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Fig. 2 Cost-effectiveness acceptability curves for all analyses
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showed that radiotherapy had the greatest likelihood of
cost-effectiveness at any decision-maker willingness to
pay threshold. At a £20,000 per QALY gained threshold,
radiotherapy had a ~ 60% likelihood when compared to
prostatectomy (~ 30% likelihood) and active monitoring
(~ 10%). When stratified by grade group, in the low risk
GGG, radiotherapy was marginally less costly (£14) and
was associated with marginally more QALY gains (0.03
QALYs) when compared to prostatectomy. However, the
net monetary benefit was similar: £292,736 (95% CI
£284,074 to £297,719) and £292,198 (95% CI £283,797
to £297,719) for radiotherapy and prostatectomy, re-
spectively. The probabilistic sensitivity analysis showed
the extent of the uncertainty in the result as radiother-
apy was only slightly more likely to be cost-effective at
all decision-maker thresholds – reaching ~ 53% for
radiotherapy and ~ 45% for prostatectomy at a £20,000
per QALY gained threshold (Fig. 2).

Intermediate/high risk localised prostate cancer
For both risk groups (D’Amico and GGG), the QALYs
gained were consistently lower in the intermediate/
high risk subgroups when compared to the low risk
groups. Costs varied between management strategies,
ranging between £11,060–£18,297, but were consistently
higher in the intermediate/high risk subgroups when
compared to low risk groups.
In the D’Amico intermediate/high risk group, active

monitoring was more expensive over a lifetime than the
radical strategies, which were similar in cost – prostatec-
tomy cost £15,323 and radiotherapy £15,060. However,
active monitoring and radiotherapy achieved similar
QALY gains, and prostatectomy achieved 0.4 more
QALY gains than active monitoring and 0.35 more
QALYs than radiotherapy. Prostatectomy generated the
greatest net monetary benefit (£275,977; [95% CI £258,
630 to £285,474]) for men with intermediate/high risk
prostate cancer. The probabilistic sensitivity analysis
showed that prostatectomy had a 70% likelihood of be-
ing cost-effective from a willingness to pay threshold of
£5000 per QALY gained upward. Whilst radiotherapy
and active monitoring only had 20 and 10%, respectively
from £15,000 per QALY gained onward. The results for
the intermediate/high risk GGG mirrored that of the
D’Amico intermediate/high risk group with prostatec-
tomy generating the greatest net monetary benefit (£271,
933 [95% CI £237,864 to £287,784]) over a lifetime. The
probabilistic sensitivity analysis showed that prostatec-
tomy had an 80% likelihood of being cost-effective for
the intermediate/high risk GGG compared to 5% for
radiotherapy and 15% for active monitoring from a
decision-maker threshold of £10,000 per QALY gained
onward (Fig. 2).

Discussion
Main findings
Across all analyses, costs and QALYs were similar but
some important differences emerged. From the point of
diagnosis of clinically localized prostate cancer, extrapo-
lating from the median 10-year ProtecT trial findings
over the lifetime of a man, showed that there was
considerable uncertainty in the most cost-effective
management strategy when men were categorised by age
group. For 65-year-old men and younger, all three
management strategies could be considered to be cost-
effective, and for men older than 65 years, either radio-
therapy or prostatectomy could be cost-effective under
the current UK willingness to pay threshold of £20–30,
000 per QALY gained [13]. In all analyses, active moni-
toring was associated with higher costs, which were
probably related to the combined impacts of advanced
disease (20% over an average of 10 years) which requires
new treatments, and a rate of change to radical treat-
ments of over 50% at an average of 10 years from
diagnosis.
When categorised by D’Amico risk group, radiother-

apy appeared most cost-effective for men with low risk
prostate cancer, compared with active monitoring or
radical prostatectomy and when defined as Grade Group
1 alone, either radiotherapy or prostatectomy could be
considered cost-effective. For men with intermediate/
high risk prostate cancer, categorised by D’Amico or
Grade group > = 2, radical prostatectomy was the most
cost-effective strategy across all decision-maker’s willing-
ness to pay thresholds from £5000 per QALY gained.

