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How does this make you feel?




Aims

* To provide an overview of my Churchill Fellowship to
research palliative care technology

* Discussion of opportunities and challenges for artificial
intelligence (Al) in palliative care
* Population level
* Clinical management
* The individual and digital legacy



My interest in palliative care technology

B|Og | BM) Supportive & Palliative Care

Opportunities
. & Improving Palliative Care Through Digital Health Technology ® |nnovation
f Posted on May 26, 2020
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Challenges

 Does it work?

e Loss of human connection
* |nequalities
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Priority Topics

* Telehealth & Telemedicine

* Big Data

* Mobile Devices & Wearables
* Virtual Reality

* Smart home

* Biotechnology

* Artificial Intelligence

* Digital Legacy
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the
CHURCHILL
fellowship

* Overseas travelling fellowship for UK citizens to
find innovative solutions for important
problems.

* In 2020, | was awarded a Churchill Fellowship to
visit the U.S.A and the Netherlands to research
how technology, data and design can support
palliative care.




Countries visited
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Delft University of Technology
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Artificial Intelligence (Al)

e Artificial intelligence (Al) describes the science and engineering of
developing intelligent machines
e Algorithms or a set of rules
 Machine follows rules to mimic human cognitive functions

* Increasingly used in healthcare

* For example; large datasets to recognise patterns and relationships, to
identify proactive treatment solutions.

e Electronic healthcare records (EHR)



Types of Artificial Intelligence

REACTIVE LIMITED MEMORY

Has no memory, only Uses memory to learn
responds to different and improve its
stimuli responses

THEORY OF MIND el
Has human-like
intelligence and self
awareness

Understand the need of
other intelligent entities




Examples of Al methods

Chest X-ray E
Radiographs
: Deep Learning “

2019: Generative pre-trained
transformer (GPT) language models
generate coherent text.

" g 2023: ChatGPT achieves human level
] scores in professional exams
Learning Natural language processing
Machine Learning
Hidden

o — &y — 37873
Output ‘11

Input Feature extraction Classification

Deep Learning

> - 53737 - I

Input Feature extraction + Classification Output

Perception Artificial neural network Deep learning



Day to day examples of Al

Voice assistants Navigation apps Banking Streaming services



Al for
Population

level analysis
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Big Data in Palliative Care

Big data describes large amounts of
(previously unmanageable) data
that can now be processed by
modern computer analysis
techniques.

Lower risk to personal privacy

Summary information about an area; e.g.
proportion of home deaths, number of hospitals
in a local authority.

jenass jannus Summary information about a service; e.g.
N number of beds, number of patients seen in a
@ year, type of staff employed.

Disaggregated information

about individual people
including clinical records of
care received.

DaviesJM, Gao W, Sleeman KE, et al

Using routine datato improve palliative and end of life
care

BMJ Supportive & Palliative Care 2016;6:257-262.

sjasejep pajielap alow pue Jasie]



Big Data has important potential in palliative
care - EAPC 2022

1. Population needs assessment and
monitoring.

2. Health care system and quality of care
evaluations.

3. Addressing causality.
Evaluate policies interventions, programs in

4.
Y " the real world.
- \ g .

Efficient data collection methods for
palliative care trials.

ProfessorJoachim Cohen

End-of-Life Care Research Groupof 6, Prediction and prospective decision
the Vrije Universiteit Brussel. support



Using national data for healthcare decisions

Netherlands Cancer Registry (NCR)

» Data of all Dutch cancer patients

* 2.7 million patients

* Open, international, anonymous dataset

* Netherlands Comprehensive Cancer
Organization (IKNL)

Palliative care

* Realtime guidelines

e Cancer data on Google maps

* Visualising data in real-time

* Research and federated learning

Netherlands
comprehensive
cancer organisation




Using national and international data to inform
care

NL

l 2. Linkage

i
palgd :
- - p T N
T 4. Scan slides . .T.. EPlS 5. Assign pathologists

.v
Sharing data to use international expertise

Mapping out cancer data for analysis
and comparison

Dackus GM et al. Long-term prognosis of young breast cancer patients (<40 years) who did not receive
adjuvant systemic treatment: protocol for the PARADIGM initiative cohort study. BMJ Open 2017;7:€e017842.

doi: 10.1136/bmjopen-2017-017842



Using Al to visualise

clinical outcomes

Al pulls
different
guidelines
about specific

cancers _._
\ .
"

