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stepwise vs. incremental emerging vs. proven

innovation

Lievens et al, Lancet Oncol 2019
Borras et al, Radiother Oncol 2021



technologies
vs.

techniques
vs.

treatments

Particle Therapy
MR-based Radiotherapy
FLASH Radiotherapy

Stereotactic Body Radiotherapy / SBRT
Adaptive Radiotherapy / ART

Combinations with New Drugs
Hypofractionation / Accelerated Radiotherapy
Radical Treatment of Oligometastases (OMD)

Ex.
innovation

Lievens et al, Lancet Oncol 2019
Borras et al, Radiother Oncol 2021



clinical 
practiceinnovation

concept to publication: up to 7 years

concept to practice: up to 17 years!

Balas et al, Yearbook of medical informatics 2000
Morris et al, R Soc Med 2011

Haines et al, Bulletin of the World Health Organization, 2004



clinical 
practiceinnovation

Ringborg U. Mol Oncol 2019
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societal perspective
reimbursement

cost-
effectiveness

budget

value-based 
healthcare

health services perspective

provider perspective
resource cost



Hofmarcher, Eur J Cancer 2020
Lievens et al, Lancet Oncol 2020

12%

31%

the cost of cancer care
direct cancer care costs doubled 

(4-7% total HC expenditure)

direct cost of cancer drugs 
tripled

THE SWEDISH INSTITUTE FOR HEALTH ECONOMICS

radiotherapy costs

7,8% (4,3-12,3%) 
total cancer care budget

0,42% (0·24%-0·67%) 
total health care budget



access to innovation

M. Porter, N Engl J Med 2010

health outcomes
that matter to patients

costs
of delivering these outcomes

value

incremental costs
of new treatment

incremental outcome
of new treatment

cost-
effectiveness

ICER=



value-based implementation of new cancer drugs?

no significant association between 
- costs of drugs approved for solid tumours
- dichotomised ESMO-MCBS scores 

gap between value of innovation & practice

Vokinger et al. Lancet Oncol, 2020

monthly 
pharmaceutical 
cost
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effectiveness

budget

value-based 
healthcare

Particle Therapy
Hypofractionation

SBRT, OMD
investment

Ex.

reimbursement

health services in radiotherapy

quality
acceptability

affordability

availability accessibility



From investment over cost to implementation
Example of particle therapy



operational cost

investment cost

Ploquin and Dunscombe, R&O 2008

investment is important part of radiotherapy cost



investment precedes financing

Lievens et al, Acta Oncol 2015



Vanderstraeten et al, IJROBP 2014
Johnstone & Kerstiens. IJROBP 2016

investment may threaten access

For-profit, 
debt-laden, 

poorly located.
“Endangered centres” 



impact of investment on treatment cost

Vanderstraeten et al, IJROBP 2014

per fraction, or V20,304 per patient, has been reported (13).
The observed differences can be explained by the different
assumptions used: shorter treatment time slots (18 minutes)
and/or higher utilization rates of the treatment facility
(14 working hours per day), resulting in annual patient
numbers of approximately 600 patients per treatment room.
These numbers seem overly optimistic, from an operational
point of view as well as from the context of patient referral.

For COC, fraction costs of V1028 and V1130, and corre-
sponding treatment costs of V20,560 and V22,590, have
been calculated (11, 23).

Sensitivity analyses were performed to analyze the
impact of population mix and fractionation in a publicly
sponsored CC (Table 4). The impact of the change in
population mix is negligible, because the potentially higher
number of pediatric patients in Belgium is limited in

Fig. 2. Cumulated cash flow (top) and net cumulated cash flow (bottom) for each technical solution and both financing
methods in millions of euros as a function of time (in years). Black lines: combined center; dark grey lines: carbon only
center; light grey lines: proton only center. Solid lines: private financing; dotted lines: public sponsoring.

Table 2 Required reimbursement rates calculated with the BM for the different technical solutions and both financing methods

Type of technical
solution

and financing

Required reimbursement rate (V/patient)

Baseline

SA total investment cost SA total personnel cost

SA delay in
commissioning and

ramp-up

!25% þ25% þ50% þ75% þ100% !30% 1 y 2 y 3 y

CC
Private financing 51,150 42,800 59,500 67,850 76,200 84,550 47,791 55,650 60,900 67,200
Public sponsoring 27,550 24,750 30,350 33,150 35,950 38,750 24,191 29,950 32,750 36,000

COC
Private financing 32,400 27,400 37,400 42,400 47,400 52,400 30,040 35,250 38,600 42,500
Public sponsoring 18,400 16,750 20,050 21,700 23,350 25,000 16,040 19,950 21,800 23,950

POC
Private financing 51,200 44,400 58,000 64,800 71,600 78,400 46,384 55,750 61,100 67,300
Public sponsoring 32,300 30,000 34,600 36,900 39,200 41,500 22,484 35,150 38,450 42,350

Abbreviations: BM Z business model; SA Z sensitivity analysis. Other abbreviations as in Table 1.

