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Abstract

Purpose The extent of variation in urinary and sexual functional outcomes after radical prostatectomy (RPE) between
prostate cancer (PC) operating sites remains unknown. Therefore, this analysis aims to compare casemix-adjusted func-
tional outcomes (EPIC-26 scores incontinence, irritative/obstructive function and sexual function) between operating sites
12 months after RPE.

Materials and methods Analysis of a cohort of 7065 men treated with RPE at 88 operating sites (prostate cancer centers,
“PCCs”) between 2016 and 2019. Patients completed EPIC-26 and sociodemographic information surveys at baseline and
12 months after RPE. Survey data were linked to clinical data. EPIC-26 domain scores at 12 months after RPE were adjusted
for relevant confounders (including baseline domain score, clinical and sociodemographic information) using regression
analysis. Differences between sites were described using minimal important differences (MIDs) and interquartile ranges
(IQR). The effects of casemix adjustment on the score results were described using Cohen’s d and MIDs.

Results Adjusted domain scores at 12 months varied between sites, with IQRs of 66-78 (incontinence), 89-92 (irritative/
obstructive function), and 20-29 (sexual function). Changes in domain scores after casemix adjustment for sites > 1 MID
were noted for the incontinence domain (six sites). Cohen’s d ranged between — 0.07 (incontinence) and — 0.2 (sexual func-
tion), indicating a small to medium effect of casemix adjustment.

Conclusions Variation between sites was greatest in the incontinence and sexual function domains for RPE patients. Future
research will need to identify the factors contributing to this variation.

Trial Registry. The study is registered at the German Clinical Trial Registry (https://www.drks.de/drks_web/) with the fol-
lowing ID: DRKS00010774.

Keywords Center comparison - Patient-reported outcomes - Prostate cancer - Quality assurance - Radical prostatectomy

Introduction

Prostate cancer (“PC”) is the most common cancer among
men in Western countries [1, 2]. The survival rates have been
increasing and are relatively high, with 5-year and 10-year
overall survival rates of 91% and 90%, respectively, in 2014
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[3]. Functional status after PC treatment is consequently an
important outcome in addition to survival [4, 5]. Functional
status includes disease-specific symptoms and impairment,
as well as health-related quality of life. Patient-reported out-
come (“PRO”) questionnaires are used to measure health-
related outcomes directly reported by patients themselves.
Combining PROs and clinical outcomes such as (relapse-
free) survival to evaluate patients’ functional status is now
a widespread method, not only in health-care research and
clinical trials [6] but also in routine clinical care [7]. For
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cancer care, in particular, the importance of PROs has been
increasing in recent years [8, 9].

PROs are particularly valuable in PC, since recovery and
improvement in functional status are important indicators
for treatment success as well as treatment regret [10—12],
for radical prostatectomy (“RPE”) especially urological
(incontinence, irritative/obstructive symptoms) and sexual
outcome (erectile dysfunction). PROs can be used not only
at the individual patient level, but also bundled to provide
information about health outcomes with different provid-
ers. PROs can thus serve as a quality assurance instrument
to compare performance between healthcare providers [13].
When this is done, however, the results have to be carefully
reported, with the different providers’ casemixes being taken
into account [14]. Otherwise, unadjusted provider compari-
sons may remain unfair and misleading.

Recently, Nossiter et al. reported the relationship between
PROs after RPE on a hospital level and hospital volume [15]
and thus used PROs to evaluate the hospitals’ performance.
However, baseline PROs were not included in the models
but are known to be important adjustors for follow-up PROs
[16]. The study focuses rather on hospital volume than on
evaluating how PROs can be used for comparing different
PC-care providers.

Therefore, the aims of this study were to report on
casemix-adjusted prostate cancer-specific PRO scores (uri-
nary incontinence, irritative/obstructive function, sexual
function) for comparing different operating sites and to pre-
sent a casemix adjustment methodology for PROs.

Materials and methods
Data collection

Prostate cancer centers (“PCCs”) in Germany recruit
patients for the Prostate Cancer Outcomes (“PCQO”) Study
since 2016. Before definitive treatment for PC, patients with
clinically localized or (locally) advanced PC (any T, any N,
MO) are requested to complete the Expanded Prostate Can-
cer Index Composite-26 (“EPIC-26") questionnaire—either
using a web interface or a paper—pencil version—along with
three additional sociodemographic questions after providing
informed consent. Patients are asked to complete the EPIC-
26 questionnaire again one year after the start of treatment.
Questionnaire responses are bundled with clinical infor-
mation documented for certification purposes and accord-
ing to the International Consortium for Health Outcomes
Measurement (“ICHOM?”) standard set [17] by the PCCs,
including disease-specific information and treatment infor-
mation, using the OncoBox [18]. This tool harmonizes out-
put formats from different tumor documentation systems.
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The PCO is an ongoing study and forms part of the Tru-
eNTH Registry launched by the Movember Foundation.
The ethics committee of the Medical Association of Berlin
has approved the study (Eth-12/16). All of the participating
PCCs are surgical sites and are referred to here as “sites” or
“operating sites.”

Measures

The analysis presented here includes data for PC patients
taking part in the PCO study who underwent (any kind of)
RPE as the first definitive treatment. Patients receiving addi-
tional (salvage) treatments like androgen deprivation therapy
(“ADT”) or radiation before completion of the follow-up
questionnaire were excluded from the analytical data set.
Sites with fewer than 10 patients were not included in the
analysis.

Dependent variables

The EPIC-26 domain scores [19] 1 year after RPE (¢))
were used as outcome measurements. The EPIC-26 is a
well-established, PC-specific PRO questionnaire recom-
mended by the ICHOM [20] that summarizes responses in
five domains: incontinence, irritative/obstructive function,
bowel function, sexual function, and vitality/hormonal func-
tion. The validated German translation of the EPIC-26 was
used [21]. For this article, only the three most RPE-relevant
domains urinary incontinence, irritative/obstructive function
and sexual function are reported. However, all results for
bowel function and vitality/hormonal function can be found
in Supplementary Material 6.

All EPIC-26 domain scores can range between 0 and 100,
with O indicating the poorest functional outcome. They are
calculated using a scoring manual [22].

Adjustors

The following disease-specific and sociodemographic patient
characteristics were used to adjust for different casemixes
at the different operating sites (reference category in bold,
selection based on prior research [23] and iteratively):

e Baseline EPIC-26 domain score before surgery (¢,).

e Age at diagnosis (categories < 60, 60-69, 70-79,>79).

e Risk classification according to the German PC guideline
[24], which follows the D’Amico risk classification [25]
(categories: localized low risk, localized intermediate
risk, localized high risk, locally advanced, advanced).

e Number of comorbidities (categories: none, 1-2,>2,
unknown).

e Educational level (measured as highest school qualifi-
cation, categories: lower secondary school, interme-
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diate secondary school west, intermediate secondary
school east [the school-leaving certificate of the German
Democratic Republic up to 1990], entrance certificate
for university of applied science, entrance certificate for
university, other, none).

e Health insurance type (categories: statutory, private,
other/none).

e Nationality (categories: German, other).

e Hormone therapy before surgery (ADT, categories: no,
yes).

e Active surveillance (AS) before surgery (categories: no,

yes).

Missing values

Multiple imputations by chained equations and k-nearest
neighbor imputation was used for handling missing values
for all variables expect for numbers of comorbidities. More
information can be found in supplementary material 4.

Casemix adjustment of EPIC-26 scores 1 year
after RPE

Casemix adjustment is a statistical method to account for dif-
ferent casemixes when comparing different healthcare pro-
viders [16]. The following casemix adjustment approach was
used for this analysis (similar to the National Health Service
England approach [26]):

1. Calculation of ¢ = cxpectedt1 EPIC-26 scores (¢;) for
each patient, using a multiple regression model with the
EPIC-26 score (t,) as dependent variable and patients’
disease-specific socioeconomic characteristics and base-
line PROs #, (compare the “Adjustors” section above).

2. Calculation of a performance indicator for each site
as the mean of the difference between observed and
expected EPIC-26 scores one year after RPE:

n
1
performance; = - Z (observed,]i - expectedlli)
=l

with n : number of patients treated by site j.
3. Calculation of the adjusted score (¢,) for each site:

adjusted; = observed, ,; + performance;

with observed, ,; : mean of observed, of patients from all sites.

In addition, minimal important difference (MID) ranges
were calculated: MIDs are the smallest change in a treatment
outcome—as PROs—that a patient would identify as impor-
tant. For a better comparison between sites, MID ranges for

every site were included in the graphics with the adjusted
EPIC-26 scores:

MID range; = [adjustedj — MID;adjusted; + MID].

Skolarus et al. determined MIDs for each EPIC-26 score.
[27]. Those MIDs are currently frequently used in urologi-
cal research to assess differences in EPIC-26 results (i.e.
[28]). The lower threshold for each EPIC-26 domain is listed
below:

Incontinence: 6
Irritative/obstructive function: 5
Bowel function: 4

Sexual function: 10
Vitality/hormonal function: 4

R? and adjusted R? were calculated for all regression
models. The models were checked for heteroscedasticity,
multicollinearity, and normality using the R package “per-
formance” (results are available upon request).

Effects of casemix adjustment were measured using
Cohen’s d when comparing unadjusted and adjusted scores.
A Cohen’s |d| > 0.5 indicates a large effect.

The following formula was used to measure the number
of poorer-performing sites:

N, adjusted<x—MID

MID,,. ratio = N

for each EPIC-26 domain with N, ged<z—mip: number of
sites, with an adjusted score less than ¥ — MID, %: median
of adjusted scores and N: total number of sites.

In addition, absolute differences between unadjusted and
adjusted scores were analyzed and compared with the cor-
responding MIDs: for each EPIC-26 domain, the number of
operating sites for which this absolute difference was greater
than or equal to the corresponding MID was calculated as an
indicator of adjustment effects.

Operating sites with fewer than 10 patients were not
included in the analysis. The TRIPOD Statement advice was
followed for model development [29]. All statistical analyses
were performed using the R statistical package, version 4.0.2
(2020-06-22).

Results

Participants and operating sites

Between July 2016 and July 2019, 13 218 men participated
in PCO. Data for 7 065 patients who underwent radical pros-

tatectomy between July 2016 and 2019 with no additional
(salvage) treatment between baseline and answering the
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EPIC-26 questionnaire one year after surgery at 88 different
sites were included in the analysis (see Supplementary Mate-
rial 1 for a more detailed description of the data sample).
The mean age of the patients included was 65.5 (SD 7.2).
Most of the patients had localized PC with intermediate risk.
Table 1 lists all of the patients’ characteristics.

Table 2 presents the interquartile ranges (IQRs), means,
and standard deviation (SD) of the EPIC-26 scores before
and one year after RPE. At both measurement time points,
sexual function showed the lowest score (62.9 (¢,), 26.7 (t,)),
whereas urinary incontinence had the highest at baseline
(93.45 (y), (¢,)) and irritative/obstructive function had the
highest after RPE (86.61 (%), 91.12 (#,)) among the selected
EPIC-26 domains.

Functional outcome in PCCs 1 year after RPE
Regression models for casemix adjustment

Table 1 of the Supplementary Material 5 shows the results
for each regression model (one per EPIC-26 domain),
including estimates and p values. Goodness of fit for the
models ranged between R>=0.1 (irritative/obstructive
function), R*=0.11 (incontinence), and R>=0.22 (sexual
function).

Supplementary Material 2 provides the results of the
following sensitivity analysis: only sites with more than
49 patients and only sites that documented comorbidities.
Both showed the same trends as the models presented in
this paper.

Comparison of adjusted and unadjusted EPIC-26 scores

Differences between adjusted and unadjusted EPIC-26
site scores were evaluated using Cohen’s d as effect sizes.
Cohen’s d was 0.03 (irritative/obstructive function), — 0.08
(urinary incontinence), and — 0.2 (sexual function).

The median absolute difference between adjusted and
unadjusted EPIC-26 site scores ranged between one domain
score point (irritative/obstructive function) and three domain
score points (sexual function). Differences in adjusted and
unadjusted scores barely reached MIDs, only for urinary
incontinence, the score after RPE changed by six points or
more (MID for incontinence) at six sites. For the remain-
ing domains, no sites were identified that had an absolute
difference greater than or equal to the corresponding MID
(see Supplementary Material 3: observed and adjusted site-
specific EPIC-26 scores).

Casemix-adjusted EPIC-26 scores one year after RPE

Figure 1 shows casemix-adjusted EPIC-26 scores one year
after RPE for the sites, including MID ranges. The mean
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Table 1 Characteristics of the 7065 patients

Characteristic n %
Age (y1)
<60 1475 21
60-69 3443 49
70-79 2097 30
>79 50 1
Type of RPE
Open 2466 35
Robotic 3090 44
Laparoscopic 612 9
Unknown 897 13
Comorbidities
None 4596 65
1-2 1919 27
3 or more 130 2
Unknown 420 6
Risk classification
Localized, intermediate risk 3649 52
Localized, high risk 2049 29
Localized, low risk 1140 16
Locally advanced 174 3
Advanced (N1) 53 1
Type of health insurance
Statutory 4819 69
Private 2088 30
None or other 32 1
Unknown 126
Nationality
German 6752 97
Other 199 3
Unknown 114
Educational level *
Lower secondary school 2244 32
Entrance certificate for university 1957 28
Intermediate secondary school, west 1343 19
Entrance certificate for applied science college 930 13
Intermediate secondary school, east 331 5
Other 101
None 25
Unknown 134
AS before RPE 104 2
ADT before RPE 101

ADT androgen deprivation therapy, AS active surveillance, RPE radi-
cal prostatectomy

*Highest school-leaving qualification

adjusted score was lowest for the EPIC-26 domain of the
sexual function (24.6); by contrast, the mean adjusted
score was highest for irritative/obstructive function (90.4).
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Table 2 EPIC-26 scores before (#,) and after (¢,) radical prostatectomy: unadjusted on patient-level data, adjusted (¢,) on-site level

Incontinence Irritative/obstructive function Sexual function
ty t, (unad- t; (adjusted) 1, t t; (adjusted) 1, t t; (adjusted)
justed)
IQR 91-100 52-100 66-78 81-100 87-100 89-92 40-87 8-40 20-29
Mean (SD)  93.45 74.05 (27.25) 71.35(8.39) 86.61 (15.1) 91.12 90.42 (2.79) 62.87 26.7 (24.33) 24.58 (6.14)
(13.22) (11.47) (28.93)
Data miss- 362 193 n. a. 469 442 n. a. 256 140 n. a.
ing

Data missing only applicable for unadjusted patient-level scores

IQR, interquartile range; SD, standard deviation

Table 2 shows means and IQRs for all selected adjusted
EPIC-26 scores.

The MID,,., — ratio values (see the “Materials and meth-
ods” section above) were 0.26 (incontinence), 0.06 (irrita-
tive/obstructive function), and 0.01 (sexual function.

Discussion

These results show that urinary and sexual functional out-
comes one year after RPE differ between operating sites
before and after adjustment for relevant confounders such
as patients’ baseline functional status, disease information
(risk for recurrence), age, and socioeconomic status. For
patients who undergo RPE, incontinence and impaired sex-
ual function—which are characteristic adverse effects after
surgery—are by far the most important PC-specific PROs,
and these two differ most between sites. For incontinence,
26% of the operating sites had a poorer adjusted score than
the sites’ median minus the corresponding MID (as meas-
ured by the MID, ., — ratio). In addition, the functional
outcome for PC patients improves one year after RPE only
for the irritative/obstructive domain score.

Variation in PROs after RPE between sites has recently
been investigated based on the NHS National Prostate Can-
cer Audit database [15]. The main focus of the study was to
understand the impact of hospital volume on functional out-
comes. Since the casemix adjustment methodology did not
include baseline PROs we did not replicate their approach
but instead carefully adapted the casemix adjustment meth-
odology proposed by the NHS England for elective surgery,
with particular emphasis on choosing PC-specific, PRO-
relevant and accessible patients’ characteristics as adjus-
tors. Specifically, baseline PRO scores were included in all
models and showed the strongest predictive value for PROs
after one year (compare Table 1, Supplementary Material 5).
R? asa goodness-of-fit criterion, ranged between 0.1 (irrita-
tive/obstructive function) and 0.22 (sexual function) for the

different domain scores, suggesting that the adjustors used
do not work equally well in the models. This finding is con-
sistent with previous research by Laviana et al. [23]. Thus,
some variance remains for all the analyzed PROs that the
variables in our models cannot explain. This was expected,
as it was hypothesized that there would be differences in
PC care between the participating operating sites. Accord-
ing to Iezonni, a health-care outcome can be expressed as a
function of patients’ characteristics, treatment effectiveness,
and quality of care [30]. Since patients’ characteristics were
included in the models and only the same treatment method
(RPE) was compared,' the “unexplained” variance in the
models may reflect differences in the choice of procedure
(open, laparoscopic, robotic), different levels of surgical
experience or differences in follow-up care and this should
be a topic for further research. For different surgical proce-
dures, though, Haese et al. could show that functional out-
comes do not differ between open and robotic approaches
[31], whereas Nyberg et al. report a “moderate advantage for
the robotic technique regarding erectile dysfunction” [32].
Research by Vickers et al. already strengthens that surgery
outcome is strongly influenced by the individual surgeon
[33]. However, since patients mostly choose sites rather than
surgeons, variation on-site level is important to focus on.
Casemix adjustment is essential when comparing sites.
To the best of the authors’ knowledge, there is no estab-
lished method for analyzing the effects of adjustment—i.e.,
for describing how large a difference the adjustment makes.
We, therefore, propose two different measurements: Firstly,
taking effect sizes measured by Cohen’s d into account,
there are no substantial differences between the observed

! Although, all patients received an RPE, the kind of surgery (open,
robotic or laparoscopic) varied within the study cohort and even those
different surgical modalities differ within their procedures. The sur-
gery type however is mostly affected by the provider’s choice. Conse-
quently, for those analysis it is considered as a provider characteristic
and as such not included in the casemix adjustment models (other-
wise the EPIC-26 scores would be over-adjusted).
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and casemix-adjusted PRO scores in the analysis (largest
Cohen’s d for sexual function: — 0.2)—i.e., the casemix
adjustment does not “change” the sites’ scores to any large
extent. Secondly, we propose an indicator for measuring
adjustment effects, counting the sites for which the EPIC-
26 scores changed more than the corresponding MID. The
results show that the adjusted score differed to an extent
greater than or equal to the corresponding MID only for uri-
nary incontinence. Hence, both measurements reflect the fact
that, although casemix adjustment is essential, for most sites
the scores do not change to a clinically perceptible extent
(hence MIDs).

