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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 814073 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® 8253/34 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 8256/34 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
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 8040/07 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 I11
Salivary gl?“d'ty‘?e tum(?rs " "The classiﬂcz‘nion ismr::iogﬁfg; from the ;‘rl:/?c:zs ‘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-myoepithelial carcinoma 8562/3 ng }éese new codes were approved by the International Agency on Cancer Research/
‘'ommittee for ICDO.
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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I n < a rc n m a TABLE 1. 2015 WHO Classification of Lung Tumors®?< TABLE 1. (Continued)
u g I O Histologic Type and Subtypes ICDO Code Histologic Type and Subtypes ICDO Code

Epithelial tumors Papillomas
Adenocarcinoma 814073 Squamous cell papilloma 8052/0
Lepidic adenocarcinoma® 8250/34 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 8256/34 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

1 1 H Muci 8253/24 i i i i
mal Ign ant e P Ith el | aI tu m le) rs ucinous s Congenital peribronchial myofibroblastic tumor 8827/1

Squamous cell carcinoma Diffuse pulmonary lymphangiomatosis

H Keratinizing squamous cell carcinoma® 8071/3 Inflammatory myofibroblastic tumor 8825/1
(c a rc I n O m 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 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 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 8040/0¢ 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 I11
Salivary gl.and-typle tum(?rs | *The classification ismr::iogiﬁfg; from the ;‘rl:/?c:zs 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-myoepithelial carcinoma 8562/3 Hg }éese new codes were approved by the International Agency on Cancer Research/
‘'ommittee for ICDO.
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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I n < a rc n m a TABLE 1. 2015 WHO Classification of Lung Tumors®?< TABLE 1. (Continued)
u g I O Histologic Type and Subtypes ICDO Code Histologic Type and Subtypes ICDO Code

Epithelial tumors Papillomas
Adenocarcinoma f— 814073 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® 8253/34 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 8256/34 Chondroma 9220/0
. Mucinous 8257/3¢ PEComatous tumors®
Ad e n O ca rc I n o m a_ Preinvasive lesions Lymphangioleiomyomatosis 9174/1
Atypical adenomatous hyperplasia 8250/0¢ PEComa, benign* 8714/0
S H Adenocarcinoma in situ® Clear cell tumor 8005/0
q u a m 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 | swmecionmm g w0y o g 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 IMyoepithelial 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 8040/07 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 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.? Behavior is coded /0 for benign tumors,
NUT carcinoma® 8023/3¢ /1ffor unspecified, borderline or uncertain behavior, /2 for carcinoma in situ and grade I11
in ithelial neoplasia, and /3 for mali; tumors.

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

Mucoepidermoid carcinoma 8430/3 adtount 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.!
5 . B . . “These new codes were approved by the International Agency on Cancer Research/
Epithelial-myoepithelial carcinoma 8562/3 b0 Committee for ICDO.
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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Patologitype 2016
Smacellet karcinom 12,4 (&
Storcellet neuroendokrint karcinom 0,8 |[&——
Ikke smacellet karcinom 10,1
Planocelluleert karcinom 184 (&—
Adenocarcinoma Adenokarcinom 448 |¢—r
Squamous carcinoma Storcellet karcinom 0,0
Large cell neuroendocrine carcinoma Adenoskvamest karcinom 0,3
Small cell carcinoma Neuroendokrin tumor 0,7
Karcinoid tumor 1,6
Anden malign primer lungecancer (NOS) 3,9
Blandingstumor 1,7
Ingen patologi 5,4
Antal udredte 4.706

Dansk Lunge Cancer Gruppe & Dansk Lunge Cancer Register



Region Syddanmark

Sygehus Lillebalt

Lung Carcinoma

Diagnostic sampling

|. Diagnosis
2. Tumor, Node, Metastasis (TNM)

Lung Cancer Stage Classification (8t Edition)

2 (e N\

¥
b2
=
=
,
3 \ 124
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General Note:
All Stage 1-111 tumors are MO

Tx, Nx should be used only if no
information at all is available
about T or N stage (including no
clinical staging information).

Mx is not allowed, because
symptoms and physical exam
information is always available.
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Central tumor Periferal tumor
l Tumor Diagnosis l
Bronchial brushing, Fine- or
Bronchial lavage, Course needle
L ,_f —Tissue Biopsi biopsi '

TN v
Tumor type
!

