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TABLE 1. 2015 WHO Classification of Lung Tumors®b<

TABLE 1. (Continued)

Nord

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 8250/07 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
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 EWSR/-CREB/ 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 Lymphobhistiocytic 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 8040/07 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.2 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-typre tumf?rs "The classification isanmdogifgzz from the ;lrl:f‘i’(::\.s WHO classification® taking into
Mucoepidermoid carcinoma 8430/3 account changes in our understanding of these lesions.
Adenoid cystic carcinoma 8200/3 “This table is reproduced from the 2015 WHO Classification by Travis et al.!
Epithelial-myocpithelial carcinoma 8562/3 wgg léf; ::::'czogisl gg‘g .approved by the International Agency on Cancer Research/
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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u n g a rC I n O a 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 8551/34 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 8250/07 PEComa, benign® 8714/0
Adenocarcinoma in situ* Clear cell tumor 8005/0
Nonmucinous 8250/2¢ PEComa, malignant® 8714/3
mal ign ant e P ith el ial tumors S Mucinous ) 8253/2¢ C9ngenital peribronchial myo_ﬁbrobla_stic tumor 8827/1
quamous cell carcinoma 8070/3 Diffuse pulmonary lymphangiomatosis
H Keratinizing squamous cell carcinoma® 8071/3 Inflammatory myofibroblastic tumor 8825/1
(Ca rcinom as) 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 EWSR/-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 [ymphohistiocytic 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 8040/07 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 T'umors 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.2 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 ITT
Salivary gl.and-typre tumf?rs "The classification isanmdogig:l from the ;‘r‘:fi’g:\.s WHO classification® taking into
Mucoepidermoid carcinoma 8430/3 ccount changes in our understanding of these lesions.
Adenoid cystic carcinoma 8200/3 “This table is reproduced from the 2015 WHO Classification by Travis et al.!
Epithelial-myocpithelial carcinoma 8562/3 Hg l('x;s; ::::'czogisl gg‘g .approved by the International Agency on Cancer Research/
Pleomorphic adenoma 8940/0 “New terms changed or entities added since 2004 WHO Classification.’
LCNEC, large cell neuroendocrine carcinoma, WHO, World Health Organization;
(Continued) [CDO International Classification of Diseases for Oncology.
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u n g a rc I n O I I I a 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 8551/34 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 IAdenomas
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®
Ad e n O c a rc I n o m a Preinvasive lesions Lymphangioleiomyomatosis 9174/1
Atypical adenomatous hyperplasia 8250/07 PEComa, benign® 8714/0
S M Adenocarcinoma in situ* Clear cell tumor 8005/0
q u am O u S Ca rc I n O m a Nonmucinous 8250/2¢ PEComa, malignant® 8714/3
. . Mucinous 8253/2¢ Congenital peribronchial myofibroblastic tumor 8827/1
Large cell neuroendocrine carcinoma | sumeciosmm g wms Jompunos oo
Keratinizing squamous cell carcinoma® 8071/3 Inflammatory myofibroblastic tumor 8825/1
. Nonkeratinizing squamous cell carcinoma® 8072/3 Epithelioid hemangioendothelioma 9133/3
S m al I C e I I ca rc I n 0 m a 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 EWSR/-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 Lymphobhistiocytic 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 8040/07 [ntravascular 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 Thmors 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.2 Behavior is coded /0 for benign tumors,
NUT carcinoma® 8023/3¢ /1ffor unspecified, borderline or uncertain behavior, /2 for carcinoma in situ and grade 11T
Salivary gl.and-typre tumf?rs "The classification isanmdogifgzzl from the ;‘r‘:‘i’;’s WHO classification® taking into
Mucoepidermoid carcinoma 8430/3 adbount changes in our understanding of these lesions.
Adenoid cystic carcinoma 8200/3 “This table is reproduced from the 2015 WHO Classification by Travis et al.!
Epithelial-myocpithelial carcinoma 8562/3 H:)T lé?; ::::'czogisl gg‘g .approved by the International Agency on Cancer Research/
Pleomorphic adenoma 8940/0 “New terms changed or entities added since 2004 WHO Classification.’
LCNEC, large cell neuroendocrine carcinoma, WHO, World Health Organization;
(Continued) 1dDO International Classification of Diseases for Oncology.
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| Step 1 |

