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The future of Artificial Intelligence (Al) in the NHS

Context

The UK Government hasrecognised the significance of robotics and artificial intelligence (Al)
viaits Industrial Strategy published in November 2017, and the Industrial Strategy Challenge
Fund; created to strengthen UK science and business innovation. As part of this work, the
Prime Minister announced in May 2018 a goal to make the UK a worldleader inthe use of data,
Aland innovation to transform the prevention, early diagnosis and treatment of chronic
diseasesby 2030.

Following this, a Lords Select Committee on Al published their evidence in April 2018 on the
future of Al,and an independent Technology Review, knownas The Topol Review, was
published in February 2019 and centred on Aland robotics, genomics and digital medicine.

What is Al?

In essence, Alis a set of sophisticated technologies that allow machinestodo highly complex
tasksresembling the processes associated with humanintelligence such asreasoning,
learning, adaptation, sensory understandingand interaction. At this point in time, Al
applications are specific to a particular task or problem.

Our position inbrief
Bowel Cancer UK believes that Al has the potential to:

¢ Improve prevention of bowel cancer by utilising and analysing patient data and test
results to find patterns that could inform a patient’s risk of developing the disease. Al
can helpto identify high risk groups that should receive regular colonoscopy to detect
and remove pre-cancerous polyps.

¢ Improve earlier diagnosis of bowel cancer by optimising tissue and image
recognition to support automationand enhance accuracy in pathology and radiology;
and by streamliningadministrative processes, such as the call and recall functionality
of the Bowel Cancer Screening Programme.

e Develop anddeliver effective bowel cancer treatment by reducinghumanerror
during surgery which could improve patient outcomes; utilising patientdata more
comprehensively and withgreater accuracy totarget treatmentandincrease

personalisation; and streamlining medicalresearch processes.

However,inorder for Alto improve these key areas, a number of policy considerations need
to be addressed:
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e TheNHS workforce and its role as Al systems evolve: Despite Al systems automising
and streamlining certain human tasks, often with greater accuracy, very few systems
at this point in time are able to operate independently of human direction. Al systems
should be aiding NHS staff, rather than replacing them, particularly whenit comes to
decision-making. Thisisespecially important considering the current ‘black-box’
nature of Al technologies, whereby it's difficult to validate the conclusions and
decisions these systems come to whenanalysingdata.

e Dataquality, data storage and its accessibility: given the nature of algorithms used in
Al systemsto find complex patterns through analysinglarge quantities of data from
various sources, it’s vital that there is significant investmentinto improving data
quality and ensuring the data is stored securely.

e Publicengagementand ethical considerations: Because the effectiveness of Al will be
dependenton data quality and accessibility, patient consent around how their datais
used and stored needs to be considered. Furthermore, upholding public trust in new
technologiesas they develop will be necessary to ensure the successful introduction
of Al into the NHS.

Therefore, inorder for Al to provide benefit to bowel cancer patients, investmentinto re-
training and capacitating the NHS workforce, particularly in pathology and radiology, will be
imperative. Inaddition, Al can enhance decision-making,learning, reasoningandassistin
finding solutions to challenging problems, but this can only be maximisedifinvestmentinto
data systemsand quality is prioritised. Lastly, transparency mustbe encouraged through
regular public engagement withnew Al technologies, especially as regulations around Al
technologies change and develop.

Types of Artificial Intelligence

Machine learning — Machine learningis possibly the most successful type of Aland involves
computerslearningdirectly from data, experience and examples. As computer processing
powers continue to progress, machine learningis now able to outperform humans on specific
tasksincluding predicting, preventing, screeninganddiagnosing disease.

Vision perception, speechrecognition and language processing — this involvesimage
recognition technologies, and the ability to interpret human language and convert speech to
text and text back to speech.

Robotics — this entails machines with the ability to replicate human behaviour andto alarge
extentwith greater accuracy andefficiency.

Automated planningand scheduling —in the near future, Al systems willbe able to complete
administrative tasks, which could provide the NHS with large-scale workforce productivity
gains.



Expert systems — this involves emulating the decision-making ability of a humanexpert.
They are designed to solve complex problems by sifting through bodies of knowledge and
data. A significant shortcoming of this is knowledge acquisition and difficulty in validating the

conclusions and decisionmaking process of Al systems.

