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Objectives

Background
Tissue acquisition & Pathology strategy

Histological subtyping:
Immunohistochemistry (IHC)

Predictive testing: Molecular analysis
EGFR mutation & ALK rearrangement



Background



Non-small cell lung cancer vs Small cell lung cancer
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First-line chemotherapy for advanced NSCLC
ECOG 1594: Platinum doublets
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Schiller JH et al. N Engl J Med 2002;346:92-98.



Cis/Pemetrexed vs Cis/Gemcitabine in 1stline NSCLC
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Scagliotti GV et al. J Clin Oncol 2008;26:3543-51.



Epidermal Growth Factor Receptor-Tyrosine Kinase Inhibitor
EGFR mutation

The NEW ENGLAND
JOURNAL of MEDICINE

ESTABLISHE

Druggable driver mutationl,

orNon-Small-Cell
Lung Cancer to Gefitinib

to, B.S., E|| an W. E| gan, B. al. He
5. Supko, Ph.D., FI'.‘:’HI| G. Haluska, M. [ F‘h [ Dav |J N. Louis, . Dav
Jeff Settleman, Ph.D., and Daniel A. Haber, M.D., Ph.D

Lynch TJ et al. N Engl J Med 2004,350:2129-39.



PFS for Gefitinib vs Doublet chemotherapy
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Crizotinib in ALK rearrangement of NSCLC
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OR: 57%, SD: 33%

Kwak EL, et al. N Engl J Med 2010;363:1693-703.




Evolution of knowledge in NSCLC

Traditional view 2004 2009

Adenocarci

Large-cell

Pao W et al. Lancet Oncol 2011:12:175-80.



NCCN guidelines

National

Comprehensive:. NCCN Guidelines Version 2.2013 NCCN Guidelines Index
NGO Cancer NSCLC Table of Contents
Network? Non-Small Cell Lung Cancer e i

SYSTEMIC THERAPY FOR HISTOLOGIC SUBTYPE
METASTATIC DISEASE

EGFR mutation See First-Line
or ALK negative Therapy (NSCL-16

: ey
* EGFR mutation testing K EGFR mutation See First-Line
e s

e Adenocarcinoma
e Large Cell

(category 1) g s
«NSCLC NOS « ALK testing®cc positive Thera NSCL-17
e Establish histologic
subtype? with See First-Line
Metastatic adequate tissue for ALK positive — 3.0 apy (NSCL-A7
Disease molecular testing
* Smoking cessation
counseling

EGFR mutation and ALK testing are not
— |routinely recommended dd except in never
smokers and small biopsy specimens ®¢

See First-Line

Therapy (NSCL-18)

Squamous cell
carcinoma




Tissue acquisition
&
Pathology strategy



Tissue acquisition

Correct sampling and processing of tissue!

Methology
Exfoliation cytology: bronchial washing, BAL,
bronchia brushing
Aspiration cytology: TBNA, EBUS, EUS
Biopsy: bronchial & transbronchial biopsy,
transthoracic needle biopsy

Rapid on site examination (ROSE)
Telepathology



Pathology strategy

e Accurate & relevant clinical information!

« Pathologist:
Determine priorities of the diagnostic approach
Determine how specific a dianosis is required
Plan the necessary investigations &
anticipate the use of IHC and molecular tests
Prevent unnecessary usage of tissue on test
which are not required

* Preserving scarce tissue for the most important test



Approach to lung cancer work up for diagnosis

Cancer in the lung: primary vs metastases

Primary lung cancer: NSCLC vs SCLC

NSCLC: Adenocarcinoma vs Squamous cell ca.

Molecular predictive testing: EGFR & ALK...



Histological subtyping



Non-small cell lung cancer: Pathology

Adenocarcinoma
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Light microscopy: Small biopsy and Cytology

Squamous cell 20-30%
carcinoma
NSCLC-NOS 20-40%

Adenocarcinoma 40-50%

Travis WD et al. J Thorac Oncol 2011:;6:244-85.



Light microscopy Former New
NSCLC-NOS Classification

20-40%

Squamous cell 20-30% NSCLC, Favor
carcinoma /7 Squamous cell
carcinoma
NSCLC NOS
NSCLC-NOS 20-40%
— Goal <5%
Adenocarcinoma 40-50% NSCLC, Favor

Adenocarcinoma

Travis WD et al. J Thorac Oncol 2011:;6:244-85.
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Panels for subtyping poorly diff. NSCLC

P40, 34RE12: squamous cell ca.



