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Lung Carcinoma
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TABLE 1. 2015 WHO Classification of Lung Tumors< TABLE 1. (Continued) O
Histologic Type and Subtypes ICDO Code Histologic Type and Subtypes ICDO Code 0.0
Epithelial tumors Papillomas
Adenocarcinoma 8140/3 Squamous cell papilloma 8052/0
Lepidic adenocarcinoma® 8250/3¢ Exophytic 8052/0 N O rd I Q C
Acinar adenocarcinoma 8551/3¢ Inverted 8053/0
Papillary adenocarcinoma 8260/3 Glandular papilloma 8260/0
Micropapillary adenocarcinoma 8265/3 Mixed squamous and glandular papilloma 8560/0
Solid adenocarcinoma 8230/3 Adenomas
Invasive mucinous adenocarcinoma® 8253/3¢ Sclerosing pneumocytoma® 8832/0
Mixed invasive mucinous and Alveolar adenoma 8251/0
nonmucinous adenocarcinoma 8254/3¢ Papillary adenoma 8260/0
Colloid adenocarcinoma 8480/3 Mucinous cystadenoma 8470/0
Fetal adenocarcinoma 8333/3 Mucous gland adenoma 8480/0
Enteric adenocarcinoma® 8144/3 Mesenchymal tumors
Minimally invasive adenocarcinoma‘ Pulmonary hamartoma 8992/0¢
Nonmucinous 8256/3¢ Chondroma 9220/0
Mucinous 8257/3¢ PEComatous tumors®
Preinvasive lesions Lymphangioleiomyomatosis 9174/1
Atypical adenomatous hyperplasia 8250/0¢ PEComa, benign* 8714/0
Adenocarcinoma in situ Clear cell tumor 8005/0
Nonmucinous 8250/2¢ PEComa, malignant* 8714/3
Mucinous 8253/2¢ Congenital peribronchial myofibroblastic tumor 8827/1
Squamous cell carcinoma 8070/3 Diffuse pulmonary lymphangiomatosis
Keratinizing squamous cell carcinoma® 8071/3 Inflammatory myofibroblastic tumor 8825/1
Nonkeratinizing squamous cell carcinoma® 8072/3 Epithelioid hemangioendothelioma 9133/3
. . . Basaloid squamous cell carcinoma® 8083/3 Pleuropulmonary blastoma 8973/3
m a I Ign a_ n t e P Ith e I I a I tu m o rs Preinvasive lesion Synovial sarcoma 9040/3
Squamous cell carcinoma in situ 8070/2 Pulmonary artery intimal sarcoma 9137/3
M Neuroendocrine tumors Pulmonary myxoid sarcoma with EWSRI-CREBI translocation® 8842/3¢
Ca- rc I n O m as Small cell carcinoma 8041/3 Myoepithelial tumors®
Combined small cell carcinoma 8045/3 Myoepithelioma 8982/0
Large cell neuroendocrine carcinoma 8013/3 Myoepithelial carcinoma 8982/3
Combined large cell neuroendocrine carcinoma 8013/3 Lymphohistiocytic tumors
Carcinoid tumors Extranodal marginal zone lymphomas of mucosa-associated ~ 9699/3
Typical carcinoid tumor 8240/3 Lymphoid tissue (MALT lymphoma)
Atypical carcinoid tumor 8249/3 Diffuse large cell lymphoma 9680/3
Preinvasive lesion Lymphomatoid granulomatosis 9766/1
Diffuse idiopathic pulmonary neuroendocrine 8040/0¢ Intravascular large B cell lymphoma* 9712/3
cell hyperplasia Pulmonary Langerhans cell histiocytosis 9751/1
Large cell carcinoma 8012/3 Erdheim-Chester disease 9750/1
Adenosquamous carcinoma 8560/3 Tumors of ectopic origin
Sarcomatoid carcinomas Germ cell tumors
Pleomorphic carcinoma 8022/3 Teratoma, mature 9080/0
Spindle cell carcinoma 8032/3 Teratoma, immature 9080/1
Giant cell carcinoma 8031/3 Intrapulmonary thymoma 8580/3
Carcinosarcoma 8980/3 Melanoma 8270/3
Pulmonary blastoma 8972/3 Meningioma, NOS 9530/0
Other and Unclassified carcinomas Metastatic tumors
Lymphoepithelioma-like carcinoma 8082/3 “The morphology codes are from the ICDO.> Behavior is coded /0 for benign tumors,
NUT carcinoma® 8023/3¢ /1 for unspecified, borderline or uncertain behavior, /2 for carcinoma in situ and grade I1T
Salivary gl.and-type tumors mtm’fl]")l;‘ehilll:s]s‘i‘gnglllzsr:a;sa:fogég; r;;ﬂ:f‘::: ;‘)‘rl::?;fls ‘WHO classification® taking into
Mucoepidermoid carcinoma 8430/3 account changes in our understanding of these lesions.
Adenoid cystic carcinoma 8200/3 ‘;I}:is table fs rzprod?xced from tl:jebZO‘ls VIJI;IO C[l?ssi?(:licn by Trévis et a]li‘ N
Epithelial-myoepithelial carcinoma 8562/3 WHO Ces;:ixezof;slgg(e)‘ap proved by the fnternational Agency on Gancer Researd
Pleomorphic adenoma 8940/0 “New terms changed or entities added since 2004 WHO Classification.*
LCNEC, large cell neuroendocrine carcinoma, WHO, World Health Organization;
(Continued) ICDO International Classification of Diseases for Oncology.
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Squamous carcinoma (18%)
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TABLE 1. 2015 WHO Classification of Lung Tumors< TABLE 1. (Continued)
Histologic Type and Subtypes ICDO Code Histologic Type and Subtypes ICDO Code
Epithelial tumors Papillomas
Adenocarcinoma < 8140/3 Squamous cell papilloma 8052/0
Lepidic adenocarcinoma® 8250/3¢ Exophytic 8052/0
Acinar adenocarcinoma 8551/3¢ Inverted 8053/0
Papillary adenocarcinoma 8260/3 Glandular papilloma 8260/0
Micropapillary adenocarcinoma 8265/3 Mixed squamous and glandular papilloma 8560/0
Solid adenocarcinoma 8230/3 Adenomas
Invasive mucinous adenocarcinoma® 8253/3¢ Sclerosing pneumocytoma® 8832/0
Mixed invasive mucinous and Alveolar adenoma 8251/0
nonmucinous adenocarcinoma 8254/3¢ Papillary adenoma 8260/0
Colloid adenocarcinoma 8480/3 Mucinous cystadenoma 8470/0
Fetal adenocarcinoma 8333/3 Mucous gland adenoma 8480/0
Enteric adenocarcinoma® 8144/3 Mesenchymal tumors
Minimally invasive adenocarcinoma‘ Pulmonary hamartoma 8992/0¢
Nonmucinous 8256/3¢ Chondroma 9220/0
Mucinous 8257/3¢ PEComatous tumors®
Preinvasive lesions Lymphangioleiomyomatosis 9174/1
Atypical adenomatous hyperplasia 8250/0¢ PEComa, benign* 8714/0
Adenocarcinoma in situ Clear cell tumor 8005/0
Nonmucinous 8250/2¢ PEComa, malignant* 8714/3
Mucinous 8253/2¢ Congenital peribronchial myofibroblastic tumor 8827/1
Squamous cell carcinoma  d——— 8070/3 Diffuse pulmonary lymphangiomatosis
Keratinizing squamous cell carcinoma® 8071/3 Inflammatory myofibroblastic tumor 8825/1
Nonkeratinizing squamous cell carcinoma® 8072/3 Epithelioid hemangioendothelioma 9133/3
Basaloid squamous cell carcinoma® 8083/3 Pleuropulmonary blastoma 8973/3
Preinvasive lesion Synovial sarcoma 9040/3
Squamous cell carcinoma in situ 8070/2 Pulmonary artery intimal sarcoma 9137/3
Neuroendocrine tumors Pulmonary myxoid sarcoma with EWSRI-CREBI translocation® 8842/3¢
Small cell carcinoma  ————— 8041/3 Myoepithelial tumors®
Combined small cell carcinoma 8045/3 Myoepithelioma 8982/0
Large cell neuroendocrine carcinoma 8013/3 Myoepithelial carcinoma 8982/3
Combined large cell neuroendocrine carcinoma 8013/3 Lymphohistiocytic tumors
Carcinoid tumors Extranodal marginal zone lymphomas of mucosa-associated ~ 9699/3
Typical carcinoid tumor 8240/3 Lymphoid tissue (MALT lymphoma)
Atypical carcinoid tumor 8249/3 Diffuse large cell lymphoma 9680/3
Preinvasive lesion Lymphomatoid granulomatosis 9766/1
Diffuse idiopathic pulmonary neuroendocrine 8040/0¢ Intravascular large B cell lymphoma* 9712/3
cell hyperplasia Pulmonary Langerhans cell histiocytosis 9751/1
Large cell carcinoma 8012/3 Erdheim-Chester disease 9750/1
Adenosquamous carcinoma 8560/3 Tumors of ectopic origin
Sarcomatoid carcinomas Germ cell tumors
Pleomorphic carcinoma 8022/3 Teratoma, mature 9080/0
Spindle cell carcinoma 8032/3 Teratoma, immature 9080/1
Giant cell carcinoma 8031/3 Intrapulmonary thymoma 8580/3
Carcinosarcoma 8980/3 Melanoma 8270/3
Pulmonary blastoma 8972/3 Meningioma, NOS 9530/0
Other and Unclassified carcinomas Metastatic tumors
Lymphoepithelioma-like carcinoma 8082/3 “The morphology codes are from the ICDO.> Behavior is coded /0 for benign tumors,
NUT carcinoma® 8023/3¢ /1 for unspecified, borderline or uncertain behavior, /2 for carcinoma in situ and grade I1T
Salivary gl.and-type tumors mm’fl]")}:‘ehilll:s]sri‘ggzlnjlllzsr:a;sa:fogég; I;E)]:f‘ﬁ: ;‘)‘rl::?:ls ‘WHO classification® taking into
Mucoepidermoid carcinoma 8430/3 account changes in our understanding of these lesions.
Adenoid cystic carcinoma 8200/3 ‘;I}:is table fs rzprod};ced from tl:jebZO‘ls VIJI;IO C[lflssi?(/:\alion by Trévis et a]lz“ N
Epithelial-myoepithelial carcinoma 8562/3 WHO ce:;,:e;xe?f;igg:)‘ap proved by the fnternational Agency on Gancer Researd
Pleomorphic adenoma 8940/0 “New terms changed or entities added since 2004 WHO Classification.*
LCNEC, large cell neuroendocrine carcinoma, WHO, World Health Organization;
(Continued) ICDO International Classification of Diseases for Oncology.
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TABLE 1. 2015 WHO Classification of Lung Tumors< TABLE 1. (Continued)

