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Fifteen year quality of life outcomes in men with localised  
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AbstrAct
Objective
To assess treatment related changes in quality of life 
up to 15 years after diagnosis of localised prostate 
cancer.
Design
Population based, prospective cohort study with 
follow-up over 15 years.
setting
New South Wales, Australia.
ParticiPants
1642 men with localised prostate cancer, aged less 
than 70, and 786 controls randomly recruited from 
the New South Wales electoral roll into the New South 
Wales Prostate Cancer Care and Outcomes Study 
(PCOS).
Main OutcOMe Measures
General health and disease specific quality of life 
were self-reported at seven time points over a 15 year 
period, using the 12-item Short Form Health Survey 
scale, University of California, Los Angeles prostate 
cancer index, and expanded prostate cancer index 
composite short form (EPIC-26). Adjusted mean 
differences were calculated with controls as the 
comparison group. Clinical significance of adjusted 
mean differences was assessed by the minimally 
important difference, defined as one third of the 
standard deviation (SD) from the baseline score.
results
At 15 years, all treatment groups reported high levels 
of erectile dysfunction, depending on treatment 

(62.3% (active surveillance/watchful waiting, 
n=33/53) to 83.0% (non-nerve sparing radical 
prostatectomy, n=117/141)) compared with controls 
(42.7% (n=44/103)). Men who had external beam 
radiation therapy or high dose rate brachytherapy or 
androgen deprivation therapy as primary treatment 
reported more bowel problems. Self-reported urinary 
incontinence was particularly prevalent and persistent 
for men who underwent surgery, and an increase in 
urinary bother was reported in the group receiving 
androgen deprivation therapy from 10 to 15 years 
(year 10: adjusted mean difference −5.3, 95% 
confidence interval −10.8 to 0.2; year 15: −15.9; 
−25.1 to −6.7).
cOnclusiOns
Patients receiving initial active treatment for 
localised prostate cancer had generally worse long 
term self-reported quality of life than men without a 
diagnosis of prostate cancer. Men treated with radical 
prostatectomy faired especially badly, particularly in 
relation to long term sexual outcomes. Clinicians and 
patients should consider these long term quality of 
life outcomes when making treatment decisions.

Introduction
Prostate cancer is the second most common cancer 
in men and the fourth most prevalent of all cancer 
types.1 In 2018, 1.3 million men were diagnosed with 
prostate cancer worldwide. Most prostate cancers in 
high income countries are localised when diagnosed 
(clinical stage T1a to T2c, no evidence of lymph node 
invasion or distant metastases).1 2 Localised prostate 
cancer has a five year relative survival rate of nearly 
100% compared with the general population; survival 
rates at all stages are 98% and 96% at 10 and 15 years, 
respectively.3 Consequently, it has become increasingly 
important to consider quality of life outcomes asso
ciated with different treatments in treatment decision 
making.4 5 Short term quality of life outcomes have 
been extensively documented, but only a few reports 
have evaluated long term (10 or more years) quality 
of life and survival associated with different treatment 
options.6 7

In recent systematic reviews and metaanalysis of 
quality of life in patients with localised prostate cancer 
(2017,6 20187), followup primarily focused on short 
term (one to three years) or intermediate term (four to 
five years) selfreported outcomes. Only one study has 
reported quality of life outcomes up to 15 years after 
diagnosis, finding no significant long term differences 
for any quality of life domains in patients with localised 
prostate cancer receiving the two most common 
prostate cancer treatments—radical prostatectomy 
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and external beam radiation therapy.8 That study was 
limited, however, as it compared outcomes from only 
two types of treatment, and did not have a control 
group of men, without a diagnosis of prostate cancer, 
for comparison.

The New South Wales Prostate Cancer Care and 
Outcomes Study (PCOS) followed up a population 
based sample of men diagnosed with localised prostate 
cancer and age matched controls. The study reported 
three year, health related, quality of life outcomes for 
patients with localised prostate cancer (2009),9 10 
year quality of life outcomes for those who underwent 
active surveillance or watchful waiting as primary 
management (2018),10 and the unmet supportive 
care needs of the cohort at a 15 year followup.11 Our 
paper reports quality of life outcomes at 15 years after 
diagnosis.

Our primary aim was, firstly, to describe long term 
selfreported quality of life associated with the different 
common treatment approaches for men with localised 
prostate cancer in comparison with population based 
controls. Secondly, to determine the extent to which 
previously selfreported changes in continence, po
tency, bowel function, and overall wellbeing at three 
and 10 years of followup were still present and 
problematic at 15 years.

