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Pathologist’s Role

» Diagnose and classify the histologic
types of lung cancer (WHO)

» Molecular biomarkers testing (CAP,
IASLC-AMP Guidelines)

 Pathological staging (AJCC)



Transformation in Cancer Care
“Precision Medicine in Oncology”

Genomics is the predominant factors
in influencing precision medicine in
Oncology.



Lung Cancer: Integrated Pathway

Patient

Oncologist

|

Multidisciplinary Tumor Board

l Bronchoscopy
Sample Radiology
l Surgery

Histologic Diagnosis
l (tissue management)
(reflex sectioning)

Predictive Markers (validated techniques)
(reflex molecular testing)

- HC
- FISH
- PCR

v v v v

Tissue Bank Clinical Trials Research & Publication Tumor Registry
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CLINICALPRESENTATION HISTOLOGIC TESTINGID
SUBTYPE?

* Molecular testing
» EGFR mutation testing

» Adenocarcinoma (category 1)

. » ALK testing (category 1)
. . . Large cell » ROS1 testing
» Establish histologic * NSCLC not -
A e . » BRAF testing
subtype? with otherwise

¥ Testing should be
conducted as part of broad
molecular profiling"
- PD-L1 testing"

adequate tissue for
molecular testing
(consider rebiopsyY9

specified (NOS)

Metastatic if appropriate)
Disease * Smoking cessation
counseling * Molecular testing
* Integrate palliative » Consider EGFR mutation
care® (See NCCN and ALK testing! in never
Guidelines for smokers or small biopsy
Palliative Care) specimens, or mixed
Squamous cell histology*k
carcinoma » Consider ROS1 testing
» Consider BERAF testing

¥ Testing should be
conducted as part of broad
molecular profiling"
« PD-L1 testing'

d5ee Principles of Pathologic Review (MSCL-A).

<
;

TESTING RESULTShh

Sensitizing EGFR mutation positive
(see NSCL-18)

ALK positive (see NSCL-21)

ROS1 positive (see NSCL-24)
BRAF VG00E positive (see NSCL-25)

PD-L1 positive' and EGFR,
ALK, ROS1, BRAF negative
or unknown (see NSCL-26)

EGFR, ALK, ROS1, BRAF negative
or unknown, PD-L1<50% or unknown

(see NSCL-27)

Sensitizing EGFR mutation positive

(see NSCL-18)
ALK positive (see NSCL-21)

ROS1 positive (see NSCL-24)

BRAF VG00E positive (see NSCL-25)
PD-L1 positive!' and EGFR, ALK,
ROS1, BRAF negative or unknown
(see NSCL-26)

EGFR, ALK, ROS1, BRAF, negative
or unknown, PD-L1 <50% or unknown

(see NSCL-28)

“Temel JS, Greer JA, Muzikansky &, et al. Early palliative care for patients with metastatic non-
small-cell lung cancer. N Engl J Med 2010;383:733-T42.

98If repeat biopsy is not feasible, plasma biopsy should be considerad.

!?"'See Principles of Molecular and Biomarker Analysis (MICL-G)

IThe MCCM NSCLC Guidelines Panel strongly adviges broader molecular profiling with the
goal of identifying rare driver mutations for which effective drugs may already be available, or
to approgriately counsel patients regarding the availability of clinical trialz. Broad malecular

profiling is a key compeonent of the improvement of care of patients with NSCLC. See Emerging
Targeted Agents for Patients with Genetic Alterations (MSCL-H).

n patients with squamous cell carcinoma, the observed incidence of EGFR mutations is 2.7%
with a confidence that the frue incidence of mutations iz less than 2.6%. This frequency of
EGFR mutations does not justify routing testing of all tumer specimens. Forbes S5A, Bharma G,
Bamford 5, et al. The catalogus of somatic mutations in cancer (COSMIC). Curr Protoc Hum
Genet 2008;chapter 10:unit 10.11.

kkpagil PK, Varghese AM, Sima C2, et al. Response to erlotinib in patients with EGFR mutant
advanced non-small cell lung cancers with a sguamous or sguamaous-like component. Mo
Cancer Ther 2012;11:2535-2540.

llpD-L1 expression levels of 250% are a positive test result for first-line pembrolizumal therapy.