Histologic Type and Subtypes ICDO Code Histologic Type and Subtypes ICDO Code
Epithelial tumors Papillomas
Adenocarcinoma - 8140/3 Squamous cell papilloma 8052/0
Lepidic adenocarcinoma® 8250/3¢ Exophytic 8052/0
Acinar adenocarcinoma 8551/3¢ Inverted 8053/0
Papillary adenocarcinoma 8260/3 Glandular papilloma 8260/0
Micropapillary adenocarcinoma 8265/3 Mixed squamous and glandular papilloma 8560/0
Solid adenocarcinoma 8230/3 Adenomas
Invasive mucinous adenocarcinoma® 8253/3¢ Sclerosing pneumocytoma® 8832/0
Mixed invasive mucinous and Alveolar adenoma 8251/0
nonmucinous adenocarcinoma 8254/3¢ Papillary adenoma 8260/0
Colloid adenocarcinoma 8480/3 Mucinous cystadenoma 8470/0
Fetal adenocarcinoma 8333/3 Mucous gland adenoma 8480/0
Enteric adenocarcinoma® 8144/3 Mesenchymal tumors
Minimally invasive adenocarcinoma® Pulmonary hamartoma 8992/0¢
Nonmucinous 8256/3¢ Chondroma 9220/0
Mucinous 8257/3¢ PEComatous tumors®
Preinvasive lesions Lymphangioleiomyomatosis 9174/1
Atypical adenomatous hyperplasia 8250/0¢ PEComa, benign* 8714/0
Adenocarcinoma in situ Clear cell tumor 8005/0
Nonmucinous 8250/2¢ PEComa, malignant* 8714/3
Mucinous 8253/2¢ Congenital peribronchial myofibroblastic tumor 8827/1
Squamous cell carcinoma 8070/3 Diffuse pulmonary lymphangiomatosis
Keratinizing squamous cell carcinoma® 8071/3 Inflammatory myofibroblastic tumor 8825/1
Nonkeratinizing squamous cell carcinoma® 8072/3 Epithelioid hemangioendothelioma 9133/3
Basaloid squamous cell carcinoma® 8083/3 Pleuropulmonary blastoma 8973/3
. . o, Preinvasive lesion Synovial sarcoma 9040/3
CarCI nOIdS I - 2 A Squamous cell carcinoma in situ 8070/2 Pulmonary artery intimal sarcoma 9137/3
Neuroendocrine tumors Pulmonary myxoid sarcoma with EWSRI-CREBI translocation® 8842/3¢
Small cell carcinoma 8041/3 Myoepithelial tumors®
Combined small cell carcinoma 8045/3 Myoepithelioma 8982/0
Large cell neuroendocrine carcinoma 8013/3 Myoepithelial carcinoma 8982/3
Combined large cell neuroendocrine carcinoma 8013/3 Lymphohistiocytic tumors
Carcinoid tumors d————————— Extranodal marginal zone lymphomas of mucosa-associated ~ 9699/3
Typical carcinoid tumor 8240/3 Lymphoid tissue (MALT lymphoma)
Atypical carcinoid tumor 8249/3 Diffuse large cell lymphoma 9680/3
Preinvasive lesion Lymphomatoid granulomatosis 9766/1
Diffuse idiopathic pulmonary neuroendocrine 8040/07 Intravascular large B cell lymphoma* 9712/3
cell hyperplasia Pulmonary Langerhans cell histiocytosis 9751/1
Large cell carcinoma 8012/3 Erdheim-Chester disease 9750/1
Adenosquamous carcinoma 8560/3 Tumors of ectopic origin
Sarcomatoid carcinomas Germ cell tumors
Pleomorphic carcinoma 8022/3 Teratoma, mature 9080/0
Spindle cell carcinoma 8032/3 Teratoma, immature 9080/1
Giant cell carcinoma 8031/3 Intrapulmonary thymoma 8580/3
Carcinosarcoma 8980/3 Melanoma 8270/3
Pulmonary blastoma 8972/3 Meningioma, NOS 9530/0
Other and Unclassified carcinomas Metastatic tumors
Lymphoepithelioma-like carcinoma 8082/3 “The morphology codes are from the ICDO.> Behavior is coded /0 for benign tumors,
NUT carcinoma® 8023/3¢ /1 for unspecified, borderline or uncertain behavior, /2 for carcinoma in situ and grade I1T