Methods
study sample
PCOS is a population wide, longitudinal cohort 
study conducted in New South Wales, Australia’s 
most populous state. A total of 3195 men aged less 
than 70 years with histopathologically confirmed 
T1 to T4 prostate cancer diagnosed between October 
2000 and October 2002 were identified through the 
New South Wales Cancer Registry and invited to 
participate (fig 1). Baseline questionnaires, related to 
the month before diagnosis, were completed as soon 
as practicable after recruitment (mean 3 months, 
range 112 months). Participants at baseline with 
adequate clinical records (n=1874) completed follow
up surveys, when willing and possible, at 1, 2, 3, 5, 10, 
and 15 years after diagnosis; 1642 of these men had 
localised prostate cancer. Participants were contacted 
for each subsequent followup by calling the last 
known contact number. Participants were also asked 
to provide a contact number for a family member or 
friend who might give some information (including 
a current contact number) about participants lost to 
follow up. Additionally, a death linkage was completed 
with data from all participants by searching in the 
National Death Index held by the Australian Institute 
of Health and Welfare before the 15 year followup to 
avoid attempting to contact family or friends of those 
who had died. Number of deaths by year of followup 
are displayed in table S1. 

At baseline, 786 men were randomly selected 
from the New South Wales electoral roll as control 
participants and were matched by age and post code of 
residence to patients on a 1:4 ratio. Potential controls 
were checked against the New South Wales Cancer 

Registry to exclude those with a previous diagnosis 
of prostate cancer. Controls were also excluded if they 
lacked sufficient command of the English language to 
complete the survey or did not reside in New South 
Wales.9 No other exclusion criteria were used. In total, 
495 (63.0%) controls of 786 eligible men contacted, 
consented and completed baseline surveys.9 These 
controls completed questionnaires at 1, 2, 5, and 15 
years after recruitment. Our analyses include 1642 
men diagnosed with localised prostate cancer and 495 
controls (table 1 and table S2).

clinical and sociodemographic data
Trained researchers or treating clinicians extracted 
clinical data from relevant records between 12 and 
24 months after the histological diagnosis of localised 
prostate cancer. Prostatespecific antigen level at 
diagnosis, Gleason score, clinical stage at diagnosis, 
and details of primary treatment were collected. 
Demographic data (table S2) were collected in the 
baseline surveys. Participant’s area of residence at 
diagnosis was classified according to the Accessibility 
and Remoteness Index of Australia (ARIA+ version).12

Treatment groups were based on choice of primary 
treatment, including surgery, nerve sparing radical 
prostatectomy (NSRP) or nonnerve sparing radical 
prostatectomy (nonNSRP); external beam radiation 
therapy and high dose rate brachytherapy; androgen 
deprivation therapy with or without external beam 
radiation therapy; and low dose rate brachytherapy. 
Because we were unable to ascertain whether conser
vatively managed patients were managed through 
active surveillance or watchful waiting, these patients 
were grouped together as active surveillance/watchful 
waiting. Patients in this group at baseline were 
analysed as active surveillance/watchful waiting 
regardless of whether they subsequently received 
active treatment.

Quality of life outcome measures
The University of California, Los Angeles prostate 
cancer index (UCLAPCI)13 was used for baseline data 
collection. Subsequently, the expanded prostate cancer 
index composite (EPIC),14 derived from the UCLAPCI, 
and the EPIC Short Form (EPIC26),15 became the “gold 
standard” measures for quality of life in prostate cancer 
and were used in all further followup. For longitudinal 
analysis, a subset of items common to both UCLAPCI 
and EPIC26 were calculated for five quality of life 
domains: urinary incontinence, urinary bother, sexual 
bother, sexual summary (referred to hereafter as sexual 
function, which broadly encompasses the ability to 
perform sexually and satisfaction with performance), 
and bowel bother. The mental and physical 
components of health were assessed in all surveys 
using the 12item Short Form Health Survey scale.16 
Standard scoring algorithms for each questionnaire 
were applied, which placed all quality of life scores on 
100 point scales, with lower scores indicating poorer 
outcomes corresponding to more bother for the five 
domains.
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statistical analyses
To indicate the extent to which men treated for prostate 
cancer differed from controls over time, regression 
analyses with generalised estimating equation adjust
ment for the repeated observations on the same 
individual were used to estimate adjusted mean 
differences in quality of life scores between treatment 
groups and the control group17 (corresponding 95% 
confidence intervals were calculated but were not 
adjusted for multiple comparisons of group and 
timepoints). All mean differences were adjusted for a 
variety of demographic characteristics (listed in fig 2 
and fig 3), comorbidity, and domainspecific quality 
of life or 12item Short Form Health Survey baseline 
scores. Exchangeable working correlation structures, 
robust standard errors, identity link functions, and 
Gaussian distributions were used in all generalised 
estimating equation analyses.

Because our primary interest was the association 
between treatment and selfreported quality of life at 
1, 2, 3, 5, 10, and 15 years after diagnosis, interaction 
between treatment type and time since baseline was 
modelled using interaction and main effect terms. 
Control quality of life data were not collected at years 3 
or 10; comparisons were achieved by modelling group 
mean trajectories as linear from year 2 to 5 and from 
year 5 to 15.

