1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

WEALTY 4
of %,

A
u
Yeyvaaa

/ HHS Public Access

Author manuscript
Eur Urol. Author manuscript; available in PMC 2020 May 01.

Published in final edited form as:
Eur Urol. 2019 May ; 75(5): 723-730. doi:10.1016/j.eururo.2018.12.002.

Development and Validation of Crosswalks for Patient-reported
Sexual and Urinary Outcomes Between Commonly Used
Instruments

Karandeep Singh&P.cd* Amy L. Tin®, Rodney L. Dunndf Tae Kimdf and Andrew J. Vickers®
aDepartment of Learning Health Sciences, University of Michigan Medical School, Ann Arbor, Ml,
USA

bDepartment of Internal Medicine, University of Michigan Medical School, Ann Arbor, MI, USA
¢School of Information, University of Michigan, Ann Arbor, Ml, USA
dMichigan Urological Surgery Improvement Collaborative, Ann Arbor, MI, USA

€Department of Epidemiology and Biostatistics, Memorial Sloan Kettering Cancer Center, New
York, NY, USA

fDepartment of Urology, University of Michigan Medical School, Ann Arbor, MI, USA

Abstract

Background: Patient-reported outcome measures (PROMS) have become widely adopted in the
care of patients with prostate cancer, but there is no validated crosswalk between two commonly
used instruments, the Expanded Prostate Cancer Index Composite Short Form (EPIC-26) and the
Memorial Sloan Kettering (MSK) instrument, which consists of the International Index of Erectile
Function-6 (IIEF-6) questionnaire and the MSK radical prostatectomy urinary outcome scale.
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We developed and validated a set of formulas that allow conversion of sexual and urinary function scores between the Memorial Sloan
Kettering and Expanded Prostate Cancer Index Composite Short Form (EPIC-26) patient-reported outcome questionnaires. These
crosswalks allow seamless transition between the two questionnaires.
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Objective: To develop and validate bidirectional crosswalks between the sexual and urinary
domains (single domain in MSK, separate incontinence and irritative/obstructive domains in
EPIC-26) of the MSK and EPIC-26 instruments.

Design, setting, and participants: Radical prostatectomy (RP) patients completing
instruments at MSK and Michigan Urological Surgery Improvement Collaborative (MUSIC)
between January and May of 2017 were invited to enroll. Stratified random sampling (by
institution, MSK urinary function score, and MSK erectile function score) was used to divide
patient data into training and test sets. Models were developed to predict the domain score for each
instrument using the other’s item responses and domain scores. Performance was evaluated using
capped root-mean-squared error and accuracy at established thresholds.

Results and limitations: We received 517 instruments at MSK and 1033 within MUSIC,
which were assigned to training (825), post-RP test (412), and pre-RP test (313) sets. We found
the crosswalks to have low error and high accuracy. Although the crosswalks are more accurate if
responses to each item are known, it is possible to convert between instruments on the basis of a
total domain score.

Conclusions: The crosswalks are a valid way to convert between sexual and urinary domains of
the MSK and EPIC-26 instruments.

Patient summary:

We developed and validated a set of formulas that allow conversion of sexual and urinary function
scores between the Memorial Sloan Kettering and Expanded Prostate Cancer Index Composite
Short Form patient-reported outcome questionnaires. These crosswalks allow seamless transition
between the two questionnaires.
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Introduction

