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Abstract

Purpose—To expand the clinical usefulness of the Expanded Prostate Cancer Index Composite
for Clinical Practice (EPIC-CP) by evaluating its responsiveness to health related quality of life
(HRQOL) changes, defining the minimally important differences (MID) for an individual patient's
change in each domain, and applying it to a sexual outcome prediction model.

Methods—In 1,201 subjects from a previously described multi-center, longitudinal cohort, we
modeled each treatment group's EPIC-CP domain scores at pre-treatment, short-term, and long-
term follow-up. We considered post-treatment domain score changes from pre-treatment > 0.5
standard deviations (SD) clinically significant and with a p-value < 0.01 as statistically significant.
We determined domain MIDs using the 0.5 pooled SD of the 2, 6, 12, and 24 month post-
treatment changes from pre-treatment. We recalibrated an EP1C-CP-based nomogram model
predicting 2-year post-prostatectomy functional erections from that developed using EPIC-26.

Results—For every HRQOL domain, EPIC-CP was sensitive to similar post-treatment HRQOL
changes over time as had been observed using EPIC-26. The EPIC-CP MIDs for changes in the

urinary incontinence, urinary irritation/obstruction, bowel, sexual, and vitality/hormonal domains
are 1.0, 1.3, 1.2, 1.6, and 1.0, respectively. The EPIC-CP-based sexual prediction model performs
well (AUC=0.76) and shows robust agreement with its EPIC-26-based counterpart, with predicted
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probability differences between models of <10% for 95% of individuals and a mean difference of
0.0 (SD=0.05) across all individuals.

Conclusions—EPIC-CP is responsive to HRQOL changes during convalescence, and can be
used to predict 2-year post-prostatectomy sexual outcomes. Its use can facilitate shared medical
decision-making and patient-centered care.
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Introduction

Evaluation of health related quality of life (HRQOL) in prostate cancer (PCa) patients
without using a patient reported outcome (PRO) questionnaire underestimates the severity of
side effects.! Practitioners should be capable of not only counseling patients about these
effects prior to treatment, but also accurately recognizing and managing any post-therapy
HRQOL deficits.

Several existing PCa PRO instruments such as the UCLA-Prostate Cancer Index (UCLA-
PCI)2 and the Expanded Prostate Cancer Index Composite (EPIC)3 can accurately evaluate
PCa-related HRQOL changes over time.° Researchers have also developed multivariable
models that can predict post-treatment outcome based on pre-treatment HRQOL.® However,
these instruments are used mostly in the research realm, as they are too lengthy and time
consuming to be used in clinical practice, limiting the ability of PCa practitioners to
accurately assess HRQOL and optimally individualize treatment-related decisions.

To bridge the research and clinical realms, we previously developed the Expanded Prostate
Cancer Index Composite for Clinical Practice (EPIC-CP) — a 16-item PRO questionnaire
designed specifically for clinical use at the point of care — and showed that it has good
internal consistency, reliability and discriminative validity, correlates highly with previous
EPIC versions,3 and is convenient to use in the flow of routine practice.” However, we have
yet to demonstrate the responsiveness of EPIC-CP to treatment-related HRQOL changes
over time.

Most PCa HRQOL PRO questionnaires, including EPIC-CP, group questions together into
health domains (e.g. bowel, sexual), and represent outcomes using numerical domain scores.
This is useful for examining trends or average changes in HRQOL over time, but can present
challenges in clinical interpretation. For example, if a patient's EPIC-CP sexual score
improves by two points between 6 and 12 months after brachytherapy, does this represent a
statistical phenomenon or a clinically relevant change for the patient?

In this study, we had three objectives: 1) to evaluate the responsiveness of EPIC-CP to post-
treatment HRQOL changes over time; 2) to increase the clinical interpretability of EPIC-CP
by defining for each domain what score changes are clinically meaningful, and 3) to apply
EPIC-CP to a clinically useful tool that uses pre-treatment EPIC-26 sexual score to predict
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post-treatment outcome, and compare the performance of the new EPIC-CP-based tool with
its EPIC-26-based counterpart.

Methods

Study Population

We evaluated subjects from the previously described PRostate Cancer Outcomes and
Satisfaction with Treatment Quality Assessment (PROST-QA) Cohort 8, a multicenter IRB-
approved prospective study of 1,201 men with early stage PCa who had elected radical
prostatectomy +/- nerve sparing, external beam radiotherapy +/- neoadjuvant hormonal
therapy, or brachytherapy +/- external beam radiotherapy and/or neoadjuvant hormonal
therapy from 2003 to 2006 at 9 university-affiliated hospitals. The EPIC-26 item responses
of these 1,201 men were used to calculate their respective EPIC-CP scores.

