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- . NE morphology, large cells
Positive Histology NE IHC, ttf1+/-, CK+

Positive Cytology NE morphology, small cells
no/small nucleoli
1 NE IHC, ttf1+/-, CK+

Keratinization, pearls and/or
intercellular bridges

Algorithm modified from | asorscinar scntecture.

Cytology: 3-D arrangement,
foamy, vacuolar cytoplasm
prominent eccentrical No clear SQCC or
nucleoli ACCmorphology
Diagnosis of Lung Cancer in Small Biopsies and Cytology NSCLC (NOS)
Implications of the 2011 International Association for the Study of Lung Cancer/
American Thoracic Society/European Respiratory Society Classification VL Step 3
_ ADC marker -
€0CC or ADC marker SQCC marker +
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Step 3

Molecular analysis
EGFR and ALK
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Problems:

Adenocarcinoma can be P63+

p40 is the Best Marker for Diagnosing Pulmonary
Squamous Cell Carcinoma: Comparison With p63,
Cytokeratin 5/6, Desmocollin-3, and Sox2
Takahiro Tatsumori, MD,*F Koji Tsuta, MD, PhD.* Kyohei Masai, MD,* Tomoaki Kinno, MD.*

Tomoko Taniyama, MD* Akihiko Yoshida, MD, PhD* Kenji Suzuki, MD, PhD,7
and Hitoshi Tsuda, MD, PhD*
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Problems:

Adenocarcinoma can be P63+

No. Cases (%) Immunoreactivity

Marker Total Negative Positive Mean Staining Score (0-300)
SQC p40 158 5(3.2) 153 (96.8) 169
P63 154 4 (2.6) 150 (97.4) 237
Non-SQC p40 418 405 (96.9) 13 3.1) 1.3
P63 419 305 (72.8) 114 (27.2) 16.9
skin breast prostate
P63 AB \'A urothelium
TAP63 TAp63 I

l 1 — p40 is the Best Marker for Diagnosing Pulmonary
commitment -/ y " Q diferentiaton Squamous Cell Carcinoma: Comparison With p63,

ectoderm Cytokeratin 5/6, Desmocollin-3, and Sox2
ANp63
proliferative Takahiro Tatsumori, MD,* 1 Koji Tsuta, MD, PhD,* Kyohei Masai, MD,* Tomoaki Kinno, MD,*
potential P40 AB Tomoko Taniyama, MD,* Akihiko Yoshida, MD, PhD,* Kenji Suzuki, MD, PhD,}

and Hitoshi Tsuda, MD, PhD*



Region Syddanmark

Sygehus Lillebaelt

Table 2. Sensitivity, specificity, PPV and NPV of markers used in this
study [% (positive/total stained)]

Marker  Subtype Sensitivity (%) Specificity (%) PPV (%) NPV (%)

ANp63 SCC 100 (16/16) 100 (32/32) | 100 (16/16) 100 (32/32)
P63 SCC 100 (16/16) 88 (28/32) 80 (16/20) 100 (28/28)
CK5/6 SCC 1(13/16) 100 (32/32) 100 (13/13) 91 (32/35)
34B3E12 SCC 4 (15/16) 47 (15/32) 47 (15/32) 4 (15/16)
TTF1 AC 0 (20/25) 87 (20/23) 87 (20/23) 0 (20/25)
Napsin A AC 4 (16/25) 100 (23/23) 100 (16/16) 72(23/32)
CK7 AC 100 (25/25) 35 (8/23) 63 (25/40) 100 (8/8)

CK8/18 AC 100 (25/25) 35 (8/23) 63 (25/40) 100 (8/8)

Sensitivity = TP/TP+FN; Specificity = TN/TN+FP; Positive predictive value (PPV) = TP/
TP+FP; Negative predictive value (NPV) = TN/TN+FN. FN indicates false negatives; FP,
false positives; TN, true negatives; TP, true positives.

Int J Clin Exp Pathol 2014:7(7):4247-4253

www.ijcep.com /ISSN:1936-2625/UCEPOIC0624

Original Article
ANp63, CK5/6, TTF-1 and napsin A, a reliable panel to
subtype non-small cell lung cancer in biopsy specimens

Wei Zhao, Hui Wang, Yan Peng, Bo Tian, Lei Peng. Ca-Chuan Zhang
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subtype non-small cell lung cancer in biopsy specimens

Wei Zhao, Hui Wang, Yan Peng, Bo Tian, Lei Peng. Ca-Chuan Zhang



Region Syddanmark

Sygehus Lillebaelt

Lung Cancer
Diagn OSiS and prediction

Table 3. Algorithm for subtyping of poorly-differentiated non-small cell
lung carcinomas according to immunohistochemical staining in lung

biopsies

ANp63 CKb/6 TTF1 Napsin A Diagnosis

+ + - - Squamous cell carcinoma
+ - - : Squamous cell carcinoma
_ - + + Adenocarcinoma

_ _ + - Adenocarcinoma

- : : : Poorly-differentiated
non-small cell carcinoma

Int J Clin Exp Pathol 2014;7{7):4247-4253
www.jjcep.com /ISSN:1936-2625/1JCEPOCC0624

