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Objectives: To perform a cost-effectiveness analysis based on primary data from a cohort of patients with localized prostate cancer
followed throughout 10 years, comparing radical prostatectomy, brachytherapy, and external beam radiotherapy (EBRT) and
applying disease-specific utilities, from a national health system’s perspective.

Materials and Methods: Patients diagnosed with localized prostate cancer were consecutively recruited in 2003-2005 from 10
Spanish hospitals (n=674) (ClinicalTrials.gov number: NCT01492751). The expanded prostate cancer index composite (EPIC)
and short-form 36 (SF-36) questionnaires were administered through telephone interviews before treatment and annually during
follow-up. The outcome measures to evaluate the incremental cost-effectiveness ratio between treatments (ICER) were quality-
adjusted life-years (QALYs), calculated by the patient-oriented prostate utility scale (PORPUS) utility index, obtained with
a mapping from the EPIC and the SF-36, and survival data. Ten-year medical activities were used to derive costs. Both unweighted
and propensity score-weighted analyses were performed.
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Results: The weighted mean of 10-year QALY was the highest for radical prostatectomy (8.53), followed by brachytherapy (8.49)
and external radiotherapy (8.20), but the difference was only statistically significant with the latter. Costs were significantly higher
for brachytherapy (€21,348) than radical prostatectomy (€12,281) and EBRT (€7,560). Compared to EBRT, the weighted ICER for
radical prostatectomy was €14,169/QALY gained and €48,417/QALY for brachytherapy.

Conclusion: Our findings support that radical prostatectomy was the most cost-effective alternative, but the differences in
effectiveness among the three treatments were small. The incremental cost of radical prostatectomy and brachytherapy compared
to EBRT, however, does not justify restricting these alternatives.

Trial Registration: ClinicalTrials.gov identifier: NCT01492751

Keywords: cost-utility analysis; economic evaluation; external radiotherapy; localized prostate cancer; preplanned brachytherapy;

QALYs; quality-adjusted life years; radical prostatectomy

1. Introduction

Worldwide, 1.4 million new cases of prostate cancer were
estimated in 2022, making it the most common non-
cutaneous cancer in men [1]. Prostate cancer patients
present a high age-standardized 5-year relative survival,
which increased in Europe from 73% to 82% in a decade [2].
Most patients are currently diagnosed in localized stages and
become long-time survivors [3].

There are numerous treatment alternatives available for
the management of localized prostate cancer, including
surgery, radiotherapy, or active surveillance. In 2016, the
ProtecT trial [4, 5] confirmed that there are no differences in
overall survival among these alternatives in patients with
low- and intermediate-risk prostate cancer. Nevertheless,
surgery and radiotherapy were associated with lower in-
cidences of disease progression and metastases [4] but worse
patterns of side effects through patient-reported outcome
measures (PROMs) [5]. On the other hand, these treatments
could vary greatly in cost.

There are several European cost-effectiveness studies
comparing treatments for patients with localized prostate
cancer, employing different techniques to model a lifetime
horizon [6-8]. Two of them, modeling data from the ProtecT
trial, showed that radiotherapy is the most cost-effective al-
ternative and it dominates open radical prostatectomy at
a lifetime horizon [7, 8]. These results were also confirmed in
the only nonmodeled cost-effectiveness analysis of the Pro-
tecT trial from the UK national health system’s perspective at
a 10 years’ median follow-up [9], applying societal preferences
through the EQ-5D-3L, an econometric generic instrument to
estimate quality-adjusted life years (QALYs). Although ge-
neric measures are widely used for economic evaluations, they
do not cover the main symptoms and side effects of prostate
cancer treatments (i.e. urinary, sexual, or hormonal).

As far as we know, only the cancer of prostate strategic
urologic research endeavor (CaPSURE) [10] has used
a prostate cancer-specific econometric instrument, the
patient-oriented prostate utility scale (PORPUS) [11], for the
economic evaluation of localized prostate cancer treatments.
This study, applying Markov models from the US payer’s
perspective over 8years to real-world outcomes and costs
prospectively collected, found that radical prostatectomy is
more cost-effective than external or interstitial radiotherapy

in patients with prostate cancer of low risk. The PORPUS
utilities were obtained in the CaPSURE study by a mapping
from the University of California-Los Angeles-prostate
cancer index (UCLA-PCI), which does not cover hor-
monal symptoms nor storage and voiding urinary symptoms
[12]. This instrument was the precursor of the expanded
prostate cancer index composite (EPIC), which solved these
limitations.

