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Society = Membership Journal Archives  Links

Ulster Medical Society Programme 2019-2020

Day and Date Lecture Subject enue Time
Thursday 3™ Presidential Prof Mary F McMullin BCH 20,00 hrs
October, 2019 |address ‘Diggnostics in the Future' |Postgrad
Centre
Thursday 17" [UMS/QUB/MIMDT |Prof Fionnuala Ni Ainle, |BCH 09.00-16.00 hrs
October, 2019 |A Dublin Postgrad
Trainee research | ‘The patient voice in Centre
day collaborative academic
research”
Thursday 7 UMS Prof Cecilia O'Kane, QUB  |BCH 20.00 hrs
Nowember, 2019 | The Robert ‘Advanced therapeutics for |Postgrad
Campbell Oration |the acute respiratory Centre
distress syndrome (ARDS)
Thursday 14" |Jgint meeting Prof Dr Jorg Goldhahn, BCH 20,00 hrs
Novemnber, 2019 [with Belfast City  |Institute of Translational |Fostgrad
Hospital Medical | Medicine, Zurich Centre
Staff *Artificial intelligence will
make doctors obsolete
Thursday 28" |The Desmond Prof Manuel Salto-Tellez, |Altnagelvin |Buffet
November, 2019 |'Whyte Lecture aue Centre for | 17.00 hrs
‘The pramise and reality af |Medical and |Lecture
precision medicine in W, Dental 18.00 hrs
Irelond.” education
Thursday 12 [UMS Prof Eileen Murphy, BCH 20.00 hrs
December, 2019 Professor of Archaeology, |Postgrad
aQue Centre
‘Life and Death in
Medieval ireland: Insights
\from Palaeopathology’
Thursday a' Joint meeting Prof Basky Thilaganathan, |BCH 20.00 hrs
January, 2020 |with Ulster Obs Prof of Fetal Medicine, Postgrad
and Gynae Society |London Centre
‘Preeclampsia is a
plocental disorder: lies,
damn lies and medical
science”™
Thursday 23" [The Gary Love Dr Harriet Wheelock, BCH 20.00 hrs
January, 2020 |Lecture Keeper of Collections, Postgrad
92 Joint meeting Royal College of Centre
QUEEN S with Ulster Physicians of Ireland
Society for History | ‘Managing the heritage of
U N IVE RS ITY Medicine Irish medicine-tales from
. BELFAST the archives’
ESTRIRS Thursday & UMS Dr Jyoti Nangalia, Sanger |BCH 20.00 hrs
February, 2020 Centre, Cambridge Postgrad
‘Towards personalised Centre

medicine in blood cancers’

Thursday 27 Umis Dr Brenda Moore- BCH 20,00 hrs
February, 2020 McCann, Dublin Postgrad
‘Medical Semiotics and its  |Centre
influence on art,
psychoanalysis and
Sherfock Holmes” and
Prof Shaun McCann,
Dublin
‘Microscopes ond
corkscrews: a future
perspective’
Thursday 5 Joint meeting Prof Ann Mullally BCH 20.00 hrs
March, 2020 with Belfast City  |Harvard, USA Postgrad
Hospital Medical | ‘The Physician-Scientist:  (Centre
Staff Rewards and Challenges. A
Personal Perspechive”
Thursday 137 [UMS Professor lrene Roberts, |BCH 20.00 hrs
March, 2020 Sir Thomas and Uniwversity of Oxford Postgrad
Lady Edith Dixon | ‘GATAL trisomy 21 and Centre
Lecture lewkaemia- unravelling the
link’
Friday 3™ April, |UMS Annual Dinner Canada 19.30 for 20.00
2020 Room QUB |hrs
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‘MAY YOU LIVE IN INTERESTING TIMES”

CHINESE CURSE

Frederic R. Coudert at the Proceedings of the Academy
of Political Science, 1939
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1. THE UNSUSTAINABILITY OF THE CURRENT HEALTH & SOCIAL CARE SERVICE

EXPERT PAMEL REPOAT

SYSTEMS, NOT STRUCTURES:

CHANGING HEALTH & SOCIAL CARE

Political Summit: 17th February 2016

The panel along with MLAs and advisors from the DUP, Sinn Fein, UUR, SDLP
and Alliance met for a ane day health surmmit to discuss the need for change and
agree a set of principles that would guide the panelin structuring a New Model of
Health and Social Care for the peaple of Narthern Ireland. Each party provided
bath verbal and written comments to a draft set of principles'. In turn the panel
considered all comments and revised the principles to take as many of these on
board as passible.

The final set of principles is attached at Annex AL

Engagement

The Panel has engaged ively with lers across health and social
care, and the following key messages were heard consistently:

+  Theunsustainable nature of the *status guo’. Major workforce gapsin
all areas of the current model of service requiring significant investment
in agency staff to maintain the current distribution of acute care.

«  Underinvestment in primary and social care, the very services that can prevent
haspital admission, because of aver-investment in the current hospital madel.

+  Evenwith the funding used to purchase independent sectar and 'in-house’
waiting list initiatives, there are increasing delays for elective care.

+  The contribution of unpaid carers and the voluntary sector, and the
desire for the voluntary sector to be atrusted partnerin care.

+  Independent providers are delivering significant elerments
of care in domiciliary and residential care home settings and
are struggling to cope with current funding levels.

«  Theneed toinvest inimproving the health of our population and to take a
more co-ordinated approach to supporting people with complex needs.

Expert Panel Report 0
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ACHIEVING WORLD-CLASS
CANCER OUTCOMES

A STRATEGY FOR ENGLAND
2015-2020
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2. THE RESEARCH-DIAGNOSTIC BOUNDARIES ARE FAR FROM CLEAR-CUT

5.8.1 Supportive environment for research —

Recommendation 50: NHS England should ensure commissioners and providers are incentivised to maintain
the UK’s world-leading position in cancer studies and applied health research. This should ensure that as
many patients as possible have the opportunity to be part of a study, including in smaller stratified trials.

Recommendation 51: By the end of 2015, NHS England should publish clear guidance that commissioners
must meet excess treatment costs for clinical trials accepted on to the NIHR portfolio as part of routine
business. ETCs for radiotherapy trials should be distributed through a national fund held by NHS England to
ensure high quality clinical trials are developed and delivered optimally.

Cost per Megabase of DNA Sequence

“‘vn..g-h(




3. THE LACK OF RELEVANCE OF TRANSLATIONAL RESEARCH

Biomarkers

N

Lack of biomarker knowledge

Lack of robust technology

100%

Kern SE.
Why your new cancer biomarker
may never work: recurrent
patterns and remarkable diversity

in biomarker failures.

Lack of robust research design Cancer Res. 2012 Dec 1;72(23):6097-101

1%

Lack of adequate biomarker validation
& assay development

Drug Discovery Today

FIGURE 1

Salto-Tellez & Kennedly.
Drug Discovery Today, 2015



4. THE CONUNDRUM OF DRUG DEVELOPMENT

Delivering affordable cancer carein high-income countries

Fichard Suflvan, Jeffrey Peppercom, Karal ke, fofin Zakberg, Neal | Meropol, Eton Ami; Dovid Ehayat, Peter By, Philppe Auter,

Jon F Tarnack, Tito Fajo,Jim Sideom, Steve Willamsan, Sfwa Campares! | Gordon Mcie Amie [t Purushatham, Peter Nared,

Alesanider Eqgermant, Iumay F Erennan, bichasl L Stemberg, Mok O e, Susan A MctToskey, Dink Verekion, Tevence Ruberts, Guy Starme,
Fiodney | ok, Peter | EIl Aradfurd & Hirsch, Lavid * Cortiane, Kein A Schulman, Poul Catchpole, Dowid Taylor, fan Gaealer, Nancy G Brmker,
(1w Welzer, v Kevr, Mot Aprn

COST

Ponel 5: Cost of pharmacewtical innovation

M recent study by the Tufts Centre for the $tudy of Drug
Development in the LUSA estmated that the asverage cast of
a nesw miedicire [induding dunical trial cutlays, spending on
failed molecules, and interest payable on research and

Phase | Phase Il Phase Il

development investments, but excluding other costs and all Adapted from: Phasing out phase lll trials? How much evidence do we need

if the target is clearly hit?istlaapVerweij, Erasmus University Medical Center, Danit
Center, Rotterdam, The Netherlands

AACR-NCI-EORTC International Conference on Molecular Targets and

Cancer Therapeutics November 12-16, 2011 e San Francisco, CA

prafit contributions) i rowghly U531 3 billion ™ Anticancer
drug developmient costs are likely to be more becavse of

high failure rates and above average premarket
devedopmient penods.™



http://aacr.informz.net/z/cjUucD9taT0xNTk2NTg2JnA9MSZ1PTEwMDIxODgzOTImbGk9NzEyNTM2MQ/index.html
http://aacr.informz.net/z/cjUucD9taT0xNTk2NTg2JnA9MSZ1PTEwMDIxODgzOTImbGk9NzEyNTM2MQ/index.html

5. THE RELATIVE RELEVANCE OF PERSONALISED MEDICINE

“The outcomes of these investigations are discouraging (Table 1).
Although 30 to 50% of the patients who were referred for genetic
analysis of their tumors had driver mutations that were thought
to stimulate tumor progression, only 3 to 13% had treatments
that had been selected by individual genomic analysis.”
Tannock and Hickman. Limits to Personalized Cancer Medicine.