 J

_:/\ 4 Diagnosis of metastases

o =R Broncho- mediastinoskopi
L= including tissue biopsi N
. ) from mediastinal lymfnodes
== A
Fine- or courseneedle biopsi '

M from metastasis suspekte (

Lareas (found by CT eler PET scan) o 7"

Not operabel Operabel




Periferal tumor
Diagnosis l

Bronchial brushing, Fine-or
Bronchial lavage, Course needle
biopsi

o - Broncho- mediastinoskopi
" e Including tissue biopsi | \

. ) from mediastinal lymfnodes

b "

- e /

Fine- or courseneedie biopsi . ,
M | from metastasis suspekte ( '} W
4 i

“TONS

Not operabel Operabel
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Bronchoscope

Bronkialwash *

Brushbiopsy *

EBUS*
EUS™

Biopsy S

National Cancer Institute
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Central tumor

l Tumor Diagnosis

Bronchial brushing, Fine-or
Bronchial lavage, Course needle
L j —Tissue Biopsi biopsi .

I\ 7 " v
Tumor type

Diagnosis of metastases

o e Broncho- mediastinoskopi
‘ e including tissue biopsi | \

) from mediastinal lymfnodes

ST A

Fine- or courseneedie biopsi
M | from metastasis suspekte (

-4

o

Not operabel Operabel
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Central tumor Periferal tumor
l Tumor Diagnosis l
Bronchial brushing, Fine- or
Bronchial lavage, Course needle
—Tissue Biopsi biopsi

Broncho- mediastinoskopi
including tissue biopsi
from mediastinal lymfnodes

Fine- or courseneedle biopsi
M | from metastasis suspekte

Not operabel Operabel
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EBUS, EUS

Mediastinoscopy

Mediastinoscope

Incision

Right lung

Left lung

= Trachea S
k Trachea ﬁ———;—— | Y

‘ Lymph nodes

Subcarinal lymph node

Anterior Mgfastl’ﬂtmemx Esoptagus —2 A 1
(Chamberlain procedure) e ) A0 % 9
\ (h" ) !

y \\ ) e o 7 L J

|
\

Incision | LN \\\ el
N 2 <

© Bisevier In 2006, Hawes & Fockens: Endosonography

National Cancer Institute




Central tumor Periferal tumor

l Tumor Diagnosis l
Bronchial brushing, Fine-or
Bronchial lavage, Course needle

—Tissue Biopsi biopsi

* Tumor type : .

from mediastinal lymfnodes

Broncho- mediastinoskopi

Fine- or courseneedle biopsi
from metastasis suspekte

Not operabel Operabel

including tissue biopsi N
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Fine needle biopsy

Coarse needle biopsy

Biopsy
needle
inserted
into the
liver and
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Patoanatomical specimen

~ Histology S r
Fixation /| % ﬂ

Dehydration :
y Praeparation Smear preparatlon .
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s Parafinembedding
I

Syqehus Lillebeelt

A Microtomy

Visualization
(Staining)




Patient selection in lung cancer: Evolution
over time

(1990 Lung cancer ' f f'w * 'n' f * 1
"I' 1’? ﬂ" i i i T ”
0 Ty T L P i ]
’, )
2000 Non-small ceIII ng cancer Small-celllung cancer
'l' T ' # T " T P f
S 2k
(2003 Adenocarcinoma Large-cellcarcinoma Squamous cell carcinoma N
nff e fy w@ b o
(. , _ ™)
Today Established targets Mutation negative/unknown
EGFR ALK ROST  ppy
I g BEEEREE J
* Adenocarcinoma 'Large cell carcinoma 1| Squamous cell carcinoma
' Adenocarcinoma and treatable oncogenic alterations * Small-cell lung cancer

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



Patient selection in lung cancer: Evolution
over time
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/2000 Non-smallcell | ng cancer Small-celllung cancer E
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2008 Adenocarcinoma Large-cellcarcinoma Squamouscellcarcinoma

g 3 01" Hf ; TIREL
Mt ; 2L
Today Establishedtargets Mutation negative/unknown

*GF*R AL'K R;)S PDL 1 ’ * ' * 2w B
e J/

* Adenocarcinoma

' Adenocarcinoma and treatable oncogenic alterations

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

' Large cell carcinoma

* Small-cell lung cancer

1| Squamous cell carcinoma
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Non Small Cell Lung Carcinoma (NSCLC)

Small cell carcinoma

Adenocarcinoma Squamous carcinoma
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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

William L. Travis, MO, &
Yasushi Yatabe, MD; Yui
Fhulip S, Hasletan, MD; L

hath Brambilla, MD; M.

| Step 1 |

Positive Histology

Positive Cytology

Region Syddanmark

Sygehus Lillebalt

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

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

NSCLC (NOS)
v

Step 2

Apply ancillary panel of
SQCC or ADC marker

ADC marker -
SQCC marker +

4/1\.