Patient-reported outcome measures (PROMs) have become widely adopted in the care of
patients with localized prostate cancer [1,2]. This trend has been driven by increased
recognition of the importance of patient preferences in the shared decision-making process,
evidence demonstrating that use of PROMSs improves outcomes for patients with cancer, and
technological advances that allow delivery of the tools through a web-based platform [3-5].
One of the first validated PROMs for localized prostate cancer delivered through a web-
based platform was developed at the Memorial Sloan Kettering Cancer Center (MSK) [3]. It
was first administered via the Symptom Tracking and Reporting (STAR) system at MSK in
2009, and the Michigan Urological Surgery Improvement Collaborative (MUSIC) adopted it
in 2014 to assess health-related quality of life in patients following radical prostatectomy
(RP) [3,4]. Both groups have used the MSK instrument to study contemporary long-term
outcomes in patients who have undergone RP for localized prostate cancer [6,7].
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Several other instruments have also been developed to assess PROMSs in prostate cancer
patients, and in 2015 a working group convened by the International Consortium for Health
Outcomes Measurement (ICHOM) recommended use of the Expanded Prostate Cancer
Index Composite Short Form (EPIC-26) over other instruments [8]. The ICHOM noted in its
report that the choice to select a single instrument was “a contentious decision because
centers of excellence have established prospective registries using various measures in
[prostate cancer], and there is ho compelling evidence for the advantage of one particular
PROM over another.” Because PROM s are often used to study long-term outcomes, health
systems may consider the loss of information on switching PROM instruments an
insurmountable barrier. Research studies or quality assurance initiatives may include
PROMs measured using different instruments, making it difficult for investigators to
compare results. It is not clear, for instance, whether a score of 80 out of 100 on the EPIC
sexual function scale is better or worse than a score of 24 out of 30 in the MSK erectile
function domain. Converting from one PROM scale to another is known as a “crosswalk”. A
previous study reported different crosswalks for converting between EPIC-26, the UCLA
Prostate Cancer Index (PCI), and the Sexual Health Inventory for Men (SHIM), but did not
evaluate conversions between the MSK and EPIC-26 instruments [9]. In this study, we
created bidirectional crosswalks for converting urinary and sexual domain scores between
the MSK and EPIC-26 instruments in post-RP patients. We validated the crosswalks in sets
of both pre-RP and post-RP patients.

Patients and methods

Data source

The data for this study were prospectively collected from MSK and MUSIC. MUSIC is a
quality improvement collaborative that was established in 2011 in partnership with Blue
Cross Blue Shield of Michigan and currently comprises 44 diverse community and academic
urology practices representing approximately 90% of the urologists in the state of Michigan.
The MUSIC data collection and validation practices are described in the Supplementary
material. The MSK institutional review board (IRB) approved the inclusion of MSK patients
in this research study. Each MUSIC practice obtained an exemption or approval for
collaborative participation from a local IRB.

2.2. Study cohort

All patients scheduled for RP who completed quality-of-life questionnaires at MSK between
March and June of 2017 and within MUSIC between January and May of 2017 as part of
routine care were invited to join the study. Additional recruitment details are provided in the
Supplementary material. To create training and validation data sets, we used a 2:1 random
sampling for post-RP questionnaires after stratifying by institution, MSK urinary function
score, and MSK erectile function score. Stratification was used to ensure a similar
distribution of patients in both data sets. As a sensitivity analysis, we evaluated the
performance of the crosswalks separately using a cohort of pre-RP patients. These were not
included in either the training or test sets because of concerns that inclusion would lead to a
ceiling effect in model fitting and artificially improve the model performance.
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2.3. Description of the instruments

The MSK instrument includes assessments of sexual (using the International Index of
Erectile Function-6 [IEEF-6] instrument) and urinary domains, questions about the use of
oral and injectable erectile medication, a question on hernias, and a question on general
quality of life. The EPIC-26 instrument includes five domains: sexual, urinary incontinence
(UIN), urinary irritative/obstructive (UIR), bowel, and hormonal domains. For this study, we
focused on the sexual and urinary domains of the MSK instrument and the sexual, urinary
incontinence, and urinary irritative/obstructive domains of the EPIC-26 instrument. A
complete list of questions for the relevant domains of both instruments is presented in
Supplementary Table 1.

