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Zusammenfassung

Die gednderten Rahmenbedingungen der gesundheitlichen Versorgung stellen unser
Gesundheitssystem vor eine zunehmende Anzahl von Herausforderungen. Die Be-
trachtung der gesundheitlichen Versorgung als Prozess — nicht nur als Summe der
verschiedenen Gesundheitsleistungen und -guter — ist daher sowohl in der politi-
schen Diskussion als auch in der Wissenschaft in den Fokus gerickt. Die Prozessbe-
trachtung der Versorgung kann dazu beitragen, Ineffizienzen im System zu erkennen
und zu beseitigen. Vor dem Hintergrund der eingangs genannten Herausforderungen
stellt sich die Frage, welche Gesundheitsversorgung Patienten bendtigen. Zudem

sind die Kosten und die Effizienz der Versorgung von zentraler Bedeutung.

Die Bereitstellung von wissenschaftlich fundierten Informationen zur Optimierung des
Gesundheitssystems ist dabei das Ziel der Versorgungsforschung. Traditionelle For-
schungsansatze kénnen die Versorgung und die damit einhergehenden Fragestel-
lungen nur unzureichend beantworten. Sekundéardaten, also Daten, die nicht far den
eigentlichen Analysezweck erhoben wurden, stellen eine Mdglichkeit dar, dieser
Problematik zu begegnen. Daher zeigt das in dieser Arbeit zusammengefasste For-
schungsprogramm exemplarisch auf, wie Sekundardaten zur Analyse von Versor-

gungsprozessen genutzt werden kénnen.

Dazu werden zunachst vier Arbeiten prasentiert, die die Nutzung von GKV-
Routinedaten zur Analyse von Versorgungsprozessen veranschaulichen. Sowohl die
Nutzung dieser Daten fiir Kostenanalysen als auch fiir Untersuchungen der Uberle-
benswahrscheinlichkeiten und der Qualitdt der Versorgung werden demonstriert.
Aufgrund der besonderen methodischen Herausforderungen bei der Nutzung von
Sekundéardaten werden im Anschluss zwei methodische Arbeiten dargelegt. Sie ge-
ben Aufschluss Uber die Verwendungsmdglichkeiten von sozio6konomischen Infor-
mationen in GKV-Routinedaten und diskutieren die Perspektive der PKV bei Studien.
Eine weitere Arbeit zeigt auf, wie Daten des sozio-oekonomischen Panels zur Analy-
se der Versorgung genutzt werden kénnen. AbschlieBend wird anhand von zwei Stu-
dien veranschaulicht, wie Literaturdatenbanken systematisch genutzt werden kén-

nen, um versorgungsrelevante Fragestellungen zu beantworten.



Das vorliegende Forschungsprogramm verdeutlicht die Nutzungsmaéglichkeiten von
Sekundardaten zur Analyse und Optimierung von Versorgungsprozessen. Sekun-
dardaten enthalten dabei regelmafig unspezifische, aber umfassende Informationen,
die im Sinne des primaren Erhebungszweckes erfasst wurden. Diese bieten damit
eine gunstige und breite Datenbasis, um versorgungsrelevante Fragestellungen zu
beantworten. Sie gehen allerdings auch mit einigen Limitationen einher, da die Daten
nicht flr den speziellen Analysezweck erhoben wurden. Aufgrund dessen fehlen mit-
unter wichtige Informationen oder liegen z. B. nur in aggregierter Form vor. Zuklnfti-
ge Forschungsprojekte sollten insbesondere die zahlreichen methodischen Frage-
stellungen adressieren sowie die Verknupfungsmdglichkeiten von verschiedenen
Sekundéar- und Primardaten weiterentwickeln.

Schlagworter: Versorgungsforschung, Gesundheitsékonomische Evaluationen,

GKV-Routinedaten, Versorgungsprozesse, Sekundardaten



Abstract

The German health care system is facing an increasing number of challenges. Con-
sidering health care as a process - not only as the sum of the various health care
services and goods — has therefore moved into the focus both in the political debate
as well as in science. This approach can help to detect and to eliminate inefficiencies
in the system. Against the background of the aforementioned challenges, the ques-
tion arises, what patients need as health care. In addition, the cost and efficiency of
the supply are of central importance.

The provision of scientific information to optimize the health system is the aim of the
health services research. Traditional research approaches can answer the supply
and the related questions only inadequate. Secondary data — data that were not col-
lected for the actual purpose of the analysis — provide a way to overcome this prob-
lem. Therefore, the present research program demonstrates how secondary data can

be used for the analysis of supply processes.

The first four papers illustrate how SHI routine data can be used for the analysis of
health care processes. The use of this data for cost analysis, as well as for studies
on survival probabilities and on quality of care is demonstrated. Subsequently, two
methodological papers are shown, because of the methodological challenges in the
utilization of secondary data. They provide information on the uses of socio-economic
information in SHI routine data and discuss the perspective of private health insur-
ance in studies. Another work shows an example of how data from the socio-
economic panel can be used to analyze the supply. Finally, two studies demonstrate
how literature databases can be used systematically to answer relevant questions.

This research program demonstrates the possibilities of using secondary data for the
analysis of health care processes. Secondary data included nonspecific but compre-
hensive information that has been provided for the purposes of the primary data col-
lection. Thus, they offer an affordable and broad database to supply answers to rele-
vant questions in health care. However, they are accompanied with some limitations,
because the data were not collected for the specific purpose of the analysis. Because
of this, sometimes important information is omitted or only available in aggregated
form. Future research projects should in particular address the numerous methodo-



logical questions and develop the possibilities of linking different secondary data as

well as with primary data.

Key words: Health Services Research, Health Economic Evaluations, Claims Data,
Secondary Data, Health Care Process
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1 Motivation und Zielsetzung

Die geanderten Rahmenbedingungen der gesundheitlichen Versorgung stellen unser
Gesundheitssystem vor eine zunehmende Anzahl von Herausforderungen. Das sich
andernde Krankheitsspektrum, die gestiegene Komplexitat der Versorgung, die be-
grenzten finanziellen und personellen Ressourcen, aber auch das geédnderte Selbst-
verstandnis von vielen Beteiligten und der gesellschaftliche sowie demografische
Wandel machen ein Umdenken bei der Ausrichtung und Gestaltung unseres Ge-
sundheitssystem unabdingbar. Die stetige Zunahme von chronisch kranken, alten
und multimorbiden Patienten erfordert eine umfassende und ganzheitliche Betrach-
tungsweise der gesundheitlichen Versorgung.

Die Betrachtung der gesundheitlichen Versorgung als Prozess ist sowohl in der poli-
tischen Diskussion als auch in der Wissenschaft daher in den Fokus gertickt. Dies
zeigt sich nicht zuletzt durch die gesundheitspolitischen Bestrebungen der letzten
Dekade, die eine Reihe von Lésungen mit dem Ziel der besseren Koordination, In-
tegration und Steuerung der Versorgung umfassen. Die Versorgung wird dabei nicht
als Summe der unterschiedlichen Gesundheitsleistungen und -glter verstanden,
sondern als ein Prozess, in dem parallel und sequenziell verschiedene Leistungen in
Kombination mit vorhandenen Versorgungsstrukturen ablaufen. Grund fir diese Be-
trachtungsweise ist u. a. die Erkenntnis, dass die einzelnen, heute vorhandenen Ver-
sorgungsleistungen und -guter dem Grunde nach ausreichend und zweckmaBig sind,
um eine qualitativ hochwertige und effiziente Kranken- und Gesundheitsversorgung
zu schaffen. Ineffizienzen entstehen allerdings heutzutage vor allem bei den Uber-
gangen zwischen den Sektoren oder Versorgungsleistungen. Eine Prozessbetrach-
tung kann dazu beitragen, diese Defizite in einem ersten Schritt zu erkennen und

langfristig zu beseitigen.

Vor dem Hintergrund der eingangs genannten Herausforderungen stellt sich die Fra-
ge, welche Gesundheitsversorgung Patienten bendtigen und wie diese ausgestaltet
sein sollte. Die Versorgung darf dabei im Sinne der Prozessbetrachtung wiederum
nicht nur als Summe der verschiedenen Gesundheitsleistungen und -glter verstan-
den werden. Die zentrale Fragestellung ist also, wie vorhandene und/oder neue Leis-
tungen, Glter und Strukturen kombiniert und verknlpft werden kénnen, um eine op-
timale Kranken- und Gesundheitsversorgung zu erreichen. Diese umfassende und
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mehrdimensionale Betrachtung ermdglicht es dabei auch, z. B. Koordinationsdefizite
beim Ubergang zwischen verschiedenen Sektoren zu beriicksichtigen. Ferner sind
besonders Fragen nach den Kosten und der Effizienz im Sinne der Zielsetzung der

Gesundheitsversorgungsprozesse von zentralem Interesse.

Die Bereitstellung von wissenschaftlich fundierten Informationen zur Optimierung des
Gesundheitssystems ist dabei das Ziel der Versorgungsforschung. Mit ihrer Hilfe soll
die Kranken- und Gesundheitsversorgung hinsichtlich der Kriterien Patientenorientie-
rung, Qualitdt und Wirtschaftlichkeit optimiert werden. Es existiert eine Reihe von
Definitionen fir den Begriff ,Versorgungsforschung®. In Deutschland hat sich folgen-
de Definition etabliert: ,Versorgungsforschung ist die wissenschaftliche Untersu-
chung der Versorgung von Einzelnen und der Bevélkerung mit gesundheitsrelevan-
ten Produkten und Dienstleistungen unter Alltagsbedingungen.[1] Die Versorgungs-
forschung hat somit die Aufgabe, Versorgungsdefizite zu identifizieren, neue Versor-
gungskonzepte mit zu entwickeln sowie umzusetzen und deren Wirksamkeit zu eva-

luieren.[2]

Traditionelle Forschungsansatze, einschlieBlich der klinischen Forschung, kénnen
die Versorgung und die damit einhergehenden Fragestellungen nicht oder nur unzu-
reichend beantworten. Randomisierte klinische Studien, als hdchste Stufe der Evi-
denz in der medizinischen Forschung, eignen sich zwar, um einzelne Strukturen oder
Leistungen zu analysieren, nicht aber, um den gesamten Versorgungsprozess zu
erfassen. Diese Problematik ergibt sich insbesondere aufgrund der verwendeten Da-
ten, die regelmaBig nur sehr ausgewahlte Aspekte der Versorgung umfassen und
unter kontrollierten und optimierten Umstanden erhoben wurden. Alternative Daten,
mit denen zunehmend im Bereich der Versorgungsforschung gearbeitet wird, sind
Daten, die fir den eigentlichen Analysezweck nicht erhoben wurden. Unter diesem
Begriff kdnnen nicht nur Abrechnungsdaten der Gesetzlichen Krankenversicherung
(GKV) — sogenannte GKV-Routinedaten —, sondern auch weitere Datenquellen wie
Literaturdatenbanken und Bevélkerungssurveys zusammengefasst werden. Aufgrund
der h&ufig deutlich breiteren Datenbasis und Vollstandigkeit von Sekundardaten —im
Gegensatz zu klinischen Daten — erméglichen sie es, die Besonderheiten der Ver-
sorgungsprozesse umfassender zu analysieren und die zuvor genannten Fragestel-
lungen besser zu beantworten. Aufgrund der Tatsache, dass die Daten nicht flir den
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Analysezweck erhoben wurden, kann weiterhin vermutet werden, dass Sekundarda-
ten im Vergleich zu Daten aus klinischen Studien einer geringeren Gefahr der Ver-
zerrung im Hinblick auf die Fragestellung unterliegen.[3] Ergdnzend kann erwahnt
werden, dass Sekundardaten regelmafBig einen hohen Bevélkerungsbezug haben
und schnell sowie kostengiinstig verfligbar sind.

Aufgrund der vielen verschiedenen Sekundardatenquellen und der Komplexitat der
Versorgungsprozesse erfordert die Verwendung von Sekundéardaten zu Analysezwe-
cken spezifische methodische und institutionelle Kenntnisse. Das in dieser Arbeit
zusammengefasste Forschungsprogramm zeigt, anhand eigener Studien, exempla-
risch auf, wie Sekundardaten zur Analyse von Versorgungsprozessen genutzt wer-
den kénnen. Hierbei werden insbesondere die Chancen und die Méglichkeiten, aber
auch die Limitationen der Nutzung von Sekundardaten deutlich. Diese werden im
Folgenden am Beispiel von GKV-Routinedaten dargestellt. Die Heterogenitat von
Sekundardaten zur Versorgungsforschung stellt weiterhin hohe Anforderungen an
die methodischen Fertigkeiten und Ansatze. Daher leistet die vorliegende Arbeit ei-
nen Beitrag zur Entwicklung geeigneter Methoden im Bereich der Versorgungsfor-
schung, indem u. a. verschiedene methodische Anséatze miteinander verglichen und
kritisch diskutiert werden.

2 Beitrag der vorliegenden kumulativen Dissertationsarbeit

Im Folgenden werden zuné&chst vier Arbeiten prasentiert, die exemplarisch auf
Grundlage von GKV-Routinedaten die Nutzung von Sekundardaten zur Analyse von
Versorgungsprozessen aufzeigen. AnschlieBend folgen zwei Arbeiten, die explizit
methodische Aspekte betrachten. Die siebte Arbeit veranschaulicht, wie mithilfe von
Daten des sozio-oekonomischen Panels (SOEP) die Versorgung erfasst und ausge-
wertet werden kann. AbschlieBend folgen zwei Artikel, die Literaturdatenbanken dazu
nutzen, Arbeiten zu identifizieren, die die Kosteneffektivitat von Therapiealternativen
vergleichen.

Aufgrund der eingangs bereits erwahnten Kostenproblematik im Gesundheitswesen
wird exemplarisch anhand von zwei Beitrdgen zunachst die Analyse der Kosten der
Versorgung anhand von GKV-Routinedaten aufgezeigt. Die Publikation ,One-year
disease-related health care costs of incident osteoporotic vertebral fractures in Ger-
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many” (siehe Modul 1) ermittelt die krankheitsspezifischen Kosten der Versorgung
am Beispiel von osteoporosebedingten Wirbelkérperkompressionsfrakturen aus der
Perspektive der GKV. Die Kostenermittlung erfolgt dabei unter Zuhilfenahme von
GKV-Routinedaten. Diese Daten besitzen alle gesetzlichen Krankenkassen in
Deutschland zum Zweck der Abrechnung von Erstattungsanspriichen. Sie umfassen
Informationen Uber alle Leistungsvorgange und Ressourcenverbrduche der Versi-
cherten. Die Analyse von inzidenten osteoporosebedingten Wirbelkdrperkompressi-
onsfrakturen mithilfe von Generalisierten Linearen Modellen zeigt hohe Kosten im
Vergleich zu einer entsprechend gesunden Vergleichspopulation auf. Vor dem Hin-
tergrund des demografischen Wandels sowie einer bereits hohen und steigenden
Inzidenz in der Gruppe der Uber 60-Jahrigen verdeutlichen die Ergebnisse der Studie
die hohe Relevanz dieses Bereiches fiir die GKV. Weiterhin werden Determinanten
der Krankheitskosten identifiziert. Die Studie leistet damit einen Beitrag zur Be-
schreibung und Erklarung der Kosten der Versorgungsprozesse am Beispiel von os-
teoporosebedingten Wirbelkdérperkompressionsfrakturen. Darlber hinaus zeigt sie
auf, dass Abrechnungsdaten der Krankenkassen fur die Versorgungsforschung den
groBen Vorteil haben, dass sie unter Alltagsbedingungen entstanden sind und eine
gute Abschatzung von Ressourcenverbrduchen in der aktuellen Versorgungssituati-
on erm@glichen. Die methodische Herangehensweise mit aktuellen und komplexen
Regressionsverfahren verdeutlicht zusatzlich die Mdglichkeiten einer unverzerrten
Schatzung bei der Nutzung von GKV-Routinedaten

Das Ziel bei der Ermittlung von indikationsspezifischen Kosten einer spezifischen
Zielerkrankung ist es, nur diejenigen Ressourcenverbrduche und Kosten anzusetzen,
die mit der entsprechenden Erkrankung zusammenhangen. Im Gegensatz zu klini-
schen Studien, bei denen die Ressourcenverbrauche direkt einer spezifischen Er-
krankung zugerechnet werden kénnen, gibt es bei Studien mit GKV-Routinedaten
allerdings ein Abgrenzungsproblem. Um eine Uberschatzung der Kosten zu vermei-
den, existieren hierzu in der Gesundheits6konomie verschiedene Methoden.

Am Beispiel von GKV-Routinedaten zur Aufmerksamkeitsdefizit-
/Hyperaktivitatsstorung (ADHS) werden in der Publikation ,Die Berechnung indikati-
onsspezifischer Kosten bei GKV-Routinedatenanalysen am Beispiel von ADHS* (sie-
he Modul 2) zwei Ansatze miteinander verglichen und bewertet. Bei dem Kontroll-
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gruppenansatz, der auch in der zuvor genannten Publikation zu osteoporosebeding-
ten Wirbelkdrperkompressionsfrakturen zum Einsatz gekommen ist, werden hier die
Ausgaben fir ADHS-Patienten mit den Ausgaben fir eine vergleichbare Kontroll-
gruppe ohne ADHS verglichen. Die inkrementellen Kosten zwischen beiden Gruppen
kébnnen als indikationsspezifische Kosten interpretiert werden. Eine ergénzend
durchgeflihrte, systematische Literaturrecherche zeigt, dass die Kostenunterschiede
gelegentlich durch zusétzliche Regressionsverfahren hinsichtlich verschiedener Pa-
rameter (z. B. Alter, Komorbiditaten) adjustiert werden. Der zweite Ansatz, der in die-
ser Arbeit betrachtet wird, ist die expertengestitzte Methode. Hierbei werden von
den Gesamtkosten die Kostenbestandteile, die nicht mit der Zielerkrankung in Ver-
bindung stehen und auf Grundlage von Expertenmeinungen ermittelt werden, sub-
trahiert. Eine Kontrollgruppe ist somit nicht erforderlich. Im Ergebnis zeigen sich
deutliche Unterschiede zwischen beiden Ansatzen, die auf die umfassende Berlck-
sichtigung der Kosten aller méglichen Komorbiditdten beim Kontrollgruppenansatz
zurtckzufihren sind. Die Arbeit leistet mit ihrer Methodendiskussion einen wichtigen
Beitrag zur Entwicklung einer evidenzbasierten Versorgungsforschung. Sie prasen-
tiert insbesondere auch die Vor- und Nachteile der unterschiedlichen Verfahren bei
der Analyse der Versorgungsprozesse auf. Die Aufarbeitung von Vor- und Nachteilen
ist dabei unabdingbar fur die Entwicklung einheitlicher methodischer Standards. Eine
Standardisierung wiederum ist notwendig, damit die Ergebnisse der Versorgungsfor-
schung in Zukunft gebthrend anerkannt und vergleichbar werden. Die unterschiedli-
chen Herangehensweisen, gepaart mit den umfassenden Informationen von GKV-
Routinedaten, die in diesem Artikel prasentiert werden, verdeutlichen die Mdglichkei-
ten, die Sekundardaten zur Analyse von Versorgungsprozessen bieten.

Neben den Kosten lassen sich anhand von GKV-Routinedaten auch weitere Aspekte
analysieren, die Auskunft Gber die Qualitdt und die Outcomes von Versorgungspro-
zessen geben kénnen. Die beiden folgenden Artikel widmen sich diesen Aspekten.
Der Artikel ,Survival and Cost Comparison of Kyphoplasty and Percutaneous Verte-
broplasty Using German Claims Data” (sieche Modul 3) zeigt daher mit Hilfe von GKV-
Routinedaten auf, wie sich die Uberlebenswahrscheinlichkeiten von Patienten mit
osteoporosebedingten Wirbelkdrperkompressionsfrakturen darstellen. Hierbei findet
ein Vergleich zwischen minimalinvasiven operativen Therapien und einer konservati-
ven Therapie statt. Die Ergebnisse zeigen, dass Patienten, die operativ behandelt
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wurden, eine signifikant hdhere Uberlebenswahrscheinlichkeit besitzen als Patienten,
die einer konservativen Therapie unterzogen wurden. Diese Unterschiede bleiben
trotz einer Adjustierung von anderen Kovariaten (Alter, Geschlecht, Komorbiditaten)
bestehen. Die Arbeit verdeutlicht, dass GKV-Routinedaten auch zur Analyse von
Uberlebenszeiten verschiedener Alternativen genutzt werden kénnen. Dieses For-
schungsgebiet stellt sonst eine klassische Teildisziplin der klinischen Forschung dar.
Unterschiedliche Versorgungsprozesse kénnen somit auch im Hinblick auf ihren Out-
come untersucht werden. Die Ergebnisse veranschaulichen zudem, wie etablierte
methodische Ansatze der klinischen Forschung, wie die Kaplan-Meier-Methode und
die Cox-Regression, im Rahmen von Sekundérdatenanalysen genutzt werden kdn-

nen.

Ein politisch h&ufig diskutierter Aspekt ist der potenzielle Qualitatsunterschied zwi-
schen den Versorgungsprozessen in stadtischen und landlichen Gebieten. Diesbe-
zlglich wird u. a. beflrchtet, dass auf dem Land eine Unterversorgung besteht oder
sich entwickelt. Die Arbeit ,Are there regional differences in health care of patients
with Inflammatory Bowel Disease in Germany?“ (siehe Modul 4) widmet sich der zu-
vor genannten Problematik der Versorgungsunterschiede zwischen Stadt und Land
am Beispiel der Indikation chronisch-entzindlicher Darmerkrankungen (CED). Dabei
werden einzelne Aspekte der CED-Versorgungspfade evaluiert und hinsichtlich even-
tueller Versorgungsunterschiede zwischen verschiedenen Kreistypen analysiert. Das
Erkrankungsbild der CED, das die beiden Indikationen Morbus Crohn (MC) und Coli-
tis ulcerosa (CU) umfasst, eignet sich hierfir im besonderen MalB3e, da die Versor-
gung der Patienten vor allem durch spezialisierte Facharzte durchgefihrt werden
sollte. Etwaige Versorgungsunterschiede mussten somit eindeutig erkennbar sein.
Als Datengrundlage dienen GKV-Routinedaten, die mit Informationen zur Arztedichte
von den Kassenarztlichen Vereinigungen sowie der Kassenarztlichen Bundesverei-
nigung kombiniert werden. Die Daten des Bundesinstituts fir Bau-, Stadt- und Raum-
forschung werden erganzend zur Ermittlung der siedlungsstrukturellen Kreistypen
genutzt. Die Analyse erfolgt anhand logistischer Regressionen, deren Resultate mit
Hilfe von marginalen Effekten anschaulich dargestellt werden. Im Ergebnis kénnen
keine klaren Indizien fir eine generelle Unterversorgung in landlichen Gebieten be-
zlglich der untersuchten Aspekte identifiziert werden. Bei einzelnen Aspekten, wie
z. B. regelmaBigen Facharztbesuchen und regelmaBigen Koloskopien, deuten die
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Ergebnisse allerdings darauf hin, dass signifikante Versorgungsunterschiede zwi-
schen stadtischen und landlichen Kreisen existieren. Die Arbeit verdeutlicht, wie eine
Kombination von verschiedenen Datenquellen (GKV-Routinedaten, Daten der Kas-
senarztlichen Vereinigungen sowie der Kassenarztlichen Bundesvereinigung, Daten
des Bundesinstituts fir Bau-, Stadt- und Raumforschung) zur Analyse von Versor-
gungsprozessen genutzt werden kdnnen. Diese Kombination ermdglicht dabei Aus-
wertungen unter Berlcksichtigung von regionalen Unterschieden, denen mit Hilfe
von komplexen methodischen Interaktionseffekten Rechnung getragen wird. Weiter-
hin werden aber auch die Limitationen von GKV-Routinedaten deutlich, deren Aus-
sagekraft mitunter insbesondere durch fehlende klinische Informationen beschrankt
ist.

Die beiden folgenden Arbeiten widmen sich ausgewahlten methodischen Aspektien
der Versorgungsforschung. Aufgrund des noch recht jungen Forschungsgebietes in
Deutschland sind umfassende methodische Diskussionen notwendig, um einheitliche
Standards zu schaffen und zuklinftige Forschungsprojekte vergleichbar und valide zu
gestalten. Dazu stellt die Ubersichtsarbeit ,Einfiihrung des neuen Tétigkeitsschliis-
sels und seine Anwendung in GKV-Routinedatenauswertungen — Méglichkeiten und
Limitationen” (siehe Modul 5) die Struktur des neuen Tatigkeitsschllissels vor. Der
Schlissel umfasst in GKV-Routinedaten standardisierte Informationen zum Schulab-
schluss, dem sozialen Status und der ausgetibten Tatigkeit der Versicherten. Diese
Informationen kénnen in Sekundardatenanalysen genutzt werden, um sozio6konomi-
sche Aspekte zu berlcksichtigen, die nachgewiesenermaf3en die Outcomes der Ver-
sorgung maBgeblich beeinflussen kénnen. Der Artikel betrachtet dazu die Einsatz-
moglichkeiten des Schllssels fir zuklnftige Forschungsprojekte und diskutiert die

Grenzen der Nutzung.

Eine relevante EinflussgréBe bei Analysen von Versorgungsprozessen stellt auch die
Wahl der Perspektive dar. Beispielhaft ist hier die Perspektive der GKV oder die ge-
samtgesellschaftliche Perspektive zu nennen. Sie bestimmt dabei z. B., welche Kos-
ten berlcksichtigt werden. Evaluationen aus der Sicht der Privaten Krankenversiche-
rung beschranken sich bisher auf wenige Arbeiten. Die Publikation ,Die Perspektive
der Privaten Krankenversicherung bei der Bewertung von Ressourcenverbrauchen
im Rahmen von gesundheitsbkonomischen Evaluationen: Sinnhaftigkeit und Umset-
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zung® (siehe Modul 6) gibt einen Uberblick Giber die Leistungen sowie die Vergi-
tungssystematik der Privaten Krankenversicherung (PKV) und bietet Ansatze zur
Berechnung von Kosten aus PKV-Perspektive. Es werden pragmatische Vorschlage
fir die Bewertung ambulanter und stationérer Leistungen sowie des Arzneimittelver-
brauches prasentiert. Die Empfehlungen kénnen beispielsweise zur monetaren Be-
wertung von Leistungen im Rahmen von gesundheitsékonomischen Modellierungen
genutzt werden, um Erkenntnisse aus klinischen Studien auf Alltagsbedingungen zu
Ubertragen. Insbesondere bei der monetaren Bewertung von stationaren Leistungen
aus PKV-Perspektive existiert eine Reihe von Herausforderungen aufgrund von ge-
setzlichen Bestimmungen. Hierzu kénnen die konkreten Empfehlungen der Arbeit
genutzt werden. Der Artikel leistet damit einen Beitrag zur methodischen Weiterent-
wicklung und Standardisierung von Versorgungsanalysen, um zukinftige Studien

transparenter und vergleichbarer zu machen.

Neben GKV-Routinedaten existieren weitere Datenquellen, die sich zur Analyse von
Versorgungsprozessen eignen. Dazu z&hlen vor allem Bevolkerungssurveys, da sie
Einblicke und Erkenntnisse in die Wahrnehmung von Bevélkerung und Patienten
gewahren. Das SOEP ist der gréBte und am langsten laufende, reprasentative Ge-
sundheitssurvey in Deutschland. Die Erhebung umfasst dabei vielfaltige Aspekte des
Lebens, z. B. Fragen zum Einkommen, zur Erwerbstétigkeit, zur Bildung und zur Ge-
sundheit. Die gewonnenen Daten stellen daher Sekundéardaten im Sinne der hier ge-
nutzten Definition dar. Die Arbeit ,How Do Insured Perceive Their Financial Security
in the Event of lliness? — A Panel Data Analysis for Germany* (siehe Modul 7) analy-
siert anhand der zuvor genannten SOEP-Daten die Einschatzung der finanziellen
Absicherung im Krankheitsfall. In diesem Kontext werden die Daten der Jahre 1992,
1997, 2002 und 2007 mit Hilfe einer Probit-Ordinary-Least-Squares-Schatzung und
einer Fixed-Effects-Korrektur ausgewertet. Die Ergebnisse deuten auf einen starken
positiven Effekt des Einkommens auf die Einschatzung hin. Darliber hinaus zeigt
sich, dass Personen mit einem privaten Krankenvollversicherungsschutz nach eige-
ner Einschatzung eine deutlich bessere Absicherung besitzen als GKV-Versicherte
und dass regelmaBige Kontakte und Erfahrungen mit dem Gesundheitssystem die
Einschatzung positiv beeinflussen. Der positive Einfluss von Erfahrungen mit dem
Gesundheitssystem auf die Einschatzung deutet auBerdem darauf hin, dass die Ver-
sorgungsprozesse besser sind, als von vielen Birgern wahrgenommen. Obwohl die
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vorliegende Arbeit keine spezifischen Versorgungsprozesse betrachtet, zeigt sie
exemplarisch auf, wie die Versorgung aus Sicht von Patienten und Versicherten an-
hand von Sekundardaten analysiert werden kann. Weiterhin verdeutlicht die Arbeit
die Potenziale von Paneldaten, mit denen langfristige Anderungen des Versorgungs-
geschehens unter Zuhilfenahme von State-of-the-Art-Regressionsverfahren umfas-
send analysiert und abgebildet werden kénnen. Sie leistet somit auch einen Beitrag
zur methodischen Fortentwicklung der Versorgungsforschung.

Die Abschatzung der Effekte durch die Einflhrung neuer Versorgungsleistungen ist
Gegenstand der beiden letzten, nun folgenden Arbeiten des vorliegenden For-
schungsprogramms. Dazu kommen in der Gesundheits6konomie regelmafig soge-
nannte Modellierungen zum Einsatz. Die Evaluation von verschiedenen Therapieal-
ternativen erfolgt dabei in der Regel durch den Abgleich von Kosten und medizini-
schen Effekten mit der besten vorhandenen Alternativintervention. Als zentrale Gré-
Be hat sich in diesem Forschungsgebiet das inkrementelle Kosten-Nutzen-Verhaltnis
(incremental cost-effectiveness ratio (ICER)) etabliert. Dieses wird errechnet als
Quotient aus Kosten- und Effektdifferenzen. Je hdher das ICER, desto schlechter ist

das Verhaltnis.

Die Publikationen ,A systematic review of cost-effectiveness of monoclonal antibo-
dies for metastatic colorectal cancer” (siehe Modul 8) und ,A systematic review of the
cost-effectiveness of targeted therapies for metastatic non-small cell lung cancer
(NSCLC)” (siehe Modul 9) liefern auf Grundlage von systematischen Literaturreviews
einen Uberblick Giber die vorhandene internationale Evidenz der Behandlung fiir zwei
der haufigsten Krebsarten. Die Datengrundlagen der Analysen stellen somit umfang-
reiche Literaturdatenbanken dar. Die Arbeiten fokussieren sich auf die Kosten-
Effektivitdt und den Kosten-Nutzwert von Praparaten, die unter dem Oberbegriff ,in-
dividualisierte Medizin“ zusammengefasst werden kénnen und teilweise zu einer
deutlichen Verbesserung des Gesamtiberlebens der entsprechenden Patienten in
der vergangenen Dekade gefiihrt haben. Problematisch ist allerdings aus gesund-
heits6konomischer Sicht, dass die Therapiekosten der individualisierten Medizin h&u-
fig ein Vielfaches der Therapiekosten alternativer Behandlungen betragen. Beide
Publikationen zeigen, dass die ICER der verschiedenen Praparate in einem Grof3teil
der Studien verhaltnismaBig hoch sind. Obwohl fir Deutschland kein Schwellenwert
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existiert, ab dem Praparate nicht mehr als kosteneffektiv gelten, geben die Arbeiten
dennoch wichtige Anhaltspunkte fir die Fragen der Erstattungsfahigkeit neuartiger
Versorgungsleistungen. Die gleichzeitige Bertcksichtigung von Kosten und Nutzen
ermoglicht dabei eine ausfihrliche Betrachtung ausgewahlter neuer Versorgungs-
prozesse. Weiterhin zeigt die Arbeit auf, wie vorhandene Literaturdatenbanken als
sekundare Quelle fir Analysen systematisch genutzt werden kénnen, um versor-
gungsrelevante Fragestellungen zu beantworten.

3 Zusammenfassung der Ergebnisse und Ausblick auf den weite-
ren Forschungsbedarf

Die Betrachtung der gesundheitlichen Versorgung als Prozess — nicht nur als Sum-
mer der einzelnen Leistungen und Guter — stellt bisherige Forschungsanséatze vor
betrachtliche Probleme. Das liegt insbesondere daran, dass gesondert erhobene Da-
tensatze haufig nicht alle erforderlichen Informationen enthalten, um versorgungsre-
levante Fragestellungen beantworten zu kénnen. Darlber hinaus ist die Datenerfas-
sung von Priméardaten sehr zeitaufwendig sowie kostenintensiv und die gewonnenen
Daten sind zudem unter idealtypischen Umstanden entstanden. Primardaten eignen
sich daher haufig nicht, die Versorgungsprozesse ausreichend genau zu erfassen.
Vor diesem Hintergrund riicken Sekundardaten — Daten, die nicht flr den speziellen
Forschungszweck erhoben wurden — in den Fokus der Versorgungsforschung. Das
in dieser Arbeit zusammengefasste Forschungsprogramm zeigt daher exemplarisch
auf, wie mit Sekundardaten versorgungsrelevante Fragestellungen beantwortet wer-
den kénnen. Hierzu werden Module prasentiert, die sowohl GKV-Routinedaten und
Literaturdatenbanken als auch Daten des SOEP zu Analysezwecken verwenden.
Weiterhin stehen methodische Fragestellungen und Ansatze bei der Nutzung von
Routinedaten im Fokus der Arbeiten.

Die ersten beiden Arbeiten (Module 1 & 2) zeigen exemplarisch auf, wie Fragen zu
den Kosten von Versorgungsprozessen mit GKV-Routinedaten beantwortet werden
kénnen. Diese Daten bieten dabei den Vorteil, dass sie unter Alltagsbedingungen
entstanden sind und eine umfassende Betrachtung der Versorgungsprozesse aus
der Perspektive der GKV ermdglichen. Mit Hilfe der Arbeiten wird weiterhin aufge-
zeigt, welche methodischen Herausforderungen sowie Herangehensweisen bei der
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Kostenermittlung mit GKV-Routinedaten existieren und wie diese adressiert werden
kénnen. Die Arbeiten veranschaulichen aber auch die Limitationen von GKV-
Routinedaten, die insbesondere auf fehlende klinische Informationen und auf die
Systematik der Datenerfassung zurlickzufiihren sind.

Die Verdffentlichung zu den Uberlebenswahrscheinlichkeiten von Patienten mit Wir-
belkérperfrakturen (Modul 3) und zur Versorgung von Patienten mit CED (Modul 4)
verdeutlichen ebenfalls die Potenziale von GKV-Routinedaten zur Erfassung und
Analyse von Versorgungsprozessen. Sowohl die Analyse von Uberlebenswahr-
scheinlichkeiten — ein klassisches Feld der klinischen Forschung — als auch die Er-
forschung von regionalen Versorgungsunterschieden werden dargelegt. Modul 4
veranschaulicht weiterhin, wie GKV-Routinedaten mit weiteren Daten zur Arzte- und
Bevdlkerungsdichte verknipft werden kdnnen, um regionale Unterschiede zu be-
ricksichtigen. Beide Publikationen liefern zusatzliche Erkenntnisse dahingehend,
welche methodischen Herangehensweisen zur Analyse von Versorgungsprozessen

geeignet sind.

Die beiden methodischen Arbeiten (Module 5 & 6) widmen sich spezifischen metho-
dischen Herausforderungen bei der Versorgungsforschung. Der Tétigkeitsschlissel
kann im Rahmen von GKV-Routinedatenanalysen genutzt werden, um soziodkono-
mische Unterschiede besser zu bertcksichtigen oder um berufsgruppenspezifische
Analysen durchfihren zu kénnen. Der Artikel (Modul 5) zeigt die Einsatzmdglichkei-
ten und die Grenzen der Nutzung auf. Die Wahl der Perspektive stellt dartber hinaus
ein zentrales Kriterium bei der Versorgungsforschung dar, weil sie z. B. bestimmt,
welche Kosten bertcksichtigt werden. Diesbezlglich erdrtert die Arbeit zur PKV-
Perspektive (Modul 6) Ansatze und Empfehlungen zur Berechnung von Kosten aus
der Perspektive der PKV. Die Erkenntnisse kbnnen damit zu einer Standardisierung
von Forschungsergebnissen beitragen, um zuklnftige Ergebnisse transparenter und

vergleichbarer zu gestalten.

Die Arbeit zur Einschatzung der finanziellen Absicherung im Krankheitsfall (Modul 7)
zeigt anschlieBend, wie Daten aus Bevdlkerungssurveys zur Analyse der Versorgung
genutzt werden kdnnen. Die Daten des SOEP bieten aufgrund der Panelstruktur da-
bei den Vorteil, dass kausale Fragestellungen besser bearbeitet werden kdénnen als
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mit Querschnittserhebungen, da Veranderungen auf Individualebene feststellbar
sind. Weiterhin kénnen solche Daten einen Einblick darliber gewahren, wie die Be-
vblkerung und die Patienten die Versorgung wahrnehmen.

AbschlieBend demonstrieren die beiden Arbeiten zur Kosteneffektivitdt neuartiger
Arzneimitteltherapien bei Krebserkrankungen (Module 8 & 9) die Nutzung von Litera-
turdatenbanken zu Analysezwecken. Diese bieten den Vorteil, vorhandene Evidenz
systematisch erfassen und bewerten zu kénnen. Die Einsichten aus internationalen
Studien kénnen somit z. B. vor der Durchfihrung nationaler Studien systematisch
zusammengetragen werden und als Anhaltspunkte dienen. Obwohl Kosten-Nutzen-
Bewertungen zurzeit in Deutschland keine zentrale Rolle spielen, [4] kénnen die ge-
wonnenen Informationen der beiden Arbeiten besonders bei Fragen der Erstattungs-

fahigkeit von neuen Versorgungsleistungen unterstitzend zum Einsatz kommen.

ZukUnftige Forschungsprojekte sollten weitere methodische Standards setzen und
spezifische Methoden flr die Versorgungsforschung mit Sekundardaten entwickeln.
Diese Forderung gilt insbesondere auch, da — im Gegensatz zur klinisch-evaluativen
Forschung — viele unterschiedliche Fragestellungen existieren. Die Versorgungsfor-
schung muss allerdings den gleichen methodischen Anforderungen genlgen, wie sie
im Rahmen der Evidenzbasierten Medizin fur die klinisch-evaluativen Studien bereits
definiert und klassifiziert wurden. Erschwerend kommt die gro3e Heterogenitat von

Sekundardaten bei der Etablierung und Weiterentwicklung von Methoden hinzu.

Die Betrachtung der Versorgung als Prozess stellt auch flr die Erforschung von pati-
entenrelevanten Merkmalen groBe Herausforderungen dar. Zwar existieren diesbe-
zlglich Erkenntnisse aus klinischen Studien, diese weisen haufig aber einen gerin-
gen Versorgungsbezug auf. Zuklnftige Forschungsprojekte sollten daher diese Prob-
lematik adressieren. Eine Notwendigkeit besteht weiterhin in der Entwicklung von
Méglichkeiten zur Verknlpfung von Primér- und Sekundardaten. Die interne Validitét,
die bei einer randomisierten, klinischen Studie (RCT) am hdchsten ist, steht grund-
satzlich dem Grundprinzip von Versorgungsforschung entgegen, die Wirksamkeit
unter Alltagsbedingungen zu evaluieren.[5] Die externe Validitdt von RCTs ist somit
vielfach gering, wohingegen Sekundéardatenanalysen h&ufig einen hohen Bevélke-
rungsbezug haben. Zusatzlich missen Methoden entwickelt werden, die eine kombi-
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nierte Nutzung von Sekundardatenquellen ermdglichen. Die Nutzung von verknupf-
ten Daten verschiedener Zweige der Sozialversicherung kdnnte aufschlussreiche

Erkenntnisse zu Versorgungsprozessen liefern.

Die zuvor genannten Arbeiten verdeutlichen den groB3en Mehrwert von Sekundarda-
ten zur Analyse von Versorgungsprozessen. Sekundardaten enthalten dabei regel-
maBig unspezifische, aber umfassende Informationen, die im Sinne des primaren
Erhebungszweckes erfasst wurden. Sie bieten damit eine glinstige und breite Daten-
basis, um versorgungsrelevante Fragestellungen zu beantworten. Die Nutzung von
Sekundardaten in der Versorgungsforschung geht allerdings auch mit einigen Limita-
tionen einher, da die Daten nicht fir den speziellen Analysezweck erhoben wurden.
Aufgrund dessen fehlen mitunter wichtige Informationen in den Daten oder liegen
z. B. nur in aggregierter Form vor. Trotz dieser Einschrankungen ist zu erwarten,
dass die Relevanz von Routinedaten in der Versorgungsforschung aufgrund der

gunstigen und schnellen Verflgbarkeit weiter zunehmen wird.
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Abstract

Summary The study aims to estimate the direct disease-
related costs of osteoporotic vertebral compression fractures
(OVCEF) in patients with newly diagnosed fracture in the first
year after index in Germany. Analyses reveal that OVCFs are
associated with significant costs. In light of high and increas-
ing incidence, the results emphasize importance of research in
this field.

Introduction OVCF are among the most common fractures
related to osteoporosis. They have been shown to be associ-
ated with excess mortality and meaningful healthcare costs.
Costs calculations have illustrated the significant financial
burden to society and national social security systems. How-
ever, this information is not available for Germany. Therefore,
aim of the study was to estimate the direct disease-related
costs of OVCF in patients with newly diagnosed fracture in
the first year after index in Germany.

Methods Data were obtained from a claims dataset of a large
German health insurance fund. Subjects >60 years with a new
vertebral fracture between 2006 and 2010 were studied retro-
spectively compared to a matched paired OVCF-free patient
group. All-cause and fracture-specific medical costs were
calculated in the 1-year baseline and follow-up period. Gen-
eralized linear model (GLM) was estimated for total follow-up
healthcare cost.
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Results A total of 2,277 pairs of matched OVCF and OVCF-
free patients were included in the analysis. Baseline costs were
higher in the OVCF group. Mean unadjusted all-cause
healthcare cost difference in the four quarters following the
index date between OVCF and OVCF-free patients was
8,200 € (p<0.001). Of the difference, almost two third
was attributable to inpatient services and one quarter to
prescription drug costs. The GLM procedure revealed
that OVCF-related costs in the first year after the index
date add up to 6,490 € (p<0.001; CI 5,809 €-6,731 €).
Conclusions Despite limitations of this study, our results are
consistent with other research and demonstrate that OVCFs
are associated with significant costs. The results underline the
importance of medical interventions that can help to prevent
fractures and treatments, which are cost-effective and can
prevent recurrent fractures.

Keywords Costofillness - Costs - Fractures - Health
economics - Osteoporosis - OVCF

Introduction

Osteoporosis is defined as a “systemic skeletal disease char-
acterized by low bone mass and microarchitectural deteriora-
tion of bone tissue with a consequent increase in bone fragility
and susceptibility to fracture” [1]. In Europe, it has become
one of the major widespread diseases. In Germany, more than
8 million people suffer from osteoporosis in the age group 50+,
representing 1/4 of that population [2]. Furthermore, the inci-
dence of osteoporosis shows a trend towards further increases
which is mainly related to demographic changes and changes in
lifestyle [3]. The lifetime risk of a 50-year-old person to expe-
rience an osteoporotic fracture has been estimated at 13-22 %
for men and at 40-50 % for women [4]. For the year 2000, it
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has been estimated that 9 million osteoporotic fractures have
occurred worldwide [5].

Osteoporotic vertebral compression fractures (OVCF) are
among the most common fractures related to osteoporosis [6].
The estimated incidence of OVCEF in patients 50 years or older
is 307 per 100,000 year in Germany [7]. This value increases
nearly eightfold in women aged between 85 and 89 years
compared to those aged 60-64 years. OVCFs significantly
contribute to the loss of health-related quality of life and life
years of middle-aged women, often in the context of several
other morbid conditions [6]. Furthermore, they have been
shown to be associated with excess mortality, and meaningful
health care costs [6, 8]. The overall annual costs of all types of
osteoporotic fractures have been estimated to be € 37 billion in
the European Union, illustrating the significant financial
burden to society and national social security systems [7].
In 2005, osteoporotic fractures accounted for 2.1 % (€ 3.3
billion) of total health care expenditures in Germany [2].

Several studies on the costs of osteoporosis fractures have
been conducted in many different countries worldwide. Most
studies, however, have focused on the costs of osteoporosis-
related hip fractures [9]. Furthermore, results of such studies
in different countries cannot be transferred due to differences
in healthcare systems, methods of pricing and reimbursement,
data availability, as well as methods for estimating costs [10].

Previous research has discovered that the majority of
OVCEF patients in Germany are treated conservatively
(88 %) [11]. Those operated (12 %) incur a 4-year mean
overall costs after first diagnosis of 42,510 € and 39,014 €
for percutaneous vertebroplasty and balloon kyphoplasty, re-
spectively [11]. The current study uses the same patient sam-
ple (conservatively treated and operated patients).

Information on disease-related costs of OVCF is not avail-
able for Germany. This information, however, would be im-
portant to assess the relevance of a certain disease and support
political decision making and model building. Therefore, the
aim of the present study was to estimate the direct disease-
related costs of OVCF in patients with newly diagnosed
fracture in the first year after index fracture in Germany.

Methods
Data source

Data were obtained from a claims dataset of a large German
health insurance fund (AOK Niedersachsen). The AOK Nie-
dersachsen covered approximately 2.4 million insurants in
2011. Data were available for the years 2005 to 2010. The
database contains basic patient information (e.g., age, gender)
as well as detailed information on inpatient claims, outpatient
claims, pharmacy claims, rehabilitation claims, sick leave
payments, and claims for devices. No clinical information
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(e.g., disease activity, severity grades of a disease, symptom
scores, lab test results, QoL data, smoking status, BMI, etc.)
were available. All available information could be merged via
an identification number for each patient. However, data had
been made anonymous by the AOK before the data transfer to
the research group. Given the data source, no ethical approval
was required for the study.

Patient selection

The identification of the study population was based on inpa-
tient and outpatient ICD-10 (international classification of
disease, 10th revision) diagnoses codes. All patients who
had at least one OVCF diagnosis (ICD-10: M80.-8 “Osteopo-
rosis with pathological fracture”; site subclassification “other
(including vertebra)”) in the inpatient sector or two confirmed
diagnoses in the outpatient sector (within 1 year) between
January 01, 2006 and December 31, 2010 were included in
the study. First, OVCF diagnosis in the study period was
defined as index date for each patient. Patients had to be at
least 60 years old on index date. A 1-year look-back period
was incorporated to discriminate between incident and prev-
alent OVCF patients. Study patients with an OVCF diagnosis
in this look-back period or an insufficient look-back period
were, therefore, excluded. Patients included in this study had
at least 2 years of continuous eligibility in the AOK plan—
1 year before and 1 year after the index date. However, we
repeated our analysis including patients that had less than
2 years eligibility, as a sensitivity analysis.

