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Introduction

Completeness of a cancer register reflects the proportion of inci-
dent cases captured in the population. Incomplete reporting
may bias estimates of incidence, survival, and international
comparisons [1]. Reporting to the Swedish National Cancer
Register (NCR) is mandatory by law, yet prostate cancer (PCa)
presents particular challenges. Median age at diagnosis is high
and frail elderly men are often diagnosed clinically without
prostate biopsy, the diagnostic gold standard [2]. In addition,
prostate cancer may be listed as cause of death even when
death is multifactorial due to sticky diagnosis bias [3, 4].

Very high prostate-specific antigen (PSA) levels and use of
androgen deprivation therapy (ADT) are strong indicators of
PCa and may identify cases not recorded in cancer registries. We
aimed to quantify and characterize men with probable high-risk
PCanotregisteredin the NCRand assess the impact on estimates
of incidence and mortality.

Patients/material and methods

We conducted a nationwide population-based cohort study
using Prostate Cancer data Base Sweden (PCBaSe) Xtend, which
links several mandatory national healthcare registers through
the unique Swedish personal identity number. The database
integrates the National Prostate Cancer Register, the NCR, the
National Patient Register, the Prescribed Drug Register and the
Cause of Death Register together with regional laboratory infor-
mation systems containing PSA measurements and pathology
data, and regional electronic medical records including in-
hospital administered oncological drugs. The linkage structure
and validity of PCBaSe have been described previously [5, 6].
The study population comprised men residing in 19 of the 21
Swedish healthcare regions (approximately 95% of the male
population) where complete laboratory and treatment data
were available during 2015-2021. Two cohorts were defined.
The first consisted of men with incident prostate cancer recorded
in the NCR. The second consisted of men without a prostate
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cancer registration but with strong clinical evidence of disease
based on either treatment with ADT or markedly elevated
prostate-specific antigen (PSA > 50 ng/mL).

To reduce false positive classification, PSA elevations likely
attributable to infection were excluded using predefined criteria
based on antibiotic treatment patterns and rapid PSA decline. In
addition, men with a recorded negative prostate biopsy were
not considered cases (see Supplementary material for details).

Date of diagnosis was defined at first dispensed ADT
prescription or 180 after initial PSA test >50 ng/ml if no ADT
prescriptions were observed in this period. ADT exposure included
gonadotropin-releasing hormone agonists or antagonists, anti-
androgens, and androgen receptor pathway inhibitors.

Information on comorbidity was obtained from the National
Patient Register using a 10-year look-back period and from
dispensed medications during the preceding year. These data
were combined to calculate health-adjusted life expectancy
using previously validated Swedish models [7, 8]. Vital status and
cause of death were obtained from the Cause of Death Register.

Participants were followed from date of diagnosis until death
or 31 December 2021. For men registered in the NCR, cumulative
incidence of prostate cancer death and death from other causes
was estimated treating competing events accordingly. For men
not registered, subsequent registration in the Cancer Register,
prostate cancer death, and death from other causes were treated
as competing events. A man who was not registered in the NCR
at diagnosis, but was later registered in NCR, contributed to
both cohorts.
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We then stratified the cohort of men with Pca in NCR
according to T stage, M stage, and life expectancy, in order to
identify men in NCR with similar survival as the men not in
NCR. Based on the 8-year cumulative incidence of events for
men not in NCR, we estimated cutoffs for life expectancy for
men in NCR with metastatic disease and locally advanced
disease (T stage T3, T4) in order to assess their 8-year mean
survival. Finally, we evaluated the impact of non-registered
cases on population-level incidence and mortality by
recalculating absolute and relative risk estimates afterinclusion
of these cases.

Results

Between 2015 and 2021, 69,422 men were registered with PCa
in the NCR and 3,143 men fulfilled criteria for probable PCa but
were not registered.

Including unregistered men increased the average annual
number of PCa cases from 9,920 to 10,370 (+4.3%), a stable
increase over time (~5% annually, Table 1).

Men with Pca not registered in NCR were older, median age
of 87 years (inter quartile range, [IQR]: 81-91) compared with
70 years (IQR: 64-76) among those registered in NCR. Their
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Table 1. Annual number of men with prostate cancer identified by elevated
PSA values or use of androgen deprivation therapy (ADT) and number of
men registered in The National Cancer Register of Sweden with a prostate
cancer diagnosis.

