
Entscheidungsanalytische 
Modellierungen aus der

Perspektive eines Modellierers
IQWiG im Dialog, 16.06.2023, Köln

"Wie bewertet man die Qualität von KNB's?”

1 UMIT TIROL - University for Health Sciences and Technology
2 Harvard Chan School of Public Health, and Massachusetts General Hospital/Harvard Medical School

Uwe Siebert, MPH, MSc, ScD1,2

Professor of Public Health, Medical Decision Making and Health Technology Assessment (UMIT TIROL)
Adjunct Professor of Epidemiology and Health Policy & Management (Harvard University) 



• Chair & Professor, Dept. of Public Health, Health Services Research 
and Health Technology Assessment, UMIT TIROL, Austria

• Adjunct Professor of Epidemiology and Health Policy & Management, 
Harvard Chan School of Public Health, Boston

• Cardiovascular Research Program, Institute for Technology 
Assessment and Dept. of Radiology, Massachusetts General Hospital, 
Harvard Medical School, Boston

• Former President, Society for Medical Decision Making (SMDM)
• Follow: @UweSiebert9,   LinkedIn: uwe-siebert9,   www.htads.org 
• Contact: uwe.siebert@umit-tirol.at 

Uwe Siebert, MD, MPH, MSc, ScD

Research Interests:
– Causal Modeling: Combining decision-analytic modeling for health interventions 

with causal inference methods to estimate model parameters from trials and RWD
– Related concepts: Target Trial Emulation, Machine Learning/Causal AI
– Incremental Trade-off Assessment

Drop email with 
questions after talk

2

http://www.htads.org/
mailto:uwe.siebert@umit-tirol.at


• Entscheidungsanalytisches Modellierungsframework
– Policy Question, Auswahl Modelltyp, Evidenzsynthese, 

Parametervalidität, Trade-offs, Validierung
• Anwendungsbereiche
• Methoden- und Reporting-Standards
• Validität und Aussagekraft anhand von Fallbeispielen
• Kausalität in der Modellierung

*Stern-Folien: Material zum 
Nachschlagen, wird im Vortrag 
nicht vorgestellt

Übersicht
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• Keine tiefergehende Beurteilung zur politischen Rolle 
der KNB im AMNOG-Verfahren

• Keine generelle Abhandlung von KNBs / 
ökonomischen Evaluationen 

• Keine Diskussion von statistischen Modellen zur 
Prädiktion, Prognose oder Projektion

• Fokus: entscheidungsanalytische Modellierungen und 
Voraussetzungen für deren Validität und Aussagekraft

Abgrenzung
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IQWiG im Dialog 2023 
"Wie bewertet man die Qualität von KNBs?" 
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Gesundheitswesen, 2022, Kap. 57.2, S. 872-889.
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*Literatur zu Modellierung
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Entscheidungsfindung im Gesundheitswesen

Soll eine bestimmte Gesundheitsförderungs-, 
Präventions-, Diagnose-, Therapie-, Reha- oder 
Pflegemaßnahme bei einem bestimmten Menschen 
durchgeführt werden bzw. im Gesundheitssystem 
eingeführt werden? Und wenn ja, welche Variante 
davon? Wie hoch darf der Preis dafür sein?

Bildquelle: https://www.linkedin.com/pulse/you-want-improve-efficiency-your-ap-operations-existing-llc 8

Alternative roads, 
potential/counterfactual outcomes



Abwägungen in Health Decision Science

Nutzen Schaden

Unsicherheit

KostenGleichheit
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HTA Domains

www.eunethta.eu
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Definition Entscheidungsanalyse
Entscheidungsanalyse / entscheidungsanalytische Modellierung 
• ist ein systematischer, expliziter und quantitativer Ansatz zur 

Entscheidungsfindung unter Unsicherheit,
• kombiniert Evidenz für verschiedene Estimands und Outcomes 

aus verschiedenen Evidenzquellen und Studientypen 
• bewertet Nutzen, Schaden, Ressourcen (und ggf. Verteilungen) 

– „valuing“ 
• um kausale Schlussfolgerungen abzuleiten für die Unterstützung 

von Entscheidungen und Abwägungen in Klinik, Policy und 
Forschung

Synonyme (engl.): decision analysis, decision-analytic modeling, 
decision modeling, mathematical modeling, simulation
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Ziel der Entscheidungsanalyse

Ziel: Auswahl der „optimalen Handlungsstrategie“ 
nach Gewichtung medizinischer Nutzen, 
Schäden, Kosten und anderer Aspekte der 
verschiedenen Alternativen

Entscheidungsanalyse ist nicht das Verfahren zur 
Schätzung von Parametern, sondern zur 
Berechnung/Simulation der Ergebnisse unter 
Verwendung einer den Krankheitsverlauf abbildenden 
Modellstruktur sowie der Modellparameter und deren 
Unsicherheiten
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Entscheidungsanalyse

Natürlicher 
Krankheitsverlauf

Therap./diag. 
Wirksamkeit

Lebenserwartung

To treat or not to treat?
To test or not to test?
To screen or not to screen?
Which treatment, test, or 
screening strategy for 
whom?

