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From Bench o, Bedside; Molecular Oncology's
Role in Personalized Can‘cgr Diagnosis and Treatment

Our Presenter

Lori Ramkissoon, Ph.D., is & Clinical Assistant Professor of Pathology and
Laboratory Medicine at the University of North Carolina Medical Center,

where she leads the Cytogenetics Laboratory. This laboratory specializes
n advanced geneti testing methodologies, including karyotyping.
ehromosomal microarray, and fluorescence in situ hybricization, to detect
structural genetic variations In  broad spectrum of specimens ranging
from prenatal and consitutional to oncological. These diagnostic services.

are cructal for identifing genetic disorders and pinpointing specific genetic
markers that help classify various tumor types, thereby enhancing patient
care through precise diagnoses.

Lori Ramkissoon, 710

Dr. Ramkissoon received a BA in Biochemisiry from Baylor University

and a Ph.D. from Weill Comell Graduate School of Medical Sciences.
Her postdoctoral tenure at the Dana Farber Cancer Institute, under the

mentorship of Dr. Keth Ligon, was pivotal in shaping her research focus
on the genomic underpinnings of pediatric brain tumors. This experience
motivated her to complete a ciinical fellowship in Molecular and Clinical

Cytogenetics at UNC, culminating in her board certification in Laboratory
Genetics and Genomics. Additionally, Dr. Ramkissoon contributes

her expertise to the UNC Precision Oncology Program, faciitating the
Incorporation of genomic Insights nto personalized treatment strategies for

oncology patients.
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4 Lori Ramkissoon, PhD is Director of the Cytogenetics
= laboratory at the University of North Carolina Medical Center

She earned her PhD from Weill Cornell Graduate School of
3. Medical Sciences and did a postdoctoral fellowship at Dana-
Farber Cancer Institute

Prior to graduate school, she was a pre-doctoral fellow in the
2, laboratory of Dr. Neal Young at the National Heart, Lung and
Blood Institute in Bethesda, MD

1 She worked for a year as a staff assistant in the United States
= Senate.
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ACCME Disclosure

This activity has been planned and implemented under the sole
supenvision of the Course Director, Stephanie Wheeler, no. MpH, in
association with the UNC Office of Continuing Professional Development
( The course director received research support from Astrazeneca
(ended June 2023) and Pfizer Medical Foundation (ended December
2023). These financial relationships have been mitigated. CPD staff
have no relevant financial relationships with ineligible companies as
defined by the ACCME.

A potential conflict of interest ocours when an individual has an
opportunity to affect educational content about health-care products
or services of a commercial interest with which he/she has a financial
relationship. The speakers and planners of this learning activity have
not disclosed any relevant financial relationships with any commercial
interests pertaining to this activity.

The presenter has no relevant financial relationships with ineligible
companies as defined by the ACCME.
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ANCC Disclosure

NCPD Activity #: 001023079
1.0 Contact Hours Provided

Relevant Financial Relationship:
No one with the ability to control content of this activity has a relevant
financial relationship with an ineligible company.

Criteria for Activity Completon:
Criteria for successful completion requires attendance at the NCPD
activity and submission of an evaluation within 30 days.

‘Approved Provider Statement:

UNC Health is approved as a provider of nursing continuing professional
development by the North Carolina Nurses Association, an accredited
approver by the American Nurses Credentialing Center’s Commission on
Accreditation.
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True

False

Cancer is fundamentally a disease caused by changes to the "normal" sequence of a
- patient's genome, and the goal of molecular oncology is to define and understand these
changes to benefit the diagnosis and treatment of cancer.
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From Bench to Bedside: Molecular Oncology's
Role in Personalized Cancer Diagnosis and

Treatment

Lori Ramkissoon, PhD

Lori.Ramkissoon@unchealth.unc.edu
May 8, 2024

5l SCHOOL OF
@—UNC ‘ MEDICINE

" 7

Molecular biomarkers are only used in the research setting and are not part of current

™ standard of care clinical paradigms?

True

False

Learning Objectives

* Review advancements in the laboratory

methods used to detect molecular biomarkers
in oncology specimens

llustrate how molecular biomarkers have
been integrated into diagnostic algorithms for

certain cancer types

Discuss the contributions of molecular

oncology in treatment strategies

21
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Conventional treatment options DUN
for cancer patients =
Surgery Chemotherapy Radiation
* Resection + Cytotoxic « External
* Biopsy « Neo-adjuvant or Adjuvant « Internal
« Fine needle aspirations . Maintenance regimens

22
Advancement in treatment BUNC
options oo
Conventional Treatments Precision Medicine
Surgery Immunotheraples
g
Chemotherapy ‘g, Va
Z N
Radlation @ Targeted Small
Molecules
23

i idi RAUNC
Biomarkers guiding cancer care s
weDicine
Prior to q q . Post
S
Amiat  Dolhave  Whatisthe ~ Wilmy  Shoudl  Mowemy
increased cancer? What  expected cancer receive a responding to calner:{
risk for type of courseof my  respond to normal or PO N & e e
cancer? cancer? cancer? this drug? lower dose? B

e Monitoring
redicting Ph
Risk L e B PGc [ Tesiment
Assessment Response Response
Nt Compr Canc Net. 2019
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Molecular biomarkers in
cancer

What are biomarkers?

