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Abstract

Purpose The aim of this study was to examine geographic and socioeconomic variation in curative treatment
and choice of treatment modality among elderly prostate cancer (PCa) patients.

Methods This register-based cohort study included all Norwegian men > 70 years when diagnosed with non-
metastatic, high-risk PCa in 2011-2020 (n=10 807). Individual data were obtained from the Cancer Registry of Nor-
way, the Norwegian Prostate Cancer Registry, and Statistics Norway. Multilevel logistic regression analysis was used
to model variation across hospital referral areas (HRAs), incorporating clinical, demographic and socioeconomic
factors.

Results Overall, 5186 (48%) patients received curative treatment (radical prostatectomy (RP) (n=1560) or radiother-
apy (n=3626)). Geographic variation was found for both curative treatment (odds ratio 0.39-2.19) and choice of treat-
ment modality (odds ratio 0.10-2.45). Odds of curative treatment increased with increasing income and education,
and decreased for patients living alone, and with increasing age and frailty. Patients with higher income had higher
odds of receiving RP compared to radiotherapy.

Conclusions This study showed geographic and socioeconomic variation in treatment of elderly patients with non-
metastatic, high-risk PCa, both in relation to overall curative treatment and choice of treatment modality. Further
research is needed to explore clinical practices, the shared decision process and how socioeconomic factors influence
the treatment of elderly patients with high-risk PCa.

Keywords Geographic variation, Socioeconomic variation, Prostate cancer, Elderly patients, Health care utilisation

*Correspondence: 8 Department of Research and Innovation, Mgre and Romsdal Hospital
Elin Marthinussen Gustavsen Trust, Alesund, Norway
elin.gustavsen@helse-nord.no

! Department of Community Medicine, The Arctic University of Norway

(UIT), Tromse, Norway

2 Centre for Clinical Documentation and Evaluation (SKDE), Northern

Norway Regional Health Authority, Tromsg, Norway

3 Department of Urology, Vestfold Hospital Trust, Tansberg, Norway

4 Department of Oncology and Palliative Medicine, Nordland Hospital,

Bodg, Norway

5 SHARE — Center for Resilience in Healthcare, Faculty of Health Sciences,

Department of Quality and Health Technology, University of Stavanger,

Stavanger, Norway

5 Geriatric Department, Akershus University Hospital, Larenskog, Norway

7 Cancer Registry of Norway, Norwegian Institute of Public Health, Oslo,

Norway

. ©The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
@ Sprlnger permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
— original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.


http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1007/s43999-024-00044-y&domain=pdf
http://orcid.org/0009-0004-9936-2817

Gustavsen et al. Research in Health Services & Regions (2024) 3:8

Introduction

Prostate cancer (PCa) is the second most commonly
diagnosed cancer among men worldwide, affecting
mainly older men [1-3]. In Europe, 50% of PCa patients
are 70 years or older at time of diagnosis. Due to popu-
lation aging, this proportion is estimated to increase to
60% by 2040 [4].

According to international guidelines, patients with
high-risk PCa, and life expectancy>10 years, should be
treated with curative intent — either with radical prosta-
tectomy (RP) or radiotherapy [5]. However, since elderly
patients often are underrepresented in clinical trials [6],
the International Society of Geriatric Oncology (SIOG)
recommend that treatment of older patients (>70 years)
should be based on the patient’s health status and not
on age alone [7]. Nevertheless, several studies have sug-
gested undertreatment of older PCa patients [8—13].
With the lack of specific treatment recommendations
for elderly PCa patients, health status assessment of this
patient group may be a source of variation in clinical
practice and subsequent disparity in cancer outcomes.

Geographic variation in curative treatment of PCa is
well-documented. Numerous studies have shown varia-
tion in the choice of treatment due to regional differences
[14-17], where several found an association between
access to treatment and choice of treatment [18-22].
In Norway, the Norwegian Prostate Cancer Registry
(NoPCR) has reported regional variation in the use of
both RP and radiotherapy [23]. Other studies have found
geographical variation in overall curative treatment [24—
26]. The geographic variation in these studies was based
on the place of residence of patients, treating hospitals or
region density (urban versus rural). Socioeconomic vari-
ation in treatment of PCa has also been found where e.g.
wealthy and/or highly educated men have higher odds of
curative treatment and higher odds of receiving RP over
radiotherapy [27-29].

There is however a paucity of information on geo-
graphic and socioeconomic variation in treatment of
older PCa patients. The aim of this study was to examine
whether there are geographic or socioeconomic variation
in the treatment of elderly patients with high-risk PCa
in Norway, both in relation to overall curative treatment
and choice of treatment modality.