2.4. Development of the crosswalk models

The aim of this study was to create bidirectional crosswalks for each of the domains,
allowing for EPIC-26 scores to be converted into their MSK equivalents and vice versa. One
complicating factor is that the MSK instrument has a single urinary domain, whereas
EPIC-26 has a separate domain scores for UIN and UIR symptoms. We considered three
scenarios when developing the crosswalk models. First, we considered a scenario in which
there is a need to convert a domain score from one instrument to the other instrument, but
only total scores are available and no data for individual questions. This might be the case,
for instance, when comparing two results reported in the literature. Second, we considered a
scenario in which an individual’s responses for every item are available, so that all items in a
domain (or a subset of items) can be used to predict the domain score for the other
instrument. This would be the case, for example, in a collaborative research or quality
assurance initiative. Third, we considered a scenario in which domain scores have been
converted into binary endpoints (eg, erectile function vs dysfunction), which is often
important in quality assurance programs. MSK already has established binary definitions of
potency and urinary continence, so we evaluated how these could be best translated to
EPIC-26 thresholds. The MSK IIEF-6 potency threshold of 24 was established on the basis
of a multistep validation process, and the MSK urinary continence threshold of 17 was
established according to clinical judgment and has been in use at MSK since 2009 and at
MUSIC since 2014 [4,10].

Models were developed for each of the crosswalks independently by investigators at MSK
and MUSIC using the training set. Multiple types of models were considered, including
linear models, decision trees, gradient-boosted machines, and random forests.

2.5. Validation of the crosswalk models

The performance of each of the crosswalk models was measured in the post-RP and pre-RP
patient cohorts. The prediction error was measured as the capped root-mean-squared error
(RMSE), whereby predicted values that were outside the valid range of the outcome variable
were first “capped” to the closest valid value (eg, a predicted value of 105 for EPIC domains
with a valid range of 0-100 was converted to 100), and then the RMSE was calculated in
typical fashion for unchanged and capped values.
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Accuracy was calculated by converting the predicted score into a binary endpoint according
to a selected threshold and then dividing the sum of true positives and true negatives by the
total number of patients. For MSK, we calculated accuracy for the sexual and urinary
function domains using established thresholds for potency (=24 out of 30) and continence
(=17 out of 21), respectively. For EPIC, we used the model with the lowest RMSE to
translate the established MSK thresholds into EPIC thresholds. These thresholds were then
used to calculate the accuracy of the models predicting sexual function and UIN. As there is
no accepted threshold for UIR symptoms, no accuracy was computed for this domain.
Selection of the final models is described in the Supplementary material.

2.6. Model calibration

2.7.

We assessed calibration of the final crosswalk models by plotting predicted versus actual
domain scores and then qualitatively evaluating whether the mean predicted and actual
values were similar across all valid values for each domain [11].

Missing data

For each direction for each crosswalk, we only used instruments with complete data
available for the variable included.

2.8. Statistical analysis

Statistical analysis was performed independently at MSK and MUSIC using Stata v.15.0
(StataCorp, College Station, TX, USA) and R v.3.4.3 (R Foundation for Statistical
Computing, Vienna, Austria), respectively.

3. Results

We received 517 concurrently completed instruments at MSK and 1033 such instruments in
MUSIC. Of these, 1237 instruments were completed post-RP and were assigned to a training
set (825) and a post-RP test set (412) using 2:1 stratified random sampling. The remaining
313 instruments, all from MUSIC, were completed pre-RP and were evaluated separately.
The baseline characteristics of the training and test sets are presented in Table 1 and the
distribution of instrument responses in the training and post-RP test sets is presented in
Table 2. Within the test set, the distribution of instrument items stratified by pre-RP and
post-RP is presented in Supplementary Table 2. As expected, the distribution of items before
and after surgery is quite different, with patients generally experiencing higher function
before RP. For models predicting MSK domain scores, we evaluated the capped RMSE and
accuracy using the established thresholds for sexual domain scores and urinary function.
After considering all three scenarios (domain-to-domain, items-to-domain, and accuracy),
we achieved consensus on choice of the final models. Although we considered multiple
model types, we selected linear models for the crosswalk because their performance was
similar to that of nonlinear models (Supplementary Table 3) and we had concerns about the
ease of dissemination and adoption of nonlinear models. We used the final models to
calculate the EPIC-26 thresholds for potency (=73 out of 100 on the EPIC-26 sexual domain
score) and urinary continence (=74 out of 100 on the EPIC UIN domain score).
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We found that bidirectional crosswalks between the MSK and EPIC thresholds were at least
80% accurate across all models at a clinically relevant threshold, with low error in the post-
RP test set (Table 3). The crosswalks performed similarly to slightly better in the pre-RP
compared to the post-RP test set for prediction of the MSK urinary and EPIC-26 UIN
domain scores (Supplementary Table 4). On the contrary, the crosswalks predicting sexual
domain and UIR domain scores exhibited better performance in the post-RP than in the pre-
RP test set. The final model formulas are presented in Figure 1. For the sexual function
domain, the crosswalk formulas in the two directions are simple mathematical
transformations of one another. For all other crosswalks, separate models exist for each
direction.