Biomarker: “cellular, biochemical or molecular alterations

that are measurable in human tissues, cells, or fluids” Screen of
diseases
Blomarker Example Distinguish
between
Physiological biomarker Blood pressure ‘;x;:]‘:g‘" el
malignant
Inflammatory biomarker C-reactive protein eoness
Prostate cancer biomarker PSA S
Molecular biomarker EGFR
Monitor
Somatic mutational biomarker KRAS 612D diseases Predict
‘status before response to
Germline mutational biomarker BRCA1 acatee therapy.
therapy
Determine
Tumor agnostic biomarker TMB, MSI, NTRK prognosis
independent
Immune biomarker PDL1 AR

Presented on May 8, 2024
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How are molecular biomarkers used in

oncology?

Diagnostic

— Assist with establishing diagnosis or classification

— Example: BCR::ABL1 gene fusion in chronic myeloid leukemia (CML)
Prognostic

— Assist with determining the likely aggressiveness or course of disease

— Example: TP53 mutations are an adverse prognostic factor in chronic lymphocytic leukemia (CLL)
Therapeutic

— Assist with prediction of response or resistance to a given drug, biologic, or regimen

— Example: EGFR activating mutations are associated with response to EGFR tyrosine kinase inhibitor

(TKI) therapy in Non-Small Cell Lung Cancer
Clinical Trial Eligibility

27
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NCCN Guidelines and biomarkers L
* Currently more than 800 biomarker recommendations are
included in NCCN Guidelines
— Determine risk of disease (BRCA-1/BRCA-2)
— Screening (PSA for prostate)
— Diagnostic (BCR/ABL in CML)
— Prognostic (CA 19-9 in pancreas)
— Predictive (ER/PR status in breast)
— Risk of toxicity (UGT1A1*28 allele for irinotecan)
— Response/disease monitoring (AFP; HCG in
testicular)
28
NCCN recommendations for biomarker DUN
testing in non-small cell lung cancer e
29
NCCN biomarkers in colorectal cancer Stidc
Right-sided Left-sided
colorectal cancer colorectal cancer
PIK3CA PIK3CA
PTEN PTEN
MSI TPS3
BRAF APC
Rectal
cancer Mutations
KRAS
HER2
TP53
ps
o sonmiercon )
30
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AUN

Biomarker landscape in solid

hematologic cancers

Braln: MGMT, IDH1/2, pTERT,

1p/19q co-deletion

Breast
Thyrold PISKCA, ERBE2, BRCAL
ALK, HRAS, NRAS, BRCA2, MLHL, MSH2, MSHS
BRAF, TERT, RET PMS2, CDK4/6
Lung —— Sop e s, e
EGFR, ALK, ROS1, RET, MLH1, MSH2, MSH6, PMS2
BRAS, KRAS, HER2

i Prostate
Melanoma ~ — BRCAL, BRCA2, PTEN, AR,
BRAF, KIT, NRAS, MLHL, MSH2, MSHS, PMS2
ROSI, ALK
Hematologlo Ovarlan/Cervical

BRCAL, BRCA2, MLH1,

ABL, FLT3, IDH1/2, KRAS———— -
MSH2, MSHE, PMS2

PDGFRA, WTL, KIT

Tumor agnostic bi in solid tumors: Fusions (NTRK), TMB, MSI

31

SOMATIC GENOMIC TESTING IN PATIENTS

ASCO Guidelines | WITH METASTATIC OR ADVANCED CANCER
PROVISIONAL CLINICAL GPINION

Patients with metastatic or advanced solid tumors if there are

genomic biomarker-linked therapies for that disease approved by
the relevant regulatory agency (FDA)

Patients with metastatic or advanced solid tumors if there are

clearly defined resistance markers for a treatment being
considered.

Chakravarty D et al.J Clin Oncol (2022) 4012311258,

32

Detecting molecular

biomarkers in cancer
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Types of genomic alterations that define AUNC

cancer biomarkers

Base Pair Substitutions

+ Examples: EGFR L858R, Bloog.
T790M; BRAF V60OE, IDH1
R132H

+ Examples: HER2
amplification, PDGFRA
amplification

- Limited to a single base
pair/regionwithina single  numeur
gene o

Insertions/deletions

+ Limitedto single genes and
small changes in DNA
sequence

+ Examples: EGFR exon 19
deletions, MET exon 14

Gene Rearrangements

Copy Number Alterations (Fusions)
. e D + Detected via DNAand RNA
Overexpression/amplification ~ *-SESESE=:: - =T
pression/amplif y (ASCO recommends RNA)

Examples: ALK fusions,
NTRK fusions

Presented on May 8, 2024
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Driver versus passenger alteration

Driver mutations (driving the bus)
* Mutations that give a cancer cell a competitive
advantage
+ Increased rate of proliferation
+ Decreased apoptosis
* Resistance to therapy
¢ Etc.
+ Contribute to oncogenesis (“oncogenic”)

Passenger mutations (along for the ride)

the “fitness” of the cancer cell

« Mutations that arise in cancer cells but don’timprove

+ Do not contribute to cancer development/progression

35

Gain-of-function versus Loss-of-function

alterations

+ Targetable mutations are typically GAIN OF FUNCTION « LOSS OF FUNCTION mutations typically occur in

mutations in oncogenes that encode for SIGNALING
MOLECULES

+ GAIN OF FUNCTION mutatiors are frequently heterozygous
(only one copy needs activated to drive the pathway)

« There is generally a very limited number of mutations that
can activate a protein

+ GAIN OF FUNCTION mutations tend to be recurrent among
individuals

JAK2

TUMOR SUPPRESSOR GENES

*  Mutations tend to be LOSS OF FUNCTION, which

+ Because many different mutations can result in loss of

requires BIALLELIC mutation
- You need to lose BOTH copies to eliminate normal
protein function

function, there is typically a much broader spectrum of
clinically significant mutations in tumor suppressor
gene

]

36
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Finding the right assay

Small Large
single Single gene gene
variant gene panels panels Exome Genome

« Does the assay cover the required genes and portions of genes?

« What variant types can the assay detect?

+ Does the assay detect variant types required given the clinical indication for testing (single nucleotide
variants, insertion-deletion, copy number gain/loss, gene rearrangements)?

Presented on May 8, 2024

* What are sample requirements?

« What is the expected turnaround time and cost?

37

Methodologies to detect cancer

biomarkers

Fluorescence in situ
hybridization (FISH)
Detect specific genomic
translocations, copy
number deletions/gains

SNP microarrays
Used for genotyping and
copy number determination

Can provide subtype classification
for certain tumors and/or prognostic
information

Chromosome Analysis

Detects changes in chromosome
number, translocations, large
deletions/insertions

Gene expression arrays

38

Methodologies to detect cancer

biomarkers

Single Gene Assays

Evaluate alterations
inasingle gene

Immunohistochemistry

Determines protein
expression within
tissue sample

DD

Hotspot Panels

Sequencing of select hotspot
codons, and not the entire
coding region, of the genes
included on the panel.

Broad Panel (Comprehensive
Genomic Profiling)

An NGS test that sequences a
defined list of genes with at least
50 genes in total. May also include
RNA testing

For Educational Use Only
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Methodologies are often combined to QUN
identify biomarkers

scHooLoF

HER2 biomarker testing in invasive breast cancers

IHC 0,149 ————= HER2()
HER2 tosting E

[Must reflex test with ISH (if same specimen),
IHC 2+ Equivocal result ——— or order new test with IHC or dual probe ISH (if
by validated new specimen available).

HC 3+ HER? (+)
(IHC) assay®®

P, ]
A cw“;é‘
1+:IHC 2+:|HC

Presented on May 8, 2024
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Methodologies are often combined to QUNC
dentify biomarke ~

HER2 biomarker testing in invasive breast cancers

44 )
IHC 0,1 HER2 () | Must reflex test with ISH (if same specimen),
HER? tosting — > ez Equivocal result
by validated

ith IHC or dual probe ISH (if

|new specimen available).
IHC 3+ HER2 (+)
(IHC) assay®®

M AC et

41

Overview of comprehensive genomic

QUNC
profiling

Goals

High throughput, cost 1 2
effective multiplexed
sequencing assay with deep
coverage

Target clinically actionable

oNA

regions important for all Q':‘:‘ H;‘v‘ -—
tumor types Gl ot
Challenges

Huge infrastructure costs
Bioinformatic barriers
Longer turnaround times

0 cosesonont

@ repotgenerston

42
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Comparison of single gene testing versus

comprehensive genomic profiling

Single gene testing (SGT) Comprehensive Genomic Profiling
One or more tests ordered individually or One test ordered following negative SGT results or instead of
but performed sep: SGT

+ PCR - defined regions for a limited numberof ~ + DNA sequenclng - simultaneously evaluate all major
mutations in EGFR, KRAS or BRAF genomic variant types (mutations, copy number

« FISH - known rearrangements in ALK, RET, n
ROS1 or MET amplification for testing that have FDA-approved targeted therapies, as

well those with emerging and potential clinical

+ IHG - known expression patterns or
percentage of positive cells; loss of protein
expression

significance

RNA sequencing - for known and novel rearrangements

Microsatellite status and Tumor mutation burden -
immunotherapy biomarkers

Nesline et a. Oncol Ther 2024 Mar 19.

Presented on May 8, 2024
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Cancer biomarker testing can be performed

on a liquid or tissue biopsy

ie

Analytes
examin

44

Tissue acquisition: What material is

available for testing?

Js p

Endobronchial Ultrasound
Tissue Resection Biopsy (EBUS)/ Fine Needle
Aspiration (FNA)
Obtained for diagnosis

and symptomatic relief * Obtained for a diagnosis + Diagnosis can be made
from very few cells

Tumor cell percentage * Testing options may be
may be an issue limited but depends on + Considered a cytology
tumor content not specimen

CGP and multiple assays
typically not a problem May have significant
for tumor-rich samples limitations for testing

necessarily tissue size

45
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Liquid biopsy: source of circulating tumor
DNA (ctDNA)

« ctDNA: component of cell-free DNA
which is tumor related

« Cell-Free DNA Blood Collection
Tubes: specialized tubes required
allow for isolation of plasma DNA up to
14 days after sample collection

Nat Rev Clin Oncol. 2017 Sep14(9):531:548

ctDNA varies among tumor types ae
% . g 00 o
St Gt T ot e 2
47
Liquid biopsy and tumor tissue QUNC
concordance i

W coNAwiaue (1] Soliduniave (] Concordant

] Concordant and uniqu idingsfor actionale ptients

%«
H
Eao
0
ac G wes  owe  conbned
[l S e I ]
Cancerype
Gowag 2200

48
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Advantages and disadvantages of tumor versusauNC

liquid biopsy o

Histological — Non-invasive
evaluation ; ood draw
Syrgery/need.le b_lopsy Minimal complications Short half-life (<2 h)
Tumor Risk of complications r— 1]
o asy & repeatable
PSSR - Diffiouit to repeat & et Gompatible with
analysis expensive . - longitudinal
R Possible sampling bias ;eazsidsig_p“"g e monitoring
inical gol N .
standard E;ihgzrs::TSInve False negatives Representative of
Detection of CHIP tumor heterogeneity
i g

4

49

Adapted

ESMO Guidelines: Advanced cancer
genotyping recommendations

Liquid Biopsy Best Practice EMD
v May be used in clinical practice when results
impact treatment. ESMO recommendations on the use of crculating tumour DNA assays for

patients with cancer: a report from the ESMO Precision Medicine Working

¥ May be used in clinical scenarios first where Croun

time to result is clinically important
v Aggressive tumor type
v No available tissue or biopsy not feasible
v" Collect when tumor progressing (not regressing)
v Confirm testing if pathogenic variants of cancer
susceptibility genes identified
v Negative tests should prompt tissue testing

Adopted from Pascual o al. Annals of Oncology, 2022

50

Poll everywhere question #2:

. . . Recommended Testis
» Which testing methodology will most i "
.. ALK nts
efficiently detect the recommended B::'::i::s
: h i
biomarkers (see table) in lung cancer?
EGFR mutations

ERBB2 (HER2) mutations
KRAS mutations

1. Individual FISH assays to interrogate each

biomarker
2. Hotspot DNA gene sequencing panel
3. DNA and RNA sequencing assay

MET exon 14 skipping mutations

MET amplification

NTRK 1/2/3 rearrangements

RET rearrangements

ROS1 rearrangements

51
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Which testing methodology will most efficiently detect the recommended biomarkers (see table)
" in lung cancer?

Individual FISH assays to interrogate each biomarker

Hotspot DNA gene sequencing panel

DNA and RNA sequencing assay

Poll everywhere question #2: Answer

»  Which testing methodology will most Focom Tesing

efficiently detect the recommended
biomarkers (see table) in lung cancer?

ALK rearrangements

BRAF mutations.

EGFR mutations
ERBB2 (HER2) mutations
KRAS mutations

1. Individual FISH assays to interrogate each

biomarker MET exon 14 skipping mutations
2. Hotspot DNA gene sequencing panel MET amplification
3. DNA and RNA sequencing assay NTRK 1/2/3 rearrangements.

RET rearrangements

ROS1 rearrangements

53

NCCN recommendations for biomarker
testing in non-small cell lung cancer

Adapted from genetechnologycom and NCCN guidelines.

54
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Guidelines and other resources assist with

biomarker and test interpretation

CLINICAL PRESENTATION HisToLocic BIOMARKER TESTING™
SUB
[* Molecular testing, including: l
» Adenocarcinomal | | » EGFR mutation (category 1), ALK (category 1),
« Large cell KRAS, ROS1, BRAF, NTRK1/2/3, METex14 Testing
« NSCLC not t-| skipping, RET, ERBB2 (HER2) — | Results.
otherwise » Testing should be conducted as part of broad (NSCL-19)
adequate tissue for specified (NOS) rofiling™
molecular testing l* PD-L1 testing (category 1)

(consider rebiopsy"
Advanced }’ orpl::ma testing If

or
metastatic| " |, 3PP
 Stroking cossation
disease s b
- Inegrate palllallve ! Gonsidsr moleculartestng, including;o°
© (NC » EGFR mutation, ALK, KRAS, ROS1, BRAF,
Gucoimas for NTRK1/23, METext4 skipping, RET,

Squamous cell

Palliative Care) carcinoma

—| ERBB2(HER2)
» Testing should be conducted as part of
road molecular profiling’

l* PD-L1 testing (category 1)

NCCN Guidelines - Non-Small Cell Lung Cancer Version 5.2024, 4/30/24.

Presented on May 8, 2024
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Guidelines and other resources assist with

biomarker and test interpretation

TESTING RESULTS'mm

EGFR exon 19 deltion or exon 21 L8SER mutation positve NsoLz0 4@
EGFR S768I, L861Q, and/or G719X mutation positive NSCL-23
EGPR oxon 20 mserion mutaton posiive [EeEn
KRAS GTZG mutaion postve NSGL2s
K rearangement posiive WL
ROST rearangement posiive [
[BRAF V600E mutation positive NSCL-31

NTRK1/2/3 gene fusion positive

METex14 skipping mutation positive

RET roarrangement positive NSCL34

ERBB? (HERZ) mutation positive NSCL35

P-L1 31% and negath o NSCL36

PD-L1 <1% and negative for actionable molocular biomarkers above NSCL37
NCON Guidelines - Non-Small Cell Lung Cancer Version

56

AUNC

Biomarker approved therapies for NSCLC

[EGFR EXON 19 DELETION OR EXON 21 L358R MUTATIONS™™
FIRST-LINE THERAPY?P

Preferred Subsequent
|osimertinib (category 17 Progression ————— Therapy (NSC
EGFR mutation (Other Recommended
discovored Erlotinib™ (category 1)
prior o firstine or Afatinib (category 1) .

Py y roamesidi ubsequent
orDacomitialb® category 1) 9 Therapy (NSCL-22)
or Erlotinib + ramucirumab

00 Jor Erlotinib + bevacizumab™s®
19 dolotion
or exon
21 LasBR
2 tosen. (Complete planedsystemic
mainforance thorapy.
|EGFR mutation | o interrupt, followed by subseauen
: 5 9 rapy
‘ﬁmx—im- systemic ’—‘ NSCL:21,
thera
" inib + Subsequent
ramucirumab or ot | g Therapy (NSCL-22)
lbevacizumab™

NCCN Guidelines - Non-Small Cell Lung Cancer Version 5.2024, 4/30/24

57
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Availability of molecular biomarker testing

in NSCLC impacts overall survival

* 326 consecutive treatment
naive patient with a new
diagnosis of metastatic
NSCLC

« Patients with molecular test
results available before first
line therapy (available group)
had significantly longer
overall survival

0S (probabilty)

Presented on May 8, 2024

o 5 2 18 2 0 )
Time (months)

z " 7 s 2 o

Agganval C et al. OO Precis Oncol 2023 Ju:7:62300191

58

AUNC

Molecular biomarkers
are refining
classification of tumors

Evolution of hematologic malignancy

classification
French-American-British (FAB) Classification System

60
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Evolution of hematologic malignancy

classification

2001

I. Acute myeloid with recurrent.
translocations

AML with 1(8;21)(q22;q22),AML1(CBFa)/ETO

Acute promyelocytic leukaemia (AML with
1(15;17)(q22;q11-12) and variants, PML/RARa)

AML with abnormal bone marrow eosinophils
(inv(16)(p13q22) or t(16;16)(p13;q11), CBFb/MYH11X)

AML with 11923 (MLL) abnormalities.

61

Evolution of hematologic malighancy

classification

1. Acute myeloid leukemia with recurrent genetic abnormalities.
AML with t(8;21)(422;922); RUNX1-RUNX1T1

AML with i .1922) or 3 .15 3
MYH11

APL with t(15;17)(q22;q12); PML-RARA

AML with (9;11)(p22;023); MLLT3-MLL
AML with (6;9)(p23;q34); DEK-NUP214

AML with inv(3)(421926.2) or t(3;3)(421;426.2); RPN~
EVIL

AML (megakaryoblastic) with t(1;22)(p13;q13); RBM15-
MKL1

II. Provisional entities:
AML with mutated NPM1
AML with mutated CEBPA

Evolution of hematologic malignancy

classification

WHO 2017 WHO 2022 1002022
AML vith defining. AML with
AL with recurrent genetic abnormalities 1, st 5 cut.f, except* ) (requiring equal or greater than 10% blasts, except *)
AML with E T1 fusi AML with t(8:21) T1

AML with 1(8;21)(422;022 1) RUNX1-
RUNX1TL

B T 2ol AML with CBFB:MYH11 fusion

1(16:16)(p13.1:q22)CBFE MYH11 AML with inv(16)(p13.1022) or {(16;16)(p13.1,422)/CBFB:MYH11
Aoute leukaemia with leukemia (APL) with t(15:17)(24.1:021.2/
ACL MU EMURARA PML:RARA fusion PML:RARA; APL with other RARA rearrangements
i U9A1)P21. 3623 LTS py ith KMT2A AML with t8:11)(p21.3:023.3)/ MLLT3:KMT2A; AML ith other KMT2A
rearangements

