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1. THE UNSUSTAINABILITY OF THE CURRENT HEALTH & SOCIAL CARE SERVICE



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.



Salto-Tellez & Kennedy. 
Drug Discovery Today, 2015
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Kern SE.
Why your new cancer biomarker 

may never work: recurrent 
patterns and remarkable diversity 

in biomarker failures. 
Cancer Res. 2012 Dec 1;72(23):6097-101

3. THE LACK OF RELEVANCE OF TRANSLATIONAL RESEARCH
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Adapted from: Phasing out phase III trials? How much evidence do we need
if the target is clearly hit? JaapVerweij, Erasmus University Medical Center, Danie    
Center, Rotterdam, The Netherlands
AACR-NCI-EORTC International Conference on Molecular Targets and
Cancer Therapeutics November 12-16, 2011 • San Francisco, CA

4. THE CONUNDRUM OF DRUG DEVELOPMENT

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


Sharma & Allison. 
Cell 161, April 9, 2015
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CHEMOTHERAPY

GENOMIC TARGETED THERAPY

IMMUNE CHECKPOINT THERAPY

“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

5. THE RELATIVE RELEVANCE OF PERSONALISED MEDICINE



6. THE INCOMPLETE ECOSYSTEM OF THE UK IN BIOTECH
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Who are we?
The Northern Ireland Molecular 

Pathology Laboratory
-launched 2012

Adapted from: Salto-Tellez, James & Hamilton. Molecular Oncology, 2014
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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



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)

CLINICAL SAMPLES

MORPHOLOGICAL ANALYSIS

MOLECULAR INTERROGATION

CLINICO-PATHOLOGICAL CORRELATIONS
(biostatistics / bioinformatics)
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Molecular Pathology is the application 
of the knowledge of the genetic

mechanisms of disease to diagnosis, 
prognostication and treatment of 
diseases – Molecular Diagnostics
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www.qub.ac.uk/research-centres/PMC/

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


Selected target therapeutics in clinical oncology practice

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

16



Revolution in Oncology
New Drugs for Targeted Therapy

Discovery Medicine 2014

32



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 (Tecentriq™), 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 (Ibrance®), ribociclib (Kisqali®), 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 I 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 (Aliqopa™), 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-rwlc (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®)

https://www.cancer.gov/about-cancer/treatment/types/targeted-therapies/targeted-therapies-fact-sheet
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http://www.cancer.gov/cancertopics/druginfo/vemurafenib
http://www.cancer.gov/cancertopics/druginfo/trametinib
http://www.cancer.gov/cancertopics/druginfo/dabrafenib
https://www.cancer.gov/about-cancer/treatment/drugs/pembrolizumab
http://www.cancer.gov/cancertopics/druginfo/nivolumab
http://www.cancer.gov/about-cancer/treatment/drugs/cobimetinib
http://www.cancer.gov/drugdictionary/?CdrID=42147
https://www.cancer.gov/about-cancer/treatment/drugs/avelumab
https://www.cancer.gov/about-cancer/treatment/drugs/encorafenib
https://www.cancer.gov/about-cancer/treatment/drugs/binimetinib
https://www.cancer.gov/about-cancer/treatment/drugs/cemiplimab-rwlc
https://www.cancer.gov/about-cancer/treatment/drugs/cemiplimab-rwlc
https://www.cancer.gov/about-cancer/treatment/drugs/pazopanibhydrochloride
https://www.cancer.gov/about-cancer/treatment/drugs/olaratumab
http://www.cancer.gov/drugdictionary/?CdrID=42147
http://www.cancer.gov/drugdictionary/?CdrID=42147
https://www.cancer.gov/about-cancer/treatment/drugs/pembrolizumab
https://www.cancer.gov/about-cancer/treatment/drugs/imatinibmesylate
https://www.cancer.gov/about-cancer/treatment/drugs/midostaurin
https://www.cancer.gov/about-cancer/treatment/drugs/midostaurin
https://www.cancer.gov/about-cancer/treatment/drugs/cabozantinib-s-malate
https://www.cancer.gov/about-cancer/treatment/drugs/vandetanib
https://www.cancer.gov/about-cancer/treatment/drugs/sorafenibtosylate
https://www.cancer.gov/about-cancer/treatment/drugs/lenvatinibmesylate
http://www.cancer.gov/cancertopics/druginfo/trametinib
http://www.cancer.gov/cancertopics/druginfo/dabrafenib


