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Molecular Testing of NSCLC

Recommended testing targets include: EGFR, ALK, ROS1, Met exon 14
skipping mutations, RET, and PD-L1

ALK testing should be performed in the same NSCLC patient population as
for EGFR: patients with advanced NSCLC and never-smokers with
squamous subtype

Testing modalities for ALK include fluorescent in situ hybridization (FISH),
immunohistochemistry (IHC), and Next-generation sequencing (NGS)

Testing must be clinically relevant, easy to interpret, have a short turnaround
time, and be cost efficient

Testing considerations that impact the
overall turnaround time

Preanalytic (test ordering, specimen retrieval, slide/block review,
transportation to the testing laboratory)

Analytic (batching of tests, releasing reports)

Postanalytic (report availability in the electronic medical record, notification of
results to the treating physician)

Reflex testing initiated by the pathologist at the time of biopsy diagnosis can
increase testing rates and decrease turnaround time of molecular testing
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Application of Testing Methods

Most biomarker tests are performed as a series of single-gene evaluations,
which need more tissue and potential limit the number of tests possible

While IHC is the usual diagnostic test for ALK, followed by FISH where results
are indeterminate, NGS is more commonly being used as a testing panel

Laboratories are migrating away from the single gene test approach toward
NGS assays incorporating gene panels able to detect a diverse set of
alterations

The choice is driven by cost, urgency, clinical and laboratory focus, and time
considerations; there is no “one size fits all” approach

Plasma Genotyping (Liquid biopsy)

Evolving; usefulness in clinical practice depends upon the number of circulating
tumor molecules in the peripheral blood and tumor burden

Reasons to perform liquid biopsy include:

(1) inability to biopsy or rebiopsy due to the patient’s suboptimal clinical condition or
unfavorable tumor site such as bone, central nervous system, or multiple small pulmonary
nodules

(2) sparing the patient the risk of complications of an invasive procedure
(3) inadequacy of biopsy tissue for the performance of all necessary testing

(4) lower cost of blood draw

(5) shorter turnaround time

(6) circulating markers are theoretically more likely to reflect systemic tumor burden, better
depicting intratumoral heterogeneity that is missed with single-site biopsies

Copyright (c) 2021. American Society for Clinical Pathology and Association of Community Cancer Centers. All rights reserved.



Optimizing Advanced NSCLC Testing, Treatment, and Management Virtual Summit
Session 1: Follow the Tissue: Testing Selection for Patients with Advanced NSCLC

Technical Considerations

Blood collection: Ethylenediaminetetra-acetic acid (EDTA) tubes versus
preservative tubes designed for cell-free DNA isolation

EDTA tubes: inexpensive, must be processed within 1-2 hours after collection,
greater risk of release of normal genomic DNA, diluting the mutant species;
therefore best for use with in-house laboratory testing

Preservative tubes: stabilize nucleated RBCs, preventing release of genomic
DNA, inhibits cfDNA degradation, cfDNA stable up to 14 days, circulating
tumor cells (CTCs) up to 7 days; therefore best for sending out to a laboratory

No consensus but usually 20 ml of blood is suggested; both stable at room
temperature; storage and transport guidelines must be strictly followed

Liquid Biopsy

Tissue testing remains the gold standard for ALK testing; however, liquid
biopsy is becoming more commonly employed

Noninvasive, reliable, alterative approach for patients at the time of diagnosis
for whom tumor biopsy is not feasible or with inadequate material for
molecular analysis

Can guide treatment strategies during the disease course, including
evaluating recurrence

Liquid biopsy has driven molecular testing from local pathology laboratories to
high-throughput, centralized, often for-profit laboratories
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Liquid Biopsy

What does this mean for patient care?
How is the pathologist’s role affected?

What are the implications for integration of diagnostic information and
appropriate therapy selection?

How do we control quality?

11
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Lung cancer is responsible for 1 in 5 cancer
deaths worldwide
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Histologic Subtypes of NSCLC: US

Decreasing Incidence of Squamous Cell Subtype Owver Time

Incidence of Histologic Types: Males and Females

se specified

85% oflung cancers are MSCLC.

15

16

Copyright (c) 2021. American Society for Clinical Pathology and Association of Community Cancer Centers. All rights reserved.



Optimizing Advanced NSCLC Testing, Treatment, and Management Virtual Summit
Session 1: Follow the Tissue: Testing Selection for Patients with Advanced NSCLC

17

18

Copyright (c) 2021. American Society for Clinical Pathology and Association of Community Cancer Centers. All rights reserved.