Original Article
ANp63, CK5/6, TTF-1 and napsin A, a reliable panel to
subtype non-small cell lung cancer in biopsy specimens

Wei Zhao, Hui Wang, Yan Peng, Bo Tian, Lei Peng. Ca-Chuan Zhang
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Adenocarcinoma Squamous cell carcinoma

Rapid Multiplex Immunohistochemistry Using the
4-antibody Cocktail YANA-4 in Differentiating
Primary Adenocarcinoma From Squamous Cell

Carcinoma of the Lung

Emmy Yanagita, MT,* Naoko Imagawa, MT,* Chiho Ohbayashi, MD,{ and Tomoo Itoh, MD*

Appl Immunohistochem Mol Morphol * Volume 19, Number 6, December 2011
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Adenocarcinoma Squamous cell carcinoma

Rapid Multiplex Immunohistochemistry Using the
4-antibody Cocktail YANA-4 in Differentiating
Primary Adenocarcinoma From Squamous Cell

Carcinoma of the Lung

Emmy Yanagita, MT,* Naoko Imagawa, MT,* Chiho Ohbayashi, MD,{ and Tomoo Itoh, MD*

Appl Immunohistochem Mol Morphol * Volume 19, Number 6, December 2011
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Problems:

Differential diagnosis between primary and metastatic
carcinoma

Other (adeno) carcinomas are positive for ttfl
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Table 1
Summary of immunohistochemistry results.
Total cases SPT24 8G7G3/1 P
Lung 374
Adenocarcinoma 185 134 (72.4%) 121 (65.4%) 0.08
Large Cell 47 22(46.8%) 17(36.2%) 0.201
Carcinoid 23 14(60.8%) 4(17.4%) 0.003
Squamous Cell 97 14(16.8%) 1(1.0%) 0.003
Unclassified 22 10(45.5%) 7(31.8%) 0.26
Bladder 98 5(5.1%) 5(5.1%) NS
Colon 120 3 (2.5%) 3 (2.5%) NS
Prostate 160 2(1.2%) 2(1.2%) NS
Stomach 110 1(0.9%) 1(0.9%) NS
Salivary Gland 56 1(1.8%) 1(1.8%) NS
Squamous cell carcinoma of head and neck 38 0(0%) 0(0%) NS
Pancreatic adenocarcinomas 110 0(0%) 0(0%) NS
Breast 34 0(0%) 0(0%) NS
NS: not significant éﬁ ﬁltgrl;l::.lsigig coess

Published in final edited form as:
Appl Immynohistochem Mol Morphol. 2010 March ; 18(2): 142-149. doi: 10.1097/PALOb013¢3 18 1 bdfdeT.

Comparison of thyroid transcription factor-1 expression by two
monoclonal antibodies in pulmonary and non-pulmonary primary
tumors

Andres Matoso, Kamaljeet Singh, Rafik Jacob, Wesley O. Greaves, Rosemarie Tavares, Lelia
Noble, Murray B. Resnick, Ronald A. DeLellis, and Li J. Wang

Department of Pathology and Laboratory Medicine, Rhode Island Hespital and Brown Medical
School, Providence, RI.



‘

e
.t.‘g (Y
y . Y
v, R Y >
2 23 ST (UL

%

&

[/
£
e

*'",:?
gt (ghg
4‘.

e
by
&

)
2R
)
-

.,.
3 ‘a.c
R
-y
22,

£ °.‘.o,.;v4' PO AR
v 'N."f,’.' :’*“j 'A :.
SR 1’\: '?'%f’.:»” A

S Lo
2. :t& s

‘P“}l; ) .’ - -
AT IR 'i‘&" X N AR
EE b R ST

o
AR

»
o
lé
“s
»
»

Region Syddanmark

Sygehus Lillebaelt
Diagnosis of metastasis

to the lung
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Diagnosis of metastasis
to the lung
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Diagnosis of metastasis
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Diagnosis of metastasis

to the lung
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Diagnosis of metastasis

to the lung
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Diagnosis of metastasis

to the lung
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Diagnosis of direct invasion
of mesothelioma
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l Tumor Diagnosis

Bronchial brushing, Fine- or
Bronchial lavage, Course needle

—Tissue Biopsi biopsi
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Cytologi
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Adenocarcinoma Squamous carcinoma Large cell carcinoma  Small cell carcinoma
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Non Small Cell Lung Carcinoma
(NSCLCQC)
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Cytology

Improved capture

¢ Vacuum-assisted filtration

o Captures avallable calls, maximizing cellularty even from
small/scanty samples

¢ Built on ThinPrep® technology

Improved presentation

Helps maintain cnsp, clear cellular architecture
Creates concentrations of calls within the block
Reviews of cytology and cell block simultaneously
Supports easier and more productive pathology review

Improved consistency

High-gquality blocks

Fully automated with minimal operator dependency
Less cross-contaminabion risk

Consistently rapid processing time (45 minutes or less)
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And now
for something
completely different...
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Oncogene ‘drivers’ in Adenocarcinoma

Unknown (32.5%)

ROS1 (1%)

KIFSB-RET (1.5%)

HER2 (2%)

BRAF (4%) —

ALK (5%)

L MET (4%)

EGFR (15%)

KRAS (35%)