David Gonzalez de Castro
Jackie James
Manuel Salto-Tellez

Stephen McQuaid
Fiona McLeod
Patricia Higgins

Christine Quinn
New Band 8A

Perry Maxwell
Manisha Maurya

More than 500m2

350m2 of which are the integrated laboratory

2,000 – 3,000 tests per year (across NI and RoI)

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 

Committees: NEQAS, NICE, NIHR, RCPath

Numerous Advisory Boards with Industry 



Lung Cancer Diagnostic Tests

EGFR mutation analysis (tissues)

ALK overexpression

PD-L1 overexpression

EGFR mutation analysis (cfDNA)

ROS1 (under validation)

Precision Medicine
Centre of Excellence



Sharma et al. 
Nat Rev Cancer 2007

IPASS
(Mok T, et al. 2009)



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-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
• Monitoring of EGFR mutation status during therapy
• Identification of acquired TKI resistance EGFR mutations e.g. 

Thr790Met

Methodology:
• Whole blood – plasma separation
• DNA extraction (COBAS, Roche)
• EGFR mutation QPCR (COBAS, Roche)

Reporting:
• Context of Clinical utility (see above)

EGFR cfDNA
JAN 2018 TO DECEMBER 2018

85 EGFR cfDNA TESTS

17.65% OF MUTANT CASES



EGFR - Pinter et al. J Mol Diagn, 2008

Screening

or

Europe??
Confirmation

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

U.S.A.



ALK
expression

EML4
ALK

translocation
ALK
translocation



ALK IHC
MAY 2013 TO DECEMBER 2018

1651 ALK IHC TESTS
(103 ALK FISH tested – 6.23%)

1.88% POSITIVE CASES

(since 2014)

ALK: UK-NEQAS 11 excellent
3 Acceptable

ALK-In-house 10 excellent
1 acceptable
3 borderline***

***staining satisfactory but low volume of tumour in the 
negative control example.



Role of the PD-1 Pathway in Cancer

• 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

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

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





0% 50% 100%

1%

QuPath

27% discrepancies 

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



Genomic Medical Centres

Genetic Hubs

Genetic samples
(blood, tissues)

Genetic information
(raw, semi-processed)



Using Common 
Molecular 

Technology

All molecular 
testing in a single 

building In line with Royal 
College of Pathologists 

recommendations, 
characterised by high 
throughput to justify 
investment & provide 
economies of scale 

2012

Precision Medicine
Centre of Excellence



BioMek i7 Liquid Handler
Illumina

NovaSeq 6000

QC – Agilent Tapestation

NextSeq 550

Digital Doplet PCR

Precision Medicine
Centre of Excellence



MSI CHEK1 H3F3C PIK3CA VHL
TMB CHEK2 HIST1H3B PMS2 ZFY
AKT1 CTNNB1 HIST1H3C POLE
ALK DDR2 HRAS PPP2R2A
APC DPYD IDH1 PTEN
AR EGFR IDH2 RAD50
ATM ERBB2 JAK2 RAD51
BAP1 ETV6 KIT RAD51B
BARD1 FANCC KRAS RAD51C
BRAF FANCL MET RAD51D
BRCA1 FBXW7 MLH1 RAD54L
BRCA2 FGFR1 MSH2 RB1
CDK12 FGFR2 MSH6 RET
CDK4 FGFR3 MYC ROS1
CDK6 GATA3 MYCN SRY
CDKN1A GNA11 NRAS STAT3
CDKN1B GNAQ NTRK1 STK11
CDKN2A GNAS NTRK3 TMPRSS2
CDKN2B H3F3A PALB2 TP53
CDKN2C H3F3B PDGFRA UGT1A1



Patients with relevant 
mutations offered entry 

to MATRIX trial

SMP2 Study 

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

DNA extraction from 
FFPE tumour block

Presenter
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. 



