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Zusammenfassung

Die multikriterielle Entscheidungsfindung (Multi Criteria Decision Making, kurz MCDM) kann
zur transparenten Erérterung eines Entscheidungsproblems beitragen und wird in den
Bereichen Umwelt und Energie bereits angewendet. In Deutschland wird die MCDM derzeit
im Rahmen der friihen Nutzenbewertung durch den Gemeinsamen Bundesausschuss (GBA)
diskutiert, jedoch bisher nicht in den Entscheidungsfindungsprozess integriert. Aufgrund der
Zunahme von chronischen Erkrankungen in der Bevélkerung in den vergangenen Jahren
ricken fir die Bewertung von Medikamenten oder Therapien neben Mortalitat und klinischen
Parametern vermehrt patientenrelevante Endpunkte, wie z.B. die gesundheitsbezogene
Lebensqualitéat (Health Related Quality of Life, kurz HRQoL), in den Fokus. Ein direkter
Vergleich dieser unterschiedlichen Endpunkte ist jedoch nicht méglich, sodass
Gewichtungsmethoden etabliert werden missen, um eine finale Bewertung der vorliegenden

Alternativen erhalten zu kdnnen.

Diese Dissertation prift in acht Modulen die Ubertragbarkeit der MCDM auf
gesundheitsbkonomische Fragestellungen. Hierbei werden zunachst Methoden der
qualitativen und quantitativen Forschung identifiziert, anhand derer relevante Eigenschaften
(Attribute oder Kriterien) der Entscheidungsprobleme ermittelt werden kénnen. Dabei ist eine
systematische Literaturrecherche in der Vorstudie von Praferenzmessungen als
unverzichtbar anzusehen. AuBerdem wird herausgestellt, dass sich Likert-Skalen
Bewertungen und auch der Analytische Hierarchieprozess (Analytic Hierarchy Prozess, kurz
AHP) zur Identifikation relevanter Attribute eignen. Des Weiteren wird das Discrete Choice
Experiment (DCE) und die Willingness to pay (WTP) Methode im gesundheitsékonomischen
Kontext angewendet und ihre Umsetzbarkeit bei der Entscheidungsfindung in diesem
Bereich demonstriert. Zuletzt werden anhand dreier Module methodische Unsicherheiten und
Herausforderungen bei der Anwendung der MCDM in der Gesundheitsbkonomie
herausgearbeitet. Die Ergebnisse weisen darauf hin, dass der AHP als Alternative zum DCE
aufgrund bisher mangelnder methodischer Standards nachranging behandelt wurde. Es
kann allerdings aus den Modulen geschlussfolgert werden, dass je nach Fragestellung und
Anwendungsfeld sowohl das DCE als auch der AHP geeignet sind, wenn methodische
Ausgestaltungen begriindet berichtet werden.

Diese Arbeit zeigt, dass die MCDM dazu beitragen kann, transparente Entscheidungen
sowohl in der Versorgungsforschung als auch bei Arzneimittelbewertungsverfahren zu
treffen. Perspektivisch sind fir den AHP standardisierte Leitlinien gefordert, wie sie fir das
DCE bereits vorliegen. Weitere MCDM Projekte sollten zukilnftig Entscheidungen im



Gesundheitswesen informieren, indem sie eine Studiendurchfihrung und —auswertung
basierend auf etablierten Standards und unter Offenlegung des Vorgehens erproben,
berichten und etablieren.

Schlagworter
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Abstract

Multi criteria decision making (MCDM), with its potential to improve the transparency of
decision processes, has become well established in environmental and energy policy. In
Germany, the Federal Joint Committee discusses MCDM in the context of early benefit
assessments, although it has not been formally included in decision processes so far. Due to
the increasing prevalence of chronic diseases over the past years, not only mortality and
clinical parameters, but also patient relevant outcomes (e.g., health-related quality of life)
have become important factors in the evaluation of pharmaceuticals. Since these outcomes
cannot be compared directly, weighting methods can be employed to support the final

evaluation of the available alternatives.

The present doctoral thesis examined the applicability of MCDM in health economics
decision making in eight modules. Specifically, we tested qualitative and quantitative
methods to identify the relevant attributes of a decision problem. Initially, we showed that a
systematic literature review is crucial in the preliminary study phase. Additionally, we pointed
out how the quantitative Likert-scale method and the analytic hierarchy process (AHP) could
be used for attribute identification. In the following step, we conducted discrete choice
experiments (DCE) and willingness to pay (WTP) analyses in health economics settings.
Both methods demonstrated their applicability in decision making in the context considered.
Then, we analyzed in three modules the methodological uncertainties of MCDM in health
economics applications. The results showed that AHP has received less attention due to the
lack of methodological standards as compared to DCE. However, once the choices regarding
potential methodological issues are explicitly reported, both methods could be used in
accordance with the research question and the field of application.

Overall, our work showed that MCDM can support transparent decision making in health
economics, especially in health care research and drug assessment. In the future,
standardized guidelines are needed for the AHP method, like the ones established for the
DCE method. Moreover, an increase in the number of evidence-based MCDM projects
carried on would enhance decision making. In this sense, transparent reporting and
publication of these studies for testing and establishing MCDM methods in health economics

become important.
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1 Motivation und Zielsetzung

Wahrend politische Entschlisse im Bereich Umwelt und Energie bereits seit vielen Jahren
durch die Methoden der multikriteriellen Entscheidungsfindung (Multi Criteria Decision
Making, kurz MCDM) unterstitzt werden [1, 2], hat nun auch die Gesundheitsékonomie das
Potential dieser Methoden entdeckt [3]. Bei der MCDM wird ein Entscheidungsproblem durch
alle seine relevanten Eigenschaften (qualitativ oder quantitativ) beschrieben und diese im
Anschluss gegeneinander abgewogen [3]. Hierbei bezeichnet MCDM sowohl den Vorgang

der Entscheidungsunterstitzung als auch zusammenfassend die Methoden [4].

Diese Dissertation untersucht die Anwendung der MCDM im gesundheitsékonomischen

Kontext und eruiert hierbei die folgenden Fragen:

1. Wie kénnen relevante Eigenschaften des Entscheidungsproblems identifiziert werden
und welche (qualitative oder quantitative) Methoden eignen sich hierftir?

2. Sind die Methoden der MCDM fiir Entscheidungen im gesundheitsékonomischen
Kontext geeignet?

3. Welche Herausforderungen oder Unsicherheiten ergeben sich bei der Anwendung in

Bezug auf die Methoden?

Zunachst wurden Methoden der MCDM im Rahmen von Beschaffungsentscheidungen im
Krankenhausbereich und zur Ressourcenallokation im Gesundheitswesen genutzt [5, 6] und
spater zunehmend bei klinischen Diagnose- oder Therapieentscheidungen und Health
Technology Assessments [7]. In Deutschland wird die MCDA derzeit im Rahmen der frihen
Nutzenbewertung durch den Gemeinsamen Bundesausschuss (GBA) erstmals in die
Diskussion eingebracht [8, 9], jedoch bisher nicht in den Entscheidungsfindungsprozess
integriert. Durch die 2011 mit dem Arzneimittelneuordnungsgesetz (AMNOG) eingeflhrte
Bestimmung des (Zusatz-)Nutzens bei Markteintritt neuer Arzneimittel liegt hier ein
klassisches Entscheidungsproblem fir eine Gewichtung unterschiedlicher Kriterien vor.

Neben Effekten wie Mortalitdt und die Messung von klinischen Parametern riicken auch die




patientenrelevanten Outcomes, wie z.B. die gesundheitsbezogene Lebensqualitédt (Health
Related Quality of Life, kurz HRQol), fir die Beurteilung des Arzneimittelnutzens in den
Fokus. Besonders bei chronischen Erkrankungen, die in den vergangenen Jahren
zunehmend das Krankheitsbild der deutschen Bevélkerung bestimmen [10], kann keine
Heilung durch die Therapie erreicht werden. Somit werden bei Therapieentscheidungen
andere Aspekte relevant, wie beispielsweise die Schmerzreduktion, die Aufrechterhaltung
von Mobilitdt und Teilhabe am sozialen Leben. Diese individuellen Patientenpraferenzen gilt
es zu erheben und idealerweise im Rahmen der Therapiemdglichkeiten umzusetzen. Die
Schwierigkeit hierbei ist, dass die Messung der einzelnen Kriterien in unterschiedlichen
Einheiten erfolgt. Die zuséatzlich gewonnene Uberlebenszeit durch ein bestimmtes
Medikament kann beispielsweise in Monaten oder Jahren gemessen werden. Dahingegen
kann die HRQoL nicht direkt gemessen werden, weshalb hier validierte Fragebdgen zum
Einsatz kommen. Bei der Messung der HRQoL gibt es mittlerweile zahlreiche etablierte
Instrumente, bei denen die Ergebnisse auf Basis reprasentativer Bevdlkerungsbefragungen
mit Referenzwerten des jeweiligen Landes unterlegt werden kénnen und somit international
vergleichbare qualitdtsadjustierte Lebensjahre (Quality Adjusted Life Years, kurz QALY)
kalkuliert werden kénnen [11, 12]. Fir weitere Endpunkte, wie zum Beispiel Schmerzen,
kdnnen die Studienergebnisse nicht direkt in ein Verhaltnis zum Uberleben gesetzt werden,
sondern bilden qualitative Kriterien. Es muss also eine Umrechnungsformel gefunden
werden, wenn qualitative und quantitative Kriterien nachvollziehbar in ein Verhaltnis gesetzt

werden sollen. Dazu kénnte zukiinftig die MCDM beitragen.

Die Gewichtung von Kriterien unterschiedlicher Messniveaus kann anhand eines Beispiels
aus dem Sport verdeutlicht werden. In der Leichtathletik ist der Zehnkampf die
Kénigsdisziplin, da hier die unterschiedlichsten Anforderungen in den Bereichen
Schnelligkeit, Kraft und Ausdauer abverlangt werden. Um einen Gesamtsieger ermitteln zu
kénnen, reicht es nicht aus, in einer einzelnen Disziplin der Sieger zu sein. Daher wurde hier
im Jahr 1984 ein Punktesystem entwickelt, um die Leistungen vergleichbar zu machen und

eine Gesamtpunktzahl fir jeden Athleten ermitteln zu kénnen [13]. Dieses System sorgt




dafiir, dass sowohl Weiten (Weitsprung, KugelstoBen, Diskuswurf, Speerwurf), Hbhen
(Hochsprung, Stabhochsprung) als auch Zeiten (100m, 110m Hirden, 400m, 1.500m)
miteinander verglichen werden kénnen. Ein &hnliches Vorgehen wird bei der MDCD
angewendet, da auch hier aus unterschiedlichen Kriterien eine ,Gesamtpunktzahl® fir die
Gesamtbewertung gefunden werden muss. Fir diese Gewichtung mehrerer Kriterien kénnen

Methoden der Praferenzmessung oder Prioritdtenschatzung genutzt werden.

Die Methodik der MCDM lasst sich in multi-objektive (Multi-Objective Decision Making, kurz
MODM) und multi-attributive Entscheidungsanalysen (Multi-Attribute Decision Making, kurz
MADM) unterteilen [14]. Bei ersteren besteht — im Gegensatz zur MADM - keine feste
Anzahl an Alternativen, die verglichen werden. Da im Gesundheitswesen in den meisten
Fallen eine bestimmte Anzahl an Alternativen verglichen bzw. evaluiert werden sollen, liegt
der Fokus dieser Arbeit auf den MADM. Parallel dazu gibt es auch in der
gesundheitsbkonomischen Praferenzmessung den Begriff der multi-attributiven Methoden
(vgl. Abbildung 1). In der neoklassischen Gesundheitsékonomie sind Praferenzen ,das
Ergebnis der relativen subjektiven Bewertung von Alternativen durch die Abwagung der
Kosten und des Nutzens in einem Entscheidungs- und Bewertungsprozesses® [15], S 160. In
der Praferenzmessung fallen unter die multi-attributiven Methoden lediglich die
kompositionellen und dekompositionellen Methoden, wéahrend bei der
entscheidungsanalytischen Betrachtung auch noch multikriteriell betrachtete ,revealed
preferences® und ,Contigent-Valuation® Methoden zusammengefasst werden kénnen. Dabei
stehen die ,revealed preferences” fur aufgedeckte Praferenzen, die sich durch den
tatsachlichen Kauf eines Produktes oder der Inanspruchnahme einer Dienstleistung
ausdricken. Die Ermittlung dieser Art von Praferenzen ist indirekt, da nur die Folge
beobachtet werden kann, jedoch nicht die Grinde flir diese Entscheidung. Dahingegen
stellen die ,stated preferences® eine direkte Form der Praferenzmessung dar, indem hier

hypothetische Produkte oder Dienstleitung direkt bewertet werden.




Abbildung 1: Methodeniibersicht

Entscheidu

Nutzenmessung in der
Gesundheitsokonomie

Stated Revealed Standard Gamble RatingScale
Preferences Preferences Time Trade Off i

Rating Scale

Multi-attributive Contingent-Valuation
Methoden Methoden

Willingness to pay

dekompositionell kompositionell (WTP)

Discrete Choice
Experimente (DCE)

Analytic Hierarchy
Process (AHP)

Willingness to pay
(WTP)

Quelle: eigene Darstellung nach [16, 17]

Bei den multi-attributiven Methoden der Praferenzmessung werden (in Einklang mit den
MADM) die Produkte oder Dienstleistungen anhand ihrer Eigenschaften (Attribute oder
Kriterien) und Auspragungen (Level) bewertet. Hierbei spielt es eine Rolle, ob die
Praferenzermittlung tber das gesamte Produkt getroffen und daraus die Teilnutzen ermittelt
werden (dekompositionell) oder ob die Teilnutzen der einzelnen Eigenschaften ermittelt
werden, die dann zum Gesamtnutzen aggregiert werden (kompositionell). Ein Beispiel fir die
dekompositionelle Nutzenbewertung ist das Discrete Choice Experiment (DCE), das die
angewendete Methode in den Modulen 4 und 5 darstellt. Ein Beispiel fir die direkte
Nutzenmessung der einzelnen Eigenschaften eines Produktes ist der Analytische
Hierarchieprozess (Analytic Hierarchy Process, kurz AHP). In der Literatur wird darauf
hingewiesen, dass im AHP ermittelte Prioritdten im engeren Sinne nicht als Praferenzen
angesehen werden durfen, da sie nicht auf der Erwartungsnutzentheorie basieren [18].
Allerdings findet in der Literatur kein konsistenter Umgang mit den Begrifflichkeiten statt.

Ebenso sollte darauf hingewiesen werden, dass samtliche in Abbildung 1 dargestellten




Begriffe nicht trennscharf abgrenzbar sind und in der Literatur uneinheitlich verwendet
werden. Im Folgenden bezieht sich diese Arbeit auf den enger gefassten Begriff aus der

Praferenzmessung.

Im Folgenden wird kurz auf den Ablauf einer multi-attributiven Studie im Allgemeinen
eingegangen, da sich die Module dieser Dissertation ebenfalls an den Prozessschritten
orientieren (siehe Abbildung 2). Zuerst wird die Problemdefinition vorgenommen und das Ziel
der Studie festgelegt. Hierbei ist es ebenfalls relevant, wer das Entscheidungsproblem
beantworten soll. Dieser Aspekt ist in Bezug auf das Forschungsziel zu sehen [19] und kann
unterschiedliche Sichtweisen berlcksichtigen und vergleichen (z.B. Experten, Patienten,

Angehdrige, Allgemeinbevélkerung).

Abbildung 2: Studienablauf Praferenzmessung

‘ Auswertung

* Deskriptive

‘ Auswertungen
i » Multivariate
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Problemdefinition itative Einzel. od Uberarbeitung » Translation, Publikation
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Ziel der Studie Gruppeninterviews / + Ein-und 9
* Entscheidungstrager, Fokusgruppen Ausschlusskriterien fur
Stakeholder « Empirische Analysen Teilnehmer
« Bisheriger (z.B. mit Likert-Skalen) + Distributoren
Forschungsstand « Uberprafung und « Durchfiithrung der
« Vorstrukturierung des Anpassung der Befragung
Entscheidungsproblems: Problemstruktur, .B d
Atternati Uberlappung der ewertung der
+ Alernativen, Attribute ausschlieRen, Performance
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Attribute), + Designfestlegung « Ermittlung der Gewichte
+ Auspragungen . (Praferenzen)
(Subkriterien, Level) « Ethikantrag

Quelle: Eigene Darstellung in Anlehnung an [4, 20, 19]

In der Vorstudie wird das Entscheidungsproblem final strukturiert, indem Attribute oder
Kriterien ndher definiert und mdgliche Level festgelegt werden (qualitativ, quantitativ,

literaturbasiert) [19]. Fr die Identifikation von Attributen gibt es bisher keinen Goldstandard,



sodass in Studien unterschiedliche Methoden eingesetzt werden. AuBerdem sollte in diesem
Studienabschnitt das experimentelle Design festgelegt werden. Im nachsten Schritt der
Hauptstudie wird daraufhin ein Fragebogen erstellt und die Befragung durchgefiihrt. Die
MCDM l&sst sich in diesem Schritt in die Messung der Performance und in die Gewichtung
der Eigenschaften einteilen. Die Performance bezieht sich auf die Bewertung der
Alternativen anhand der Kriterien, wahrend sich die Gewichtung auf die Praferenzen der
Kriterien im Vergleich zueinander bezieht [4]. Anhand eines Beispiels kdnnen die beiden
Begriffe wie folgt differenziert werden: Die Performance ist die Reduktion der empfundenen
Schmerzen fiir die Medikamente A und B; die Gewichtung erfolgt Gber die Beurteilung der
Schmerzreduktion im Vergleich zu der gewonnen Uberlebenszeit (unabhéngig vom
Medikament). Bei reinen Préaferenzstudien werden in den meisten Féllen nur die
Gewichtungen evaluiert und die Performance aus bereits vorhandenen (klinischen)
Erhebungen erganzt. Bei der Auswertung kénnen abschlieBend eine Vielzahl von Analysen
durchgefuhrt werden, die sich aus der Datenverteilung ergeben. Dabei sollten jedoch die
Ergebnisse auf Verzerrungen und ihre Reprasentativitdt  Oberprift — werden

(Sensitivitatsanalysen) [4].

Ziel dieser Dissertation ist es, unterschiedliche Methoden zur Praferenzmessung
gegenuberzustellen und begrindete Einschatzungen zur Anwendbarkeit in der
Gesundheitsékonomie zu erdrtern. Dabei werden unterschiedliche Planungsschritte
detailliert betrachtet (Kapitel 2.1: Identifikation von relevanten Entscheidungskriterien; Kapitel
2.2: Studiendurchfiihrung in unterschiedlichen Anwendungsfeldern) und Vor- und Nachteile
abgeleitet. Des Weiteren werden aktuelle methodische Herausforderungen bei der
Studiendurchfihrung des AHP betrachtet (Kapitel 2.3). In Kapitel 3 werden
Schlussfolgerungen  gezogen  werden, wie bestehende  Gesundheitsleistungen
oder -produkte ,praferenzgerecht® unter Anwendung der MCDM Methoden optimiert werden

kénnen, um knappe Ressourcen im Gesundheitswesen effizienter verteilen zu kénnen.




2 Beitrag der vorliegenden kumulativen Dissertationsarbeit

2.1 Identifikation von relevanten Entscheidungskriterien

Diese kumulative Dissertation befasst sich mit unterschiedlichen Methoden der MCDM, mit
dem Schwerpunkt auf den multiattributiven Messungen mittels DCE und AHP. Zunachst wird
in diesem Rahmen die Wahl und Durchfuhrung von Vorstudien anhand der Module 1 bis 3

betrachtet.

Samtliche Methoden der Praferenzmessung basieren im ersten Schritt auf der Identifikation
relevanter Eigenschaften, die den Forschungsgegenstand instrumentalisieren. In
Ermangelung eines Goldstandards fur die Identifikation der Attribute wurde dieser essentielle
Schritt in der Vergangenheit haufig vernachlassigt [21, 22]. Im Rahmen des Center for Health
Economics Research (CHERH) konnte die Férderung fur ein vierjahriges Projekt zu der
Ermittlung der Praferenzen von Lungen- und Darmkrebspatienten in Bezug auf ihre Therapie
erreicht werden. In diesem Projekt sollten die Patienten abwéagen, welche Nebenwirkungen

und Wirkungen der Chemotherapie sie préaferieren.

In Vorbereitung dieser Studie wurde eine systematische Literaturrecherche durchgefihrt, um
den Stand der Forschung zu den Préferenzen beziglich der Therapie von Lungenkrebs
abbilden zu kdnnen und relevante Attribute fir das anschlieBende DCE zu identifizieren
(Modul 1: ,Preferences of lung cancer patients for treatment and decision-making: a
systematic literature review"). Es konnten sowohl qualitative als auch quantitative
Studiendesigns ermittelt werden, die aus Sicht unterschiedlicher Akteure (Patienten, Arzte,
Gesunde) und Subgruppen (Frauen, é&ltere Patienten, nach Krankheitsstadien) die
Praferenzen erhoben. Aus den Studien ergaben sich kontrare Einstellungen der befragten
Akteure zur Wichtigkeit von Lebenszeitverlangerung in Abwagung zur HRQoL wéahrend der
Therapie. Des Weiteren untersuchte dieses Review, ob und wie die Patienten in die
Entscheidungsfindung beztglich ihrer Therapie einbezogen wurden. Es zeigte sich, dass die
Lungenkrebspatienten in den identifizierten Studien tendenziell eine passive Rolle bei der

Therapieentscheidung einnehmen wollten. Allerdings beruhten diese Erkenntnisse auf




lediglich vier Studien, die teilweise kleine Patientenfallzahlen einschlossen. Es stellt sich nun
die Frage, warum die Krebspatienten nicht aktiv an ihrer Therapiegestaltung teilnehmen
wollten, obwohl sich ein genereller Trend in der Gesundheitsversorgung hin zur informierten
Entscheidung oder gemeinsamen Entscheidungsfindung (Shared Decision Making, kurz

SDM) zeigt. Dieser Frage wurde unter anderem in Modul 4 nachgegangen.

Haufig werden bei quantitativen Erhebungen die sogenannten Likert- oder Fiinferskalen zur
Bewertung von Eigenschaften unterschiedlicher Konstrukte genutzt. Hierbei ist es jedoch von
groBer Bedeutung, dass keine Abwagungsentscheidung (Trade-Off Entscheidung)
stattfindet, sondern eine losgeléste Bewertung einer individuellen Eigenschaft. Derartige
Entscheidungen finden sich in Modul 2, in dem Komponenten eines pneumologischen
Rehabilitationsprogrammes von Teilnehmenden auf einer elfstufigen Skala (0 bis 10)
bewertet werden sollten. Im Vordergrund der Analysen standen hier Einflussfaktoren auf die
Bewertungen der Wichtigkeit einzelner Rehabilitationskomponenten. Da diese Daten nicht
normalverteilt vorlagen, wurde aufgrund der vorliegenden Verteilung ein Beta-
Regressionsmodell gewabhilt. AuBerdem wurden Faktorenanalysen
(Hauptkomponentenanalyse mit Varimaxrotation) durchgefihrt, um eine mdgliche
Aggregation von mehreren Rehabilitationskomponenten zu einer neuen
Rehabilitationskategorie zu prufen. In der Faktorenanalyse zeigte sich, dass aufgrund der
Ladungen vier der Rehabilitationskomponenten zu einer neuen Rehabilitationskategorie (den
Standortfaktoren) aggregiert werden konnten. Wahrend sich im Gesamtiberblick Uber alle
Eigenschaften von Rehabilitationsprogrammen nur geringe Unterschiede in der Wichtigkeit
herausstellten (zwischen 7 und 9 Punkten im Mittel), konnten hingegen unterschiedliche
Einflussfaktoren auf die Bewertungen identifiziert werden. Die Ergebnisse dieser Analysen
wurden im Folgenden genutzt, um einerseits die Uberlappung von Attributen fiir das DCE zu
verhindern und andererseits wichtige soziodemografische und krankheitsspezifische
Informationen in einen zukinftigen DCE-Fragebogen zu integrieren. Diese Arbeit sollte als
Vorstudie eines weiteren DCEs zu den Praferenzen von Rehabilitanden in Bezug auf die

Eigenschaften eines hypothetischen Rehabilitationsprogrammes dienen, welche zum




jetzigen Zeitpunkt noch nicht abgeschlossen ist. Die Relevanz dieses Moduls ergibt sich
somit durch die Nutzung alternativer Methoden (in diesem Falle Faktorenanalysen und Beta-
Regressionen bei Likert-Skalen-Bewertungen) zur Identifikation von Attributen fir DCEs und

die transparente Darstellung einer Vorstudie.

Eine weitere innovative Methode, mit der relevante Eigenschaften des
Entscheidungsproblems erértert werden kénnen, wurde In Modul 3 verwendet. Unter
Berlcksichtigung der Erkenntnisse aus den methodischen Modulen (Module 6 bis 8) wurde
der AHP in einer Vorstudie zu den Standortfaktoren von ambulanten Hauséarzten in
Niedersachsen angewendet. Diese Publikation untersuchte in einer zweiteiligen Erhebung
die Prioritaten bei méglichen Standortfaktoren mittels AHP und einer quantitativen Befragung
bei Stadt- und Landarzten. Hierbei wurde die AHP-Methodik fUr die Identifikation von
Standortfaktoren genutzt, die im zweiten Studienteil anhand einer Querschnittsbefragung
naher untersucht wurden. Die zahlreichen aus der Literatur identifizierten Standortfaktoren
wurden mittels AHP in individuellen persénlichen Interviews gewichtet. Es zeigte sich, dass
der AHP auch in individuellen Interviews sehr gut durchfihrbar war. Durch eine
anschlieBende quantitative Querschnittsbefragung konnten Unterschiede in der Wichtigkeit
von Standortfaktoren zwischen Land- und Stadtarzten belegt werden. Die Eignung der AHP-
Methodik als Vorstudie ist somit gegeben und konnte die Fragen der Hauptstudie auf
relevante Kriterien reduzieren. Somit konnte der Schwerpunkt auf die im AHP identifizierten
Kriterien gleichzeitig begriindet und belegt sowie der Aufwand fir Studienteilnehmer

reduziert werden.

2.2 Studiendurchfihrung in unterschiedlichen Anwendungsfeldern

Die Erkenntnisse zu den relevanten Eigenschaften aus den Vorstudien wurden im weiteren
Verlauf fir die Hauptbefragungen verwendet. In Modul 4 (,Therapy Preferences of Patients
with Lung and Colon Cancer: A Discrete Choice Experiment®) wurden anhand eines DCEs
die Praferenzen bezilglich der Chemotherapie von Lungen- und Darmkrebspatienten

identifiziert. AuBerdem wurden in dem Fragebogen soziodemographische und




krankheitsbezogene Charakteristika abgefragt, um subgruppenspezifische Analysen
durchfihren zu kénnen. In den multivariaten Berechnungen wurden Conditional Logit
Modelle (CLM), Generalized Linear Mixed Logit Modelle (GLMM) sowie Latent Class Mixed
Logit Modelle (LCMLM) durchgefiihrt. Letztere sollten dazu genutzt werden, datenbasiert
Klassen anhand bestimmter Charakteristika und Praferenzen herausstellen zu kénnen.
Durch die Berechnungen zu den LCMLMs wurden drei Patientenklassen ermittelt, die sich in
ihren Praferenzen beziglich der Therapie unterschieden. Die Ergebnisse wiesen darauf hin,
dass nicht die soziodemografischen Charakteristika der Patienten die Therapiepraferenzen
beeinflussten, sondern die krankheitsspezifischen Merkmale und die Information durch den
behandelnden Arzt. Die Studienresultate lieBen die Schlussfolgerung zu, dass die arztliche
Beratung die Praferenzen hin zu einem Abwéagen von Lebenszeit und HRQoL beeinflussten.
Thematisch konnte diese Publikation somit einen Wissenszuwachs fiir Arzte und die
Versorgungsforschung bieten, da bisher subgruppenspezifische Merkmale von Patienten in
Bezug auf die Praferenzen nicht vorlagen. Gleichzeitig wurde mit dieser Publikation die
Methode des DCE weiterentwickelt, weil in der Vergangenheit hauptsédchlich CLM
durchgefiihrt und somit kein Schwerpunkt auf latente Klassenunterschiede fir die

Praferenzen gelegt wurden.

Da bisher lediglich die Nutzenseite der Praferenzmessung im Vordergrund stand, wurde ein
Modul eingeschlossen, das zusatzlich die Kostenseite betrachtet. Modul 5 zeigt eine
spezifische Ausgestaltung des DCE, welches ein Attribut zur Zahlungsbereitschaft
berlcksichtigte. Diese Arbeit beschéftigte sich mit den Praferenzen von Testeigenschaften
zur Ganzgenomsequenzierung. Ein Attribut bezeichnete die Testkosten, die mit 500 Euro,
1.000 Euro oder 1.500 Euro veranschlagt wurden. Diese Testkosten basierten auf einer
Literaturrecherche und waren als realistisch einzuschatzen. Aufgrund der trade-off
Entscheidungen lieBen sich einerseits die Praferenzen flr das Attribut der Testkosten
ermitteln und andererseits Abwagungsentscheidungen zwischen den Testkosten und den

Ubrigen Attributen abschatzen. Somit konnten die Praferenzen der weiteren Attribute in




Geldeinheiten umgerechnet werden. Ziel hierbei war es, eine vergleichbare Einheit zu

wahlen, sodass sich die Studienergebnisse auch extern vergleichen bzw. messen lieBen.

2.3 Methodische Aspekte bei der Studiendurchfiihrung

Der AHP ist eine anerkannte Methode der MCDM, hat jedoch in der Gesundheits6konomie
bisher eine geringe Aufmerksamkeit erfahren. Die folgenden Module untersuchten deshalb,
in welchen Anwendungsbereichen bereits Publikationen zu dieser Methodik vorhanden sind
und welche methodischen Ausgestaltungen vorlagen. Ziel der Module 6 bis 8 war es,
Schlussfolgerungen zum Einsatz des AHP als Alternative zum DCE bei Entscheidungen im

Gesundheitswesen ziehen zu kénnen.