I - Gene Mutation

I - Gene Fusion

M} Gene Amplification
B } Unknown
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Oncogene ‘drivers’ in Adenocarcinoma

Unknown (32.5%) KRAS (35%)

- Gene Mutation

ROS1 (1%) I - Gene Fusion
KIFSB-RET (1.5%) -i- Gene Amplification
M } Unknown

HER2 (2%)
EGFR (15%)

BRAF (4%) — R \
L MET (4%) \

Predictive marker
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Oncogene ‘drivers’ in Adenocarcinoma

Unknown (32.5%) KRAS (35%)

l} Gene Mutation
|]> Gene Fusion

M} Gene Amplification
M} Unknown

ROS1 (1%)

KIFSB-RET (1.5%)

HER2 (2%)
EGFR (15%)

BRAF (4%)

-oncogene
\
DELETION OR
POINT MUTATION GENE CHROMOSOME
IN CODING AMPLIFICATION REARRANGEMENT
SEQUENCE

1 1 o

DNA e e T T —_— r—|:——DN.:‘-'\

| | | | | |

———i I
Hyperactive Protein _re eim
. nearby fusion to actively
proteln overproduced regulatory transcribed gene
DNA sequence greatly
causes normal overproduces
protein to be fusion protein;
overproduced or fusion
protein is

hyperactive
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Oncogene ‘drivers’ in Adenocarcinoma

o

I} Gene Fusion

W} Gene Amplification
W} Unknown

NRGs
B-cellulin
mphiregulin HB-EGF \ -
B-cellulin

HB-EGF \/"" . ’
_ Q‘ HER3 /

Epiregulin

\// 0 .

Cell proliferction
Cell survival
Invasion and metastasis
Tumor-induced neoangiogenesis
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EGFR

Oncogene ‘drivers’ in Adenocarcinoma

Unknown (32.5%)

I} Gene Mutation
I} Gene Fusion

M} Gene Amplification
W} Unknown

ROS1 (1%)

KIFSB-RET (1.5%)

HER2 (2%)

BRAF (4%)

Region Syddanmark
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EGF binding EGF binding ™™ Tyrosine kinase Autophosphorylation
| { 1 [ 1 | |
Exon 2 5 7 13 16 17 18-21 } 22-24 28
Mutations associated e i . R
with drug resistance T T790M (50%)* T

D770_N771 (ins NPG)
D770_N771 ins SVQ)
D770_N771(ins G), N771T
V7690

- 768l
E R (<1%) €8 B4 F— 3
xon 18 Exon 19 Exon 20 ExOn

Jpn(@cﬁinding loop) (activation (3
G719C AE746-A750 V765A L858R (40-45%)
G719S AE746-T75] T783A N826S
G719A AE746-A750 (ins RP) (<1%) A839T
V689M AE746-T751 (ins A/I) K846R
N700D AE746-T751 (ins VA) L861Q
E709K/Q AE746-5752 (ins A/V) G863D
S720P AL747-E749 (A750P) (40-45%)

(5%) AL747-A750 (ins P)
° AL747-T751
AL747-T751 (ins P/S)
AL747-S752

Mutations associated
\With drug sensitivity

AL747-752 (E746V)
AL747-752 (P7535)
AL747-5752 (ins Q)
AL747-P753
AL747-P753 (ins S)
AS752-1759

(45%)

autoactivates EGFR
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EGFR

Oncogene ‘drivers’ in Adenocarcinoma

[

ROS1 (1%)- l} Gene Fusion

KIFSB-RET (1.5%) W} Gene Amplification b
M} Unknown 8
HER2 (2%)

BRAF (4%)

Exon 18
G719SGAFG o
(GXGXXG)
Exon 20
AT67SVDNPHV

- @ Gefitinib™,
(Iressa B
~. Exon 19
' | K745ELREAT751
Exon 20 .
T790
Exon 20 ‘
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Exon 21 ~._Exon 20 Exon 19 / G7E:ggGifFG
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EGFR

Oncogene ‘drivers’ in Adenocarcinoma

KRAS (35%)

I} Gene Mutation

oo EGFR mutation positive EGFR mutation negative

KIFSB-RET (1.5%) W} Gene Amplification
M} Unknown

Gefitinib (n=132) Gefitinib (n=91)
Carboplatin / paclitaxel (n=129) Carboplatin / paclitaxel (n=85)
HR (95% CI) = 0.48 (0.36, 0.64) HR (95% CI) = 2.85 (2.05, 3.98)
p<0.0001 p<0.0001

No. events gefitinib, 97 (73.5%) No. events gefitinib , 88 (96.7%)
No.events C/P, 111 (86.0%) No. events C /P, 70 (82.4%)
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Oncogene ‘drivers’ in Adenocarcinoma

Unknown (32.5%)

I} Gene Mutation
I} Gene Fusion

W} Gene Amplification
M} Unknown

ROS1 (1%)
KIFSB-RET (1.5%)

HER2 (2%)

BRAF (4%)
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Resistens

EGF binding EGF binding ™™ Tyrosine kinase Autophosphorylation
| ! ! [ ] | |
Exon 2 5 7 13 16 17 18-21 3 22-24 28
— > -7 S .
Mutati Sociated P o
drug resistance - T790M (50%)*

