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Objective
To investigate the functional and quality of life (QoL) outcomes of treatments for localised prostate cancer and inform
treatment decision-making.

Patients and Methods
Men aged 50–69 years diagnosed with localised prostate cancer by prostate-specific antigen testing and biopsies at nine UK
centres in the Prostate Testing for Cancer and Treatment (ProtecT) trial were randomised to, or chose one of, three
treatments. Of 2565 participants, 1135 men received active monitoring (AM), 750 a radical prostatectomy (RP), 603
external-beam radiotherapy (EBRT) with concurrent androgen-deprivation therapy (ADT) and 77 low-dose-rate
brachytherapy (BT, not a randomised treatment). Patient-reported outcome measures (PROMs) completed annually for
6 years were analysed by initial treatment and censored for subsequent treatments. Mixed effects models were adjusted for
baseline characteristics using propensity scores.

Results
Treatment-received analyses revealed different impacts of treatments over 6 years. Men remaining on AM experienced
gradual declines in sexual and urinary function with age (e.g., increases in erectile dysfunction from 35% of men at baseline
to 53% at 6 years and nocturia similarly from 20% to 38%). Radical treatment impacts were immediate and continued over
6 years. After RP, 95% of men reported erectile dysfunction persisting for 85% at 6 years, and after EBRT this was reported
by 69% and 74%, respectively (P < 0.001 compared with AM). After RP, 36% of men reported urinary leakage requiring at
least 1 pad/day, persisting for 20% at 6 years, compared with no change in men receiving EBRT or AM (P < 0.001). Worse
bowel function and bother (e.g., bloody stools 6% at 6 years and faecal incontinence 10%) was experienced by men after
EBRT than after RP or AM (P < 0.001) with lesser effects after BT. No treatment affected mental or physical QoL.

Conclusion
Treatment decision-making for localised prostate cancer can be informed by these 6-year functional and QoL outcomes.
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Introduction
Radical treatments for localised prostate cancer have shown
oncological benefits in several randomised trials compared to
active surveillance or watchful waiting with comparable
disease-specific survival [1]. To assess the ‘trade-off’ between
oncological outcomes and future quality of life (QoL) after
treatment, informed shared treatment decisions require
knowledge of the sexual, urinary and bowel functional and QoL
impacts of localised prostate cancer treatments, which are
optimally assessed with patient-reported outcome measures
(PROMs). Several cohorts [2,3] and the UK National Institute
of Health Research (NIHR) Prostate Testing for Cancer and
Treatment (ProtecT) randomised trial [4,5], which diagnosed
1643 men with population-based PSA testing and biopsies [5]
have published PROMs, but differences between studies hinder
their utility for clinicians and patients [6]. For example, PROMs
from the Comparative Effectiveness Analysis of Surgery and
Radiation (CEASAR) cohort [2] and the Prostate Cancer
Comparative Effectiveness and Survivorship Study (ProCESS)
[3] were analysed according to treatments received, whilst
ProtecT analysed by intention-to-treat (ITT) i.e., random
allocation. The ProtecT ITT analysis potentially underestimates
the harms of radical treatments, as 54% of men randomised to
active monitoring (AM) changed treatment over 10 years’
follow-up [5]. Studies also differ in the active surveillance
comparator for radical treatment impacts, PROMs, follow-up
periods and response rates, which complicates the
interpretation of findings for patients and clinicians. The
United States Preventive Services Task Force systematic review
of prostate cancer [6] could not meta-analyse radiotherapy
(RT) PROMs due to their heterogeneity across studies.

The objective of the present study was to analyse the
functional and QoL PROMs for treatments received by men
randomised to or selecting their own treatments in the
ProtecT trial over 6 years, to generate long-term side-effect
profiles and assist patients and clinicians in treatment
decision-making. We also compared these PROMs with those
experienced by men who received radical treatments after a
period of AM and by age group.

