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ABSTRACT (250 / 250 words) 

OBJECTIVES: To develop mapping algorithms from the Expanded Prostate cancer 

Index Composite (EPIC) and the Short-Form Health Surveys (SF) to the Patient-

Oriented Prostate Utility Scale (PORPUS), an econometric instrument specifically 

developed for patients with prostate cancer. 

METHODS: Data were drawn from two cohorts concurrently administering PORPUS, 

EPIC-50 and SF-36v2. The development cohort included patients diagnosed with 

localized or locally advanced prostate cancer in 2017-2019. The validation cohort 

included men diagnosed with localized prostate cancer in 2014-2016. Linear regression 

models were constructed with ln(1 - PORPUS utility) as the dependent variable and 

scores from the original and brief versions of the EPIC and SF as independent variables. 

The predictive capacity of mapping models constructed with all possible combinations 

of these two instruments was assessed through the proportion of variance explained 

(R2), and the agreement between predicted and observed values. Validation was based 

on the comparison between estimated and observed utility values in the validation 

cohort. 

RESULTS: Models constructed with EPIC-50 with and without SF yielded the highest 

predictive capacity (R2=0.884, 0.871 and 0.842) in comparison with models constructed 

with EPIC-26 (R2=0.844, 0.827 and 0.776). The intraclass correlation coefficient was 

excellent in the four models (>0.9) with EPIC and SF. In the validation cohort, 

predicted PORPUS utilities were slightly higher than those observed, but differences 

were not statistically significant. 
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CONCLUSIONS: Mapping algorithms from both the original and the abbreviated 

versions of the EPIC and the SF Health Surveys allow estimating PORPUS utilities for 

economic evaluations with cost-utility analyses in prostate cancer patients. 

.  
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INTRODUCTION 

Prostate cancer is the most frequently diagnosed cancer among men in USA and 

Europe, and the third cause of death from cancer [1]. The prostate-specific antigen 

(PSA) has led to a rapid increase in incidence rates and an early detection of the disease 

among asymptomatic and younger men. Most prostate cancer patients are diagnosed in 

localized stages [2], which allows evidence-based shared decision making regarding 

their disease management, and becoming long-term survivors [3]. 

The optimal management of men with localized prostate cancer is controversial. There 

are numerous treatment alternatives available (including surgery, radiotherapy, and active 

surveillance, among others), and the rapid adoption of newer modalities has introduced 

additional uncertainty to the decision-making process [4]. Results from the ProtecT trial 

in localized prostate cancer patients indicate similar survival rates regardless of treatment, 

but relevant differences in the side effects patterns, measured with Patient-Reported 

Outcomes (PROs) [5, 6].  

PROs can be classified as psychometric profiles or econometric indexes [7]. 

Psychometric measures generate scores on different health dimensions (profiles). 

Econometric measures provide a single global score (index) which incorporates societal 

or patients' preferences for health states (utilities) that can be used to calculate quality-

adjusted life years (QALYs) in economic evaluations. 

The Patient-Oriented Prostate Utility Scale (PORPUS) [8] is the only econometric 

instrument developed for patients with prostate cancer, so it presents the advantages of 

disease-specific PROs: it is more responsive in detecting changes and differences 

between clinical groups than generic instruments [9], since it measures prostate cancer 
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symptoms and treatments’ side effects (i.e. urinary, sexual or hormonal), most of which 

are not covered by generic econometric instruments. The PORPUS applies patient-

based preferences to obtain utilities [10]. Although PROs have been widely used in 

patients with localized prostate cancer [5, 6, 11, 12], most studies do not include 

econometric measures [13], preventing the estimation of QALYs and cost-utility 

analyses. 

Having a mapping algorithm from the most widely used psychometric PROs in this area 

to the PORPUS, therefore, would be a solution of high relevance to calculate utilities 

for prostate cancer patients (both in existing registries or newly gathered data). Mapping 

involves the equating (or linking) of values from a source instrument to equivalent 

values on a target instrument [13]. Most prostate cancer mapping studies have linked a 

disease-specific psychometric instrument to a generic econometric one, even though 

they do not measure the same constructs [14-16]. The differences in the constructs 

measured between the source and the target instruments are likely the reason why 

prostate cancer mapping studies have not found high predictive capacities [17]. Only 

one study [18] mapped the PORPUS from a prostate cancer-specific instrument (the 

University of California-Los Angeles-Prostate Cancer Index, UCLA-PCI).  

The currently most used and recommended prostate cancer-specific PRO is the 

Expanded Prostate cancer Index Composite (EPIC) [19], which was in fact derived from 

UCLA-PCI by enhancing the urinary domain. As far as we know, no study has mapped 

the PORPUS from the EPIC. Therefore, our aim was to develop a mapping algorithm 

from EPIC to PORPUS, and to evaluate whether adding any version of the most used 

and well validated generic instrument, the Short-Form (SF) Health Survey, improves its 

predictive capacity.  
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METHODS 

Patient data 

Data used for this study were drawn from two different prostate cancer cohorts in which 

PORPUS, EPIC-50 and SF-36v2 were administered concurrently through telephone 

interviews before and after treatment. 