D770_N771(ins NPG)
D770_N771(ins SVQ)
D770_N771(ins G), N771T
V769L

S768I ‘
=R BT 5 B!
Exon 18 Exon 21
(nucleotide-binding loop) e e (activation loop)
G719C AE746-A750 V765A L858R (40—45%)
G719S AE746-T751 T783A N826S
G719A AE746-A750 (ins RP) %) AB39T
V689M AE746-T751 (ins A/1) K846R
N700D AE746-T751 (ins VA) L861Q
E709K/Q AE746-5752 (ins A/V) G863D
S720P AL747-E749 (A750P) (40-45%)
(5%) AL747-A750 (ins P)
AL747-T751
AL747-T751 (ins P/S)
AL747-5752

Mutations associated
with drug sensitivity

AL747-752 (E746V)
AL747-752 (P7535)
AL747-5752 (ins Q)
AL747-P753
AL747-P753 (ins S)
AS752-1759

(45%)
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Oncogene ‘drivers’ in Adenocarcinoma

Unknown (32.5%)

[p—

ROST (1%) I} Gene Fusion

KIFSB-RET (1.5%)- M} Gene Amplification

M} Unknown
HER2 (2%)

BRAF (4%)
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Contents lists available at ScienceDirect

Lung Cancer

ELSEVIER

journal homepage: www.elsevier.com/locate/lungcan

Novel EGFR mutation-specific antibodies for lung adenocarcinoma:
Highly specific but not sensitive detection of an E746_A750 deletion in
exon 19 and an L858R mutation in exon 21 by immunohistochemistry

@ CrossMark

An Na Seo®"!, Tae-In Park"!, Yan Jin®¢, Ping-Li Sun®<, Hyojin Kim®*¢,
Hyun Chang¢, Jin-Haeng Chung®<*

2 Department of Pathology, Seoul National University Bundang Hospital, 300 G

i-d d , S

i, Gyeonggi 463-707, Republic of Korea

b Department of Pathology, Kyungpook National University College of Medicine, 680 Gukchaebosang-ro, Jung-gu, Daegu 700-842, Republic of Korea
¢ Department of Pathology, Seoul National University College of Medicine, 103 Daehak-ro, Jongno-gu, Seoul 110 799, Repubhc of Korea

d Department of Internal Medicine, Seoul National University Bundang Hospital, 300 Gi

Korea

EGF binding

EGF binding ™™

Tyrosine kinase

i, Gyeonggi 463-707, Republic of
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N700D AE746-T751 (ins VA) L861Q
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* E746-A750
? del-specific AB SPI | |

EGFR

Oncogene ‘drivers’ in Adenocarcinoma

Unknown (32.5%)

E746-A750

ey del-specific AB SP1 1 |

I} Gene Fusion

W} Gene Amplification
M} Unknown

Table 2
Diagnostic power of mutation-specific antibodies comparing with EGFR mutational status.
Mutation-specific antibodies EGFR mutations Sensitivity (%) Specificity (%) PPV (%) NPV (%)
Anti-EGFR E746_A750 del E746_A750 deletion
>Score 1 as positive 94.1% 96.1% 80.0% 99.0%
>Score 2 as positive 70.6% 99.0% 92.3% 95.3%
>Score 3 as positive 29.4% 100.0% 100.0% 89.6%
All deletions in exon 19
>Score 1 as positive 54.8% 96.6% 85.0% 86.0%
>Score 2 as positive 40.3% 99.4% 96.2% 82.7%
>Score 3 as positive 16.1% 100.0% 100.0% 77.4%
Anti-EGFR L858R L858R
>Score 1 as positive 93.5% 50.0% 30.7% 97.0%
>Score 2 as positive 80.4% 89.7% 64.9% 95.1%
>Score 3 as positive 41.3% 100.0% 100.0% 87.8%

Abbreviations: PPV, positive predictive value; NPV, negative predictive value.

Contentsfsts available a ScienceDirect
Lung Cancer

ELSF \“ R journal homepage: www.elsevier.com/locate/lungcan

Novel EGFR mutation-specific antibodies for lung adenocarcinoma: @Cmm
Highly specific but not sensitive detection of an E746_A750 deletion in
exon 19 and an L858R mutation in exon 21 by immunohistochemistry

An Na Seo®"!, Tae-In Park"!, Yan Jin®*, Ping-Li Sun*, Hyojin Kim ",
Hyun Chang?, Jin-Haeng Chung?-*

" 53
103 Dachak..ongno g Seoul 110-798. Repubic of Ko
Gunit-dong Bunds 1, Gpeangs 463707, Republic of
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Algorithm

EGFR

Lung adenocarcinomas
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M} Gene Amplification

‘ W} Unknown / \
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Molecular analysis EGFR mutation +
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Oncogene ‘drivers’ in Adenocarcinoma

l EGFR TKIs
EGFR mutation +

Contentsfsts available a ScienceDirect
Lung Cancer
Journal homepage: www.elsevier.comloca teflungean

EGFR TKIS 'R mutation-spe
»cific but not ses
nd a
An Na Seo
n Ch

ntibodies for lung adenocarcinoma: @rmm
e detection of an E746_A750 deletion in
n in exon 21 by immunohistochemistry