Optimizing Advanced NSCLC Testing, Treatment, and Management Virtual Summit
Session 1: Follow the Tissue: Testing Selection for Patients with Advanced NSCLC

19

20

20

Copyright (c) 2021. American Society for Clinical Pathology and Association of Community Cancer Centers. All rights reserved. 10



Optimizing Advanced NSCLC Testing, Treatment, and Management Virtual Summit
Session 1: Follow the Tissue: Testing Selection for Patients with Advanced NSCLC

Stage IV Lung Cancer Treatments

Targeted Treatment

Chemotherapy + Immunotherapy
Immunotherapy along

21

The James

THE OHIO STATE UNIVERSITY
COMPREHENSIVE CANCER CENTER

22
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EGFR ALK ROS1 BRAFV600E MET NTRK RET
Preferred Osimertinib Alectinib? Entrectinib Dabrafenib +  Capmatinib?>  Larotrectinib* Selpercatinib®
First-Line Brigatinib trametinib Tepotinib? Entrectinib Pralsetinib®
Lorlatinib
Alternative Afatinib Ceritinib Crizotinib Vemurafenib Crizotinib Cabozantinib
Gefitinib Ceritinib Vandetanib
Dacomitinib
Erlotinib
+ramu or bev
2" |ine+ Crizotinib Lorlatinib
Entrectinib
Clinical Clinical trial Clinical trial Clinical trial Clinical trial Clinical trial Clinical trial Clinical trial
trial
Reference FLAURA ALEX! ALKA, BRF113928 GEOMETRY-012  Drilon NEJM  Drilon NEJM
NEJM2018  NEJM2017  STRTRC Lancet NEJM 2020 2018* 20205
Lancet‘ Oncology Paik NEJM ARROWS JCO
2017 2020° 2020
Oncology
23
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Best response: AMG510 at 960mg

25

OSU 19016: glutaminase inhibition + osimertinib in EGFR
positive NSCLC after PD on osimertinib

26
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Heterogeneity

28
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Personalizing Care for Older Adults

29
30
Tip: Toxicity Comorbidities
Lower extremity swelling
Diarrhea and deyhydration
Rash
Cardiac
30
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Tip: Brain Mets versus no Brain Mets

31
32
Tip: Talk to your pharmacist!
Drug-drug interactions
BEERS Criteria
Polypharmacy
32
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Conclusions

Test for at least 7 genes
Brain versus no brain involvement
Comorbidities

Pharmacy involvement

33

Kz

» Oncogeriatrics Program at OSUCCC
» Thoracic Oncology Center at OSUCCC

34
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3
. . 4
Immunohistochemistry (IHC)
Many IHC antibodies are dependent upon fixation; IHC on formalin fixed
paraffin embedded tissue is the most practical
Careful control of preanalytical, analytical, and postanalytical variables is
critical for successful IHC results
The use of IHC for determination of pulmonary carcinoma biomarkers is a
well-established and powerful technique
IHC is readily available in pathology laboratories, is relatively easy to perform
and assess, can provide clinically meaningful results quickly, and is relatively
inexpensive
4
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Preanalytic Variables °

Starts the moment the tissue is removed from the patient

Variables include fixation delay, inappropriate fixation time, and issues of paraffin
embedding

Cold ischemia time (time from tissue removal until placement in formalin) should be
less than 1 hour

Fixation should be in an adequate amount, 10 times the specimen volume
Fixation time should be 6-24 hours for biopsies, 24-72 hours for resection specimens

Unstained sections not used within a few days should be stored at 2 to 8 degrees to
preserve antigenicity

5
Analytic Variables

Laboratory’s responsibility
Development of adequate antibodies, antigen retrieval, type and
concentration of the antibody, incubation time, incubation temperature, signal
enhancement, epitope retrieval buffers
Validation of the IHC test requires a minimum of 10 samples, which may be a
practical difficulty for some laboratories as it may take a long time to acquire
10 positive samples for initial setup of the IHC

6
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Postanalytic Variables !

Starts with the glass slide’s microscopic evaluation
Standardization of positive and negative controls

Subjectivity of staining intensity assessment can be reduced using uniform
intensity scoring

Identification of IHC staining artifact, including nonspecific background
changes, crush artifacts, edge artifacts, and artifacts due to poor fixation and
necrosis

ALK IHC

ALK testing was originally performed via FISH assay; however, IHC is now
accepted as an appropriate assay, with FISH used in cases of indeterminate
IHC results

ALK-specific preanalytic variables: D5F3and 5A4 antibodies show equal
sensitivity; however, the ALK1 antibody is less accurate and should not be
used

ALK-specific postanalytic variables: ALK protein is not expressed in normal
mature lung tissue, so strong IHC amplification can be used as a marker of
tumor ALK positivity; however, artifacts can cause strong false-positive
staining
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ALK IHC

ALK-specific postanalytic variables (cont): Positive ALK IHC shows strong
granular cytoplasmic staining; however, granular staining can occur in
alveolar macrophages nerve and ganglion cells, including within tumors,
glandular epithelium, extracellular mucin, and areas of necrosis

Especially in mucin-containing cells such as signet ring tumor cells require
careful evaluation for ALK staining; and signet ring cell morphology of ALK-
rearranged adenocarcinomas is frequent

A thin membranous positive patten on ALK IHC may be masked by an
intracellular mucin vacuole, making it difficult to detect their ALK positivity

ALK IHC °

ALK IHC may be used for screening with confirmatory FISH testing for some
indeterminate (weak positive) cases

Because ALK testing was originally performed via FISH only, some in the lung
oncology community may be somewhat suspicious of IHC biomarkers

In fact, there have been a number of failed trials, likely due to the nature of the IHC
biomarker; however, this should not be used as evidence against the use of IHC
biomarkers today

It is important to understand the practice of IHC and how the particular chemistry
used in any assay may influence the test outcome

ALK IHC can be used to the patient’s advantage;today, some ALK IHC protocols do
not require FISH confirmation

10
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ALK IHC k

What about NGS replacing IHC and FISH?

