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Purpose: The Expanded Prostate Cancer Index-Short Form (EPIC-26) is a validated
questionnaire for measuring health-related quality-of-life. However, the relationship between
domain scores and functional outcomes remains unclear, leading to potential confusion about
expectations after treatment. For instance, does a sexual function domain score of 80 mean a
patient can obtain an erection sufficient for intercourse? Consequently, we sought to determine the
relationship between domain score and response to obtaining the best possible outcome for each
question.

Materials and Methods: Utilizing data from the Comparative Effectiveness Analysis of
Surgery and Radiation Study, a multicenter, prospective study of men diagnosed with localized
prostate cancer, we analyzed 11,464 EPIC-26 questionnaires from 2,563 men at baseline through
60 months of follow-up who were treated with robotic prostatectomy, radiotherapy, or active
surveillance. We dichotomized every item into its best possible outcome and assessed the
percentage at each domain score who obtained the best result.

Results: For every EPIC-26 item, the frequency of best possible outcome was reported by
domain score category. For example, a score of 80-100 on sexual function corresponded to 97% of
men reporting erections sufficient for intercourse, whereas at 40-60, only 28% reported adequate
erections. Meanwhile, at 80-100 on the urinary incontinence domain, 93% reported rarely or never
leaking versus 6% at 61-80.

Conclusion: Our findings show a novel way to interpret EPIC-26 domain scores, demonstrating
large variations in the percentage reporting best possible outcomes over narrow domain score
differences. This information may be valuable when counseling men on treatment options.

Keywords

Prostate cancer; patient-reported function; comparative effectiveness; health-related quality of life;
questionnaires

Introduction:

Despite continuous advances in the detection and treatment of localized prostate cancer,

the long-term survival between varying treatment options remains similar.[1-6] As a result,
patients and providers alike have placed increasing importance on the risks of treatment

and longitudinal health-related quality of life (HRQOL) outcomes.[7,8] Although many
analyses exist, most have used retrospective, cross-sectional data and/or lacked baseline
data, the latter of which is helpful in predicting posttreatment outcomes.[9-11] Furthermore,
misinterpretation of scores is frequent, and clinical interpretability is often poor with
physicians and patients unsure of what the scores actually mean.[12]

In order to bridge the gap between the research and clinical applicability of measuring
functional outcomes, the Expanded Prostate Cancer Index Composite (EPIC)-26, a 26-item
patient reported outcome (PRO) questionnaire, has been frequently used to assess HRQOL
before and after treatment for prostate cancer.[13,14] Measuring urinary incontinence,
urinary irritation, and sexual, bowel, and hormonal function, this questionnaire is convenient
to use in practice and has good internal consistency, reliability, and discriminative validity.
[13-15] Nevertheless, despite being widely disseminated, its clinical interpretability remains
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elusive. For example, if a patient’s sexual function domain score is 80, what is the
probability of that patient obtaining an erection sufficient for intercourse?

In this study, we analyzed the relationship between individual best-item responses and
domain score for several thousand EPIC-26 questionnaires within a longitudinal cohort
study of men with localized prostate cancer[16]. In essence, by translating these domain
scores into a probabilistic outcome, e.g., helping patients understand the likelihood of
retaining or regaining erections firm enough for intercourse, we sought to enrich both
patients’ and providers’ expectations with varying treatments for all clinically relevant
outcomes of the EPIC-26.

Materials and Methods:

Analytical Cohort

EPIC-26

The Comparative Effectiveness Analysis of Surgery and Radiation (CEASAR) study is

a multicenter, longitudinal, prospective, population-based, observational study of men
diagnosed with localized prostate cancer in 2011 to 2012, designed to measure the impact
of contemporary treatment strategies on functional outcomes (NCT0136286). The CEASAR
methodology has been previously described.[17] Briefly, eligibility criteria included men
<=80 years of age with clinical cT1 or cT2 disease, a prostate specific antigen (PSA) level of
<50 ng/dl, no nodal involvement or metastases on clinical evaluation, were enrolled within

6 months of diagnosis, and underwent robotic-assisted laparoscopic prostatectomy (RALP),
external beam radiotherapy (EBRT), or active surveillance (AS). Patient-reported outcomes
including the EP1C-26 survey were collected via mail survey at enrollment, and at 6, 12, 36,
and 60 months after enrollment. This study includes follow-up through September 2018. All
sites obtained approval from their local institutional review boards.

