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ABSTRACT
Introduction: Radiotherapy is an established treatment option for prostate cancer (PCa), both as pri-
mary treatment and secondary treatment after radical prostatectomy (RP). Since 1998, detailed data
on radiotherapy delivered to Swedish men with PCa (e.g. treatment modalities, absorbed doses, frac-
tionation) have been collated within PCa data Base Sweden (PCBaSe). This study reports patterns of
radical radiotherapy for PCa in Sweden over the past two decades.
Materials and methods: All men with non-metastatic PCa (1998–2016) who received external beam
radiotherapy (EBRT) or high or low dose-rate brachytherapy (HDR-BT/LDR-BT) were identified in
PCBaSe. Analyses included: trends in radiation techniques, fractionation patterns and total doses over
time; PCa-specific survival comparing treatment in 2007–2017 with 1998–2006; and regional variation
in type of primary radiotherapy.
Results: About 20,876 men underwent primary radiotherapy. The main treatment modalities include
conventionally fractionated (2.0 Gy/fraction) EBRT (51%), EBRT with HDR-BT boost (27%) and hypofrac-
tionated (>2.4Gy/fraction) EBRT (11%). EBRT with photon or proton boost and HDR-BT and LDR-BT
monotherapies were each used minimally. Use of dose-escalated EBRT (>74Gy) and moderate hypo-
fractionation increased over time, while use of HDR-BT declined. Considerable regional variation in
treatment modalities was apparent. Risk of PCa death following primary radiotherapy had declined for
intermediate-risk (HR: 0.60; 95%CI 0.47–0.87) and high-risk PCa (HR: 0.72; 95%CI 0.61-0.86).
Discussion: Increased use of dose escalation and hypofractionated EBRT has occurred in Sweden over
the past two decades, reflecting current evidence and practice guidelines. Disease-specific outcomes
have also improved. Data collected in PCBaSe provide an excellent resource for further research into
RT use in PCa management.
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Introduction

Radical radiotherapy is a primary treatment option for prostate
cancer (PCa), and also a common treatment strategy for bio-
chemical recurrence after radical prostatectomy (RP). Different
radical radiotherapy options include external beam radiother-
apy (EBRT), high-dose rate brachytherapy (HDR-BT) combined
with EBRT, and low-dose rate brachytherapy (LDR-BT) or HDR-
BT used as monotherapies [1–3]. Substantial changes in tech-
niques, delivery methods, and radiotherapy absorbed doses
and fractionation schemes for PCa have occurred over the
past two decades [4]. Thus, assessment of clinical outcomes,
adverse effects or quality of life following radiotherapy for PCa
is difficult without detailed data on treatment modalities,
given doses and radiotherapy delivery modes.

Given the variety of treatments, there is a need to assess
the effectiveness of different types of radiation treatments

for PCa to inform best practice. In addition, there is an inter-
est in assessing the superiority of dose escalated (e.g. total
dose >74–80Gy) [5,6], moderately hypofractionated EBRT
(>2.4–3.4 Gy per fraction) [7,8], and ultra-hypofractionated
EBRT (�5Gy per fraction) [9] over conventional dose EBRT
(e.g. total dose of 68–74Gy), as well as determining the frac-
tionation sensitivity of PCa [10]. Randomised clinical trials
(RCT) are the gold standard for comparison between differ-
ent treatments. However, the assessment of outcomes of
these treatments in clinical practice, where the indication for
treatment is broader and patients are often frailer or have
more advanced disease, is also needed since results obtained
in RCTs may not be achievable in this setting [11].
Furthermore, information on types of radiotherapy received
by men with PCa can provide insights into whether current
practice aligns with evidence or clinical guidelines. Hence,
there is a need for data on the use of radiation therapies for
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PCa and outcomes of these treatments from large represen-
tative cohorts.

This article describes the collection of radiotherapy data
in a nationwide, population-based cohort of Swedish men
with PCa. We present trends in radiotherapy treatments over
two decades, describe regional variations in use of radiother-
apy and compare disease-specific survival over two time
periods. This study presents descriptive analysis and does
not formally test any hypotheses. Rather, its aims are to gen-
erate hypotheses and stimulate further research that could
be undertaken using this data resource.