NGS-based testing is fast emerging as a one-stop solution in lung cancer
diagnostics; however, ALK IHC remains available, affordable, and sensitive,
so NGS cannot be considered today as a complete replacement of ALK IHC

Perhaps NGS will replace FISH as the confirmatory test for cases of
indeterminate ALK IHC test results

11
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Pathology Evaluation

Goal of Pathologic evaluation:

A) to make an accurate diagnosis
using 2015 WHO classification

B) to preserve the tissue for
molecular studies, especially in
cases of advanced-stage disease

STATE OF THE ART: CONCISE REVIEW

The 2015 World Health Organization Classification of
Lung Tumors

Impact of Genetic, Clinical and Radiologic Advances
Since the 2004 Classification

Willian D. Travis, MD.* Elisabeth Brambilla, MD.t dndvew G. Nicholson, MD.J Yasushi Yatabe, MD.§
John H. M. Austin, MD,|| Mary Beth Beasley, MD,§ Lucian. R. Chirieac, MD,# Sanja Dacic, MD,**
Edwina Duhig, MD, 1 Douglas B. Flieder, MD.{{ Kim Geisinger, MD.§§ Fred R. Hirsch, MD, | |
Yuichi Ishikawa, MD, 5 Keith M. Kerr, MD,# Masayuki Noguchi, MD, *** Giuseppe Pelosi, MD; T
Charles A. Powell, MD, 111 Ming Sound Tsao, MD,§§§ and Ignacio Wistuba, MD. | |||
On Behalf of the WHO Panel
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Molecular Study Selection

Molecular diagnostic
studies in Non-Small Cell
Lung Cancer:

A) Gene alterations with
impact on therapy

B) Avoidance of therapies
with no/minimal clinical
benefit

15
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NCCN Evidence Blocks™
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Molecular Study Methods

“Up-front” slide sectioning when the tissue is minimal

Next-generation sequencing (NGS): a broad-
based panel

RNA-based NGS: to maximize detection of fusion
events (especially in never smokers)

Real-time polymerase chainreaction (PCR):
specific targeted fusion

to
examine copy numbers, amplification, and structural

a Ite rat | O n S htips /iswisscheckup.comivpcontentuploads/2013/07/ngsvssanger_small.jrg

19

Fluorescence in situ hybridization (FISH)

Fluoresence In Situ Hybridization

A molecular cytogentic technique

To locate and detect a specific DNA
sequence on a chromosome using a
probe

A probe is a small DNA or RNA
sequence with an attached fluorescent
molecule

Binding occurs between a probe and
part of the DNA with high degree of
complementarity

https://upload. wikimedia. org/wikipedia/ commons/e/e6/ F ISH_%28technique%z29.gi

20

20
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FISH Process 2t

Denature the chromosome
Denature the probe

Hy bridization
Fluorescence staining

Detection in the dark

RatanZ, Zaman S, Mehta V, etal. (June 09,2017) Application of Fluorescenceln Situ Hybridization

(FISH) Technique for the Detection of Genetic Aberration in Medical Science Cureus 9(6):e1325.DOI
10.7759/cureus 1325

https://www.genome. gov/sites/default/fles/tg/enillustration/fluorescence_in_
situ_hybridization_fish.jpg

21
FISH advantages and disadvantages
22
Advantages
High sensitivity, specificity and rapid
turnover
High efficiency of detection
4-24 h turn around time
Analy sis of 1000—2000 cells accomplished
in 15—45 min
Disadvantages
High cost of fluorescence microscope
Loss of signals with time in FISH slides
Ryan Bishop, Applications offluorescence in situ hybridization (FISH) in detecting
322?:3&32[&32"”?feifs'é'iféﬁf,bolume 3,Issue 1,March ;gw%ogasggleé%(— natena https://image. slidesharecdn. com/genomics-girish-170317024547/95/mapping-techniques-fluorescent-in-situ-
95, hybridizationfish-and-sequence-tagged-sitests-8-638.jpg?cb= 1509515968
22
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FISH Specimen

FFPE (formalin fixed
paraffin embedded)tissue,
cell blocks

Smears: unstained,
Papanicolaou stain,
Romanowsky stain, cytospin

Tissue imprints

23

23

FISH Probes for NSCLC

ALK translocationin 2-7% of NSCLC, never smoker
EML4/ALK, 4-5% of NSCLC

BRAF mutations in 5% of NSCLC, V600E and non-V600E
ROS1with CD74/ROS1FISH probe

EGFR FISH probe

ERBB2 (HER2)