The primary outcome measure for the CEASAR study was patient-reported, disease-
specific function as measured by the 26-item EPIC questionnaire. In particular, the
EPIC-26 measures sexual function, bowel function, hormone therapy side effects, urinary
incontinence and urinary irritative/obstructive symptoms. The 26 individual items have 4
to 5 response options reflecting a range of function from poor to excellent (Supplementary
Figure 1). Responses to individual items are scaled from 0 to 100, and the domain score

is computed as an average of scores for the questions within that domain. Thus, the

domain score is a continuous scale ranging from 0 to 100, with higher scores indicating
better function. Previously, studies estimated the “minimum clinically important difference
(MCID)” between scores, that is the change in score that would be noticeable to the patient
(hormone domain, 4-6 points; urinary irritative, 5-7; urinary incontinence, 6-9; sexual,
10-12), to aid in interpretation.[18,19] Although urinary bother is part of both the urinary
incontinence and irritative domains, we felt this was important to include and listed it as part
of the urinary irritative domain for classification purposes.

In order to delineate the percentage of men who had the best possible outcome to each
question across the range of domain scores, each question was dichotomized into best
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outcome versus any other response. For example, we dichotomized “How would you
describe the usual QUALITY of your erections over the last 4 weeks?” into the best possible
response “Firm enough for intercourse” versus any lesser response.

In addition to analyzing all 26 questions for interpretation of score, we singled out “key
items” based on their clinical relevance to the patient advisory panel and prostate cancer
providers on our research team. Overall, pad use, frequency of leakage, quality of erections,
and whether an erection was sufficient for intercourse were deemed the most clinically
relevant questions and subsequently assessed in more detail in this manuscript.

Statistical analysis

Results:

Patients’ demographic and baseline characteristics were summarized with median and
quartiles for continuous variables or frequency and percentage for categorical variables.

For each of the EPIC-26 functional items, the frequency (percentage) of the best possible
outcome was reported by domain score category (0-20, 21-40, 41-60, 61-80, 81-100). In
order to translate a functional domain score into a more intuitive specific functional item,
we used logistic regression models from all data time points to estimate the likelihood of
having the best possible outcome for each item, using functional domain score (range from
0-100) as a continuous predictor. To account for inclusion of the correlated data (collected
at multiple surveys) for each participant, generalized estimation equation (GEE) method was
applied. To visualize the relationship between the domain score with each EPIC-26 item,
the logistic-regression-predicted probability of having the best possible outcome was plotted
against the corresponding domain score. In a sensitivity analysis estimating the likelihood
of having the best two possible outcomes for each of the EPIC-26 items, the same approach
was used. We assumed the relationship between domain score and specific items did not
change over time or by treatment, and combined the data from various surveys in fitting the
logistic regression models. Statistical significance was considered for all two-sided p values
< 5%. All analyses were conducted using R version 3.5.[20]

Patient characteristics and demographics

The parent CEASAR study accumulated 3,709 men, of whom 432 were excluded for
failing to meet the inclusion criteria. Additionally, 521 additional men were excluded for
receiving a treatment other than AS, EBRT, or RALP, leaving 2,756 men for consideration.
Among these men, 2,563 (93%) completed a baseline survey and at least 1 survey thereafter
and were included in the current study. Survey response rates were 89% (n=2,446) at 6
months, 86% (n=2,377) at 12 months, 78% (n=2,143) at 36 months, and 70% (n=1,935)

at 60 months. Thus, 11,464 EPIC-26 questionnaires were included in the analysis (Figure
1). Descriptive characteristics for the overall cohort are reported in Table 1. Median age
(quartiles) at enrollment was 64 (58,69); 74% (1,884) of patients were white, and 45%
(1,151) had D’ Amico prostate cancer low-risk, 39% (988) intermediate-risk, and 16% (418)
high-risk disease. 66% (1,693) had a PSA between 4-10 ng/mL.

J Urol. Author manuscript; available in PMC 2021 November 28.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Laviana et al.

