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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

Ageing
Demographic » Physical and cognitive

disability

Epidemiological Chronic disease
Multimorbidity

Citizen expectations

Economic

Fiscal space constraints
Socio-cultural

Innovation

Technological

Courtesy Rifat Atun



Impact

INNOVATION OPTIMIZATION
state of the art - access

better better
treatments health systems
achievable achieved

outcome outcome

efficiency
equity
responsiveness

effectiveness
(efficacy) ~_

e




efficiency

Cost-Effectiveness Value

Health Outcomes

Cost ., — COSt 4 that matter to patients

Outcome ., — Outcome 4 Costs

of delivering these outcomes

new

resource use / time proxy for cost! Porter M. N EnglJ Med 2010



what is a health system?
building blocks
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WHO Health Systems Framework




applications of Al in health care

Rank Today, % Next 5-10 years, %
1 Diagnostics (imaging, pathology, sequencing) 34.4 Clinical decision making 40.4
2 Clinical decision making 21.3 Diagnostics (imaging, pathology, sequencing) 17.5
3 Data management 11.5 Self-care/Prevention/Wellness 8.8
4 Operational management Triage and diagnosis
5 Prescribing Operational management
6 Pharma (drug development and clinical trials) Care delivery
7 Self-care/Prevention/Wellness Prescribing
8 Triage and diagnosis Data management
9 After care (follow-up and monitoring) After care (follow-up and monitoring)
10 Education Pharma (drug development and clinical trials) |0
11 Care delivery Prosthetics 0
12 Prosthetics Education 0
13  Other Other l 1:8

Health and McKinsey - Transforming Health Care with Al, 2020




applications of Al in radiation oncology

Patient Consultation

Planning Image Acqui-
sition (CT, MR, PET)

Target and Structure
Segmentation

Treatment Planning

Quality Assurance

Treatment Delivery

Follow-up

El Naga et al, BIR 2020

« Dedision support tool Image processing « Auto-segmentation of Planning Patient-spedfic Motion manage-
for radiation therapy « Metal artifacts organ at risk and target  + Dose prediction machine setup *ment/patient setup « Text
reduction - - + Machine and +0bject recognition/colli-  + Code
- SyntheticCTfrom MRl + Auto-detection of target :::';::;;';"" patient-specificQAare  -sion avoidance « DICOM/DICOM RT
* Image quality volumes and anatomical Auto-segmentation performed to ensure *Respiratory motion « Genomic
improvements : Image registration a:(uut; delivery of ':redi;t:on ; * Biologic
. e registration : anned treatment uto detection/registra- -
(?;?T :‘J (T/MR SANS IS p— : tion for landmarks/tu- b
mor tracking
In-room imaging
CBCT/MVCT/MVimage
quality improvements
Auto-detection for
continuous cancer
progression monitoring
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? frontiers ORIGINAL RESEARCH

. published: 05 May 2021
m Oncolog V4 doi: 10.3389/fonc.2021.638197

A Preliminary Experience of
Implementing Deep-Learning Based
Auto-Segmentation in Head and
Neck Cancer: A Study on Real-World

Clinical Cases
substantial decrease in delineation time

Yang Zhong 12,31 Yanju Yang 12,31 Yingtao Fang "%?, Jiazhou Wang "*3*
OPEN ACCESS and Wefgang Hu 1,2,3*

A B

- Manual contouring time - Auto-contouring modification time

4.8 3 - 5 hours -+

1 - 3 hours -

30 min - 1 hour -

57 5-30 min 4
I Too much organs, time consuming
I Complex anatomy
I CT cannot reveal anatomical structures || [ess than 5 min -
I 1 ack experience
[ Controversise on contouring T T
I MR fusion takes time 1z 10
[ Need consideration PTV
I Repetitive and tedious work

Zhong et al, Front Oncol 2021



Physics Contribution

Generating High-Quality Lymph Node Clinical
Target Volumes for Head and Neck Cancer
Radiation Therapy Using a Fully Automated Deep

Learning-Based Approach

Carlos E. Cardenas, PhD,” Beth M. Beadle, MD, PhD,'

Adam S. Garden, MD," Heath D. Skinner, MD, PhD,

Jinzhong Yang, PhD,”* Dong Joo Rhee, MS,* Rachel E. McCarroll, PhD,
Tucker J. Netherton, DMP,* Skylar S. Gay, BS,* Lifei Zhang, PhD,*
and Laurence E. Court, PhD*