Region Syddanmark

Sygehus Lillebaelt

EGFR

Oncogene ‘drivers’ in Adenocarcinoma

Unknown (32.5%)

[p—

]
ROS1 (1%)- I} Gene Fusion

KIFSB-RET (1.5%)- M} Gene Amplification

M} Unknown
HER2 (2%)

BRAF (4%)

DNA-purification
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EGFR

Oncogene ‘drivers’ in Adenocarcinoma

- Sequencing
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Oncogene ‘drivers’ in Adenocarcinoma

Unknown (32.5%)

[p—

ROS1 (1%)- I} Gene Fusion

KIFSB-RET (1.5%)- M} Gene Amplification

M} Unknown
HER2 (2%)

BRAF (4%)
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Loop
Loop Blocker Sequence
A Sequence
Internal

Stem Quencher 5' Reporter
Sequence

Internal R

Quencher =

N PCR Primer PCR Primer |
5° Reporter / I II | { Newly Synthesized
DNA Strand

Blocker Target D

Complementary Sequence

1. Quenching of the fluorescence 2. Emission of the fluorescence

= mutationspecific primer
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Oncogene ‘drivers’ in Adenocarcinoma

Unknown (32.5%) KRAS (35%)

l} Gene Mutation
|]> Gene Fusion

M} Gene Amplification
M} Unknown

ROS1 (1%)

KIFSB-RET (1.5%)

HER2 (2%)
EGFR (15%)

BRAF (4%)

MET (4

proto-oncogene

e T

DELETION OR
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IN CODING AMPLIFICATION REARRANGEMENT
SEQUENCE

1 1 o

DNA e e T T —_— r—|:——DN.:‘-'\
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Hyperactive Protein _re eim
. nearby fusion to actively
proteln overproduced regulatory transcribed gene
DNA sequence greatly
causes normal overproduces
protein to be fusion protein;
overproduced or fusion
protein is

hyperactive
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ALK

Oncogene ‘drivers’ in Adenocarcinoma

First approval of

ALK inhibitor
|
ALK mutations
in ATC
Anaplastic largecell lymphoma Non small cell lung carcinoma |
NPM1-ALK EML4-ALK VCL-ALK
in ALCL in NSCLC in RMC

1994 2000 2007 2008 2011 2012

TPM3/4-ALK ALK mutations/
in IMT amplification
Inflammat ebroblastic t in NBL ALK amplification
nrilammarory myomnbroblastic tumor Nouroblastom in RMS

Rhabdomyosarcoma
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ALK

Oncogene ‘drivers’ in Adenocarcinoma

KRAS (35%)
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ALK

Oncogene ‘drivers’ in Adenocarcinoma

Unknown (32.5%) KRAS (35%)

 [RE

ROS1 (1%) I} Gene Fusion
KIFSB-RET (1.5%)

M} Gene Amplification
M} Unknown
HER2 (2%)
£GFR (15%) Cell survival
BRAF (4%)
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Cell survival

ALK

& =
Chromosome 2p N T (STATS Proliferation
p, v 4 R\@_, MEK ) — ( @

Oncogene ‘drivers’ in Adenocarcinoma Inversion
_—

Unknown (32.5%) KRAS (35%)

ALK fusion
protein

I} Gene Mutation l
ROST (1%) I} Gene Fusion -

KIFSB-RET (1.5%)

W} Gene Amplification 2011 American Association for Cancer Research
W} Unknown CCR Molecular Pathways

HER2 (2%)
EGFR (15%)
BRAF (4%)
MET (4%)

NDC 0069-8140-20
0— G@ Rx only
20 =l XALKORI"

~40] - (crizotinib) capsules

—60 —

NHZ

60 —
M Disease progression
W Stable disease
20— Partial response

M Complete response

40— HN
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Figure 2: Waterfall plot showing response to crizotinib in patients with EML4-ALK NSCLC. Percent change in tumor burden relative to
pretreatment baseline is represented. (Reproduced with permission from Kwak et al. N Engl J Med. 2010;363:1693-1703. Copyright @ 2010,
Massachusetts Medical Society.)
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Detection of fusion protein

ALK

Oncogene ‘drivers’ in Adenocarcinoma

I} Gene Mutation
I} Gene Fusion

W} Gene Amplification
M} Unknown

Detection of fusion RNA

EML4-ALK

E13:A20 ] EML4 ALK W .

