XXXIl International Academy of Pathology Congress

King Hussein Bin Talal Convention Centre

Molecular Diagnostic and Genomic Applications in Cancer:
A Primer for The Pathologist



Molecular Diagnostic and Genomic Applications in Cancer:

A Primer for The Pathologist

George J Netto MD
UAB Medicine
Birmingham, AL

Genomic
Applications in

,‘ rathoh)gy ’

George Jabboure Netto
Iris Schrijver
Editors

Karen L. Kaul, MD PhD
North Shore University
Evanston, IL



U MEDICINE

Knowledge that will change your world

Current Next Generation Sequencing Technology:
A Primer for the Pathologist

eorge J. Netto, M.D.
ssor and Chair of Pathology

Ruth Endowed Chair in Pathology
y of Alabama at Birmingham




1

Overview

e The Winds of Change

e NGS Methods

e Challenges and Opportunities

e NGS Learning Resources




Disruptive Forces in Healthcare

 Genomics and Applied Technological Advances
* Health Care IT/Big Data

* Constrained Health Care Economic echo system
Clinical and Research 555



Impact on Pathology and Lab Medicine

Challenges

Unprecedented Demands on Expertise and Capital
Evolution and adaptation of pathology work force
“NEXT GENERATION PATHOLOGIST”

Opportunities

Bullish on the Future of Pathology



Embrace Inevitable Change

* Inherent anxiety associated with change !

e QOur specialty always thrives on assimilating scientific
and technologic advances (EM, IHC, Lab automation..)



OPPORTUNITIES
“Precision Pathology” Service

e Pathologist of The Future is an Indispensable Member of an
Integrated Healthcare Delivery Team

* Vital player in ONCOLOGY patient management team
Molecular multidisciplinary tumor boards



Moving Toward Individualized Health and Personalized Care
JHU/SKCCC

Less morbid surgery/
radiation

Engineering
ncology

Radiology

Qualification of cancer
genome/epigenome
defects at body site

William Nelson MD PhD

Germline genome and
epigenome profile for
risk stratification
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Very early detection of
cancer DKIA, RNA, protein
in blood or body fluids

Cancer genome and epigenome
profile for treatment stratification




EVOLUTION OF GENOMIC TESTING



Evolution of DNA Sequencing

®" Publicly Funded Human Genome Project
= 3.3 billion nucleotides in haploid genome
= 13 years /$3 billion

* Organized, targeted, chromosome-by-chromosome,
BAC-by-BAC (bacterial artificial chromosome) approach

" Privately Funded Genome Project (Celera)
= Accomplished same goal in 5 years

= “shotgun” sequencing: global sequencing of countless
random DNA fragments

» Reassembled into complete ordered genome




Cost per Raw Megabase of DNA Sequence

Moore's Law

$1000 Genome !

National Human Genome
Research Institute

genome.gov/sequencingcosts
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Sanger VS NGS

A specific pair of The genome is fragmented into
complementary primers is millions of small fragments

designed to target an area of N _
interest Fragments amplified (colonies)

Sequencing is performed for
one small DNA segment at a
time

Massively Parallel Sequencing

Resulting sequences are
One gene or fragment at a reconstructed (bioinformatics)
time

Large scope: gene panels,
Linear scope exome, or the whole genome




Third Generation Sequencing
Technology S

Massively parallel
sequencing

Microwell
pyrosequencing

Capillary sequencing

Gel-based systems

Second-generation
Automated capillary sequencer

e get First-generation

capillary
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NGS METHODS



The Basics

Interpretation



Wet Bench

Interpretation

Extract gDNA

Fragment it, ligate adaptors
Enrich

Obtain target genes
Prepare NGS library

Clonal amplification
Sequence



Enrichment

* A necessary evil...but:

— Multiple techniques for isolating regions of the
genome

* Three general approaches
1. bait hybridization
2. highly multiplexed PCR
3. microfluidic technologies



Exome Capture/Target Enrichment

genomic DNA
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Ankala, Hegde; in Genomic Applications in Pathology, Ch. 17; 2018