Entscheidung

“Values”, 
Präferenzen

Politik, 
Rahmen-

bedingungen

Risiko, Schaden

Lebensqualität
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Purposes of Decision Analysis

Type 1 Decision: How should we act based on the current 
evidence?
• Benefit-harm analysis 

– informing clinical guidelines and personalized 
medical decision making

• Cost-effectiveness analysis 
– informing reimbursement decision making

• Distributional decision analysis
– including health inequality for social decision making

Type 2 Decision: Should we gather further evidence?

• Value-of-information analysis 
– guiding future research prioritization

14



*When is enough 
evidence enough?
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Siebert, Rochau, Claxton, ZEFQ 2013

*Incorporating 
health inequality 

concerns?

Asaria, Griffin, Cookson, MDM 2016



Prämisse Entscheidungsanalyse 

The decision must be made

“Clinical decisions and health care policy decisions 
must be made whether the clinical circumstances are 
obvious or complex. Even choosing not to perform a 
diagnostic test, not to intervene, or not to reimburse 
a health technology is a decision with consequences 

that will be experienced by the patient.” 

Siebert: U. When should decision-analytic modeling be used in the economic 
evaluation of health care?” Eur J Health Econom 2003; 4:143–150
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Definition "Model"
The International Society for Pharmacoeconomics 
and Outcomes Research (ISPOR) Task Force on 
Good Research Practices – Modeling Studies:

"[...] an analytic methodology that accounts for 
events over time and across populations, that is 
based on data drawn from primary and/or secondary 
sources, and whose purpose is to estimate the 
effects of an intervention on valued health 
consequences and costs." 

[Source: Weinstein et al., Value in Health 2003]
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Definition "Model"

Buxton and colleagues defined models in scientific 
disciplines:

"Models [...] are a way of representing the 
complexity of the real world in a more simple and 
comprehensible form" 

[Buxton, Health Economics. 1997]
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Modeling Good Research Practices - Overview: 

"[...] Models are essentially communication tools 
that allow the complexity of a given system to be 
reduced to its essential elements. As such, models 
represent a simplification of reality and modeling is 
necessarily a reductionist methodology. " 

[Caro et al. 2012: Modeling Good Research Practices – Overview 
http://www.ispor.org/workpaper/Modeling-Good-Research-
Practices-Overview.asp]

*Definition "Model"
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Purposes of Modeling in Economic 
Evaluation

Siebert, Eur J Health Econom 2003
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Wozu EA Modelle?
Synthese

• Kombination von Ergebnissen 
aus Prävalenz-, Diagnose-, 
Wirksamkeits- und NWstudien

• Verknüpfung intermediärer
Ergebnisse aus RCTs mit 
Langzeitergebnissen aus 
Beobachtungsstudien & RWD

• Synthese von Lebenszeit und 
Lebensqualität (QALYs)

• Synthese von Kosten und 
Effektivität (Kosten pro 
gewonnenes QALY)

Transfer
• Zeitliche Entwicklungen in 

Epidemiologie und 
Versorgung

• Geographische Unter-
schiede der Epidemiologie

• Unterschiede nationaler 
Versorgungsstandards

• Unterschiede bei der 
Patientencompliance

• Health Technology 
Assessment (nationale 
Versorgungsspezifika)

Siebert, Eur J Health Econom, 2003 22



Modelltypen
• Entscheidungsbäume (Decision tree models)

– Einfache Probleme, kurzer fixer Zeithorizont
• Zustandsübergangsmodelle (State-transition models)

– Krankheit durch Zustände und Übergänge abbildbar, keine 
Interaktionen

– Kohortensimulation (Markov-Modelle) – Zustände 
überschaubar

– Individuenbasierte (Mikro-)Simulation – „Zustandsexplosion“
• Diskrete Ereignissimulation (Discrete Event Simulation)

– Limitierte Ressourcen, Warteschlangen
• Übertragungsmodelle (Transmission models)

– Verbreitung akuter Infektionskrankheiten, Pandemien
• Weitere …

23



• Decision tree models
– Simple problem, short and fixed time horizon

(e.g., 7-day mortality after surgery)

• State-transition cohort (Markov) models
– Series of health states and transitions over time
– With a manageable number of states  cohort simulation

• State-transition individual-level models 
(microsimulation)

– Level of individual behavioural entity (e.g. virus, patient, family)
– Number of health states is not manageable  model individuals 

rather than the entire cohort

*Model Types
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• Discrete event simulation models
– Queuing problems, waiting lines  (e.g., organ 

transplantations)

• Dynamic transmission models
– Modeling spread of disease over time (e.g., acute 

infectious diseases)

• Other model types
– Agent-based models (modeling incentives and behavior) 
– System dynamics models (epidemiology, health care 

systems, …)
– Modeling substructures (molecules, cells, organs, …)

*Model Types

25



“For relatively simple models, or decision problems with special 
characteristics (e.g. very short time horizons, complex value 
structures) a decision tree may be appropriate.”