In our main analysis, we used men without prostate 
cancer as the control (reference) group because 
we believe that this provides the most meaningful 
comparison. In consequence, however, we were 
unable to adjust for characteristics of the prostate 
cancers because the controls (comparator group) did 
not have prostate cancer. We conducted a sensitivity 
analysis to assess whether the disease characteristics—
clinical stage, Gleason score, and prostatespecific 
antigen level at baseline—were important confounders 
of association with treatment. In this analysis, the 
control group was excluded and replaced by a group 
undergoing NSRP as the reference group. Mean 
differences were calculated adjusting for the same 
factors as in the main analysis and then, additionally, 
adjusting for clinical stage, Gleason score, and 
prostatespecific antigen level at baseline.

Additional sensitivity analyses were undertaken to 
assess whether our results were overly influenced by 
drop out and death, given the generalised estimating 
equation assumption that missing data were 
missing at random. To do this, models were refitted 
to monotone subsets of the data with observations 
weighted by the inverse of the probability that the 
observation was actually seen.18 These analyses give 
greater weight to the outcome measurements of men 
with higher probability of drop out or death during 
followup, with probability based on the man’s clinical 
and demographic characteristics and recent quality of 
life. This greater weight thus accounts for men with 
similar clinical and demographic characteristics, 
and quality of life scores, who dropped out or died. 
Probabilities of observation were estimated through 
logistic regression for each domain with the dependent 
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Fig 1 | Flow diagram showing patient and control participation and follow-up. *lost to 
follow-up includes study participants who did not participate in the interview for that 
year but could have participated in subsequent interview years; controls who were 
diagnosed with prostate cancer after baseline and who were censored from date of 
diagnosis (n=35). lost to follow-up frequencies not available for controls in the time 
periods preceding years 3 and 10 because controls were not interviewed in those years
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variable representing the presence or absence of the 
domainspecific quality of life score. Independent 
variables included all time constant covariates from 
the corresponding treatment association models and 
the participant’s most recent prior domainspecific 
quality of life score.

Generalised estimating equation models were 
complemented by longitudinal trajectory plots of 
unadjusted quality of life mean scores by domain and 
treatment groups (figs S5 and S6). Clinical relevance 
was interpreted as effect sizes, using a threshold of 
one third of a standard deviation at baseline as the 
minimal clinically important difference.19 The decision 
to use one third of a standard deviation for clinical 
significance was evidence based, as this threshold has 
been found to indicate probable clinical importance 
through the development of a widely cited meta
analysis of evidence based effect sizes.2022 Therefore, 
in comparing men treated for prostate cancer with 
controls at any point in time and for interpreting 
change over time for any subgroup (initial treatment 
or controls), an unadjusted mean score that differed by 
more than one third of a standard deviation from the 
baseline score was considered clinically important.

Patient and public involvement
Patient and public involvement was first initiated 
during the design stage of the study through pilot 
testing. Patients and members of the public served 
as consultants for questionnaire design, methods of 
administration, and time required for administration 
of the questionnaire. As patients and members of the 
public identified potential problems, the questionnaire 
was amended to reflect these emerging priorities.

results
At 15 year followup, 502 (30.6%) of the 1642 patients 
completed baseline questionnaires and 103 (20.8%) 

of the 495 population based controls completed 
surveys (table 1). The age range of participants at 15 
years was 50 to 85 years (mean 75.9 years). Median 
followup time for participants surveyed at 15 years 
was 15.2 years. Demographic, clinical and lifestyle 
characteristics for year 15 participants are presented 
in table S2. Of the 502 participants surveyed at 15 
years, 333 (66%) were initially treated with radical 
prostatectomy—192 (58%) of these had NSRP and 
141 (42%) nonNSRP. Additionally, 43 (9%) of the 
502 patients had external beam radiation therapy or 
high dose rate brachytherapy, 45 (9%) had androgen 
deprivation therapy, 25 (5%) had low dose rate 
brachytherapy, and 53 (11%) had active surveillance/
watchful waiting. Compared with the patients, a 
slightly lower proportion of controls were aged 55
59, yet a slightly higher proportion were uninsured, 
partnered, and living in a nonmetropolitan area 
at baseline and at 15 years (table S2); adjustments 
for these differences were made in the multivariate 
analyses. Demographic and clinical characteristics 
of cases included in multivariate analyses by primary 
treatment type are displayed in table S3. 

urinary incontinence and bother
Patients treated with low dose rate brachytherapy 
had the worst urinary bother of all treatment groups 
at year 1 after diagnosis relative to controls (n=57, 
adjusted mean difference −20.9, 95% confidence 
interval −29.1 to −12.8; fig 2 and unadjusted fig S5). 
This association remitted over the following two years. 
All other patients, except those on active surveillance/
watchful waiting, reported moderate urinary bother 
relative to controls that, except for NSRP, extended to 
15 years after treatment. Patients receiving androgen 
deprivation therapy had a clinically significant 
worsening in urinary bother from year 10 to year 15, 
as shown in their trajectory graph (fig S5) and relative 

table 1 | Prostate cancer care and Outcomes study questionnaire completion rates by treatment and control groups