This is the first comparison between so many different
operating sites (n =88 PCCs). However, we are aware of
some limitations. Firstly, although the study sample is rela-
tively large, the casemix adjustment methodology needs to
be tested for robustness using larger samples. Furthermore,
more detailed information on the patients’ development of
functional outcomes, i.e., by more frequent follow-up ques-
tionnaires, would be desirable.

Another limitation of the study is the measurement of
comorbidities which are important confounders for e. g.
incontinence or erectile dysfunction. Since comorbidities
do not yet form part of data collection for the quality assur-
ance (certification) data on which the study is based, clini-
cians were asked to document them for the study addition-
ally, resulting in relatively high missing rates. On a positive
note, all of the other clinical and treatment information was
close to complete.

Thirdly, this analysis is limited to the first description of
differences between operating sites. Since different surgical
approaches and follow-up care are not included in the analy-
sis, the differences in adjusted outcomes cannot be explained
in depth because it is beyond the scope of this article.

Moreover, as a key indicator to evaluate the variation of
functional outcome, MIDs were proposed. For this analysis,
validated MIDs from Skolarus et al. were available based on
a US PC population [27]. However, as Revicki et al. pointed
out, MIDs are best applicable when developed using a vali-
dation population which is similar to the target population
[34].

Conclusion

The present results show differences in the PC care provided
for patients who undergo radical prostatectomy. Hence, the
choice of an operating site for RPE has an impact on the
patient’s outcome. However, the reasons for these differences
were not analyzed. The results thus raise questions about
firstly, why there are so many differences in PROs between
operating sites and secondly, how these differences could be
reduced. As a first step, all of the results were transparently

presented to and discussed with clinicians from the partici-
pating PCCs. Additionally, PROs could be reported annually
in audit reports and thus be used as a benchmarking instru-
ment for PCCs. For this purpose, a restriction to specific
EPIC-26 domains such as urinary incontinence and sexual
function being relevant for surgical treatment may be useful.
The use of PROs for benchmarking will only be possible if
PROs are carefully and robustly casemix-adjusted and thus
accepted by the clinical stakeholders. The casemix adjust-
ment methodology described here appears to be a promis-
ing and practicable approach for using patient-reported out-
comes to compare prostate cancer operating sites.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00345-022-03985-6.

Author contributions Study concept and design: CK, SW. Acquisition
of data: AAG, AB, CD, FD, FK, JB, JE, JM, JS, MK, NH, SC, TH, TK,
PH, BB. Analysis and interpretation of data: NTS, CK, RR. Drafting
of the manuscript: NTS. Critical revision of the manuscript for impor-
tant intellectual content: NTS, CK, CB, SW, HP, GF, GC, MB, PH.
Statistical analysis: NTS. Obtaining funding: GC, GF, SD, SW, CK.
Administrative, technical, or material support: SD. Supervision: CK,
SW, HP. Other: None.

Funding Funding was received from the Movember Foundation
through Help for Prostate Cancer Patients, the collaborating partner of
the Movember Foundation in Germany. The analysis and interpreta-
tions are those of the authors and not of the Movember Foundation.

Declarations

Conflict of interest Breidenbach, Dieng, Kowalski, Sibert, Wes-
selmann are employees of the two institutions in charge of the certifi-
cation system. Conrad reports personal fees from Janssen Cilag GmbH
outside the submitted work. Edeling reports grants and personal fees
from Proctoring Intuitive Surgical outside the submitted work. All
other authors have nothing to declare.

Research involving human participants and/or animals All procedures
performed in studies involving human participants were in accordance
with the ethical standards of the ethics committee of the Medical Asso-
ciation of Berlin (Eth-12/16) and with the 1964 Helsinki Declaration
and its later amendments or comparable ethical standards.

References

1. Zentrum fiir Krebsregisterdaten, Gesellschaft der epidemiologis-
chen Krebsregister in Deutschland (2017) Krebs in Deutschland
fiir 2013/2014. Robert Koch-Institut, Berlin

2. Ferlay J, Colombet M, Soerjomataram I, Dyba T, Randi G, Bettio
M et al (2018) Cancer incidence and mortality patterns in Europe:
estimates for 40 countries and 25 major cancers in 2018. Eur J
Cancer 103:356-387

3. De Angelis R, Sant M, Coleman MP, Francisci S, Baili P, Pieran-
nunzio D et al (2014) Cancer survival in Europe 1999-2007 by
country and age: results of EUROCARE-5-a population-based
study. Lancet Oncol 15(1):23-34

@ Springer


https://doi.org/10.1007/s00345-022-03985-6

1444

World Journal of Urology (2022) 40:1437-1446

10.

11.

12.

13.

14.

15.

17.

18.

19.

20.

21.