intraepithelial neoplasia, and /3 for malignant tumors.

li land-
Salivary gland-type tumors "The classification is modified from the previous WHO classification® taking into

Mucoepidermoid carcinoma 8430/3 account changes in our understanding of these lesions.

Adenoid cystic carcinoma 8200/3 ‘;I}:is table fs rzprod?xced from tl:jebZOI}? VIJHO CI‘assifli;aticn by Travis et a]li‘ N
Epithelial-myoepithelial carcinoma 856273 wHa Ce(f;I:eineznfoislgg(e)‘appmve y the International Agency on Cancer Research/
Pleomorphic adenoma 8940/0 “New terms changed or entities added since 2004 WHO Classification.’

L LCNEC, large cell neuroendocrine carcinoma, WHO, World Health Organization;
(Continued) ICDO International Classification of Diseases for Oncology.
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Adenocarcinoma (45%)
Squamous carcinoma (18%)

Large cell neuroendocrine carcinoma (1%)
Small cell carcinoma (12%)

|. Diagnosis

. Lung Cancer Stage Classification (8™ Edition)
2. Tumor, Node, Metastasis (TNM)
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Algorithm modified from

Diagnosis of Lung Cancer in Small Biopsies and Cytology

Implications of the 2011 International Association for the Study of Lung Cancer/
American Thoracic Society/European Respiratory Society Classification

Step 1

Positive Histology

NE morphology, large cells
NE IHC, ttf1+/-, CK+

Positive Cytology

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

Histology: lepidic, papillary
and/or acinar architecture.
Cytology: 3-D arrangement,
foamy, vacuolar cytoplasm
prominent eccentrical
nucleoli

Keratinization, pearls and/or
intercellular bridges

No clear SQCC or
ACCmorphology

i

NSCLC (NOS)
.