In Modul 6 wurde eine systematische Literaturrecherche zur Anwendung des AHP in der
Versorgungsforschung durchgefihrt. Eine systematische Analyse dieses Feldes lag lediglich
fr den Zeitraum bis 2011 durch eine Arbeit von Hummel und ljzerman vor [23], sodass eine
Aktualisierung fir die Entwicklung und den aktuellen Stand der Forschung von Interesse war.
Die Betrachtung der eingeschlossenen Publikationen im Zeitverlauf zeigte, dass — obwohl
die erste Publikation eines AHP im Gesundheitskontext bereits 1981 verdffentlicht wurde —
ein Anstieg der Verdffentlichungen erst in den vergangenen 10 Jahren erfolgte. In den
Jahren 2011 und 2012 lagen 9 Publikationen pro Jahr vor, bis hin zu 20 Verdéffentlichungen
im Jahr 2015 bis zum Oktober. Hier werden die Relevanz der Aktualisierung der
systematischen Literaturrecherche und ebenfalls die zunehmende Bedeutung des AHP
deutlich. Des Weiteren wurde eine Qualitatsbewertung der vorliegenden Artikel durchgefihrt,
die sich auf die Vollstandigkeit der Berichterstattung in den vorliegenden AHP-Artikeln
bezog. Infolgedessen kann aus Modul 6 abgeleitet werden, dass ein inkonsistenter Einsatz
der Methodik in Bezug auf Aggregation der Einzelbewertungen, Kalkulation der bendtigten
Studienteilnehmer, dem Umgang mit inkonsistentem Antwortverhalten und der Durchflihrung
von Sensitivitdtsanalysen vorlag. Die Qualitdtsbewertung der Studien ergab, dass ein
GroBteil der Studien nicht Uber alle relevanten Aspekte bei der Durchfiihrung eines AHP

berichtete. Die Studienqualitat verbesserte sich in den letzten drei Jahren nicht, was die




dringend notwendige Festlegung und Etablierung von Qualitdtsstandards und Leitlinien fir

die AHP-Durchfuhrung offenbarte.

Resultierend aus den Ergebnissen des Moduls 6 wurde ein AHP durchgefiihrt, das sich mit
der Wichtigkeit von Informationskriterien fir seltene Erkrankungen beschaftigte (Modul 7:
,Measuring patients’ priorities using the Analytic Hierarchy Process in comparison with Best-
Worst-Scaling and rating cards: methodological aspects and ranking tasks“). Bei diesem
Modul handelt es sich um einen methodischen Vergleich der etablierten BWS- und Ranking
Card-Verfahren mit dem AHP. Vorherige Untersuchungen bezogen sich auf einen Vergleich
von DCE und AHP bzw. DCE und BWS, sodass hier aufgrund der zunehmenden Bedeutung
der AHP-Methodik ein Nachholbedarf bestand. Zudem wurden Unsicherheiten im Umgang
mit der AHP-Methodik gepruft, die aus Modul 6 resultierten. Modul 7 trégt dazu bei, den
Appell nach einer einheitlichen Methodik beim AHP zu unterstiitzen. Dies bedeutet im Detail,
dass geometrische Mittelwerte genutzt werden sollten und die Teilnehmenden je nach
Forschungsfrage als eine Einheit (Aggregation of individual judgments, AlJ) oder als
eigenstandig Bewertende (Aggregation of individual priorities, AIP) angesehen werden und
sich die Aggregationsmethode daran orientieren sollte. Zuletzt wurde ein Methodenvergleich
vollzogen, bei dem die Bewertungen der Informationskriterien mittels AHP, BWS und
Ranking Cards gegenubergestellt wurden. Es konnten moderate bis starke Korrelationen
zwischen AHP und BWS festgestellt werden, sodass dadurch Hinweise auf die Validitat der

AHP-Methodik abgeleitet werden konnten.

Ein weiteres Modul untersuchte im selben Projekt wie Modul 7 die Effekte von individuellen
Entscheidungen gegenlber Gruppenentscheidungen beim AHP (Modul 8). Der AHP wurde
zunachst flr die Konsensfindung in einer Gruppe entwickelt, wurde spater jedoch auch fir
individuelle Entscheider eingesetzt, deren Einzelergebnisse im Anschluss zu einem
Gruppenergebnisse aggregiert wurden. Hierbei stellte sich die Frage, ob der Prozess der
Konsensfindung einen Unterschied in den Ergebnissen im Vergleich zu aggregierten

Einzelentscheidungen hervorruft. In  Bezug auf die Konsensfindung bei der




Gruppenentscheidung konnte herausgefunden werden, dass seltener Extremwerte gewahlt
wurden als bei Einzelentscheidungen und die Ergebnisse signifikant abwichen. AuBerdem
wurde untersucht, wie sich die Festlegung des Konsistenz-Ratios (Consistency-Ratio, kurz
CR) auf allen Ebenen der Hierarchie im Vergleich zum gleichen CR lediglich auf der zweiten
Ebene auswirkte. Die CR gibt hierbei an, wie konsistent Studienteilnehmer Uber mehrere
Fragen hinweg geantwortet haben. Durch die Festlegung des akzeptierten CR Levels
konnten die Ergebnisse beeinflusst werden, da Personen mit inkonsistentem
Antwortverhalten (CR Uber 0,2 oder 0,1) ausgeschlossen werden mussten. Die Anzahl der
auszuschlieBenden Personen variierte hierbei sehr stark, je nachdem welcher CR

herangezogen wurde. Hierdurch entstand ein hohes Verzerrungspotenzial.

3 Zusammenfassung der Ergebnisse und Ausblick auf den
weiteren Forschungsbedarf

Die Durchfihrung und Publikation von Studien im Bereich der MCDM unterliegt
methodischen Herausforderungen, die mit dieser Dissertation aufgezeigt werden konnten.
Gleichzeitig wird deutlich, dass Aspekie der Transparenz im Bereich der
Studiendurchfihrung und Ergebnisdarstellung umgesetzt werden kdnnen. Da es bisher
keinen etablierten Goldstandard bei dieser Art von Studien gibt, leistet die vorliegende
Dissertation hierflr einen wichtigen Beitrag. Im ersten Schritt ist besonders die fundierte
Auswahl einer Vorstudie von hoher Relevanz, um die ldentifikation von geeigneten Attributen

oder Kriterien gewahrleisten zu kénnen.
Somit kénnen bezogen auf die erste untersuchte Forschungsfrage

1. Wie kénnen relevante Eigenschaften des Entscheidungsproblems identifiziert

werden und welche (qualitative oder quantitative) Methoden eignen sich hierf(ir?

die folgenden Antworten abgeleitet werden: Zur transparenten Darstellung der
Attributsfindung fUr Préaferenzstudien bieten sich unterschiedliche qualitative oder

quantitative Methoden an. Aus Modul 1 (und im methodischen Kontext auch Modul 6) konnte




die Erkenntnis gewonnen werden, dass eine systematische Literaturrecherche in der
Vorstudie von Préaferenzstudien als unverzichtbar anzusehen ist, da auf diese Weise
zunachst der Stand der Forschung herausgearbeitet wird. Dabei ist vor allem die Literatur
aus der nahen Vergangenheit (finf bis zehn Jahre) von Relevanz. Mit einer tabellarischen
Aufbereitung der Ergebnisse kénnen dariiber hinaus ein Uberblick iiber die Qualitdt und

maogliche Limitationen bisheriger Studien identifiziert werden.

Als Vorstudie sind neben den in der Ubersichtsarbeit untersuchten Studiendesigns auch
Faktorenanalysen und Likert-Skalen Bewertungen geeignet; dennoch lasst sich anhand des
Moduls 2 erkennen, dass Bewertungen anhand von Likert-Skalen bei multikriteriellen
Entscheidungen nicht sinnvoll und zielfihrend sind, da sich lediglich geringe Unterschiede in
den Bewertungen ergaben. AuBerdem wurde durch Modul 3 gezeigt, dass sich zur
Attributsreduktion der AHP anbietet, da hier Abwagungsentscheidungen zwischen jeweils
zwei Kriterien vorgenommen werden und letztendlich eine Rangfolge der Kriterien aufgestellt
werden kann. Ein weiterer Vorteil des AHP ist die Durchfihrbarkeit bei einer geringen
Teilnehmerzahl, da auch individuelle Kriteriengewichtungen vorgenommen werden kénnen.
Zusammenfassend lasst sich schlussfolgern, dass vor allem die Nachvollziehbarkeit der
Attributsfindung gewéhrleistet werden muss und dies Uber hochwertige Studien mittels

qualitativen, quantitativen oder literaturbasierten Methoden mdéglich ist.
Die zweite Forschungsfrage

2. Sind die Methoden der MCDM fiir Entscheidungen im gesundheitsékonomischen

Kontext geeignet?

kann aufgrund der folgenden Erkenntnisse bejaht werden. In Modul 4 konnten die
Praferenzen von Lungen- und Darmkrebspatienten fir ihre Therapie mittels DCE ermittelt
werden. Anhand dieser Studie wurde zunachst deutlich, dass eine Aufbereitung des DCEs in
einem Fragebogen und die Erhebung der Praferenzen auf diese Weise mdglich waren. Bei
der Translation der Ergebnisse in Gesprachen mit Onkologen konnte die Validitat der

Préaferenzerhebung unterstitzt werden. Die WTP-Studie zeigte ebenfalls, dass einerseits
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subgruppenspezifische Préferenzen festgestellt und zum anderen diese Préferenzen in
Geldeinheiten umgerechnet werden konnten. Dieses Vorgehen ist bei Vvielen
gesundheitsbezogenen Fragestellungen umstritten, da eine Informationsasymmetrie
zwischen den Leistungserbringen und Patienten beziiglich der tatséachlichen Kosten vorliegt.
Somit sind Patienten im deutschen Gesundheitswesen selten mit den tatsachlichen Kosten
fOr ihre Leistungs- oder Arzneimittelinanspruchnahme vertraut und kénnen diese daher auch
ungentgend einordnen bzw. gegenltber anderen Eigenschaften abwagen. In diesem Fall
war eine WTP-Studie jedoch durchaus geeignet, da die Kosten von préadiktiven
Ganzgenomsequenzierungstests bisher privat gezahlt werden missen. Dahingegen kdnnten
bei einem derartig beschaffenen DCE auch Limitationen aufgrund von Framing-Effekten,
Protestantworten und realitatsferner Einschatzungen der tatsédchlichen Kosten durch die

Teilnehmenden auftreten, die bereits in der Literatur diskutiert wurden [24-27].

Allerdings ergaben sich aus den beiden DCE-Befragungen einige Schwierigkeiten, die im
Folgenden diskutiert werden. Zunachst empfiehlt es sich, far ein DCE-Projekt aufgrund der
bendtigten Vorstudie und Teilnehmerrekrutierung ausreichend Zeit und Ressourcen zu
berlcksichtigen. Bei der Rekrutierung von Teilnehmenden ist sowohl ein
ressourcenschonendes als auch standardisiertes Vorgehen erforderlich. Es sollte auch
besonderer Wert darauf gelegt werden, dass die Attribute — je nach Fahigkeiten der
Teilnehmer — umfassend definiert und versténdlich sind, um die Validitat der Erkenntnisse zu

gewahrleisten.

Die zuklnftige Nutzung der Ergebnisse aus Praferenzstudien im Gesundheitswesen obliegt
ebenfalls einigen Restriktionen. So wére es beispielsweise denkbar, mit den Ergebnissen
aus Praferenzstudien klinische Studien zu ergédnzen und Arzneimittelbewertungen
umfassend zu informieren. Es stellt sich jedoch die Frage, wer die Praferenzstudien
durchfihrt. Zum einen kbénnen die pharmazeutischen Unternehmen die relevanten
Endpunkte nicht umfassend in der klinischen Phase abschatzen, zum anderen stehen nach

der Dossiereinreichung nur drei Monate bis zur Bewertung des Dossiers durch das IQWiG




und den GBA zur Verfigung. Somit steht bei der frihen Nutzenbewertung im Rahmen des
AMNOGs hier die zeitliche Komponente in direkter Konkurrenz zur evidenzbasierten
Studiendurchfihrung. Die Studien zu den Modulen aus dieser Arbeit nahmen zwischen zwei
und vier Jahren in Anspruch, was nicht mit dem Zeitraum von drei Monaten im AMNOG-
Prozess in Einklang zu bringen ist. Es gibt jedoch Pilotstudien, die eine Studiendurchfiihrung
in einem kirzeren Zeitraum getestet haben und mit entsprechenden Ressourcen erfolgreich
durchgefiihrt werden konnten [28]. Allerdings diskutieren die Autoren, dass bei einer
Erkrankung mit geringerer Pravalenz oder limitiertem Zugang die Erhebung erschwert

gewesen ware.

Die Methoden der Praferenz- oder Prioritdtenabschatzung sollte jedoch zukiinftig auch in
anderen gesundheitsékonomischen Bereichen verstéarkt verfolgt werden. Die Ergebnisse aus
der Therapiepraferenzstudie (Modul 4) kdnnten beispielsweise nicht nur Entscheidungen
zwischen Arzten und Patienten unterstiitzen, sondern auch bei der Weiterentwicklung von
Arzneimitteln eine wichtige Rolle einnehmen. Einfache Bewertungen ohne trade-off
Entscheidungen sind hingegen in den meisten Féllen realitatsfern und sollten in Zukunft
abgeldst werden, wenn evidente Entscheidungen getroffen werden sollen. Die MCDA kann
somit einen wichtigen Beitrag dazu leisten, transparente Entscheidungen zu treffen und weg

von Entscheidungen durch Konsens oder Experten zu gelangen.

Diese Empfehlungen, besonders in Bezug auf den AHP, unterliegen jedoch weiteren
methodischen Restriktionen, die in den Modulen 6 bis 8 naher betrachtet wurden und die

folgende Forschungsfrage beantworten konnten:

3. Welche Herausforderungen oder Unsicherheiten ergeben sich bei der Anwendung in

Bezug auf die Methoden?

Wahrend fur das DCE bereits Leitlinien zur Studiendurchfiihrung existieren [19], sind beim
AHP noch keine entsprechenden Hilfen vorhanden. Hierzu kdénnen jedoch die
durchgefliihrten AHP-Studien einen Beitrag leisten. Mit dem Modul 6 wurde die

Forschungslicke zum aktuellen Anwendungsstand des AHP im Gesundheitswesen




geschlossen. Dadurch wurde deutlich, dass der AHP im Vergleich zum DCE noch aufgrund
mangelnder methodischer Standards keine ebenbiirtige Alternative in der MCDM darstellt.
Der in der Vergangenheit h&ufig aufgetretenen Problematik von hohen Inkonsistenzen
konnte in dem Projekt zu den Informationskriterien fir Menschen mit seltenen Erkrankungen
durch eine Rangreihung der Attribute begegnet werden. Die Befragten erhielten zu Beginn
die Aufforderung, Kéartchen mit den Kriterien der Wichtigkeit nach zu sortieren. Auf diese
weiterhin sichtbare Rangreihung konnte dann bei der AHP-Befragung zurlickgegriffen
werden. Anhand der Publikationen der Module 7 und 8 konnte die Empfehlung abgegeben
werden, dass bei Aggregation geometrische Mittelwerte genutzt werden sollten und weitere
methodische Ausgestaltungen in Bezug auf die dahinterstehende Frage vollzogen werden
sollten. Ein wichtiger Aspekt ist zudem die Vergleichbarkeit der AHP-Ergebnisse mit denen
aus dem BWS. Ebenfalls sollte berichtet werden, welche CR zugrunde gelegt wurde, da
somit die Anzahl der Teilnehmenden stark beeinflusst werden konnte und dadurch ebenfalls
Verzerrungspotential  auftreten  kdnnte.  AuBerdem  wurden  Erkenntnisse  zur
Aggregationsmethode gewonnen: Bei Entscheidungen zu rivalisierenden Gatern sollten
Gruppenentscheidungen bevorzugt werden, da hier ein offener Diskurs Uber die
gegensétzlichen Argumente gefiihrt und ein Konsens gefunden werden kann. Bei intimen
Entscheidungsproblemen oder unangenehmen Entscheidungen, bei denen individuelle
Prioritaten von Interesse sind, kénnen dementsprechend Einzelbefragungen durchgefihrt

werden.

Der Vergleich von AHP und DCE zeigte, dass beiden Methoden anwendbar sind und
verlassliche Ergebnisse liefern kdnnen. Das Anwendungsfeld fir jede Methode lasst sich
Uber die zugrundeliegende Forschungsfrage ermitteln: Wéahrend der AHP bei
Entscheidungen mit dem Ziel einer Rangfolge oder bei Konsensfindung einer Gruppe
geeignet erscheint, lasst sich das DCE vorranging in der Praferenzmessung mit Gewichtung
aller Attribute anwenden. Bei beiden Methoden muss jedoch auf die methodische

Umsetzung Wert gelegt und auf die Transparenz der Ergebnisdarstellung geachtet werden.




Auch wenn mit dieser Arbeit ein wichtiger Beitrag zur Praferenzforschung geleistet wurde,
bleiben weitere Fragen noch offen. So wird beispielsweise diskutiert, wer die Abwagung
zwischen Eigenschaften bzw. Endpunkten vornehmen sollte. Bei der Entscheidungsfindung
fir eine Therapiealternative konnte gezeigt werden, dass Patientenpraferenzen
subgruppenspezifisch vorlagen (Modul 4). Allerdings wurde in der systematischen
Literaturrecherche zur Entscheidungsfindung bei Lungenkrebspatienten (Modul 1)
herausgestellt, dass die Krebspatienten bevorzugt eine passive Rolle bei der
Entscheidungsfindung einnehmen wollten. Demgegenitber steht die derzeit zunehmende
Forderung nach Patientenbeteiligung (§ 140f Absatz 2 SGB V) [29] und Umsetzung des
SDM. Bei Betrachtung der Ergebnisse aus der Therapiepréferenzstudie kann
geschlussfolgert werden, dass der behandelnde Arzt aufgrund der zur Verfligung gestellten
Informationen die Praferenzen beeinflussen kann. Daher sollte in Zukunft vermehrt auf die
angemessene Information der Patienten geachtet werden. Nur so kénnen die Patienten die
vorhandenen Alternativen verstehen und Entscheidungen informiert treffen. Eine
Ubertragung der Forderung auf die Makro-Ebene fiir gesundheitspolitische Entscheidungen
gilt gleichermaBen: Die hinzugezogenen Kriterien und die Gewichtung der Kriterien sollten

offengelegt werden.
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Preferences of lung cancer patients for treatment and decision-making: a systematic literature review

The consideration of patient preferences in decision-making has become more important, especially for life-
threatening diseases such as lung cancer. This paper aims to identify the preferences of lung cancer patients
with regard to their treatment and involvement in the decision-making process. We conducted a systematic
literature review from 12 electronic databases and included studies published between 2000 and 2012. A
total of 20 studies were included in this review. These revealed that lung cancer patients do have
preferences that should be considered in treatment decisions; however, these preferences are not
homogenous. We found that patients often consider life extension to be more important than the health-
related quality of life or undesirable side effects. This preference seems to depend on patient age. Nausea
and vomiting are the most important side effects to be avoided; the relevance of other side effects differs
highly between subgroups. The majority of lung cancer patients, nevertheless, seem to prefer a passive
rather than an active role in decision-making, although the self-reported preferences differed partly from the
physicians’ perceptions. Overall, we identified an urgent need for larger studies that are suitable for
subgroup analyses and incorporate multi-attributive measurement techniques.

Keywords: lung cancer, patient, preference, treatment, decision-making, systematic review.
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Worldwide, lung cancer is one of the most common malig-
nancies and is the leading cause of cancer-related deaths,
with a poor 5-year survival rate of approximately 15%
(Ferlay et al. 2010). In 2008, more than 1.6 million new
lung cancer cases and 1.3 million deaths were estimated.
Since tumours are often diagnosed at advanced stages,



treatments are intended to prolong survival time and palli-
ate symptoms (Reck 2009). With regard to treatments, pre-
dominantly meaning chemotherapy, chemoradio- or
radiotherapy, there is a general trade-off between
improved survival duration (while accounting for toxicity)
and palliative care without life extension. Therefore, deci-
sions about treatment strategies involve such trade-offs
between uncertain risks and benefits (Blinman et al. 2010,
2011).

In this context, many authors have emphasised the need
to consider the patient and his or her attitudes and needs
in such treatment decisions. The consideration of patient
preferences during oncology treatment is seen as an indi-
cator of quality in modern health care (Oliver & Greenberg
2009). Since a preference-based therapy offers a high fit to
the individual needs of the patients, better compliance
might be implied — a key success factor in tumour treat-
ment.

Furthermore, in the context of reimbursement deci-
sions, both the U.S. Food and Drug Administration and
European institutions have underscored the importance of
patient-reported or patient-relevant outcomes (Food and
Drug Administration (FDA) 2009; Federal Joint Commit-
tee (G-BA) 2012, Institute for Quality and Efficiency in
Health Care (IQWiG) 2013). However, it is necessary to
first gather patient preferences in order to assess and inter-
pret these outcomes (Mtuhlbacher et al. 2009).

Accordingly, before establishing health care for lung
cancer patients, that is patient-centred and incorporates
the patients’ preferences three questions arise: (1) Do lung
cancer patients have preferences regarding their treat-
ment? (2) Which treatment attributes are most important
to them (efficacy, side effects, administration form, etc.)?
(3) Do they wish to participate in the decision-making pro-
cess regarding the choice of a treatment (shared decision-
making) and contribute their preferences here?

Hence, the aim of this systematic review is to identify
the preferences of lung cancer patients, with regard to
their treatment (which treatment attributes are impor-
tant) and their involvement in the decision-making pro-
cess in general.

METHODS

Relevant publications were identified through a struc-
tured search of 12 electronic databases, including
Cochrane Central and Cochrane Reviews, DARE,
EMBASE and EMBASE Alert, INAHTA, SOMED, MED-
LINE, NHSEED, AMED, BIOSIS, and SciSearch, which
were accessed through the German Institute of Medical
Documentation and Information. The search terms were

© 2015 John Wiley & Sons Ltd
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deliberately broad and included combinations of the
English and German words for ‘lung or pulmonary or bron-
chial’ and ‘cancer or carcinoma or neoplasm or tumour’ in
combination with ‘patient’ and ‘preference or willingness’.
Additionally, we performed manual research. These steps
are undertaken in parallel to the publication for prefer-
ences of colorectal cancer patients by Damm et al. (2014).

In order to focus on current publications, the results
were limited to studies that were published in English or
German between 2000 and September 2012. Furthermore,
the studies must have fulfilled the following inclusion
criteria:

1. Preferences must have been stated by lung cancer
patients; the opinions of others such as relatives were
not included.

2. Publications must have referred to preferences con-
cerning the actual treatment (not rehabilitation or fol-
low-up) or the decision-making process.

3. Studies that analysed the general preferences of can-
cer patients were only included if the results for lung
cancer patients were presented separately.

4. Only original research was included, i.e. qualitative
interviews or quantitative studies; review articles
were excluded.

Since the decision-making for or against different types
of treatments (chemotherapy, chemoradiotherapy or
radiotherapy) is in all cases a trade-offs between uncertain
risks and benefits we did not determine on a specific treat-
ment. First, two independent reviewers screened the title
and abstract of the resulting studies with regard to their
relevance. Second, they read the remaining full texts and
checked the articles for the inclusion criteria. Disagree-
ments between reviewers were discussed and were
resolved by consensus, reached by re-reviewing the respec-
tive papers and discussing them with a third reviewer.

RESULTS

We have illustrated the results of our literature search pro-
cess in Figure 1. Overall, we identified 8961 articles in our
initial database search. Afterwards, we excluded 2675
duplicates. The review process of screening title and
abstract resulted in 95 studies. In the next step, two inde-
pendent reviewers read the full-text articles and discussed
disagreements with a third reviewer. The systematic liter-
ature review resulted in 20 publications that concerned
the preferences of lung cancer patients, including one
study that was identified via manual research. Fourteen
studies focused on the treatment preferences of lung can-
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Publications identified

n=8961

Duplicates removed

n=2675

A
Review of titles and abstracts

n = 6286

Rublications excluded

Y

n=6192

Publications identified through
additional manual search

n=1

A 4
Review of full textpublications

n=95

75 publications excluded for the
following reasons:

Colorectal cancer n = 37
Unspecific Cancer n = 15
Support/Follow Up n=8
Non patient survey n =3
Review n =4

Methods papern = 6
Duplicate n =2

A

Publications included

Overalln = 20
Treatment preferences n = 17
Decision-making preferences n = 4

Both n=1

Figure 1. Flow chart of study selection.

cer patients, and two studies analysed the treatment pref-
erences of cancer patients in general but reported separate
results for lung cancer patients. Three publications sur-
veyed the decision-making preferences of lung cancer
patients, and one study surveyed both the decision-mak-
ing and treatment preferences. The results of the latter
study will be discussed separately in both the treatment
preference and the decision-making involvement sections.

Treatment preferences

The results of the 17 publications that referred to the treat-
ment preferences of lung cancer patients are summarised
in Table 1. The majority of the studies (n = 15) analysed
the trade-offs between uncertain risks (symptoms and
treatment-related side effects) and benefits (survival time).
Of these, three studies were conducted using qualitative
methods (semi-structured or focus group interviews) and
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therefore included small numbers (between 5 and 13) of
participants (Dorman et al. 2009; Thornton et al. 2011;
Gerber et al. 2012). The results demonstrated the high rel-
evance of survival benefits, the importance of ‘doing
something’ or ‘buying time’, and the wish to try any treat-
ment that might prolong life. The health-related quality of
life (HRQoL), symptoms and side effects were also rele-
vant to the patients to a lesser extent.

Quantitative analyses incorporated a wide range of dif-
ferent methods. Bridges et al. (2012) and Osoba et al.
(2006) conducted discrete choice experiments (DCE) to
survey the most important treatment attributes or the
negative HRQoL effects to be avoided. The study by
Bridges et al. (2012), which included 89 patients, showed
that improvements in progression-free survival and symp-
tom severity were the most important. Fatigue was con-
sidered the worst side effect. The study by Osoba et al.
(2006) included 99 non-small cell lung cancer (NSCLC)
patients and applied DCE to the domains and symptoms
of the European Organisation for Research and Treatment
of Cancer quality of life core (C30) questionnaire. In con-
trast to Bridges et al. (2012), the authors found that nau-
sea/vomiting, pain and negative effects on emotional role
functioning were the most important side effects to avoid.

Tang et al. (2008) used a one-choice-per-participant
method to survey the preferences of patients with unre-
sectable NSCLC with regard to shorter or longer palliative
radiotherapy schedules, which were described by different
attribute levels for duration, survival, distress, symptom
control and costs. Of the 92 participants, 55% chose the
longer duration schedule because of longer survival and
better local control and 45% chose the shorter duration
because of the shorter treatment duration, lower costs and
better symptom control.

Dubey et al. (2005) used Likert scales to analyse the rel-
evance of chemotherapy side effects. Of the 464 partici-
pants in this study, 75% considered side effects to be an
important factor when choosing a particular regimen.
Nausea was considered to be the worst side effect by the
majority of patients. Subgroup analyses showed that
female patients rated infections and hair loss as more
important than did men; parents rated fatigue, hair loss
and numbness as more important than did patients with-
out children.

Two studies by Hirose et al. (2005, 2009 assessed
patient preferences regarding chemotherapy and chemora-
diotherapy respectively. In these studies, 73 patients with
advanced NSCLC and 120 patients with other respiratory
diseases rated the minimal benefits that would make both
intensive and less intensive treatments acceptable.
Patients with lung cancer were significantly more likely

© 2015 John Wiley & Sons Ltd
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to accept both the intensive and less intensive treatments.
Low tolerance for toxicity correlated with high patient
age.

Another study conducted by Chu et al. (2007) used a
questionnaire to categorise the treatment preferences of
patients into three groups: (A) ‘maximum extension of sur-
vival with acceptance of high toxicity’, (B) ‘maximum
extension of survival only if coupled with a normal life
style’ and (C) ‘relief of symptoms’. A total of 1884 patients
with advanced NSCLC, as well as their physicians, partici-
pated in this study. The physicians were asked to assess
their patients’ treatment preferences. The study demon-
strated that the physicians’ perceptions differ from the
actual patient preferences. However 60%, 26% and 14%
of the patients self-assessed their treatment needs as (A),
(B) and (C), respectively, 39%, 33% and 29% of the physi-
cians assessed their patients’ treatment preferences as (A),
(B), and (C) respectively.

Gironés et al. (2012) analysed the treatment preferences
of 83 elderly (>70 years) NSCLC and small cell lung cancer
patients. In this survey, the participants were asked to
choose one of four hypothetical treatments (intensive
chemotherapy, less intensive chemotherapy, palliative
radiotherapy or no treatment). Most patients chose an
active treatment, with 38.6% choosing the intensive
chemotherapy with the highest survival benefit; 18%, the
less intensive chemotherapy with a lower survival benefit;
and 31.3%, no treatment. Elderly patients with lower per-
formance status and non-depressive patients were signifi-
cantly more likely to accept more aggressive
chemotherapy.

Meropol et al. (2008) performed a computer-based sur-
vey of 83 advanced lung cancer patients to analyse the
importance of length of life (LoL) compared to HRQoL.
Participants chose one out of the following four state-
ments: the HRQoL is all that matters, the HRQoL is more
important but the LoL matters, the LoL is more important
but the HRQoL matters and the LoL is all that matters.
Approximately 30% of the participants preferred HRQoL
to LoL, approximately 50% valued these outcomes
equally, and 20% preferred LoL to HRQoL. Older age and
male gender were positively associated with a preference
for HRQoL.

The surveys by Leighl et al. (2006) and Bernard et al.
(2011) and the treatment trade-off study by Brundage et al.
(2000) had different focuses compared to the previously
described studies. The latter evaluated a decision support
aid that was designed to reveal the patient’s outcome pref-
erences. Eighteen patients rated their 3-year and median
survival advantage thresholds to choose a more intensive
treatment [combined-modality treatment (CMT)] over less
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intensive radiotherapy. As a result, 14 of 18 and 12 of 18
patients chose CMT for a 3-year survival advantage of 5%
and a median survival advantage of 10 weeks respectively.