Year of Prostate cancer Prostate cancer % Non-registered
diagnosis  cases not registered casesinThe prostate cancer
in The National National Cancer cases
Cancer Register of Register of
Sweden Sweden

2015 469 10,063 4.5

2016 507 10,183 47

2017 429 9,957 4.1

2018 429 10,512 39

2019 419 10,686 3.8

2020 436 8,761 4.7

2021 454 9,260 4.7

median health adjusted life expectancy was 4 years (IQR: 3-6),
compared with 15 years (IQR: 10-19) among men registered in
NCR (Supplementary Table 1).

Eight years after diagnosis, men not in NCR had higher
cumulative incidence of Pca death (35% vs. 11%) and death
from other causes (48% vs. 17%), compared to men in NCR
(Figure 1). Since staging information was not available for men
not in the NCR, we tried to find a group of men in NCR who had
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Figure 1. Cumulative incidence of death from prostate cancer and other causes for men registered or not registered in The National Cancer Register.
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similar survival as men with Pca not in NCR, based on tumor
stage and life expectancy. Men in NCR with metastases and
<13 years of health-adjusted life expectancy and men with
stage T3-4 and <7 years of health-adjusted life expectancy had
largely similar 8-year survival as men not in NCR (Figure 1).

The absolute 5-year Pca mortality risk increased with 1.2
percentage points when men not registered in the NCR were
included in the estimation, corresponding to a 15% increase.
The overall survival increased with 2.4 percentage points,
corresponding to a 13% increase (Supplementary Figure 1).

Discussion and conclusion

Despite legally mandated reporting, approximately 4-5% of pros-
tate cancers were not captured by the Swedish NCR. These miss-
ing cases represent a clinically distinct population: very elderly
men with limited life expectancy and advanced disease who were
rarely biopsied. Their diagnoses appear to have been made clini-
cally and therefore not always reported from pathology depart-
ments, which are central sources for cancer registration in Sweden.

Theimpact on incidence was modest but consistent, whereas
mortality estimates were slightly more affected because the
unregistered population had substantially worse survival. This
may influence interpretation of registry-based prostate cancer
mortality and international comparisons, but in general its
consequences are limited [1, 9-14].

Comparable Nordic registries achieve higher completeness
partly through inclusion of death certificate cases and hospital
discharge diagnoses [15, 16]. Our findings suggest such
approaches would identify a substantial proportion of missing
cases. Strengths include nationwide linkage of laboratory,
prescription, and registry data enabling identification of probable
prostate cancer outside traditional reporting pathways thanks to
very elevated PSA values and use of ADT.

Conclusion

Approximately 4-5% of prostate cancers in Sweden were not
registered in the NCR. These patients were substantially older,
had shorter life expectancy, and higher mortality. Inclusion of
these cases increased estimated prostate cancer mortality by
~15% but had limited effect on incidence. Incomplete capture
mainly reflects clinically diagnosed advanced cancer in frail
elderly men and should be considered when interpreting regis-
try-based comparisons and in the research setting.

Acknowledgments

This project was made possible by the continuous work of
the National Prostate Cancer Register of Sweden (NPCR)
steering group: David Robinson, Johan Styrke, Johan Stranne,
Jon Kindblom, Camilla Thellenberg, Andreas Josefsson,
Ingrida Verbiene, Hampus Nugin, Stefan Carlsson, Anna
Kristiansen, Mats Andén, Thomas Jiborn, Olof Stéhl, Olof Akre,
Per Fransson, Eva Johansson, Magnus Tornblom, Fredrik

ACTA ONCOLOGICA 299

Jaderling, Marie Hjalm Eriksson, Lotta Renstrom, Jonas
Hugosson, Ola Bratt, Maria Nyberg, Fredrik Sandin, Mia Brus,
Anna Hedstrém, Nina Hageman, Christofer Lagerros, Hans
Joelsson, and Gert Malmberg.

Rolf Gedeborg is employed by the Medical Products Agency
(MPA) in Sweden. The MPA is a Swedish Government Agency.
The views expressed in this article may not represent the views
of the MPA.