Follow-up 
year

Participant category (type of treatment or control) (no who completed/total no in group (%))

as/WW nsrP non-nsrP
rP type 
unknown* ebrt/HDr aDt lDr Orchidectomy*

Primary  
treatment 
unknown* total cases† controls‡

Baseline 200/200 
(100)

494/494 
(100)

478/478 
(100) 9/9 (100) 170/170 

(100)
227/227 
(100)

58/58 
(100) 4/4 (100) 2/2 (100) 1642/1642  

(100)
495/495 
(100)

1 190/200 
(95)

486/494 
(98)

470/478 
(98) 9/9 (100) 165/170 

(97)
217/227 
(96)

57/58 
(98) 3/4 (75) 2/2 (100) 1599/1642  

(97)
458/495 
(93)

2 178/200 
(89)

472/494 
(96)

443/478 
(93) 9/9 (100) 163/170 

(96)
204/227 
(90)

56/58 
(97) 3/4 (75) 2/2 (100) 1530/1642  

(93)
433/495 
(87)

3 175/200 
(88)

458/494 
(93)

439/478 
(92) 9/9 (100) 153/170 

(90)
199/227 
(88)

56/58 
(97) 2/4 (50) 2/2 (100) 1493/1642  

(91) N/A

5 160/200 
(80)

443/494 
(90)

424/478 
(89) 7/9 (78) 142/170 

(84)
173/227 
(76)

51/58 
(88) 2/4 (50) 2/2 (100) 1404/1642  

(86)
386/495 
(78)

10 95/200  
(48)

307/494 
(62)

256/478 
(54) 4/9 (44) 94/170  

(55)
88/227 
(39)

40/58 
(69) 0/4 0/2 884/1642 

(54) N/A

15 53/200  
(27)

192/494 
(39)

141/478 
(29) 3/9 (33) 43/170  

(25)
45/227 
(20)

25/58 
(43) 0/4 0/2 502/1642 

(31)
103/495 
(21)

ADT=androgen deprivation therapy with or without EBRT; AS/WW=active surveillance/watchful waiting; EBRT/HDR=external beam radiotherapy or high dose rate brachytherapy, or both; 
LDR=low dose rate brachytherapy; N/A=not applicable as controls did not complete follow-up during this year; non-NSRP=non-nerve sparing radical prostatectomy; NSRP=nerve sparing radical 
prostatectomy. 
*Excluded from multivariate regression analyses owing to low numbers.
†Total participants include men who had treatment unknown, orchidectomy, and radical prostatectomy type unknown, who were excluded from the multivariate analysis.
‡35 controls who were diagnosed with prostate cancer after baseline were censored from their date of diagnosis.
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Fig 2 | adjusted mean differences between treatment group (purple line) and control group (bold black line) follow-up quality of life scores from 
expanded prostate cancer index composite short form, ePic-26. controls are the reference group (adjusted mean difference=0). shading indicates 
the region outside of which adjusted mean differences exceed the minimally important difference. Minimally important difference limits are 
calculated as plus or minus one third of the pooled baseline standard deviation of the control group and of the treatment group. adjusted mean 
differences are adjusted for baseline age, marital status, having private health insurance, region of residence, income, education, country of birth, 
comorbidity score, and domain-specific baseline (year 0) quality of life score
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to controls (year 10, n=88: adjusted mean difference 
−5.3, 95% confidence interval −10.8 to 0.2; year 15,
n=45: −15.9, −25.1 to −6.7).

Urinary incontinence at year 1, relative to controls 
(fig 2) and in absolute terms (fig S5), was worst for 
men who underwent surgery (radical prostatectomy) 
regardless of nerve sparing techniques (NSRP, n=486: 
adjusted mean difference −16.4, 95% confidence 
interval −18.7 to −14.2; nonNSRP, n=470: −18.3, 
−20.7 to −16.0; fig 2). In these men, urinary
incontinence improved somewhat up to five years
but then worsened at 10 and 15 years, such that
they remained the worst of all treatment groups at all
followup times (fig S5). Incontinence worsened at 15
years in the control group, thus reducing somewhat
the adjusted mean difference of the groups receiving
radical prostatectomy at this time (NSRP, n=192:
adjusted mean difference −12.6, 95% confidence
interval −16.6 to −8.7 and nonNSRP, n=141: −14.1,
−18.2 to −10.0).

sexual function and bother
Sexual function scores in men treated for localised 
prostate cancer were lower than in population based 
controls for all treatment groups at all followup time 
points (fig 2) and in unadjusted absolute terms (fig 