“If the conceptualization involves representing the disease or 
treatment process as a series of health states, state-transition models 
are often appropriate […]. Their primary disadvantage, the Markovian 
assumption that transition probabilities do not depend on past history, 
can be addressed by increasing the number of states.  Individual-
based state transition models (termed “microsimulations”), which do 
not require this assumption, are an alternative when the number of 
states grows too large.”

ISPOR-SMDM TF: Model Selection (I)
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[Caro et al. Modeling Good Research Practices - Overview: A Report of the ISPOR-SMDM Modeling 
Good Research Practices Task Force -1. Freely available from: 
http://mdm.sagepub.com/content/32/5/667.full and http://www.ispor.org/workpaper/modeling-good-research-
practices-overview.asp. Medical Decision Making 2012; 32: 667-77/ Value in Health 2012; 15: 796-803]
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“When the disease or treatment process includes interactions 
between individuals, the modeling methods should be able to 
represent and evaluate the effects of those interactions (dynamic 
transmission models, …)”

“When the decision problem involves resource constraints, the 
modeling method should be able to represent and evaluate the 
effects of those constraints (discrete event simulation, …)” 

“For some decision problems, combinations of model types, hybrid 
models, and other modeling methodologies are appropriate.”

ISPOR-SMDM TF: Model Selection (II)
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[Caro et al. Modeling Good Research Practices - Overview: A Report of the ISPOR-SMDM Modeling 
Good Research Practices Task Force -1. Freely available from: 
http://mdm.sagepub.com/content/32/5/667.full and http://www.ispor.org/workpaper/modeling-good-research-
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*Taxonomie & Modellauswahl
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Anwendungsbereiche
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Einsatzgebiete

• Health Technology Assessment
– Nutzen-Schaden-Balance
– Kosteneffektivität, Preisfindung
– Verteilungsgerechtigkeit und soziale Aspekte

• Klinische Leitlinien
– Vorwiegend Nutzen-Schaden-Balance

• Patientenorientierte / partizipative Entscheidungs-
findung 
– Individuelle Nutzen-Schaden-Balance
– Berücksichtigung individueller Risiken und Präferenzen 

(z.B. Patienteninformationsbroschüren)
30



S3-Leitlinien

31

http://www.leitlinienprogramm-
onkologie.de/leitlinien/zervixkar
zinom-praevention/

https://www.iqwig.de/downloa
d/P15-
02_Einladungsschreiben-und-
Entscheidungshilfen-zum-
Zervixkarzinom-Screening.pdf

http://portal.dimdi.de/de/hta
/hta_berichte/hta234_beric
ht_de.pdf

HTA-Berichte Entscheidungs-
hilfen
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*S3-LL Ergebnisse als Faktenbox Nutzen, Schaden

Schaden

Nutzen
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Ergebnisse: Schaden-Nutzen
Konisationen < CIN3 pro gewonnenes Lebensjahr
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Ergebnisse: Kosteneffektivität
Euro pro gewonnenes Lebensjahr
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IQWiG Broschüre 
Entscheidungshilfe
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*IQWiG 
Broschüre 
Entschei-
dungshilfe

37www.gesundheitsinformation.de/gebaermutterhalskrebs-frueherkennung-und-vorsorge.2109.de.html?part=frueherkennung-ts



Standards und Guidelines für 
entscheidungsanalytische 

Modellierungen

38



Besonderheit bei EA Modellierungen im Vergleich zu 
anderen Studientypen: 
Validität und Aussagekraft der Modellierungsergebnisse 
hängt ab von 2 Faktoren:
1. Korrektheit der Modellstruktur

– „Biologie des Modells, beinhaltet immer auch Expertenwissen
2. Adäquate Parameterwahl

– Adäquate statistische Analyse(selbst oder in Literatur), 
Adjustierung, bedingte Schätzer, kausale Inferenz etc.

Bei der Beurteilung der Modellvalidität müssen beide 
Aspekte im Zusammenhang betrachtet werden
 Checklisten sind notwendig aber nicht hinreichend

Duale Validität
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International Guidelines
• Framework Quality Assessment: Assessing quality in decision 

analytic cost-effectiveness models. Sculpher et al., 2000 

• HTA Key Principles: Key principles for the improved conduct 
of health technology assessments for resource allocation 
decisions. International Working Group for HTA Advancement, 
2010

• Comprehensive Methodological Guidelines: ISPOR-SMDM 
Modeling Good Research Practices Task Force, 2012 

• Reporting: Consolidated health economic evaluation reporting 
standards (CHEERS 2022 statement), Husereau et al., 2022

• Certainty Assessment: Brozek et al., GRADE Guideline 30: 
Assessment of certainty of modeled evidence, JCE, 2021
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*Key Principles 
of HTA
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Drummond et al. 2008, IJTAHC