Positive Histology

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

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

Positive Cytology NE morphology, small cells

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 ¢ Step 2
Willizm .';). l";h";, ;‘s.‘n’): tlisabeth Brambilla, | ADC marker =
Yasushi Yatabe, MD; Yui ik, Appl ill | of
Philip 5. Hasleton, MU; 1 spopgg 2:',_\;'(‘:’ I':;':i e:’ SQCC marker +

4/1\\.

ADC marker + ADC marker - ADC marker +
SQCC marker - SQCC marker - SQCC marker +

e [

Step 3

Molecular analysis
EGFR and ALK
PD-L1




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

iichalsen, DM; Kim Ceisinger, M

William L. Travis, MD; hisabeth Brambilla, MD; Masayuki Nogachi, MO; Andrew (. N

Yasushi Yatabe, MID; Yu ba, MID; Douglas 8. Flieder, MO; ¥

Fhulip 5. Hasletan, MU; Douglas W Henderson, MO, M. Keee, MU ver Petersen, MU, Victae Rogali, MO
nissen, ML Ming seo, ML

| Step 1 |

Positive Histology

Positive Cytology

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

nucleoli

our Frankling MU Adi G M

Region Syddanmark

Syqehus Lillebalt




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

William L2, Travis, MI; elisabeth Brambilla, MD; Masayuki Nogachi, M: Andrew (. Nichalsen, DM; Kim Ceisinger, MO
Yasushi Yatabe, MD; Yoicki Ishikave, MO; Ignacio Wistuba, MD; Douglas 8. Fieder, MD; Wilhur frankiin, MU; Ad Cazda, MD:
Fhulip 5. Hasletan, MU; Douglas W Henderse D Keith M. Keee, MU ver Petersen, MU, Victae Rogali, MO,

Erik "

| Step 1 |

Positive Histology

Positive Cytology

Keratinization, pearls and/or
intercellular bridges

Region Syddanmark
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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

10; Masayuki Nogachi, MEO; Andrew (.

istuba, MO, L las B. Fhieder, M0;

R 4. Keee, MU Iver Peterses
: Ming 1520, ML

William L. Travss,
Yasushi Yatabe, MD; Yui
Philip 5. Hasletan, MD; 1

halson, DM Kim (e e, | Mi;
ir. Jrlkl}'ﬂ, MD, i
1 MU Victar Rogali, M

| Step 1 |

Positive Histology

Positive Cytology

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

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

Region Syddanmark

Syqehus Lillebalt




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

willizm 0. Travis, MD; Elisabeth Brambil
Yasushi Yatabe, MD; Yui
Philip 8. Hasletan,

Vogachi, ML: Andrew (. Nichalsen, DM; Kim Ceisinger, M
Douglas B. Fhieder, M0; Wilbur franklin, MU; Ady Cazdae, MO;
h M. Keee, MU, Tver Petersen, MU; Victae Roggli, §
0, ML Ming seo, ML

Eeik Thenm

| Step 1 |

Positive Histology

Positive Cytology

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

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

Region Syddanmark

Syqehus Lillebalt




Chromogranin A

A x NR o . Y
' EaE Y : g R
B s z - '

Diagnosis of Lung Cancer in Small Biopsies and Cytology

Implications of the 2011 International Association for the Study of Lung Cancer/
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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
kaahir'a Tatsumori, MD*7 Koji Tsuta, MD, PhD* Kyohei Masai, MD,* Tomoaki Kinno, MD.*
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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

| p40 is the Best Marker for Diagnosing Pulmonary

S - __"T Q diflrentiaion Squamous Cell Carcinoma: Comparison With p63,

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

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

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

ANp63(p40) 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)
34BE12 SCC 4 (15/16) 47 (15/32) 47 (15/32) 94 (15/16)
TTF1 AC 0 (20/25) 87 (20/23)  87(20/23) 80 (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:1936-2625/1JCEPOI00624

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

Marker  Subtype Sensitivity (%) Specificity (%) PPV (%) NPV (%)
ANp63(p40) 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)
34pBE12 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:1936-2625/1JCEPOI00624

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

biopsies

ANp63(p40) CK5/6 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.ijcep.com /ISSN:1936-2625/1JCEPOI00624

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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Summary of immunohistochemistry results.

