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Abb. 68 Relative Anteile (%) der stationärenWiederaufnahmen für die Versorgung einer Nachblutung innerhalb 30 Tage
nach Entlassung im Rahmendes Primäroperationsaufenthalts für das Gesamtkollektiv (grau) und stratifiziert nachPrimär-
operationstyp im jeweiligen Kalenderjahr.HoLEPHolmium-Laser-Enukleation der Prostata, TURP transurethrale Resektion
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kodierten Komplikationen in Zusammen-
hang gebracht werden. Daraus lässt sich
erkennen, ob z. B. eine steigende Zahl
der Eingriffe mit einer relativen Steige-
rung der Komplikationen einhergeht. Hier
wäre zu vermuten, dass eine schnelle
Durchführung einer operativen Maßnah-
me eine negative Auswirkung auf die
Behandlungsqualität hätte. Ein konträrer
Trend (höhere Zahlen, weniger Komplika-
tionen) würde wiederum bedeuten, dass
die Einrichtung Expertise aufbaut.

In begründeten Fällen können oben
gezeigte Analyseverfahren auch perso-
nenbezogen durchgeführt werden. Da-
raus lässt sich ablesen, welche Chirurgen
welche Leistungsmerkmale aufweisen.
Dabei ist jedoch zu betonen, dass derar-
tige Untersuchungen nur nach vorheriger
Konsultation mit dem Personalrat des
Krankenhauses und u.U. mit den Be-
handlern selbst erfolgen dürfen. In der
vorliegenden Arbeit haben wir uns ge-

gen diese Art der Leistungsauswertung
entschieden.

„More than a gut feeling“

Insbesondere für leitende Ärzte bieten sol-
che Zahlen eine gute Grundlage für die
Strategieentwicklung einer medizinischen
Einrichtung. Auch wenn nicht alle klini-
schen Aspekte der Therapie abgebildet
werden können, stellen die Versorgungs-
daten „more than a gut feeling“ (vom Eng-
lischen: „mehr als nur ein Bauchgefühl“)
für die Weiterentwicklung eines Behand-
lungsbereiches bereit. Auf der Ebene der
Krankenhausverwaltungermöglichender-
artige Analysen eine recht genaue Iden-
tifizierung sowohl von Problembereichen
als auch von überdurchschnittlichen Leis-
tungserbringern. Dies bezieht sich nicht
nur auf die Performance bestimmter Per-
sonen, sondern kann auch auf Patienten-
gruppenangewendetwerden.Daraus lässt

sich z. B. schlussfolgern, in welchen Pati-
entenkohorten erhöhte Komplikationsra-
ten auftreten oder zu erwarten sind. Dies
kann in der Folge dazu führen, dass Ver-
besserungsmaßnahmenwie z. B. ein geria-
trisches Management oder eine genauere
Überprüfung der Indikationsstellung er-
griffen werden.

» In Zukunft ist damit zu
rechnen, dass immer mehr digitale
Datensätze zur Verfügung stehen
werden

InZukunft istdamitzurechnen,dass immer
mehr digitale Datensätze zur Verfügung
stehen werden. Die Urologie beschäftigt
sich bekanntlich mit Krankheitsbildern
älterer Menschen. Mit der fortschreiten-
den Alterung der Gesellschaft wird sich
in der Urologie ein stetig steigendes Ar-
beitsaufkommen weiterhin abzeichnen.
Mit zielführenden und bewährten Aus-
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Zusammenfassung

Das benigne Prostatasyndrom (BPS) ist eine der häufigsten urologischen Erkrankungen.
Derzeit bestehen zahlreiche Operationsmethoden. Die Digitalisierung der Medizin
ermöglicht neue Studienansätze der Versorgungsforschung anhand der digitalen Daten
zu Behandlungen. In der vorliegenden Arbeit wurden BPS-spezifische longitudinale
Trendanalysen vorgenommen. Die Behandlungsvolumina sowohl in Projektion auf
die Therapieverfahren als auch diverse Patientenkohorten konnten nach Definierung
der Datensätze maschinell untersucht werden. Daraus ließen sich Informationen
zu relevanten Merkmalen der chirurgischen BPS-Behandlung ablesen sowie
Kalkulationen vornehmen, welche die Gesamtauswirkung dieser Prozesse spiegeln.
In Zukunft ist damit zu rechnen, dass immer umfangreichere, qualitätsmäßig bessere
digitale Datensätze zu unterschiedlichen Krankheitsbildern für Analysevorhaben zur
Verfügung stehen werden. Eine Intensivierung der Forschungsprojekte auf diesem
Gebiet ist erstrebenswert. Die damit gewonnenen Ergebnisse ermöglichen weitere
Optimierungsschritte bestimmter Behandlungsstrategien und vermitteln wichtige
Kennzahlen für die Strategieentwicklung einer medizinischen Einrichtung.