Predictive testing:
Molecular analysis



Guideline

Molecular Testing Guideline for Selection of Lung Cancer
Patients for EGFR and ALK Tyrosine Kinase Inhibitors

Guideline from the College of American Pathologists, International
Association for the Study of Lung Cancer, and Association for

Molecular Testing Guideline for Selection of Lung Cancer Patients for
EGFR and ALK Tyrosine Kinase Inhibitors

Lindeman NI et al. J Thorac Oncol 2013;xxx



Guideline questions

1. When should molecular testing for NSCLC be performed?
2. How should EGFR testing be performed?

3. How should ALK testing be performed?

4. Should other genes be routinely tested in lung adenoca?

5. How should molecular testing of lung adenoca be
Implemented and operationalized?

Lindeman NI et al. J Thorac Oncol 2013;xxx



EGFR mutation



Cell signaling pathway in lung cancer

Other receptor tyrosine
Kinases (c-MET, IGF-1R)

Cell membrane

SHC, SOS,
GRB2

Proliferation, Growth, Invasion,
Metastasis, Resistance to apoptosis, Angiogenesis

Clinical Lung Cancer, Vol. 13, No. 4, 252-66 © 2012




CH oS | =12] 2B A2] A 2009

EGFR mutations

1,753 Korean patients in 15 Hospitals

Clinicopathologic characteristics %

Total 34.3
Adenocarcinoma 43.3
Never smoker 48.1
Female 50.3
Female & Never smoker 51.9
Never smoker & Adenocarcinoma 52.6
Female & Adenocarcinoma 53.5
Female, Never smoker, Adenocarcinoma 54.8

19.8 Smoker
22.3 Male




Lung adenocarcinoma histologic subtypes

AlIS/ MIA

Lepidic pattern/ Acinar

Papillary/ Micropapillary

Solid/ Mucinous




EGFR mutation & Adenocarcinoma histologic subtypes
IASLC/ATS/ERS

AIS/MIA 100% 10-30% 10-30%
(non-mucinous) (never smokers) | (smokers)

Lepidic 100% 10-30% 10% BRAF mt 5%
(non-mucinous) (never smokers) | (smokers)

Papillary 90-100% 10-30% No BRAF mt 5%

Acinar +/- <10% 20% ALK >5%
(nonsmokers) (smokers)

Micro-papillary : 20% 33% BRAF mt 20%

Solid 10-30% 10-30% ALK >5%
(never smokers) | (smokers) MUC1+

Invasive mucinous - None 80-100% MUC 2,5,6+

Travis WD et al. J Thorac Oncol 2011:;6:244-85.



EGFR mutation & Adenocarcinoma histologic subtypes
Japan (n=440)

Yoshizawa A et al. J Thorac Oncol 2013:;8:52-61.



How many samples do you submit to EGFR mutation test?
Japan (n=582)

The cases with -‘_“‘?nly afew, 2.4 \  Never,0.3 an':\:er
possible EGFR . AN
mutation, 4.1 , 0.7

' g
) ! ! ':

cases, 16.2

Mojority of the

cases, especially
in case of ADC,

76.8

Yatabe Y. ELCC 2012



What method do you use for EGFR test?

Japan

~Others, 3.7%

Directsequencing, ~_
4.2%

PCR clamping
PCR-invader
Cycleave PCR

Yatabe Y. ELCC 2012



Examples of different techniques reported for
EGFR mutation testing

Methods

required in sample

% of tumoral DNA EGFR mutations, deletions,

insertions detected

Direct sequencing
Pyrosequencing
PCR-SSCP

q-PCR

PCR, heteroduplex cleave
PCR, heteroduplex melting
SnapShot PCR

ARMS

PNA PCR clamp

SMAP

25%
10%
10%
10%
5-10%
5-10%
1-10%
1%
1%
0.1%

Known
Known
Known
Known
Known
Known
Known
Known
Known

Known

mutations and new
mutations and new
mutations and new
mutations only
mutations and new
mutations and new
mutations only
mutations only
mutations only

mutations only




PNA (Peptide Nucleic Acid)

PNA : an artificially created nucleic acid replaced with polyamide backbone
of N-(2-aminoethyl) glycine.
. strongly binds to its complementary DNA or RNA sequence
: high specificity, sensitivity and stability as molecular probes

Panagene co.