Conflicts of interest

The authors report there are no competing interests to declare.

Data availability statement

Data used in this study were extracted from the Prostate Cancer
data Base Sweden (PCBase), which is based on the National
Prostate Cancer Register (NPCR) of Sweden and linkage to sev-
eral national health-data registers. The data cannot be shared
publicly because the individual-level data contain potentially
identifying and sensitive patient information and cannot be
published due to legislation and ethical approval (https://
etikprovningsmyndigheten.se). Use of the data from national
health-data registers is further restricted by the Swedish
Board of Health and Welfare (https://www.socialstyrelsen.se/en/)
and Statistics Sweden (https://www.scb.se/en/) which are
Government Agencies providing access to the linked healthcare
registers. The data will be shared on reasonable request in an
application made to any of the steering groups of NPCR and
PCBase (contact npcr@npcr.se). To request data or analytic code
from this study, contact the corresponding author. For detailed
information, please see www.npcr.se/in-english, where registra-
tion forms, manuals, and annual reports from NPCR are available
alongside a full list of publications from PCBase.

Ethics declarations & trial registry information

This study was approved by the Swedish Ethical Review
Authority Etikprovningsmyndigheten (2020-03437, 2022-
05083-02) and the need for informed consent was waived by
Swedish Ethical Review Authority. All research was performed
in accordance with relevant guidelines and regulations.

Authors’ contributions

Dr Ventimiglia had full access to all of the data in the study and
takes responsibility for the integrity of the data and the accuracy
of the data analysis. Concept and design:Ventimiglia, Garmo,
Gedeborg, Stattin, Westerberg, Robinson; Acquisition, analysis,
interpretation: Stattin, Garmo, Ventimiglia, Robinson, Drafting:
Ventimiglia, Stattin, Robinson Critical review of the manuscript
for important intellectual content: All authors; Statistical analy-
sis: Garmo, Ventimiglia, Funding: Stattin; Administrative, techni-
cal, or material support: Stattin; Supervision: Ventimiglia, Stattin,
Robinson.


https://doi.org/10.2340/1651-226X.2025.45596
https://etikprovningsmyndigheten.se�
https://etikprovningsmyndigheten.se�
https://www.socialstyrelsen.se/en/�
https://www.scb.se/en/�
mailto:npcr@npcr.se
www.npcr.se/in-english�

300 E.VENTIMIGLIAET AL.

This project was supported by The Swedish Research Council
(2022-00544), The Swedish Cancer Society (25 4524), FORTE
(2024-01652), the Swedish Prostate Cancer Association, and
Uppsala University Hospital. The sponsors had no involvement
with the planning, execution or completion of the study.

References

[1] Holmberg L, Robinson D, Sandin F, Bray F, Linklater KM, Klint A, et
al. A comparison of prostate cancer survival in England, Norway and
Sweden: a population-based study. Cancer Epidemiol. 2012;36:e7-
12. https://doi.org/10.1016/j.canep.2011.08.001

[2] Bratt O, Carlsson S, Fransson P, Thellenberg Karlsson C, Stranne J,
Kindblom J. The Swedish national guidelines on prostate cancer,
part 1. Scand J Urol. 2022;56:265-73. https://doi.org/10.1080/21681
805.2022.2094462

[3] Vaccarella S, LiM, Bray F, Kvale R, Serraino D, LorenzoniV, et al. Prostate
cancer incidence and mortality in Europe. BMJ. 2024;386:€077738.
https://doi.org/10.1136/bmj-2023-077738

[4] Orrason AW, Garmo H, Styrke J, Dickman PW, Stattin P. Relative sur-
vival and cause-specific survival in men with prostate cancer. Am J
Epidemiol. 2021;190:2053-63. https://doi.org/10.1093/aje/kwab146

[5] Van Hemelrijck M, Wigertz A, Sandin F, Garmo H, Hellstréom K, Fransson
P, etal. Cohort profile: the National Prostate Cancer Register of Sweden.
IntJ Epidemiol. 2013;42:956-67. https://doi.org/10.1093/ije/dys068