Bernard et al. (2011) focused on the impact of alopecia.
A total of 135 NSCLC patients were asked to rate the posi-
tive effects of a chemotherapy regimen that would reduce
the risk of alopecia from 40% to 5% via a Contingent
Valuation technique (a technique to reveal the willingness
to pay (WTP)]. The mean WTP for a 3-week cycle was
83.40 EUR =+ 10.2 (2.1% of the total income). About 27%
of the participants, mostly men (77%), were unwilling to
pay additionally for the lower risk of alopecia. Of those
patients with a WTP, female patients were willing to pay
more. The patient’s annual income correlated positively
with the WTP. The mean WTP for the question of thresh-
old for certain not to pay for product B is 173.9 EUR
(+£18.8).

Leighl et al. (2006) conducted a Contingent Valuation
study and asked 57 lung cancer patients and 54 healthy
subjects to state their WTP for oral epidermal growth fac-
tor receptor tyrosine kinase inhibitors versus docetaxel,
described by their toxicities, route of administration and
benefits. Both groups were willing to pay a median
amount of 100 Canadian Dollars (1 CAD ~ 0.737 EUR|) per
month, although the range differed (lung cancer patients:
0-5000 CAD; healthy subjects: 0-3000 CAD).

In contrast to the studies that analysed outcome and
side effect trade-offs, Jensen et al. (2008) focused their sur-
vey on the application preferences for vinorelbine. This is
a semisynthetic vinca-alkaloid cytotoxic drug that can
also be given by the oral route. At the end of a crossover
trial with 61 lung cancer patients who received both orally
and intravenously administered vinorelbine, three of four
preferred the oral application rather than the intravenous
one.

A study conducted by Lang (2010) evaluated the WTP
for a hypothetical cure in 294 lung cancer patients using
the Contingent Valuation technique. The authors noted a
WTP of 7032 New Taiwanese Dollars (NTD; 100
NTD = 2.63 EUR) per month. The positive predictors of
WTP were female gender, income and having a family; a
negative predictor was the Karnofsky Performance score,
which measures the general well-being and ability to per-
form daily life activities of cancer patients (0%: death,
100%: no complaints).

Preferences for involvement in treatment decision-
making

The results of the four studies that concern the decision-
making process are summarised in Table 2. All four used
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a=}
@ 8
EO
=l
3 3 @
= o o 3
S Z >
0 -
= £
2 2 g 2
3 o _ = &
o Xo 2 2
=] :Q"U
« D 0 i
e -SE88 5
&b gh =23 X
z S22E =
2 E223 g
+ o < = o
w
g 3 .0 g
g O L g
> = < bp @ 3
2 o =X =
o o) o N » zo
& | Z A 52
«
N~
o T —
,Uwggo\ o
9 BEESE E
O 5 39T 23R b=
HS.5 0 > 3 Q
508 0 .c g <
o8 s@ad+ &
> 5 29 0 I3} s
T DB W= @
- =] o
(,)C’Jd'gq)'\au g
+ ~ o ~
n| EgE35973 =
258528 2
(SIS Q <
2|88 A2 3 s83 s
M|~ = —
- + - -
g @ g g g
28|53 ) 5
»n o | o (e
w w 2]
133 13} 9]
3 QS Q 3]
— [=} [=] (=]
=] 5] 3] 3]
n - ~ —
5] 9 |3} 3]
= 15) ) )
o = = =
= w | & a &
N B3 o SIS °
o)
3 S| 8= B B
o g 9 g 9 =}
< Yl o «» ISRz 1}
5| =0 O o}
g9 2 s
2|59 3 2
51 ° al g b O
2le 2l0 » %)
s
1L Z
b U <
=1 Z Do .
S|~ g . 20 >
SIEEIE =g .=
. 5}
Z|E5| 28  LE &
5|8 &% & & = N
RS oo =
|/ O & Z Z
=1
v
& 5 B =273 o0
g =1 S ==} =]
: < o g - g
5 s £ B&ge =
1 .9>\4-= > C g g =
2 n 20 —_ R g 2
. g 2.8 S .28 =
b SSE 23858 &
2 SEE ESSE §
E’ ﬁgvi k—qd—ig': =
5) >\“5.> quamﬁ
g ° S E = =
pai 21 g 9 9] 0 g s O
« 2logg o = 05 9
o V’--—<<.—<E ENHUOC
£ o [5) O o =
= =~ =1 + [ B2
- CISExRE RS Y2 AH
a 2502808 £ 520
R=) E = = — = o [
E|lgoEWdgRouonAag
-
= < | = A~ ~
£
2lE o
o) >
HERE :
~ ~
S |38 < :
O 0 S 2 Sy
i fon 0N EO b
s o N =t
gle | E< g S
v— = o + ~ =
228|200 3R 5
Hl<>1A s A~

© 2015 John Wiley & Sons Ltd

shared or personal

63% a passive, 22% a

shared role

in decision-making C: no scale

BE, 2009

control: patients living

alone; no pain
Sign. more likely to prefer

concerning treatment

options
Changing preferences for

No

In t;: 15% favoured an

Quant.

Control preferences

N: 66; adv. NSCLGC;

Pardon et al.,

more participation over
time: non-religious
patients; more pain

active, 62% a passive,

C: no scale;

participating in decision-
making concerning
treatment options

BE, 2012

23% a shared role. No
change at t, and t3:

three times, over

4 months

50%. Doctor control

stays most preferred

HADS, Hospital Anxiety and Depression Scale; NSCLC, Non-small cell lung cancer.

Preferences of lung cancer patients

Table 3. Control preference scale statements

Patients’ decision role preference

(a) I prefer to make the final selection of which treatment I will
receive

(b) I prefer to make the final selection of my treatment after
seriously considering my doctor’s opinion

(c) I prefer that my doctor and I share responsibility for deciding
which treatment is best for me

(d) I prefer that my doctor makes the final decision about which
treatment will be used, but seriously considers my opinion

(e) I prefer to leave all decisions regarding my treatment to my
doctor

Source: Own representation based on Degner and Sloan (1992)

the Control Preference Scale, an instrument based on the
Degner et al. (1997) card sort method. In this method,
patients choose a decision role statement that best
describes their preferences (Table 3). The five statements
represent three categories of patients: those who wish to
take an active role (statements a and b), a shared role
(statement c) or a passive role (statements d and e).

A study performed by Brundage et al. (2000) evaluated
18 Canadian NSCLC patients (55% men, mean age: 68). In
this study, 39%, 44% and 17% of patients favoured active,
shared and passive roles respectively. Hotta et al. (2010)
evaluated 28 Japanese patients (79% men, mean age: 68)
and found that 14%, 61 % and 25% favoured active, shared
and passive roles respectively. Pardon et al. (2009) studied
128 patients (80% men, mean age: 64) with NSCLC.
Among other questions, the authors asked the participants
to choose their preferred role in both general medical deci-
sions and specific treatment decisions. With regard to gen-
eral medical decisions, 9%, 42% and 49% favoured active,
shared and passive roles respectively. Patients with a low
level of education or those who had regular contact with
physicians were more likely to prefer shared or active
roles. With regard to specific treatment decisions, 15%,
22% and 63% favoured active, shared and passive roles
respectively. Patients who lived alone or did not experi-
ence pain were more likely to prefer a shared or active role.
In a follow-up study, Pardon et al (2012) analysed
whether these preferences changed over time. Sixty-seven
of the above-mentioned 128 patients were asked three
times to choose their preferred roles in medical and treat-
ment decisions. During a 4-month period, 50% of the par-
ticipants changed their favoured roles to indicate a
preference for either more or less participation. However,
the majority of patients still preferred a passive role.

DISCUSSION

To our knowledge, this is the first study to analyse the
available evidence regarding the preferences of lung cancer
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patients for treatment and decision-making. Thus, we
complement a former MEDLINE-based review by Blinman
et al. (2010). However, the previous authors only searched
for chemotherapy-related studies. That review included
five publications, and two of those studies were also
included in our review since they were published between
2000 and 2012 (Hirose et al. 2005, 2009). Furthermore,
since treatment regimes, benefits and side effects as well
as patient self-images change over time, it is important to
update the available knowledge regarding the preferences
of lung cancer patients.

In the following section, we will summarise and discuss
the preferences of lung cancer patients regarding the trade-
off between the length and quality of life, the importance
of certain side effects and decision-making preferences.

With regard to the trade-off between the length and
quality of life, qualitative studies have shown that sur-
vival benefits, ‘buying time’, and the wish to try anything
that might prolong life seem to be more important than
the HRQoL, symptoms and side effects. These findings
were encouraged by a quantitative analysis by Tang et al.
(2008), who found that ‘longer survival’ was the main rea-
son for choosing a particular treatment regimen. Chu
et al. (2007) also showed that a majority of patients
wanted the ‘maximum extension of survival with accep-
tance of high toxicity’. Additionally, Hirose et al. (2005,
2009) found a higher willingness to accept intensive treat-
ments among lung cancer patients than among patients
with other respiratory diseases. A similar effect was
shown by Gironés et al. (2012), who only included
patients >70 years old; again, a high proportion of the
patients accepted intensive treatment because of the sur-
vival benefits. We only found one study in which more
participants preferred HRQoL to the LoL in a direct com-
parison; however, a majority of participants valued both
benefits equally (Meropol et al. 2008).

Some studies in this review conducted subgroup analy-
ses with respect to age. Hirose et al. (2005, 2009) and Mer-
opol et al. (2008) found that elderly patients were more
likely to choose less toxic treatments and to prefer HRQoL
over the LoL respectively. Gironés et al. (2012) also con-
ducted age-related subgroup analyses; however, the results
within the publication were contrary and hence no con-
clusion could be drawn.

Even if the results were not completely homogenous,
the following conclusion can be drawn: life extension
often is more important than either HRQoL or undesirable
side effects, although some other studies identified the
same importance. This preference might, however, depend
on the patients’ age. The earlier review by Blinman et al.
(2010) confirmed our findings. The authors also concluded
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that the survival benefits of a toxic treatment need only be
moderate in order to be chosen by lung cancer patients.
One question arising here concerns the health economic
evaluation of different treatment interventions. The fre-
quently used quality-adjusted life years calculation, which
multiplies the number of life years gained by the HRQoL
in an unweighted way, must be questioned.

With respect to the importance of side effects, both
Osoba et al. (2006) and Dubey et al. (2005) reported that
nausea and vomiting were the side effects that contributed
the most to the choice of chemotherapy. However, it
became apparent that subgroup analyses are crucial.
Dubey et al. (2005) and Bernard et al. (2011) showed the
high relevance of gender-specific preferences. These
authors found that alopecia was more relevant to female
patients. Another factor is the familial situation. Dubey
et al. (2005) showed that having children also influenced
the relevance of side effects, as fatigue and hair loss were
more important to parents than to patients without chil-
dren.

In summary, this review indicates that nausea and
vomiting are important side effects to be avoided. Some
of the studies suggested that the relevance of other side
effects (e.g. fatigue, hair loss and dyspnoea) could differ
between subgroups (gender, familial situation and age).
With respect to treatment-related nausea and vomiting,
these preferences might result from the patient’s percep-
tion of the severity of adverse effects. Griffin et al. and
Coates et al. found that cancer patients generally per-
ceived nausea and/or vomiting to be the most severe
(Coates et al. 1983; Griffin et al. 1996). This might be
explained by the pathophysiology and relevance of these
two side effects (Hickok et al. 2003; Shelke et al. 2004).
Hence, there might be a correlation between the sever-
ity of a side effect and the preference to avoid this speci-
fic side effect.

With regard to decision-making preferences, we identi-
fied only four studies, all of which used the Control
Preferences Scale by Degner et al. (1997). Overall, the
results of these studies indicate that the majority of
lung cancer patients would rather choose a passive role
than an active role. On the one hand, this is an interest-
ing phenomenon, since Chu et al. (2007) stated that
patients highly value survival benefits, whereas physi-
cians strongly emphasise on toxicity and associated
symptoms. Davidson et al. (2011), who reviewed the lit-
erature regarding the influence of physician and patient
factors when determining lung cancer chemotherapy,
also identified a mismatch between the physicians’ per-
ceptions and the patients’ preferences. This finding
should encourage patients to express their preferences.

© 2015 John Wiley & Sons Ltd



On the other hand, lung cancer patients have special
characteristics that need to be considered. For example,
authors who have analysed the general preferences of
cancer patients found that lung cancer patients were
more likely to prefer a passive role in decision-making
than were other cancer patients (Davidson et al. 1999;
Tariman et al. 2010). An explanation for this finding
could be that the decision-making preference depends
on the disease severity. Ende et al. (1989), who exam-
ined the preferences of patients for decision-making and
information seeking, found a negative association
between disease severity and the desire to make deci-
sions. Since lung cancer patients have a poor prognosis
with regard to survival in comparison with other cancer
patients (Ferlay et al. 2010), the severity of the disease
might result in the preference for a more passive role.
We also expected that education would have a positive
influence on the desire to participate in the decision
process. Ende et al. (1989) found an association between
education status and the desire for autonomy. However,
in our review, we found that Brundage et al. (2000)
reported the opposite association. Because of the rela-
tively small sample size of the studies as well as the
heterogeneous education status of the patients, these
findings should be considered with caution and verified
in future studies.

As we conducted the systematic literature review for
colon cancer patients (see Damm et al. 2014), too, the
results should be compared shortly. The side effects of col-
orectal cancer patients were similar to the side effects of
lung cancer patients, although the results for colorectal
cancer patients related on few not completely homoge-
nous studies. The important side effects for them were
diarrhoea, nausea, vomiting and incontinence. Colorectal
cancer patients attached great importance to avoid a per-
manent stoma. The trade-off between LoL and HRQoL
could not be defined precisely in the colorectal cancer
review. However, the before-mentioned study of Meropol
et al. (2008) compared these two aspects directly for lung
and colorectal cancer patients: They indicated that both
patients groups prefer LoL over HRQoL, but the majority
rated both equally. Relevant subgroup results could be
assumed for gender and age, which we found also for lung
cancer patients in this review. With regard to decision-
making involvement, the majority of colorectal cancer
patients preferred a passive rather than an active role.
Consequently, the two systematic literature reviews
showed a similar picture for lung and colorectal cancer
patients although disease specific problems occurred.

Overall, the majority of the quantitative studies
included in this review had only small sample sizes that

© 2015 John Wiley & Sons Ltd
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did not allow for extensive statistical analyses; only five of
the 20 studies included more than 100 patients. Addition-
ally, only three of the studies reported a prospective sam-
ple size calculation for the statistical analyses (Jensen
et al. 2008; Tang et al. 2008; Bridges et al. 2012) and the
majority of the surveys limited their analysis to simple
rating tasks (Likert scale). Furthermore, the methodology
used in the studies regarding treatment preferences (quali-
tative interviews, questionnaire techniques and experi-
ments) varied, which could lead to heterogeneous results.
This impression agrees with the findings of Blinman et al.
(2010), who also reported difficulties when comparing
study results due to the use of different methods. Cultural
differences might also influence the results, since the
included studies were conducted in Asia (n = 4), Australia
(n = 1), Europe (n = 8), or North America (n = 6) or incor-
porated patients from various nations (n = 1).

There is an urgent need for future research. Since the
majority of the identified studies included only small sam-
ple sizes and did not use extensive statistical analyses,
there is a need for larger studies that are suitable for sub-
group analyses.

Studies examining treatment preferences should
increasingly include more than just a single attribute and
avert ‘single-choice’ or Likert scale designs. Herein, multi-
attributive measurement techniques such as discrete
choice methods are recommended. This kind of study
designs measure the importance of different attributes
compared to others. Hereby, e.g. the relevance of alopecia
as one possible side effect can be measured compared to
others, showing the relative importance of this treatment
attribute. The preference for different forms of administra-
tion (oral or intravenous) can be measured as well as the
relevance of the administration form compared to other
treatment aspects. The trade-off between HRQoL and LoL
can be examined as well by these techniques.

The above identified side effects that are important to
avoid are also covered by lung cancer-specific question-
naires used to measure HRQoL in clinical studies (Damm
et al. 2013). However, they are not based on multi-attribu-
tive or trade-off preference measurement techniques like
discrete choice or gamble methods, and therefore do repre-
sent medical parameters, only. By using the mentioned
techniques it is possible to refine the instruments and
even derive reference-based single indices (Rowen et al.
2011).

Our review shows the heterogeneous picture of patients’
preferences regarding lung cancer therapy. This is due not
least to the fact that authors do not use all available
options and adequate methods to measure the preferences.
This should be considered in future research efforts.
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Obijectives: There is increasing interest in studies that examine patient preferences to measure
health-related outcomes. Understanding patients’ preferences can improve the treatment process
and is particularly relevant for oncology. In this study, we aimed to identify the subgroup-specific
treatment preferences of German patients with lung cancer (LC) or colorectal cancer (CRC).
Methods: Six discrete choice experiment (DCE) attributes were established on the basis of a
systematic literature review and qualitative interviews. The DCE analyses comprised general-
ized linear mixed-effects model and latent class mixed logit model.

Results: The study cohort comprised 310 patients (194 with LC, 108 with CRC, 8 with both types
of cancer) with a median age of 63 (SD =10.66) years. The generalized linear mixed-effects model
showed a significant (P<<0.05) degree of association for all of the tested attributes. “Strongly
increased life expectancy” was the attribute given the greatest weight by all patient groups. Using
latent class mixed logit model analysis, we identified three classes of patients. Patients who were
better informed tended to prefer a more balanced relationship between length and health-related
quality of life (HRQoL) than those who were less informed. Class 2 (LC patients with low
HRQoL who had undergone surgery) gave a very strong weighting to increased length of life. We
deduced from Class 3 patients that those with a relatively good life expectancy (CRC compared
with LC) gave a greater weight to moderate effects on HRQoL than to a longer life.
Conclusion: Overall survival was the most important attribute of therapy for patients with
LC or CRC. Differences in treatment preferences between subgroups should be considered in
regard to treatment and development of guidelines. Patients’ preferences were not affected by
sex or age, but were affected by the cancer type, HRQoL, surgery status, and the main source
of information on the disease.

Keywords: patient preferences, lung cancer, colorectal cancer, Germany, latent class model,

multi-criteria decision making

Introduction
In 2012, lung cancer (LC) and colorectal cancer (CRC) were two of the most common
cancers worldwide.! In developed countries, the 5-year survival rates of patients with
CRC improved significantly between 1995 and 2009,*> whereas those of patients with
LC showed only minor improvement.? The aim of the World Health Organization
2013-2020 Global Action Plan is to reduce the rate of cancer mortality by improving
service delivery through early diagnosis and enhanced screening programs.® The
prevalence of cancer will rise as a result of earlier detection of the disease; thus, the
therapeutic options available will gain more attention.

Patients are often confronted with different therapeutic options, which may
implicate severe adverse effects and uncertain outcomes. Typically, the patients
evaluate therapeutic options in terms of their ability to prolong survival versus their
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expected effects on health-related quality of life (HRQoL).
Consequently, it is important to know what patients prefer
and what is most important to them during decision making.
Previous studies have shown a discrepancy between the
personal preferences of patients and the subjective assess-
ments made by their physicians.*® However, we performed
a systematic literature review which showed that, in general,
patients do not wish to decide on their therapy personally
and would prefer their physician to make the decision.!®!!
Here, a conflict can occur, because the therapy that is
provided to patients should be adjusted to meet their pref-
erences regarding HRQoL and adverse effects. Previous
studies on other diseases have shown that satisfaction with
therapy can have a significant effect on disease outcomes
and further treatment decisions.'>'* On the basis of these
findings, patient preferences should be examined and
integrated during decision making regarding cancer therapy.
Furthermore, patient preferences might influence political
decisions regarding reimbursement for pharmaceuticals.
In Germany, there is growing interest in preference measure-
ment, following the introduction of the Act on the Reform
of the Market for Medical Products (Arzneimittelneuord-
nungsgesetz [AMNOG]) in 2011. Although, according to
the AMNOG, patient-reported outcomes should be taken
into account during early evaluation of the benefits of new
pharmaceuticals,'’ patient preferences do not play an impor-
tant role in Germany at present. The Federal Joint Committee
(Gemeinsamer Bundesausschuss) has criticized the lack of
quality in the scientific evaluations (dossiers) of pharma-
ceutical companies and overruled some patient-reported
outcomes.'® Hence, our findings might influence the ongoing
debate about the evidence provided by studies of patient pref-
erences and be relevant to the German health care system.
The aim of the study was to examine the therapy pref-
erences of German patients with LC and CRC. These two
types of cancer show high prevalence rates in Germany and
worldwide. However, their divergent overall survival rates
and disease-related adverse effects might lead to different
therapy preferences among patients with LC and CRC.
In addition, we wanted to identify subgroups of patients
that shared similar preferences, irrespective of the cancer
type. Members of these homogenous subgroups might share
same sex, age, or educational level. Comparison of the two
different cancer types and the resulting patient (subgroup-
specific) preferences represents the added value of our study.
Consequently, our aim is to confirm the importance of patient
preference studies and their need for implementation in
health care. These data could also help physicians to make

clinical decisions by differentiating among the preferences
of various subgroups of patients and might enable improve-
ment of therapy guidelines.

Patients and methods
Derivation of attributes and discrete

choice tasks
In a discrete choice experiment (DCE), two (or more) alter-
native scenarios are presented. Each alternative (profile) is
described by several attributes.!” The participant must choose
which of the profiles they prefer.'®

The whole study process is illustrated in Supplementary
material. First, we conducted a systematic literature review
to identify the key topics related to cancer therapy for use
in subsequent qualitative interviews.!®!! The systematic
literature reviews identified 15 relevant studies of prefer-
ences with respect to therapy for CRC and 17 relevant
studies of preferences with respect to therapy for LC.
The most important concerns for patients with CRC were
diarrhea, nausea, pain, requirement of a stoma, role func-
tioning, emotional functioning, toxicity of chemotherapy,
life expectancy/overall survival, and taking medication at
home.!*!! For patients with LC, the most important concerns
identified by the literature review were: fatigue, diarrhea,
nausea, pain, role functioning, intensity of treatment, overall
survival, and HRQoL versus length of life.!*!! Second, we
conducted guided qualitative interviews that were based
on the results of our systematic literature review. We
interviewed 18 patients with LC and 17 patients with CRC,
and then conducted content analyses (Aumann et al*® for
interviews with LC patients and [Damm et al: Supplemen-
tary material] for interviews with CRC patients). We used
the inductive and deductive categories from the content
analysis to identify the main topics: adverse effects, social
quality of life, emotional quality of life, and organization.
Further subcategories (10-23) were established for each
main topic. We sorted the identified categories on the basis
of'the frequency with which they were mentioned, separated
by patients with LC and patients with CRC (Supplementary
material). Subsequently, we chose the most frequently men-
tioned categories and determined whether they overlapped
with respect to meaning. We aimed to cover a large spec-
trum of categories, while simultaneously ensuring minimal
overlap or correlation between the attributes. To this end,
we aggregated the categories into topics that could serve
as attributes. Another restriction was the required total
number of attributes (five to nine) to prevent overstraining
of the interviewee.?
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To generate the questionnaire, we identified five attributes
from the most important categories that did not overlap in
their meanings and added the attribute of overall survival
from the literature review. We realized that the resulting
attributes were similar for patients with CRC and those with
LC. Therefore, we decided to use the same attributes for both
groups of cancer patients. The first attribute that we exam-
ined was the efficacy of therapy, measured as additional life
expectancy after diagnosis. Given that the time of survival
can vary considerably between patients with CRC and those
with LC, we decided to examine the objective values rather
than specific time periods. Adverse effects were separated

CEINN3

into three attributes of “physical capacity”, “appearance”,
and “food intake and digestion”. Given this separation, we
expected no overlaps between the attributes. The different
possible levels assigned to the attributes were derived from
the experiences of the interviewees and were divided into

CEINT3

“minor”, “medium”, and “strong” effects. In the interviews,
“physical capacity” was described as tiredness, decreased
physical ability, and overall physical exhaustion. We carried
these descriptions over into the questionnaire. The symptoms
that were associated most commonly with “appearance” were
hair loss, weight loss, and eczema. The fifth attribute identi-
fied was “waiting time in the clinic or therapy-associated
practice”. It corresponded to the time that patients had to
spend waiting during therapy, for example, waiting time
between blood tests and the start of chemotherapy. The
final attribute referred to the provision of a “guide” who was
independent and would provide information on the services
and assistance associated with treatment for LC or CRC.
During the interviews, the patients were highly critical of
the treatment process and its organization. One of the more
frustrating factors for the patients was the lack of informa-
tion, rather than the waiting time itself, and more specifi-
cally, the strain that resulted from the lack of information on
disease-associated proposals and paperwork. Some patients
also mentioned that they had to coordinate communication
between their doctors and their health insurance providers.
Therefore, for the purpose of the questionnaire, we introduced
the concept of a guide who would provide support for the
patients either personally or over the telephone. This “guide”
was defined as a free-of-charge service to reduce the effect
of any monetary concerns that the patients might have. There
were only two possible levels for this attribute: “yes” or “no”.
The final attributes and levels, including a description of the
study participants, are presented in Table 1.

We used the Statistical Analysis Software % ChoicEff
macro to construct choice sets.?! We used two versions of

Table | Descriptions of attributes used in the questionnaire

Attribute Levels

Life expectancy Life expectancy at the time ~ — Not increased

of diagnosis with regard to — Slightly increased
mean survival in patients — Strongly increased
with lung or colon cancer

(average of all cancer stages)

Physical Decrease in physical capacity — Normal
capacity that influences everyday — Moderately
life, for example, being out decreased
of breath quickly, being — Strongly decreased
tired, sitting down often, or
sleeping during the day
Appearance Changes in appearance — Unchanged
caused by the disease itself (no visible changes)
or the treatment (adverse — Slightly changed
effects). Possible changes — Significantly changed
include hair loss, eczema,
or weight loss
Food intake Problems with food intake — No problems/normal
and digestion or digestion, such as loss of  — Minor problems
appetite, nausea, emesis, — Severe problems
or diarrhea

Waiting time The time spent waiting

No waiting time
(in the clinic) in the clinic or practice — Moderate waiting

for your therapy. This time

could be, for example, Long waiting time
the waiting time between
blood tests and the start of

chemotherapy

the questionnaire because blocking certain choice sets was
found to reduce the burden on patients’ decision making.
The first choice set enabled us to test patients’ understanding
of the DCE method because it included a dominant profile.
In total, we provided 10 choice sets of DCE tasks to each
participant (for an example of choice set, see Supplementary
material).

Ethical standards

The patients provided written informed consent to
participate. Approval for this study was obtained from
the ethics committee of the Hannover Medical School
(Nr 1518-2012) and the Medical Association of Lower
Saxony, the University of Goettingen, and the University
Hospital Tuebingen.

Development of the questionnaire

We conducted a pretest to ensure that the final question-
naire could be understood easily by the patients. The pretest
showed that most patients could not answer questions about
their disease state or therapy goals (palliative, adjuvant,
maintenance). Therefore, this question was excluded from
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the questionnaire because we were not allowed to access
medical records.

The final questionnaire consisted of a section on patient
information, a form regarding informed consent, a definition
of the attributes, Likert-scale questions about the therapy
attributes (from 1, “very unimportant” to 5, “very impor-
tant”), 10 DCE sets, sociodemographic questions, and the
cancer-specific HRQoL questionnaire developed by the
European Organization for Research and Treatment of
Cancer (EORTC), termed the EORTC QLQ-C30%** (for an
overview of the variables, see Supplementary material).

Study population

Patients attending specialized ambulatory practices or the
departments of pneumology or gastroenterology at eight
hospitals in Germany were invited to participate in our study.
The cooperating institutions were (for further information,
see Supplementary material):

e Hannover Medical School, Department of Pneumology
and Department of Gastroenterology, Hepatology and
Endocrinology, Hannover;

e Johannes Wesling Medical Center, Department of
Hematology, Oncology, Hemostaseology, and Palliative
Care UKRUB, University of Bochum, Minden;

e Lung Cancer Center, Hospital Region Hannover;

e Clinic for Visceral, General, and Transplant Surgery,
Surgical Study Center, University Hospital Tuebingen;

e Ambulatory Oncological Center, Hannover;

e Group Practice for Internal Medicine and Pulmonology,
Celle;

e Interdisciplinary Short-term Oncology, Department of
Hematology and Medical Oncology, Goettingen; and

e Group Practice for Hematology and Oncology, Hannover.
The participating clinics administered the questionnaire

to patients with LC and CRC of all disease stages who were
aged =18 years and had finished at least one cycle of chemo-
therapy (including in the past). Both modes of chemotherapy
administration (tablet and infusion) were eligible for inclu-
sion in the study.

In addition, we initiated an online survey with the same
inclusion criteria. The link to the survey was distributed via
the Facebook page of the German self-help organization
ILCO, the Felix Burda Colon Cancer Website and Facebook
page, the Center for Health Economics Research Hannover
Facebook page, and the mailing lists of regional self-help
groups for patients with CRC and LC.

The recruitment period was from September 2014 to
October 2016. Neither patients nor physicians received any

incentives for participating in the study. All participants
provided informed consent. The minimum required sample
size was 196, which was calculated in accordance with the
study by de Bekker-Grob et al.**

Approval for the study was obtained from the ethics com-
mittees of the Hannover Medical School (reference number:
1518-2012), Medical Association of Lower Saxony, University
of Goettingen, and University Hospital Tuebingen.

Data analyses

Following completion of the survey, we cleansed the data set
(testing for impossible values, systematic missings, import
errors, and so on) and calculated descriptive statistics for the
variables (median, SD, percentages). The HRQoL was calcu-
lated using symptom scales, functional scales, and the global
health score from the EORTC QLQ-C30 questionnaire.?
We applied logistic regression analyses to determine factors
(independent variables) that influenced the choices made
between the profiles of each choice set (dependent variables).
The utility of each profile was calculated using Formula 1 in
Supplementary material.