Step 2

Apply ancillary panel of
SQCC or ADC marker

ADC marker -
SQCC marker +

ADC marker +
SQCC marker -

ADC marker -
SQCC marker -

T

Step 3

Molecular analysis
EGFR and ALK
PD-L1

ADC marker +
SQCC marker +




Step 1

Positive Histology

Positive Cytology

Histology: lepidic, papillary
and/or acinar architecture.
Cytology: 3-D arrangement,
foamy, vacuolar cytoplasm
prominent eccentrical
nucleoli




Keratinization, pearls and/or
intercellular bridges

Step 1
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Positive Cytology \

Positive Histology
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Step 1

Positive Histology

NE morphology, large cells
NE IHC, ttf1+/-, CK+

Positive Cytology

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




Neuroendocrine marker

Cytokeratin

ttf

Step 1

Positive Histology

NE morphology, large cells
NE IHC, ttf1+/-, CK+

Positive Cytology

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




Step 1

Positive Histology

NE morphology, large cells
NE IHC, ttf1+/-, CK+

Neuroendocrine marker

Positive Cytology

Cytokeratin

ttf

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




Neuroendocrine markers
Chromogranin A Synaptofycin

=

CD56
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Neuroendocrine markers OC.D

Sensitivity

0
NordiQC

Positive Cases [n (%)]*

CD56 Any Conventional (SYN/CHRA/CD56)

Entity Overall Cases Analyzed (N) INSMI1
LCNEC 11 32 (42)
SCLE 144 124 (86)

Insulinoma-associated Protein 1 (INSM1) in Thoracic
Tumors is Less Sensitive but More Specific Compared With
Synaptophysin, Chromogranin A, and CD56

Katharina Kriegsmann, MD, MBA* Christiane Zgorzelski, Daniel Kazdal PhD,1}
Martin Cremer, MD,* Thomas Muley, PhD,§|| Hauke Winter, MD, PhD,f||
Rémi Longuespée, PhD, Jiorg Kriegsmann, MD, PhD,Y Arne Warth, MD, PhD,#
and Mark Kriegsmann MD7

66 (86) 70 (91)
132 (92) 137 (95)



Neuroendocrine markers

Specificity
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Positive Cases [n (%)]*

Entity Overall Cases Analyzed (N) INSMI1 SYN CHRA CD56 Any Conventional (SYN/CHRA/CD56)
ADC 47 1(2) 6 (13) 4 (9) 7 (15) 10 (21)
SqCC 44 0 (0) 2 (5 0 (0) 9 (20) 10 (23)

Insulinoma-associated Protein 1 (INSM1) in Thoracic
Tumors is Less Sensitive but More Specific Compared With
Synaptophysin, Chromogranin A, and CD56

Katharina Kriegsmann, MD, MBA* Christiane Zgorzelski, Daniel Kazdal PhD,1}
Martin Cremer, MD,* Thomas Muley, PhD,§|| Hauke Winter, MD, PhD,f||
Rémi Longuespée, PhD, Jiorg Kriegsmann, MD, PhD,Y Arne Warth, MD, PhD,#
and Mark Kriegsmann MD7



Specificity

Neuroendocrine markers

NordeC

Positive Cases |n

o)1

Entity Overall Cases Analyzed (N) SYN CHRA CD56 Any Conventional (SYN/CHRA/CDS56)
ADC 47 6 (13) 4 (9) 7 (15) 10 (21)
SqCC 44 2 (5 0 (0) 9 (20) 10 (23)

Insulinoma-associated Protein 1 (INSM1) in Thoracic
Tumors is Less Sensitive but More Specific Compared With
Synaptophysin, Chromogranin A, and CD56
Katharina Kriegsmann, MD, MBA,* Christiane Zgorzelskif Daniel Kazdal, PhD, 7}

Martin Cremer, MD,* Thomas Muley, PhD,§|| Hauke Winter, MD, PhD, [ ||

Rémi L spée, PhD,1 Jorg Kri MD, PhD) Arne Warth, MD, PhD,#
and Mark Kriegsmann MD7

SqCC, CD56
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Positive Cases [n (%)]*

Entity Opverall Cases Analyzed (N) INSM1 SYN CHRA CD56 Any Conventional (SYN/CHRA/CDS56)
ADC 47 1(2) 6 (13) 4 (9) 7 (15) 10 (21)
SqCC 44 0 (0) 2(5) 0 (0) 9 (20) 10 (23)

Insulinoma-associated Protein 1 (INSM1) in Thoracic
Tumors is Less Sensitive but More Specific Compared With
Synaptophysin, Chromogranin A, and CD56
Katharina Kriegsmann, MD, MBA* Christiane Zgorzelskit Daniel Kazdal PhD,f}

Martin Cremer, MD,* Thomas Muley, PhD,§|| Hauke Winter, MD, PhD, ||

Rémi L spée, PhD, T Jirg Kri MD, PhD) Arne Warth, MD, PhD,#
and Mark Kriegsmann MD7




Neuroendocrine marker

Cytokeratin

ttf

Step 1

Positive Histology

NE morphology, large cells
NE IHC, ttf1+/-, CK+

Positive Cytology

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




Neuroendocrine markers

Erroneous diagnosis of small cell lung cancer based on small

biopsies with far-reaching consequences: case report of a typical
carcinoid tumor

Toannis Kyritsis', Bettina Krebs', Sandra Kampe?, Dirk Theegarten’, Clemens Aigner', Stefan Welter'

© Journal of Thoracic Disease. All rights reserved.
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Erroneous diagnosis of small cell lung cancer based on small

biopsies with far-reaching consequences: case report of a typical
carcinoid tumor

Toannis Kyritsis', Bettina Krebs', Sandra Kampe’, Dirk Theegarten’, Clemens Aigner', Stefan Welter'

© Journal of Thoracic Disease. All rights reserved.
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Neuroendocrine markers