The final models appear to be generally well calibrated in the post-RP test set (Fig. 2), but
crosswalks for the sexual domains exhibit high variance in the pre-RP test set
(Supplementary Fig. 1).

4. Discussion

We developed crosswalks for the sexual and urinary domains of the MSK and EPIC-26
instruments. We validated the crosswalks in a random sample of patients with localized
prostate cancer at MSK and in MUSIC and found that they had low errors and a high level of
accuracy for post-RP patients—above 80% at clinically relevant thresholds—and minimal
bias. We established new thresholds for potency and continence in EPIC-26 and found that
these generally concurred with established thresholds for the MSK instrument. On the basis
of our results, we formulated a set of recommendations for use of the crosswalks (Table 4).
We expected to find that the crosswalks would perform similarly or better among pre-RP
patients as compared to post-RP patients because pre-RP patients generally have higher
domain scores in a narrower range, but we found that this was only true for predicting the
MSK urinary and EPIC-26 UIN domains. The remaining crosswalks had lower error and
higher accuracy among post-RP patients. This difference was particularly pronounced in
predicting the EPIC-26 UIR domain score.

Adoption of a single method for PROM ascertainment is well intentioned, but can cause a
number of practical problems, including backwards compatibility with data collected via
other instruments. Crosswalks are a solution to these problems. Previous crosswalks have
addressed conversions between EPIC-26, the UCLA-PCI, and the SHIM instruments,
although none of these crosswalks have addressed UIR symptoms, which are of particular
relevance in patients treated with localized radiation therapy [9]. Because EPIC-26 was
developed to expand the scope of the UCLA-PCI, the two instruments have several questions
in common, although the UCLA-PCI instrument lacks a UIR domain. Although the MSK
instrument does not address UIR symptoms, as it was developed for use in radical
prostatectomy patients, the crosswalk from MSK urinary items to EPIC-26 UIR domain
scores performs well. Somewhat surprisingly, the MSK urinary domain score predicts the
EPIC-26 UIR domain with lower error than the UIN domain, but this may be because of the
lower overall variance for UIR domain scores. Conversely, the lowest error in predicting the
MSK urinary domain arises from using both EPIC UIN and UIR as predictors rather than
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either one alone. This suggests that the MSK urinary domain can be predicted by both UIN
and UIR symptoms.

Our study should be considered in the context of several limitations. First, the instruments
were administered during a relatively short time period. While certain patients did complete
the instruments at multiple time points following RP, we did not have an adequate sample
size to evaluate the fidelity of the crosswalk longitudinally in individual patients. Second,
our data are drawn only from patients undergoing RP, so we cannot necessarily generalize
use of the crosswalks to patients undergoing other treatments. Lastly, our data are drawn
from a primarily Caucasian population, which could limit its generalizability to racial
minorities. Prior literature demonstrating the validity of EPIC-26 in racially diverse cohorts
does not suggest that the crosswalk would lose validity in such populations [12-15].

Despite these limitations, our study has important implications. The crosswalk between the
MSK and EPIC-26 instruments is the first to address sexual function, UIN, and UIR
symptoms in patients with prostate cancer. We have established cutoffs for potency and UIN
in EPIC-26 that are concordant with thresholds established at MSK that have been widely
adopted, which may be useful to surgeons and researchers interested in tracking PROMs
longitudinally at the level of a surgeon or practice. Combining PROMs from multiple
institutions that use different instruments could facilitate large-scale comparative
effectiveness research, although gains in sample size may be partly offset by the introduction
of measurement error.