Region Syddanmark

Syqehus Lillebalt

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 {Zé;ﬁ IAquItErI:’[l:Eulsl:*iﬁ coess

Published in final cdited form as:
Appl Immunokistochem Mol Morphol. 2010 March ; 18(2): 142-149. doi:10.1097/PALOb01 3¢3 18 1 hdfde?.

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.
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Patient selection in lung cancer: Evolution
over time

f1990 Lung cancer t'w * w f“ ' ™
! i hff "Mfi ﬂftw *'i |
(2000 Non smaIIceIII ng cancer * * Small-celllur’i‘g cancer )
't 1 *fq ! Iy
Y 'y *r g P h ' |
r2003 Adenocarcinoma Large-cellcarcinoma Squamouscell ca.rcinoma )
nl**'d'"'; ht pte b if
\ TR EERERER /

F—roemezroTo f-rergecereremom St CeTearoTo:

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

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



Immunohistochemcal classification of

| Step 1 |

Positive Histology

Positive Cytology

4= AK

J

Idsogram of chromosome 2
ndicatng e fybridization locanans

-3504k -200kb

SPEC ALK Probe map fnot %o scals)

—
= TheraScreen,

)
h. s

A

a (¢
a0
a(
B

Step 3

Molecular analysis
EGFR and ALK

Region Syddanmark

Syqehus Lillebalt




Immunohistochemcal classification of

Region Syddanmark

Sygehus Lillebaelt

I\IordeC

Pathways of cancer s WSS oy ruepogmz.ﬂ
Sl “'d':“im”[ .......................

0
0
"
0
0
"



Immunohistochemcal classification of

O Region Syddanmark

o2 .
N Or d IQ C Sygehus Lillebeelt

Transcription

oncogenes e

+
.......



Immunohistochemcal classification of

NordiQC

Region Syddanmark

Syqehus Lillebalt

Oncogene ‘drivers’ in Adenocarcinoma

Unknown (32.5%) KRAS (35%)

l - Gene Mutation

ROS1 (1%)

l - Gene Fusion

KIFSB-RET (1.5%) Ij- Gene Amplification
M } Unknown
HER2 (2%)
EGFR (15%)
BRAF (4%) — il

e MET (4%)



Immunohistochemcal classification of

‘O
NordiQC

mmﬂm
Syqehus Lillebalt

Oncogene ‘drivers’ in Adenocarcinoma

Unknown (32.5%) KRAS (35%)

Predictive marker

| - Gene Mutation

ROS1 (1%)

I - Gene Fusion
KIFSB-RET (1.5%)

M} Gene Amplification
M } Unknown

HER2 (2%)
EGFR (15%)

BRAF (4%) — daade \
 MET (4%) \

Predictive marker




OO

Region Syddanmark

o2 .
N Ol’ d IQ C Sygehus Lillebaelt

Oncogene ‘drivers’ in Adenocarcinoma
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I]» Gene Mutation
I]» Gene Fusion

M} Gene Amplification
M} Unknown

ROS1 (1%)

KIFSB-RET (1.5%)

HER2 (2%)
EGFR (15%)
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protein is
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Novel EGFR mutation-specific antibodies for lung adenocarcinoma:
Highly specific but not sensitive detection of an E746_A750 deletion in

@ CrossMark
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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.

ontentslsts avalable at ScienceDircct

Lung Cancer

journal homapage: www.elsevier.com/locate/lungean
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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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Table 1. Antibodies and assessment marks for lu-ALK, run 51