To estimate the OVCF-related costs, an OVCF-free com-
parison group from the AOK Niedersachsen was selected
randomly using an exact 1:1 matching, based on age (year
of birth) and gender. Individuals in the comparison sample
also had a minimum of 1 year continuous eligibility in the
AOK plan before and after the index date. The comparison
group index date was defined as the same index date of the
respective matched OVCF patient.

Economic outcome

The main outcome in this study was the total health care costs.
Total all-cause health care costs included inpatient costs,
outpatient costs, pharmacy costs, costs for rehabilitation, sick
leave payments, and costs for devices for any reason. Except
for outpatient costs from doctor visits, all costs components
were directly available in the dataset. To calculate the mone-
tary value of outpatient services, the number of points
assigned to each medical action was multiplied by the valid
point value according to German guidelines [12, 13].

Costs were estimated from the perspective of the German
Social Health Insurance during the 1-year period following the
index date. However, the exact date of a diagnosis within a
quarter in the outpatient sector is not available in German
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claims data. Therefore, 1-year total health care costs were
estimated as the costs in the index quarter plus the three
subsequent quarters for each patient. The same approach
was used for all cost components to assure a consistent pro-
ceeding. To further address meaningful differences between
OVCF and OVCF-free patients, total all-cause health care
costs in the four quarters prior to the index quarter were
assessed for the study sample.

Patient characteristics

Available characteristics of all patients were incorporated in
the analysis. They included age (at index year), gender, and
comorbidities indicated by the diseases of the Elixhauser
Comorbidity Algorithm [14]. This algorithm accounts for 30
different diseases based on distinctive ICD-9-CM codes,
which are represented by 30 dichotomous variables. In Ger-
many, however, ICD-10 classification is used. Hence, we used
the ICD-10 coding algorithms adapted by Quan et al. [15].
Furthermore, we calculated a single score based on the afore-
mentioned 30 dichotomous variables using the specific
weighting factors evaluated by van Walraven et al. [16]. This
summarizes the burden of disease. All comorbidity measures
were based on the inpatient and outpatient diagnoses in the
four quarters before the index quarter. In the present study, the
Elixhauser Algorithm was preferred to the Charlson Index
[17], another well accepted comorbidity measure, because it
accounts for more groups of diseases.

Statistical analysis

Health care cost differences between OVCF patients and
OVCF-free patients were calculated using descriptive analysis
and multivariate regression. Data were preprocessed using the
above mentioned matching in order to make the results more
accurate [18]. Health care costs are commonly considered to
be skewed because of a substantial fraction of patients with
low costs and a few study participants who require much more
health care. The assumption of normal distribution of our data
was tested and rejected by the Kolmogorov—Smirnov test.
Therefore, Wilcoxon-signed rank sum tests were used to
determine statistical significance for cost differences between
both groups and for all other continuous variables in the
descriptive analysis; whereas, differences for categorical var-
iables were determined using McNemar’s test.

The multivariate regression was used to further address
differences between both groups after the previously de-
scribed matching method and to estimate the incremental
costs. The regression aims to make both the OVCF group
and matched comparison group comparable regarding all
included variables, particularly age, gender, and comorbidi-
ties. Regression-adjusted cost difference was estimated using
a generalized linear model (GLM) with a Poisson distribution

and a power link (0.6). To select the family and link of model,
a modified Park Test [19] and a combination of Pregibon link
test [20] as well the Hosmer—Lemeshow test [21] were used,
respectively. In the case of non-normal distributed data, linear
regression models could lead to biased estimates [22]. There-
fore, GLM’s are applied commonly. They can provide signif-
icantly more robust coefficient estimates and avoid the prob-
lem of retransformation to the original cost scale (with, e.g.,
Duan smearing estimation) that undermines log OLS [19, 23].
Nevertheless, because the GLM model is nonlinear, the esti-
mated regression coefficients do not equal the marginal or
incremental effect of a one-unit change in the covariate of
interest on the conditional mean.

We used total all-cause health care costs during the 1-year
period (four quarters) following the index date as the depen-
dent variable for the GLM to predict the incremental costs of
care for individuals with OVCF compared with those without
OVCE. The GLM adjusted for the following factors: age (at
index year), gender, index year, pre-index costs, and 30 co-
morbidities defined by the Elixhauser algorithm (in the four
pre-index quarters). The single index value by Walraven et al.
[16] was not used in the GLM. Following the GLM, average
marginal effects were calculated for each independent vari-
able. This procedure creates an identical covariate structure
for, e.g., OVCF and OVCF-free group by treating everyone as
if they were in the OVCF group and predicting cost for each
individual and then treating everyone as if they were in the
OVCF-free group and predicting cost. The difference between
the computation of both predictions is the marginal
effect for that case; and the average of all effects is
the average marginal effect of having OVCF [24]. Boot-
strap resampling methods were used to estimate the
p values and 95 % confidence intervals of the health
care cost differences. Furthermore, a difference-in-difference
(DID) approach was used as a sensitivity analysis of total cost
differences [25]. The DID formula is as follows: DID=
(Treatment 4,,— Treatmentg,p,e)—(Control 4, — Controlg,p,y,).
The idea of the DID approach is that it removes biases in
post-index period cost comparisons between both groups that
could be due to permanent differences between those groups,
as well as biases from comparisons over time in the treatment
group that could be the result of trends [25]. All analyses were
performed using STATA software, version 13.0.

Results

A total of 4,465 individuals were identified who had a
relevant diagnosis in the inpatient or outpatient sector. Of
these, 207 patients were excluded from the study because
they were younger than 60 years at the time of their first
diagnosis. Six hundred fifty-one patients were excluded
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due to an insufficient look-back period. Furthermore,
1,333 patients with less than 1 year continuous eligibility
after the index date were excluded. As a result, a total of
2,277 pairs of matched OVCF patients and OVCF-free
comparison members were included in the analysis
(Fig. 1).

Table 1 reports the characteristics of the study sample.

The average age of the study cohort was 77 years (standard
deviation (SD)=7.0). The majority of patients were female
(91.8 %), reflecting the fact that the OVCF probability is
higher among women than men. Because of the previously
conducted matching on age and gender, no differences regard-
ing these characteristics between both groups could be found.

e N\
Patients included,

selection period 2005-2010
N= 4,465

Patients aged =60 years at the
first date of diagnosis

N= 4,258

!

4 )
Patients with a minimum of 1 year

continuous eligibility before the
index date (first OVCF diagnosis)

N= 3,607

!

4 )
Patients with a minimum of 1 year

continuous eligibility after the
index date (first OVCF diagnosis)
N= 2,274
N\ J

Fig. 1 Patient selection
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Table 1 Characteristics of the age and gender matched cohorts

OVCF OVCF-free p value®
patients patients
(n=2,274) (n=2274)
Characteristic
Mean age [SD] 77.1[7.0] 77.1[7.0] 1.0
Female (%) 92 % 92 % 1.0
Elixhauser (%)
Congestive heart failure 8 % 4% <0.001
Caridiac arrhythmia 28 % 20 % <0.001
Valvular disease 13 % 9 % <0.001
Pulmonary circulation disorders 3 % 2% 0.002
Peripheral vascular disorders 19 % 12 % <0.001
Hypertension 76 % 73 % 0.012
Paralysis 3% 2% 0.007
Other neurological disorders 9 % 5% <0.001
Chronic pulmonary disease 31 % 18 % <0.001
Diabetes uncomplicated 23 % 24 % 0.374
Diabetes complicated 10 % 9 % 0.312
Hypothyroidism 10 % 7% <0.001
Renal failure 13 % 8 % <0.001
Liver disease 10 % 9 % 0.135
Peptic ulcer disease (excl. 3% 2% 0.002
bleeding)
AIDS/HIV 0% 0% N/A
Lymphoma 1 % 0 % <0.001
Metastatic cancer 2% 1% 0.019
Solid tumor without metastasis 10 % 7% <0.001
Rheumatoid arthritis/collagen 16 % 8 % <0.001
Coagulopathy 6 % 3% <0.001
Obesity 16 % 17 % 0.220
Weight loss 3% 1% <0.001
Fluid and ecletrolyte disorders 15 % 6 % <0.001
Blood loss anemia 1 % 0 % 0.265
Deficiency anemia 7% 4% <0.001
Alcohol abuse 2% 1% <0.001
Drug abuse 1 % 1% 0.085
Psychoses 2% 2% 0.182
Depression 30 % 19 % <0.001
Mean Elixhauser score [SD] 5.9[8.0] 3.5[6.2] <0.001

#p values were calculated based on McNemar test for categorical vari-
ables and Wilcoxon-signed rank sum test for continuous variables

The mean Elixhauser Score for the OVCF patients was 5.9
(SD=8.0), which was significantly higher than the score of the
matched comparison group (mean=3.5; SD=6.2; p<0.001).
The differences between OVCF patients and OVCF-free pa-
tients in terms of comorbidities are, furthermore, reflected by
the higher prevalence of the diseases defined by the
Elixhauser algorithm save for obesity in OVCF patients.
Slightly more than half of the indicators show significant
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differences between the groups. Furthermore, a high preva-
lence of hypertension is found in both groups.

Table 2 reports the unadjusted all-cause cost differences
between the age and gender-matched cohorts in the four
quarters both before and after the index date.

The mean unadjusted all-cause health care costs for OVCF
patients in the four quarters before and after the index date
were 6,182 € and 11,435 € per patient, respectively. Higher
mean costs per patient were found for all health care services.
However, the clearest increases were found for costs for
inpatient services and prescription drug costs. Mean unadjust-
ed costs for the OVCF-free cohort in the same periods were
3,006 € and 3,235 € per patient, respectively. Thus, the mean
unadjusted all-cause health care cost difference in the four
quarters following the index date between OVCF and OVCF-
free patients was 8,200 € (p<0.001). Of the difference, 60.6 %
was attributable to inpatient services, 28.1 % percent to pre-
scription drug costs, 5.0 % to costs for devices, 3.6 % to
outpatient services, 2.5 % to rehabilitation, and 0.2 % to sick
pay (Fig. 2). All cost differences between both groups were
found to be highly significant in the four quarters both before
and after the index date, except for the differences regarding
sick pay. The all-cause health care cost difference changed by
only 1 % if patients with less than 2 years eligibility were also
considered.

In addition, we also conducted a multivariate regression
analyses (GLM model) that provides insight into the impact of
other covariables (e.g., gender, age, comorbidities). The re-
sults of the regression are provided in Table 3.

As stated in the method section, the estimated regression
coefficients do not equal the marginal effect of a one-unit
change in the covariate of interest on the costs. Therefore,
marginal effects are also provided in Table 3.

The results reveal that all variables had a significant impact
on the all-cause health care costs. The adjusted mean health
care costs in OVCF and OVCF-free patients were found to be
10,421 € and 3,930 €, respectively. Hence, the OVCF-related
costs in the first year after the index date add up to 6,490 €

14,000€ -
Pre-Index Post-Index
12.000€ Year Year
- = Sick pay
€ 10,000€ I
.3 = Rehabilitation
o
(&)
o 8,000€ m Devices
3
K= .
§ 6,000 € — = Qutpatient
T ||
g = Prescription drug
5 4,000€ costs
— = [npatient
— I
2,000€ - . I .
e IR N
Matched OVCF Matched OVCF
OVCF-Free Patients OVCF-Free Patients
Members Members

Fig. 2 Total all-cause health care costs among OVCF patients and the
matched OVCF-free members during the fourth quarter period prior and
following the index date

(»<0.001; parametric CI 5,809 €-6,731 €), adjusted for age,
gender, index year, costs in the pre period, and comorbidities
(Table 4). Furthermore, overall costs tend to increase with age,
higher costs in the pre period, and the index year; whereas,
costs are lower for women than men. The impact of Elixhauser
comorbidities is not consistent. However, the marginal effects
of the variables reflect the impact of the respective variable in
the overall study sample holding all other independent vari-
able values constant; not only for OVCF patients. Therefore,
Fig. 3 provides insights into the OVCF-related costs (average
marginal effect) with respect to age and gender. The results
reveal that the OVCF-related costs are about 457 € higher for
the 60-year-old men than for woman at the same age. This
difference remains almost the same over the entire age range.
Furthermore, costs increase slightly from 6,303 € for 60 year
old women to 6,566 € for 90 year old women. Using
the DID approach, the OVCF disease-related costs were
found to be 5,024 € [(11,435 €-6,182 €)—(3,235 €-
3,006 €)=5,024 € (p<0.001)].

Table 2 Total all-cause cost

differences between the age and Pre-index year

Post-index year

gender matched OVCF and

OVCF-free patients OVCF patients Matched p value® OVCF Matched p value®
OVCEF-free patients OVCEF-
patients free patients
Outpatient 637 € 445 € <0.001 785 € 490 € <0.001
Inpatient 2,767 € 1,121 € <0.001 6,147 € 1,180 € <0.001
Drug costs 2,312 € 1,205 € <0.001 3,617 € 1,314 € <0.001
Devices 366 € 210 € <0.001 631 € 217 € <0.001
Rehabilitation 97 € 26 € <0.001 243 € 34€ <0.001
Sick pay 3€ 0€ 0.157 13 € 0€ 0.083
*p values were calculated based Total 6,182 € 3,006 € <0.001 11435€  3235€ <0.001

on Wilcoxon-signed rank sum test
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Table 3 Results of the multivariate regression (GLM)

Coefficient
(standard error)

Average
marginal effect

OVCF vs. OVCF-free 117.231%%* (0.05)  6,490.41
Costs_pre period 0.007*** (0.00) 3811205
Age 0.380*** (0.00) 20.79019
Female vs. male —19.970*** (0.08) —1,125.131
2007 vs. 2006 5.943%** (0.06) 318.7146
2008 vs. 2006 10.543*** (0.06) 570.3681
2009 vs. 2006 15.180*** (0.06) 828.3037
Elixhauser comorbidities
Congestive heart failure —8.158*** (0.10)  —446.002
Caridiac arrhythmia 0.248*** (0.05) 13.56387
Valvular disease =5.967%** (0.07)  —326.2231
Pulmonary circulation disorders ~ —13.980%** (0.14) —764.3227
Peripheral vascular disorders 5.680%** (0.06) 310.5612
Hypertension uncomplicated 0.291%** (0.05) 15.93037
Paralysis 15.279*** (0.14) 835.3252
Other neurological disorders 18.021*** (0.09) 985.2576
Chronic pulmonary disease 14.619*** (0.05) 799.2838
Diabetes uncomplicated 12.618*** (0.06) 689.8607
Diabetes complicated 12.362*** (0.08) 675.8791
Hypothyroidism 1.292*** (0.08) 70.6464
Renal failure 20.051*** (0.08) 1,096.254
Liver disease 14.633*** (0.07) 800.0264
Peptic ulcer disease excluding —10.573*** (0.15) —578.0248
bleeding
Lymphoma —2.456*** (0.25)  —134.2951
Metastatic cancer 36.531*%** (0.19) 1,997.252
Solid tumor without metastasis ~ 7.359%%* (0.08) 402.3158
Rheumatoid arthsitis/collagen 16.998*** (0.07) 929.3184
Coagulopathy 22.995%** (0.11) 1,257.175
Obesity 5.378%** (0.06) 294.0535
Weight loss 19.226*** (0.16) 1,051.114
Fluid and ecletrolyte disorders —8.903*** (0.08) —486.743
Blood loss anemia —47.799*%** (0.26) —2,613.314
Deficiency anemia —1.398%** (0.10)  —76.42685
Alcohol abuse 32.196%** (0.20) 1,760.241
Drug abuse —14.209*** (0.23) —776.8449
Psychoses 24.571%** (0.16) 1,343.348
Depression 12.094*** (0.05) 661.2305
_cons 64.627*** (0.26)

w0k <0.01; *%p<0.05; *p<0.1

Discussion

To our knowledge, this is the first study to analyze the disease-
related health care costs of OVCF from a payer perspective in
Germany. Total health care costs of OVCF patients in the first
year following the index were found to be considerably higher
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than in a disease-free comparison group. Mean health care
costs per patient before index were found to be 6,182 € and
3,006 € for the OVCF and matched comparison group, re-
spectively. In the year after the index, the costs increased to
11,435 € and 3,235 €, respectively. Hence, unadjusted differ-
ences add up to 8,200 €. Differences in inpatient and prescrip-
tion drug costs accounted for almost 90 % of the total health
care costs difference. Costs for sick pay and rehabilitation
were not relevant for the results (costs for rehabilitation were,
however, statistically significantly different). After adjusting
for differences in age, gender, comorbidities, and other aspects
between the OVCF and OVCF-free cohort using multivariate
regression methods, cost differences decreased slightly to
6,490 €. This amount can be considered as the disease-
related costs of OVCF in newly diagnosed patients in the first
year following the index diagnosis. The calculation of mar-
ginal effects for other regression variables revealed that age,
male sex, and higher pre-period costs are associated with
higher disease-related costs.

Our findings are hardly comparable to the results obtained
from other studies due to differences in data, method, and
setting. Our findings are, however, within the range of costs
calculated by Strom et al. [6]. They revealed that the first year
disease-related costs of a clinical vertebral fracture range
between 5,585 € and 6,845 € for individuals 50 years of age
or older in Germany. Furthermore, results for other countries
are available [7]. Many studies aimed to analyze the total
health care costs of OVCF patients, ¢.g., Gabriel [26], Ray
[27], and De Laet [28]. Shi et al. [29] calculated disease-
related health care cost of OVCFs of $ 6,701 in a US-
Medicare patient population older than 64 years. The study
period, however, was from 2001 until 2004. Rousculp et al.
[30] also used a US-Medicare database to analyze the disease-
related costs of different osteoporotic fractures. They conclude
that osteoporosis accounts for about $ 4,000 of health care
costs on average in the first year after the initial fracture and
varies markedly for different types of fractures. Vertebral
fractures were among the four most expensive fracture types.
Haussler et al. [2] analyzed the disease-related health care
costs of patients with osteoporotic fractures for the year
2003 for Germany. Costs were found to be 9,962 € per patient
per year. Their approach, however, also considered costs from
the German long-term care insurance and is, thus, not compa-
rable to our results.

A number of limitations of the present study are related
to the characteristics of German health insurance claims
data. As stated before, no clinical information is available
due to data protection regulations. Thus, results could be
biased by those factors. However, we applied state-of-the
art methods using regression analysis after matching to
make groups comparable in terms of age, gender and
comorbidities [31]. This approach has been shown to
correct for remaining sample bias [32].
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Table 4 Adjusted OVCF-related

Adjusted OVCF-
related costs

Adjusted mean Parametric C1 95 %
costs of OVCF-

free patients

costs in the first year after the Adjusted mean
index date costs of OVCF
patients
Prediction 10,421 €
*Bootstrapped

3930 € 6,490 € (p<0.001)" (5,809 €-6,731 €)*

Our analysis takes on a payer perspective including all
costs carried by the German statutory health insurance
(SHI). Hence, our results do not include patients’ out-of-
pocket payments or costs carried indirectly by society, like
productivity losses. Fracture-related productivity losses have
been estimated to be small and are only applicable to individ-
uals younger than 65 years of age [33]. However, expenses for
over-the-counter (OTC) drugs or bone-density measurements
are usually not carried by the SHI. Costs are, therefore, likely
to be higher from an overall economic perspective. Further-
more, the present analysis focuses on the costs of incident
patients. Even though, the consequences related to fractures
can be differentiated into an incident (acute phase) and prev-
alent phase. Therefore, our results cannot be applied to all
OVCEF patients. However, the costs in the acute phase are
higher than in the prevalent phase [34]. Further studies are
necessary to determine the costs of prevalent patients.

In addition, the present study was limited to patients aged
60 years and older. It is unclear if the results remain the same if
younger patients had been considered. Shi et al. [29] estimated
that direct healthcare costs for patients 50—64 were consistent-
ly higher than those of a >65 cohort. Hence, disease-related
costs are likely to increase for a younger cohort. Moreover,
data from the AOK Niedersachsen were used for our analysis.
The transferability of the results to the overall German SHI
population must therefore be examined critically. Further-
more, the present study only analyzed the costs in the first
year after the index diagnosis. Robust estimates for these costs
are currently not available [6]. However, Ong et al. [35]

Average Marginal Effects of OVCF

[ Effects on Predicted Mean Costs (€) |
6

Q&_ T T T T T T T T T
o’ 60 65 70 75 80 85 90 95 100

——— Women

—a&—— Men

Fig. 3 One-year OVCF-related costs with respect to age and gender

revealed that the costs in the first and second year after index
diagnosis differ substantially for patients who underwent
kyphoplasty or vertebroplasty. Therefore, it would be interest-
ing to clarify the long-term disease-related costs of vertebral
fractures, which require further studies.

The statistical methods, particularly, the GLM regression,
also have certain limitations. These apply in particular to the
specification of the model by selecting family and link. As
stated in the method section, we selected family and link of the
model using different tests to ensure an appropriate model
specification. Furthermore, we used the DID approach as a
sensitivity analysis. Based on this approach, the OVCF
disease-related costs are lower than those obtained from the
GLM. The validity of the DID approach is based on the
assumption that the underlying trends in the outcome variable
(costs here) are the same for both treatment and control group.
This assumption cannot be tested with only two observations.
However, the contrast between the DID and GLM approach
might be related to the differences in comorbidities between
the treatment and the control group. The GLM approach
accounts for these differences. The DID approach works only
if the underlying trend if parallel over time. However, the
differences in comorbidities could have influenced the costs
of both groups differently, even if the fracture would have not
occurred. Assuming that more comorbidities increase the
costs disproportionately high over time, the differences in
comorbidities can explain higher costs following the GLM
analysis compared to the DID analysis. Besides, the question
arises whether the exact matching approach used in this study
is the best, or other approaches would have been better. It has
been proved that exact matching is in many ways the ideal
compared, e.g., to propensity score matching if most of the
individuals can be matched [36]. Due to the very large dataset
from which the comparison group was drawn, there were no
problems to this regard.

Further limitations are related to the patient selection pro-
cedure. Patients were excluded if they did not have a mini-
mum of 1 year continuous eligibility in the AOK plan before
and after the index date. However, there are censored obser-
vations in our data and some of these did not meet inclusion
requirements. Thus, the results could be biased by this
approach. As stated in the results section, only marginal
changes have resulted from the inclusion of censored
patients. Thus, the cost difference between both groups is not
sensitive to this aspect.
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Conclusions

The results of this study demonstrate that osteoporotic verte-
bral fractures are associated with significant costs. Disease-
related costs of OVCF in patients with newly diagnosed
fracture in the first year after index add up to 6,490 € using
German claims data. Against the backdrop of scarce budgets,
the results underline the importance of medical interventions
that can help to prevent fractures and treatments, which are
cost-effective and can prevent recurrent fractures. They also
warrant further research in order to identify patients with
osteoporosis as early as possible, particularly postmenopausal
women, to reduce the economic burden of disease.
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Hintergrund

Eine besondere Stirke von GKV-Routine-
daten ergibt sich aus ihrer originédren
Zweckbestimmung. Da diese Daten rou-
tinemaflig fiir Abrechnungszwecke er-
hoben werden, haben sie sich als sinn-
volle Moglichkeit zur Durchfithrung von
Krankheitskostenanalysen erwiesen [1, 2].
Gesetzliche Krankenkassen in Deutsch-
land haben in ihren Datenbanken Infor-
mationen {iber nahezu alle Ressourcen-
verbrduche gespeichert, die innerhalb
einer Periode durch die Versicherten in
Anspruch genommen wurden und einen
Erstattungsanspruch an die Gesetzliche
Krankenversicherung (GKV) beinhal-
ten. GKV-Routinedaten umfassen dem-
nach den Grofdteil aller Ressourcenver-
briuche, die fiir die Behandlung jegli-
cher Erkrankungen, wie z. B. einer Grip-
pe oder aber auch schwerwiegender chro-
nischer Krankheiten wie Schizophrenie
oder Herz-Kreislauf-Erkrankungen, auf-
gewendet wurden. Um bei der Ermittlung
der Krankheitskosten einer spezifischen
Zielerkrankung eine Uberschitzung der
Kosten zu vermeiden, sind bei der Kal-
kulation indikationsspezifischer Kosten
nur diejenigen Ressourcenverbrauche an-
zusetzen, die mit der Zielerkrankung zu-
sammenhangen. In der Gesundheitsoko-
nomie existieren verschiedene Methoden
zur Ermittlung indikationsspezifischer
Ressourcenverbréuche.
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Die Berechnung

indikationsspezifischer Kosten
bei GKV-Routinedatenanalysen
am Beispiel von ADHS

Ein Methodenvergleich

Am Beispiel eines GKV-Routine-
datensatzes zur Aufmerksamkeitsdefizit-/
Hyperaktivititsstorung (ADHS) werden
mit dem Kontrollgruppenansatz sowie der
expertengestiitzten Identifikationsmetho-
de 2 alternative Ansitze zur Ermittlung in-
dikationsspezifischer Kosten verglichen
und bewertet. Beim Kontrollgruppenan-
satz werden die gesamten Leistungsausga-
ben der ADHS-Patienten mit denen einer
geeigneten Kontrollgruppe ohne ADHS
verglichen. Die Mehrkosten der ADHS-
Gruppe werden als die indikationsspezifi-
schen Kosten interpretiert. Bei der exper-
tengestiitzten Methode werden hingegen
die gesamten Leistungsausgaben um die
ADHS-unabhdngigen Kosten gemindert,
ohne dass eine Kontrollgruppe vorliegt.

Dariiber hinaus wird eine umfassen-
de Kostenanalyse fiir das Krankheitsbild
ADHS prisentiert. ADHS ist eine der
héufigsten Verhaltensstérungen bei Kin-
dern und Jugendlichen. Es handelt sich
um eine chronische Erkrankung, die mit
erheblichen Einschrinkungen fiir die Be-
troffenen verbunden ist. ADHS ist durch
ein unaufmerksames und impulsives Ver-
halten mit oder ohne deutliche Hyperak-
tivitat gekennzeichnet, das nicht dem Al-
ter und Entwicklungsstand des Patienten
entspricht und zu einer deutlichen Be-
eintrachtigung in verschiedenen sozia-
len Bezugssystemen und im Leistungsbe-
reich von Schule und Beruf fiihrt [3]. Je
nach Erhebungsmethode und Diagnose-
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kriterien variieren die Schatzungen zur
ADHS-Haufigkeit im Kindes- und Ju-
gendalter zwischen 2 und 10% [4]. Im Jahr
2008 wurden etwa 407.000 GKV-Versi-
cherte mit verschreibungspflichtigen Me-
dikamenten gegen ADHS behandelt [5].
Die Fallzahlen sowie die Arzneimittelver-
schreibungen sind in den letzten Jahren
kontinuierlich gestiegen [6].

Der Vergleich des Kontrollgruppenan-
satzes und der expertengestiitzten Metho-
de zur Ermittlung indikationsspezifischer
Ressourcenverbrauche liefert erstmals fiir
Deutschland wissenschaftliche Erkennt-
nisse zu der Fragestellung, ob es bei An-
wendung der beiden Methoden bei einem
Krankheitsbild diesbeziiglich zu relevan-
ten Unterschieden kommt. Auflerdem
werden am konkreten Beispiel von ADHS
die Vor- und Nachteile der beiden Ansétze
gegeniibergestellt. Zusitzlich werden die
Ergebnisse einer systematischen Literatur-
recherche vorgestellt, die eine differenzier-
te Diskussion der unterschiedlichen Me-
thoden aus einer internationalen Perspek-
tive ermoglicht. Ein wesentliches Ziel der
Literaturrecherche war es, die Frage zu be-
antworten, wie haufig die einzelnen Me-
thoden zur Ermittlung indikationsspezi-
fischer Ressourcenverbrduche bei routi-
nedatenbasierten Studien in der nationa-
len und internationalen Forschungspra-
xis eingesetzt werden. Eine weitere zen-
trale Zielsetzung war die Generierung be-
lastbarer Erkenntnisse zur methodischen



Vorgehensweise bei den unterschiedlichen
Ansitzen.

Methoden

Studienpopulation und
Datengrundlage

Fiir die Studie standen anonymisierte
Routinedaten der Techniker Kranken-
kasse (TK) mit etwa 6,3 Mio. Versicher-
ten aus dem Jahr 2008 zur Verfiigung.
Die Studienpopulation umfasst alle Ver-
sicherten, fiir die im Jahr 2008 mindes-
tens eine ADHS-Diagnose (ICD-10 F90.0,
F90.1, F90.8 und F90.9) im Krankenhaus
oder mindestens eine gesicherte ADHS-
Diagnose (Zusatzkennzeichen Diagno-
sesicherheit = ,,G“) in 2 unterschiedli-
chen Quartalen im ambulanten Sektor
dokumentiert wurden. Zusatzlich wurde
eine 5-mal so grofle Kontrollgruppe oh-
ne ADHS-Diagnose mit gleicher Vertei-
lung hinsichtlich Alter und Geschlecht
aus dem Versichertenbestand extrahiert.

Neben den Stammdaten, die Informa-
tionen zum Alter und Geschlecht enthal-
ten, wurden fiir die selektierten Versicher-
ten ambulante Diagnose- und Abrech-
nungsdaten, stationire Behandlungen in
Krankenhdusern, Rehabilitationsmaf3-
nahmen, eingeloste ambulante Arznei-
mittelverordnungen, Krankengeld- und
Arbeitsunfihigkeitsdaten sowie eingelos-
te Heil- und Hilfsmittelverordnungen aus-
gewertet. Dabei wurden alle bei der Kran-
kenversicherung abgerechneten Leistun-
gen erfasst.

Kontrollgruppenvergleich

Um Aussagen iiber den durch das Krank-
heitsbild ADHS verursachten Ressourcen-
verbrauch treffen zu kénnen, ist es notwen-
dig, die Analyse auf diejenigen Abrech-
nungsvorgénge zu fokussieren, die priméar
durch die ADHS-Behandlung sowie die
damit zusammenhangenden Komorbidi-
taten verursacht wurden. Einer der hier-
fiir geeigneten Ansitze ist der Kontroll-
gruppenvergleich. Bei diesem werden die
Leistungsausgaben der ADHS-Patienten
mit denen der Kontrollgruppe verglichen.
Die krankheitsspezifischen Kosten erge-
ben sich bei diesem inkrementellen Ansatz
rechnerisch aus der Differenz der jeweili-

gen krankheitsiibergreifenden Gesamtkos-
ten beider Gruppen.

Expertengestiitzte Methode

Fiir die im Folgenden dem Kontrollgrup-
penansatz gegeniibergestellte Methode
der expertengestiitzten Ermittlung indi-
kationsspezifischer Ressourcenverbriu-
che sind keine Daten einer geeigneten Ver-
gleichsgruppe erforderlich. Bei diesem
Ansatz werden von den Gesamtkosten der
ADHS-Patienten alle nicht mit der Zieler-
krankung in Verbindung stehenden Leis-
tungsausgaben abgezogen, sodass auch
hier indikationsspezifische Kosten ange-
geben werden koénnen. Zur Ermittlung
der indikationsspezifischen Ressourcen-
verbrauche werden standardisierte Klas-
sifikationsinstrumente eingesetzt. Beim
hier vorliegenden Krankheitsbild wurden
die ICD-Klassifikation, der Einheitliche
Bewertungsmafistab (EBM) der KBV, die
ATC-Klassifikation sowie das Heilmittel-
positionsnummernverzeichnis verwendet.

Demnach wurden im Bereich der Kran-
kenhausaufenthalte, Rehabilitation und des
Krankengeldes alle Abrechnungsvorgénge,
die auf die Diagnose F90.- (F90.0, F90.1,
F90.8 und F90.9) zuriickzufiihren sind,
als indikationsspezifisch definiert. Hierbei
ist jedoch zu beachten, dass nur bei Kran-
kenhausaufenthalten zwischen Haupt- und
Nebendiagnosen differenziert wird. In die-
sem Bereich wurden alle Aufenthalte als in-
dikationsspezifisch definiert, unabhingig
davon, ob es sich bei der ADHS-Diagnose
um eine Haupt- oder Nebendiagnose han-
delt. Bei den Rehabilitationsmafinahmen
liegt eine eindeutige Diagnose vor. Im Be-
reich der Krankengeldzahlungen kénnen
wiederum mehrere Diagnosen gleichwer-
tig nebeneinander stehen [2]. Beim Vor-
liegen mindestens einer ADHS-Diagnose
wurde ein Krankengeldbezugszeitraum als
indikationsspezifisch definiert.

Auch im Bereich der ambulanten Arzt-
behandlungen kénnen fiir einen Behand-
lungszeitraum mehrere Diagnosen ko-
diert worden sein [2]. Da Diagnosen in
den ambulanten Daten quartalsweise, die
einzelnen Leistungen (EBM-Ziffern) hin-
gegen tagesgenau dokumentiert sind, wur-
de ein zweistufiges Verfahren zur Identi-
fikation indikationsspezifischer Ressour-
cenverbrauche eingesetzt. Zundchst wur-
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de individuell fiir jeden Versicherten ana-
lysiert, ob im jeweiligen Quartal eine ge-
sicherte ADHS-Diagnose kodiert wur-
de. War dies der Fall, wurden alle Kos-
ten als indikationsspezifisch definiert, die
auf ausgewihlte Gebiihrenordnungsposi-
tionen von spezifischen Fachirzten (Kin-
der- und Jugendpsychiater, Psychiater) zu-
riickzufithren waren. Die abgerechneten
EBM-Punkte wurden mit einem einheitli-
chen Orientierungspunktwert in Hohe von
3,5001 Cent monetir bewertet [7, 8].

Im Bereich der Arzneimittel wurden
alle Verordnungen fiir die Wirkstoffe Me-
thylphenidat und Atomoxetin als ADHS-
spezifisch definiert. Bei den Heilmitteln
wurden alle Mafinahmen der Ergothera-
pie gemifl dem Heilmittelpositionsnum-
mernverzeichnis ausgewahlt. Diagnosen
liegen fiir diese Leistungsbereiche im ge-
nutzten Datenbestand nicht vor, sodass
diesem Verfahren die Annahme zugrunde
liegt, dass die Leistungen ausschlieSlich zur
ADHS-Behandlung bzw. der damit zusam-
menhingenden Komorbidititen eingesetzt
wurden.

Systematische Literaturrecherche

Ergidnzend zu den Datenanalysen wur-
de eine systematische Literaturrecherche
nach relevanten Publikationen in eng-
lischer und deutscher Sprache durch-
gefiihrt. Hierfiir wurde die kostenlose
Datenbankrecherche des DIMDI genutzt.
Folgende Datenbanken wurden dabei be-
riicksichtigt: MEDLINE, BIOSIS Pre-
views, DAHTA-Datenbank, Deutsches
Arzteblatt, EMBASE Alert, EMBASE,
gms, gms Meetings, Karger-Verlagsdaten-
bank, Krause & Pachernegg Verlagsdaten-
bank, SciSearch, Thieme-Verlagsdaten-
bank Preprint und die Thieme-Verlags-
datenbank. In den Datenbanken wurden
die Suchstichworte (Cost#; cost analysis;
Kosten#; Kosten#analyse#; Ressourcen#;
resource#; Krankheitskosten#; cost-of-ill-
ness#) mit den Suchstichworten (indika-
tionsspezifisch#; krankheitsspezifisch#;
krankheitsbezogen; indication#-speci-
fic#; disease#related; #related; treatment-
related; behandlungsbezogen; therapiebe-
zogen) und (Routinedaten#; GKV-Routi-
nedaten#; Sekundirdaten#; secondary
data; Abrechnungsdaten#; claims data#;
administrative data) kombiniert. Es wur-
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den sowohl der Titel als auch die Zusam-
menfassung sowie die Schlagworter nach
diesen Suchstichworten durchsucht. Stu-
dien wurden eingeschlossen, wenn indi-
kationsspezifische Krankheitskosten mit
einem Kontrollgruppenvergleich, der ex-
pertengestiitzten Methode oder einem
Regressionsverfahren berechnet wurden.
Anhand der eingeschlossenen Studien
wurde erfasst, wie hdufig die einzelnen
Methoden zur Ermittlung indikationsspe-
zifischer Ressourcenverbrauche bei routi-
nedatenbasierten Studien in der nationa-
len und internationalen Forschungspra-
xis eingesetzt werden. Zusétzlich wurden
die Studien mit Blick auf die methodische
Vorgehensweise ausgewertet. Dabei wur-
de insbesondere erfasst, welche Variab-
len fiir das Matching verwendet wurden,
welche Ressourcenverbrauche der Zieler-
krankung bei der expertengestiitzten Me-
thode zugeordnet wurden und nach wel-
chen Kriterien diese Zuordnung erfolgte.
Im Folgenden werden zunichst die mit
den unterschiedlichen Methoden ermit-
telten Ergebnisse zu den indikationsspe-
zifischen ADHS-Kosten dargestellt. An-
schlieffend werden die Ergebnisse der Li-
teraturrecherche zusammengefasst.

Ergebnisse

Studienpopulation

Mit dem beschriebenen Aufgreifalgorith-
mus konnten 30.264 ADHS-Patienten
identifiziert werden. Thr durchschnitt-
liches Alter lag bei 15 Jahren, der Anteil
mannlicher Patienten bei 76%.

Kontrollgruppenvergleich

Betrachtet man die durchschnittlichen
gesamten Versorgungskosten pro ADHS-
Patienten im Jahr 2008 (3888 EUR), so
zeigt sich, dass sich diese ganz unter-
schiedlich auf die verschiedenen Kosten-
kategorien verteilen (8 Tab. 1).

Um die indikationsspezifischen Kosten
der 30.264 ADHS-Patienten zu ermitteln,
wurden ihnen 151.320 im Alter und Ge-
schlecht vergleichbare Kontrollpersonen
gegeniibergestellt. Diese Kontrollgruppe
mit Versicherten ohne ADHS-Diagno-
se hat im Durchschnitt in allen Kos-
tenkategorien deutlich niedrigere Leis-
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Ein Methodenvergleich

Zusammenfassung

Bei der Berechnung von Krankheitskosten auf
Basis von GKV-Routinedaten sind nur dieje-
nigen Ressourcenverbrauche anzusetzen, die
mit der Zielerkrankung zusammenhangen.
In der vorliegenden Studie wurden mit dem
Kontrollgruppenansatz und der expertenge-
stlitzten Methode 2 Ansétze zur Ermittlung
indikationsspezifischer Ressourcenverbrau-
che verglichen und am konkreten Beispiel
von ADHS die Vor- und Nachteile gegeniiber-
gestellt. Fiir die Studie standen anonymisier-
te Routinedaten der Techniker Krankenkas-
se (TK) aus dem Jahr 2008 zur Verfiigung. Die
Studienpopulation umfasste alle ADHS-Pa-
tienten sowie eine 5-mal so groRe Kontroll-
gruppe. Erganzend zu den Datenanalysen
wurde eine systematische Literaturrecherche
durchgefiihrt. Die mit dem Kontrollgruppen-
ansatz ermittelten inkrementellen Kosten la-
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GKV-Routinedatenanalysen am Beispiel von ADHS.

gen bei durchschnittlich 2902 EUR im Jahr
pro Patient. Die mit der expertengestiitzten
Methode ermittelten indikationsspezifischen
Kosten waren um 923 EUR geringer. Dies liegt
vor allem daran, dass durch den Vergleich mit
einer geeigneten Kontrollgruppe die Kosten
aller denkbaren Komorbiditaten und Begleit-
erkrankungen beriicksichtigt werden. Mit der
systematischen Literaturrecherche wurden
65 relevante Studien identifiziert. Beide Me-
thoden besitzen spezifische Vor- und Nach-
teile. Entsprechende Limitationen sind bei
der Studienplanung zu beriicksichtigen.

Schliisselworter

ADHS - Expertengestiitzte Methode -
GKV-Routinedaten - Kontrollgruppenansatz -
Krankheitsspezifische Kosten

Comparison of methods

Abstract

Claims data have proven useful for carrying
out cost-of-illness studies. To avoid overesti-
mating disease-related costs, only those costs
that are related to a specific disease should
be considered. The present study demon-
strates two basic approaches for identify-

ing disease-related costs. Using the exam-
ple of attention-deficit hyperactivity disorder
(ADHD), the advantages and drawbacks of
expert-based approaches and those based on
control groups are compared. Anonymized
data from the “Techniker Krankenkasse” for
2008 were available for the study. The study
population encompassed all ADHD patients
and a control group that was five times big-
ger. Additionally, a systematic literature re-
view was carried out on 65 relevant studies.

Calculation of disease-related costs in claims data analyses with
the example of attention-deficit hyperactivity disorder.

Compared with the control group, disease-
related costs were EUR 2,902 per ADHD pa-
tient on average. However, using the expert-
based approach, costs were established to be
EUR 923 lower. This is mainly because a com-
parison with an appropriate control group in-
corporates all costs for possible comorbidities
and concomitant diseases. Both approaches
have specific advantages and drawbacks, and
when planning studies the respective limita-
tions need to be considered.

Keywords

ADHD - Claims data - Disease related costs -
Expert-based approach - Control-group
design

tungsausgaben. Die Differenzen in den
durchschnittlichen Kosten zwischen der
ADHS- und Kontrollgruppe ergeben je-
weils die mit der ADHS-Erkrankung im
Zusammenhang stehenden Mehrausga-
ben in den einzelnen Kostenkategorien.
Diese inkrementellen Kosten lagen im
Jahr 2008 iiber alle Kostenkategorien hin-
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weg bei durchschnittlich 2902 EUR pro
Patient. Den mit Abstand grofiten Kos-
tenanteil machen mit 1270 EUR die Aus-
gaben fiir Heil- und Hilfsmittel aus. Fiir
ambulante Arztbehandlungen sowie sta-
tiondre Krankenhausbehandlungen sind
jeweils circa 600 EUR angefallen, und fiir
Arzneimittel wurden knapp 360 EUR ab-



Tab. 1

Mittelwert der Kosten pro ADHS-Patient im Jahr 2008 in Euro nach Kostenkategorie

Gesamtkosten Kontrollgruppen-  Indikationsspezifische Kosten
vergleich gemal Expertenbefragung
Ambulante Arzte 837 606 204
Krankenhaus 779 601 4042
Arzneimittel 483 359 262
Heil-/Hilfsmittel 1704 1270 1075
Krankengeld 50 39 24
Rehabilitation 35 26 10
Gesamt 3888 2902 1979
aUnter Berlicksichtigung aller Haupt- und Sekundardiagnosen. Bei ausschlielSlicher Betrachtung der
Hauptdiagnosen ergibt sich ein Mittelwert von EUR 180.

gerechnet. Die Ausgaben fiir Kranken-
geldzahlungen und Rehabilitationen lie-
gen im unteren zweistelligen Bereich.

Expertengestuitzte Methode

Betrachtet man die mit dem expertenge-
stiitzten Ansatz ermittelten indikationsspe-
zifischen Kosten im Jahr 2008 in Hohe von
1979 EUR, so konnen auch hier die Ausga-
ben fiir Heil- und Hilfsmittel (Ergothera-
pie) als bedeutendster Kostentreiber iden-
tifiziert werden. Dariiber hinaus sind die
Leistungsausgaben fiir stationére Kranken-
hausbehandlungen, Arzneimittel und am-
bulante Arztbehandlungen von besonderer
Relevanz. Die Ausgaben fiir Krankengeld
und Rehabilitation sind eher nachrangig,
wobei fiir einzelne Patienten auch in die-
sen Bereichen durchaus fiinfstellige Kosten
pro Jahr anfallen konnen.

Die mit diesem Verfahren ermittelten
indikationsspezifischen jahrlichen Kosten
sind um 923 EUR niedriger als die mit dem
Kontrollgruppenansatz ermittelten Kosten
(8 Abb. 1). Dies liegt vor allem daran, dass
durch den Vergleich mit einer geeigneten
Kontrollgruppe die Kosten aller denkbaren
Komorbidititen und Begleiterkrankungen
berticksichtigt werden.

Systematische Literaturrecherche

Die Datenbankrecherche ergab 2000 Tref-
fer, deren Titel und Zusammenfassungen
zunéchst darauthin untersucht wurden, ob
sich die Studien mit der Ermittlung indi-
kationsspezifischer Ressourcenverbrau-
che befassten. In diesem ersten Analyse-
schritt wurden 1137 Duplikate ausgeschlos-
sen. Auflerdem wurden 459 Studien ausge-
schlossen, in denen keine indikationsspezi-
fischen Krankheitskosten berechnet wur-

den. Damit verblieben 404 Studien, die in
einem zweiten Analyseschritt als Volltext
durchgelesen wurden. Von diesen Studien
wurden weitere 339 ausgeschlossen, da die
indikationsspezifischen Kosten nicht mit
dem Ziel einer umfassenden Krankheits-
kostenanalyse berechnet wurden, sondern
um unterschiedliche Behandlungsstrate-
gien (z. B. unterschiedliche Arzneimittel)
oder Krankheitsstadien (z. B. Hochrisiko-
vs. Niedrigrisikopatienten) zu vergleichen.
Die verbleibenden 65 Studien wurden um-
fassend ausgewertet.

Es haben 22 internationale Studien den
expertengestiitzten Ansatz zur Berech-
nung indikationsspezifischer Ressourcen-
verbrauche genutzt [9, 10, 11, 12, 13, 14, 15,
16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27,
28, 29, 30]. Der Kontrollgruppenvergleich
wurde in 13 Studien verwendet [31, 32, 33,
34, 35, 36, 37, 38, 39, 40, 41, 42, 43]. Vier
Studien haben Regressionsansitze einge-
setzt [44, 45, 46, 47]. Am haufigsten wur-
de eine Kombination der Ansitze genutzt:
In 10 Studien wurden die expertengestiitz-
te Methode und der Kontrollgruppenver-
gleich [48, 49, 50, 51, 52, 53, 54, 55, 56, 57],
in 2 Studien die expertengestiitzte Metho-
de mit einem Regressionsansatz [58, 59]
und in 10 Studien der Kontrollgruppenver-
gleich mit einem Regressionsansatz kombi-
niert [60, 61, 62, 63, 64, 65, 66, 67, 68, 69].
Eine Kombination aller 3 Methoden ist bei
4 Studien zu finden (70, 71, 72, 73].