S5). All treatment groups exceeded the threshold 
for clinically significant change at 15 years relative 
to controls (fig 2 and fig S5). The two prostatectomy 
surgery groups (NRSP; nonNRSP) had the worst sexual 
function scores relative to controls (fig 2). Adjusted 
mean differences were respectively −42.1, 95% 
confidence interval −44.9 to −39.3 and −47.0, −49.6 to 
−44.4 at year 1, and −19.9, −26.0 to −13.8 and −24.7,
−30.8 to −18.7 at year 15. Sexual function scores for
each group receiving active treatment generally showed 
an initial sharp decline from baseline to year 1 (fig S5), 
and gradual improvement thereafter in comparison
with controls (fig 2). Exceptions to this generality
were men on active surveillance/watchful waiting who 
reported an initial decline up to year 2 with a plateau
thereafter; men treated with external beam radiation
therapy/high dose rate brachytherapy, who reported
little recovery in sexual function across the whole
15 year period; and the group receiving low dose
rate brachytherapy who, after initial improvement,
reported a decline in erectile dysfunction score after
year 5 (year 5, n=51: adjusted mean difference −6.7,
95% confidence interval −12.7 to −0.7, year 15, n=25: 
−20.7, −33.0 to −8.4).

Selfreported unadjusted prevalence of erectile
dysfunction (the inability to obtain an erection 
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Fig 3 | adjusted mean differences between initial treatment group (purple line) and control group (bold black line) follow-up 12-item short 
Form Health survey (sF-12) scores. controls are the reference group (adjusted mean difference=0). shaded region indicates adjusted mean 
differences within minimally important difference. Minimally important difference limits are calculated as plus or minus one third of the pooled 
baseline standard deviation of the control group and of the treatment group. adjusted mean differences are adjusted for the following baseline 
characteristics: age, marital status, having private health insurance, region of residence, income, education, country of birth, comorbidity score, and 
domain-specific baseline (year 0) 12-item short Form Health survey score
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sufficient for intercourse) was common for all treatment 
groups 15 years after diagnosis (table 2, 62.3% (active 
surveillance/watchful waiting, n=33/53) to 83.0% 
(nonNSRP, n=117/141) compared with controls 
(n=44/103, 42.7%). At year 15, the highest rates 
of erectile dysfunction (83.0%, n=117/141) were 
reported by men who had nonNSRP surgery (table 2).

Adjusted mean differences for sexual bother showed 
patterns of change over time similar to those for sexual 
function but with generally smaller differences relative 
to controls across all followup years.

bowel problems and bother
Men who received external beam radiation therapy/
high dose rate brachytherapy or androgen deprivation 
therapy had worse bowel bother than controls at all 
time points (fig 2). These differences exceeded the 
clinically significant threshold at each followup as 
far as 10 years, but only androgen deprivation therapy 
remained clinically significant at year 15. Men who 
underwent androgen deprivation therapy reported the 
highest unadjusted prevalence (17.8%, n=8/45) of 
moderate or severe bowel problems at year 15 (table 
2). Bowel problems at year 15 were uncommon in 12 
(6.3%) of 192 patients surgically treated with NSRP, 
in four (2.8%) of 141 patients treated with nonNSRP 
2.8% (n=4/141), and in two (1.9%) of 103 controls.

general quality of life
Physical wellbeing adjusted mean differences in the 
group receiving androgen deprivation therapy were 
lower than in other treatment groups at almost all 
followup times. Participants in other treatment groups 
showed little difference in physical wellbeing scores 
relative to controls across the whole followup period 
(fig 3). Men managed with primary active surveillance/
watchful waiting reported physical wellbeing similar 
to that of controls until year 15 of followup (n=53, 
adjusted mean difference −3.7, 95% confidence 
interval −6.7 to −0.8). Clinically significant thresholds 
in this group were exceeded only at year 15, while in 
the androgen deprivation therapy group they were met 
at years 1 and 2 and exceeded at years 3 and 15 (fig 3).

Mental wellbeing scores were lower for surgery and 
radiotherapy groups at year 1, 2, and 3, although the 
adjusted mean differences were small: at three years 
−1.3, 95% confidence interval −2.3 to −0.4 for NSRP
(n=458); −0.8, −1.8 to 0.1 for nonNSRP (n=439); and
−1.5, −2.9 to −0.1 for external beam radiation therapy/
high dose rate brachytherapy (n=153; fig 3). Mental
wellbeing tended to be worse at year 15 in all treatment 
groups compared with controls, except for the groups
receiving active surveillance/watchful waiting and
low dose rate brachytherapy. Only the difference from
controls for the group receiving androgen deprivation
therapy, however, exceeded the threshold for clinically 
significant change (fig 3).

sensitivity analyses
Additional adjustment for clinical stage, Gleason score, 
and prostatespecific antigen level at baseline did not 
appreciably change the adjusted mean differences, 
suggesting that these disease severity characteristics 
were not important confounders in the association 
with treatment (figs S1 and S2).