Patients and Methods
Study Design and Participants

Men aged 50–69 years were invited for PSA testing at
primary care practices at nine UK urology centres between

1999 and 2009 [7]. Of 2640 men diagnosed with clinically
localised prostate cancer following biopsies, 1643 were
randomised to AM or three-dimensional-conformal external-
beam RT (EBRT; a precursor to intensity-modulated RT
[IMRT], without image-guided RT, 74 Gy in 37 fractions to
the prostate) with 3–6 months neoadjuvant and androgen-
deprivation therapy (ADT) concurrent with RT, or open
retropubic radical prostatectomy (RP) [8]. The AM protocol
included PSA testing every 6–12 months (3-monthly in the
first year) with an increase of ≥50% over a 12-month period
triggering a clinical review (including potentially imaging
and/or repeat biopsies as required) about possible change of
management. There were 997 men who declined
randomisation and chose a ProtecT treatment or low-dose-
rate brachytherapy (BT) [9]. Research nurse follow-up, with
supervision by a senior urologist, was by annual record
review and a participant visit. Ethics committee approval was
obtained from the UK Trent Multicentre Research Ethics
Committee (01/4/025). Participants provided written
informed consent. At baseline, participants reported their age
and ethnicity, and nurses collected other sociodemographic
and clinical information.

Outcomes

Validated PROMs were collected until the median 10-year
analysis timepoint (23 November 2015) at diagnostic biopsy
clinics, 6 months, then annually from the time of
randomisation or treatment choice by mailed questionnaires
with a structured reminder system [8]. Functional impacts
were evaluated with the International Consultation on
Incontinence Questionnaire (ICIQ) [10], the ICS urinary
ICSmaleSF [11] and the 50-item Expanded Prostate Index
Composite (EPIC-50, added in 2005 before EPIC-26 was
available, excluding the hormone domain to reduce
participant burden as related only to EBRT at diagnosis) [12].
The Hospital Anxiety and Depression Scale (HADS) [13],
Medical Outcomes Study 12-Item Short Form Health Survey
(SF-12) [14] measured general health-related QoL. Key items
and QoL scores were presented graphically as previously [4]:
urinary leakage (EPIC – at least 1 incontinence pad/day);
erectile dysfunction (EPIC – erections not firm enough for
intercourse); bloody stools (EPIC – ≥50% of the time);
nocturia (ICSmaleSF – urinating at least once a night);
anxiety and depression (HADS case score of ≥8); general
mental and physical function (SF-12 subscores). EPIC scores
and SF-12 subscales were reversed for display (higher score –
worse impact) to align with other outcomes.
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Statistical Analysis

This analysis of treatments in the randomised and ‘treatment
choice’ cohorts (n = 2565) (as in the trial statistical analysis
plan) [15] included men whose treatment commenced within
12 months of diagnosis. As previously [4,16,17], treatment
was considered received for AM if there were at least two
PSA tests recorded within 12 months of diagnosis and EBRT
(including ADT) or BT was completed within 15 months.
The date radical treatments commenced was time zero
(randomisation/choice date for AM) and time on treatment
calculated thereafter. Questionnaire data were censored on
subsequent prostate cancer treatments to identify specific
impacts of initial treatments.

Initially, four-way comparisons of items by treatments were
conducted, using a likelihood-ratio test to compare a
multilevel mixed effects linear regression model that included
treatment as a covariate, to one where it was excluded. Two-
level models were used to incorporate the repeated PROMs
for each individual over the 6 years following primary
treatment. The mixed model appropriately distinguishes the
within participant (level 1, the repeated measures) and
between participant (level 2) variation, incorporating the
latter as a normally distributed random effect. The
randomised and treatment choice cohorts were previously
shown to be comparable at baseline [9] and so were
combined as previously for the clinical outcomes [17]. All
analyses were adjusted for cohort (randomised or choice).
Baseline PROMs were excluded from models as they can bias
comparison of non-randomised groups [18]. PROMs are
presented as line graphs with each point including all
questionnaires completed within 12 months (e.g., point 2
captures questionnaires completed between 1 and 2 years
after treatment date and referred to as 2 years in the text and
1–2 years in tables). Men who had a radical treatment
initially were compared with those who changed to the same
radical treatment after AM on a treatment-received basis with
responses censored at a third treatment (time zero at second
treatment date).