Beim Kontrollgruppenansatz werden
unterschiedliche Gruppengréfien verwen-
det. Ublich ist ein 1:1- [34, 35, 36, 37, 38, 39,
41, 50, 51, 52, 53, 54, 55, 57, 62, 65, 70, 71,
72, 73] oder 1:3-Matching [43, 60, 61, 63,
64, 67, 68, 69]. Teilweise wird jedoch auch
ein 1:2- [66] oder 1:5-Matching [48] oder
auch eine deutlich grofere Kontrollgrup-
pe verwendet [31, 32, 33, 56]. In einer Stu-
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die wurde die Kontrollgruppe zufallig aus
dem Gesamtversichertenbestand gezogen,
und es erfolgte keine Adjustierung nach
Confoundern [42]. Eine Studie verwende-
te als Kontrolle die Milliman’s Health Cost
Guidelines [40]. Diese Guidelines wurden
auf Basis von Routinedaten ausgewdhlter
US-amerikanischer Krankenversicherer
entwickelt und dienen als Benchmark fiir
die durchschnittlichen Krankenkassenaus-
gaben. Ubliche Matchingvariablen sind das
Alter [31, 34, 35, 36, 37, 38, 39, 41, 43, 48,
49, 50, 51, 52, 53, 54, 55, 56, 57, 61, 62, 63,
64, 65, 66, 68, 69, 70, 71, 72, 73], das Ge-
schlecht [34, 35, 36, 37, 38, 39, 41, 43, 48,
49, 50, 51, 53, 54, 55, 56, 57, 60, 61, 62, 63,
64, 65, 66, 68, 69, 70, 71, 72, 73], die Versi-
cherungsart [34, 48, 61, 64, 65], der Wohn-
ort [34, 35, 36, 43, 48, 49, 52, 53, 55, 57, 61,
64, 65, 66, 68, 69, 71, 72, 73], der Erwerbs-
status des Patienten [39, 48, 49, 62, 63, 71,
72], die ethnische Zugehorigkeit [52, 54]
und der Charlson-Comorbidity-Index [34,
50, 51] bzw. der Deyo-Charlson-modified-
Comorbidity-Index [41, 55, 66] oder aus-
gewihlte Komorbiditéten [37, 66]. In ein-
zelnen Studien werden die Kosten stratifi-
ziert nach verschiedenen Variablen mit der
Kontrollgruppe verglichen [32, 33].

Bei der expertengestiitzten Methode
werden primédr ICD-Diagnosen zur Er-
mittlung der indikationsspezifischen Res-
sourcenverbriuche verwendet [9, 14, 15, 16,
17,18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29,
30,48, 49, 51, 52, 53, 54, 55, 56, 57, 58, 59, 70,
71, 72, 73]. Teilweise werden ausschliefSlich
Primérdiagnosen berticksichtigt [9, 15, 22,
26,27, 55, 58, 59], es gibt aber auch Ansit-
ze, die zusitzlich Sekundardiagnosen ein-
beziehen [14, 16, 17, 19, 28, 29, 52, 54, 57,
70, 71,72, 73]. Zur Ermittlung indikations-
spezifischer Arzneimittelkosten werden in
der Regel Arzneimittel berticksichtigt, die
zur Behandlung der Zielerkrankung einge-
setzt werden [9, 14, 15, 16, 17, 18, 19, 20, 21,
22,23, 24, 25, 26, 27, 28, 29, 30, 48, 49, 52,
53, 54, 55, 57, 58, 59, 70, 71, 72, 73]. Zum
Teil werden diese krankheitsspezifischen
Arzneimittel nur dann der Zielerkrankung
zugeordnet, wenn in einem bestimmten
Zeitraum vor der Verordnung eine ent-
sprechende stationire oder ambulante
Diagnose vorgelegen hat [11]. In einzelnen
Studien werden auch nur Arzneimittelver-
ordnungen als indikationsspezifisch defi-
niert, die von bestimmten Fachirzten aus-
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Abb. 1 A Ubersicht iiber die nach dem Kontrollgruppenansatz und mit der expertengestiitzten
Methode ermittelten jahrlichen Kosten pro ADHS-Patient

gestellt wurden [9]. Teilweise werden auch
weitere spezifische Leistungen ohne Diag-
nosekodierung berticksichtigt (z. B. Proze-
durencodes fiir Operationen, Laborunter-
suchungen oder Infusionen) und den in-
dikationsspezifischen Kosten zugeschrie-
ben [9, 14, 16, 17, 19, 24, 28, 30, 52, 55]. In
einzelnen Studien kommt die sog. Episode-
Treatment-Groups (ETG)-Software zur Er-
mittlung indikationsspezifischer Ressour-
cenverbrauche zum Einsatz [18, 25]. Mittels
dieser Software kénnen ausgewdhlte Leis-
tungen zur Behandlung spezifischer Er-
krankungen anhand standardisierter Algo-
rithmen automatisiert identifiziert werden.

Bei der Nutzung von Regressionsver-
fahren kommen héufig Generalisierte Li-
neare Modelle zum Einsatz [45, 47, 60, 62,
70]. Diese werden mitunter in ein zweistu-
figes Verfahren integriert, um dem Cha-
rakter von Kostendaten (schiefe Vertei-
lung, ein gewisser Anteil an Nullkosten so-
wie die Verletzung der Annahme der Ho-
moskedastizitit) gerecht zu werden. Dabei
wird auf der ersten Stufe mithilfe einer lo-
gistischen Regression ermittelt, welche Per-
sonen iiberhaupt Kosten grofier als Null
haben. Erst im Anschluss daran wird dann
die eigentliche Regression zur Ermittlung
der indikationsspezifischen Kosten durch-
gefiihrt [44, 58, 66, 68, 71, 72, 73]. Weiter-
hin wird die Methode der kleinsten Qua-
drate (Ordinary Least Squares, OLS) ver-
wendet, wobei die Kostendaten aufgrund
der héufig schiefen Verteilung zunichst
log-transformiert und nach der Regression
wieder retransformiert werden [61, 64, 67].
Unabhingig von der Methodik wurden in

Regressionen dhnliche Kovariablen wie im
zuvor beschriebenen Kontrollgruppenan-
satz genutzt.

Diskussion

Der Unterschied zwischen den in den bei-
den Ansitzen ermittelten indikationsspezi-
fischen Ressourcenverbrauchen ist erheb-
lich. Dieser lasst sich zum einen damit er-
kldren, dass im Kontrollgruppenvergleich
auch Kosten fiir Komorbiditéten abgebil-
det werden; und zwar im Idealfall genau
in dem Anteil, in dem die Ressourcenver-
bréuche fiir die mit ADHS assoziierten Er-
krankungen das Maf3 in der Kontrollgrup-
pe ibersteigen. Bei der expertengestiitz-
ten Methode werden hingegen im Wesent-
lichen die auf die ADHS-Behandlung zu-
riickzufithrenden Kosten — mit Ausnah-
me inhdrenter Unschirfen - ausgewie-
sen. Grundsitzlich wiére es auch moglich,
die Kosten fiir Komorbidititen anhand
der standardisierten Klassifikationsinstru-
mente zu identifizieren. Hiermit wiren je-
doch umfassende methodische Zuschliis-
selungsprobleme verbunden, da die Kos-
ten der Komorbiditéten nicht vollstindig
der Zielerkrankung zugeschrieben werden
diirfen, sondern nur in dem Umfang, in
dem sie den normalen Anteil in der nicht
an ADHS erkrankten Durchschnittsbevol-
kerung iibersteigen. Daher werden auch
nur in wenigen der identifizierten Studien,
die ausschliefflich auf den expertengestiitz-
ten Ansatz zuriickgreifen, Komorbiditéten
abgebildet. Eine Losung zur Aufschliisse-
lung der Kosten fiir Komorbiditaten bei der
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expertengestiitzten Methode konnen je-
doch Regressionsverfahren sein [13,16,17].
Mit dieser Methode kann fiir ausgewahl-
te Komorbidititen (adjustiert nach Con-
foundern) ermittelt werden, wie sich die
krankheitsspezifischen Kosten bei Patien-
ten mit einer entsprechenden Komorbidi-
tat im Vergleich zu Patienten ohne die spe-
zifische Komorbiditdt verandern. Zusatz-
lich ist auch unter Nutzung der ETG-Soft-
ware eine Abbildung méglich [25]. Den-
noch ist die Berticksichtigung von Ko-
morbidititen nach wie vor eine der grofi-
ten methodischen Herausforderungen bei
routinedatengestiitzten Krankheitskosten-
analysen [74, 75].

Wiren die fiir eine valide Zuschliisse-
lung der Komorbidititen erforderlichen
Informationen transparent, wire es mog-
lich, mit beiden Ansitzen zu einem ver-
gleichbaren Ergebnis zu gelangen. Jedoch
koénnte es auch in einem Szenario, in dem
die Zuschliisselungsproblematik der Ko-
morbiditaten methodisch gelost wire, zu
unterschiedlichen Ergebnissen kommen.
Dies héngt in erster Linie mit der Beschaf-
fenheit von GKV-Routinedaten zusam-
men. Diese werden primar fiir Abrech-
nungszwecke erhoben und besitzen daher,
wie jede andere Datenquelle im Gesund-
heitswesen auch, spezifische Limitationen
[2]. So sind z. B. in den Arzneimittel-, Heil -
und Hilfsmitteldaten keine Diagnosen ge-
speichert. Es kann also meist keine eindeu-
tige Aussage dartiber getroffen werden, ob
die betrachteten Arzneimittel oder Heil-
mittel tatsachlich (ausschliefSlich) zur Be-
handlung der Zielerkrankung und der da-
mit assoziierten Komorbiditéten eingesetzt
wurden oder ob eine davon unabhéngige
Erkrankung behandelt werden sollte. Aber
auch in Leistungsbereichen, in denen Dia-
gnosen verfiigbar sind, entstehen immer
dann Unschérfen, wenn mehrere Diagno-
sen nebeneinander stehen und eine Leis-
tung nicht ausschlieSlich einem Diagno-
seschliissel zugeordnet werden kann. Im
ambulant-arztlichen Versorgungsbereich
wird diese Limitation noch verschirft, da
die quartalsweise dokumentierten ICD-
Diagnosen und die tagesgenau erfassten
Leistungsdaten nicht eindeutig miteinan-
der verkniipft werden konnen [76]. Ohne
an dieser Stelle auf weitere Details einge-
hen zu kénnen, sollte aber explizit hervor-
gehoben werden, dass die expertengestiitz-



Tab.2 Vor-und Nachteile der unterschiedlichen Methoden zur Ermittlung von

Krankheitskosten im Vergleich

Kontrollgruppenvergleich

Indikationsspezifische Kosten
gemal Expertenbefragung

nicht immer zeitnah maglich

Vorteile Komorbiditaten erfasst Leistungen eindeutig definiert
Geringer Zeitaufwand der Kostenkalkulation ~ Datensparsamkeit
Nachteile  Zugang zu einer geeigneten Kontrollgruppe  Unsicherheiten beziiglich der Kausa-

litdt bei einzelnen Leistungen nicht
vollstandig l6sbar

len in Routinedaten erfasst

Nicht alle fiir das Matching relevante Variab-

Komorbiditaten nicht direkt erfasst

Ungeeignet fiir kleine Stichproben

Aufwendige Kostenkalkulation

te Methode mit einer Reihe von Unschir-
fen verbunden ist, die auf die Beschaffen-
heit der Routinedaten sowie den teilweise
pauschalen Charakter der standardisier-
ten Klassifikationsinstrumente zurtickzu-
fuhren ist. Die mit diesem Ansatz ermittel-
ten Kosten konnen demnach sowohl hé-
her als auch geringer als beim Kontroll-
gruppenansatz ausfallen. Im vorliegenden
Fall sind die Kosten schon allein deshalb
geringer, weil ADHS mit einer umfassen-
den Zahl an Komorbidititen (z. B. Depres-
sionen, psychische und Verhaltensstérun-
gen durch psychotrope Substanzen, um-
schriebene Entwicklungsstérungen schu-
lischer Fertigkeiten, phobische Stérungen
und andere Angststorungen oder Verlet-
zungen, Vergiftungen und bestimmte an-
dere Folgen dufierer Ursachen) verbunden
ist und diese in der prasentierten Form nur
mit dem Kontrollgruppenvergleich voll-
standig abgebildet werden.

In @ Tab.2werden die Vor- und Nach-
teile der beiden diskutierten Ansitze ein-
ander gegentibergestellt. Ein bedeutender
Vorteil des Kontrollgruppenvergleichs ist
die Moglichkeit, Komorbidititen automa-
tisch zu erfassen und abzubilden. Ein wei-
terer Vorteil ist der geringe Zeitaufwand
fir die Kostenkalkulation. Ein Nachteil
des Kontrollgruppenansatzes liegt jedoch
im schwierigen Zugang zu einer geeigneten
Kontrollgruppe, da ein randomisiertes Stu-
diendesign und ein zeitnaher Datenzugang
meist nicht moglich sind. Auflerdem sind
unter Umstanden nicht alle fiir eine Anpas-
sung der Gruppen relevanten Variablen in
GKV-Routinedaten erfasst. So lassen sich
Informationen zum Sozialstatus der Versi-
cherten nur begrenzt tiber den Tatigkeits-
schliissel abbilden. Ob die Ergebnisse eines
nicht randomisierten Kontrollgruppenver-
gleichs mit einem Bias behaftet sind, hangt

generell davon ab, inwieweit das spezifi-
sche Studiendesign kritische Unterschie-
de zwischen den Vergleichsgruppen mini-
mieren bzw. kontrollieren kann. Ein weite-
rer Nachteil des Kontrollgruppenansatzes
ist, dass er sich fiir kleine Stichproben und
seltene Krankheiten nur begrenzt eignet.

Im Gegensatz dazu, besitzt die exper-
tengestiitzte Methode den Vorteil, dass
die krankheitsrelevanten Leistungen ein-
deutig definiert und somit durch entspre-
chende medizintheoretische Voriiber-
legungen strukturiert sind. Auflerdem
kann dem Grundsatz der Datensparsam-
keit durch den Verzicht auf Kontrollgrup-
penvergleichsdaten besser Rechnung ge-
tragen werden. Ein wesentlicher Nachteil
sind jedoch die bereits angesprochenen
Unschirfen bei der Kausalitit einzelner
Leistungen. Auflerdem sind Komorbidi-
taten nicht direkt erfasst, und fiir ihre ad-
aquate Abbildung sind noch praktikable
Aufschliisselungslosungen zu entwickeln.
Als weiterer Nachteil ist die aufwendige
Kostenkalkulation zu nennen.

Geht man davon aus, dass in der Diffe-
renz alle Kosten fiir sonstige Erkrankun-
gen représentiert sind, die in keiner Ver-
bindung zur untersuchten Zielerkran-
kung stehen, wiirde eine alleinige Be-
trachtung der Gesamtkosten zu einer gro-
ben Uberschitzung der Krankheitskosten
fithren. Hierin liegt ein wichtiges Indiz fiir
die Notwendigkeit zur Ermittlung indika-
tionsspezifischer Ressourcenverbriuche,
wenn GKV-Routinedaten fiir die Kosten-
kalkulation genutzt werden. Nur einzel-
ne der im Rahmen der systematischen Li-
teraturrecherche identifizierten Studien
haben daher lediglich die Gesamtkosten
untersucht, ohne eine Adjustierung fiir in-
dikationsspezifische Ressourcenverbriu-
che vorzunehmen [77, 78, 79, 80, 81]. Um

Bundesgesundheitsblatt - Gesundheitsforschung - Gesundheitsschutz 3 - 2013 ‘ 435

die Qualitit, Transparenz und Vergleich-
barkeit von Krankheitskostenanalysen auf
Basis der expertengestiitzten Methode zu
verbessern, sollten standardisierte Leit-
linien fiir relevante Kostendoméanen bei
ausgewdhlten Erkrankungen entwickelt
und publiziert werden. Eine solche Liste
an relevanten Kostendoméanen wurde bei-
spielweise bereits fiir die rheumatoide Ar-
thritis und auch fiir die Osteoporose und
Arthrose entwickelt [82] und auf GKV-
Routinedaten angewendet [83].

Bereits im Zuge der Darstellung der
Ergebnisse der Literaturrecherche wurde
deutlich, dass neben den beiden hier dar-
gestellten Methoden weitere Verfahren zur
Ermittlung indikationsspezifischer Kosten
zum Einsatz kommen. Hierzu zihlen ins-
besondere Regressionsmethoden, auf die
im Folgenden kurz eingegangen wird.

Eine Regression ermittelt, vereinfacht
ausgedriickt, den Zusammenhang zwi-
schen einer abhingigen Variable (hier:
Kosten) und einer oder mehreren unab-
héngigen Variablen (hier: unter anderem
einer Indikatorvariable fiir ,erkrankt“/
“nicht erkrankt®). Im Ergebnis kénnen
somit im Idealfall diejenigen Kosten, die
auf die untersuchte Krankheit zurtickzu-
fithren sind, unter Berticksichtigung wei-
terer Einflussfaktoren, wie z. B. Alter, Ge-
schlecht und Komorbidititen, ermittelt
werden [84].

Zu den Besonderheiten von Kosten-
daten, die bei Regressionsansitzen be-
riicksichtigt werden miissen, zédhlen mit-
unter eine schiefe Verteilung, ein gewis-
ser Anteil an Nullkosten sowie die Ver-
letzung der Annahme der Homoskedas-
tizitdt, also einer gleichmaéfligen Streuung
[85]. Die Methode der kleinsten Quadrate
(OLS; [86, 87, 88]) ist daher nur in Ausnah-
mefillen geeignet und kann zu nicht effi-
zienten Schétzern fihren [85, 89, 90]. Auch
eine vorab durchgefiihrte Transformation
der Daten mit entsprechender Retransfor-
mation nach der Regression, z. B. mithilfe
einer Smearing-Estimation [91] birgt eine
Reihe weiterer Herausforderungen [92, 93].
Der Herausforderung der Nullkosten kann
jedoch unter anderem durch Two-stage-
Models [94] begegnet werden.

Aufgrund der Nachteile der zuvor ge-
nannten Methoden finden seit einiger
Zeit die generalisierten linearen Model-
le (GLM) bei der Schitzung von Krank-
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heitskosten gehauft Anwendung [45, 47,
60, 62, 70]. GLMs umgehen dabei das
Problem der Retransformation, erlauben
eine Heteroskedastizitit sowie nicht-nor-
malverteilte Kostendaten [85]. Trotz eini-
ger Vorteile der GLMs konnen sich auch
hier Herausforderungen ergeben, die ins-
besondere die Ermittlung der angemesse-
nen Link-Funktion betreffen [95].

Dariiber hinaus wird in den letzten
Jahren der komplementire Einsatz von
Matching- und Regressionsverfahren
bei Krankheitskostenanalysen beobach-
tet [64, 95]. Es ist weiterhin anzumerken,
dass keine der zuvor genannten Metho-
den, also weder der Kontrollgruppenver-
gleich noch die Regressionsmethoden, fiir
den Einfluss von Ungleichheiten bei un-
beobachtbaren Variablen adjustieren [96].
Hierfiir wire beispielsweise eine metho-
dische Herangehensweise mit Instrumen-
ten-Variablen oder einem Difference-in-
Difference-Ansatz notwendig, welche al-
lerdings ebenfalls mit einer Reihe von
Problemen behaftet sind [96, 97].

Eine weitere Methode, die in inter-
nationalen Studien angewendet wird, ist
der Vorher-Nachher-Vergleich [98, 99,
100, 101, 102, 103, 104, 105, 106]. Bei die-
ser Methode werden die Kosten vor und
nach dem erstmaligen Auftreten einer Er-
krankung gemessen. Die Untersuchungs-
population stellt somit ihre eigene Kon-
trollgruppe vor und nach einem Ereignis
dar. Ein Vorteil dieses Designs besteht in
dem vergleichsweise geringen Aufwand
und der leichten Verstandlichkeit der Er-
gebnisse, insbesondere wenn keine ge-
eignete Kontrollgruppe vorhanden ist.
In der Wissenschaft wird der Pra-/Post-
Vergleich jedoch sehr kritisch diskutiert.
Kernpunkt der Kritik ist, dass jeweils vor
und nach den Messungen verschiedene
zeitbezogene Effekte bzw. Veranderungen,
die die Outcomevariable beeinflussen,
auftreten konnen [107]. Eine Losung fiir
dieses Problem kann in einem Crossover-
Design liegen, das sich jedoch fiir Krank-
heitskostenanalysen nur begrenzt eignet
[108]. Auflerdem erfordert der Vorher-
Nachher-Vergleich das Vorliegen langs-
schnittlicher Daten und die Begrenzung
der Krankheitskostenanalyse auf inziden-
te Falle. Aufgrund dieser Einschrinkung
bei einem gleichzeitig erhohten Datenbe-
reitstellungsaufwand schien die Anwen-

dung dieses Verfahrens in der vorliegen-
den Studie nicht sinnvoll.

Eine weitere Moglichkeit ist der Ver-
gleich mit standardisierten Referenzwer-
ten. Bezogen auf GKV-Routinedaten kon-
nen die Referenzwerte beispielsweise dem
Risikostrukturausgleich entnommen wer-
den. Der grofle Vorteil dieser Vorgehens-
weise liegt darin, dass diese Werte 6ffent-
lich verfiigbar sind (wenn auch mit einem
grofleren Zeitverzug) und eine hohe Trans-
parenz aufweisen. Gravierende Nachteile
ergeben sich aus den héufigen Methoden-
anderungen und vor allem der unzurei-
chenden Beriicksichtigung regionaler und
kassenspezifischer Besonderheiten.

Die Ergebnisse der vorliegenden Studie
haben gezeigt, dass die Kosten der ADHS-
Behandlung aus der Krankenversiche-
rungsperspektive relevant sind. Zentra-
le Kostentreiber sind dabei die Ausgaben
fiir Heil- und Hilfsmittel. Die grof3e 6kono-
mische Bedeutung der Heil- und Hilfsmit-
telkosten ist ein sehr interessantes Ergeb-
nis, dominieren bei anderen Erkrankungen
doch héufig eher die Ausgaben fiir statio-
nire Krankenhausbehandlungen und Arz-
neimittel. Hier zeigen sich die spezifischen
Therapieziele der ADHS-Behandlung im
Sinne eines multimodalen und interdiszi-
plindren Behandlungskonzeptes. Bislang
existiert fiir Deutschland keine GKV-routi-
nedatenbasierte und in wissenschaftlichen
Fachzeitschriften publizierte Krankheits-
kostenanalyse zu ADHS. Eine bisher nur
als Konferenzbeitrag veroffentlichte Arbeit
weist bezogen auf das Jahr 2003 deutlich
niedrigere als die hier kalkulierten Kosten
aus [109]: Die Gesamtkosten bei ADHS-
Patienten lagen dort bei 622 EUR pro Jahr,
bei der Kontrollgruppe bei 244 EUR. Zu
beriicksichtigen ist dabei, dass zentrale
Kostenkategorien wie Heil- und Hilfsmit-
tel in der Datengrundlage nicht verfiigbar
waren. Nur eine der im Rahmen der syste-
matischen Literaturrecherche identifizier-
ten Studien hat sich mit den Kosten von
ADHS aus einer internationalen Perspek-
tive auseinandergesetzt [49]. Ein direkter
Vergleich mit den Ergebnissen von Birn-
baum et al. ist jedoch wenig zielfithrend, da
sich die Optionen zur ADHS-Behandlung
zwischen dem deutschen Gesundheits-
system und dem US-amerikanischen Sys-
tem wesentlich voneinander unterschei-
den. Andere ADHS-Studien wurden aus
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der systematischen Literaturanalyse ausge-
schlossen, da sie nur sehr spezifische Stu-
dienpopulationen untersuchten, z. B. aus-
schliefSlich ADHS-Patienten mit spezifi-
schen Arzneimittelverordnungen [110].

Die Vorteile der vorliegenden Stu-
die liegen in der Betrachtung eines gro-
flen bundesweiten Studienkollektivs einer
Krankenkasse sowie in der routinedaten-
gestiitzten Abbildung des realen Versor-
gungsgeschehens. Die Ressourcenver-
brauche stellen die tatsdchlich bei der
Krankenversicherung angefallenen Kos-
ten dar. Hier zeigt sich ein wesentlicher
Vorteil von GKV-Routinedaten gegen-
iiber anderen Primér- und Sekundir-
datenquellen fiir gesundheitsokonomi-
sche Kostenanalysen.

Neben den genannten Vorteilen weist
die Studie jedoch auch Limitationen auf.
So enthalten die vorliegenden Stamm-
daten nur eingeschrankt weitergehende so-
ziookonomische und psychometrische In-
formationen, beispielsweise zur Einkom-
mensklasse oder zum Sozialstatus der Ver-
sicherten. Unter der Annahme, dass sich
die Vergleichsgruppen in diesen Parame-
tern unterscheiden und die Parameter zu-
satzlich einen Einfluss auf die Leistungs-
ausgaben haben, wire die alleinige Uber-
einstimmung hinsichtlich Alter und Ge-
schlecht unzureichend. Auch klinische
Daten, z. B. zur Schwere der Erkrankun-
gen, liegen den Krankenkassen in Deutsch-
land in ihren Routinedaten bisher nicht
vor. Auflerdem sind im Krankenhaus ver-
ordnete Arzneimittel direkt in der Kran-
kenhausvergiitung enthalten und werden
in den Abrechnungsdaten der GKV nicht
gesondert aufgefithrt. Bei Krankenhaus-
aufenthalten verordnete Arzneimittel sind
daher in den Krankenhauskosten enthal-
ten. Bei der Berechnung der Krankenhaus-
kosten mit der expertengestiitzten Metho-
de wurden auch Krankenhausaufenthalte
beriicksichtigt, bei denen die ADHS-Dia-
gnose als Nebendiagnose kodiert wurde.
Dies kénnte zu einer Uberschitzung der
Krankenhauskosten fithren. Dariiber hi-
naus besitzen Kostenanalysen, die auf den
Routinedaten einzelner Krankenkassen ba-
sieren, in der Regel nur eine eingeschrank-
te Generalisierbarkeit [75].

Aufgrund der in den einzelnen KV-
Bezirken sehr unterschiedlichen Abrech-
nungsmodalititen ist die monetédre Be-



wertung der im ambulanten Bereich abge-
rechneten EBM-Punkte eine Herausforde-
rung. Auf Basis eines Durchschnittswertes
wurde die Monetarisierung der abgerech-
neten EBM-Punkte jedoch ermdéglicht. Es
sollte in diesem Zusammenhang aber be-
riicksichtigt werden, dass die Punktwer-
te der ambulant érztlichen Leistungen in
einzelnen Regionen vom Durchschnitts-
wert abweichen koénnen. Auflerdem fin-
den die Auswirkungen der jeweils giilti-
gen Budgetierung der ambulanten Leis-
tungen keine Beriicksichtigung.

Zusammenfassend ist zu konstatieren,
dass sowohl der Kontrollgruppenansatz als
auch die expertengestiitzte Methode spezi-
fische Vor- und Nachteile besitzen. Ent-
sprechende Limitationen sind bei der Stu-
dienplanung zu beriicksichtigen. Ungeach-
tet dieser Einschrankungen werden beide
Ansitze hiufig in internationalen Studien
genutzt. Mit der Regressionsanalyse konn-
te eine weitere bedeutende Methode iden-
tifiziert werden, die in zukiinftigen Metho-
denstudien auf ihre spezifischen Vor- und
Nachteile hin bewertet werden sollte. Die
vorliegende Studie stellt erstmals eine alle
Ressourcenverbrauche umfassende Kos-
tenkalkulation von ADHS dar, die auf einer
breiten Datenbasis von ca. 6,3 Mio. Versi-
cherten basiert.
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Study Design. Observational study.

Objective. Examine the overall survival and treatment costs from a
third-party-payer perspective for patients with osteoporotic vertebral
compression fractures (OVCFs) treated by vertebral augmentation or
conservative treatment in Germany.

Summary of Background Data. OVCFs are associated with
increased morbidity, mortality and thus reduced quality of life.
Vertebral augmentation has been shown to be effective in these
fractures. The association between treatment and survivorship as
well as cost per life year gained for balloon kyphoplasty (BKP) and
percutaneous vertebroplasty (PVP) was analyzed in the Medicare
population. Replication of these analyses is warranted for confidence
in findings.

Methods. Claims data from a major health insurance fund were
used. Mortality risk differences between operated (BKP, PVP) and
nonoperated cohorts were assessed by Cox regression. Operated
patient groups were established by propensity score matching
adjusting for covariates. For the matched operated patients with
OVCF, (2006-2010) survival was estimated by Kaplan-Meier
method.

Results. A total of 598 newly diagnosed patients with OVCF were
operated of 3607 patients with OVCF. The operated cohort was
43% less likely to die than the nonoperated one in the 5-year study
period (hazard ratio = 0.57; P < 0.001). Patients who received
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BKP had higher 60-month adjusted survival rate (66.7%) than those
who received PVP (58.7%) (P = 0.68). Cumulative 4-year mean
overall costs after first diagnosis were lower for the BKP cohort
(PVP: €42,510 vs. BKP: €39,014). Initial upfront higher costs driven
by surgical treatment for patients who received BKP are offset by
considerable pharmacy costs in patients who received PVP. There
were differences between the values of painkiller consumption
(PVP: €3321 vs. BKP: €2224).

Conclusion. Results suggest a higher overall survival rate for
operated than nonoperated patients with OVCF and indicate a
potential survival benefit for patients who received BKP compared
with patients who received PVP. The reasons merit further
investigation. Total costs were lower after 4 years for patients who
received BKP versus PVP due to less consumption of pharmaceuticals.
Key words: osteoporosis, kyphoplasty, vertebroplasty, survival,
costs, OVCEF, fracture, mortality, epidemiology, minimally invasive.
Level of Evidence: 3
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steoporosis is estimated to affect 200 million females

worldwide—approximately one-tenth of females

aged 60, one-fifth of females aged 70, two-fifths of
females aged 80, and two-thirds of females aged 90.! The
World Health Organization has ranked osteoporosis among
the 10 most important diseases. Osteoporotic vertebral
compression fractures (OVCFs) are 1 of the most common
fractures associated with osteoporosis.> The incidence of
vertebral fractures in Europe varies depending on definition
of such fractures. Symptomatic and clinically silent (asymp-
tomatic) fractures can be differentiated.> According to the
results from the European Prospective Osteoporosis Study
the European variation in the incidence of morphometric ver-
tebral fractures (silent) is lower than that of clinical fractures
and ranges from 57 cases in males to 107 cases in females
per 10,000 people.® In contrast, based on epidemiological
modeling, Strom et al> have shown that the clinical vertebral
fracture incidence varies considerably in the European Union
Five (France, Germany, Italy, Spain, and United Kingdom)
countries. It was found that the incidence increases with age,
is greater in females than in males, and ranges from 8 cases
in females aged 50 to 54 to 127 cases in females aged 90 to
94 in Germany.
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OVCEF is associated with increased morbidity, particularly
pain and spinal deformity (kyphosis), and mortality as well as
with a reduction in quality of life.? In 2010, a total of 78,362
quality-adjusted life-years or years of full health were lost
because of OVCF in Germany.? Furthermore, OVCEF is asso-
ciated with excess mortality.* An 84% (P < 0.001) increase in
mortality risk has been observed in individuals with vertebral
fracture diagnosis with 7 years of follow-up compared with
their matched controls in the United States.’ Individuals with
associated hyperkyphotic posture were also shown to have
a 1.44 greater rate of mortality than those without hyperky-
photic posture.® Furthermore, the financial burden of osteo-
porotic fractures in the European Union Five was estimated
at<€29.3 billion in 2010.2 Germany was estimated to have the
highest share of these costs among the European Union Five
countries with €9.1 billion. In addition, vertebral fractures
have a comparatively high share on total costs for fractures
in Germany.

Conservative therapy or nonsurgical treatment (NSM),
consisting of pain medication, physiotherapy, bed rest, and
bracing is considered the standard therapy in patients with
OVCE It aims to provide pain relief during natural fracture
healing. However, conservative is not without risks, due to
medication side effects, progression of vertebral deformity
and its related disability. Balloon kyphoplasty (BKP) and per-
cutaneous vertebroplasty (PVP) are both minimally invasive
surgical approaches but aim to achieve different treatment
outcomes: PVP aims to achieve spinal stabilization and pain
relief. BKP additionally intends to correct and prevent spinal
deformity. Both interventions involve injecting cement into
the collapsed vertebral body. In the BKP procedure inflatable
bone tamps are introduced to reduce the fracture and create a
cavity prior to the insertion of cement.

The association between surgical treatment and survivor-
ship was analyzed in the Medicare population.” Edidin et al’
showed that patients in the operated cohort had a higher
adjusted survival rate (60.8%) than that for patients in the
nonoperated cohort (50.0%) (P < 0.001), and were 37% less
likely to die at up to 4 years of follow-up (hazard ratio [HR]
= 0.63; P < 0.001). Furthermore, in patients who underwent
a vertebral augmentation procedure, patients receiving BKP
or PVP had survival rates of 62.8% and 57.3%, respectively
(P < 0.001). The relative risk of mortality for patients who
received BKP was 23% lower than that for patients who
received PVP (adjusted HR = 0.77; P < 0.001).

In addition, studies have evaluated the differences in costs
of BKP and PVP. On the basis of claims datasets, the inpa-
tient and outpatient costs have been found to be greater for
BKP than PVP.® On the contrary, others have reported that
the hospital charges for both procedures were comparable
using national claims data.” Recently, Ong et al'® conducted
a 2-year postsurgery cost comparison of PVP and BKP. In
this study, patients who received PVP were found to have
$3157 higher adjusted costs than patients who received BKP
(P = 0.005) by the end of 2 years after the surgery. Further-
more, the most recent cost-effectiveness analysis by Sved-
bom et al'' verified that BKP may be cost-effective for the
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treatment of hospitalized patients with OVCF compared with
those who received PVP and NSM in the United Kingdom.
The incremental cost-effectiveness ratio of BKP was estimated
in British pounds (£) 2706 per quality-adjusted life-years and
£15,982 per quality-adjusted life-years compared with NSM
and PVP, respectively. The incremental cost-effectiveness ratio
of BKP compared with PVP was found to be particularly sen-
sitive to, and increased with, changes in the mortality reduc-
tion associated with BKP compared with PVP.

These studies have several limitations in particular regard-
ing their applicability to Germany. Some of the studies did
not take follow-up costs for care or treating subsequent com-
plications into account and focused on initial treatment costs
only, others did not consider costs outside of the inpatient or
outpatient facilities. Because of the specific features of health
care systems, particularly in terms of costs and physicians’
behavior and attitudes, the replication of previous observa-
tions on mortality and costs is warrantable. Regarding this,
insights for Germany may be worthwhile because of its social
compulsory health insurance plans and the universal cover-
age. Therefore, the objectives of this study were to: (1) evalu-
ate the mortality risk for newly diagnosed nonoperated (con-
servative treatment) and operated patients with BKP or PVP
with OVCE, and (2) estimate the costs for treating patients
with newly diagnosed BKP and PVP, including the cost of
follow-up care from a third-party-payer perspective.

PATIENTS

Data Source

To address the research questions a claims dataset of a major
German health insurance fund (AOK Niedersachsen; 2.4 mil-
lion insured persons in 2011) was used. Data were available
for the years 2005 to 2010. Besides basic claims data, which
provides, for example, anonymous information on age and
sex, detailed data are available for inpatient and outpatient
care, pharmaceuticals, rehabilitation, remedies and aids, as
well as sick leave payments, but no clinical information. All
available information could be merged via an identification
number for each patient.

Patient Selection

The identification of the study population was based on inpa-
tient and outpatient International Classification of Diseases,
Tenth Revision (ICD-10) diagnoses codes. All patients who
had at least 1 OVCF diagnosis (ICD-10: M80.-8) in the inpa-
tient sector or 2 secured diagnoses in the outpatient sector
(within 1 yr) between January 1, 2006, and December 31,
2010, were included in the study. A 1-year look-back period
was incorporated into the analysis to minimize the number of
recurrent patients who received OVCEF in the study popula-
tion. Patients who underwent vertebral augmentation surgery
(BKP, PVP, or operation on the spinal column) or who had 1
of the after outpatient or inpatient VCF diagnoses (ICD-10)
during the look-back period were excluded from the analy-
sis: $22.0- (fracture of thoracic vertebra), S32.0- (fracture
of lumbar vertebra), M48.4- (fatigue fracture of vertebra),
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M48.5- (collapsed vertebra, not elsewhere classified), M49.5-
(collapsed vertebra in diseases classified elsewhere), or C79.5
(secondary malignant neoplasm of bone and bone marrow).
Therefore, complete data were available for each patient for
at least 1 year before the first OVCF diagnosis and from then
on until the end of 2010, death or censoring. Furthermore,
patients younger than 60 years at the time of the first diagno-
sis were excluded from the analysis.

Cohort Assignment

The included patients who received OVCF were additionally
stratified into different cohorts. Patients who received either
a BKP or PVP were assigned to the operated cohort. Those
who did not undergo BKP or PVP or an operation on the spi-
nal column were assigned to the nonoperated cohort. Surgical
procedures were identified on the basis of the official German
classification code of operational procedures (Operationen-
und Prozedurenschliissel). This classification was published
by the German Institute of Medical Documentation and
Information and has been used for general procedure cod-
ing in hospitals and for outpatient surgical procedures since
2002. The following Operationen- und Prozedurenschlissel
codes were used to identify vertebral augmentation proce-
dures: 5-839.9-. for patients who received PVP and 5-839.a-.
for patients who received BKP.

MATERIALS AND METHODS

Statistical Analysis

The 1-year look-back period was applied to account for the
baseline general health status of all patients. Therefore, the
Charlson comorbidity coding algorithm adapted for ICD-10
codes!'? was used to calculate the Charlson comorbidity index
based on all disease diagnoses from outpatient and inpatient
claims in the 1-year look-back period. The Charlson comor-
bidity index accounts for 19 disease categories. Each category
is multiplied by a specific weighting factor of 1, 2, 3, or 6
to build an individual score for each patient. The Charlson
comorbidity index score reflects the cumulative increase in the
likelihood of 1-year mortality due to the severity of the effect
of comorbidities. For this study, the index values were clus-
tered into 4 categories that have been established previously:
0,1to 2,3 to4,and 5 or more.”

Survival Analysis
The survival rates for the aforementioned cohorts were evalu-
ated by determining the date of death from the patient-related
dataset. Survival was calculated from the index diagnosis date
until death or end of follow-up on December 31, 2010. The
data of patients who were alive at that date were considered
right-censored. The index date was determined by using each
patient's first inpatient or outpatient OVCF diagnosis.
Differences in survival probabilities were calculated using
the Kaplan-Meier estimator to account for the characteristics
of censored data. Differences in survival curves were tested
by the log-rank test.'!> However, to evaluate the joint effect
of multiple covariates on mortality risk, differences were
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assessed by Cox regression. Two sets of comparisons were
performed: (1) operated patients who received OVCF com-
pared with nonoperated patients who received OVCE, and
(2) patients who received OVCF who underwent BKP com-
pared with patients who received OVCF who underwent PVP.
To determine adjusted mortality risk, each of the following
components was included as a covariate concurrently in the
multivariate Cox regression: sex, age, patient health status,
and site of first diagnosis (inpatient or outpatient). Age was
grouped into 5-year age categories, starting at 60 years, up
to the terminal age category 85+ with the reference category
60 to 64 years. General health status was determined by the
aforementioned Charlson comorbidity index score. Adjusted
survival rates for all cohorts were calculated from the Cox
model equation. Separate calculations were conducted for the
values of categorical variables. The adjusted survival rates are
the weighted average.

The key assumption in the Cox model, the proportional
hazard assumption, was checked graphically and by analyz-
ing Schoenfeld residuals. Regarding this, the regression model
for the comparison between BKP and PVP did not meet the
requirements. Therefore, the results of the Cox regression
are only presented for the comparison between operated and
nonoperated patients who received OVCF (set 1). Alterna-
tively, a propensity score matching (PSM) was conducted to
further address potential selection bias, miss-specification,
and uneven covariates distribution between the BKP and PVP
patient groups (set 2).!* Each patient from the BKP group was
initially matched to 1 of the patients in the PVP group by their
propensity score. The propensity score represents the prob-
ability of receiving particular treatment calculated for each
patient. It was evaluated using a logistic regression with the
following covariates: sex, age (groups as before), Charlson
comorbidity index (groups as before). Single nearest neighbor
matching algorithm without replacement was used to match
both groups. To receive proper results, nearest neighbor
matching was restricted to a maximum distance of controls
(caliper). Furthermore, the absolute standardized differences
were calculated to assess the degree of imbalance between
matched patients who received BKP and those patients who
received PVP." As a result, the groups had the same distri-
bution of the according covariates. The survival rates of the
matched BKP and PVP groups were compared using log-rank
test.

Cost Analysis

Costs were considered from the perspective of the German
Social Health Insurance. Therefore, total costs were calcu-
lated as a result of inpatient costs, outpatient costs, pharmacy
costs, costs for rehabilitation, sick leave payments, and costs
for remedies and aids. Except for outpatient costs of doc-
tor visits, all cost components were directly available in the
dataset. All services in the outpatient sector are paid on a fee-
for-service basis. However, to calculate the monetary value of
outpatient services the number of points assigned to each ser-
vice was multiplied by the valid point value. No indirect costs
were calculated. Results are reported as the mean cumulative
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costs for patients. Mean values were calculated on the basis
of the costs of those patients whose data were available; for
example, 1-year mean costs were calculated on the basis of
patients’ data that were available for at least 1 year after the
index date. However, only costs for up to 4 years of follow-up
are reported because hardly any patients could be observed
for more than 5 years. Cost differences for painkillers were
tested by using the Wilcoxon rank-sum test.

RESULTS

A total of 4465 individuals were identified for inclusion based
on a relevant diagnosis in the inpatient or outpatient sector.
Of these, 651 patients were excluded from the study due to an
insufficient look-back period and 207 patients because they
were younger than 60 years at the time of their first diagnosis.
As a result, 3607 individuals with a newly diagnosed OVCF
were found eligible for the study. One hundred fifty-seven
patients received a PVP and 441 patients received a BKP. All
the 598 patients (16.6%) were categorized as the operated
cohort. The remaining 3009 patients were categorized as the
nonoperated cohort (83.4%) (Table 1).

The majority of patients in all groups were female. The
mean ages were comparable at 79.9 years for nonoperated
patients and 78.2 years for operated (BKP, 78.7; VP, 77.0)
patients. However, a larger proportion of operated patients
(PVP and BKP) were represented in the younger age catego-
ries in comparison with nonoperated patients. The majority
of patients had a Charlson comorbidity index score between
1 and 2 (Table 4). A substantially greater proportion (33%) of
patients who received nonoperative treatment was diagnosed
in the outpatient sector. However, on average only 4% of the
operated patient group were newly diagnosed in the outpa-
tient sector (Table 2).

After 60 months, patients in the operated cohort had a
higher unadjusted survival rate of 65.6% at up to 4 years
after VCF diagnosis, compared with 51.9% for patients in
the nonoperated cohort (P < 0.001) (Figure 1). After adjust-
ing for covariates, survival rates in the operated cohort were
69.9%, compared with 53.8% for the nonoperated cohort
(P < 0.001). Operated patients (patients who received PVP
and patients who received BKP) were 43 % less likely to die by
the end of the study than nonoperated patients (adjusted HR
= 0.57; 95% CI: 0.48-0.70; P < 0.001) (Table 3).

The unadjusted 60-month survival rates for the patients
with OVCF after BKP or PVP were 68.9% and 57.9%,
respectively (P = 0.56). However, testing for proportion-
ality revealed a potential violation of the basic assumption
of the Cox regression. Therefore, the results focused on the
comparison of the groups established by the PSM. After the
PSM procedure, 149 patients of the BKP group were matched
to 149 patients of the PVP group. Standardized differences
revealed a good comparability of the selected groups (see
Supplemental Digital Content, Appendix 1 available at http:/
links.lww.com/BRS/A850). As a result, the 60-month survival
rates for the operated patients with OVCF after BKP or PVP
were 66.7% and 58.7%, respectively (P = 0.68) (Figure 2).
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COSTS

After the discovery of no significant survival gain of BKP
compared with PVP by using the Kaplan-Meier analysis, the
comparison of these 2 groups was conducted on costs. Costs
were compared between the patients who received BKP and
those patients who received PVP selected by the PSM pro-
cedure to take into account that the cohorts had different
distributions regarding age, sex, and overall comorbidity,
thus having an impact on medical costs. Inpatient costs were
found to be consistently higher for patients who received BKP
(Table 4). Therefore, mean costs for the initial surgical treat-
ment and associated hospital stay (based on the DRG code)
were compared (Table 5). The results reveal that the initial
costs for the surgical treatment were the main cost driver for
the differences regarding inpatient costs. Pharmacy costs were
higher for patients who received PVP from year 2 on (Table 4)
and differences of mentioned costs tended to increase in
years 3 and 4 (Figure 3). No costs for sick leave payments
were found because almost all patients were older than 65
years and retired. Other cost components were at a compa-
rable level and had little impact on total mean cumulative
costs. The findings reveal lower total costs for patients who
received BKP than for patients who received PVP after 4 years
(€39,014 vs. €42,510). Initially higher inpatient costs for the
BKP group were outweighed by much lower pharmacy costs
after year 4. An additional detailed analysis based on Ana-
tomical Therapeutic Chemical (first 3 digits) codes revealed
that costs for “N02 Analgesics” (painkillers) are the key cost
driver for pharmacy costs and major differences can be found
between the groups. Four-year cumulative costs for N02
Analgesics were €3321 and €2224 for patients who received
PVP and BKP, respectively (P = 0.16).

DISCUSSION

In this study, the mortality risk and costs of patients with
OVCE, subject to different treatment modalities for the popu-
lation of the AOK Niedersachsen from 2006 to 2010 were
investigated. In general, there is clear evidence for an increased
mortality risk of patients with OVCF compared with an oth-
erwise comparable general population.>!*2* However, asso-
ciation between surgical treatment and survivorship was only
analyzed once before, namely in the Medicare population.”