Materials and methods

Data sources

The National Prostate Cancer Register [NPCR] collects
detailed information on clinical characteristics, work-up and
primary treatments for men diagnosed with PCa in Sweden
since 1998 [12]. NPCR includes data on 98% men diagnosed
with PCa compared with the Swedish Cancer Register, to
which reporting is mandatory [13]. Data quality in the NPCR
is high [14]. Using Swedish residents’ unique personal identi-
fication number, NPCR has been linked with other national
registries including the National Patient Register [NPR],
National Prescribing Drug Register [NPDR], Longitudinal
Integration Database for Insurance and Labour Market

Studies [LISA], Multi-Generation Register and the Cause of
Death Register to create Prostate Cancer data Base Sweden
[PCBaSe] [15,16]. An overview of the data collection and link-
age processes that make up the current version of PCBaSe
(Version 4.1) are shown in Figure 1.

Information on primary treatment (or intended treatment
if primary treatment had not commenced within 6months of
diagnosis) has been collected in NPCR since 1998 for all
newly diagnosed men. Since 2008, radiotherapy specific data
have been collected from oncology departments providing
radiation therapy, via a separate form, for all men who
received primary or secondary radical radiotherapy. Data
items include start and stop dates, treatment modality, dose
per fraction, total dose, use of implanted markers for EBRT
image guidance, and target (inclusion of seminal vesicles
and/or regional lymph nodes) of radiotherapy, neoadjuvant
and adjuvant androgen deprivation therapy (ADT).

The most recent version of the radiotherapy form is pro-
vided in the Supplementary Figure S1. A retrospective data
audit (known as RetroRAD) collected data directly from the
Oncology Information Systems and local databases at 17 of
the 18 radiotherapy centres in Sweden on primary and sec-
ondary radical radiotherapy from 1998 to 2008 for inclusion
in PCBaSe. RetroRad does not contain information on any
extra-prostatic targets. In 2015, data collection in NPCR was
extended to include more details on RP procedures, histo-
pathological examination of the surgical specimen
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Figure 1. PCBaSe 4.1 data collection and linkages.
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(pathological stage, Gleason score and margin status) and
clinical characteristics prior to secondary radiotherapy after
prostatectomy [17]. Between 2008 and 2015, prior to the
addition of the prostatectomy form, capture of secondary
radiotherapy was not complete and data are limited for pre-
radiotherapy clinical characteristics.

To assess the use of ADT in conjunction with primary RT,
dates of prescriptions for anti-androgens (AA) and gonado-
trophin releasing hormone agonists (GnRH) were extracted
from the NPDR using linkage via individual personal identifi-
cation numbers. Neoadjuvant ADT was defined as at least
one filled prescription within a 90-day period before their RT
start date, while adjuvant RT was defined as at least one pre-
scription from RT start date to 180 days after RT start. These
data were only available from 2006 onward.

Statistical analysis

A consort flow diagram showing the selection of study par-
ticipants for analysis of primary radiotherapy is presented in
Supplementary Figure S2. All men with non-metastatic PCa
diagnosed between 1998 and 2016, who had radiotherapy
recorded as their primary treatment were identified in NPCR.
Primary radiotherapy was defined as the receipt of radical
radiation therapy to the prostate within 2 years of diagnosis,
with or without neoadjuvant or adjuvant ADT, and no prior
indication of RP or period of active surveillance (AS).
Conventionally fractionated EBRT with total doses below
60Gy and no additional boost was considered palliative ther-
apy and such cases were excluded. Men who had undergone
prostatectomy prior to radiotherapy, or received pelvic
lymph node dissection (PLND) only, were identified through
the linkage with the NPR and excluded. (Before 2005, PLND
prior to radiotherapy as a diagnostic procedure to rule out
lymph node metastases was common.) Men with missing
data on radiotherapy start date, modality or dose were
excluded from the analytic cohort.