Hote: All recommendations are category 2A unless otherwise indicated.

Clinical Trials: NCCHN believes that the best management of any patient with cancer is in a clinical trial. Participation in clinical trials is especially encouraged.

\erslon 6.2018, 05'17/18 & Mational Comprehenslve Cancer Network, Inc. 2018, All rights reserved. The MOCH Guldelines® and this [hustration may not be reproduced In any farm without the express written pemiission of NCCR®.

NSCL-17



High mutation load in NSCLC
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Molecular Challenges of
NSCLC Testing

* Molecular testing is getting more complex
* Limited sample quantity

* Suboptimal sample quality

* Test validation

* Test failure

* Turnaround time (TAT)
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Lung Adenocarcinoma
Activating Oncogenes

Deletion and point Gene Amplification Chromosomal
Mutations EGFR (6-9%) rearrangement

EML4-ALK (5%)
* KRAS (300/0) ROS1 (20/0)

- EGFR (15%)
- BRAF (1-2%)

EGFR, EML 4-ALK and KRAS are mutually exclusive



EGFR Mutations

* Exon 18 Gly719 (sensitive)

* Exon 19 deletion (sensitive)

» Exon 20 insertion (resistance)

* Exon 20 Thr790Met (acquired resistance)
* Exon 21 Leu858Arg (sensitive)

Overlapping EGFR and KRAS mutations
occur in <1% of patients



Resistance to EGFR-TKIs

* Primary resistance
KRAS mutations and Alk gene rearrangement
EGFR mutations not sensitive to EGFR TKis
(rare, ~2%) — ex 20 insertion
BRAF mutations (rare, ~3%)

» Acquired resistance
Second EGFR mutation: T790M (over 50% of cases)
MET amplification
Pi3k mutations
Transformation to small cell lung ca



ALK-rearranged Adenocarcinoma

« 2-7% of adenocarcinomas

* Younger patients-

* Never smoking
* Higher stage

o’

Similar to EGFR

| mutation positive patient

except they are younger
and male

» Solid tumor growth, frequent signal
cells with abundant intracellular mucin
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SIGNAL CLASSIFICATION

Patterns observed in native ALK | Patterns observed in split 3'-5' ALK
T
) R0
= C ] e
-
Red and green Red and green Red and green Red and green
separated by separated by separated by separated by
<2 signal 22 signal 22 signal <2 signal
diameters diameters diameters diameters
Classified Classified Classified Classified
as negative as positive as positive as negative
SPECIMEN CLASSIFICATION
Nonrearranged tumors: Rearranged tumors:
Rearrangement-positive cell rate Rearrangement-positive cell rate
<15% of cells >15% of cells

IASLC Atlas of ALK Testing in Lung Cancer




1st Reader-50 tumor cells

>50% Positive 10%-50% Positive <10% Positive

'

Equivocal

2nd Reader-50 tumor cells
1st + 2nd Readers-100 tumor cells

I'4 N

215% Positive <15% Positive
Specimen is Specimen is
positive for ALK negative for ALK
rearrangement rearrangement

IASLC Atlas of ALK Testing in Lung Cancer




Commercially Available Antibodies for IHC to
Detect ALK Protein Expression

ALK1 Mouse
monoclonal

5A4 Mouse
monoclonal

D5F3 Rabbit
monoclonal

Anti-ALK Rabbit
monoclonal

IgG3, kappa

IgC1

Not available

IgC

Amino acids 1359-1460 of the full
length human ALK protein,
corresponding to amino acids 419-520
of the chimeric NPM-ALK protein

C-terminus of the NPM-ALK transcript
(419-520 amino acids)

Carboxyl terminus of human ALK

Recombinant protein representing
amino acids 426-528 of human ALK

IASLC Atlas of ALK Testing in Lung Cancer



DSF3 and 5A4 are equally sensitive

J Thorac Oncol 2013; 8(1) 45-51



ALK Preanalytic Variables

* Ab type
* Antigen retrieval
» Ab detection

» Amplification techniques

Others - Fixation
- Cold ischemic time



ALK Postanalytical Variables

Positive staining may occur In:
 Alveolar macrophages

 Cells of neural origin
» Extracellular mucin
» Glandular epithelium

 Necrotic tumor areas

* Maybe difficult to detect positive staining
In signet ring.