Zaider T, Manne S, Nelson C, Mulhall J, Kissane D (2012) Loss
of masculine identity, marital affection, and sexual bother in men
with localized prostate cancer. J Sex Med 9(10):2724-2732
Carlsson S, Drevin L, Loeb S, Widmark A, Lissbrant IF, Robinson
D et al (2016) Population-based study of long-term functional out-
comes after prostate cancer treatment. BJU Int 117(6B):E36-E45
Calvert M, Blazeby J, Altman DG, Revicki DA, Moher D, Brund-
age MD (2013) Reporting of patient-reported outcomes in rand-
omized trials. JAMA 309:814-822

Basch E, Torda P, Adams K (2013) Standards for patient-reported
outcome-based performance measures. JAMA 310(2):139-140
Resnick MJ, Barocas DA, Morgans AK, Phillips SE, Koyama T,
Albertsen PC et al (2015) The evolution of self-reported urinary
and sexual dysfunction over the last two decades: implications for
comparative effectiveness research. Eur Urol 67(6):1019-1025
Basch E, Abernethy AP (2011) Supporting clinical practice deci-
sions with real-time patient-reported outcomes. J Clin Oncol
29(8):954-956

Hartz A, He T, Strope S, Cutler DR, Andriole G, Dechet C (2013)
Surgeon variation in patient quality of life after radical prostatec-
tomy. J Urol 189(4):1295-1301

Rnic K, Linden W, Tudor I, Pullmer R, Vodermaier A (2013)
Measuring symptoms in localized prostate cancer: a systematic
review of assessment instruments. Prostate Cancer Prostatic Dis
16(2):111-122

Hoffman KE, Penson DF, Zhao Z, Huang L-C, Conwill R, Lavi-
ana AA et al (2020) Patient-reported outcomes through 5 years
for active surveillance, surgery, brachytherapy, or external beam
radiation with or without androgen deprivation therapy for local-
ized prostate cancer. JAMA 323(2):149-163

National Health Service (2019) Patient Reported Outcome Meas-
ures (PROMs) [Internet]. Available from: https://digital.nhs.uk/
data-and-information/data-tools-and-services/data-services/patie
nt-reported-outcome-measures-proms

Waljee JF, Ghaferi A, Finks JF, Cassidy R, Varban O, Carlin A
et al (2015) Variation in patient-reported outcomes across hospi-
tals following surgery. Med Care 53(11):960-966

Nossiter J, Morris M, Cowling TE, Parry MG, Sujenthiran A,
Aggarwal A et al (2021) Hospital volume and outcomes after
radical prostatectomy: a national population-based study using
patient-reported urinary continence and sexual function. Prostate
Cancer Prostatic Dis. https://doi.org/10.1038/s41391-021-00443-z

. Sibert NT, Pfaff H, Breidenbach C, Wesselmann S, Kowalski C

(2021) Different approaches for case-mix adjustment of patient-
reported outcomes to compare healthcare providers-methodolog-
ical results of a systematic review. Cancers (Basel) 13(16):3964
ICHOM - International Consortium for Health Outcomes Meas-
urement. Localized Prostate Cancer Data Collection Reference
Guide (2015)

Kowalski C, Ferencz J, Albers P, Fichtner J, Wiegel T, Feick G
et al (2016) Quality assessment in prostate cancer centers certified
by the German Cancer Society. World J Urol 34(5):665-672
Szymanski KM, Wei JT, Dunn RL, Sanda MG (2010) Develop-
ment and validation of an abbreviated version of the expanded
prostate cancer index composite instrument for measuring health-
related quality of life among prostate cancer survivors. Urology
76(5):1245-1250

Martin NE, Massey L, Stowell C, Bangma C, Briganti A, Bill-
Axelson A et al (2014) Defining a standard set of patient-cen-
tered outcomes for men with localized prostate cancer. Eur Urol
67(3):460-467

Sibert NT, Dieng S, Oesterle A, Feick G, Carl G, Steiner T et al
(2021) Psychometric validation of the German version of the

@ Springer

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

EPIC-26 questionnaire for patients with localized and locally
advanced prostate cancer. World J Urol 39(1):11-25

Sanda MG, Wei MG, Litwin MS (2002) Scoring instructions for
the expanded prostate cancer index composite short form (EPIC-
26). The Universityy of Michigan, Ann Abor

Laviana AA, Zhao Z, Huang L-C, Koyama T, Conwill R, Hoffman
K et al (2020) Development and internal validation of a web-
based tool to predict sexual, urinary, and bowel function longitu-
dinally after radiation therapy, surgery, or observation. Eur Urol
78(2):248-255

German Guideline Program in Oncology (2018) Interdisziplinére
Leitlinie der Qualitét S3 zur Fritherkennung, Diagnose und Thera-
pie der verschiedenen Stadien des Prostatakarzinoms, Version 5.0,
1. Aktualisierung, AWMF-Registernummer: 043/0220L
D’Amico AV, Whittington R, Malkowicz SB, Schultz D, Blank
K, Broderick GA et al (1998) Biochemical outcome after radi-
cal prostatectomy, external beam radiation therapy, or interstitial
radiation therapy for clinically localized prostate cancer. JAMA
280(11):969-974