NGS PLATFORMS “CHEMISTRY”

ILLUMINA

ION TORRENT




lllumina
HiSeq/MiSeq/NextSeq/NovoSeq

® Bridge PCR-amplification of immobilized template fragments

B “sequencing-by-synthesis” using nucleotides containing
reversible dye-terminators

® Reversible Dye-terminators halt extension of fragment chains
at each of 10® fragment colonies

® Clonal clusters emit amplified fluorescent signals detectable
by CCD camera

® Dye-terminators chemically removed before next sequencing
cycle




b Illumina/Solexa
Solid-phase amplification
One DNA molecule per cluster

Sample preparation
DNA (5 pig)

Template
dNTPs
and
polymerase

Al

Bridge amplification

ML Metzker , Nature Review January 2010




Bridge Amplification and Sequencing by Synthesis

e byl

Ten Bosch, Grody; in Genomic Applications in Pathology, Chap 1; 2014




lon Torrent
Personal Genome Machine (PGM)

® Beads conjugated with unique DNA fragments added to a
water-oil mixture emulsion droplets with PCR reagents

® Droplets envelop and isolate individual beads enabling
clonal amplification of attached DNA fragment

® Chip contains millions of microwells with ion-sensitive
field-effect transistor (ISFET) sensors

® Sequencing-by-synthesis: pH change from release of
hydrogen ion during each nucleotide incorporation

Rothberg et al Nature 2011




Emulsion PCR
One DNA molecule per bead. Clonal amplification to thousands of copies occurs in microreactors in an emulsion
100-200 million beads

PCR Break Template
amplification emulsion dissociation

-1

Primer, template, ‘ | \ ’ ‘J Chemically cross-
dNTPs and polymerase ~— linked to a glass slide

ML Metzker , Nature Review January 2010




Emulsion PCR and
Sequence Detection by H+ lon Generation

Emummn
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Ten Bosch, Grody; in Genomic Applications in Pathology, Ch. 1; 2014




Dry Bench

Interpretation

Sequence — FASTQ
Alignment — SAM/BAM
Variant calling — VCF

Annotation

il S



Analysis Steps Quality Control Output
 Convert raw data * Run quality statistics  FASTQ
10 to DNA sequence * Incorporation of quality
(on-instrument) scores into output file
« Align reads to e Trim/Filter poor quality e SAM/ A
5 reference sequence reads BAM
2 * Local realignment * Remove duplicate reads
e Variant Calling  QC of variant calls  VCF
/

* Annotate variants
* Filtering and
interpretation

Post-Analysis Steps

* Data Storage
* Reporting

Correlation to known
variants or Mendelian
inheritance with trios

Quality Control

Sanger confirmation of
reported variants

Ten Bosch, Grody; in Genomic Applications in Pathology, Ch. 2; 2018



Integrative
Genomics
Viewer

Home
Downloads
Documents

Hosted Genomes
FAQ

@ GV User Guide

# Flle Formats

@ Release Notes
Credits

Search website

search
Broad Home
Cancer Program

EZBROAD

INSTITUTE

© 2013 Broad Institute

Home

Integrative

Genomics fi:;
Viewer EVorm

What's New

NEWS October 2013. We're presenting an IGV
= e tos  workshop at the ASHG annual meeting in
& Boston on October 25, 2013.
1
April 2013. IGV 2.3 has been released. See the release
notes for more details.

Overview

The Integrative Genomics Viewer (IGV) is a
1l high-performance visualization tool for

= -m=» interactive exploration of large, integrated

FINEES  genomic datasets. It supports a wide variety of

data types, including array-based and next-generation

sequence data, and genomic annotations.

- e N .

Citing IGV
To cite your use of IGV in your publication:

Helga Thorvaldsdéttir, James T. Robinson, Jill P.
Mesirov. Integrative Genomics Viewer (IGV): high-
performance genomics data visualization and
exploration. Briefings in Bioinformatics 2012.