*Key HTA Principles
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USE IN DECISION MAKING
13. Should be timely
14. Appropriate communication
15. Clear link HTA–decision making

METHODS OF HTA
5. Approp. cost & benefit methods
6. Wide range evidence & outcomes
7. Full societal perspective
8. Explicitly characterize uncertainty
9. Generalizability & Transferability

PROCESSES FOR CONDUCT
10. Engage all stakeholders
11. Seek all available data
12. Monitor implementation of findings

STRUCTURE OF HTA
1. Goal and scope explicit & relevant
2. Unbiased & transparent
3. All relevant technologies
4. Clear priority setting for topics

Drummond et al. 2008, Int J Technol Assessment Health Care
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Methodology Working Group Co-Chair, Professor of Public Health, UMIT – 
Univ. of Health Sciences, Medical Informatics & Technology, Hall i.T., Austria

43



Eddy D, Hollingworth W, Caro J, Tsevat J, McDonald KM, Wong J, on 
Behalf of the ISPOR−SMDM Modeling Good Research Practices Task 
Force. Model Transparency and Validation: A Report of the ISPOR-
SMDM Modeling Good Research Practices Task Force-7. Medical 
Decision Making 2012;32:733-43.

Eddy D, Hollingworth W, Caro J, Tsevat J, McDonald KM, Wong J, on 
Behalf of the ISPOR−SMDM Modeling Good Research Practices Task 
Force. Model Transparency and Validation: A Report of the ISPOR-
SMDM Modeling Good Research Practices Task Force-7. Value in 
Health 2012;15:843-50.

Briggs A, Weinstein MC, Fenwick EA, Karnon J, Sculpher MJ, 
Paltiel AD, on Behalf of the ISPOR-SMDM Modeling Good 
Research Practices Task Force. Model Parameter Estimation and 
Uncertainty: A Report of the ISPOR-SMDM Modeling Good 
Research Practices Task Force-6. Value in Health 2012;15:835-42.

Briggs A, Weinstein MC, Fenwick EA, Karnon J, Sculpher MJ, 
Paltiel AD, on Behalf of the ISPOR-SMDM Modeling Good 
Research Practices Task Force. Model Parameter Estimation and 
Uncertainty: A Report of the ISPOR-SMDM Modeling Good 
Research Practices Task Force-6. Medical Decision Making 

2012;32:722-32.

Pitman R, Fisman D, Zaric GS, Postma M, Kretzschmar M, 
Edmunds J, Brisson M, on Behalf of the ISPOR-SMDM Modeling 
Good Research Practices Task Force. Dynamic Transmission 
Modeling: A Report of the ISPOR-SMDM Modeling Good 
Research Practices Task Force-5. Value in Health 2012;15:828-
34.

Pitman R, Fisman D, Zaric GS, Postma M, Kretzschmar M, 
Edmunds J, Brisson M, on Behalf of the ISPOR-SMDM Modeling 
Good Research Practices Task Force. Dynamic Transmission 
Modeling: A Report of the ISPOR-SMDM Modeling Good 
Research Practices Task Force-5. Medical Decision Making 
2012;32:712-21.

Karnon J, Stahl J, Brennan A, Caro JJ, Javier M, Moeller J, on 
Behalf of the ISPOR-SMDM Modeling Good Research Practices 
Task Force. Modeling using Discrete Event Simulation: A Report 
of the ISPOR-SMDM Modeling Good Research Practices Task 
Force-4. Value in Health 2012;15:821-27.

Karnon J, Stahl J, Brennan A, Caro JJ, Javier M, Moeller J, on 
Behalf of the ISPOR-SMDM Modeling Good Research Practices 
Task Force. Modeling using Discrete Event Simulation: A Report 
of the ISPOR-SMDM Modeling Good Research Practices Task 
Force-4. Medical Decision Making 2012;32:701-11.

Siebert U, Alagoz O, Bayoumi AM, Jahn B, Owens DK, Cohen DJ, 
Kuntz KM. State-Transition Modeling: A Report of the ISPOR-SMDM 
Modeling Good Research Practices Task Force-3. Value in Health 
2012;15:812-20.

Siebert U, Alagoz O, Bayoumi AM, Jahn B, Owens DK, Cohen DJ, 
Kuntz KM. State-Transition Modeling: A Report of the ISPOR-SMDM 
Modeling Good Research Practices Task Force -3. Medical Decision 
Making 2012;32(5):690-700.

Roberts M, Russell LB, Paltiel AD, Chambers M, McEwan P, 
Krahn M, on Behlaf of the ISPOR-SMDM Modeling Good 
Research Practices Task Force. Conceptualizing a Model: A 
Report of the ISPOR-SMDM Modeling Good Research Practices 
Task Force -2. Medical Decision Making 2012;32:678-89.

Roberts M, Russell LB, Paltiel AD, Chambers M, McEwan P, 
Krahn M, on Behlaf of the ISPOR-SMDM Modeling Good 
Research Practices Task Force. Conceptualizing a Model: A 
Report of the ISPOR-SMDM Modeling Good Research Practices 
Task Force -2. Value in Health 2012;15:804-11.