NHS England Analytical Team. Patient Reported Outcome Meas-
ures (PROMs) An alternative aggregation methodology for case-
mix adjustment [Internet]. 2013 [cited 2020 Oct 7]. Available
from: https://www.england.nhs.uk/statistics/wp-content/uploads/
sites/2/2013/07/proms-agg-meth-adju.pdf

Skolarus TA, Dunn RL, Sanda MG, Chang P, Greenfield TK,
Litwin MS et al (2015) Minimally important difference for the
Expanded Prostate Cancer Index Composite Short Form. Urology
85(1):101-105

Tyson MD, Koyama T, Lee D, Hoffman KE, Resnick MJ, Wu X-C
et al (2018) Effect of prostate cancer severity on functional out-
comes after localized treatment: comparative effectiveness analy-
sis of surgery and radiation study results. Eur Urol 74(1):26-33
Collins GS, Reitsma JB, Altman DG, Moons KGM, members of
the TRIPOD group. Transparent Reporting of a Multivariable Pre-
diction Model for Individual Prognosis or Diagnosis (TRIPOD):
The TRIPOD Statement. Eur Urol. 2015 Jun;67(6):1142-51.
Iezzoni L (2012) Risk adjustment for measuring healthcare out-
comes, 4th edn. Health Administration Press, Chicago

Haese A, Knipper S, Isbarn H, Heinzer H, Tilki D, Salomon G
et al (2019) A comparative study of robot-assisted and open radi-
cal prostatectomy in 10 790 men treated by highly trained sur-
geons for both procedures. BJU Int 123(6):1031-1040

Nyberg M, Hugosson J, Wiklund P, Sjoberg D, Wilderidng U,
Carlsson SV et al (2018) Functional and oncologic outcomes
between open and robotic radical prostatectomy at 24-month
follow-up in the Swedish LAPPRO trial. Eur Urol Oncol
1(5):353-360

Vickers A, Savage C, Bianco F, Mulhall J, Sandhu J, Guillon-
neau B et al (2011) Cancer control and functional outcomes after
radical prostatectomy as markers of surgical quality: analysis of
heterogeneity between surgeons at a single cancer center. Eur Urol
59(3):317-322

Revicki D, Hays RD, Cella D, Sloan J (2008) Recommended
methods for determining responsiveness and minimally impor-
tant differences for patient-reported outcomes. J Clin Epidemiol
61(2):102-109

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://digital.nhs.uk/data-and-information/data-tools-and-services/data-services/patient-reported-outcome-measures-proms
https://digital.nhs.uk/data-and-information/data-tools-and-services/data-services/patient-reported-outcome-measures-proms
https://digital.nhs.uk/data-and-information/data-tools-and-services/data-services/patient-reported-outcome-measures-proms
https://doi.org/10.1038/s41391-021-00443-z
https://www.england.nhs.uk/statistics/wp-content/uploads/sites/2/2013/07/proms-agg-meth-adju.pdf
https://www.england.nhs.uk/statistics/wp-content/uploads/sites/2/2013/07/proms-agg-meth-adju.pdf

World Journal of Urology (2022) 40:1437-1446 1445

Authors and Affiliations

Nora Tabea Sibert'© - Holger Pfaff? - Clara Breidenbach' - Simone Wesselmann’ - Rebecca Roth?® - Giinther Feick* -
Giinter Carl*- Sebastian Dieng” - Amr A. Gaber® - Andreas Blana’ - Christopher Darr® - Florian Distler® -

Frank Kunath'® - Jens Bedke'' - J6rg Erdmann'2 - J6rg Minner'3. Jérg Simon'* - Maciej Kwiatkowski'” -

Martin Burchardt'® - Nino Harz'” - Stefan Conrad'® - Thomas Hofner'® - Thomas Knoll?° - Burkhard Beyer?' -

Peter Hammerer?? - Christoph Kowalski’