For descriptive analyses, primary radiotherapy was classi-
fied into seven categories: conventionally fractionated (2.0 Gy
per fraction) EBRT with total doses ranging from 60 to 82Gy;
moderately or ultra-hypofractionated EBRT with doses per
fraction ranging from 2.4 to 6Gy; conventionally fractionated
EBRT with photon boost (typically 25� 2.0 Gy þ 4� 5.0 Gy
photon boost); conventionally fractionated EBRT with proton
boost (25� 2.0 Gy þ 4� 5.0 Gy proton boost); conventionally
fractionated EBRT combined with HDR-BT; HDR-BT as mono-
therapy; and LDR-BT as monotherapy. Within each treatment
type, we determined the number and proportion for catego-
ries of age, diagnosis period, Charlson comorbidity index
(CCI), mode of detection, Gleason grade, clinical T, N and M
stage, and time between diagnosis and primary radiation
treatment. Likewise, medians and interquartile ranges were
determined for total serum PSA, PSA density and proportion
of positive cores at diagnosis, according to radiotherapy
type. Trends in the types of radiotherapy delivered since
1998 are presented graphically as a percentage of all men
who underwent primary radiotherapy. To provide context for
trends in RT, we also describe the proportion of men

receiving different primary treatments [i.e. RP, RT, ADT, and
observation including AS and watchful waiting (WW)] for all
men diagnosed with PCa from 1998 to 2016.

Variations in contemporary patterns of primary RT across
counties were investigated for men diagnosed between 2012
and 2016. The proportion of men from each county who
received conventionally fractionated EBRT, hypofractionated
EBRT, EBRT with HDR-BT boost and LDR monotherapy were
calculated using the total number of PCa cases diagnosed
within each county from 2012 to 2016 as the denominator.

PCa-specific survival following primary radiotherapy was
assessed using Kaplan–Meier methods, with survival time cal-
culated from the start of treatment and censoring at the
date of death from other causes or end of follow-up (31
December 2017). Cox proportional hazards regression was
used to compare PCa-specific mortality among men diag-
nosed 2008–2016 with those diagnosed 1998–2007.
Multivariable models were undertaken to adjust for age,
Gleason grade, PSA level and clinical T-stage at diagnosis
and mode of detection.

Results

The pathway for selection of the primary radiotherapy cohort
is shown in Supplementary Figure S1. Of the 22,939 men
with records in NPCR indicating radiotherapy as the initial
treatment, 20,876 were validated as having received radio-
therapy at doses and within time frames deemed reflective
of primary radical therapy. Among men who had primary RT
between 1998 and 2017, 51% received conventionally fractio-
nated EBRT (total dose 60–82Gy), while 11% received hypo-
fractionated EBRT, 27% received EBRT with HDR-BT boost,
4% received LDR-BT and 2% HDR-BT monotherapy. Primary
treatment via EBRT with photon or proton boost occurred in
2% of the cases, respectively (Table 1). Clinical characteristics
varied across the treatment modalities, with those receiving
EBRT generally being older and having more advanced dis-
ease at diagnosis than those who received brachytherapy
monotherapies. Men who received photon boost or HDR-BT
boost along with EBRT had more advanced disease than
those receiving conventionally fractionated EBRT. The pro-
portion of men receiving hypofractionated EBRT or photon
boost therapy increased during the study period while the
proportion receiving EBRT plus HDR–BT declined.

Use of ADT in conjunction with various primary radiother-
apy modalities is presented in Supplementary Table 1, for
the period since ADT data were available, i.e. 2006–2016.
ADT was rarely given in conjunction with brachytherapy
monotherapies since these treatments are mostly used for
low-risk PCa. However, neoadjuvant ADT was commonly
combined with hypofractionated EBRT (54%), EBRT with HDR
(73%), and EBRT with photon or proton boost (59%). The
majority of men receiving these types of RT also received
adjuvant ADT.

Trends in patterns of radiotherapy over time, according to
risk categories, are illustrated in Figure 2. As expected, radio-
therapy types differed markedly for low-risk PCa compared
with intermediate and high-risk categories. LDR-BT
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monotherapy (and to a lesser extent HDR-BT monotherapy)
accounted for one-third of radiation therapies delivered to
men with low-risk disease but was infrequently used in inter-
mediate and high-risk PCa. In contrast, almost all radiation
therapy for intermediate and high-risk disease involved EBRT
or EBRT combined with HDR-BT. During the most recent
period, approximately 55% of men received dose-escalated
EBRT (total dose �74Gy). The remainder received

hypofractionated EBRT or conventionally fractionated EBRT
with HDR-BT boost. EBRT, with either photon or proton
boost, was delivered to only a small proportion of men with
PCa but appeared to be offered equally across different
risk categories.