Principle of PNA clamp technology
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Response to EGFR-TKIs to EGFR mutational status
Korean (n=240)

EGFR mutation

Response PNA+/DS+ PNA+/DS- fotal
CR/PR 31 (50.8) 7 (31.8) 38 (45.8)
SD 23 (37.7) 10 (45.5) 33 (39.8)
PD 7 (11.5) 5 (22.7) 12 (14.5)
Total 61 22 83

Kim HJ et al. Lung Cancer 2012;75:321-5.



IHC staining with EGFR mutation-specific antibodies

Xiangshan F et al. Hum Pathol 2013 in press



IHC methods for EGFR mutation testing

Reference No of sample EGFR mutations IHC Comparator Sensitivity Specificity
Kozu et al. 577 Exon 19 del 59 (10%) 135 (23%) 42% 100%
Exon 21 L858R 139 (24%) 172 (39%) 76% 98%
Brevet et al. 194 Exon 19 del (E746_A750) 22 (11%) 20 (10%) 100% 98.8%
other Exon 19 del 25 (13%) 31 (16%) 74% oo
Exon 21 L858R 22 (11%) 21 (11%) 95% 99%
Ilie et al. 61 Exon 19 del (E746_A750) 12 (20%) 8 (13%) 23%
all Exon 19 del 13 (21%) 10 (16%) °
Kato et al. 70 Exon 19 del (E746_A750) 9 (13%) 11 (16%) 82% 100%
Exon 21 L858R 11 (16%) 12 (17%) 75% 97%
Nakamura et al. 20 Exon 19 del (E746_A750) 4 (20%) 3 (15%) 92% 100%
Exon 21 L858R 11 (16%) 12 (17%)
Simonetti et al. 78 Exon 19 del (E746_A750) 17 (22%) 17 (22%)
other Exon 19 del 3 (4%) 12 (15%)
Exon 21 L858R 25 (32%) 25 (32%)
Exon 21 L861Q 0 (0%) 2 (3%)

Ellison G et al. J Clin Pathol 2013:8:52-61.



EGFR mutation test using cytology samples

Reference

Cytology samples (no. of samples for mutation
analysis (fail data f avail able))

Methodis) of EGFR mutation testing
assessed

Authors’ conclusions on use of cytology samples for
EGFR mutation testing

Asano af al™
Fassina

et af'

Hiink ova

ot afs:
Horiike af af™

H.awaham
et af*

Kimura et al®
Kinura af af!

Kozu et a™*

Lim &t &

Lozano ef al™

Cell-free PLE (n=20), CT-guided neadle lung biopsies
(n=18)

TTMA samples (n=T7}

Cytological samples obtained by endobronchial
breshing (n="53)

Transbronchial FMA (n=93 (10 fils (11%) with dinect
seguencing; 0 fails with Scompion ARMS))

PLE (n=21), C5F (n=2), and ascites (n=1}

Cell-free PLE (n=43)
Cell-free PLE (n=24)

|miprint cytological smears from fresh-ct surface of
resected tumour specimens (n=236)

FIM A |n= EEI'

Primary lung tumsur FNA [(n=68), metastatic ymph
node FANA (n=10), bone metastases FMA [n=3), left
adrenal metastasis FNA [n=1), PLE (n=6), PCE [n=1},
and bronchoaheolar lavage (n=1)

Mutant-enriched PCR versus
non-enriched PCR and direct segquencing

HRMA versus dinect Soquencing

HRMA versus direct sequencing (with
it ant -enniched PCR if < 25% tumour
cells)

Scompicn ARMS wersus dinect
S BQUENCInG

|mmunocytochemistry versus PNA-LNA
PCR clamp

Direct soquendng

Scomion ARMS wrsus dinect
SEQUENCing

HRMA versus IHC

Whele genome amplification followed by
direct saquencng

Direct sequencng

Mutant-enfiched PCR detected EGAT alterations that werne
not identified with a non-enriched assay