James T. Robinson, Helga Thorvaldsdéttir, Wendy Winckler,
Mitchell Guttman, Eric S. Lander, Gad Getz, Jill P. Mesirov.
Integrative Genomics Viewer. Nature Biotechnology 29,

24-26 (2011)

Funding

Development of IGV is made possible by funding from the
National Cancer Institute, the National Institute of General
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Ten Bosch, Grody; in Genomic Applications in Pathology, Ch. 2; 2018



Analysis Steps Quality Control Output
 Convert raw data * Run quality statistics  FASTQ
10 to DNA sequence * Incorporation of quality
(on-instrument) scores into output file
« Align reads to e Trim/Filter poor quality « SAM/ A
5 reference sequence reads BAM
2 * Local realignment * Remove duplicate reads
e Variant Calling  QC of variant calls « VCF
/

* Annotate variants
* Filtering and
interpretation

Post-Analysis Steps

* Data Storage
* Reporting

Correlation to known
variants or Mendelian
inheritance with trios

Quality Control

Sanger confirmation of
reported variants

Ten Bosch, Grody; in Genomic Applications in Pathology, Ch. 2; 2018



Basic Annotation and

QC filtering

Option 1

Disease Variants
(HGMD, ClinVar)

Common Variants Phenotypic
(dbSNP, 1000 genomes) Correlation

Functional Prediction
(SIFT, Polyphen, ESEfinder)

Internal Database

Ten Bosch, Grody; in Genomic Applications in Pathology, Ch. 2; 2018
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Choosing an NGS platform

* Platform selection depends on purpose
— Targets per assay and required read depth
— Mutation types to be detected
— Number of samples and desired TAT

* Understand the rapid change

— Instruments

— Bioinformatics



Method Choice for NGS




GENE PANEL TESTING

Includes genes that, when mutated, contribute to a
given Phenotype or related set of syndromes (Hearing
loss, Cardiomyopathy etc..)

Cancer Panels: 50/177/ 500 genes
High sensitivity
Costs less than WES or WGS

Typically guarantees minimum sequence coverage for
all genes on the panel

WES may still be indicated in event of a negative result




“WHOLE” EXOME SEQUENCING
WES

" Targets the ~25,000 protein-coding genes

=" Phenotype does not clearly indicate a particular
disorder or a group of genes to target

= Sensitivity is lower than for NGS gene panels

" Low-coverage regions usually have a skewed GC
percentage or other issues based on sequence




(WHOLE) GENOME SEQUENCING
WGS

Targets the entire genome

Cost higher SSS

Usually lower coverage than with exome sequencing
Sample preparation: no enrichment step is needed

Few laboratories offer this clinically (as yet)




CHALLENGES
OPPORTUNITIES



Challenges

Cost
Instrumentation
Infrastructure

Interpretation

Rapidly changing methods and knowledge base

VUS (Variants of unknown significance)

Uncertainty around reimbursement

Regulatory and compliance environment (FDA/HIPAA)
Method limitations



NGS in Cancer

= Reads are not 50/50

= Heterogeneous
= Cellular level
= Genetic level

" Genomic rearrangements

= Somatic or inherited variant

Norton et al, Ann Surg. 2007 Jun;245(6):873-9.



Opportunities

= Shift in bio-computational infrastructure
needed that will transform how medical care
is provided

= Scientific standards and practice guidelines

" |ntegration along complementary testing
methods



NGS RESOURCES



CAP Resources for Genomic Medicine

e MGP checklist and NGS checklist

* Checklist items for the analytical wet bench
process and bioinformatics analysis process

e The NGS checklist items include standards for:

— documentation, validation, quality assurance,
confirmatory testing, patient reports, exception
log, monitoring of upgrades, variant
interpretation and reporting, incidental findings,
input storage, version traceability, data transfer
confidentiality

LR L

38255 COLLEGE of AMERICAN

i PATHOLOGISTS



Resources

ASSOCIATION
FOR MOLECULAR
PATHOLOGY

 TRIG
* Industry websites resources

 Academic websites (eg. stanford
Open Curriculum in Genomic Medicine)
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