N Engl J Med 375,13 September 29, 2016

Percent Survival

Sharma & Alliss
Cell 161, April 9, 201

CHEMOTHERAPY

- GENOMIC TARGETED THERAPY
- IMMUNE CHECKPOINT THERAPY
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6. THE INCOMPLETE ECOSYSTEM OF THE UK IN BIOTECH

Academic papers in biotech’
per £m of public funding

Characteristics of successful UK 23
ecosystems

1. World Ieadlng research . Boston and

O California (US) 18

2. Access to adequate fundmg | S
for growth and scale -up

3. Ablllty to mtegrate WIth the .
health delwery system Average annual VC investment

S in biotech, £m
4. Avallablllty of hybrid science +
business talent to translate
research mto busmess

— UK 100

5. Global brand awareness of the
Boston and

UK as a life sciences hub . ) 1,500
California (US)
1 Proxy for precision medicine activity
SOURCE: Precision Medicine Taxonomy analysis (80+ sources in appendix), UK Bioindustry Association "A vision for the UK life sciences sector in :
2025, Powel, Walter. "The Spacial Clustering of Science and Capital”, Stanford University. "Singapore's Biopolis: A Success Story™, www.a- ATAPU
star.edu.sg C

QUEEN’S
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Precision Medicine Programme

Manuel Salto-Tellez
Jackie James

David Gonzalez de Castro

The Northern Ireland Molecular
Pathology Laboratory

Who are we?

Pathological In situ

Single PCR/
High Throughput
Technologies

| Digital
Biobank Review Hybridisation Pathology

AN

GCLP

COMPLIANT

International
Organization for
Standardization

Information
Management

H IStO/ CytO Adapted from: Salto-Tellez, James & Hamilton. Molecular Oncology, 2014

: Lrc:
e NIBjobank IH( :/I( :( :
= i . e
' — - -
g s D - L
e J e 1014, 230 51 INVITED COMMENTARY Ikrjﬁq Methods =3 - —
Building a *Repository of Science’: The importance (iepanine e v i ' Jaurnal homepage: www.slssvier.camilacate/ymath e Techuical N
of integrating biobanks within molecular pathology I histochemistry should lergo robust . . . PIC o
pre . validation equivalent to that of molecular uencing: a change of paradigm in molecular
diagnostics n* Digital pathology and image analysis in tissue biomarker research

‘\:: Kinlly Elliann,” Saeph Peter W. Hamulton °, Peter Bankhead, Yinhal Wang, Ryan Hutchinson, Declan Kieran, Darragh McAT,




Manuel Salto-Tellez

Precision Medicine Programme Jackie James

David Gonzalez de Castro

QUEEN'’S PRECISION MEDICINE o
Belfast Hlealt and UNIVERSITY | CENTRE OF EXCELLENCE Invest “g
# Social Care Trust BELFAST Northern Ireland

( \

Molecular Diagnostics LAl PM Education & Training PM Centre of Excellence The Northern Ireland
MST / DGC / 1] Artificial Intelligence 1) MST / JJ / DGC Biobank
MST / JJ ? J
= ) Invest <

Belfast Health and M UNIVERSITY] 235 CANCER N7 SrElJIEVEERSSITY Northern Ireland

Social Care T Ly CELEAST B RESEARCH &Y BELFAST m Health and
J Social Care Trust g 0k | | €@ . ) ool o @Biobank

N J \ ) U ) e ) (B2

60 staff
£19.1M direct competitive funds
£35.0M including indirect funds
Molecular diagnostic service
+ 150 peer reviewed papers
Significant traction and support with industry




What is Molecular Pathology?

Molecular Pathology is the morphological and molecular
interrogation of clinical samples, with all the
technologies associated to these analyses, to better
understand the nature of diseases — Translational

Research.

Bench-to-Bedside
Nature Reviews Drug Discovery 7, 463-464 (June 2008)

QUEEN'S Precision Medicine

S g&%@?SITY Centre of Excellence

CLINICAL SAMPLES

$

MORPHOLOGICAL ANALYSIS

¥

MOLECULAR INTERROGATION

¥

CLINICO-PATHOLOGICAL CORRELATIONS
(biostatistics / bioinformatics)

$

RESULTS



What is Molecular Pathology?

Molecular Pathology is the morphological and molecular Molecular Pathology is the application
interrogation of clinical samples, with all the
technologies associated to these analyses, to better
understand the nature of diseases — Translational
Research.

of the knowledge of the genetic
mechanisms of disease to diagnosis,
prognostication and treatment of

diseases — Molecular Diagnostics

MICROBIOLOGY &
VIROLOGY

TISSUE AND

CELLULAR HAEMATOLOGY
PATHOLOGY

PATHOLOGY &
LABORATORY
MEDICINE

Blood Bank

Sciences Biochemistry

E.'l'r?-- .- 2 ."1 ; =
Bench-to-Bedside
Nature Reviews Drug Discovery 7, 463-464 (June 2008)
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What is Molecular Pathology?

Molecular Pathology is the application
of the knowledge of the genetic
mechanisms of disease to diagnosis,
prognostication and treatment of

diseases — Molecular Diagnostics

Diagnostic Molecular
Histopathology & Cytopathology MICROBIOLOGY &

VIROLOGY

TISSUE AND

CELLULAR HAEMATOLOGY
PATHOLOGY

PATHOLOGY &
LABORATORY
MEDICINE

Blood Bank . .
. Biochemistry
Sciences

QUEEN'S
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PRECISION MEDICINE CENTRE

CLINICAL
DIAGNOSTICS

www.qub.ac.uk/research-centres/PMC/

{ QUEEN'S Belfast Health and Public Health
UNIVERSITY )J , HSC
@A) BELFAST Social Care Trust /J Agency
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Selected target therapeutics in clinical oncology practice

Targeted Therapeutics Target Tumor
Antibodies
Bevacizumab VEGF Breast Ca/CRC/NSCIL.C
Cetuximab EGIFR/KRAS CRC and I'IN Ca
Panitumumab EGFR CRC
Rituximab CD20 B-cell lymphoma
Trastuzumab Her-2 Breast Ca/Gastric cancer
Swrzall molecule inbibitors
Bortezomib Proteasome MM and MCL
Crizotinib ALK NSCLC
Erlotinib EGFR NSCIL.C/pancreatic cancer
Gefitinib EGFR NSCIL.C
Imatinib c-kit/BCR-ABL GIST/CMILL
Lapatinib Her-2 and EGFR Breast Ca
Sorafenib VEGFR/PDGFR/RAF HCC and RCC Molecular
S VEGFR/PDGFR/RET GIST and RCC {)):',li;',’,?jf,'};d
Temsirolimus mTOR RCC ("“5’5 l h,leﬁltl
Vemurafenib BRAF Melanoma S,
Vorinostat/Bortezomib HDAC Cutaneous TCIL.

Salto-Tellez M. In: Tan & Lynch’s Principles of Molecular Diagnostics and Personalized
Cancer Therapy, Lippincott Williams & Wilkins, 2012.



Revolution in Oncology
New Drugs for Targeted Therapy

Discovery Medicine 2014

DISCOVERY MEDICINE

Table 3. US FDA Approved Targeted Therapies and Indications.

Agent | Trade Name |/T§rgcl{s) | FDA-approved Indication(s) Company
Monoclonal Antibodies
Ado-trastuzumab Kadcyla HERZ2 Breast cancer (HERZ+)* Cienentech
emtansineg { T-DM1)*
CRC
. . I GBM
Bewvacizumab Awastin VEGF NCLC Cienentech
ROC
) . e . CRC (KRAS wild-type)* .
Cetuximab® Erbitux EGFR — Eli Lilly
HNSC -
Ipilimumak Yervoy CTLA-4 Melanoma Bristol-Myers Squibb
Obinutuzumab Gazyva CD-20 CLL Cienentech
Panitumumab® Wectibix EGFR CRC (KRAS wild-type)* Amgen
Pertuzumalb Perjeta HER?Z2 Breast Cancer (HER2+)* Cienentech
Trastuzumab®* Herceptin HER2 Breast cancer (HERZ+)™ CGenentech
Giastric cancer (HER2+)*
small Molecule Inhibitors
Adfatinib® Gilotrif EGFR, HER2 NSCLC (with EGFR exon 19 deletions or LESER substitution)* Boehringer Ingelheim
Axitimib Inlyta KIT. PDGFRP, VEGFR1/2/3 |RCC Pfizer
Bosutinib* Bosulif ABL CML (Philadelphia chromosome positive)®* Pfizer
Cabozantinib Cometriq FLT3, KIT, MET, RET, Medullary thyroid cancer Exelixis
VEGFR2
Crizotinib* XKalkori ALK, MET NSCLC (with ALK fusion)* Pfizer
Dabrafenib* Tafinlar BRAF Melanoma (with BRAF VODOE mutation j* GlaxoSmithEline
L . CML ( Philadelphia chromosome positive)* . .
Dasatimib® Sprvcel ABL Bristol-Myers Squibb