HRMA of TTNA samples was acourate, fast, easy, cheap,
and reliable for the detection of common EGFR mutaticns
HRMA in combination with mutant-enfiched PCR is a
sensitive method for mutation detection in cytology
samiples

Both matheds detected EGFR mutations in transhronchial
FNA samples although Scompion ARMS was morne

S ensitive

EGFR nwtations were detected in PLE and CSF with
100% sensitivity using antibodies specific for the eowpn 19
deletion ET46 _ATS0 and the exon 21 point mutiation
LERER

DMA in PLE can be used to detect EGFR mutations

DMA in PLE can be used to detect EGFR mutations.
Scorpicn ARMS was more sensitive than direct
SQUENCInG

(Results of cytology sample analyses were conmbined
with these of b1 tissue specimens (soo table 2))

EGFR nntations were identified using dimct sequencing
of whole genome-amplified genomyic DNA from
loww-volume FNA samples

Assessment of EGFR mutation in otology samples is
feasible and comparable with bispsy results

Ellison G et al. J Clin Pathol 2013:8:52-61.




EGFR mutation test using cytology samples

Reference

Cytology samples (no. of samples for muotation
analysis (fail data f available))

Methodis) of EGFR mutation testing
assessed

Authors’ conclusions on use of cytology samples For
EGFR mutation testing

Makajinka
at af®
Oshita af a/™

Otani af al"

Rekhtman
ot al*

Savic af af*®

St bigrs
af @l

Soh at a™

Takano af al™

van EEi_jh
at alf
Yasuda af a™

Zhang et al"'

Smits of &’

EBUS-TEMA samples from metastatic lymph nodes
[n=43)

Cytology samples obtained by transhronchial abrasion
[m=52) (2 fails (4%}

Biopsy needle wash fluid (n=26)

Transbronchialtransthoracic FNA (n=E67), edrathoracic
FNA (n=29), PLE (n=29), and hronchial brshSaash
(n=23} (2 failures (Z%))

Transhronchial FNA (n=35), PLE (n= 16}, bmnchial
wiashing [n=15), bronchia brushes (n=13), and
bronchoahreolar lavage (n=5)

EBUS/EUS-FMNA samples (n=235 (B fals (23%]))

Cell-free PLE (n=E61)

Bronchial brushing’sashing (n=42), PLE (n=410),
transbronchial FMA [n=29), PCE (n=E), supericial
lymiph node FNA (n=T7), tumouwr FNA (n=6), and
sputum [n=4}

EBUS-TEMAEUS-FNA samples (numenous samples
fromy 43 patients)

ELF In= 23:‘

PLE cells and maiched cal-free PLE (n=26)

Cytology and FFPE samples (n=816; 719 samples had
inter pretable result)

Loop-hybrid mobility shift assay
confirmed by direct sequencing

Loop-hybrid mobility shift assay

Mutant-enriched PCR versus
non-anriched PCR versus dinesct
SBQUENCIng

Length analysis and PCR-RFLP

PCR-direct sequendng

Direct sequencing

Direct sequencing versis

mvuitant -gnriched PCR versus
non-anriched PCR versus PNALNA
PCR-damp

HRMA versus direct sequendng

Real-time PCR with hydrolysis probes
PNA-LMA PCR clamp
Mutant-enriched PCR versus direct
SBQUENCIng

Direct seguencing or HRMA

EGFR mutations can easily be detected in metastatic
hymiph nodes samples by EBUIS-TENA

Assessment of EGFR nutations in eytological samples is
feasible and comparable with biopsy results

EGFR mutations can be detected in the wash fluid of
CT-guided biopsy needles

EGFR analysis is feasible in routinely processed cytology
samples

EGFR anahyses are applicable to cytology 5pecimens

Molecular anahgis for EGAT mutations can be performed
rowtinely in EBUS YELS-FNA samples

Some discrepancies betwieen the results of the four
assays were noted. Mutant-enriched PCR detected the
most mutations

Exon 19 deletions and the ewon 21 point mutation LESER
can likely be detected from archived Papanicolaou- stained
cytology slides with sensitivity of ca 90% and specificity
of ca. 100%

All mutations detected in matched histological samples
wiem also identified in the cytology samples

Sensgtivity for detecting mutations in ELF was 58%
Direct sequencing may miss a significant proportion of
mutations in PLE samples. Mutant-enriched PCR may be
moine reliable

(Results of cytology sample analyses wene combined
with those of FFPE specimens)

Ellison G et al. J Clin Pathol 2013:8:52-61.