Schlüsselwörter
Big data · Datenbanken · Digitalisierung · Trendanalyse · Versorgungsforschung

Einleitung

Das benigne Prostatasyndrom (BPS) ge-
hört zu den häufigsten Erkrankungen
des alternden Mannes, die mit multiplen
konservativen und chirurgischen medi-
zinischen Maßnahmen einhergehen [1,
2]. In den letzten Jahrzehnten wurden
diverse Operationstechniken erforscht
und in die Klinik eingeführt [3]. Im Zu-
ge der fortschreitenden Digitalisierung
des Gesundheitswesens werden viele Be-
handlungsparameter digital erfasst und
gespeichert [4].

Eine der relevantesten Datenquellen
sind die sog. Kodierungsdaten, die durch
Krankenhäuser und andere medizinische
Einrichtungen generiert werden, um er-
brachte Leistungen zu dokumentieren

und eine Erstattung zu erhalten [5]. Diese
Daten werden primär nicht für medizini-
sche Studien verwendet, sondern haben
einen dokumentativen Charakter. Darüber
hinaus adressieren sie abrechnungsrele-
vante Aspekte der Leistungserbringung
und nicht zwingend Parameter von kli-
nischer Bedeutung. Die methodischen
Werkzeuge der Versorgungsforschung
ermöglichen jedoch durch die Analyse
derartiger Datenquellen immer genauere
Einblicke in Behandlungsprozesse [6]. Die
Versorgungsdaten umfassen dabei meis-
tens große Patientenkohorten und bilden
umfangreichere Zeiträume ab.

Da solche Datensätzemaschinell unter-
sucht und ausgewertet werden können,
ergeben sich Möglichkeiten zur Nutzung
dieser Ansätze inder klinischenForschung,
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Abb. 28 Verteilung der Primäroperationen stratifiziert nach jährlicher Fallzahl (2003bis erstes Halbjahr 2021 „I-2021“) und
Operationstechnik (a), sowie zusätzlichderpostoperativenVerweildauer (b) in Kategorien≤3 Tage (roteUmrahmung) oder
>3Tage (schwarzeUmrahmung).DieProzentangaben(gerundet) stellendenprozentualenFallanteilderOperationstechnik
(a)bzw.proVerweildauerkategorie (b) im jeweiligenKalenderjahrdar.EPzAeinfacheProstatektomiezurAdenomentfernung,
HoLEPHolmium-Laser-EnukleationderProstata,TURP transurethrale ResektionderProstata,VWDVerweildauer,Op.Opera-
tion
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Emulation of Randomized Clinical Trials With
Nonrandomized Database Analyses
Results of 32 Clinical Trials
Shirley V. Wang, PhD, ScM; Sebastian Schneeweiss, MD, ScD; and the RCT-DUPLICATE Initiative

IMPORTANCE Nonrandomized studies using insurance claims databases can be analyzed to
produce real-world evidence on the effectiveness of medical products. Given the lack of
baseline randomization and measurement issues, concerns exist about whether such studies
produce unbiased treatment effect estimates.

OBJECTIVE To emulate the design of 30 completed and 2 ongoing randomized clinical trials
(RCTs) of medications with database studies using observational analogues of the RCT design
parameters (population, intervention, comparator, outcome, time [PICOT]) and to quantify
agreement in RCT-database study pairs.

DESIGN, SETTING, AND PARTICIPANTS New-user cohort studies with propensity score
matching using 3 US claims databases (Optum Clinformatics, MarketScan, and Medicare).
Inclusion-exclusion criteria for each database study were prespecified to emulate the
corresponding RCT. RCTs were explicitly selected based on feasibility, including power, key
confounders, and end points more likely to be emulated with real-world data. All 32 protocols
were registered on ClinicalTrials.gov before conducting analyses. Emulations were conducted
from 2017 through 2022.

EXPOSURES Therapies for multiple clinical conditions were included.