Our aim was to perform a cost-effectiveness analysis,
with PORPUS utilities mapped from the EPIC and the SF-
36, to compare external radiotherapy with radical prosta-
tectomy and brachytherapy, from the Spanish national
health system’s perspective at a 10-year follow-up. Pro-
spective data on outcomes and cost come from the multi-
centric Spanish group of clinically localized prostate cancer
cohort, whose results on effectiveness at 5 [13], and 10 years
[14, 15] after treatment have been published.

2. Materials and Methods

This was a prospective observational study of a localized
prostate cancer cohort of patients whose primary treatment
had been either external radiotherapy, radical prostatectomy
or brachytherapy as a monotherapy, followed from time of
diagnosis to ten years post-treatment. The study was ap-
proved by the ethics review boards of the participating
hospitals, and written informed consent was obtained from
patients, following the 2000 revision of the Helsinki
Declaration.

Study details and treatment modalities have been de-
scribed elsewhere [13-15]. Briefly, newly diagnosed patients
with localized prostate cancer (stages T1 or T2, and low/
intermediate risk) were consecutively recruited in
2003-2005 from ten hospitals funded by the Spanish na-
tional health system. Exclusion criteria were not being
treated in one of the participating centers and a previous
transurethral prostate resection. The decision regarding
treatment selection was made jointly by patients and phy-
sicians: 192 patients underwent open radical retropubic
prostatectomy, 317 underwent brachytherapy (seeds of 1'*°
with a prescription dose of 145 Gy to the reference isodose,
100%), and 195 patients were treated with 3-dimensional
conformal external beam radiotherapy (EBRT), delivered
with 1.8-2.0 Gy daily fractions.
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Demographic and clinical characteristics at baseline
were recorded at the clinical sites before treatment, in-
cluding age, tumoral stage, PSA, and Gleason score. The
EPIC-50 [12] and the short form-36 health survey (SF-36)
[16] were administered centrally through telephone in-
terviews before treatment and during follow-up at one,
three, six, and 12 months after treatment in the first year and
annually thereafter.

2.1. Effectiveness. Effectiveness was evaluated considering
QALYs for ten years post-treatment, which is a measure of
disease burden combining the value of both the length and
quality of life measured with the PORPUS.

The PORPUS utility index was estimated from the
participants’ responses to the EPIC-50 and the SF-36v2
through a mapping algorithm [17], which showed good
predictive capacity (R?>=0.88) and an excellent intraclass
correlation coefficient (0.95). The PORPUS has a 10-
attribute health state classification system that includes 5
broad items of health-related quality of life (pain, energy,
social support, communication with doctor, and emotional
well-being) and 5 prostate cancer-specific items (sexual
function and desire, urinary frequency and incontinence,
and bowel function). Response options are on 4- to 6-level
Likert scales, resulting in 6,000,000 potential health states.
The missing data of utilities were estimated through multiple
imputations.

The PORPUS utility index, ranging from 0 (dead) to 1
(perfect health), was constructed with the multiattribute
utility function estimated from 3 cohorts of patients with
prostate cancer (localized, metastatic, and nonmetastatic
survivors) [11], who had undergone hormonotherapy (42%),
radical prostatectomy (32%), or radiotherapy (31%). QALY
were calculated by adding up the annual products of survival
and utilities over the ten years of the study with a yearly
discount rate of 1.5% [18].

2.2. Resource Use, Unitary Costs, and Cost Estimates. The cost
analysis assumed the healthcare system’s perspective, and
direct healthcare costs were estimated by micro-costing
calculation and a bottom-up approach. To calculate cost,
we used patient-level data from a subsample of the cohort
with patients recruited at a functional unit for prostate
cancer composed of two hospitals (n=289) and a multiple
imputation for the rest of the cohort. This was due to the
availability of individually registered health care activities
only from two centers.

Inpatient and outpatient services utilization data were
collected retrospectively from the hospitals’ databases for the
period between 90 days before and ten years after treatment
initiation, except for the resources used during the di-
agnostic process before treatment, which were excluded.

Activities attributable to prostate cancer treatment were
selected by a comprehensive analysis of their relationship
with the disease and time sequence. Specific study data were
used for including the relapse rescue treatment with hor-
mone therapy (from the clinical follow-up form) and use of
diapers for urinary incontinence (from an EPIC item). Data
on hormonal therapy dispensed by pharmacies at the

individual level were extracted from the regional pharma-
cology register.