We used a generalized linear mixed-effects model (GLMM)
to examine the effects of multiple answers for each individual
choice set (serial_no). We calculated the GLMM for patients
with CRC and LC separately, so that any differences between
the two patient groups could be identified based on Hauber et al*®
and McCulloch et al*” (Formula 2 in Supplementary material).

Finally, we used the latent class mixed logit model
(LCMLM) with a different number of classes to identify,
strictly on the basis of the data, possible sample subgroups
with specific characteristics (eg, sociodemographic status,
disease-specific parameters). These subgroup characteristics
were presented in the so-called class-membership effects
model. An overview of the variables tested for all models
is provided in Supplementary material. The final model

is shown in Formula 3 in Supplementary material.
The B-coefficients from the GLMM and LCMLM rep-
resent the weights of the utility for choosing the profile.

B-coefficients >0 indicated that an attribute level was
preferred, whereas coefficients <0 indicated that it was
disfavored. Alternatively, coefficients <0 suggested that an
attribute level was accepted in order to gain advantages
in other attributes. The results for the B-coefficients were
assumed to be significant at a P-value =<0.05.

The models were tested with different independent vari-
ables and, finally, lean models were targeted. Akaike and
Bayesian information criteria were used to identify the model
with the best fit for the data. All analyses were conducted
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with R statistics 3.1.2 (The R Foundation for Statistical
Computing, Vienna, Austria), using the packages “lme4”
(for GLMM) and “Iemm” (for LCMLM).

Results

Descriptive statistics

In total, 369 patients participated initially in the study,
but this number decreased to 310 participants after data
cleansing. The distribution of mean age and sex did not differ
significantly between the included and excluded groups of
participants. Table 2 shows the characteristics of the patients.
Given that only eight patients had both types of cancer, we
did not assess their preferences separately.

The cohort was younger than the average ages of patients
with LC and CRC in Germany.?*?* However, the general sex
distribution of patients with LC and CRC in Germany was
similar to that evident in our sample.

Multivariate models

Generalized linear mixed-effects model

Figure 1 shows the results of the three GLMMs (LC, CRC, full
sample). A strong increase in life expectancy was the attribute
level that was given the most weight by all three groups
(Brc.os2=2-56, Bereos: =177, By 05, =2-17; all P<0.001). For
patients with LC, the level of “normal physical capacity”
was given greater weight than a “moderate” or “strong

Table 2 Sample characteristics of included participants

decrease” in physical capacity (B, ,c, =0.79, B, ¢, =0.34,
BLC’PCZ =-1.13; P<0.001). However, both the patients with
CRC and the full sample rated “normal physical capacity”
more highly than “moderately decreased capacity”, although
this was not statistically significant. With regard to “changes
in appearance”, all patient groups gave a greater weight to a
“slightly changed appearance” than to an “unchanged appear-
ance”. “No problems” or “minor problems” with food intake
and digestion were rated slightly higher by patients with LC
than those with CRC (B, ., =0.83, P<0.001; B ;,, =0.49,
P<0.001; B, ., =0.18, P=0.05; B,y =0.14, P=0.15).
“No waiting time” (reference category) was given slightly
less weight by the full sample than by patients with CRC
Bruwro =0-25, Berewro =0-35; P<0.001). In general, the
preferences of the three groups were very similar (see also
Supplementary material).

Latent class mixed logit model

The LCMLM identified three different classes of patients
with specific class-membership effects (Table 3; for a graphi-
cal presentation, see Supplementary material). The first class

showed a strong preference for “clearly longer survival”
(Bcll’052:1.56, P<0.001). In contrast, this class disfavored
“slightly longer survival” (B, ,;,==0.2, P<<0.001). Patients
in Class | accepted a “moderately decreased physical capac-

ity” compared with a “normal physical capacity”. In addition,

Characteristic CRC LC Both Total
Sample size 108 194 8 310
Sex 49.6% men 69.80% men 40% men 62.16% men
Median age (SD) in years 59.5 (12.66) 63 (10.58) 48.5 (8.90) 63 (10.66)
Cancer type
CRC 100% 0% 0% 35.04%
LC 0% 100% 0% 63.03%
Both 0% 0% 100% 1.93%
Median disease duration (SD) in years 2 (5.92) I (2.14) 7.5 (7.20) | (4.16)
Marital status
Single 8.6% 10.0% 0% 9.3%
Married 69.6% 70.3% 80.0% 70.2%
Divorced 13.2% 13.9% 0.2% 13.8%
Widowed 8.6% 5.7% 0% 6.6%
School-leaving qualifications
None 2.3% 1.6% 40.0% 2.5%
Primary school 33.0% 48.2% 2.0% 42.4%
Secondary school 34.1% 30.0% 40.0% 31.6%
High school 30.7% 20.1% 0% 23.4%
Median global health status (SD)
Scale from 0 (worst) to 100 (best) 66.7 (22.69) 58.3 (20.44) 58.3 (20.56) 66.7 (21.56)
Median HRQoL (SD)
Scale from | (very bad) to 7 (excellent) 5(1.48) 5(1.27) 5(0.87) 5(1.35)
Abbreviations: CRC, colorectal cancer; LC, lung cancer; HRQol, health-related quality of life.
Patient Preference and Adherence 2017:11 submit your manuscript 1651

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com
https://www.cherh.de/6908.html?&L=1
https://www.cherh.de/6908.html?&L=1

Dove

Schmidt et al
3.50
w
b 2.50
2
L
s 1
5 50
o
o
< 050
[7)
2
S
‘o —0.50
3
8
c -150
9
2
Q 250
o
-3.50

=& Full sample
Lung
== Colon

\7\/\\\\

3 B B T 3 3 g2 8 38 g g g g &£ 2 g 2
g & @ E g ¢ 2 2 2 s & 9 £ 8§ S >
¢ o o 2 o 0 s & 8 518138 2 3
5} S 5} S S 5 5|6 < [} < £ ]
S| & | £ g8 c > | = s & o - =
> 2 3 > > 2| E|E 2 s £ s
2 £ Z s © > § £ ¢ S
= ® £ = o S 3 z
[ = © o n = n
H P ) = c
°T 0 2
2 7]
Life Physical Appearance Food intake Waiting Guide
expectancy capacity and digestion time

Figure | Results of mixed logit models.

Notes: Triangular shape, full sample; rectangular shape, lung cancer; diamond shape, colon cancer; random intercept: serial_no.

this class was willing to accept “moderate” and “long wait-
ing times”. Patients in Class 2 showed a preference for both
“clearly longer” and “slightly longer survival” ([3@12)032 =0.64,
Bclz’OSI =0.36; P<<0.001). However, “physical capacity”,
“appearance”, and “food intake and digestion” were also
important attributes for this class. In this model, a decrease

from “clearly longer” to “slightly longer survival” (B,:

0.64—P,,: 0.36=0.28) could be compensated for by a change
from a “strong decrease” to a “moderate decrease” in physical
capacity (B,,: —0.66—,,: 0.34=—1). Consequently, patients
in Class 2 were willing to trade prolonged survival for smaller
decreases in physical capacity. We cannot interpret the pref-
erences of Class 3 in regard to “overall survival” because the

results were not statistically significant (P>0.05). This group

Table 3 Latent class mixed logit model results — attribute preferences

Attribute Level Class | Class 2 Class 3
B, P-value B.. P-value Bes P-value

Intercept ne 0.07 0.05

Overall survival Clearly longer 1.56 0.00 0.64 0.00 0.07 0.27
Slightly longer -0.20 0.00 0.36 0.00 0.07 0.33
Not longer (ref) —-1.36 —-1.00 —0.14

Physical capacity Normal 0.08 0.02 0.32 0.00 —-0.49 0.00
Moderate decrease 0.28 0.00 0.34 0.00 0.57 0.00
Strong decrease (ref) —-0.35 —-0.66 —-0.08

Appearance Unchanged —-0.05 0.16 0.14 0.00 —-0.58 0.00
Slightly changed —0.01 0.85 0.37 0.00 0.34 0.00
Significantly changed (ref) 0.06 -0.51 0.25

Food intake and No problems 0.17 0.00 0.42 0.00 -0.14 0.03

digestion Minor problems -0.01 0.89 0.21 0.00 -0.52 0.00
Strong problems (ref) -0.17 —0.63 0.66

Waiting time None —0.18 0.00 —0.04 0.25 0.04 0.52
Moderate 0.02 0.51 0.29 0.00 -0.20 0.00
Long (ref) 0.16 -0.26 0.16

Guide Yes —-0.03 0.21 0.22 0.00 0.07 0.14
No (ref) 0.03 -0.22 0.04 —-0.07 0.31

Notes: Age (standardized), sex, cancer type, HRQolL, disease duration (centered by mean), radiation therapy, and change of appearance are used as class membership effects.
Abbreviations: cl, class; HRQoL, health-related quality of life; ne, not estimated; ref, reference.
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Table 4 Class-membership effects of latent class mixed logit models (reference: Class 3)

Fixed-effects class-membership Class | Class 2
model Coefficient Standard P-value Coefficient Standard P-value
error error
Intercept 2.609 1.380 0.059 1.875 1.368 0.171
Age (mean centered) 0.021 0.029 0.485 0.035 0.029 0.226
Sex (ref = male) —1.003 0.728 0.168 —-0.497 0.714 0.486
CRC (ref=LC) -2.214 0.786 0.005 -1.686 0.757 0.026
Both cancers (ref = LC) -2.074 2.008 0.301 -1.790 2.021 0.376
HRQoL (mean centered) -0.537 0.267 0.044 —0.403 0.263 0.125
Disease duration (mean centered) 0.000 0.069 0.998 -0.037 0.072 0.609
Surgery (ref = no) 1.997 0.796 0.012 1.701 0.778 0.029
Radiation (ref = no) —1.069 0.691 0.122 —0.796 0.678 0.241
Changes in appearance (ref = no) —-0.322 0.336 0.338 —0.372 0.332 0.263
Information: physician 2.575 0.784 0.001 2.714 0.738 0.000

Note: Significant values are shown in bold.

Abbreviations: CRC, colorectal cancer; HRQolL, health-related quality of life; LC, lung cancer; ref, reference.

disfavored the most favorable levels of the attributes “physi-
cal capacity”, “appearance”, and “food intake problems”
(BCB,PCO ==0.49, BCB,APO ==0.58, BCB,FIO ==0.14, Bcl},FIl =-0.52;
P<0.05). However, they gave a greater weight to the middle
levels for “physical capacity” and “appearance” than to the
other levels.

Next, we investigated the class-membership effects for
the three classes. Of all the patients, 42.13% were assigned
to Class 1, 47.24% to Class 2, and 10.63% to Class 3. The
differences between classes 1 and 2 (referenced against
Class 3) are presented in Table 4. Patients in classes 1 and 2
did not differ significantly from patients in Class 3 in terms of
age, sex, or duration of disease. Classes 1 and 2 had a lower
proportion of patients with CRC than Class 3 (BC]LCRC =-2.21,
BCQ,CRC =—1.69; P<<0.05). The classes also differed in terms
of their therapy experiences: patients in Class 1 were more
likely to have undergone surgery than those in classes 2
and 3 (B =1.997, B, e =175 P<0.05). We also

observed a difference between the classes with regard to

cll,treat_1

the main source of information on their disease. Patients
in classes 1 and 2 were more likely to obtain relevant
information from their physician than patients in Class 3
Butringor =258, ooy =2.71; P<0.05). Other sources of
information (other pa:tients, books, the Internet, self-help
groups) were shown to have no significant influence on the
model. In addition, patients in Class 1 showed significantly

worse HRQoL outcomes (3 =-0.54, P=0.04) than

cl1,LQ_30_s
patients in the other classes.

Discussion

We systematically investigated the differences in the therapy
preferences of patients with two divergent types of cancer.
Whereas previous studies have examined the therapy pref-
erences of patients with different disease states of the same

cancer type, we compared the preferences of patients with
CRC and LC. In our first model (mixed logit model), we
found that patients with LC and CRC had almost the same
preferences for therapy attributes and differed only slightly
in their preferences. In the strictly data-driven LCMLM, we
found that cancer type, current HRQoL status, and the source
of information were important for the therapy preferences.

Subsequently, we will compare our findings in detail
with the current knowledge. In accordance with other studies
that examined the therapy preferences of patients with LC,
“life expectancy” was the most important attribute.'-30-32
This might be due to the shorter life expectancy of patients
with LC compared with that of patients with CRC. Another
important attribute identified in previous studies was “tumor-
associated symptoms”.3® However, previous studies are
quite inconsistent in terms of what they consider to be the
chief adverse effect of cancer treatment. For example, one
study identified fatigue and tiredness as the two attributes
of most consequence, whereas another found that the most
consequential attributes were nausea and vomiting.3*3!
Both assessed the preferences of patients with (advanced)
non-small cell LC, which might have strongly influenced
the overall results. In our study, we found that “slightly
changed appearance” and “no problems in food intake and
digestion” were the attribute levels related to adverse effects
that were given the greatest weight by patients with CRC
and LC, respectively. This might be explained by the fact
that patients with CRC expect to experience disturbances of
food intake and digestion.

Few studies have found that sociodemographic charac-
teristics, such as sex or age, do not influence preferences
for cancer therapy.”3*** Other studies have reported that
sociodemographic characteristics do influence the prefer-
ences of patients, but they did not include associations
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between therapy preferences and the actual health status of
patients.**3> Two previous studies did not find a difference
in preference based on patients’ proximity to death.3343
However, we observed that having undergone surgery had
a noticeable influence on patients’ preferences. Therapeutic
guidelines recommend surgery at an early disease stage in
patients with comorbidities (when the tumor is operable).
Therefore, we can assume that patients with a poor prognosis
due to LC and a low HRQoL would prefer to increase their
length of life when the disease is detected early and surgery
is an option.

In summary, our study yielded several novel findings.
Patients who were better informed tended to prefer a more
balanced relationship between length and quality of life,
as compared with less-informed patients. The physicians
involved in our study confirmed that they emphasized not
only length of life, but also HRQoL as important consid-
erations in their consultations with patients. The influence
of physicians on the preferences of patients should be
examined in further research. The second finding was that
another subgroup (patients with LC and a low HRQoL who
had undergone surgery) gave a great weight to increased
length of life. Finally, we deduced from patients in Class
3 that those with a relatively good life expectancy (CRC
compared with LC) gave a greater weight to moderate
effects on HRQoL (physical capacity, appearance) than to
a longer life.

However, our study was limited in terms of the unbal-
anced distribution of patients between the subgroups, which
resulted in a small number of patients in Class 3, even though
the recruitment period was extended. Furthermore, the results
suggest that the online survey was inappropriate for some
patients with CRC and LC, particularly patients of advanced
age. Alternatively, inappropriate online distributors were
used for this process of recruiting older patients. Overall, it
appears that older patients were less willing to participate in
our study than younger ones. Recruiting patients with LC and
CRC at clinics or hospitals might also have biased the study
sample, because patients who were not undergoing therapy
were excluded. Given that patients were often unaware of
their current disease stage or type of chemotherapy (pal-
liative, adjuvant, maintenance), we were unable to include
questions concerning this information. It might be possible
to estimate disease stage on the basis of self-assessed health
and surgery status, although the results can be incomplete or
misleading.***° In addition, surgery can be initiated at differ-
ent disease stages, such as after diagnosis or in the case of
disease progression. This means that the “treatment” variable

should not be interpreted without further information. Conse-
quently, future studies should obtain patient records to iden-
tify any possible associations between stage, therapy goals,
and therapy preferences. Although we defined each attribute
at the beginning of the questionnaire, we could not control
for how patients interpreted the attributes and levels in their
own way and as a result of their own disease experiences.
However, we would have detected other results if other or
further attributes had been included in the DCE tasks. This
disadvantage of the DCE method is also discussed in other
methodologic publications.'®4!

The classes identified by LCMLM cannot be accounted
for by typical sociodemographic aspects. Therapy should be
adjusted to accommodate these three classes. Some class-
specific preferences might be accommodated easily (the
provision of a guide or shorter waiting times) and might
compensate for some of the disadvantages of chemotherapy.
Consequently, differences among the classes should be
recognized in individual treatment options. This implies
that physicians need time to explain and discuss the therapy
alternatives with patients. Our findings can be used to develop
treatment guidelines and to assess the benefits of pharma-
ceuticals. However, in accordance with previous studies,
the ability to prolong their survival was the most important
therapy attribute of a given therapy for patients, irrespective
of the cancer type.
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Objective: The aim of this study was to identify the preferences for whole genome sequencing
(WGS) tests without genetic counseling.

Methods: A discrete choice experiment was conducted where participants chose between
two hypothetical alternatives consisting of the following attributes: test accuracy, test costs,
identified diseases, probability of disease occurrence, and data access. People from the general
German population aged >18 years were eligible to participate in the survey. We estimated
generalized linear mixed effects models, latent class mixed-logit models, and the marginal
willingness to pay.

Results: Three hundred and one participants were included in the final analysis. Overall, the
most favored WGS testing attributes were 95% test accuracy, report of severe hereditary diseases
and 40% probability of disease development, test costs of €1,000, and access to test results
for researchers. Subgroup analysis, however, showed differences in these preferences between
males and females. For example, males preferred reporting of results at a 10% probability of
disease development and females preferred reporting of results at a 40% probability. The test
cost, participant’s educational level, and access to data influenced the willingness to participate
in WGS testing in reality.

Conclusion: The German general population was aware of the importance of genetic research
and preferred to provide their own genetic data for researchers. However, among others, the
reporting of results with a comparatively relatively low probability of disease development at
a level of 40%, and the test accuracy of 95% had a high preference. This shows that the results
and consequences of WGS testing without genetic counseling are hard to assess for individu-
als. Therefore, WGS testing should be supported by qualified genetic counseling, where the
attributes and consequences are explained.

Keywords: whole genome sequencing, discrete choice experiment, genetic testing, preferences,

willingness to pay, latent class model

Introduction

In the past 10 years, significant progress has been achieved in the fields of genomics
and genetics.! The usage of genetic information has steadily increased in medical
research, diagnosis, and therapy. Essential drivers for this development are as follows:
1) technological progress such as next-generation sequencing (NGS) technologies,
2) the reduction in costs of sequencing,’ 3) growth in population and clinical-based
biobanks,® and 4) the increasing knowledge of genotype—phenotype correlations based
on genome-wide association studies (GWAS).*
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Genetic information is essential for personalized
medicine. This knowledge enables preventive health care
management as well as the administration of personalized
and targeted therapies based on an individual’s genetic char-
acterization.® The scope of analysis (gene, panel, exome, or
whole genome sequencing [WGS]) and the amount of genetic
data vary with the aim of the investigation. WGS provides an
opportunity to identify almost all disease-causing variants.¢
For this reason, WGS seems to be the most appropriate
method for comprehensive predictive analysis.

In recent years, the suitability of WGS as a screening tool
has been discussed, especially in newborn’ or population-
based screening.® Notwithstanding the economic (eg, clinical
utility),’ ethical, and legal debates (eg, information of self-
determination),'? the detection of rare and/or highly penetrant
diseases before the onset of disease may have considerable
advantages. For example, previous surveys indicated that
early diagnosis of cystic fibrosis!' or Lynch syndrome' is
beneficial for treatment, and the knowledge of predisposi-
tions to oncological and cardiovascular diseases can be useful
for prevention. Knowledge of a BRCA I/BRCA II mutation
allows the development of a prevention strategy including
regular checkups and mastectomy. '

Several studies showed that people are interested in
genetic testing.'*'® They want to take a proactive role in
preventive health care management for themselves as well
as for their family members.!” However, WGS testing aimed
at primary prevention without a suspected disease is gener-
ally not covered by health insurance plans (eg, in Germany).
Genetic analysis distributed via the Internet is a less expen-
sive alternative than the conventional market.'® Such offers
often lack qualified genetic counseling,'® which is essential
for an informed decision regarding WGS testing. Qualified
genetic counseling supports complex decision-making with
regard to the following questions: Do the results affect my
family members? Who has access to my genetic information?
What is the potential for genetic discrimination (eg, in terms
of insurability)? Am I willing to pay for the testing out-off-
pocket? Do I want to know the probability of developing
all diseases or only the probability of developing treatable
diseases? How sensitive is the test?

For the purpose of identifying relevant attributes of online
WGS testing, we conducted a discrete choice experiment
(DCE) to evaluate the preferences of the general popula-
tion. We investigated the people’s preference estimates
without prior qualified genetic counseling. We analyzed 1)
the preferences of our study population and subgroup effects

(eg, sociographic characteristics, genetic predisposition,
and desire for children), 2) the willingness to pay of these
subgroups, and 3) factors influencing the willingness to take
part in WGS tests.

Methods
DCE

We conducted a DCE to measure the preferences for WGS
testing. A DCE is a de-compositional approach to the mea-
surement of stated preferences. Participants have to choose
between hypothetical alternatives. One alternative consists
of several attributes with varying levels.?’ The attributes are
characteristics of the alternatives that are specified by their
levels for each alternative.

Attributes and levels

First, we conducted a literature search to achieve a compre-
hensive overview of the available attributes of WGS. How-
ever, no literature focusing on preferences for WGS attributes
could be identified. Hence, we adopted relevant attributes
from actual discussions and literature focused on genetic
analysis. The final relevant attributes for the DCE were “test

99 2] ¢

accuracy”,?! “test cost”,?? report of results**2 (divided into
“identified diseases” and “probability of occurrence”), and
“access to data”.?® The range of levels was also determined
by specific discussion points or based on the literature on
the subject. Finally, attributes and levels were discussed with
experts. To improve the validity and reliability of each item,
a pretest of the questionnaire was conducted with 11 people.
Table 1 illustrates the attributes and their corresponding lev-
els. The attributes and levels are explained using colloquial

language and icons, and they were adjusted after the pretest.

Data collection and recruitment

People from the German general population aged >18 years
were eligible to participate in the survey. It was an online
survey via Facebook and Xing that was conducted from
June to August 2016, as well as by direct (and random)
approach of passersby with a paper—pencil questionnaire
at the main railway station in the city of Hannover (north-
western Germany). We used a simple random sampling
strategy and did not select participants according to age and
sociodemographic or economic status. We obtained study
approval from the ethics committee of Hannover Medical
School (Re No 3325-20016) prior to the start of the survey.
To take part in the study, participants had to give written
informed consent.
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Table | Overview of attributes with the corresponding levels

Attribute Description in the questionnaire

Level | Level 2 Level 3 Level 4

Accuracy Test accuracy describes the proportion of persons with

(sensitivity) an identified genetic mutation that actually have this
mutation

For example, a level of 90% means that 90 of the 100
people really have the risk to develop a certain disease.

In contrast, in 10 of the 100 people, a disease risk is

identified because of inaccuracy of the test, although they

do not have this risk

You can choose between different tests with different
accuracy values

You can choose about the test results you want to be
informed

Identified

diseases
You can choose the test results that you want to be
informed about. You have the choice between reporting
of all test results, only treatable diseases (preventive and
therapeutic treatments), and serious hereditary diseases
In case of serious hereditary diseases, it is assumed
that these are inherited with a high probability and are
characterized by a serious disease progression

Test costs A WGS is an innovative, diagnostic instrument and

currently associated with high execution costs. You

should decide how much money you are willing to pay

for this comprehensive genetic analysis

Probability of The results of a WGS determine the risk of being

occurrence affected by a specific disease. A genetic mutation enables
statements about the probability of developing different

diseases.

You can decide which probability of developing a disease
you want to be informed

Access to data  WGS is associated with a large amount of personal data.

You can decide who can get access to your test results in

addition to you and your treating physician
For example, you can make your genetic data accessible
to researchers and thus contribute to medical research

90% 95% 99%

All diseases Treatable disease Serious
hereditary

disease

€500

10%

€1,000 €1,500

40% 70%

Insurer Researcher Insurer and

s 0

No one else
Ih=< (

researcher

Abbreviation: WGS, whole genome sequencing.

Questionnaire

The final questionnaire consisted of three sections. The first
part was the DCE choice sets. In total, the attributes and levels
resulted in 3*x4'=324 possible combinations (four attributes
with three levels and one attribute with four levels).?° To gen-
erate feasible choice sets of the DCE, a D-efficient fractional
factorial design (reduced design) was created using the R
statistical program. The best D-efficiency occurred for 18
choice sets. To avoid overstraining of the participants, we
divided the 18 choice sets into two questionnaires (blocking).
Therefore, participants answered nine DCE decisions with
two alternatives (called Test 1 and Test 2) each. Additionally,
we asked whether the participant would carry out the chosen
test in reality (refer the example of the choice in Figure 1).
The second part focused on sociodemographic questions,

such as sex, age, education, occupation, monthly net income,
and insurance company (statutory or private). The third part
included questions about overall health status, prevention
behavior, hereditary diseases, and desire for children.

Data analysis

Following survey completion, we cleaned the data set and
determined descriptive statistics for the variables (median,
standard deviation [SD], and percentages). We tested the
potential independent variables for multicollinearity to reduce
the bias of the results. In the multivariate analyses, we applied
generalized linear mixed-effects models (GLMMs) and latent
class mixed logit models (LCMLMs) to identify systematic
or group differences for the participants’ WGS preferences.
The choice of an alternative between two hypothetical WGS

Pharmacogenomics and Personalized Medicine 2018:1 |
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Test 1 Test 2
Test accuracy
How many people are to be identified who
actually have the disease risk? * *
95% 99%

Identified diseases

Which test results you want to be
informed?

Treatable diseases Serious hereditary diseases

Test costs
How much money you are willing to pay for this
comprehensive genetic analysis.

€ 500

Probability of occurrence
Which probability of developing potential
diseases you want to be informed?

70%

Access to data

Who can get access to your test results in
addition to you and your treating physician?

¥
N

No one else

OO

Insurer

Which test would you choose?

] Test1
[J Test2

Would you carrry out the chosen test under the given condition also in reality?

[ Yes
[J No

Figure | Example of a choice set.

Notes: Explanation for the example choice set: The participant could choose between test | and test 2. Test | is characterized by a lower test accuracy (95%), with the
reporting of treatable results at a 10% probability of disease occurrence as well as higher cost (€1,500), and the access for insurer. Test 2 is designed with a higher accuracy
(99%), with the reporting of serious hereditary diseases at a higher probability of disease occurrence (70%) and at lower cost (€500). Furthermore, in test 2, no one else had
access to the test results. The participant has to trade-off between a test accuracy of 95 and 99%, the costs of €1,500 and €500, and so on.

tests (choice) was used as the dependent variable, whereas
the attributes and levels were the independent variables in
all models. In addition, personal characteristics of the par-
ticipants were used as independent variables, mixed effects
(taking into account that personal characteristics influence the
response behavior and therefore including subgroup specific
“baseline” values [random intercept] or slope adjustments
[random slope] for some of the independent variables in
addition to the fixed effects), or class-membership effects (for
LCMLM). We calculated the average marginal willingness to
pay (mWTP) for each attribute by dividing the coefficients
for the other attributes by the coefficient of the cost attribute

(test costs). Therefore, we used the attributes as metric inde-
pendent variables in conditional logit models and conducted
the mWTP analysis separately for the different classes from
the LCMLM analyses. Coefficients of attributes above zero
were favored, and negative coefficients were disfavored. The
95% confidence intervals (Cls) are based on the Krinsky and
Robb?” method.

We calculated the GLMM for participants willing to
participate in reality (potential users) and the full sample
separately, so that any differences between these two groups
could be identified. In the GLMM, we used the set ID
(identification number of the choice set) as a mixed effect to
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inform the model about which of the alternatives formed a
set. Finally, we investigated the factors influencing the will-
ingness to participate in genetic testing in reality. Therefore,
we applied another GLMM based on the variable “real” as a
dependent variable. The random effect used in this model was
the person identifier (PersonID) to enable us to investigate
influencing participants’ characteristics and test character-
istics based on the decision. An overview of used variables
is provided in Table S1.

We tested different independent variables and mixed
effects in the models (Table S2) and chose the model with
the best fit for data based on Akaike and Bayesian informa-
tion criteria. All analyses were conducted with R statistics
3.1.2 and the packages “lme4” (for GLMM), “lcmm” (for
LCMLM), and “support.CEs” (for mWTP analyses).

Results

Descriptive statistics

In total, 323 people participated in the study and 301 people
could be included in the DCE analyses. All sample charac-
teristics are provided in Table 2. Twenty-two participants had
to be excluded because of missing data for all DCE tasks or
an age of <18 years. The sample consisted of 69% women,
and the median age was 28 years. The educational level
was higher compared to that of the general population of
Germany,? but the average amount of income was similar.?
Both facts indicated that the proportion of students was higher
compared to the general population. The majority (56%) of
the participants were in good health.

In a second step, we prepared the data for the multivari-
ate analyses. We found strong correlations between age and
employment status, having children and employment status,
and age and desire to have a child (refer correlation plot in
Figure S1). Therefore, we adapted the models for these cor-
relations due to not using both correlating variables in one
model or due to including interaction effects between the
correlating variables.

Subgroup-specific preferences for WGS

tests

In the LCMLM, we identified two classes that differed in
regard to their preferences for genetic testing (Figure 2 and
Table S3). Class 1 comprised 46.13% (n=137) of the sample.
The only significant differentiator between the people in the
two classes was their sex. The proportion of women was
significantly lower in class 1 than in class 2 (refer the table in
Figure 2). The educational level, health status, and income are

Table 2 Sample description

Variable Occurrence in
the sample
Participants (number) 323
With at least one valid DCE task 301
Sex (% women) 69
Age in years (median, SD) 28 (13.86)
Own children (% having at least one child) 41
Desire to have children (%)
Yes 50
No 39
Unsure I
Highest level of education (%)
No graduation |
Primary school 6
Secondary school 34
High school 24
University 34
Income (%)
No own income (€) 16
<1,000 27
1,000—<2,000 29
2,000—<3,000 17
3,000—<4,000 6
>4,000 4
Participation in screening program (%)
Never 51
Every 10 years 3
Every 5 years 9
Every 2 years 21
-2 times a year 15
Subjective health status (%)
Very bad 0
Bad
Medium 24
Good 56
Very good 16
Hereditary diseases in the family (% yes) 20
Afraid of hereditary diseases (% yes) 21

Note: Median: average.
Abbreviations: DCE, discrete choice experiment; SD, standard deviation.

relevant for the class membership but did not show significant
differences between the classes.