Trends over the past 20 years show an increase in conven-
tionally fractionated total EBRT dose to the now standard of
78Gy, as well as an increase in the use of hypofractionation,

Table 1. Demographic and clinical characteristics for men undergoing primary curative radiotherapy by type of treatment.

EBRT conventional
fractionation 60–82 Gy

(n¼ 10,674)

EBRT hypofractionated
�2.40 Gy
(n¼ 2337)

EBRTþ Photon
or proton boost

(n¼ 882)
EBRT combinedþHDR-BT

(n¼ 5725)
HDR-BT

monotherapy (n¼ 331)

LDR-BT
monotherapy
(n¼ 927)

Age, n (%)
�60 1370 (13) 210 (9) 120 (14) 1203 (21) 96 (29) 258 (28)
61–65 2249 (21) 428 (18) 207 (23) 1530 (27) 88 (27) 303 (33)
66–70 3423 (32) 746 (32) 275 (31) 1820 (32) 96 (29) 266 (29)
71–75 2809 (26) 693 (30) 215 (24) 1031 (18) 45 (14) 92 (10)
76þ years 823 (8) 260 (11) 65 (7) 141 (2) 6 (2) 8 (1)

Diagnosis year, n (%)
1998–2003 1922 (18) 0 (0) 41 (5) 1244 (22) 4 (1) 78 (8)
2004–2006 1648 (15) 32 (1) 132 (15) 1106 (19) 49 (15) 182 (20)
2007–2009 1672 (16) 198 (8) 193 (22) 971 (17) 82 (25) 174 (19)
2010–2011 1604 (15) 356 (15) 191 (22) 823 (14) 61 (18) 160 (17)
2012–2014 1847 (17) 859 (37) 196 (22) 886 (15) 86 (26) 201 (22)
2015–2016 1981 (19) 892 (38) 129 (15) 695 (12) 49 (15) 132 (14)

T-stage, n (%)
T1a/b 194 (2) 31 (1) 12 (1) 21 (0) 1 (0) 7 (1)
T1c 3992 (37) 898 (38) 307 (35) 1901 (33) 236 (71) 714 (77)
T2 4180 (39) 942 (40) 332 (38) 2327 (41) 77 (23) 191 (21)
T3 2175 (20) 430 (18) 209 (24) 1405 (25) 10 (3) 1 (0)
T4 36 (0) 12 (1) 14 (2) 9 (0) 0 (0) 0 (0)
Missing 97 (1) 24 (1) 6 (1) 52 (1) 7 (2) 14 (2)

N-stage, n (%)
N0 4141 (39) 1138 (49) 283 (32) 2403 (42) 53 (16) 104 (11)
N1 257 (2) 85 (4) 26 (3) 60 (1) 2 (1) 3 (0)
NX 6276 (59) 1114 (48) 573 (65) 3262 (57) 276 (83) 820 (88)

M-stage, n (%)
M0 7908 (74) 2021 (86) 601 (68) 3972 (69) 176 (53) 436 (47)
MX 2766 (26) 316 (13) 281 (32) 1753 (31) 152 (47) 491 (53)

Gleason score, n (%)
2–6 3157 (30) 297 (13) 243 (28) 1591 (28) 230 (69) 760 (82)
3þ 4 2919 (27) 819 (35) 187 (21) 1515 (26) 78 (24) 158 (17)
4þ 3 1890 (18) 547 (23) 158 (18) 950 (17) 18 (5) 2 (0)
8 1217 (11) 326 (14) 129 (15) 744 (13) 4 (1) 1 (0)
9–10 998 (9) 325 (14) 147 (17) 514 (9) 1 (0) 0 (0)
Missing 493 (5) 23 (1) 18 (2) 411 (7) 0 (0) 6 (1)

Serum PSA (ng/ml)
Median (Q1–Q3) 10.8 (7–20) 10 (7–19) 12 (7–24) 10 (6–20) 6 (5–9) 6 (4–7)
Missing, n (%) 24 (0.2) 14 (0.6) 4 (0.5) 25 (0.4) 1 (0.3) 0 (0)