Caro JJ, Briggs AH, Siebert U, 
Kuntz KM, on Behalf of the ISPOR-
SMDM Modeling Good Research 
Practices Task Force. Modeling 
Good Research Practices - 
Overview: A Report of the ISPOR-
SMDM Modeling Good Research 
Practices Task Force -1. Value in 
Health 2012;15:796-803.
Caro JJ, Briggs AH, Siebert U, 
Kuntz KM, on behalf of the ISPOR-
SMDM Modeling Good Research 
Practices Task Force. Modeling 
Good Research Practices - 
Overview: A Report of the ISPOR-
SMDM Modeling Good Research 
Practices Task Force -1. Medical 
Decision Making 2012;32(5):667-77.

Caro JJ, Briggs AH, Siebert U, Kuntz KM, on Behalf of the ISPOR-
SMDM Modeling Good Research Practices Task Force. Modeling 
Good Research Practices - Overview: A Report of the ISPOR-SMDM 
Modeling Good Research Practices Task Force -1. Value in Health 
2012;15:796-803.

Caro JJ, Briggs AH, Siebert U, Kuntz KM, on behalf of the ISPOR-
SMDM Modeling Good Research Practices Task Force. Modeling 
Good Research Practices - Overview: A Report of the ISPOR-SMDM 
Modeling Good Research Practices Task Force -1. Medical Decision 
Making 2012;32(5):667-77.

Webinars:
https://www.ispor.org/education/Educational_Webinars.asp

URL task force reports: 
https://www.ispor.org/heor-resources/good-
practices-for-outcomes-
research/article/modeling-good-research-
practices---overview

*

44

https://www.ispor.org/education/Educational_Webinars.asp


*Certainty of Evidence (GRADE)
• Domains determining certainty of evidence

– risk of bias
– Indirectness
– Inconsistency
– Imprecision
– reporting bias
– magnitude of effect
– dose-response relation
– direction of residual confounding

• Recommendations
– develop a model de novo
– identify best existing model
– use outputs from multiple models.

45
Brozek et al., JCE, 2021. https://pubmed.ncbi.nlm.nih.gov/32980429/



Kriterien für die Validität von 
Modellen und deren Aussagekraft
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Glaubwürdigkeit und 
Verlässlichkeit eines Modells

„Trust and confidence are critical to the success of health care 
models. There are two main methods for achieving this: 
transparency (people can see how the model is built) and 
validation (how well it reproduces reality). […] 
Validation involves face validity (wherein experts evaluate model 
structure, data sources, assumptions, and results), verification or 
internal validity (check accuracy of coding), cross validity 
(comparison of results with other models analyzing same 
problem), external validity (comparing model results to real-world 
results), and predictive validity (comparing model results with 
prospectively observed events).”

Eddy D et al. Model Transparency and Validation: A Report of the ISPOR-SMDM Modeling 
Good Research Practices Task Force-7. Medical Decision Making 2012;32:733-43.

47



• Klare Formulierung der alternativen Strategien 
(kausale, kontrafaktische Forschungsfrage) PICOST

• Adäquater Modelltyp und adäquate Modellstruktur
• Kausal interpretierbare Inputparameter
• Explizite Beschreibung der Annahmen
• Erfolgreiche Durchführung von Kalibrierungen und 

Validierungen
• Unsicherheitsanalysen
• Adäquates Reporting der Ergebnisse und Trade-offs

Kriterien für die Validität von Modellen 
und deren Aussagekraft  
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• Insgesamt ist Modellierung die Ausnahme
(s. Vortrag Dr. Anja Schwalm)

• Wird sich das ändern angesichts mancher neuen 
hochpreisigen Medikamente?

• Erster Einsatz 2013 KNB bei Vielfalt der 
Antidepressiva mit sehr unterschiedlichen Preisen 
 Erstattungspreise

• Jüngster Einsatz 2022 bei Nutzen-Schaden-
Bewertung Mammografie-Screening 
 Auswahl optimaler Screeningvarianten

Entwicklung der Modellierung beim IQWiG
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Erste IQWiG KNB
Antidepressiva

50

https://www.iqwig.de/download/g09-01_abschlussbericht_kosten-nutzen-bewertung-von-venlafaxin-duloxetin.pdf

Mein Fokus heute: 
Verwendung der 
Ergebnisse zur 

Bestimmung des 
Erstattungspreises



Markov-Modell Antidepressiva 
(mit Erst- und Zweitlinientherapie)
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Effizienzgrenze Remission Antidepressiva
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Zusatznutzenbereinigte 
Erstattungspreise Antidepressiva
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Offene Fragen:

• Interpretierbarkeit der ICERs
– EUR pro % Ansprechrate
– Wie vergleichen mit EUR pro % Langzeitansprechrate 

(SVR) bei chronischer Hepatitis C?