Predicted impact of Al — What we know so far
Al and productivity gains

Currentresearchsuggeststhat Al algorithms willenhance NHS productivity through large-
scale processoptimisation, clinical pathway streamliningand public healthapplications.

For healthcare professionals, who currently spend between 15 and 70% of their time
conducting administrative tasks', Al systems will be capable of ordering tests, compiling
medical notes, and completingadministrative tasksin the near future. This is expected to
provide the NHS with the biggest workforce productivity gain and will allow health
professionalsacross primaryandsecondary care to focus their time on clinical tasksand
patient-clinicalinteraction. Moreover, Alis expected to improve systems efficiency and
productivity for the wider health system.

Prevention

Machine learningalgorithms are already helpingclinicians predict those at higher risk of
cancer, whichin turn means there’s a better opportunity to preventdisease®. By scanning
patient healthrecords as well asexamining patterns of behaviour and lifestyle, Al can find
‘clusters’ of patients with similar health conditions and determine the likelihood of them
developing certain health complications based on new patterns of comorbidity that would
otherwise not have beenrealised. These clustersare useful as they can provide new
correlationsindata that allow for preventative interventions before it’s too late, and support
clinicians with taking a more comprehensive approach to managing the disease®. Withregards
to bowel cancer, this could be particularly beneficial for people with genetic conditions, such
as Lynch syndrome, who are more likely to develop bowel cancer as a result of their genetic

predisposition.

In addition, Al has the potential to better validate conclusions in colonoscopy. Colonoscopy

can preventthe incidence of bowel cancer by identifying and removing precancerous polyps®.
However, it has been found that the missrate for polyps of any size isapproximately 22%, and
this has beenattributed to two factors; blind spots and human error>. While blind spots can be
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overcome usinga wide-angle scope, humanerror ismore challenging. Thisis particularly
important considering the increasinggapin endoscopy experience and skills as a result of the
current Accelerated Clinical Endoscopist Training Programme®toincrease workforce
capacity. Alhas the potential to bridge this gap by providing automateddetection of polyps.
However, at this point in time, further machine learningand prospective evaluation will be

required’.
Al and cancer diagnostics

Al has the potential to transform cancer diagnostics. While Al can utilise patient data more
extensively and with greater accuracy thanhumans, its use in healthcare will focuson
improvinghuman decision-makingrather replacingit. Sofar, advances have shown the
potential of Alto reduce humanmedicalerrorsandinaccurate diagnoses, while lowering the
cost of diagnostic services®. Progressin healthcare diagnostics will most notably be noticed
through data analyticsacrossall aspectsof a patient’s life and in medicalimaging, including
pathology and radiology®.

Data analytics

Currently, existingdata is too complex and disparate for clinicians to be able to utilise its full
potential and improve cancer diagnostics. There is an opportunity for machine learning
algorithmsto use these data sets and combine them with other cancer risk factors to facilitate
earlier detectionof cancer and improve cancer diagnostics. Cancer Research UK’s Grand
Challenge programme currently seeks to explore how machine learning can be used to
examine patterns of symptoms and behaviours withinaccessible datasets, both medicaland
non-medical (e.g. social media activity, shopping history, online search history) that could
indicate the presence of cancer™. Similarly, Microsoftisresearchingthe use of Al to interpret
online searchengine behaviours, such as someone searching their symptomsonline long
before they see their GP". Where thereisalack of awareness of bowel cancer symptoms, this
could preventdelaysto seeinga GP and receivinga diagnosis. In addition, the ability of Al to
improve research processesandaccesstorelevant guidance may provide benefits

particularly to younger bowel cancer patients who are more likely to experience delaysin
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diagnosis because of the assumption that bowel cancerisn’t a disease younger people can

develop.

Medicalimaging: Pathology and radiology

New Al technologies will change therole of practitioners, as machines take onthe more
technical aspects of diagnosis™. Digitisation and the use of Al for tissue and image
recognition could augmentother parts of the cancer diagnostic pathway, including
pathology™. Some tasksin pathology that were previously done manually have already been
automated, suchas cell counts, and typing and screeningof blood. This leaves pathologists to
carry out more complex tasks. However, Al canalso perform complex tasks and, insome
instances, with greater accuracy. This has been seenin a study which showed computers
predicting the grade and stage of lung cancer better than a pathologist,' although larger-
scale validation with more diverse types of tissue is still required.