Methods

Study design and data sources

This cohort study included all Norwegian men diagnosed
with non-metastatic, high-risk PCa between 2011 and
2020 at the age 70 years or older. Individual-level data
were obtained from mandatory health and administra-
tive registries with national and complete coverage. The
data were linked by encrypted serial numbers derived
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from the personal identity number held by all Norwegian
citizens.

The Cancer Registry of Norway (CRN) identified all
older men with a PCa diagnosis (ICD-10 code C61) dur-
ing the inclusion period and provided data on cancer
diagnosis, diagnosis date, age, stage, and basis for diagno-
sis. Data on radiotherapy dates and doses were obtained
from the national radiotherapy database. Information
on functional status, diagnostic data, including Pros-
tate-Specific Antigen (PSA), Gleason score, and tumor-
node-metastatsis (TNM) status, and surgical data were
received from NoPCR, the national quality registry on
prostate cancer.

Data on health services provided at the primary care
level by general practitioners and out-of-hours services
were obtained from the Norwegian Control and Payment
of Health Reimbursements Database (KUHR). Demo-
graphic and socioeconomic information came from Sta-
tistics Norway (SSB).

Definitions

We defined high-risk PCa as PSA>20 ng/mL, and/or
Gleason score>7, and/or clinical T-stage (cT)>2c, and/
or clinical N-stage (cN) >0 in accordance with the Euro-
pean Association of Urology (EAU) categorisation [5].

Patients with low or intermediate risk, metastatic PCa,
or missing data for risk categorisation, were omitted from
the study (Fig. 1). Additionally, individuals were excluded
if their cancer diagnosis was based solely on death certifi-
cate or autopsy, or if they lived abroad.

The first binary outcome measure was receipt of cura-
tive treatment, either RP within six months or curative
radiotherapy within 12 months of diagnosis. The second
binary outcome was treatment modality, contrasting RP
within six months to radiotherapy within 12 months.
According to the Norwegian guidelines covering the
inclusion period of the study, the recommended target
dose of curative radiation was 66-78 Gy. We therefore
defined curative radiotherapy as radiation with target
dose > 66 Gy. Treatment modality was classified as RP if
patients received both RP and radiotherapy.

Public hospital trusts provide specialist health care ser-
vices to the population living within their hospital refer-
ral area (HRA). In 2020, 13 hospitals performed RP, while
eight radiation centres provided curative radiotherapy
to PCa patients. Municipal residency in the year prior to
PCa diagnosis defined the HRA affiliation of the patients.

Stage referred to extent of disease at the time of diag-
nosis, and was coded as localised, regional and unknown
according to the CRN classification [30]. Frailty was
measured by a frailty index (FI) based on primary care
data [31]. We used the International Classification of Pri-
mary Care (ICPC) codes from KUHR within 12 months
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Fig. 1 Flowchart showing inclusion of patients in the study

prior to the PCa diagnosis to calculate each individual
FI score. FI was categorised into low (0-1), intermediate
(2-3) and high score (>4). Functional status was meas-
ured by Eastern Cooperative Oncology Group (ECOG)
performance status and categorised into 0 (fully active),
1 (restricted in physically strenuous activity) and>2
(ambulatory and capable of all self-care, but unable to
carry out any work activities, or worse).

Yearly after-tax personal income was calculated as the
sum of income from employment, business, property and
transfers received, including retirement pension from the
National Insurance Scheme, minus assessed tax and neg-
ative transfers, in the year prior to the year of diagnosis.
It was consumer price index adjusted and divided into
quartiles (Q): low (Q1), intermediate low (Q2), interme-
diate high (Q3) and high (Q4) income.

A tripartition of the original nine educational levels
into low, intermediate and high was according to the
Norwegian Standard Classification of Education [32].
Low level was defined as less than high school (com-
pulsory school grades 1-10), intermediate level corre-
sponded to high school and high level to undergraduate
and postgraduate education.

A household was regarded as all persons who lived per-
manently in the same dwelling and had common house-
keeping. Type of household was categorised into living
alone, not living alone and not living in private house-
hold. The latter category included persons who lived in
nursing facilities.

Travel time by road to nearest hospital performing RP
and nearest radiation centre was calculated in minutes
from the municipal centre. Both variables were recoded
into three categories; < 60, 60—120 and > 120 min.

Statistical analyses

Data were analysed using SAS V.9.4 (SAS Institute).
Independent variables previously indicated by literature
to be relevant for cancer treatment were considered for
analysis. We used descriptive statistics for patient char-
acteristics and conducted multilevel logistic regression
analyses with hierarchical structured data (patients (indi-
vidual level) clustered in HRAs (group level)) to estimate
odds ratios (ORs) for comparisons across the HRAs and
socioeconomic groups. Directed acyclic graphs (DAGs)
was used to guide model selection for each analysis and
reduce the risk of table 2 fallacy [33].

Empty models (null model) with cluster-specific
random effects only were applied to model variation
between HRAs. The intraclass correlation coefficient was
calculated, detailing the proportion of the total variance
in the outcome that was attributable to the HRA level
[34]. The intraclass correlation coefficient at the HRA
level was calculated by o2/ (02 + %2) where o2 is the vari-
ance of the random intercept at the HRA level and 7%/3
is the assumed patient level error variance.

To assess whether any geographic variation was attrib-
utable to differences in patient characteristics, individual
demographic and clinical factors (age, stage, FI, func-
tional status, and also risk group in the analysis of treat-
ment modality) were added to model 1, and additional
socioeconomic factors (income, education, and type of
household) to model 2. Travel time' and year of diagnosis

! Travel time to nearest treating facility (RP or radiotherapy) was included
in the model with curative treatment as outcome, while travel time to near-
est radiation centre was included where treatment modality was the out-
come.
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were included in model 3 to examine effects attributable
to the HRA level. Additional factors such as patients’
children and their education and residential location
were examined, but omitted due to non-significance and
failure to improve the model.

All models were examined for multicollinearity by
inspecting correlation and variance inflation factors.

Results

In the period 2011-2020, 10 807 men aged 70 years or
older were diagnosed with non-metastatic, high-risk PCa
and eligible for inclusion in this study (Table 1).

Age ranged from 70 to 99 years at diagnosis (Fig. 2),
with a mean age of 77.4. Less than half of the patients
had low frailty score (46%). Half of the men (49%) had
intermediate education level, while 27% had low educa-
tion level. One out of four men lived alone. In total, 5186
patients (48%) were curatively treated with either RP or
radiotherapy, ranging from 31 to 59% between the HRAs.

When comparing treatment modalities, 1560 (30%) of
the treated patients received RP. Of these, 1271 (81%)
were 70—74 years old, 277 (18%) were 75-79 years old and
12 (0.8%) were 80—-84 years old. No patients>85 years
received RP. The corresponding proportions of patients
who received radiotherapy were 49%, 41% and 9%,
respectively. Additionally, 9 patients aged>85 years
were treated with radiotherapy. A larger proportion of
RP-treated patients had high education and high income
compared to those treated with radiotherapy (33% vs 27%
and 37% vs 26% respectively).

Geographic variation

ORs with corresponding 95% confidence intervals (Cls))
for model 1, model 2 and model 3 with Vestre Viken as
reference HRA are depicted in Fig. 3, separately for cura-
tive treatment over none, and for RP over radiotherapy.
ORs with CIs for the HRAs for all models are described
in Online Resource 1.

Curative treatment
Geographic variation in curative treatment across the
HRAs were present in the null model. Moreover, the ORs
remained largely unchanged when introducing clinical
and demographic factors in model 1, socioeconomic fac-
tors in model 2, and accessibility in model 3. In the fully
adjusted model, ORs ranged from 0.39 (95% CI 0.29-
0.53) to 2.19 (95% CI 1.68-2.86) Patients in five HRAs
had significantly higher odds for curative treatment than
the reference HRA, whereas one HRA had lower odds.
Only 4% of the total treatment variation was attributable
to factors at the HRA level (Table 2).

Stratified analyses revealed a somewhat greater geo-
graphic variation in the older age groups. In the youngest
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group (70-74 years), 74% (HRA range 49-83%) of the
patients received curative treatment. For the older groups
(75-79 years and >80 years), a smaller proportion of
patients received curative treatment: 54% (29-72%) and
11% (3—19%), respectively.

Treatment modality

We found substantial geographic variation in the use of
RP versus radiotherapy (Fig. 3). The proportion of treated
patients who had RP varied across HRAs from 7 to 64%
(Table 1). Little change was seen in the ORs for treatment
modality when expanding the regression model. ORs in
the fully adjusted model ranged from 0.10 (95% CI 0.07-
0.16) to 2.45 (95% CI 1.54-3.92) (Fig. 3). Patients in two
HRA had significantly greater odds of receiving RP over
radiotherapy than patients living in the reference HRA,
whereas patients in eight HRAs had significantly lower
odds. A substantial proportion of the total variation
(18%) was attributable to factors at the HRA level.

Travel time to nearest radiation centre was associated
with choice of treatment modality, but with conflicting
results; Patients living 60—120 min from a radiation cen-
tre had higher odds of RP than radiotherapy compared
to patients with travel time less than 60 min, while such
association was not found for patients living more than
120 min from a radiation centre.

