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“Not enough patients 
for a Belgian Hadron Therapy Centre”



Minister L. Onkelinx

 Eligible indications

 Number of potential 
patients and sessions

 Technical specifications 

 Costs calculations, 
financing issues and 
health economic 
evaluations

 Centre of preference: 
rational choice 



the evidence?

the cost?

the value for money?

the budgetary impact?
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development RCT unethical?
Widespread use still avoidable? 
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cost-effectiveness =

incremental cost

incremental health gain



Piggy-back analyses
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Encyclopedia of Public Health – Wilhelm Kirch

a piggy-back trial 

is an economic analysis, 
in most cases an economic evaluation study, 
which is embedded in a clinical trial. 
additional economic cost and outcome data are collected
and analyzed, 
but the trial itself is designed according to clinical issues.



ongoing trials on proton beam therapy

127 trials registered for proton beam therapy

70 trials recruiting

21 completed/terminated trials

19 randomised controlled trials

5 trials health economic outcome data in secondary objectives

2 RCTs: cost-effectiveness
RTOG 1308: PBT vs IMRT in inoperable NSCLC
UPenn PARTIQoL: PBT vs IMRT in low/intermediate risk prostate Ca

3 nonRCTs: measure utilisation of health services
3 studies by MGH: 2 in pancreatic Ca, 1 in anal Ca

http:// clinicaltrials.gov – assessed 02/2016



clinical trialist’s view health economist’s view

Purpose = Authorisation Purpose = Reimbursement

Controlled environment Real life environment

Strict protocol instructions “Do what you normally do”

Protocol induced resource use Real resource use
Protocol induced findings Real findings

Exclude confounders Only exclude if contra-indicated
Avoid co-morbidities Include co-morbidities

Avoid elderly Include elderly

Limited time Time to include all relevant costs and 
outcomes

Drop-outs not analysed Drop-outs crucial

Efficacy (often intermediate endpoint) Effectiveness  cost-effectiveness

Compared to placebo or “golden 
standard”

Compared to relevant practice (“the 
most likely to be replaced”)

Courtesy L. Annemans



Ramsey et al. Value in Health 2005
The ISPOR RCT-CEA Task Force Report 



Sculpher M. Value in Health 2015

How often are the characteristics in a RCT 
consistent with the key criteria 

for evidence-based decision making? 

Limited external validity !



need for additional modeling

additional assumptions & sensitivity analysis

 to compare all relevant options

 to incorporate all appropriate evidence

 to translate intermediate endpoints into final consequences

 to extrapolate over the appropriate time horizon 

 to generalize to other settings or populations



Verma et al, Cancer 2016



Verhaeghe et al. Submitted

treatment loco-regional 
progression

dead

distant 
progression

controlled 
disease

Markov modeling

Cost-effectiveness of PBT vs 3D-CRT or IMRT



Verhaeghe et al. Submitted



Verhaeghe et al. Submitted



Verhaeghe et al. Submitted

10,000 € 30,000 € 50,000 € 70,000 € 90,000 €

PBT distant progr. (70-130%)

cost PBT (70-130%)

utility control. disease (130-70%)

cost IMRT (130-70€)

PBT locoreg. progr. (70-130%)

cost progression (130-70%)

local progression→dead (70-130%)

utility distant progres. (70-130%)

distant progr.→dead (70-130%)

fibrosis PBT (70-130%)

utility locoreg. progres. (130-70%)

pneumonitis PBT (70-130%)

esophagitis PBT (70-130%)

base case incremental cost-effectiveness ratio (ICER) 
36,602€/QALY for PBT vs. 3D-CRT
33,379€/QALY for PBT vs. IMRT

sensitivity analysis for PBT vs. IMRT

Belgian Health Care context!



Ramaekers et al. IJROBP 2013

Normal Tissue Complication Probability models 
and comparative planning studies

xerostomia and dysphagia: 
negative predictors of utility



Ramaekers et al. IJROPB 2013



there is no “perfect” CE analysis!
 Unavoidable assortment of assumptions: outcomes, QoL, costs

 Impossible to incorporate all relevant evidence, options, events

 Limited amount of prospectively-collected data 

 Insufficient capture of evolving technology

 Various time points

 Various economic environments

critically evaluate the scope of included variables in each study
practical applicability in own technical and economic environment 

need for prospective real life evidence



What is real world evidence?

• Databases: cross-sectional & longitudinal, retro- & prospective

• Extensions and long-term follow-up of RCTs 

• QoL questionnaires, surveys alongside RCTs

• Observational data from cohort studies

• Pragmatic clinical trials

• Patient chart reviews

• (Disease-specific) Patient Registries 

• Population health data and surveys

• Administrative data 

• Electronic health records

• Health care claims and costs

• Resource utilization data 

• …



Widder et al, IJROBP 2016

Piggy-back trials and modeling studies

RWE – pragmatic clinical trials

RWE – pragmatic clinical trials



Piggy-back analyses

Model-based analyses
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Confirmatory RWE analyses
Pragmatic clinical trials



Kaplan and Porter, Harvard Business Review 2011

accurately measure costs and compare them with outcomes
charges are not a good surrogate for provider costs 



Barnett PG. Medical Care 2009



Vanderstraeten et al. IJROBP 2014



Vanderstraeten et al. IJROBP 2014



Piggy-back analyses

Model-based analyses
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Confirmatory RWE analyses
Pragmatic clinical trials

provisional 
reimbursement

cost calculation 
studies

reimbursementbusiness 
models



Particle centres in Europe: can we join forces?

Scientific Project facilitated by ESTRO
Definition of 7 WPs, of which one is on economic evaluation



Work Package 7 on Health Economics
Chairs: Klaus Nagels & Yolande Lievens

Project objectives

• Establish a research platform that allows for health economic assessment 
of particle therapy, including:

 Cost calculation
 Cost effectiveness
 HTA
 Comparative Effectiveness Research (CER)

Build a health economic platform on a sound clinical and outcome-oriented 
database at a high evidence level

• Perform health economic assessment of particle therapy across Europe 
using the data provided by operational and non-operational centers

• Establish a research approach integrating clinical and health economic 
parameters that 

• aligns with existing knowledge and experience 

• can be used for other radiation modalities



AVAILABILITY
equipment & staffing
guidelines
reimbursement
in Europe

NEEDS
optimal radiotherapy utilisation
in European countries

ACTIVITY-BASED 
COSTING 
cost and productivity
at the national level 
within European countries

ECONOMIC 
EVALUATION
of radiotherapy 
treatments and techniques
in Europe HERO-project

Lievens & Grau. R&O 2012



There is a dearth of evidence in particle therapy.

More prospective data are urgently needed,      clinical 
as well as economical.

There is more than one approach to economical 
evaluation, the methodology used should be 

streamlined with the clinical evidence generation.

Particle therapy is here to stay.
If we want to guarantee its long-term sustainability, 

it’s our responsibility to create evidence.
We should not loose the momentum!



thank you for your 
attention !