IJROBP 2020

Ground-Truth [ ] Auto-Segmentation

Cardenas et al, JROBP 2022



Nonpostoperative Postoperative

(n = 25) (n=17)
Scores Scores
1 2 3 | 2 3
Reviewer |
la-V right 25 0 0 4 3 0
la-V left 25 0 0 7 0 0
Ib-V right 25 0 0 4 3 0
Ib-V left 25 0 0 7 0 0
1-1V right 25 0 0 4 3 0
-1V left 25 0 0 7 0 0
RP right 25 0 0 7 0 0
RP left 25 0 0 7 0 0 Individual cases were reviewed on a slice-by-slice basis by 3 radi-
Reviewer 2 ation oncologists each having more than 10 years of HNC experience
[a-V right 14 1 0 4 3 0 ¢ EISLS € 2 ¢ year: p :
la-V left 14 1 0 4 3 0 Auto-segmentation scores: 1 = clinically acceptable without
Ib-V right 14 1 0 4 3 0 o odits: 2 — ST dits (ie. stylistic rec d
[b.V left 14 " 0 4 2 0 requiring edits: 2 = requiring minor edits (1e, stylistic recommenda-
II-1V right 14 1 0 4 3 0 tions, <2 minutes): 3 = requiring major edits.
-1V left 14 1 0 4 3 0 m— — —
RP right - ; . E - B Abbreviation: HNC = head and neck cancer.
RP left 21 4 0 5 2 0
Reviewer 3
la-V right 0 25 0 0 5 2
la-V left 0 24 | 0 7 0 . : : -
[V el S S G remaining yet variable need for human interaction
Ib-V left I 23 1 0 7 0
II-1V right 2 23 0 0 6 1
-1V left 4 21 0 | 6 0
RP right 9 16 0 | 6 0
RP left 11 14 0 2 5 0

Cardenas et al, JROBP 2022



. cancers MbP1|

Article

Enhancing Radiotherapy for Locally Advanced Non-Small Cell
Lung Cancer Patients with iCE, a Novel System for Automated
Multi-Criterial Treatment Planning Including Beam

Angle Optimization

Manual plans: 2 —4h (<1h to full day)
Kristine Fjell 1.2,#(3, Liv Bolstad Hysing 2, Ben J. M. Heij 3, Helge Egil Seime Pettersen 17, . .
In]:t;rl I;/';ar]iz Sa.::lg;\lr-ik 1 Turi;VHsszvaig Sii;?lgl, Seb:;[tiaan Br:elldn\j:fld 3 and Linda Rossi ? Au to m ate d p | dns: | €SS th dan 10 min
(hands-on time + some adjustments)
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Patient number

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.

at least similar outcomes

lower resource time, lower cost?

Thompson et al, Radiother Oncol 2018



applications of Al in RO, cost impact?

1/3 of the costs . 2/3 of the costs
<

FIEHELALEL Treatment (AMELALEL Post-treatment
review and

i delivery LA L completion
verification management

Patient Imaging for RT
assessment planning

Customization

of Motion Patient- Offline IGRT
i g management S Cifl : -
mn;z\t:;!;;a}mn in planning * dosimetry =3 Portal images
Contrast hypofract/onation On-treatment
administration* adaptation dosimetry **
new technologies
Motion Motion
':‘:;:fz::z'f> (re)contouring e
(re)planning

(re)quality-assurance
motion management
decision support

Courtesy Defourny Noémie, 2019



Impact on costs?

GTV D2 PTV D95

GTvV D90 PTV D90

GTV D95 PTV D2

GTV D99

d C(linical acceptability of plans
100% 5
N N
80% §
\

60%
M Automated

40% N Manual plai

20% -

RO 1

RO 2 RO 3

Spinal cord PRV D2
25.0
20.0

Chest wall D2 Esophagus PRV D2

15.0

10.0

Main stem bronchus

100%

80%

60%

40%

20%

D2 Heart D2
Trachea D2 Aorta D2
Plan preference
¥ N N

§ \ Manual plan
s No preference
I B Automated plan

RO 1 RO 2 RO 3

Vanderstraeten B et al, JROBP 2018

C D2cm D2 (< 20 cm?)
25.0

20.0

Lungs Dmean D2cm D2 (20 - 40 cm?)

15.0

10.0 g
L 4

o
=
-~

Lungs V5 D2cm D2 (> 40 cm?)

Lungs V20 (> 40 cm?) Lungs V20 (< 20 cm’®)

Lungs V20 (20 - 40 cm®)

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%



Impact on costs?