SMP2 Northern Ireland
• ‘Hub and spoke’ model in NI co-

ordinated by NI Biobank

• Patients currently consented for
SMP2 at 4 participating Trusts:

Belfast HSCT
South Eastern HSCT
Southern HSCT
Northern HSCT

• All DNA is extracted by NI Biobank 
staff at the Northern Ireland Molecular 
Pathology Laboratory prior to 
dispatch to the CRUK technology hub

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



SMP2 Achievements

• 110 patients consented since 2016

• 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%)
• 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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The Promise and Reality of 
Precision Medicine in 
Northern Ireland
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IHC is introduced in
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adoption

FIRST REVOLUTION 
IN PATHOLOGY



IHC

Tissue Specificity
(lineage specific)

Subcellular localization

Intensity 
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SECOND REVOLUTION 
IN PATHOLOGY

Salto-Tellez, Maxwell and Hamilton. Artificial Intelligence - The Third Revolution in Pathology
Histopathology. 2019 Feb;74(3):372-376 

THE GENOMIC REVOLUTION  /   PERSONALISED MEDICINE



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 II)
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



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 II)
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

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



Sharma & Allison. 
Cell 161, April 9, 2015
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CHEMOTHERAPY

GENOMIC TARGETED THERAPY

IMMUNE CHECKPOINT THERAPY

“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

5. THE RELATIVE RELEVANCE OF PERSONALISED MEDICINE



WE NEED DIAGNOSIS, PROGNOSIS & PREDICTION

BEYOND GENOMICS 

NEW BIOMARKERS 
ALTOGETHER

NEW WAYS OF SCORING 
EXISTING BIOMARKERS



FIRST REVOLUTION 
IN PATHOLOGY

SECOND REVOLUTION 
IN PATHOLOGY

1953 1980 2004 2010 2017 2019
Early 20th

century

Discovery of 
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DNA double 
helix

Pathology
As a

Clinical
discipline

IHC is introduced in
Pathology with widespread

adoption

First 
Molecular Tests

For Solid
Tumours
Available

NGS
Becomes

Widely
available

Artificial
Intelligence
In Pathology

Solutions

First digital
Scanner is
Cleared by

FDA

THIRD REVOLUTION 
IN PATHOLOGY

Salto-Tellez, Maxwell and Hamilton. Artificial Intelligence - The Third Revolution in Pathology
Histopathology. 2019 Feb;74(3):372-376 

DIGITAL PATHOLOGY    /   ARTIFICIAL INTELLIGENCE



GENOMICS
“INTEGROMICS”

CLINICAL
IMAGING

CLINICAL
RECORDS

WEB
HISTORY

POPULATION
“BIG DATA”

THE PROMISE OF ARTIFICIAL INTELLIGENCE IN HEALTHCARE DELIVERY

THE PROMISE
OF

ARTIFICIAL
INTELLIGENCE

PREVENTION & PREDISPOSITION
DIAGNOSTIC INTERPRETATION

DIAGNOSTIC AND THERAPEUTIC 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



SAMPLE

C L I N I C A L    D I A G N O S I S

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

SAMPLE 
PREPARATION

AUTOMATED H+E IMAGING SCANNING MORPHOLOGICAL OR 
DIGITAL EVALUATION

MANUAL OR DIGITAL  
ANNOTATION AUTOMATED IHCAUTOM. FISH

MANUAL OR DIGITAL SCORING

LOW THROUGHPUT TESTING

AUT NA EXTR

HIGH THROUGHPUT TESTING
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H&E

MOLECULAR 
DIAGNOSIS

MORPHOLOGY-LED
DIAGNOSIS

NUCLEIC ACID 
BASED DIAGNOSIS

TISSUE HYBRIDIZATION
BASED DIAGNOSIS



PARAFFIN BLOCK

H&E

MOLECULAR 
DIAGNOSIS

MORPHOLOGY-LED
DIAGNOSIS

NUCLEIC ACID 
BASED DIAGNOSIS

TISSUE HYBRIDIZATION
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JCP 2014

DP/AI
ANNOTATIONS

HAMILTON et al
Oncotarget 2015
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PARAFFIN BLOCK

H&E

MOLECULAR 
DIAGNOSIS

MORPHOLOGY-LED
DIAGNOSIS

NUCLEIC ACID 
BASED DIAGNOSIS

TISSUE HYBRIDIZATION
BASED DIAGNOSIS

McCOURT et al
JCP 2014

DP/AI
ANNOTATIONS

HAMILTON et al
Oncotarget 2015

DP/AI
QUANTITATION

HUMPHRIES et al
J Thorac Oncol 2019

QuPath



Target Discovery Lead Optimization Preclinical/animal
Studies

Clinical Development
I                II               III

Approval Market

Biomarker Discovery Biomarker Validation Assay Development Clinical Utility Testing Approval Market

Biomarker Development (Companion Diagnostics)

Digital Pathology in Drug Development, Biomarker discovery and Stratified Medicine
Drug Development

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).

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

AI-TOOLS AN BONA FIDE COMPANION DIAGNOSTICS



Target Discovery Lead Optimization Preclinical/animal
Studies

Clinical Development
I                II               III

Approval Market

Biomarker Discovery Biomarker Validation Assay Development Clinical Utility Testing Approval Market

Biomarker Development (Companion Diagnostics)

Biobanking
Biobanks supply high quality 

tissue samples and images  for 
target and biomarker 

identification

Remote Biomarker Analysis 
and Tissue Microarrays

Digital TMA management,  review and 
biomarker scoring for discovery and 

validation

Image Analysis

Quantitative automated 
assessment of tissue 
biomarkers (IHC, ISH)

Companion Algorithms

Quantitative assays to support patient 
stratification and therapeutic selection

Clinical Trials Enrichment

Remote review of tissue biomarkers for trial 
and therapeutic arm selection

Peer Review

Remote review of slides to 
ensure integrity of pathological 
interpretation and interobserver

variation

Digital Pathology in Drug Development, Biomarker discovery and Stratified Medicine
Drug Development

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

H&E

MOLECULAR 
DIAGNOSIS

MORPHOLOGY-LED
DIAGNOSIS

NUCLEIC ACID 
BASED DIAGNOSIS

TISSUE HYBRIDIZATION
BASED DIAGNOSIS

McCOURT et al
JCP 2014

DP/AI
ANNOTATIONS

HAMILTON et al
Oncotarget 2015

DP/AI
INTERPRETATION

BEJNORDI et al
JAMA 2017

COUDRAY et al
Nat Med 2018

AI
MOLECULAR

ANALYSIS

DP/AI
QUANTITATION

HUMPHRIES et al
J Thorac Oncol 2019



NGS Failure Rates

Quantity of DNA
Quality of DNA

SMP2
IF YOU WISH TO APPLY NGS OF A SIGNIFICANT 

MAGNITUDE IN OUR ROUTINE 
CLINICAL SAMPLES… THERE 

WILL BE A SIGNIFICANT ATTRITION RATE.

SAMPLE ANNOTATION AHEAD OF NUCLEIC ACID EXTRACTION AND MOL TESTING



0%

20%

40%

60%

80%

100%

Very low <100 Very low-low 100-700 Low ~1,000 Low-intermediate
1,500-4,000

Intermediate 4,000-
10,000

High >10,000 Very high >50,000

QC fail result at varying sample cellularity

QC Pass
QC Fail

n=9                    n=37                 n=98                   n=73                  n=59                  n=115         n=26

Sample size: 417

0%

20%

40%

60%

80%

100%

Very low <100 Very low-low 100-700 Low ~1,000 Low-intermediate
1,500-4,000

Intermediate 4,000-
10,000

High >10,000 Very high >50,000

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

All genes passed

1-7 genes failed

8-14 genes failed

15-21 genes failed

22-all genes failed

n=2                    n=16                  n=50                   n=48                  n=46                 n=100         n=15

Sample size: 287

32

From: Prof. David Gonzalez de Castro



Smits AJJ et al. Modern Pathology 27, 168-174 (February 2014)

Lung Cancer: Variation in
% Tumor Cell Evaluation

Colorectal Cancer: Variation in
% Tumor Cell Evaluation

Viray, et al. Arch Pathol Lab Med. 2013;137:1545–154

10 colorectal cancer cases
circulated to 198 laboratories

Presenter
Presentation Notes
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Deep Learning for 
Cellular Identification



> 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



Gray RT, et al (Salto-Tellez M). 
Br J Cancer. 2017;116(12):1652-1659.

EPI 700
COLORECTAL CANCER

COHORT



CD3 CD8 p53 PD-L1

H&E TUMOUR STROMAL %



… by September 25th 2019



0 5 10 15 20 25 30 35 40

Basic

Translational

Diagnostic

TechnicalTechnical 12
Diagnostic 13

Translational 30
Basic 39

TOTAL 94



ER PR HER2

Ki67 MM1 Ki67 Confirm p53

PR Ki67 HER2 



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.



149 breast cancers, TMA format 

The Mib-1 antibody (Dako) was used to detect Ki67 
(dilution 1:100). 

• HALO (IndicaLab), 
• QuantCenter (3DHistech)
• QuPath (open source software)

“ Our results showed outstanding reproducibility both within 
and between-DIA platforms, including one freely available DIA 
platform (QuPath).”