As symptoms were influenced by age at baseline [8], we also
compared primary treatments for key items and scores by
younger (<65 years) and older age (≥65 years) groups (BT
excluded due to low numbers). The likelihood-ratio tests
compared models with and without an interaction term
between treatment received and age (continuous) in years. All
analyses used STATA 16.1 (StataCorp, College Station, TX,
USA).

Results
Of 2565 men diagnosed with localised prostate cancer, 1135
received AM (628 randomised, 507 treatment choice) and
over 6 years 174 of those men subsequently underwent

surgery (15%) or 144 EBRT (13%) (Fig. S1). In total, 470
men received protocol EBRT, and 441 with ADT (93.8%),
eight others did not receive ADT and 21 had missing ADT
data. Non-protocol EBRT was received by 34 men (mainly in
the feasibility phase) with 13 with ADT (eight missing data)
and there were 14 men who ceased EBRT due to
complications (85 with missing dose data). Of 750 open RPs
(488 randomised, 262 treatment choice), 427 men had a
bilateral nerve-sparing procedure and 60 a unilateral
procedure, 119 men had non-nerve-sparing surgery and in 44
men nerve sparing was not recorded (Fig. S1). Questionnaire
response rates exceeded 75% over 6 years (exemplars shown
in Table S1).

Baseline Characteristics and Function

Participant characteristics and symptoms were similar at
baseline across all treatments. The median (interquartile
range) age was 62 (50–73) years, with BT men on average
2 years younger [16] and 99% of men reported White
ethnicity. Baseline symptoms were generally infrequent but
included nocturia reported by 20% of men, (Fig. 1g,
Table S2), increased daytime urinary frequency by 30%
(Table S2), erectile dysfunction by 35%, (Fig. 2a, Table S3),
loose stools by 17% (Fig. 3c, Table S4), and anxiety by 20%
(Fig. S2 and Table S6).

Active Monitoring

Men receiving and staying on AM experienced functional
deteriorations likely due to ageing. Voiding symptoms and
nocturia gradually increased to 38% of men by 6 years from
20% at baseline with no changes in the use of urinary pads,
urination frequency, urinary summary, functional, bother
scores or worsening impact of urinary QoL (Fig. 1a–g,
Table S2). Erectile dysfunction increased gradually to affect
53% of men at 6 years and its QoL impact increased from
14% of men at baseline to 22% at 6 years. Overall sexual
function, bother or sexual-related QoL did not alter (Fig. 2a–
e, Table S3) nor did bowel symptoms (overall summary,
function, bother or QoL), or physical and mental health
(Fig. S2a–f, Table S4).

External-beam RT and BT

Men receiving EBRT or BT experienced some changes in
sexual, urinary and bowel function. Nocturia was reported by
42% of men immediately after EBRT and BT (43%)
(P < 0.001 compared with RP or AM), which was increased
from 20% at baseline but became comparable or less than
AM by the sixth year (36% EBRT, 25% BT; Fig. 1g,
Table S2). Men who received BT also reported more urinary
voiding symptoms and higher irritative scores in the first year
following treatment (EPIC irritative score and ICSmaleSF
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score; Fig. 1e, Table S2). Neither treatment affected urinary
incontinence (1–3% of men reported pad use at 6 years;
Fig. 1a–c, Table S2), urinary summary, functional, bother
scores or QoL (Fig. 1d,f, Table S2). At 1 year after EBRT,