ADC marker +
SQCC marker -

ADC marker -
SQCC marker -

ADC marker +
SQCC marker +

Step 3

Molecular analysis
EGFR and ALK
PD-L1

=
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| Step 1 |

Region Syddanmark
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Positive Histology

Positive Cytology

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

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 0. Travis, MO, thisabeth Srambilla, MO; Masayaki Noguchi, ML; Andrew (. Nichalsen, DM; Kim Ceisinger, M
Yasushi Yatabe, MO Yoicki lshikavea, MD; Ignacio Wistuba, MID; Douglas 8. Fieder, MO; Wilbur Frankflio, MI; Adi Cazda, MO
Phulip 5. Hasleton, MU; Douglas W Hendersan, MID; Reith M. Keee, MU, Tver Petersen, MU, Victor Rogali, MO,

Erik Thunnissen, MD; Ming 1520, ML
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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

William 0. Travis, MO;
Yasushi Yatabe, MD: Yuic
Fhligy 5. Hasleto

Elisabeth Brambilla, MD; Masayuki Nogachi, MD; Andrew . Nicholsen, DM; Kim Ceisinger, MO
Kavez, MO Ignacio Wistuba, MD; Douglas 8. Flieder, MO; Will 1; Adi Cazdae, MO;
; Douglas W Hendersan, MOD; Reith M. Kerr, MU, [ver Petersen, MU; Victae Roggli, MO

Erik Thunnissen, ML; Ming 1520, MO

Positive Histology

Positive Cytology

Keratinization, pearls and/or
intercellular bridges




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 L. Travis,
Yasushi Yatabe, MD:
Fhilip 5. Hasleton, MU; L

halsen, DM; Kim Ceisinger, MO
e Frankling MU Adi Cazdae, MO;
w MU; Victar Roggli, MO;

heth Brambilla, MD; Masayuki Nogachi, ML; Andrew (.
it 2! flas 8. Flieder, MO;

A0; Reith M. Keer, MU, vee Peterser
en, ML; Ming lsan, ML

| 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+
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| Step 1 |

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

no/small nucleoli

NE IHC, tif1+/-, CK+

Chromogranin A

g € "";\’
s P '

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 0. Travis, MO; elis

Yasushi Yatabe, 5
Philip 5. Has)

Naguchi, ML Andrew G Nicholsen, DM; Kim Ceisinger, M
Douglas 8. Flieder, MO Wilbur Frankiin, MU, Cazdae, MD;
D: h M. Keer, MU, (ver e, MU Victar Rogy [);

ssen, ML; Ming sao, ML

; Douglas W, Henderson,
Erik Tha




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 L. Travis, M
Yasushi Yatabe, MO i
Philip 5. Hasleton,

vogachi, ML Andrew (.
Douglas B. Fhieder, M0O;
h M. Kerr, MU, Tver Pt
0, MU Ming Isao, MO

iehalsen, DM; Kim Ceisinger, M
(hur franklin, MU; Adi Cazdar, MO;
¢ e, MU Victar Rogali, MO;

Erik hene

| 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+
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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

William 0. Travis, MO, thisabeth Srambilla, MO; Masayaki Noguchi, ML; Andrew (. Nichalsen, DM; Kim Ceisinger, M
Yasushi Yatabe, MD; Yuic ikavez, MID; Ignacio Wistuba, M Douglas B, Flieder, MO; Wilbur Frankiing MU, Ady Cazdas, MO,
Phulip 5. Hasleton, MU; Douglas W Hendersan, MID; Reith M. Keee, MU, Tver Petersen, MU, Victor Rogali, MO,

Erik Thunnissen, ML; Ming 1520, MO

| 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+
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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

Nogachi, ML; Andrew (. Nichalson, OM; Kim Cesinger, MO;
Douglas 8. Fhieder, MO, iBur Frankling MU; zfae, M,
h M. Keer, MU, (ver e, MU Victar Rogy [);

3 Ming 1seo, ML

| 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+
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| Steg 1 !