AML vith 1(6:9)(023:034.1),DEK- -
i AML with DEK:NUP214 fusion

AML with t(6;9)(p22.3,034.1)/ DEK:NUP214

AML with inv(3)(g21.3026.2) or
AML viith MECOM 1(3;3)(21.3q ML with other MECOM
rearrangements

AML wiith inv(3)(q21.326.2) or
1(3;3)(421.3,026.2); GATA2-MECOM

AML (megakaryobiastic) with

{L22)013 3013 REMISMKLL AML with RBM15:MRTFA fusion

Provisional entity: AML with BCR-ABLL ML with BCR:ABLA. fusion* ML Sith BCERBL L iio

AML viith NUP98 rearrangement
AML viith other (rare) defined genetic

alterations* AML with other rare recurring translocations
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Impact of molecular testing in myeloid

malignancy classification

104 Gene Fusions 10 No Gene Fusions

inv(16)
08 9 08

t(15:17)

CeBpAblEic

06
t(8:21)
04 1(6:9) 0.4
MLL fusions
02 02

Probability of Survival

Years Years
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Impact of molecular testing in myeloid
malignancy classification

Intensive
___Chemotherapy
Favorable Risk 1
( | Poor Performance
‘ Status

Diagnostic
AML Workup Intermediate Risk Targeted Therapy
(© and \ P ad Clinical Trial
Molecular)

Good Performance

| Status ]
Adverse Risk k !

‘ [ Allo Stem Cell J

‘ Transplant
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Molecular biomarkers are increasingly
incorporated into neuro-oncology
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Evolution of molecularly classified CNS

tumors
WHO 2016 GLIOMAS WHO 2021 GLIOMAS

Diffuse Astrocytic and Oligodendroglial Tumours Gliomas, Glioneural and Neuronal Tumours

Diffuse Astocytoms, IDF-mutant
‘Gemistocytic atrocytoma, IDH mutant

Difuse astrocytoma, IDH-widtype

Difuse asrocytoma, NOS

Anaplastic astrocytoms,IDH-mutant

Pacdiatric type diffuse low-grade gliomas
+" Diffse astrocytoma, MYB or MYBLLaltered

Anaplastic srocytoma, I0W - widtype. - Angiocentric gloms

gy mre—— ~ Polmorphous low-grade neuroepihela tumous of the young.

+ Diffuselowgrad goma, MAPK pathway-ltered.

Pacdiatrictype diffuse high-grade gliomas

+ Difuse pacdiaric type High grade glioma, H3 wid-ype and IDH wid
tpe.

Difuse midine loma, 3 K27M mutant + nfanttype hemispheric gioma

Oligodendrogloms, IoH mutant and 1p/194 codeleted

Oligodendroglios, K05
Anaplastc, olgodendrogloms,I0H mutant and 1p/194 codeleted
Anaplastic lgodendrogloms, NOS

Oligoastrocytoma, NS

Anaplastic olgossrocytoma, NOS
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HISTOLOGY DIFFUSE ASTROCYTIC OR OLIGODENDROGLIAL GLIOMA
=
oo | oo _|
o & Colln > s m i
. [ e AT
ATR et ool
1P/19Q @ |
CDKN2A/B
TERT, EGFR :
and/or+7/-10 "
H3.3 G34R/V
Vet

H3K27M clos st e
INTEGRATED Oheodenieghoms, ol O
DIAGNOSIS o et Tt W0

oparay P
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Molecular biomarkers
guide treatment

decisions
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Biomarker approved therapies for

metastatic NSCLC

FDA ls i i Lc Dabrafenib + Pembrolizumab +
i [ i+ toxare
[ chemotherapy e Capmatints
- S
[ immunotherapy ez
0f * Brigatinib

D Adjuvant or paclitaxel + igati

necadivant studies [ ] [bevacizumab ey

Nvolumat | evwecums

Carboplatin/
cisplatin +

Osimertinib.
Alectinib,

Atezolizumab [ Larotrectinib,
+ carboplatin
+ taxane

[Bembratsamab Cortatinto

0 206 ff 2000 o0 2o o2 aom a1

Adjuvant cisplatin Neoadjuvant Neoadjovant
doublet chemotherapy”” meta-analysis'*: working group

meta-analysis™

2016 2017 2018 2019 2020

ADAURA shows
DFS advantage to
adjuvant osimertinib?*

Advances in the treatment of resectable NSCLC

Chaft JE et al. Nat Rev Clin Oncol. 2021 Sep:18(9):547-557
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Precision oncology approvals by FDA

continues to expand

1

1

8
8

:L_L__J__ .LIJ.IV

1998 1099 '2000 2001 2002 2003 2004 2005 2006 2007 2008 2008 20102011 2012 2013 2014 2015 2016 2017 2018 2018 2020'2021 2022