In the future, we plan to integrate data from the MSK and EPIC-26 instruments to better
understand the effects of ongoing interventions focused on improving PROMs.

5. Conclusions

We developed and validated bidirectional crosswalks to allow conversion between sexual
and urinary domain items and scores from the MSK and EPIC-26 instruments. These
crosswalks provide practices that use the IIEF-6 and MSK urinary instruments with a
feasible way to transition to the EPIC-26 instrument in accordance with ICHOM
recommendations and vice versa. They also allow prostate cancer researchers across
institutions to aggregate and learn from PROMSs data in ways not previously possible.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Formulas for the final crosswalk models.
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Scatter plots comparing predicted versus actual domain scores to assess model calibration in
the post-radical prostatectomy test set. It should be noted that the points have been slightly

shifted randomly to minimize overlap.
MSK = Memorial Sloan Kettering; EPIC = Expanded Prostate Cancer Index Composite;
UIN = urinary incontinence; UIR = urinary irritative/obstructive.
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Table 1

Baseline characteristics in the training and test sets

Characteristic

Training set
(N = 825; 53%)

Post-RP test set
(N =412; 27%)

Pre-RP test set
(N = 313; 20%)

Mean age, yr (standard deviation)
Race, 7 (%)
Caucasian
African American
Asian
Other
Unknown
Organization, 77 (%)
Memorial Sloan Kettering
MUSIC
Time since RP, 77 (%)
0mo
3mo
6 mo
12 mo
24 mo
236 mo
Gleason grade group, /7 (%)
1 (GS <6)
2(GS3+4)
3(GS4+3)
4(GS 8)
5 (GS 9-10)

Unknown

64 (7.0)

702 (85)
56 (6.8)
15 (1.8)
5(0.6)

47 (5.7)

345 (42)
480 (58)

0(0)

205 (25)
175 (21)
266 (32)
114 (14)
65 (7.9)

75(9.1)
444 (54)
171 (21)
56 (6.8)
69 (8.4)
10 (1.2)

64 (7.0)

351 (85)
33(8.0)
3(0.7)
3(0.7)
22 (5.3)

172 (24)
240 (58)

0(0)
114 (28)
76 (18)
100 (24)
81 (20)
41 (10)

35 (8.5)
198 (48)
107 (26)
22 (5.3)
41 (10)
9(2.2)

63 (7.0)

231 (74)
23(7.3)
2(0.6)
3(1.0)
54 (17)

0(0)
313 (100)

313 (100)
0(0)
0(0)
0(0)
0(0)
0(0)

19 (6.1)
177 (57)
62 (20)

12 (3.8)
23(7.3)
20 (6.4)

RP = radical prostatectomy; MUSIC = Michigan Urological Surgery Improvement Collaborative; GS = Gleason score.
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Table 2

Distribution of instrument items in the training and post-RP test sets

Instrument item

Training set

Post-RP test set

N =825 Mean (SD)

N =412 Mean (SD)

MSK sexual domain (I1EF-6)
MSK urinary domain

EPIC sexual domain
EPIC UIN domain
EPIC UIR domain

MSK sexual domain (I1EF-6)

MSKegr2
MSKgr3
MSKegr4
MSKers
MSKers

MSKgr7

MSK urinary domain

MSKyr1
MSKuye,
MSKuyrs
MSKuyr4
MSKuyrs

EPIC sexual domain

EPICs;
EPICsg
EPICsq
EPICq
EPICq,
EPICqs

EPIC UIN
EPICy3
EPICy
EPIC,
EPIC,

EPIC UIR
EPIC,q
EPIC
EPICy,;
EPICg3

EPIC urinary overall (EPIC3,)