69% of men reported erectile dysfunction (compared with
38% of men at baseline), which was a moderate/big problem
for 44% of men (20% of men at baseline). At 6 years, 74% of
men still reported erectile dysfunction (problem for 39%)
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Fig. 1 Patient-reported urinary symptoms and QoL after primary treatments for localised prostate cancer over 6 years. *Questionnaires completed for
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percentages indicate worse symptoms. P value based on likelihood-ratio test for overall comparison of treatments.
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after EBRT compared with 53% for men on AM (problem for
26%, P < 0.001). In the first year following BT, 51% of men
experienced erectile dysfunction (problem for 22%), which
was comparable to AM by 6 years (52% of men and 29% a

problem; Fig. 2a, Table S3). Sexual summary, function, bother
and QoL scores were also better after BT than EBRT
(Fig. 2c–e, Table S3). Bowel summary, function and bother
scores and problems with symptoms worsened for 2 years
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after EBRT and BT (P < 0.001 with AM and RP; Fig. 3a,b,f,
Table S4). Loose stools were most frequently experienced
after EBRT (24% of men after 1 year and 19% by 2 years,
P < 0.001 compared with other treatments; Fig. 3c, Table S4)

and were still slightly higher than AM by 6 years (16% of
men EBRT, 13% AM). Faecal incontinence increased after BT
(reported by 18% of men) but declined to 8% by 6 years,
whilst EBRT (13% of men at 1 year) remained higher than
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AM at 6 years (EBRT: 10% of men, AM: 4%; Fig. 3d,
Table S4). Bloody stools were reported by 7% of men 2 years
after EBRT, which continued over 6 years (6%; Fig. 3e,
Table S4). Physical and mental health were unaffected by
either treatment (Fig. S2a–d, Table S6).

Radical Prostatectomy

Men receiving a RP experienced urinary incontinence and
sexual dysfunction. In the first year after surgery 36% of men
reported urinary leakage (at least 1 incontinence pad/day)
and 17% reported that incontinence caused interference with
daily life (Fig. 1b,c and Table S2) and still affected 20% of
men at 6 years (problem for 13%, P < 0.001 compared with
other treatments). The EPIC, ICIQ and ICSmaleSF
incontinence scores and ICSmaleSF QoL scores showed
similar differences between treatments (P < 0.001; Fig. 1a,f,
Table S2). In the first year after a RP, increased daytime
frequency of urination was reported by 41% of men (from
36% at baseline) and nocturia also increased to 27% of men
(23% at baseline) but both had reduced at 6 years (daytime
urination 33% of men, nocturia 22%, 38%, P < 0.001; Fig. 1g
and Table S2). The EPIC urinary summary and function
scores remained worse than other treatments throughout and
bother scores were increased following surgery but were
similar to AM by 6 years (Fig. 1d and Table S2). The EPIC
urinary irritative score and ICSmaleSF voiding scores
remained low over 6 years (Fig. 1e and Table S2). Erectile
dysfunction affected 95% of men after surgery (35% at
baseline) and was a moderate/big problem for 70% (17% at
baseline) and continued for 85% of men at 6 years (problem
for 50%, P < 0.001; Fig. 2a,b and Table S3). Similar
decrements occurred in the sexual summary, function, bother
and QoL scores (Fig. 2c–e and Table S3). Bowel function
(Fig. 3a–f and Table S4), physical and mental health, anxiety
or depression were unaltered following surgery (Fig. S2a–d,
Table S6).

Radical Treatments Following AM

Urinary leakage (at least daily pad use) was more frequent in
men having surgery after AM (48%) compared with 36%
initially, which persisted over 4 years (28% subsequently, 19%
initially, P < 0.001; Fig. S3a, Table S5). Erectile dysfunction
was frequently reported after immediate and later surgery
with slightly more resolution over time (95% of men and 96%
respectively immediately; 84% and 89% after 4 years,
P = 0.033; Fig. S3c, Table S5). Nocturia and bloody stools
showed no differences between immediate RP or surgery after
AM (nocturia P = 0.277, bloody stools P = 0.478; Fig. S3b,d,
Table S5). Depression was slightly worse following surgery
after AM compared to immediate RP (P = 0.084; Fig. S4,
Table S7) whereas anxiety, mental and physical health were
comparable.