In class 1, a higher proportion of men compared to
the other classes strongly preferred the restricted “access

to data only for themselves” (f8 =0.76, reference

class 1,access no
level) and disfavored the “access to data for insurer” the
MOSt (B, | sccess =048, P < 0.001). They also disfavored
any “test costs” where €1,000 had a utility weight of ~0 but
was not significant. Class 1 preferred “serious hereditary
diseases identified” and a “10% probability of occurrence”
(Butass 1. 5erd=0-165 Bpaes 1 109 00=0-16, P<0.001) (Figure 2). In
contrast, class 2 disfavored “10% and 70% probability of

occurrence” but also preferred “serious hereditary diseases
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Graph adjusted for further effects: mixture = —Att_TA + Att_DIS + Att_TC + Att_ACC, random = ~seti, subject= “personlID”, classmb= ~sex + EDL + INCn + HSn

Class-membership effects

Class 1 (ref = class 2)

Coefficient Standard error P-value
Intercept 1.93 0.94 0.04
Sex (ref = male) -0.64 0.29 0.03
Educational level 0.09 0.14 0.54
Health status —-0.28 0.19 0.14
Income -0.09 0.11 0.40

Figure 2 LCMLM for preferences concerning genetic testing — attribute effects.
Note: *Significant values (P<0.05).

Abbreviations: EDL, educational level; HSn, health status (numeric); INCn, income (numeric); LCMLM, latent class mixed logit model.

identified”. Indeed, the highest preferences occurred for
access to data only for themselves and “for researchers”

(ﬂclass 2, access no 203 1 [}
P<0.001). Class 2 also preferred “access to data only for

=0.36, reference level; f 2. access res
insurer and researcher”. Class 2 disfavored “90% and 99%
test accuracy” and showed a significant positive utility for
“€1,000 test costs”.

To conclude, men emphasized the importance of access to
data only for themselves and favored a test with 95% accuracy
also for diseases with a low probability of occurrence. The
class with a higher proportion of women favored instead a
test that identifies serious hereditary diseases, where test costs
on the intermediate level arise, and that enables data access
for themselves or researchers.

In addition, we calculated the mWTP for each attri-
bute, separated for class 1 and class 2 from the LCMLM
(Table 3). The mWTP showed different starting points
for class 1 and class 2 models (intercept, : €786.3 and

intercept : €-1,931.3). From this, it can be concluded

class 2°

that people in class 2 were willing to pay less money for
genetic testing than those in class 1. Furthermore, class
2 was willing to pay on average €740 for an increase of
one unit (90%—-95% or 95%-99%) in test accuracy (CI:
€489.5; €1,218.2) and on average €1,500 (€1,071.5;
€2,435.5) for diseases with higher probability of occur-
rence. In contrast, the mWTP was negative for the iden-
tified diseases (€-303.7 [€-560.2; €—-127.1]) and the
access to data (€-383.8 [€-645.3; €-228.7]). Therefore,
people were willing to receive monetary compensation for
identifying only treatable and hereditary diseases. Class
1 was willing to pay on average less for a higher test
accuracy, although the monetary value was still positive
(intercept €786—128=€658 for a change from 90% to
95%). In addition, this class showed negatively associ-
ated mWTP for identified diseases (€-164.6 [€-289.7,;
€-45.1]) and the probability of occurrence (€-502.3
[€-707.4; €-356.8]). In contrast, class 1 was willing to
pay ~€723 [€561.2; €967.9] more for less access to data.
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Table 3 Marginal willingness of classes to pay for test attributes

Attribute Levels Class I: mWTP in € (95% CI)  Class 2: mWTP in € (95% CI)
Intercept 786.3 (308.5; 1,233.9) -1,931.3 (-3,935.2; -905.2)

Test accuracy 90%—99% —127.6 (-258.7; -17.9) 737.8 (489.5; 1,218.2)

Identified diseases All, treatable, hereditary —164.6 (—289.7; —45.1) —-303.7 (-560.2; -127.1)
Probability of occurrence  10%-70% —-502.3 (-707.4; -356.8) 1,514.5 (1,071.5; 2,435.5)

Access to data Insurer, researcher and insurer, researcher,

no one else

722.9 (561.2; 967.9) —383.8 (—645.3; —228.7)

Note: Class |: higher proportion of men; Class 2: higher proportion of women.
Abbreviations: Cl, confidence interval; mWTP, marginal willingness to pay.

Analysis of participation in genetic testing
We estimated GLMMs (full sample, potential users) to
identify the preferences for genetic testing. The most
important attribute level for genetic testing for both sub-
groups was the “identification of severe hereditary diseases”
(Table S4). Therefore, this attribute level is more important
=0.88) than for the full sample
(ﬂfu“’m 4:.=0.49). However, the most disfavored attribute

for potential users (B, .. 4
level for both subgroups was access to data for insurer
Bratiinsa=—0-81, B ingun=—0-64, both P<0.001). It is strik-
ing that for test accuracy, identified diseases, test costs, and
probability of occurrence, the intermediate level gained
the highest utility weight in both subgroups. Although the
preferences were similar between the subgroups, the full
sample preferred “95% test accuracy”, €1,000 test costs,
and “access to data for researchers” more strongly than the
potential user subgroup.

In the last step, we investigated the factors that influenced
the willingness of respondents to participate in genetic test-
ing in reality or if they just preferred the chosen alternative
hypothetically. The GLMM showed that from the attributes,
only test accuracy and access to data were relevant for the
decision (Table 4). All costs reduced the willingness to
participate in genetic testing; however, €500 was the least
disfavored level (B€,
more willing to participate when the access to data would

=—0.024). In addition, people were

be denied to insurers and researchers. In contrast to previous
models, the decision to participate in reality was positively
influenced by access to data for researchers and not “only for
themselves”. Educational level showed a negative association
to the participation in genetic testing. In addition, people who
would participate in screenings if the social or private health
insurance (SHI) subsidized it were more willing to participate
in genetic testing (8 ., =1.86, P<0.001). “Employment
status”, “income”, and “fear of genetic diseases” did not show
significant results, although the direction of the coefficients

was as expected.

Table 4 GLMM fixed-effects results for participation in genetic

testing

Variables Levels Coefficient SE P-value

Test costs  €1,500 -0.261 0.100 0.009
€1,000 -0.237 0.090 0.009
€500 (ref) -0.024

Probability ~ 10% —-0.089 0.101 0.375

of 40% -0.012 0.094 0.897

occurrence  70% (ref) -0.077

Access to Insurer and researcher —0.275 0.118 0.019

data Researcher 0.097 0.106 0.358
Insurer -0.349 0.134 0.009
No one else (ref) —-0.024

Educational level —-0.693 0.263 0.008

Employment status —0.858 0541 0.113

Income 0.338 0226 0.134

Screening utilization: subsidy by SHI 1.857 0.465 0.000

Afraid of genetic diseases 0.975 0.564 0.084

Notes: Intercept coefficient 1.409; SE 1.231; P 0.252 and random intercept
PersonlD variance 9.765; standard deviation 3.125.

Abbreviations: GLMM, generalized linear mixed-effects model; SE, standard error;
SHI, social or private health insurance.

Main findings

The most preferred test for the overall sample was character-
ized by the following aspects: 1) the test accuracy of 95%,
2) report of severe hereditary diseases, 3) the test cost of
€1,000, 4) report of results for diseases with a probability
of occurrence from 40%, and (5) access to genome data for
researcher but not for insurers (Table S4). Except for “access
to genome data”, all intermediate levels achieved the high-
est utility weights in both the full sample and the sample of
potential users (Table S3).

Discussion
In this study, the preferences for WGS testing without quali-
fied genetic counseling were assessed.

The test accuracy of 95%, especially sensitivity in this
case, was the most favored level of this attribute. This may
show that the participants did not understand (or only partly
understood) the underlying concept of test sensitivity and
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false-positive results. We expected that the most preferred
level would be 99% test accuracy. False-positive findings lead
to anxiety and uncertainty for the tested person as well as for
their families.* This in turn may require an additional diag-
nostic clarification or leads to an increased treatment demand
(eg, psychological counseling). Finally, false-positive results
could cause an unnecessary rising cost for the statutory health
insurance. Otherwise, the participants may understand the
underlying concept but accept the uncertainties to receive
other advantages, eg, lower test costs.

The amount of reported results was also an important
aspect for the decision regarding WGS tests. This aspect is
represented by the probability of occurrence (in this experi-
ment 10%, 40%, or 70%) as well as by the kinds of reported
diseases (all disease dispositions, only treatable [potential]
disorders, or only severe hereditary diseases). The majority of
the participants preferred the reporting of serious hereditary
diseases. “All disease dispositions” were not attributed with
the highest utility score; this may be in accordance with the
aspects of efficiency and evidence. Technological progress
and genetic research enables the detection of a majority of
diverse gene variants. However, many identified genetic varia-
tions are not assigned to phenotypes, or the interaction of the
specific gene variants is actually unknown.>! This may change
in the future because of further genomic research, especially
through GWAS. So far, there are no therapy options for most
of the identified gene variants and diseases. However, the par-
ticipants preferred 40% “probability of disease occurrence”.
This may indicate that the general population cannot assess
the absolute risks for developing a disease without counseling
or the influence on disease development caused by lifestyle
changes (e.g., sports, nutrition), or that prevention measures
may be assessed as a more important and changeable fac-
tor. These preferences could occur because of unawareness
about genetic risk factors of the participants, due to lack
of qualified counseling, or because of their risk aversion.
Another limiting factor could be the three given levels of
the probabilities. Since the participants were forced to prefer
one of the given levels, the range of the outcomes could also
be limited. However, the first explanation is emphasized by
the negative effect of educational level on the willingness to
participate (Table 4).

Cost reduced the willingness to participate in the WGS
testing in reality (Table 4). Accordingly, subsidies by SHI for
WGS testing showed a positive effect on the willingness to
participate in testing. However, €1,000 received the highest
approval in the LCMLM. This may be due to the association
between the rising costs and the quality or the knowledge of

the “$1,000 genome”, which means the often discussed cost
reduction of a WGS to $1,000 in recent years.’? Otherwise,
health care systems with little or no out-of-pocket payments
for prevention measures could influence the importance of
cost attributes for the participants’ decisions. However, the
participants’ income did not influence the class membership
and preferences. In the mWTP analyses, we found that the
willingness to pay in class 2 (higher proportion of women)
was highest for the attribute of probability of disease occur-
rence, whereas the highest mWTP occurred for access to
data in class 1 (higher proportion of men). Furthermore, the
direction of mWTP for several attributes was different for
these two classes. Thus, the mWTP seemed highly dependent
on the examined subgroup. The formation of class 1 (higher
proportion of women) and class 2 (higher proportion of men)
highlights the differences between males and females. While
males preferred restricted access to data only for themselves,
females wanted to make their genetic data accessible to
research. Secrecy of personal data is seemingly very impor-
tant to men, while women may want to contribute to genetic
research. Further differences arose in reporting of results.
Females and males preferred a reporting of results at a 40%
and 10% probability of disease occurrence, respectively. Fear
of a variety of predictive findings (women) or the desire to
know almost all dispositions (men) may be possible explana-
tions for this finding.

In the future, cost reductions will be expected because of
the focus on genetic analyses of specific variants. Currently,
for example, in the case of presumed heredity of breast
cancer, the first-degree-relative risk patients are often tested
only for the specific variant (eg, BRCA 1 and BRCA 1I).*
Further improvements in WGS testing could contribute to
it becoming the favorable alternative compared to panel or
single gene sequencing.

Potential users as well as the full sample rejected the
access of test results to insurance agencies. Fear of genetic
discrimination, eg, in terms of insurability or direct and/or
indirect risk selection, seems to be particularly substantial.>
However, due to a ban on discrimination and the obligation to
contact, this risk is excluded in the statutory health insurance
in Germany. In other insurance areas (private health insur-
ance, life insurance, and occupational disability insurance),
these data could have a stronger influence on insurability
and insurance premium, which may lead to uncertainty and
anxiety. Despite the strong regulations, anxiety and fear of
data misuse seem to be the sensitive issues. Further research
is needed in these areas. However, the DCE results suggested
that potential users preferred to give researchers access to
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genetic data. Genetic research is a dynamic field, and com-
prehensive genetic databases are the prerequisite for research.
The fear of disease as well as the interest in research and
further medical developments may be essential drivers for
the preferences in this study. Thus, people have the opportu-
nity to contribute to medical research. With regard to large
genome sequencing projects, such as the 100,000 Genomes
Project (UK),* the Saudi Human Genome Program (Saudi
Arabia),*® and the GoNL (the Netherlands),”’ the German
population also showed interest. The reporting of test results
could be restricted or completely rejected in qualified WGS
testing, eg, to findings of the ACMG-positive list (Recom-
mendations for Reporting of Incidental Findings in Clinical
Exome and Genome Sequencing).’® Basically, the decision
for or against a WGS test in reality depended on the specific
design (characteristics level) in 53.26% of the cases. While
26% of the participants rejected a WGS test independent of
specific levels, 20.74% of the participants would execute a
WGS test independent of the test characteristics in reality.
The possibilities for using genetic testing results in
diagnosis and therapy have steadily increased. Therefore,
the WGS offers an opportunity to detect a majority of dis-
orders, especially using a predictive approach. However,
in Germany, the costs of genetic analyses for patients at
risk (eg, first-degree relatives of breast cancer patients) are
covered by a variety of health insurance plans, whereas
predictive genetic testing for nonpredisposed people is an
out-of-pocket expense. Therefore, comprehensive genetic
direct-to-consumer (DTC) analysis via the Internet seems
to be a less expensive alternative,'® although DTC options
often lack qualified genetic counseling.”” As we can see
from our survey, not all stated preferences are consistent
with the qualified recommendations. Therefore, our study
results emphasize the importance of genetic counseling. In
Germany, human genetic counseling for predictive analysis
is obligatory in accordance with the § 10 German Act of
Gene Diagnostics (GenDG). Two main results underline the
claim for genetic counseling: 1) the chosen test accuracy of
95% and the associated higher risk of false-positive results
(in contrast to a test accuracy of 99%) and 2) the selected
probability of disease occurrence at a level of 40% for the
reporting of results. For a majority of disease dispositions,
there are no treatment options at the moment. Therefore,
people may be confronted with information on a large num-
ber of potential diseases, which will lead to anxiety. Genetic
counseling may help to understand what penetrance really
means and which consequences of a finding with a prob-
ability of 40% occurrence will arise. However, a possible

explanation for these preferences might be that people assume
that their doctors will receive the WGS test results and help
them to understand and interpret their results. The attribute
access to data is characterized by the possibility of access
to the genetic information by the treating physician. Due
to medical secrecy, we excluded the risk and the anxiety of
data misuse. A person can decide if they want to share these
genetic results with the treating physician, which would be
beneficial for understanding. Prior genetic consultations may
have an influence on the general decision for the execution
and the scope of reporting of the results. However, in the pres-
ent study, we excluded such a prior consultation to explore
the preferences without a qualified genetic counseling (which
is partially lacking in a genetic DTC analysis).

One limitation of this experiment is the hypothetical
character. The revealed preferences may lead to another
distribution of utility weights. Furthermore, the importance
of test specificity was neglected. The difference between
sensitivity and specificity is difficult for the general popula-
tion to understand, and therefore, we focused on test sensi-
tivity in the DCE. The representativeness of the sample is
also limited. The sample of a primarily online acquisition is
mainly characterized by younger and Internet-savvy people.
However, we assumed that the topic is most relevant for this
group. In the direct approach, we only recruited a small
number of participants (n<10), so we could exclude a selec-
tion bias. Although we included the relevant test attributes
and important sociodemographic characteristics of the study
population, further factors (eg, risk aversion) could influence
the preferences. The calculations of mWTP should be consid-
ered with caution. We treated the level differences as linear,
although this is not intuitive. For example, we assumed that
the difference from 90% test accuracy to 95% had the same
effect as a change from 95% to 99% in mWTP. However, we
needed to assume linear effects for calculating the average
willingness to pay and show differences between the classes.
At the time of our study, there was a lack of literature describ-
ing the levels used for the attributes. Therefore, we considered
the available literature and current discussion to derive the
characteristics of the attributes. These data were discussed
and approved by experts. Having a published qualitative
study available would have led to a higher objectification of
attribute and level selection. However, due to the short dura-
tion of the study, we had to forgo this possibility. In order to
assess the relevance of the test conditions for nontest-savvy
participants, an integration of an opt-out option was omit-
ted. The study can be considered a feasibility study based on
the number of participants. To extrapolate the results to the
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whole country, the number of participants needs to be larger
and nationally representative.

This study reports on the interest and preferences for
WGS testing among Germans. Our study sample from the
general population of Germany was aware of the importance
of WGS results, and they preferred to make their data acces-
sible for researchers but not for insurers because of possible
discrimination. A positive attitude toward population-wide
screening projects could therefore be assumed if data privacy
is assured and the costs do not exceed €1,000. In general,
the decision for or against a WGS is complex and could have
far-reaching consequences. Hence, this decision should be a
result of an informed consent process, where the attributes
and consequences of a WGS are clarified.
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Supplementary materials

Table S| Overview of used variables

Topics Variable Meaning Explanation Characteristics Type
Questionnaire
8 Set
_-,E Seti Questionnaire combined with set
% Alternative |
= 2
:-’. Choice 0: no
LLI)IJ I:yes
a] Realn Real decision (numeric) Would you also choose the chosen  0: no Numeric
alternative in reality? I:yes
Att_TA Test accuracy Test accuracy 1: 90%
2:95%
3:99%
Att_DIS Identified diseases Test results 3:all
2: treatable diseases
I: serious hereditary disease
@ Att_TC Test costs Test costs 3: €1,500
:.é 2: €1,000
| I: €500
< Att_PROB Probability of occurrence Probability of occurrence of I: 10%
disease 2: 40%
3:70%
Access to data Access to data 4: insurer and researcher
Att_ACC 3: researcher
2: insurer
I: no one else
PersonlD Person identifier
Sex Sex I: male Binary
2: female
Age Age Numeric
EDL EDL Highest level of education 0: no graduation Numeric
8 I primary school
lri 2: secondary school
_; 3: high school
';g. 4: university
% ES ES 0: nonemployed Numeric
g I:in training/student
E 2: employed/self-employed
(,,8 INCn INCn 0: no own income Numeric
I: <€1,000
2: €1,000—<€2,000
3: €2,000—<€3,000
4: €3,000-<€4,000
5: 2€4,000
SHI Insurance |: statutory Binary
2: private
-g ‘é" PSC PSC program I: 1-2 times the year Numeric
9 g 2: every 2 years
E g 3: every 5 years
> % 4: every 10 years
'_E '5 5: never
§ § PSChin PSC program at full-cost 0: no Numeric
T ‘_3 coverage by health insurance I: yes
PSCshare_r PSC if health insurance pays Recoded variable if Kostzu =I or 0: no Binary
a share Kostal =| then Kostzu_r =I I:yes
(Continued)
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Table S| (Continued)

Topics Variable Meaning Explanation Characteristics Type
PSCsharen PSC if health insurance pays a 0: no Numeric
share (numeric) I:yes
PSCpocketn PSC on own payment 0: no Numeric
(numeric) I:yes
HSn Subjective HSn I: very bad Numeric
2: bad
3: medium
4: good
5: very good
8 FHD Known FHD 0: no Binary
§ I: yes
E FHDfree Open questions to hereditary Free text Free text
S diseases in the family
§ CHin CHin 0: no Binary
g I:yes
£ DCHIn DCHin 0: no Numeric
f I: 1 do not know
2: yes
AFHD AFHD 0: no Numeric
I: yes
AFHDfree Fear of which hereditary Free text Free text

disease

Abbreviations: AFHD, afraid of hereditary disease; CHIn, children (numeric); DCHIn, desire to have children (numeric); FHD, family hereditary disease; EDL, educational
level; ES, employment status; HSn, health status (numeric); INCn, income (numeric); PSC, participation in screening; SHI, social or private health insurance.

Table S2 Overview of included independent variables used in GLMM and LCMLM

Model Dependent Independent variables Mixed effects Lean model
variable tested

GLMM (for both  Choice Att_TA + Ate_DIS + Att_TC + PersonlID, serial, Set, Seti, age, Wahl ~ Att_TA + Att_DIS +

participants and Att_PROB + Att_ ACC, ES x EDL, KF, sex, EDL, ES Att_TC + Att_PROB + Att_ACC

full-sample) AFHD, CHI, DCHI, SE, HSn, PSC + ES x EDL + (I|Seti)

LCMLM Choice Att_TA + Att_DIS + Att_TC + Att_ PersonID, Att_TA + Att_DIS Wahl ~ Att_TA + Att_DIS +

PROB + Att_ ACC + Att_TC + Att_PROB + Att_TC + Att_PROB + Att_ACC,

Att_ACC, classmb: age, sex, SHI, random = ~ Seti, subject =
ES, EDL, INCn, HSn, PSC, KF, “PersonID”, mixture = ~ Att_TA
AFHD, CHI, DCHI, Kostzu_r, + Att_DIS + Att_TC + Att_PROB
EDL x HSn + Att_ACC, classmb = ~ sex +

EDL + INCn + HSn, ng =2, data =
Daten, link = “linear”

GLMM real Real Datentn$Att_TA + Datentn$Att_DIS  PersonlD Datentn$sex + Real ~ Att_TC + Att_PROB +
+ Datentn$Att_TC + Datentn$Att_ Datentn$age, +PSCpocketn + Att_ACC + EDL + ES + INCn +
PROB + Datentn$Att ACC SHI, EDL+ES + INCn + PSC + Kostzu_r + AFHD (1|PersonID)

Kostzu_r + Khf + CHIn + HSn +
DCHlIn + PSC, AFHD
Abbreviations: AFHD, afraid of hereditary disease; CHI, children; CHIn, CHI (numeric); DCHIn, desire to have children; DCHIn, DCHI (numeric); EDL, educational

level; ES, employment status; GLMM, generalized linear mixed-effects model; HSn, health status (numeric); INCn, income (numeric); KL, known familar hereditary diseases;
LCMLM, latent class mixed logit model; PSC, participation in screening; SHI, social or private health insurance.
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Table S3 Latent class mixed logit model results — attribute effects

Attributes and levels Class | (higher proportion of men) Class 2 (higher proportion of woman)
P coefficient SE P-value P coefficient SE P-value

Test accuracy
90% —0.002 0.04244 0.962 -0.234 0.03229 0.000
95% 0.079 0.03596 0.027 0.015 0.03102 0.634
99% (ref) —0.081 —0.248

Identified diseases
All diseases 0.082 0.0405 0.043 0.137 0.03581 0.000
Treatable diseases —0.078 0.03621 0.030 —0.088 0.03373 0.009
Serious hereditary disease (ref) 0.160 0.225

Test costs
€1,500 -0.216 0.03467 0.000 —0.151 0.03073 0.000
€1,000 -0.016 0.03283 0.620 0.108 0.03043 0.000
€500 (ref) -0.200 -0.259

Probability of occurrence
10% 0.158 0.03623 0.000 —0.398 0.0341 0.000
40% 0.075 0.03431 0.029 0.007 0.03158 0.834
70% (ref) 0.083 —0.404

Access to data
Insurer and researcher —-0.200 0.04125 0.000 0.142 0.03933 0.000
Researcher 0.282 0.03912 0.000 0.314 0.03644 0.000
Insurer —-0.478 0.04563 0.000 —0.043 0.03765 0.258
No one else (ref) 0.760 0.357

Intercept

0 NA NA -0.01679 0.0276 0.54311

Notes: Adjusted for class-membership effects, sex, educational level, and income; subject, “PersonID”.
Abbreviations: SE, standard error; NA, not applicable.

Table S4 Results from the generalized linear mixed-effects model

Topics Variables Levels Full sample Potential users
p coefficient ~ SE P-value  f coefficient SE P-value
Test 90% -0.330 0.050 0.000 —-0.251 0.072 0.000
accuracy 95% 0.120 0.051 0.020 0.028 0.075 0.709
99% (ref) —0.450 -0.279
Identified All diseases 0.228 0.049 0.000 0.496 0.071 0.000
diseases Treatable diseases —-0.259 0.050 0.000 —-0.386 0.073 0.000
Serious hereditary disease (ref) 0.487 0.882
" Test costs €1,500 -0.515 0.051 0.000 —0.497 0.073 0.000
% €1,000 0.067 0.046 0.148 —0.013 0.067 0.842
5 €500 (ref) -0.582 —0.483
< Probability of 10% —0.411 0.051 0.000 -0.373 0.073 0.000
occurrence 40% 0.100 0.050 0.043 0.092 0.072 0.199
70% (ref) —0.511 —0.466
Access to Insurer and researcher —0.011 0.062 0.860 —-0.033 0.089 0.709
data Researcher 0.755 0.065 0.000 0.554 0.092 0.000
Insurer -0.812 0.067 0.000 —0.636 0.102 0.000
No one else (ref) 0.046 0.049
P Employment 0.000 0.131 1.000 —-0.007 0.342 0.983
8 § 5 Educational level 0.000 0.076 1.000 —-0.006 0.194 0.975
e FS Employment X educational level 0.000 0.045 1.000 0.106 0.981
Intercept 0.007 0.258 0.978 0.020 0.654 0.975
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Figure S| Correlation plot of independent variables.

—1

Notes: The significance level was a P-value of 0.05. X: not significant correlations. Dark blue indicates highly positive correlations. Dark red indicates highly negative
correlations. Larger circles indicate higher correlations. PSCshare_r, PSC if health insurance pays a share.

Abbreviations: AFHD, afraid of hereditary disease; CHIn, children (numeric); DCHIn, desire to have children (numeric); EDL, educational level; ES, employment status;
FHD, family hereditary disease; HSn, health status (numeric); INCn, income (numeric); PSC, participation in screening; SHI, social or private health insurance.
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Abstract

Background: The Analytic Hierarchy Process (AHP), developed by Saaty in the late 1970s, is one of the methods for
multi-criteria decision making. The AHP disaggregates a complex decision problem into different hierarchical levels.
The weight for each criterion and alternative are judged in pairwise comparisons and priorities are calculated by
the Eigenvector method. The slowly increasing application of the AHP was the motivation for this study to explore
the current state of its methodology in the healthcare context.

Methods: A systematic literature review was conducted by searching the Pubmed and Web of Science databases
for articles with the following keywords in their titles or abstracts: “Analytic Hierarchy Process,” “Analytical Hierarchy
Process,” “multi-criteria decision analysis,” “multiple criteria decision,” “stated preference,” and “pairwise comparison.”
In addition, we developed reporting criteria to indicate whether the authors reported important aspects and
evaluated the resulting studies' reporting.

"o ]

Results: The systematic review resulted in 121 articles. The number of studies applying AHP has increased since 2005.
Most studies were from Asia (almost 30 %), followed by the US (25.6 %). On average, the studies used 19.64 criteria
throughout their hierarchical levels. Furthermore, we restricted a detailed analysis to those articles published within the
last 5 years (n =69). The mean of participants in these studies were 109, whereas we identified major differences in
how the surveys were conducted. The evaluation of reporting showed that the mean of reported elements was about
6.75 out of 10. Thus, 12 out of 69 studies reported less than half of the criteria.

Conclusion: The AHP has been applied inconsistently in healthcare research. A minority of studies described all the
relevant aspects. Thus, the statements in this review may be biased, as they are restricted to the information available
in the papers. Hence, further research is required to discover who should be interviewed and how, how inconsistent
answers should be dealt with, and how the outcome and stability of the results should be presented. In addition, we
need new insights to determine which target group can best handle the challenges of the AHP.

Keywords: Multi-criteria decision making, Priorities, Analytic Hierarchy Process, Methodological standards, Systematic
literature review
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Background

The resources in health care systems are limited. Exacer-
bating this issue is the problem that many developed
countries face, that is, the rising proportion of older, mul-
timorbid patients, who serve to raise the cost of health
care. Furthermore, innovations in medical care, such as
equipment, pharmaceuticals, and treatment methods, are
also driving up costs. German politicians have adopted
new laws to manage the costs of pharmaceuticals, e.g. the
Act on the Reform of the Market for Medicinal Prod-
ucts in 2011 (in German: AMNOG [1]). In this context,
patient-relevant outcomes have drawn greater attention
because the added benefit for patients determines the
reimbursement price. But also, other countries are inter-
ested in reliable methods to measure benefits for patients,
for example, to support Health Technology Assessments
by patient preferences [2, 3]. Therefore, while it is now im-
portant to measure the benefits and to prioritize the needs
of patients, it will be even more so in the future. However,
several studies have found a divergence in patients’ and
physicians’ preferences or priorities regarding prevention
and therapy (e.g. [4—6]). Thus, one mean of evaluating
these preferences and bringing them into accord is to take
the required perspective for the situation. In order to find
appropriate methods for measuring the benefits and for
prioritizing them, beside the established methods, new ap-
proaches of decision making tools are transferred from
other fields of research, like the marketing sector. For all
of these methods it is essential to measure the trade-off
between attributes in multi-criteria decision situations for
each participant or the group, and as such, adequate and
understandable methods are essential.

Several methods are known for multi-criteria decision
making in the field of health care, including value based
methods, strategy based methods, and conjoint analyses
[7]. In Germany, the Institute for Quality and Efficiency in
Health Care (IQWiG) suggested two methods for multi-
attribute decision making: Conjoint Analysis (CA) and the
Analytic Hierarchy Process (AHP) [8]. Although they con-
cluded that both methods are applicable for decision
making, they were also confronted with methodological
limitations. As the advantages and disadvantages of estab-
lished methods like the CA have been discussed in a num-
ber of publications (e.g. [9-11]), the AHP method has
received less attention. Therefore, we wanted to figure out
whether the AHP method could become a good alterna-
tive in multi-criteria decision making.

Relevance and objective of the study

The Analytic Hierarchy Process (AHP) was developed by
Saaty in the late 1970s and originally was applied to the
marketing sector [12, 13]. Dolan et al. were the first to
apply this method to health economics research in 1989
[14, 15]; since then, it has been accepted slowly as a method

Page 2 of 27

in the field of multi-criteria decision making in healthcare.
Liberatore and Nydick described the importance of apply-
ing the AHP as follows: “Health care and medical decision
making has been an early and on-going application area for
the AHP” [16]. The AHP method was applied to different
contexts, for example, the development of clinical guide-
lines [17, 18] or biomedical innovations and technology de-
velopment [19, 20].