ALL (Philadelphia chromosome positive)*

Denosumab Xgeva RANKL Giiant cell mmor of bone

Amgen

NSCLC (with exon 19 deletions or LESER substittions)*

Erlotinib* Tarceva EGFR - Cienentech & OS]
Pancreatic cancer
Pancreatic nenroendocrine tumor
ROC
Everolimus® Afinitor mTOR Breast cancer {ER/PR+) in combination with exemestane* Movartis
Nonresectable subependymal giant cell astrocytoma associated with
tuberous sclerosis
Ciefitinib Iressa EGFR NSCLC with known prior benefit from gefitinib (limited approval) AstraZeneca
Ibrutininb Imbruvica BTK Mantle cell lymphoma Pharmacyclics
Gl stromal tumor
Imatinib* Gleevec KIT, PDGFR, ABL Dermatofibrosarcoma profuberans Novartis
Multiple hematologic malignancies including Philadelphia chromo-
some-positive ALL and CML*
Lapatinib* Tykerb HER2, EGFR Breast cancer (HERZ+)* GilaxoSmithKline
Nilotinib* Tasigna ABL CML (Philadelphia chromosome positive)® MNovartis
ROCC
Pazopanib Votrient VEGFR, PDGFR, KIT - r GlaxoSmithKline
Soft tissue sarcoma
-3 CRC
Regorafenib Stivarga S A Rﬂ LAY - - - Bayer
= = Ciastrointestinal stromal tamors -
Ruxolitinib Jakafi Myvelofibrosis Incyte
. Hepatocellular carcinoma
Sorafenib MNexavar — Bayer
ROCC i
GIST
Sunitimib Sutent VEGFER, PDGFR, KIT, RET |Pancreatic neurcendocrine tumor Pfizer
ROC
Temsirolimus Torisel mTOR ROC Wryeth
Trametinib* Mekinist MEK Melanoma (with BRAF V6DOE or Ve0DE mutations)* GilaxoSmithEline
Vandetanib Caprelsa EGFR, RET, VEGFR2 Medullary thyroid cancer AstraZeneca
Vemurafenib* Zelboraf BRAF Melanoma (with BRAF V600 mutation)® Roche

Nore: ALL, acute lymphoblastic leukgmi
tor; NSCLC, non-small cell lung canc
ma; CLL, chronic lum]ﬂmblaqtu_ lenker ruton’s tyrosi

ation. There are approximately 17 tarweled t]lera;1|e== that are associated with 10 molecular-specific subtypes of cancer.

ukemia; GIST, gastrointestinal stromal tumor; ER, estrogen receptor; PR, progesterone recep-
BM, glmhlaqmnu RCC, renal cell carcinoma; HNSCC, head and neck squamous cell carcino-
inase. * Targeted thernp\' that is associated with a molecular-specific cancer subtype alter-




https://www.cancer.gov/about-cancer/treatment/types/targeted-therapies/targeted-therapies-fact-sheet

What targeted therapies have been approved for specific types of cancer?The FDA has approved targeted therapies for the treatment of some patients with the following types of cancer (some targeted therapies have been approved to treat more than
one type of cancer):

Adenocarcinoma of the stomach or gastroesophageal junctionTrastuzumab (Herceptin®), ramucirumab (Cyramza®)

Bladder cancer: Atezolizumab (Tecentrig™), nivolumab (Opdivo®), durvalumab (Imfinzi™), avelumab (Bavencio®), pembrolizumab (Keytruda®)

Brain cancer: Bevacizumab (Avastin®), everolimus (Afinitor®)

Breast cancer: Everolimus (Afinitor®), tamoxifen (Nolvadex), toremifene (Fareston®), Trastuzumab (Herceptin®), fulvestrant (Faslodex®), anastrozole (Arimidex®), exemestane (Aromasin®), lapatinib (Tykerb®), letrozole (Femara®), pertuzumab (Perjeta®),
ado-trastuzumab emtansine (Kadcyla®), palbociclib (lbrance®), ribociclib (Kisgali®), neratinib maleate (Nerlynx™), abemaciclib (Verzenio™), olaparib (Lynparza™)

Cervical cancer: Bevacizumab (Avastin®), pembrolizumab (Keytruda®)

Colorectal cancer: Cetuximab (Erbitux®), panitumumab (Vectibix®), bevacizumab (Avastin®), ziv-aflibercept (Zaltrap®), regorafenib (Stivarga®), ramucirumab (Cyramza®), nivolumab (Opdivo®), ipilimumab (Yervoy®)

Dermatofibrosarcoma protuberans: Imatinib mesylate (Gleevec®)

Endocrine/neuroendocrine tumors: Lanreotide acetate (Somatuline® Depot), avelumab (Bavencio®), lutetium Lu 177-dotatate (Lutathera®), iobenguane | 131 (Azedra®)

Head and neck cancer: Cetuximab (Erbitux®), pembrolizumab (Keytruda®), nivolumab (Opdivo®)

Gastrointestinal stromal tumor: Imatinib mesylate (Gleevec®), sunitinib (Sutent®), regorafenib (Stivarga®)

Giant cell tumor of the bone: Denosumab (Xgeva®)

Kidney cancer: Bevacizumab (Avastin®), sorafenib (Nexavar®), sunitinib (Sutent®), pazopanib (Votrient®), temsirolimus (Torisel®), everolimus (Afinitor®), axitinib (Inlyta®), nivolumab (Opdivo®), cabozantinib (Cabometyx™), lenvatinib mesylate
(Lenvima®), ipilimumab (Yervoy®)

Leukemia: Tretinoin (Vesanoid®), imatinib mesylate (Gleevec®), dasatinib (Sprycel®), nilotinib (Tasigna®), bosutinib (Bosulif®), rituximab (Rituxan®), alemtuzumab (Campath®), ofatumumab (Arzerra®), obinutuzumab (Gazyva®), ibrutinib (Imbruvica®),
idelalisib (Zydelig®), blinatumomab (Blincyto®), venetoclax (Venclexta™), ponatinib hydrochloride (Iclusig®), midostaurin (Rydapt®), enasidenib mesylate (Idhifa®), inotuzumab ozogamicin (Besponsa®), tisagenlecleucel (Kymriah®), gemtuzumab
ozogamicin (Mylotarg™), rituximab and hyaluronidase human (Rituxan Hycela™), ivosidenib (Tibsovo®), duvelisib (Copiktra™)

Liver cancer: Sorafenib (Nexavar®), regorafenib (Stivarga®), nivolumab (Opdivo®), lenvatinib mesylate (Lenvima®)

Lung cancer: Bevacizumab (Avastin®), crizotinib (Xalkori®), erlotinib (Tarceva®), gefitinib (Iressa®), afatinib dimaleate (Gilotrif®), ceritinib (LDK378/Zykadia™), ramucirumab (Cyramza®), nivolumab (Opdivo®), pembrolizumab (Keytruda®), osimertinib
(Tagrisso™), necitumumab (Portrazza™), alectinib (Alecensa®), atezolizumab (Tecentriq™), brigatinib (Alunbrig™), trametinib (Mekinist®), dabrafenib (Tafinlar®), durvalumab (Imfinzi™), dacomitinib (Vizimpro®)

Lymphoma: Ibritumomab tiuxetan (Zevalin®), denileukin diftitox (Ontak®), brentuximab vedotin (Adcetris®), rituximab (Rituxan®), vorinostat (Zolinza®), romidepsin (Istodax®), bexarotene (Targretin®), bortezomib (Velcade®), pralatrexate

(Folotyn®), ibrutinib (Imbruvica®), siltuximab (Sylvant®), idelalisib (Zydelig®), belinostat (Beleodaq®), obinutuzumab (Gazyva®), nivolumab (Opdivo®), pembrolizumab (Keytruda®), rituximab and hyaluronidase human (Rituxan Hycela™), copanlisib
hydrochloride (Aligopa™), axicabtagene ciloleucel (Yescarta™), acalabrutinib (Calquence®), tisagenlecleucel (Kymriah®), venetoclax (Venclexta™), mogamulizumab-kpkc (Poteligeo®), duvelisib (Copiktra™)

Microsatellite instability-high or mismatch repair-deficient solid tumors: Pembrolizumab (Keytruda®)Multiple myeloma: Bortezomib (Velcade®), carfilzomib (Kyprolis®), panobinostat (Farydak®), daratumumab (Darzalex™), ixazomib citrate (Ninlaro®),
elotuzumab (Empliciti™)

Myelodysplastic/myeloproliferative disorders: Imatinib mesylate (Gleevec®), ruxolitinib phosphate (Jakafi®)

Neuroblastoma: Dinutuximab (Unituxin™)Ovarian epithelial/fallopian tube/primary peritoneal cancers: Bevacizumab (Avastin®), olaparib (Lynparza™), rucaparib camsylate (Rubraca™), niraparib tosylate monohydrate (Zejula™)Pancreatic cancer:
Erlotinib (Tarceva®), everolimus (Afinitor®), sunitinib (Sutent®)Prostate cancer: Cabazitaxel (Jevtana®), enzalutamide (Xtandi®), abiraterone acetate (Zytiga®), radium 223 dichloride (Xofigo®), apalutamide (Erleada™)Skin cancer: Vismodegib (Erivedge®),
sonidegib (Odomzo®), ipilimumab (Yervoy®), vemurafenib (Zelboraf®), trametinib (Mekinist®), dabrafenib (Tafinlar®), pembrolizumab (Keytruda®), nivolumab (Opdivo®), cobimetinib (Cotellic™), alitretinoin (Panretin®), avelumab (Bavencio®),
encorafenib (Braftovi™), binimetinib (Mektovi®), cemiplimab-rwic (Libtayo®)