FDA-approved

therapies or biomarkers

Numt

- Firstin-class [ Mechanistcal distinct or Biomarkers specified as ligibilty
precision oncology follow-on/resistance criteria in FDA drug labels.
therapy (n = 33) precision oncology therapy (n=19)
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Suehnholz SP e al. Cancer Discov. 2024 Jan 12:14(1):49.65.
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Why are Matched Therapies Important?

o] totrseed
thera
v Targeted therapy

Survival Probability

04
No driver
02
Log-rank P<.001
0 1 2 3 4 s
Years
No. at isk
Patients with oncogenic driver
No targeted 318 205 110 64 3 20
therapy
Targeted 260 25 143 7 36 23
ther:
Patients with 360 250 12 59 3 23
driver

KisNGea Al 21.31301001008:
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Poll everywhere question #3: o

scHooLoF
‘mEviciNe

In a patient with newly diagnosed colon cancer, testing determined
that the tumor had microsatellite instability (MSI) or was MSI-high.
Which of the following treatment strategies is indicated for MSI-high

Presented on May 8, 2024

AW NP

status?

. A combination therapy of cetuximab and irinotecan.

. Monotherapy with a TRK inhibitor.

. Targeted therapy with a BRAF inhibitor

. Initiation of therapy with a PD-1 or PD-L1 immune checkpoint

inhibitor.

Which of the following treatment options is most appropriate for this patient based on the
~ molecular profile?
A combination therapy of cetuximab and irinotecan.
Monotherapy with a TRK inhibitor.
0%
Targeted therapy with a BRAF inhibitor
Initiation of therapy with a PD-1 or PD-L1 immune checkpoint inhibitor.
: . QUNC
Poll everywhere question #3: =
=5

» WN P

In a patient with newly diagnosed colon cancer, testing determined
that the tumor had microsatellite instability (MSI) or was MSI-high.
Which of the following treatment strategies is indicated for MSI-high
status?

. A combination therapy of cetuximab and irinotecan.

. Monotherapy with a TRK inhibitor.

. Targeted therapy with a BRAF inhibitor

. Initiation of therapy with a PD-1 or PD-L1 immune checkpoint

inhibitor.
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DNA Mismatch Repair and Microsatellite

Instability

+ During DNA replication, errors occur in microsatellite regions

Mematch « Short repetitive DNA sequences (1-6 base pairs) or tandem repeats
+ Multi-protein complex corrects these single base pair mismatches and
ot rcogrton small insertion-deletion errors
z PoMA « Failures to repair these errors during replication leads to expansion of
; repeats and genomic instability = microsatellite instability

ol Sl dd L
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Anti-PD-1/L1 therapies reactivate T cell

activity
* MSI-High/dMMR tumors S ® & won
generate neoantigens ® cuminate immuncsuppressive et
which are recognized by aniPOL1 /
the immune system MMR deficiency PPL1 —f POt "
T cel

tumor cell ¥ /
P immune Checkpoint
hbtors 1
" PD

i . roLt
)

IMR gene disfunction

Tumor cells also express
PD-L1 to inhibit T-cell

* O TCR

tumor antgen

activity

Immune checkpoint

inhibitors reactive T-cell
activity

He Y etal. IntJ Biol Sci 2022; 18(7):2821-2832
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Tumor agnostic immune checkpoint inhibitor [RIUN

scooLoF
‘MEDICINE

approval

FDA grants accelerated approval to

pembrolizumab for first tissue/site agnostic
indication embroizumas

Durvalumab  Nivolumal
Atezolizumab  Spartalizumaly

« 2017 approval for adult and o iy CD8+ T cell
pediatric patients with T Poi1 @ Pod
unresectable or metastatic
solid tumors -
« microsatellite instability- it
high (MSI-H) or mismatch 2o o\
repair deficient (AMMR) e
« progressed following prior / G
treatment T

Ipilimumab

Ros J et al. Cancers (Basel). 2023 Aug 24;15(17)4245.
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Additional FDA-approved tumor agnostic
targeted therapies

AUNC

Aug 2019 Aug 2021

sentrotzms | wronecins | envcins | pumsroiman | oostatmas | 2586087 ) copuca
T | i | mocoion | s | o | s | R
ST RS | =R =5 il [Pt

NTRK1, NTRK2, NTRK3 transmembrane tyrosine kinases that are important for neuronal development
+ Fusions detected in 1.6% of profiled cases
+ NTRK fusions can be targeted using Larotrectinib and Entrectinib

« Tumor mutation burden (TMB) reflects the number of genetic alterations in the genome of cancer cells
+ Calculated using data from NGS of either tissue or plasma, mutations per megabase (mut/MB)