[6] Westerberg M, Holm L, Garmo H, Stattin P, Gedeborg R. Cohort pro-
file update: NPCR and PCBaSe. Int J Epidemiol. 2025;54:dyaf172.
https://doi.org/10.1093/ije/dyaf172

[71 Van Hemelrijck M, Ventimiglia E, Robinson D, Gedeborg R, Holmberg
L, Stattin P, et al. Population-based estimates of age and comorbid-
ity specific life expectancy. BMC Med Inform Decis Mak. 2022;22:35.
https://doi.org/10.1186/512911-022-01766-0

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Ventimiglia E, Gedeborg R, Orrason AW, Zaurito P, Garmo H,
Stattin P, et al. Comorbidity indices and life expectancy in pros-
tate cancer. Scand J Urol. 2025;60:105-7. https://doi.org/10.2340/
sju.v60.43810

Barlow L, Westergren K, Holmberg L, Talbdack M. Completeness of
the Swedish Cancer Register. Acta Oncol. 2009;48:27-33. https://doi.
org/10.1080/02841860802247664

Orrason AW, Scilipoti P, Garmo H, Gedeborg R, Styrke J, Westerberg M.
Adherence to prostate cancer guidelines. Scand J Urol. 2025;60:50-8.
https://doi.org/10.2340/sju.v60.43107

Stattin P. Improving cancer care using guidelines and quality
registers. Scand J Urol. 2024;59:190-2. https://doi.org/10.2340/sju.
v59.42272

Johansson ALV, Kenig SM, Largnningen S, Engholm G, Kroman N,
Seppéd K, et al. Have the recent advancements in cancer therapy
and survival benefitted patients of all age groups across the Nordic
countries? NORDCAN survival analyses 2002-2021. Acta Oncol.
2024;63:179-91. https://doi.org/10.2340/1651-226X.2024.35094
Lundberg F, Robinson D, Bratt O, Fallara G, Lambe M, Johansson
ALV. Time trends in the use of curative treatment in men 70 years
and older with nonmetastatic prostate cancer. Acta Oncol. 2024;63:
95-104. https://doi.org/10.2340/1651-226X.2024.26189

Stromberg U, Bonander C, Garmo H, Lambe M, Stattin P, Bratt O.
Sociodemographic disparities in incidence rates of advanced and
low-risk prostate cancer as a proxy for diagnostic activity. Acta Oncol.
2025;64:677-84. https://doi.org/10.2340/1651-226X.2025.43399
Larsen IK, Smastuen M, Johannesen TB, Langmark F, Parkin DM, Bray
F, et al. Data quality at the Cancer Registry of Norway. Eur J Cancer.
2009;45:1218-31. https://doi.org/10.1016/j.ejca.2008.10.037
Sigurdardottir LG, Jonasson JG, Stefansdottir S, Jonsdottir A,
Olafsdottir GH, Olafsdottir EJ, et al. Data quality at the Icelandic
Cancer Registry. Acta Oncol. 2012;51:880-9. https://doi.org/10.3109/
0284186X.2012.698751


https://doi.org/10.1016/j.canep.2011.08.001�
https://doi.org/10.1080/21681805.2022.2094462�
https://doi.org/10.1080/21681805.2022.2094462�
https://doi.org/10.1136/bmj-2023-077738�
https://doi.org/10.1093/aje/kwab146�
https://doi.org/10.1093/ije/dys068�
https://doi.org/10.1093/ije/dyaf172�
https://doi.org/10.1186/s12911-022-01766-0�
https://doi.org/10.2340/sju.v60.43810�
https://doi.org/10.2340/sju.v60.43810�
https://doi.org/10.1080/02841860802247664�
https://doi.org/10.1080/02841860802247664�
https://doi.org/10.2340/sju.v60.43107�
https://doi.org/10.2340/sju.v59.42272�
https://doi.org/10.2340/sju.v59.42272�
https://doi.org/10.2340/1651-226X.2024.35094�
https://doi.org/10.2340/1651-226X.2024.26189�
https://doi.org/10.2340/1651-226X.2025.43399�
https://doi.org/10.1016/j.ejca.2008.10.037�
https://doi.org/10.3109/0284186X.2012.698751�
https://doi.org/10.3109/0284186X.2012.698751�

