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dDepartment of Medical Sciences, Clinical Chemistry, University University, Uppsala, Sweden; eSchool of Medical Sciences, €Orebro University,
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ABSTRACT
Background: Androgen deprivation therapy (ADT) is a non-curative but essential treatment of prostate
cancer with severe side effects. Therefore, both over- and underuse should be avoided. We investi-
gated adherence to guidelines for ADT following radical prostatectomy through Swedish population-
based data.
Material and methods: We used the database Uppsala/€Orebro PSA cohort (UPSAC) to study men
with localised or locally advanced prostate cancer at diagnosis (clinical stage T1–T3, N0–NX, M0–MX,
and prostate-specific antigen (PSA) <50ng/ml) who underwent radical prostatectomy 1997–2012. 114
men were treated with ADT and selected as cases; 1140 men with no ADT at the index date were
selected as controls within 4-year strata of year of radical prostatectomy. All men with a biochemical
recurrence and a PSA doubling time <12 months and/or a Gleason score of 8–10 were considered to
have an indication for ADT according to the European Association of Urology (EAU) guidelines.
Results: No indication for ADT was found in 37% of the cases. Among these, 88% had clinical stage T1–2
at diagnosis, 57% had a biopsy Gleason score 2–6, 98% had an expected remaining lifetime over 10 years,
12% received castration, and 88% received antiandrogen monotherapy. 2% of controls were found to
have an indication for ADT, and 96% of these had an expected remaining lifetime over 10 years.
Conclusion: Our results indicate that overtreatment with ADT after radical prostatectomy is common,
whereas undertreatment is unusual. Interventions to improve adherence to guidelines are needed to
avoid unnecessary side-effects and long treatment durations with ADT.
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Introduction

Androgen deprivation therapy (ADT) delays progression in
advanced prostate cancer, but the benefit of ADT at asymp-
tomatic biochemical recurrence after radical prostatectomy
remains controversial [1]. Early treatment with ADT has been
found to delay progression to metastases among men with
high-risk features [2]. However, only a minority of the men
with biochemical recurrence experience progression to meta-
stases and death from prostate cancer [3–8]. Overuse should
be avoided since ADT has a range of adverse effects [9–14].
European guidelines state that treatment with ADT at bio-
chemical recurrence following radical prostatectomy should
be reserved for men with the highest risk of progression,
defined by a short prostate-specific antigen doubling
time (PSADT), or a high Gleason score, and a long life
expectancy [15].

In a previous study we found that the projected durations
of treatment with ADT in terms of castration after radical

prostatectomy can be decades for men with low- and inter-
mediate-risk tumours [16]. However, we had not access to any
variables to analyse the indications for treatment in that study.
In the present study we link the start of ADT to prostate-
specific antigen (PSA) data. Our aim was to assess the adher-
ence to current guidelines with regards to tumour stage
(T-stage), Gleason score, life expectancy, and ADT category to
inform about possible over- and undertreatment. To our
knowledge, this is the first study to assess the adherence to
guidelines for treatment with ADT after radical prostatectomy.

Materials and methods

Population and data collection

The data was collected through the database Uppsala/€Orebro
PSA cohort (UPSAC), which comprises data on PSA testing
from the clinical laboratories in five counties in the region
of Uppsala/€Orebro, a geographical area with approximately
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1.4 million inhabitants. The database has a complete capture
of PSA-tests measured during 2005–2014 for four of the
counties and during 2006–2012 for one county. Through the
unique personal identity number, the UPSAC is recordlinked
to the National Prostate Cancer Register of Sweden (NPCR)
and a number of other nationwide registers and demo-
graphic databases [17]. The NPCR includes information on
disease characteristics at diagnosis and primary treatment
within 6 months from diagnosis. For this study we also used
the links to the Prescribed Drug Register, the National
Patient Register, the Cause of Death Register, the Register of
the Total Population, and the Longitudinal Integration
Database for Health Insurance and Labour Market Studies
(LISA). The verification of treatments followed the rules pre-
sented in PCBaSeTraject, a project based on NPCR and previ-
ously described in detail [18].

Information on ADT treatment was collected through the
Prescribed Drug Register, which started on July 1st, 2005 and
links collected prescriptions to the personal identity number.
We searched for the ATC-codes L02AA, L02AE, and L02BX02
to identify medical castration, while antiandrogen monother-
apy was identified through the ATC-codes L02BB01-03.
Treatment with an antiandrogen followed by castration within
3 months was regarded as flare protection and classified as
castration. Surgical castration was identified through the ICD-
codes KFC10 and KFC15 in the National Patient Register.

Design

We performed a population-based study of all men in the
UPSAC database with localised and locally advanced prostate
cancer at diagnosis (clinical stage T1–T3, N0–NX, M0–MX,
and serum levels of PSA <50 ng/ml) who underwent radical
prostatectomy as primary treatment 1997–2012. The men
were only included if they had not received adjuvant or sal-
vage radiotherapy before the date of inclusion.

We conducted a nested case/control study to assess both
possible over- and undertreatment with ADT. The cases were
defined as men who started treatment with ADT after radical
prostatectomy during the period 1 January 2006 to 31
December 2014, and the date for start of ADT was defined
as the inclusion date. Stratification into four strata was made
based on year of radical prostatectomy, where each stratum
covered a fixed period of 4 years. Within each stratum, 10
controls per case were selected based on the criteria of no
treatment with ADT at the inclusion date.

PSADT was defined as the natural log of 2 divided by the
slope of the linear regression line of the log of PSA over
time [3]. All measurements of PSA before and within 6weeks
after radical prostatectomy were excluded. The time window
for PSA measurements for the cases was chosen as 1 year
before the inclusion date. For the controls, the time window
was chosen as 1 year before the last PSA measurement pre-
ceding the inclusion date. PSADT was calculated for all cases
with two or more measurements of PSA �0.2 ng/ml [19]. If
only two PSA measurements were available and separated
by less than four weeks, the last was excluded to reduce the
risk of differential misclassification.

Family situation, educational level and comorbidities were
measured at the date of inclusion. Educational level was clas-
sified according to years of schooling: low (�9 years), middle
(10–12 years) and high (�13 years). Comorbidities were cate-
gorised according to the Charlson Comorbidity Index (CCI)
by using the recordlink to the National Patient Register [20].
The Regional Ethical Review Board at Uppsala University
approved the study.

Definition of explanatory variables

The European Association of Urology (EAU) guidelines rec-
ommend early ADT after radical prostatectomy for men with
a biochemical recurrence and a PSADT <6–12 months and/
or a Gleason score 8–10, and a long life expectancy [15]. In
this study, we used one measurement of PSA � 0.2 ng/ml
measured six weeks or more after radical prostatectomy as a
proxy for biochemical recurrence and considered this as a
prerequisite for adherent treatment with ADT. We applied
the PSADT criteria as PSADT <12 months. The Gleason score
was accessible as prostatectomy specimen Gleason for 682
men in the study, since we lacked most of this information
before 2007. The decision to treat with ADT was exclusively
referred to the PSADT first, the prostatectomy specimen
Gleason next, and the biopsy Gleason last. If any of these
could explain the treatment decision, the treatment with
ADT was considered adherent to guidelines.

Thus, we considered ADT for men with a PSADT �12
months, and/or a Gleason score �7, and/or without a biochem-
ical recurrence as non-adherent to guidelines and described
these men with regards to clinical T-stage, biopsy Gleason
score, expected remaining lifetime, and ADT category. The con-
trols with a biochemical recurrence and a PSADT <12 months
and/or a Gleason score 8–10 were likewise considered as non-
adherent and we described these men with regards to the
same variables, except for ADT category.

We did a corresponding analysis based on the Swedish
guidelines, which differs from the EAU guidelines by a cut-off
at PSADT <6 months and a recommended observation for
men with a PSADT >6 months until PSA rises to 5–10ng/ml
[19]. In this analysis, the priority of the variables was set in the
order: PSADT <6 months, prostatectomy specimen Gleason
8–10, biopsy Gleason 8–10, and PSA �5ng/ml.

Expected remaining lifetime was considered as more than
10 years for the following combinations of age and comor-
bidity: <70 years and any CCI, 70–74 years and CCI �2,
75–79 years and CCI �1, and �80 years and CCI ¼ 0.

Results

Characteristics of cases and controls

The characteristics at diagnosis and inclusion date of cases
and controls are presented in Table 1. Totally 114 cases and
1140 controls were included. At diagnosis, the median PSA
was 9 ng/ml (quartile (Q)1–Q3; 6–15) for the cases while it
was 7 ng/ml (Q1–Q3; 5–10) for the controls. The cases had
higher T-stage and Gleason score at diagnosis than the
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controls. At inclusion date, the median PSA was 3 ng/ml
(Q1–Q3; 1–9) for the cases and 0.1 ng/ml (Q1–Q3; 0.03–0.1)
for the controls. The cases had a higher age at the inclusion
date than the controls. Educational level, marital status, and
comorbidity index were similarly distributed. Among the
cases 27% were treated with castration and 73% were
treated with antiandrogen monotherapy.

Adherence to the EAU guidelines

In the analysis of adherence to the EAU guidelines, we
defined 59% of the cases as adherent to the guidelines, as

they had a biochemical recurrence and a PSADT <12 and/or a
Gleason score of 8–10. We defined 37% of the cases as non-
adherent, as the treatment decision could not be explained
by neither PSADT nor Gleason score, or no biochemical recur-
rence was found. The proportion where no PSA was available
for analysis was 4% (Figure 1). Among the non-adherent cases,
88% had T-stage 1–2 at diagnosis, 57% had a biopsy Gleason
score 2–6, and 98% had an expected remaining lifetime over
10 years. In this group 12% received castration and 88%
received antiandrogen monotherapy (Table 2).

Among the controls 2% fulfilled the criteria of a biochem-
ical recurrence and a PSADT <12 months and/or a Gleason
score of 8–10 without receiving ADT, while 79% did not fulfil
these criteria. The proportion where no PSA was available for
analysis was 19% (Figure 1). Among the controls with an
indication for ADT, none had T-stage 3 at diagnosis, 33%
had a biopsy Gleason score 8–10, and 96% had an expected
remaining lifetime over 10 years (Table 3).

Adherence to the Swedish guidelines

In the analysis of adherence to the Swedish guidelines, 62%
of the cases were labelled as adherent as they had a bio-
chemical recurrence and a PSADT <6 months, and/or a
Gleason score of 8–10, and/or a PSA �5 ng/ml. For 33% of
the cases no indication for ADT was found in terms of
PSADT, Gleason score, or PSA level, or no biochemical recur-
rence was found (Figure 1). Among the non-adherent cases
89% had T-stage 1–2 at diagnosis, 50% had a biopsy Gleason
score 2–6, 92% had an expected remaining lifetime over
10 years, 11% received castration, and 89% received antian-
drogen monotherapy (Table 2).

Among the controls, 2% were found to have an indication
for ADT as they had a biochemical recurrence and a PSADT
<6 months and/or a Gleason score of 8–10, and/or a PSA
�5 ng/ml, while 79% did not fulfil these criteria (Figure 1).
Among these men, 4% had T-stage 3 at diagnosis, 35% had
a biopsy Gleason score 8–10, and 87% had an expected
remaining lifetime over 10 years (Table 3).

Discussion

This population-based observational study indicates that
overtreatment with ADT is common, since approximately one
man out of three who receive ADT after radical prostatec-
tomy have a PSADT �12 months and a Gleason score �7, or
no biochemical recurrence. Our data also indicate that
undertreatment is uncommon, since only two men out of
hundred have a biochemical recurrence and a PSADT <12
months or a Gleason score 8–10 without receiving ADT.
Antiandrogen monotherapy is the dominating form of ADT
following radical prostatectomy in Sweden.

Approximately one man out of three received ADT in
non-adherence to guidelines as the indications for treatment
could be defined by the data in our study. Almost all of
these men had an expected remaining lifetime over 10 years,
which fits the guideline criteria of a long life expectancy.
However, the majority also had a biopsy Gleason score 2–6

Table 1. Characteristics of the study population.

Cases
(n¼ 114)

Controls
(n¼ 1140)

No. (%) No. (%)

PSA level at diagnosis (Q1–Q3)
9 (6–15) 7 (5–10)

T-stage at prostate cancer diagnosis
T1 44 (39) 692 (61)
T2 62 (54) 404 (35)
T3 7 (6) 25 (2)
TX 0 (0) 17 (1)
Other/missing 1 (1) 2 (0)

Gleason score at prostate cancer diagnosis
2–6 48 (42) 776 (68)
7 45 (39) 296 (26)
8–10 19 (17) 52 (5)
Missing 2 (2) 16 (1)

Year of radical prostatectomy
1997–2000 20 (18) 200 (18)
2001–2003 21 (18) 180 (16)
2004–2006 29 (25) 345 (30)
2007–2009 20 (18) 231 (20)
2010–2012 24 (21) 184 (16)

PSA level at inclusion date (Q1–Q3)a

3 (1–9) 0.1 (0.03–0.1)
Age at inclusion date (years)a

<65 21 (18) 366 (32)
65–69 29 (25) 370 (32)
70–74 31 (27) 264 (23)
75–79 25 (22) 100 (9)
80þ 8 (7) 40 (4)

Educational level at inclusion datea,b

Low 33 (29) 332 (29)
Middle 53 (46) 465 (41)
High 27 (24) 342 (30)
Missing 1 (1) 1 (0)

Marital status at inclusion datea

Married 84 (74) 827 (73)
Divorced 14 (12) 169 (15)
Widower 5 (4) 61 (5)
Never married 11 (10) 83 (7)

Charlson Comorbidity Index
at inclusion datea,c

0 83 (73) 903 (79)
1 16 (14) 147 (13)
2 10 (9) 61 (5)
3þ 5 (4) 29 (3)

ADT category
Castration 31 (27) N/A
Antiandrogen 83 (73) N/A

aThe inclusion date was set as the date of androgen deprivation therapy
(ADT) initiation for the cases.
bEducational level was categorised according to years of education: Low:
�9 years. Middle: 10–12 years. High: �13 years.

cComorbidity was categorised according to the Charlson Comorbidity Index; 0:
None. 1: Mild. 2: Moderate. 3þ: Severe.
ADT: androgen deprivation therapy; PSA: prostate-specific antigen; Q: quartile;
T-stage: tumour stage.
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and T-stage 1–2 at diagnosis. The natural history after bio-
chemical recurrence is recognised as highly variable, and the
median time between biochemical recurrence and systemic
progression range from 1 year to over 15 years, depending
on risk features [5,7]. Therefore, many men with low-risk can-
cers never proceed to experience metastatic disease, but die
of other causes. In these cases, treatment with ADT is likely
to cause more harm than benefit and is non-adherent to
guidelines [15,19].

One possible barrier to adherence in our study is the con-
flicting evidence of treatment with ADT after radical

prostatectomy, which adds complexity to the guidelines and
may cause uncertainty among clinicians [21,22]. The import-
ance of the physician is highlighted in an observational study
by Shahinian et al, which found that initiation of ADT
depends more on the urologist than on tumour and patient
characteristics [22]. Therefore, interventions targeted towards
urologists may be effective to improve the adherence to
guidelines for ADT [22,23]. However, prostate cancer anxiety
and low health literacy among patients have also been iden-
tified as predictors for early use of ADT after curative treat-
ment [24,25]. Interventions working at multiple levels to

Figure 1. Adherence to the European Association of Urology (EAU) guidelines and the Swedish guidelines for androgen deprivation therapy following radical pros-
tatectomy. Proportion of men who had a PSA � 0.2 ng/ml (PSA relapse) and at least one of the following at the start of androgen deprivation therapy (ADT): a
PSADT <6 months, and/or a PSADT 6–12 months, and/or a radical prostatectomy specimen Gleason score 8–10, and/or a biopsy Gleason score 8–10, and/or a PSA
�5 ng/ml. If the criteria above were fulfilled, the proportion was labelled as adherent for the cases and non-adherent for the controls. Proportion of men with no
PSA-tests. Proportion of men who had a PSA relapse and none of the above criteria at the start of ADT. Proportion of men with no PSA relapse at the start of ADT.
PSA: prostate-specific antigen; PSADT: PSA doubling time; RP-GS: radical prostatectomy specimen Gleason score; GS: biopsy Gleason score.
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improve adherence have been evaluated in several system-
atic meta-reviews, concluding that more knowledge is
needed on how to efficiently tailor these interven-
tions [21,26,27].

Among the controls two men out of hundred fulfilled the
indications for ADT according to the guidelines, and one
third of them had a biopsy Gleason score of 8–10. Nearly all
of these men had an expected remaining lifetime over

Table 2. Characteristics of the cases.

EAU guidelinesa Swedish guidelinesb

Adherent (n¼ 67) Non-adherent (n¼ 42) No PSA testsc (n¼ 5) Adherent (n¼ 71) Non-adherent (n¼ 38) No PSA testsc (n¼ 5)

T-stage at prostate
cancer diagnosisd

T1 25 (37) 16 (38) 3 (60) 23 (32) 18 (47) 3 (60)
T2 40 (60) 21 (50) 1 (20) 45 (63) 16 (42) 1 (20)
T3 2 (3) 4 (10) 1 (20) 3 (4) 3 (8) 1 (20)
TX 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Other/missing 0 (0) 1 (2) 0 (0) 0 (0) 1 (3) 0 (0)

Gleason score at
prostate
cancer diagnosis
2–6 22 (33) 24 (57) 2 (40) 27 (38) 19 (50) 2 (40)
7 28 (42) 15 (36) 2 (40) 27 (38) 16 (42) 2 (40)
8–10 17 (25) 1 (2) 1 (20) 17 (24) 1 (3) 1 (20)
Missing 0 (0) 2 (5) 0 (0) 0 (0) 2 (5) 0 (0)

Expected
remaining
lifetimee

<10 years 7 (10) 1 (2) 1 (20) 5 (7) 3 (8) 1 (20)
>10 years 60 (90) 41 (98) 4 (80) 66 (93) 35 (92) 4 (80)

ADT categoryf

Castration 23 (34) 5 (12) 3 (60) 24 (34) 4 (11) 3 (60)
Antiandrogen 44 (66) 37 (88) 2 (40) 47 (66) 34 (89) 2 (40)

aThe cases labelled as adherent to the European Association of Urology (EAU) guidelines included men with at least one measurement of prostate-specific anti-
gen (PSA) �0.2 ng/ml at the start of androgen deprivation therapy (ADT). Furthermore, they had either a prostate-specific antigen doubling time (PSADT)
<12months, and/or a Gleason score 8–10 at the start of ADT.
bThe cases labelled as adherent to the Swedish guidelines included men with at least one measurement of PSA �0.2 ng/ml at the start of ADT. Furthermore,
they had either a PSADT <6 months, and/or a Gleason score 8–10, and/or a PSA �5 ng/ml at the start of ADT.

cPSA: prostate-specific antigen.
dT-stage: tumour stage.
eExpected remaining lifetime was considered as more than 10 years for the following combinations of age and comorbidity: <70 years and any Charlson
Comorbidity Index (CCI), 70–74 years and CCI �2, 75–79 years and CCI �1, and �80 years and CCI ¼ 0.
fADT: androgen deprivation therapy.

Table 3. Characteristics of the controls.

EAU guidelinesa Swedish guidelinesb

Adherent (n¼ 899) Non-adherent (n¼ 24)
No PSA

testsc (n¼ 217) Adherent (n¼ 900) Non-adherent (n¼ 23)
No PSA

testsc (n¼ 217)

T-stage at prostate cancer diagnosisd

T1 542 (60) 15 (62) 135 (62) 542 (60) 15 (65) 135 (62)
T2 329 (37) 9 (38) 66 (30) 331 (37) 7 (30) 66 (30)
T3 18 (2) 0 (0) 7 (3) 17 (2) 1 (4) 7 (3)
TX 9 (1) 0 (0) 8 (4) 9 (1) 0 (0) 8 (4)
Other/missing 1 (0) 0 (0) 1 (0) 1 (0) 0 (0) 1 (0)

Gleason score at prostate cancer diagnosis
2–6 615 (68) 9 (38) 152 (70) 614 (68) 10 (43) 152 (70)
7 233 (26) 7 (29) 56 (26) 235 (26) 5 (22) 56 (26)
8–10 36 (4) 8 (33) 8 (4) 36 (4) 8 (35) 8 (4)
Missing 15 (2) 0 (0) 1 (0) 15 (2) 0 (0) 1 (0)

Expected remaining lifetimee

<10 years 31 (3) 1 (4) 15 (7) 29 (3) 3 (13) 15 (7)
>10 years 868 (97) 23 (96) 202 (93) 871 (97) 20 (87) 202 (93)

aThe controls labelled as non-adherent to the European Association of Urology (EAU) guidelines included men with at least one measurement of prostate-spe-
cific antigen (PSA) �0.2 ng/ml at the start of androgen deprivation therapy (ADT). Furthermore, they had either a prostate-specific antigen doubling time
(PSADT) <12months, and/or a Gleason score 8–10 at the start of ADT.
bThe controls labelled as non-adherent to the Swedish guidelines included men with at least one measurement of PSA � 0.2 ng/ml at the start of ADT.
Furthermore, they had either a PSADT <6months, and/or a Gleason score 8–10, and/or a PSA �5 ng/ml at the start of ADT.

cPSA: prostate-specific antigen.
dT-stage: tumour stage.
eExpected remaining lifetime was considered as more than 10 years for the following combinations of age and comorbidity: <70 years and any Charlson
Comorbidity Index (CCI), 70–74 years and CCI �2, 75–79 years and CCI �1, and �80 years and CCI ¼ 0.
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10 years, why this finding indicates undertreatment. This pro-
portion is so small that it is unlikely that it represents a sys-
tematic misapplication of guidelines. An explanation for the
possible undertreatment in our study can be intentional
non-adherence. The EAU has a disclaimer for the guidelines,
stressing that a guideline is not meant to replace physician
judgment in treating particular patients on a case-by-case
basis [15]. Common reasons for intentional non-adherence to
guidelines has been identified as presence of contra-indica-
tions or comorbidities, and patient preference [21,28]. Given
that ADT has a range of side-effects, patient reluctance
towards the treatment could partly explain non-adherence.

Antiandrogen monotherapy was the most used form of
ADT in our study. In the Swedish guidelines, bicalutamide is
recommended as the first-hand choice of ADT after radical
prostatectomy for non-metastatic disease [19]. The EAU
guidelines state that antiandrogen monotherapy has not
been shown to be inferior to castration for men with non-
metastatic disease, but gives no explicit recommendation
[15,29]. Castration is recognised to have more severe side
effects than anti-androgens, such as hot flashes, sexual dys-
function, decreased bone density, decreased insulin sensitiv-
ity, increased risk of cardiovascular and thromboembolic
disease, and adverse psychological effects [9–14]. The most
common adverse effects during treatment with bicalutamide
are recognised as breast pain and gynecomastia, which can
be avoided through prophylactic breast irradiation [30,31].
Thus, the consequences of overuse of ADT are probably
more severe in countries where castration is more often
used than antiandrogen monotherapy for non-metastatic
disease.

The foremost strength of our study is the high capture
rate of the registries. The PSA database has a complete cap-
ture rate for the studied time periods. NPCR captures 98% of
all men with prostate cancer in the Swedish Cancer Registry,
to which registration is mandated by law [17]. One limitation
is that the histo-pathological Gleason score from surgical
specimens partly had to be replaced by biopsy Gleason score
in our study. We had information on prostatectomy speci-
men Gleason score for 60 of the 114 cases. Among these, 52
men had a biopsy Gleason �7 and 13 of them (25%) were
upgraded to specimen Gleason 8–10. Accordingly, eight men
had a biopsy Gleason 8–10 and two of them (25%) were
downgraded to specimen Gleason �7. This implicates that
the lack of information on prostatectomy specimen Gleason
score had a modest impact on the study results. Another
limitation is that we have not evaluated the adherence to
the guidelines for salvage radiotherapy. It should therefore
be recognised that both cases and controls in our study
could have been undertreated with regards to salvage radio-
therapy, which has curative potential for men with a local
recurrence after radical prostatectomy [15,19].

Conclusions

Our results indicate that overtreatment with ADT after radical
prostatectomy is common, whereas undertreatment is
unusual. Overtreatment with ADT implicates unwarranted

exposure to side effects, while undertreatment may lead to
shorter time to progression and death. Interventions to
improve adherence to guidelines for ADT after radical prosta-
tectomy are needed to avoid unnecessary side-effects and
long treatment durations with ADT.
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