E6;A20 B Evu4 ALK | ALK fUS|on

E20;A20 | EML4 ALK [ |
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Detection of chromosomal — ww= m - g— P
E15,A20 [ ] EML4 ALK ]
h g E2;A20 B EML4 ALK ]
C a n es E17;A20 [ ] EML4 ALK [ |
TFG-ALK | R ALK [ |
KIF5B-ALK  «krse W ALK ||
.Cuiled-coil domait - Tyrosine kinase domain

EML4/ALK
Fusion
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Detection of fusion protein

ALK

Oncogene ‘drivers’ in Adenocarcinoma

I} Gene Mutation
I} Gene Fusion

W} Gene Amplification
M} Unknown

Detection of fusion RNA

EML4-ALK
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Oncogene ‘drivers’ in Adenocarcinoma

Unknown (32.5%) KRAS (35%)

I} Gene Mutation

ROS1 (1%) I} Gene Fusion
KIFSB-RET (1.5%) M} Gene Amplification
W} Unknown
HER2 (2%)

EGFR (15%)

BRAF (4%)

Detection of chromosomal
changes
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Detection of fusion protein

ALK

Oncogene ‘drivers’ in Adenocarcinoma

I} Gene Mutation
I} Gene Fusion

W} Gene Amplification
W} Unknown

Detection of fusion RNA
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Detection of fusion RNA

Different variants of EML4-ALK and non-EML4 fusion partners

|0 different primers
EML4-ALK

£20,A20 BT
E13;A20 b
Variant 1 S By

; 33% ’
E18;A20 EMLA _ W E18; A20

; Variant 3a/b W E20; A20
Em 29%
W E6a/b; A20
TFG-ALK | T RN
KIFSB-ALK arss [ [0 AK

I Coiled-coil domain - Tyrosine kinase domain
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Detection of fusion RNA

Different variants of EML4-ALK and non-EML4 fusion partners
3 different primers
EML4-ALK v v
E6;A20 o il

£20420 T
E13:A20 W E17; A20
; : 1 £2; A2
33% ’

; Variant 3a/b W E20; A20
Em 29%
W E6a/b; A20
TFG-ALK | T RN
KIFSB-ALK arss [ [0 AK

I Coiled-coil domain - Tyrosine kinase domain
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Detection of fusion protein

ALK

Oncogene ‘drivers’ in Adenocarcinoma

I} Gene Mutation
I} Gene Fusion

W} Gene Amplification
M} Unknown

Detection of fusion RNA

EML4-ALK
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E20;A20 | EML4 ALK [ |
. E14:A20 ] EML4 ALK m rot e i n
Detection of chromosomal — ww= m - g— P
E15,A20 [ ] EML4 ALK ]
h g E2;A20 B EML4 ALK ]
C a n es E17;A20 [ ] EML4 ALK [ |
TFG-ALK | R ALK [ |
KIF5B-ALK  «krse W ALK ||
.Cuiled-coil domait - Tyrosine kinase domain

EML4/ALK
Fusion
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ALK

Oncogene ‘drivers’ in Adenocarcinoma

Immunohistolochemistry

Detects ALK independent of fusion partner

Detection of fusion protein
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Oncogene ‘drivers’ in Adenocarcinoma

Unknown (32.5%) KRAS (35%)

[p—

ROS1 (1%) I} Gene Fusion
KIFSB-RET (1.5%)- M} Gene Amplification
M} Unknown
HER2 (2%)

EGFR (15%)

BRAF (4%)

Detection of fusion protein

Region Syddanmark

Sygehus Lillebaelt

Immunhistologi

Supplier Type/Clone P:‘:’u:t SL::::‘
Abcam Monoclonal (rabbit, clone SP8) ab16670 View
Abcam Polyclonal rabbit antibody ab4061 View
Abcam Monoclonal (mouse, clone 5A4) ab17127 View
Abgent Polyclonal rabbit antibody AP7600a View
Abgent Polyclonal rabbit antibody AP7600b View
BD Biosciences Monoclonal (mouse, clone ALK1) 559254
Beckman Coulter 'g'z‘fzgg’.‘;’g;'(z';‘°“se' clone IM3312 View
Biomeda Monoclonal (rabbit, clone B651) V10408 View
Dako Monoclonal (mouse, clone ALK1) M7195 View
Diagnostic Biosystems | Polyclonal rabbit antibody RP110 View
GeneTex Monoclonal (mouse, clone 5A4) GTX17127 View
GeneTex Polyclonal rabbit antibody GTX24061 View
Imgenex Polyclonal rabbit antibody IMG-80443 | View
Lab Vision Polyclonal rabbit antibody RB-9001 View
Lab Vision Monoclonal (mouse, clone 5A4) MS-1104 View
Lab Vision Monoclonal (rabbit, clone SP8) RM-9108 View
Novocastra Monoclonal (mouse, clone 5A4) NCL-ALK View
Sia.an lta lCruz Monoclonal (mouse, clone ALK1) sc-53157 View
!Lenlana_M&dmals Monoclonal (mouse, clone ALK-01) 790-2918 View

http://www.tissuemarkers.org/source.php?mol_id=2
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Immunhistologi

ALK R

Oncogene ‘drivers’ in Adenocarcinoma

KRAS (35%)

 [RE

ROST (1%) l} Gene Fusion - i
KIFSB-RET (1.5%)- M} Gene Amplification
M} Unknown L >
~
-
MET (4%) .