IASLC Atlas of ALK Testing in Lung Cancer



Comparison between technical and clinical validation
in immunohistochemistry according to the College of

American Pathologist (CAP) Guidelines

Technical Validation

Clinical Validation®

Preanalytic steps within limits Yes
Analytic steps robust Yes
Minimal No. of positive cases for validation® 10
Minimal No. of negative cases for validation® 10
Minimal No. covering linear dynamic range* ;. i35
Requires treatment cutcome in study group for a certain drug? No
Test needs to be constant in time to maintain predictive value No

Yes
Yes
10

10

20
Yes
Yes

Arch Pathol Lab Med. doi: 10.5858/arpa.2017-0106-SA




National

Comprehensive  NCCN Guidelines Version 9.2017 NCCN Gui e'fngs Ind
I'ableo ontenis
Siﬁf;k, Non-Small Cell Lung Cancer Discussion

PRINCIPLES OF PATHOLOGIC REVIEW (4 of 5)

Molecular Diagnostic Studies in Lung Cancer.
* ROS-1
» Although ROS1 is a distinct receptor tyrosine kinase, ROS1 has a high degree of homology with ALK (approximately 50% within the kinase
domain and 75% within the ATP-binding site).33
» The majority of patients with ROS1-positive NSCLC respond to the first-generation ALK inhibitor crizotinib; however, certain other ALK
inhibitors such as alectinib do not appear to have activity against ROS1-positive NSCLC.34
» ROS1 rearrglggemenbs occur in 1%-2% of patients with NSCLC.34 Similar to testing for ALK rearrangements, testing for ROS1 is also done
using FISH.



+R0OS1 Rearrangement Testing Method(s)

In situ hybridization (fluorescence [FISH] or

+ chromogenic [CISH])
Reverse transcriptase polymerase chain reaction
+ (RT-PCR) + Fusions identified (specify):
+ Immunohistochemistry
+  D4D6 clone
+ Next-generation (high-throughput) sequencing
+ Anchored multiplex PCR

CAP Template for reporting results of biomarket testing of specimens
from patients with non-small cell carcinoma of the lung, June 2016



NSCLC
(Adenocarcingma or NonN-squamous &
non-smokers with squamous histology)

| '

h 4
EGFR (+/- KRAS) ALK

(PCR & NGS) i (IHC & FISH)

ROS1 IHC ROS1 FISH
ROS1+ ROS1- ROS1+ RO31-

Re-confirmation by a second Consider re-confirmation by
method (e.q., FISH or a second method (e.g., IHC
another molecular assay) or another molecular assay)

Virchows Archiv, November 2016, Volume 469, Issue 5



BRAF V600 Mutation

* 1-2% of patient with lung adenocarcinoma
* Typically smokers (current or former)

» Testing for BRAF mutations may be
considered in lung squamous cell carcinoma



| National

Comprehensive  NCCN Guidelines Version 9.2017 e
e S
tpneer . Non-Small Cell Lung Cancer i

EMERGING TARGETED AGENTS FOR PATIENTS WITH GENETIC ALTERATIONS

Genetic Alteration (ie, Driver event) Available Targeted Agents with Activity
Against Driver Event in Lung Cancer
High-level MET amplification or MET crizotinib'5
exon 14 skipping mutation
RET rearrangements cabozantinib57’
vandetanib®
HER2 mutations trastuzumab? (category 2B)

afatinib?? (category 2B)

10u SH, Kwak EL, Siwak-Tapp C, et al. Activity of crizotinib (PF02341066), a dual mesenchymal-epithelial transition (MET) and anaplastic lymphoma kinase {ALK) inhibitor, in a non-small cell lung cancer
patient with de novo MET amplification. J Thorac Oncol 2011:6:942-946,

2camidge RD, Ou S-HI, Shapiro G, et al. Efficacy and safety of crizolinib in patients with advanced c-MET-amplified non-small cell lung cancer. J Clin Oncol 2014;32(Suppl 5): Abstract 8001.