Page 5

Table 2 summarizes the patients’ responses to the best possible outcome for each question

at baseline and at 6, 12, 36, and 60 months. Table 3 details the percentage of men at each
domain score stratum who report the best possible outcome. As the domain scores improve,
so does the percentage of men reporting the best possible outcome. These relationships are
further depicted graphically in Figure 2. Each curve illustrates the relationship between the
individual item and the domain score and demonstrates the distinct kinetics with different
degrees of elasticity exhibited by every question. The most elastic areas are those at which

a small change in domain score is associated with the greatest difference in the proportion
of men reporting the best response to an individual item. None of these curves exhibit linear
kinetics, and further detail into these most clinically relevant domain trends are below. In the
sensitivity analysis, which estimated the likelihood of having the best two possible outcomes
for each question, the results mirrored those of the primary analysis (Supplementary Figure
2).

Urinary incontinence

In the urinary incontinence domain, the two items we considered most clinically relevant
have distinct relationships with domain score. At a domain score between 41-60, 1% of
patients reported rarely or never leaking and between 61-80, only 6% reported being dry.
However, between scores of 81 and 100, 93% reported being dry (Table 3). This relationship
was represented by a steep, narrow and right-shifted curve (Figure 2a, blue line). By
contrast, the need for pad usage was most elastic between domain scores of 40 to 80 with
27% reporting no pad use at a score between 41-60 versus 89% at 61-80. Above a domain
score of 80, pad use was rarely reported. This curve (Figure 2a, red line) was notably more
left-shifted and broader based compared to the question pertaining to leakage.

Urinary bother

Question 5 on the EPIC-26 pertains to urinary bother. This curve is notably right shifted,
and even at EPIC domain scores of 81-100, only 58% of men report having no problem with
urination overall. This drops to 8% with EPIC domain scores of 61-80.

Sexual Function

We dichotomized the quality of erections category into firm enough for intercourse versus
any lesser response. Between 41-60 on the sexual domain score, only 28% of patients
reported an erection sufficient for intercourse. Meanwhile, when the sexual domain score
was 61-80, 72% of patients reported an erection sufficient for intercourse versus 97% at
81-100. The greatest elasticity was between a sexual domain score of 40 and 80, which was
further visualized Figure 2d. In contrast, when analyzing the overall sexual function item
(EPIC-26 question 11), the curve was more right-shifted with a steep change in elasticity
between scores of 81 to 100. Scores less than 80 are highly indicative of poor sexual
function with only 55% reporting very good overall sexual function between 61-80 and 2%
between 41-60.

J Urol. Author manuscript; available in PMC 2021 November 28.
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Discussion:

As we continue to emphasize the need for shared decision making, it is essential that
providers and patients alike have accurate information regarding outcomes.[21,22] While the
main CEASAR study provided high-quality data regarding comparative harms of different
treatments for localized prostate cancer based on EPIC-26 domain scores, the current study
provides a means for interpretation of these domain scores for application into clinical
practice.

Altogether, our study has many areas of clinical significance and is important for several
reasons. First, these findings allow us to better counsel men with newly diagnosed, localized
prostate cancer by detailing the realistic probabilities of being impotent or needing pads
when undergoing treatment. The current study makes this information more clinically useful
by allowing one to translate the domain scores into relevant functional outcomes that are
easy to interpret. For example, our previous 3-year CEASAR data found an adjusted mean
score difference of —16.2 points in sexual function score for RALP versus AS.[16] If

a patient’s preoperative sexual function domain score was 100, we can say that if their

score remains between 81-100, 97% of men in that range achieve an erection sufficient for
intercourse versus only 72% at 61-80. Further predictive models are currently underway.

Second, this study demonstrates that the probability distributions for functional outcomes
are non-linear as seen in Table 3 and demonstrated in Figure 2. Viewed through the

lens of dichotomous functional outcomes (e.g., pads-yes/no or erections firm enough for
intercourse-yes/no), one can see that the MCID has a varying effect on function depending
on domain score. For example, a fall from 81-100 to 61-80 on the urinary irritative domain
corresponds to a 52% versus 2% chance, respectively, of reporting no frequency of urination
whereas a similar drop in sexual function corresponds to 97% versus 72% chance of
obtaining an erection sufficient for intercourse. As a result, these data suggest that the
MCID is dependent upon and varies along the continuum of starting domain scores rather
than being fixed.[18]