Unit costs were obtained from reimbursement tariffs of
a Spanish database of costs [19], selecting the most recent
data available for each resource from the Catalan health
system [20-22]. Ex-factory pharmacological prices were
considered.

Adding up these costs, the direct cost of the treatment
during ten years or until death was estimated for each pa-
tient. A yearly discount rate of 3.5% was applied to all costs
from the year of treatment initiation [18]. Costs were in
Euros, and the price was updated to April 2024, adjusted
according to a median yearly inflation of 2.1%. This article
has been written according to the ISPOR CHEERS
checklist [23].

2.3. Statistical Analysis. To account for treatment selection
bias, propensity scores were obtained from the predicted
probabilities estimated in separate logistic regression models
(Supporting Information, Table S1), contrasting radical
prostatectomy with each of the other two treatment groups.
The c-statistic obtained was 0.80 for the EBRT model and
0.92 for the brachytherapy model, indicating a good dis-
criminant ability. The standardized morbidity ratio (SMR)
weighting [24] was applied by giving a weight of one to
patients in radical prostatectomy, while weights for patients
in other treatment groups were defined as the ratio of the
estimated propensity score to one minus the estimated
propensity score. Differences among treatment groups were
tested using the x? test for categorical variables and the
ANOVA or F-Fisher test for unweighted and weighted
continuous variables, respectively. All results were estimated
as unweighted and weighted with propensity scores.

Figures were constructed showing the yearly evolution of
the utility indexes and of the costs according to treatment
groups. To account for repeated measures, differences
among treatment groups in the time-trend evolution of these
varjables were tested using multilevel models for longitu-
dinal data. We calculated the means, the 95% confidence
interval (95% CI) of QALYs, direct costs for each treatment
group, and the difference between them, using EBRT as the
reference group. To compare treatments, we estimated the
incremental cost-effectiveness ratios (ICERs): (mean cost of
treatment X—mean cost of EBRT)/(mean QALYs of
treatment X—mean QALYs of EBRT).

The bootstrapping method was used to assess un-
certainty in the sampling distribution of the ICER. To
represent graphically the uncertainty of the results, we
performed a probabilistic sensitivity analysis, with all out-
comes plotted in a cost-effectiveness plane showing the
incremental cost and effectiveness of every random iteration.
We also represented a cost-effectiveness acceptability curve
to indicate the probability of cost-effectiveness according to
the willingness to pay threshold, which has been established
in €25,000 for the Spanish national health system [25].

Furthermore, a sensitivity analysis was performed with
the generic SF-6D [16], which describes health on 6 di-
mensions obtained from the SF-36 (physical functioning,
role limitations, social functioning, pain, mental health, and
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vitality), with 4-6 severity levels that describe 18,000 po-
tential health states. The utility index was constructed ap-
plying societal preferences elicited with standard gamble
[16] from a representative sample of the general public
(n=836). All analyses were performed using R version 4.2.2.

3. Results

Out of the 704 participants, 30 were excluded due to the lack
of any PROM data, and the final sample included in all
analyses was of 674 patients (see the flow chart in Supporting
Information, Figure S1). During the follow-up, 135 partic-
ipants died, 10 were lost, and finally, 476 of the remaining
529 participants completed the PROM evaluation at 10 years
after treatment (median=10.0years; interquartile range:
8.0-10.0). The PROM completion rate of the participants
while alive was 88.3%.

Table 1 shows the patients’ characteristics at diagnosis
according to the primary treatment, which did not present
statistically significant differences after applying propensity
score weights. Figure 1 shows statistically significant dif-
ferences among treatment groups in the PORPUS utility
index, which decreased slightly over time from means close
to 1 (perfect health) before treatment to 0.6-0.7 at the end of
follow-up.

The costs for the 289 patients with recorded information
on their use of resources and overall treatment costs for the
total sample after imputation are shown in Table 2. The total
cost of primary treatment was €3,977.81 for EBRT, €4,640.01
for radical prostatectomy, and €18,601.37 for brachytherapy.
Patients who underwent EBRT needed more medication
(€2,343.00); radical prostatectomy patients presented
a higher total cost for other related treatments (€1,683.85),
tests (€2039.28), and other resources (€2,189.87); and those
in brachytherapy needed more outpatient and emergency
visits (€2,353.69). After applying imputation in cost vari-
ables, the discount rate of 3.5%, and propensity score
weights, the overall costs were €7,560 for EBRT, €12,281 for
radical prostatectomy, and €21,348 for brachytherapy. The
evolution of costs over time is shown in Supporting In-
formation, Figure S2.