Specificity

Positive Cases [n (%)]*

Entity Opverall Cases Analyzed (N) INSMI1 SYN CHRA CD56 Any Conventional (SYN/CHRA/CD56)
Typical carcinoid 112 91 81) 111(99)  111(99) 112 (100) 112 (100)
Atypical carcinoid 39 29 (74) 39 (100) 39 (100) 39 (100) 39 (100)

Insulinoma-associated Protein 1 (INSM1) in Thoracic
Tumors is Less Sensitive but More Specific Compared With
Synaptophysin, Chromogranin A, and CD56
Katharina Kriegsmann, MD, MBA* Christiane Zgorzelskit Daniel Kazdal PhD,f}

Martin Cremer, MD,* Thomas Muley, PhD,§|| Hauke Winter, MD, PhD, ||

Rémi Longuespée, PhD, Jiorg Kriegsmann, MD, PhD,Y Arne Warth, MD, PhD,#
and Mark Kriegsmann MD7

Carcinoid




Step 1

Positive Histology

Positive Cytology

No clear SQCC or
ACCmorphology

NSCLC (NOS)

Step 2

Apply ancillary panel of
SQCC or ADC marker
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Adenocarcinoma (+neuroendocrine)
Approx. 80%

CK5/6

P63
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CK5(/6)
P63 (P40)

Diagnosis of primary lung tumor

Suggestion
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PAN CK (AEI/AE3)
CK7

Ttfl

PAXS8

CK5(/6)

P63 (P40)
Synaptofycin
ChromograninA
CD56

Kié67
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Problems:

Adenocarcinoma can be P63+



The P63 family J8o
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Table 8-1. Studies Comparing p40 Against p63 for Squamous Cell Carcinoma (SQCC)

Sen5|t|V|ty, SpeC|ﬁC|ty, Sen5|t|V|ty, Speaﬁaty,
Clone Clone

Study

Bishop et al 2012 470 81 5-17 100 100

Nonaka 2012 200 50 p40 100 100 4A4 100 82
Pelosi et al 2013 141 27 Poly 100 97 4A4 100 78
Ao et al 2014 154 77 Poly 81 90 4A4 94 80
Koh et al 2014 184 59 Poly 93 98 7JUL 80 98
Tatsumori et al 2014 580 158 5-17 97 97 4A4 97 73
Kadota et al 2015 469 449 5-17 100 85 4A4 100 60
Tran etal 2016 557 167 BC28 94 96 4A4 95 87
Micke et al 2016 656 192 BC28 97 98 4A4 97 74
Affandi et al 2018 70 35 BC28 77 100 DAK-p63 86 63

Kriegsmann et al 2019 1244 569 BC28 94 97 4A4 94 84

IASLC ATLAS OF
DIAGNOSTIC
UNOHISTOCHEMISTRY
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Problems:

Differential diagnosis between primary and metastatic carcinoma

Other (adeno) carcinomas are positive for ttfl
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Table 7-1. Results of TTF1 Expression in Tumors from Non-Lung Primary Sites Including Female Genital Tract,
Breast, Colon, and Stomach in Some Published Studies?

8G7G3/1 SPT24

Primary carcinoma _ Positive, n (%) — Positive, n (%)

Ovarian carcinoma 615 22 (3.6%) 161 16 (9.9%)
Endometrial adenocarcinoma 215 17 (7.9%) 68 19 (27.9%)
Uterine cervical adenocarcinoma 92 3(3.3%) 39 6 (15.4%)
Uterine cervical squamous carcinoma 7 0 (0%)

Breast carcinoma 297 4 (1.5%) 580 13 (2.4%)
Colon adenocarcinoma 594 11 (1.8%) 258 15 (5.8%)
Gastric adenocarcinoma 170 3(1.8%) 110 1 (0.9%)

a Data for clones 8G7G3/1 and SPT24 are modified based on data from Ordonez 2012b.

IASLC ATLAS OF
DIAGNOSTIC
IMMUNOHISTOCHEMISTRY




Diagnosis of metastasis @?@
to the lung NordiQC

AE1/AE3 ===
CK7

ttfl

CK20 ===
cdx2 <=
SATB2 <l==
NKX3.1
CK5/6

P63

CD10

PAXS

WT1

GATA3




Diagnosis of metastasis

to the lung

Mamma

AE1/AE3 <=
CK7 ===

ttfl

CK20

cdx2

SATB2

NKX3.1

P63

CD10




Diagnosis of metastasis OC.>O
to the lung NordiQC

AE1/AE3 <=
00—t Upper Gl

ttfl

CK20 —=—
cdx2 ===
SATB2 —=—
NKX3.1
CK5/6

P63

CD10

PAX8

WT1

GATA3




Diagnosis of metastasis @?@
to the lung NordiQC
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Diagnosis of metastasis

to the lung
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Endometrial cancer




Diagnosis of metastasis
to the lung
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Diagnosis of metastasis 030
to the lung NordiQC
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Adeno - male
CK7

CK?20

CDX2

Ttf

PAX8

NKX3.1

Diagnosis of metastasis
to the lung

Suggestion
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Adeno - female
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The MultiDisciplinary Teamconference
MDT




Central tumor Periferal tumor

l Tumor Diagnosis
\ Bronchial brushing, Fine- ore”
Bronchial lavage, Course needle
. ,ﬁ ——Tissue Biopsi biopsi

Tumor type

Diagnosis of metastases
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Patoanatomical specimen a0
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Cytology u

¢ Fixation
Dehydration Smear preparation |

. . Praeparation
Parafinembedding P — =
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Visualization
(Staining)
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Large cell
neuroendocrine carc.