• Multiple Effizienzgrenzen
– Pro Outcome eine Effizienzgrenze
– Keine Methode zur Integration multipler Effizienzgrenzen
– Aber: Methoden zur Integration von Outcomes existieren

z.B. EUR pro gewonnenes QALY

Effizienzgrenzenansatz
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IQWiG Nutzen-Schaden-Modellierung: 
Altersgrenzen Mammografie-Screening

55https://www.iqwig.de/projekte/s21-01.html

Mein Fokus heute: 
Konzept und Validität 

der Ergebnisse



Entscheidungsanalytisches Framework

56

• Population und Perspektive: Frauen in Deutschland ab 45 
Jahren, für die eine Mammographie in Frage kommt

• Zeithorizont: lebenslang

• Strategien: verschiedene Start- und Stop-Altersgrenzen und 
Screeningintervalle

• Outcomes: 
– Nutzen: Reduktion von DCIS/Brustkrebs/krebsbedingter Tod, 

gewonnene Lebensjahre/QALYs
– Schaden: Zusätzliche Mammografien, positive/falsch-positive 

Mammografien, Überdiagnosen
– Trade-offs: Inkrementelle Schaden-Nutzen-Verhältnisse (ISNV).

• Modelltyp: Markov Zustand-Übergangsmodell
• Simulation: Kohortensimulation



Beschreibung alternative Strategien

57
https://www.iqwig.de/download/s21-01_altersgrenzen-im-mammografie-screening-programm_abschlussbericht_v1-1.pdf



Beschreibung der Outcomes/Endpunkte
(disaggregiert und aggregiert)

58
https://www.iqwig.de/download/s21-01_altersgrenzen-im-mammografie-screening-programm_abschlussbericht_v1-1.pdf



“If the conceptualization involves representing the disease 
or treatment process as a series of health states, state-
transition models are often appropriate […]. Their primary 
disadvantage, the Markovian assumption that transition 
probabilities do not depend on past history, can be 
addressed by increasing the number of states.  Individual-
based state transition models (termed “microsimulations”), 
which do not require this assumption, are an alternative 
when the number of states grows too large.”

Begründung Modelltyp ISPOR-SMDM TF

59

[Caro et al. Modeling Good Research Practices - Overview: A Report of the ISPOR-SMDM Modeling 
Good Research Practices Task Force -1. Freely available from: 
http://mdm.sagepub.com/content/32/5/667.full and http://www.ispor.org/workpaper/modeling-good-research-
practices-overview.asp. Medical Decision Making 2012; 32: 667-77/ Value in Health 2012; 15: 796-803]

http://mdm.sagepub.com/content/32/5/667.full
http://www.ispor.org/workpaper/modeling-good-research-practices-overview.asp
http://www.ispor.org/workpaper/modeling-good-research-practices-overview.asp


Begründung des Modelltyps

60

…

https://www.iqwig.de/download/s21-01_altersgrenzen-im-mammografie-screening-programm_abschlussbericht_v1-1.pdf



Transparente Beschreibung Modellstruktur:
Graphisch und als Text

61

https://www.iqwig.de/download/s21-01_altersgrenzen-im-mammografie-screening-programm_abschlussbericht_v1-1.pdf



Transparente Beschreibung Modellparameter:
Progression, Mortalität, Klein. Variablen, Testgenauigkeit, Lebensqualität, … 

62
https://www.iqwig.de/download/s21-01_altersgrenzen-im-mammografie-screening-programm_abschlussbericht_v1-1.pdf



Kalibrierung

63
https://www.iqwig.de/download/s21-01_altersgrenzen-im-mammografie-screening-programm_abschlussbericht_v1-1.pdf



Validierung

64
https://www.iqwig.de/download/s21-01_altersgrenzen-im-mammografie-screening-programm_abschlussbericht_v1-1.pdf



Ergebnisdarstellung multiple Outcomes

65
https://www.iqwig.de/download/s21-01_altersgrenzen-im-mammografie-screening-programm_abschlussbericht_v1-1.pdf



Ergebnisdarstellung Trade-offs
Stufenweise inkrementelle Betrachtungsweise, Effizienzgrenzen

66
https://www.iqwig.de/download/s21-01_altersgrenzen-im-mammografie-screening-programm_abschlussbericht_v1-1.pdf



• Im Bericht auf 26 Seiten Ergebnisse der 
Sensitivitätsanalysen (hier nicht dargestellt)

Unsicherheitsanalysen
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Kausale Modellierung
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• Entscheidungsanalytische Modelle müssen per 
se kausal interpretierbar sein
– im Unterschied zu Prädiktionsmodellen

• Entscheidung = What if = kausal/kontrafaktisch
• Die Zielpopulation durchläuft jeden alternativen 

Handlungsarm

• Entscheidungsknoten

Kausalität in Entscheidungsanalysen

69



Causal 
Research 
Question

Causal 
Diagrams

Causal 
Model

Causal 
Inference 
Methods

Ingredients of Causal Decision Modeling

70

Meaningful and 
well-defined 
interventions

Causal 
relations 
between 
variables

Causal structure 
of events, 

transitions etc.