Volume 89 # Number 1 # 2014 The real cost of hadron therapy 157



Ramaekers et al. IJROPB 2013

choice for therapy driven by outcome and cost 



Tambas et al, Radiother Oncol 2020

model-based selection of proton therapy



Cost versus reimbursement
Example of hypofractionated breast radiotherapy



utilisation of hypofractionation varies 

Lewis et al, Clin Oncol 2021
RCR Consensus Statements

“Moving Forward Fast with FAST-Forward”

15 fractions over 3 weeeks is the current standard of care for breast node RT



utilisation of hypofractionation varies 
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what impacts hypofractionation use?

Rodin et al, Radiother Oncol 2021



“In order to attain the general objectives of health care - quality, efficiency and 
accessibility - different tools can be used, amongst which financial incentives.”

Jegers et al, Health Policy 2002
Lievens et al, Lancet Oncol 2020

Standard fractionation – 25#
Hypofractionation – 15#
Accelerated hypofractionation – 5#

breast cancer reimbursement

practice is impacted by reimbursement



financing is impacted by hypofractionation

Marta et al, Clin Oncol 2021



Defourny et al, Radiother Oncol 2019

provider cost is impacted by hypofractionation



impact of hypofractionation on provider cost is complex

Spencer et al, accepted Radiother Oncol 2021

- higher treatment numbers or disinvestment
- imbalances between demand and capacity will initially result in higher treatment costs

large majority of radiotherapy 
resource costs are fixed/stepped



episode-
based

payment

additional
payments

capital
investment 

funding

emerging innovation
provisional reimbursement
coverage with evidence development

proven innovation
episode-based reimbursement
based on resource use & complexity

real-world data collection - clinical, resource use and cost

clinical research
comparative effectiveness

cost-accounting, economic &
Health Technology Assessment

clinical guidelines & pathways

quality indicators - structure, process & outcome 

+ support for
data collection, 

quality 
management,…

standard-of-care

support 
of investment 
or operation

financing should be tailored to support access

Borras et al, Radiother Oncol 2021



Coverage with evidence development
Example of SBRT in oligometastatic disease



The Convention for Innovative Radiotherapy, Belgium

§ no SBRT reimbursement in Belgium, Coverage with Evidence Development program
§ agreement participating radiotherapy centres & compulsory health insurance
§ pre-defined target populations, but no minimum criteria for patient selection
§ registration of clinical/technical data through Belgian Cancer Registry 



indications and data collection 

maximum 3 metastases: lung, hepatic, paravertebral and “non-standard” 

data collection 10/2013 until 12/2019
§ patient characteristics (age, gender, WHO)
§ tumor characteristics (stage of primary, location OMD, number and size of lesions,…)
§ treatment characteristics (RT type, motion management, image guidance,...)
§ outcome: survival 
link with administrative data sets feasible

6,296 SBRT registrations; 5,675 SBRT courses withheld for analysis 
§ 2,885 (51%) primary tumors: mainly lung
§ 2,790 (49%) metastases: lung: 53%; (para)spinal: 19%; liver: 12%; ‘non-standard’: 16%



patient selection and survival

WHO status: 
43% WHO 0; 39% WHO 1

most frequent primary tumours:
Colorectal (23%) - Prostate (22%) – Lung (17%)
Breast (9%) – Kidney (6%)

average N lesions per patient: 1,2

lesion size:
17mm (lung), +/- 30mm others

2790 SBRT cases for OMD

figure on first 1468 patients 

SBRT in Belgian reimbursement system
as of 1/1/2020



patterns-of-care in the United Kingdom
Commissioning through Evaluation

selection criteria
§ 1 to 3 extracranial metastatic lesions
§ disease-free interval of 6 months 
(except synchronous colorectal liver M+)
§ WHO performance status 2 or lower
§ life expectancy of at least 6 months

June 2015 – Jan 2019

SABR commissioned for OMD by NHS 
England in March, 2020

Chalkidou et al, Lancet Oncol 2021

survival: prostate, breast, renal and colon better than lung
adverse events: gr 3: fatigue (2·0%);  gr 4: increased liver 
enzymes (0·6%); no gr 5

95,4% WHO 0 and 1
75,6% 1 metastasis
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innovation clinical 
practice

Value-Based 
Radiation Oncology



Thank you for your attention !