Proportion positive cores
Median (Q1–Q3) 0.5 (0.3–0.8) 0.5 (0.3–0.8) 0.6 (0.3–0.8) 0.5 (0.3–0.8 0.3 (0.2–0.4) 0.3 (0.2–0.4)
Missing, n (%) 1495 (14) 76 (3) 85 (10) 970 (179) 24 (7) 49 (5)

Mode of detection, n (%)
Screening 4558 (43) 1202 (51) 411 (47) 2645 (46) 193 (58) 648 (70)
LUTS 3206 (30) 751 (32) 313 (35) 1222 (21) 80 (24) 109 (12)
Other symptoms 2287 (21) 337 (14) 139 (16) 1305 (23) 50 (15) 144 (16)
Missing, n (%) 623 (6) 47 (2) 19 (2) 553 (10) 8 (2) 26 (3)

Stage group, n (%)
Low risk 1485 (14) 136 (6) 117 (13) 721 (13) 191 (58) 681 (73)
Intermediate risk 3678 (34) 1038 (44) 260 (29) 1780 (31) 111 (34) 213 (23)
High risk 4102 (38) 883 (38) 400 (45) 2462 (43) 16 (5) 3 (0)
Regionally advanced 742 (7) 210 (9) 71 (8) 292 (5) 4 (1) 3 (0)
Missing, n (%) 667 (6) 70 (3) 34 (4) 470 (8) 9 (3) 27 (3)

CCI, n (%)
0 7631 (71) 1583 (68) 644 (73) 4483 (78) 252 (76) 751 (81)
1 1652 (15) 380 (16) 118 (13) 709 (12) 45 (14) 103 (11)
2 923 (9) 227 (10) 76 (9) 371 (6) 27 (8) 54 (6)
3þ 468 (4) 147 (6) 44 (5) 162 (3) 7 (2) 19 (2)

Risk categories defined as follows. Low: Gleason score �6 and PSA <10 ng/mL and T1-2, not N1 or M1; Intermediate: Gleason score 7 or PSA10–20 ng/mL or
T3, not N1 or M1; High: Gleason score �8 or PSA >20–50 ng/mL or T4, not N1 or M1; Regionally advanced (PSA > 50 or N1, not M1). CCI: Charlson comorbidity
index; EBRT: external beam radiotherapy; Gy: grey; HDR-BT: high dose rate brachytherapy, LDR-BT: low dose rate brachytherapy; LUTS: lower urinary
tract symptoms.
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across all risk categories. Except for LDR-BT, which has
increased among men with low-risk disease, brachytherapy
use (mono or combined) has declined over the past
two decades.

The overall patterns of primary treatments of PCa over for
men with non-metastatic PCa for the same period are shown
in Supplementary Table 2. The proportion of men receiving
primary RT for high risk and locally advanced PCa (i.e. N1)
has increased over the past two decades but remained con-
stant for intermediate-risk disease. Similar trends are also
noted for RP. Meanwhile, the proportion of men with low-
risk PCa who received RT has declined, with a corresponding
increase in AS/observation.

Variations in patterns of primary radiotherapy by county
are illustrated in Figure 3. EBRT was more common in north-
ern Sweden, while the highest rate of EBRT combined with
HDR-BT were observed among men in the Uppsala-€Orebro
health region. LDR-BT was predominantly offered to men
residing in two specific counties but was rarely given to men
residing in other counties.

Figure 4 shows the risk of PCa death following primary
radiotherapy by risk category, comparing men diagnosed
1998–2006 with those diagnosed 2007–2016. Improvements
in PCa survival are apparent across all risk categories. Crude
hazard ratios (HR) and 95% confidence intervals (CI) when
comparing men diagnosed in the later period with those
diagnosed earlier were 0.54 (0.24–1.22); 0.66 (0.49–0.88); 0.87
(0.74–1.02) for low, intermediate and high-risk disease,
respectively. Risk reductions remained after adjustment for

age, Gleason grade, clinical T-stage, PSA and mode of detec-
tion for intermediate (HR: 0.72; CI 0.46–0.87) and high risk
(HR: 0.72; CI 0.61–0.86).