The algorithm was developed using data of Spanish patients diagnosed with localized or 

locally advanced prostate cancer (any T, any N and M0) between January 2017 and 

May 2019. This cohort, part of the Movember Foundation’s TrueNTH Global Registry 

[20], was selected for the development of the algorithm due to its high heterogeneity 

[13] and, from now on, will be called the ‘development cohort’. The 12 months after 

treatment evaluation was selected as the one that may better reflect more perdurable 

side effects from treatments.  

Data for the validation of the algorithm came from another cohort of Spanish men 

diagnosed with localized prostate cancer between February 2014 and August 2016, 

from now on called the ‘validation cohort’. Patients’ inclusion criteria of this cohort 

were: 50–75 years old; clinical stage T1 or T2, N0/Nx and M0/Mx; Gleason ≤ 6 or 7 (if 

3+4 with T1c); and PSA ≤ 10 ng/ml. These restricted criteria were defined with the 

primary aim of assessing the effectiveness of new treatment modalities for localized 

prostate cancer of low-intermediate risk, but make the sample too homogeneous to be 

considered for algorithm development. The evaluations at 12, 24 and 36 months after 

treatment were selected to validate the algorithm at mid- and long-term follow-up. 

Patient-Reported Outcome Measures 
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The Patient-Oriented Prostate Utility Scale (PORPUS) [8] is 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 describing sexual function and desire, urinary frequency 

and incontinence, and bowel function. The items in the PORPUS have a Likert scale 

format with four to six levels, resulting in 6,000,000 potential health states related to 

prostate cancer. A multiattribute utility function was constructed using the patient-

weighted utilities elicited with standard gamble [10] from three cohorts of patients with 

prostate cancer: localized (n=91; mean age = 64.2), metastatic (n=53; mean age = 69.9) 

and nonmetastatic survivors (n=90; mean age = 68.4), who had undergone 

hormonotherapy (42%), radical prostatectomy (32%) or radiotherapy (31%) [10]. The 

PORPUS utility (PORPUS-U) index ranges between 0 (dead) and 1 (perfect health). 

The original version has shown to have good reliability, validity [21] and 

responsiveness [22]. The Spanish version has also demonstrated good validity and 

responsiveness in localized prostate cancer patients [23]. 

The Expanded Prostate cancer Index Composite [24] contains 50 items (EPIC-50), and 

its abbreviated version has 26 items (EPIC-26) [25], measuring in both cases four 

domains: urinary (with 11 and 9 items, respectively), sexual (13 and 6 items), bowel (14 

and 6 items), and hormonal (11 and 5 items). Response options for each EPIC item are 

on a 4-, 5-, or 6-level Likert scale. Items are grouped in summary scores for sexual, 

bowel and hormonal domains, as well as in two scores for the urinary domain 

(incontinence and irritative/obstructive symptoms), which are transformed linearly to a 

scale from 0 to 100, where higher scores indicate better outcomes. Furthermore, the 

score proposal for EPIC-50 also includes subscales to discern function and bother for 
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each domain. The Spanish version of the EPIC-50 has been shown to be reliable and 

valid, and to have excellent sensitivity to change [26]. 

The 36-item Short-Form Health Survey (version 2) contains 36 items (SF-36v2) [27, 

28], and its abbreviated version has 12 items (SF-12v2) [29], both of them covering 

eight dimensions: physical functioning (with 10 and 2 items, respectively), role physical 

(4 and 2 items), bodily pains (2 and 1 items), general health (5 and 1 items), vitality (4 

and 1 items), social functioning (2 and 1 items), role emotional (3 and 2 items) and 

mental health (6 and 2 items). Both versions can generate dimension scores and 

physical and mental component summaries. Scores were constructed using the 

developers’ algorithms, and were standardized to have a mean of 50 and a standard 

deviation of 10 in the US general population. Moreover, an utility algorithm can be 

derived from both versions using societal preferences elicited with standard gamble: the 

SF-6D index [30]. The Spanish version has been widely validated [31, 32]. 

Sample size calculation 

Assuming that we expected to surpass the R2 provided by the mapping model of 

Bremner et al (R2=0.72) [18] and α=0.05, the statistical power is higher than 0.80, 

considering that we had data available from 266 patients with prostate cancer evaluated 

at 12 months of follow-up in the development cohort. 

Statistical analyses 

To describe demographic and clinical characteristics, either means and standard 

deviations (SD) or frequencies and percentages were calculated, according to the nature 

of each variable. We examined the distribution of the PORPUS-U index through 
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histogram, and a logarithmic transformation was applied to deal with the skewness to 

the left observed at the upper bound: ln(1 - PORPUS-U). 

The mapping’s predictive models were developed by using patient responses to the 

EPIC and the SF Health Survey at 12 months after treatment in the development cohort. 

As the brief versions of EPIC and SF Health Survey are increasingly adopted, we 

constructed PORPUS-U mapping models with all their possible combinations. 

Linear regression models were constructed with ln(1 - PORPUS-U) as dependent 

variable, following a previous modelling approach [18]. As independent variables, we 

considered all scores of the EPIC domains (urinary, bowel, sexual and hormonal) and/or 

the eight dimensions of the SF Health Surveys (physical functioning, role physical, 

bodily pains, general health, vitality, social functioning, role emotional and mental 

health). We tested all possible first-level interactions between independent variables.  