Adenocarcinoma Squamous carcinoma Small cell carcinoma

Non Small Cell Lung Carcinoma (NSCLC)
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Patient selection in lung cancer: Evolution NOI’dIQC
over time
I
(1990 Lung cancer T ifw f * L P R
bl DOitE ity t
b b Tty iw’l‘w”h'ﬂ’l‘iw H "1} |
(2000 Non-small cell lung cancer Small-celllung cancer )
t
Y A :: : N
| AEIE |
(2003 Adenocarcino*n; Large-cellcarcinoma Squamous cellcarcinoma K
i.ft fa f
”I"d'”*f' P 'ﬂ'iﬂ,’i‘ i
(Today Establishedtargets , Mutation negative/unknown k
L e g RN EEE |

R e

* Adenocarcinoma and treatable oncogenic alterations * Small-cell lung cancer

Adapted from Reck M, et al. Lancet 2013;382:709-19
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Positive Histology

Positive Cytology

Step 3

Molecular analysis
EGFR and ALK
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Driver mutations
Lung Adenocarcinoma

MET 3%
> 1 Mutation 3%

HER2 2%

ROS1 2%
BRAF 2%
/ RET 2%

NTRK1 1%

EGFR
Other 4%

EGFR Sensitizing
17% —

PIK3CA 1%

Unknown MEK1 <1%

Oncogenic Driver
Detected
31%

STATE OF THE ART: CONCISE REVIEW

Scientific Advances in Lung Cancer 2015 @Mm
Journal of Thoracic Oncology Vol. 11 No. 5: 613-638
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o KLINISKE RETNINGSLINJER | KREFT

Lungecancer — Patologi

46. Reflextest af de obligatoriske markerer bor foretages ved den primaere
diagnostik af nedenstdende grupper. (A)
o EGFR, ALK, ROS1: adenokarcinomer + ikke-smacellede karcinomer, hvor
typen ikke sikkert kan afgores
o PD-L1: alle ikke-smacellede karcinomer



EGFR Sensitizing
» Gefitinib 4 MET 3%
Erlotinib 4 '
Afatinib 4 > 1 Mutation 3%

Osimertinib 4 HER2 2%

EGFR
Necitumumab # Other 4%
Rociletinib 3 ther 4% ROS1 2%
BRAF 2%
/ RET 2%

EGFR Sensitizing .
17% /_NTRKI 1%

PIK3CA 1%
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Unknown MEK1 <1%

Oncogenic Driver
Detected
31%

STATE OF THE ART: CONCISE REVIEW. “QB

Scientific Advances in Lung Cancer 2015 (=
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Bcellulin ®
HB-EGF

HB-EGF

Epiregulin / .“ E N>

Cell proliferction
Cell survival
Invasion and metastasis
Tumor-induced neoangiogenesis
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Mutations associated
with drug sensitivity

AL747-752 (E746V)
AL747-752 (P753S)
AL747-5752 (ins Q)
AL747-P753
AL747-P753 (ins S)
AS752-1759

(45%)

autoactivates EGFR

EGF binding EGF binding ™ Tyrosine kinase Autophosphorylation
| [ | ]
Exon 2 5 13 16 17 18-21 3 22-24 28
Mutations associated e - e
with drug resistance - T790M (50%)* R
} D770_N771 (ins NPG) el
T D770_N771 (ins SVQ)
P D770_N771(ins G), N771T o
T V769L
T D761Y S768|
3 T (%) sg N Fe—
xon 18 Exon 19 Exon 20 Exonl

M@inding loop) (activation lo

G719C AE746-A750 V765A L858R (40—45%)

G719S AE746-T751 T783A N8265

G719A AE746-A750 (ins RP) (<1%) A839T

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-T75]
AL747-T751 (ins P/S)
AL747-S752

Q
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1.0

TAGRISSO (N=279)
Median 10.1 months

Chemotherapy (N=140)
Median 4.4 months

08
1

z
o
()
0
o)
—
& A Hazard Ratio = 0.30
So 5 95% C1(0.23, 0.41)
E o t P value <0.001
=
» A
8 ™
<
LS '\_‘_
o=
5 N
) 2 \114
] N —
0 -
PRVNCILlel 80 mg 5° TH
Riconed abios g TAGRISSO =~ —— | N
osimertinib o Chemotherapy ——— | 1H__h|-__.|
Oral use O
501 N comned isets . __g o I 1 I T T 1
e 0 3 6 9 12 15 18
Time (Months)
Number at risk
TAGRISSO
279 240 162 83 50 13 0
Chemotherapy
140 a3 Ll 17 7 1 0

Tick marks represent censored observations
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Contents lists available at ScienceDirect

Lung Cancer

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

Novel EGFR mutation-specific antibodies for lung adenocarcinoma: @CMI
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®:¢*

a Department of Pathology, Seoul National University Bundang Hospital, 300 Gumi-dong, Bundang-gu, Seongnam-si, 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, Republic of Korea

d Department of Internal Medicine, Seoul National University Bundang Hospital, 300 Gumi-dong, Bundang-gu, Seongnam-si, Gyeonggi 463-707, Republic of
Korea



J8o
NordiQC

neg. [+ 2+ 3+

E746-A750
del-specific AB SP1 I |

E746-A750
del-specific AB SP1 1 |

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 294% 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.
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Sequencing

1 Reaction mixture ™
» Primer and DNA pl » DNA poly e 9 9 Moy
» ddNTPs with flourochromes » dNTPs (dATP, dCTP, dGTP, and dTTP) - :

Primer ot o pinenee

T P -
A,

indeiaieinieieieinieieleialelabninls o

Tempiate

odTTP @
ﬁx : 3 Capil[ary gel eleguophorfsis

HGTP @ 3 P of DNA frag

2 Primer elongation
and chain termination

5
T P T ﬁ g'
EE o o o o e e o A
E o o o o o o o e 4
Ch o e o e A
ER o o o o o o e e o 4J
T T T T ———, 3
% Laser detection of flourochromes
Ch o o o e e a4 and computational sequence analysis
el e e e e
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PCR bassed test