+ 10 mut/mb as for defining indication of pembrolizumab

« BRAFVBOOE can be targeted by using inhibitors of BRAF and MEK
+ Detected in 3% of AACR Project GENIE (version 13) pan-cancer cohort

«_ Dabrafenib and Trametinib received FDA approval for BRAFVEOOE-positive solid tumors

« RETfuslon-posltive samples were identified in 1.5% of 25,972 tumors profiled for structural variants

Selpercatinib, ATP-dependent selective RET inhibitor, approved by FDA for solid tumors with RET fusions

Gouda MA et al. O
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cer Res. 2023 Aug 1:20(15)2753,
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Targeted therapy
success story

Visualization of first chromosome
translocation

A New Consistent Chromosomal
Abnormality in Chronic Myelogenous
Leukaemia identified by Quinacrine
Fluorescence and Giemsa Staining

JANET D. RoWLEY
Department of Medicine,
University of Chicago and
Franklin McLean Memorial Research Institute,
Chicago, Hlinois 60637

Received January 8; revised February 8, 1973.

Nature volume 243, pages290-293 (1973)
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Genomic rearrangement results in

oncogenic fusion gene

Ghanged chromosome 9

« Exchange of genetic material
between chromosome 9 and  cvamenes Chromosomes break
chromosome 22 produces
novel oncogenic fusion gene |
* BCR:ABL1 creates a BCR — g - ‘ é,m ABL
constitutively active tyrosine 1 e w [~
kinase |

Ghanged
chromosome 22
(Philadelphia

Normal
chromosome 22
o

ABL gone

o

& ionaries,cancer terms)/def/bor abk fusion gene
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Understanding mechanism of BCR::ABL1

transforms care for CML patients

e s
Derivative chr 22
. s oy s Philadelphia chr
Efficacy and Safety of a Specific Inhibitor of the

BCR-ABL Tyrosine Kinase in Chronic Myeloid § i
Leukemia
. . Ve P i
! N enan M.D., Sayuri Ohnojones Y \ g \
2y M. wthor Info. s BCR-ABL BCR-ABL
. N ~ ATP__ [Substrate) " Imatinib
+ 2001 Phase | clinical trial By ;’ ey @
* 98% had complete hematologic response ~ Y¢ =) Y

* 54% had cytogenetic response b

« Imatinib is the first FDA approved drug to w @
by

counteract molecular defect = targeted therapy -

Effector

Mughai I & Goldman JM. Front Biosci. 2006. 11:209-220,
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|-} % Disgosis Ontrestment Remiesion
3a 48 I it 2
S % AR A [ SiEre
BE HE p ed e I
ke 2p 44 { 2% of

Normal poormal
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Summary

Incorporating precision medicine into oncology
treatment strategies improves patient outcomes
across multiple cancer types
More matched therapies are on the way
Testing for genomic or molecular biomarkers can be
performed on tumor tissue or via a liquid biopsy
Use of single gene tests versus broad, multi-gene panel
options
Increased detection of molecular biomarkers
leading to approval of more targeted therapies

BUNC e

Questions?

[= o

“LZZ Questions/Comments?

Nobody has responded yet.

Hang tight! Responses are coming in.
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Thank You .. .

University Cancer
Research Fund

~ ~ | LINEBERGER COMPREHENSIVE
DUNC cveenconren
UNC Lineberger Cancer Network

The Telehealth Team
Tim Poe- e
Veneranda Obure - g 5o el Andrew Dodgson, op1 - g vty Sy
Jon Powell, o - Coniicg Fdtion il Patrick Muscarella - gy sy ez
Oliver Marth - fetiokey Suport i Lindsey Reich, w - e oot Syl

Barbara Walsh, ow wes, st R - e e

The song Back Rhodes wiitten and pedormed by Don Poe

Presented on May 8, 2024

88
Upcommg Live Webinars
M - o4
ol 4:00 PM
Using Acceptance and Commitment Therapy to Help Cancer
Survivors Move Forward After Treatment
Melissa Holt, DNP, PMHNP-BC Lisa Kanser, psyD
B o =
The Selective Use of Radiation in Solid Malignancies
Kevin Pearlstein, MD
i June 12
i J‘j mmmunt [ 12:00 PM
. Medication-Refated Osteonecrosis of the Jaw
: Ricardo Padilla, 0o
89
Self Paced, Online Courses
PhysmlTherapy Appmaches to Oncology Care: Beyond
Lymphedema
Sarah Richardson, PT, DPT, CLT, WCS
Immune (check point) Related Adverse Events
Frances Collichio, MD
PATEY
o (CENTERED CARE RIS
Oncologic Emergencies
Jake Stein, MD
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We Thank You for Participating Today!

UNC Lineberger Cancer Network
Sign up for our monthly e-newsletter
Email: unclen@unc.edu
Call: (919) 445-1000

Check us out at
unclcn.org and learn.unclcn.org
Look for us on these social media platforms

n facebook.com/unclcn |@l unclinebergercancernetwork

TR rveesin.comyin/uncien
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