Positive Histology

Positive Cytology

No clear SQCC or
ACCmorphology
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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 \lé urothelium
TAp63 TAp63 I

1 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,*} 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*
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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 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 81 (13/16) 100 (32/32) 100 (13/13) 91 (32/35)
34B3E12 SCC 94 (15/16) 47 (15/32) 47 (15/32) 94 (15/16)
TTF1 AC 80 (20/25) 87 (20/23) 87 (20/23) 80 (20/25)
Napsin A AC 64 (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:1936-2625/1JCEPOSC0624

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 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 81 (13/16) 100 (32/32) 100 (13/13) 91 (32/35)
34BE12 SCC 94 (15/16) 47 (15/32) 47 (15/32) 94 (15/16)
TTF1 AC 80 (20/25) 87 (20/23) 87 (20/23) 80 (20/25)
Napsin A AC 64 (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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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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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 ié:ﬁ m&%&&g ooess

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.
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Diagnosis of metastasis
to the lung
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Urothelial carcinoma
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Diagnosis of metastasis
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Diagnosis of metastasis
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Central tumor Periferal tumor

l Tumor Diagnosis
Bronchial brushing, Fine-o
Bronchial lavage, Course needle
~~Tissue Biopsi biopsi
N
1 :ﬁ '

Fine- or courseneedle biopsi
from metastasis suspekte
0 ound by CT eller P
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Adenocarcinoma Squamous carcinoma Large cell carcinoma  Small cell carcinoma

i —

Non Small Cell Lung Carcinoma
(NSCLCQC)
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Cytology
Improved capture

¢ Vacuum-assisted filtration

¢ Captures avallable calls, maximizing cellularity even from
small/scanty samples

¢ Built on ThinPrep® technology

Improved presentation

¢ Helps maintain cnsp, clear cellular architecture

¢ Creates concentrations of cells within the block

¢ Reviews of cytology and cell block simultaneously

¢ Supports easier and more productive pathology review

Improved consistency

* High-quality blocks

¢ Fully automated with minimal cperator dependency

¢ Less cross-contaminabon risk

¢ Consistently rapid processing time (45 minutes or less)
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Cytology
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Antigen
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Patient selection in lung cancer: Evolution
over time
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Today Established targets

EGFR ALK ROS1
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' Adenocarcinoma and treatable oncogenic alterations

Mutation negative/unknown

Pr ettt ;
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i Small-cell lung cancer

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

Positive Cytology
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Step 3

Molecular analysis
EGFR and ALK
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Oncogene ‘drivers’ in Adenocarcinoma

Unknown (32.5%) KRAS (35%)

l - Gene Mutation

ROS1 (1%)

- Gene Fusion

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

L MET (4%)
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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%)

HER2 (2%)
EGFR (15%)

BRAF (4%) — e \
L MET (4%) \

Predictive marker
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Oncogene ‘drivers’ in Adenocarcinoma

Unknown (32.5%) KRAS (35%)

I} Gene Mutation
I} 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—(:_—DNA

| | | | | |

———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 5 NRGs
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EGFR

EGF binding EGF binding ™™ Tyrosine kinase Autophosphorylation
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ROS1 (1%)
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HER2 (2%)

I} Gene Mutation
I} Gene Fusion

W} Gene Amplification
W} Unknown

] \

Exon 2 5

Oncogene ‘drivers’ in Adenocarcinoma [ | | | | [
:
|
|

Mutations associated
with drug resistance
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T790M (50%)*
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autoactivates EGFR
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3 I (<) T g
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G719A AE746-A750 (ins RP) (<1%) A839T
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Oncogene ‘drivers’ in Adenocarcinoma

Unknown (32.5%)
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EGFR

Oncogene ‘drivers’ in Adenocarcinoma

KRAS (35%)

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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EGFR

Oncogene ‘drivers’ in Adenocarcinoma
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EGFR

Oncogene ‘drivers’ in Adenocarcinoma
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[p—

<
ROS1 (1%)- I} Gene Fusion

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

DNA-purification



W

Region Syddanmark

Sygehus Lillebalt

EGFR

Oncogene ‘drivers’ in Adenocarcinoma
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Oncogene ‘drivers’ in Adenocarcinoma

Unknown (32.5%) KRAS (35%)
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ALK

Oncogene ‘drivers’ in Adenocarcinoma

KRAS (35%)
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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 RNA
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Oncogene ‘drivers’ in Adenocarcinoma
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DNA workflow
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Patient selection in lung cancer: Evolution
over time
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PD-L1 testing
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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 PDL1 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; PDL1, programmed death-ligand 1; PFS, progression-free survival; OS, overall survival; HR, hazard
ratio; L1, first-line; L2, second-line.

* 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/kg.