In addition, Al has the potential to support radiology, which has become significantly more
complex and datarich as cross-sectionalimaging has progressed to provide greater clarity.
The sheer abundance of data has changed how radiologists interpretimages, and often
requires significant focus to searchfor patterns that are extremely difficult to find with the
humaneye alone. Furthermore, the amount of data continues to increase in imaging, some of
which is only extractable by software. Thisis paving the way for the role of computers to
extract fine information about tissues invisible to the human eye and process this data quickly
and accurately.” A study conducted by MIT found that machine learningalgorithms could
register brainscans and other 3D imagesmore than1,000 times faster thancurrentanalytical
techniques.’ The use of Alin both pathology and radiology can therefore help to improve
diagnostic and surgical outcomes.

In the long term, Al systems will have an increasingly prominentrole in cancer diagnostics.

For bowel cancer, this will be noticed namely in pathology and radiology.
Cancer treatmentsand surgery

Altechnology also has the potential to develop and deliver cancer treatment. The increasing
ability of Alto analyse data more comprehensively and withgreater accuracy and pace could
provide vital improvements to: the personalisation of treatmentand care, particularly as
genetic data becomes more readily available; streamlining medical researchincluding drug

discovery and identifying suitable clinical trials; and robot-assisted surgery.
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Personalisation of treatmentandcare

The use of machine learning to predicta patient’s response to treatmentusing genetic data is
an area of explorationthat is being developed"”. Cancer Research UK has considered this in
their Lung Matrix Trial group, whereby patient groups are stratifiedbased on gene changes
identified in cancer cells. This isknown as stratified medicine, whereby treatmentis matched
to patients based on genetic changesin their cancer cells, and allows doctors to target specific
cancer cells®. These different patient groups could then evolve throughout the trialas more

potentially effective drugs are identified."

For bowelcancer patients, particularly those at advanced stages and those witha genetic
condition like Lynch syndrome, a more comprehensive understandingof the genetic makeup
and staging of a patient’s tumour could enable more targeted treatments. Targeted
treatmentsare more likely to work and canmaximise outcomes for patients by ensuring they
don’t unnecessarily undergo the gruelling side-effects of treatment that may not even work.
An example of this has been noticed in the use of a machine learning software called TEXLab
that can forecast survivalrates and response to treatments of patients with ovarian cancer?
TEXLab examines specific biological characteristics, including genetic makeup, thatinfluence
a patient's survival rate. It can provide clinicians with more detailed and accurate information
around patientresponse to different treatments, enabling them to administer better and more
targetedtreatments quickly?'. This could particularly benefit advanced bowel cancer patients,
where accessing personalisedand more targeted therapiesisakey challenge andimpacts
quality of life and survival®, Finally, this approach allows for more personalisedcare plans to
be coordinated, and supports patients better with managing their treatment programmes?3

Streamlining medicalresearch processes

The ability of Al to processand find patterns in vast quantities of data is also providing
healthcare professionals with new insights and ways of interpreting/understanding health
data they have accessto,and is driving progressin biomedical and epidemiological

research?®. Thisincludes advancementsindrug discovery through machine learning
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algorithms that can analyse large datasets, such asin scientific literature and clinical data®
The ability of Al to sift through medicalrecordsand patients’ genomic data will also enable
clinicians to better match patients to suitable clinical trials®®. This includes finding patients
and validating them for biomarker-ledclinical trials within minutes, a process that would
usually take humans several months. Infact, in an IBM Watson Health study, Al technologies
cut the time of assessing the eligibility of patients for a clinicaltrial by 78%2’

The ability of Alto sift through large quantities of data and articles canalso support clinicians
to keepup to date with new medicalresearch. Eachyear, millions of scientific articlesare
published in English based journals, makingitdifficult for clinicians to keepup with all
advances. By synthesising currentbest practice, Al can streamline the process for healthcare
professionals to accessrelevantresearchandguidance.?® With more clinicians able to keepup
with new researchandguidance, the variationin the quality of treatmentand care patients
receive couldbe reduced.