Discussion

This study provides a description of definitive radiotherapy
delivered in a nationwide population-based cohort of men
with non-metastatic PCa in Sweden over two decades.
There were strong temporal changes in type and dose of
radiotherapy provided to men with PCa. In particular, there
was increased use of dose escalation and hypofractionation
across all risk categories, while use of EBRT with HDR-BT
decreased. There were also large geographical variations in
type of primary radiotherapy of PCa. PCa-specific survival
improved in the latter compared with the earlier period.

Overall, current Swedish practice with regard to primary
radiotherapy appears to be consistent with European [18]
and American guideline [19] for the management of localised
and locally advanced PCa. These guidelines endorse LDR-BT
as an acceptable primary therapy for low-risk disease, if rad-
ical treatment is preferred over AS. However, use of BT
monotherapy is discouraged for men in intermediate or
high-risk categories (except for selected ‘favourable’ inter-
mediate-risk disease). Both dose escalated EBRT (combined
with short or long-term ADT) and EBRT plus HDR-BT boost,
are recommended as suitable radiation therapies for inter-
mediate or high-risk disease. In contrast, proton beam ther-
apy/boost is currently considered to be an experimental
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therapy, despite its potential to reduce toxicity [20].
Indeed, several radiotherapy centres across Sweden were
engaged in a randomised trial of ultra-hypofractionated ver-
sus conventionally fractionated EBRT during the study period,
in which approximately 500 Swedish men were randomised
to the hypofractionated arm [9].

The trend towards higher dose and lower number of frac-
tions (through hypofractionation or through HDR-BT boost)
indicates early uptake in Sweden of radiotherapy techniques
that deliver a potentially more biologically effective dose.
There is mounting evidence indicating equivalent or better
outcomes for dose escalation, moderate hypofractionation

No. at Risk
High risk, 1998-2006 6665 5305 3698 2414 1123 270 
High risk, 2007-2017 2903 2810 2671 2480 2283 2072
Int. risk, 1998-2006 5586 4530 3237 2159 993 258
Int. risk, 2007-2017 1949 1896 1818 1710 1587 1442
Low risk, 1998-2006 1938 1771 1504 1149 602 177
Low risk, 2007-2017 1523 1495 1455 1412 1345 1265
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Figure 4. Prostate cancer deaths according to risk category and period of treatment for men receiving primary radiotherapy for prostate cancer.

Conventionally fractionated EBRT

0 %

6 %

P
ro

po
rt

io
n

EBRT + HDR−BT

0 %

3 %

P
ro

po
rt

io
n

Moderately fractionated EBRT

0 %

4 %

P
ro

po
rt

io
n

LDR−BT

0 %

0.7 %

P
ro

po
rt

io
n
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and combined EBRT/BT compared with conventionally frac-
tionated EBRT. Several randomised trials [5,21,22] and meta-
analyses [23] have shown improved outcomes for dose-esca-
lated EBRT with respect to biochemical recurrence but not
for overall survival. However, one large retrospective study
has reported a survival benefit for men with intermediate
and high-risk PCa, but not for low-risk disease [24]. Results
from several large randomised trials of moderate and ultra-
hypofractionation have demonstrated equivalent outcomes
compared to conventionally fractionated EBRT for PCa-free
survival, with acceptable levels of overall toxicity [7–9,25,26].
In addition, superior outcomes have been reported for HDR-
BT in combination with EBRT compared with conventionally
fractionated EBRT [27,28].

For low-risk disease, use of EBRT with HDR-BT boost
decreased substantially while use of LDR-BT monotherapy
increased over the past two decades. This likely represents a
trend towards less aggressive treatment in men with low-risk
disease, in whom disease tends to be indolent or progresses
very slowly [29]. These changes do not necessarily indicate
an overall increase in the use of BT for low-risk disease, but
rather show changes in proportions among those who
received primary radiotherapy. Radiotherapy for low-risk dis-
ease is likely to have decreased overall, due to high rates of
adherence to 2013 Swedish guidelines update which strongly
recommend AS for low-risk PCa [30].