Soft tissue sarcoma: Pazopanib (Votrient®), olaratumab (Lartruvo™), alitretinoin (Panretin®)

Stomach cancer: Pembrolizumab (Keytruda®)Systemic mastocytosis: Imatinib mesylate (Gleevec®), midostaurin (Rydapt®)

Thyroid cancer: Cabozantinib (Cometriq®), vandetanib (Caprelsa®), sorafenib (Nexavar®), lenvatinib mesylate (Lenvima®), trametinib (Mekinist®), dabrafenib (Tafinlar®)
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More than 500m?
350m? of which are the integrated laboratory

2,000 — 3,000 tests per year (across NI and Rol)

Tissue Molecular Diagnostics

N.A.-based tests — RAS, BRAF, EGFR, MSI, cfEGFR

Hybr. based tests — ALK, PDL-1, Her2 (Br Ca and Gas Ca)

This menu will be transformed by end of 2019 with the
application of NGS

Analysis of clinical trials

- Supports 100K Genomes, CRUK SMP2 through NIB
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Lung Cancer Diagnostic Tests

EGFR mutation analysis (tissues)
ALK overexpression
PD-L1 overexpression
EGFR mutation analysis (cfDNA)

ROS1 (under validation)
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EGFR

MAY 2012 TO DECEMBER 2018

2459 EGFR TISSUE-BASED TESTS

13.19% OF MUTANT CASES

6.10% INADEQUATES

2.15% INVALIDS

8.25% ATTRITION RATE

UK NEQAS

Molecular Genetics

UK-MolGen for EGFR (COBAS) in NSCLC

Participation since 2012

All satisfactory




EGFR cfDNA

Clinical Utility:

 Molecular testing for EGFR mutation where a tissue or cytology
sample is not available

e Monitoring of EGFR mutation status during therapy

e |dentification of acquired TKI resistance EGFR mutations e.g.

Thr790Met
EGFR cfDNA
Methodology:
 Whole blood — plasma separation JAN 2018 TO DECEMBER 2018
 DNA extraction (COBAS, Roche)
e EGFR mutation QPCR (COBAS, Roche) 85 EGER cfDNA TESTS
Reporting:

17.65% OF MUTANT CASES

e Context of Clinical utility (see above)




Cancer Cell

ALK Inhibition for Non-Small Cell Lung Cancer:
From Discovery to Therapy in Record Time

David E. Gerber'*" and John D. Minna®-~ %"
'

Department of Internal Medicine -Division of Hematology-Oncology
*Departmeant of Pharmacology

AHamon Canter for Thermm-mc Oncology Research
4Simmons Gancer Genter,

Unmsreuly of Texas soumws-atem Medical Center, Dallas, Texas 75390
ber

L= id outhwestern.edu (D.E.G.), jphn.minmna@utsouthwestern.edu (J.D.M.)
DOI 10,1016/ ccrzow 11.033

EGFR - Pinter et al. J Mol Diagn, 2008

Europe??

Screening Confirmation

U.S.A.

September 1, 2011 — The US FDA granted approval to Crizotinib for
adbvanced-stage NSCLC. A companion diagnostic test — Vysis ALK Break
apart probe, was approved concurrently




EML4
ALK ALK ALK

translocation expression translocation

FISH PROLONGED FEXATION IN RESECTION SAMPLES
IHC MIXED ADENOSOUAMOUS TYFES MAY BE EQUINGCAL
Q-PCR Shal L BIOPSY/CY TOLOGY SaMPLES LIMIT TEST

Table 2. Summary of the issues encountered in rmoutinre diagnostics and which need (o be

taken into acocount when making the best possible use of several technology platforms.

IProespective diagnostic validation of EML4-ALK gene fusions or surrogates in NSCLC

in the routine diagnostic setting: the effect of several testing methodologies and

sample types.

*Perry Maxaell” FhD, FRCPath, Claire McoGready” BSc, Stephen MoQuaid' PhD, Gragme
O'Hara® FRCPath, MNeil Anderson® MD, FRCPath, Jacgueling James' PhiD, FRCPath, Tony

O'Grady® FhD, Elaine Kay® MD, FRCFath, Manuel Salo-Tellez" MD, FRCPath



UK NEQAS Immunocytochemistry

ALK IHC International Guality Expertise & I!"I—Situ HYbrEdiSUtiDn
MAY 2013 TO DECEMBER 2018 (since 2014)
ALK: UK-NEQAS 11 excellent
1651 ALK IHC TESTS 3 Acceptable
(103 ALK FISH tested — 6.23%)
ALK-In-house 10 excellent
1 acceptable
1.88% POSITIVE CASES 3 borderline***

***staining satisfactory but low volume of tumour in the
negative control example.
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Role of the PD-1 Pathway in Cancer

e Programmed death 1 (PD-1) pathway is an immune
checkpoint pathway that is expressed on the surface of

activated T cells

One of its ligands, PD-L1, is highly expressed on the surface

of tumor cells

Percent Survival

Binding of PD-1 with PD-L1 inhibits T cell activation, allowing
immunosuppression and neoplastic growth

Sharma & Allison,
Cell 161, April 8, 2015

- CHEMOTHERAPY Time

- GENOMIC TARGETED THERAPY

- IMMUNE CHECKPOINT THERAPY

: Overexpressed
> PD-L1
PD-L2

(Immune
checkpoint
molecule)
ASSOCIATED

ANTIGEN ‘ ; ' \’Q’*Q R
T-CELL ¢ Bl ﬁ N | =

-

-

RECEPTOR | & il o . L ”,

. i B R
S b
\ e Inactivation
SRS

Activation
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SELECTED TE S

Pardoll DM.
The blockade of immune checkpoints in cancer immunotherapy.
Nat Rev Cancer. 2012;12:252-264.



Role of the PD-1 Pathway in Cancer — The Broader Picture

PDL1
expression

CD8*T cell
density

Nature Reviews | Cancer
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Reflex Diagnostic Testing: Current Standards and
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Digital Assessment

Digital Assessment

Manual Assessment

<1% 1-49% | =50%
<1% 4 2 0
1-49% 0 16 1
>50% 0 3 5

Manual Assessment

<1% 1-49% | =50%
<1% 10 5 0
1-49% 1 6 0
>50% 0 0 9

QUEEN'S
UNIVERSITY
BELFAST

1%

ELSEVIER

QuPath

27% discrepancies

Most of these discrepancies were
around the <1% - 3% threshold,
Some around the 45%-55%
threshold.

Journal of Thoracic Oncology
Volume 14, Issue 1, January 2019, Pages 45-53




Foreword

. Pl

| publish my annual report on health in
England as part of my statutory role. In this
edition of my report, | take a detailed look at
enomics, exploring how we currently utilise : H
genomics in cF:u]ur heg.aalth and care 5y5tgm and Genomlc Med Ical Ce ntres
how its potential may be developed.
Leading figures from the field of genomics
have contributed specialist chapters. | include
topics such as the care and treatment of
cancer, diagnosing rare diseases, the use of
genocmics in screening and ‘personalised’
prevention, precision medicine — the
targeting of drugs to do the most good

and least harm. | wanted also to consider GE"EtiC Samples

genomics within the context of society and .
include a chapter considering the ethical and (bIOOd’ tlssue5)
societal discourse around genomics. Using
the evidence | make recormmendations,

aimed at those able to bring about change, P f H

to guide how our potential can be realised Genetlc In ormatlon
to both improve patients’ outcomes

and maintain the UK's leadership role in (I’CIVV, Semi-pl’OCESSEd)

Qenomics.
Annual Report of the Genomics is not tormorrow. Its here today. \
Chief Medical Officer 2016 | believe genomic services should be

available to more patients, whilst being
a cost-effective service in the MHS. This
is exciting science with the potential for
Generation Genome fantastic improvements in prevention, health

protection and patient outcomes. H b
Mow we need to welcome the genomic era Genetlc H u S

and deliver the genomic dream!

Qi C

Prof Dame Sally C Davies

Annual Report of the Ohiet Medical Cficer 2017, Genoescs Forawscrd page |
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Precision Medicine
Centre of Excellence

All molecular
testing in a single
building

Using Common
Molecular
Technology

In line with Royal
College of Pathologists
recommendations,
characterised by high
throughput to justify
investment & provide
economies of scale

2012



| - lllumina
BioMek i7 Liquid Handler NovaSeq 6000

NextSeq 550
| g

QC - Agilent Tapestation
Digital Doplet PCR

QUEEN'S Precision Medicine
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MSI CHEK1 H3F3C PIK3CA VHL

TMB CHEK?2 HIST1H3B PMS2 ZFY

AKT1 CTNNB1 HIST1H3C POLE

ALK DDR2 HRAS PPP2R2A

APC DPYD IDH1 PTEN

AR EGFR IDH2 RAD50

ATM ERBB2 JAKZ RADS1 Chipping away at the lung cancer genome
BAP1 ETV6 KIT RADS51B Willam Pao & Katherine € Hutchinson