Study Cohort

BKP PVP Nonop-

Only Only | Operated | erated | Total
2006 69 27 96 565 661
2007 80 42 122 590 712
2008 88 35 123 597 720
2009 115 26 141 633 774
2010 89 27 116 624 740
Total 441 157 598 3009 3607
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After adjusting for covariates, significantly higher mortal-
ity risks for patients in the nonoperated cohort compared
with those in the operated cohort were detected. The effect
on mortality between operated and nonoperated cohorts was
found to have same direction and similar magnitude to that
reported by Edidin et al.” They showed a 37% lower mor-
tality risk at up to 4 years after VCF diagnosis for patients
who underwent surgical treatment (BKP and PVP). This
study determined a 43% lower mortality risk for patients
who received surgical treatment compared with patients
who underwent conservative treatment. Hence, not only the
trend but also the level of mortality risk reduction are com-
parable with those established for the Medicare population.
Absolute survival rates of 69.9% and 53.8% after 5 years
were observed for operated and nonoperated patients in this
study, respectively. At up to 4 years of follow-up, Edidin ez
al’ determined lower adjusted survival rates of 60.8% for
operated patients compared with 50.0% for patients in the
nonoperated cohort. However, other studies have reported a
wide range of survival rates after osteoporotic fractures.=’
Various mortality risks might be affected by differences in
health care systems, diagnostics, and applicability criteria
and therefore in the patient population. Additionally, Ger-
man specific treatment regimens could be accountable for
additional differences between the results from this study and
those for the Medicare population. These differences might
also be affected by the specific comprehensive reimbursement
schemes in Germany regarding all relevant treatments in this
study. Furthermore, it cannot be ruled out that considering
vertebral augmentation earlier after recent fractures might
positively influence patient survival.?®

In patients who received surgical treatment, the analysis
revealed a higher survival rate for the BKP cohort in compari-
son with the PVP cohort. However, this result was not signifi-
cant. Because of issues regarding the basic assumptions of the
Cox regression, the comparison within the operated patients
was focused on the survival rates established by the Kaplan-
Meier method. Additionally, the analysis was further adjusted
for differences between the BKP and PVP cohort by using the
PSM procedure. However, results remained almost unchanged
and not statistically significant but suggested higher survival
rates for patients who received a BKP. Further research is war-
ranted to check the possibility of increased survival rates after
these interventions. Within the Medicare population, it was
shown that the adjusted survival rates after BKP or PVP were
63% and 57%, respectively (P < 0.001).” The results of this
study were slightly higher after BKP, whereas almost identi-
cal for patients who received a PVP. Interpretation beyond
descriptive results needs to be regarded with caution due to
the small sample.

Significant risk factors for mortality after OVCF diag-
nosis were found to be patient demographics, including age
and sex as well as general health status. This tends to be true,
regardless of treatment modality. Males and elderly patients,
especially those older than 84 years, were more likely to die.
Furthermore, individuals with poorer general health status,
captured via Charlson comorbidity index score, had a higher
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Patient Characteristics

Operated Nonoperated
BKP PVP (n = 3009),
(n=441), % | (n = 157), % %

Sex

Female 87 82 90

Male 13 18 10
Age

60-64 2 4 3

65-69 8 12 6

70-74 17 22 16

75-79 22 24 21

80-84 29 22 24

=85 22 16 30
Charlson comorbidity index score

0 17 16 13

1-2 42 40 41

3-4 24 20 26

5+ 17 24 20
Site of first diagnosis

Inpatient 95 97 67

Outpatient 5 3 33
BKP indicates balloon kyphoplasty; PVP, percutaneous vertebroplasty.

risk of death. These results are in line with previous studies
that have also reported higher mortality for older patients (3,
10, 20), males (5, 18) and patients in poor health after VCE”

Regarding costs, the analyses were focused on the com-
parison of BKP and PVP. In patients who received surgical

Kaplan-Meier survival estimates
(n=3607)

% survival at time (t)

T T T T T T
24 36 48 60
Month since OVCF diagnosis

————— Non operated operated

Figure 1. Unadjusted survival curves (operated vs. nonoperated).
OVCF indicates osteoporotic vertebral compression fracture.
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treatment, mean overall costs were lower for the BKP cohort
after 4 years (Figure 3). The initially higher overall costs,
which were mainly driven by costs for the surgical treatment,
were outweighed by much lower pharmacy costs in the long
run. For patients who received PVP as well as for those who
received BKP, the main cost drivers in pharmacy costs were
painkillers. However, costs for painkillers in patients who
received PVP were nearly 1% times the costs for patients who
received BKP. This might indicate a better long-term pain
relief in patients who received a BKP. However, it is difficult
to compare different types of painkillers. The unadjusted anal-
ysis revealed similar results as for the adjusted analysis using
PSM procedure. Thus, the insights remained unchanged irre-
spective of survival rate, age, sex, and comorbidities of both
groups. Further research is necessary to reveal the exact cost
drivers for the higher pharmacy costs. Similar to the results
of this study, Mehio et al® reported greater adjusted inpatient
costs and outpatient costs for patients who received BKP than
patients who received PVP. However, these results were only
limited to the cost from the initial surgery and do not repre-
sent the costs of care from a payer perspective. Long-term
costs of care, particularly those arising from the potential
consequences of treatment, for example, pain, should be con-
sidered when comparing the economic impact of particular
treatments from a third-party-payer perspective. This study
compared costs up to 4 years of follow-up and revealed that
an analysis based on short-term costs of care could lead to

Adjusted Mortality Risk (Operated vs.

Nonoperated)
Patient Group | Hazard
Factor Comparison Ratio | 95% CI
Surgical treatment
(reference group: Sopnegaﬁitg 0.584* | 0.48-0.70
nonoperated) P
Sex (reference BrOUP: | koo vs male | 0.568% | 0.48-0.68
male)
65-69 vs. 60-64 | 1.022 | 0.60-1.75
70-74 vs. 60-64 1.175 10.72-1.91
Age (reference group: B
60-64) 75-79 vs. 60-64 | 1.004 | 0.62-1.62
80-84 vs. 60-64 | 1.6671 | 1.04-2.66
=85 vs. 60-64 2.509* [ 1.58-3.98
1-2vs. 0 2.136* [ 1.63-2.81
Charlson comorbidity 4
index score (refer- 3—4vs. 0 2.527* 11.91-3.34
:0
ence group: 0) =5vs.0 4.003* |3.03-5.30
Site of diagnosis .
(reference group: i(iu;g?;?nt Ve 0.312* 10.26-0.38
inpatient) P
*P < 0.01.
+P < 0.05.
Spine

Kaplan-Meier survival estimates
Matched patients (n = 298)

% survival at time (t)

T T T T T T
24 36 48 60
Months since OVCF diagnosis

BKP |

Figure 2. Adjusted survival curves (BKP vs. PVP). BKP indicates balloon
kyphoplasty; PVP, percutaneous vertebroplasty; OVCF, osteoporotic
vertebral compression fracture; BKP, balloon kyphoplasty; PVP,
percutaneous vertebroplasty.

misleading findings. This result is in line with previous results
from the United States.!® However, only costs up to 4 years
of follow-up were covered, thus, no long-term costs could
be observed. Furthermore, the costs reported are mean total
costs and cannot be considered as disease associated incre-
mental costs of OVCE. Further studies are necessary to clarify
the burden of disease in Germany.

A number of limitations of this study are related to the char-
acteristics of German health insurance claims data. Because
of great uncertainty about information on causes of death,
this data was not investigated. As shown before, mortality in
patients with VCF population is mostly a result of cardiac dis-
ease, stroke, or cancer and only occasionally caused directly by
VCE!%17:192 However, it remains undisputed that VCF con-
tributes to increased mortality risk. Furthermore, no clinical
data (e.g., disease activity, severity grades of a disease, symp-
tom scores, laboratory test results, quality of life data, smoking
status, BMI, etc.) is available due to data protection regula-
tions. However, unobserved variables may account for varia-
tion in the data. In addition, results could be biased based on
the dates, which were used for the survival analysis. Therefore,
we conducted a sensitivity analysis using the date of the surgery
for those who underwent a surgical procedure. As a result, the
survival rate differences for both operated versus nonoperated
as well as BKP versus PVP remained almost identical.

This study was limited to patients aged 60 years and
older at the first OVCF diagnosis and to a follow-up time
of up to 5 years. It is unclear if the trends observed in this
study would remain the same for younger patients or with
longer follow-up. However, this study extended the study by
Edidin et al’ regarding age and also considered patients aged
60 to 64 years. Furthermore, a S-year follow-up time com-
pared with a 4-year follow-up time used for the Medicare
population was considered. As a result, similar trends were
observed and it can be assumed that the results will also per-
sist for other settings.
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Cumulative Costs

Year(s) After Diagnosis
1 2 3 4
PVP BKP PVP BKP PVP BKP PVP BKP
(Nn=113), €| nh=101),€| h=82),€ | h=65,€ | h=51),€ | "n=38),€ | (nh=16),€ | (n=16), €

Inpatient 8237 11,019 11,083 14,906 12,019 17,508 14,469 20,028
Outpatient 698 777 1332 1486 2070 2087 3142 3091
Pharmacy 3701 4094 7272 6340 11,456 9576 21,729 13,504
Rehabilitation 258 436 420 707 545 670 858 860
Devices/aids 545 766 1024 1129 1798 1139 2312 1531
Total 13,439 17,092 21,131 24,568 27,888 30,980 42,510 39,014
BKP indicates balloon kyphoplasty; PVP, percutaneous vertebroplasty.

The statistical methods that were used to establish the sur-
vival rate differences, particularly the Cox Regression, also
have certain limitations.’® Moreover, the approaches do not
finally address or resolve potential problems due to imbal-
ances in unmeasured factors.'* In the absence of random-
ized controlled trials, well-conducted nonrandomized stud-
ies using secondary databases and a careful interpretation of
their results, however, can aid policy and decision making.*!

Regarding the costs analysis, the present research also has
certain limitations that need to be taken into account when
considering the results and its contributions. First of all, the
study focuses on overall cost. These costs cannot be consid-
ered as disease-related or treatment-related costs in any way.
Therefore, for example, a benchmark group would be neces-
sary. In addition, only mean costs were identified. Moreover,
the very small sample sizes, particularly regarding patients
who survived at least 4 years, have to be taken into account
when generalizing the results of this study. In addition, results
based on Anatomical Therapeutic Chemical codes have to be
considered with caution. Other diseases (e.g., cancer) could
have considerable impact on costs for certain drugs that
are broadly used in treatment. However, both groups were
matched by comorbidity score and therefore should be com-
parable at the baseline level. As mentioned in the earlier text,
clinical data (e.g., disease activity, severity grades of a disease,
symptom scores, laboratory test results, quality of life data,
smoking status, BMI, etc.) were not available and results
could be biased by those factors.

This study controlled for potential differences in patient
selection criteria using Cox Regression and PSM. As a result,

Costs for BKP and PVP Operation

Mean Costs, € SD, € Min, € Max, €
BKP 7440 1966 3886 18,668
PVP 4965 1950 2893 16,665
BKP indlicates balloon kyphoplasty; PVP, percutaneous vertebroplasty.
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this study suggests that differences in survivorship between
treatment groups cannot be explained by variations in patient
demographics. To our knowledge, this is the first study to
compare survival for patients with OVCF for different treat-
ment regimens in Germany. Hence, no comparisons with pre-
viously established results for the German health care system
are feasible. Nevertheless, beside all the discussed differences

the findings gained from this study support the results estab-
lished by Edidin et al.”

CONCLUSION

The evidence from this study suggests that the risk of mortal-
ity for patients with osteoporosis who had vertebral fracture
and underwent NSM is significantly higher than that for oper-
ated patients after 5 years of follow-up. Moreover, the results
tend to support the survival benefit of BKP compared with
PVP that has been found previously. Costs were found to be
lower in patients who received BKP after 4 years. Differences
were driven mainly by considerably lower costs for drugs
in patients who received BKP compared with patients who
received PVP. Given the additional costs, but also mortality
benefit, interpretation of these findings would merit from
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Figure 3. Cumulative costs. BKP indicates balloon kyphoplasty; PVP,
percutaneous vertebroplasty.
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unveiling the incremental costs and health benefits of patients
with OVCF compared with their matched normal population
controls.

> Key Points

U Claims data (2005-2010) of a major German
health insurance fund was analyzed to exam-
ine the overall survival and treatment costs for
patients with OVCF treated by vertebral augmen-
tation, including BKP and PVP, or conservative
treatment in Germany.

QO Survival and mortality risk differences were
assessed with Kaplan-Meier curves and Cox
regression, respectively; cumulative costs from
a third-party-payer perspective were calculated
and compared.

U The operated cohort was 43% less likely to die
than nonoperated one (HR = 0.57; P < 0.001) and
had a higher overall survival.

O Patients who received BKP had higher 60-month
adjusted survival rate of 66.7% compared with
58.7% of PVP ones (P = 0.68) and, therefore, sug-
gest a potential survival benefit of BKP.

U Total costs were lower after 4 years for patients
who received BKP (PVP: € 42,510 vs. BKP:
€39,014) due to less consumption of pharmaceu-
ticals.

Supplemental digital content is available for this article. Direct
URL citation appearing in the printed text is provided in the
HTML and PDF version of this article on the journal's web
site (www.spinejournal.com).
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Abstract

Background: The regional availability of specialized physicians is an important as-
pect in the discussion about the healthcare of patients with inflammatory bowel dis-
ease (IBD). Principles of an optimal healthcare of these patients were defined in the
course of the development of German IBD-pathways and treatment guidelines. The
association between physician density and healthcare is not clear yet. Most studies
did not consider the district type, which reflects among others the population density
and may also have an impact on the healthcare. Therefore, the research question is:
Do the density of specialists and the district type influence the healthcare of patients
with IBD in Germany?

Data / Method: We combine a claims dataset from a large German statutory health
insurance fund with population and physician figures (2008-2011). Four main aspects
are explored, which were derived from pathways and guidelines: Regular specialist
visits, drug therapies, surveillance colonoscopy, and IBD-related hospitalizations.
Different logistic regressions are performed.

Results: The study cohort comprises of 21,711 individuals including 9,282 CD and
12,489 UC patients. Patients living in districts with higher specialist densities were
more likely to have specialist visits on a regular basis. No difference regarding the
frequencies of TNF-alpha inhibitor therapies is found between urban and rural areas.
However, individuals living in urban areas were more likely to receive a permanent
immunosuppressive therapy with continuous support by a specialist. Age, gender and
the type of IBD have also a significant impact.

Discussion/Conclusions: The results reveal that in parts there is a positive impact
on the probability of healthcare in accordance with pathways and guidelines. Howev-

er, no clear evidence for a general undersupply in rural areas is found.



Keywords: Inflammatory Bowel Disease, quality, regional differences, guidelines,

morbus crohn, colitis ulcerosa



Introduction
Researchers and physicians are constantly searching for possibilities to improve the

healthcare situation of patients with inflammatory bowel diseases (IBD). An important
aspect in this discussion is the provision of healthcare resources, especially, the re-
gional availability of physicians, specialized in the treatment of IBD-patients. Princi-
ples of an optimal healthcare of IBD-patients were defined in the course of the devel-
opment of evidence-based, consented IBD-pathways and treatment guidelines.'™
The consortium (representatives of IBD-physicians, patient organizations and insur-
ers) conclude that “IBD-patients need a comprehensive, easily accessible and prob-
lem-orientated healthcare”.

However, until now, it is not clear if and how the regional structure including the phy-
sician density influences the healthcare of patients. Independently of the indication,
this question has a high public health and political impact worldwide, since e.g. fewer
physicians in — especially regional — areas are often equated with an undersupply of
healthcare.

From an empirical point of view, there exist several studies which analyze the impact
of the physician density on patients’ healthcare. Many studies have found a positive
association between physician density and healthcare (e.g. less re-admissions after
heart failure*, or higher cancer survival’, or better melanoma prognosis®). Others
found no correlation”® or even negative interrelations®. To our knowledge there exists
only one study concerning I1BD." According to the results, the overall rate of IBD
hospitalizations is similar for residents of high and low density counties. However,
residence in counties with high physician density is associated with less complicated

disease on hospitalization and lower hospitalization charges for IBD.



The IBD-study and most other mentioned studies considered only the physician den-
sity. The district type, which reflects among others the population density and hence
the distance within the population (and the distance to physicians), may also have an
impact on the healthcare — especially for chronic conditions like IBD. We hypothesize
that not only the physician density has an impact on the healthcare of patients with
Crohn’s disease (CD) and ulcerative colitis (UC), but also the district type. The overall
study question is therefore “Do the density of specialists and the district type have an

influence on the healthcare of patients with IBD?”.

With regard to the study question, it is important to define “healthcare” as well as a
“good healthcare”. Here, again, the IBD-pathways' as well as treatment guidelines
give orientation®*. They advise that IBD-patients should visit a specialist at least once
a year, irrespective of their health condition. IBD-patients with a complicated disease
course, which can be reflected by permanent immunosuppressive treatment (includ-
ing TNF-alpha inhibitors) or steroid dependency, should be regularly seen by a spe-
cialist. In addition, patients with long-standing UC should undergo an annual surveil-
lance colonoscopy starting after a disease duration of 8 to 10 years, depending on
the extent of the disease.?>'" According to our hypotheses, we expect that patients
who live in urban areas with high specialist’s density are treated more often accord-
ing to the IBD-pathways than patients who live in rural counties with fewer specialists.
In addition, hospitalizations are an important healthcare indicator as already stated
by Ananthakrishnan et al.'®. Here, we analyze if in general IBD-hospitalizations are
connected to specialist’s density and the district type.

All in all, we expect that the results of this study can scientifically contribute to the
discussion, if the healthcare of patients is related to physician densities and district

type and give special insight into the healthcare situation of IBD-patients.



Methods
Data source

To address the study question different datasets are used. We combine a claims da-
taset from a large German statutory health insurance fund (Techniker Krankenkasse
(TK) with approximately 7 million insurants in 2008) with population and physician
figures. This approach can give insights into a potential interrelation between the

quality of provision and regional differences.

Claims data are available for the years 2008-2011. Besides basic claims data, which
provide e.g. anonymized information on age, gender, and district level codes, de-
tailed data among others is available for inpatient and outpatient care as well as
pharmaceuticals. All available information can be merged via an identification number

for each patient.

Patient selection

The identification of the study population is based on diagnoses codes referring to
the International classification of diseases, 10™ revision German modification (ICD-
10-GM). All patients who had at least either one CD (ICD-10: K50) or UC (ICD-10:
K51) diagnosis in the inpatient sector, or two secured diagnoses in the outpatient
sector each in 2008 are initially included in the study. Consequently, the investigation
period is 2009 to 2011 (hereafter the “study period”) to prevent the inclusion of poten-
tially incident IBD-patients.

Patients with no further IBD diagnosis or both CD as well as UC diagnoses in the
study period are excluded. Furthermore, patients included in this study need to be
continuously insured in the specific fund plan between 2008 and 2011. A prerequisite

of the analysis is also an assignment of the patients to an unambiguous district code.



Therefore, patients who moved the place of residence, based on official district

codes, or with no information on district code in the data are excluded.

Study design

Aspects from the IBD treatment pathways are used as desired reference points to
investigate the regional differences in healthcare for IBD-patients. As mentioned in
the introduction, three main aspects from the treatment pathways are explored. 1)
Regular specialist visits 2) Drug therapies 3) Surveillance colonoscopy. Furthermore,
4) the presence of IBD related hospitalizations is investigated.

In the following, we will explain these aspects and clarify how they are checked by

using the dataset at hand.

1. Regular specialist visits

According to the IBD-pathways, IBD-patients should visit a specialist at least once a
year." In this case, gastroenterologists and internists working on an outpatient basis
(without or with more than one key focus) (hereafter “specialist”) were said to be spe-
cialist (physician identifier number 23 & 26). Therefore, only patients with at least one
specialist visit in at least every fifth quarter during the study period are defined to

have regular medical check-ups.

2. Drug therapies
Three different main drug therapies are analyzed. Prescriptions are identified based

on the Anatomic Therapeutic Chemical (ATC) classification system.



a. Permanent steroid medication
The following ATC-codes are used for steroid medication: AO7EA01 & HO2ABO6:

(Prednisolon); AO7EAQ03 & HO2ABO7: (Prednison).

b. Permanent immunosuppressive therapy
The following ATC-codes are used for immunosuppressive therapy: LO4AXO01:

(Azathioprin); LO1BAO1 & LO4AX03 & M01CX01: (Methotrexate)

Steroid dependency and permanent immunosuppressive therapy, respectively, are
considered if patients have a relevant prescription in at least two consecutive quar-

ters in the study period.

c. TNF-alpha inhibitors therapy

The following ATC-codes are used for TNF-alpha inhibitors therapy: LO4AB: (Tumour
necrosis factor alpha inhibitors). Due to the long dosing intervals, patients who have
a respective prescription are supposed to have a TNF-alpha inhibitor therapy irre-

spective of the numbers of prescriptions.

Regarding drug therapies, two different aspects are examined. At first, we analyze
whether or not patients receive one of the three aforementioned drug therapies. For
those patients who receive such therapy, we additionally analyze whether or not the
therapy is carried out in accordance with the IBD-pathways. The pathways intend that
patients who permanently receive one of the three mentioned drug therapies should
have continuous support by a specialist." Therefore, patients who receive such a
medical therapy need to have at least one specialist visit in the respective or follow-

ing quarter to being rated as “according to the IBD-pathways”.
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3. Surveillance colonoscopy

UC-patients with long-term disease should have surveillance colonoscopies on a
regular basis according to the IBD pathways." The age at initial manifestation of UC is
15-35 years on average.'? Following the UC-guidelines'’, regular surveillance colon-
oscopies should be performed at the latest from 15 years disease duration due to the
increase in cancer risk. Since the age at diagnosis is not included in the dataset, it is
assumed that UC-patients 50 years and older should have had at least two surveil-
lance colonoscopies in the study period (3 years). Surveillance colonoscopies were
identified based on the respective German Physicians' Fee Schedule (EBM) number

in the outpatient sector (EBM: 13421 “surcharge colonoscopy”).

4. |BD related hospitalizations
We identified all patients who had at least one hospitalization with a primary diagno-
sis of CD (K50) or UC (K51). Those were rated as “had an IBD related hospitaliza-

tion”.

In the following, we will provide detailed information on the classification of district
codes and the calculation of physician densities, since they play an important role in
the identification of potential regional differences of the above mentioned healthcare
aspects. The Federal Institute for Research on Building, Urban Affairs and Spatial
Development (BBSR) has classified each district (in total 412 different districts in
2009 — the respective district level code is included in the claims data) in four differ-
ent district types.' The differentiation is determined according to the settlement
structure (including population density): 1.) autonomous cities; 2.) urban areas; 3.)

rural areas with concentrations; 4.) rural areas devoid of concentrations. Hence, we
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have linked the district level code in the claims data, which represents the place of
residence of the respective individual, to the respective BBSR-district type.

For each of the above mentioned 412 districts we calculated the specialist density.
The density is expressed as the number of specialists per 10,000 population in each
district. At this, two different densities were calculated using different outpatient phy-
sician figures: 1.) outpatient gastroenterologists + outpatient internist (without more
than one key focus) + inpatient gastroenterologists who are authorized for outpatient
treatment (counting 0.5); 2.) outpatient gastroenterologists + outpatient internists with
permission for screening colonoscopy + inpatient gastroenterologists who are author-
ized for outpatient treatment (counting 0.5). The latter definition was only used for the
analysis of the surveillance colonoscopy whereas the former for all other analyses.
The data on physician figures (their profession as well as their district code) was
compiled based on information by the National Association of Statutory Health Insur-
ance Physicians (KBV) and Information by the Associations of Statutory Health In-

surance Physicians in different federal states.

Statistical Analysis

The aforementioned aspects were analyzed using logistic regressions. Therefore, the
aspects were dichotomized as described before. In total nine different regressions
were conducted. One for each of the aspect “regular specialist visits”, “surveillance
colonoscopy”, and “IBD-related hospitalization”. With respect to the medication (2a-
c), we conducted two different regressions for each aspect. Firstly, we analyzed
whether the prescription of the respective medication is dependent on regional differ-
ences. Secondly, for those patients who received such medication we examined if

they received it in accordance with the IBD-pathways. The dichotomized variables

were each used as the dependent variable in a separate regression model.
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Variables for the following items were used as independent variables in the models:
gender, age at the onset of the study period (2009), dummy variable accounting for
East- and West-Germany, specialist density, and the district type. A dummy variable
for CD or UC was used except for the regression on surveillance colonoscopy. Addi-
tionally, we use an interaction term to infer how the effect of the continuous specialist
density variable on the respective dependent variable depends on the magnitude of
the categorical district type variable. This approach should clarify differences in the
impact of specialist density on the provision of care across different regions. Report-
ed coefficients from the logistic regression models are odds ratios. They give infor-
mation on how the odds of e.g. a drug therapy according to the IBD-pathways in-
crease multiplicatively with a one-unit increase in the independent variable.' The
odds ratio is very similar to the relative risk, particularly if a disease is rare. The rela-
tive risk is the ratio of the risk of occurrence of a certain event among two groups.'
Thus the relative risk give information on how much risk is increased or decreased
from an initial level. However, odds ratio and relative risk are two distinct statistical
concepts and are computed in different ways but discrepancies occur only when the

initial risk is high.'®

The odds ratio interpretation of logit coefficients cannot be used for interaction terms.
Unfortunately, the intuition from linear regression models that the marginal effect of a
change in both interacted variables is equal to the marginal effect of changing just
the interaction term does not apply to nonlinear models, such as logit models."” Both
the sign and the statistical significance of such effect can be different across observa-
tions. Thus, the reported odds ratio and z-statistic from the regression output are not
substantive for variables that are involved in interactions. Therefore, we calculated

and graphed adjusted predictions for these variables. Multicollinearity might be an
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issue in these models. Therefore, we used the commonly measures tolerance and
Variance Inflation Factor (VIF) to test for multicollinearity.’® Furthermore, we con-
ducted Hosmer and Lemeshow's goodness-of-fit test’s to check how good the model

fits the data.
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Results
A total of 30,120 individuals were identified for inclusion based on a relevant diagno-
sis in the inpatient or outpatient sector. The final study cohort comprised of 21,711

individuals including 9,282 CD and 12,489 UC patients (Figure 1).

- Insert figure 1 here —

The study population is described in table 1.

In the following, the results of each main aspect are reported separately.

1. Regular specialist visits

21% of all IBD patients (4,589) had a regular specialist visit in the study period includ-
ing 1,855 and 2,734 patients from the CD and UC cohort, respectively (table 2). The
predicted probabilities (figure 2) reveal that patients living in areas with higher spe-
cialist density are more likely to have specialist visits on a regular basis. This rela-
tionship is clearer in the both urban district types. However, there is no noticeable

relationship in rural areas with concentrations.

2. Drug therapies

Three different main drug therapies were analyzed. Of the study population, 15%
(3,186), 15% (3,283), and 4% (900) receive a permanent steroid medication, a per-
manent immunosuppressive therapy, and a TNF-alpha inhibitor therapy, respectively.
Figure 3 shows that the probability of receiving one of the three drug therapies hardly
changes subject to specialist density and district types. Table 2 shows that the pro-
portion of patients who receive such drug therapies in combination with regular spe-
cialist visits is the highest for the TNF-alpha inhibitor therapy. The plot of the predict-

ed probabilities (figure 4) reveal that the probability of receiving a permanent steroid
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medication or immunosuppressive therapy in combination with regular specialist vis-
its is significantly positively associated with the specialist density. Furthermore, this
relationship is the strongest in urban district types. However, figure 4 shows that the
probability of receiving a TNF-alpha inhibitor therapy in combination with regular spe-
cialist visits takes a very different course. As a result, the probability increases and
decreases with higher specialist density in rural and urban areas, respectively. How-
ever, this model is statistically not significant in contrast to all other regression mod-

els in the current study.

3. Surveillance colonoscopy

The group of UC-patients 50 years and older comprised of 6,664 individuals. Of
those, 9% (587) had a regular surveillance colonoscopies in the study period (table
2). Figure 5 shows that the probability of regular colonoscopies is mainly independent
of the specialist density in rural areas, whereas in urban areas the probability of regu-
lar colonoscopies clearly increases with specialist density. The variation is particularly
obvious in autonomous cities where the probability of regular colonoscopies increas-
es from 10% for specialist density of 0.4 per 10,000 inhabitants to 40% for specialist

density of 1.4 per 10,000 inhabitants.

4. IBD related hospitalizations

The presence of IBD related hospitalizations are a surrogate marker of a complicated
disease course and are therefore often used as a secondary endpoint in clinical tri-
als. About 9% of all IBD patients had at least one IBD-related hospitalization in the

study period (table 2). Moreover, the probability of such a hospitalization is neither



16

significantly influenced by the specialist density, nor by the different district types (fig-

ure 6).

Further results
Aside from the before mentioned main results with regard to the specialist density

and district types, we analyzed the impact of age, gender, and the type of IBD (CD or

UC) on the aspects of interest using the regression results.

Gender

Women are, ceteris paribus, less likely to have regular specialist visits (1), to receive
a permanent steroid medication (2a), to receive a permanent immunosuppressive
therapy (2b), to receive a TNF-alpha inhibitor therapy (2c), to have regular surveil-
lance colonoscopies (3), and to have a IBD related hospitalization (4) than men (table

3).

Age
Older patients are, ceteris paribus, less likely to have regular specialist visits (1), to

receive a permanent steroid medication (2a), to receive a permanent immunosup-
pressive therapy (2b), to receive a TNF-alpha inhibitor therapy (2c), to have regular
surveillance colonoscopies (3), and to have a IBD related hospitalization (4) than
younger ones. Furthermore, if they receive a permanent steroid medication (2a_pw)
or immunosuppressive therapy (2b_pw) older patients are less likely to receive these

in combinations with regular specialist visits (table 3).

Type of IBD

UC patients are, ceteris paribus, more likely to have regular specialist visits (1), but

less likely to receive a permanent steroid medication (2a), to receive a permanent
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immunosuppressive therapy (2b), to receive a TNF-alpha inhibitor therapy (2c), and
to have an IBD related hospitalization (4) than CD patients. Besides, if they receive
one of the three mentioned drug treatments (2a-c_pw), UC patients are more likely to

receive these in combinations with regular specialist visits (table 3).
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Discussion
To our knowledge, this is the first study to analyze the impact of specialist density

and district type on the healthcare of patients with IBD. Six main results were derived.

1) The probability of regular specialist visits increases with specialist density and is
more likely for individuals living in urban areas than in rural areas. One can hypothe-
size that this result is related to the fact that a higher specialist density may facilitate
the access to these specialists for patients. The slight increase in figure 2 clarifies
that this might also apply to rural districts. Furthermore, the higher likelihood for ur-
ban areas is probably due to the fact that the distances for patients are shorter than
in rural areas. Therefore, patients visit their doctor more regularly. Our result is in line

with Busato et al."®

, Wwho analyzed the per capita consultation rates with primary care
physicians in Switzerland. They found that the regional density of physicians in inde-
pendent practice was also significantly associated with annual consultation rates and
indicated an associated increase of 0.10 for each additional primary care physician in
a population of 10,000 inhabitants.

2) The probability of receiving certain IBD-drugs is regardless of regional differ-
ences. Our results give no indication for general differences in prescription behavior
and are contrary to the results by Bohlken et al.® who examined regional variability in
anti-dementia drug prescriptions in metropolitan and rural regions of Germany. They
suggest that the drug coverage is better in rural than in urban areas in spite of a low-

er physician density. Furthermore, Windt et al.?°

examined the relationship between
prescriptions of TNF-alpha inhibitors and regional differences in 2010 based on pre-
scription claims data. They revealed that the average revenue per insured person
was often higher in districts of eastern Germany. We found no evidence for a higher

probability of a TNF-alpha inhibitor therapy in Eastern Germany. However, we do not
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focus on the number of prescriptions as well as the related revenues and the results

are not fully comparable.

However, our results reveal that individuals living in urban areas are more likely to
receive a permanent immunosuppressive therapy in combination with regular special-
ist visits. A higher specialist density has also a positive impact on the probability. The
pathways define that patients who receive one of the mentioned drug therapies
should have continuous support by a specialist. Therefore, again this result could be
related to the easier access to specialists with increasing density and shorter dis-
tances in urban areas. It is interesting to notice that this insight is not true for TNF-
alpha inhibitor therapies and the probability of receiving it in combination with regular
specialist visits diminishes with increasing specialist density in urban areas. One rea-
son for this discrepancy could be that in urban areas with higher specialist density
there are many other internists, who treat IBD- patients, their threshold to prescribe
azathioprine or methotrexate presumably being lower that for anti-TNF. Thus, the
observed probability of a pathways consistent therapy with anti-TNF therapies de-

creases.

3) The probability of regular surveillance colonoscopies increases with specialist
density. This insight, however, only applies to urban areas. Again, we assume that
the higher density facilitates the access to specialists, particularly in urban areas.
Moreover, in Germany the majority of surveillance colonoscopies are remunerated
from non-budget funds and physicians get extra money. This fact suggests that our
result is likely caused by supply induced demand, which is said to be stronger in are-
as with higher physician density.?'?* Furthermore, physician’s time resources might

be scarcer in rural than in urban areas.?*
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4) The probability of having an IBD-related hospitalization is independent of the
specialist density and the district type. Our result gives no indication for general dif-
ferences in care and is in line with the results by Ananthakrishnan et al.'®. They ex-
amined whether the availability of physicians is an important determinant of IBD hos-
pitalization in different U.S. counties and found that the overall rate of IBD hospitali-
zations was similar for residents of high and low density counties. However, compli-
cations were seen more commonly among hospitalized patients in counties with low

physician density.

Other authors have shown that higher physician density may be associated with an
increase in healthcare utilization and costs.?® With regard to the probability of at least
one IBD hospitalization, our results suggest that this does not appear to be the case
for IBD. Moreover, factors other than specialist availability may influence the need for
hospitalization in patient with IBD. Additionally, specialist density is merely one mark-
er of availability of regular care. Finally, the effect of specialist density on the proba-
bility of having a hospitalization may be small, with other factors playing a more dom-

inant role.™

5) Gender and age consistently have a significant impact on the provision of care.
Women are less likely to receive regular surveillance colonoscopies and visit special-
ist. Besides, they more rarely get prescribed one of the relevant drug therapies than

.25 obtained con-

men. Regarding immunosuppressants, a study by Blumenstein et a
tradictory results. It was based on an internet-based survey between 2005 and 2007,
and evaluated the gender-related differences in the therapeutic management of IBD
patients treated in the Rhein-Main region of Germany. They revealed that women,

who are treated in outpatient services of hospitals, are more often under
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immunosuppressants than men. No significant differences were found for gastroen-
terological practices. However, their results show that TNF-alpha inhibitor therapy is
applied more frequently in men as compared to woman in hospital outpatient ser-
vices. This insight is in line with our results. Nevertheless, patients included in that
study represent a very small fraction of all patients with IBD in Germany and were all
recruited in one federal state of Germany. Furthermore, survey data are distinctly
different from claims data and might be biased in other ways. Besides, our study
aims to analyze patients with a permanent immunosuppressive therapy. Due to dif-

ferent definitions the results are not perfectly comparable.

In addition, our results correspond to the results obtained by Prenzler et al.?” They
analyzed healthcare costs and their predictors of IBD in Germany from the perspec-
tive of the German statutory health insurance. Ceteris paribus, men caused signifi-
cant higher costs than women. TNF-alpha inhibitors were identified as a main cost
driver. Our results support the previous findings, as they show that women are less
likely to receive one of the relevant drug therapies (including TNF-alpha inhibitors).
One possible reason for this difference between women and men could be the fact
that a large proportion of women in our data are of reproductive age. Consequently,
physicians might prefer a restrained use of immunosuppressants or biologicals if
women wish to have a child.?® However, our analysis does not focus on resource-use

and should be interpreted with caution concerning this matter.

Furthermore, our study shows that with increasing age the probability diminishes for
a healthcare provision in accordance with the IBD-pathways, and older patients are
less likely to receive a relevant drug therapy as well as to have an IBD related hospi-

talization than younger ones. One can hypothesize that this is related to a decreasing
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disease severity with increasing age in patients with IBD.?® Furthermore, in older age
groups the IBD might fade into the background and other needs come to the force.
Lastly, older patients might have established a closer relationship to their GP and

neglect specialist visits.

6) Our results reveal that UC patients are consistently more likely to receive a supply
consistent with the IBD-pathways and are less likely to receive certain drugs as well
as to be hospitalized (IBD-related) than CD patients. These finding are in line with the
established knowledge in the field of IBD. It has been shown that a larger proportion
of CD patients require surgical treatment over the course of the IBD than UC pa-
tients, because of a higher complication rate.?**® More complications might also ex-
plain our finding that UC patients are less likely to receive one of the relevant drug
therapies compared to CD patients. Furthermore, mesalamine (5-aminosalicylic acid)
has become the standard therapy in patients with UC.3' Thus, UC patients might be
less likely to receive one of the drugs that are considered in the present study than
MC patients. Moreover, studies show that CD is associated with smoking.*** At the
same time smoking is more widespread among the lower than the higher social clas-
ses.® If it is assumed that higher social classes have a better conscious awareness
of the causes of the respective illness and the treatment methods, this could be an
explanation for higher probability of UC to receive a supply consistent with the IBD-
pathways compared to CD patients. However, the social class of the individuals in

our data cannot be observed and thus our explanation is tentative.

Our results show that both the specialist density and district type have an impact on
the healthcare of patients with IBD. However, our analyses are mainly based on the

German IBD-pathways that were formulated as a minimum degree of care for IBD-
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patients. They do not compile the determination of an oversupply. Therefore, our
analyses intend to identify undersupply only. To summarize, there is no clear evi-
dence for a general undersupply (defined by the pathways) of patients with IBD in
rural areas in our data. They, however, reveal that in general a significantly large
proportion of the patients are not treated according to the IBD-pathways. Against this
background, the question arises whether the pathways are actually suitable for a
comprehensive implementation. Further research is necessary to clarify the impact of
differences in the quality and quantity of certain treatments on e.g. costs and quality

of life of patients with IBD.

Furthermore, we would like to clarify that an “adequate” healthcare in patients with
IBD is not solely related to the frequency of specialist visits. In order to examine the
impact of increased utilization, it would be interesting to link our insights to other utili-
ty measures and clinical data, e.g. quality of life, health status and well being of pa-
tients. These data are not available in German claims data. Therefore, our study is a
first approach to access the healthcare of patients with IBD. There are more recom-
mendations in the German IBD-pathways that refer to other aspects, which, however,
cannot be analyzed by using claims data. Nevertheless, the IBD-pathways were de-
veloped in interdisciplinary working groups including patient representatives and

should represent a consensus on how to treat patients in an optimal manner.’

In the following, we will highlight limitations with respect to the variables used, the
methodology, and the generalizability of the results, even though the data used and
the methodology are the best available to our knowledge. German Claims data in-
volve some general limitations that are not further discussed here.*® Concerning the

independent variables, we want to stress that no variable which comprises clinical
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data (e.g. disease activity, severity grades of a disease, symptom scores, lab test
results, QoL data, smoking status, BMI etc.) is available in our data due to data pro-
tection regulations. Therefore, a classification regarding the disease severity is only
possible based on drug prescriptions. There might be other differences between pa-

tients that could have biased our results.

The district type variable is also subject to limitations. As stated in the method sec-
tion, the variable reflects among others the population density and is set by the gov-
ernment. However, it does not necessarily reflect the distances to large cities and
patients living next to large cities might travel to visit specialists. If that is the case,
our results can be biased in the direction of smaller differences between urban and
rural areas. Another important variable in our study is the specialist density that takes
gastroenterologists, internists (without a key focus), and gastroenterological author-
ized physicians into account. This definition is subject to uncertainty because it can-
not precisely foresee which physician has to be considered as a specialist for IBD.
Therefore, we conducted our analyses with an alternative definition taking only gas-
troenterologists and gastroenterological authorized physicians into account. Our re-
sults changed slightly but the interpretation remained the same. Thus we consider

our results robust regarding this aspect.

Concerning our dependent variables, we want to highlight that the analysis on regular
specialist visits is limited by the nature of German claims data and reimbursement
schemes in the inpatient sector. Services in the inpatient sector are reimbursed
based on Diagnosis Related Groups (DRG) and data does not comprise the infor-
mation on whether patients were treated by an IBD specialist or not. Therefore, spe-

cialist visits in the inpatient sector were not considered in the present study and some
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patients probably had regular specialist visits although they were coded as if they
had not. However, from our point of view this problem applies to all patients inde-
pendent of whether they are living in rural or urban areas and should not bias our

results in relative terms.

Furthermore, our definition of a steroid medication might cause bias in our results.
Only Prednisolon and Prednison were considered for the identification. Although the-
se both drugs are the most common in the treatment of IBD there might be other
steroids which may be substituted.®” Lastly, it cannot be ruled out that drug prescrip-
tions are motivated by other diseases than IBD. This is especially the case with TNF-
alpha inhibitors that are also used for e.g. rheumatic diseases. This fact could bias

our analysis of drug treatments.

Our methodological approach also has limitations that need to be considered. We
would like to stress that the odds ratio interpretation, which is used in the present
study, is not equivalent to the relative risk interpretation. Therefore, e.g. an OR of 2
does not necessarily correspond to a twofold risk of developing a certain exposure.
This interpretation would be correct for a relative risk of 2. However, both measures
are quite similar under certain conditions and differences do not lead to a different
interpretation in the present study. Furthermore, we included age as a simple linear
specification in our models only. This approach may not be appropriate to reveal the
impact of age on the outcomes. However, we repeated our analyses including a

squared age term and our results remained unchanged.

Finally, we would like to highlight that the generalizability of our results to all IBD pa-

tients in Germany is limited, although the TK is one of the biggest sickness funds in
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Germany. This is mainly due to the fact that each sickness fund differs in terms of the
group of insured individuals. The comparison of our data with those for the total
population of Germany shows that in our data individuals living in urban areas and in
the old states of Germany are slightly overrepresented. Therefore, a generalization
should be done with caution. However, there is no information available on the geo-
graphical distribution of IBD patients in Germany. Besides, it can be assumed that
the estimated number of unreported cases of IBD is high in Germany due to the fact
that the disease often progress over a longer period.? If these cases are not evenly

distributed across urban and rural areas, our results could be biased.

The evidence from this study suggests that factors such as specialist density and
district type determine the healthcare of patients with IBD in terms of certain recom-
mendations from the pathways. However, no clear evidence for a general undersup-
ply of patients with IBD in rural areas can be claimed. Furthermore, age, gender, and
the type of IBD are also important determinants. Finally, the analyses can support the

application and modification process of the IBD-pathways.



27

Acknowledgements

AL carried out the studies and data analyses, performed the statistical analysis, and
drafted the manuscript. AP designed the study and participated in its coordination
and helped to draft the manuscript. OB conceived of the study, provided significant
advice and helped to draft the manuscript. RL and SN carried out the collection of
data and provided significant advice. JZ patrticipated in the design of the study and
provided significant advice. MM conceived of the study and provided significant ad-
vice. JMS conceived of the study, participated in its coordination and provided signifi-

cant advice. All authors read and approved the final manuscript.

Conflict of interest

The mission of the Scientific Institute of TK for Benefit and Efficiency in Health Care
(Wissenschaftliches Institut der TK fr Nutzen und Effizienz im Gesundheitswesen,
WINEG) is to investigate the value of innovations and new programmatic approaches
within the statutory health insurance framework. The author Roland Linder declares
that because he belongs to the Techniker Krankenkasse, a potential conflict of inter-
est exists according to the guidelines of the International Committee of Medical Jour-

nal Editors.



28

References

1.