KRAS FISH probe, 15% to 25% of NSCLC, 97% affecting KRAS exon 2 and 3, smoker
MET FISH, 4% of lung cancers

NTRK1 rearrangementin 1-3% of NSCLC
PD-L1(CD274) FISH probe

PIK3CA FISH probe, chromosome 3q26

PTEN, 2-7% of NSCLC

RET rearrangement in 1-2% of NSCLC

ROS, 1% of NSCLC, never smoker

24

24
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FISH in NSCLC ®

ALK rearrangements, 2p23
ROS1 rearrangements, 6¢22
RET rearrangements, 10q11.2

MET amplification

ALK (Anaplastic Lymphoma Kinase) Gene Rearrangements
26
ALK is a tyrosine kinase receptor that can berearranged in
NSCLC
ALK rearrangementis associated with responsiveness to oral
ALK TKiIs.
Echinoderm microtubule-associated protein-like 4 (EML4) is
the most common fusion partner
FDA-approved IHC (ALK [D5F3] CDx Assay) can be utilized as a
stand-alone test, not requiring confirmation by FISH.
FISH, NGS, Targeted real time PCR
hitps:/www.resear chg ate .n etip ro file/ Mile na- Ron do n-
Lagos/publication/ 333 48 13 29 gu re/ fig3 /AS 7 642 50 25 973 04 36@ 15 59 222 86 95 T4/A LK -
Break-ApartFISH-P rob e-fo r estin g-fo rt he -p res enc e-0 FE ML 4-2p2 1-A LK-2 p2 3
fusion_W640,jpg
ALK FISH pattem scoiing system. A, Nomal cells showing two ALK{used signals (ALK_F) (B) ALK short split pattem (ALK S) (C) ALK long split pattem
(ALK_L), (D) ALK faraway spiit pattem (ALK_FA); deleted split pattem (ALK_D). Cell ftive for ALK (ALK_R)are those long, far-away
splits, and deleted pattems; (F) ALK polysomy. ALK asapkasticympbomadd =1
Matin v, Borasconi B, Nefo E, Bazari P, Vemi W, Riva A, Chiavall AW, Fatini M, Samano N, Facoheli F, Mezzucchell L, Sessa F, Tiiti NG
ALK testing inlung adenocarcinoma:  technical aspects to improve FISH evaluation in daily practice. J Thorac Oncol. 2015 Apr10{4)595-602.  doi
T010971ITO.00000000 0000444 PIAD: 25514602
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Anaplastic Lymphoma Kinase (ALK) Rearrangements
Using a break-apart/ rearrangement probe set

An inv(2) leading to EML4-ALK fusion, or
other rearrangements disrupting ALK gene
would result in constitutive kinase activity.

ALK FISH probe is a break-apart probe (5’
in green and 3’ in red).

Crizotinib is a tyrosine kinase inhibitor,
targeting ALK positive NSCLC.

Abnormal Cell with

Normal Cell ALK rearrangements

27

ROS1 (ROS proto-oncogene 1)

28

ROS1 is a tyrosine kinase receptor

CD74, SLC34A2, CCDC6, and FIG, common fusion partners
Oral ROS1 TKis

FISH, NGS, Targeted real time PCR

IHC for ROS1 fusions has low specificity, needs to be confirmed

https://www.empiregenomics.com//img/ideograms/catalog_probes/ROS1-BAROS1-BA_GRORpng

28

Copyright (c) 2021. American Society for Clinical Pathology and Association of Community Cancer Centers. All rights reserved.



Optimizing Advanced NSCLC Testing, Treatment, and Management Virtual Summit
Session 2: Biomarker Testing Methodology and Recommendations

RET (rearranged during transfection)
Gene Rearrangements

29

RET is a receptortyrosine kinase
Dysregulation and ina'ggro riate
signaling through the RETkinase
domain

Common fusion partners are
KIF5B, NCOA4,and CCDC6

Associatedwith responsiveness to

oral RET TKIs regardless offusion

partner

NGS-based methodologyhas a

le 8gslgep?leﬁfglrtg,bal 2? ORDI\l N At-)ba aS Se g d https://www.empiregenomics. com/imglideograms/catalog_probes/RET-BARET-BA_ORGRpng
NGS for fusion detection.

Targeted real-time reverse-

transcriptase PCR assays, FISH

may under detect

29

MET (mesenchymal-epithelial transition)

Exon 14 (METex14) skipping variants

MET is a receptor tyrosine kinase

Loss of MET ex14 leads to dysregulation

Responsiveness to oral MET TKis

NGS, RNA-based NGS demonstrating improvement in detection

https://www.empiregenomics.com/img/ideograms/catalog_probes/MET/MET_OR.png

30
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FISH test for MET amplification

® MET

® MET
-

Normal Cell

Abnormal Cells with MET Amplification

31

BRAF (B-Raf proto-oncogene) point mutations

A serine/threoninekinase

MAP/ERK signaling pathway

Change in amino acid position V600OE

Combined therapy with oral inhibitors of BRAF and MEK

Real-time PCR, Sanger sequencing (ideally paired with
tumor enrichment), and NGS

32

32
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EGFR (Epidermal Growth Factor Receptor)