The increasing application of the AHP has been the mo-
tivation for this study to explore the current state of its
methodology. The method is the basis for assessing the
best instrument for each decision situation and reflecting
each participant’s opinion correctly. A review provides an
overview of published papers in this field. In line with De
Bekker-Grob et al. [21], we provide a systematic review of
the AHP. Therefore, an overview is given of the year of
publication, country, and number of criteria used in the
AHP (Section 3). In addition, Hummel and Ijzerman [22]
analyzed the thematic field in which AHP is used. They
identified the different areas of application (e.g., shared de-
cision making, clinical guidelines, and healthcare manage-
ment), number of criteria and alternatives, individual or
group decisions, participants, and rating method. We focus
on the methodological applications in the second step. In
addition, the analyzed time horizon (2010-2015) should
provide an update on Hummel and ljzerman’s study and
allow us to provide details of the most recent develop-
ments in the subject area. As in Miihlbacher’s overview
[23], the field of application and the sample are inspected,
although our focus remains on the current state of the re-
search (the last 5 years) and the reporting of methodo-
logical aspects in the papers. In addition, the evaluation of
studies’ reporting allows deeper insights. Therefore, we de-
velop criteria for reporting the AHP method and deter-
mine to what extent the studies fulfill the criteria. We
conclude by proposing recommended situations in which
the AHP can be used.

AHP - a short introduction

As a short introduction into the method of AHP, we re-
port the most important aspects here. We refer to detailed
papers to provide deeper insights into specific methodo-
logical aspects.

The AHP disaggregates a complex decision problem
into different hierarchical levels (see Saaty’s axioms for the
AHP [24]). The application of an AHP is structured into
six steps (see also Fig. 1), suggested by Dolan et al. [25]
and Dolan [7], as follows: 1. define the decision goal, cri-
teria, and alternatives, 2. rate the criteria in pairwise com-
parisons, 3. calculate the relative priority weights for the
(sub-)criteria, 4. calculate the criteria’s global priority
weights and combine the alternatives’ priorities, 5. control
for inconsistency, and 6. perform sensitivity analysis.
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Fig. 1 Steps of the AHP (modeled after Dolan et al. [25] and Dolan [7]])

At the first hierarchical level, the aim of the study is
defined followed by the main criteria, which can be di-
vided further at lower levels into sub-criteria. If neces-
sary, alternatives that contain specific combinations of
characteristics can be arranged at the lowest level of
the hierarchy. Although the AHP was introduced for
group decisions, it may also be applied to single person
decisions [26]. Pairwise comparisons at each hierarch-
ical level present the judgments and they must be eval-
uated according to a scale developed by Saaty, which
ranges from 9 to 1 to 9. If the alternatives consisted of
subjective combinations of the criteria, the alternatives
would be judged also with regard to each criterion.
Saaty provided a detailed description of his scale and
its intensities [12].

In order to analyze the interviews, the pairwise compari-
sons of (sub-)criteria at each level are displayed in ordered
schemes (matrixes). An example is seen in Saaty ([24], p.
164). Only half of the matrix has to be filled in, as the other
half is obtained from the reciprocal weights. The Eigen-
vector method (EV) is the most common means of calcu-
lating the priority vector, although other methods, such as
additive normalization, weighted least-squares, logarithmic
least-squares, logarithmic goal programming, and fuzzy
preference programming methods, yield comparable re-
sults [27]. The EV relies on the matrix’s principle eigen-
value, which results from a process of repeated squaring
and normalization (for more information, see Srdjevic [27]
or Saaty [12]). The resulting local weights describe the rela-
tive priorities in relation to their parent criterion. The local
weights form the global weights for the criteria through
multiplication with the local weights from their parent cri-
teria [24]. Thereby, global weights for criteria show the im-
portance of each criterion in the overall context of the
hierarchy. The priorities for the alternatives of the AHP are
calculated by the sum of the particular local and global
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weights for each alternative [23]. For detailed information
and examples concerning the calculations, see Saaty [28].

The aggregation of the individual judgments or priorities
is fundamental to the outcome of the study. The first op-
tion is to have the group of participants vote by finding
consensus. Another alternative is to aggregate the individ-
ual judgments. Still further, the literature suggests finding
the geometric mean [29] or arithmetic mean [30]. In
addition, the timing of calculating the average affects the
results [30], specifically, the average of participants’ judg-
ments or the average of participants’ global weights. Yet
another option is to give special weight to one participant’s
decision on the basis of that participant being an expert in
the field or holding an exceptional position within the
group [30]. The consistency ratio (CR) measures the uni-
formity of a respondent’s answers to the AHP questions.
Saaty [24] describes the calculation of the CR in detail. The
CR can also be calculated for a group of respondents.

Although the AHP has been applied to a variety of
topics within the healthcare field, the sensitivity analyses
on hierarchical decision making has received little inves-
tigation [31]. It should be noted that there are two dis-
tinct types of sensitivity analysis, that of judgments and
that of priorities [32]. The former has been explained
and tested by Arbel [33], Moreno-Jimenez and Vargas
[34], and Sugihara and Tanaka [35]. They determined
the judgments’ upper and lower bounds and articulated
the preferences through preference structures. Other ap-
proaches originate from Moreno-Jimenez and Vargas
[34], Triantaphyllou and Sénchez [36], Sowlati et al. [37],
Masuda [38], and Huang [39]. Erkut and Tarimcilar [40]
provided “a collection of practical tools for a potentially
powerful sensitivity analysis in the AHP”. In addition,
Altuzarra et al. [41] proposed a method for determining
the stability of group decisions. If the AHP includes al-
ternatives, the sensitivity analysis could show the effect
of varying weights on the alternatives’ rankings [23].
Therefore, potential rank reversal of alternatives can be
simulated. Rank reversal occurs when adding or deleting
an (irrelevant) alternative leads to a shift in the previous
alternatives’ ranking order [42].

Methods

This chapter is divided into two parts to introduce the
methods used in this paper. The first part describes the
method of the systematic review, which includes the
key words and a flow chart. Further, in chapter 2.2, we
describe our evaluation of reporting quality for the in-
cluded studies.

Systematic literature review

The basis of this review is a systematic literature research
on the Pubmed and Web of Science databases (date of re-
search: 10/27/2015). As we focused our research question
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on healthcare, we did not include further databases in
the other scientific fields. We searched both databases
for articles with the following keywords in their titles or
abstracts: “Analytic Hierarchy Process,” “Analytical Hier-
archy Process,” “multi-criteria decision analysis,” “multiple
criteria decision,” “stated preference,” and “pairwise com-
parison.” We provided the search strategy in Appendix:
Table 1. It was technically not possible to search Web of
Science for keywords in the abstracts. We refined the
search by including only articles written in German or
English and those associated with healthcare. Two inde-
pendent reviewers evaluated the titles and abstracts of the
resulting studies. Therefore, the criterion for inclusion
was that the article is the primary source and the study
used the AHP method within the healthcare setting. Add-
itionally, we conducted a manual search to find further
articles not included in the aforementioned databases.
Thereafter, the two reviewers screened the full texts of the
remaining articles and discussed whether to include them
in the review. After reaching consensus, the important in-
formation was summarized in a table (not shown). Apart
from common information, like the author, title, publica-
tion year, country, and journal, we extracted additional in-
formation regarding the study’s aim, source of criteria
identification, hierarchy design, form of implementation,
and analytical steps in order to conduct our analysis. The
results are described in Section 3 for the entire period and
in detail for the last 5 years in Subsection 3.1. The first
step should give a short overview of all studies that were
conducted with AHP in health care. In the second step,
we reported the current state of research in more detail.

Evaluation of reporting quality

The papers identified from the last 5 years resulting from
the systematic review were evaluated with regard to their
reporting quality. Because there was no set standard by
which to judge the AHP’s methodological issues, the evalu-
ation of the studies’ quality was quite challenging. The be-
fore mentioned studies by De Bekker-Grob et al. [21],
Hummel and Ijzerman [22], and Miihlbacher et al. [23] did
not report quality criteria. However, the Consolidated
Standards of Reporting Trials (CONSORT) Statement for
randomized controlled trials [43] and the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses
(PRISMA) Statement [44] may provide some direction by
providing checklists for transparent and complete report-
ing. The reason why authors should report specific aspects
is the traceability of the study. Some criteria from the
CONSORT Statement could be transferred to AHP studies:
sample size, participants (eligibility criteria), trial designs,
and statistical methods. In the case of the AHP method, the
latter criterion consists of the CR, the method used to cal-
culate the weights, the statistical software, and sensitivity
analyses. Another checklist item is the description of the
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intervention. Transferred to the AHP method, authors
should provide information about the interview process.
Besides, another guideline for good research practices is
published by Bridges et al. [9]. They provide a detailed
checKklist that is specific for conducting conjoint analyses.
Since it suggests quality aspects only for those kinds of
studies, the checklist cannot be used directly for our
evaluation. However, we summarized the recommenda-
tions from the different fields and we obtained a simplified
measurement of reporting by counting the elements that
were included in the studies. Therefore, we evaluated
whether the authors mentioned aspects for the following
elements in their papers:

e Decision goal, criteria (and if necessary alternatives)

e Number of participants

o Type of participants (patients, potential consumers,
or experts)

e Decision making by group or individually

e Scale for pairwise comparisons

Interview process (face to face, email, questionnaire,

judgments based on literature)

Software

CR

Calculation of weights

Sensitivity analysis

The last criterion was valid only for studies including al-
ternatives. Thus, for the other papers without alternatives,
we could determine only whether descriptive statistics
(e.g., standard deviation, SD and confidence intervals, CI)
were reported for the judgments or weights. We calculated
the sum of all reported aspects for each study and present
the results in Appendix: Table 2 and we show charts in
Subsection 3.2. Nevertheless, we could not evaluate the
content of each of the abovementioned criteria but only
whether the criteria were reported in the study.

Results

The search in Pubmed vyielded to 1,956 articles and the
search in Web of Science yielded to 4,829 articles, as Fig. 2
shows. Furthermore, 44 additional records were found via
manual search. By screening titles and abstracts, we lim-
ited the sample to 246 articles (we excluded a total of
6,485 articles based on language or irrelevance to health-
care and we found 54 duplicates). Thereafter, we exam-
ined the full articles in order to determine whether they
apply AHP to the field of healthcare. An additional 125
papers were excluded because they were not original stud-
ies or they used other stated preference methods (e.g.,
discrete choice experiment). In total, this process yielded
to 121 relevant studies; the Appendix: Table 3 provides a
complete list. We provide a brief overview of these studies
to show how many studies have been published in this
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Fig. 2 Flow Chart of the Systematic Literature Review

field and in which context the authors used the AHP. In
addition, the overview presents the development and the
relevance to the AHP method. In order to explore the
current state of the literature, we limited the body of our
research to articles published within the last 5 years. This
restriction reduced the number of studies to 69. The de-
tailed analysis of these studies’ methodologies made it ne-
cessary to reduce the number of articles.

For a first overview, we briefly summarized the key fac-
tors of all of the relevant articles (z = 121), such as their
publication year, country, number of attributes, and levels.

The earliest study to use the AHP was published in
1981, but the AHP has become increasingly popular since
2005 (see also Fig. 3). The 2 years with the greatest number
of studies published on the subject were 2011 and 2012
with nine each. However, it should be noted that our evalu-
ation period contains only the first 10 months of 2015, in
which as many as 20 studies were published. On average,
there were 2.5 studies per year between 1981 and 2013.
During the 1990s, there was an average of 1.7 publications

on the AHP per year, which increased to 4.6 per year be-
tween 2000 and 2013. In 2014 and 2015 the average in-
creased to the peak of 18.5 studies, although the last two
months of 2015 are not included.

Most studies were from Asia (29.75 %), followed by the
US (25.62 %). Almost all studies published before 2000
were conducted in the US (#=15). However, between
2000 and 2010, a larger proportion came from Asia (n = 8)
and Europe (n =7), although most were still from the US
(n = 8). Since 2010, Asia (# = 26) and Europe (n = 17) have
surpassed the number of publications in the US (n = 8).

Another important aspect of these studies is the num-
ber of hierarchical levels that they include. Therefore,
the studies could include more than one hierarchy, so in
some cases the number of studies did not sum up to
121. More than half of the studies (51 %) included three
hierarchical levels, 23 % described their hierarchy with
two levels, and 21 % used four levels. On average, the
studies used 19.76 criteria throughout their hierarchal
levels. At the second hierarchical level, 96 articles (78 %)
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number of studies

Fig. 3 Included Studies by Year of Publication
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included between 1 and 5 criteria (Fig. 4). At the third
and fourth levels, most studies (# =39 and n =16 or 45
and 47 %, respectively) used between 11 and 20 criteria.
The number of studies with five hierarchical levels was
quite small (n=3). As expected, the number of criteria
increases as the hierarchical level increases. The right

bar in Fig. 4 shows the total number of criteria for all
hierarchical levels per study.

Following the method set forth by Hummel and Ijzerman
[22], we divided the studies into five categories: develop-
ment of clinical guidelines, healthcare management, gov-
ernment policy, shared decision making, and biomedical
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innovation. We classified 38 studies (31 %) as pertaining to
the development of clinical guidelines or recommendations,
30 (25 %) to healthcare management, 26 (21 %) to govern-
ment policy, 15 (12 %) to biomedical innovation, and12
(10 %) to shared decision making.

Detailed analysis of the current state of research

This subsection summarizes the results of our analyses
of the articles published within the last 5 years (January
2010 to October 2015). We examine how the studies de-
sign their hierarchies and carry out their surveys, and
which analytical steps they take. In doing so, we follow
the steps for conducting an AHP shown in Fig. 1.

Definition of decision goal, criteria, and alternatives

The first step in conducting an AHP is to define the de-
cision goal and criteria that describe the goal at a lower
hierarchical level. In order to do this, many studies re-
lied on literature research [20, 25, 26, 45-83]. In
addition, many studies relied on expert interviews [20,
45-49, 51, 54, 56-58, 61, 66-71, 74, 75, 77, 78, 81-97]
or focus groups [26, 51, 69, 82, 87, 98]. Almost all of the
studies defined their criteria by analyzing more than one
source of information, although five publications did not
explain their process for this step [99-103]. Some au-
thors defined the criteria according to standards or
established guidelines [25, 50, 52, 59, 80, 84, 92, 93,
104-108] or even from previous study results [25, 47,
62, 68, 69, 71, 72, 81]. Still other authors relied on their
own expertise [64, 73, 107, 109, 110].

Judgment through pairwise comparisons
The sample sizes varied between one author who judged
the AHP for himself [73, 107-109] to 1,283 participants
[55]. In total, 50 of the 69 articles reported the number of
participants in their AHP studies. The mean number of
participants in these studies was about 109. Depending on
the studies’ goal, the participants belonged to the following
groups: hospital employees [49, 92], patients [25, 47, 55,
59, 60, 64, 69, 72, 75, 82, 95, 98], public/consumers [52,
70, 103], doctors or specialists [26, 71, 72, 74, 79, 81, 83,
93, 94, 96, 97, 99, 110], medical students [80] or teachers
[77], biomedical engineers [94], technical experts [93],
managers [93], administrators [20], and stakeholders [75].
Of the studies, 44 interviewed experts [20, 26, 45, 46, 48—
51, 54, 56-58, 61, 62, 66—68, 71, 74, 76-79, 81, 83-94, 96,
97, 99, 104-107, 110], 11 studies surveyed consumers or
patients [25, 47, 52, 55, 59, 60, 69, 70, 82, 98, 103], and
four studies included both [64, 72, 75, 95]. However, six
authors did not mention who answered the AHP ques-
tions [53, 63, 65, 100-102].

Next, we considered whether the AHP was applied at
individual or group level. Most of the studies questioned
their participants individually [20, 25, 26, 47, 55, 56, 59,
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61, 62, 64, 66, 69-71, 74, 75, 77, 79-83, 87-90, 94, 97—
99, 103, 104, 109-111]. On the other hand, only six arti-
cles mentioned group decisions [46, 49, 72, 84, 92, 96].
Five studies conducted individual judgments as well as
group decisions [51, 60, 86, 93, 95]. The remaining 23
articles did not describe the judgment, or they had only
one person who answered.

In addition, there were differences in the applied scales
for the pairwise comparisons. As explained in Subsec-
tion 1.1, the original scale implemented by Saaty ranges
from nine (or 1/9) to one to nine. This scale was
adopted by 37 of the articles in our sample [25, 45, 46,
50-52, 54-57, 60-62, 66, 71-73, 75, 79, 80, 83, 84, 86—
89, 91, 92, 94, 95, 97, 98, 102, 103, 107-109, 111]. Other
studies used ranges between 1 and 4 [20, 59], 1 and 5
[67, 70, 106], 5 and 1 and 5 [26, 81, 90, 110], 6 and 1
and 6 [99],1 and 7 [47],1 and 9 [58, 77, 96], and 1 and
11 [74]. The remainder of the studies did not provide in-
formation about their scale [48, 49, 53, 63-65, 68, 69,
76, 78, 82, 85, 93, 104].

Furthermore, there were major differences in how the
surveys were conducted. Once again, not all of the au-
thors discussed their process in detail, but those that did
so used online questionnaires [20, 47, 51, 55, 58, 70, 74,
75, 81-83, 111] (emailed) questionnaires [26, 59, 64, 66,
71, 77, 79, 80, 86, 91, 94, 95, 104, 110], face-to-face in-
terviews [25, 45, 87, 90, 98], group discussions or work-
shops [49, 60, 64, 72, 84, 86, 92, 93, 96], or Delphi panel
method [61].

Analysis and validation of results

Specific software can support the AHP design and further
analyses. However, only 35 of the 69 studies (49.28 %) men-
tioned which software they used. The majority of the stud-
ies that reported software chose Expert Choice® (23.19 %),
while others used such packages as Microsoft Excel [25, 77,
88, 90], or IBM SPSS Statistics [45, 53, 80, 99, 104]. In the
last 5 years, a more diverse range of software packages has
been in use; in addition to the aforementioned packages, re-
searchers have chosen Super Decisions TM or Crystal Xcel-
sius [73, 107], or programmed their own software [20].

The detailed analysis showed that 22 out of the 69
studies did not state a CR. However, 31 studies used a
CR of 0.1 [20, 26, 45, 46, 49-51, 56, 57, 60-62, 67, 71—
74,76, 77, 83, 87, 89, 91, 98-102, 107-109], five studies
widened the range to a CR of 0.15 [25, 59, 64, 75, 111],
and three studies accepted a CR of 0.2 or less [70, 81,
97]. The remaining studies did not establish a threshold
prior to measuring average CRs [55, 80]. As a conse-
quence of these consistency conditions, 14 of the stud-
ies reported the number of participants that must be
excluded in order to meet their established threshold
[47, 55, 59, 61, 63, 70-72, 75, 78, 81, 98, 99, 104]. How-
ever, only a small proportion of the studies actually
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outlined a procedure for dealing with excessive incon-
sistency (i.e., a CR above the established threshold).
Chen et al. [70] and Pecchia et al. [26] asked the partic-
ipants to fill out their questionnaires again. Hummel
et al. [94], Suner et al. [83], Velmurugan et al. [102],
and Cancela et al. [51] asked the participants to check
and revise their decisions. Chung et al. [71], Li et al.
[77], and Pecchia et al. [81] excluded the inconsistent
participants from their analyses. Hou et al. [67] wrote
that, in this case, “the judgment matrix has to be modi-
fied and recalculated.” Page et al. [80] ran simulations
in which they assumed that the inconsistent answers
were, in fact, consistent in the first place.

Furthermore, we examined group decision making.
Danner et al. [72], Lin et al. [91], Papadopoulos et al. [56],
Reddy et al. [86], Shojaei et al. [87], Jaberidoost et al. [66],
and Hsu et al. [90] explored this topic by taking the geo-
metric mean of the individual weights. Hilgerink et al. [93]
and Hummel et al. [94] summarized the individual judg-
ments with geometric means, and then, calculated the
group weights. Conversely, other studies only averaged
the group judgments [75, 95]. Olivieri et al. [79] presented
two AHPs; in the first, they calculated geometric means
for the ranks and in the second, they calculated the inter-
participant, standardized, geometric means of the weights
as well as the inter-participant means. Perseghin et al.
[96], Uzoka et al. [97], and Kuruoglu et al. [98] aggregated
the participants’ judgments according to the median, and
then, calculated the weights. By contrast, Taghipour et al.
[49] constructed the group judgments by using weighted
means. Unfortunately, 40 of the studies did not describe
their weight calculations in detail [20, 45-48, 50-55,
57, 58, 61-65, 67-70, 73, 74, 77-79, 82, 85, 88, 89, 96,
99-101, 103, 104, 106, 107, 110]. However, 39 authors
mentioned that they used the EV [25, 26, 45-47, 49, 50,
55-57, 59, 60, 62, 65, 66, 71, 72, 75, 76, 80, 81, 83, 86—
95, 97, 100, 102, 104, 105, 108, 109].

Very few of the studies (n = 14) examined the robust-
ness of the weights [46, 53, 56, 73, 76, 78, 80, 82, 86,
93, 100, 101, 105, 107]. Diaz-Ledezma et al. [107] and
Diaz-Ledezma and Parvizi [73] referred to Erkut and
Tarimcilar [40], who introduced sensitivity analysis for
the AHP. Hilgerink et al. [93] factored in uncertainty
regarding the included criteria by asking participants to
rate the sensitivity and specificity of the pairwise
judgments on a three-point scale; this yielded negative,
average, and positive scenarios for the overall priorities.
The other studies did not mention efforts to account
for uncertainty. Further studies conducted their sensi-
tivity analyses with the graphics provided in Expert
Choice ° [100, 101].

This subsection presents the most relevant aspects of
conducting AHP, and thereby, reveals a high proportion
of missing information from the literature. However, we
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summarize these facts in Subsection 3.2 and evaluate the
number of reported aspects.

Evaluation of reporting

In a final step, we evaluated the reporting of the studies
(see Subsection 2.2). Therefore, we suggested ten criteria
that the authors should address in their articles. Most of
the aspects are described in Subsection 3.1, and so, we
focus on the number of reported elements for evaluating
the studies in this section. We evaluated the studies pub-
lished between 2010 and 2015 (until the 27th of October)
and the detailed table can be found in Appendix: Table 1.
In addition, we summarized the most important aspects
from the table in the following graphs.

Figure 5 shows that all of the studies (n = 69) reported
their decision goal and their criteria in their publica-
tions. However, several studies did not describe their
interview process and did not mention which software
they used. Particularly, only 15 out of 69 studies re-
ported that they conducted sensitivity analysis.

The minimum number of reported criteria is one,
namely, the study of Hsu et al. [63]. They described the
aim of the study (assessment of oral phosphodiesterase
type 5 inhibitors for treatment decisions of erectile dys-
function) and the hierarchy for the AHP but said nothing
about the methods or study process. The studies that re-
ported the highest number of ten criteria were published
by Page [80] and Maruthur et al. [111]. The mean of the
reported elements is 6.75, whereas only 12 out of 69 stud-
ies (17.39 %) reported less than half of the criteria.

The next figure demonstrates the results from our
evaluation of reporting quality (Fig. 6). This figure shows
the results from our evaluation regarding the reporting
quality of all publications between 2010 and 2015. The
highest number of studies reached seven or eight points
in the evaluation. Only a small number of studies (1 = 2)
reported one or two aspects required. However, two
publications also reported all of the criteria. The mean
of reported criteria is 6.75.

Furthermore, we divided the publications into two
time periods because we wanted to examine whether the
reporting quality has changed (not shown graphically).
Therefore, we took the studies published between 2010
and 2013 and compared them with the recent state of
research since 2014 (the peak of published studies seen
in Fig. 3). In the last 2 years, five studies got nine points
in comparison to only three studies in the early time
period. Indeed, two publications from the last 2 years
only reached one or two points compared to no publica-
tions between 2010 and 2013. As the mean of the re-
ported criteria is 6.88 for the early period and 6.65 for
the last 2 years. Apparently we do not see the expected
increase of reporting quality.
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Discussion

As seen from the review, in the last 10 years (and particu-
larly in the last 2 years), there has been a clear upward
trend in the number of publications that apply the AHP to
healthcare. One reason for this could be the increasing ac-
ceptance and the discussion about integration of this
method into policy decision processes. For example, the
IQWiG in Germany suggests the AHP in decision making
regarding reimbursement as one appropriate method [8].
Currently, the development of clinical guidelines is the

most popular subject for AHP studies, followed by health-
care management decisions.

In the first step, the authors have to decompose their
research question and set up a hierarchy for the AHP.
Therefore, we have seen that most of the authors rely on
literature research and expert opinions. This proceeding
could carry the risk to not including further important cri-
teria that have not been covered before but that are im-
portant for the overall problem and for the complete
hierarchy. In particular, the perspective of the participants

number of studies
(n=69)

25

15

10

Fig. 6 Evaluation Results for Reporting Quality

5
0--....
1 2 3 4 5 6

number of reported criteria

7 8 9 10




Schmidt et al. BMC Medical Informatics and Decision Making (2015) 15:112

(in contrast to previous research) could require new cri-
teria for the AHP.

The review showed wide fields for choosing participants
in the AHP studies, even though a large portion of papers
described their samples as experts or potential consumers
of goods or services in question. Sample size was an im-
portant factor in these studies, for while there is no pre-
cise rule, there is general consensus that the AHP does
not require a particularly large sample [23]. Consequently,
it should be noted that the results are not necessarily rep-
resentative. The number of participants ranged from 1 (a
single author who judged the AHP for himself) to almost
1,300 with the mean being about 109. This wide range
could influence the studies’ results. The evaluation of
reporting in Subsection 3.2 examined satisfactory report-
ing of the participants in most of the papers. However,
common rules for the process should be developed and
several of its aspects improved upon. For instance, future
research should develop a standardized method for calcu-
lating the sample size. Furthermore, the identification of
the correct study sample is imperative in order to answer
the studies’ research question properly.

In some cases, the participants were invited to revise
their answers in case of inconsistency, and thereby, partic-
ipants could be unsettled and biased. However, inconsist-
ent judging could also be an indicator of overstraining the
participants. Furthermore, most of these studies carried
out the AHP on an individual basis, whereas only four au-
thors mentioned group decisions. This was an unexpected
finding because the AHP was introduced initially to study
group decisions. However, our evaluation of the studies’
reporting showed that only six authors did not mention
whether they had conducted group or individual deci-
sions. Moreover, the aggregation of the AHP results from
the individual level to a group did not present a uniform
set of results. The advantage of group consensus is that it
allows for the discussion of pairwise comparisons, which,
in turn, improves participants’ understanding of the prob-
lem and criteria, and thereby, participants answer less in-
consistently. This is because, on the one hand, they discuss
their decisions before they set their judgments, but on the
other hand, it may be because of the consensus or average
extreme judgments being compensated by the group. Thus,
the quality of the decision, seen as consistency, is improved
[112]. Otherwise, the composition of the group would be a
highly influential factor in the process of reaching consen-
sus. This is because individuals within the group could have
opposite priorities or else could be unwilling to discuss
their positions. In this case, it would not be possible to
reach a unanimous vote. Thus, another alternative is to ag-
gregate the individual judgments [113]. In order to do this,
one may take the geometric mean or median of either the
individual judgments or the individual weights. One pre-
requisite is that the reciprocal of the aggregated values must
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correspond to the individual reciprocal values [28]; this can
be achieved only by taking the geometric mean [113]. Un-
fortunately, only 29 of the 69 studies describe their exact
processes for calculating the weights, but 39 reported using
the EV in some way.

Recently, researchers have paid some attention to
whether the results of these studies are robust. Despite
the fact that sensitivity analyses could offer more infor-
mation on the problem of rank reversal as well as the
interpretation of the outcome [23], only 14 out of the
69 studies that we examine reported conducting such
tests [73, 76, 78, 82, 93, 107]. However, sensitivity ana-
lysis for AHP is relevant only when alternatives are in-
cluded in the hierarchy. Consequently, 25 of 37 studies
from our analysis missed reporting sensitivity analyses,
as shown in Appendix: Table 2. One study without al-
ternatives in the hierarchy suggested the use of stand-
ard deviations for weights [80]. The other sensitivity
analysis presented in Subsection 1.1 requires a firm un-
derstanding of matrix algebra, does not yield fast or
easy solutions, and is not supported by any software
package. Although Expert Choice® provides the oppor-
tunity for sensitivity analysis, it offers only graphical
simulation of one weight at the first hierarchical level
[31]. Despite these challenges, sensitivity analyses re-
main vitally important as they allow researchers to
assess the robustness of judgments, identify critical cri-
teria or alternatives, find consensus through a range of
judgments, and investigate different scenarios that sup-
port the decision [31]. Recently, Broekhuizen et al. have
taken a further step concerning sensitivity analysis by
providing an overview of dealing with uncertainty in
multi-criteria decision making [114]. The results from
sensitivity analysis can indicate potential rank reversal.
The long-running dispute of rank reversal in AHP
raised the question of “[...] the validity of AHP and the
legitimacy of rank reversal” [42]. Wang et al. [42] ar-
gued that rank reversal is not only a phenomenon in
the AHP but also in other decision making approaches.
Saaty stated that the relative measurement of alterna-
tives in the AHP implied by definition that all included
alternatives were relevant, in contrast to utility theory
that could face rank reversal problems [115]. Apart
from these fundamental questions, several authors have
suggested modifications to the AHP to overcome the
problem of rank reversal [116].

Our evaluation of the reported criteria emphasizes the
need to increase the number of given information in AHP
studies. In general, authors should improve reporting on
methodology, which is essential for comprehending and
reproducing other authors’ results. This would serve to fa-
cilitate other researchers’ evaluations of study quality. In
our opinion, two central explanations are possible for the
current underreporting in the literature. First, the AHP,
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being fairly new, has few precisely formulated methodo-
logical rules. Second, what rules there are do not hold in
practice. The latter observation also encompasses cases in
which the AHP was too difficult for participants, either
because of the formulations of the criteria or because of
the method itself. It can be concluded that further re-
search, in particular, methodological research, is needed in
this field.