3Framplon GM, Ali SM, Rosenzweig M, et al. Activalion of MET via diverse exon 14 splicing alterations occurs in multiple tumor types and confers dlinical sensilivity to MET inhibitors. Cancer Discov 2015;5:850-
859,

4paik PK, Drilon A, Fan PD, et al. Response to MET inhibitors in palients with stage IV lung adenocarcinomas harboring MET mutations causing exon 14 skipping. Cancer Discov 2015;5:842-849.

SAwad MM, Oxnard GR, Jackman DM, et al. MET exon 14 mutations in non-smali-celt lung cancer are associated with advanced age and stage-dependent MET genomic amplification and cMET overexpresion,
J Clin Oncol 2016;34:721-730.

SDrilon A, Wang L, Hasanovic A, et al. Response to cabozantinib in patients with RET fusion-posilive lung adenocarcinomas. Cancer Discov 2013; 3:630-635.

Drilon AE, Sima CS, Somwar R, el al. Phase Il study of cabozantinib for patients with advanced RET-rearranged lung cancers. J Clin Oncel 2015;33; Abstract 8007.

®Lee S-H, Lee J-K, Ahn M-J, et al. A phase |l study of vandetanib in patients with non-small cell lung cancer harboring RET rearrangement [abstract]. J Clin Oncol 2056;34: Abstract 9013.
SCappuzzo F, Bemis L, Varella-Garcia M. HER2 mutation and response 1o trastuzumab therapy in non-small-cell lung cancer. N Engl J Med 2006;354:2619-2621.

*OMazieres J, Peters S, Lepage B, et al. Lung cancer that harbors an HER2 mutation: epidemiologic characteristics and therapeutic perspectives. J Clin Oncol 2013;31:1997-2003.

Note: All recommendations are category 2A unless otherwise Indicated.
Chinical Trials: NCCN belleves that the bast maragement of any patient with cancer is in a clinical trial. Participation in clinical trials is especially encouraged.

Version B.2017, 092817 © National Comprehensive Cancer Network, Inc. 2017, Allriphts reserved. Tha NCCN GuideEnes® and thés ilustration may not be reproduced In any form without the express waitien permission of NCCN®. NSCL-H




Identification of driver mutations in tumor specimens
from 1,000 patients with lung adenocarcinoma: The NCI’s
Lung Cancer Mutations Consortium (LCMC)

* KRAS 107 (25%)

* EGFR 98 (23%)

* ALK rearrangements 14 (6%)
* BRAF 12 (3%)

* PIK3CA 11 (3%)

 MET amplifications 4 (2%)

* HER2 3, (1%)

* MEK1 2(0.4%)

* NRAS 1 (0.2%)

* AKT1 0(0%)

In 60% tumor driver mutation detected
J Clin Oncol 29: 2011 (suppl; abstr CRA7506)



Summary of 2018 Lung Cancer
Molecular Testing Guidelines

Guideline Statements

Key Question 1: Which new genes should be tested for lung cancer patients?

1.

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

. ROS1 IHC may be used as a screening test in lung adenoma patients; however, positive ROS1

IHC results should be confirmed by a molecular or cytogenetic method

. BRAF molecular testing is currently no indicated as a routine stand-along assay outside the

context of a clinical trial. It is appropriate to include BRAF as part of larger testing panels
performed either initially or when routine EGFR, ALK, and ROS1 testing are negative

. RET molecular testing is not recommended 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.

. ERBB2 (HER2) molecular testing is not indicated as a routine stand-alone assay outside the

context of a clinical trial. It is appropriate to include ERBB2 (HER2) mutation analysis as part
of a larger testing panel performed either initially or when routine ECFR, ALK and ROS1 testing
are negative.

. KRAS molecular testing is not indicated as a routine stand-alone assay as a sole determinant

of targeted therapy. It is appropriate to include KRAS as part of larger testing panels
performed either initially or when routine EGFR, ALK and ROS1 testing are negative

. MET molecular testing is not indicated as a routine stand-alone assay outside the context of a

clinical trial. It is appropriate to include MET as part of larger testing panels performed either
initially of when routine EGFR, ALK, and ROS1 testing are negative

Strength of Recommendation

Strong Recommendation

Expert consensus opinion

Expert consensus opinion

Expert consensus opinion

Expert consensus opinion

Expert consensus opinion

Expert consensus opinion

Arch Pathol Lab Med. Vol 142, March 2018



Summary of 2018 Lung Cancer
Molecular Testing Guidelines

Guideline Statements Strength of Recommendation

Key Question 2: What method should be used to performed
molecular testing?
8. IHCis an equivalent alternative to FISH for ALK testing Recommendation

9. Multiplexed genetic sequencing panels are preferred over
multiple single-gene tests to identify other treatment Expert consensus opinion
options beyond EGFR, ALK, and ROS1

10. Laboratories should ensure test results that are
unexpected, discordant, equivocal, or otherwise of low Expert consensus opinion
confidence are confirmed or resolved using an alternative
method or sample.