A receptor tyrosine kinase on the surface of epithelial cells
Exon 19 deletions, p.L858R point mutation in exon 21
Responsive to oral EGFR tyrosine kinase inhibitor (TKI) therapy
stage IIB-lIA or high risk stage IB-IIA NSCLC
EGFR p.T790M : a mechanism of resistance to first- and second-generation EGFR TKI
EGFR ex20; a diverse group of in-frame duplication or insertion mutations
Lackof response to EGFR TKI therapy exceptions are :
p.A763_Y764insFQEA is associated with sensitivity to TKI therapy
p. A763_Y764insLQEA may be associated with sensitivity to TKI therapy
=For this reason, the specific sequence of EGFRex20 insertion mutations is important

II
are the most commonly deployed methodologies for examining EgIJ)R mutation status.

33

Testing Methodologies: Real-time PCR, Sanger sequencing (ideally paired w ith tumor enrichment), and NGS

33

KRAS (KRAS proto-oncogene) point mutations

G-protein with intrinsic GTPase activity,

activating mutations resultin unregulated
signaling through the MAP/ERK pathway.

KRAS are most commonly seen at codon 12
KRAS mutationis prognostic of poor survival
reduced responsiveness to EGFR TKI therapy
presence of a known activating mutation in KRAS

identifies patients who are unlikely to benefit from
further molecular testing.

34

34
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NTRK1/2/3 (neurotrophic tyrosine 35
receptor kinase) gene fusions

NTRK1/2/3 are tyrosine kinases receptor

Rarely rearranged in NSCLC

no specific clinicopathologic features

Point mutations in NTRK1/2/3 are generally non-
activating and have not been investigated in association
w ith targeted therapy

FISH, HC, PCR, and NGS

DNA-based NGS may under-detect NTRK7 and NTRK3
fusions.

35

PD-L1(Programmed Death Ligand 1) ~

PD-L1 : A co-regulatory molecule, expressed on tumor
cells, inhibiting T-cell-mediated cell death.

PD-1: a negative regulator, binds to ligands including PD-
L1 (CD274) or PD-L2 (CD273)

PD-L1 is a suppressor for T cell activity

Immune checkpoint inhibitors block PD-L1 and PD-1
interaction and enhance antitumor effects of T cells.

IHC for PD-L1 is used to detect effectiveness of first line
anti-PD-1 and PD-L1 therapy

https://dai org/10 1016/ sir 2017 06 011

36
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PD-L1(Programmed Death Ligand 1) (2)

PD-L1IHC
It is FDA approved

PD-L1IHC interpretationis based on
membranous expression oftumor cells

utilization of pembrolizumab in patients with
NSCLC

The guide-line is based on Tumor proportion
score (TPS)

TPS: is the percentage of viable cells with
partial or complete membranous expression
of PD-L1, regardless ofits intensity

https://www.spandidos-publications.com/article_images/ol/18/1/0k18-01-0161-g02.jpg

37
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PD-L1(Programmed Death Ligand 1) (3)

The definition of positive or
negative testing for PD-L1 varies
for each antibody and platform
deployed

In NSCLC patients harboring
tumors with an oncogenic driver
and PD-L1 expression, targeted
therapy for the oncogenic driver
should be considered first.

38

38
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PD-L1 and the NCCN guidelines 39
PD-L1 guidelines are based on
<1%
1%-49%
Equal or >50%
S s o D P Lt T e v o D G
39
: 40
CAP New Recommendations
A minimal of genes : EGFR, ALK, and ROS1.
A panel of genes in NSCLC patients: BRAF, MET, RET,
ERBB2 (HER2), and KRAS, if adequate material is available
Pathologists and laboratories should not use EGFR copy number analysis
(i.e., FISH or CISH) to select patients for EGFR-targeted tyrosine kinase
inhibitor therapy.
40
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Guideline for non-Small
Cell Lung Cancer

41

Adenocarcinoma, NSCLC (NOS), Large cell carcinoma

EGFR mutation (category 1), ALK (category 1), ROS1, BRAF, NTRK1/2/3,
METex14 skipping, RET

PD-L1 testing (category 1)

Squamous cell carcinoma

EGFR mutation, ALK, ROS1, BRAF, NTRK1/2/3, MET exon 14 skipping, RET
PD-L1 testing (category 1)

41

CAP 2018 -

Any CYtoIogy Sample With Adequate Cellularity and Preservation May Be Tested.—The
original recommendation preferred cell blocks over smears.

Analytic methods must be able to detect mutation in a sample with 20% or more malignant
cell content.

It is not appropriate to use IHC for EGFR mutation testing.

ROS1 testing must be performed on all lung adenocarcinoma patients, irrespective of clinical
characteristics.