Raspe H, Conrad S, Muche-Borowski C. Evidenzbasierte und interdisziplinar
konsentierte Versorgungspfade fir Patientinnen und Patienten mit Morbus Crohn
oder Colitis ulcerosa. Z Gastroenterol 2009; 47: 541-62

Dignass A, Preif3 J, Aust D, et al. Aktualisierte Leitlinie zur Diagnostik und Thera-
pie der Colitis ulcerosa 2011 — Ergebnisse einer Evidenzbasierten
Konsensuskonferenz. Z Gastroenterol 2011; 49: 1276-341

. Hoffmann J, Prei3 J, Autschbach F, et al. S3-Leitlinie ,Diagnostik und Therapie

des Morbus Crohn”. Z Gastroenterol 2008; 46: 1094—146

Kociol RD, Greiner MA, Fonarow GC, et al. Associations of patient demographic
characteristics and regional physician density with early physician follow-up
among medicare beneficiaries hospitalized with heart failure. Am J Cardiol 2011;
108: 985-91

Fleisher JM, Lou JQ, Farrell M. Relationship between physician supply and breast
cancer survival: a geographic approach. J Community Health 2008; 33: 179-82

Eide MJ, Weinstock MA, Clark MA. The association of physician-specialty density
and melanoma prognosis in the United States, 1988 to 1993. J Am Acad Dermatol
2009; 60: 51-8

Jurges H, Pohl V. Medical guidelines, physician density, and quality of care: evi-
dence from German SHARE data. Eur J Health Econ 2012; 13: 635—49

Bohlken J, Selke GW, van den Bussche H. Prescription differences of dementia

drugs in urban and rural areas in Germany. Psychiatr Prax 2011; 38: 232—6

. Roll K. The influence of regional health care structures on delay in diagnosis of

rare diseases: the case of Marfan Syndrome. Health Policy 2012; 105: 119-27



29

10.Ananthakrishnan AN, McGinley EL, Binion DG, Saeian K. Physician density and
hospitalization for inflammatory bowel disease. Inflamm Bowel Dis 2011; 17: 633-
8

11.Annese V, Daperno M, Rutter MD, et al. European evidence based consensus for
endoscopy in inflammatory bowel disease. J Crohns Colitis 2013; 7: 982-1018

12.Timmer A, Breuer-Katschinski B, Goebell H. Time trends in the incidence and dis-
ease location of Crohn's disease 1980-1995: a prospective analysis in an urban
population in Germany. Inflamm Bowel Dis 1999; 5: 79-84

13.Districts 2009. Bonn: Federal Institute for Research on Building, Urban Affairs and
Spatial Development (BBSR), 2011 (Accessed January 7, 2014, at
http://www.bbsr.bund.de/BBSR/DE/Raumbeobachtung/Raumabgrenzungen/Sied|
ungsstrukturelleGebietstypen/Kreistypen/Download_ref krs09_ kty08 xIs.xIs)

14.Szumilas M. Explaining odds ratios. J Can Acad Child Adolesc Psychiatry 2010;
19: 227-9

15.Bonita R, Beaglehole R, Kjellstrom T. Basic Epidemiology, 2nd edn. Geneva:
World Health Organization, 2006

16.Davies HT, Crombie IK, Tavakoli M. When can odds ratios mislead? BMJ 1998;
316: 98991

17.Norton EC, Wang H, Chunrong A. Computing interaction effects and standard
errors in logit and probit models. Stata Journal 2004; 4: 15467

18.Allison PD. Multiple regression: A primer. The Pine Forge Press series in research
methods and statistics. Thousand Oaks, Calif: Pine Forge Press, 1999

19.Busato A, Kiinzi B. Primary care physician supply and other key determinants of
health care utilisation: the case of Switzerland. BMC Health Serv Res 2008; 8: 8



30

20.Windt R, Glaeske G, Hoffmann F. Versorgung mit TNF-a-Blockern und regionale
Unterschiede im Jahr 2010. Z. Rheumatol. 2011; 70: 87481

21.Breyer F, Zweifel P. Gesundheitsékonomie, 3rd edn. Springer-Lehrbuch. Berlin
[u.a.]: Springer, 1999

22.Schulenburg Jvd, Greiner W. Gesundheits6konomik, 3rd edn. Neue ékonomische
Grundrisse. Tibingen: Mohr Siebeck, 2013

23.Jurges H. Health insurance status and physician-induced demand for medical
services in Germany: New evidence from combined district and individual level
data. Discussion papers / German Institute for Economic Research, Vol 689. Ber-
lin: DIW

24.Steinhaeuser J, Joos S, Szecsenyi J, Miksch A. A comparison of the workload of
rural and urban primary care physicians in Germany: analysis of a questionnaire
survey. BMC Fam Pract 2011; 12: 112

25.Leonard C, Stordeur S, Roberfroid D. Association between physician density and
health care consumption: a systematic review of the evidence. Health Policy
2009; 91: 121-34

26.Blumenstein |, Bock H, Zosel C, et al. Are there gender-related differences in the
therapeutic management of patients suffering from inflammatory bowel disease?
Subgroup analysis of a prospective multicentre online-based trial. Z Gastroenterol
2009; 47: 1045-51

27.Prenzler A, Bokemeyer B, Schulenburg J von der, Mittendorf T. Health care costs
and their predictors of inflammatory bowel diseases in Germany. Eur J Health
Econ 2011; 12: 273-83

28.Cosnes J, Sokol H, Seksik P. How to Identify High-Risk Patients in Inflammatory
Bowel Disease? In: Baumgart DC, Ed. Crohn's Disease and Ulcerative Colitis.
New York, Dordrecht: Springer, 2012: 713-725



31

29.Riemann J, Fischbach W, Mdéssner J, Galle P. Gastroenterologie in Klinik und
Praxis, 1st edn. Stuttgart, New York: THIEME, 2007

30.Hurst RD. Surgical Management of Inflammatory Bowel Disease. In: Cohen RD,
Ed. Inflammatory bowel disease: Diagnosis and therapeutics. Clinical Gastroen-
terology. Totowa, N.J: Humana Press, 2003: 157-199

31.Baumgart DC. The diagnosis and treatment of Crohn's disease and ulcerative co-
litis. Dtsch Arztebl Int 2009; 106: 123—-33

32.Cosnes J, Beaugerie L, Carbonnel F, Gendre JP. Smoking cessation and the
course of Crohn's disease: an intervention study. Gastroenterology 2001; 120:
1093-9

33.Gearry RB, Richardson AK, Frampton CM, Dodgshun AJ, Barclay ML. Population-
based cases control study of inflammatory bowel disease risk factors. J
Gastroenterol Hepatol 2010; 25: 325-33

34.Somerville KW, Logan RF, Edmond M, Langman MJ. Smoking and Crohn's dis-
ease. BMJ 1984; 289: 9546

35.Flint AJ, Novotny TE. Poverty Status and Cigarette Smoking Prevalence and
Cessation in the United States, 1983-1993: The Independent Risk of Being Poor.
Tobacco Control 1997; 6: 14-8

36.Zeilder J, Braun S. Sekundardatenanalysen. In: Schoéffski O, Graf von der Schu-
lenburg J, Eds. Gesundheits6konomische Evaluationen. Berlin, Heidelberg:
Springer-Verlag Berlin Heidelberg, 2012: 243-74

37.Hoffmann JC, Kroesen AJ, Klump B. Chronisch entziindliche Darmerkrankungen,
2nd edn. Stuttgart, New York: THIEME, 2009



Figures & Tables:

Figure 1: Patient selection
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Figure 2: Probability of regular specialist visits
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Figure 3: Probability of receiving medication
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Figure 4: Probability of receiving medication in accordance with pathways
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Figure 5: Probability of regular surveillance colonoscopies
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Figure 6: Probability of IBD-related hospitalization
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Table 1: Patient characteristics

36

Crohn’s dis-  Ulcerative coli-
ease (CD) tis (UC)
N= 9,282 N= 12,489 N= 21,711
Gender
Female 54% 45% 49%
Male 46% 55% 51%
Age (mean/ SD) 47.1/14.5 51.9/14.7 49.8/14.8
Region
Western States 88% 82% 84%
Eastern States 12% 18% 16%
District Type
autonomous cities 31% 35% 33%
urban areas 48% 43% 45%
_ rural areas with concen- 19% 129% 19%
trations
trationsrural areas devoid of concen- 9% 10% 10%
Specialist density 1
(per 10,000 inhabitants) 0.38/0.18 0.38/0.18 0.38/0.18
(mean / SD)
Specialist density 2
(per 10,000 inhabitants) 0.26/0.13 0.26/0.13 0.26/0.13

(mean / SD)




Table 2: Descriptive Results (main aspects)

Crohn’s dis- Ulcerative
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ease (CD) colitis (UC)

N= 9,282 N= 12,489 N= 21,711
Regular specialist visits 20% 22% 21%
Medication
received med- 17% 13% 15%
ication
Permanent steroid ther-  with continu-
apy ous support 31% 36% 34%
by a specialist
a
recglved med- 219% 11% 15%
ication
Permanent immunosup-  with continu-
pressive therapy ous suppc?rt. 33% 379% 359%
by a specialist
a
recglved med- 7% 20 4%
ication
TNF-alpha inhibitors with continu-
therapy ous support 50% 51% 50%
by a specialist
a
Surveillance colonoscopy / 9, /
(UC patients 2 50 years (n=6,664)) °
IBD-related hospitalizations 13% 5% 9%

% only patients that received the relevant medication are considered




Table 3: Regression results (selected variables)
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IBD-drugs
regular Permanent steroid Permanent immunosup- | TNF-alpha inhibitors Surveillance | hospitalizations
specialist medication pressive therapy therapy colonoscopy
visits
1 2a 2a_pw 2b 2b_pw 2c 2c_pw 3 4
VARIABLES OR OR OR OR OR OR OR OR OR
(SE) (SE) (SE) (SE) (SE) (SE) (SE) (SE) (SE)
uc 1.141** 0.790™* 1.354*** 0.528*** 1.198** 0.293*** 1.073 0.419**
(reference: CD) (0.0398) (0.0311) (0.107) (0.0210) (0.0920) (0.0231) (0.170) (0.0216)
Female 0.880*** 0.774** 0.973 0.781*** 1.093 0.800*** 1.000 0.624*** 0.837***
(reference: Male) (0.0297) (0.0302) (0.0756) (0.0307) (0.0817) (0.0560) (0.135) (0.0578) (0.0415)
(Er:f;rgﬁgza”y 1.634** | 0.664"* | 1.504*** 0.998 1.621*** 1.068 1.126 0.741* 0.897
West Germany) (0.0754) (0.0421) (0.185) (0.0593) (0.178) (0.110) (0.215) (0.0965) (0.0686)
Age 0.987*** 0.986™** 0.979*** 0.962*** 0.994** 0.953*** 0.993 0.980*** 0.974***
(0.00114) | (0.00131) | (0.00245) | (0.00134) | (0.00250) | (0.00237) | (0.00522) (0.00491) (0.00167)
Observations 21,771 21,771 3,186 21,771 3,283 21,771 900 6,664 21,771

Other variables: district type, specialist density; OR: odds ratio SE: Standard Error, IBD: Inflammatory bowel disease

*** p<0.01, ** p<0.05, * p<0.1
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Die Nutzung von Routinedaten der Ge-
setzlichen Krankenversicherung (GKV)
hat in den letzten Jahren einen immer
hoheren Stellenwert in der Gesundheits-
okonomie und Versorgungsforschung in
Deutschland eingenommen. Eine Ursa-
che fiir die zunehmende Popularitit die-
ser Sekundardatenquelle ist, dass diese
Routinedaten unter Alltagsbedingungen
generiert werden und daher einzigartige
Informationen iiber das tatsichliche Ver-
sorgungsgeschehen enthalten [1]. Sie las-
sen bundesweite Analysen iiber verschie-
dene Bevélkerungsgruppen und Krank-
heitsbilder zu. Wesentliche Moglichkei-
ten zur wissenschaftlichen Auswertung
von GKV-Routinedaten ergeben sich aus
ihrer langsschnittlichen Verfligbarkeit so-
wie der versichertenbezogenen Verkniip-
fungsmoglichkeit von Informationen aus
unterschiedlichen Sektoren, die bei der
Datenhaltung zumeist {iber deren Spei-
cherung mit Zuordnung einer pseudo-
nymisierten Identifikationsnummer oder
anonymisierten Kennziffer gewédhrleistet
wird [2].

Aufgrund ihrer spezifischen Eigen-
schaften enthalten GKV-Routinedaten
beispielsweise grundlegende Informatio-
nen zum Versorgungsgeschehen und er-
moglichen die Beschreibung von Versor-
gungsprozessen [3]. Es konnen administ-
rative Morbiditétsschitzungen vorgenom-
men werden, die detaillierte Informatio-
nen iiber die Behandlungspravalenz und
-inzidenz ausgewahlter Erkrankungen
und die Morbiditdt der Versicherten er-
lauben, die das Gesundheitssystem in An-

K.Damm' - A. Lange’ - J. Zeidler' - S. Braun? - J.M. Graf von der Schulenburg’
" Forschungsstelle fiir Gesundheitsékonomie, Leibniz Universitit Hannover, Hannover
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Einfihrung des neuen Tatigkeits-
schlussels und seine Anwendung in
GKV-Routinedatenauswertungen

Maglichkeiten und Limitationen

spruch genommen haben und einen Er-
stattungsanspruch gegeniiber der Kran-
kenversicherung besitzen. Des Weiteren
kénnen Informationen zur Inanspruch-
nahme von Gesundheitsleistungen auf
nationaler, regionaler und sogar kleinrau-
miger Ebene generiert und Versorgungs-
muster detailliert iiber einen lingeren
Zeitraum abgebildet werden [3]. Zudem
ist die Evaluation der Versorgungsqualitit
mittels GKV-Routinedaten ebenso mog-
lich wie das Aufzeigen von Versorgungs-
bedarf und Versorgungsalternativen oder
die Bewertung neuer Versorgungsmodelle
[4]. Aus gesundheitsokonomischer Sicht
eignen sich diese Routinedaten auch zur
Durchfithrung von Krankheitskostenstu-
dien, da zumindest fiir alle zulasten der
GKYV erbrachten Leistungen die GKV-re-
levanten Kosten dokumentiert sind [3].
Dabei sollte jedoch nicht iibersehen wer-
den, dass die GKV-Routinedaten primér
zu Abrechnungszwecken erhoben wer-
den. Limitationen, die sich hieraus fir die
wissenschaftliche Analyse ergeben, wer-
den ausfiihrlich bei Zeidler et al. darge-
stellt [5].

Bei einzelnen Forschungsvorhaben
kann es angebracht sein, die gewonnenen
Erkenntnisse anhand sozio6konomischer
Daten zu verfeinern, sodass neben Anga-
ben zu Diagnosen, Behandlungsprozedu-
ren, verschriebenen Arznei-, Heil- und
Hilfsmitteln auch Informationen zum
Schulabschluss, zum sozialen Status und
zur ausgeiibten Titigkeit der Versicherten
ausgewertet werden konnen [6]. Aussagen
hieriiber liefert unter anderem der soge-
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nannte Tatigkeitsschliissel, dessen Aufbau
nun aktualisiert wurde und der mit Wir-
kung zum 01.12.2011 eine Reihe weiterge-
hender Informationen liefert. Die vorlie-
gende Ubersichtsarbeit hat zum Ziel, die
neue Struktur des Schliissels vorzustellen.
Zudem sollen Einsatzmoglichkeiten fiir
zukiinftige Datenauswertungen betrach-
tet sowie die Grenzen der Nutzung aufge-
zeigt und diskutiert werden.

Datengrundlage der
gesetzlichen Krankenkassen

Der Umfang der von den Leistungser-
bringern iibermittelten Daten sowie der
zu den einzelnen Versicherten erhobenen
Merkmale gleicht sich zwischen den ge-
setzlichen Krankenkassen in Deutschland
weitgehend [7]. Unterschiede bestehen le-
diglich in der Datenhaltung und Daten-
pflege, da die Kassen zu unterschiedlichen
Zeitpunkten unterschiedliche EDV- und
Datenbanksysteme eingefithrt haben. Die
grof3e Bandbreite der im deutschen Ge-
sundheitswesen zu erstattenden Leistun-
gen bedingt, dass gesetzliche Krankenkas-
sen {iber Daten aus nahezu allen relevan-
ten Versorgungssektoren verfiigen [7].
Neben Daten aus den einzelnen ab-
rechnungsrelevanten Leistungsbereichen
miissen Krankenkassen Versicherungs-
zeiten und soziodemografische Anga-
ben ihrer Versicherten dokumentieren
[2]. Diese sogenannten Stammdaten kén-
nen Aufschluss tiber grundlegende so-
ziodemografische Merkmale der Versi-
cherten geben. Unter anderem werden in
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Ausgeiibter Beruf

Stellung im Beruf

Ausbildungsabschluss

Abb. 1 A Aufbau des fiinfstelligen Tatigkeits-
schliissels. [Quelle: Eigene Darstellung in Anleh-
nung an Bundesagentur fiir Arbeit (2007) [10]]

den Datenbanken der Krankenkassen fol-

gende Merkmale zu einzelnen Versicher-

ten beziehungsweise einzelnen Versiche-

rungsintervallen gespeichert [2]:

== Geburtstag,

== Geschlecht,

== Staatsangehorigkeit,

== drei- oder vierstellige Postleitzahl be-
ziehungsweise Gemeindekennziffer,

== Familienstand,

== Versicherungsstatus (beispielswei-
se Versicherungspflichtiger, Familien-
versicherter, Rentner) beziehungswei-
se Art des Krankenversicherungsbei-
trags,

== Beschiftigungsstatus,

== Beruf, Stellung und Ausbildung (bei
Berufstitigen),

== Arbeitgebernummer (bei Berufs-
tatigen),

== Branche (bei Berufstitigen) sowie

== Austrittsgrund bei Beendigung des
Versicherungsverhéltnisses (ein-
schlieSlich Angabe zu Sterbefillen).

Die Versicherten der gesetzlichen Kran-
kenkassen lassen sich zwei Gruppen zu-
ordnen, der Gruppe der Mitglieder und
der der Familienversicherten [2]. Mit-
glieder sind alle Versicherten, fir die
Beitragszahlungen féllig werden. Es han-
delt sich dabei um versicherungspflich-
tige Arbeitnehmer, freiwillig Versicher-
te (zum Beispiel bei Uberschreitung der
Beitragsbemessungsgrenze), Arbeitslo-
sengeldempfinger mit Beitragszahlungen
durch entsprechende Institutionen sowie
die wachsende Gruppe der Rentner. Fa-

milienversicherte sind hingegen Perso-
nen, die tiber die Versicherung, das heif3t
die Mitgliedschaft des Ehepartners oder
Elternteils bei derselben Krankenkasse
und nach den aktuellen gesetzlichen Be-
stimmungen ohne eigene Beitragszahlun-
gen Versicherungsleistungen der Kran-
kenkasse erhalten. Diese Familienversi-
cherten werden in der Regel nur dann
ohne zusitzliche Entgelte mitversichert,
wenn sie nicht selbst iiber ein regelmaf3i-
ges Einkommen verfiigen. Es handelt sich
somit typischerweise um den Personen-
kreis der minderjahrigen beziehungswei-
se schulpflichtigen Kinder, der nicht be-
rufstitigen Ehepartner von Mitgliedern
sowie der sich in der Ausbildung befin-
denden (studierenden) Kinder. Zwischen
den Mitgliedergruppen und Familienver-
sicherten unterscheidet sich der Umfang
der iiber sie vorliegenden Stammdaten.
So finden sich beispielsweise offizielle
Angaben zur Schulbildung und zum er-
lernten Beruf nur bei den versicherungs-
pflichtigen Arbeitnehmern und freiwillig
Versicherten, nicht aber oder gegebenen-
falls nur in dlteren Datenbestinden bei
den {ibrigen Gruppen, beispielsweise bei
Rentnern oder Arbeitslosen.

Der Tatigkeitsschliissel

Grundlagen

Nach § 28a Abs. 1 SGBIV sowie der Da-
tenerfassungs- und -iibermittlungsver-
ordnung (DEUV) haben Arbeitgeber
ihre in der Kranken-, Pflege-, Renten-
versicherung oder nach dem Recht der
Arbeitsférderung kraft Gesetzes versi-
cherten Beschiftigten sowohl zu Beginn
und zum Ende des Beschiftigungsver-
héltnisses als auch bei weiteren Verén-
derungen des Dienstverhéltnisses nach
§ 28 a Abs. 1 Nr. 3-20 SGB IV zu melden
[8]. Zudem hat der Arbeitgeber, nach
Satz 2, Meldung tiber jeden am 31. De-
zember des Vorjahres Beschiftigten zu
machen (Jahresmeldung). Diese Mel-
dungen zur Sozialversicherung enthal-
ten neben Angaben zur Person auch An-
gaben zur Tatigkeit (Tatigkeitsschliis-
sel) nach dem Schliisselverzeichnis der
Bundesagentur fiir Arbeit (§ 28 a Abs. 3
SGB IV) und werden den Einzugsstellen,
in der tiberwiegenden Zahl der Fille den
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Krankenkassen der Arbeitnehmer, tiber-
mittelt [9].

Auf Grundlage der Meldungen fiihrt
die Krankenkasse ihr Versichertenver-
zeichnis und tibermittelt die Daten dem
Rentenversicherungstrager — der seiner-
seits das Versichertenkonto fiir spater
zu erbringende Leistungen anlegt bezie-
hungsweise fortschreibt — sowie der Bun-
desagentur fiir Arbeit (BA), die eben-
falls mit den versichertenbezogenen T4-
tigkeitsangaben arbeitet. Letztere nutzt
die Daten unter anderem zur Berufsbera-
tung, Forderung der beruflichen Bildung
und der beruflichen Rehabilitation. Dane-
ben verwendet das wissenschaftliche In-
stitut der BA - das Institut fiir Arbeits-
markt- und Berufsforschung - die An-
gaben aus den Meldungen zur Erstellung
von Studien und Statistiken iiber die Be-
schiftigung im Bundesgebiet [10, 11].

Entsprechend den oben bereits be-
schriebenen Mitglieder- beziehungswei-
se Meldestrukturen, werden die Angaben
zur Tiétigkeit fiir versicherungspflichtige
Arbeitnehmer und freiwillige Mitglieder,
nicht aber fiir die iibrigen Mitglieder oder
die Familienversicherten erfasst [6].

Der Tatigkeitsschliissel

bis zum 30.11.2011

Der bis 30.11.2011 verwendete Tatigkeits-
schliissel setzte sich aus fiinf Ziffern zu-
sammen. Dabei geben die ersten drei den
ausgeiibten Beruf der gemeldeten Person
wieder (B Abb. 1). Hier ist allein die aus-
getlibte Tétigkeit — im Zweifel die tiberwie-
gend ausgeiibte Titigkeit — und nicht der
erlernte beziehungsweise frither ausgeiib-
te Beruf relevant. Grundlage der Tatig-
keitseinstufung ist die ,,Klassifikation der
Berufe“ der BA aus dem Jahr 1988 [12, 13].

Die vierte Ziffer des Tétigkeitsschliis-
sels beschreibt die Stellung des Arbeitneh-
mers im Beruf, unterteilt wie in @ Tab. 1
dargestellt.

Die fiinfte Schliisselstelle kombiniert
die hochste erreichte Schulbildung mit
der hochsten abgeschlossenen Berufsaus-
bildung, wie in @ Tab. 2 dargestellt.

In den letzten Jahren haben sich so-
wohl die Berufs- und Beschiftigungsland-
schaft verdndert als auch die Ausbildungs-
struktur beziehungsweise die Bedeutung
der beruflichen Stellung [14, 15]. Es sind
neue Ausbildungsabschliisse entstanden,
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und die Trennung zwischen Arbeitern
und Angestellten ist bereits seit 2006 ren-
tenrechtlich irrelevant. Die veraltete Klas-
sifikation der Berufe wurde nun durch
eine tiberarbeitete Version (KldB 2010)
ersetzt, die sowohl eine hohe Kompati-
bilitat zur internationalen Berufsklassifi-
kation ISCO-08 (International Standard
Classification of Occupations 2008) auf-
weist, als auch das Nebeneinander zweier
verschiedener nationaler Klassifikationen
(der BA und des Statistischen Bundesam-
tes) beendet. Ausfithrliche Informationen
zur Entwicklung und Systematik der Klas-
sen werden von der BA zur Verfiigung ge-
stellt [14, 15].

Die KldB 2010 ist in die Neukonzep-
tion des Titigkeitsschliissels eingeflossen.
Dieser wird ab Dezember 2011 das bereits
seit Lingerem bestehende neunstellige Si-
gnierfeld ausfiillen.

Der Tatigkeitsschlissel
seit dem 01.12.2011

Bereits seit dem Jahr 1999 wurde disku-
tiert, den Tatigkeitsschliissel an die veran-
derten Rahmenbedingungen anzupassen.
Dieser nun verfiigbare Schliissel mit Giil-
tigkeit fiir Meldungen seit dem 01.12.2011
setzt sich aus insgesamt neun Ziffern zu-
sammen (B Abb. 2).

Den ausgetibten Beruf beziehungswei-
se die ausgetibte Tatigkeit geben nun die
ersten finf Ziffern an, beruhend auf der
KldB 2010 [14, 15]. Die Kistchen 6 und
7 trennen die bisher kombinierte An-
gabe zum Ausbildungsabschluss in den
hochsten allgemeinbildenden Schulab-
schluss [ohne Abschluss, Hauptschule,
Mittlere Reife, (Fach-)Abitur, unbekann-
ter Abschluss] der gemeldeten Person und
den hochsten Ausbildungsabschluss (oh-
ne Abschluss, Abschluss einer Berufsaus-
bildung oder einer Fachschule, Bachelor,
Diplom/Master, Promotion, Abschluss
unbekannt). Die nicht ldnger relevante
Trennung zwischen Arbeitern und Ange-
stellten entféllt ebenso wie die gesonder-
te Kennzeichnung von Auszubildenden.
Letztere findet sich im Meldeverfahren
bereits an anderer Stelle (Personengrup-
penschliissel) und war damit redundant.
Eine Neuerung wurde mit der Stelle 8 zu-
gefligt. Zeitarbeitsunternehmen mit einer
Erlaubnis zur erwerbsméfligen Arbeit-
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Limitationen

Zusammenfassung
GKV-Routinedatenanalysen haben in den
letzten Jahren einen wichtigen Stellenwert
erhalten. Dabei kann es in einzelnen For-
schungsprojekten angebracht sein, die Er-
gebnisse durch sozio6konomische Daten zu
verfeinern und zu standardisieren. Informa-
tionen zum Schulabschluss, zum sozialen Sta-
tus und der ausgeiibten Tatigkeit der Versi-
cherten liefert unter anderem der sogenann-
te Tatigkeitsschliissel. In den letzten Jahren
haben sich sowohl die Berufs- und Beschafti-
gungslandschaft verandert als auch die Aus-
bildungsstruktur und die Bedeutung der be-
ruflichen Stellung. Es gab daher bereits seit
einigen Jahren Diskussionen dariiber, den Ta-
tigkeitsschliissel an die verdnderten Rahmen-
bedingungen anzupassen. Mit Wirkung zum
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Einfiihrung des neuen Tatigkeitsschliissels und seine Anwendung
in GKV-Routinedatenauswertungen. Moglichkeiten und

01.12.2011 wurde nun sein Aufbau aktuali-
siert und um weitergehende Informationen
erganzt. Dabei wurde auch die veraltete Klas-
sifikation der Berufe durch eine liberarbeitete
Version ersetzt, die in die Neukonzeption des
Tatigkeitsschlissels eingeflossen ist. Die vor-
liegende Ubersichtsarbeit stellt die Struktur
des Schliissels vor. Zudem sollen Einsatzmdg-
lichkeiten fiir zuklinftige Datenauswertungen
betrachtet sowie die Grenzen der Nutzung
aufgezeigt und diskutiert werden.

Schliisselworter

Tatigkeitsschliissel - Routinedatenanalysen -
Gesetzliche Krankenversicherung -
Deutschland - Soziokonomie

Abstract

In recent years, claims data analyses have
become of increasing importance in sever-
al scientific disciplines in Germany. In specif-
ic research projects, it can be necessary to re-
fine and to standardize the results by socio-
economic data. Information about gradua-
tion, social status, and occupation are pro-
vided by the German job role code for all
people insured by statutory health insurance.
During recent years, the working scheme

has changed and new professions have ap-
peared. Therefore, there has been a discus-
sion about actualization and modification of

Implementation of the new German job role code and its
application in claims data analysis. Possibilities and limitations

the job role code. Since December 2011, an
actualized job role code with an extensive set
of new information is available. In addition, a
new classification of professions is available
in Germany which was considered in the de-
sign of the new job role code. The aim of this
overview is to describe the structure of the
new job role code as well as to discuss possi-
ble uses and limitations.

Keywords
Job role code - Claims data - Statutory health
insurance - Germany - Socioeconomics

nehmeriiberlassung nach § 1 Arbeitneh-
meriiberlassungsgesetz geben hier an, ob
ihre Beschiftigten als Zeitarbeiter einge-
setzt werden. Die letzte Schliisselziffer
kombiniert die Punkte Arbeitszeit (Voll-
oder Teilzeit) und Befristung (befristet,
unbefristet). Der Aspekt der Befristung ist
neu hinzugekommen. Ein weiteres Pro-
blem des alten Schliisselsystems war die
Angabe ,,Arbeitszeit” und ,,Stellung im
Beruf“ in einer Ziffer. Letztere konnte bis-
lang nur fiir Vollzeitbeschiftigte angege-
ben werden, da ,,Teilzeit" als eigenstandige
berufliche Stellung zu verschliisseln war.
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O Abb. 3 zeigt ein Beispiel fiir die Ver-
schliisselung seit dem 01.12.2011. Im vor-
liegenden Fall handelt es sich um eine Al-
tenpflegerin mit mittlerer Reife, Ausbil-
dungsabschluss an der Berufsfachschu-
le fiir Altenpflege, nicht in einer Zeit-
arbeitsfirma angestellt und mit unbefris-
tetem Teilzeitarbeitsvertrag. Die Zahlen-
abfolge setzt sich nun wie folgt zusam-
men. Die erste Ziffer ,,8 gibt den Berufs-
bereich, hier ,,Gesundheit, Soziales, Leh-
re, Erziehung® an. Die zweite Ziffer ,,2“
spezifiziert die Angabe, hier als ,,Nicht-
medizinischer Beruf, und die dritte Zif-



Tab.1 Stellung im Beruf

Vollzeitbeschéftigte:

— Auszubildende (Lehrlinge, Praktikanten/innen etc.)

— Arbeiter/innen, die nicht als Facharbeiter/innen tétig sind

— Arbeiter/innen, die als Facharbeiter/innen tatig sind

— Meister/innen, Polier/innen

— Angestellte (aber nicht Meister/innen im Angestelltenverhltnis)

— Heimarbeiter/innen, Hausgewerbetreibende

N WM = Oo

Teilzeitbeschaftigte, mit einer Wochenarbeitszeit von

—weniger als 18 Stunden (einschlieBlich geringfiigig Beschaftigter)

- 18 Stunden und mehr, jedoch nicht vollbeschaftigt

9

Tab.2 Ausbildungsabschluss

Volks-/Hauptschule, mittlere Reife oder gleichwertige Schulbildung:

- ohne abgeschlossene Berufsausbildung

— mit abgeschlossener Berufsausbildung

Abitur (Hochschulreife allgemein oder fachgebunden)

— ohne abgeschlossene Berufsausbildung

- mit abgeschlossener Berufsausbildung

Abschluss einer Fachhochschule

Hochschul-/Universitatsabschluss

Ausbildung unbekannt, Angabe nicht moglich

Nioju |~ |w

fer ,1“ gibt an, dass es sich um einen Be-
ruf in der Altenpflege handelt. Die vierte
Ziffer zeigt, ob keine weitere Spezialisie-
rung ,,0% eine sonstige Spezialisierung ,,8“
oder eine Fithrungsposition ,,9“ vorliegt.
Die fiinfte Ziffer, hier die ,,2% bezieht sich
auf das berufliche ,, Anforderungsniveau®
Sie reicht von 1 (Anlerntétigkeiten) bis 4
(hoch komplexe Tatigkeiten).

Zum Vergleich zeigt @ Abb. 4 die Zif-
fernkombination nach dem alten Schliis-
sel; dabei wurde eine Teilzeitbeschafti-
gung von mindestens 18 Stunden ange-
nommen. Die dreistellige Angabe zum
ausgeiibten Beruf, hier die ,,861¢ ist un-
spezifischer und weniger nachvollzieh-
bar, da mit ihr sowohl eine ,, Altenpflege-
helferin® als auch eine ,,Altenpflegerin®,
»Fachaltenpflegerin“ oder ,Lehrkraft be-
ziehungsweise Leiterin einer Altenpflege-
schule“ gemeint sein kann. Auch ist die
Angabe der Schulbildung weniger trenn-
scharf, und die Angabe der Teilzeitbe-
schiftigung lasst keine weiteren Riick-
schliisse auf die Stellung im Beruf zu.

Zusammenhange mit
anderen Ziffern

Neben den Angaben zur Titigkeit sind
mit der Meldung zur Sozialversicherung
auch ein dreistelliger Personengruppen-

schliissel und vierstelliger Beitragsgrup-
penschliissel auszufiillen. Die Verkniip-
fung dieser beiden Schliissel mit dem T4-
tigkeitsschliissel macht eine genauere so-
ziookonomische Zuordnung méglich. So
erfasst der Personengruppenschliissel re-
lativ umfassend den Beschéftigungsstatus;
unter anderem wird hier zwischen sozial-
versicherungspflichtig Beschiftigten oh-
ne besondere Merkmale (101), Auszubil-
denden (102), Beschiftigten in Altersteil-
zeit (103), Praktikanten (105), Werkstu-
denten (106), behinderten Menschen in
Werkstitten (107), Vorruhestandsgeldbe-
ziehern (108) oder auch geringfiigig ent-
lohnten (109) und kurzfristig Beschaftig-
ten (110) unterschieden. Sobald mehrere
Schliissel auf den Arbeitnehmer zutreffen,
ist der niedrigste zu wihlen, sofern es sich
nicht um eine kurzfristige oder geringfii-
gig entlohnte Titigkeit handelt, die grund-
satzlich vorrangig anzugeben ist. Der Bei-
tragsgruppenschliissel erginzt die Mel-
dungen um Angaben zur Art des Kran-
kenversicherungsbeitrags (erste Schliissel-
Ziffer) sowie zu den Beitrdgen zur Ren-
ten-, Arbeitslosen- und Pflegeversiche-
rung (zweite bis vierte Ziffer). Die erste
Ziffer des Schliissels unterscheidet unter
anderem zwischen ,Kein Beitrag® zur
Krankenversicherung (0), ,Allgemeiner
Beitrag® (1), ,,Pauschalbeitrag fiir gering-
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fiigig Beschiftigte (6) oder auch ,,Frei-
willige Krankenversicherung/Firmen-
zahler® (9). Letztere Angabe gilt, sofern
der Arbeitgeber die Beitrige zur Kran-
kenversicherung fiir freiwillige Mitglieder
abfiihrt. Theoretisch ist es moglich, durch
den Abgleich von Beitragsgruppen-, Per-
sonengruppen- und Tatigkeitsschliissel
einzelne Unstimmigkeiten der Meldun-
gen und/oder Kodierung aufzudecken.
So sollte beispielsweise fiir die Personen-
gruppe ,,101 - sozialversicherungspflich-
tig Beschaftigte ohne besondere Merkma-
le* ein fiinf- beziehungsweise neunstelli-
ger Titigkeitsschliissel vorliegen.

Mogliche Nutzungen des
Tatigkeitsschllssels

Die Moglichkeiten der Nutzung des T4-
tigkeitsschliissels im Zuge von Routine-
datenanalysen sind vielfiltig, betreffen
jedoch (bislang) meist die Angaben zum
ausgeiibten Beruf. In diesem Zusammen-
hang sind zunéchst die berufsgruppen-
spezifischen Analysen zu nennen; hier
dient der Tétigkeitsschliissel zur Selektion
beziehungsweise Abgrenzung einer Ko-
horte mit gleichem Beruf. Diesbeziiglich
gibt es bereits eine Reihe wissenschaftli-
cher Auswertungen. Zoike und Bodeker
[17] analysieren in ihrer Arbeit beispiels-
weise die Arbeitsunfihigkeit bei unter-
schiedlichen Berufsgruppen mithilfe von
Daten des BKK-Bundesverbandes. Braun
und Miiller [18] fokussieren anhand von
Abrechnungsdaten der Gmiinder Ersatz-
kasse auf die Belastungs- und Gesund-
heitssituation von Biirofachkriften. Fiir
diese Analysen ist die Umstellung auf die
KldB 2010 von besonderer Relevanz. Neue
Auswertungsansitze konnten sich aus der
einfacheren Identifizierbarkeit der beruf-
lichen Anspruchsniveaus und der héhe-
ren internationalen Vergleichbarkeit er-
geben.

Weiterhin eignet sich der Tétigkeits-
schliissel fiir Untersuchungen von ge-
sundheitlicher Ungleichheit; hier wer-
den seine Komponenten als Proxy fiir
den soziookonomischen Status verwen-
det. Geyer und Peter [19, 20] untersuchen
in diesem Kontext den Einfluss des Ein-
kommens, der Qualifikation und des be-
ruflichen Status auf die Mortalitét. Des
Weiteren zeigen Peter, Yong und Geyer
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Ausgelbter Beruf

Hochster allgemeinbildender Schulabschluss
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Berufsklasse ,Altenpflegerin”

Mittlere Reife

Hochster beruflicher Ausbildungsabschluss

Berufsfachschule fiir Altenpflege

Arbeitnehmeriberlassung

Abb. 2 A Aufbau des neunstelligen Tatigkeitsschliissels. [Quelle: Eigene
Darstellung in Anlehnung an Bundesagentur fiir Arbeit (2010) [16]]
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Berufsklasse
JAltenpflegerin”

Teilzeit, Giber 18 Std.
wochentlich

Schulbildung mit
abgeschlossener
Berufsausbildung

Abb. 4 A Beispiel der Verschliisselung des fiinf-
stelligen Tatigkeitsschlissels. (Quelle: Eigene
Darstellung)

[21] einen Zusammenhang zwischen Be-
ruf und Morbiditét bei Personen mit is-
chéamischen Herzkrankheiten. Neben der
Angabe zur ausgetibten Tatigkeit konnen
in solchen Untersuchungen auch Anga-
ben zur beruflichen Stellung und Schul-
bildung eine Rolle spielen. Aufgrund der
getrennten Darstellung der schulischen
und beruflichen Bildung sowie der be-
ruflichen Stellung, der Arbeitszeit und
der Angabe der Arbeitnehmeriiberlas-
sung (Zeitarbeit) im neuen Titigkeits-
schliissel ergeben sich hier weitere Mog-
lichkeiten.

Vertragsform

(2010) [16]]

Als Drittes lasst sich der neue Tatig-
keitsschliissel zur Standardisierung von
Ergebnissen der Routinedatenanalysen
einsetzen. Dies gilt insbesondere dann,
wenn Daten von nur einer oder weni-
gen Krankenkassen genutzt werden. Die
Versichertenstruktur einzelner Kranken-
kassen ist meist nicht représentativ fiir
die deutsche Gesamtbevélkerung, da sie
historisch bedingt tiber ein bestimmtes
Stammbklientel verfiigen [2]. Unterschiede
bestehen hier auch mit Blick auf die Ver-
teilung der Versicherten nach Berufsgrup-
pen, sodass es zum Beispiel bei Analysen
der Arbeitsunfihigkeits- (AU-) Zeiten zu
erheblichen diesbeziiglichen Unterschie-
den zwischen den einzelnen Krankenkas-
sen kommt [17]. Folglich sind Ergebnis-
se von Routinedatenanalysen in der Regel
nicht tibertragbar, weder auf eine andere
Kasse noch auf die Gesamtbevélkerung
[22]. Zoike und Bodeker [17] begegneten
dieser Herausforderung bei ihren Ana-
lysen zur Arbeitsunfihigkeit durch eine
Standardisierung der vorhandenen Daten.
Die Standardisierung wird hier mit Refe-
renzdaten des statistischen Bundesamtes
vollzogen und umfasst die Variablen Alter,
Geschlecht, Branchen- und Berufsstruk-
tur. Es werden also Komponenten des T4-
tigkeitsschliissels zur Anpassung genutzt.
Dieser Prozess sollte zukiinftig auch auf
weitere Routinedatenanalysen iibertra-
gen werden, sodass die resultierenden Er-
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Nein, keine Arbeitnehmeriiberlassung

Unbefristet, Teilzeit

Abb. 3 A Beispiel der Verschliisselung des neunstelligen Tatigkeitsschliis-
sels. [Quelle: Eigene Darstellung in Anlehnung an Bundesagentur fiir Arbeit

gebnisse mit Blick auf ihre Generalisier-
barkeit belastbarer sind.

Eine weitere Moglichkeit ist die Nut-
zung der Komponenten des Titigkeits-
schliissels als Matching-Variable zur
Kontrollgruppenbildung. Wird bei einer
Analyse ein Vergleichsgruppenansatz ge-
nutzt, miissen die Interventionsgrup-
pe und Kontrollgruppe in ihrer Struktur
moglichst identisch sein, um die Entwick-
lung der interessierenden Variable ad-
dquat abbilden zu kénnen. Insbesondere
bei Kostenanalysen ist die Einbeziehung
von Faktoren wie Bildungsstand und be-
ruflichem Status von Interesse, da auf die-
se Weise zum Beispiel gesundheitsschid-
liche Effekte bestimmter Berufe (toxische
Einfliisse, psychomentale Belastung) und
ihre Auswirkungen auf die betrachteten
Kosten ausgeglichen werden kénnen [6].

Neben den Moglichkeiten und Vortei-
len, die der neue Tétigkeitsschliissel bie-
tet, ergibt sich allerdings das Problem
der Uberleitung des alten. So kénnte der
Bruch in der Schliisselsystematik insbe-
sondere bei Zeitreihendarstellungen zu
Schwierigkeiten fithren. Zwar wurde von
der BA bereits ein Umsteigeschliissel ver-
offentlicht, jedoch mit dem Hinweis, dass
héufig kein eindeutiger Umstieg festge-
legt werden kann [14]. Fiir diese Fille wird
ein Schwerpunkt genannt, und es werden
auch alle weiteren infrage kommenden
Umstiege angegeben. Zur Eingrenzung



der Moglichkeiten empfiehlt die BA, zu-
sitzliche Informationen, wie zum Beispiel
die Angabe zum Wirtschaftszweig, heran-
zuziehen. Ausgeschlossen werden kann
auch nicht, dass Umstellungsschwierig-
keiten beim Arbeitgeber auftreten.

Soll der Titigkeitsschliissel im Rahmen
von Datenanalysen genutzt werden, kann
die limitierte Zahl der erfassten Personen
ein Problem darstellen. So wird eine Re-
présentativitat fiir die Gesamtbevolke-
rung dadurch eingeschrénkt, dass in ihm
Daten der Privatversicherten und Fami-
lienversicherten fehlen [19]. Weitere Li-
mitationen betreffen die Datenqualitit,
auf die im folgenden Abschnitt naher ein-
gegangen wird.

Qualitat des Tatigkeitsschliussels

Die Qualitatssicherung aller in den Ana-
lysen von Routinedaten verwendeten Va-
riablen ist von hoher Relevanz, da es auf-
grund ihres Sekundardatencharakters
leicht zu falschen Ergebnissen und Fehl-
interpretationen kommen kann. Zur
Qualitat des Tiatigkeitsschliissels gibt es
eine Reihe erwidhnenswerter Aspekte, die
sich zum einen auf die Konstruktion des
Schliissels beziehen. Andererseits entste-
hen aber auch Probleme bei der Uber-
mittlung und Meldung der Daten durch
die Arbeitgeber sowie bei ihrer Verarbei-
tung in den Krankenkassen.

»Die Voraussetzung fiir die Zuver-
lassigkeit [...] liegt in einer regelmafi-
gen Meldung durch die Betriebe sowie
in der Pflege des Datenbestandes durch
die Krankenversicherungen® [6]. Dieses
Zitat verdeutlicht die grof3e Schwierig-
keit bei der Nutzung des Tatigkeitsschliis-
sels. Nach Cramer und Majer [23] liegt
das grundsitzliche Problem darin, dass
die erforderlichen Daten haufig verspa-
tet oder zum Teil auch unvollstindig be-
ziehungsweise gar nicht tibermittelt wer-
den. Vorhandene Routinedatenanalysen,
die die Komponenten des Schliissels nut-
zen, bestitigen diesen Trend. Peter, Yong
und Geyer [21] merken an, dass in ihrer
Analyse bei einer grofSeren Zahl von Per-
sonen Informationen zur Schul- und Be-
rufsausbildung oder zum Berufsstatus
fehlen, die aber fiir den Sozialstatus indi-
zieren. Auch Geyer und Peter [20] stellen
fest, dass fast 17% der Angaben zum Aus-

bildungsabschluss und immerhin noch
fast 5% der Angaben zur Stellung im Beruf
nicht vorhanden sind. Das Problem feh-
lender Informationen besteht aber nicht
nur bei Krankenversicherungen, sondern
auch bei den nachgelagerten Datenemp-
fangern wie der Gesetzlichen Rentenver-
sicherung [24].

Probleme, dass vorliegende Informa-
tionen moglicherweise falsch sind, resul-
tieren zum Beispiel daraus, dass das Per-
sonal, das die routineméflige Kodierung
in den Unternehmen ausfiihrt, nicht ge-
schult ist. Es kann dann zum Beispiel Pro-
bleme bei der Kodierung des Begriffes
»Ausbildung® geben, der sowohl als schu-
lischer als auch als beruflicher Ausbil-
dungsabschluss interpretiert werden kann
[6]. Dieses Problem wird aber jetzt durch
den neuen Tétigkeitsschliissel gelost, da
dieser separierte Angaben zu beiden Aus-
bildungsarten gibt. Es konnen sich aber
auch aufgrund der Ahnlichkeit mancher
Berufsgruppen oder wenn die Berufsbe-
zeichnungen der Unternehmen nicht mit
denen der BA iibereinstimmen, Schwie-
rigkeiten bei der Kodierung ergeben [25].
Diesem Problem wird nun durch die Ak-
tualitdt der KIdB 2010 begegnet. Eine Hil-
festellung bietet auch das Online-Angebot
der BA [26].

Ein weiterer Punkt, der bei Analysen
nicht unberiicksichtigt bleiben darf, be-
zieht sich auf die Ubermittlungssystema-
tik. Anderungsmeldungen miissen nur
getitigt werden, wenn die Aspekte das
Versicherungsverhiltnis berithren. An-
derungen, die keinen solchen Einfluss
haben, werden erst mit der nichsten rou-
tinemafligen Meldung (zum Beispiel Jah-
resmeldung) tibermittelt [25]. Eine inner-
betriebliche Mobilitdt und Veranderun-
gen der beruflichen Position werden da-
mit unter Umstdnden erst am Ende des
Jahres erfasst. Angaben zur Stellung im
Beruf konnen damit veraltet sein [19].
Auch sollen Arbeitgeber im Rahmen der
Jahresmeldung zwar ,allein die ausgetib-
ten Tatigkeiten® ihrer Arbeitnehmer und
nicht die erlernten oder frither ausgeiib-
ten angeben. Da fehlerhafte Meldungen
aber keine Sanktionen nach sich ziehen,
ist jedoch keineswegs sichergestellt, dass
bei Arbeitnehmern mit ldngerer Betriebs-
zugehorigkeit tatsdchlich die aktuelle und
nicht die erstmals ausgefiihrte Tatigkeit
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gemeldet wird. Dieser wichtige Aspekt,
der die Nutzung dieser Daten mit einer
hohen Unsicherheit behaftet, wird auch
durch den neuen Schliissel nicht gelost,
sodass diese Probleme bislang nur tiber
eine zusitzliche Priméirdatenerhebung ge-
16st werden kénnen.

Insgesamt ist zur Routinedatenanalyse
anzumerken, dass die von den Unterneh-
men getitigten Angaben von den Kran-
kenkassen nur auf Zulédssigkeit und nicht
auf Validitét tiberpriift werden [25].

Diskussion

In der vorliegenden Ubersichtsarbeit wur-
den die Struktur des Titigkeitsschliissels,
seine Einsatzmoglichkeiten fiir Routine-
datenauswertungen sowie die diesbeziig-
lichen Limitationen vorgestellt. Es wurde
darauf hingewiesen, dass Analysen von
GKV-Daten anhand sozioékonomischer
Daten dadurch verfeinert werden kon-
nen, dass neben krankheits- und behand-
lungsspezifischen Informationen auch
solche zum Schulabschluss und zur aus-
getibten Titigkeit der Versicherten ausge-
wertet werden. Diese Informationen fin-
den sich in komprimierter Form im T4-
tigkeitsschliissel. Der Einbezug dieser
Daten muss projektspezifisch abgewogen
und begriindet werden und bietet sich so-
wohl aus Kosten-Nutzen-Uberlegungen
als auch mit Blick auf den Grundsatz der
Datensparsamkeit nicht grundsitzlich an.
Relevant wird er fiir Auswertungen mit
einem soziodkonomischen Bezug. Er er-
moglicht es unter anderem, berufsgrup-
penspezifische Analysen oder Untersu-
chungen zur gesundheitlichen Ungleich-
heit durchzufithren. Weitere Potenzia-
le liegen in der Standardisierung von Er-
gebnissen iiber die Bevolkerung oder in
seinem Einsatz als Matching-Variable
zur Kontrollgruppenbildung. Die Ende
2011 in Kraft getretene Uberarbeitungen
der Schliisselstruktur machen konkre-
tere, realitidtsndhere Aussagen moglich.
Kritisch betrachtet werden miissen aller-
dings die oben beschriebenen Limitatio-
nen der nur selektiv erfassten Personen-
gruppen und der Datenqualitit. Insbe-
sondere auf Letztere soll hier noch einmal
hingewiesen werden. Wie bereits Cramer
und Majer [21] und Geyer [6] anmerkten,
ist die Aussagekraft der Analysen von der
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Zuverlassigkeit der Daten abhéngig. Die-
se hidngt wiederum von der regelmafSigen
Meldung durch die Arbeitgeber sowie der
Pflege des Datenbestandes ab. Hier zeigte
sich in der Vergangenheit, dass Angaben
héufig verspatet oder auch gar nicht ge-
tatigt wurden. Insbesondere Informatio-
nen zu Schul- und Berufsausbildung oder
zum Berufsstatus der Versicherten schei-
nen relativ haufig nur liickenhaft vorhan-
den zu sein [19]. Um die Potenziale, die
der Titigkeitsschliissel als soziodkono-
mische Variable bietet, zukiinftig starker
wissenschaftlich nutzen zu konnen, gilt es
daher, seine Pflege zu forcieren und seine
Qualitdt im Rahmen empirischer Studien
zu untersuchen.
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Essstorungen

Neue Erkenntnisse fiir Diagnostik
und Therapie

Die Anorexia nervosa (AN) hat eine der
hochsten Mortalitatsraten aller psychischen
Storungen, vergleichbar mit Suchterkran-
kungen. Sie kann weite Teile der Lebens-
spanne betreffen. Weiterhin kann kindliche
oder adoleszente AN durch die starvations-
bedingten metabolischen und endokrino-
logischen Verdanderungen wahrend einer
besonders dynamischen Wachstumsperio-
de des Gehirns irreversible Veranderungen
hinterlassen. Diese ,biologischen Narben”
manifestieren sich in einer Haufung psychi-
scher Stérungen und neuropsychologischer
Veranderungen auch nach Bewdltigung der
Essstorung.