Arch Pathol Lab Med. Vol 142, March 2018



Summary of 2018 Lung Cancer
Molecular Testing Guidelines

Strength of Recommendation

Guideline Statements

Key Question 3:  Is molecular testing appropriate for lung
cancers that do not have an
adenocarcinoma component?

11. Physicians may use molecular biomarker testing in tumors
with histologies other than adenocarcinoma when clinical
features indicate a higher probability of an oncogenic

driver.

Expert consensus opinion

Arch Pathol Lab Med. Vol 142, March 2018



Summary of 2018 Lung Cancer
Molecular Testing Guidelines

Guideline Statements Strength of Recommendation

Key Question 4: What testing is indicated for patients
with targetable mutations who have
relapsed on targeted therapy?

12. In lung adenocarcinoma patients who harbor sensitizing EGFR
mutations and have progressed after treatment with an EGFR-
targeted tyrosine kinase inhibitor, physicians must use EGFR Strong recommendation
T790M mutational testing when selecting patients for third-
generation EGFR-targeted therapy

13. Laboratories testing for EGFR T790M mutation in patients with Recommendation
secondary resistance to EGFR-targeted kinase inhibitors should
deploy assays capable of detecting EGFR T790M mutations in as
little as 5% of viable cells.

14. There is currently insufficient evidence to support a
recommendation for or against routine testing for ALK No recommendation
mutational status for lung adenocarcinoma patients with
sensitizing ALK mutations who have progressed after treatment
with an ALK-targeted tyrosine kinase inhibitor

Arch Pathol Lab Med. Vol 142, March 2018



Summary of 2018 Lung Cancer
Molecular Testing Guidelines

Guideline Statements Strength of Recommendation

Key Question 5: What is the role of testing for circulating cell-
free DNA for lung cancer patients?

15. There is currently insufficient evidence to support the use of No recommendation
circulating cell-free plasma DNA molecular methods for the
diagnosis of primary lung adenocarcinoma

16. In some clinical settings in which tissue is limited and/or
insufficient for molecular testing, physicians may use a cell-free Recommendation
plasma DNA assay to identify EGFR mutations

17. Physicians may use cell-free plasma DNA methods to identify
EGFR T790M mutations in lung adenocarcinoma patients with Expert consensus opinion
progression or secondary clinical resistance to EGFR-targeted
tyrosine kinase inhibitors; testing of the tumor sample is
recommendation if the plasma result is negative

18. There is currently insufficient evidence to support the use of
circulating tumor cell molecular analysis for the diagnosis of No recommendation
primary lung adenocarcinoma, the identification of EGFR or
other mutations, or the identification of EGFR T790M mutations
at the time of EGFR TKI resistance.

Arch Pathol Lab Med. Vol 142, March 2018



Method of detecting molecular mutation
in lung carcinoma

NGS-mutation: EGFR, ALK, ROS, RET, KRAS, BRAF, PIK3CA, MET, FGFR1

FISH-rearrangement: ALk, ROS, RET, NTRK1
FISH-amplication/DNV: MET, HER2, FGFR1, EGFR1
IHC: PD-L1, HER2, ALK, ROSH1

RTPCR/Nanostring: MET exon14-skipping, NTRX.NRG1-fusions
(and other fusions)

NGS: Tumor Mutational Burden (2018)



Tumor Mutational Load

e Measure of the number of mutations within a
tumor genome.

* Low grade and pediatric malignancies have
the lowest "mutation burden”.

* Epithelial cancers associated with
environmental DNA damage have highest
“mutation burden”.



Tumor Mutational Load

Method of testing

* \Whole exome sequencing

* NGS assay targeting 1.1 megabase of
coding genome (T 300 cancer gene)