I1E) offer a comprehensive cancer panel that includes all of the genes in the first 2 categories
GFR, ALK, ROS1, BRAF, MET, ERBB2 [HERZ2], KRAS, RET) for all appropriate patients, or
2) offer targeted testing for the genes in the must-test category SEGFR, ALK, ROS1) for all
appropriate patients and offer as a second test an expanded panel containing the second-
category genes (BRAF, MET, ERBB2 [HER?Z], and RET) for patients who are suitable
candidates for clinical trials, possibly after performing a single-gene KRAS test to exclude
patients with KRAS-mutant cancers from expanded panel testing

42
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CAP Recommendation 43

Strong Recommendation: Physicians must use EGFR and ALK molecular
testing for lung adenocarcinoma patients at the time of diagnosis for patients
presenting with advanced stage disease or at progression in patients who
originally presented with lower stage disease but were not previously tested.
Recommendation: Pathologists may utilize either cell blocks or other
cytologic preparations as suitable specimens for lung cancer biomarker
molecular testing.

Pathologists and laboratories should not use EGFR copy number analysis
(i.e., FISH or CISH) to select patients for EGFR-targeted tyrosine kinase
inhibitor therapy.

43

44

CAP Recommendations

Strong Recommendation: Laboratories should not use total EGFR expression
by IHC testing to select patients for EGFR-targeted tyrosine kinase inhibitor
therapy.

RET, BRAF, ERBB2 (HER2), KRAS, MET, molecular testing is currently not
indicated as a routine stand-alone assay outside the context of a clinical trial.
It is appropriate to include RET as part of larger testing panels performed
either initially or when routine EGFR, ALK, and ROS1 testing are negative.

44
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CAP Recommendation 45

ROS1 IHC may be used as a screening testin advanced stafge lung adenocarcinoma
patients; however, positive ROS1 IHC results should be confirmed by a molecular or
cytogenetic method.

Recommendation: Immunohistochemistry (IHC) is an equivalent alternative to FISH for ALK
testing.

Sensitizing EGFR mutations and have progressed after treatment with an EGFR targeted TKI

EGFR T790M mutational testing when selecting patients for third-generation EGFR-targeted
therapy. Recommendation: Laboratories testing for EGFR T790M mutation in patients with
secondary clinical resistance to EGFR-targeted kinase inhibitors should deploy assays capable
of detecting EGFR T790M mutations in as little as 5% of viable cells. No Recommendation:
There is currently insufficient evidence to support a recommendation for or against routine
testing for ALK mutational status for lung adenocarcinoma patients with sensitizing ALK
mutations who have progressed after treatment with an ALK -targeted tyrosine kinase inhibitor.

45

The role of testing for circulating, cell- i
free DNAfor lung cancer patients

There is currently insufficient evidence to support the use of circulating cell-
free plasma DNA (cfDNA) molecular methods for the diagnosis of primary
lung adenocarcinoma. Recommendation: In some clinical settings in which
tissue is limited and/or insufficient for molecular testing, physicians may use a
cell-free plasma DNA (cfDNA) assay to identify EGFR mutations.

Expert Consensus Opinion: Physicians may use cell-free plasma DNA
(cfDNA) methods to identify EGFR T790M mutations in lung
adenocarcinoma patients with progression or secondary clinical resistance to
EGFR-targeted tyrosine kinase inhibitors; testing of the tumor sample is
recommended if the plasma result is negative.

46
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47

CAP Recommendation

Smoking status, ethnicity, and histology—
are associated with the presence of an
EGFR mutation

Smoking status and histology—have been
associated with the presence of an ALK
rearrangement

These factors should not be considered
in selecting patients for testing.

https://www.spandidos-publications.com/article_images/or/37/3/0 R-37-03-1347-g00.jpg

47

48

CAP 2018, emerging markers

Mitogen-activ ated protein kinase kinase 1 (MEK1/MAP2K1)
Fibroblast growth factor receptor 1-4 (FGFR 1-4)
Neurotrophic ty rosine kinase, receptor, ty pe 1-3 (NTRK1-3)
Neuregulin 1 (NRG1)

Ras-like without CAAX 1 (RIT1)

Neurofibromin 1 (NF 1)

Phosphatidy linositol-4,5-bisphosphate 3-kinase cataly tic subunit alpha (PIK3CA) AKT serine/threonine kinase 1 (AKT1)
NRAS proto-oncogene, GTPase (NRAS)

Mechanistic target of rapamy cin (MTOR)

Tuberous sclerosis 1 (TSC1)

Tuberous sclerosis 2 (TSC2)

KIT proto-oncogene receptor tyrosine kinase (KIT)
Platelet-deriv ed growth factor receptor alpha (PDGFRA)

48
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Thank you

@ZMaleki_cyto

49

49
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Testing Methodologies

51

51

Plasma Cell Free Circulating Tumor DNA Testing

52

52
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32y ears old never smoker white female
recently diagnosed with stage IV non-
small cell lung cancer, poorly

dif ferentiated adenocarcinoma with
signet ring f eatures presented with
bilateral pulmonary nodules and
masses in addition to mediastinal

ly mphadenopathy as well as axillary
and upper abdominal ly mphadenopathy

Alectinib vs. Crizotinib PFS
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Advanced NSCLC
N f ; C L C (molecular biomarker positive)
! 7 ! ] M—