. . . Lymfom, DAKO =~
Detection of fusion protein S/

IMT, DAKO

Lung Novacastra
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Immunhistologi
D5CII SnaIIin ALK I DAKO

ALK

Oncogene ‘drivers’ in Adenocarcinoma

Unknown (32.5%) KRAS (35%)

[p—

ROST (1%) I} Gene Fusion

KIFSB-RET (1.5%)- M} Gene Amplification
M} Unknown
HER2 (2%)

EGFR (15%)

BRAF (4%)

Detection of fusion protein

e s
: u.. . L nr q...’:,
.,1'- -'n"' -"E' r' 'l*_
Ay :’ ﬂ' rl'ﬂhﬂfr 4

e
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A el TR

A Novel, Highly Sensitive Antibody Allows for the Routine
Detection of ALK-Rearranged Lung Adenocarcinomas
by Standard Immunohistochemistry

Mari Mino-Kenudson', Lucian R. Chirieac?, Kenny Law?, Jason L. Hornick?, Neal Lindeman?, Eugene J. Mark,
David W. Cohen?®, Bruce E. Johnson®, Pasi A. Janne*, A. John lafrate’, and Scott J. Rodig?®
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ALK Immunhistologi
Oncogene ‘drivers’ in Adenocarcinoma
Virchows Arch (2012) 461:245-257
DOI 10.1007/s00428-012-1281-4
REVIEW AND PERSPECTIVES

EMLA4-ALK testing in non-small cell carcinomas

Detection of fusion protel oW Wi i
etection of THION PTOTEIN  of the lung: a review with recommendations

Erik Thunnissen - Lukas Bubendorf - Manfred Dietel -
Goran Elmberger - Keith Kerr - Fernando Lopez-Rios -
Holger Moch - Wlodzimierz Olszewski -

Patrick Pauwels - Frédérique Penault-Llorca -

Giulio Rossi
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Immunhistologi

ALK

Oncogene ‘drivers’ in Adenocarcinoma

Table 1 THC protocols described in the literature

Uniown (225%) KRAS (35%) Antibody  Source HIER Dilution  Incubation

Detection system

Yi et al. [46] ALK1 Dako EDTA, pH 8, 30 min 1/100 30 min at RT
I}Gmmm Yang et al. [43] ALK1 Dako EDTA, pH 8, 30 min 1/100 30 min at RT
7081 (1%) I}“"“‘""“ Paik et al. [47] 5A4 Abcam CC1 (Ventana), 1 h 1/30 2 hat42°C
ureReTe [ o McLeer-Florin et al. [48] 5A4 Abcam CC1 (Ventana), 1 h 1/50 2 hat37°C
e om0 Hofman et al. [45] 5A4 Abcam pH 9, 40 min, 97 °C 1/50 30 min RT
T Laerew Kim et al. [27] 5A4 Novocastra ~ CC1 100 °C, 20 min 1/30 2 hat42 °C
Mino-Kenudson et al. [49]  DS5F3 CST EDTA pH 8 pressure cooker  1/500* Overnight
DYE4 CST 1/100°
Detection of fusion protein ALRE ek o

Advance (Dako)
Advance (Dako)
i-view (Ventana)
i-view (Ventana)
EnVision Flex (Dako)
i-view (Ventana)
EnVision+ (Dako)

HIER heat-induced epitope retrieval, EDTA ethylenediaminetetraacetic acid, RT room temperature, CST cell signaling technology

?For anaplastic large cell lymphomas

®For lung adenocarcinomas and inflammatory myofibroblastic tumours

Nichows Arch (012) 461245 267
DO 101007400426 012 12614

REVIEW AND PERSPECTIVES

EMLA4-ALK testing in non-small cell carcinomas
of the lung: a review with recommendations
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Oncogene ‘drivers’ in Adenocarcinoma

Unknown (32.5%) KRAS (35%)

I} Gene Mutation

ROS1 (1%) I} Gene Fusion
KIFSB-RET (1.5%)- M} Gene Amplification
M} Unknown
HER2 (2%)

EGFR (15%)

BRAF (4%)

Detection of fusion protein

Region Syddanmark
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Immunhistologi

Table 2 IHC scoring systems

Score
0 1+ 2
Yiet No Faint cytoplasmic Moderate Intense
al. staining  staining smooth granular
[46] cytoplasmic cytoplasmic
staining staining in
>10 % of
tumour cells
Kim No Faint or weak Moderate Strong and
et staining  staining staining granular
al. intensity >intensity staining
[27] with >5 % with >5 % intensity
tumour cells or tumour cells®  with >5 %
any tumour
staining cells ©

intensity with
<5 % tumour
cells ?

 Average of 14.7 % positively stained cells

® Average of 58.2 % positively stained cells

¢ Average of 97.3 % positively stained cells

REVI ERSPECTIVES

EMLA4-ALK testing in non-small cell carcinomas
of the lung: a review with recommendations
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Immunhistologi

ALK

Oncogene ‘drivers' in Adenocarcinoma ESMO Association of ALK IHC and FISH, N=198

100%
I} Gene Mutation 9 0%
ey 80%
70%

60%
50%
40%
30%
20%
10%
0%

Percent

Detection of fusion protein

IHC result 0+ IHC result 1+ IHC result 2+ IHC result 3+

FISH ALK  mFISH Negative M FISH Positive

|
36.7% of IHC+ are FISH+
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Oncogene ‘drivers’ in Adenocarcinoma

ALK Algorithm

| NSCLC
‘ |
I}Gmuvmlon - ) T
Ros1 1% J} core rsion ALK testing
M} Unknown r I
MET (4%) IHC
= I
| | - 1
: : : Fositive .
Detection of fusion protein insmield { Negative ]
A
I R’
[ FISH
1 "
| 1
[ Positive ] [ Megative ]
[ ALK rearrangement ] [ MNo ALK rearrangement |

REVIEW

EMLA4-ALK testing in non-small cell carcinomas
of the lung: a review with recommendations
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Oncogene ‘drivers’ in Adenocarcinoma

Unknown (32.5%) KRAS (35%)

I - Gene Mutation

M} Gene Amplification
B } Unknown

ROS1 (19%) - Gene Fusion

KIFSB-RET (1.5%)

XALKORI /
HER2 (2%)
EGFR (15%)
IHC, FISH ? ALK (5%

BRAF (4%) —

e MET (4%)

MET-Mab

IHC, FISH ?