Concentrated antibodies

mAb clone 5A4

mAb clone ALK1

rmAb clone D5F3
mAb clone OTI1A4

Ready-To-Use
antibodies

mAb clone 5A4
PA0306

mAb clone 5A4
MAB-0281

mAb 5A4
MAD-001720QD

mAb clone 5A4
MS-1104-R7

mAb ALK1
IR641

mAb clone ALK1
GA641

mAb clone ALK1
790/800-2918

rmAb clone SP8
AN770

rmAb clone D5F3
790-4796

rmAb clone D5F3
790-4796°

mAb clone OTI1A4
8344-C010

Total

Proportion

n

N
[l S el el e

23
13

189

Vendor

Leica/Novocastra
Abcam

Biocare

Monosan
ThermoFisher

Dako
Cell Marque

Cell Signaling
ORIGENE

Leica/Novocatra

Maixin

Master Diagnostica

ThermoFisher

Dako

Dako

Ventana

BioGenex

Ventana

Ventana

Sakura Finetek

1) Proportion of sufficient stains (optimal or good).
2) Proportion of sufficient stains with optimal protocol settings only, see below. . 3) RTU system developed for the Ventana BenchMark
systems (Ultra/XT) but used by laboratories on different platforms (e.g Dako Autostainer)

Optimal

10

72
38%

Good Borderline

15 24
0 0
12 3
3 0
0 6
0 1
0 1
1 0
0 1
0 0
0 2
0 0
12 4
0 1
0 0
43 43

23% 23%

Poor

0

31
16%

Region Syddanmark

Syqehus Lillebalt

Suff.! Suff.
OPS?

34% 22%

78% 94%
100% @ 100%

61%
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A Pooled-Data Analysis on Diagnostic Operating Characteristics of
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Overall response rate 72% (6% CR, 66% PR).
Median time to response 7.9 weeks (range, 4.3 - 32.0)

Shaw AT et al, NEnglJ Med 2014;371:1963-71.

n




Immunohistochemcal classification of

e

NordiQC

Region Syddanmark

Syqehus Lillebalt

Detection of fusion protein

ROSI

3’ ROS1 5’ Fusion partners
Oncogene ‘drivers’ in Adenocarcinoma . .
Variable region FIG (GOPC)
Unknown (32.5%) KRAS (35%) (exons 32-35)

(includes kinase TPM3, EZR, LRIG3,
domain) KDELR2, CCDCS,
I} YWHAE, TFG, CEP85L
Gene Mutation

Conserved region ’ j SLC34A2, CD74, SDC4,

ROS1 (1%) I]» Gene Fusion

KIFSB-RET (1.5%) M} Gene Amplification

W} Unknown

EGFR (15%)

Detection of fusion RNA

LI o
| (A vose | CD74-ROS1 (exon 32)

. | 'Bl CD74-ROS1 (exon 34)
Detection of chromosomal Fo———

C h an g es | ﬁﬂsm LRIG3-ROS1
C£4

€2

I.32 | SDC4-ROS1 (exon 32)
Chr5 * “!3‘ | Kinase | SDC4-ROS1 (exon 34)
I 1 mn ﬂzlm | SLC3A42-ROS1 (exon 32)
IEEJRINNET M sicaaz-ROS1 (exon 34)
8

=
Ros1 m TPM3-ROS1

o7

FIG-ROS1
ROS1-CD74 “ m

Chré

=
Chrs D |
Chré | N

L



Immunohistochemcal classification of

J8o
NordiQC

Region Syddanmark

Syqehus Lillebalt

[N
4
1 |n | = CD74-ROS1 (exon 32)
D74 1 'sl [ winase | CD74-ROS1 (exon 34)
co7 8
EZR-ROS1 usion partners
s 3 ROS1 5 Fusion parts E
r -
Oncogene ‘drivers’ in Adenocarcinoma | SN R (5 ros: e D FIG (GOPC) ) ]
e 1) R soca-Ros1 (exon 32) 8886 {
Unknown (32.5%) KRAS (35%) d Lo Conserved region SLC34A2, CD74, SDC4,

- 'L [ srase | SDC4-ROS1 (exon 34)

(includes kinase TPM3, EZR, LRIGS,
ROS1 . domain) . KDELR2, CCDC6,
T ZI.n | = SLC3A42-ROS1 (exon 32) YWHAE, TFG, CEP85L
T00E (0000 M stcaaez-Rost (exon 34)
. —p