I

4

Osimertinib (preferred), erlotinib, Alectinib (preferred), Crizotinib Dabrafenib/ Entrectinib or §

afatinib, gefitinib, or dacomitinib* brigatinib, ceritinib, or or entrectinib trametinib* larotrectinib
crizotinib
Progression
1
EGFR T790M mutation ~ EGFR T790M mutation 2w
positive negative or previous a3
osimertinib E,‘ 2
8=
Qo
Follow treatment options for adendcarcinoma or squamous cell carcinoma without actionab.e biomarker
*Afatinib, dacomitinib, erotinib, gefitinib, and osimertinib approved for EGFR exon19del, exon 21 L858R; afatinib for EGFR G719X, 5768, L861Q. slide credit:
*Or as second line after CT. :
18
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Cellular ALK Phosphorylation Mean ICsp (nM)

Lorlatinib has Broad 2:::::“" Crizotinib  Ceritinib  Alectinib  Brigatinib  Lorlatinib
ACt|V|ty Against ALK EML4-ALK 386 49 114 107 23
Resistance Mutations c11se - SO -
11171N 8.2 397.7 26.1 49.0
Secondary mutations in the 1n171s 338 178 304
ALK kinase domain can 111717 Ly adl s
induce resistance to first- F1174c =80 &0
and second-generation ALK H9eM o=
TKIS1 L1198F
G1202R
Lorlatinib has broad- G1202del
spectrum potency against D1203N
most known ALK resistance E1210K

mutations, including ALK G1269A
G1202R"2 ICs0 €50 NM ICso >50 to <200 nM Cs0.2200 nM
| ] | [ |

1. Gainor. Cancer Discov.2016.6:1118. 2.Johnson. J Med Chem. 2014;57:4720. Table adapted from Gainor 2016. Slide credit: clinicaloptions.com
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o . o o o
L]
Phase lll CROWN: Firstline Lorlatinib has Superior PFS
Crizotinib
PFS Cumulative CNS Progression as First Event
Median PFS, 12- Mo PFS,
Mo (95% Cl) % (95% Cl) R
= 100m= NR (NR-NR) 78 (70-84) 501 Crizotinib,
5 R n Crizotinib 9.3 (7.6-11.1) 39 (30-48) 12-mo cumulative incidence:
8 y S {7.6-1L _ 33.2% (95% Cl: 24.6%-44.7%)
E 6 80 R 404 1
w
=2 @
e g 60 e HR for CNS PD w/o previous
£ 8 €301  non-CNSPD or death: !
- g 0.06 (95% CI: 0.02-0.18) !
€ Y 40+ = |
o © o 204 1
= o >
58 ;:
o 204 S 104 12-mo cumulative incidence:
HR for PD or death: 0.28 (95% Cl: 0.19-0.41); P<.001 g 2.8%(95% Cl: 1.0%-8.1%)
0 T T T 1T T T 1T 1T 1 © i
0 3 6 9 12 15 18 21 24 27 30 33 o -
Mo 0 1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16
Patients at Risk, n Mo
149 129 118 113 105 7 59 33 20 11 4 2
Crizotinib 147 120 84 62 39 19 16 8 4 2 1 0
Shaw. NEJM. 2020;383:2018. Slide credit: clinicaloptions.com
20
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Lorlatinib Toxicity Poses Unique Challenges

Lorlatinib (n = 149) Crizotinib (n = 142)
Grade 1 Grade 2 Grade 3 Grade 4 Grade 1 Grade 2 Grade 3 Grade 4

Any 4 19 58 14 6 32 47 8
Hypercholesterolemia 16 38 15 1 4 0 0 0
Hy pertrigly ceridemia 19 25 13 7 4 2 0 0
Edema 36 15 4 0 27 11 1 0
Increased weight 7 14 17 0 4 6 2 0
Peripheral neuropathy 24 7 2 0 13 1 1 0
Cognitive effects 13 6 2 0 5 1 0 0
Diarrhea 14 6 1 0 47 4 1 0
Anemia 11 6 3 0 2 3 3 0
Fatigue 17 1 1 0 18 12 3 0
Hypertension 1 7 10 0 0 2 0 0
Vision disorder 17 1 0 0 38 1 1 0
Increased ALT 15 0 3 0 18 11 4 1
Mood effects 9 5 1 0 3 2 0 0
Increased AST 12 0 2 (0] 21 3 4 0
Shaw. NE/M. 2020;383:2018. Slide credit:
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Patient Case 5: Newly Diagnosed
ROS 1-Positive Advanced NSCLC

56-yr-old male nonsmoker presents with
abnormal chest x-ray

CT/PET shows large LUL mass with extensive
metastatic lymphadenopathy

Cenvical lymph node biopsy reweals stage IV
adenocarcinoma

Brain MRI shows 3 small lesions in frontal
lobe

NGS biomarker testing with tissue shows:

ROS1 rearrangement positive; negative for
EGFR, ALK, BRAF, MET, RET, NTRK

PD-L1 expression 60%

22
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ROS 1 - P OS |t| Ve N S C LC Shaw. NEJM. 2014;371:1963. Staw. Ann Oncol. 2019;30:1121.
Slide credit:
PROFILE 1001: ORR in ROS1+ (N = 50) PROFILE 1001:0S in ROS1+
100 ROS1-Rearranged NSCLC
m PD (N=53)
g 8 mSD 100 Deaths, n (%) 26 (49.1)
g o0 ORR: 72% : Eg Median 05, mo (95% Cl) 51.4 (29.3-NR)
@ : 80
& 40 Median PFS: 19.2 mo
@ 20
£ * M A <60
2 o B3
[72)
[T o
2 20 401 . Median follow-up for OS:
8 -40 62.6 mo
.60 201 =14 patients (26%) remain
in follow-up + Censored
-80 8
-100 0 20 40 60 80
*Later determinedtonot be a ROSI mutation. Patients atRisk, n Mo
A, FISH posit(iffe, n%?t:vvefor R(:Slrearrange?ment, positive for ALK rearrangement. 5348 42 37 33 312723202018 1713 9 5 4 3 0
M, FISH positive, positive for MET ampilification.

23

" Dziadziuszko. JCO. 2021;39:1253.
Effl Ca Cy Slide credit:
Change in Tumor Size (N = 161) PFS
25+
£ (N =161)
g8 7 Median PF 15.7
a s 1004 edian PFS, mo 5.
g £ -254 (95% CI) (11.0-21.1)
£ 8 5o 80+
g9 s I
o5 ’ X 60 !
3 F @ Baseline CNS metastases =~ 1 [
g £-1004 No baseline CNS metastases 2 9 1
g 9 & 404 77% .
<3 (95% Cl: I70%-84%)_
§ Outcome Total CNS Disease  No CNS Disease 20 I 55%
(N=161) at Baseline at Baseline | (95% d:. 47%-64%)
(n=56) (n=105) 0 : : T T T T T
ORR, n (%) 108 (67.1) 35(62.5) 73 (69.5) 0 6 12 18 24 30 36 42
(95% Cl) (59.3-74.3)  (48.6-75.1) (59.8-78.1)

Median PFS, 15.7 118 19.0 Patients at Risk, n Mo

mo (95% Cl) (11.0-21.1)  (6.4-15.7) (12.0-29.6) 16113111285 60 46 3123 15 9 5 4 4 2 1

Investigator determined CNS status. Data cutoff: May 1, 2019. Median follow-up: 15.8 mo. Both treatment-naive (37.3%) and previously treated (62.7%) patients included in analysis.
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Median PFS, mo
Intracranial ORR, %
Efficacyin pretreated

disease?

Safety considerations

Crizotinib?
(N =52)

19.2

26 (ALK+)5

Visual impairment,

peripheral edema,
Gl

Entrectinib22
(N =161)

15.7
(19.0 without
CNS mets)

79.2*
Yes$

Weight gain,
dizziness, dysgeusia

9011. 5. Peters. NEJM. 2017;377:829.

Approach to Selecting ROS-Targeted
TKI Therapy for ROS7+ NSCLC

Lorlatinib3
(N =69)

21.0
(crizotinib naive)

64"
Yes (35%ll)
Peripheral

neuropathy,
cognitive AEs

Repotrectinib?

(N =33)

Not reported

100*
Yes (39%1)
Dizziness,

dyspnea,
neuropathy

*n =19; DoR:12.9 mo."n = 7 crizotinib naive; intracranial ORR in 12 crizotinib-pretreated patients: 50%. *n = 6. SPatients with pretreated disease induded

in overall analysis. lORR for 40 crizotinib-pretreated patients. TORR for 3 patients treated with second-line repotrectinib 80 mg; for 160 mg: 55%.
1. Shaw. Ann Oncol. 2019,30:1121 2. Dziadziuszko. JCO. 2021;39:1253. 3. Shaw. Lancet Oncol. 2019,20:1691 4. Cho. ASCO2019. Abstr

Slide credit:
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A New Frontline Option for ALK+
NSCLC?
Multiple FDA-approved options exist for newly diagnosed patients with ALK+
NSCLC
Crizotinib (approved in 2011 but not recommended)
Ceritinib (2017)
Alectinib (2017; preferred second-generation TKI)
Brigatinib (2020)
Lorlatinib?
Approval expanded to frontline setting in March 2021
Slide credit:
26
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Treatment Failure — Next Steps: ALK
Rearrangement Positive Patients

Biopsy and send for Next Gen Sequencing

Asymptomatic Patients: consider oligometastatic lesion and consider local
therapy such as SBRT or surgery. Continue Alectinib
Symptomatic Patients:
Brain: SRS for limited lesions and continue therapy
Systemic
Limited: SBRT/surgery and continue therapy
Multiple lesions: Change therapy to Lorlatinib

Clinical Trial

27
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