Third, the EPIC-26 domain scores are psychometrically validated. This tool itself is
invaluable for comparing the functional outcomes of different treatment options and
studying the trajectory of functional outcomes over time. Nevertheless, a numerical domain
score may be difficult for patients and providers alike to interpret.[18,23,24] Fortunately, this
instrument comprises easily interpretable items that may better resonate with the patients’
“actual experiences” of side effects. For example, previous studies have attempted to define
potency as a sexual function domain score greater than 60 and very potent as being greater
than 80.[25] Nevertheless, at a sexual function domain score between 61 to 80, our data
show that only 2% of patients reported “very good” erections and less than 1/3 (29%)
reported being able to get erections whenever they wanted. We feel the ability to make this
data more granular helps better define expectations after treatment.

Our study demonstrates that each of the individual items has a unique relationship, or
kinetic, with the domain score. The domain score can thus be translated into a likelihood of
retaining or regaining specific functional capabilities in a way that the patient and provider

J Urol. Author manuscript; available in PMC 2021 November 28.
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can understand. We understand that the individual items and domain score are highly
associated, but the primary objective allowed for the individual items to have improved
clinical interpretability which may be more meaningful to the patient than the generalized
domain scores themselves. Furthermore, robust data suggest that PROs correlate with
improved clinical care,[26,27] increased referrals,[28] and improved care processes.[29]
Continuing to improve our understanding of PROs will hopefully only improve these stated
benefits.[30]

Our study is not without limitations. First, our analyzed data do not take into account PROs
from time points other than those studied and do not distinguish between treatments type.
Nevertheless, given the large sample size, prolonged follow-up, and range of treatments
provided, we strongly feel this encapsulates the majority of patients with localized disease.
Furthermore, while treatment type affects domain score,[16] the scoring is the same
regardless of treatment; a score of 60 on sexual function has the same meaning regardless
of whether a patient underwent AS, EBRT, or a RALP. We also assumed the EPIC domain
scores are the same regardless of time point. Second, dichotomization of the items at

the highest level may not represent the entire spectrum of a patient’s expectation, and

some patients may consider other cut points clinically meaningful. For example, erections
sufficient for foreplay instead of intercourse may be highly relevant in some patients.
Further analysis with additional cut points would be needed to discern this. That said,

our sensitivity analysis incorporates the best two answers for each question and shows
comparable results to our primary analysis, supporting our methodology. Third, these results
have not been externally validated. Nevertheless, CEASAR’s longitudinal, population-based
design, diverse cohort and focus on contemporary treatments provides a representative
dataset for this type of analysis.[16]

Conclusion:

The EPIC-26 provides a validated means of comparing functional outcomes across
treatments and over time. Nevertheless, the interpretation of domain scores can be
challenging for both patients and providers. In this study, we sought to translate domain
scores into the probability of obtaining pertinent outcomes, such as need for incontinence
pads or obtaining erections sufficient for intercourse, highlighting that the percentage
reporting best possible outcomes varies widely over narrow domain score differences. This
information may be valuable when counseling men on treatment options.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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h 4

Returned at least one survey at any time point

(n=3,709)

Refused
(n=3,634)

h 4

h 4

Did not meet inclusion criteria
(n=432)

1. No baseline survey (n=16)

2. Older than 80 (n=4)

3. Not enrolled within 6 months of
diagnosis (n=254)

4., PSA missing or > 50 (n=83)

5. Clinical tumor (T) category not T1 or T2
(n=55)

6. Clinical nodal (N) category not NO
(n=10)

7. Distant metastasis (M) category not MO
(n=10)

Met all inclusion criteria
(n=3,277)

Treated with RP, EBRT or AS
(n=2,756)

Treatment was not RP, EBRT or AS
(n=521)

Y

Completed at least one post-baseline survey
(n=2563)
- 88.8% (2,446) completed 6-month survey

- 86.2% (2,377) completed 12-month survey

- 77.8% (2,143) completed 3-year survey
- 70.2% (1,935) completed 5-year survey

Figure 1:

Did not complete a follow-up Survey
(n=193)

Diagram of the assembly of the analytic cohort in the Comparative Effectiveness Analysis of
Surgery and Radiation (CEASAR) Study (5-Year data)
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