RC:S_I'CD" p TPM3-ROS1 ‘

I]» Gene Mutation Chrs b | n ﬂm FIG-ROS1 |
ROS1 (1%) I} Gene Fusion Chré [ )
KIFSB-RET (1.5%) W} Gene Amplification 4=

W} Unknown CD74-ROS1

HER2 (2%)
EGFR (15%)

BRAF (4%)

MET (4%)

Table 5 Commercially available assays for ROS/ testing

Method Manufacturer Reagent Regulatory status
FISH Cytocell ROSI1 Dual Color Break Apart Probe CE-IVD
ZytoVision/Zytomed ZytoLight SPEC ROS1 Dual Color Break Apart Probe CE-IVD
Abbott ROS 1 Break-Apart FISH RUO
HC Cell Signaling Technologies ROS1 D4D6 rabbit monoclonal antibody RUO
RT-PCR AmoyDx ALK and ROS1 gene fusion detection kit CE-IVD
NGS Thermo Fisher Oncomine Fusion panel (ALK, ROS1, RET and NTRK1) CE-IVD

ArcherDx FusionPlex™ ALK, RET, ROS1 v2 Panel RUO
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Uk 825 KRS 0% Method Manufacturer Reagent Regulatory status

Table 5 Commercially available assays for ROS/ testing

FISH Cytocell ROSI1 Dual Color Break Apart Probe CE-IVD
ZytoVision/Zytomed ZytoLight SPEC ROS1 Dual Color Break Apart Probe CE-IVD
B e Abbott ROS 1 Break-Apart FISH RUO
ROS1 (1%) I}c.m Fusion HC Cell Signaling Technologies ROS1 D4D6 rabbit monoclonal antibody RUO
KrReReTe T ey eon RT-PCR AmoyDx ALK and ROS|1 gene fusion detection kit CE-IVD
EGFR (15%) NGS Thermo Fisher Oncomine Fusion panel (ALK, ROS1, RET and NTRK1) CE-IVD
N ArcherDx FusionPlex™ ALK, RET, ROS1 v2 Panel RUO
Detection of chromosomal
changes
CD74
=
Chr5 *
I FISH Cytocell ROSI1 Dual Color Break Apart Probe CE-IVD
Chré * ZytoVision/Zytomed ZytoLight SPEC ROS1 Dual Color Break Apart Probe CE-IVD
¢ Abbott ROS 1 Break-Apart FISH RUO
ROS1
ROS1-CD74
-
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Table 5 Commercially available assays for ROS/ testing

Uk 825 KRS 0% Method Manufacturer Reagent Regulatory status
FISH Cytocell ROS]1 Dual Color Break Apart Probe CE-IVD
ZytoVision/Zytomed ZytoLight SPEC ROS1 Dual Color Break Apart Probe CE-IVD
B e Abbott ROS 1 Break-Apart FISH RUO
ROS1 (1%) I}c.m Fusion HC Cell Signaling Technologies ROS1 D4D6 rabbit monoclonal antibody RUO
KrReReTe T ey eon RT-PCR AmoyDx ALK and ROS]1 gene fusion detection kit CE-IVD
EGFR (15%) NGS Thermo Fisher Oncomine Fusion panel (ALK, ROS1, RET and NTRK1) CE-IVD
N ArcherDx FusionPlex™ ALK, RET, ROS1 v2 Panel RUO
Detection of fusion RNA
I.32 |3‘m ROS1
1 12 | CD74-ROS1 (exon 32)
1 'EL [ Kinase | CD74-ROS1 (exon 34)
!:m RS RT-PCR AmoyDx ALK and ROSI gene fusion detection kit CE-1IVD
. I Lo NGS Thermo Fisher Oncomine Fusion panel (ALK, ROS1, RET and NTRK1) CE-IVD
| | SDC4-ROS1 (exon 32) :
i ArcherDx FusionPlex™ ALK, RET, ROS1 v2 Panel RUO
“| [ Kinase | SDC4-ROS1 (exon 34)

"
I min |

o2

3
o
=

SLC3A42-ROS1 (exon 32)
SLC3A42-ROS1 (exon 34)
TPM3-ROS1

FIG-ROS1
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Precision medicine in NSCLC and pathology:
how does ALK fit in the pathway?