Das Leitthemenheft ,Essstérungen” (Ausga-
be 09/2011) der Zeitschrift Der Nervenarzt
gibt einen Uberblick iiber den gegenwirti-
gen Kenntnisstand dieser Erkrankung. Wei-
terhin gibt es Einblick in mogliche Behand-
lungen. Es beinhaltet u.a. Beitrage zu folgen-
den Themen:
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Zusammenfassung:

Die vorliegende Arbeit diskutiert zunachst, unter welchen Umstanden eine
gesundheitsbkonomische  Evaluation aus der Perspektive der Privaten
Krankenversicherung (PKV) sinnvoll erscheint. Im Anschluss folgt ein systematischer
Uberblick tber die Kosten, welche aus Perspektive der PKV fiir Arzneimittel sowie fir
ambulante und stationdre Leistungen anfallen und wie diese Kosten in Studien
standardisiert bewertet werden sollten. Bei Arzneimitteln werden die gesetzlichen
Grundlagen sowohl flr patentierte als auch fir patentfreie Arzneimittel strukturiert
aufgearbeitet und die damit einhergehenden Rabatte fiir die PKV bertcksichtigt. Bei
ambulanten Leistungen wird empfohlen, die entsprechenden Leistungen gemaf der
Gebiihrenordnung fir Arzte zu ermitteln. Zur Kalkulation des Erstattungsbetrages fiir
stationare Leistungen muissen sowohl die allgemeinen Krankenhausleistungen
berlcksichtigt werden als auch die Behandlung durch Cheféarzte sowie die
Unterbringung im Ein-/Zweibettzimmer. Die jeweilige Vorgehensweise wird anhand
konkreter Beispiele verdeutlicht. Insgesamt liefert die vorgestellte Methodik erstmals
for Deutschland einen praktischen wie auch pragmatischen Ansatz zur Ermittlung der
Kostendaten, die aus Perspektive der PKV innerhalb einer

gesundheitsékonomischen Analyse genutzt werden sollten.

Schlisselworter:
- Kosten
- Methoden
- Kostenanalyse
- Deutschland
- Private Krankenversicherung

- Perspektive

Abstract:

At first this paper discusses under which conditions a health economic evaluation
from the perspective of the Private Health Insurance (PHI) seems reasonable.
Subsequent, a systematic overview of relevant resource use as well as its valuation

from the perspective of the PHI is given. This includes all relevant cost domains from



ambulatory and inpatient care as well as a detailed description of relevant data
resulting from drug usage. For prescriptions the legal framework (e.g., reference
pricing) is applied to list all relevant co-payments or discounts (e.g., for
pharmaceutical companies) which have to be considered in patented as well as off-
patent drugs. For ambulatory services the medical fee schedule should be
considered. Regarding inpatient stays, general hospital services as well as treatment
by chief physician and special accommodation have to be taken into account. As a
result, for the first time, a pragmatic as well as a practical approach is presented to
value resource usage within the German health care system in future studies from

the perspective of the private health insurance.

Key words:
- cost analyses
- Germany
- methods
- Private Health Insurance

- perspective



Einleitung

Die Wahl der Studienperspektive spielt bei der Durchfihrung von
gesundheitsbkonomischen Evaluationen eine bedeutende Rolle. Besonders bei der
Kostenkalkulation hat die Perspektive einen entscheidenden Einfluss auf das
Ergebnis. Bei den drei Schritten zur Ermittlung von Kosten — Identifizierung,
Quantifizierung und Bewertung von Ressourcen — ist vor allem die Bewertung von
der zu wahlenden Perspektive abhangig [1, 2].

Im internationalen Kontext finden vor allem die gesellschaftliche Perspektive und die
Perspektive der Kostentrdger bei  gesundheitsbkonomischen Evaluationen
Anwendung [3]. In Deutschland ist die Diskussion um die i.d.R. zu wahlende
Perspektive nicht abschlieBend diskutiert [4]. § 35b SGB V zufolge soll bei Kosten-
Nutzen-Bewertungen die Perspektive der Versichertengemeinschaft eingenommen
werden. Mit Verweis auf diesen Paragraphen empfiehlt das Institut fir Qualitdt und
Wirtschaftlichkeit im Gesundheitswesen (IQWiG) in seinem Methodenpapier [5] die
Sichtweise der GKV-Versichertengemeinschaft (GKV und Zuzahlung der
Versicherten) und in begrindeten Ausnahmefallen die
Sozialversicherungsperspektive ~ (ohne  Zuzahlung der  Versicherten).  Der
Hannoveraner Konsensus bevorzugt die gesellschaftiche Perspektive [6]. In der
Realitat  wurde in  der  Vergangenheit jedoch in den  meisten
gesundheitsbkonomischen Modellen und Modellanpassungen die Perspektive der
GKV (inkl. Abzug der Zuzahlung der Versicherten) gewéhlt [7-9], da sie fUr die
Entscheidungstrager im Gesundheitswesen am relevantesten schien. Die Bedeutung
der GKV-Perspektive wird vermutlich auch weiter zunehmen, da im Rahmen der
Nutzendossiers, welche die pharmazeutischen Hersteller mit Zulassung eines
Medikaments beim Gemeinsamen Bundesausschuss (G-BA) einreichen missen,
eine Budget-Impact-Analyse, aus der Perspektive der GKV, einen obligatorischen
Bestandteil darstellt. Zudem kann vermutet  werden, dass auch
Kosteneffektivititsmodelle aus der GKV-Perspektive als Add-on zunehmend in die
Dossiers eingebaut und als Argumentation fir die Verhandlungen mit dem GKV-
Spitzenverband —im Fall eines Zusatznutzens — genutzt werden.

Neben der GKV-Perspektive stellt sich jedoch auch die Frage, ob eine Evaluation
aus der Perspektive der Privaten Krankenversicherung (PKV) ebenfalls Sinn ergeben

kénnte.  SchlieBlich wird diese Versicherungssparte zunehmend in der



Sozialgesetzgebung (z.B. im Arzneimittelmarkineuordnungsgesetz  (AMNOG))
berlcksichtigt. Auch kampft nicht nur die GKV mit steigenden Gesundheitsausgaben,
bedingt durch die demographische Entwicklung und den medizinisch-technischen
Fortschritt. Diese Ausgabensteigerungen betreffen ebenso die PKV, was ein

wirtschaftiches Handeln der PKV als Ganzes erfordert.

Im Wesentlichen existieren drei Grinde, warum eine Evaluation aus der Perspektive
der PKV sinnvoll erscheint:

Erstens gelten die Rabatte, die zwischen dem GKV-Spitzenverband und der
pharmazeutischen Industrie ausgehandelt werden, auch fir die PKV-Unternehmen.
Nach § 130b Abs. 10 SGB V mdissen letztere sich in addquatem Umfang an den
Verfahrenskosten beteiligten. Sowohl fir die GKV als auch fur die PKV ware es aus
diesem Grund interessant zu identifizieren, welche Kosten- und Nutzeneffekte sich
durch Einflhrung von neuen Medikationen aus den beiden
Versicherungsperspektiven ergeben. Wenn beispielsweise ein pharmazeutisches
Unternehmen in den Preisverhandlungen anflihrt, dass ein neuer Wirkstoff potentiell
zu Einsparungen im stationdren und/oder ambulanten Sektor flihrt, ware es
interessant zwischen beiden Versicherungssparten zu differenzieren. Aufgrund der
verschiedenen Gebulhrenordnungen sind hier Unterschiede in den Kosten zu
erwarten. Diese Unterschiede in den Einsparungen kdnnten dann auch in der
Aufteilung der Verfahrenskosten zwischen GKV und PKYV Berlicksichtigung finden.

Zweitens fohren nicht nur die gesetzlichen Krankenkassen, sondern auch die PKV
strukturierte  Versorgungsprogramme  durch. Durch die Anwendung von
gesundheitsbkonomischen Evaluationen kdnnen im Vorfeld Kosten und Nutzen
dieser MaBnahmen abschatzen.

Drittens stellen die PKV-Versicherten in Deutschland zwar nur eine Minderheit dar ,
zahlenmaBig handelt es sich jedoch um knapp 9 Mio. Vollversicherte, die in
Analysen, die alleinig die GKV-Perspektive einnehmen, keine Bericksichtigung
finden. Des Weiteren tragt die PKV, aufgrund der nicht vorhandenen Budgetierung,
einen Uberproportionalen Finanzierungsanteil am Gesundheitswesen [10], welcher in
Zukunft starker in den Fokus der Diskussion ricken wird. Aufgrund der
Kostensituation in der PKV kann vermutet werden, dass auch diese
Krankenversicherungssparte in Zukunft nicht mehr alle medizinisch verfligbaren



Leistungen erstatten kann. Ein Weg, ineffiziente Behandlungsmethoden zu
identifizieren, stellen gesundheits6konomische Evaluationen dar, die dann

sinnvollerweise aus der Perspektive der PKV durchgefihrt werden sollten.

Zusammenfassend zeigt sich, dass eine gesundheitsbkonomische Evaluation aus
der Perspektive der PKV aus mehreren Grinden sinnvoll erscheint und eine

praktische Anleitung zur Umsetzung dieser Perspektive nitzlich sein kann.

Fir die Bewertung von Ressourcenverbrauchen aus der Perspektive der GKV [11—
13] und der Gesellschaft [14] existieren bereits umfassende Vorschlage, die in
gesundheitsbkonomischen Evaluationen Anwendung finden. Fir die Perspektive der
PKV in Deutschland gibt es jedoch bislang keine Methodenpapiere. Aus diesem
Grund wird es einen Vorschlag fir die Bewertung von Ressourcen aus der
Perspektive der PKV zu geben. Dies erfolgt fir die Bereiche ambulante und
stationare Leistungen sowie flr den Arzneimittelverbrauch.

Anders als in der GKV existieren in der PKV zahlreiche individuelle
Versicherungsvertrage mit  vielen unterschiedlichen Regelungen hinsichtlich
Selbstbeteiligung und Leistungsausschlissen. Als Basis fir die Bewertung von
Ressourcenverbrauchen wird im Folgenden von einem PKV-Versicherten
ausgegangen, der einen Vollversicherungsschutz ohne Selbstbeteiligung genieft. In
der anschlieBenden Diskussion werden jedoch Wege aufgezeigt, wie das
Vorhandensein von Selbstbehalten etc. in der Kalkulation im Rahmen von
Sensitivitatsanalysen bertcksichtigt werden kénnen.

Bewertung ambulanter Leistungen

Grundlage fur die Abrechnung von arztlichen Leistungen innerhalb der PKV bildet die
Gebihrenordnung der Arzte (GOA). Diese umfasst das Gebihrenverzeichnis,
welches — im Gegensatz zu dem eher Pauschalen orientierten EBM-Katalog in der
GKV - jeder arztlichen Leistung eine Gebuhrenposition und gleichzeitig eine
Punkizahl zuordnet [15]. Die entsprechende Punktzahl wird mit einem festen
Punktwert in Hohe von €5,82873 Cent multipliziert, woraus sich der sog.
Geblhrensatz ergibt. (§ 5 Abs. 1 GOA). Nach § 5 Abs. 2 GOA kann dieser
Gebihrensatz je nach Schwierigkeit und Zeitaufwand mit einem Steigerungsfaktor
multipliziert werden, der vom Arzt, in der Regel zwischen dem Einfachen und dem

2,3fachen des Geblhrensatzes, nach eigenem Ermessen angesetzt werden darf.



Ausgenommen hiervon sind medizinisch-technische sowie Laborleistungen, die nach
§ 5 Abs. 3 bzw. Abs. 4 GOA lediglich mit dem 1,8fachen bzw. 1,15fachen angesetzt
werden durfen. Das Ergebnis aus Gebihrensatz und jeweiligem max.
Steigerungsfaktor ergibt den Regelhéchstsatz, der gleichzeitig auch als
Schwellenwert dient. Wird dieser, z B. bei besonderer Schwere des
Behandlungsfalls, Uberschritten, muss nach § 12 Abs. 3 GOA eine schriftliche
Begrindung des behandelnden Arztes beigefligt werden [16]. Eine Steigerung ist
dann bis zum 3,5fachen (GOA-Héchstsatz), bzw. 2,5fachen bei medizinisch-
technischen oder 1,3fachen bei Laborleistungen, des normalen Satzes mdglich [15].
Auswertungen des PKV-Bundesverbandes ergaben, dass im Jahr 2008 lediglich
5,73% aller Abrechnungen unter dem Regelhéchstsatz, ca. 82% genau zum
Regelhéchstsatz und die restlichen ca. 12% Uber dem Regelhdchstsatz abgewickelt
wurden [17]. Fir die Bewertung von ambulanten Leistungen aus Sicht der PKV
scheint daher der entsprechende Regelhdchstsatz als Grundlage der Kalkulation
sinnvoll. Begrenzungen in der GOA gibt es nur bei einzelnen Gebihrenpositionen
hinsichtich der Anzahl und der gleichzeitigen Abrechenbarkeit mit anderen
Positionen des Gebuhrenverzeichnisses [15]. Darlber hinaus ist der Arzt frei in
seiner Therapieentscheidung und Diagnostik. Der Tatsache geschuldet, dass die
Struktur der GOA zu groBen Teilen aus dem Jahre 1982 stammt [16] und damit nicht
mehr dem aktuellen Stand der Medizin entspricht, ermdglicht die GOA nach § 6 Abs.
2 GOA zudem eine analoge Bewertung von im Verzeichnis nicht enthaltenen
Leistungen [15].

Beispiel 1: Bewertung ambulanter Leistungen
Typische Kosten flir Nachsorgeuntersuchung bei Brustkrebs

Anzahl GOA-Ziffer Leistung Punktzahl Steigerungsfakior Kosten
1 7 Vollstandige kérperliche 160 2,3 21,46€
Untersuchung
mindestens eines
Organsystems
1 75 Ausfihrlicher 130 2,3 17,43€

schriftlicher Krankheits-
und Befundbericht

1 401 Zuschlag zu den 400 1 23,31€
sonographischen
Leistungen

1 418 Ultraschallunter- 210 2,3 28,15€

suchung einer
Brustdriise




3 420 Ultraschallunter- 80 2,3 32,15€
suchung von bis zu drei
weiteren Organen

Summe 122,51€

In Beispiel 1 werden die typischen Kosten fir eine Nachsorgeuntersuchung bei
Brustkrebspatientinnen berechnet. Die Ziffer 401 ist dabei laut GOA nur mit dem
einfachen Gebulhrensatz berechnungsfahig. Die Ubrigen Ziffern werden, wie
vorgeschlagen, mit dem jeweiligen Regelhdchstsatz angesetzt.

Bewertung stationdrer Krankenhausaufenthalte

Die Bewertung von stationdren Aufenthalten aus Sicht der PKV ist zweigeteilt. Zum
Einen sind die VerglUtungen der allgemeinen Krankenhausleistungen gemaBR § 17
Abs. 1 KHG fir alle Nutzer des Krankenhauses einheitlich zu berechnen. Die
allgemeinen Krankenhausleistungen sind nach § 2 Abs. 2 KHEntgG nur solche, die
zur medizinisch zweckmafigen und ausreichenden Versorgung des Patienten, unter
Berlcksichtigung der Schwere der Krankheit sowie der Leistungsfahigkeit des
Krankenhauses, notwendig sind. Diese Leistungen werden daher, wie auch von den
gesetzlichen Krankenkassen, anhand der Diagnosis Related Groups (DRG) vergitet.
Der Erstattungsbetrag kalkuliert sich hierbei aus der Multiplikation der DRG-
spezifischen Bewertungsrelation mit dem sog. Landesbasisfallwert. Die spezifischen
Bewertungsrelationen der DRG finden sich in dem jahrlich verdffentlichten
Fallpauschalenkatalog des Institutes fir das Entgeltsystem im Krankenhaus (InEK)
[18]. Der Landesbasisfallwert ist seit 2009 fiur alle Krankenhduser in einem
Bundesland einheitlich und wird im Sinne des § 10 Abs. 8 KHEntgG, zwischen 2010
und 2014, an einen bundeseinheitlichen Basisfallwert angenahert. Prenzler et al. [13]
schlagen fur die gesundheitsbkonomische Evaluation vor, anstelle eines
durchschnittlichen Landesbasisfallwertes, den vom Wissenschaftlichen Institut der
AOK (WIdO) verbffentlichten Z-Bax (inkl. Ab- und Zuschlage) zur Bewertung von
stationaren Aufenthalten zu verwenden. Der Z-Bax gibt an, welcher Zahlbetrag in der
GKV zum betreffenden Zeitpunkt im Mittel pro DRG-Krankenhausfall tats&chlich
geleistet wurde und ist damit reprasentativ fir das Preisniveau fir DRG-Leistungen.
Er betragt z.B. aktuell (08/2011) €3.028 bzw. €2.940 ohne Zu- und Abschlage [19].

Neben den allgemeinen Krankenhausleistungen werden bei PKV-Patienten
sogenannte Wahlleistungen abgerechnet [20], welche bei der Bewertung von




Ressourcenverbrauchen aus Sicht der PKV, mit in die Betrachtung einbezogen
werden missen. Hierbei kann zwischen wahlarztlichen Leistungen, Wabhlleistung
,dnterkunft und medizinischen Wahlleistungen unterschieden werden, wovon in der
Praxis insbesondere die wahlarztlichen Leistungen ,Chefarztbehandlung® und die
Wahlleistung ,Unterkunft® (Unterbringung in einem Ein- oder Zweibettzimmer) von
Relevanz sind [20, 21]. Dementsprechend werden auch nur diese hier diskutiert. Die
Entgelte fir die Wahlleistung ,Unterkunft® dirfen nach § 17 Abs. 1 Satz 3 KHENtG in
keinem unangemessenen Verhdltnis zu den Leistungen stehen. Im Zuge eines
Urteils des BGH aus dem Jahre 2000 gibt es seit 2002 gemeinsame Empfehlungen
der DKG und der Verbande der PKV zur Bemessung der Entgelte fir die
Wabhlleistung ,Unterkunft® [20]. Da es allerdings weiterhin unterschiedliche Entgelte in
den Bundesléandern, aber auch zwischen den Krankenhdusern gibt, scheint es im
Rahmen von gesundheitsékonomischen Evaluationen sinnvoll, auf aggregierte Daten
des Verbandes der privaten Krankenversicherung e.V. zurlckzugreifen. Dieser
macht in seinem jahrlichen Zahlenbericht Angaben zu den durchschnittlichen
Zuschlagen for Ein- bzw. Zweibettzimmer pro Tag bei Regelleistung
,Mehrbettzimmer® [17]. Der Zuschlag fur Einbetizimmer Ilag 2009 im
Bundesdurchschnitt bei €83,23 und fir Zweibettzimmer bei €42,04. Da es keine
detaillierten Informationen zur Nutzung von Ein- bzw. Zweitbettzimmern gibt wird
vorgeschlagen, den Durchschnitt der beiden Werte in Hohe von €62,64 zu nutzen.
Dieser muss zur Kalkulation abschlieBend nur noch mit der mittleren Verweildauer
der entsprechenden DRG multipliziet werden, welche sich mit den
Bewertungsrelationen im Fallpauschalenkatalog findet [18]. Hierbei ist zu beachten,
dass nach der gemeinsamen Empfehlung von DKG und PKV, die Wahlleistung

SJnterkunft“ am Entlassungstag nicht berechnet wird [22].

Die Kalkulation von wabhlérztichen Leistungen wird nach § 17 Abs. 3 Satz 7
KHEntgG mit den Vorgaben der Gebiihrenordnung fiir Arzte (GOA) getatigt [20]. Die
Kostenberechnung fir eine PKV findet dabei analog zu der Berechnung von
ambulanten Leistungen statt. Beachtet werden muss hierbei, dass nach § 6a GOA,
ausgenommen dem Ersatz von Auslagen (§ 7 bis § 10 GOA), Entschadigungen
sowie dem Zuschlag nach Buchstabe J GOA, alle voll- oder teilstationir sowie vor-
und nachstationar erbrachten Leistungen einer Minderungspflicht unterliegen. Diese
Minderung soll gewéhrleisten, dass die bereits im DRG-Entgelt enthaltenen Sach-

und Personalkosten nicht erneut durch das Honorar fir privatarziliche Leistungen



abgerechnet werden. Dieses Vorgehen soll eine Doppelbelastung der
Inanspruchnehmer  vermeiden [23, 24]. Fir privatarztiche Leistungen im
Krankenhaus sind die berechneten Gebilhren daher grundsatzich um 25% zu
mindern. Ausgenommen von dieser Regelung sind nach § 6a Abs. 1 Buchst. a GOA
lediglich die Leistungen von Belegarzten sowie anderen niedergelassenen Arzten,
welche um 15% zu mindern sind. Zusatzlich muss bericksichtigt werden, dass in
2008 in 37% der stationaren Behandlungen ein Steigerungsfaktor Uber dem
Regelhdchstsatz abgerechnet wurde [17]. Rund ein Drittel der Arzte griffen dabei auf
den Hochstsatz zuriick. Da allerdings keine weiteren Angaben diesbezlglich von der
PKV veréffentlich werden, empfehlen wir, wie bei der Bewertung von ambulanten
Leistungen, flr eine konservative Berechnung den jeweils glliigen Regelhdchstsatz

ZU verwenden.

Die Kosten von stationdren Krankenhausbehandlungen aus PKV-Perspektive
ergeben sich anschlieBend als Summe aus den Kosten fir allgemeinen
Krankenhausleistungen sowie der Wahlleistungen.

Beispiel 2: Bewertung stationdrer Leistungen
DRG: J64B: Infektion / Entziindung der Haut und Unterhaut ohne duf3erst schvere
cC

Kosten fir allgemeine Krankenhausleistungen

Z-BAX (inkl. Zu-
Bewertungsrelation: J64B Mittlere Verweildauer /Abschlage)
(Stand: 08/2011)
0,576 6,0 3.029€

Kosten fir allgemeine Krankenhausleistungen  1.744,70€

Kosten flir Wahlleistung Unterkunft

Kosten fur Einbettzimmer | Kosten fir Zweibettzimmer Durchschnitt
pro Tag pro Tag pro Tag
83,23€ 42 04€ 62,64€
Kosten fir Wahlleistung Unterkunft 313,18€

Kosten flir Chefarztbehandlung
Anzahl GOA- Steigerungs-

Ziffer Leistung Punktzahl faktor Kosten
1 1 Beratung 4,66 2,3 10,72€
2 7 Vollstandige korperliche 9,33 2,3 42 92€

Untersuchung mindestens
eines Organsystems




1 34  Erbrterung (Dauer mindestens 17,49 2,3 40,23€
20 Minuten)
5 45 Visite 4,08 2,3 46,92€
3 46 Zweitvisite 2,91 2,3 20,08€
1 75 Ausflhrlicher schriftlicher 7,58 2,3 17,43€
Krankheits- und Befundbericht
5 200 Verband 2,62 2,3 30,13€
5 209  GroBflachiges Auftragen von 8,74 2,3 100,51€
Externa
2 410 Ultraschalluntersuchung eines 11,66 2,3 53,64€
Organs
2 420  Ultraschalluntersuchung von 4,66 2,3 21,44€
bis zu drei weiteren Organen
5 2006 Behandlung einer Wunde 3,67 2,3 42 21€
Zwischensumme 426,21€
Abziglich 25% -106,55€
Kosten fir Chefarztbehandlung 319,66€

Gesamtkosten flr stationdre Leistung 2.377,54€|

In Beispiel 2 werden die Kosten aus PKV-Perspektive flr einen stationaren
Aufenthalt kalkuliert, die sich aus den drei Komponenten Kosten fir die
Chefarztbehandlung, die allgemeine Krankenhausleistungen sowie die Wahlleistung
SJnterkunft zusammensetzt. Die Kosten fir die Chefarztbehandlung missen, wie
zuvor beschrieben, um 25% gekirzt werden. Die fir die Wahlleistung Unterkunft
ergeben sich aus den mittleren Kosten fir ein Ein-/Zweibettzimmer (€62,64) und der

Verweildauer von sechs Tagen (der Entlassungstag wird nicht beriicksichtigt).
Bewertung des Arzneimittelverbrauchs

Im Vergleich zu den ambulanten und stationaren Leistungen, unterscheidet sich die
Bewertung der Arzneimittel zwischen der GKV- und PKV-Perspektive nicht
wesentlich. Dies liegt vor allem an den neuen gesetzlichen Rahmenbedingungen,
welche im Jahr 2010 und 2011 in Kraft getreten sind und der PKV ebenfalls
gesetzliche Rabatte gewahren. Dennoch existieren einige Unterschiede zur GKV, die

im Folgenden bericksichtigt werden.

Bei der Bemessung von Arzneimittelkosten im Rahmen gesundheitsbkonomischer
Analysen stellt sich zunachst die Frage, welche Produkte als Grundlage fir die
Kalkulation herangezogen werden. Bei einzelnen Indikationen sind dabei oftmals nur
die zur Behandlung genutzten Wirkstoffe bekannt. Hierbei ergeben sich



insbesondere dann Probleme, wenn es sich um nicht-patentgeschitzte Wirkstoffe
handelt und somit, in der Regel, mehrere Arzneimittel mit dem entsprechenden
Wirkstoff auf dem Markt existieren [12]. Braun et al. [12] empfehlen, falls nur der
Wirkstoff, nicht jedoch das konkrete Praparat bekannt ist, die Preise der
unterschiedlichen Praparate mit den jeweiligen Marktanteilen in der spezifischen
Indikation zu gewichten. Diese Daten sind allerdings, insbesondere wegen des
indikationsUbergreifendem Einsatzes vieler Medikamente, kaum bzw. nicht verflgbar.
Als ein alternatives Vorgehen bei patenfreien Arzneimitteln schlagen Braun et al. [12]
daher vor, das Praparat zu wahlen, welches die geringsten Kosten pro Tagesdosis
aus Sicht der Krankenkasse hat. Dieses Vorgehen ware auch bei der Bewertung aus
Sicht der PKV méglich.

Dariber hinaus solite, im Rahmen von gesundheitsbkonomischen Analysen,
grundsatzlich jeweils der Preis fir die gréBte verfligbare Packungseinheit (in der
Regel N3) zur Kalkulation herangezogen und der glltige Preis zur Jahresmitte im
gewahlten Preisjahr gewahit werden [12]. Dieser Preis dividiert durch die Anzahl der
Einheiten der jeweiligen N3-Packung ergibt den Preis pro Einheit des
entsprechenden Medikamentes und kann fir die weitere Kalkulation verwendet

werden.

Bei den Arzneimittelkosten aus Kostentragerperspektive muissen darlber hinaus
Rabatte und Zuzahlungen Berlcksichtigung finden [12, 25]. Der offizielle
Apothekenverkaufspreis  (AVP) inklusive Mehrwertsteuer dient dabei als
Berechnungsgrundlage.  Hinsichtich der Rabatte kann im  deutschen
Gesundheitssystem generell zwischen Zwangsrabatten der pharmazeutischen
Unternehmer sowie Apothekenrabatten unterschieden werden. Der Apothekenrabatt,
in Héhe von momentan €2,05 nach § 130 Abs. 1 Satz 1 SGB V, hat fir die
Bewertung der Kosten aus PKV-Perspektive keine Relevanz, da dieser nur den
Gesetzlichen Krankenkassen gewahrt wird [25]. Die sog. Herstellerrabatte nach §
130a SGB V hingegen, finden seit Januar 2011 durch §1 AMRabG auch fir die PKV
Anwendung. Die Rabatte werden allerdings trotz Kostenerstattungsprinzip nicht
direkt den Versicherten bei der Bezahlung gutgeschrieben, sondern missen von den
PKV-Unternehmen  selbststandig bei den pharmazeutischen Unternehmen

eingezogen werden. Die damit einhergehenden Einsparungen dirfen die



Unternehmen nach § 1 AMRabG nur zur Vermeidung von Pramienerhdhung

einsetzen.

Die pharmazeutischen Hersteller missen nach §130a Abs. 1 Satz 1 SGB V auch den
Unternehmen der PKV bei nicht festbetragsgeregelten Arzneimitteln einen Rabatt in
Hbhe von 6% vom Herstellerabgabepreis (Abgabepreis ohne Mehrwertsteuer) pro
Packung gewahren. Dieser Rabatt wurde durch das GKV-Anderungsgesetz zum
01.08.2010, befristet bis zum 31.12.2013, von 6% auf 16% erhéht. (§130a Abs. 1a
Satz 1 SGB V) Ist hingegen ein Festbetrag auf Grund des § 35 oder des § 35a SGB
V festgesetzt, entfallt der zuvor genannte Abschlag. Darlber hinaus gelten
Regelungen nach Absatz 3b auch fir patentfreie, wirkstoffgleiche Arzneimittel,
wonach der Rabatt bei 10% des Herstellerabgabepreises liegt. Dieser entfallt
allerdings, wenn der Abgabepreis des pharmazeutischen Unternehmens exklusive
MwSt. mindestens um 30% niedriger als der jeweils glltige Festbetrag ist, der
diesem Preis zugrunde liegt. Insgesamt gibt es weitere Regelungen zu
Herstellerrabatten, wobei insbesondere Preisstopps zur Begrenzung von
Preisanderungen der pharmazeutischen Hersteller zu nennen sind (§130a Abs. 1a;
3b SGB V). Des Weiteren gibt es, seit dem Arzneimittelmarktneuordnungsgesetz
(AMNOG), auch besondere Rabatiregelungen fir Impfstoffe im Rahmen der
Schutzimpfung nach §20d Abs. 1 SGB V.

Unabhéngig von den zuvor erlduterten theoretischen Uberlegungen kann, firr die
konkrete Kostenermittlung eines Arzneimittels aus PKV-Perspektive, die sog. Lauer-
Taxe der Firma Lauer-Fischer GmbH genutzt werden. In diesem Portal lassen sich,
fir jedes in Deutschland zugelassene Arzneimittel, genaue Preisinformation mit
Angaben zu Rabatten einholen. Im Folgenden wird das Vorgehen an einem
praktischen Beispiel erlautert.

Beispiel 3
INEGY 10 mg/10 mg Tabletten (Wirkstoff: Ezetimib, Simvastatin)
(Stand 01.07.2011)

164,57 € Verkaufspreis inkl. MwSt. (N3)
J. 19,23 € Herstellerrabatt

145,34 € Kosten aus Sicht der PKV




Der Herstellerrabatt betragt, wie oben beschrieben, bei diesem Praparat nach Artikel
§130a Abs. 1a SGB V 16% des Herstellerabgabepreises ohne Mehrwertsteuer
(€120,21) der fur nicht festbetragsgebundene Arzneimittel anfallt. Weitere Abschlage
werden nicht erhoben. Selbstbehalte oder Zuzahlungen werden nicht berlicksichtigt,

da, wie zuvor beschrieben, von einer vollversicherten Person ausgegangen wird.
Diskussion

Dies ist die erste Arbeit, welche sich mit der Sinnhaftigkeit einer
gesundheitsbkonomischen Evaluation aus der Perspektive der PKV beschéftigt und
einen Vorschlag fir die Bewertung von Ressourcenverbrduchen aus dieser
Perspektive fir die drei wesentlichen Bereiche — Arzneimittel sowie ambulante und
stationare Versorgung — liefert. Im Folgenden werden die Bewertungsvorschlage
diskutiert und weiterer Forschungsbedarf aufgezeigt.

Wie bereits erwahnt, bertcksichtigen die zuvor aufgezeigten Bewertungen nicht die
zahlreichen unterschiedlichen individuellen Versicherungsverirage, die in der PKV
existieren. Die Vertrdge unterscheiden sich dabei insbesondere hinsichtlich
Leistungsumfang und Regelungen zu Selbstbehalten. Die zur Verfligung stehenden
Statistiken geben jedoch keinen detaillierten Aufschluss Uber die Ausgestaltung von
PKV-Vertragen. Aus diesem Grund wird im Rahmen dieser Arbeit auch
vorgeschlagen, in der Base Case Analyse von einem Vollversicherungsschutz ohne
Selbstbeteiligung auszugehen. Im Folgenden werden dennoch Mdbglichkeiten
aufgezeigt, wie diese Besonderheiten, basierend auf vereinzelten Statistiken, im

Rahmen von Sensitivitdtsanalysen berlcksichtigt werden kdnnen.

Bezlglich des Leistungsumfanges existieren keine umfassenden Informationen, die
verdeutlichen wie viel Prozent der PKV-Vollversicherten beispielsweise besondere
Leistungen oder Leistungsbereiche ausgeschlossen haben. Eine Ausnahme besteht
jedoch fir den Anteil der Vollversicherten, die eine Versicherung inklusive
Unterbringung in einem Ein- bzw. Zweitbettzimmer und Chefarztbehandlung gewahit
haben. Dieser lag, laut dem Zahlenbericht der PKV, in 2009 bei 82,6% [17]. Aus
diesem Grund wird vorschlagen im Rahmen einer Sensitivititsanalyse diese
Angaben zu berlcksichtigen.

Darlber hinaus ist es zur Kalkulation der Kosten aus Sicht der PKV notwendig, die

Hbéhe und den Umfang der Selbstbehalte der Versicherten zu kennen. Wie bereits



erwahnt, fehlen hierzu jedoch detaillierte statistische Angaben. Aus einer Auswertung
der Daten des Sozio-oekonomischen Panels (SOEP) zwischen 2001 und 2005 lasst
sich lediglich entnehmen, dass unter den Versicherten mit Beihilfeanspruch ca. 25%
und bei den Versicherten ohne Beihilfeanspruch Uber 70% eine Selbstbeteiligung
vereinbart haben [26]. Allerdings fehlen hierzu Angaben zu der durchschnittlichen
Hbéhe der Selbstbeteiligung, so dass dafir keine generelle Aussage getroffen werden
kann. Aus diesem Grund, und wie bereits oben erwahnt, wurde fir das Base Case
Szenario ein Vollversicherungsanspruch angenommen. Jedoch sollten im Rahmen
einer Sensitivitdtsanalyse unterschiedliche Selbstbehalte Anwendung finden (z.B.
10%, 25%, 50% bei proportionalen Selbstbehalten). In diesem Zusammenhang wird
jedoch auch deutlich, dass detaillierte Statistiken, hinsichtlich der gewahlten
Vertrdge, bei PKV-Versicherten fehlen und damit ein weiterer Forschungsbedarf
besteht.

Seit dem 01. Januar 2009 sind die Unternehmen der PKV zudem verpflichtet, einen
sog. Basistarif anzubieten. Dieser muss nach Art, Umfang und Hbéhe mit den
Leistungen der GKV vergleichbar sein (§ 12 Abs. 1a VAG). Hierfir gibt es besondere
Regelungen hinsichtlich der H6he der Zuzahlungen sowie der VergUtung der
Leistungserbringer [15]. Dieser Tarif wurde in den oben beschriebenen
Handlungsempfehlungen nicht bertcksichtigt. Der Bestand der Basistarife belief sich
Ende 2010 jedoch auf lediglich 18.200 Personen, was nur knapp 0,2% der
Vollversicherten der PKV entspricht, so dass der Einfluss des Basistarifs in der
Ressourcenbewertung aus Sicht der PKV vernachlassigt werden kann [17].

Bezlglich der Ressourcenbewertung des  Arzneimittelverbrauches  muss
einschrankend angemerkt werden, dass individuelle Rabattvertrage einer PKV mit
den Herstellern, gemaB § 130a Abs. 8 SGBV, in dieser allgemeinen Betrachtung
nicht berlcksichtigt werden. Bei der Bewertung aus der Perspektive der GKV stellt
dieses ebenso eine Limitation dar [12, 13]. Grund ist, dass die Verirdge und
Vertragsbedingungen nicht offen zugangig sind. Im Gegensatz zur GKV kann bei der
PKV jedoch erwartet werden, dass das Einsparungspotential zum jetzigen Zeitpunkt
verhaltnismaBig gering ist [25]. Dartber hinaus wurde bei der Arzneimittelbewertung
zuvor empfohlen, das Praparat zu wahlen, welches die geringsten Kosten pro
Tagesdosis aus Sicht der GKV hat. Allerdings haben Untersuchungen des
Wissenschaftlichen Instituts der PKV ergeben, dass Generika in der PKV, im Bereich



der patenfreien Wirkstoffe, eine geringere Rolle spielen als in der GKV [27].
Demnach muss kritisch geprift werden, ob ein analoges Vorgehen zur GKV-

Bewertung im Einzelfall angemessen ist.

Insgesamt zeigt sich, dass das dargestellte Vorgehen nur als Basis zur Ermittlung
der tatsachlichen Kosten dienen kann, da aufgrund von Selbstbehalten und
individuellen Vertrdgen die Kosten voraussichtlich Uberschatzt werden. Falls
dementsprechend die Daten einer PKV vorliegen, die von besonderem Interesse fir
die Evaluation sind, kénnen die Kosten im Anwendungsfall anhand der individuellen
Struktur der Versicherungsvertrdge der entsprechenden Unternehmen adjustiert
werden.

AbschlieBend ist es noch wichtig zu betonen, dass das Arzneimittel sowie ambulante
und stationdare Behandlungen nicht die alleinigen Gesundheitsleistungen sind,
welche in einer gesundheitsbkonomischen Evaluation Berlcksichtigung finden
soliten. FOr Heil- und Hilfsmittel, Krankengeld, zahnarztliche Leistungen sowie
medizinische Rehabilitation und ambulanten Pflegeleistungen besteht noch
Forschungsbedarf fir die Ressourcenbewertung aus der Perspektive der PKV. Mit
der Bewertung von Arzneimitteln sowie ambulanten und stationaren Behandlungen

sind jedoch die wichtigsten Bereiche im Rahmen dieser Arbeit berlcksichtigt worden.

Fazit

Aufgrund des hohen Anteils der GKV-Versicherten in Deutschland wird die GKV-
Perspektive nach wie vor in gesundheitsbkonomischen Evaluationen dominieren. Es
existieren jedoch diverse Grinde, warum auch eine PKV-Perspektive in Zukunft in
Deutschland an Bedeutung gewinnen kann. Fir die konkrete Anwendung in der
Praxis dieser Perspektive dient dieses Methodenpapier somit als erste Guideline und
bietet Hilfestellungen fir die Bewertung von Ressourcen aus der Sichtweise der PKV
im Rahmen der Kostenkalkulation.
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ABSTRACT

Objective: There is a lack of research regarding the subjective percep-
tion of financial security in the event of illness of insured persons.
Therefore, the aim of our study was to analyze the subjective percep-
tion of financial security in the event of illness in the German setting
over time and to identify major determinants of that perception.
Methods: We applied a probit-adapted ordinary least squares esti-
mation procedure including fixed effects to a balanced data set from
the German Socio-Economic Panel. After correcting our data set, we
included approximately 23,500 observations in our analyses.
Results: We show that higher income and the existence of private
health insurance have a positive and significant impact on the per-
ception of financial security. Furthermore, private supplementary
health insurance has a positive and significant effect on this percep-
tion; however, this is solely true for policies that cover special fea-
tures during hospital stays. Experience with the health care system

is also positively related to the individual’s perception. Finally, our
regression results illustrate that the overall perception is declining
over time. Conclusions: The results indicate that political decision
makers are facing challenges regarding the declining subjective per-
ception in the German health care system. Because of the positive cor-
relation between experience and subjective perception, it can be as-
sumed that the health care system and especially statutory health
insurance are better than their presentation in the media. Hence, there
is a problem of communication and information, and political decision
makers face challenges in presenting the system objectively and han-
dling the media in a proper way.

Keywords: financial security, health insurance, illness, panel data
analysis, subjective perception.

Copyright © 2012, International Society for Pharmacoeconomics and
Outcomes Research (ISPOR). Published by Elsevier Inc.

Introduction

This study focuses on the subjective perception of financial security in
the event of illness and aims to identify factors that influence this per-
ception. Because of demographic changes and technological progress
along with the resulting financial shortcomings, substantial changes
have occurred within the German health insurance sector over the past
20years. In general, the insurance sector is divided into statutory health
insurance (SHI) and private health insurance (PHI). SHI covers approxi-
mately 90% of the population and is mandatory for most individuals [1];
according to the Social Code Book V (85, SGB V), only employees with
earnings above €49,500 per annum and special employment groups (ba-
sically civil servants and self-employed) have the right to choose PHL
Between both schemes, there are substantial differences in factors such
as funding, co-payment, and benefits catalog. SHI is based on the soli-
darity principle, and the provided services are granted according to
needs, where the contribution depends mainly on individual income. In
contrast, PHI is characterized by the equivalence principle, and the con-
tribution is individually calculated on the basis of a variety of factors
such as sex, age, and health status [2].

Alarge difference exists between the benefits catalogs. The SHI
catalog is restricted, whereas PHI reimburses all available medical
products and services. PH-insured individuals get appointments

earlier than do SH-insured individuals and also receive more com-
prehensive treatment [3-7]. Furthermore, physicians in the outpa-
tient and inpatient settings are better reimbursed for their services
toward PH-insured persons because of different reimbursement
systems. All in all, this is considered “two-class medicine” in the
German health care sector and is often reported in a negative way
by the media [8-11].

SH-insured persons, however, have the possibility to pur-
chase private supplementary health insurance (PSHI) to receive
some additional benefits. There are a wide variety of PSHI poli-
cies that cover different benefits, which are not covered by the
SHI. The most relevant are insurance contracts, which cover
dentures, special features during a hospital stay (treatment by
senior physician, single/double rooms), alternative treatments,
and coverage abroad.

Because of the above-mentioned financial shortcomings, the
contributions to SHI and the premiums of PHI have continuously
increased. Furthermore, the SHI benefits catalog has been re-
stricted, and the financial burden has partly shifted to private
households via co-payments. For example, SH-insured persons
pay prescription-related co-payment of 10% of pharmacy price
(minimum €5 and maximum €10) and have to pay a fee of €10 per
quarter when incurring a physician visit. The focus of the reports
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of the “Advisory Council for the Concerted Action in Health Care”
on financial aspects within the last few years has also stressed
budget problems and has indicated the necessity of reforms [12-
14]. Hence, health care and its financing and reform have become
animportant topic for politics and the media in recent years. Over-
all, there is negative reporting in the media concerning the Ger-
man health system and, in particular, the SHI (see the above dis-
cussion regarding two-class medicine). Compared with other
Organisation for Economic Co-operation and Development coun-
tries, however, German SHI still provides comprehensive coverage
at a reasonably high level for everyone regardless of income,
wealth, health, or employment status. For example, the out-of-
pocket expenditures on health in Germany are below the Organi-
sation for Economic Co-operation and Development average,
whereas the health care supply density (e.g., physicians and hos-
pital beds) is above [15]. From this international comparison, one
might assume that German insured would have a good outlook on
the health care sector in general and their financial security in the
event of future illness. Objective criteria, as published by the Or-
ganisation for Economic Co-operation and Development, how-
ever, are not necessarily correlated with subjective assessment.
For political parties and authorities, this topic might be interesting
because subjective perception could be important for political suc-
cess (e.g., remaining in office) and public acceptance of financial
health care reforms. Therefore, it may be of interest for politicians
to gain insight into the mixture of factors that determine this sub-
jective perception. This knowledge can influence future reform
discussions and decisions. Especially with respect to the numer-
ous changes in recent years (e.g., in co-payments and in negative
reporting in the media), the issue arises of whether subjective,
perceived financial security has changed and which determinants
are responsible for a possible shift.

Thus far, the extant literature primarily focuses on analyzing
overall satisfaction with certain areas of social security and confi-
dence in these systems. Wunder and Schwarze [16] suggest that
overall satisfaction with the pension system is declining and that,
among other things, income and age have a positive impact on this
assessment. At the European level, Wendt [17] analyzed confi-
dence in the health care system and has suggested that income
has a positive impact on the assessment. Furthermore, Wendt
et al. [18] analyzed the effect of negative experiences on the
confidence in receiving medical care in seven countries.
Whereas satisfaction includes several aspects (expectation, ex-
perience, relationship between contributions, and reimburse-
ment), the perception of financial security is only one feature of
satisfaction. Zuchandke et al. [19] gained meaningful insight
while focusing on the impact of the introduction of social long-
term care insurance in Germany on the perception of financial
security in the event of the need for long-term care. Concerning
the German health care system, Zok [20] states that perceived
insurance coverage is worsening. The results, however, are
based only on a descriptive analysis and have not been verified
by regression analyses. To our knowledge, no study exists that
focuses on perceived financial aspects in the event of illness.

The aim of our study was to analyze the perception of financial
security in the event of illness and to identify major determinants
of that perception. To approach this research topic, we formulated
hypotheses based on theory and then attempted to verify them
within an empirical analysis by using regression techniques.

Hypotheses

We tested the following five hypotheses:

Hypothesis 1: Income is positively related to the perceptions
of financial security in the event of illness

As stated in the Introduction, several co-payments were intro-
duced within the past two decades. In contrast to the SHI contri-
butions, which are based on the solidarity principle, these co-pay-
ments occur irrespective of income up to the amount of a certain
maximum percentage load. We expect that individuals with
higher incomes are more financially independent of their insur-
ance. Hence, changes in the health care system, such as an in-
crease in co-payments, do not have a considerable impact on their
financial situation.

Hypothesis 2: The demand for PSHI is positively related to
the perception of financial security in the event of illness

The option to purchase additional PSHI is another interesting is-
sue for SHI members. In theory, the demand for insurance is re-
lated to risk aversion [21]. Accordingly, risk-averse individuals
purchase insurance because they prefer certain losses to actuari-
ally equivalent uncertain losses. For instance, this could be the
case for SHI members with a more negative perception of financial
security. Hence, buying a PSHI might positively affect their percep-
tion.

Hypothesis 3: Compared with SHI, having PHI is positively
related to the perception of financial security in the event of
illness

The type of health insurance is also a factor to take into consider-
ation. As stated in the Introduction, there are some differences
between SHI and PHI. In particular, the funding problem of SHI due
to demographic changes as well as health care (two-class medi-
cine) is often discussed in the media [4-6,8,22]. Therefore, we ex-
pect that having PHI has a positive impact on the perception of
financial security.

Hypothesis 4: Having experience with health care is
positively related to the perception of financial security in the
event of illness

As stated previously, the German health care system, in general, is
presented quite negatively in the media; therefore, individuals
may form an opinion of the quality of the health care system on
the basis of such information. Hence, it is interesting to analyze
whether personal experience with the health care system, for ex-
ample, frequent doctor appointments or recent hospital stays, has
an effect on the subjective perception of financial security.
Zuchandke et al. [19] found that in the event of long-term care,
experience (experience is a proxy for the case when a member in
the respondent’s household is dependent on long-term care) has a
positive effect on this perception. Social long-term care insurance,
however, provides only partial coverage of treatment costs in Ger-
many. Because health care insurance is basically comprehensive,
apart from co-payments, the positive effect of experience on per-
ception can be expected to be even stronger than in the event of
long-term care. Therefore, having experience might positively af-
fect perception with regard to the health care system.