CK
PD-L1
CD68
DAPI

H&E

PD-L1 IHC
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Salto-Tellez, James & Hamilton. 
Molecular Oncology, 2014 Oct;8(7):1163-8

Salto-Tellez & Kennedy. 
Drug Discovery Today, 2015, in press.

Precision Medicine
Centre of Excellence



Molecular Diagnostics
MST / DGC / JJ

Genomics Research
DGC

Digital Pathology & 
Artificial Intelligence

MST / JJ

PM Education & Training 
JJ

PM Centre of Excellence
MST /  JJ / DGC

The Northern Ireland 
Biobank

JJ

Precision Medicine Programme
Manuel Salto-Tellez 
Jackie James
David Gonzalez de Castro

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



DISCOVERY 
(ACADEMIA) ? INDUSTRY DX

?

PMC - FROM DISCOVERY TO ADOPTION

Precision Medicine
Centre of Excellence



DISCOVERY 
(ACADEMIA)

INDUSTRY DX

PMC - FROM DISCOVERY TO ADOPTION

Precision Medicine
Centre of Excellence

PREC MED CoE PROPOSED SEGMENT OF 
ACTIVITY IN THE BIOMARKER PATHWAY 

PREC MED CoE CLINICAL 
IMPLEMENTATION SEGMENT



Tissue Hybridization &
Digital Pathology

Bioinformatics

Genomics

PERRY MAXWELL
CLINICAL LEAD

MATT HUMPHRIES
SCIENTIFIC LEAD

MANUEL SALTO-TELLEZ   JACKIE JAMES   
DAVID GONZALEZ DE CASTRO DARRAGH McART

MANISHA MAURYA
CLINICAL LEAD

LOUISE HAREWOOD
SCIENTIFIC LEAD

CHANG KIM
LEAD BIOINFORMATICIAN

LIZ HODGES
HEAD OF LABORATORY 
OPERATIONS

BERYL GRAHAM
BUSINESS & PROJECT 
MANAGER

CATHAL McNALLY
QUALITY & TRAINING
MANAGER

SHAMBHAVI SRIVASTAVA
BIOINFORMATICIAN

Joanne McCrossan
Eda Tarnai-Nagy
Cheryl Bennett
Leanne McIlreavey
Kirsty Trewellard
Jana Gazdova





H&E  - ISH – IHC - digitalization

DNA Extraction – LT PCR – Library Prep/NGS

MDT

P A R A L L E L    D I A G N O S T I C    P A T H W A Y S



H&E  - ISH – IHC - digitalization
DNA Extraction – LT PCR – Library Prep/NGS

Clinical
Opinion

I N T E G R A T E D    D I A G N O S T I C    P A T H W A Y S

MDT



• 5 Trusts
• 4 Pathology Departments
• 2 Cancer Centres
• 2 Universities

• Catching population = 1.9M

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



Tom Simms
Memorial Fund

Tim Maugham

Graeme 
Murray

QUB CR-UK Accelerator 
Teams - QuPATH

Peter Hamilton
Jackie James
Pete Bankhead
Jose A Fernandez
Vicky Bingham
Stephen McQuaid

Jackie James
Stephanie Craig
Matt Humphries
Svenja Mende
Vicky Bingham
Stephen McQuaid

PDL-1

Matt Humphries
Stephen McQuaid
Stephanie Craig
Victoria Bingham
Perry Maxwell
Manisha Maurya
Fiona McLean
James Sampson
Patricia Higgins
Christine Greene
Jacqueline James

Breast Cancer

David Boyle
D. Paul Harkin
Gareth Irwin

Colorectal Cancer

S Craig 
M Humphries 
M Alderdice
V Bingham 
M Loughrey
H Coleman  
G Murray 
A Blake
E Domingo
J Robineau
L Brown
D Fisher
S Richman
M Seymour
P Quirke
P Bankhead
S McQuaid
M Lawler
DG McArt, 
TS Maughan
JA James

TissueMark

Hamilton PW
Wang Y
Boyd C 
Jackie James
Loughrey MB
Hougton J
Boyle DP
Kelly P
Maxwell P
McCleary D 
Diamond J
McArt DG
Tunstall J
Bankhead P

Esophageal Cancer

MP Humphries 
R Kacprzyk
N Fisher
SG Craig
V Bingham
S McQuaid
GI Murray
R Turkington
J James
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