Comparison with other studies
This is the first study to compare the lifetime cost-
effectiveness of managing clinically localised prostate
cancer by risk group with active monitoring, external
beam radiotherapy with neoadjuvant androgen
deprivation, and radical prostatectomy by extrapolating
from prospectively collected trial data. In continental
Europe other model-based cost-utility analyses have
used cohort studies and extrapolation from an earlier
trial (SPCG-4 which compared watchful waiting to pros-
tatectomy for clinically detected prostate cancer [14]) to
assess the cost-effectiveness of active surveillance or
watchful waiting compared with prostatectomy, radio-
therapy versus prostatectomy, different modalities of
radiotherapy against one another, or different surgical
techniques against one another [15]. A review of these
studies concluded that across all of these studies only
small differences in QALY gains were detected between
strategies and limited evidence supported cost-
effectiveness recommendations of prostatectomy instead
of watchful waiting, brachytherapy over prostatectomy,
and newer treatment approaches above traditional
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methods [15]. The within trial analysis for the ProtecT
trial over a 10-year time period showed that radiother-
apy was the most cost-effective strategy for all men and
the subgroup analysis at 10 years showed that active
monitoring was most cost-effective for low risk men
(D’Amico and Grade group) and men younger than 65
years old. At 10 years, men with intermediate/high risk
(D’Amico and Grade group) and men older than 65
years old, radiotherapy was the most cost-effective strat-
egy [12]. Our lifetime cost-effectiveness results show
that, in the longer term, active monitoring is generally
more expensive than radical strategies due to the rate of
metastasis in active monitoring and treatment change-
over, and beyond the 10-year time period, it does not
appear to be a cost-effective strategy for low risk
subgroups. Furthermore, our results show that despite
prostatectomy being the most expensive strategy in the
intermediate/high risk subgroups, over a lifetime, prosta-
tectomy generates greater QALY gains than radiotherapy
and is the most cost-effective strategy in this subgroup.
Finally, a recent study with a US perspective compared
prostatectomy and radiotherapy to active surveillance for
all men with prostate cancer using published effective-
ness data from the ProtecT trial. The authors concluded
that active surveillance was cost-effective up to 6 years
post-diagnosis, but radiotherapy and prostatectomy were
cost-effective at 10 years. This was due to increased costs
and lower QALYs associated with active surveillance
relative to radical strategies due to the higher rate of me-
tastasis in active surveillance, recurrent prostate biopsy
costs and treatment change. However, the latter finding
was sensitive to the risk of metastasis [16]. None of these
studies assessed the lifetime cost-effectiveness or any
cost-effectiveness, according to different risk subgroups,
of the three major treatment modalities in the PSA-era
using consistent and robust evidence on effectiveness,
costs and quality of life from a single randomised
controlled trial.

Strengths and limitations
The strength of the study is that it is based on data from
the largest randomised controlled trial in localised
prostate cancer to date. The model structure was based
on pathways observed in the trial, supported by clinical
advice, and model assumptions were agreed prior to
analysis. This is the first study to report the lifetime
cost-effectiveness of these strategies for localised
prostate cancer, where all data on resource use and out-
comes used in the model were collected prospectively
alongside a trial and to use EQ-5D-3L to generate
QALYs in localised prostate cancer.
However, there are limitations related both to this

analysis, due to the cost price year relating to the data
lock point of the trial which was now 5 years ago, and

aspects of the ProtecT trial design and timeline. A key
limitation was the reliance on the median 10-year follow
up available in ProtecT, with diagnostic and treatment
pathways designed in the late 1990s. Longer trial follow
up is ongoing to identify potential greater differences in
the rate of development of progression and metastases
and in mortality, that may arise later in the disease path-
way. Further, risk-stratification was based on TRUS-
guided biopsies (standard at the time) rather than the
more accurate but only recently introduced mpMRI
scans [17] in the prostate cancer diagnostic pathway,
upstream of taking prostate biopsies. The mpMRI
enhanced diagnosis of intermediate and high-risk pros-
tate cancer, and reduced detection of low risk disease
might have changed the treatment course for some men.
Treatments have evolved since recruitment to Protect
(1999–2009). Robot-assisted laparoscopic radical prosta-
tectomy is now the prevalent surgical technique, IMRT,
the use of lowdose-rate brachytherapy is increasing and
‘spacers’ are increasingly used in men who receive
radiotherapy, to reduce toxicity of radiation, but there is
currently no evidence that they offer better clinical and
patient reported outcomes [18–20]. Different protocols
of Active Surveillance from the one used in ProtecT
might also have led to different results in terms of rate
of change to radical treatment as well as outcomes.
Finally, given that treatment side-effect profiles are

important and differ between the trial groups [7], the
use of EQ-5D-3L is another limitation, as it is unlikely
to capture issues with urinary, bowel and sexual function
associated with these treatments [9].

Conclusion
The analysis provides evidence that when men with
clinically localised prostate cancer diagnosed by PSA
testing were categorised by age, there is considerable
uncertainty around which management strategy could
be adopted. For men with low risk prostate cancer, of
the three conventional strategies investigated, radical
radiotherapy was more likely to be most cost-effective,
but due to the extent of the uncertainty radical prosta-
tectomy could also be considered, depending on the
patient stratification used to categorise low risk prostate
cancer. The results suggest that based on lifetime cost-
effectiveness results, radical prostatectomy for high or
intermediate risk prostate cancer appears superior to
radiotherapy and active monitoring using median 10-
year data.
The findings provide some support for the NICE

recommendation to offer a choice of management
strategy to men with low risk prostate cancer. For men
with intermediate/high risk cancer, NICE recommends
radical treatment and our findings support surgery.
While the paper outlines the most robust lifetime cost-
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effectiveness analyses from the trial, the limitations
outlined previously suggest that the use of newer diag-
nostic and treatment pathways must be taken into ac-
count. Further longer-term ProtecT trial-follow up with
modelling of the impact of these newer strategies is re-
quired to elucidate more fully the trade-off between
costs and effects for optimal management of screen-
detected localised prostate cancer over a man’s lifetime.
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