Table 3 shows QALYs, costs, and ICERs over the 10-year
period. After applying propensity score weights, QALYs
were higher for radical prostatectomy (8.37) than for bra-
chytherapy (8.21) and EBRT (7.98), but the difference was
only statistically significant with the latter. EBRT was also
statistically significantly cheaper than radical prostatectomy
and brachytherapy. Compared to EBRT, the ICER was
€14,169 per QALY gained for radical prostatectomy and
€48,417 per QALY gained for brachytherapy, after applying
propensity score weights. The results of the sensitivity
analysis performed with the generic SF-6D are consistent
with the main results obtained with PORPUS, although with
lower QALYs (Supporting Information, Table S2).

Figure 2 shows the cost-effectiveness plane and ac-
ceptability curves. Both radical prostatectomy and brachy-
therapy would usually be costlier and more effective than
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EBRT, though radical prostatectomy is a more efficient
option, with a probability of being cost-effective of almost
75% for a willingness to pay of €25,000 per QALY gained. On
the other hand, the benefit in QALYs in brachytherapy is
uncertain, while it significantly increases cost in the prob-
abilistic sensitivity analysis. In fact, the acceptability curve
shows that brachytherapy is not likely to be cost-effective
compared to EBRT at any low willingness to pay. The
sensitivity analysis with the generic SF-6D is also consistent
with the PORPUS, although the willingness-to-pay is lower
in both radical prostatectomy and brachytherapy (Sup-
porting Information, Figure S3).

4. Discussion

Our study provides long-term results of cost-effectiveness
for three of the most established attempted curative treat-
ments in localized prostate cancer patients, obtained with
observational data and applying propensity score weights.
Over a 10-year period, only small differences were observed
in QALYs among treatment groups, but patients treated with
radical prostatectomy or brachytherapy incurred greater
costs than those who underwent EBRT. However, the costs
differences between treatments (from €4721 to €13,788) are
not enough to consider any of the alternatives as not sus-
tainable from the national health system’s perspective in
patients with low and intermediate risk.

Our results on effectiveness, showing small differences in
QALYs among the three treatment groups, which were only
significant between EBRT and radical prostatectomy, are
consistent with those obtained in the ProtecT trial [9] and
the CaPSURE registry [10]. Nonetheless, the QALYs esti-
mated in our study for external radiotherapy and radical
prostatectomy (8.2 and 8.5) were higher than those observed
in the ProtecT (6.9 and 7.1), also with a 10-year time horizon,
but estimated with the EQ-5D-3L [9]. The QALYs obtained
with the SF-6D in our study (6.8-7.2) are closer to those in
the ProtecT trial, probably because both instruments are
generic (see sensitivity analyses in Supporting Information,
Figure S4). These lower utilities obtained with SF-6D or EQ-
5D-3L would probably reflect the general health de-
terioration due to the aging process and associated multi-
morbidity, which is better covered by a generic instrument
than by a disease-specific one.

Furthermore, the QALYs obtained with PORPUS for
patients with low-risk prostate cancer in CaPSURE (7.7, 6.2,
and 6.9 for radical prostatectomy, EBRT, and brachytherapy,
respectively) were also lower than ours, which were all above
8. Differences could be partly explained by the lack of
hormonal symptom assessment and the underestimation of
urinary symptoms derived from data collected through the
UCLA-PCI. Furthermore, the mapping algorithm applied in
our study includes the prostate cancer-specific EPIC and the
generic SF-36 instruments, covering both types of PORPUS’
constructs and achieving a higher predictive capacity
(R*=0.88) [26], compared with the mapping applied in the
CaPSURE study (R*=0.72) [27].
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FIGURE 1: Mean scores of the PORPUS utility index, unweighted (a) and weighted with propensity scores (b), at baseline and annual follow-
ups per treatment group: external beam radiotherapy (red line), radical prostatectomy (blue line), and brachytherapy (green line).