. . ;
K. M. Kerr'* & F. Lépez-Rios?
'Department of Pathology, Aberdeen University Medical School, Aberdeen Royal Infirmary, Aberdeen, UK: “Laboratorio de Dianas Terapéuticas,

Hospital Universitario HM Sanchinarro, Madfrid, Spain

Annals of Oncology 27 (Supplement 3): iii16-iii24, 2016
doi:10.1093/annonc/mdw302



Immunohistochemcal classification of

e
NordiQC

Region Syddanmark

Syqehus Lillebalt

Oncogene ‘drivers’ in Adenocarcinoma

Unknown (32.5%) KRAS (35%)

| - Gene Mutation

ROS1 (1%) I - Gene Fusion
/ KIFSB-RET (1.5%) Ij- Gene Amplification
M } Unknown
HER2 (2%)
__— EGFR (15%)
BRAAF (4%) — ALK (5%)
 MET (4%)

Near future



OO
NOI’dI.

Possible,

probable

or definite
adenocarcinoma

Reflex
decision by
pathologist

Molecular
testing

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

0
QC

Immunohistochemcal classification of

Region Syddanmark

Sygehus Lillebaelt

Next generation seq.

DNA workflow

KRAS, EGFR, BRAF, PIK3CA, AKTT, ERBEB2, PTEN, NRAS, STK11, MAP2KT,
ALK, DDR2, CTNNBI1, MET, TP53, SMAD4, FBX7, FGFR3, NOTCH1, ERBBS,
FGFR1, FGFR2

Construct Lbrary o Analpss and
d prepere temalat NS " -
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RNA workflow

Tumor
sample

ALK, RET, R0OS1, and NTRK1 fusion transcripts, in addition to targets designed
to detect 5’ and 3' ALK gene expression

lon AmpliSeq™RNA

Fusion Lung Cancer
Ressarch Panel

SAMPLE TO ANSWER IN 24-£8 HOURS
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Patient selection in lung cancer: Evolution
over time
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(2000 Non smaIIceII luing cancer Small-celllung cancer R

H AN i

K e
¢ 2008 Adenocarcmoma Large-cellcarcinoma Squamouscellcarcmoma N
Tt i b the § o
1}" LA
o
(. , , B
Today Established targets Mutation negative/unknown
EGFR ALK ROS? PDL
1
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* Adenocarcinoma 'Large cell carcinoma il Squamous cell carcinoma
' Adenocarcinoma and treatable oncogenic alterations * Small-cell lung cancer

Adapted from Reck M, et al. Lancet 2013;382:709-19
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Pembrolizumab versus Chemotherapy for PD-L1-Positive
Non—-Small-Cell Lung Cancer

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 Csészi, M.D., Andrea Fiilp, 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*
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Table 1

Results of randomised phase III trials of immune checkpoint inhibitors (ICIs) for advanced non-small-cell lung cancer (NSCLC).

Line of treatment Drug Trial PDLI selection ORR PFS (months) OS (months)

Median HR Median HR

L1 Pembrolizumab Keynote-024 >50% 45% 10.4 0.50 NR 0.60
Nivolumab Checkmate-026 >5%" 26% 4.2 1.15 14.4 1.02

L2 and beyond Pembrolizumab® Keynote-010 >1% 18% 4 0.79 12.7 0.61
Pembrolizumab” Keynote-010 >50% 29% 5.2 0.59 17.3 0.50
Nivolumab Checkmate-017 No 20% 3.5 0.62 9.2 0.59
Nivolumab Checkmate-57 No 19% 2.3 0.92 12.2 0.73
Atezolizumab OAK No 14% 2.8 0.95 13.8 0.73

Abbreviations: ORR, overall response rate; PDLI1, programmed death-ligand 1; PFS, progression-free survival; OS, overall survival; HR, hazard
ratio; L1, first-line; L2, second-line.