Tsai af al ™

Navani ef a™

Aisner af al™

Zhusang
at al=

Santis ef a™

Matapelle

et al™

Betr of al'®

Chio et al”’

Teai af al=

Lozans af &=

Makajima
af a

EGFR mutation test using c

PLE [n=TE)

EBUS-TEMA samples (n=T74)

Cytology cell blocks, incheding FNA of primary and
metastatic lung lesions and exdoliative cytology
gpecimens (n=42)

CT-guided FNA bicpsy (n=43)

EBUS-TEMA ymph node samples (n=131; successful
anahysis of 126 samples)

LBC (n=42)

Romanowsky-stained dinect cytology smears (n=233)

Body fluid specimen (n=232: pleural fluids [n=29), CSF
(n=1), pericardial (n=1), and ascites (n=1))

PLE [n=150)

Cytology samples (n=150: Papanicolaou Smears
(n=120), Freshfiguid (n=14), cell bleck [n=10),
ThinPrep tests (n=E6))

EBUS-TEMA metastatic hymph node samples [n=156)

IHC versus direct seguencing

ARMS or MassARRAY

PCR-sequencing

Direct sequencing

COLD-PCR

Direct soquendng

Direct soquencng

Direct sequencng

Direct sequencng of cell-derived RNA

versus genomic DNA

Direct soquendng

PNA-LNA PCR clamp

EGFR mutations were detected in PLE with 71% and 88%
sensitivity using antibodies specific for the exon 19
deletion ET46_ATS0 and the exon 21 point mutation
LEGER, respectively

Comelation of TKl response rate with EGAT mutation
stabus was comparable when determined by IHC and
direct sequencing (67% vs 72%)

EBLIS -TENA cytology samples are suitable for EGRR
anahysis

Cell block specimens provide an alternative DMA source
to surgical specmens for EGFR analysis

CT-guided FNA bicpsy is a feasible and safe methed to
provide samples for EGFR anahsis

EBUS -TENA samples provide sufficent tumour material
for BEGAT mutation anahysis

COLD-PCR iz a robust screening assay for EGFR
mtations

LBC samples can be used for EGFR mutation analysis;
however, dirmct sequencing requines micro-dissection to
provide sufficient sample DNA

Following micro-disssction, direct smears can be wsed a
a specimen source for EGFR analysis when cell blocks
gxhibit insufficient cellularity

Combined direct sequencng and cytological anahysis
might be clinically useful and sensitive for the detection
of EGFI mutations

Seguencing of RNA improves sensitivity for EGFR
mutation detection in PLE samples compared with
genomic DNA

EGFR analysis using cytological samples is feasible and
comparable with biopsy msults

EBUS -TBNA samples can be used for nult-gens
mutational anahysis

Ellison G et al. J Clin Pathol 2013:8:52-61.




ALK rearrangement



EML4-ALK fusion gene in NSCLC

1 HELP 496 981

(oo T T T |

1/ 496 1059

1 1058 1620
I - -

™

Soda M et al. Nature 2007:448:561-6.



Frequency of EML4-ALK mutation

Author % of ADC Mean Age Female
Soda et al® 9.1% na

Takeuchi et al®® 253 4.4% na

Koivunen et al™ 305 Va na

Perner et al™ 603 2 6% va

Inamura et al™ g 3.4%

Shaw et al™ - 14.0%

Takahashi et al™ 33 24%

Kwak et al™ na

Clin Lung Cancer 2011;12:360-8.



Break-apart FISH assay for ALK fusion genes

Chromosome Normal Inversion Inversion

Telomere with Centromere

deletion

!2p23

- kKinase
l ] domain
N |

FISH FISH FISH
fusion break-apart  single red
signal signal signal

Thunnissen E et al. Virchows Arch 2012:461:245-57.



Different break-apart FISH testing patterns

Fused (negative) Split (positive) Single red (positive)



Morphological characteristics: ALK+ lung cancer

-
"
2,
» ‘.