Health and socioeconomic variation

At the individual level, increasing age, frailty and func-
tional status were independently associated with decreas-
ing odds of curative treatment (Table 2). In the fully
adjusted model, patients aged 75-79 years had 56%
lower odds of curative treatment than patients aged
70-74 years (OR 0.44 (95% CI 0.39-0.50)). The odds
decreased further with increasing age. Odds for curative
treatment decreased by 22% for patients with intermedi-
ate frailty score compared with patients with low score
(OR 0.78 (95% CI 0.70—0.88)), and even more for patients
with high frailty score. With a functional status of 1 the
odds for curative treatment decreased by almost half
compared to those with 0 (OR 0.56 (95% CI 0.49-0.64)).
The odds decreased further for those with a functional
status > 2.

Patients with higher income, higher education, and
patients not living alone, were more frequently curative
treated (Table 2). Patients with high income had 61%
greater odds of being curative treated than those with low
income (OR 1.61 (95% CI 1.32-1.97)), whereas patients
with high education had 22% higher odds compared to
patients with low (OR 1.22 (95% CI 1.02-1.46)). Men
who did not live alone had 47% higher odds of receiving
curative treatment compared to those living alone (OR
1.47 (95% CI 1.29-1.69)).
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Table 1 Characteristics of elderly patients diagnosed with high-risk prostate cancer in Norway in 2011-2020 according to type of

treatment
Study populati Curati Tr modality
N % Yes (%) No (%) RPY (%) Radiation (%)

