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What is a health system? 
How to generate impact for the health system?

What is the impact of artificial intelligence on the health system? 
On the radiation oncology system?

How can we embed artificial intelligence in the health system? 



what is a health system?

A health (care) system is an organisation
of people, institutions, and resources 

that delivers health care services 
to meet the health needs of target populations.
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challenge: rapidly converging contextual transitions 

Demographic

Epidemiological

Technological

Economic

Ageing
Physical and cognitive 

disability

Citizen expectations

Fiscal space constraints

Innovation

Socio-cultural

Political

Chronic disease
Multimorbidity

Courtesy Rifat Atun



better 
treatments
achievable
outcome

achieved
outcome

impact

better
health systems

INNOVATION
state of the art

OPTIMIZATION
access

effectiveness
(efficacy)

efficiency
equity

responsiveness



Cost-Effectiveness 

Cost new – Cost old

Outcome new – Outcome old

Value 

Health Outcomes
that matter to patients

Costs
of delivering these outcomes

Porter M. N Engl J Med 2010
National Institute for Health and Clinical ExcellencePorter M. N Engl J Med 2010

efficiency

resource use / time proxy for cost!



WHO Health Systems Framework

building blocks
goals / outcomes

what is a health system?



Health and McKinsey - Transforming Health Care with AI, 2020

applications of AI in health care



El Naqa et al, BJR 2020

applications of AI in radiation oncology



Zhong et al, Front Oncol 2021

substantial decrease in delineation time



IJROBP 2020

Cardenas et al, IJROBP 2022



Cardenas et al, IJROBP 2022

remaining yet variable need for human interaction



Manual plans: 2 – 4h (<1h to full day)
Automated plans: less than 10min
(hands-on time + some adjustments)

Fjellanger et al, Cancers 2020



To date: increased efficiency in the radiation treatment planning process most evident 
Ideally, a system that 
- accurately identifies both normal and target volumes, 
- estimates the optimal modality and beam arrangement, 
- achieves deliverable plans that maximize TCP and minimize risk of toxicity, 
- integrates clinically relevant data from multiple sources (e.g. EHR, imaging data) to further 
tailor the treatment approach. 
As such: 
speed-up the process, reduce the time burden of human intervention, allow for a shorter 
interval from simulation to initiation of treatment, 
and facilitate paradigm shifts such as online adaptive planning. 

Thompson et al, Radiother Oncol 2018

at least similar outcomes
lower resource time, lower cost?



1/3 of the costs 2/3 of the costs

Courtesy Defourny Noémie, 2019

hypofractionation
adaptation
new technologies

(re)contouring
(re)planning
(re)quality-assurance
motion management
decision support

applications of AI in RO, cost impact?



Vanderstraeten B et al, IJROBP 2018

75% clinically acceptable without 
manual fine-tuning, yet still requires 

human input and validation
average optimization time -77.3%
minor impact on total cost -3,6%

(3,6%)

impact on costs?



Atun et al, Lancet Oncol 2015, Van Dyk et al, Radiother Oncol 2017

50% reduction planning time
50% reduction QA time
shorter time slots
longer working hours
reduced capital cost

impact on costs?



Atun et al, Lancet Oncology 2015Atun et al, Lancet Oncol 2015

>200,000 radiation oncology professionals worldwide!

opportunities for the radiation oncology workforce



Health and McKinsey - Transforming Health Care with AI, 2020

the health workforce, reduced time needs



Huynh et al, Nat Rev Clin Oncol 2020

the radiation oncology workforce, task shifting
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the radiation oncology workforce, task shifting
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the health workforce, task shifting



Vandewinckele et al, Radiother Oncol 2020

sustainability of AI systems

integration of AI in clinical workflow
àdevelopment of the algorithms
à additional QA and maintenance demands

accuracy of 4 months half-life
continuous adaptation and learning



Strubell et al, College of Information and Computer Sciences University of Massachusetts Amherst 

sustainability of AI systems



• Human barriers to AI adoption in healthcare;
• Developing a better understanding of interaction between human and algorithm;
• Algorithmic interpretability and explainability.
• Logistical difficulties in implementing AI systems
• Achieving robust regulation and rigorous quality control;
• Susceptibility to adversarial attack or manipulation;

• Dataset shift;
• Accidentally fitting confounders versus true signal;
• Challenges in generalisation to new populations and settings;
• Algorithmic, discriminatory bias.

Kelly et al. BMC Medicine 2019

challenges





• Promote population-representative data with accessibility, standardization, and 
quality is imperative. 
• Prioritize ethical, equitable, and inclusive health care AI while addressing explicit 

and implicit bias. 
• Near-term focus is needed on augmented intelligence vs AI autonomous agents. 
• Develop and deploy appropriate training and educational programs to support 

health care AI. 
• Leverage frameworks and best practices for learning health care systems, human 

factors, and implementation science to address the challenges in operationalizing 
health care AI. 
• Balance innovation with safety via regulation and legislation to promote trust. 

Matheny et al, JAMA 2020; 
based on the National Academy of Science report (The Hope, the Hype, the Promise, the Peril.)

what needs to be done



• limited number of models trained on prospective data

• almost no (randomised) clinical trials, using clinical outcomes as trial endpoints 
to demonstrate longer-term benefit
• limited understanding about the breadth and effectiveness of AI in radiotherapy, 

with difficulty comparing different algorithms
• metrics used do not necessarily reflect clinical applicability

• limited number of cost analyses

• barely any cost-effectiveness data 

where do we stand in terms of impact?



Wolff et al, J Med Internet Res 2020

no studies in (radiation) oncology



Clinical 
Research

guide decisions 
of physicians

about the care 
of individual patients

achievable outcome achieved outcome

INNOVATION
state of the art

Health Services 
Research 
guide decisions of 

managers and policy makers 
about the design 

and implementation 
of health care programs 

OPTIMIZATION
access

what needs to be done



Courtesy Ajay Aggarwal

ARCHERY
ex. of prospective clinical trial
outcome & cost of AI in LMIC

what needs to be done
dedicated trials 



Porter M. NEJM 2010
Lievens et al, Radiother Oncol 2021

what needs to be done

better understanding the value



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

Borras et al, R&O and EJSO 2021

what needs to be done
inclusion in reimbursement system?



“ Technological advances do have a part to play 
in future European cancer research and control efforts, 

but they must be part of an ecosystem that delivers 
advances that are patient centred, effective, affordable and equitable, 

across the spectrum of site-specific cancers, 
cancer control disciplines and research domains. ”

“

“

Lawler et al, Lancet Oncol 2019

Lancet Oncology Groundshot Commission



thank you for your attention!