MAIN OUTCOMES AND MEASURES Database study emulations focused on the primary
outcome of the corresponding RCT. Findings of database studies were compared with RCTs
using predefined metrics, including Pearson correlation coefficients and binary metrics based
on statistical significance agreement, estimate agreement, and standardized difference.

RESULTS In these highly selected RCTs, the overall observed agreement between the RCT and
the database emulation results was a Pearson correlation of 0.82 (95% CI, 0.64-0.91), with
75% meeting statistical significance, 66% estimate agreement, and 75% standardized
difference agreement. In a post hoc analysis limited to 16 RCTs with closer emulation of trial
design and measurements, concordance was higher (Pearson r, 0.93; 95% CI, 0.79-0.97;
94% meeting statistical significance, 88% estimate agreement, 88% standardized difference
agreement). Weaker concordance occurred among 16 RCTs for which close emulation of
certain design elements that define the research question (PICOT) with data from insurance
claims was not possible (Pearson r, 0.53; 95% CI, 0.00-0.83; 56% meeting statistical
significance, 50% estimate agreement, 69% standardized difference agreement).

CONCLUSIONS AND RELEVANCE Real-world evidence studies can reach similar conclusions as
RCTs when design and measurements can be closely emulated, but this may be difficult to
achieve. Concordance in results varied depending on the agreement metric. Emulation
differences, chance, and residual confounding can contribute to divergence in results and
are difficult to disentangle.
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design and measurements, concordance was higher (Pearson r, 0.93; 95% CI, 0.79-0.97;
94% meeting statistical significance, 88% estimate agreement, 88% standardized difference
agreement). Weaker concordance occurred among 16 RCTs for which close emulation of
certain design elements that define the research question (PICOT) with data from insurance
claims was not possible (Pearson r, 0.53; 95% CI, 0.00-0.83; 56% meeting statistical
significance, 50% estimate agreement, 69% standardized difference agreement).

CONCLUSIONS AND RELEVANCE Real-world evidence studies can reach similar conclusions as
RCTs when design and measurements can be closely emulated, but this may be difficult to
achieve. Concordance in results varied depending on the agreement metric. Emulation
differences, chance, and residual confounding can contribute to divergence in results and
are difficult to disentangle.
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Abstract
Multivariable model building for propensity score modeling approaches is challeng-
ing. A common propensity score approach is exposure-driven propensity score match-
ing, where the best model selection strategy is still unclear. In particular, the situation
may require variable selection, while it is still unclear if variables included in the
propensity score should be associated with the exposure and the outcome, with either
the exposure or the outcome, with at least the exposure or with at least the outcome.
Unmeasured confounders, complex correlation structures, and non-normal covariate
distributions further complicate matters. We consider the performance of different
modeling strategies in a simulation design with a complex but realistic structure and
effects on a binary outcome. We compare the strategies in terms of bias and variance in
estimated marginal exposure effects. Considering the bias in estimated marginal expo-
sure effects, the most reliable results for estimating the propensity score are obtained
by selecting variables related to the exposure. On average this results in the least bias
and does not greatly increase variances. Although our results cannot be generalized,
this provides a counterexample to existing recommendations in the literature based
on simple simulation settings. This highlights that recommendations obtained in sim-
ple simulation settings cannot always be generalized to more complex, but realistic
settings and that more complex simulation studies are needed.
K E Y W O R D S
automated variable selection, exposure-driven matching, propensity score, unmeasured confounders

1 INTRODUCTION
When analyzing follow-up data from epidemiological or clinical cancer registries, typically a comparison to an external reference
population is desirable. For instance, having contacted a representative sample of cancer survivors from an epidemiological
cancer registry (see, e.g., Beutel et al., 2015), one can then use general population reference values to evaluate late effects of
cancer. Nevertheless, there will probably be baseline differences between the cancer survivor cohort and the reference cohort.
The analysis might fail to capture the real causal late effects of cancer and cancer treatment. In addition, a high number of