BARD1 FANCC KRAS RAD51C

BRAF FANCL MET RAD51D M::fﬁ “gg; .
BRCA1 FBXWY7 MLH1 RADS54L PIK3CA |[KIF5B-RET]|
BRCA2 FGFR1 MSH2 RB1

CDK12 FGFR2 MSH6 RET ALKHEF‘E

CDK4 FGFR3 MYC ROS1 fusions_

CDK6 GATA3 MYCN SRY

CDKN1A GNA11 NRAS STAT3

CDKN1B GNAQ NTRK1 STK11

CDKN2A GNAS NTRK3 TMPRSS2

CDKN2B H3F3A PALB2 TP53

CDKN2C H3F3B PDGFRA UGT1A1




Ay UK

" RESEARCH SMP2 Study NIBjobank

Northern Ireland Biobank

PRE-SCREENING NGS SEQUENCING NATIONAL LUNG MATRIXTRIAL
e Patients with relevant
XN DNA extraction from mutations offered entry ®@® EBiomarker A
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The National Lung Matrix Trial is the largest precision medicine trial in NSCLC globally,
testing a range of therapies tailored specifically to target key biomarkers
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Presentation Notes
SMP2 is a national genomic pre-screening study for patients with NSCLC and is required to determine molecular eligibility for the NLMT. NGS is performed at one of three centralised technology hubs using (currently!) a bespoke 28 gene panel. Patients with relevant mutations are then offered entry to NLMT once they have failed one or more lines of treatment due to disease progression or treatment toxicity. 
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FP S SMP2 Northern Ireland @obarﬂ

 ‘Hub and spoke’ model in NI co-
ordinated by NI Biobank

o Patients currently consented for
SMP2 at 4 participating Trusts:

» Belfast HSCT

» South Eastern HSCT
» Southern HSCT

» Northern HSCT

o All DNA is extracted by NI Biobank
staff at the Northern Ireland Molecular
P_atholog¥ Laborator% prior to
dispatch to the CRUK technology hub
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WHSCT in early stages of set up as an additional site. 


R CANCER . .
g B SMP2 Achlevements ((N 'B)gh!?giﬂ

e 110 patients consented since 2016
e 69 samples sent for NGS

« 2018 most successful year to date, NI 137% over target for
number of samples sent for NGS

« 2018 data for NI also revealed:
* 100% of patients who passed DNA QC (Programme Average 84%)
e 97% of patients with NGS result  (Programme Average 77%)


Presenter
Presentation Notes
Attrition between consent and samples sent for NGS includes:
Lack of tissue remaining on block; insufficient tumour once annotated; failed DNA quantification after extraction 

To date, no patients have been recruited to NLMT for reasons including:
- Failed key genes; did not meet other NLMT inclusion criteria; doing well on first line or additional lines of treatment; patients progressed rapidly and did not make it to additional lines of treatment. 
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WHO classification of lung adenocarcinoma

1.3.3. Adenocarcinoma

1.3.3.1. Acinar

1.3.3.2. Papillary

1.3.3.3. Bronchioloalveolar carcinoma

1.3.3.3.1. Non-mucinous (Clara / pneumocyte type Il)
1.3.3.3.2. Mucinous

1.3.3.3.3. Mixed mucinous and non-mucinous
1.3.3.4. Solid adenocarcinoma with mucin

1.3.3.5. Adenocarcinoma with mixed subtypes
1.3.3.6. Variants

1.3.3.6.1. Well-differentiated fetal adenocarcinoma
1.3.3.6.2. Mucinous ("colloid") adenocarcinoma
1.3.3.6.3. Mucinous cystadenocarcinoma

1.3.3.6.4. Signet-ring adenocarcinoma

1.3.3.6.5. Clear cell adernocarcinoma

QUEEN'S
UNIVERSITY
BELFAST




WHO classification of lung adenocarcinoma

1.3.3. Adenocarcinoma

1.3.3.1. Acinar

1.3.3.2. Papillary

1.3.3.3. Bronchioloalveolar carcinoma

1.3.3.3.1. Non-mucinous (Clara / pneumocyte type Il)
1.3.3.3.2. Mucinous

1.3.3.3.3. Mixed mucinous and non-mucinous
1.3.3.4. Solid adenocarcinoma with mucin

1.3.3.5. Adenocarcinoma with mixed subtypes
1.3.3.6. Variants

1.3.3.6.1. Well-differentiated fetal adenocarcinoma
1.3.3.6.2. Mucinous ("colloid") adenocarcinoma
1.3.3.6.3. Mucinous cystadenocarcinoma

1.3.3.6.4. Signet-ring adenocarcinoma

1.3.3.6.5. Clear cell adernocarcinoma

QUEEN'S
4 UNIVERSITY
BELFAST

MAP2K1 NRAS

AKTH ROS1 fusions
PIK3CA KIF5B-RET

HER2

A!_K
1u5|ons\

Chipping away at the lung cancer genome

William Pao & Katherine E Hutchinson

Pao W & Hutchinson KE.
Nat Med 2012;18:349-51.



5. THE RELATIVE RELEVANCE OF PERSONALISED MEDICINE

“The outcomes of these investigations are discouraging (Table 1).
Although 30 to 50% of the patients who were referred for genetic
analysis of their tumors had driver mutations that were thought
to stimulate tumor progression, only 3 to 13% had treatments
that had been selected by individual genomic analysis.”
Tannock and Hickman. Limits to Personalized Cancer Medicine.

N Engl J Med 375,13 September 29, 2016

Percent Survival

Sharma & Alliss
Cell 161, April 9, 201

CHEMOTHERAPY

- GENOMIC TARGETED THERAPY
- IMMUNE CHECKPOINT THERAPY
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THE PROMISE OF ARTIFICIAL INTELLIGENCE IN HEALTHCARE DELIVERY

POPULATION WEB CLINICAL CLINICAL GENOMICS
“BIG DATA” HISTORY RECORDS IMAGING “INTEGROMICS”
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— INTELLIGENCE

PREVENTION & PREDISPOSITION

DIAGN TATION
DIAGNOSTIC AND THER TIC DECISION PATHWAYS

EFFECT OF THE INDIVIDUAL CASE IN THE “GLOBAL HEALTH"




CONDITION SINE QUA NON TO APPLY DIGITAL PATHOLOGY TO DIAGNOSTICS:
DIGITALIZATION OF DIAGNOSTIC SERVICES

# U.S. Department of Health and Human Services

27 U.S. FOOD & DRUG oz | ramon | oo Leica Biosystems Receives FDA

Home Food | Drugs | Medical Devices Radiation-Emitting Products Vaccines, Blood & Biologics | Animal & Veterinary Cosmetics Tobacco Products 51'0 '( k) C I ea ra n C e to M a r ket a @4
R ’ Digital Pathology System for

e & S i 3 o Primary Diagnosis

FDA News Release

FDA allows marketing of first whole slide imaging
system for digital pathology Meda NEWS PROVIDED BY

SHARE THIS ARTICLE
E4 Stephanie Caccomo

f sHare in LUNKEDIN | @ FINIT | 3% EmalL | B FRINT . 301-343-1956 Leica Biosystems — o o ° e o o
May 29, 2019, 05:00 ET

Inquiries

Consumers
For Immediate April 12, 2017 t. 838 INFO-FDA
Release
VISTA, Calif, May 29, 2019 /PRNewswire/ -- Leica Biosystems, the global leader in pathology workflow solutions,
Release The U.S. Food and Drug Administration today permilted marketing of the Philips Related Information announced that it has received clearance from the U.S. Food and Drug Administration (FDA) to market its Aperio AT2 DX
IntelliSite Pathology Solution (PIPS), the first whole slide imaging (WSI) system that
allows for review and interpretation of digital surgical pathology slides prepared from + FDA: Medical Devices System for clinical diagnasis in the US.
biopsied tissue. This is the first time the FDA has permitted the marketing of a WSI FDA: Off  In Vi
S Sy - N ce of In Vitro

Original Article

Complete Digital Pathology for Routine Histopathology

Future-proofing pathology: the case for clinical Diagnosis in a Multicenter Hospital Network

adoption of digital pathology

Bethany Jill Williams," David Bottoms,” Darren Treanar®

eiros-Fermandes, MO, Phi;

© el Moral, M

poussgnd |oa toyped ung 2 peysagnd |Sa) owey ueg  S3and 158) IR e [

Histoputhology 2004, B8, L6 1-1072 DUL 100111 Lhis. 12879

Future-proofing pathology part 2: building a business
case for digital pathology

QUEEN’S Bethany Jill Williams,* David Bottoms,” David Clark,* Darren Treanor '

BELFAST Maintaining quality diagnosis with digital pathology:
a practical guide to 1SO 15189 accreditation

Bethany Jill Williams,” * Chloe Knowles,' Darren Treanor™*

Validation of digital pathology imaging for primary
histopathological diagnosis

David R | Snead,’ Yee-Wah Tsang,'* Aisha Meskiri,” Peter K Kimani.” Richard Crossman,’
Nasir M Rajpoot,” Elaine Blessing," Klaus Chen.” Kishore Gopalakrishnan,’
Paul Matthews," Navid Momtahan,'® Sarah Read-Jones.! Shatrughan Sah,’
Emma Simmons,” Bidisa Sinha,' Sari Suortame.” Yen Yeo,! Hesham El Daly’ & Tan A Cree'?
' Department of Cellular Pathology, 1 slty B als af tryf el Wi e WHE Trust, Coveniry, UK,




“The 14 Steps of Routine Tissue Diagnostics”. In Salto-Tellez, Maxwell & Hamilton; Histopathology, 2019 Feb;74(3):372-376
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www. Impactjournals.comfoncotarget/