Weighting observations by inverse probabilities did 
not change estimates of treatment association at the 
followup times (fig S3 and S4). In addition, when 
cohort drop out was examined descriptively (fig S7), 
we generally found worse selfreported quality of life in 
previous followup rounds in those who had dropped 
out.

discussion
We examined men’s selfreported quality of life 15 
years after a diagnosis of localised prostate cancer and 
found important differences in several quality of life 
domains in different treatment groups in comparison 
with population based controls. Persisting problems 
with erectile dysfunction were common in all treatment 
groups (range 62.3% (active surveillance/watchful 
waiting, n=33/53) to 83.0% (nonNSRP, n=117/141) 
for treatment groups; 42.7% (n=44/103) in controls).
Poor sexual outcomes were most pronounced in those 
who initially had radical prostatectomy, regardless of 
nerve sparing techniques, and were most severe during 

table 2 | Prevalence of men with localised prostate cancer and of control men who reported incontinence, bowel problems, or impotence at 15 years by 
initial treatment

condition and  
follow-up year

Participant group (type of treatment or control) (no who reported condition/total no in group (%))
as/WW nsrP non-nsrP ebrt/HDr aDt lDr controls

Urinary incontinence*:
 Baseline 12/200 (6.0) 3/494 (0.6) 7/478 (1.5) 0/170 9/227 (4.0) 0/58 5/495 (1.0)

15 years 6/53 (11.3) 35/192 (18.2) 38/141 (27.0) 6/43 (14.0) 5/45 (11.1) 1/25 (4.0) 0/103
Moderate or severe bowel problems†:
 Baseline 27/200 (13.5) 18/494 (3.6) 25/478 (5.2) 14/170 (8.2) 21/227 (9.3) 0/58 31/495 (6.3)

15 years 6/53 (11.3) 12/192 (6.3) 4/141 (2.8) 6/43 (14.0) 8/45 (17.8) 0/25 2/103 (1.9)
Erectile dysfunction‡:
 Baseline 53/200 (26.5) 76/494 (15.4) 128/478 (26.8) 47/170 (27.6) 87/227 (38.3) 11/58 (19.0) 109/495 (22.0)

15 years 33/53 (62.3) 144/192 (75.0) 117/141 (83.0) 34/43 (79.1) 34/45 (75.6) 18/25 (72.0) 44/103 (42.7)
ADT=androgen deprivation therapy with or without EBRT; AS/WW=active surveillance/watchful waiting; EBRT/HDR=external beam radiotherapy or high dose rate brachytherapy only (no androgen 
deprivation therapy); LDR=low dose rate brachytherapy; N/A=not available; non-NSRP=non-nerve sparing radical prostatectomy; NSRP=nerve sparing radical prostatectomy. 
*Incontinence is defined as needing to wear one or more pad per day owing to weak urinary control and frequent leakage.
†Bowel problems are defined as participants’ responses to the question “Overall, how big a problem have your bowel habits been?” being either “moderate” or “big.”
‡Erectile dysfunction is defined as being unable to obtain an erection sufficient for penetrative intercourse.
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the early years of followup, a result seen in other 
studies.2325 Most treatment groups had improved 
sexual functioning across the 15 years, except the 
group receiving low dose rate brachytherapy, who 
reported deterioration in scores from year 10 to year 
15 of followup. As far as we know, this is a new 
longitudinal finding, though similar findings have 
been reported for a median followup of five years.26

Men who had external beam radiation therapy/
high dose rate brachytherapy or androgen deprivation 
therapy as primary treatment reported more bowel 
problems, and this persisted in the group receiving 
androgen deprivation therapy. Selfreported urinary 
incontinence was particularly prevalent and persis
tent for men who underwent radical prostatectomy, 
regardless of whether nerve sparing techniques 
were used, and an increase in incontinence was 
also reported in the groups receiving external beam 
radiation therapy/high dose rate brachytherapy and 
androgen deprivation therapy at 15 years.

Physical and mental wellbeing tended to fall in 
all groups between 10 and 15 years after diagnosis. 
The most severe late adverse associations in the 
active surveillance/watchful waiting group were with 
physical wellbeing and, in the androgen deprivation 
therapy group, with mental wellbeing.

strengths and limitations of the study
This study had two major strengths; it is a population 
wide study evaluating 15 year quality of life outcomes 
in men with localised prostate cancer across a range of 
different common treatments and includes a population 
based control group of men without prostate cancer for 
comparison. A major advantage of using a population 
based control group is that it allows men to quantify 
their expected decline in quality of life resulting from 
the combination of their cancer and its treatment 
choice, while also allowing them to indirectly compare 
quality of life difference between treatments (using 
the common control referent group). A few limitations 
need to be considered, however, when interpreting our 
results.