Near future
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DNA workflow

KRAS, EGFR, BRAF, PIK3CA, AKT1, ERBB2, PTEN, NRAS, STK11, MAP2KT,
ALK, DDR2, CTNNBI1, MET, TP53, SMAD4, FBX7, FGFR3, NOTCHI, ERBBS,
FGFR1, FGFR2

and prepae template

RNA workflow

m ALK, RET, ROS1, and NTRK1 fusion transcripts, in addition to targets designed

lon AmpliSeq™RNA to detect 5" and 3' ALK gene expression

Fusion Lung Cancer
Research Panel

Caastruct bhrary - nalpss and
¢ GS
and prepore temalate tuson detectizn

SAMPLE TO ANSWER IN 24-£8 HOURS

Next generation seq.
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Cancer Immunotherapy

Tumor cell Patient’s T cells
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Cancer Immunotherapy

Tumor cell Patient’s T cells

T CELL

—]

inhibition "lll‘lllll"

Tcoll

TUMOR
CEWL
GROWIH

T CELLS

Tcoll
octivation

Predictive marker ?
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Cancer Immunotherapy

Programmed Death-Ligand 1
Immunohistochemistry in Lung Cancer

In what state is this art?

Keith M. Kerr, MBChB, FRCPath,* Ming-Sound Tsao, MD, PhD, } Andrew G. Nicholson, DM, FRCPath, }
Yasushi Yatabe, MD, PhD,§ Ignacio I. Wistuba, MD, PhD, || and Fred R. Hirsch, MD, PhD,¥
On behalf of the IASLC Pathology Committee
(J Thorac Oncol. 2015;10: 985-989)

TABLE 1. Summary of Published Findings for PD-L1T Immunohistochemistry in Therapeutic Trials

Biomarker Definition of Positive Predictive ORR % IHC ORR % IHC

Drug Antibody Rx Line  “Positive”™ (%) N Positive (%) Outcome pos. Cases neg. Cases Ref.

Nivolumab Dako 28-8 Ist >5 in >100 cells 59 Yes 31° 10 7,8/

Nivolumab Dako 28-8 >2nd >5, 21 49, 56 No 15,13 14, 17 9,10

Nivolumab + Dako 28-8 Ist =5 in >100 cells 42 No 19 14 11

Ipilimumab

Nivolumab Dako 28-8 >2nd =5 33¢ Yes 24 14 12/

Nivolumab S5H1¢ >2nd >5, also studied 67 Yes No data No data 13
TIICs for lung for lung

Pembrolizumab Dako 22C3 Any “Strong” =50, 25,70 Yes, Yes 37,17 9 14
“Weak” 1-49

Pembrolizumab Dako 22C3 st >50, >1 ? Yes 47,26 ? 15

MPDL3280A Roche Ventana, SP142 >2nd =10, >5, >1 TIICs 13, 28, 56 Yes 83, 46, 31 18,18, 20 16-18

MEDI-4736 Roche Ventana, SP263 >2nd Data not available 41 Yes 25 3 19,20
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Alveolar macr.

Programmedl Death-Ligand 1
Immunohistochemistry in Lung Cancer

EILN3N anti-PD-LI (cell signalling) In what state is this art?

Keith M. Kerr, MBChB, FRCPath,* Ming-Sound Tsao, MD, PhD, } Andrew G. Nicholson, DM, FRCPath, }
Yasushi Yatabe, MD, PhD,§ Ignacio I. Wistuba, MD, PhD, || and Fred R. Hirsch, MD, PhD,{
On behalf of the IASLC Pathology Committee

(J Thorac Oncol. 2015;10: 985-989)
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Lung cancer research landscape —
MoA group and phase

8- v & PO o
) _ MORab
A :/O Mitotic/Topoisomerase Inhibitors A\ Ns2sEsa165 A
- - pr-2341066@
@ - uine : wlumumatd, 316727
@ =r<ine : -390 Vascular Disrupting Agent
@ -1 and 27 line S
O =34ine . ; A )
[ EIRCESI VEGF Inhibitors - : BT -
® y edgbulin (CAS) MA\exatumums
=sac 4 Apoptosis Agonist
(O naﬁf"‘g" AVE-BOG2ARAREH1 3727
®=Ammocy min B.) A5 . - A N

Brivars

FGFR Inhibitors A zﬁ’
TKI-258

IGFR Inhibitors i

XL-228

Antimetabolites
Scurce: Compiled by Neela Somaish and George Simoen.

Future