After transforming the distribution of PORPUS-U values, we cannot assume that the 

error distribution is normal. Therefore, without knowing the error distribution for a 

reliable parametric distribution, we applied the recommended retransformation with the 

Smearing estimator [33]. 

Predictive capacity of models was assessed with R2, Root Mean Square Error (RMSE) 

and Intraclass Correlation Coefficient (ICC) between the index estimated by the model 

and the one observed. R2 is the proportion of the variance of the dependent variable that 

is predictable from the independent variables. It ranges from 0 to 1, and the lowest 

acceptable threshold suggested is 0.70 [17]. RMSE is measured in the same units as the 

dependent variable and is representative of the size of a ‘typical’ error. The lower the 

RMSE, the better the model is performing [34]. ICC values lower than 0.50, between 
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0.50 and 0.75, between 0.75 and 0.90, and greater than 0.90 are indicative of poor, 

moderate, good, and excellent agreement, respectively [35].  

The validation of the models was based on estimating the utility values with the 

mapping algorithm from the EPIC and/or the SF Health Survey in the validation cohort 

at 12, 24 and 36 months after treatment, and comparing them with those measured 

directly from patients with the PORPUS-U. Central tendency and dispersion statistics of 

predicted and observed values were calculated, and differences were examined with 

Wilcoxon test. The agreement between the predicted values of the models and the ones 

directly measured with PORPUS was also assessed with RMSE, ICC and Bland-Altman 

plots. 

To explore the predictive capacity according to different known groups, the distribution 

of the observed utilities (with PORPUS-U and SF-6D) and the predicted ones was 

described for: tumour risk according to D’Amico’s classification [36] (low, intermediate 

and high); treatment (radical prostatectomy, intensity-modulated radiation therapy, 

brachytherapy); and ranges of utility values (≤ 0.75, 0.75 -0.89, 0.89 - 0.94, 0.94 - 0.98, 

0.98 – 1.00), following the Bremner et al strategy [18]. 

In addition, the whole study was conducted using good practices guidelines for mapping 

studies [13], and a tool for reporting a full assessment of the quality and relevance of the 

mapping study was completed: the MApping onto Preference-based measures reporting 

Standards (MAPS statement) [37]. The MAPS checklist is shown in Supplementary 

Table 1. 

RESULTS 



13 
 

Demographic and clinical characteristics of both the development cohort (n=266) and 

the validation cohort (n=441) are summarized in Table 1. Mean (SD) age at baseline 

was 67.4 (8.1) and 65.5 (6.3) years, most participants were married (75.6% and 82.7%) 

and retired (64.3% and 57.4%), respectively. In the development cohort, intensity-

modulated radiation therapy (IMRT) was the most frequent treatment (46.2%), followed 

by radical prostatectomy (30.8%) and brachytherapy (16.9%). In the validation cohort 

the pattern was different, being brachytherapy the most frequent treatment modality 

(37.7%) and active surveillance the least frequent one (17.0%). Differences between 

cohorts were statistically significant for all clinical variables (PSA, Gleason, tumour 

risk, TNM stage and treatment). 

Figure 1 presents the histogram of the results from PORPUS-U index in the 

development cohort at 12 months after treatment, which was skewed to the left, and of 

their logarithmic transformation. 

Table 2 shows mean (SD) of EPIC and SF Health Surveys. EPIC scores indicated, in 

general, more impairment in the development than in the validation cohort, specially in 

the sexual function means (26.8 vs 41.7) at 12 months, without great differences 

between the original and the brief version. In the validation cohort, EPIC scores broadly 

improved with each follow-up, except for the urinary incontinence (from 85.2 to 83.9) 

and sexual summary and function scores (from 52.7 to 50.8 and from 41.7 to 37.1, 

respectively). SF Health Surveys mean scores also indicated slightly more impairment 

in the development cohort than in the validation cohort, where they remained quite 

similar throughout the follow-ups.  
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Table 3 shows six models constructed with data collected at 12 months after treatment 

in the development cohort. Full linear regression models with all β coefficients are 

detailed in Supplementary Tables 2A and 2B. Models constructed with scores from 

EPIC-50 and SF Health Surveys had higher R2 (0.884 and 0.871) than models 

constructed with EPIC-26 and SF Health Surveys (0.844 and 0.827). Models 

constructed only with EPIC had a slightly low R2 (0.842 for EPIC-50 and 0.776 for 

EPIC-26). Models constructed only with SF Health Surveys are not reported due to the 

low R2 (0.439 for SF-36v2 and 0.457 for SF-12v2). The retransformed RMSE of the 

models contructed with EPIC-50 were the lowest values of all the mapping models 

(0.027 and 0.033). The ICC was excellent (ICC > 0.90) in all models obtained with 

EPIC and SF Health Surveys, and slightly low for models constructed without the latter 

(0.875 and 0.883). No statistically significant differences were found between predicted 

and observed values.  