Our costs are higher than those published from the
ProtecT trial [9], converted into euros and updated for
inflation up to April 2024 — €12,281 vs €7,942 (£7,519) for
radical prostatectomy; and very similar €7,560 vs €7,776
(£7,361) for EBRT —, but much lower than treatment costs
from the CaPSURE study [10]. The latter also differs from
our results in the relative cost differences between treatment
options, being EBRT the most expensive treatment in
CaPSURE (€51,208.57; $60,718), followed by radical pros-
tatectomy (€46,435.86; $55,059) and brachytherapy
(€33,506.79; $39,729). It is important to highlight this dif-
ference in radiotherapy costs among studies: external ra-
diotherapy is the cheapest in the Spanish and British studies
[9], but the most expensive one in the CaPSURE [10]. This
could be partly explained by the differences among Euro-
pean and US health systems, which hinder the generalization
of results in costs. Moreover, it is important to consider that
there are also differences in the proportion of the treatment
costs that are covered by the health system or paid by each
patient. In our study, the Spanish health care system covered
almost all costs, except for a very small out-of-pocket
amount, mainly for medicines taken at home.

Due to the tight differences in QALY benefits among the
three treatments, no alternative is dominant. Both results in
the ICER and the acceptability curve consistently indicate
that radical prostatectomy is a cost-effective alternative in
comparison to EBRT, with a probability of being cost-
effective of almost 75% for a willingness to pay €25,000
per QALY gained. Otherwise, brachytherapy is the most
expensive and not a cost-effective alternative from the
willingness-to-pay threshold of €25,000 per QALY gained.
In the same line, the CaPSURE registry [10] estimated that
radical prostatectomy would be cost-effective compared to
brachytherapy with an ICER of $18,926 (€15.912) per QALY
gained, and it would dominate EBRT in patients with low-
risk prostate cancer. Furthermore, none of these ICERs for
radical prostatectomy reach the willingness-to-pay thresh-
olds in the Spanish national health system (€25,000 per

QALY gained) [25], nor in the US system ($50,000 per
QALY gained) [28].

Additionally, the multicentric Spanish group of clinically
localized prostate cancer cohort did not include patients
undergoing active surveillance, so this option could not be
assessed in our economic evaluation. Results of the non-
modeled cost-utility analysis of the ProtecT trial concluded
that active monitoring was the dominant alternative at
10 years for younger and lower risk patients [9]. However, it
tends to be dominated over a lifetime horizon due to the risk
of disease progression and metastasis in the modeled ana-
lyses [7, 8]. Other economic evaluations have also found that
active surveillance is more cost-effective than radical
prostatectomy [29], brachytherapy, and intensity-modulated
radiotherapy [30]. Furthermore, the available evidence on
efficacy and effectiveness endorses active surveillance to be
currently considered the best management option for pa-
tients with very low- or low-risk prostate cancer in American
and European urological guidelines [31, 32].

Nevertheless, some limitations of this study should be
considered. First, the main concern regarding observational
studies is treatment selection bias because participants were
not randomly assigned to treatment arms. However, the
propensity score weights achieved the balance in the dis-
tribution of baseline clinical characteristics among treatment
groups. Second, active surveillance was not included in our
economic evaluation; therefore, our findings do not en-
compass the full spectrum of the most established man-
agement strategies for localized prostate cancer. Third, since
treatment was applied during 2003-2005, the procedures
used (3D-conformal radiation, open radical prostatectomy,
and preplanned brachytherapy) differed from modern
techniques such as the robotic surgery, real-time brachy-
therapy, or intensity-modulated external radiotherapy.
However, economic evaluations based on modeled data
[33, 34] showed negligible increments both in costs and
QALYs for these new modalities. Finally, our economic
evaluation was performed from the perspective of the
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FiGuRre 2: Cost-effectiveness plane and acceptability curves for radical prostatectomy and brachytherapy (vs. external beam radiotherapy),
weighted with propensity scores, and QALYs (PORPUS) estimated using bootstrapping from the national health system’s perspective.

Spanish health system. Nonetheless, performing the study
from the society’s perspective required information on in-
direct costs, which is not recorded in administrative data-
bases and/or medical records.

5. Conclusions

Findings from our primary economic evaluation at a median of
10 years after treatment of low- and intermediate-risk localized
prostate cancer showed that no treatment is dominant, but
radical prostatectomy seems the most cost-eftective alternative.
However, the differences in effectiveness among the three
treatments were small. Similarly, although EBRT is cheaper
than surgery and brachytherapy, the magnitude of their in-
cremental cost does not justify restricting them. Our results
support that health providers should continue offering all three
treatments, considering the whole range of outcomes (side
effects, progression, and mortality) when the clinical practice
guidelines would recommend specifically one therapeutic
modality or another. It is important to consider each patient’s
preferences regarding their treatment strategy, with person-
alized information about the potential risks and benefits,
during the shared decision-making process.
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