Hypothesis 5: The overall perception of financial security is
declining over time

Finally, we are interested in the overall development of perception
over time. Many reforms have been carried out in the health care
system in recent years that particularly aim to solve funding prob-
lems. As a result, the government has introduced or increased
several types of co-payments and has cut benefits; these measures
have also been discussed broadly in the media. Therefore, we ex-
pect that the perception of financial security has declined over
time.
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Table 1 - Classification of experience with health care
system.

Dummy variable Number of outpatient

visits in the past 3 mo

No experience 0

Low experience 1-2

Mid experience 3-5

High experience >5
Methods

To empirically test our hypotheses, we used data from the German
Socio-Economic Panel (SOEP) Study provided by the German Institute
for Economic Research (DIW Berlin), Berlin. The German Socio-Eco-
nomic Panel is a representative panel survey of households and in-
dividuals [23]. The first survey was conducted in 1984 with approxi-
mately 6,000 households and 12,000 individual respondents. In 2010,
the 27th wave was completed, in which roughly 11,000 households
and 20,000 individuals were included. The survey contains a wide
range of questions on topics such as income, employment status,
education, and health status. The data set and its methods have been
previously described in detail [24].

Variables

As a proxy for the perception of financial security in the event of
illness, we make use of the following question in the SOEP survey:
“How do you individually assess financial security in the event of
illness?”

The possible answers are divided into five categories, from “1 =
bad” to “5 = very good.” Subjects who marked the answer “don’t
know/does not apply” were not considered in our analysis.

This question is included in the SOEP survey every 5 years,
beginning at 1987. Because of reunification in 1990, we use the
waves of 1992, 1997, 2002, and 2007 to include individuals from
both West and East Germany. We consider individuals at least
16 years old who are insured either by SHI or by PHI in our
analyses. Furthermore, we used a balanced data set. After cor-
recting our data set, we included approximately 23,500 obser-
vations.

The following variables were used to test our hypotheses
within our regression analysis: for financial status, we used house-
hold income, which includes all income sources. In addition, we
took the logarithm of the continuous income variable to analyze
the influence of proportional changes on the dependent variable.

We created two dummy variables to differentiate between in-
dividuals who are covered by the SHI scheme only and by PHI. As
stated in the Introduction, we also focused on the possible impact
of PSHI on the subjective perceived financial security of SHI mem-
bers. Moreover, data on PSHI are available for SHI members only.
Because the data for the distinction of the different PSHI policies
were available only for 2002 and 2007, we performed two different
regressions. Regression 1 considered the time period 1992 to 2007
and included only dummy variables for the simple existence of
PSHI. Regression 2 considered the period 2002 to 2007 and distin-
guished between the different insurance policies to identify spe-
cific influences; these are policies for dentures, special features
during hospital stay, remedies, aids, and others.

To quantify experience with the health care sector (hypothesis
4), we used the number of outpatient visits in the past 3 months
before the respective survey as a proxy to create four dummy vari-
ables (no experience, low experience, mid experience, and high
experience). The classification into these categories is shown in
Table 1. Furthermore, we considered whether an individual was in
the hospital the year before the respective survey to create the
dummy variable hospitalization.

Finally, we included a set of conventional control variables in
the regression such as employment. Further information about all
control variables is provided in Table 2. Because of the used fixed-
effects regression method (see below), gender and age variables
cannot be included in our regression. Furthermore, the variable
financial asset was coded as a binary variable, because the amount
of assets was not available in the data set.

Method

Because of the subjective character of the dependent variable, we
have to be aware of unobserved individual heterogeneity. Among
others, a major problem could be the individual interpretation of
the ordinal scale. It could be possible, for instance, that two indi-
viduals with the same perception mark different categories (e.g., 3
and 4) and this can lead to a biased estimate. As a result, we fo-
cused on panel-estimation techniques to test our hypotheses.
Panel data allowed us to control for possible unobserved individ-
ual heterogeneity. There are two common ways to control for un-
observed heterogeneity: the fixed-effects model and the random-
effects model. In our case, the fixed-effects model seemed to be
more appropriate because only within-individual variation is used
to estimate the regression coefficients [25]. By doing this, the prob-
lem of the individual interpretation of the ordinal scale is elimi-

Table 2 - Independent variables.

Variable Code

Health care insurance
SHI, PHI, PSHI Binary variable for each
category

Experience with the health care

system
no, low, mid, high

Binary variable for each
category

Binary variable
(1=hospital stay in
the year before the
survey)

hospitalization

Marital status
single, widowed, married,
divorced, partnership
Age
Cluster [18-30] [30-40] [40-50]
[50-60] [60-70] [70-95]
Employment status
full-time, part-time,
unemployed, not employed,
self-employed, civil servant
Education
low, mid, high

Binary variable for each
category

Binary variable for each
category

Binary variable for each
category

Binary variable for each
category
Health status

Ordinal step scale (1= poor -
5= very good)
Others
Wealth

political interest

Children under 18 in
household

Number of household
members
In household income

Binary variable for each
step

Binary variable
(1=having assets)

Binary variable
(1=interested in
politics)

Binary variable
(1=having children
under 18 in the
household)

Categorical variable

Continuous variable
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nated if you assume this effect to be time invariant. Furthermore,
itis likely for the individual-level effect to be correlated with some
dependent variables. If so, the random-effects model would lead
to inconsistent estimators. To test our assumptions, we conducted
a Hausman specification test, and the results indicated that the
fixed-effects model was appropriate in our case—a detailed de-
scription of this approach can be found in Baltagi [26]. To apply the
fixed-effects estimation (also known as within-estimation), we
used the following regression equation:

yie=a;+aX; + a 1

where y,, represents the dependent variable of the perception of
financial security in the event of illness. The term a; represents the
individual time constant effects (fixed effects). The vector X;, in-
cludes all exogenous variables that are necessary to test our hy-
potheses and control variables, and &, is a random error term.

The ordinal structure of our dependent variable would imply
the use of an ordered probit or ordered logit regression. Using an
ordered response with panel estimation techniques, however,
leads to technical and conceptual problems [27]. Therefore, we
used the probit-adapted ordinary least squares (POLS) approach by
Van Praag and Ferrer-i-Carbonell [28]. The essence of this method
is an implicit cardinalization of the dependent ordinal variable.
The advantage of this transformation is that it allows the applica-
tion of ordinary estimation methods.

The initial point of the cardinalization is the latent variable
approach and the assumption that the latent variable Y* follows a
standard normal distribution. For a detailed description of the la-
tent variable approach, see Wooldridge [29]. The new cardinalized
variable Y§ is constructed by transforming the conditional expec-
tation of Y* for all response categories k (five categories in our
case), given that the value is located in a specific interval [i,_,;, I';].
Because of the assumed standard normal distribution, the condi-
tional expectation is calculated by

_ N(l-1) — n(l)

Ye=E(Y i1 <Y'=1) . 0
! N(i) — N(ix_1)

fork={1,5} 2
where n(-) is the density function and N(-) is the distribution func-
tion of Y.

The specific values of the cutoff points i, are assigned by using
information of the overall sample distribution of the observed or-
dinal variable. According to a given sample distribution p(k), we
can write
N(iy) = F(k), ®3)
where F(k) = 3%, p (j) represents the cumulated probability of re-
sponse category k. We can calculate the cutoff points by rewriting
Equation (3) as

i;= N"'[F(k)]. 4)

Using the calculated cutoff points i, in Equation (2), the transfor-
mation leads to the cardinalized variable Y§ for k. This variable is
then used as the dependent variable in Equation (1). Van Praag and
Ferrer-i-Carbonell [28] have shown that the estimated effects of an
ordered probit and POLS are almost identical up to a multiplication
factor. To further stress the reliability of the POLS method, we also
conducted the same comparison with our data set and identified
the same relationship between ordered probit and POLS.

Results

Table 3 presents the results of the POLS regressions, including the
fixed effects. Regressions 1 and 2 cover the data from the years
1992 to 2007. Regression 2 covers the data from the years 2002 to
2007 to identify the policy-specific influences of PSHI.

Table 3 - Results of Regression 1 and 2.

Variable Regression1  Regression 2
1992-2007 2002-2007
Coefficient (standard error)

Log. household income
Health care insurance (Reference

category: SHI)
PHI

PSHI
PSHI (Reference category: no
insurance)
Special features during
hospital stay
Dentures
Remedies and aids
Others
Experience with health care
system (Reference category:

no experience)

low experience
mid experience
high experience
hospitalization
Year dummies

Year 1997

Year 2002

Year 2007
Number of observations
R? (within)

0.148" (0.022)

0.272" (0.040)
—0.001 (0.029)

0.105* (0.038)

0.318* (0.081)

0.178" (0.067)
0.019 (0.069)

~0.018 (0.088)
—0.081 (0.064)

0.016 (0.016) 0.038 (0.028)
0.052* (0.020)  0.063* (0.033)
0.032 (0.025) 0.024 (0.043)
0.0497 (0.020) 0.0697 (0.033)
Reference year: Reference year:
1992 2002

~0.349" (0.019)

—0.185" (0.027)

—0.409" (0.034)
23,508
0.082

0.239" (0.020)
12,576
0.074

Control variables: age, marital status, employment status, educa-
tion, perception of health status, financial assets, political interest,
children.

SHI: statutory health insurance, PHI: private health insurance,
PSHI: Private supplementary health insurance.

* Significant at the 1% level.

T Significant at the 5% level.

* Significant at the 10% level.

In the following, we explore the regression results with regard
to our five hypotheses.

Hypothesis 1

Table 3 indicates that higher income positively influences an in-
dividual’s assessment of financial security given that the coeffi-
cient for income is significant (P < 0.01) and positive. This result
verifies our hypothesis and can be confirmed with Regression 2.

Hypothesis 2

We stated that PSHI has a positive impact on perception. This
assumption cannot be upheld for all variables. The coefficient of
the dummy variable is insignificant and is close to zero. However,
as stated earlier, we performed a second regression analysis (Re-
gression 2) to account for the different PSHI policies. These results
can also be found in Table 3. According to the results, only the
coefficient for special features during a hospital stay (e.g., treat-
ment by senior physician, single/double room) is significant at the
1% level and is positive. All other coefficients for different policies
are insignificant. Therefore, our hypothesis can be verified only
partially, because PSHI alone for special features during hospital
stay has a significant impact on subjective perception.
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Table 4 — Results of Regression 3 (without the variable
hospitalization).

Variable Regression 3
1992-2007
Coefficient
(standard error)

Log. household income
Health care insurance (Reference

0.150* (0.022)

category: SHI
PHI 0.270* (0.040)
PSHI 0.001 (0.029)

Experience with health care system

(Reference category: no
experience)

low experience 0.018 (0.016)
mid experience 0.057* (0.020)
high experience 0.042% (0.025)
Year dummies (Reference year:
1992)
Year 1997 —0.349* (0.019)
Year 2002 —0.183* (0.027)
Year 2007 —0.408* (0.034)
Number of observations 23,539
R? (within) 0.082

Control variables: age, marital status, employment status, educa-
tion, perception of health status, financial assets, political interest,
children.

PHI, private health insurance; PSHI: Private supplementary health
insurance; SHI: statutory health insurance.

* Significance levels denoted by 1%.

* Significance levels denoted by 10%.

Hypothesis 3

The hypothesis that PHI has a positive effect on the perception of
financial security can be confirmed. The coefficient is positive and
significant (P < 0.01) in all three regressions.

Hypothesis 4

The hypothesis that experience with the health care sector has
a positive impact on perception can be confirmed. All three co-
efficients of the variables for different experience levels are pos-
itive. The coefficient for mid experience is significant (P < 0.05).
Moreover, the coefficient for hospitalization is positive and sig-
nificant (P < 0.05), indicating that a hospital stay has a positive
impact on perception. However, the coefficient for high experi-
ence is insignificant. These results can be confirmed with Re-
gression 2, where the significance levels are higher because of
the smaller sample size. Because of a possible correlation be-
tween the coefficients “high experience” and “hospitalization,”
we performed additional regression analysis without the vari-
able hospitalization to check for partial multicollinearity be-
tween these two variables. The results are presented in Table 4.
In contrast to Regression 1, the coefficient for high experience is
significant (P < 0.1) and positive. Taking all results into account,
we assume that having experience with health care is positively
related to the perception of financial security in the event of
illness.

Hypothesis 5

Finally, we explore the regression results with regard to our
hypothesis that overall perception is declining over time. All
coefficients for the year dummy variables are significant (P <
0.01) and negative, indicating that general perception declines
over time. Because the base year is 1992, it can be determined

that the impact on the perception in 2002 is smaller than in 1997
and 2007. In addition, the highest negative impact is found in
2007.

Discussion

In the following, we discuss the results of the regression analyses
in detail.

Our results indicate that income is positively related to per-
ceived financial security. Although health care insurance in Ger-
many is basically comprehensive, there are several variants of
co-payments, which are financed privately. Because of the exist-
ing co-payments, higher income leads to a higher financial inde-
pendence from insurance and to a better assessment. Our findings
are in line with the results of former studies. Wendt et al. [30]
explored the satisfaction of the population with the health care
system and found that higher-income groups are more satisfied.
We want to stress, however, that satisfaction with the health care
system and the perception of financial security in the event of
illness are not equal determinants. Nevertheless, the perception
of the financial security represents one part of the satisfaction
with the health care system,; therefore, a positive correlation can
be assumed between these two variables. In terms of long-term
care, Zuchandke et al. [19] also identified a positive relationship
between income and the perception of financial security.

The results show that PSHI alone does not have an impact on
perceptions. A possible explanation for this phenomenon could be
that SHI is basically comprehensive insurance and that PSHI
mainly covers additional goods or services, which can generally be
considered “luxury goods.” Therefore, it was interesting to analyze
the impact of different features of PSHI (see Regression 2). Accord-
ing to the results, the policies alone for special features during a
hospital stay (treatment by senior physician, single/double room)
have a significant positive impact on perception. This finding is
remarkable given cutbacks in the reimbursement of dental treat-
ment in SHI; only the PSHI for dentures can be considered indis-
pensable. Nevertheless, the result is probably related to the price
of PSHI, because insurance for special features during hospital
stays is comparatively expensive. These results lead to the as-
sumption that insurance policies with a certain price only are
perceived as an enhancement in perception of financial secu-
rity. Therefore, only relatively expensive supplementary insur-
ances have a positive impact on perceptions, such as the above-
mentioned special features during a hospital stay. Another
possible explanation of the insignificant effect could be that the
interval of 5 years is probably too large to figure out causal
effects of PSHI on perception. For instance, buying PSHI could be
a result of a more negative perception that took place between
two points in time; as a result, the negative perception as well as
the positive effect, due to buying PSHI, cannot be observed sep-
arately. In this case, both effects may counteract each other and
lead to a small overall effect.

According to our results, insurance via PHI is positively related
to better perceptions. This finding is in line with Braun and
Marstedt [31], who state that privately insured people have con-
siderably higher confidence in the health care system than the SHI
insured, which leads to the conclusion that there is a perceived
two-tier health care system; even though objectively both
schemes offer medical care at a high level, the discussion in the
media focuses mainly on the problems and disadvantages of SHI.
This one-sided media perspective could, therefore, have an im-
pact on this perception.

The experience level with the health care system has a positive
and significant impact on perception. Our findings are in line with
Zuchandke et al. [19], who obtained similar results regarding long-
term care. The variable “high experience,” however, defined as
more than five outpatient visits in the past 3 months, is not signif-
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icant in our regression. Because of the positive correlation be-
tween the number of outpatient visits and hospitalization, we
dropped the variable “hospitalization” in Regression 3 (see Table
4). The results indicate that experience has a significant positive
effect, which we expected in our hypothesis. A possible explana-
tion for this positive correlation is the negative representation of
SHI in the media, which may have an impact on an individual’s
opinion. Therefore, the individual’s own experiences with the Ger-
man comprehensive health care system seem to be better than
preformed opinions and, consequently, have a positive effect on
perceptions due to an informational advantage. This information
asymmetry in the health care system leads to different assess-
ments.

Our results show that overall perceptions are declining over
time; however, the course is not uniform. The drop in 2002 was not
as high as in 1997 and 2007, which may be because the German
health care system was not a major focus of the debate in politics
and society between 1998 and 2002. In contrast, in the years before
the time of the surveys in 1997 and 2007, major health care re-
forms took place and were discussed in the media, which may
have negatively influenced perceptions of financial security.

The results indicate that political decision-makers are facing
challenges regarding declining perceptions in the German health
care system, especially in SHI. Because of the positive correlation
between experience and perception, it can be assumed that the
health care system and especially SHI are better than their presen-
tation in the media. Hence, there is a problem of communication
and information, and political decision-makers face challenges in
presenting the system objectively and handling the media in a
proper way.

Furthermore, the discrepancy in perceived financial security
between PH- and SH-insured persons leads to a selection effect in
favor of PHI. Healthy insurants who have the choice between PHI
and SHI due to their higher income or employment status will
more likely choose PHI because of better perceived financial secu-
rity and possible better health care. In the long run, this may en-
danger the financial stability of the SHI system because of a worse
risk pool and in the long run endanger the solidarity system and
perceived solidarity in society. Hence, it can be assumed that the
different financial perceptions of PH- and SH-insured persons
have a negative impact on perceived social equality in the society
[22]. All in all, politicians should reconsider the coexistence and
arrangement of PHI and SHI systems and perhaps merge the sys-
tems into one.

In the following, we will highlight limitations with respect to
the variables used, the methodology, and the generalizability of
the results, even though the data used and methodology are the
best available to our knowledge.

Concerning the independent variables, we want to highlight
that the amount of financial assets cannot be considered in the
regressions because the data are not completely available. In ad-
dition, the data concerning the different PSHI policies are available
only for the surveys of 2002 and 2007.

Furthermore, PSHI is often purchased as a combination of dif-
ferent policies. Therefore, it may be difficult for the respondent to
differentiate between specific aspects of the insurance, which
could influence the effect. In addition, we cannot analyze whether
experience with dental care had an influence on the decision to
purchase PSHI because we do not have any specific data on expe-
rience with dental care. Regarding PHI coverage, the SOEP data
provide no information with respect to deductibles or the arrange-
ment of insurance. Further research with more detailed data can
lead to more precise insights into the effects of certain policies and
to a more comprehensive understanding of the differences be-
tween SH- and PH-insured persons.

Concerning our dependent variable, we want to stress its sub-
jective character, which can lead to a heterogeneous interpreta-

tion between individuals. Because of the use of a fixed-effects re-
gression method, however, we focus solely on within-individual
variation, which reduces the heterogeneity problem. Because the
survey with the specific question concerning perceived financial
security in the event of illness took place only every 5 years, it may
exhibit a lack of statistical significance. This leads to the problem
that perhaps only those effects that are close to the surveys are
measured appropriately. Therefore, shocks, for example, due to a
change of employment status, may not be reflected accurately,
even though we have included employment status as a control
variable. Another reason for a lower statistical significance is that
fixed-effects standard errors are often higher than random-effects
standard errors [25]. In general, our study provides no information
regarding marginal effects from the independent to dependent
variables. The reason for this lies in the use of an implicit cardi-
nalization of the ordinal dependent variable; therefore, we focus
on significance values. In addition, calculating marginal effects
would not deliver additional information with respect to the ver-
ification of our hypotheses.

Finally, we stress that a general limitation with respect to panel
data, especially balanced panel data, is that the average age of the
study population is increasing over time. Therefore, we also con-
ducted our regressions with an unbalanced panel sample. No ma-
jor changes occurred especially in relation to the significance and
direction of the coefficients, which is an indicator the robustness
of our results hold. In addition, attrition can lead to a serious prob-
lem with panel data, whereas in the case of fixed-effects regres-
sions this is the case only when selection is linked to idiosyncratic
errors [29]. To check for a possible attrition problem in our data set,
we conducted a simple test suggested by Nijman and Verbeek [32]
as well as Wooldridge [29]. The resulting selection indicator is not
significant (P value of 0.605), demonstrating that attrition seems to
not be a problem in our analysis [29]. We also want to emphasize
that the applicability of the results to other countries might be
difficult due to the specific character of the German health care
system. It would be interesting, however, to compare the percep-
tion of the German population with the perception of citizens from
other European countries.

Conclusions

This study is the first to explore the perception of insured in the
event of illness in the German setting over time and to identify
determinants of that perception. According to the results, higher
income and having PHI has a positive and significant impact on
the perception of financial security. Furthermore, having PSHI has
a positive and significant effect on perception; however, this is
solely true for policies that cover special features during hospital
stays. Experience with the health care system is also positively
related to individual perception. Finally, our regression results il-
lustrate that overall perception is declining over time.
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1. Introduction

Colorectal cancer (CRC) is one of the most common
cancers (about 1.2 million cases worldwide in 2008) [1].
It is expected that the incidence of CRC will increase
due to the demographic developments and lifestyles in
the Western world.

The most important prognostic factor of CRC is the
disease stage at the time of diagnosis. Approximately
25% of newly diagnosed patients have already developed
metastases; almost 50% of all CRC patients will form
metastases over time as the disease progresses [2]. Met-
astatic colorectal cancer (mCRC) is characterised by a
high mortality rate. Palliative treatment with 5-fluoro-
uracil (FU) and leucovorin (LV) was the best available
treatment for many years. In the last decade increased
surgical resections of metastasis as well as the develop-
ment of new chemotherapies, like oxaliplatin or irinotec-
an, have improved overall survival [3].

More recently, advances in the treatment of mCRC
have resulted mainly from the introduction of monoclo-
nal antibodies as additional first-line treatment to che-
motherapy or in subsequent treatment lines. These
targeting agents aim to inhibit the tumour growth by
interfering with specific proteins involved in tumour
growth and progression (cell signalling), e.g. by blocking
the signal transduction through vascular endothelial
growth factor (VEGF) or epidermal growth factor
receptor (EGFR).

Currently widely-used monoclonal antibodies for the
treatment of mCRC are the VEGF-antibody bev-
acizumab and the EGFR-antibodies cetuximab and
panitumumab [4]. Moreover the anti-VEGF antibodies
Regorafenib and Aflibercept were approved for the
treatment of patients with mCRC by the US Food
and Drug Administration (FDA) in late 2012 but still
seek for an approval by the European Medicines Agency
(EMA) [5,6]. In contrast to bevacizumab, cetuximab and
panitumumab are only approved for a treatment of the
subgroup of patients with Kirsten ras oncogene (KRAS)
wild-type tumours. Hence, a biomarker test to detect the
KRAS genotype of tumours and therefore a stratifica-
tion of patients is mandatory prior to treatment with
these EGFR-agents.

The application of these monoclonal antibodies in the
mCRC treatment considerably increases treatment
costs. Hence, it is necessary to assess the economic
impact of the use of these agents. Moreover, health eco-
nomic evaluations are necessary to support price negoti-
ations as well as reimbursement decisions.

There exist several kinds of study designs for health
economic evaluations. The most important are cost
effectiveness analysis (CEA) and cost utility analysis
(CUA). Thereby, the wording depends on the benefit
measure which is used in health economic evaluations.
Life-years gained (LYG) and quality-adjusted life-years
(QALY), which is an index value combining gained

additional life-time with quality of life during this time
period, are the most frequently used benefit measures.
Using QALY as the measure of consequence in a health
economic evaluation is referred to as CUA; if other ben-
efit measures like LYG are used, the evaluation is called
CEA [7].

The main idea of health economic evaluations like
CEA and CUA is to compare differences in costs to dif-
ferences in health effects between alternative interven-
tions [7]. The incremental approach is a common
factor in all economic evaluations: they divide the addi-
tional costs of alternative A versus alternative B by the
additional benefit of alternative A versus alternative B,
resulting in the incremental cost-effectiveness ratio
(ICER). It reflects the costs per additional benefit
parameter (e.g. LYG, QALYs) which shall be incurred
in the case of implementing alternative A in routine care.
With these calculations, CEA und CUA aim at support-
ing the decision process regarding pricing and reim-
bursement of new technologies in health care systems.
The objective of this article is to review and assess the
economic evidence of monoclonal antibody treatment
in mCRC. A systematic literature review was conducted
and CEA- as well as CUA-studies were identified and
analysed. The quality of the studies was assessed via a
validated assessment tool.

2. Method

Prior to the systematic literature research, PICO
(population, intervention, controll, outcome) elements
were defined according to the objective of this review
and presented in Table 1.

A systematic literature search in AMED, BIOSIS Pre-
views, Cochrane Central Register of Controlled Trials,
Cochrane Database of Systematic Reviews, DAHTA-
Database, Database of Abstracts of Reviews of Effects,
EMBASE, EMBASE Alert, Health Technology Assess-
ment Database, MEDLINE, NHS Economic Evaluation
Database, SciSearch and SOMED database was con-
ducted in September 2012 using the meta-database of
the German Institute of Medical Documentation and
Information (DIMDI) [8]. The search process was
repeated in February 2013 in order to keep the review
up to date. The full-text search included publications pub-
lished in English and German during 2000-2012. The fol-
lowing German and English search terms were used and
finally combined with AND: (i) (Darmkrebs OR
Rektumkrebs OR mCRC OR CRC OR [{colorectal?
OR kolorektal? OR colon OR kolon OR Rectum OR
Bowel} AND {Cancer OR Carcinom? OR Karzinom
OR Tumour OR Tumour OR Neoplasm?}J); (ii) (stadium
IIT OR stadium IV OR stadium 3 OR stadium 4 OR stage
IIT OR stage IV OR stage 3 OR stage 4 OR metasta? OR
advanced); (iii) (cetuximab OR panitumumab OR bev-
acizumab OR Regorafenib OR Aflibercept); (iv) (Cost
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Table 1

Review objective and PICO (population, intervention, control, outcome) elements.

Review objective

The objective of this article is to review the economic evidence of treatment of metastatic colorectal cancer (mCRC) with monoclonal antibodies

Patients

Studies of patients diagnosed with metastatic colorectal cancer. Studies were not restricted based on age of the patients or treatment lines

Interventions/comparison

Studies about treatments with approved monoclonal antibodies or antibodies still going through the approval process. The review is not limited

to specific comparators

Outcomes

Incremental cost-effectiveness ratio (ICER), e.g. cost per quality-adjusted life-years (QALY) or cost per life year gained

Records identified through database
searching
(n=843)

Duplicate records removed

\ 4

A4

(n=289)

Title/abstract screening
(n=554)

A4

Records excluded
- ho economic content

(n=481)

Full-text articles
assessed for eligibility
(n=73)

Y
Studies included
(+ search by hand
+ update)
(n=13+2)

L Full-text articles excluded (n=60)

+ Solely cost analysis (n=7)
Abstract/Poster/Comment (n=30)
No original economic analysis  (n=23)

Fig. 1. Flow diagram of articles identified and evaluated based on inclusion criteria.

OR Cost? OR Kosten OR Kosten? OR efficien? OR effiz-
ien?). The “?’ isused as a wild card to represent any number
of characters. In addition, a hand search was conducted.

Titles and abstracts of all identified publications were
reviewed independently by two researchers. Only origi-
nal studies published in a full text were included. The eli-
gibility of the studies for the review was also assessed
independently. Disagreements were settled through
discussion. Fig. 1 summarises the search process.

We collected data for each included article across a
range of elements, including authors, journal, study
question, population, intervention, setting, perspective
and funding source.

Results in terms of incremental costs, cost-effective-
ness ratios and cost-utility ratios were converted to US
dollars at the exchange rate prevalent in the year of pub-
lication to ensure comparability [9].

The Quality of Health Economic Studies (QHES)
instrument was used to evaluate the quality of the

included studies (Table 2) [10]. QHES is a validated
instrument designed to measure the quality of health eco-
nomic analyses. Each study was scored in 16 items for
quality between 0 and 100, whereby 0 represents lowest
quality and 100 highest quality. Each item has a weighted
point value that was generated from regression analysis
[10]. After summing-up points for the 16 items the studies
are grouped by the following quartiles: (1) extremely
poor quality (0-24); (2) poor quality (25-49); (3) fair
quality (50-74) and (4) high quality (75-100) [11].

The QHES evaluation was conducted independently
by two researchers. Question 3 was interpreted as mean-
ing that a justification for the choice of data must be
given to fulfil this criteria. Therefore, using data from
randomised controlled trials (RCT’s) without any justi-
fication of choice, e.g. by a systematic literature review
was categorised as not sufficient. The price years for
the measurement of costs were not stated occasionally
and in case associated with item 9.
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Table 2
The Quality of Health Economic Studies (QHES) instrument.

Questions Points Yes No

1. Was the study objective presented in a clear, specific and measurable manner? 7

2. Were the perspective of the analysis (societal, third-party payer, etc.) and reasons for its selection stated? 4

3. Were variable estimates used in the analysis from the best available source (i.e. randomised control trial — best, 8
expert opinion — worst)?

4. If estimates came from a subgroup analysis, were the groups prespecified at the beginning of the study? 1

S. Was uncertainty handled by (1) statistical analysis to address random events, (2) sensitivity analysis to covera 9
range of assumptions?

6. Was incremental analysis performed between alternatives for resources and costs? 6

7. Was the methodology for data abstraction (including the value of health states and other benefits) stated? 5

8. Did the analytic horizon allow time for all relevant and important outcomes? Were benefits and costs that went 7
beyond 1 year discounted (3% to 5%) and justification given for the discount rate?

9. Was the measurement of costs appropriate and the methodology for the estimation of quantities and unit costs 8
clearly described?

10. Were the primary outcome measure(s) for the economic evaluation clearly stated and did they include the major 6
short-term, long-term and negative outcomes?

11. Were the health outcomes measures/scales valid and reliable? If previously tested valid and reliable measures 7
were not available, was justification given for the measures/scales used?

12. Were the economic model (including structure), study methods and analysis, and the components of the 8
numerator and denominator displayed in a clear, transparent manner?

13. Were the choice of economic model, main assumptions, and limitations of the study stated and justified? 7

14. Did the author(s) explicitly discuss direction and magnitude of potential biases? 6

15. Were the conclusions/recommendations of the study justified and based on the study results? 8

16. Was there a statement disclosing the source of funding for the study? 3

Total points 100

3. Results

The database search identified 843 records, 289 of
them were duplicates. After screening titles and
abstracts of the remaining 554 records, 481 publications
were excluded because they did not cover any relevant
economic content. Seventy-three full text articles were
assessed for eligibility. Inclusion criteria were fulfilled
by 13 articles (Fig. 1). One additional record was identi-
fied by the subsequent database search in February
2013; another record by hand search. No further rele-
vant study was identified.

All in all, fifteen studies were included in the assess-
ment. All publications vary regarding a plurality of ele-
ments, particularly country setting, treatment
combinations and treatment line. Table 3 provides a
detailed summary of the results of the identified CEA
und CUA.

3.1. Bevacizumab plus chemotherapy versus
chemotherapy

Four studies analyse the cost-effectiveness of first-line
treatment with bevacizumab and chemotherapy com-
pared to chemotherapy alone [12-15]. Chemotherapies
covered are infusional  oxaliplatin/capecitabine
(XELOX), irinotecan/5-fluorouracil/leucovorin (IFL),
S-fluorouracil/leucovorin (FU/LYV), infusional 5-fluoro-
uracil/leucovorin/oxaliplatin (FOLFOX), infusional
5-fluorouracil/leucovorin/irinotecan (FOLFIRI), bolus
5-fluorouracil/leucovorin/oxaliplatin (bFOL), capecita-
bine/oxaliplatin (CAPOX) and 5-FU/Leucovorin.

Shiroiwa et al. [13] adopted a patient’s perspective. They
clarify the out-of-pocket payment for bevacizumab plus
XELOX in comparison to XELOX monotherapy and
its cost-effectiveness in Japan. Since the ICER is very
low, the authors conclude that patients are willing to
spend additional out of pocket payments to gain more
lifetime. Besides, first-line treatment with bevacizumab
plus different chemotherapies, Shiroiwa et al. [14] addi-
tionally consider bevacizumab plus FOLFOX as a sub-
sequent treatment. The authors conclude that additional
bevacizumab plus chemotherapy treatment is not cost-
effective when compared to chemotherapy treatment
without bevacizumab. Only Tappenden et al. [15] esti-
mate the cost-utility of bevacizumab plus chemotherapy
versus chemotherapy using QALYSs. They conclude that
the addition of bevacizumab to chemotherapy regimens
is not likely to be cost-effective in the setting of England
and Wales. Lee et al. [12] analyse the combination
of bevacizumab plus FOLFIRI in comparison to
FOLFIRI alone and conclude that the addition of bev-
acizumab significantly improves patients’ survival.
Hence, the authors conclude that bevacizumab can be
considered as cost-effective in Korea.

3.2. Bevacizumab plus chemotherapy versus cetuximab
plus chemotherapy

Asseburg et al. [16] conduct the only study that eval-
uates the cost-effectiveness (CE) of first-line treatment
with cetuximab plus chemotherapy compared to
bevacizumab plus chemotherapy. However, their anal-
ysis is confined to patients with liver metastases
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Table 3
Summary of the included publications.
Author Country/ Treatment Treatment Incremental LYG  QALY’s Cost- Cost-
(publication perspective line costs (in gained gained effectiveness utility (CU
year) (pharma US-$) (CE in US- in US-$)
sponsored?) $)
Bevacizumab plus chemotherapy versus chemotherapy
Shiroiwa et al.  Japan/patient First Bevacizumab + XELOX versus ¥48,000 0.1123 / ¥427.000 /
(2010a) [13]  (no) XELOX (patients younger 70) ($513) ($4563)
Bevacizumab + XELOX versus ¥11,000 0.1123 / ¥98,000 /
XELOX (patients older 70) ($118) ($1047)
Shiroiwa et al.  Japan/payer First Bevacizumab + IFL versus IFL ¥4,800,000 0.4 / ¥11,900,000 /
(2007) [14] (no") ($41,273) ($102,322)
Bevacizumab + FU/LV versus FU/LV ¥2,200,000 0.13 / ¥17,400,000 /
($18,917) ($149,614)
Bevacizumab + FOLFOX versus ¥3,700,000 0.27 / ¥13,500,000 /
FOLFOX ($31,815) ($116,080)
Bevacizumab + bFOL versus bFOL ¥4,600,000 0.27 / ¥16,900,000 /
($39,553) ($145,315)
bevacizumab + CAPOX versus ¥7,400,000 0.86 / ¥8,500,000 /
CAPOX ($63,629) ($73,087)
Subsequent Bevacizumab + FOLFOX versus ¥3,600,000 0.17 / ¥14,100,000 /
FOLFOX ($30,955) ($121,239)
Tappenden et al. United Kingdom First Bevacizumab + IFL (irinotecan + 5-  £19,361 0.41 0.31 £46,853 £62,857
(2007) [15] (UK)/NHS" (no) FU/Leucovorin) versus IFL ($35,202) ($85,188) ($114,286)
Bevacizumab + 5-FU/Leucovorin £15,615 0.19 0.18 £84,396 £88,436
versus 5-FU/Leucovorin ($28,391) ($153,448)  ($160,793)
Lee et al. (2012) South Korea/ First Bevacizumab + FOLFIRI versus $36,469 1.177 / $30,971 /
[12] payer (yes) FOLFIRI
Bevacizumab plus chemotherapy versus cetuximab plus chemotherapy
Asseburg et al.  Germany/payer  First Cetuximab + FOLFIRI versus €7571 0.5 / €15,020 /
(2011) [16] (yes) bevacizumab + FOLFOX ($10,027) ($19,893)
Cetuximab versus other treatments
Annemans et al. Belgium/health  Subsequent Cetuximab + irinotecan versus Current €4890 0.2916 / €16,766 /
(2007) [22] care system (no’) care (6 week therapy) ($6134) ($21,033)
Cetuximab + irinotecan versus Current €13,592 0.3375 / €40,273 /
care (12 week therapy) ($17,051) ($50,522)
Norum (2006) Norway/payer  Subsequent Cetuximab + irinotecan versus €34,256-  0.1416- / €205,536— /
[23] (yes) conventional care (no chemo) €45,764 0.1666 €323,040
($42,601— ($255,604—
$56,912) $401,731)
Starling et al. UK/NHS (yes) Subsequent Cetuximab + irinotecan versus ASC/  £18,901 0.4398 0.3281 £42,975 £57,608
(2007) [17] BSC ($34,777") ($79,073")  ($105,997)
Mittmann et al. Canada/health ~ Subsequent Cetuximab (no testing) + BSC versus C$23,969  0.12 0.08 C$199,742  C$299,613
(2009) [19] care system (No) BSC ($22,315) ($185,962)  ($278,943)
Cetuximab (KRAS testing) + BSC C$33,617 0.28 0.18 C$120,061 C$186,761
versus BSC ($31,298) ($111,778)  ($173.877)
Shiroiwa et al.  Japan/payer Subsequent Cetuximab (KRAS testing for WT) or $22,000 0.18 0.13 $120,000 $180,000
(2010b) [18]  (yes) BSC (no KRAS WT) versus BSC
Cetuximab (no testing) versus BSC $28,000 0.18 0.12 $160,000 $230,000
KRAS testing cetuximab (KRAS WT -$6,200 0.00 0.00 dominant  dominant
only) versus cetuximab (no testing)
Vijayaraghavan United States of Subsequent Cetuximab (no testing) versus KRAS  $8040 0.00 / Higher /
et al. (2012)  America (USA) testing cetuximab (KRAS WT only) costs/same
[24] and Germany/ effectiveness
payer (yes)
USA/payer (yes) Subsequent KRAS testing cetuximab + irinotecan  $1073 0.03 / $35,539 /
(KRAS WT) or irinotecan versus
KRAS testing cetuximab + irinotecan
(KRAS WT) or BSC
Germany/payer  Subsequent Cetuximab + FOLFIRI (no testing)  €9560 0.03 / €316,637 /
(yes) versus KRAS testing ($13,281) ($439,870)

cetuximab + FOLFIRI (KRAS WT)
or BSC
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Table 3 (continued)

Author Country/ Treatment Treatment Incremental LYG  QALY’s Cost- Cost-

(publication perspective line costs (in gained gained effectiveness utility (CU

year) (pharma US-9) (CE in US- in US-$)
sponsored?) $)

Medical Canada/Ontario Subsequent KRAS testing cetuximab (KRAS WT C$16,891 / 0.3082 / C$54,802
Advisory Ministry of only) versus BSC ($14,776) ($47,942)
Secretariat Health and Cetuximab (no testing) versus KRAS C$11,094 / -0.0090 / dominated
(2010) [25] Long-Term Care Testing cetuximab (KRAS WT) or ($9705)

(no) BSC
KRAS testing cetuximab + irinotecan C$21,959  / 0.5141 / C$42,710
(KRAS WT only) versus BSC ($19,210) ($37,363)
Cetuximab + irinotecan (no testing) C$21,425 / 0.1311 / C$163,396
versus KRAS testing ($18,743) ($142,941)
cetuximab + irinotecan (KRAS WT
only)

Blank et al. Swiss/health care Subsequent Cetuximab (KRAS and BRAF testing) €30,788 / 0.491 / €62,653

(2011) [20]  system (no) or BSC (no KRAS and BRAF WT)  (840,776") ($82,979")
versus BSC
Cetuximab (KRAS testing for WT) or €590 / 0.002 / €313,537
BSC (no KRAS WT) versus cetuximab ($781") ($415,256")

(KRAS and BRAF testing for WT) or
BSC (no KRAS and BRAF WT)

Cetuximab (no testing) versus KRAS €3301 / 0.01 / €314,588
testing cetuximab (KRAS WT) or BSC ($4372") ($416,648")
Behl et al. USA/health care All lines Cetuximab (KRAS and BRAF testing $22,033 0.034 / $648,396 /
(2012) [21] system” (no) for WT) or BSC (no KRAS and BRAF
WT) versus BSC
All lines  Cetuximab (KRAS testing for WT) or $1023 0.0004 / $2,814,338 /

BSC versus cetuximab (KRAS and
BRAF testing for WT) or BSC (no
KRAS and BRAF WT)

All lines  Cetuximab (no testing) versus $7493 0.0026 / $2,932,767 /
cetuximab (KRAS testing for WT) or
BSC
CEA of panitumumab
Vijayaraghavan USA and Subsequent Panitumumab (no testing) versus $7546 0.00 / Higher /
et al. (2012) Germany/payer KRAS testing panitumumab (KRAS costs/same
[24] (yes) WT only) effectiveness
Medical Canada/Ontario Subsequent KRAS testing panitumumab (KRAS C$10,821 / 0.2264 / C$47,795
Advisory Ministry of WT only) versus BSC ($9,466) ($41,812)
Secretariat Health and Panitumumab (no testing) versus C$8,188 / 0.0266 / C$308,236
(2010) [25] Long-Term Care KRAS Testing panitumumab (KRAS ($7,163) ($269,649)
(No) WT) or BSC
CEA of different treatment sequences
Wong et al. USA/payer (yes) Sequential Bevacizumab + FOLFIRI (1-line), $67,313 0.41 / $170,896 /
(2009) [26] FOLFOX (2nd-line),cetuximab (3rd-

line), BSC versus FOLFIRI (1-line),

FOLFOX (2nd-line), BSC

Bevacizumab + FOLFOX (1-line), $44,388 0.16 / $243,096 /
irinotecan (2nd-line),

cetuximab + irinotecan (3rd-line), BSC

versus bevacizumab + FOLFIRI (1-

line), FOLFOX (2nd-line),cetuximab

(3rd-line), BSC

Abbreviations: ASC, active supportive care; BRAF, BRAF oncogene; BSC, best supportive care; CE, cost-effectiveness; CU, cost-utility; ICER,
incremental cost-effectiveness ratio; KRAS, Kirsten ras oncogene; LYG, life-year gained; NHS, National Health Service; QALY, quality-adjusted
life year; WT, wild type.

Regimes: 5-FU, 5-fluorouracil; bFOL, bolus 5-fluorouracil/leucovorin/oxaliplatin; CAPOX, capecitabine/oxaliplatin; FOLFIRI, infusional 5-
fluorouracil/leucovorin/irinotecan; FOLFOX, infusional 5-fluorouracil/leucovorin/oxaliplatin; FU/LV, 5-fluorouracil/leucovorin; IFL, irinotecan/
5-fluorouracil/leucovorin; XELOX, infusional oxaliplatin/capecitabine.

* Assumed.

(liver-limited disease [LLD]) in a German setting. imab plus FOLFIRI offers a cost-effective treatment
According to the results, first-line treatment with cetux- option ($19,893) when compared to bevacizumab plus
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FOLFOX for patients with LLD and KRAS wild-type
tumours.

3.3. Cetuximab versus other treatments

The cost-effectiveness of cetuximab in subsequent
treatment lines is analysed by nine studies [17-25]. Three
of them evaluate the CE comparing cetuximab added to
irinotecan versus best supportive care (BSC) or active
supportive care (ASC) [17,22,23]. Annemanns et al.
[22] calculate an ICER of $21,033 per LYG for a 6 week
long treatment and $50,522 per LYG for a 12 week long
treatment with cetuximab plus irinotecan versus current
care in a Belgium setting. They conclude that cetuximab
plus Irinotecan is a cost-effective treatment regime in
both scenarios. Norum [23] states that cetuximab plus
irinotecan is an effective third-line therapy in compari-
son to conventional care; however, due to the very high
drug costs it is not cost-effective for the Norwegian set-
ting. Only Starling et al. [17] conduct a CUA in addition
to the CEA and evaluate cetuximab plus irinotecan ver-
sus ASC/BSC. The ICER is $79,073 per LYG and
$105,997 per QALY gained, respectively.

Four studies examine the CE and cost-utility of sub-
sequent cetuximab monotherapy taking KRAS muta-
tion testing into consideration [18,19,24,25]. Mittmann
et al. [19] do not use a model but conduct a CEA based
on prospectively collected resource utilisation and
health utility data from a large RCT. They as well as
Shiroiwa et al. [18] show an improvement in the ICER
when only patients with KRAS wild-type tumours are
treated with cetuximab. Despite the differences in the
setting of both studies the ICER is similar at around
$180,000 per QALY gained with cetuximab plus KRAS
testing versus BSC. Shiroiwa et al. [18] consequently
show that testing for KRAS mutation before adminis-
tering cetuximab is dominant to no testing and treating
all patients with cetuximab. However, in this evaluation
cetuximab with or without testing is not cost-effective.
Vijayaraghavan et al. [24] analyse the cost-effectiveness
of KRAS mutation testing prior to cetuximab mono-
therapy as well as cetuximab in combination with other
chemotherapy agents. Testing for KRAS mutation pre-
vious to the treatment with the monoclonal antibody
compared to no testing is considered to be cost-effective.
The Canadian Medical Advisory Secretariat [25] also
analyses the cost-utility of KRAS mutation testing pre-
vious to the treatment with cetuximab monotherapy as
well as cetuximab plus Irinotecan (combination therapy)
versus BSC. In contrast to Vijayaraghavan et al. [24],
they do not assume identical efficacy of the treatment
options when administered to either only KRAS wild-
type patients or all patients. For cetuximab a negative
effect on patients with mutant KRAS oncogene is
assumed and KRAS testing is dominant (lower costs/
higher efficacy). For the combination therapy the effect
of treatment with the monoclonal antibody on patients

with KRAS mutation is however positive. Therefore,
the efficacy is slightly higher for no testing but at a great
amount of additional costs leading to a high ICER per
QALY gained ($142,941). The cost-utility of cetuximab
monotherapy as well as combination therapy with previ-
ous KRAS testing compared to BSC is also evaluated in
this study. The combination therapy showed the best
ICER per QALY gained of all treatment options and
is the preferred option when all strategies are considered
simultaneously. Besides, KRAS mutation testing seems
to be cost-effective.

Further studies evaluate oncogene BRAF mutation
testing in addition to KRAS mutation testing [20,21].
Blank et al. [20] and Behl et al. [21] detect that a subse-
quent testing of BRAF status after KRAS screening
prior to the administration of cetuximab combined with
BSC is the most cost-effective approach compared to
single KRAS testing or cetuximab treatment of all
patients without any testing. Patients with KRAS or
BRAF mutation are treated with BSC only. The abso-
lute results, however, are considerably different between
these both studies: $82,979 [20] per QALY gained versus
$648,396 [21] per LYG.

3.4. Panitumumab

Vijayaraghavan et al. [24] also analysed the cost-effec-
tiveness of KRAS mutation testing prior to pani-
tumumab monotherapy. As a result, KRAS testing
seems to be cost-effective. The same applies to the study
by the Medical Advisory Secretariat [25]. They analyse
the cost-utility of KRAS mutation testing previous to
the treatment with panitumumab monotherapy as well
as the cost-utility of panitumumab treatment with
KRAS testing compared to BSC. They calculate an
ICER of $41,812 for panitumumab treatment with
KRAS testing compared to BSC and suggest that testing
before administering the monoclonal antibody is cost-
effective.