Holger Pfaff
holger.pfaff@uk-koeln.de

Clara Breidenbach
breidenbach @krebsgesellschaft.de

Simone Wesselmann
wesselmann @krebsgesellschaft.de

Rebecca Roth
rebecca.roth@uk-koeln.de

Giinther Feick
g-feick@gmx.de

Giinter Carl
guenther.carl @prostatakrebs-bps.de

Sebastian Dieng
s.dieng@onkozert.de

Amr A. Gaber
a.gaber@ctk.de

Andreas Blana
Andreas.Blana @klinikum-fuerth.de

Christopher Darr
christopher.darr @uk-essen.de

Florian Distler
Florian.Distler @klinikum-nuernberg.de

Frank Kunath
frank kunath @uk-erlangen.de

Jens Bedke
jens.bedke @med.uni-tuebingen.de

Jorg Erdmann

joerg.erdmann @ckbm.de

Jorg Minner

joerg.minner @glkn.de

Jorg Simon
joerg.simon@ortenau-klinikum.de

Maciej Kwiatkowski
maciej.kwiatkowski@ksa.ch

Martin Burchardt
martin.burchardt@meduni-greifswald.de

Nino Harz
nino.harz @klinikumdo.de

Stefan Conrad
Stefan.Conrad @diakovere.de

Thomas Hofner
Thomas.Hoefner @unimedizin-mainz.de

Thomas Knoll
T.Knoll @klinikverbund-suedwest.de

Burkhard Beyer
beyer.burkhard @ gmail.com

Peter Hammerer
p-hammerer @klinikum-braunschweig.de

Christoph Kowalski
kowalski @krebsgesellschaft.de

German Cancer Society, Kuno-Fischer-Strafie 8,
14057 Berlin, Germany

Faculty of Human Sciences, Faculty of Medicine

and University Hospital Cologne, Institute of Medical
Sociology, Health Services Research and Rehabilitation
Science, University of Cologne, Eupener Str. 129,
50933 Cologne, Germany

Faculty of Medicine and University Hospital Cologne,
Institute of Medical Statistics and Computational Biology,
University of Cologne, Robert-Koch-Str. 10, 50931 Cologne,
Germany

Federal Association of German Prostate Cancer Patient
Support Groups, Bonn, Germany

OnkoZert GmbH, Neu-Ulm, Germany

Urologische Klinik, Carl-Thiem-Klinikum Cottbus,
Thiemstr. 111, 03048 Cottbus, Germany

Klinik fiir Urologie und Kinderurologie, Klinikum Fiirth,
Jakob-Henle-Strasse 1, 90766 Fiirth, Germany

Klinik fiir Urologie, Universitétsklinikum Essen,
HufelandstraBe 55, 45147 Essen, Germany

Klinik fiir Urologie, Universititsklinik der Paracelsus
Medizinischen Privatuniversitit, Standort Klinikum
Niirnberg, Prof.-Ernst-Nathan-Strafe 1 (Haus 22),
90419 Nuremberg, Germany

Department of Urology and Pediatric Urology, Friedrich-A
lexander-Universitit Erlangen-Niirnberg (FAU), University
Hospital Erlangen, Krankenhausstrasse 12, 91054 Erlangen,
Germany

Klinik fiir Urologie, Universitit Tiibingen,
Hoppe-Seyler-Str. 3, 72076 Tiibingen, Germany

Prostatakarzinomzentrum Tauber-Franken, Uhlandstr. 7,
97980 Bad Mergentheim, Germany

Hegau-Bodensee-Klinikum GmbH, Virchowstrale 10,
78224 Singen, Germany

Klinik fiir Urologie und Kinderurologie, Ortenau Klinikum,
Ebertplatz 12, 77654 Offenburg, Germany

Kantonsspital Aarau AG, Onkologiezentrum Mittelland,
Tellstrasse 25, 5001 Aarau, Switzerland

@ Springer


http://orcid.org/0000-0001-6314-8158

1446 World Journal of Urology (2022) 40:1437-1446

16" Klinik und Poliklinik fiir Urologie, Universititsmedizin Gutenberg-Universitidt Mainz, Langenbeckstralie 1,
Greifswald, Ferdinand-Sauerbruch-Strale, 17475 Greifswald, 55131 Mainz, Germany
Germany 20 Kliniken Sindelfingen, Arthur-Gruber-Str. 70,
17" Klinikum Dortmund, Miinsterstrafe 240, 44145 Dortmund, 71065 Sindelfingen, Germany
Germany 2" Martini-Klinik Prostate Cancer Center Hamburg,
18 DIAKOVERE Friederikenstift, HumboldtstraBe 5, Martinistrafe 52, 20246 Hamburg, Germany
30169 Hannover, Germany 2

Stadtisches Klinikum Braunschweig, Freisestrafie 9/10,
Klinik und Poliklinik fiir Urologie und Kinderurologie, 38118 Braunschweig, Germany
UNIVERSITATSMEDIZIN der Johannes

@ Springer



	Variation across operating sites in urinary and sexual outcomes after radical prostatectomy in localized and locally advanced prostate cancer
	Abstract
	Purpose 
	Materials and methods 
	Results 
	Conclusions 
	Trial Registry. 

	Introduction
	Materials and methods
	Data collection
	Measures
	Dependent variables
	Adjustors
	Missing values

	Casemix adjustment of EPIC-26 scores 1 year after RPE

	Results
	Participants and operating sites
	Functional outcome in PCCs 1 year after RPE
	Regression models for casemix adjustment
	Comparison of adjusted and unadjusted EPIC-26 scores
	Casemix-adjusted EPIC-26 scores one year after RPE


	Discussion
	Conclusion
	References