The guidelines are
applied to the
patient and
treatment
recommendations
are compared
automatically
based on the data

—(

crgo (€Y
o |

[ B

The guideline data is fed
into electronic patient

records on real or
dummy patients

The guidelines are applied to
the patient and treatment
recommendations are
compared automatically based
on the data

> Guideline
Patient data | Treatment adma/ / ] cr committee
Endometrium ¥ Creo International inssghts Guideline Committee _ review all data
e v Intervention X intervention X faeresntan X Q / to see how
Grade il ¥ Interverdion ¥ Intervention X en ¥ fntereention Xaa ¥ . .
TSyrs ¥ feny N . intervention Z ! gl"dehnes
g g W g hormaton W o mformation ¥ Work in
practice
Dashboard shows
guideline
Information Standard Endometrial Carcinoma adherence

nationally and
locally



Federated Lea rning What is the survival data for

adults with renal failure
with metastatic cord

Fed dL . compression after they
ederated Learning receive radiotherapy?

addresses the problem ‘&’
of data governance and

privacy, by training Algorithm sent to
algorithms healthcare database
collaboratively without
exchanging the data
itself.

Answer returned
with no exchange of
patient data

Analysis done rapidly on
data recorded on
standardized datasets

Liverpool Rotterdam Boston



Al for clinical
care
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Al to identify palliative care need &
estimate survival

Journal of Pain and Symptom

Management
Volume 63, Issue 5, May 2022, Pages 879-880

Randomized Trial of a Novel Artificial
Intelligence/Machine Learning Model

to Predict @
. CrossMark
Palliative (

b erean 00, o Development and Validation of Machine Learning Models
wansrnavoeace - fOF Prediction of 1-Year Mortality Utilizing Electronic Medical Record
=22 Data Available at the End of Hospitalization in Multicondition
Patients: a Proof-of-Concept Study

Show more wv

Nishant Sahni, MD, MS’, Gyorgy Smon, PhD?, and Rashi Arora, MD'

'Division of Generdl Intermal Medicine, University of Minnesota, Minneapolis, MN, USA: Zinstitute of Health Informatics, University of Minnesota,
Minneapdlis, MN, USA.



Al to analyse symptoms

Published 1n final edited form as:
Adv Data Min. 2015 July ; 9165: 56-68. do1:10.1007/978-3-319-20910-4 5.

Predictive Modeling for End-of-Life Pain Outcome using
Electronic Health Records

Muhammad K. Lodhi', Janet Stifter’, Yingwei Yao'!, Rashid Ansari', Gail M. Kee-nan?,

Diana J
ana Research and applications

Longitudinal analysis of pain in patients with
metastatic prostate cancer using natural language

OPEN ACCESS . .
processing of medical record text

Norris H Heintzelman," Robert J Taylor,” Lone Simonsen,” Roger Lustig,?
Doug Anderko,' Jennifer A Haythornthwaite, Lois C Childs," George Steven Bova™~°



Natural Language Processing of healthcare

records in palliative care

Lindvall Lab — Dana Farber Cancer
Institute (DFCI)

Computational palliative care research
Dr Charlotta Lindvali

Developing and testing novel NLP-
based approaches to capture palliative
care quality measures.

ll Dana-Farber

W Cancer Institute ¢y HARVARD

:ﬁ MEDICAL SCHOOL




Evaluating interventions

Ann Surg Oncol (2019) 26:4204-4212 Annals of )
https://doi org/10.1245/5 10434-019-07757-2 SURGICAI ONCOLOGY Grock or
OFFICIAL JOURNAL OF THE SOCIETY OF SURGICAL ONCOLOGY

ORIGINAL ARTICLE - HEALTH SERVICES RESEARCH AND GLOBAL ONCOLOGY

Deficits in the Palliative Care Process Measures in Patients
with Advanced Pancreatic Cancer Undergoing Operative
and Invasive Nonoperative Palliative Procedures

Brooks V. Udelsman, MD, MHS', Elizabeth J. Lilley, MD, MPH?*, Motaz Qadan, PhD",
David C. Chang, PhD, MBA, MPH', Keith D. Lillemoe, MD', Charlotta Lindvall, MD, PhD**,

Analysis of administrative data to determine
palliative care quality.