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any medium, provided
the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
© 2020 The Authors. Biometrical Journal published by WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim.
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F I G U R E 5 Simulation setting A-2: Covariate !6 unavailable for selection (A) Propensity score model selected via exposure only (E) or both
exposure and outcome (E-O) strategy, (B) propensity score model selected via either exposure or outcome (E/O) or outcome only (O) strategy. In the
first row, the average bias of the marginal log exposure effect is given, in the second row the average number of variables used in both the propensity
score model and the outcome model (Note that the result of PSV+E is equal to the result of ED OR), while the third row shows the average standard
deviation of the marginal log exposure effect (log odds ratio, LOR). The signal-to-noise ratio (SNR) is equal to either 0.1 or 0.4. Selection models for
the propensity score are displayed on the x-axis. Models are chosen via backward selection and with the selection threshold (AIC, "-value ≤ 0.05)
indicated in brackets. Different symbols represent the different adjustment sets for the matched data set, whereby lighter gray indicates stricter
thresholds, and black indicates no selection, meaning that we adjusted for all variables except for the unavailable one. Naive PS model denotes the
combination of a propensity score model consisting of variables directly correlated with the exposure and the unadjusted post-matching outcome
model

The main aim of all of the procedures used above is to correct for bias in the marginal odds ratio for exposure. The results for
the setting where !6 is unmeasured are shown in the upper panels of Figure 5. When SNR = 0.1, the bias can corrected using
several approaches. Requiring only an association with the exposure to build the propensity score (#(AIC) or #(0.05) leads to a
good average bias reduction for all post-matching strategies. The best reduction is achieved when combining these models with
a complete adjusted post-matching model ($%% + #). However, such an adjustment is often not practicable. Building the post-
matching model using backward selection (&'(AIC) + # or (&'(0.05) + #) gives nearly the same results on average without
an increase in the average standard deviation of the estimate. An even better result can be obtained when adding the variables
associated with the outcome to the propensity score model (#∕((AIC) or #∕((0.05). Here, the post-matching models need
to at least be adjusted for the propensity score variables to fully correct the bias. The other two procedures for building the

 15214036, 2020, 3, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/bim

j.201800190 by A
lbert-Ludw

igs-U
niversität, W

iley O
nline Library on [25/02/2023]. See the Term

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline Library for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons License



Inkonsistenz zwischen Studien
Beispiel: Netzwerkmetaanalyse (Krahn et al., 2013)
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Table 3 Heterogeneity and inconsistency in the diabetes example

Q statistic Number of studies Degrees of freedom p value

Qnet 96.98 26 27-9=18 < 0.001

Qinc 22.53 26 16-9=7 0.002

Qhet 74.45 26 27-16=11 < 0.001

Qhet
plac:benf 4.38 2 2-1=1 0.036

Qhet
plac:metf 42.16 3 3-1=2 < 0.001

Qhet
plac:migl 6.45 3 3-1=2 0.040

Qhet
plac:rosi 21.27 6 6-1=5 0.001

Qhet
metf:rosi 0.19 2 2-1=1 0.665

The decomposition of the Q statistics as well as the degrees of freedom of the corresponding chi-squared distributions and the p values are shown. In addition the
considered number of studies are displayed. Only one study is observed for the following designs: plac:acar, plac:piog, plac:sita, plac:vild, acar:SUal, metf:piog,
metf:SUal, piog:rosi, rosi:SUal, plac:acar:metf. For this reason, the corresponding Qhet

d statistics are not shown.

in designs plac:acar and acar:SUal agree with the exist-
ing direct evidence of each other, but we observe a Qinc

statistic with a p value of 0.002, which is composed of
the squared Pearson residuals for the designs metf:SUal,
rosi:SUal, plac:piog, metf:piog, and plac:rosi. The first two
have higher residuals in comparison to plac:piog, although
their direct estimates more strongly drive their network
estimates, with 56% and 41% in contrast to 36% in the
case of design plac:piog. We can observe a hot spot of

inconsistency between the effects in designs metf:SUal,
rosi:SUal, plac:piog, and metf:piog, for which only one
study is observed in each case. The effects in designs
plac:piog and metf:piog as well as, in particular, the
designs metf:SUal and rosi:SUal are especially inconsis-
tent. Although the direct estimate in design plac:rosi is
hampered with large heterogeneity (p = 0.001), it has
a large evidence base of six studies and hence strongly
drives its network estimate with 83% and other network
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Figure 5 Net heat plot in the diabetes example. The area of the gray squares displays the contribution of the direct estimate in design d (shown
in the column) to the network estimate in design d′ (shown in the row). The colors are associated with the change in inconsistency between direct
and indirect evidence in design d′ (shown in the row) after detaching the effect of design d (shown in the column). Blue colors indicate an increase
and warm colors indicate a decrease (the stronger the intensity of the color, the stronger the change). The two contrasts of the three-armed study
with design plac:acar:metf are marked with ∗ .
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