4 Cutoff at 1% was used for inclusion, but cutoff at 5% was used for PFS (primary end-point), OS and ORR (secondary end-points).

® Results for pembrolizumab 10 mg/keg.
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Durvalumab
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Results: 146 laboratories participated in this assessment and 91% achieved a sufficient mark.
Assessment marks for IHC PD-L1 assays and PD-L1 antibodies are summarized in Table 3 (page 3).

Assessment Run C3 2018

PD-L1
Amended version May 14th 20188

Table 3. Assessment marks for IHC assays and antibodies run C3, PD-L1 IHC

CE-IVD / FDA _ _ Suff.
approved n Vendor Optimal Good Borderline Poor Suff.! 0PS2
PD-L1 assays

SP263, 790-4905 52 Ventana/Roche 41 6 5 0 90% 92%
SP263, 790-49053 1 Ventana/Roche 1 0 0 0 - -
22C3 pharmDX, SK006 27 Dako/Agilent 22 3 0 2 93% 100%
22C3 pharmDX, SK006* 8 Dako/Agilent 2 4 1 1 75% -
28-8 pharmDX, SK005 5 Dako/Agilent 1 0 0 100% 100%
SP142, 740-48595 1 Ventana/Roche 0 0 0 1 - -
Antibodies® for

I:Il;?l_rf t:sr;/a:::leloped Vendor Optimal Good Borderline Poor Suff.? (S)gfsfz
conc. antibody

mADb clone 22C3 32 Dako/Agilent 27 4 1 0 97% 100%
mAb clone E1L3N 6 Cell Signaling 3 3 0 0 100% 100%
mAb CAL10 § g;"t‘éan:‘z ¢ Systems 1 2 1 1 60%  100%
rmAb clone 28-8 3 Abcam 3 0 0 0 - -
rmAb clone ZR3 1 (Z:ZItIaM(forl?puoeration 2 0 0 0 - (5
rmAb clone QR1 2 Quartett / Biocyc 0 0 -

rmAb BSR90 1 Nordic Biosite 1 0 0 0 - X
rmAb clone SP1425 1 Spring Biosystems 0 1 0 0 - Y\'-
Total 146 108 25 8 5 - -
Proportion 74% 17% 6% 3% 91% -

1) Proportion of sufficient stains (optimal or good). 2) Proportion of sufficient stains with optimal protocol settings only, see below.

3) RTU system developed for the Ventana/Roche automated systems (BenchMark) but used by laboratories on a different platform (Leica
Bond).

4) RTU system developed for the Agilent/Dako semi-automated systems (Autostainer Link48) but used by laboratories on different
platforms (Ventana BenchMark and Dako Omnis).
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RESEARCH ARTICLE

Paired Comparison of PD-L1 Expression on Cytologic
and Histologic Specimens From Malignancies in the
Lung Assessed With PD-L1 IHC 28-8pharmDx and
PD-L1 IHC 22C3pharmDx

Birgit G. Skov, MD, DrMedSci* and Torsten Skov, MD, PhD7 Conclusion: PD-L1 assessment is feasible on cytologic material
with the tested assays using cutoffs for positivity similar to those
used on histologic material.

TABLE 3. IHC Staining Outcome in Cytology Samples Compared With Histologic Samples by Agreement Statistics for Different
Thresholds of PD-L1 Positivity

Cutoff > 1% Positive Cells Cutoff >50% Positive Cells
PD-L1 IHC 22C3pharmDx
Overall agreement 85 (76-91) 94 (87-98)
Positive percent agreement 80 (70-87) 100 (96-100)
Negative percent agreement 89 (81-94) 93 (86-97)
Cutoff > 1% positive cells Cutoff > 5% positive cells Cutoff > 10 % positive cells
PD-L1 THC 28-8 pharmDx
Overall agreement 87 (79-93) 95 (89-98) 90 (81-94)
Positive percent agreement 81 (72-88) 91 (83-95) 79 (70-87)
Negative percent agreement 93 (86-97) 98 (93-100) 95 (88-98)

Values are represented as percent, 95% CI.
CI indicates confidence interval; IHC, immunohistochemistry; PD-L1, programmed cell death ligand-1.
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