Loop
Loop Blocker Sequence
j Sequence Internal
Stem f/‘\.' - a;}:encher 5' Reporter
. g |
S = Sequence / (Q )
Internal s R
= Quencher L < 1 —
R 75 P & e — B
o om {\, . PCR Primer PCR Primer 5
5" Reporter / l | | | Newly Synthesized
DNA Strand
s L) Blocker  TargetD Complementary Sequence
1. Quenching of the fluorescence 2. Emission of the fluorescence
S R T Screen
(43 era . . .
jere- @ mutationspecific primer

Kit
M heraScreen: K-RAS Mutation




STATE OF THE ART: CONCISE REVIEW

Scientific Advances in Lung Cancer 2015
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Ceritinib 4
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M Disease progression

[ Stable disease
Partial response

B Complete response
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H
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-
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5
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ALK fusion
protein

CCR Molecular Pathways

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
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ALK fusion
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Detection of chromosomal
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Detection of fusion RNA



Detection of fusion protein
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ALK fusion
protein

Immunohistochemistry

Detects ALK independent of fusion partner
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Detection of fusion protein

Algorithm

m NSCLC

. [ .
ALK testing
|
[ IHC
I j] i : - J .
7 | 1:3@:;» Hogsvo
AL A J E [ j { ]
FISH
ALK fusion ———"
: [ Positive ] [ Negative ]
protein
[ ALK rearrangement ] [ No ALK rearrangement]

REVIEW. ERSPECTIVES

EMLA4-ALK testing in non-small cell carcinomas
of the lung: a review with recommendations
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RT PCR based test

Detection of fusion RNA

EML4-ALK
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3 Capillary gel electrophoresis
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- ROS fusion partners
Transmembrane domain

Intracullaular domian
(- Tyrosine kinase domain
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ROS fusion
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Tumor responses to crizotinib
in ROS1-rearranged NSCLC

|

B Effect of Crizotinib Therapy

A Best Response

100+ u Disease progression
= Stable disease
® Partial response
60 u Complete response
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Overall response rate 72% (6% CR, 66% PR). N nﬁ@@r F
Median time to response 7.9 weeks (range, 4.3 - 32.0) 3
Shaw AT et al, N EnglJ Med 2014;371:1963-71. F @ Nmmx‘:‘:
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STATE OF THE ART: CONCISE REVIEW.

VVVVVY

EGFR Sensitizing
Gefitinib ¢
Erlotinib 4
Afatinib 4
Osimertinib 4
Necitumumab *
Rociletinib 3

VVVVY

ALK
Crizotinib 4
Alectinib 4
Ceritinib 4
Lorlatinib 2
Brigatinib 2

MET
> Crizotinib 2
> Cabozantinib 2

HER2

> Trastuzumab emtansine 2

> Afatinib 2
> Dacomitinib 2

EGFR Sensitizing
17%

EGFR
Other 4%

Unknown

Oncogenic Driver

Detected
31%

Key
1-Phasel 3 -Phase lll
2 - Phase Il 4 - Approved

1asLC

Scientific Advances in Lung Cancer 2015

MEK1
» Trametinib 2
» Selumetinib 3
> Cobimetinib !

MET 3%
. ROS1
> 1 Mutation 3% > Criz_otinib s
HER2 2% > Cabozantinib 2
> Ceritinib 2
ROS12% |5 Lorlatinib 2
BRAF 2% > DS-6051b !
/ RET 2% BRAF
NTRK11% |»> Vemurafenib 2
— > Dabrafenib 2
PIK3CA 1%
RET
MEK1 <1% S
0 > Cabozantinib 2
> Alectinib 2
> Apatinib 2
> Vandetanib 2
> Ponatinib 2
> Lenvatinib 2
NTRK1
PIK3CA > Entrectinib 2
> LY3023414 2 > LOX0-101 2
» PQR 3091 » Cabozantinib 2
> DS-6051b !

J8o
NordiQC



Possible,
probable

or definite
adenocarcinoma

Reflex
decision by
pathologist

Molecular
testing

A

Bespoke
decision
by MDT

Patient is never or
long-time ex-smoker
(MDT discussion or

pre-emptive
request)

Other lung
carcinoma

€.g. squamous,
small cell

g

FFPE

Quality
Tumor cell %

Suggestion

Next generation seq.

DNA workflow

DNA purification Sequencing

Variant calling

Library prep. (Bioinformatics)

RNA workflow

RNA purification Sequencing

Variant calling

Library prep. (Bioinformatics)

Comeprehensive
Result




Patient selection in lung cancer: Evolution

over time
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* Adenocarcinoma

i Large cell carcinoma

* Adenocarcinoma and treatable oncogenic alterations * Small-cell lung cancer

Adapted from Reck M, et al. Lancet 2013;382:709-19

T Squamous cell carcinoma
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Predictive marker
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Hazard ratio for disease progression or death,
90 0.50 (95% Cl, 0.37-0.68)
P<0.001
e ———— 80
NDC 0006-3026-02 - O‘\O‘ O
Keytruda —_—
(pembrollzumab) >
Injection 2 604
=
100 mg /4 mL )
(25 mg/mt) s 50
;m..‘ bty For Intravenous Infusion Only P [+
B mm’f"” Dispense theencosed Medicaton 3 g I~
g Guideto eachpaten. (=] 2
Ml g, Requirs diution i foadminitiaton. - s gy H ‘0 404 Pem brOI 1IZuma b
s, Keytruda® o 7]
‘I"mlﬂ mn ‘Es fenbrolzumat) " e
3006 jiH 100 _.
6 $02epy § ;:;I:Iixe vil. Discard unused portion- ‘{;i — 7] I g 30_
HE TS a
=== 20
104 Chemotherapy
O I I I I 1 1