Robot-assisted surgery

While Al will have a developing role in new treatments for cancer, its potential has also been
seenin improving the effectiveness of cancer treatment, suchasin surgery. While this will in
part be due to improveddiagnostics through Al tools, treatmentimprovementshave also
beennoticed in robotics. There have beenexponential advancesinrobotic technology since
robots first started performingsurgery three decades ago?’. Experimental studies have
shown autonomous robots performing better stitching than surgeons, and robotics
companiesare startingto use Al to help surgeons perform more effective precision surgery
with ease®. Currently, mostrobots operate with relatively low Alinvolvement, but this will
change over time with robots becoming the ‘hardware’ thatembeds Alalgorithms to perform
a task®'.

For example, surgical procedures currently lack real-time information on tumour localisation
and patient’s anatomy during liver resections, whichincreases the risk of a tumour not being
fully resected®?. Preliminary findings have shown the use of novel imaging technology, more
specifically an electromagnetic surgical navigation system, in providing surgeons with real-
time visualization of tumour location and liver anatomy. This isgiving accurate localization of
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liver lesions and criticalanatomy surrounding the resectionarea, even while surgery is taking
place®. It may eventually be possible for Al to use real-time imaging technology to guide
robotic surgery;allowing for more standardised surgical procedures by reducing the variation
across surgeons, and improving effectiveness, safety, consistency and accessibility of
surgical techniques within the NHS34.

Policy considerations

In order for Alto drive improvementsinprevention, early diagnosis and the treatment of
cancer, a number of policy considerations need to be addressed.

Al and the workforce: New areasof requiredskills will include anunderstanding of Al
algorithms, the ability to analyse bigdatasets, and a major increase indigital literacy. Policy

considerationsinclude:

¢ Theuse of machine learningto reduce the burdenon workforce is welcome, particularly
in pathology and radiology, but these should be seenas an extra diagnostic tool rather
than areplacement for a skilled workforce. Investmentinto a skilled workforce is
therefore required.

¢ New areas of required skills will require up-skilling the current workforce: appropriate
education, retrainingand ongoing learningresources will be needed. Professionals witha
computer science, data science and engineering background will be crucial to reducing the
Aland robotics skills gap in the NHS®>,

e TheUK has significant skill gapsfor key staff such as molecular pathologists,
radiologists, bioinformaticians, statisticians, clinical geneticists and genetic counsellors.
Improving staff retention and career development options must be addressed.

* Robotics and the workforce: Recentadvancesinrobotics are likely to support surgeons
perform more effective surgery by reducing humanerror. Asrobotics progresses,
consideration must go into how robotics will complement the NHS workforce, rather than
replaceit.

e Streamliningresearchprocesses: As Al willmake iteasier for health care professionals to
keep up with new guidance andscientific papers, aswellcarryout researchusinglarge
datasets, consideration should go into how this can be maximised.

Data quality, access and storage considerations: The quality of algorithmsis dependenton
quality of data, and this could be a significant barrier to Al developments. We canonly trust
the conclusions of Al if they are based on high quality data. Policy considerationsinclude:

3 Ruers, T. (2018). Electromagnestic surgical navigation system for open liver surgery:preliminary results. Oral
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e Delaysinobtaining data: Progressinresearchhasbeenlimited due to delaysin accessing
data held by NHS Digital and PHE. Therefore, these organisations need better
infrastructure to improve access to relevantand high quality data in the future.

e Machine learningand data quality: PHE hold patient level data on chemotherapy and
radiotherapy provision, but there are barriers to the application of machine learningon
such datasets. To really realise the potential of machine learningin healthcare, investment
into improving data quality is vital.

e Asingle dataset: Currently, data organisationscollect the same data under separate
datasets and there’s significant variationbetween these. Reducing this discrepancy and
creatinga single dataset should be a priority for ensuringeffective use of Alsystems.

e Howcan conclusions of Al-drivenanalysis be validated? Without beingable to see each
stage of the decision-making (due to the ‘black box’ nature of Al), it can be difficult to
judge two differing conclusions reached by two differentalgorithms. The extentto which
this is a problem varies, e.g. digital pathology can be compared to human analysis, but
where datasets become more complex and explorative it becomes difficult to validate
conclusions made by Al systems.

e Dataheterogeneity: Considerations must go into the datasets analgorithmis being
trainedon. Certaindatasets may only be applicable to some populations, so making sure
the datasetsare diverse for the applicable population is crucial, particularly as the make-
up of adisease varies withethnicity and gender.

e Algorithmsare trained on datathatis ‘measurable’—sowhat about datathatisn’t
measurable? Many healthcare interactions depend onmore thanjust ‘measurable’data,
such as non-verbalcommunication and qualitative observations, so considerations into
how this will be capturedand the impact on patients willneed to be made?.

e Datagovernance: Thereisa gapininformationgovernance, anda lack of expertisein Al
technologies that willneed to be addressed®” in order to accelerate our ability to analyse,
interpretand make decisions using Al. However, the Government’srecent commitment to
create ‘Data Trusts’ is a stepin the right directionto ensure the appropriate infrastructure

isin place and that data governance isimplementedethically.