Nocturia was more frequently reported following EBRT after
AM compared to immediate RT (52% of men subsequently,
42% immediately; at 4 years 41% and 33%, respectively,
P = 0.087; Fig. S4b, Table S5,) as was erectile dysfunction
(87% of men subsequently, 69% immediately; at 4 years 81%
and 69%, respectively, P = 0.002; Fig. S4c, Table S5,). Urinary
leakage (P = 0.911) and bloody stools (P = 0.907) were
similar with immediate EBRT and after AM (Fig. S3a,b,
Table S5). Mental health, anxiety and depression were
comparable with immediate or delayed EBRT, whereas
physical health was slightly worse after delayed EBRT than
after immediate RT (Fig. S4, P = 0.02, Table S7).

Treatment Impacts by Age

Some treatment impacts were greater in men aged 65–
69 years at diagnosis compared with younger men (50–
64 years, utilising interaction tests of age and symptoms in
Table S8). Nocturia was worse in older men receiving AM
(baseline: younger 15% compared with 29% older; 4 years
29% compared to 42%, Fig. S5b, Table S8) and following
radical treatments (interaction P = 0.016; Fig. S5b, Table S8).
Erectile dysfunction after EBRT or RP was similar for older
and younger men over 6 years (interaction P = 0.198;
Fig. S5c, Table S8). Daily incontinence pads were used by
42% of older men after surgery compared with 33% of
younger men (interaction P = 0.474; Fig. S5a, Table S8).
Bloody stools after EBRT were comparable across age groups
(interaction P = 0.340; Fig. S5d, Table S8).

Discussion
Men who make decisions about treatment for localised
prostate cancer need to be able to assess the trade-off
between oncological benefits with treatment impacts on their
QoL. Our report highlights radical treatment side-effect
profiles utilising PROMs over 6 years and deterioration in
sexual and urinary function in men receiving AM. This
analysis of PROMs related to the treatment actually received
by ProtecT participants clearly shows the different impacts
experienced over 6 years, without potential dilution by the
ITT approach. Furthermore, larger numbers were analysed
through combining men randomised with those who selected
their treatment and were followed-up over 6 years. Men
remaining on AM experienced gradual declines in sexual and
urinary function over time, and no change in bowel function
or urinary incontinence. Impacts of radical treatments were
more immediate and persistent. After RP, there was an
immediate impact on sexual function with limited recovery
and persistence of symptoms, worse than after other radical
treatments. After RP, there was an immediate increase in
urinary leakage requiring incontinence pads, with some
improvement over the following few years, but persistent
symptoms remaining in 20% of participants at 6 years. After
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EBRT with neoadjuvant ADT or BT, there was an immediate
impact on sexual (particularly erectile) function that was less
severe than for RP, and while this improved after 2 years
with BT, the impact was sustained over time for EBRT, and
was worse than in men receiving AM. Overall bowel function
and bother were worse after EBRT and BT compared to AM
or RP particularly for 2–3 years, with slightly lower scores for
BT. Urinary voiding and nocturia were also adversely affected
by BT and EBRT in the first year, but there was no impact
on urinary continence. Mental and physical QoL were
unaffected by any treatment. Overall, PROMs tended to be
worse for older compared with younger men (<65 years).