Total study population 10807 100,0 5186 (48) 5621 (52) 1560 (30,1) 3626 (69,9)
Age group
70-74 4122 38,1 3060 (74,2) 1062 (25,8) 1271 (41,5) 1789 (58,5)
75-79 3236 299 1761 (54,4) 1475 (45,6) 277 (15,7) 1484 (84,3)
80-84 2082 19,3 356 (17,1) 1726 (82,9) 12(3,4) 344 (96,6)
=85 1367 12,6 9(0,7) 1358(99,3) 0(0) 9 (100)
Stage
Localised 2930 271 1505 (51,4) 1425 (48,6) 484 (32,2) 1021 (67,8)
Regional 6193 57,3 3144 (50,8) 3049 (49,2) 1057 (33,6) 2087 (66,4)
Missing 1684 15,6 537 (31,9) 1147 (68,1) 19(3,5) 518 (96,5)
Risk group
High - localised 5484 50,7 2573 (46,9) 2911 (53,1) 906 (35,2) 1667 (64,8)
High - locally advanced 5323 493 2613 (49,1) 2710(50,9) 654 (25) 1959 (75)
Functional status
0 5298 49,0 3395 (64,1) 1903 (35,9) 1150 (33,9) 2245 (66,1)
1 2452 22,7 958 (39,1) 1494 (60,9) 214 (22,3) 744 (77,7)
>2 1371 12,7 145 (10,6) 1226 (89,4) 22(15,2) 123 (84,8)
Missing 1686 15,6 688 (40,8) 998 (59,2) 174 (25,3) 514 (74,7)
Frailty index
Low score 4926 456 2771 (56,3) 2155 (43,7) 923 (33,3) 1848 (66,7)
Intermediate score 4539 42,0 2021 (44,5) 2518(55,5) 556 (27,5) 1465 (72,5)
High score 1342 124 394 (29,4) 948 (70,6) 81 (20,6) 313 (79,4)
Education level
Low 2882 267 1125 (39) 1757 (61) 266 (23,6) 859 (76,4)
Intermediate 5237 485 2559 (489) 2678 (51,1) 773 (30,2) 1786 (69,8)
High 2641 244 1488 (56,3) 1153 (43,7) 514 (34,5) 974 (65,5)
Missing 47 04 14 (29,8) 33(70,2) 7 (50) 7 (50)
Income
Low 2696 249 849 (31,5) 1847 (68,5) 165 (19,4) 684 (80,6)
Intermediate low 2697 250 1222 (453) 1475 (54,7) 302 (24,7) 920 (75,3)
Intermediate high 2697 25,0 1396 (51,8) 1301 (48,2) 443 (31,7) 953 (68,3)
High 2696 249 1712 (63,5) 984 (36,5) 648 (37,9) 1064 (62,1)
Missing 21 02 7(33,3) 14 (66,7) 2(28,6) 5(71,4)
Type of household
Living alone 2535 235 929 (36,6) 1606 (634) 258 (27,8) 671 (72,2)
Not living alone 8163 755 4242 (52) 3921 (48) 1299 (30,6) 2943 (69,4)
Not private household 88 08 8(9,1) 80 (90,9) 1(12,5) 7 (87.5)
Missing 21 0,2 7 (33,3) 14 (66,7) 2(28,6) 5(71,4)
Travel time®
0-60 minutes 6547 60,6 3120 (47,7) 3427 (52,3) 995 (31,9) 1785 (57,2)
60-120 minutes 2197 203 1029 (46,8) 1168 (53,2) 318 (30,9) 906 (88)
>120 minutes 2063 19,1 1037 (50,3) 1026 (49,7) 247 (23,8) 935 (90,2)
Year of diagnosis
2011 1077 10,0 335 (31,1) 742 (68,9) 66 (19,7) 269 (80,3)
2012 1064 98 375 (35,2) 689 (64,8) 83 (22,1) 292 (77,9)
2013 958 89 392 (40,9) 566 (59,1) 91(23,2) 301 (76,8)
2014 1020 94 464 (45,5) 556 (54,5) 119 (25,6) 345 (74,4)
2015 1001 93 554 (55,3) 447 (44.7) 119 (21,5) 435 (78,5)
2016 1074 99 563 (52,4) 511 (47,6) 173 (30,7) 390 (69,3)
2017 1117 10,3 563 (50,4) 554 (49,6) 190 (33,7) 373 (66,3)
2018 1140 105 631(554) 509 (446)  195(30,9) 436 (69,1)
2019 1186 11,0 650 (54,8) 536 (45,2) 252 (38,8) 398 (61,2)
2020 1170 10,8 659 (56,3) 511 (43,7) 272 (41,3) 387 (58,7)
Hospital referral area®
Finnmark (N) 136 13 57 (41,9) 79 (58,1) 19 (33,3) 38 (66,7)
UNN (N) 410 38 209 (51) 201 (49) 68 (32,5) 141 (67,5)
Nordland (N) 300 28 141 (47) 159 (53) 50 (35,5) 91 (64,5)
Helgeland (N) 218 20 84 (38,5) 134 (61,5) 30(35,7) 54 (64,3)
Nord-Trondelag (C) 300 28 141 (47) 159 (53) 29 (20,6) 112 (79.4)
St. Olav (C) 652 6,0 335 (51,4) 317 (48,6) 71(21,2) 264 (78,8)
Mere og Romsdal(C) 584 54 273(46,7)  311(533) 52 (19) 221 (81)
Forde (W) 261 24 134 (51,3) 127 (48,7) 10 (7,5) 124 (92,5)
Bergen (W) 765 71 453 (59,2) 312 (40,8) 35(7,7) 418 (92,3)
Fonna (W) 332 3,1 197 (59,3) 135 (40,7) 14(7,1) 183 (92,9)
Stavanger (W) 639 59 335(524) 304 (47.,6) 85 (25,4) 250 (74,6)
Serlandet (SE) 508 47 157 (30,9)  351(69,1) 57 (36,3) 100 (63,7)
Telemark (SE) 386 36 187 (48,4) 199 (51,6) 120 (64,2) 67 (35,8)
Vestfold (SE) 608 56 245 (40,3) 363 (59,7) 89 (36,3) 156 (63,7)
Oslo (SE) 818 76 429 (52,4) 389(47,6) 178 (41,5) 251 (58,5)
Akershus (SE) 1062 98 559 (52,6) 503 (47.4) 153 (27,4) 406 (72,6)
Innlandet (SE) 834 77 331 (39,7) 503 (60,3) 158 (47,7) 173 (52,3)
Ostfold (SE) 907 84 452 (49,8) 455 (50,2) 166 (36,7) 286 (63,3)
Vestre Viken (SE) 1087 10,1 467 (43) 620 (57) 176 (37,7) 291 (62,3)

2Radical prostatectomy

D Travel time to nearest treating facility (curative treatment), to nearest facility offering radical prostatectomy (RP) and to nearest radiation centre (radiation)
©N=North, C=Central, W=West, SE=South-East
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Fig. 2 Number of patients diagnosed with high-risk prostate cancer by type of treatment at each age at diagnosis

At the individual level, for patients who received cura-
tive treatment, older age was associated with lower odds
of RP over radiotherapy. Patients aged 75-79 years had
76% lower odds of having RP compared to those aged
70-74 years (OR 0.24 (95% CI 0.20-0.28)) (Table 3). The
odds decreased further with increasing age. Patients with
high income had greater odds of having RP compared to
those with low income (OR 1.72 (95% CI 1.28-2.32)).

Discussion

This study showed geographic variation in treatment
of elderly patients with non-metastatic, high-risk PCa.
Additionally, demographic and socioeconomic factors
were associated with treatment, both curative treat-
ment and choice of treatment modality. Few studies have
explored variation in treatment of elderly patients with
high-risk PCa. To our knowledge, this is the first study
including individual data on both geographic and socio-
economic factors.