Table 4 shows the agreement between the PORPUS-U index estimated through 

mapping algorithms and the index obtained directly with PORPUS-U in the validation 

cohort at 12, 24 and 36 months after treatment. In all follow-ups, models obtained with 

data from EPIC-50 and SF Health Surveys presented better predictive capacities than 

models obtained with EPIC-26 and SF Health Surveys. Specifically, the model ‘EPIC-

50&SF-36v2’ presented consistently the best results while models constructed only with 

EPIC presented the worst (higher RMSE and lower ICC). Almost all models showed 

their worst indicators at month 12 and the best ones at month 36. Predicted PORPUS-U 

means were slightly higher than those observed in all mapping predictive models and 

follow-ups, and the predicted SD was smaller than what was observed. Nonetheless, 

there was no statistical significance found in models with EPIC-26 alone nor combined 
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with SF Health Surveys throughout the follow-ups at 12 and 24 months. At 36 months 

after treatment, differences between observed and predicted medians were not 

significant either, except for the model ‘EPIC-50&SF-12v2’. 

Supplementary Figure 1 presents the Bland-Altman plots with the observed and 

predicted PORPUS-U values in the development and the validation cohorts. The 

agreement found between them was high (the difference between observed and 

predicted values is close to 0 in almost all values) in both cohorts with all models, as 

almost every value is within the 95% agreement band. 

Figure 2 shows the mean of (observed and predicted) PORPUS-U and the SF-6D index  

per known groups with model ‘EPIC-50&SF-36v2’ in the development cohort. 

Observed and predicted means of PORPUS-U index were very similar for all 

subgroups, except for the subgroup with the lowest range of utility values (0, 0.75). SF-

6D index means were lower than PORPUS-U index for all subgroups, but with wider 

95% CI. Trends of SF-6D among known groups were similar to those presented by 

PORPUS-U index: lowest utilities in high tumour risk, in IMRT treatment, and in the 

lowest range of PORPUS utilities.  

DISCUSSION 

This study has mapped the PORPUS-U index from the EPIC with and without the SF 

Health Surveys, which are the most widely used PRO instruments in prostate cancer 

patients, showing good estimators, and validating the models proposed in a cohort that 

differed with the development cohort in clinical and tumour variables. The estimation of 

the PORPUS-U index seemed to be better with those models constructed using EPIC-50 

and SF Health Surveys scores, which explained more than 87% of the variance. 
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Nevertheless, the differences with the other two models constructed with EPIC-26 (also 

combined with the SF Health Surveys) are small, explaining 84% and 83% of the 

variance, respectively. Models constructed with only the EPIC-50 or EPIC-26 explained 

less variance (84% and 77%, respectively) than those which included the SF Health 

Surveys.  

All the models constructed presented better predictive capacities than the prostate 

cancer mapping studies previously published [14-16, 18]. The first study mapped two 

disease-specific instruments (FACT-P and EORTC QLQ-C30) to the generic instrument 

EQ-5D [14], and explained 58% of the variance. Two other studies aimed at mapping 

only the FACT-P to the EQ-5D [15, 16], obtaining also an unacceptable predictive 

capacity (lower than 0.70). In all three cases, the low variance explained could be due to 

two reasons. First, the constructs measured by the source instruments and those 

measured by the target instrument are quite different due to their scope (disease-specific 

vs generic). It is important to highlight that the validity of a mapping study depends on 

the assumption that the two instruments assess the same or closely similar constructs 

[17]. The second reason may be because the study population was too specific: 

metastatic hormone-refractory [14] and metastatic castration-resistant prostate cancer 

patients [15, 16]. These patients usually present poorer health status [38], and mapping 

models fail to predict low utilities [18, 39]. 

The only previous study which mapped the PORPUS-U index explained 72% of the 

variance, indicating good predictive capacity [18]. This model was constructed with the 

UCLA-PCI, a prostate cancer-specific instrument, in a sample of patients at different 

disease stages. However, since PORPUS has generic and disease-specific domains, a 
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mapping to this instrument should also include generic measures, in order to give 

sturdiness to a predictive model and not undermine it [39]. On the one hand, algorithms 

constructed with only the EPIC-50 or EPIC-26 in our study explained some more 

variance (>77%) than the previous one constructed with UCLA-PCI [18]. On the other 

hand, low variance was explained by models constructed only with SF Health Surveys, 

supporting the need of disease-specific PROs as source instrument. Models constructed 

with EPIC and SF Health Surveys seem to overlap well with the PORPUS domains, 

covering all the important dimensions of the target instrument, which is necessary so as 

not to undermine the predictive model [39]. The variances explained by these models in 

our study (from 82.7% to 88.4%) support this good overlap, on which the strength of 

the mapping function is based [40].  

Regarding the predictive capacity of the models in the validation cohort, models with 

EPIC-50 and SF Health Surveys presented the best results at 24 and 36 months of 

follow-up after treatment (RMSE<0.026 and ICC≥0.90). Models constructed with 

EPIC-26 and SF Health Surveys also presented good predictive capacities (RMSE 

<0.037 and ICC >0.80), but always slightly lower compared with those obtained with 

EPIC-50. Models constructed only with EPIC presented the lowest agreement 

(ICC>0.72), but validity results are good enough to predict PORPUS-U values. 