Although this study is based on systematic literature
research and transparent evaluation criteria, there are a
number of limitations that bear mentioning. As we pri-
marily conducted our research on the Pubmed and
Web of Science databases, it is possible that we did not
include all relevant articles from other databases, even
though we conducted a manual research. In addition,
not all studies reported their procedures and method-
ologies in detail; therefore, the resulting statements in
this review and the evaluation of the studies’ reporting
could be biased, as we were restricted to available infor-
mation. We are unable to make statements about the
appropriateness of the evaluated content, like the sam-
ple size. By contrast, our evaluation criteria considered
only whether a point was mentioned. Furthermore, the
evaluation of reporting relied on the CONSORT and
PRISMA Statements in order to develop criteria for the
AHP. These statements suggest evaluation criteria for
RCTs and systematic literature reviews, thus it could be
criticized that we apply them to the subjective method
of the AHP. The importance of each criterion can be
criticized and our overall evaluation provides only an
indication of the studies’ reporting with respect to in-
formational content—not the quality. Moreover, we
summarized the articles’ procedures but were unable to
convey their results without some adaptions and gener-
alizations; some aspects of the AHP must be adapted to
suit the situation.

Conclusion

We found that there is a pressing need to develop meth-
odological standards for the AHP; otherwise, discrepancies
in methodology could bias studies’ results. In particular,
future research should establish a standard procedure for
aggregating individual data, specifically, a standard for
using the geometric mean versus the arithmetic mean and
aggregating judgments or priorities. We should place spe-
cial emphasis on finding practical sensitivity analysis to
address the criticisms regarding rank reversal due to chan-
ged judgments. In addition, suggestions are necessary for
reporting the robustness of weights for AHPs that do not
include alternatives.

Besides the methodological aspects of the AHP, we
should also think about the topic that is researched. We
carved out that the AHP is based on the hierarchical
structure and the criteria that are included. If the author
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uses improper assumptions, he will find biased results.
Therefore, the AHP hierarchy should not only base on one
source of information but also on a combination of differ-
ent methods (e.g. literature research and expert interview).
Hence, further research is required about how to deter-
mine the interviewees, what should be done with inconsist-
ent answers, and how the outcomes and the stability of the
results should be presented. In the future, we need new in-
sights as to which target groups can best handle the chal-
lenges of the AHP. These challenges are mainly consistent
answering, preventing overstraining by using adequate
numbers of pairwise comparisons, and deciding between
group and individual AHP. Therefore, researchers should
investigate specific groups, like elderly people, healthy
people, and patients with different diseases or disabilities.

In our study, we analyzed whether authors reported
important aspects of the AHP in their studies. This
could be a first step to evaluate the quality of studies
applying AHP in healthcare. In addition, guidelines
should be formulated as to which statistics should be
reported and how to conduct high-quality AHPs. As
mentioned before, Bridges et al. published a checklist
that contains recommendations for conducting con-
joint analyses on healthcare topics on behalf of the
International Society for Pharmacoeconomics and
Outcomes Research (ISPOR) group [9]. Besides as-
pects for study presentation, it suggests criteria for
evaluating the choice of attributes and the appropri-
ateness of the method for the research question. Still
further, we should take the current criticisms of the
AHP into consideration so that we can find solutions
to address them.

This systematic literature review shows a heteroge-
neous picture for application of the AHP in health eco-
nomics research. It is likely that interest in the AHP
will rise in the future, particularly in its application to
health economic evaluations, the weighing of therapy
outcomes, and benefit assessments. In this context, the
AHP method could support decision making regarding
reimbursement of pharmaceuticals. This is largely
owing to its ability to translate complex questions into
stepwise comparisons at different hierarchical levels.
In these hierarchies, both quantitative and qualitative
criteria can be compared, which provides a more ac-
curate representation of real-world healthcare issues.
Therefore, it should be used for complex decision
problems that can completely be decomposed into a
hierarchical structure. Thus, patients could apply the
AHP to clarify their priorities. The patients could also
benefit from these structured decisions in conversa-
tions with their physicians. The second important
point is to figure out by researches which are the ap-
propriate participants that are able to judge this re-
search problem reliably.
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Appendix

Table 1 Key words for systematic literature review
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Search terms Pubmed  Web of Science
Block A Analytic Hierarchy Process 481 10,127
Analytical Hierarchy Process 486 3,148
multi-criteria decision analysis 236 2,821
multiple criteria decision 2,135 8,291
stated preference 977 32,773
Expert Choice 2676 5,601
pairwise comparison 2,873 10,385
Block B Health economics 283,801 10,684
Health care 1,346,972 412,669
Combination Block A Analytic Hierarchy Process OR Analytical Hierarchy Process OR multi-criteria decision analysis 9,685 68,767
OR multiple criteria decision OR stated preference OR Expert Choice OR pairwise comparison
(Analytic Hierarchy Process[Title/Abstract]) OR (Analytical Hierarchy Process[Title/Abstract]) 1,966 4,923
OR (multi-criteria decision analysis[Title/Abstract]) OR (multiple criteria decision[Title/Abstract])
OR (stated preferencel[Title/Abstract]) OR (Expert Choice[Title/Abstract]) OR (pairwise
comparison[Title/Abstract] )
(Analytic Hierarchy Process[Title/Abstract]) OR (Analytical Hierarchy Process[Title/Abstract]) 1,956 4,829
OR (multi-criteria decision analysis[Title/Abstract]) OR (multiple criteria decision[Title/Abstract])
OR (stated preference[Title/Abstract]) OR (pairwise comparison(Title/Abstract] )
Block A AND Block B (Analytic Hierarchy Process OR Analytical Hierarchy Process OR multi-criteria decision analysis 306 137
OR multiple criteria decision OR stated preference OR pairwise comparison) AND health care
((Analytic Hierarchy Process[Title/Abstract]) OR (Analytical Hierarchy Process[Title/Abstract]) 307 139
OR (multi-criteria decision analysis[Title/Abstract]) OR (multiple criteria decision[Title/Abstract])
OR (stated preferencelTitle/Abstract]) OR (Expert Choice[Title/Abstract]) OR (pairwise
comparison([Title/Abstract])) AND health care
Final search (Analytic Hierarchy Process[Title/Abstract]) OR (Analytical Hierarchy Process[Title/Abstract]) 1,839 4474

OR (multi-criteria decision analysis[Title/Abstract]) OR (multiple criteria decision[Title/Abstract])
OR (stated preferencelTitle/Abstract]) OR (pairwise comparison[Title/Abstract]) Filter:
Language English, German
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Abstract

Background: Identifying patient priorities and preference measurements have gained importance as patients claim
a more active role in health care decision making. Due to the variety of existing methods, it is challenging to define
an appropriate method for each decision problem. This study demonstrates the impact of the non-standardized
Analytic Hierarchy Process (AHP) method on priorities, and compares it with Best-Worst-Scaling (BWS) and ranking
card methods.

Methods: We investigated AHP results for different Consistency Ratio (CR) thresholds, aggregation methods,
and sensitivity analyses. We also compared criteria rankings of AHP with BWS and ranking cards results by
Kendall’s tau b.

Results: The sample for our decision analysis consisted of 39 patients with rare diseases and mean age of 53.
82 years. The mean weights of the two groups of CR< 0.1 and CR < 0.2 did not differ significantly. For the aggregation
by individual priority (AIP) method, the CR was higher than for aggregation by individual judgment (AlJ). In contrast,
the weights of AlJ were similar compared to AP, but some criteria’s rankings differed. Weights aggregated by geometric
mean, median, and mean showed deviating results and rank reversals. Sensitivity analyses showed instable
rankings. Moderate to high correlations between the rankings resulting from AHP and BWS.

Limitations: Limitations were the small sample size and the heterogeneity of the patients with different
rare diseases.

Conclusion: In the AHP method, the number of included patients is associated with the threshold of the
CR and choice of the aggregation method, whereas both directions of influence could be demonstrated.

Therefore, it is important to implement standards for the AHP method. The choice of method should depend on the
trade-off between the burden for participants and possibilities for analyses.

Keywords: Decision making, Analytic Hierarchy Process, Best-worst-scaling, Method comparison, Patient preferences
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Background

Measurement of patient preferences and priorities has
gained more relevance in health care. One reason is the
increasing importance of patient participation in health
care. In Germany, the Robert Koch-Institute used to call
the patients “costumers” and “evaluators” in their Infor-
mation System of the Federal Health Monitoring [1].
Patients also want to decide scope of service of statutory
health insurances’ and which services are covered.
Several studies found differences between patients’ and
physicians’ perceptions of preferences (e.g., [2-5]). It is
relevant to assess the preferences of the (potential)
patients instead of proxy reports. Another reason for the
increasing importance is the integration of preferences
as utility in health economics evaluations and reim-
bursement decisions for pharmaceuticals. Knowledge of
patients’ preferences or priorities could be a chance for
optimizing the health care system according to patients’
requirements.

Decisions regarding treatment preferences must
consider a variety of characteristics, so called multi-
criteria decision problems. Possible options for solving
decision problems are value-based methods, strategy
based methods, and Conjoint Analyses (CA). The
German Institute for Quality and Efficiency in Health
Care (IQWiG) tested and confirmed the Analytic
Hierarchy Process (AHP) method as decision making
tool in health technology assessments [6]. Application
of AHP for the measurement of preferences has
increased during the last five years, but is still a less
researched approach in health care decision making
[7]. It remains unclear whether the AHP method and
established decision making methods yield comparable
results. Recent studies already examined the direct
comparisons of AHP and CA, as seen in [8-11]. Other
studies conducted comparisons between CA and Best-
Worst Scaling (BWS) [12-16]. Mihlbacher and
Kaczynski (2016) demonstrated the similarity of BWS
results and ratings, but did not compare directly the
results from AHP with BWS [17]. Although another
study published by Miihlbacher et al. showed similar
results for BWS and AHP methods, some of the
subgroups differed in their rankings obtained by BWS
and AHP method [18]. However, we found no further
evidence about the similarity or differences in prior-
ities raised by AHP, BWS, or ranking cards.

This study accompanied a research project designed to
gather patient needs concerning the establishment of a
central information portal about rare diseases (Zentrales
Informationsportal iiber seltene Erkrankungen, ZIPSE).
Since the available space on the website was limited, the
most important information categories for patients
occupy the most space followed by the less important
information categories. Various information requirements
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on diagnosis, therapy, self-help, research, and specialized
care facilities for people living with rare diseases, their
relatives, and health care professionals were identified in
qualitative interviews (see [19]). However, the ranking of
the information criteria remained unclear. AHP was a suit-
able method for prioritizing these information categories
in the next step (see [20]). Since AHP is a relatively new
approach in health care and it is rarely been used in health
care research compared to BWS and DCE, several meth-
odological aspects remain unstandardized. Forman et al.
(1998) described different aggregation methods for group
decisions with the AHP method: aggregating individual
judgments (AIJ) and aggregating individual priorities (AIP)
by arithmetic mean or geometric mean [21]. The choice of
aggregation method depends on the circumstances and
the aim of the study. We wanted to examine and compare
the resulting differences in decisions of the aggregation
methods in our study. This paper shows outcomes for the
different Consistency Ratio (CR) thresholds, aggregations
methods, and sensitivity analyses. Furthermore, the study
tries to identify how to validate the AHP outcomes. Out-
comes were compared with the results of questionnaires
using the following well established methods: BWS Case 1,
and ranking cards. The first aim of this study was to
demonstrate the impact of the non-standardized AHP
method on priorities. Does the aggregation method
influence the resulting group priority rankings? The
second aim was to compare the AHP outcomes with the
outcomes achieved by BWS and ranking methods to
validate the resulting priorities from patient perspective
(convergence validity).

Methods

AHP method and application

The AHP method originates from the marketing sector,
invented by Thomas Saaty in the late 1970s. Dolan et al.
applied the method of AHP the first time in the health
care sector several years later in 1989 [22, 23]. Neverthe-
less, the AHP remains a rarely used decision making
method in health care research compared to BWS, ranking
cards, and DCE. The following methodological explana-
tions are in accordance with Saaty [24]. The AHP decom-
poses the decision problem at different levels of hierarchy.
The first level describes the aim of the decision making.
This is then explained in further detail at a lower level
using sub-criteria. The last level contains possible alterna-
tives with their characteristics. In the interview, the partici-
pant compares all criteria pairwise at each level (15
comparisons in total) using a scale ranging from 9 to 1 to
9. Thereafter, the judgments of the pairwise comparisons
set up a matrix. This method presumes that the reciprocal
request results in reciprocal weights of judgments; there-
fore, only the upper half of the matrix has to be queried.
The matrices are used to calculate weights by the
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Eigenvector Method. Additionally, the Consistency Ratio
(CR) can be computed from the matrices to examine
whether the participants’ answers are random. Following
Saaty, the CR has to be <0.1. Other authors suggested a
CR £0.2, but the threshold value is not defined consistently
[8, 25]. Higher CR values indicate exclusion of answers and
questionnaires due to inconsistency.

First, we briefly report the results of information
requirements of patients with rare diseases. Second, we
compare the results of CR < 0.1 and CR < 0.2 for median,
quartiles, and extreme values (as box-plots). Third,
different aggregation methods (geometric mean, arith-
metic mean, and median) are used and the differences in
results noted. Saaty suggested to calculate group prior-
ities by aggregating judgments or final outcomes by geo-
metric mean to satisfy the reciprocal property of the
AHP [26]. Reciprocal properties present the first axiom
for the AHP, meaning that the strength of one criterion’s
dominance over a second criterion is inversely propor-
tional to the second criterion’s dominance over the first.
This implies that if criterion A is five times more
important than criterion B, criterion B is one-fifth the
importance of criterion A (for all axioms see [27]). This
relationship must be preserved after aggregation and can
be achieved by the geometric mean method. The
geometric mean is always smaller than the arithmetic
mean, except for one observation is zero [28]. In this
sub-section, we also examine differences in the results
for aggregating individual judgments (Al]) in contrast to
aggregating individual priorities (AIP). Additionally, a
sensitivity analysis estimates the stability of weights. As
most AHPs combine specific criteria combinations into
overall alternatives (e.g., criteria combinations to
describe three different cars), the sensitivity analyses
focus on the stability of these alternatives. Because no
standard method for the AHP without combining the
attributes to alternatives was implemented, we looked
at the confidence intervals (ClIs) for each global weight
of the criteria, and identified the stability of the ranking
positions for each criterion. Therefore, we determined
the BC, bootstrap 95%-CI because our sample was
small and in this case bootstrap CI were more accurate
and correct than the standard CI [29]. All our analyses
were conducted with the R statistic software program
and the package “pmr” [30].

Methodological background of the BWS and ranking
cards

As a second method in this paper, we applied BWS Case
1 in the same study population population [31]. Here,
different combinations of the criteria built up the sets.
The interviewee selected the best and the worst criteria
in each set, resulting in two decisions per set. Each
person answered seven sets. The BWS method is based
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on random utility theory, and uses the choice models or
the count analysis. Methods used in choice approaches
are multinomial logit model, conditional logit model,
maximum-likelihood, or weighted least square method
population [31]. Since we were not interested in predic-
tors for the decision, but rather in rankings, we empha-
sized the count analysis method and rankings.

Using ranking cards resulted in an ordinal ranking of
criteria, implying that distances between criteria could
not be measured. Besides, it was a well-established
warm-up task [32], and could support the interviewee to
remain consistent with their prior ranking throughout
all tasks. This survey included the ranking cards method
before the AHP tasks.

Comparison of results from AHP, BWS, and ranking cards
Furthermore, the results from AHP, BWS, and ranking
cards were compared. We placed the results in a table and
examined differences in the rank. The AHP’s weights could
not be compared with the weights from the BWS, because
they are based on deviating mathematical calculation
methods and scales. In addition, we conducted tests for
correlation between the ranks with the help of Kendall’s tau
b coefficient. This coefficient was used for rank ordered
data, and identifies concordant and discordant rankings
between two or more variables [33]. The Kendall’s tau b
makes adjustments for ties in the data, in contrast to
Kendall’s tau a.

Survey design

The study sample consisted of randomly selected partici-
pants from the qualitative main study of the ZIPSE pro-
ject [19]. A positive vote was obtained from the ethics
committee of Albert-Ludwigs-University Freiburg (num-
ber 53/14). As it was an accompanying research project,
inclusion and exclusion criteria for participants were
equal to those of the main study sample. Therefore,
participants were at least 18 years old and were either
suffering from a rare disease, or were the near relative of
a sick individual. In this study participants were inter-
viewed either face-to-face, or via phone with a paper-
pencil questionnaire that contained AHP, BWS, and
ranking tasks. Criteria development is described in detail
by Babac et al. [20]. Additionally, socio-demographic
and disease specific data were collected. A ranking task
of cards with the criteria’s descriptions should support
consistent answering. Therefore, participants arranged
the cards according to their preferred order, and left
them next to the questionnaire during the rest of the
interview. The interviewer indicated inconsistencies
between ranking cards. Hence, participants could adjust
either the order of the cards, or the judgment in the
questionnaire.
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Results

Initially, we report the AHP results including the criteria
description and their hierarchical arrangement. Then,
we show the information criteria priorities evaluated
by patients with rare diseases or their relatives. The
following subsections investigate the outcomes of dif-
ferent methodological approaches in the AHP method.
Finally, we report the comparison of AHP results with
BWS and ranking tasks.

Figure 1 shows the final hierarchy for the AHP. It
consists of four levels with the aim of study on the
first level. The aim decomposes into information
about medical issues, research, current events, and
social advisory and support services. The topic of
medical issues was again subdivided into diagnosis,
treatment, and disease patterns. The first two were
split into provider and methods at the fourth level.
Disease patterns contained aetiology, frequency, typ-
ical symptoms, and progression at the lowest level. At
the third level research implied current studies, study
results, and registries. Current events at level two con-
tained no further subcategories. The last category at
level two was divided into social law counseling,
psychosocial counseling, and self-help at level three.
Self-help further held the subcategories of personal
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contacts and online contacts (fourth level). Further
details and descriptions can be found in Additional
file 1.

The sample for our decision analysis consisted of 31
women and 8 men with mean age of 53.82 years. The
inequitable distribution of gender was due to the fact of
unequal proportions in the qualitative main study.

In the first scenario, all participants who reached a CR
at second level exceeding 0.1 were excluded from the
analyses. Then 22 included participants (19 women, 3
men; mean age: 52.50 years) remained for further analyt-
ical steps. In this scenario, we calculated weights for
each included participant and then aggregated the
weights (AIP method). The first approach was aggregat-
ing the weights by median. In Fig. 2, the results are
shown as boxplots including the quartiles and distribu-
tion of weights for each criterion at second level.

The boxplots show that medical issues were the most
important criteria for the participants with a median
weight of 04548 (SD =0.1728), followed by social
support (weight (w) = 0.1575, SD = 0.1777), and research
(w=0.1314, SD=0.1462). The least criterion was
information about current events with a median weight
of 0.0913 (SD=0.1550). The SDs of social support,
research, and current events indicated high variations of
the priorities in the sample.

Figure 3 shows the local weights of sub-criteria at the
lower third level. The gray boxplots indicated the sub-
criteria of medical issues with the highest weight for
diagnosis (median weight (mw)=0.4517, SD =0.2240),
followed by treatment (mw =0.3512, SD =0.2223), and
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disease patterns (mw = 0.1492, SD = 0.0763). The second
information criterion of research (blue boxplots) in-
cluded current studies, study results, and registry. The
most important sub-criterion was study results with a
local weight of 0.4416 (SD =0.2015), the second current
studies (w=0.3184, SD =0.1955), and the third was the
information about registries (w=0.1429, SD =0.2142).
The green boxplots displayed the local weights for the
category of social support. Self-help (w=0.4663, SD =
0.2307) reached the highest weight followed by psycho-
social counseling (w=0.2845, SD=0.1801), and law
counseling with the lowest weight of 0.2167 (SD =
0.1768). We did not compare the global weights of sub-
criteria against each other because high weights at the
second level (e.g., for medical issues) would highly influ-
ence the weights at the third level. Therefore, we used

the sub-criteria’s local weights for comparisons within
each criterion because the global weights were not
important for our methodological considerations.

Comparison of consistency thresholds

Figure 4 shows the boxplots for all global weights sepa-
rated by level. Additionally, it compares the boxplots for a
threshold of included participants with high consistency
(CR<0.1) and a threshold of lesser consistency (CR < 0.2).
All graphs show an almost equal median for the two
groups of CR and a t-test indicate no significant differ-
ences of median for each criterion (not shown here).
However, a difference in the ranking by median occurs at
level three: law counseling gained a higher weight for an
extended threshold and received rank 9 (w=0.0310)
instead of the 13th and last rank (w = 0.0452). At the same

Boxplots local AIP weights level 3

0.8 1

06

local weights
o
=
L

0.2

T T T T
diagnosis treatment dis. patterns. current studies

Fig. 3 Boxplots local AIP weights at third level

T T
study resuits registry

T T T
law counselling ~ psy. counselling self-help




Schmidt et al. Health Economics Review (2016) 6:50

Page 6 of 11

Global AIP weight level 2

med. issues

research

current events

soc. support

0.1 02 03 0.4 05 06 07
global weights

Global AIP weight level 3b

current studies

study results

= CcRr:01
registry = CR:02

- - - - .
00 0.1 02 03 04
global weights

Fig. 4 Boxplots global AIP weights separated by CR

Global AIP weight level 3a

— e

diagnosis

treatment

D:’ { = oo
B CR<02

disease pattems

00 01 02 03 04
global weights

Global AIP weight level 3¢

law counselling

| |
! | = CRs0d
= CR<02

psyc. counselling

self-help

00 01 02 03 04
global weights

time, psychosocial counseling fell from rank 10 to 13
(weight 0.0372 onto 0.0254). A rank reversal occurs for
current studies (weight 0.0353 onto 0.0324) and registries
(weight 0.0319 onto 0.0325). In summary, the medians be-
tween a lower and a higher CR threshold did not differ
significantly. Nevertheless, when small differences in
weights occurred, rank reversals could be observed. In this
study, rank reversals occurred only for the last four
rankings.

Comparison of aggregation methods

In the next step, we analyzed differences in global
weights by different aggregation methods. All mean
calculations were based on geometric mean calculation
as it serves the Pareto Principle and therefore seems to
be the correct approach in theory [10, 34]. In the first
scenario, the AIJ was applied. This method aggregated
the comparison matrices first. In a second step, priority
weights were calculated for each criterion. An overall
CR was calculated for level two after the aggregation of
all individual opinions. In the second scenario the AIP
method was applied. This methodology calculated eigen-
vectors and priorities for each participant first. Only
participants with a CR smaller than or equal to 0.1 were

included in the aggregation. Afterwards, resulting prior-
ity weights were aggregated through geometric mean
calculation.

Figure 5 displays the results of the two scenarios that
comprised all 31 participants for scenario 1 and 22 for
scenario 2. The aggregated judgments (scenario 1) show
similar global weights for most of the criteria compared
to the aggregated weights (scenario 2). Rank reversal
occurrs between diagnosis, treatment, and research,
because for scenario 1, research (wl = 0.2038) and treat-
ment (wl =0.1862) were more important than diagnosis
(wl=0.1691), whereas in scenario 2, research (w2 =
0.1916) and treatment (w2 = 0.1892) were less important
than diagnosis (w2 =0.1955). Likewise, the ranking
differs for self-help, study results, and disease patterns: in
scenario 1, disease patterns (wl =0.0940) were more
important than self-help (w1l =0.0871) and study results
(w1l =0.0860), and in scenario 2, it was the other way
round (self-help w2 =0.0906, study results w2 =0.0786,
disease patterns w2 =0.0785). A third rank reversal can
be seen for the two scenarios between current studies
(wl=0.0721, w2 =0.0704, rank 11 vs. 10), psychosocial
counseling (wl=0.0568, w2 =0.0547, rank 12 vs. 11),
and law counseling (wl=0.0729, w2 =0.0531, rank 10
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J

vs. 12). The CR for the second level was 0.004 in the first
scenario, whereas the CR was 0.05 in the second
scenario.

In the next step, the AIJ] and AIP were compared
by median. The table for these comparisons can be
found in Additional file 2. The results are nearly
identical to Fig. 5. The differences are small devia-
tions in the weights and a few higher weights for
the AIP than the AIJ (current events, registries, and
self-help). The last comparison of AIP and AIJ was
conducted by their means. Here, the AIP were mark-
edly higher than most of the AIJ, also in comparison
with the AIPs of the previously mentioned aggrega-
tion methods. Additionally, the weights summed up
to 1 at first level, and they yielded the appropriate
weights at lower levels. However, the most important
question in this context was whether the ranking

Table 1 Comparison of aggregation methods and weights

position changed through the different aggregation
methods. Table 1 answers this question.

The noticeable difference occurs for the criterion self-
help, which took the ranking positions from 7 to 13 over
the different methods. Another striking criterion is
current studies, which obtains ranking positions between
5 and 11. Two less intensive varying criteria were social
support and disease pattern that differed between 5 posi-
tions. The further 9 criteria varied between 3 ranking
positions, so a relatively stable valuation could be
assumed.

Finally, the influence of aggregation method on CR
had to be examined. The CR in the scenario of aggrega-
tion by geometric mean was markedly lower for AIJ than
for AIP (CR AIJ: 0.0045; CR AIP: 0.0490), although only
participants with a CR <0.1 were included for the AIP.
By using the median (CR AIJ: 0.0683; CR AIP: 0.0674)

Geometric mean ranking

Median ranking Mean ranking

AlJ AlP AlJ AlP AlJ AlP
Med. issues 1 1 1 1 1 1
Research 3 3 5 5 3 3
Current events 6 6 9 6 6 5
Social support 2 2 4 3 7 2
Diagnosis 5 4 2 2 2 4
Treatment 4 5 3 4 4 6
Disease patterns 7 8 6 8 9 11
Current studies 1 10 7 11 5 10
Study results 9 9 8 9 8 8
Reqistry 13 13 13 12 11 13
Law counseling 10 12 10 13 10 12
Psychosocial counseling 12 11 11 10 12 9
Self-help 8 7 12 7 13 7

The bold data highlights the results in the following text passage



Schmidt et al. Health Economics Review (2016) 6:50

or mean scenario (CR AIJ: 0.0745; CR AIP: 0.0587), the
CRs were similar, but still much higher than the CR
from AIJ by geometric mean, as expected.

Sensitivity analysis of AHP results

Usually AHP examine a combination of (sub-)criteria
weights resulting in decision alternatives. Thereafter, the
sensitivity of alternatives can be analyzed. However, the
underlying study does not integrate a hierarchy level
with decision outcomes, but only criteria and sub-
criteria. Therefore, we looked at the stability of the crite-
ria’s ranking positions. Consequently, we calculated the
CIs for each global weight (see Fig. 6). In addition, we
show the mean weight of the underlying sample. The
ClIs distributed over three ranges for global weights. The
seven lowest criteria in the figure from self-help to
results showed Cls from approximately 0.03 to 0.14, and
the CIs were rather small, particularly social support.
Then, the criteria of current studies, research, disease
patterns, therapy, and diagnosis covered a CI from ap-
proximately 0.11 to 0.30. A markedly higher CI arose for
medical issues (CI: 0.34—0.49). It could be concluded
that within the first two groups, the criteria were likely
vulnerable to rank reversal. In contrast, the first rank for
medical issues was assumed to be robust.

Comparison of methods

In the next section, we wanted to contrast the results of
the AHP and the BWS. Table 2 compares the results of
the methods. The most important criterion at level two
was information about medical issues in all three
methods, followed by social support and research. The
least important criterion, current events, was also equal
for AHP and BWS, but for the ranking cards it was also
ranked position 3. At level three for medical issues, the
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most important criterion was treatment in the BWS, and
diagnosis in the AHP. Disease patterns took the third
position in both cases. The sub-criteria for research were
ranked as followed for BWS and also AHP: 1) study
results, 2) current studies, 3) registry. In the category of
social support, the most important sub-criterion was
self-help. The positions 2 and 3 differed between BWS
and AHP. In the BWS, the second important sub-
criterion was law counseling, whereas it was psychosocial
counseling in the AHP. The ranking cards results showed
doubled ranking positions at all levels, particularly when
BWS and AHP were indifferent.

Because the ranking cards gave orientation for the
AHP in the interviews, we assumed that there was a
correlation between their results. Therefore, we did not
evaluate the correlations for AHP and ranking. We ex-
amined the correlation between AHP and BWS rankings
by Kendall’s tau coefficient, for each hierarchical level.
We found significant moderate to strong correlation
between the two methods in the rankings (see Table 3).