Geographic variation

Curative treatment

Our study showed some geographical variation in cura-
tive treatment. This is in line with other studies show-
ing geographic variation in Germany, the UK and the US
[24, 25, 35]. At the same time, the intraclass correlation
coefficient in our study was low, indicating that the geo-
graphic variation cannot be explained by factors on the

HRA level, but rather would be due to individual features
such as a physician’s or patient’s preferences.

Treatment modality

We found substantial geographic variation in choice of
treatment modality, where many HRAs had lower odds
of receiving RP over radiotherapy. Regional differences in
choice of treatment have been documented in the Neth-
erlands, the UK and the US [15, 16, 19, 21, 36]. Cooper-
berg et al. [36] showed substantial variation in treatment
selection for localised PCa across 36 clinical sites in the
US that was not explained by case-mix or known patient
factors. The choice of treatment could impact quality of
life. Common side-effects are disrupted urinary, bowel,
and sexual functioning, where RP has been associated
with higher risk of incontinence, but lower risk of bowel
problems compared to radiotherapy [37, 38].

This study showed an association between travel time
to nearest radiation centre and choice of treatment, but
with conflicting results. Other studies have found asso-
ciations between access to treatment and choice of PCa
treatment [20, 22]. Muralidhar et al. [18] found that PCa
patients were less likely to receive radiotherapy the far-
ther away from a radiation centre they lived. When eli-
gible for either RP or radiotherapy, patients need to
consider time consumption of each modality when decid-
ing on treatment. While RP is a short in-patient stay,
radiotherapy occurs daily over several days and might
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time and year of diagnosis

be a less attractive option if it is too time demanding.
Patients receiving radiotherapy might be staying over-
night if the travel distance is considerable, which could
explain the non-significance association between travel
time > 120 min and choice of treatment.

Our study showed that the use of radiotherapy was
greater especially in patients within the Western region.
Clinicians in Norway changed their treatment policies
after studies regarding the effect of radiotherapy com-
bined with hormonal treatment were published in the
1990s [39, 40]. This appeared especially in the Western
region, where there was a more frequent use of radio-
therapy since the mid-1990s [41]. It seems that the West-
ern region has continued its practice since then.

Including patient characteristics and socioeconomic
factors in the model did not explain the geographic vari-
ation in treatment modality. This variation might there-
fore be related to clinical practice. PCa management is
regarded as preference-sensitive care where both RP and

radiotherapy are considered valid curative treatments
for patients with high-risk PCa [42-45]. Understand-
ing the side-effects are therefore crucial when decid-
ing on treatment. Shared decisions between patients
and physicians are thus emphasised in PCa guidelines.
However, Wennberg stated that “medical opinion rather
than patient preference tends to dominate the treatment
choice” in preference-sensitive care. This is in accordance
with a systematic review indicating that physicians’ rec-
ommendations were the most consistent factor for why
older adults accepted cancer treatment [46]. Moreover,
Cohen and Britten [47] reported that treatment of men
diagnosed with localised PCa was mostly decided by the
clinicians.

Age and frailty

This study showed that men of older age and higher frailty
score had independently decreasing odds of receiving
curative treatment compared to those of younger age and
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Table 2 Multilevel logistic regression of four models with odds ratio and 95% confidence interval for curative treatment. Variance with
p-value and intraclass correlation coefficient of hospital referral area. Model 1: adjusted for demographic and clinical characteristics,
Model 2: Model 1 + adjusted for socioeconomic factors, Model 3: Model 2 + adjusted for travel time to nearest treating facility and

year of diagnosis

Null model Model 1 Model 2 Model 3
Empty Health SES® Full model
Variance
HRAP level variance (p-value) 0.073 (0.0031) 0.146 (0.0032) 0.136 (0.0034) 0.149 (0.0033)
Intraclass correlation coefficient® 2.2% 4.2% 4.0% 4.3%
Odds ratio (95% Cl)  Odds ratio (95% Cl)  Odds ratio (95% Cl)
Age group
70-74 1 (ref) 1 (ref) 1 (ref)
75-79 0.44 (0.39 - 0.49) 0.45(0.40-0.51) 0.44 (0.39 - 0.50)
80-84 0.09 (0.07 - 0.10) 0.09 (0.08 - 0.11) 0.09 (0.08 - 0.10)
>85 0.00 (0.00 - 0.01) 0.00 (0.00 - 0.01) 0.00 (0.00 - 0.01)
Stage
Localised 1 (ref) 1 (ref) 1 (ref)
Regional 1.28 (1.13-1.44) 1.26 (1.12-1.43) 1.25(1.11-1.42)
Functional status
0 1 (ref) 1 (ref) 1 (ref)
1 0.52 (0.46 - 0.59) 0.55 (0.49 - 0.63) 0.56 (0.49 - 0.64)
=2 0.13(0.11-0.16) 0.16 (0.13-0.20) 0.16 (0.13-0.20)
Frailty Index
Low score 1 (ref) 1 (ref) 1 (ref)
Intermediate 0.78 (0.70 - 0.88) 0.80(0.71 -0.89) 0.78 (0.70 - 0.88)