£

£ #

.;’g.“‘ .' . 4 ) o
Mucinsproduction %, s

Murakami Y et al. Front Oncol 2012;2:1-9.



EML4-ALK translocation: Clinicopathologic features

“Mutually exclusive”

Murakami Y et al. Front Oncol 2012:;2:1-9.



Schematic of ALK testing methodologies

—— a———— " ORMAL CELL

ALK+ CELL
o EANEMA - FUSION GENE
S ALKkinase domain mRM-‘éCRIPTS

— e >
AN AN

ALK EML4 V1 ALK EML4 v2 ALK ANY FUSION PARTNER

\—Y—J

Fusion partner specific PCR Kinase domain only PCR

/

CYTOPLASMIC ALK FUSION PROTEIN

Weickhardt AJ et al. Cancer 2012 online.



Advantages and disadvantages of ALK detection methods

Pros

Cons

RT-PCR

FISH

IHC

A potentially rapid diagnostic
method
Very sensitive

More accurate

Applicable for any partners
Screening method in clinical trials
Established in many labs
Applicable to archival tissues

Applicable for any partners
Rapid turnaround time
Established in many labs

Applicable to archival tissues
Cheap

Difficult to obtain high-quality of RNA

Not applicable for unknown partners

Difficult to confirm the presence of
tumor cells

Difficult to apply to archival tissues

Expensive
Relative long turnaround time
Less sensitive

Indirect demonstration of the fusion
gene

Occasional false negative results

High dependence on antibody clones
and detection methods




Published articles comparing ALK anaylsis by FISH & IHC

- Samples, ALK+ ALK- Sensitivity Specificityl
Reference  Antibiody ™o ™ Fish IHC FISH IHC % %
Shaw et al. ALK1 Ni‘%c' 19 (13%) 19 (13%) NA NA
Boland et al. ALK1 Ngggc' 6 (1.8%) 6 (1.8%) NA NA
) AD, . 8/10
Rodig et al. ALK1 tes  20(5.6%) (ol NA NA 80 NA
Mino- AD, o
O ALK Yoy 22 (14.3%) NA NA NA 67 97
D5F3 ‘1°‘5D§ 22 (14.3%) NA NA NA 100 99
Yi et al. ALK1 i\(l)ji 10 (9.9%) 11 (10.9%) 91 (90.1%) 90 (89.1%) 90 98
Paik et al. 5A4 Nfé;c' 19 (4.2%) 26 (5.7%) 434 (95.%) 427 (94.3%) 100 92.5
Paik et al. 5A4 N;;:;c, 28 (3.8%) 35 (4.8%) 707 (96.2%)700 (95.2%) 100 96.2
?;’5' 27 (6.8%) NA 368 (93.2%)NA
MclLeer- AD, o
peteer 5A4 e NA 29 (6.5%) NA NA 100 95
AD,  22/216 5, 1470, 194/216 00 29 39

300 (10.2%) (89.8%)

Yang et al. ALK1
Weickhardt AJ et al. Cancer 2012 online. Thunnissen E et al. Virchows Arch 2012;461:245-57.




ALK gene test for lung cancer patients

Lung Cancer Specimens

\
EGFR/KRAS /
mutation test

AI.K IHC <

mm

(very rare)

ALK inhibitor

Japan Lung Cancer Society. Aug 1, 2011



Chung’s SNUBH adenocarcinoma molecular test

Small biopsy or Bronchoscopic biopsy, needle biopsy , cytology etc.
Cytology

First, 3um tissue or cell block sections(X2) for ALK test
- Second, DNA extraction for EGFR/KRAS mutation stud
Adenocarcinoma
Simultaneous study Nhe first unstained slide
2-5 working days ALK IHC 1 working day

EGFR .
mutation+ negative

l Use the 2nd unstained slide

ALKFISH test (+)
EGFR-TKI

l 2 working days

ALKrearrangement (+)

ALK-TKI

Paik JH et al. Lung Cancer 2012;76:403-9.




NSCLC dlagn05|s & molecular analysis
1st H&E Histology e R G TS

2"d |HC

3'd Molecular analysis

EGER mutation / \ ALK rearrangement
e B cree e IHC(+) FISH
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