Cost per RT course (US$)

10,500

9,500

8,500

7,500

6,500

5,500

4,500

3,500

2,500

1,500

500

50% reduction planning time
50% reduction QA time
shorter time slots

longer working hours
reduced capital cost

500 1000 1500 2000 2500 3000 3500
RT courses per year

LIC standard model = == == « | |C efficiency model

HIC standard model = w= == « HIC efficiency model

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

G uicc

global cancer control

A MEMBERSHIP ORGANISATION |
FIGHTING CANCER TOGETHER /



opportunities for the radiation oncology workforce

High-income Upper-middle- Lower- Low-income
@ uicc countries income middle- counties
countries income
countries
Fractions 76424000 /7014000 40974000 13268000

>200,000 radiation oncology professionals worldwide!

Radiation oncologists to be trained 15500 16300 9900 3300
Medical physicists to be trained 17200 12500 7200 2400
Radiation technologists to be trained 51900 45300 24900 3100

Atun et al, Lancet Oncol 2015




the health workforce, reduced time needs

Occupation

Medical equipment preparers

Medical assistants

Occupational health and safety technicians
Pharmacy technicians

Medical and clinical laboratory technicians
Dental assistants

Pharmacists

Medical records and health information technicians

Radiation therapists

Medical and clinical laboratory technologists
Dietitians and nutritionists

Speech-language pathologists

Audiologists

Nurse anaesthetists

Ophthalmic medical technicians
Occupational therapy assistants
Optometrists

Emergency medical technicians and paramedics
Magnetic resonance imaging technologists
Physical therapists

Family and general practitioners

Physicians and surgeons, all other
Obstetricians and gynaecologists

Nursing assistants

Anaesthesiologists

Oral and maxillofacial surgeons

Share of hours
percent

23
23

21
19
18
17
16
16
15
15
14

13
12
12
12
11
10
10
10

26

21 <

Share of hours
percent

Occupation

Therapists, all other

Internists, general

Exercise physiologists

Nurse practitioners

Recreational therapists

Health diagnosing and treating practitioners, all other
Occupational therapists

Licensed practical and licensed vocational nurses
Podiatrists

Surgeons

Healthcare practitioners and technical workers, all other
Genetic counselors

Clinical, counseling, and school psychologists
Paediatricians, general

Opticians

Home health aides

Nurse midwives

Psychiatrists

Dental hygienists

Orthotists and prosthetists

Chiropractors

Health and McKinsey - Transforming Health Care with Al, 2020



the radiation oncology workforce, task shifting
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dose prescription n Image registration 20 o _ AR and management
NT = . : . Adaptive treatment
csn @ Target segmentation
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o @ @ Dosc optimization @ Radiation oncologist £ Therapist
s @ Medical physicist () Administrative staff
= : Quality
o 00 assurance and @ Dosimetrist e Patient-facing
% physics review MR ‘front-of-house’ tasks
>

Huynh et al, Nat Rev Clin Oncol 2020



the radiation oncology workforce, task shifting

Both expected to have more
front-of-house roles

Front of house

Patient
interaction

Radiation
therapist

Radiation
oncologist

N

Medical
physicist

Back of house

Dosimetrist/
planner

Likely to witness faster
patient turnaround times
with automated setup
and treatment delivery

Likely to focus on
high-level decision-
making and spend more
time with patients

Likely to have a more
patient-facing role
with the automation
of quality assurance

Likely to focus more on
complex cases and less on
common treatment plans
that can be automated

Huynh et al, Nat Rev Clin Oncol 2020

Computer
interaction



the health workforce, task shifting

Skill categories

Physical and
manual skills

o

Higher cognitive
skills

2

Basic cognitive skills

L

Evolution in skills:
25 skills

Craft and technician skills

Fine motor skills

General equipment operation and navigation
General equipment repair and mechanical skills
Gross motor skills and strength

Hours worked in healthcare, 2017
millions

6,179

<-20

Change in hours by 2030
percent

-19%
24%
7%
5%

Inspecting and monitoring -27%
Advanced literacy and writing -31%
Complex information processing and interpretation 5%

Creativity 8%

Critical thinking and decision making 16%
Project management -5%
Quantitative and statistical skills -25%
Basic data input and processing -6%

Basic literacy. numeracy and communication

ﬁcial and
emotional skills
(ON®)

&Y

\_

Adaptability and continuous learning
Advanced communication and negotiation skills
Entrepreneurship and initiative-taking
Interpersonal skills and empathy