Regression, 
g-Methods, 

Machine learning
Target Trial



Interface Modeling and Causal Inference

71
Kuehne et al., GMS, 2022



Best Practice Causal Inference
ISPOR Good Research Practices for Retrospective 

Databases Analysis Task Force -- Part I-III

1. Berger et al. … defining, reporting and 
interpreting nonrandomized studies of 
treatment effects using secondary data 
sources … Part I., Value in Health 2009

2. Cox et al., … approaches to mitigate bias 
and confounding in the design of 
nonrandomized studies of treatment 
effects using secondary data sources … 
Part II, Value in Health 2009

3. Johnson et al., … analytic methods to 
improve causal inference from 
nonrandomized studies of treatment 
effects using secondary data sources … 
Part III, Value in Health 2009

7272



Recommendation Part II (Cox et al, ViH 2009):
• "[...] the need for data analysis plan with causal 

diagrams; detailed attention to classification bias in 
definition of exposure and clinical outcome; careful and 
appropriate use of restriction; extreme care to identify 
and control for confounding factors, including time-
dependent confounding."

73

Best Practice Causal Inference
ISPOR Good Research Practices for Retrospective 

Databases Analysis Task Force -- Part I-III



Recommendations Part III  (Johnson et al, ViH 2009):
• "All factors that are theoretically related to outcome or 

treatment selection should be included despite statistical 
significance at traditional levels of significance."

• "In the presence of time-varying confounding, standard 
statistical methods may be biased, and alternative 
methods such as marginal structural models or g-
estimation should be examined."

74

Best Practice Causal Inference
ISPOR Good Research Practices for Retrospective 

Databases Analysis Task Force -- Part I-III



UKPDS Outcomes Model 
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Dead?

Calculate life years & 
QALYs

Start: define the following patient characteristics:
Age at diagnosis, ethnicity, sex, BMI, HbA₁c, total: HDL cholesterol (Lipids), blood  
                               pressure, smoking status, atrial fibrillation at diagnosis, PVD 
History of diabetes-related events: IHD, CHF, blindness, amputation, renal failure, MI, stroke

Commence model cycle

Randomly order and run event equations:
Ischaemic heart disease (IHD)  Eq. 1
Myocardial infarction (MI)  Eq. 2
Congestive heart failure (CHF)  Eq. 3
Stroke    Eq. 4
Amputation    Eq. 5
Blindness    Eq. 6
Renal failure    Eq. 7
Diabetes-related mortality  Eq. 8
(conditional on CHF, amputation @ renal Eq. 9
Failure, MI or stroke having occured)
Other mortality   Eq. 10

Update history of diabetes-related events

Update patient risk factors using risk 
factor equations:

HbA₁c   Eq.11
Blood pressure  Eq. 12
Total: HDL cholesterol                     Eq. 13
Smoking   Eq. 14

Yes No

UKPDS Outcomes Model

76Clarke 2004



*UKPDS Outcomes Model
– estimation of first occurrence of diabetes related complications (MI, other 

IHD, stroke, heart failure, amputation, renal failure, blindness)  
– equations were fitted to observed events in UKPDS population 

• diabetes-related complications: proportional hazards Weibull regression model  

• probability that first MI, IHD, CHF amputation or renal failure would be fatal: 
logistic regression

• risk of diabetes-related/non-diabetes related mortality: Gompertz regression 
function

 

• risk factor progression: random effects panel data

– probabilistic discrete-time illness death model with annual cycles

1
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UKPDS Outcomes Model
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EMA ICH e9 
Addendum -
Estimands

https://www.ema.europa.eu/en/docum
ents/scientific-guideline/draft-ich-e9-
r1-addendum-estimands-sensitivity-
analysis-clinical-trials-guideline-
statistical_en.pdf

79



Zwei Beispiele, bei denen die Wahl des kausalen 
Estimands eine entscheidende Rolle spielt:
• Behandlungswechsel
• Compliance

Extrem relevant für entscheidungsanalytische 
Kosteneffektivitätsmodellierungen, viele 
Entscheidungen sind gekippt.

Kausale Modellierung

80



Behandlungswechsel
• Forschungsfrage für Erstattung: Welt mit vs. ohne 

neues Medikament
• In RCT aus ethischen Gründen Entblindung und 

Behandlungswechsel nach Progression zugelassen
• => Studiendesign kann Forschungsfrage nicht 

beantworten
• Wahl zwischen 2 Übeln: 

(1) ITT-Analyse unbiased, aber falscher Estimand
(2) Kausale (nicht-naive) Per-Protocol-Analyse korrekter 
Estimand, aber risk of bias