689 11 (10)
807 16 (5.0)
782 38 (28)
809 69 (28)
797 89 (14)
688 23(13)
688 32(L7)
675 29(L7)
802 23(18)
788 2.3(18)
771 2.4(L.9)
806 22 (1.4)
806 1.9(13)
805 17 (1.1)
805 22(12)
804 21(12)
765 2.1(13)
774 2.8(1.4)
800 22(12)
797 2.6(13)
798 22(13)
799 32(14)
810 32(L7)
810 32(0.7)
810 0.72 (0.96)
809 12 (1.1)
807 0.16 (0.56)
806 0.05 (0.36)
802 0.48 (0.92)
808 11(12)
809 22(12)

346 11(9.0)
403 16 (5.0)
391 37 (29)
400 66 (27)
395 90 (12)
346 22(13)
348 31(L7)
341 2.8(L7)
398 2.3(18)
392 2.2(18)
378 2.3(18)
403 22 (1.4)
401 1.9 (1.4)
401 1.7(1.2)
402 21(12)
401 22(12)
380 2.1(13)
389 2.7 (1.4)
399 22(12)
400 25(13)
400 2.1(13)
401 32(1.4)
402 3.1(16)
402 31(0.7)
402 0.72 (0.97)
400 1.3(1.2)
397 0.15 (0.51)
398 0.02 (0.12)
399 0.40 (0.80)
398 11(1.2)
400 22(12)
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RP = radical prostatectomy; SD = standard deviation; MSK = Memorial Sloan Kettering; EPIC = Expanded Prostate Cancer Index Composite; IIEF
= International Index of Erectile Function; UIN = urinary incontinence; UIR urinary irritative/obstructive.
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Table 3

Performance of the final models on the post-radical prostatectomy test set

Predictors Outcome Capped RMSE Accuracy?
EPIC-26 sexual domain score MSK sexual domain (I1EF-6) 6.1 0.90
EPIC-26 sexual domain items score (valid range 1-30) 6.0 0.93
MSK sexual domain (IIEF-6) score EPIC-26 sexual domain score 17 0.90
MSK sexual domain (IIEF-6) items (valid range 0-100) 14 0.91
EPIC-26 UIN and UIR domain scores  MSK urinary domain score (valid range 0-21) 2.3 0.80
EPIC-26 UIN items + overall item 2.3 0.83
MSK urinary domain score EPIC-26 UIN domain score 14 0.82
MSK urinary domain items (valid range 0-100) 12 0.82
MSK urinary domain score EPIC-26 UIR domain score 9 NA
MSK urinary domain items (valid range 0-100) 9 NA

RMSE = root mean square error; EPIC = Expanded Prostate Cancer Index Composite; MSK = Memorial Sloan Kettering; I1EF = International
Index of Erectile Function; UIN = urinary incontinence; UIR urinary irritative/obstructive; NA = not applicable.

*

Accuracy is assessed after conversion of outcome variables into binary endpoints. In MSK, potency is defined as =24 (out of 30) and urinary
continence is defined as =17 (out of 21). These values have been used extensively in the scientific literature. EPIC-26 cutpoints are calculated using
the crosswalk formulas from the accepted MSK values. In EPIC, potency is defined as =73 (out of 100) and urinary continence is defined as =74
(out of 100). No cutoffs are proposed for the EPIC-26 urinary irritative/obstructive domain.
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Table 4

Recommendations for use of the crosswalks

Recommendation

1

If all of the item responses used in the crosswalks are available, the source instrument items should be used to calculate the target
domain scores.

If the item responses are not available or if any are missing, we recommend using the source domain scores to calculate the target
domain scores.

Predicted values that are outside the valid range of the target domain score should be adjusted to the closest valid target domain
score.

We used established thresholds for potency (=24 out of 30) and urinary continence (217 out of 21) on the MSK instrument to
establish similar thresholds in the EPIC-26 instrument (=73 out of 100 for potency and =74 for urinary continence).

Patients who report a high confidence in getting an erection but who report no sexual activity should nonetheless be classified as
having no erectile dysfunction. This is based on an analysis of outlying patients in the scoring of the IIEF-6, which makes up the
MSK sexual domain score.

MSK = Memorial Sloan Kettering; EPIC = Expanded Prostate Cancer Index Composite; IIEF = International Index of Erectile Function.
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