Furthermore, results at 12 months, even when being the worst in this study, are quite 

better than other estimations when mapping generic utility instruments from disease-

specific profiles [40]. Moreover, statistics of central tendency for the observed and 

predicted values are quite similar, though the predicted mean is slightly higher for all 

models and for almost all time periods. The levels of variance are lower than the 

original observed values, in accordance with the literature [40], as an effect of the 
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regression to the mean [17]. It is important to highlight this good predictive capacity in 

the validation cohort, despite the differences in clinical characteristics with the 

development cohort. 

Finally, observed and predicted utility means were very similar for subgroups of tumour 

risk and treatment. Nonetheless, the subgroups analysis defined by utility values 

confirmed the overestimation for patients with low observed utilities [40]. 

Overestimation by predicting very low utilities has consequences for decision analyses, 

since patients in poor health will be assumed to be in a better state than they actually are 

[40]. However, only 5 patients (1.9%) in our study had very low observed PORPUS-U 

values, and the upward bias in prediction of low utilities had a small effect on the 

overall mean utilities obtained by the present mapping models. In fact, a small number 

of subjects with low utility value is expected according to the current epidemiology of 

prostate cancer, mainly diagnosed in early stages and at younger ages. 

The SF-6D also distinguished among subgroups of tumour risk, treatment and ranges of 

utility values, but with a lower precision than PORPUS-U. SF-6D utility values were 

always clearly lower than those estimated with PORPUS-U in this study. It is congruent 

with the available literature, because different preference-based measures have been 

shown to generate different values in the same sample of patients [40, 41]. Both indexes 

can contribute substantially to the task of improving utility measurement in patients 

with prostate cancer, but patient preferences obtained with PORPUS-U provide a better 

understanding of the burden of the disease and the treatment side effects [8]. 

Bremner et al. suggested constructing a mapping predictive model with longitudinal 

data of EPIC [18], though the results of their previous mapping to PORPUS-U index 
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were acceptable, because UCLA-PCI is less frequently used than EPIC. This suggestion 

is now reinforced by the International Consortium for Health Outcomes Measurement’s 

selection of EPIC-26 together with a generic instrument as part of their prostate cancer 

standard set of outcomes [19]. Given this intrument’s widespread and common use, the 

mapping algorithm constructed in the present study could be very useful to estimate 

utility values from EPIC scores. An accurate prediction of PORPUS-U values should 

include scores from EPIC and SF Health Surveys, whenever possible. These mapping 

algorithms could improve the assessment of prostate cancer symptoms, disease stages 

and the treatment comparisons in terms of economic evaluations, especially when no 

utility instrument has been administered. Nonetheless, administering the utility 

instrument itself is the best way to obtain PORPUS utilities when the slight extra burden 

is assumable. 

Nevertheless, the present study had some limitations. Firstly, data used for both the 

development and the validation cohort came from Spanish patients who answered 

Spanish versions of PRO instruments, and results may not be generalizable to other 

countries. Therefore, further external validation of these mapping models should be 

carried out using data of cohorts from other countries (including other country/language 

versions), as well as with prostate cancer patients at more advanced stages. Secondly, 

the observed range of PORPUS-U values were near the upper limit (with a high ceiling 

effect), and low utilities could be overestimated. However, since patients included in 

these cohorts have undergone a variety of widely used treatment modalities, the 

observed range of utilities could indeed be representative of most patients with localized 

or locally advanced prostate cancer. 
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CONCLUSIONS 

The models constructed with different versions of EPIC and SF Health Surveys 

presented a high predictive capacity to estimate the PORPUS-U values. The algorithms 

developed allowed us to obtain prostate cancer-specific preference values, which will 

facilitate cost-utility analyses of prostate cancer treatments, and therefore provide 

clinicians and health care planners with clear information to make evidence-based 

decisions. 
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Table 1. Demographic and clinical characteristics of the participants in each cohort. 

 Development cohort

(n=266) 

Validation cohort 

(n=441) 
p-value 

Follow-up, n    

12 months 266 429 --- 

24 months  427  

36 months  364  

Age (years), mean (SD) 67.4 (8.1) 65.5 (6.3) 0.001 

Marital status, n (%)    

Single 16 (6.0%) 18 (4.1%) 0.137 

Married 201 (75.6%) 365 (82.7%)  

Widowed 16 (6.0%) 14 (3.2%)  

Separated/Divorced 18 (6.8%) 28 (6.3%)  

Missing 15 (5.6%) 16 (3.6%)  

Employment, n (%)    

Active 67 (25.2%) 138 (31.3%) 0.088 

Unemployed 4 (1.5%) 17 (3.8%)  

Retired 171 (64.3%) 253 (57.4%)  

Other 9 (3.4%) 16 (3.6%)  

Missing 15 (5.6%) 17 (3.9%)  

Body mass index, n (%)    

Underweight 3 (1.1%) 3 (0.7%) 0.109 

Normal weight 107 (40.2%) 209 (47.4%)  

Overweight 76 (28.6%) 135 (30.6%)  
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Obesity 66 (24.8%) 80 (18.1%)  