Analysis and Statistical Considerations

Responsiveness of EPIC-CP to average post-treatment HRQOL changes over
time—To model each of the six treatment group's EPIC-CP domain scores at pre-treatment,
short-term, and long-term follow-up, we used generalized estimating equations with a
compound symmetry working covariance structure. We defined “short-term” as either 2 or 6
months post-treatment based upon which time point showed greater EPIC-26 domain
difference from pre-treatment,8 and considered “long-term” to be 24 months post-treatment.
Each treatment group's EPIC-CP domain scores differing from pre-treatment with a p-value
< 0.01 were considered statistically significant (Bonferroni adjustment for multiple
comparisons), and analogous to the original PROST-QA study®, domain scores differing by
at least one-half standard deviation (0.5 SD) of the pre-treatment score were considered
clinically significant.

Clinically Meaningful HRQOL changes in EPIC-CP—A clinically meaningful
HRQOL change, also known as a minimally important difference (MID), is defined as the
domain-specific summary score change threshold (usually a narrow range) at and above
which an individual patient perceives a clinically relevant HRQOL change. Using Cohen's
generally accepted effect size standard of one-half standard deviation to represent a
moderate-size clinically relevant intra-individual HRQOL change,® we used a distribution-
based method to calculate the MID that emphasizes intra-individual changes in score over
time. For each domain and treatment group, we determined the 0.5 SD of the pre-treatment
scores, calculated the 0.5 SDs of the intra-individual score changes from pre-treatment at 2,
6, 12, and 24 months post-treatment, and then found the 0.5 pooled SD of the change from
pre-treatment score, which we considered the MID for each treatment group. We used the
0.5 pooled SD of the change from pre-treatment score across timepoints and across
treatments to calculate the overall MID (independent of treatment group) for each domain.

EPIC-CP-based multivariable predictive nomogram—\We previously developed and
externally validated an EPIC-26-based multivariable nomogram that uses pre-treatment
sexual domain score to predict the probability of functional erections (defined as having
erections firm enough for intercourse) 2 years after treatment.® To adapt this tool for point of

J Urol. Author manuscript; available in PMC 2016 August 31.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Chipman et al.

Results

Page 4

care clinical use among men planning radical prostatectomy, we used the same covariates of
age, planned nerve-sparing approach, and PSA< 10 ng/mL to recalibrate the multivariable
logistic regression prediction model using pre-treatment EPIC-CP sexual score in the 493 (of
524 previously-analyzed®) prostatectomy patients that had answered all EPIC-CP sexual
domain questions. After examining Pearson residuals to ensure the recalibrated model was
well fit, we examined the predicted probabilities for each individual under both sexual
prediction models (EPIC-CP and EPIC-26), estimated the mean and standard deviation
difference between the two models, determined the 95% limits of agreement, % and
compared the area under the curve of the receiver operating characteristic for each model.

EPIC-CP vs EPIC-26

The key characteristics of EPIC-CP, its differences from EPIC-26, and its clinical feasibility
were previously described and validated’, and are summarized in Table 1. Derived and
reduced from EPIC-26, EPIC-CP retains the five EPIC HRQOL domains (urinary
incontinence, urinary irritation/obstruction, bowel, sexual, and vitality/hormonal), has a total
of 16 questions that fit on one page, and takes less than five minutes to complete. It differs
from EPIC-26 primarily in its scoring system: whereas EPIC-26 requires transformation of
item answers to a 0-100 scale that is calculation-intensive in the clinical setting, EPIC-CP is
scored analogously to the AUA symptom index!: item answers for each domain are
summed to calculate the domain score (0-12 for each domain). This enables EPIC-CP to be
used at the point of care; it also changes the scoring directionality: good HRQOL is
represented by a high score (100) in EPIC-26 and a low score (0) in EPIC-CP.

Figure 1 summarizes the EPIC-CP and EPIC-26 sexual domain scores for the group of
subjects who underwent prostatectomy, and demonstrates the differences in scoring scale
and direction between EPIC-CP (0-12) and EPIC-26 (0-100). Despite there being high
domain score correlations between the instruments (>0.93 for all domains’), there is not a 1-
to-1 mapping between measures; that is, each EPIC-CP score may correspond to a range of
EPIC-26 scores for a domain. For example, subjects with EPIC-CP scores of 0 had
corresponding EPIC-26 scores ranging from 83 to 100.