Oncotarget, Advance Publications 2015

Automated tumor analysis for molecular profiling in lung cancer

Peter W. Hamilton™*" ¥inhai Wang"*’, Clinton Boyd?, Jacqueline A. James', Maurice
E. Loughrey®*, Joseph P. Hougton®, David P. Boyle®, Paul Kelly®, Perry Maxwell®,

David McCleary®, James Diamond®, Darragh G. McArt!, Jonathon Tunstall®,
Peter Bankhead®, Manuel Salto-Tellez'-

Case No. Manual Automated
NA Conc'n | 260/280 [ Mutation Result NA Conc'n | 260/280 [ Mutation Result
213.7 1.8 MUTATION EXON 21 LB58R 253.2 1.88 MUTATION EXON 21 LBSSR
2526 1.85 MUTATION NOT DETECTED 207.8 1.87 MUTATION NOT DETECTED
76.6 1.84 MUTATION NOT DETECTED 1292 1.83 MUTATION NOT DETECTED
133.5 1.88 MUTATION EXON 21 LBS8R 187.2 1.87 MUTATION EXON 21 LB5S8SR.
101.2 1.83 MUTATION NOT DETECTED 179.6 1.88 MUTATION NOT DETECTED
47.6 1.B5 MUTATION EXON 19 DELETION 723 1.86 MUTATION EXON 19 DELETION

MORPHOLOGY-LED
DIAGNOSIS



PARAFFIN BLOCK

HAMILTON et al
Oncotarget 2015
H&E

DP/AI
ANNOTATIONS

NUCLEIC ACID
BASED DIAGNOSIS

TISSUE HYBRIDIZATION
BASED DIAGNOSIS

McCOURT et al
JCP 2014 g\\

QUANTITATION
HUMPHRIES et al
J Thorac Oncol 2019

MOLECULAR
DIAGNOSIS

MORPHOLOGY-LED

DIAGNOSIS

Journal of Thoracic Oncology
Volume 14, Issue 1, Januany y 2019, Pages 45-53
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Critical Appraisal of Programmed Death Ligand 1
Reflex Diagnostic Testing: Current Standards and
Future Opportunities

Matthew P. Humphries, PhD,” Stephen McQuaid, PhD,™"™* Stephanie G. Craig, PhD,”
Victoria Bingham, MSc,” Perry Maxwell, PhD,™" Manisha Maurya, PhD,”

Fiona McLean, BSc,™” James Sampson, MBChB,” Patricia Higgins, BSc,™"

Christine Greene, BSc,™™" Jacqueline James, PhD, ™"

Manuel Salto-Tellez, MBChB™ ™
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Digital Pathology in Drug Development, Biomarker discovery and Stratified Medicine

Drug Development

Al-TOOLS AN BONA FIDE COMPANION DIAGNOSTICS

Draft Guidance for Industry and Food and Drug Administration Staff: In Vitro Companion Diagnostic Devices.
July 14, 2011
FDA will review targeted drugs for approval only in the context of their corresponding IVDs (biomarkers).

Biomarker Development (Companion Diagnostics)

Hamilton PW, et al, (Salto-Tellez M). Methods. 2014 Nov;70(1):59-73.




Digital Pathology in Drug Development, Biomarker discovery and Stratified Medicine

Drug Development

Peer Review

Clinical Trials Enrichment
Remote review of slides to

Biobankin Image Analysis i ' i i
g y ensure integrity of pathological Remote review of tissue biomarkers for trial

Biobanks supply high quality Remgt?BmmT\‘/‘i !‘er Analysis Quantitative automated interpretation and interobserver and therapeutic arm selection
i i an Issue Microarrays variation
tlssu?aiggp;ﬁz %?gn'g':(ge?s A y assessment of tissue

et ieziem biomarkers (IHC, ISH) ) )
Digital TMA management, review and Companion Algorithms

biomarker scoring for discovery and
validation

Quantitative assays to support patient
| stratification and therapeutic selection

Biomarker Development (Companion Diagnostics)

Hamilton PW, et al, (Salto-Tellez M). Methods. 2014 Nov;70(1):59-73.
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JAMA | Original Investigation

Diagnostic Assessment of Deep Learning Algorithms
for Detection of Lymph Node Metastases

in Women With Breast Cancer

Habak Ehte<hiami Bejnond, MS; Mitko Veta, FhD; Paul Johannes van Diest, MO, PhO; Bram van Ginnelen, PhD;
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Classification and mutation prediction from
non-small cell lung cancer histopathology
images using deep learning

Nicolas Coudray ©'*®, Paolo Santiago Ocampo®®, Theodore Sakellaropoulos®, Navneet Narula®,
Matija Snuderl®, David Fenyd"*, Andre L. Moreira®™, Narges Razavian©* and Aristotelis Tsirigos @+

e O medicine

Deep learning can predict microsatellite instability
directly from histology in gastrointestinal cancer

Jakob Mikolas Kather ©'24% plexander T. Pearson®, Miels Halama ©2%*, Dirk Jiger™**,
Jeremias Krause @7, Sven H. Loosen’, Alexander Marx’, Peter Boor ©%, Frank Tacke”,

Ulf Peter Neumann'®, Heike |. Grabsch @™, Takaki Yoshikawa™", Hermann Brenner®™",
Jenny Chang-Claude™", Michael Hoffmeister™, Christian Trautwein' and Tom Luedde ©™

Neﬁ""uHOpen._

Original Investigation | Oncology

J Thorac Oncol 2019

Artificial Intelligence Algorithms to Assess Hormonal Status
From Tissue Microarrays in Patients With Breast Cancer

Gl Shamal, MSe; Yoav Binenbaun, MO, PhD; Ron Slossbeng, WSc; Int Duel, MO 200Gl MO, PhD; Ron Kimmel, D5
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SAMPLE ANNOTATION AHEAD OF NUCLEIC ACID EXTRACTION AND MOL TESTING
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QC fail result at varying sample cellularity CANCER

n=9 n=37 n=98 n=73 n=115 n=26 UK

100% -

80% -

60% -

= QC Pass
m QC Fail

40% -

20% -

0% -
Very low <100 Very low-low 100-700 Low ~1,000 Low-intermediate Intermediate 4,000- High >10,000 Very high >50,000

1,500-4,000 10,000 Sample size: 417

Number of genes failed at varying sample cellularity (samples run on NGS)

n=2 n=16 n=50 n=48 n=46 n=100 n=15
100% -
80% -
m All genes passed
60% 1 m 1-7 genes failed
40% - 8-14 genes failed
m 15-21 genes failed
20% - m 22-all genes failed
0% -
Very low <100 Very low-low 100-700 Low ~1,000 Low-intermediate Intermediate 4,000- High >10,000 Very high >50,000 .
1,500-4,000 10,000 Sample size: 287
]
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Lung Cancer: Variation in Colorectal Cancer: Variation in
% Tumor Cell Evaluation % Tumor Cell Evaluation
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Case No. Manual Automated www.impactjournals.com/ oncotarget/ Oncotarget, Advance Publications 2015
NA Conc'n 260/280 Mutation Result NA Conc'n | 260/280 | Mutation Result
1 2137 1.8 MUTATION EXON 21 L858R 2532 1.88 MUTATION EXON 21 L858R Automated tumor analysis for molecular profiling in lung cancer
2 252.6 1.85 MUTATION NOT DETECTED 207.8 1.87 MUTATION NOT DETECTED Peter W. Hamilton'*" Yinhai Wang' ", Clinton Boyd”, Jacqueline A. James’, Maurice
B. Loughrey®', Joseph P. Hougton®, David P. Boyle!, Paul Kelly®, Perry Maxwell®,
3 76.6 1.84 MUTATION NOT DETECTED 129.2 1.83 MUTATION NOT DETECTED David McCleary’, James Diamond®, Darragh G. McArt', Jonathon Tunstall®,
Peter Bankhead', Manuel Salto-Tellez'~
4 133.5 1.88 MUTATION EXON 21 LE58R 187.2 1.87 MUTATION EXON 21 LE58R 1Cl—.‘||lr‘.- for Cancer Research and Cell Biology, Quesn’s University Bellfast, Bellast, UK
5 101.2 1.83 MUTATION NOT DETECTED 179.6 1.88 MUTATION NOT DETECTED “Department of Cellular and Molecular Pathalogy, Antrim Area Hospital, Antrim, UK
Mnatitute of Pathalagy, Payal Victeria Hespital, Balfast, M. Irsland
6 47.6 1.85 MUTATION EXON 19 DELETION | 72.3 1.86 MUTATION EXON 19 DELETION “Fath¥L Ltd, Marthern Ireland Sclence Park, Balfast, UK
These authars have contributed equally to this wark
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SCIENTIFIC REPg}RTS

OFEN QuPath: Open source software for

digital pathology image analysis

Peter Bankhead®, Mavrice B. Loughrey'”, José A, Ferndndez®, Yvonne Dombrows
1 Stephen MoQuaid™?, RﬁnnanT Gray®, Liam J. era'y"

Darragh G. McArt®, Philip D. Dunne

Helen G. Coleman®, Jacqueline A. James™, Manuel Salto-Tellez™ & Pater W. Hamiltan®

Wheole slide viewing
Fast, flexible image viewer capable of displaying whole slide
images {often > 30 GB uncompressed) using dynamic colour
transforms [e.g. stain separation) & tracking slide navigation

¥

& e e
? .e-Q“# .‘a

Tissue Microarray support
Automated dearraying of Tissue Microarrays & ability to view
related cores side-by-side