Missing 14 (5.3%) 14 (3.2%)  

PSA, mean (SD) 9.6 (10.5) 6.1 (1.9) < 0.001 

Gleason, mean (SD) 6.8 (0.9) 6.1 (0.5) < 0.001 

Tumour risk, n (%)    

Low 84 (31.7%) 369 (85.0%) < 0.001 

Intermediate 110 (41.5%) 65 (15.0%)  

High 71 (26.8%) 0 (0.0%)  

Tumoral stage, n (%)    

T0 1 (0.3%) 0 (0.0%) < 0.001 

T1 128 (48.1%) 372 (84.4%)  

T2 90 (33.8%) 69 (15.6%)  

T3 46 (17.3%) 0 (0.0%)  

Tx 0 (0.0%) 0 (0.0%)  

Missing 1 (0.4%) 0 (0.0%)  

N, n (%)    

N0 223 (83.8%) 256 (58.0%) < 0.001 

N1 4 (1.5%) 1 (0.2%)  

Nx 39 (14.7%) 184 (41.7%)  

M, n (%)    

M0 186 (69.9%) 245 (55.6%) < 0.001 

M1 0 (0.0%) 0 (0.0%)  

Mx 80 (30.1%) 196 (44.4%)  

Treatment, n(%)    
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Radical prostatectomy 82 (30.8%) 93 (21.1%) < 0.001 

IMRT 123 (46.2%) 82 (18.6%)  

Brachytherapy 45 (16.9%) 183 (41.5%)  

Active surveillance 3 (1.1%) 75 (17.0%)  

Other radiotherapy 13 (4.9%) 7 (1.6%)  

Missing 0 (0.0%) 1 (0.2%)  

p-value was calculated using χ2 test for categorical variables and t-Student for numerical 

variables. 

IMRT: Intensity Modulated Radiation Therapy; PSA: Prostate-Specific Antigen; SD: 

Standard Deviation.  
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Figure 1. Distribution of PORPUS-U index and its logarithmic transformation in 

the development cohort at 12 months after treatment.  
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Table 2. Distribution of EPIC-50, EPIC-26, SF-36v2 and SF-12v2 scores in both cohorts: mean (SD). 

 Development Cohort Validation Cohort 

 12 months (n=266) 12 months (n=429) 24 months (n=427) 36 months (n=364) 

 EPIC-50 EPIC-26 EPIC-50 EPIC-26 EPIC-50 EPIC-26 EPIC-50 EPIC-26 

Urinary Incontinence 78.9 (28.9) 78.9 (28.9) 85.2 (24.2) 85.2 (24.2) 85.7 (23.5) 85.7 (23.5) 83.9 (24.9) 83.9 (24.9)

Urinary 

Irritative/Obstructive 
84.0 (18.1) 82.4 (21.0) 88.7 (18.3) 87.5 (20.1) 91.8 (14.1) 90.8 (16.2) 92.1 (13.2) 91.0 (15.7)

Sexual Summary 43.7 (20.5) 38.2 (28.5) 52.7 (21.4) 51.8 (28.5) 51.3 (21.7) 50.1 (29.7) 50.8 (20.7) 49.2 (29.1)

Sexual Bother 81.8 (26.6)  77.5 (27.7)  79.4 (26.8)  81.8 (26.1)  

Sexual Function 26.8 (28.4)  41.7 (26.4)  38.8 (26.9)  37.1 (26.7)  

Bowel Summary 92.0 (14.3) 88.6 (20.5) 95.3 (10.2) 93.3 (15.0) 97.2 (7.6) 96.3 (11.1) 97.4 (7.9) 96.2 (12.0)

Bowel Bother 89.1 (20.0)  93.7 (14.3)  96.5 (10.4)  96.4 (11.3)  

Bowel Function 94.9 (9.4)  96.8 (7.2)  98.0 (5.6)  98.3 (5.3)  

Hormonal Summary 83.0 (19.3) 80.5 (23.4) 91.3 (12.7) 89.7 (15.9) 92.0 (12.3) 90.4 (15.5) 92.0 (12.2) 91.2 (15.4)

Hormonal Bother 83.6 (19.8)  91.4 (13.3)  92.0 (12.9)  92.6 (12.9)  
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Hormonal Function 82.3 (19.3)  91.1 (12.7)  91.9 (12.1)  91.3 (12.5)  

 SF-36v2 SF-12v2 SF-36v2 SF-12v2 SF-36v2 SF-12v2 SF-36v2 SF-12v2 

Physical Function 43.4 (10.9) 44.3 (13.8) 47.3 (9.0) 48.8 (11.8) 46.4 (9.3) 47.9 (12.2) 46.4 (9.1) 48.5 (12.2)

Role Physical 49.9 (6.8) 51.8 (9.0) 51.7 (5.8) 53.4 (7.5) 51.7 (6.0) 53.5 (7.9) 51.8 (5.6) 53.8 (7.3) 

Bodily Pain 47.4 (7.6) 53.0 (9.2) 49.5 (7.1) 54.9 (7.4) 49.2 (7.2) 54.6 (7.9) 49.0 (6.5) 55.0 (7.4) 