EPIC-CP is responsive to average treatment-related HRQOL changes over time

The mean EPIC-CP domain summary scores by treatment group in the PROST-QA cohort at
pre-treatment, short-term, and long-term post-treatment follow-up are shown in Table 2 for
three of the six treatment groups. The treatment group XRT + NHT is displayed to
demonstrate the sensitivity of the EPIC-CP vitality/hormonal domain to changes over time.
For every HRQOL domain, treatment group, and post-treatment timepoint, EPIC-CP was
able to detect almost identical statistically and clinically significant HRQOL differences
between pre-treatment and short/long-term follow-up that were detected by EPIC-26 in the
original PROST-QA study (Table 2).8
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Clinically meaningful changes in EPIC-CP scores

Table 3 describes the treatment-independent MIDs for each EPIC-CP domain, with the
accompanying MID ranges among the six treatment groups. Treatment group-specific MIDs
for each domain are described in Supplemental Table 1. We report MIDs for EPIC-CP to the
nearest tenth despite EPIC-CP scores always being integers in practice. Practitioners should
consider a score change greater than or equal to the MID to definitely be clinically
meaningful, and should interpret a change within the MID range to be of potential clinical
significance and worth further investigation during the clinical visit.

EPIC-CP-based multivariable sexual predictive model is usable at the point of care

The EPIC-CP-based sexual prediction model fits well based upon examination of Pearson
residuals and performs similarly to its EPIC-26-based counterpart; the model AUC is 0.76.
The odds ratios of the EPIC-CP-based model for age, planned nerve-sparing, and pre-
treatment PSA are modified by no more than 0.1 from the EPIC-26-based model, and all
factors remain statistically significant (p < 0.05). Because of the differences in the EPIC-CP
scoring system, the EPIC-CP-based estimates for the intercept and pre-treatment sexual
domain score are expectedly quite different from those of the EPIC-26-based model
(Supplemental Table 2). A one point higher EPIC-CP pre-treatment sexual domain score
(worse HRQOL) is associated with a reduced odds of 2-year functional erections by 30%
(OR=10.7,95% CI 0.6 — 0.8; p < 0.001). Reciprocally, a one point lower EPIC-CP pre-
treatment sexual domain score (better HRQOL) is associated with increased odds of 2-year
post-treatment functional erections by 40% (OR =1.4, 95% CI 1.3 - 1.6).

Table 4 presents the EPIC-CP- and EPIC-26-based model-predicted probabilities of men
having functional erections two years after radical prostatectomy stratified by the above
factors. The corresponding model-predicted probabilities of the two nomograms differ by no
more than 4 percentage points for each of the 36 model strata (Figure 2a). There is robust
agreement between the models across subjects (n=493; Figure 2b), wherein the mean
predicted probability difference is 0.0 (SD=0.05), with a predicted probability difference of
<10% for 95% of individuals between models. Using this tool, a practitioner could counsel a
60 year old PCa patient with a PSA of 6.7 that given his pre-treatment EPIC-CP sexual score
of 2, his approximate chances of having functional erections after nerve-sparing radical
prostatectomy is 36%.

Discussion

This study aims to improve the clinical usefulness and interpretability of existing PCa
instruments, thereby extending a path by which the fruits of cutting edge HRQOL research
can be brought to every individual patient with prostate cancer. In its current state, PCa
HRQOL research is equally as sophisticated in its depth and as it is challenging to apply to
individuals in the clinical setting. Indeed, a recent CaPSURE study showed that despite the
development of questionnaires such as the UCLA-PCI and EPIC, and the performance of
several prospective long-term studies that have clarified the HRQOL consequences of PCa
treatment, clinicians are no better at objectively assessing PCa patients' quality of life today
than we were 20 years ago.!
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The most obvious explanation is that the above mentioned instruments were developed for
use in research, and are simply not being routinely used in clinical practice. We specifically
designed EPIC-CP to bridge the research and clinical realms — it may lack the breadth and
granularity of previous EPIC versions, but it is practical and convenient for use in busy
routine practice.’ This study expands on our initial work and shows the responsiveness of
EPIC-CP to PCa treatment effects over time, and therefore its appropriateness for use in
every follow-up visit to assess patients' HRQOL after treatment.

This study also addresses another challenge inherent to all PRO instruments: clinical
interpretability. By defining the minimally important difference (MID) of changes for EPIC-
CP, practitioners now have a score threshold for each domain above which a change should
be considered clinically meaningful. Other approaches to improving clinical interpretability
of PRO instruments also deserve mention. The categorization of AUA Symptom Index!1
scores into mild, moderate, and severe was derived in part by correlation of symptom scores
with physiological and anatomic measures of benign prostatic hyperplasia, and has since
been used in clinical guidelines!? and to predict the likelihood of clinical outcomes such as
urinary retention.13 Others have used convergent validity to improve clinical interpretability.
Ellison et al designated categories (mild, moderate, and severe) and score cutpoints (0-49,
50-69, 70-100, respectively) for the EPIC-26 urinary incontinence domain based on their
correlation with established cutpoints for the Incontinence Severity Index (1S1).1415 Several
researchers have performed similar analyses correlating the EPIC-26 and Sexual Health
Inventory for Men (SHIM) in attempts to define the score cutoff that dependably predicts
“potency.”16-18 Analogous analyses correlating EPIC-CP with other established PROs or
clinical outcomes deserve future investigation.