Fast analysis
Large image regions are split into tiles where necessary, & these
tiles analysed in parallel with efficient algorithms -
giving fast results without requiring specialist hardware

Nuclear, © & membranous < can all be
quantified quickly using unique, automated segmentation
algorithms combined with trainable cell classification

tumour
Powerful tumeour dentification algarithms can be applied directly
%o slides of interest - including shides stained far immune cells -
without the need to stain for a separate tumour marker

Flexible object classification
Apply object classification with the default ‘out-of-the-box'
random forest classifier, or create highly-customised algorithms
by tuning the choice of classifier, parameters & features used

Pete Gurkhead, 0272016

Interactive tools

Extensive tools for slide navigation, annotating areas,
exporting image regions or manually counting cells
Cormputer-assisted positive cell identification, e.g. for KIG? scores

Stain estimation
Analysls can be tallored to different stains & scanners using
advanced stain estimation, visualisation & optimisation tools

Data exchange
Exchange data with open source tooks [e.g. Imagel), or read
images from a variety of sources, including cloud-based hosting
le.g. via Pathxl)

Visualisation
‘Views measurements in context by colour coding objects
according to their features, & g. to identify hotspots or visualise
cell distributions for immune-oncology applications

User-friendly automated analysis
Waorkflows provide guided analysis for comman tasks, or users
can devise their own apgroaches by running commands in any

arder, which are automatically logged for reproducibility

Scripting
Experienced users can enter commands & write seripts to
perform sophisticated, highly-customisad analysis using QuPath's
powerful, efficient hierarchical data structures

— |

Analytics & export
Create interactive results tables, histograms, scatterplots &
survival curves directly within QuPath, or export results in
standard formats to import into other software if required

Versatility

Qufath has bean developed as a cross-platform applicaton that runs
on Windows, Mac 05 X and Linux to support a wide range of

applications & image types across pathology & the biosclences

Pete Borkhend, 1272016

KEY
RELEVANCE

> 50,000 downloads, used by both
academia and industry

> 200 citations in peer-reviewed
journals in less than 18 months

QuPath is a true global phenomenon:
most widely used tool for biomarker
quantitation in tissues

LETTER

d0l:10.1038/mature 25432

TGFB drives immune evasion in genetically
reconstituted colon cancer metastasis

r ergho Pabomo-Ponce™, Diana Stork’, Anionio Berenguer Liergo', lur\U Balia H.Jml.mul'
Marta Sevillana' o5 Ibtza, Adrih Cafiellas!, Xavi L , Daniel Byrom',
Alexandre Calon't, Elisa | Rivas't, Angel R. Nebreda mmumum".t:mllump\un Orto Attolini' &

Immunchistochemical quantifications

Scanned CD3, CD4, CD8, FoxP3, T-bet and pSMAD3
immunohistochemistry stainings were analysed in QuPath (v.0.1.2) using
the positive cell detection feature with empirical parameters. Several
ROIs (tumours) were taken per section. In cases in which multiple
sections per mouse or liver were considered, care was taken to avoid
quantifying the same tumour more than once. Data were processed and
visualized with R and RStudio® (v.3.4.2 and v.1.1.383, respectively) and
the ggplot23 package (v.2.2.1) (see Statistics and reproducibility).



Table 3. Socio-demographic characteristics of surgically resected Stage 2 and 3

colon adenocarcinoma patients diagnosed in Northern Ireland (NI), 2004-

Table 4. Risk factors associated with survival in all Stage 2 and 3 colon
adenocarcinoma patients diagnosed in Northern Ireland, 2004-2008, and
retrieved by Northern Ireland Biobank (n=661).

Risk factor Alive All Deaths  Hazard ratio CRC Deaths Hazard ratic
n=354  n=308 (5% Cl) n=212 (%) (95% CI)
Sex
Male 154 154 1.00 116 1.00
Female 160 143 058 (0.78-1.23) 96 0.53(0.71-1.23)
Age at diagnosis, years
<50 26 12 1.00 11 1.00
50-<60 43 21 072(035-148) 17 0.64(0.29-1.37)
60-<70 119 61 0.79(042-150f 52 0.77(0.35-1.51)
70-<B0 123 116 055(051-176) 71 0.64(0.32-1.24)
=80 43 o7 162 (0.85-3.08) 61 1.15(0.57-2.32)
Stage
Il 229 1585 1.00 o4 1.00
1L} 125 142 202 (155-2.63) 118 274 (1.958-3.78)
Tumour grade
Well-moderately differentiated 307 260 1.00 178 1.00
Poorly differentiated 44 45 1.44(1.02-2.04 34 1.58 (1.06-2.36)
Unknown 3 1 S 1] /
Adjuvant chemotherapy receipt
Mo 228 247 1.00 157 1.00
Yes 126 60 0.47(0.33-067) G55 0.53(0.35-0.79)
Family history of colorectal cancer
Mo 185 135 1.00 o4 1.00
Yes 52 34 108(0.73-1.60) 27 1.15(0.73-1.79)
Unknown 107 138 143(111-183 91 1.48(1.05-2.01)
ECOG performance status
o1 156 142 1.00 99 1.00
2 15 27 1.43(0.93-2.20) 19 1.47 (0.88-2.45)
3-4 11 15 163(0.98-2.70) 16 202 (1.15-3.56)
Unknown 132 119 1.11{0.85-1.43) 78 1.00(0.73-1.36)

All results mutually adjusted — we recommend all models are adjusted

2008.
Characteristic NI Bichank  Not NI Bichank
remit retrieved retrieved
n=740 (%) N=79 (%) n=661 (%) P-value®

Year of dizgnosis

2004 121 (16.4] 19 (24.1) 102 (15.4)

2005 155 (21.0)  25(31.7) 130(18.7)

2006 136 (18.4) 10 (12.7) 126 (19.1)

2007 154 (20.8) 13 (16.5) 141(21.3)

2008 174(235) 12 (15.2) 162 (245)  0.01
Sex

Male 398 (53.8] 40 (50.6) 358 (54.2)

Female 342 (46.2) 39 (49.4) 303 (45.8) 055
Age at diagnosis, years

Iean £50 70.3x11.5 67.1x11.8 70.6x11.4 0.01

<50 47 (6.4) 9({11.4) 38 (5.8)

50-<60 75 (10.1) 11 (13.9) 64 (2.7)

60-<70 205(27.7)  25(31.7) 180 (27.2)

70-<80 262 (35.4) 23 (29.1) 230 (36.2)

>80 151 (20.4) 11 (13.9) 140(21.2)  0.08
Stage

I 426(57.6) 32 (40.5) 394 (59.6)

Il 314 (42.4) 47 (59.5) 268 (40.4) 001
Tumour grade

Well-moderate 631(85.3) 64 (81.0) 567 (85.8)

Poor 105(14.2) 15 (19.0) 90 (13.6)

Unknown 4(0.5) 0(0.0) 4(0.6) 0.35
Family history of CRC

No 371(50.1) 41 (51.9) 330 (49.9)

Yes 105 (14.2)  19(24.05) 86 (13.0)

Unknown 264(35.7) 19(24.05) 245(37.1)  0.008
Adjuvant chemotherapy use

No 512(69.2) 37 (46.8) 475 (71.9)

Yes 228 (30.8)  42(53.3) 186 (28.1)  <0.001
ECOG performance status

0-1 378(51.1) 40 (50.6) 338 (51.1)

2 47 (6.4) 5(6.3) 42 (6.4)

3-4 33 (4.5) 3(3.8) 30 (4.5)

Unknown 282 (38.1) 31(39.2) 251 (38.0) 089
Deaths by 317 Dec 2013

No 401(542) 47 (59.5)

Yes, all-cause 339(45.8) 32 (40.5)

Yes, colorectal-cancer specific 237(32.0) 25(34.7)

*Chi-squared or t-tests comparing patients with
Biobank remit v. patients with non-retrieved san
**Area-based measure of socio-economic status
usual address at time of colon cancer diagnosis.

EPI 700

— ljustment for): age (in categories), gender, year of
s a continuous variable), grade, MSI status, ECOG
status, family history of colorectal cancer, adjuvant

COLORECTAL CA NCER by use (within three months of surgery) and stage.

Gray RT, et al (Salto-Tellez M).

COHORT BrJ Cancer. 2017;116(12):1652-16589.
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QuPath

Quantitative Pathology &
Bicimage Analysis

Bk

Latest stable release (v0.1.2)
Download for  Download for  Download for

Windows Mac Linux

Code Docs Discuss

Hosted on GitHub Pages — Theme by orderedlist

QUEEN'S
UNIVERSITY
BELFAST

QuPath is an open, powerful, flexible, extensible software platform for
whole slide image analysis.

Latest news
QuPath 4th milestone (pre)release!
To download & try out the latest QuPath milestone click here. ﬂ.ngrﬂﬂ
For more information about the changes & new features in each milestone: “M
* Milestones 1 & 2 e = E.l'i.li_ H

* Milestones 3
* Milestones 4

* il ki

BARCELONA SPAIN
27 SEPT -1 OCT 2019

L]

Please cite the QuPath paper if you use it in your work!