*Kausale Modellierung

81



Compliance
• Unterschiedliche Arten von Participation, Compliance und 

Adherence sind zu unterscheiden!
• In HTA interessiert of der „kontrollierte“ Effekt wie in RCTs 

und nicht in der Real-world (geringere Unsicherheit)
– Kann in Modellierungen simuliert werden, z.B., Analyse für 

am Screening teilnehmende Personen
– Für klinische Guidelines korrekter Ansatz, da Personen 

selbst wählen, ob sie teilnehmen oder nicht
– Für KNB problematisch, wenn fixe Kosten höher sind als 

variable (Screeningimplementation)
– Bsp.: Dickdarmkrebsscreening: Nationales Screening 

Komitee Österreich ließ in Empfehlungen die Wahl 
zwischen Koloskopie oder Blutstuhltests

*Kausale Modellierung
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Types of strategies specified in the ICH e9 Addendum:
1. Treatment-policy: outcome collected regardless of 

treatment switching, compliance etc.  
ITT analysis (no adjustment)
 causal policy effect

2. Hypothetical strategy: what if the patients did not switch, 
were compliant etc.   
Causal (non-naïve) per-protocol analysis (adjusting for 
post-baseline variables, noncompliance etc.)
 counterfactual (causal) outcome 
today using target trial emulation with “cloning”

Further strategies (composite, …)

*Using Causal Estimands as Model Inputs
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Estimand Depends on Statistical Method

84

Kuehne et al., JCE, 2022



Comparative Bias Assessment

Kuehne et al., JCE, 2022 85



A Scientist’s Way to Address Bias in 
Modeling Studies

86

Siebert et al., Gut, 2003



Rolle von AI in EA Modellierungen
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chatGPT:

• Which decision-analytic model type should be 
used for the assessment of the cost 
effectiveness of antiviral treatment in patients 
with chronic hepatitis C?

Modeling supported by AI

88



Exactly 
same 
answer as 
from NICE
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chatGPT:

• Which Markov states should be included in a 
valid decision-analytic Markov model to assess 
the cost-effectiveness of antiviral treatment in 
patients with chronic hepatitis C?

Modeling supported by AI

90



Not quite 
there yet, 
but close

91



chatGPT:

• What are valid point estimates and 95% 
confidence intervals of model parameters for a 
decision-analytic Markov model for the 
assessment of the cost effectiveness of 
antiviral treatment in patients with chronic 
hepatitis C?

Modeling supported by AI

92



Definitely 
beyond 
capacity

93



Society for Medical Decision Making
18th Biennial European Conference

Conference Co-Chairs: 
Beate Jahn, PhD, 
Silke Siebert, MD, 
Tobias Kurth, MD, MSc, ScD,
Uwe Siebert, MD, MPH, MSc, ScD

Visit www.smdm.org for more  information.

Conference Venue: 
Langenbeck Virchow Haus, Berlin

21-23 May 2023
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Want to hear more about Modeling?

http://www.smdm.org/


Want to hear more about Modeling?
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www.htads.org 

https://youtu.be/QHEXTI_L9dw 

 See our HTADS Continuing Education Program

03 – 05 April 2024

http://www.htads.org/
https://youtu.be/QHEXTI_L9dw


03 – 05 April 2024

www.htads.org 

https://youtu.be/QHEXTI_L9dw 96

http://www.htads.org/
https://youtu.be/QHEXTI_L9dw


www.htads.org

• Doctoral Program in Health Technology Assessment
• Doctoral Program in Public Health

HTADS Continuing Education Program Certified Courses 
Information: htads@umit-tirol.at

All in-person courses are either held in Hall in Tirol, Austria, or offered online

03 – 05 April 202429 – 31 Jan. 2024 12 – 16 Feb. 2024

Winter School in 
Clinical 
Epidemiology

18 – 22 March 2024 23 – 25 May 202428 – 30 Sept. 2023

Introduction to
Systematic
Reviews and 
Meta-Analysis

16 – 18 Nov. 2023
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Doctoral Program in Health Technology Assessment
Doctoral Program in Public Health

All courses are either held online or in Hall in Tirol, Austria

28 – 30 Sept 2023 Introduction to Systematic Reviews and Meta-Analysis  - ONLINE
16 – 18 Nov 2023 Scientific Reporting and Writing, Hall in Tirol
29 – 31 Jan 2024 Introduction to HTA and Health Economics – ONLINE
12 – 16 Feb 2024 Winter School in Clinical Epidemiology, Hall in Tirol
18 – 22 Mar 2024 Causal Inference in Observational Studies and Clinical Trials Affected
 by Treatment Switching: A Practical Hands-on Workshop  - ONLINE
03 – 05 Apr 2024 Modeling Approaches for HTA: A Practical Hands-on Workshop, Hall in Tirol
23 – 25 May 2024 Advanced Systematic Reviews and Meta-Analysis  - ONLINE

Information: htads@umit-tirol.at www.htads.org

HTADS Continuing Education 
Program Certified Courses 



If you would like to receive additional 
material on causal inference, health 
decision science and HTA, please 
send an email to:

htads@umit-tirol.at
Subject:  Subscribe HTADS

or visit:
www.htads.org

*HTADS – Info Letter
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