Firstly, we considered it important to use men 
without prostate cancer as controls in order to provide 
the most meaningful comparator for patients with 
prostate cancer and clinicians, and therefore we were 
unable to adjust for disease severity in the multivariate 
analysis (fig 2 and fig 3). Nevertheless, we believe that 
this choice of reference group had little association 
with our findings as a sensitivity analysis indicated 
that clinical stage, Gleason score, and prostatespecific 
antigen level at baseline did not appreciably confound 
the association with treatments (figs S1 and S2).

Secondly, prospective cohort studies are vulnerable 
to bias arising from participant attrition and death 
over the study period; this study is no exception. 
Reassuringly, however, sensitivity analyses using 
inverse probability weighting had very little association 
with our original estimates. This lack of association 
suggests that our estimates are robust to missing value 
bias, where the probability of an observation being 

missing depends on the surrounding responses or 
covariates included in the model (that is, data missing 
at random).

Thirdly, since the design of the PCOS baseline 
questionnaire preceded validation of EPIC, we were 
unable to directly assess quality of life domains 
exclusive to EPIC, such as urinary voiding and storage 
dysfunction. Previous studies, however, have found 
that radical prostatectomy reduces these problems, 
and this appears to be consistent with our results, 
which showed improvement in urinary bother for 
patients receiving radical prostatectomy relative to 
controls.25 27

Fourthly, although we adjusted for a wide range of 
potential confounders to account for differences in 
patient characteristics between groups, as with all 
nonrandomized studies, the possibility of residual 
confounding cannot be ruled out.

Fifthly, our study categorized treatments by pri
mary treatment groups and did not account for 
subsequent treatment provided during the study 
period due to disease progression or recurrence, as 
we did not have access to such data. Additionally, 
advances in treatment techniques, and surgical and 
radiotherapeutic technology (eg, robotic surgery and 
stereotactic radiotherapy) have been made during 
the followup period, as have protocols for managing 
men receiving active surveillance and with an earlier 
diagnosis. Although the potential benefit of these 
modern technological advances is not captured within 
our cohort, the long term quality of life benefits due 
to these advances have also not been empirically 
proved by more recent trials and studies. For radical 
prostatectomy, a recent randomised controlled trial 
comparing robot assisted laparoscopic prostatectomy 
with open radical retropubic prostatectomy found 
similar selfreported functional outcomes between 
the two techniques at 24 months after surgery and 
suggested that the benefits of robotic surgery could 
relate more to its minimally invasive approach than 
to selfreported improvement in quality of life for 
patients.28 The treatment and management approaches 
presented in our study still represent the most common 
treatments for prostate cancer albeit with advanced 
technology, experience, and emerging evidence for 
outcome based treatment selection.6 7

Sixthly, we are unable to comment on 15 year cause 
specific survival rates within our cohort as these data 
were available only up to December 2017 for our death 
linkage. Nonetheless, while it is important for men 
to consider survival outcomes together with quality 
of life outcomes in order to make informed decisions 
about treatment, previous studies have noted that 
patients with clinically localised prostate cancer have 
good overall and cancer specific long term survival 
regardless of the treatment received.29 30

Finally, partner/carer perspectives are important 
to overall quality of life, and this perspective was 
collected at the 15 year followup. However, they lie 
outside the scope of this paper and will be reported 
separately.
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comparison with other studies
Reports on the long term quality of life outcomes in men 
with prostate cancer receiving various treatments have 
only just begun to emerge. To date, few studies have 
reported 10 year quality of life outcomes in this group 
and only one study has reported 15 year comparative 
outcomes between only two treatment groups.8 25 3133 
The Cancer of the Prostate Strategic Urologic Research 
Endeavor (CaPSURE),31 Scandinavian Prostate Cancer 
Group Study Number 4 (SPCG4)25, QALIPRO,32 and 
Ralph et al33 studies reported at least 10 year quality of 
life followup in men with prostate cancer for several 
treatment modalities.

CaPSURE found a persistent long term adverse 
association between the use of external beam radiation 
therapy and bowel functioning, which increased 
over time, but Resnick et al found these associations 
attenuated in comparison with those who underwent 
surgery.8 31 QALIPRO assessed quality of life in 
patients with control comparators, finding that men 
treated with radiotherapy consistently reported worse 
bowel functioning than diseasefree comparators.32 
Regardless of treatment type, all men reported some 
level of bowel bother during short term followup in 
our cohort, with these adverse outcomes being more 
severe in the groups receiving androgen deprivation 
therapy and external beam radiation therapy/high 
dose rate brachytherapy. Those men who underwent 
androgen deprivation therapy reported the most 
persistent problems of bowel bother. These results 
are consistent with findings from studies evaluating 
shorter term quality of life in patients with localised 
prostate cancer.6 34