Bankhead, P. et al. QuPath: Open source software for digital

:i::nfl?:::)m:::;;:;slss;:;:‘ﬁg:gjr: o e b y Se p tem be r 25 th 2019

Google Scholar  quPath n

Articles About 386 results (0.04 sec)

HTML] QuPath: Open source software for digital pathology image analysis
P Bankhead, MB Loughrey, JA Fernandez... - Scientific reports, 2017 - nature.com

QuPath is new bicimage analysis software designed to meet the growing need for a user-
friendly, extensible, open-source solution for digital pathology and whole slide image
analysis. In addition to offering a comprehensive panel of tumor identification and high ...

ir YU Cited by 172 Related articles All 13 versions Web of Science: 91

Web of Science (> Clarivate

QuPath: Open source software for digital pathology image analysis

By: Bankhead, Peter; Loughrey, Maurice B.; Fernandez, Jose A,; et al.
SCIENTIFIC REPORTS Volume:7 Article Number: 16878 Published: DEC 4 2017
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PATHOBIOLOGY IN FOCUS

Integrated tumor identification and automated scoring
minimizes pathologist involvement and provides new
insights to key biomarkers in breast cancer

Peter Bankhead', Jusé & Femindez', Darragh G Mcart', David P Boyle', Gerald Li', Maurice B Loughrey'™,

Gareth W Irwin®, D Paul Harkin®, Jacgueline & Jarnes', Stephen MeCuaid', Maruel Salto-Tellez" and
Peter W Hamilion'



A comparison of deep learning performance against X ®
health-care professionals in detecting diseases from medical

imaging: a systematic review and meta-analysis et et 201
. C e e . . . . , , . . Published Online
Xiaoxuan Liu*, Livia Faes*, Aditya U Kale, Siegfried K Wagner, Dun Jack Fu, Alice Bruynseels, Thushika Mahendiran, Gabriella Moraes, September 24, 2019

Mohith Shamdas, Christoph Kern, Joseph R Ledsam, Martin K Schmid, Konstantinos Balaskas, Eric | Topol, Lucas M Bachmann, Pearse A Keane, https://doi.org/10.1016/

Alastair K Denniston $2589-7500(19)30123-2

Diagnostic performance of deep learning models to be equivalent to that of health-care professionals.

However:
Few studies presented externally validated results or made comparisons using the same sample.
Poor reporting is prevalent in deep learning studies, which limits reliable interpretation of

the reported diagnostic accuracy.

New reporting standards that address specific challenges of deep learning could improve future studies,
enabling greater confidence in the results of future evaluations of this promising technology.
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Critical appraisal of PD-L1 reflex diagnostic testing:
current standards and future opportunities
Matthew P. Humphries, Stephen McQuaid, Stephanie Craig, Victoria Bingham, Perry Maxwell, Manisha Ll
Maurya, Fiona McLean, James Sampson, Patricia Higgins, Christine Greene, Jacqueline James, Manuel e CANCER 5 i A g
Salto-Telle™ - R BI;Z(SEARCH ERAIINE e 1_‘ ‘,‘;:_ _. »
DOI: https:/doi.org/10.1016/j,th0.2018.09.025 b ,; ¥ 8 T ; At % © bas,
s ‘v’: ':‘" e _."!',r f;;‘ lr >
e ?_'i“ A‘_!.“e'.,’, .-- ,,_‘{‘ ;‘:} " *
A B TR e TR [ 7 Ly
-‘.:_‘;- : _.‘L-: : .._?“"‘: \l J'.’ ek .‘W:‘. 3 ;t (bf’.
Digital Assessment Digital Assessment :
<1% 1-49% =50% <1% 1-49% =50%
£ =
a @
E E
7 <1% 4 2 0 @ <1% 10 5 0
& @
< <
= 1-49% 0 16 1 = 1-49% 1 6 0
= =
= =
s ] [15]
= >50% 0 3 5 = >50% 0 0 9

QUEEN'S
UNIVERSITY
BELFAST




The Promise and Reality of
Precision Medicine in
Northern Ireland

4. THE FUTURE
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MOLECULAR ONCOLOGY B (20014} 10431163

available at www . sciencediract. com _F_'f_E 1]1{“““]{_;1'

o ScienceDirect
56

Tgat= &

www.elsevier.com/lacate/malonc

Review

Molecular pathology — The value of an integrative approach @ —

Manuel Salto-Tellez""", Jacqueline A. James™", Peter W. Hamilton”

“Narthern Ireland Medecular Pathology Laboratory, Centre for Concer Research and Cell Biology, Queen's University,
Belfast, Morthern Ireland, UK
UTicsue Pathology, Belfast Health ond Scciol Care Trust, Belfast, Morthern Ireland, UK

Salto-Tellez, James & Hamilton.
Molecular Oncology, 2014 Oct;8(7):1163-8

Drug Discovery Today *Volume 00, Number 00 * November 2015 REVIEWS

ELSEVIER

Integrated molecular pathology:
the Belfast model

Manuel Salto-Tellez' and Richard D. Kennedy '~
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Salto-Tellez & Kennedly.
Drug Discovery Today, 2015, in press.
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60 staff
£19.1M direct competitive funds
£35.0M including indirect funds
Molecular diagnostic service
+ 150 peer reviewed papers
Significant traction and support with industry
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TISSUE HYBRIDISATION AND DIGITAL PATHOLOGY

MAIN AS5AYS OFFERED

GENOMICS

MAIN ASSAYS OFFERED

DiMA extraction, purification and QC Sample types: - Single and multiplexing biomarker - Full spectrumn digital anakysis capabilit
Whale Genome Sequencing - Whale blood 1 QUEEN‘S PRECISION MEDICIME |n;|’|u'|-1'_-h st:-r_h‘_-nElibl.Si_:'...cres:er.ue of image analysis programs and algorithm

w whole genome sequencin . fserum CENTRE OF EXCELLENCE and chromogenic \DUISH) .
Shallow whole genome sequencing Plasmaserum UN |VERS|TY ity b diestion. fluorescance Sample types:
Exzme Sequencing - FFPE material BELFAST ¥ s e . Formalin Fixed Paraffin Embedded

: . i _ . : and chromogenic (RNAScope) [FFPE] blocks and sections
Hybrid capture panels (multiple panels available) - Fresh frozen tissue . Antibody tachnical validation WEPELRIaEkS ana sectians
Draplet digital PCR + DNA - Microtorny, Haematoxylin and Eosin staining service
- Digital and glass Pathelogy review/annotation for
ThA bespoke design, mapping and construction
KEY EQUIPMENT KEY EQUIPMENT AND SOFTWARE

BiaMek i7 Liquid Handler

- Autormated Sample Prap Rechel/Ventana Ultra

- Fully automated Irmmunohistechemistry
and In situ Hybridisatien platform

FE RVICES AND _ j of
EQUIPMENT J '

- Can perform multiple sample preg methods
- Highly repreducible results
- Limited interactien reguired
Can be run 24 hours a day
- Hundreds of sarmples can be prepared per run

Agllent 4200 TapeStation

- Allows QC of 96 samples per run
- Provides guantification and sizing information
- Easy lead and limited set up required

3D Histech Grandmaster

- Allows Core size options: 0.06 mm,
1mm, 1.5 mm and 2 mm with up to 558
cores per TMA, depending on core size

Aperio AT2 Scanning
- Up 400 zlide lcading capacity for
scanning of glass microscope slides 20 and #40

Dreplet Digital PCR, QX200 with AuteDG
Allows extremely sensitive detection of vari

- Up to 96 samples per run

- Limited hands an time required

- Automated droplet generation yields highly
reproducible results

BIOINFORMATICS

KEY SERVICES OFFERED

Polaris, Multichannel Fluoreseence
- Continuous scan loading capacity
- Seans at «10-240 brightfield and flusrescence

Supporting the Genomics and Tissue Hybridisation + Up to nine, unmixed colour capture

and Digital Pathalogy groups, the Bioinformatics

Movabeq 6000 ; . .
tearm provide two main services:

MaovaSeq provides high throughput sequenci
- Highly flexible sequenci
6000 Gb of data per run
- At full capacity, each MovaSeq run can sequd

Analysis
- Project ariented image analysis with a cheice
of programs and algerithms available

g outputs, from &5

- Customn-tailered genomic data analysis beyond the
predefined analysis offered by the data-generating
platforms at the Precision Medicine Centre

whale human genomes or 500 human exam - Cemputational infrastructure on Micresoft Azure - QuPath
- Can perform multiple runs per week Cloud including data management and genomic . Definiens
nalysi s for &l clini ic diagnostics
. 5Ox more output than the NextSeq 500 data analysis toolks for the clinical genomic diagnostics . Visianharm
.. and research. -
- Wastly reduces per sample sequencing costs - Halo (RUD)

- Mext3eq 500 also available for smaller sequd
- MiSeq available for GC runs of sequencing |

details of Tissue Hybridizsation and Digital Pathelogy services contact:
Matt Humphries at m.humphriesf@qub_ac.ok or Dr Perry Maxwell at p.maswell(@gub.ac.uk

For details of Genomies services contact:
Drr Louise Harewood at Lharewcod@qub.acuk or Dr Manisha Maurya at mmauryai@qub.ac.uk For detalls of Biomformatics serviees eontact:

Dir Chang Kim at e kim@gub.ac.uk or Dr Shambhav Srivastava 8t s.srivastava@qub.ec.uk
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e 5 Trusts
4 Pathology Departments
e 2 Cancer Centres
e 2 Universities


Presenter
Presentation Notes
WHSCT in early stages of set up as an additional site. 
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