General Health 46.8 (6.4) 43.7 (9.5) 49.2 (7.3) 45.7 (8.5) 48.8 (7.3) 45.8 (9.2) 49.0 (7.0) 46.4 (9.1) 

Vitality 46.7 (9.6) 42.1 (10.6) 49.2 (8.3) 44.4 (9.7) 49.2 (8.8) 44.6 (10.0) 48.9 (8.8) 44.1 (9.6) 

Social Functioning 51.3 (10.3) 53.8 (8.0) 52.4 (8.3) 54.5 (6.6) 52.2 (8.8) 54.6 (6.7) 52.4 (8.3) 54.6 (6.7) 

Role Emotional 49.3 (7.4) 49.5 (10.2) 50.2 (6.7) 51.1 (9.1) 50.4 (6.9) 51.3 (9.4) 50.7 (6.3) 51.6 (8.7) 

Mental Health 54.1 (9.2) 53.9 (11.5) 55.0 (9.0) 55.3 (10.6) 55.5 (8.9) 55.6 (10.7) 55.8 (9.0) 56.0 (10.8)

EPIC-26: Expanded Prostate cancer Index Composite-26 items; EPIC-50: Expanded Prostate cancer Index Composite-50 items; SD: Standard 

Deviation; SF-12v2: 12-items Short Form Health Survey; SF-36v2: 36-items Short Form Health Survey. 
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Table 3. Predictive capacity of models constructed with EPIC with or without SF Health Surveys.  

Models EPIC-50&SF-36v2 EPIC-50&SF-12v2 EPIC-50 EPIC-26&SF-36v2 EPIC-26&SF-12v2 EPIC-26 

R2 0.884 0.871 0.842 0.844 0.827 0.776 

RMSE (model) 0.496 0.525 0.579 0.577 0.606 0.690 

RMSE (retransformation) 0.027 0.033 0.039 0.034 0.037 0.039 

ICC 0.953 0.917 0.875 0.922 0.911 0.883 

95% Confidence Interval  0.940 ; 0.963 0.894 ; 0.935 0.841 ; 0.902 0.901 ; 0.939 0.887 ; 0.930 0.851 ; 0.908 

Observed mean (SD) 0.944 (0.059) 0.945 (0.054) 0.944 (0.066) 0.946 (0.061) 0.946 (0.063) 0.944 (0.066) 

Predicted mean (SD) 0.944 (0.059) 0.945 (0.054) 0.946 (0.049) 0.946 (0.061) 0.946 (0.063) 0.949 (0.053) 

Observed median [IQR]  
0.961 

[0.916 ; 0.990] 

0.961 

[0.916 ; 0.990] 

0.961 

[0.916 ; 0.990] 

0.961 

[0.916 ; 0.990] 

0.961 

[0.916 ; 0.990] 

0.961 

[0.916 ; 0.990] 

Predicted median [IQR]  
0.958 

[0.917 ; 0.991] 

0.959 

[0.916 ; 0.990] 

0.958 

[0.912 ; 0.990] 

0.960 

[0.921 ; 0.989] 

0.956 

[0.928 ; 0.990] 

0.956 

[0.929 ; 0.990] 
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Wilcoxon test value 0.151 0.304 0.103 0.717 0.508 0.452 

EPIC-26: Expanded Prostate cancer Index Composite-26 items; EPIC-50: Expanded Prostate cancer Index Composite-50 items; ICC: Intraclass 

Correlation Coefficient; IQR: Interquartile Range; RMSE: Root Mean Square Error; SD: Standard Deviation; SF-12v2: 12-items Short Form 

Health Survey; SF-36v2: 36-items Short Form Health Survey.
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Table 4. Agreement between observed PORPUS-U values and those predicted by the mapping models in the validation cohort. 

Models EPIC-50&SF-36v2 EPIC-50&SF-12v2 EPIC-50 EPIC-26&SF-36v2 EPIC-26&SF-12v2 EPIC-26 

12 months       

RMSE 0.026 0.030 0.036 0.039 0.036 0.040 

ICC 0.923 0.871 0.744 0.815 0.809 0.733 

95% confidence interval 0.907 ; 0.937 0.844 ; 0.894 0.691 ; 0.789 0.776 ; 0.847 0.769 ; 0.842 0.678 ; 0.779 

Observed mean (SD) 0.968 (0.052) 0.968 (0.052) 0.968 (0.052) 0.968 (0.052) 0.968 (0.052) 0.968 (0.052) 

Predicted mean (SD) 0.972 (0.042) 0.973 (0.035) 0.974 (0.033) 0.973 (0.032) 0.970 (0.039) 0.972 (0.033) 

Observed median [IQR]
0.988 

[0.958 ; 0.995] 

0.988 

[0.958 ; 0.995] 

0.988 

[0.958 ; 0.995] 

0.988 

[0.958 ; 0.995] 

0.988 

[0.958 ; 0.995] 

0.988 

[0.958 ; 0.995] 

Predicted median [IQR]
0.989 

[0.963 ; 0.997] 

0.989 

[0.963 ; 0.996] 

0.990 

[0.963 ; 0.997] 

0.988 

[0.958 ; 0.997] 