Discussion

In this paper, we focused on methodological aspects of
AHP and comparison of methods. The first step was to
compare the results for different CR thresholds.
Thereby, we considered the weights for including all in-
terviewees with CR<0.1 or CR<0.2. We found that the
mean weights between these two groups did not differ
significantly. However, rank reversal could occur if the
criteria’s weights are close. For clarification, another
phenomenon in AHP is also called “rank reversal”: it
occurs when adding or deleting an alternative leads to a
shift in the previous alternatives’ ranking order [35, 36].
The latter phenomenon was not investigated in our
study.

med. issues
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results - *
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Table 2 Comparison of BWS, AHP, and ranking cards
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Criteria BWS values AHP local weights BWS ranking AHP ranking Ranking cards®
Med. issues 1.000 0.368 1 1 1
Research 0322 0.152 3 3 3
Current events 0.000 0.117 4 4 3
Social support 0372 0.158 2 2 2
Diagnosis 0.855 0.354 2 1 1
Treatment 1.000 0.342 1 2 1
Dis. patterns 0.000 0.142 3 3 2
Current studies 0.279 0304 2 2 2
Study results 1.000 0.339 1 1 1
Registry 0.000 0.184 3 3 2
Law counseling 0421 0213 2 3 2
Psyc. counseling 0.000 0.220 3 2 2
Self-help 1.000 0.363 1 1 1

®Equal ranking for multiple criteria permitted

The second step was to compare different aggregation
methods. Therefore, we calculated the geometric means
of the AI] method (scenario 1) as well as the AIP
method (scenario 2). The first difference was the number
of participants that were included with a CR <0.1. In the
first scenario, we included 31 participants, and in the
second scenario, we had to exclude 9 participants
because they showed CRs>0.1. In the first scenario, we
had a CR of 0.004 for the second level calculated after
aggregating the judgments. In the second scenario, the
CR at the second level was 0.05, and thus higher than in
scenario 1, although the participants with CRs > 0.1 were
excluded from the final CR calculation. The results re-
ceived from scenario 1 showed almost the same weights
compared to the results from scenario 2. Besides, the
criteria’s rankings differed between the scenarios, due to
short distances between the weights. The AIJ method
implies that the group decides as a new individual
whereas the AIP method is based on the assumption
that each individual decides on her or his own and the
resulting decisions are aggregated [21]. Therefore, the
aggregating method should depend on whether the
sample is seen as one unit or a group of individuals. For-
man et al. (1998) argued that for AIJ the geometric mean
must be used because otherwise two social choice theory
axioms (Pareto optimality and homogeneity) are not

Table 3 Correlation between AHP ranking and BWS ranking for
each level

Kendalls tau p-value
Level two 0.585 <0.001
Level three a 0.543 <0.001
Level three b 0613 <0.001
Level three c 0.668 <0.001

satisfied [21, 37]. The Pareto optimality axiom describes
that the most frequently preferred alternative in the indi-
vidual decisions must be the preferred one in the group
decision. The homogeneity axiom states that the ratio
between the criteria weights is the same for individual
and aggregated group judgments. Our study supported
Forman’s demand as we saw violations of the Pareto
axiom in Table 1, but not for the most preferred criterion.
The homogeneity axiom was not investigated in our study.
In future AHP studies, following Forman et al. (1998) and
Saaty (2008) the geometric mean should be used in AlJ
method.

In the third step, we opposed the criteria’s rankings
received from aggregated weights and judgments by geo-
metric mean, median, and mean. Here, the ranking posi-
tions showed deviating results and rank reversals. These
aspects should be considered when results derived by
different aggregation methods in studies are compared.

As no sensitivity analysis is suggested for AHPs that
do not include alternatives, we tried to find an appropri-
ate one. The aim of sensitivity analysis in AHP is to find
instable criteria that could cause rank reversal. There-
fore, we illustrated the 95%-ClIs for all criteria. Where
ClIs overlap because of similar weights, the risk for rank
reversal increased.

Finally, we evaluated the criteria’s rankings for the
different methods (AHP, BWS, ranking cards). However,
we could not compare the weights from AHP with the
weights from the BWS, because they use different scales.
Therefore, only the rankings could be compared be-
tween the methods. Here, we found moderate to strong
correlations between the AHP and BWS.

Correlated results between the methods were similarly
reported by prior studies. Pignone et al. (2012) investi-
gated differences in value elicitations with CA, rating,
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and ranking tasks [38]. They concluded that the CA
produced different values compared with ranking and
rating, but the latter two led to similar results. Van Til
et al. analyzed the differences between pairwise compari-
sons, BWS, five point rating scales, point allocation and
ranking [39]. There were no differences between the
methods at group level; however, differences occurred at
the individual level and the largest differences were
between pairwise comparisons and the five point rating
scale. The correlation between the methods for individ-
ual weights was moderate. Furthermore, the order of the
methods shown in the questionnaire influenced the
weights. We did not examine this aspect in our study,
because we had a small sample, and could not expect
significant results regarding this question. Therefore, the
order of tasks could also influence the results.

A major problem was the inconsistent response behavior
of the participants in the AHP. Our sample consisted of
patients with different rare diseases. The diverse clinical
pictures and disease stages could have led to different
priorities in the evaluation of the information criteria.
Although in our study the participants used ranking cards
for assistance during the AHP, the CRs were not all below
the defined threshold. This phenomenon raised the ques-
tion, whether the AHP method was not applicable in
certain participant groups or in a heterogeneous sample.
Therefore, future research projects should investigate the
requirements for their participants, because this could bias
the results. Further studies should also examine whether
the aggregation of judgments always leads to higher values
than the aggregation of weights, as detected in our study.

Another aspect was the small number of participants.
Although we neglected this aspect in our study, the
number of participants could also be an influencing fac-
tor of the results. Recent literature suggests that AHP is
particularly useful for small groups, because priorities
can be calculated for each participant [40]. As we used
the sample from the main study, a larger proportion of
women was included. Nevertheless, by aggregating the
individual judgments or weights the researcher gave a
statement for a (heterogeneous) group. Thus, we should
present the results from the AHP under the restriction
of their study population. The results were representa-
tive for this study population only.

Conclusion

In the AHP method, the number of patients is influ-
enced by the CR aggregation method and the threshold
of the CR, which could bias the results. Therefore, it is
important to establish guidelines and investigate the
differences for each study as also mentioned by Schmidt
(2015) [7]. The comparison between the different
methods (AHP, BWS, ranking tasks) resulted in similar
outcomes.
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The AHP seemed to be a challenge for some partici-
pants. Reasons could be the unusual scale and the need
for consistency over several questions. However, we
could not identify special groups because our sample
was too small and homogenous. The BWS also forced
the participants to make decisions. However, here only
the best and worst decision had to be made. Therefore,
the cognitive burden is reduced compared to other
methods, for example, the DCE [41]. The researcher
should consider the trade-off between methods that are
easy to understand, and the method’s gain of informa-
tion as well as the method’s theoretical basis. In addition,
the sensitivity of each method should be calculated for
each research question. In sum, the choice of method
depends on the trade-off between the burden for partici-
pants and possibilities for analyses. Consequently, the
method should be chosen according to the characteris-
tics of the study sample and the aim of the study.
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Abstract

Background: The Analytic Hierarchy Process (AHP) is increasingly used to measure patient priorities. Studies have
shown that there are several different approaches to data acquisition and data aggregation. The aim of this study
was to measure the information needs of patients having a rare disease and to analyze the effects of these different
AHP approaches. The ranking of information needs is then used to display information categories on a web-based
information portal about rare diseases according to the patient’s priorities.

Methods: The information needs of patients suffering from rare diseases were identified by an Internet research
study and a preliminary qualitative study. Hence, we designed a three-level hierarchy containing 13 criteria. For data
acquisition, the differences in outcomes were investigated using individual versus group judgements separately.
Furthermore, we analyzed the different effects when using the median and arithmetic and geometric means for
data aggregation. A consistency ratio <0.2 was determined to represent an acceptable consistency level.

Results: Forty individual and three group judgements were collected from patients suffering from a rare disease
and their close relatives. The consistency ratio of 31 individual and three group judgements was acceptable and
thus these judgements were included in the study. To a large extent, the local ranks for individual and group
judgements were similar. Interestingly, group judgements were in a significantly smaller range than individual
judgements. According to our data, the ranks of the criteria differed slightly according to the data aggregation
method used.

Conclusions: It is important to explain and justify the choice of an appropriate method for data acquisition because
response behaviors differ according to the method. We conclude that researchers should select a suitable method
based on the thematic perspective or investigated topics in the study. Because the arithmetic mean is very vulnerable
to outliers, the geometric mean and the median seem to be acceptable alternatives for data aggregation. Overall,
using the AHP to identify patient priorities and enhance the user-friendliness of information websites offers an
important contribution to medical informatics.
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Background

The number of studies measuring patient priorities by
using the Analytic Hierarchy Process (AHP) has increased
significantly in the last few years [1]. The AHP was devel-
oped by Thomas L. Saaty in the 1970s to solve complex
problems of multiple criteria decision-making [2], based
on the idea that it is more reliable to judge the relative im-
portance of several criteria with the help of respective
pairwise comparison in a hierarchical structure than to
judge their absolute importance [3]. The method was ori-
ginally applied in the marketing sector and later in health-
care research. In addition, the AHP can be used to relate
subjective criteria, which can be both quantitative and
qualitative. As implied, it has been demonstrated that the
AHP is a useful method for healthcare delivery as well as
medical informatics decision-making [1, 4-7]. In this
study, we ranked the information needs of people having a
rare disease and their relatives using different AHP
methods. This ranking of information needs is then
transferred accordingly to display information categories
on a web-based information portal about rare diseases in
Germany. Because the available space on a user-friendly
website homepage is restricted, the most important cat-
egories should be more accessible than less important
categories. To present information categories on this web-
site according to the user’s priorities, this paper consulted
both experts in medical informatics and patient-reported
outcomes.

Today, approximately 4 million people in Germany
suffer from rare diseases. The level in the United States
is similar to that in Europe, with approximately 30 million
people living with rare diseases. It is estimated that 400
million people worldwide suffer from a rare disease.
Currently, international definitions of rare diseases vary
greatly. For example in the EU, a disease is considered
rare if it affects fewer than one in 2000 citizens, whereas
in the United States a disease is considered rare if it affects
fewer than 200,000 people, or about one in 1500 people
[8, 9]. To improve patients’ well-being, a national action
plan for people with rare diseases was adopted by the Fed-
eral Government in Germany in 2013 that is supposed to
coordinate national efforts invested in rare diseases. The
establishment of a rare diseases information portal is one
component of a broader set of planned measures, which
includes 52 policy proposals [10]. Although conditions
may differ significantly, patients having rare diseases and
their relatives frequently face similar challenges [10, 11],
which include protracted diagnosis processes as well as
a deficient information base. To address these deficien-
cies, both medical experts and experts on medical in-
formatics consider it relevant to assess the priorities of
the (potential) patients and relatives.

As part of the development of an information portal
for rare diseases, we used the AHP to identify the
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importance of several information types, e.g., information
about therapy and social-legal advice. However, there are
no best practices or a common gold standard available for
applying the methods [1]. More precisely, it is noticeable
that there are several methodological differences in the
published studies concerning data acquisition and ag-
gregation [1]. In some studies, single participants were
interviewed (e.g. [12—14]), whereas in others, group dis-
cussions were used to analyze the priorities (e.g. [15, 16]).
It therefore remains unknown which data acquisition
method is more suitable for the AHP. To determine
whether two methods (individual and group decisions)
yield the same outcomes, we implemented them separ-
ately. The goals of this study were on the one hand to
analyze the different influences of individual and group
judgements on data acquisition, and on the other hand,
to examine the different effects on the AHP results of
using the arithmetic and geometric mean as well as the
median for the data aggregation. We also discuss the
degree to which the results of this study can be transferred
to other disciplines. Finally, we fulfill our objective of
providing a recommendation on choosing appropriate
methods for further studies using the AHP.

Methods

Participants

Patients suffering from a rare disease were eligible to
participate in the study. In addition, the relatives of these
patients, for example, the parents of a child suffering
from such a disease, were eligible to participate. The in-
clusion of both patient and relatives is necessary because
many patients suffering from a rare disease are diagnosed as
children, and the information priorities of the parents ap-
pear as a proxy for the children’s priorities. Moreover, both
patients and relatives will use the information portal. Pa-
tients were excluded if they were unable to concentrate con-
tinuously on the questionnaire or did not adequately
understand the German language. Participants were re-
cruited by the Freiburg Centre for Rare Diseases (Medical
Center of the University Freiburg, Germany) and through
rare disease self-help groups.

Analytic Hierarchy

The AHP is a stepwise problem-solving procedure. First,
the decision-makers have to construct a hierarchical struc-
ture of the criteria. To achieve this, the multiple criteria de-
cision problem must be broken down into its component
parts [17]. The information needs of people suffering from
a rare disease were identified by an Internet research study,
including a review of already existing websites providing
information on rare diseases. Furthermore, a preliminary
qualitative study, the subjects of which were patients suf-
fering from a rare disease, yielded important findings about
the wording of the identified items that were regarded as



Pauer et al. BMC Medlical Informatics and Decision Making (2016) 16:117

the defined targets. We designed a three-level hierarchy by
grouping these items into information fields and informa-
tion types.

The next step was to analyze the priorities. Patients and
relatives were asked to compare every two information fields
in the second level at each time with respect to the target.
The information types in the third level were also compared
pairwise with respect to the corresponding information field.
Participants were asked to judge the importance of one end-
point as compared with another on a 9-point scale [18]. The
participants also received printed ranking cards with the in-
formation fields and information types, which helped them
provide consistent answers to the pairwise comparison
questions. One example of a pairwise comparison is dis-
played in Fig. 1. It can be seen that “1” indicates that the
two endpoints are of equal importance and “9” that the
importance of one endpoint is extremely different from
that of the other. Based on matrices of the pairwise com-
parisons, the standard AHP eigenvector method was used
to calculate the patient’s priorities using Microsoft
Windows Excel [18]. The questionnaire used in the stud-
ies is avaliable as Additional file 1.

The final operation was consistency verification, which is
listed as one of the key benefits of the AHP [19]. Saaty
demonstrated that the consistency ratio (CR) can be calcu-
lated using the consistency index and the random index
[18]. The CR value of a perfectly cardinal consistency matrix
is 0. The CR value reflects the internal consistency of an ob-
served set of judgements, and CR < 0.2 has been determined
to be an acceptable level of consistency [20, 21]. The results
of participants who answered consistently were included in
the analyses. Finally, the priorities of individual participants
were aggregated to analyze the priorities of all the partici-
pants. The different data acquisition and aggregation
methods are described in the following section.

Data acquisition
For data acquisition on individual decision-making,
patients and relatives were interviewed. The interviews
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were conducted by telephone or in a face-to-face situation
in a place familiar to the participant. In the case of tele-
phone interviews, the AHP questionnaire was mailed to
the participants a few days before the appointment. At the
beginning of the interview, the structure of the AHP and
the broad outline of the method, as well as all the quality
criteria, were explained. Thereafter, the participants com-
pleted a guided AHP. Finally, the calculated individual
weights (priorities of each criterion) were aggregated
(Fig. 2) when the answers were consistent, as described
above.

The same AHP questionnaire was used for the face-to-
face group discussions. The group meetings were held at
the Universities of Hannover, Frankfurt am Main, and
Freiburg im Breisgau. After the interviewer presented a
description of the structure and method of the AHP,
each group member judged the relative priorities of each
comparison. Then, the individual judgements (on a 9-point
scale) were gathered and displayed anonymously on a
screen. The group members discussed each pairwise com-
parison, as well as the rationales behind the individual
judgements. Finally, for each pairwise comparison, a
common group decision (consensus) was reached. The
calculated group priorities were aggregated with all the
other group priorities (Fig. 2) when the answers were
consistent, as described above. The distribution of the
priorities of individual and group weights was analyzed
in separate box plots for each category using the statis-
tics software R.

Data aggregation

Priorities can be aggregated using the arithmetic mean.
According to a frequently used method for aggregating
the priorities of individuals into a consensus rating, we
also used the geometric mean [21-23]. In addition, we
used the median to calculate the mean value of the pri-
orities. The median divides the data set into two equal
parts and indicates the mean value. The individual prior-
ities were aggregated using each of these methods
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Fig. 1 Example of a pairwise comparison on a 9-point-scale
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independently to consider the different distributions
resulting from the different methods. These results are
presented in the “Data aggregation” subsection of the
Results section.

Results

Participants

Thirty-six patients suffering a rare disease and four rela-
tives (n=40) having an average age of 50.7 years (ages
ranged from 18 to 74 years) participated in the AHP in
which the individual method was applied. In addition,
for the group method, eight patients and three relatives
were divided into three groups having a size of three or
four participants. The average age of the group members
was 52.2 years (ages ranged from 40 to 85 years). There
were more female than male members in both popula-
tions. The average ages are relative high for both samples
because adult relatives acted as a proxy for their children.
Related to the issue, these relatives would search for infor-
mation about rare diseases in the information portal. The
following numbers of patients were suffering from the fol-
lowing rare diseases (note: the assignment to the orpha.net
classification of rare diseases is not clearly regulated): rare
skin diseases (five patients/two relatives), rare tumors (six
patients), rare metabolic diseases (four patients), rare
immunodeficiencies (seven patients), rare eye diseases
(one patient), rare lung diseases (two patients/one relative),
rare muscular diseases (two patients), rare blood count dis-
orders (seven patients), rare genetic diseases (four patients/
one relative), rare kidney diseases (two patients), rare
skeletal dysplasia (one relative) and rare neurological
diseases (four patients/two relatives). The demographic
statistics of all the participants are displayed in Table 1.
In addition to the information in the table, the average
age at the time of diagnosis was 33.8 years for the indi-
vidual AHP and 34.3 years for the group AHP; some

patients were diagnosed at birth. The patients in the in-
dividual AHP had lived an average of 16.9 years since
the diagnosis of a rare disease, and the group members
had lived an average of 19 years since diagnosis. The
marital status of the study population of the individual
AHP was as follows: 27 of the 40 participants declared
that they were married, six were divorced, and seven were
living without a partner. Five of the group members were
living with a partner, two were widowed, and four had no
partner.

Analytic Hierarchy

The informational content of 300 websites maintained
by providers of information about rare diseases was ana-
lyzed to identify the important items. These items were
structured into a three-level hierarchy by grouping them
into information fields and information types. We included
four information fields: medical questions, research, current
events, and social counselling and assistance services. Subse-
quently, we included nine information types: diagnostics,
therapy, disease pattern, new studies, study results, registers,
social-legal advice, psychosocial counselling, and self-help.
The hierarchical structure (Fig. 3) contains the target on
the first level, the information fields on the second level,
and the information types on the third level. Consequently,
for analyzing the priorities, 15 pairwise comparisons in each
questionnaire were conducted: six comparisons of the four
information fields on the second level and three times three
comparisons of information types on the third level. An
explanation of each information criterion was given to
all participants, as shown in the Appendix.

Consistency ratio

The study sample showed a wide range of CRs. When the
acceptable CR was set at a lower level, fewer participants
could be included in the analyses. Moreover, the number
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Table 1 Demographic statistics of the study population
Variable Characteristics Individual Group
Frequency Rate Frequency Rate
Sex male 11 275 % 4 364 %
female 29 72.5 % 7 63.6 %
Age x < 30 2 50 % 0 0.0 %
30<x<50 18 45.0 % 6 54.6 %
50<x<70 16 40.0 % 4 364 %
x>70 3 7.5 % 1 9.1 %
Labor status employed 17 42.5 % 6 54.6 %
retired M 27.5 % 2 182 %
disabled 10 250 % 2 182 %
student 1 25 % 0 0.0 %
n/a 1 25 % 0 0.0 %
Estimated severity of the disorder low 6 15.0 % 2 182 %
medium 19 47.5 % 4 364 %
high 15 375 % 5 455 %
Status patient 36 90.0 % 8 72.7 %
relative 4 10.0 % 3 273 %

of included participants decreased if consistency was re-
quired at all the investigated levels. Figure 4 shows an
overview of the sample sizes according to the different
levels of consistency. We determined an acceptable level
of consistency to be a CR of 0.2 on the second level of the
hierarchy. These parameters led to 31 individual judge-
ments and all three group judgements being included in
the analysis. However, the following results differed only
slightly by determining a CR of 0.1.

Data acquisition

Further analyses were conducted by comparing individ-
ual and group priorities on the same level of consistency.
The comparisons were conducted between individual
and group priorities that were included in the CR=0.2
category on the second level of the hierarchy. Figure 5

presents the corresponding local ranks of the information
types (second level) and information fields (third level).
To a large extent, the local ranks for individual and group
judgements were similar. In both, Information about med-
ical questions was the most relevant information type. In
addition, the order of information fields (diagnostics, ther-
apy, and disease pattern) in this information type was the
same. Furthermore, in the second rank, information about
social counselling and assistance services can be evaluated
for individual and group priorities. Moreover, we found
differences between individual and group judgements: in-
formation about current events was ranked higher by the
group participants, and the order of the information fields
registers, new studies, and study results differed.

In addition to the comparison above, we analyzed the
weights of each category for the individual and group

1st level:
target

possible health information for a
central Information portal for

rare diseases

2nd level:
information
fields

medical
questions

research

social counselling
and assistance
services

current events

! L I |

| l L | |
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information
types

diagnostic therapy disease pattern new studies
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study results :
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Fig. 3 Hierarchical structure
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priorities separately. The (global) weights quantify the
priorities and allow all the information categories to be
compared. The distribution of priorities for each category
is displayed in Fig. 6. For each category, the distribu-
tion of group priorities (group) and individual prior-
ities (ind) is shown. Based on the median, the
differences between the individual and group priorities
were small. For example, the weight of the category
information about medical questions was noticeably
higher for individual priorities. For the category infor-
mation about registers, the weight was higher for
group priorities. Moreover, we determined that the data
span from minimum to maximum was most frequently
greater for the individual priorities than for the group
priorities.

Furthermore, we analyzed the answers given as individ-
ual judgements compared to those given as group judge-
ments. The cumulative relative value distribution indicates
the response behavior of individuals and groups. Figure 7
shows that group judgements frequently were in a nar-
rower range than individual judgements; in particular,
most of the judgements were located between 1 =
equally important and 5 = very important. Stronger prior-
ities (7 = very strongly important to 9 = extremely import-
ant) were not used in group judgements. The 45°-line
symbolizes an equal distribution of the judgements be-
tween 1 = equally important and 9 = extremely important.
Statistically significant differences between individual and
group judgements (p = 0.0027) were found using a t-test
analysis.
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Data aggregation
Aggregating single priorities is required to generate a
summary of the study results. Depending on the data ag-
gregation method, the ranks of the information criteria
and the corresponding weights differ slightly. An advan-
tage of using different methods separately is that the dif-
ferent distributions of the data sets can be considered
and results can be compared between the methods.
Figure 8 shows the global ranks of the items grouped
by the methods used for data aggregation (arithmetic and
geometric mean, as well as the median). A comparison of
the global ranks of the aggregation by the arithmetic mean
with the aggregation by the geometric mean reveals that
the criterion information about diagnostics had a lower
priority if the data were aggregated by geometric mean.
The same result was obtained for information about new

studies. Other information criteria showed the same global
ranking for both aggregation methods. A comparison of
the global ranks of the aggregation by median with the ag-
gregation by arithmetic mean showed that the criteria in-
formation about self-help and information about disease
patterns changed ranks, as did the criteria information
about psychosocial counselling and information about new
studies. In summary, according to our data, there is no
strong difference between the ranking of information cri-
teria when the data are aggregated by the median or by
the arithmetic or geometric mean.

Discussion

We have demonstrated that the AHP can be used to
identify patient priorities with regard to the information
needs of people having rare diseases. For this purpose,

arithmetic mean

N

geometric mean

study results

psychosocial

diagnostic diagnostic \\\ 1 therapy
therapy therapy //>( _
1 \(//
. S
self-help ~ i pattern disease pattern
|
-
disease pattern L — \ self-help self-help

study results

- 4 e social-legal advice
counsellin P, : 1
g S _—
- : S N . _ psychosocial
social-legal advice social-legal advice ){/ counseliing
: > psychosocial | =
new studies counseling
regiSterS

Fig. 8 Comparison of data aggregation by median and arithmetic and geometric mean

study results




Pauer et al. BMC Medlical Informatics and Decision Making (2016) 16:117

group decisions were as suitable as individual decisions.
Although the local rank of the information types resulted
in a similar order of individual and group decisions, their
global weights varied slightly. Interestingly, we found an-
other important aspect: group judgements were in a sig-
nificantly smaller range than individual judgements. This
result may be correlated with the fact that group judge-
ments are more frequently consistent. Hence, it could
conceivably be hypothesized that using smaller ranges,
e.g., a 7- or 5-point scale, would lead to more consistent
answers. Unfortunately, we cannot compare the response
behavior with that reported in other published studies, be-
cause such an analysis was not conducted in these studies
[1]. Furthermore, it can be argued that group decisions
frequently represent the compromise solution of the
group participants, and therefore, the group judgements
are a mean of the individual judgements and consequently
the group’s priorities have a more limited range. We
attempted to avoid a situation in which the group partici-
pants gave only the mean of their individual judgements
as their answer. Frequently, the group participants dis-
cussed the rationales behind the individual judgements
and decided on a common group priority that was not the
mean of the individual judgements. Sometimes, the group
judgement was even outside the range of the individual
minimum and maximum judgements. There are, however,
other possible explanations that should be investigated in
further studies.

The findings of this study suggest that there is no
“gold standard” method for data acquisition. According
to our data, both the individual and group methods lead
to very similar results. Moreover, there is no right or
wrong ranking of the priorities of information needs. Re-
searchers should select the most suitable method using
other criteria, such as the thematic perspective of the
study or the properties of the goods or topics that are
addressed. It can be argued that, on the one hand, for
free or non-rival goods, methods that involve individual
decision-making are more suitable, because there is no
need for the participants to be prepared to compromise;
other people will not face disadvantages or advantages
because of one individual’s decision. On the other hand,
group decisions are suitable for scarce or rival goods.
Another aspect that should be considered is the peer
pressure exerted in group discussions. The group situ-
ation can lead to particular disadvantages when intimate
insights should be given in the interview, in which case,
individual participants do not dare to answer truthfully or
do not state their personal opinions. With regard to the
implementation of the rare disease information portal or
other websites, the order of information categories should
not be influenced by other users. Therefore, an individual
user’s priorities shall be used to identify which information
categories are more important and should be more
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accessible on the website than less important categories.
In summary, the use of patient priorities to expand the
user-friendliness of information websites using the AHP
offers an important contribution for medical informatics.

According to our data, aggregations by median, arith-
metic mean, and geometric mean lead to very similar rank-
ings of information criteria. Because the arithmetic mean is
very vulnerable to outliers, the median and the geometric
mean appear to be acceptable alternatives for data aggrega-
tion, although the differences between the two methods de-
pend on additional factors, such as the number of criteria
in the hierarchy and the number of participants. Neverthe-
less, comparing the analyses using different methods offers
the advantage of enabling consideration of the different dis-
tributions of the data sets.

The AHP method can lead to judgements that do not
meet the defined CR requirement. We determined that
the use of ranking cards prior to pairwise comparison of
each category may help participants answer more consist-
ently. Furthermore, we noticed that a comparison of four
aspects of a category (such as the comparison of four in-
formation fields) is more challenging for participants than
a comparison of three aspects of a category (such as the
comparison of three information types) in terms of car-
dinal consistency. This fact was used to confirm the con-
ditions for participation in this study: patients who were
unable to concentrate on the questionnaire continuously
were excluded, as well as children. This participation bias
may lead to a non-representative ranking of the informa-
tion needs of people suffering from a rare disease. Further
applications of the AHP should consider restricting the
number of pairwise comparisons in each category. More-
over, by setting a CR at < 0.2, we could include a sufficient
number of judgements in our analysis. If we had set a
lower CR value, the number of included judgements
would have been lower, and consequently, the informative
value of this study would have been more limited.

Assumptions and limitations

The number of patients living with any one rare disease
is limited. For this reason, we pooled patients with het-
erogeneous rare diseases, who frequently face similar
challenges and have similar information needs. However,
because of the relatively low number of participants
interviewed in this study, the results may not be represen-
tative. Furthermore, a bias exists regarding the informa-
tion criteria current events, because no information types
were grouped in this information field. In addition, we
attempted to minimize the interviewer bias, as well as the
bias between telephone and face-to-face interviews.

Conclusions
To the best of our knowledge, this is the first study to
investigate the differences in individual and group
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judgements when conducting an AHP. Our study dem-
onstrated the need for better strategies for choosing an
appropriate method. Both methods led to similar out-
comes; however, the response behavior differed. In brief,
we demonstrated that the AHP can be used to identify
the importance of several information types to people
having a rare disease, and to order these information
types on a website that presents information on rare dis-
eases. Using the results of the AHP, we could rank the
information needs of people suffering from a rare dis-
ease and their relatives according to their priorities.
These priorities can be used to constitute information
categories that are more important and should be more
accessible on the website than less important categories.
Overall, the use of an AHP to identify patient priorities
and expand the user-friendliness of information websites
offers an important contribution to medical informatics.
According to our data, the use of different methods for
data aggregation had no distinct influence on the rank-
ing of the information criteria.

The strength of our study is in the transparent
comparison of the different approaches applied in the
AHP. The study indicates appropriate methods for
conducting an AHP in other healthcare settings and
in the field of medical informatics. Even if the results
of the data acquisition methods do not differ, as was
shown in our data, it is important that the researcher
explain and justify the choice of method. We suggest
that researchers select a suitable method based on
the thematic perspective of the study or the proper-
ties of the goods or topics they are addressing. For
example, it can be argued that group judgements
should be used for studies addressing goods with lim-
ited availability. This investigation yielded important find-
ings for subsequent studies that use the AHP method as a
tool for medical decision-making and identifying patients’
priorities.

Appendix

Definitions of the information criteria

Medical questions: Information that contains medical
background information about rare diseases, e.g., infor-
mation about diagnostics, therapy, or disease pattern.

Diagnostics: Information about diagnostic procedures
using which a healthcare professional can identify rare
diseases and make a diagnosis. In addition, contact infor-
mation about specialized healthcare professionals or
centers for rare diseases.

Therapy: Information about treatment procedures. In
addition, contact information about healthcare profes-
sionals who can treat people suffering from a rare disease.

Disease pattern: Information about reasons for, symp-
toms, and progression of rare diseases.

Page 10 of 11

Research: Information and results of scientists or
pharmaceutical companies about new findings related to
rare diseases.

New studies: Investigations of medical treatments of
rare diseases that are scheduled or starting immediately
for which participants are still being sought.

Study results: Results of current medical research.

Registers: Collections of disease data in the long term
to improve the treatment opportunities and to monitor
the distribution of the diseases.

Current events: Information and important appoint-
ments for public meetings where patients and affected
persons can talk to healthcare staff.

Social counselling and assistance services: Contact data
for and information about counselling centers that can
help people suffering from a rare disease.

Social-legal advice: Here, answers can be found to
questions concerned with the services of statutory health
insurance, labor laws, or statutory pension funds.

Psychosocial counselling: Information and contact data
that can provide psychosocial counselling in the case of
illness-related problems of family, friends, or coworkers.

Self-help: Contact information about support groups
of patients and close relatives.

Additional file

[ Additional file 1: Questionnaire. (PDF 556 kb) ]
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hannover; CR, consistency ratio; Ind, individual.
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