Yol. m No. m m 2020 Journal of Pain and Symptom Management 1

Brief Methodological Report

Identifying Goals of Care Conversations in the Electronic

Health Record Using Natural Language Processing and

Machine Learning

Robert Y. Lee, MD, MS, Lyndia C. Brumback, PhD, William B. Lober, MD, MS, James Sibley, BS,

Elizabeth L. Nielsen, MPH, Patsy D. Treece, RN, MN, Erin K. Kross, MD, Elizabeth T. Loggers, MD, PhD,
James A. Fausto, MD, Charlotta Lindvall, MD, PhD, Ruth A. Engelberg, PhD, and J. Randall Curtis, MD, MPH

Cambia Palliative Care Center of Excellence (R.Y.LL., L.C.B., WB.L., [S., ELN., PD.T., EK.K., ETL., JA.E, RAE., [.R.C.), University
of Washington, Seaitle, Washington; Division of Pulmonary, Critical Care, and Sleep Medicine (R.Y.L., EL.N., PD.T., EK.K., RA.E.,

Identification of goals-of-care discussions for
people with serious illness.

of Psychosocial Oncology and Palliative Care (C.L.), Dana-Farber Cancer Institute, Boston, Massachusetls, USA

JOURNAL OF PALLIATIVE MEDICINE
Volume 22, Number 2, 2019

© Mary Ann Liebert, Inc.

DOI: 10.1089/jpm.2018.0326

Natural Language Processing to Assess End-of-Life
Quality Indicators in Cancer Patients Receiving
Palliative Surgery

Charlotta Lindvall, MD, PhD,"? Elizabeth J. Lilley, MD, MPH 2 Sophia N. Zupanc,'
Isabel Chien, BS,"® Brooks V. Udelsman, MD, MHS® Anne Walling, MD, PhD,”
Zara Cooper, MD, MSc,* and James A. Tulsky, MD"?

Abstract

Background: Palliative surgical procedures are frequently performed to reduce symptoms in patients with

Identification of cancer patients receiving palliative

gastrostomy and end-of-life documentation.

Vol. 59 No. 2 February 2020 Journal of Pain and Symptom Management 225
Original Article
Natural Language Processing Accurately Measures \® checkfor updates

Adherence to Best Practice Guidelines for Palliative Care

in Trauma

Katherine C. Lee, MD, MSc, Brooks V. Udelsman, MD, MHS, Jocelyn Streid, BA,

David C. Chang, PhD, MPH, MBA, Ali Salim, MD, David H. Livingston, MD, Charlotta Lindvall, MD, PhD, and
Zara Cooper, MD, MSc

The Center for Surgery and Public Health (K. C.L..), Brigham and Women's Hospital, Boston, Massachusetts; Depariment nf'.\‘-lérg‘f’n' (K.C.L.

Identification of trauma patients receiving palliative
careinput.

Boston, Massachusetts, USA



NLP of automatic transcription in
consultations for Advance Care Planning

Enhancing serious illness communication using artificial
intelligence

Isaac S. Chua(®"**™, Christine S. Ritchie®* and David W. Bates ('~

np)j | Digital Medicine

Delivery of serious illness communication (SIC) is necessary to ensure that all seriously ill patients receive goal-concordant care.
However, the current SIC delivery process contains barriers that prevent the delivery of timely and effective SIC. In this paper, we
describe the current bottlenecks of the traditional SIC workflow and explore how a hybrid artificial intelligence-human workflow
may improve the efficiency and effectiveness of SIC delivery in busy practice settings.

npj Digital Medicine (2022)5:14; https://doi.org/10.1038/541746-022-00556-2
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Al to support
the individual

and their
digital legacy
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Increasing number of
deceased users on
social media

ALL THE

GHOST
IN THE |

HACHIE

Professor Elaine Kasket

* Who controls data of the dead?

Expected 4.9 billion accounts of dead
people on Facebook in the next century.

* How will you control your data?

* Opportunities & challenges?




Digital Legacy is increasingly important in
Palliative Care

'@ Digital Legacy Association |

Falliative Medicine
2023, Vol. 37(9) 1424-1433

A grounded theory study exploring palliative © The Author(s) 2023
. . (1)
care healthcare professionals’ experiences of

Article reuse guidelines:

Home ~ FreeResources  Training  About  Forthe public News_'. Conference 2(

managing digital legacy as part of advance care 570 msneoins:

journals.sagepub.com/home/pmj

planning for people receiving palliative care S sage

Sarah Stanley'2(>), Karen Higginbotham?, Anne Finucane34
and Amara Callistus Nwosu?/56

the Digital Legacy

Association

https://digitallegacyassociation.org/ James Norris

Sarah Stanley




Examples of Al technologies to influence
digital legacy

. Al chatbots
. Holograms and avatars
. Al assistants




Chatbots in Palliative
Care

= H B Massachusetts
mltd I I I I I Institute of

edia Technology
lab

Dr Nathan Whitmore & Dr Ruby Liu
MIT researchers

RDIGITAL
ACM&LIBRARY

= Article Navigation

Living Memories: AI-Generated Characters
as Digital Mementos
Pat Pataranutaporn, MIT Media Lab, MIT, United States, patpat@mit.edu

Valdemar Danry, MIT Media Lab, MIT, United States, vdanry@mit.edu
Lancelot Blanchard, MIT Media Lab, MIT, United States, lancelot@mit.edu

A nlr-i Mhosaai ATT MNATA MAanmanatinm Tanmam saaalr-d Alhossai AeaddAdata aneeas

A)

What is your
perspective on art?

participants interacted with using our system. The experience started with a 40 second long

animated video of Leonardo Da Vinci introducing himself generated using an open-source Al-
generated character pipeline. Right: Potential applications of Living Memories to (C) help people

remember and mourn, and (D) preserve culture and learn about people from the past.




Dame Cicely Saunders recreated as an Al chatbot

R . | Faculty of Medicine and Health Sciences
* McGill Department of Family el Q
. Medicine

# AboutUs Education Research Global Health TeachingSites ForFaculty What'sNew Events ContactUs




Holograms of the dead

Kim Kardashian West £ @KimKardashian - Oct 30

For my birthday, Kanye got me the most thoughtful gift of a lifetime. A
special surprise from heaven. A hologram of my dad. It is so lifelike!
We watched it over and over, filled with emotion.

213 9.5M views

8K 51.1K 2 3K

Copyright: X, formerly Twitter, 2020

Copyright: Christopher Polk/Getty Images for Coachella 2012






Designers & ethics in Palliative care Al

e Human centred

design
* Decision-making
e Evaluation
Professor Judith .
Rietjens s  * Ethics
StudentErasmus
Research Master
team
Erasmus MC

FUDelft ==

Ethical seminar about Al
in palliative care

Dr Jiwon Jung



Imagine your funeral

@FEXIR.
LDERFOTVAL,

I'm an award-winning /Al
brain designed to entertain

Hi, I'm Kuki.

humans. %

R L T e

Kim Kardashian West @ @KimKardashian - Oct 30
For my birthday, Kanye got me the most thoughtful gift of a lifetime. A
special surprise from heaven. A hologram of my dad. It is so lifelike!

We watched it over and over, filled with emotion.

2113 9.5M views

Q nsk 01 511K QO 2143k




Some opportunities...

. Personalised care to individuals and
populations

. Improved efficiency
. . Copyright -Bryan Lee O'Malley

. Real-time data & analysis

. New interventions

. New forms of research

. Develop and curate digital legacies



Some challenges...

Bias
Risk of inequalities if not used well

_ack of expertise

Copyright -Bryan Lee O'Malley

nfrastructure
Cost and maintenance issues
Issues with trust/governance/ethics/ownership of data



Current work... Digital Legacy
Design

Technology

Network

Next meeting:
* Wednesday 20" March 2024
in Liverpool Science Park.

= Contact me if you want
further information.




Final thoughts — Al is alreac

11 2R |




Conclusions

Al is already present in various forms and there is potential to

influence palliative care from population, clinical care level and
individual & digital legacy level.

Focus on the practical applications of Al in palliative care, rather
than binary debates of its virtue.

Interdisciplinary research is needed to explore how Al can be best
used in palliative care.

*More research is needed about the generic publicly available Al
tools (e.g. ChatGPT)



Attributions - Images

* Google
* Freepik

* Chest X-Ray Aiimage (de Moura, Joaquim, Jorge Novo, and Marcos Ortega. "Fully automatic deep
convolutional apgroaches for the analysis of COVID-19 using chest X-ray images." Applied Soft
Computing 115(2022): 108190.)

* Perception Alimage: By JonMcLoone at English Wikipedia, CC BY-SA 3.0,
https://commons.wikimedia.org/w/index.php?curid=44894482

e 2014 Kevin Winter/Billboard Awards 2014
* Christopher Polk/Getty Images for Coachella 2012
e X, formerly, Twitter

* Google

* ImagineMe

* KukiAl

 Scott Pilgrim - Bryan O’Malley


https://commons.wikimedia.org/w/index.php?curid=44894482
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