The NEW ENGLAND 0 3 6 9 12 15 18
JOURNAL o MEDICINE ——

ESTABLISHED IN 1812 NOVEMBER 10, 2016 VoL 375 NO.19 No. at Risk
3

Pembrolizumab versus Chemotherapy for PD-L1-Positive Pembrolizumab 154 104 89 44 22 3 1
Non—-Small-Cell Lung Cancer Chemotherapy 151 99 70 18 9 1 0

Martin Reck, M.D., Ph.D., Delvys Rodriguez-Abreu, M.D., Andrew G. Robinson, M.D., Rina Hui, M.B., B.S., Ph.D.,
Tibor Cs6szi, M.D., Andrea Fiilép, M.D., Maya Gottfried, M.D., Nir Peled, M.D., Ph.D., Ali Tafreshi, M.D.,
Sinead Cuffe, M.D., Mary O'Brien, M.D., Suman Rao, M.D., Katsuyuki Hotta, M.D., Ph.D., Melanie A. Leiby, Ph.D.,
Gregory M. Lubiniecki, M.D., Yue Shentu, Ph.D., Reshma Rangwala, M.D., Ph.D., and Julie R. Brahmer, M.D.,
for the KEYNOTE-024 Investigators*



Step 1

Positive Histology

Positive Cytology

Step 3

PD-L1 testing
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Range of Ventana Dako Dako
staining 0% SP263 22C 28-8

o

TPS

100%

Published OnlineFirst January 10, 2017; DOI: 10.1158/1078-0432.CCR-16-2375

Cancer Therapy: Clinical Clinical

Cancer
Research

Agreement between Programmed Cell Death
Ligand-1 Diagnostic Assays across Multiple
Protein Expression Cutoffs in Non-Small Cell 116
Lung Cancer e

Marianne J. Ratcliffe’, Alan Sharpe?, Anita Midha', Craig Barker? Marietta Scott?,
Paul Scorer?, Hytham Al-Masri*, Marlon C. Rebelatto®, and Jill Walker?



Central tumor Periferal tumor

l Tumor Diagnosis
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Table 2. Assessment marks for IHC assays and antibodies run C13, PD-L1 TPS/CPS (KEYTRUDA®)

CE-IVD / FDA approved
PD-L1 assays

rmAb clone SP263,
741-4905 (VRPS)3

rmAb clone SP263,
741-4905 (LPMS)*

rmAb clone SP263,
740-4907 (VRPS)?

mAb clone 22C3 pharmDX,
SK006 (VRPS)?

mADb clone 22C3 pharmDX,
SK006 (LMPS)*

mADb clone 22C3 pharmDX,
GE006 (VRPS)?

mAb clone 22C3 pharmDX,
GE006 (LMPS)*

rmAb clone 28-8 pharmDX,
SK005 (VRPS)3

Antibodies® for laboratory
developed PD-L1 assays,
rated antibodi

mAb clone 22C3

rmAb CAL10

rmAb clone E1IL3N

rmAb clone QR1

rmAb clone 28-8

rmADb clone ZR3

rmAB clone SP142
Ready-To-Use antibodies®

rmAb clone SP263,
790-4905¢ (VRPS)?

rmAb clone SP263,
790-4905° (LMPS)*

rmAb clone 73-10
PA0832

rmAb MX070C
MAB-0854

mADb clone C9C9
CPM-0278

rmAb clone AC37
AD80167

rmAb clone RM320
8263-C010

rmAb clone BP6099
I12052E

Total
Proportion

n Vendor

4

—

Ventana/Roche

2 Ventana/Roche

1

N

Ventana/Roche
19 Dako/Agilent
20 Dako/Agilent
29 Dako/Agilent
18 Dako/Agilent

3 Dako/Agilent

n Vendor

44 Dako/Agilent

Zytomed Systems
Biocare Medical

SN

EN

Cell Signaling

Quartett
Dako/Agilent
Zeta Corporation
Abcam

S B R RN

Vendor

-
w

Ventana/Roche
16 Ventana/Roche
6 Leica Biosystems
2 Fuzhou Maixin

1 Celnovte

1 Abcarta

1 Sakura Finetek

1 Biolynx

243

1) Proportion of sufficient stains (optimal or good).

2) Proportion of optimal results.

Optimal

14
13
23

12

Optimal

18
2

1
Optimal

1

106
44%

Good Borderline Poor

33 3 -
1 1 -
9 - -
4 - 1
5 2 -
6 - -
4 2 -
1 - -

Good Borderline Poor

19 7 -

1
1 - -

Good Borderline  Poor

11 2 -
15 - -

1 B B

1 - -

1 B B

) —- __ L
s (17 2

a8% | 7% 1%

3) Vendor recommended protocol settings - RTU product used in compliance to protocol settings, platform and package insert.

4) Laboratory modified protocol settings for a RTU product applied either on the vendor recommended platform(s) or other platforms.
5) mAb: mouse monoclonal antibody, rmAb: rabbit monoclonal antibody.
6) Ready-To-Use antibodies without predictive claim.

—

Suff.!

93%

100%

95%

90%

100%

89%

Suff.!

84%

80%

Suff.!
85%

100%

100%

92%

OR?

12%

25%

74%

65%

79%

67%

OR?

41%

40%
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The Diagnostic algorithm



The Diagnostic algorithm

, NorollQC

Malignant, smallcell, SCLC

Nothing malignant Day 2 Day 5-8

=

N

Malignant, non-smallcell, NCSLC

Adenocarcmoma

Day 3

Squamous carcinoma
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Patient selection in lung cancer: Evolution
over time
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* Adenocarcinoma

' Adenocarcinoma and treatable oncogenic alterations

' Large cell carcinoma

Adapted from Reck M, et al. Lancet 2013;382:709-19

i Small-cell lung cancer

T Squamous cell carcinoma



Lung cancer research landscape —
MoA group and phase
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