (57%)

Radical prostatectomy 10 111 (27%) 151 (15%) 0 (0%)
**Other treatments 13 165 (36%) 557 (55%) 303 (43%)

 *Information on androgen deprivation therapy (ADT) was 
retrieved from the Prescribed Drug Register, which started on 
1 July 2005. ADT included GnRH analogs and anti-androgens; 
**other treatments include radiotherapy, conservative treatment 
(i.e. no active treatment including active surveillance and deferred 
hormonal treatment), and transurethral resection of the prostate. 
Treatment had not been registered for 1333 men.

Table III. Duration of perioperative hospital stay for radical 
prostatectomy for 19 683 men in the National Prostate Cancer 
Register, and 262 for men in the Cancer Register only (CR Only) 
registered 1998–2009.

NPCR 
N � 19 683

CR Only 
N � 262

*Median stay in days 
(25th – 75th percentile)

5 (3 – 6) 4 (2 – 5)

� 3 days 2730 (14%) 71 (27%)
3 – 5 days 10069 (51%) 136 (52%)
6 – 7 days 4597 (23%) 33 (13%)
8 � days 2287 (12%) 21 (8%)



162 K. Tomic et al. 

likely explains the slightly lower capture rate in 
2007 – 2009 compared to earlier time periods. Regis-
tration decreased with increasing patient age in our 
study in accordance with previous studies in Norway 
and Sweden [4]. 

 Men with prostate cancer identifi ed in the 
Cancer Register only were older, had fewer comor-
bidities and had approximately half the rate of 
radical prostatectomy compared to men in NPCR, 
indicating that these men received less extensive 
uro-oncological care that likely contributed to the 
non-registration in NPCR.   

 Treatment-related factors 

 Men not registered in NPCR had a slightly shorter 
perioperative hospital stay but mortality from pros-
tate cancer as well as from other causes was almost 
identical for men in NPCR and the Cancer Register 
only, in contrast to the notion that registration in 
NPCR would be associated with superior patient 
care and outcome. 

 Men diagnosed with prostate cancer as underlying 
cause of death without a prior diagnosis registered in 

NPCR or The Cancer Register during their lifetime 
were much older at date of death than cases included 
in the other two registers. These men had a much 
shorter survival time from start of cancer treatment 
to death, and this group included a larger proportion 
of men with a high comorbidity, indicating that this 
small group consists of frail men diagnosed with 
advanced prostate cancer at old age. 

 In conclusion, the capture rate of NPCR was high 
and there were only modest differences between men 
in the Cancer Register only and men in NPCR in 
terms of demographics, cancer treatment, comorbid-
ity, and mortality. Our results indicate that data 
in NPCR are representative for all men diagnosed 
with prostate cancer in Sweden and that information 
in NPCR is generalizable for men diagnosed with 
prostate cancer in Sweden.      
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Figure 1. (a) Prostate cancer mortality and mortality from other causes for men diagnosed with prostate cancer and registered in the 
National Prostate Cancer Register. (b) Prostate cancer and all-cause mortality for men diagnosed with prostate cancer and registered in 
the Cancer Register only. (c) Prostate cancer mortality for 698 men diagnosed with prostate cancer and registered in the Cause of Death 
Register only. *Date of start of androgen deprivation therapy: GnRH analogs, anti-androgens, or orchiectomy.
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