Leadership and managing others

Teaching and training others

Technological Advanced data analysis and mathematical skills 328 23%

skills Advanced IT skills and programming 144 29%

@ Basic digital skills 1,389
Scientific research and development 534 19%
Technology design, engineering, and maintenance 728 9%

Health and McKinsey - Transforming Health Care with Al, 2020




sustainability of Al systems

Legend

: Normal flow

: Update model

w=www= : Update model
(if necessary)
: Clinical flow

Commissioning

J |

First phase

Second phase

| Implementation & Quality assurance | [

[

I\

Adapt model to
clinical needs

\

Get final
performance on
independent dataset

integration of Al in clinical workflow

/

Use model in clinic
workflow

Minor update

N

- development of the algorithms
- additional QA and maintenance demands

accuracy of 4 months half-life

continuous adaptation and learning

Vandewinckele et al, Radiother Oncol 2020



sustainability of Al systems
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challenges

Human barriers to Al adoption in healthcare;

Developing a better understanding of interaction between human and algorithm;
Algorithmic interpretability and explainability.

Logistical difficulties in implementing Al 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;
e Algorithmic, discriminatory bias.

Kelly et al. BMC Medicine 2019






what needs to be done

Promote population-representative data with accessibility, standardization, and
qguality is imperative.

Prioritize ethical, equitable, and inclusive health care Al while addressing explicit
and implicit bias.

Near-term focus is needed on augmented intelligence vs Al autonomous agents.

Develop and deploy appropriate training and educational programs to support
health care Al.

Leverage frameworks and best practices for learning health care systems, human
factors, and implementation science to address the challenges in operationalizing
health care Al.

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.)



where do we stand in terms of impact?

* |imited 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 Al in radiotherapy,
with difficulty comparing different algorithms

* metrics used do not necessarily reflect clinical applicability

* |imited number of cost analyses
* barely any cost-effectiveness data



Results of the review of economic
impact studies of Al in health care

/\

Low quantity of studies Low quality of studies
Out of 66 publications, only 6 studies None of the studies comprised a complete
could be included based on the inclusion cost benefit analysis, but rather focused on
and exclusion criteria fragmented cost aspects

N

no studies in (radiation) oncology

.9
/- Z N I\
Intensified research Net present value Cost alternative scenarios
Significantly more research studies The initial investment and Other options to achieve similar
need to be performed on the operational costs for the Al impact must be benchmarked to
economic impact of Al in infrastructure and service delivery provide a sufficient basis for
health care need to be included informed decision-making
Improvement areas

Wolff et al, ] Med Internet Res 2020



what needs to be done

Clinical
Research

guide decisions
of physicians
about the care
of individual patients

Health Services
Research

guide decisions of
managers and policy makers
about the design
and implementation

of health care programs

OPTIMIZATION
- access

achievable outcome achieved outcome

INNOVATION
state of the art




what needs to be done
dedicated trials
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Courtesy Ajay Aggarwal



what needs to be done

ESTRO HERO

better understanding the value

4 )
Health Outcomes | . . |
. any define and categorise define and categorise

th at m atte r to patlen ts radiotherapy intervention radiotherapy innovations radiotherapy outcomes
. J
4 )

NN
COStS specific define the required define the required
Of d e I ive ri ng th ese o UtCO mes radiotherapy intervention magnitude of benefit X level of evidence

%

Value-Based Framework for Radiation Oncology

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



what needs to be done
inclusion in reimbursement system?

N\

y iIPAAC + support for

= INNOVATIVE PARTN ERSHIP standgrd-of-care e iy

FOR ACTION AGAINST CANCER ‘”;’jrffﬁleg”t quality
management,...
emerging innovation
provisional reimbursement S ments
coverage with evidence development episode
""" ) , based
of investment episodejbased reimbursement
esso or operation based on fesource use & complexity
0@ .............................................................................................................................................
e clinical guidelines & pathways o
COC!ﬁR clinical research e e R s
‘MMM‘@ #eattheare comparative effectiveness : quality indicators - structure, process & outcome :>
o° cost-accounting, economic & R ’
Health Technology Assessment
European (
ObSGWGtOYY real-world data collec#ion - clinical, resource use and cost
on Health Systems and Policies

Borras et al, R&O and EJSO 2021



“ 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.

T H E LAN C E T The best science for better lives

Lawler et al, Lancet Oncol 2019
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thank you for your attention!

p——