Ethics and regulations around Al: The ‘black box’ nature of Al — thatis it canonly be viewed
in terms of inputs and outputs without any knowledge of its internal workings — warrants
carefulexploration whenit comes to medicine. Therefore, at this point in time, it is not
appropriate for an algorithm to be the last stage in a decision-makingprocess, i.e.clinician
oversightis necessary. Policy considerationsinclude:

e Patient consent: The extent to which Al will be effective is dependenton data quality and
accessibility, and therefore considerations into how patients are made aware of how their
data isbeing used and how it’s stored is paramount.
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e Publicengagement:regulating Al systemsisgoing to be anevolving space so
transparency and public engagement will be needed to inform how much public trust
thereis in the ‘black-box’ nature of Al.

o Effective governance processestofacilitate the introduction of Al technologies: new
leadershiproles with the responsibility of advising NHS Boards on digital technologies
will be necessary. The NHS must build skills in data provenance, curationand governance
to assess ethical considerations and appraise new technologies?®.

What next?

Alis anemergingtheme inhealthcare andis still in its early phases of development. Over the
next decade, the fusion of genomics, digital medicine and patient data, with Al there to make
sense of the overwhelmingamount of data, willhave an importantrolein the provision of
health and carein the NHS*’.

Bowel Cancer UK will therefore continue to monitor the progress and development of Al

systemsas new researchandevidence becomesavailable.
Recommendations

e Allclinicians and healthcare professionals should be educated in the ethical standards
and best practice of working with Al and robotics, and be provided with continuous
learning opportunities to grow as Al systemsevolve.

e Public engagementin the workings of Alis crucial to ensuring public support and trust
is maintained withregards to the changing way that patient data is used. The National
Data Guardianand Understanding Patient Data’srole in developing frameworks to
communicate new and emerging technologies and the use of data to the public is
paramount.

e NHS datasets needto be integratedinto a secure, high quality data system with data
acrossdifferenthealth and care settings.

e Investmentinto data holding organisations, such as NHS Digital and Public Health
England in England; NHS National Services Scotland and Information Services
Division in Scotland; the Welsh Cancer Intelligence and Surveillance Unitin Wales; and
the Northernlreland Electronic Care Record (NIECR) in Northernlreland, iscrucial to

ensuring high quality data input and quality assurance.
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e NHS Digital and the Sustainable Transformation Partnerships (STPs) in England; the
Health and Social Care Integration Authoritiesin Scotland; the Wales Cancer Network;
and the Healthand Social Care Boardin Northernlreland need to consider how Alcan
be appropriately and smoothly integrated at the local level, so that outcomes for
patients are enhanced.

e Investmentinto key staff such as molecular pathologists and radiologists will be
crucialto ensuring a smooth transition into integrating Al systemsin the NHS.

e With Al'sability to target treatments more effectively, increasing the personalisation
of the treatmentand care pathway for patients, the role of NICE in England and Wales
and Northernlreland, and NHS Scottish Health Technologies Group in Scotland as the
responsible organisations for appraisingand bringing in new, technologies, innovative
medicines andtreatments to the NHS will need to be reassessed and maximised.

e Furtherresearchintopatient viewsand concernson Al systemsand its growing rolein
the NHS isnecessary. Initial research suggests patients are increasingly willing to
engage with Alif it means better access to healthcare, greater accuracy of diagnosis

and treatmentandimprovedtrust in the technology involved.

e NHS collaboration withacademia and industry should be encouraged.*°This will help
to bridge the skills gap and can also provide NHS with opportunities to attract global
technical talent and developa new generation of digital leaders to drive technological
transformationin the NHS.

e Effectivegovernance processes should be established to facilitate the introduction of
new technologies.*' This will include setting up a setof ethical principles for those
designing and implementing data-drivenhealthand care technologies in the NHS.
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