The PROMs capture localised prostate treatment impacts
effectively, but published results vary due to underlying
differences in study designs, interventions, and measures [19–
21]. In the randomised Scandinavian Prostate Cancer Group-
4 (SPCG-4) trial [22], urinary pad utilisation was greater after
surgery (41%) than on watchful waiting at 12 years but in
both groups erectile dysfunction was >80%. Conversely,
radical treatment impacts improved over 10 years in the
Cancer of the Prostate Strategic Urologic Research Endeavor
(CaPSURE) cohort (based on 15% of the cohort) [23]. The
LAParoscopic Prostatectomy Robot Open study (LAPPRO)
trial showed better erectile function at 24 months after robot-
assisted RP (RARP) compared with an open RP (based on
the International Index of Erectile Function) and a small
benefit for open RP regarding urinary leakage (based on the
urinary PROM used in SPCG-4) [24]. A systematic review of
prostate cancer RT trials [25] concluded that BT had less
impact on sexual function than EBRT with insufficient
evidence on urinary function. A trial of hypofractionated and
conventional RT showed that no differences in bowel bother,
overall urinary or sexual bother over 5 years for men with
intermediate-risk prostate cancer [21]. A more recent trial of
ultra- and hypofractionated RT for intermediate-risk prostate
cancer showed that the increased urinary and bowel bother
did not persist over 4 years, but sexual bother increased over
time in both groups [26].

The ProtecT results are based on a large and well-
characterised population-based cohort with 6 years annual
follow-up, low attrition, and outcomes assessed at diagnosis,
thus minimising recall bias. AM men were comparable to
those undergoing radical treatments, unlike many other
cohorts [20], and received standard clinical follow-up without
watchful waiting/observation patients who may have greater
co-morbidities. The censoring of subsequent radical
treatments highlighted the likely age-related declines for men
on AM acting as a comparator for radical treatments and
complementing the ITT analysis [4], where men receiving
radical treatments were analysed in the AM group. Results
from the 270 men undergoing radical treatments after a
period of AM is also potentially novel. These validated
PROMs included core outcomes [27] whereas the diversity of

PROMs in RT trials for localised prostate cancer prevented
the completion of meta-analyses [6].

There are limitations to this study. The ProtecT participants
were mostly of White ethnicity (broadly reflecting the
recruiting centres populations) [8], so these results may not
be informative for other ethnicities. Radical treatment
techniques have evolved since the trial commenced, so
questions were raised whether ProtecT reflected
contemporary approaches such as RARP and newer methods
of irradiation. To investigate the potential similarities between
ProtecT and other cohorts, we compared contemporary
treatments (IMRT low-risk group patients and RARP) from
the CEASAR [2] cohort, which used the EPIC-26 (domain
scores correlate with EPIC-50 in ProtecT) [28] with EBRT
and open RP in ProtecT (Table S9). Urinary leakage was
slightly greater following IMRT (6%) than after EBRT (1%)
with comparable irritative scores. Erectile dysfunction was
similar between EBRT and IMRT, whilst bloody stools only
occurred after EBRT (8%), likely due to higher rectal
exposure. BT results were comparable in both studies.
Urinary leakage was slightly higher after RARP (10%) than
open RP (6%) and a greater problem (6% vs 12%).
Conversely, erectile dysfunction was less frequent after RARP
(61% vs 71% after open RP), likely due to improved
neurovascular bundle preservation, although 24% of the
RARP group were aged ≥70 years [29] (ProtecT maximum
69 years at recruitment). Active surveillance men reported
greater urinary and sexual dysfunction in the CEASAR study,
as 25% received radical treatments but censored in these
ProtecT treatment-received analyses. However, the CEASAR
active surveillance protocol had different selection criteria and
monitoring compared with ProtecT that might have affected
PROMs.

In order to inform patient treatment decision making, these
functional and QoL outcomes need to be considered alongside
the small reduction in disease-specific mortality from radical
treatments compared with AM (ProtecT treatment-received
analysis) [17], and the Prostate cancer Intervention vs
Observation Trial (PIVOT) [30] 12-year follow-up, which
suggested an overall mortality benefit for surgery over
watchful waiting in the intermediate-risk disease group.

In summary, these full 6-year functional and QoL profiles
should inform treatment decision-making for men with newly
diagnosed localised prostate cancer and their treating
clinicians. The long-term side-effects of radical treatments, as
well as naturally deteriorating sexual and urinary function
when on AM, need to be weighed against the potential
oncological benefits of radical treatments.
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