The importance of PRO administration becoming a routine part of clinical care in PCa
extends beyond the act of objective and accurate HRQOL assessment. Routine PRO use in
clinical practice opens the door to a much richer goal: improved patient-centered care — the
ability to individualize patient management choices and expectations based on pre-treatment
or post-treatment HRQOL.1® In this study, we developed an EPIC-CP-based prediction
model for functional erections after radical prostatectomy and illustrated strong agreement
between the EPIC-CP model and its EPIC-26-based counterpart. Similar approaches could
be used to recapitulate other EPIC models on the EPIC-CP platform, potentially allowing a
significant body of published literature to be more readily applied to patient counseling.

While this study further validates and bolsters the clinical interpretability and applicability
of EPIC-CP, it does not address how to implement widespread dissemination of PRO use, a
goal described recently by Cooperberg, in which (while citing the EPIC-CP validation
article) he stated that “[i]f novel prediction models are to develop from research instruments
into clinically useful tools, ... the first prerequisite is that a// men managed for prostate
cancer complete validated quality-of-life questionnaires at regular intervals, regardless of
their participation in research studies.”20 Strategies for implementation and dissemination of
EPIC-CP and other PROs deserve future investigation, as does the identification of barriers
to routine PRO administration, and the assessment of PRO use on patient outcome/
satisfaction and physician workflow.
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There are several limitations to this study. EPIC-CP scores were derived from EPIC-26 item
answers; however, given a complete EPIC-26 questionnaire (not just numerical domain
scores), this derivation can be performed without error, and should not have an impact on
subsequent analyses. We did not use anchor-based methods to determine the domain MIDs;
however, most studies have found distribution- and anchor-based methods to reveal
comparable results?1, and when we applied our MID strategy to EPIC-26 (data not shown),
we found similar results to previous work that utilized both distribution and anchor-based
methods for EPIC-26.22 External validation and other metrics of prediction accuracy would
further strengthen our sexual prediction model; however, it shows convergent validity
through its robust agreement with the externally validated analogous EPIC-26-based model.
We acknowledge that other questionnaires such as the ISI, AUA-Symptom Index, and SHIM
are also appropriate for clinical use; however, EPIC-CP is currently the only validated
questionnaire specifically designed for point-of-care use that comprehensively assesses PCa-
specific HRQOL domains.

Conclusions

Despite its limitations, this study demonstrates that EPIC-CP can be used in the follow-up
setting to assess post-treatment HRQOL, improves the clinical interpretability of EPIC-CP
by defining the MID for each domain, and shows how EPIC-CP can be successfully applied
to existing EP1C-based prediction models, improving their ease of use in the clinical setting.
It strengthens the bridge between the research and clinical realms, and takes another step
towards the ultimate goal of implementing patient-centered care and improving care quality.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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EPIC-26 and EPIC-CP Baseline Sexual Domain Scores
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Figure 1.

Relationship between EPIC-CP and EPIC-26 sexual domain scores in subjects who
underwent radical prostatectomy and completed all EPIC-CP sexual domain questions

(n=493).
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Comparing the predicted probability of having functional erections 2 years after treatment
using pre-treatment EPIC-CP sexual score versus EPIC-26 sexual score a) at 36 different
levels of the model factors (corresponding to the 36 strata in Table 4), and b) for all 493
subjects who underwent radical prostatectomy. The plotted line is the line of equality.
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Table 1

Comparing and contrasting EPIC-CP and EPIC-26

Number of domains

Can be scored at point of care
Scoring system

Score range in each domain
Better QOL

Time to complete

Length

EPIC-CP EPIC-26

5 5

Yes No

Similar to AUA-SI/IPSS  Similar to EPIC-50 and UCLA-PCI
0-12 0-100

Lower score Higher score

2-5 minutes 10-15 minutes

16 questions — 1 page 26 questions — 3 pages
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Table 3

Minimally important differencesin EPIC-CP

Urinary Incontinence
Urinary Irritation/Obstruction
Bowel

Sexual

Vitality/Hormonal

MID™ (range across treatment groups)Jr
1.0 (0.7-15)
13(1.1-14)

1.2 (0.9-15)
16(14-19)
1.0(0.9-13)

*

MID represents 0.5 pooled SD of the change between pre-treatment and 2, 6, 12, and 24 months post-treatment for each domain across all

treatment groups and timepoints.

Page 14

fDescribed in the parenthesis is the range of this value across treatment groups (RP + NS, RP + NNS, XRT alone, XRT + NHT, BT alone, BT +

XRT and/or NHT)
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