High 0.62 (0.52 - 0.75)
Education level

Low 1 (ref)
Intermediate 1.14(1.00-1.31)
High 1.15(0.96 - 1.36)
Income

Low 1 (ref)
Intermediate low 1.55(1.32-1.81)
Intermediate high 1.68(1.43-1.97)
High 2.16(1.81-257)
Type of household

Living alone 1 (ref)

Not living alone 1.46 (1.27 - 1.67)
Not private household 0.22 (0.06 - 0.80)
Travel time?

0-60 minutes

60-120 minutes

2120 minutes
Year of diagnosis
2011

2012

2013

2014

2015

2016

2017

2018

2019

2020

0.64 (0.53-0.77)

0.61(0.50 - 0.74)

1 (ref)
1.18(1.03 - 1.35)
1.22 (1.02 - 1.46)

1 (ref)
1.27 (1.07 - 1.50)
1.27 (1.06 - 1.52)
1.61(1.32-1.97)

1 (ref)
1.47 (1.29- 1.69)
0.19 (0.05 - 0.72)

1 (ref)
0.96 (0.81 - 1.13)
1.15(0.94 - 1.41)

1 (ref)
1.13 (0.89 - 1.45)
1.46(1.13-1.87)
1.80 (1.40 - 2.32)
2.82(2.16 - 3.67)
2.13(1.64 - 2.76)
1.93(1.49-2.49)
2.01(1.56 - 2.59)
1.88 (1.46 - 2.42)
1.84 (1.42-2.37)

2Socioeconomic status

bHospnal referral area

©Proportion of the total variance attributable to the hospital referral area level
%Travel time to nearest treating facility

low frailty. These findings have also been documented in
other studies [35, 36] and are in line with the guidelines
which states that patients with a life expectancy < 10 years
and/or high comorbidity are not directly eligible for cura-
tive treatment. A decrease in odds of curative treatment
due to both age and frailty was therefore expected.

Socioeconomic variation

Our study found that income and education was asso-
ciated with curative treatment; Older men with lower
income and lower education were independently less
likely to receive curative treatment. Socioeconomic dif-
ferences in management of PCa patients of all ages have
been discussed extensively in several studies [14, 27-29,

35]. Deprivation, low income and low educational level
have been reported as factors associated with less treat-
ment of PCa patients.

Health literacy might be an underlying factor of the
observed association between socioeconomic status
(SES) and curative treatment. Health literacy is the “abil-
ity to find, understand, and use information and services
to inform health-related decisions and actions for them-
selves and others” [48] and has been demonstrated to
follow a social gradient where e.g. patients with financial
deprivation were more likely to have limited health liter-
acy [49, 50]. This will affect the ability to engage in shared
decision processes, where patients with inadequate
health literacy may be less capable of understanding
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Table 3 Multilevel logistic regression of four models with odds ratio and 95% confidence interval for choice of treatment modality
(radical prostatectomy vs radiotherapy). Variance with p-value and intraclass correlation coefficient of hospital referral area. Model 1:
adjusted for demographic and clinical characteristics, Model 2: Model 1 + adjusted for socioeconomic factors, Model 3: Model 2 +
adjusted for travel time to nearest radiation centre and year of diagnosis