A patients’ preferences survey conducted with PCOS 
participants three years after diagnosis examined 
tradeoffs between symptoms and survival using a 
discrete choice experiment.35 This survey found the 
least tolerable side effect was severe urinary leakage, 
often associated with urinary bother, closely followed 
by severe bowel symptoms.35 In the PCOS cohort, 
selfreported urinary incontinence improved for 
most treatment groups over the first three years after 
diagnosis and then plateaued. This trend was evident 
particularly for those who underwent surgery, with 
reported incontinence remaining significantly higher 
and with little improvement beyond three years of 
followup, a finding that was also apparent in the SPCG
4 trial.25 Interestingly, the groups receiving external 
beam radiation therapy/high dose rate brachytherapy 
and androgen deprivation therapy reported urinary 
incontinence comparable to that of controls up to three 
years, but at 10 and 15 years, both groups reported 
worsening urinary bother relative to controls. Over a 
10 year period, Ralph et al found the use of androgen 
deprivation therapy led to more adverse long term 
quality of life outcomes.33 Our study similarly found 
that men receiving androgen deprivation therapy 
(with or without external beam radiation therapy) 
reported adverse outcomes for almost all quality of life 
domains at the 15 year followup. It is plausible that 
a proportion of men receiving androgen deprivation 

therapy could also have received subsequent external 
beam radiation therapy, which could account for this 
increase in bowel bother and urinary incontinence over  
time.

For sexual dysfunction, Resnick et al found that 
initially, men who underwent surgery reported more 
profound dysfunction than men who were treated with 
external beam radiation therapy, and, similarly, those 
treated with surgery in the SPCG4 trial reported adverse 
sexual dysfunction.8 25 Sexual function continued to be 
a prominent concern for both treatment types, but both 
groups gradually reported lower sexual bother scores 
(less bothersome) as time passed. Our study found a 
similar trend in gradual reporting of less bother with 
sexual dysfunction, even with sustained prevalence 
of sexual dysfunction across treatment groups. The 
disconnect between reported bother and functional 
outcomes could be related to perceived expectations 
of the ageing process for survivors of localised prostate 
cancer8 27—namely, that impaired sexual function 
is expected and accepted as a result of ageing, 
and therefore causes less bother. When evaluating 
unadjusted reports of erectile dysfunction, our study 
found that 44 (42.7%) of the 103 age matched controls 
reported erectile dysfunction (unable to obtain an 
erection sufficient enough for penetrative intercourse) 
at the 15 year followup, still considerably less than 
the corresponding proportions for men with localised 
prostate cancer (62.3% to 83.0%). Thus although a 
reduction in sexual function due to the natural ageing 
process is apparent in healthy men, this decline in 
function is greater in men treated for localised prostate 
cancer.36

Another possible explanation for the normalisation 
of sexual dysfunction is termed the response shift, 
whereby an individual’s internal standards undergo 
a shift concurrently with changes in their health 
status.37 Hanly et al explored psychosexual adjustment 
to prostate cancer diagnosis and treatment and found 
that men strive to accept treatment induced limitations 
in their life and integrate their “new normal” self after 
treatment with their changing sexual functioning.38 
This notion is further supported by the PCOS preference 
survey, which examined the quality of life trade
offs men were willing to make for a longer life: men 
reported that erectile dysfunction and loss of libido 
were the most acceptable side effects of treatment in 
this context.35

clinical implications
Given the relatively high 15 year survival rate for men 
with localised prostate cancer,3 and the comparable 
mortality rates across treatment groups for men with 
low risk disease,29 the longitudinal quality of life 
changes discussed in this study are becoming vitally 
important to consider. Men diagnosed with localised 
prostate cancer have previously expressed a need for 
more involvement in treatment decision making, while 
also finding the many treatment options confusing 
or distressing, resulting in uncertainty over the best 
choice for them.3941
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Although treatment decisions are ultimately based 
on a combination of clinical factors and patient 
preferences,42 the overarching clinical implication of 
this study was to provide longitudinal evidence on 
patient reported outcomes associated with common 
approaches to prostate cancer to aid treatment 
discussions. Our findings describe the use of patient 
reported outcomes for men who have experienced 
many years of life after a diagnosis of localised prostate 
cancer. Clinicians should be encouraged to use this 
evidence to discuss and assist with decision making 
about long term survivorship after initial treatment for 
prostate cancer.

conclusions
This paper adds to the limited evidence and 
understanding of the long term quality of life for men 
with localised prostate cancer. Each treatment approach 
was associated with some adverse effects on quality 
of life, in absolute terms and in comparison with age 
matched controls. The most apparent and persisting 
adverse association was a reduction in sexual function, 
although this caused limited bother to men. In contrast, 
while urinary incontinence was less prevalent, it was 
a greater cause of bother. Further research exploring 
individual experiences and adjustment to changes in 
the long term is needed to identify where support and 
information gaps lie and what measures are likely to fill 
them. Clinicians and patients should be fully informed 
of these long term quality of life outcomes when 
making treatment decisions and understand possible 
long term consequences of the various management  
approaches.
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