Likewise, the high proportion of men who received neo-
adjuvant or concurrent/adjuvant ADT in conjunction with
EBRT over the past decade accords with current evidence
and guidelines. Improvements in both disease specific and
overall survival have been demonstrated in trials comparing
EBRT combined with neoadjuvant and adjuvant ADT to EBRT
alone for localise PCa [31,32] and locally advanced disease
[33]. It is now recommended that adjuvant ADT be offered in
combination with EBRT for intermediate-risk (short-term) and
high risk (long-term) PCa [18,19].

Substantial regional variation in the use of radiotherapy
modalities was evident across Sweden. Similar disparities
have been reported in other countries [34,35]. Regional vari-
ation is likely to be related to the location of radiotherapy
centres and resulting referral patterns. For example, the LDR-
technique is only implemented and available in Stockholm,
J€onk€oping and Lund. In addition, differences may reflect
preferences of the radiation oncologists within different
centres serving specific counties, and or the degree to which
they are engaged with academic research. For instance,
delivery of moderately hypofractionated EBRT requires expe-
rienced teams and high-quality IGRT equipment [20], which
may not be available in all treatment centres, while some
academic centres have been involved in evaluating more
experimental treatments (e.g. EBRT with proton boost [36];
ultra-hypofractionation [9]). However, the extent of regional
variation found raises questions about whether men have
equal access to therapies appropriate to their disease charac-
teristics. This warrants further investigation.

Finally, we observed reductions in PCa-specific mortality
among men diagnosed in 2007–2016 compared with
1998–2007 (i.e. 28% lower for intermediate and 37% lower

for high-risk disease). These apparent improvements may be
due to increased use of newer radiotherapy treatment regi-
mens across Sweden, which have demonstrated superior sur-
vival outcomes [7,8,24–26]. It is also possible that greater use
of endocrine therapy in conjunction with radiotherapy has
contributed to improved outcomes, as demonstrated in the
SPCG-7 trial [37,38], though we did not have data on endo-
crine therapy for a sufficient period to specifically examine
trends in ADT. In addition, changing pathological criteria for
grading and staging PCa over the study period likely have
accounted for some of the apparent improvement [39]. The
lack of statistically significant findings for low-risk PCa most
likely reflects the low number of PCa deaths among men
with predominantly indolent disease for whom radiotherapy
has little to offer [29].

Strengths, limitations and opportunities

A major strength of PCBaSe is that it is a comprehensive and
detailed clinical register with near complete capture of all
PCa cases diagnosed in Sweden since 1998. The accuracy
and validity of data items within NPCR has been assessed to
be high and therefore the level of ascertainment of men
who underwent primary radiotherapy is also likely to be
high. Further capacity to check the validity of treatment clas-
sification was possible through linkage with data from hos-
pital and drug registers. Moreover, the collection of detailed
data on dose and fractions of radiotherapy delivered, along
with comprehensive data for clinical characteristics and out-
come, with linkages to drug and patient registers, provide a
rich resource for further research on the real-world data.

Several limitations in the radiotherapy data collection war-
rant noting. Firstly, the retrospectively collected data are
incomplete for some specific radiotherapy related data fields,
particularly for disease characteristics immediately prior to
secondary radiotherapy. Furthermore, data are not collected
on dose to normal tissue which would be important for
detailed studies on adverse effects due to radiotherapy. In
addition, there is likely to be incomplete capture of second-
ary radiotherapy between 2008 and 2015, due to inconsist-
ent reporting from radiotherapy centres during this period.
Capture and completeness of post-operative/pre-radiother-
apy data items have improved during the most recent
period. However, the length of follow-up is currently quite
short for some radiotherapy data items, limiting their use for
assessing long-term outcomes. Transparent publicly available
online reporting of all radical treatments in Swedish and
English has been established to ensure continuing value of
this resource [40]. Also, ongoing work on a national basis
investigating the possibility to automatically transfer detailed
radiotherapy data (dose-volume histograms) on target vol-
umes and organs at risk from all radiotherapy centres in
Sweden to a national radiotherapy register with the aim or
linking to NPCR [41].

Custodians of PCBaSe invite clinicians and researchers
with an interest in radiotherapy and PCa to undertake collab-
orative research using this resource. More information about
the NPCR and PCBaSe is found at www.npcr.se and
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applications to the reference group can be submitted to
par.stattin@surgsci.uu.se.
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