3.5. CEA of different treatment sequences

Wong et al. [26] evaluate sequential regimens, bev-
acizumab being the first-line treatment and cetuximab
third-line treatment (other chemotherapies in the
remaining lines), and, among others, compare them to
sequential regimens without these antibodies. They
show that the benefit of adding monoclonal antibody
treatment comes at higher cost ($170,896 per LYGQG).
The ICER is getting worse when Irinotecan is used in
addition to cetuximab in 3rd-line treatment.

3.6. Quality assessment (QHES)

The results of the quality assessment using the QHES
instrument are presented in Table 4. Moreover, the fre-
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Table 4

Results of the Quality of Health Economic Studies (QHES) assessment.

Study 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16  Score
Shiroiwa et al. (2010a) v VX vV vV YV VY X X X X v v v 64
Shiroiwa et al. (2007) v v Vv vV VX X X X v Y Vv v v X 71
Tappenden et al. (2007) vooX vV vV VvV VX vV vV YV Vv vV v v 89
Lee et al. (2012) Vox o x oV Vv vV vV VYV VYV VY Y 8
Asseburg et al. (2011) VARV { v vV VvV VY X Vv v v v 84
Annemans et al. (2007) VARV { v ooX VAR X X v v ooXx X X VAR 39
Norum (2006) VARV { v X vV vV Vv VY X X v v 70
Starling et al. (2007) v v Vv Vv vV VvV X v oovoXx X v v VT
Mittmann et al. (2009)" v v Vv oYY Y Y Vv Vv Vv Vv na na v v 8
Shiroiwa et al. (2010b) v v X v vV X vV vV VvV Vv v v 8T
Blank et al. (2011) VARV { vV vV YV VX v vV N4 v v v 84
Behl et al. (2012) v X X v vV Vv VX v vV Vv vV ooV 80
Vijayaraghavan et al. (2012) IVARRVARE { v X v v X X v vV X v v v 6l
Medical Advisory Secretariat (2010) v v v Vv vV VvV vV VvV VvV VvV VOV X X v v 87
Wong et al. (2009) N S AV A A A A S Y AN N Y N VAR
Statement frequency 15 12 5 15 12 15 12 11 8 13 14 10 8 12 15 13

" No model is used in the study. Questions 12 and 13 are therefore not applicable.

quency how often each criterion was met by the 15 stud-
ies is shown. The quality of the included studies is at a
high level (Mean QHES Score: 76.3 standard deviation
(SD): 13.6) and almost two third can be considered as
high-quality studies. Only one study [22] is classified as
poor quality.

The study objectives are clearly presented by all stud-
ies (Question 1). The perspective of the analysis is not
stated by Tappenden et al. [15] as well as Behl et al.
[21](Question 2). It can be assumed, however, that Tap-
penden et al. [15] use the perspective of the UK NHS
since the analysis was commissioned by the NICE. Lee
et al. [12] state that they use a payer perspective. How-
ever, they considered patient co-payments in their anal-
ysis. More than half of the studies [12,13,16,18,20-24,26]
may not have used data from the best available source
(Question 3). As mentioned before, using data from
RCT without any justification is not considered appro-
priate. When subgroup analyses were conducted, the
groups were prespecified (Question 4). Three studies
[22-24] do not handle uncertainty in an appropriate
way (Question 5). Conducting probabilistic sensitivity
analysis usually fulfilled this criterion. Norum [23] as
well as Vijayaraghavan et al. [24] conduct only a one-
way sensitivity analysis, whereas Annemanns et al. [22]
do not report all results of the sensitivity analysis. An
incremental analysis is performed by all studies, since
this was an inclusion criterion for this review (Question
6). Shiroiwa et al. [14,18] do not provide detailed infor-
mation on the methods used to derive effectiveness or
about the survival curves from the pivotal trial. The data
abstraction for the patients who received current care is,
moreover, not clear in the study conducted by Anne-
manns et al. [22] (Question 7). Information on the dis-
counting process of costs or utilities is not stated in
three publications [15,22,24]. Shiroiwa et al. [14] do
not state the time horizon and do not discount utilities

(Question 8). Seven studies [14,17,20-22,24,26] do not
measure costs appropriately (Question 9) concerning
statement of the price year [17,20], inclusion of all rele-
vant costs [14,22,26], description of the estimation of
quantities [21] and the measurement of costs [24]. Since
Shiroiwa et al. [14] do not state the time horizon, it is
unclear if all long term costs are included (Question
10). No sufficient justification is given by Shiroiwa
et al. [13] for the application of quality-adjusted progres-
sion free survival (QAPFS) (Question 11). While Mitt-
mann et al. [19] use no economic model, the model is
not displayed transparently by four studies
[13,16,17,22]. In the study by Asseburg et al. [16] it
remains unclear whether it is a Markov model or a deci-
sion tree (Question 12). No justification for the choice of
model [13,17,22,23] and no discussion on results [25],
assumptions and limitations [23,24], respectively, was
given by half of the studies (Question 13). The direction
and magnitude of potential bias is not discussed by three
studies [22,23,25] (Question 14). However, the conclu-
sions stated by the authors of all studies are based on
the study results and appear to be reasonable (Question
15). Finally, Shiroiwa et al. [14] as well as Annemanns
et al. [22] do not disclosure the source of funding for
the study (Question 16). However, it is assumed that
the studies were not sponsored by pharmaceutical com-
panies since no pharmaceutical authors or contributors
are included.

4. Discussion

To our knowledge, this is the first review that analysis
the CE of monoclonal antibodies in the treatment of
patients with mCRC. Six main results were derived:

(1) Our review revealed that the ICER’s for the
first-line treatment with bevacizumab plus chemo are
consistently very high and bevacizumab does not seem
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to be cost-effective in the treatment of mCRC. Lee et al.
[12], however, calculated an ICER that is potentially
cost-effective due to a very high incremental effect of
bevacizumab on the overall survival. Nevertheless, this
value was derived from an indirect treatment compari-
son and hence should be considered with caution. (2)
Subsequent line treatment with cetuximab plus chemo
or BSC (without testing) does not seem to be cost-effec-
tive as well. However, since testing for KRAS mutation
is mandatory according to the FDA and EMA approv-
als before administering cetuximab, these results are no
longer of relevance. (3) The majority of studies that eval-
uated the treatment of cetuximab with previous KRAS
testing also indicate no cost-effectiveness. One study
[25] suggests that the combination therapy with irinotec-
an is potentially cost-effective. (4) The evidence indicates
a possible cost-effectiveness of subsequent treatment
with panitumumab and previous KRAS testing [25].
Nevertheless, this result is based on only one study. (5)
Testing for KRAS mutation prior to the treatment with
cetuximab or panitumumab is found to be clearly cost-
effective. This good result arises from the targeted use
of the very costly monoclonal antibodies. (6) This review
also discloses that the quality of the included studies is
high with the exception of one study [22]. The assess-
ment, however, also revealed that there are some criteria
that are often not met. Particularly the plausible selec-
tion of data as well as the justification of model choice
and main assumptions are partly insufficient.

Besides these main findings, the review shows a need
for further research. It is noteworthy that no full study
exists that analyses the cost-effectiveness of first-line
treatment with cetuximab or panitumumab. Further-
more, the evidence for subsequent treatment with pani-
tumumab is only based on one study. Moreover, only
one study intends to analyse the cost-effectiveness of
the two different monoclonal antibodies cetuximab plus
chemotherapy versus bevacizumab plus chemotherapy
[16]. However, this analysis is limited to patients with
LLD. Except for one study [26], all analyses focus on
the cost-effectiveness of either first-line or subsequent
line treatment. There is a lack of evidence regarding
the cost-effectiveness of sequential treatment regimes
that are analysed by Wong et al. [26]. They intend to
understand the cost implications of broad categories of
therapies. Finally, no evidence at all was found for the
new agents regorafenib and aflibercept.

There are limitations that need to be acknowledged
regarding the present review. Systematic reviews are dif-
ferent from traditional narrative reviews or expert com-
mentaries. They are transparent, rigorous and replicable
[27]. However, other factors that can influence policy
making, including public opinion and expert advice,
need to be considered. Systematic reviews do not equate
meta-analysis but intend to reveal the best available evi-
dence. Therefore, the literature search in the present

review was conducted in many different databases and
was updated shortly before the completion of this man-
uscript. In addition, it must be considered that there
could be a publication bias which influences the avail-
able evidence. This problem may be particularly impor-
tant here, since most studies are sponsored by
stakeholders.

Furthermore, the results of the quality assessment in
this review should be considered with caution due to the
subjective character. Two researches performed the
assessment independently to minimise the subjectivity
of the assessment. Afterwards the results were compared
and discussed if differences in the assessment occurred.
Additionally, the quality of the studies was assessed
using the CHEC Instrument [28]. Both instruments are
not directly comparable since the CHEC instrument
does not involve the allocation of points. The trend of
the assessment, however, was compared. No meaningful
differences were apparent.

Pharmacogenomic profiling plays an important role
in the pharmaceutical treatment in mCRC. However,
the economic consequences are not to be foreseen. On
the one hand, pharmacogenomic testing generates addi-
tional costs for health care systems; on the other hand it
may reduce treatment costs due to targeted therapy.
This stratification of pharmaceutical therapies reduces
revenues due to fewer available patients for treatment
and therefore smaller sales volume. These smaller mar-
kets and high fixed costs for the development and pro-
duction of biologics may determine high prices for
stratified therapies which result in less cost-effectiveness.
This result is indicated by this review. However, the soci-
ety has to decide if it is willing to pay relatively more for
these targeted therapies [29].
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Abstract

Background: Non-small cell lung cancer (NSCLC) imposes a substantial burden on patients, health care systems
and society due to increasing incidence and poor survival rates. In recent years, advances in the treatment of
metastatic NSCLC have resulted from the introduction of targeted therapies. However, the application of these new
agents increases treatment costs considerably. The objective of this article is to review the economic evidence of
targeted therapies in metastatic NSCLC.

Methods: A systematic literature review was conducted to identify cost-effectiveness (CE) as well as cost-utility
studies. Medline, Embase, SciSearch, Cochrane, and 9 other databases were searched from 2000 through April 2013
(including update) for full-text publications. The quality of the studies was assessed via the validated Quality of
Health Economic Studies (QHES) instrument.

Results: Nineteen studies (including update) involving the MoAb bevacizumab and the Tyrosine-kinase inhibitors
erlotinib and gefitinib met all inclusion criteria. The majority of studies analyzed the CE of first-line maintenance and
second-line treatment with erlotinib. Five studies dealt with bevacizumab in first-line regimes. Gefitinib and
pharmacogenomic profiling were each covered by only two studies. Furthermore, the available evidence was of
only fair quality.

Conclusion: First-line maintenance treatment with erlotinib compared to Best Supportive Care (BSC) can be
considered cost-effective. In comparison to docetaxel, erlotinib is likely to be cost-effective in subsequent treatment
regimens as well. The insights for bevacizumab are miscellaneous. There are findings that gefitinib is cost-effective in
first- and second-line treatment, however, based on only two studies. The role of pharmacogenomic testing needs to be
evaluated. Therefore, future research should improve the available evidence and consider pharmacogenomic profiling as
specified by the European Medicines Agency. Upcoming agents like crizotinib and afatinib need to be analyzed as well.

Keywords: Non-small cell lung cancer, Monoclonal antibody, Bevacizumab, Erlotinib, Gefitinib, Crizotinib, Afatinib,
Targeted therapy, Health economics, Cost-effectiveness analysis, Cost-utility analysis, Tyrosine kinase inhibitors

Background

Lung cancer is one of the most common cancers in the
world and accounts for 12.7% of all new cancers in 2008
[1]. The high world incidence of lung cancer is expected
to increase in the next decades, particularly in countries
with medium standards due to adoption of unhealthy
western lifestyles such as smoking [2].

* Correspondence: al@ivbl.uni-hannover.de

'Leibniz University Hannover, Center for Health Economics Research
Hannover (CHERH), Otto-Brenner-Str. 1, D-30159 Hannover, Germany
Full list of author information is available at the end of the article

( BioMVed Central

Non-small cell lung cancer (NSCLC) accounts for about
9 out of 10 cases of all lung cancers [3]. The survival rate
for patients with NSCLC is markedly influenced by the
stage at diagnosis [4]. At initial diagnosis approximately
25% of patients have regional metastasis and 55% of pa-
tients have already developed distant metastasis due to the
high vascularization and rich supply of lymphatic vessels
of the lung [5]. This is a reason, why lung cancer is consid-
ered the most common cause of death from cancer (18.2%
of all cancer related deaths) [1].

Surgery in combination with adjuvant chemotherapy is
a potentially curative option in early-stage disease. If

© 2014 Lange et al, licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/2.0) which permits unrestricted use, distribution, and
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patients are not eligible for surgery, radiation therapy
combined with chemotherapy is a treatment alternative.
In patients with metastatic disease, platinum-based che-
motherapy with carboplatin or cisplatin has been consid-
ered the main treatment option for decades [6]. However,
survival rates for lung cancer patients, especially when
they have developed metastasis, are quite poor.

More recently, advances in the treatment of NSCLC
have resulted from the addition of targeted anti-cancer
drugs to chemotherapy. These targeting agents aim to
inhibit the tumor growth by interfering with specific
proteins (cell signaling) involved in tumor progression,
e.g. by blocking the signal transduction through Epider-
mal Growth Factor Receptor (EGFR), Vascular Endothelial
Growth Factor (VEGF) or Anaplastic Lymphoma Kinase
(ALK) gene.

Currently approved targeted agents for the treatment
of advanced NSCLC are the VEGF antibody bevacizu-
mab; erlotinib and gefitinib (all targeting EGFR) as well
as crizotinib targeting ALK. Another EGER tyrosine kin-
ase inhibitors, Afatinib, is currently under review at the
European Medicine Agency (EMA) and US Food and
Drug Administration (FDA). Originally, Merck KGaA
sought to get approval by EMA for its EGFR antibody
cetuximab for the treatment of NSCLC. However, in
September 2012, the company withdrew its application
[7]. An overview of the targeted agents for the treatment
of metastatic NSCLC and the current FDA and EMA
approval status is provided in Table 1.

Despite the potential benefit of targeted agents in the
treatment of NSCLC, their application is discussed con-
troversial due to their high prices [8]. Hence, it is neces-
sary to assess the economic impact of the use of these
agents in NSCLC. Moreover, health economic evalua-
tions are necessary to support price negotiations as well
as reimbursement decisions.

The objective of this article is therefore to review and
assess the economic evidence of treatments with targeted
agents in advanced NSCLC. A systematic literature review
was conducted to identify and analyze cost-effectiveness
analysis (CEA) and cost-utility analysis (CUA) studies that
used modelling approaches. The quality of the studies was
assessed via a validated assessment tool.

Method

Prior to the systematic literature research, PICO (Popu-
lation — Indication — Comparator — Outcome) elements
were defined according to the objective of this review
(see Table 2).

A systematic literature search in AMED, BIOSIS Pre-
views, Cochrane Central Register of Controlled Trials,
Cochrane Database of Systematic Reviews, DAHTA-
Datenbank, Database of Abstracts of Reviews of Effects,
EMBASE, EMBASE Alert, Health Technology Assessment
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Database, MEDLINE, NHS Economic Evaluation Data-
base, SciSearch and SOMED database was conducted in
September 2012 using the meta-database of the German
Institute for Medical Documentation and Information
(DIMDI). The search process was repeated again in April
2013 in order to keep the review up to date. The full-text
search included publications published in English and
German during 2000 to 2012. The following search terms
(English and German) were used and finally combined
with AND: (i) ({non small cell lung OR non small cell
bronchial OR non small lung OR non small bronchial OR
nsclc} AND {cancer OR carcinom? OR tumour OR neo-
plasm?}); (i) (stadium IIIb OR stadium IV OR stadium 3b
OR stadium 4 OR stage IIIb OR stage Iv OR stage 3b OR
stage 4 OR metasta? OR advanced); (iii) (cetuximab OR
gefitinib OR bevacizumab OR erlotinib OR crizotinib
OR afatinib); (iv) (Cost OR Cost? OR efficien?). The “?”
was used as a wild card to represent any number of char-
acters. In addition, a hand search was conducted. (Note:
The search algorithm reveals that we included the EGFR-
antibody cetuximab in our search terms. This is due to the
fact that the withdrawal of Merck KGaA occurred after the
first data extraction in September 2012. Nevertheless, we
did not consider cetuximab in the final assessment).

Titles and abstracts of all identified publications were
reviewed independently by two researchers. Only ori-
ginal studies published in a full text were included. The
eligibility of the studies for the review was also assessed
independently. Disagreements were settled through dis-
cussion. Figure 1 summarizes the search process.

We collected data for each included article across a
range of elements, including e.g. authors, journal, study
question, population, intervention, setting, perspective
and, funding source (see Additional file 1).

Results in terms of incremental costs, cost-effectiveness
ratios and cost-utility ratios were converted to US dollars
at the exchange rate prevalent in the year of publication to
ensure comparability [9].

The Quality of Health Economic Studies (QHES) instru-
ment was used to evaluate the quality of the included
studies (Table 3) [10]. QHES is a validated instrument de-
signed to measure the quality of health economic analyses.
Each study was scored in 16 items for quality between O
and 100, whereby O represents lowest quality and 100
highest quality. Each item has a weighted point value that
was generated from regression analysis. No partial points
per item are intended [10]. After summing-up points for
the 16 items the studies are grouped by the following
quartiles: (1) extremely poor quality (0-24); (2) poor qual-
ity (25-49); (3) fair quality (50-74); and (4) high quality
(75-100) [11].

The QHES evaluation was conducted independently
by two researchers. Question 3 was interpreted as mean-
ing that a justification for the choice of data must be



Table 1 Targeted agents for the treatment of metastatic NSCLC

Generic drug Target
name

Approved
population

Type

EMA approved treatment regimens in NSCLC

FDA approved treatment regimens in NSCLC

Afatinib EGFR
Bevacizumab  VEGF
Cetuximab EGFR
Crizotinib ALK

Erlotinib EGRF
Gefitinib EGFR

EGFR positive
NSCLC patients

All NSCLC
patients

ALK positive
NSCLC patients

EGFR positive
NSCLC patients

EGFR positive
NSCLC patients

Tyrosine-kinase inhibitor

Recombinant humanized
monoclonal antibody

Chimeric monoclonal
IgG; antibody

Anaplastic lymphona
kinase inhibitor

Tyrosine-kinase inhibitor

Tyrosine-kinase inhibitor

Under review

In addition to platinum-based chemotherapy for
first-line treatment of adult patients with unresectable
advanced, metastatic or recurrent NSCLC other than
predominantly squamous cell histology (Aug 2007)

None; Merck KGaA withdrew its application formally in
Sep 2012

Adult patients with previously treated ALK-positive NSCLC
(Oct 2012)

Patients with locally advanced or metastatic NSCLC
after failure of at least one prior chemotherapy
regimen (Oct 2005)

Adult patients with locally advanced or metastatic
NSCLC with activating mutations of EGFR (Jun 2009)

Under review

Non-squamous NSCLC, with carboplatin and paclitaxel for first line
treatment of unresectable, locally advanced recurrent or metastatic
disease (Oct 2006)

Patients with locally advanced or metastatic NSCLC that is
ALK-positive as detected by an FDA-approved test (Aug 2011)

- Treatment of patients with locally advanced or metastatic NSCLC
after failure of at least one prior chemotherapy regimen (Nov 2004)

- Maintenance treatment of patients with locally advanced or
metastatic NSCLC whose disease has not progressed after four
cycles of platinum-based first-line chemotherapy (April 2010)

- First-line treatment of metastatic NSCLC patients whose tumors
have epidermal growth factor receptor (EGFR) exon 19 deletions
or exon 21 (L858R) substitution mutations (May 2013)

Monotherapy for the continued treatment of patients with locally
advanced or metastatic NSCLC after failure of both platinum-based
and docetaxel chemotherapies who are benefiting or have benefited
(May 2003). The approval was limited to cancer patients who, in the
opinion of their treating physician, are currently benefiting, or have
previously benefited, from gefitinib treatment (Jun 2005)

(Status as of May 2013).
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Table 2 Review objective and PICO elements

Review objective The objective of this article is to review
the economic evidence of treatment of

NSCLC with targeted agents.

Participants Studies of participants diagnosed with
NSCLC. Studies were not restricted
based on age of the participants or

treatment lines.

Studies about treatments with
approved targeted agents or agents
still going through the approval
process. The review is not limited to
specific comparators

Interventions/Comparison

Outcomes ICER, e.g. cost per QALY or cost per

life year gained/saved

given to fulfill this criteria. Therefore, using data from
randomized controlled trials (RCT’s) without any justifi-
cation of choice, e.g. by a systematic literature review,
was categorized as not sufficient. The price years for the
measurement of costs were not stated occasionally and
in case associated with item 9.

Results

The database search identified 407 records, 153 of them
were duplicates. After titles and/or abstract screening of
the remaining 254 records, 178 publications were ex-
cluded because they did not cover any relevant eco-
nomic content. 76 full text articles were assessed for
eligibility. Inclusion criteria were fulfilled by 16 articles
(Figure 1). Three additional records were identified by a
subsequent database search in April 2013.
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All in all, 19 studies were included in the assessment.
All publications vary regarding a plurality of elements,
particularly country setting, treatment combinations and
treatment line. Table 4 provides a detailed summary of
the results of the identified CEA und CUA.

Erlotinib vs. BSC or chemotherapy

Eleven studies analyzed the cost-effectiveness of the
treatment with erlotinib compared to BSC or chemo-
therapy [12-22]: One study focused on first-line treat-
ment [16], three on first-line maintenance treatment
[13-15] and seven studies on subsequent treatment lines
[12,17-22]. Wang et al. [16] analyzed the cost-effectiveness
of first-line erlotinib monotherapy compared to carboplatin-
gemcitabine combination therapy in patients with advanced
EGFR mutation-positive NSCLC. They conclude that erloti-
nib is cost-effective from the perspective of the Chinese
health care system. However, their ICER calculation is
based on differences in progression free survival (PES).
Vergnenegre et al. [13] estimated the cost-effectiveness of
first-line maintenance treatment with erlotinib vs. BSC in
a German, France and Italian setting. The authors con-
clude that erlotinib is cost-effective in first-line mainten-
ance therapy at a time horizon of five years. Restricting
patients to those with EGFR wild type, Walleser et al. [14]
also assessed the cost-effectiveness of first-line mainten-
ance treatment with erlotinib over a lifetime horizon. They
deduce cost-effectiveness of erlotinib for the country set-
tings of UK, Germany, France and Italy. Klein et al. [15]
focused on the cost-effectiveness of first-line maintenance
therapy with pemetrexed from a US payer perspective;
however, the authors have also considered erlotinib in

Records identified through database
searching
(n=407)

Duplicate records removed

h 4

4

(n=153)

Title/abstract screening
(n=254)

A 4

Records excluded
- no economic content

(n=178)

Full-text articles
assessed for eligibility
(n=76)

A4
Studies included
(+ update)
(n=16+3=19)

Full-text articles excluded (n=60)
| Solely cost analysis (n=14)
Abstract/Poster/Comment (n=35)
No original economic analysis  (n=9)
No English/German language (n=2)

Figure 1 Flow diagram of articles identified and evaluated based on inclusion criteria.
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Table 3 The QHES instrument
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Questions Points Yes No

1. Was the study objective presented in a clear, specific, and measurable manner? 7

2. Were the perspective of the analysis (societal, third-party payer, etc.) and reasons for its selection stated? 4

3. Were variable estimates used in the analysis from the best available source (i.e, randomized control trial - best, expert 8
opinion - worst)?

4 If estimates came from a subgroup analysis, were the groups prespecified at the beginning of the study? 1
Was uncertainty handled by (1) statistical analysis to address random events, (2) sensitivity analysis to cover a range 9
of assumptions?

6. Was incremental analysis performed between alternatives for resources and costs? 6
Was the methodology for data abstraction (including the value of health states and other benefits) stated? 5

8. Did the analytic horizon allow time for all relevant and important outcomes? Were benefits and costs that went 7

beyond 1 year discounted (3% to 5%) and justification given for the discount rate?

9. Was the measurement of costs appropriate and the methodology for the estimation of quantities and unit costs 8

clearly described?

10.  Were the primary outcome measure(s) for the economic evaluation clearly stated and did they include the major 6

short-term, long-term, and negative outcomes?

11.  Were the health outcomes measures/scales valid and reliable? If previously tested valid and reliable measures were 7

not available, was justification given for the measures/scales used?

12.  Were the economic model (including structure), study methods and analysis, and the components of the numerator 8

and denominator displayed in a clear, transparent manner?

13.  Were the choice of economic model, main assumptions, and limitations of the study stated and justified?
14.  Did the author(s) explicitly discuss direction and magnitude of potential biases?
15.  Were the conclusions/recommendations of the study justified and based on the study results?

16.  Was there a statement disclosing the source of funding for the study?

Total Points

w 0o o N

100

their calculations. They showed that the treatment with
erlotinib causes lower costs and lower efficacy when com-
pared to pemetrexed at a time horizon of three years.
These results applied to patients with nonsquamous and
patients with squamous and nonsquamous histology.
Therefore, no ICER was calculated. Furthermore, the re-
ported values indicate that erlotinib is hardly cost-effective
when compared to BSC in patients with metastatic non-
squamous NSCLC.

Aradjo et al. [17] analyzed erlotinib in subsequent
treatment lines versus docetaxel, pemetrexed, and BSC
for the Portuguese health care system. They conclude
that erlotinib is dominant with lower cost and higher ef-
ficacy than docetaxel as well as pemetrexed. However,
the ICER per QALY compared to BSC was $ 236,924.
Carlson et al. [12] drew a similar conclusion concerning
erlotinib vs. docetaxel or pemetrexed for a US setting.
Erlotinib seems to be dominant, since more QALYs were
gained at lower costs. The cost-effectiveness of erlotinib
vs. docetaxel was also analyzed for the setting of the Na-
tional Health Service (NHS). Lewis et al. [18] concluded
that erlotinib is dominant and cost-effective. In contrast,
Thongprasert et al. [19] and Cromwell et al. [20] did not
reveal cost-effectiveness for erlotinib vs. docetaxel for
the Thai and Canadian setting, respectively. Two years

costs were higher with only slightly better efficacy for er-
lotinib in the second-line treatment of advanced NSCLC
patients from a Thai payer perspective [19]. However,
Cromwell et al. [20] did not discover statistical difference
in terms of costs and overall survival (OS) for the second-
line treatment with erlotinib. The cost-effectiveness of er-
lotinib vs. BSC was assessed somewhat opposing in the
studies by Cromwell et al. [21] and Bradbury et al. [22] for
the Canadian setting. Cromwell et al. [21] revealed a po-
tential cost-effectiveness of erlotinib for the third-line
treatment compared to BSC. By contrast, Bradbury et al.
[22] reported no cost-effectiveness of erlotinib for second
and third-line treatment due to a substantial lower benefit
in terms of OS. However, they calculated an increasing ef-
fectiveness of erlotinib when the analysis was restricted to
a second-line treatment setting.

Gefitinib vs. chemotherapy

Only two studies were identified that evaluated the cost-
effectiveness of gefitinib [19,23]. Zhu et al. [23] consid-
ered EGFR mutation status in their cost-effectiveness
model for first-line gefitinib maintenance therapy. Only
patients with EGFR mutation-positive NSCLC received
gefitinib. They concluded that gene-guided gefitinib
maintenance treatment is indicated as a cost-effective



Table 4 Summary of the included publications EY
©
Author Country/perspective  Treatment Treatment Incremental LYG QALY’s ICER ICER NS
(Publication year) (Pharma sponsored?) line costs gained gained (per LYG) (per QALY) é
In US-$ In US-$ In US-$ 2
Erlotinib vs. BSC/chemotherapy g
[0
Wang et al. (2013) [16] China/health care First Erlotinib vs. carboplatin-gemcitabine $ 48,119%** 0.84 0.58 $ 30,455 $ 85,927 %
system (no) chemotherapy =1
Vergnenegre et al. (2012 France/payer (yes) First Erlotinib plus BSC vs. BSC 140 € ($ 15476%) 0.28 39,783 € ($ 55,266%) i—’
H o
Germany/payer (yes) ~ antenance €(5182559 028 46,931 € ($ 65,196%) 3
[taly/payer (yes) 7,808 € ($ 10,847%) 0.28 27,885 € ($ 38,738%) §
Walleser et al. (2012) [14 UK/payer (no) First Erlotinib vs. BSC 7,898 € ($ 10,460%) 039 20,711 € ($ 27,430%) Iﬁ
maintenance ey
Germany/payer (no) 9,580 € ($ 12,688%) 25,124 € ($ 33,275%) S
S
France/payer (no) 8,873 € ($ 11,752%) 23,271 € ($ 30,821%) E
N
Spain/payer (no) 8488 € ($ 11,242%) 22,261 € ($ 29,483%)
ltaly/payer (no) 8,149 € ($ 10,793%) 21,368 € ($ 28,300%)
Klein et al. (2010) [15] USA/payer (yes) First Erlotinib vs. pemetrexed $ -24474 -0.1629 no statement
maintenance -
Erlotinib vs. BSC $ 7470 0.0982 $ 76,069**
Araujo et al. (2008) [17 Portugal/health care Subsequent Erlotinib vs. BSC 10,366 € ($ 15,184) 0.15 0.064 70,424 € ($ 103,159) 161,742 €
system (yes) ($ 236,924)
Erlotinib vs. docetaxel —2,784 € ($ —4,078) 0 0.025 Dominant Dominant
Erlotinib vs. pemetrexed —6,284 € ($ —9,205) 0 0.009 Dominant Dominant
Carlson et al. (2008) [12] USA/payer (yes) Subsequent Erlotinib vs. docetaxel $-2127 0.01 Dominant
Erlotinib vs. pemetrexed $ —6,782 0.01 Dominant
Lewis et al. (2010) [18] UK/NHS (yes) Subsequent Erlotinib vs. docetaxel £ —-226 ($ —352) 0.032 Dominant
(second)
Thongprasert et al. Thailand/payer (yes) Subsequent  Erlotinib vs. docetaxel $ 1,746 0.0140 $ 124,703
(2012) [19]
Cromwell et al. (2011) [20 Canada/health Subsequent  Erlotinib vs. docetaxel 2,891 CAD ($ 2,529) 0.003 Not calculated, no
care system (no) statistical differences
Cromwell et al. (2012) [21] Canada/health Subsequent Erlotinib vs. BSC 11,102 CAD ($ 9,712) 0.25 36,838 CAD ($ 32,226)
care system (no)
Bradbury et al. (2010) [22] Canada/health Subsequent Erlotinib vs. BSC 12,303 CAD ($ 11,454) 013 94,638 CAD ($ 88,109)
care system (no)
Gefitinib vs. chemotherapy
Zhu et al. (2013) [23] China/health First Gefitinib (WT patients only) vs. $ 26,150 0.74 046 $ 35337 $ 57,066
care system (no) routine care
Thongprasert et al. (2012) [19]  Thailand/payer (yes) Subsequent Gefitinib vs. docetaxel $ -247 / 0.0140 / Dominant
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Erlotinib (various combinations)

Chouaid et al. (2012) [24] France/payer (yes) First Erlotinib followed by docetaxel and 3,954 € ($ 5,497) / —0.01 / 395,400 €
gemcitabine (DG) vs. DG followed by ($ 549,700)
erlotinib (fit elderly patients)

Chouaid et al. (2013) [25] France/payer (yes) First Erlotinib followed by gemcitabine vs. 130€ ($ 181) / -0.02 / /
gemcitabine followed by erlotinib
(frail elderly patients)

Carlson et al. (2009) [26] USA/societal (no) Subsequent EGFR protein expression test $ 6,274 / 0.04 / $ 179612

(erlotinib if high expression/docetaxel
if low expression) vs. No testing
(erlotinib monotherapy)

EGFR gene copy number test $ 9,209 0.12 0.06 $ 78,367 $ 162,018
(erlotinib if high number/docetaxel if

low number) vs. No testing

(erlotinib monotherapy)

Bevacizumab (plus chemotherapy)
vs. chemotherapy

Giuliani et al. (2010) [27] [taly/payer (yes) First Bevacizumab plus cisplatin and 4,007 € ($ 5,566) 0.12 34,919 € ($ 48,509)
gemcitabine vs. pemetrexed
plus cisplatin

Ahn et al. (2011) [28] Korea/payer (yes) First Bevacizumab plus cisplatin and $ 33322 1.10 $ 30318

gemcitabine vs. cisplatin
plus pemetrexed

Taiwan/payer (yes) First Bevacizumab plus cisplatin and $ 64,541 1.19 $ 54317
gemcitabine vs. cisplatin
plus pemetrexed

Goulart et al. (2011) [29] USA/payer (no) First Bevacizumab plus $ 71,620 0.23 0.13 $ 308,982 $ 559,610
carboplatin-paclitaxel vs.
carboplatin-paclitaxel

Klein et al. (2009) [30] USA/payer (yes) First Carboplatin/paclitaxel/ $ 24,528 0.0727 0.0244 $ 337,179 $ 1,006,065
bevacizumab vs.
cisplatin/pemetrexed

Klein et al. (2010) [15] USA/payer (yes) First Bevacizumab vs. pemetrexed $ 9,187 —0.0480 Dominated

Abbreviations: BSC best supportive care, CAD Canadian dollar, ICER incremental cost-effectiveness ratio, LYG life-year gained, QALY quality-adjusted life year, UK United Kingdom, vs. versus, WT wild type.
*Price year assumed **Not calculated by the authors ***Stated by the authors. The components of nominator and denominator, however, indicate that erlotinib is dominant.
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option compared to routine follow-up in China. From a
Thai payer perspective, Thongprasert et al. [19] revealed
that gefitinib is dominant compared to docetaxel in the
second-line treatment without taking pharmacogenomic
profiling into consideration.

Erlotinib (various combinations)

Three other studies addressed the cost-effectiveness of
treatments including erlotinib [24-26]. The objective of a
study by Chouaid et al. [24] was to assess the cost-
effectiveness of erlotinib followed by chemotherapy after
disease progression, compared to the reverse strategy
from the perspective of the French health care system.
Chemotherapy included docetaxel and gemcitabine.
They focused on a highly specific population of fit eld-
erly; no significant differences in patient outcomes were
identified. However, first-line treatment with chemother-
apy was slightly more expensive. Chouaid et al. [25] rep-
licated this study design for frail elderly patients and,
once again, could not detect meaningful differences in
terms of cost-effectiveness. Carlson et al. [26] evaluated
the cost-utility of implementing epidermal growth factor
receptor (EGFR) testing before initiating second-line
therapy with erlotinib. Two testing strategies were com-
pared. The EGFR protein expression test and the EGFR
gene copy number test. Within the testing strategies, er-
lotinib was given to patients with high expression or a
high copy number and docetaxel to those with low ex-
pression or a low number, respectively. Erlotinib mono-
therapy, without testing, was used as the comparator.
The analysis showed that EGER testing has the potential
to improve quality-adjusted life expectancy in NSCLC.
However, the improvement could only be achieved at
high costs and the results had a high uncertainty.

Bevacizumab (plus chemotherapy) vs. chemotherapy

Five studies evaluated the cost-effectiveness of bevacizu-
mab in the first-line treatment of advanced non-squamous
NSCLC [15,27-30]. Four of these studies compared beva-
cizumab plus chemotherapies to chemotherapies alone
[27-30]. Giuliani et al. [27] analyzed bevacizumab in com-
bination with cisplatin and gemcitabine vs. pemetrexed
in combination with cisplatin. They conclude that the
bevacizumab-based therapy can be considered as cost-
effective in Italy. Comparing the same treatment regimens
for the Korean and Taiwanese setting, Ahn et al. [28] re-
vealed similar results. Both, Ahn et al. [28] as well as
Giuliani et al. [27], used an indirect comparison to obtain
efficacy data since no head-to-head trials existed. How-
ever, the results of both studies were completely different
in terms of LYG. Goulart et al. [29] assessed the cost-
effectiveness of bevacizumab plus chemotherapy compared
to chemotherapy alone for the US setting. Chemothera-
peutic agents were carboplatin and paclitaxel. They
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concluded that bevacizumab is not cost-effective when
added to chemotherapy; neither when considering
LYG nor when taking QALY’s into account. The cost-
effectiveness of bevacizumab added to carboplatin and
paclitaxel in comparison to pemetrexed plus cisplatin
was further analyzed by Klein et al. [30]. Marginal benefits
in terms of LYG and QALY’s can only be achieved at very
high costs. Hence, bevacizumab based treatment is sup-
posed to be not cost-effective. Beyond, Klein et al. [15]
concluded that bevacizumab monotherapy is dominated
by pemetrexed in the first-line maintenance treatment due
to lower efficacy and higher costs.

Quality assessment (QHES)

The results of the quality assessment using the QHES
instrument are presented in Table 5. The table shows
how often each criterion was met by the 19 studies. The
quality of the included studies is at a fair level (Mean
QHES Score: 66.5 SD: 17.2). More than 40% of the stud-
ies are classified as high quality and almost half of the
studies are of fair quality. Only two studies are classified
as poor quality [24,25].

The study objectives as well as the perspective of
the analysis are clearly presented by all studies (Question
1 & 2). Only three studies [20-22] justify the data selection
e.g. through a systematic literature review. The remaining
studies may not have used data from the best available
source (Question 3). As mentioned before, using data
from RCT without any justification was not considered
appropriate. Klein et al. [15] used data from a subgroup
analysis, which, however, the authors do not describe
properly (Question 4). Uncertainty is not handled suffi-
ciently by more than half of the studies (Question 5)
[13,15,18-21,24,25,27,30]. Conducting probabilistic sensi-
tivity analysis usually fulfilled this criterion. All studies
perform an incremental analysis, since this was an inclu-
sion criterion for this review. However, Klein et al. [15,30]
do not undertake a full incremental analysis between
all available comparators (Question 6). Detailed infor-
mation on the methods used to derive data or parts of
the data is not reported in eight studies (Questions 7)
[13,15,19,23-25,27,30]. All studies handle time horizons
and discounting correctly, except for Klein et al. [30]
who do not discount in the base case as well as Chouaid
et al. [24,25] who do not discount nor clarify the time
horizon of their model (Question 8). The costs were not
measured appropriately in two thirds of the publications
(Question 9) concerning the statement of the price year
[13,14,28,30], inclusion of all relevant costs [13,24,27], de-
scription of the estimation of quantities [15,26,30], and de-
tails on expert panels [17-19]. In seven studies it remains
unclear if all long term costs were included (Question 10),
due to no consideration of subsequent treatment costs
[13,16,22,29], overall insufficient reporting [24,25], and
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Table 5 Results of the QHES assessment

Study 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 Score
Wang et al. (2013) [16] \V N x A v o \J \J VX X N \J X X J 65
Vergnenegre et al. (2012) [13] N N X N X N X N X X N, N X X N N, 51
Walleser et al. (2012) [14] v N X N N N N X N X N X X N X 61
Klein et al. (2010) [15] vV v X X X X X vooox W V v v X v V 57
Aratjo et al. (2008) [17] N N X N N, N N X N N X N, X X N, 62
Carlson et al. (2008) [12] A L L A L A A v VoYY ®
Lewis et al. 2010) [18] Vv v x A x W V v ooox W V X V X V V 61
Thongprasert et al. (2012) [19] N N X N X N X N X N N, N N, X N X 61
Cromwell et al. (2011) [20]* N N N X N N N N N na. na N N 76
Cromwell et al. (2012) [21]1* N N N X N N N N N na. na N N 76
Bradbury et al. (2010) [22]* \V N N N \J \V Vo x \J na. na \J \J 79
Zhu et al. (2013) [23] vooyoox NV x v oY X VoY V80
Chouaid et al. 2012) [24] v x v x4 x X X X V X vV X v V 43
Chouaid et al. (2013) [25] S A S X voox vooox X X Vv A
Carlson et al. (2009) [26] \V N x v V V X X J N J N V \V 78
Giuliani et al. (2010) [27] v oo x4 x o  x N x A Vv X v ooV 64
Ahn et al. (2011) [28] voodoox o NNy xS Vv X v ooy 78
Goulart et al. 2011) [29] \V N x o v V V Vo x \J N V N J J 86
Klein et al. (2009) [30] v vV x X X X X x V V v v v V 57
Statement frequency 19 19 3 18 9 17 " 16 8 12 17 12 12 8 17 17

*No model is used in the study. Question 12 & 13 are therefore not applicable.

incomplete cost consideration of the societal perspective
[26]. The results by Walleser et al. [14] might be sensitive
to the usage of a QoL measurement, whereas Wang et al.
[16] have given no justification for using an unusual health
outcome measure (Question 11). While three studies
[16,20-22] use no economic model, the model is displayed
in an intransparent manner by three studies [18,24,25]
and the analysis reported selectively by one study [17]
(Question 12). No justification for the choice of the model
was given by four studies [13,14,23,25] (Question 13). The
direction and magnitude of potential bias is not discussed
by eleven studies [13-19,24,25,27,28] (Question 14). With
one exception, the conclusions stated by the authors are
based on the respective study results and appear to be rea-
sonable. Only Arayjo et al. [17] and Wang et al. [16] seem
to have selectively reported the results of their models
(Question 15). Finally, Walleser et al. [14] as well as
Thongprasert et al. [19] do not disclosure the source of
funding for the study (Question 16).

Discussion

This is a comprehensive review that analyses the cost-
effectiveness of targeting agents in the treatment of
patients with metastatic NSCLC. There exist other sys-
tematic reviews, which deal with the efficient treatment
regimens for patients with metastatic NSCLC. However,
they focus on later lines of treatment, do not include a

quality assessment, or lack of current evidence [31,32].
However, cost-effectiveness analyses aim at supporting
the decision-making process regarding pricing and reim-
bursement of new technologies in health care systems.

Seven main results were derived:

(1) The majority of studies indicate a cost-effectiveness
of erlotinib compared to BSC in the first-line mainten-
ance treatment of NSCLC. However, the results for sub-
sequent treatment lines are ambiguous and do not allow
firm conclusions to be drawn. (2) Three studies show a
dominance of erlotinib when compared to docetaxel in
subsequent-line settings. Thongprasert et al. [19], how-
ever, report no cost-effectiveness for patients with meta-
static NSCLC. (3) The insights regarding bevacizumab
in the first-line treatment of advanced non-squamous
NSCLC are miscellaneous. Some studies indicate a po-
tential cost-effectiveness [27,28], whereas others report a
very high ICER [15,29,30]. (4) The evidence indicates a
possible cost-effectiveness of gefitinib, regardless of pa-
tients EGFR mutation status [19,23]. Nevertheless, these
results are based on only two studies. (5) Pharmacoge-
nomic profiling is only considered by two studies [23,26].
One study indicates that testing might not be cost-
effective prior to the treatment with erlotinib [26] whereas
another study shows that gene-guided gefitinib mainten-
ance treatment is potentially cost-effective [23]. Hence, no
final conclusion can be drawn. (6) No evidence was found
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for crizotinib and afatinib. There is a need for health eco-
nomic analysis of the treatment with crizotinib and afatinib
(7) The review discloses that the available evidence is of only
fair quality; particularly when compared to other economic
studies in the field of cancer [33]. However, only the results
by Arajo et al. [17] appear to have been reported selectively
to favor a medication.

Besides these main findings, the review shows a need
for further research. Future studies should clarify the
cost-effectiveness of erlotinib in subsequent treatment
lines based on efficacy data from meta-analysis or med-
ical reviews. Moreover, only one study exists that ana-
lyses the cost-effectiveness of the recently approved
first-line treatment with erlotinib. The reliability of the
results by Wang et al. [16], in addition, is limited. In
terms of data validity, further cost-effectiveness analyses
are also necessary for the treatment with bevacizumab.
Additionally, only poor evidence exists for the treatment
with gefitinib. Due to the EMA approval, further re-
search should focus on the cost-effectiveness in all lines
for the treatment of NSCLC with activating mutations of
EGFR-tyrosine kinase [34]. Thereby, it is important to
meet the international health economics standards when
evaluations are conducted. Hence, the validity of the re-
sults is more reliable. Our quality assessment revealed
that there are some criterions that are often not met.
Particularly the plausible selection of data, the handling
of uncertainty, the measurement of costs as well as the
discussion of the direction and magnitude of potential
biases were partly insufficient. Future research should
take the standards more into account.

In addition, due to the rising importance of pharmaco-
genomic profiling in the pharmaceutical treatment of
metastatic NSCLC, EGFR and ALK testing should also
be considered in future models for the treatment with
erlotinib and crizotinib, respectively. In general, the eco-
nomic consequences are not to be foreseen. On the one
hand, pharmacogenomic testing generates additional
diagnostic costs for health care systems; on the other
hand, it may reduce treatment costs due to a better re-
sponse to these targeted agents. However, there is a lack
of standard modeling techniques used in health eco-
nomic evaluations for biomarker and diagnostic tests, as
a recent review by Frank et al. [35] has shown in the
case of metastatic colorectal cancer. Hence, further re-
search should focus on clinical and economic evidence
supporting pharmacogenomic profiling prior to the ad-
ministration of targeted therapies in NSCLC.

There are limitations that need to be acknowledged
regarding the present review. Systematic reviews are dif-
ferent from traditional narrative reviews or expert com-
mentaries. They are transparent, rigorous and replicable
[36]. However, other criteria that can influence policy
making, including public opinion and expert advice,
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need to be considered. Systematic reviews do not equate
meta-analysis but intend to reveal the best available evi-
dence. Therefore, the literature search in the present re-
view was conducted in many different databases and was
updated shortly before the completion of this manu-
script. In addition, it must be considered that there
could be a publication bias which influences the available
evidence. This problem may be particularly important
here, since most studies are sponsored by stakeholders.
Due to the ongoing research and development in the field
of cancer the approval states are subject to frequent
changes. Therefore the results of some studies included
here are not valid for the present drug’s approval states.

Furthermore, the results of the quality assessment in
this review should be considered with caution due to the
subjective character. Two researches performed the as-
sessment independently to minimize the subjectivity of
the assessment. Afterwards the results were compared
and discussed if differences in the assessment occurred.
Additionally, the quality of the studies was assessed
using the CHEC Instrument [37]. Both instruments are
not directly comparable since the CHEC instrument
does not involve the allocation of points. The trend of
the assessment, however, was compared. No meaningful
differences were apparent. However, there are quality as-
pects which have recently gained importance, e.g. if in-
direct comparison methods are used, and which the
above mentioned instruments do not consider.

Conclusion

All in all, this review underlines the high economic im-
pact of targeted therapies in the treatment of NSCLC. A
general conclusion regarding the cost-effectiveness of
targeted therapies, however, cannot and should not be
drawn, since the results depend on the concrete medica-
tion, the treatment line, the setting and the potential ap-
plication of tests.
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