Null model Model 1 Model 2 Model 3
Empty Health SES? Full model
Variance
HRAP level variance (p-value) 0.604 (0.0021) 0.703 (0.0022) 0.724 (0.0022) 0.708 (0.0024)
Ir correlation fficient® 15.5% 17.6% 18.0% 17.7%
Odds ratio (95% CI)  Odds ratio (95% Cl)  Odds ratio (95% CI)
Age group
70-74 1 (ref) 1 (ref) 1 (ref)
75-79 0.26 (0.22 - 0.32) 0.26 (0.21 - 0.31) 0.24 (0.20- 0.28)
80-84 0.05(0.03 - 0.10) 0.05 (0.03 - 0.09) 0.04 (0.02 - 0.08)
=85 NA NA NA
Stage
Localised
Regional 2.96 (2.35-3.71) 2.83(2.25-3.57) 2.83(2.24 -3.58)
Risk group
High - localised
High - locally advanced 0.21 (0.17-0.27) 0.20 (0.16 - 0.26) 0.18 (0.15-0.23)
Functional status
0
1 0.55 (0.45 - 0.67) 0.58 (0.47 - 0.71) 0.57 (0.46 - 0.70)
=2 0.31(0.18-0.52) 0.35(0.20 - 0.59) 0.38 (0.22 - 0.66)
Frailty Index
Low score
Intermediate score 0.76 (0.65 - 0.90) 0.78 (0.66 - 0.92) 0.77 (0.65-0.91)
High score 0.61 (0.44 - 0.85) 0.60 (0.42 - 0.84) 0.57 (0.40 - 0.81)
Education level
Low
Intermediate 1.13(0.91 - 1.40) 1.19 (0.96 - 1.48)
High 1.10 (0.86 - 1.42) 1.24 (0.96 - 1.59)
Income
Low
Intermediate low 1.62(1.23-2.13) 1.28 (0.96 - 1.70)
Intermediate high 2.59 (1.99-3.39) 1.72(1.28 - 2.29)
High 2.94 (2.25-3.85) 1.72(1.28-2.32)
Type of household
Living alone
Not living alone 1.09 (0.88 - 1.35) 1.10(0.89 - 1.37)
Not private household NA NA
Travel time®
60 minutes
60-120 minutes 1.31(1.02-1.68)
>120 minutes 0.90 (0.65 - 1.24)
Year of diagnosis
2011
2012 1.30 (0.81 - 2.08)
2013 1.30 (0.82 - 2.06)
2014 1.57 (1.00 - 2.46)
2015 1.29 (0.83-2.02)
2016 2.26(1.46-3.51)
2017 3.01(1.94 - 4.67)
2018 2.18(1.41-3.36)
2019 3.51(2.28 -5.39)
2020 4.07 (2.65 - 6.25)

3Socioeconomic status

PHospital referral area

°F'ropomon of the total variance attributable to the hospital referral area level
9Travel time to nearest radiation centre

information given and using it to decide on treatment
together with the physician.

Another factor affecting the association between SES
and treatment could be doctor—patient communication.
Several studies have shown a social gradient in com-
munication where physicians gave less information to
patients with lower SES than to those with high SES [51,
52]. Furthermore, communication with lower social class
patients had a less participatory consulting style, result-
ing in a less adapted shared decision-making process.
This gradient in communication could be explained by
the patient’s communicative style: Patients with lower
SES are less active when communicating with their

physician, ask fewer questions and are less opinionated
compared to those with higher SES [53]. Physicians may
therefore presume that these patients are less independ-
ent, responsible and less likely to comply with treatment
regime [54], which could affect their decision on provid-
ing radical treatment to this group of patients.

Our study found that men living alone were less likely
to receive curative treatment than men living with a
cohabitant. Studies have shown that marriage was associ-
ated with curative treatment in men with PCa [24, 55].
Cary et al. [24] found that married men had 67% greater
odds of treatment compared to those who were not mar-
ried. As people age, cognition declines, and the ability to
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maintain functional independence is harder to uphold
[56]. Physicians might therefore be hesitant to provide
radical treatment to patients with cognitive impairment
who live by themselves.

Limitations and strengths
This study has several limitations. Information on dis-
ease progression was not available. Categorisation of risk
groups was therefore based on diagnostics at the time of
diagnosis. Hence, patients who had a progression of the
tumour from a lower risk group to a high-risk group were
not included in the study. Increased use of new diagnos-
tic methods, such as MR, and varying adoption of these
methods might have led to bias in risk group categorisa-
tion. Additionally, guidelines evolved during the study
period and, in 2015, cancer patient pathway (CPP) was
implemented for PCa patients in Norway. In particular,
CCP could have had an impact on the results. None-
theless, Nilssen et al. [57] showed that increasing age
indicated lower odds of being included in CPP for PCa
patients >70 years in 2015 and 2016. Another limitation
is the lack of information on patients’ preferences on
treatment options and on the shared decision process in
the management of PCa patients. Unwarranted variation
refers to disparities that cannot be explained by random-
ness, illness or patients’ preferences [58]. Since our study
do not include patients’ preferences, we cannot defini-
tively assert that the findings are entirely unwarranted.
The major strength of this study is the use of individ-
ual-level data from national registries which are of high
quality and completeness. This have allowed us to include
important factors, like frailty and SES, at the individual
level in the analyses. This provides us with unique infor-
mation and widely representative results.

Conclusion

Although Norway has a universal health care system
set to provide equal health care regardless of place of
residence and SES, this study demonstrated variation in
treatment of older patients with high-risk PCa in Nor-
way, both with regards to place of residence and SES, and
that treatment management is not in line with Norwe-
gian health policy. Further research is needed to explore
clinical practices, the shared decision process and how
socioeconomic factors influence the treatment of elderly
patients with high-risk PCa.
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