0.986 

[0.956 ; 0.996] 

0.987 

[0.954 ; 0.996] 

Wilcoxon test value 0.001 0.001 0.001 0.145 0.684 0.849 

24 months       

RMSE 0.026 0.026 0.032 0.037 0.033 0.036 

ICC 0.915 0.899 0.767 0.843 0.839 0.772 

95% confidence interval 0.897 ; 0.930 0.877 ; 0.916 0.718 ; 0.807 0.810 ; 0.870 0.805 ; 0.867 0.725 ; 0.812 

Observed mean (SD) 0.966 (0.050) 0.966 (0.050) 0.966 (0.050) 0.966 (0.050) 0.966 (0.050) 0.966 (0.050) 

Predicted mean (SD) 0.969 (0.045) 0.970 (0.037) 0.973 (0.032) 0.971 (0.036) 0.969 (0.038) 0.972 (0.033) 
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Observed median [IQR]
0.988 

[0.953 ; 0.995] 

0.988 

[0.953 ; 0.995] 

0.988 

[0.953 ; 0.995] 

0.988 

[0.953 ; 0.995] 

0.988 

[0.953 ; 0.995] 

0.988 

[0.953 ; 0.995] 

Predicted median [IQR]
0.988 

[0.957 ; 0.996] 

0.988 

[0.954 ; 0.996] 

0.989 

[0.959 ; 0.996] 

0.985 

[0.954 ; 0.996] 

0.986 

[0.953 ; 0.996] 

0.986 

[0.955 ; 0.996] 

Wilcoxon test value 0.015 0.001 0.000 0.061 0.269 0.049 

36 months       

RMSE 0.022 0.024 0.028 0.037 0.035 0.037 

ICC 0.940 0.906 0.723 0.801 0.872 0.736 

95% confidence interval 0.926 ; 0.951 0.885 ; 0.924 0.659 ; 0.774 0.756 ; 0.838 0.842 ; 0.896 0.676 ; 0.785 

Observed mean (SD) 0.966 (0.047) 0.966 (0.047) 0.966 (0.047) 0.966 (0.047) 0.966 (0.047) 0.966 (0.047) 

Predicted mean (SD) 0.967 (0.047) 0.969 (0.038) 0.970 (0.034) 0.970 (0.032) 0.969 (0.038) 0.971 (0.032) 

Observed median [IQR]
0.987 

[0.947 ; 0.995] 

0.987 

[0.947 ; 0.995] 

0.987 

[0.947 ; 0.995] 

0.987 

[0.947 ; 0.995] 

0.987 

[0.947 ; 0.995] 

0.987 

[0.947 ; 0.995] 

Predicted median [IQR]
0.986 

[0.949 ; 0.996] 

0.986 

[0.949 ; 0.996] 

0.988 

[0.950 ; 0.995] 

0.984 

[0.953 ; 0.996] 

0.983 

[0.953 ; 0.996] 

0.983 

[0.955 ; 0.996] 

Wilcoxon test value 0.750 0.023 0.076 0.243 0.287 0.118 

EPIC-50: Expanded Prostate cancer Index Composite-50 items; EPIC-26: Expanded Prostate cancer Index Composite-26 items; SF-36v2: 36-

items Short Form Health Survey; SF-12v2: 12-items Short Form Health Survey; RMSE: Root Mean Square Error; ICC: Intraclass Correlation 

Coefficient; SD: Standard Deviation; IQR: Interquartile Range. 
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Figure 2. Mean (95% confidence interval) of observed PORPUS-U (blue) and 

predicted PORPUS-U index (orange) by tumour risk, treatment and utility ranges 

with model ‘EPIC-50&SF-36v2’ in the development cohort. Results of SF-6D index 

are shown in green color. 

Tumour risk 

 
Treatment 

 
Utility value ranges 
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BT: Brachytherapy; IMRT: Intensity-Modulated Radiation Therapy; RP: Radical 
Prostatectomy. 
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SUPPLEMENTARY MATERIAL 

Supplementary Figure 1. Bland-Altman plots between observed and predicted 

PORPUS-U values in the development and the validation cohorts. 

 

Supplementary Figure 2. Mean (95% confidence interval) of observed PORPUS-U 

(blue) and predicted PORPUS-U index (orange) by tumour risk, treatment and 

utility ranges with model ‘EPIC-50&SF-36v2’ in the validation cohort. Results of 

SF-6D index are shown in green color. BT: Brachytherapy; IMRT: Intensity-

Modulated Radiation Therapy; RP: Radical Prostatectomy 

 

Supplementary Table 1. Mapping onto Preference-based measures reporting 

Standards (MAPS) statement for the mapping’ study. 

 

Supplementary Table 2A. Linear regression models constructed with log(1-

PORPUS-U) as dependent variable and scores from the EPIC-50 and original or 

brief versions of the SF Health Surveys as independent variables: β coefficients 

(Standard Error).  

 

Supplementary Table 2B. Linear regression models constructed with log(1-

PORPUS-U) as dependent variable and scores from the EPIC-26 and original or 

brief versions of the SF Health Surveys as independent variables: β coefficients 

(Standard Error). 