Test

Developed as

companion diagnostic

Instrument

PD-L1 antibody

Compartment

Cut-off(s) for

high PD-L1

Ventana SP263 (1)

Durvalumab

(AstraZeneca/

VENTANA BenchMark

ULTRA

Clone SP263 (rabbit

monoclonal)

Tumor cell membrane

225% of tumor cells (5)

Dako 22C3 (2)

Pembrolizumab (Merck

Sharp & Dohme)

Dako Autostainer Link 48

Clone 22C3 (mouse

monoclonal)

Tumor cell membrane

21%; 250% of tumor cells

(6)

Dako 28-8 (3)

Nivolumab

(Bristol-Myers Squibb)

Dako Autostainer

Link 48

Clone 28-8 (rabbit

monoclonal)

Tumor cell membrane

21%:; 25%; 210% of tumor

cells (7)
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Ventana SP142 (4)

Atezolizumab

(Genentech)

VENTANA BenchMark

ULTRA

Clone SP142 (rabbit
monoclonal)
Tumor cells and tumor-

infilirating immune cells

250% of tumor cells

or 210% of tumor area
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NordiQC - Immunohistochemical Quality Control 03/05/2017 22.Z
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PD-L1: Click to learn about the NordiQC initiatives

N

B1 . . : 9 Events
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Run 49, low molecular weight cytokeratin, serial sections.To the left optimal staining reactions of appendix (A1), liver | Custom ¢ [ Search ]
(A2) and small cell lung carcinoma (SCLC) (A3). To the right too weak staining of appendix (B1) and liver (B2) due to
| the less sucessful mAb CAMS.2. False positive staining of the SCLC (B3) due to inappropriate modification of an RTU.

Results - module 49, B23, H11 & C1 available
o



PD-LI testing as an integrated part of
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Table 1. Assessment marks for IHC assays and antibodies run C1, PD-L1 IHC

CE-IVD / FDA Suff
approved n Vendor Optimal Good Borderline Poor Suff.! 2
OPS
PD-L1 assays
22C3 pharmDX, SK006 12 Dako/Agilent 10 1 0 1 92% 92%
22C3 pharmDX, SK006* 2 Dako/Agilent 0 0 1 1 - -
28-8 pharmDX, SK005 7 Dako/Agilent 3 3 1 0 86% 86%
SP263, 790-4905 16 Ventana/Roche 9 2 2 3 69% 77%
SP142, 740-4859 1 Ventana/Roche 0 0 0 1 - -
Antibodies? for
laboratory developed . . q Suff.
PD-L1 assays, n  Vendor Optimal Good Borderline Poor Suff. 0PS2
conc. antibody
mAb clone 22C3 13 Dako/Agilent 1 1 4 7 15% -
mAb clone E1L3N 8 Cell Signaling 1 1 1 5 25% -
mAb CAL10 1 Biocare 0 0 1 0 - -
rmAb clone 28-8 6 Abcam 0 1 1 4 17% -
rmAb clone ZR3 1 Zeta Corporation 1 0 0 0 - -
Antibodies for Suff
laboratory developed n Vendor Optimal Good Borderline Poor Suff.t OPS.Z
PD-L1 assays, RTU
rmAb clone SP142 1 Spring Biosystems 0 0 0 1 - -
Total 68 25 9 11 23 - -
Proportion 37% 13% 16% 34% 50% -

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

2) Proportion of sufficient stains with optimal protocol settings only, see below.

3) mAb: mouse monoclonal antibody, rmAb: rabbit monoclonal antibody.

4) RTU system developed for the Agilent/Dako’ s 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-LT IHC 22C3pharmDx

Birgit G. Skov, MD, DrMedSci* and Torsten Skov, MD, PhD 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 THC 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; THC, immunohistochemistry; PD-L1, programmed cell death ligand-1.
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The Diagnostic algorithm
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Patient selection in lung cancer: Evolution
over time

f1 990 Lung cancer ' f 1’ ' *“i" * W 'T' ' ™
Thidoth oty ¢ 13 14
| SRR UTUR LY P
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* it ; i X
a : : )
Today Establishedtargets Mutation negative/unknown
* EGFR ALK ROS1 PDL1
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f Adenocarcinoma and treatable oncogenic alterations i Small-cell lung cancer

Adapted from Reck M, et al. Lancet 2013;382:709-19
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Lung cancer research landscape —
MoA group and phase
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to detect 5" and 3' ALK gene expression

KRAS, EGFR, BRAF, PIK3CA, AKT1, ERBB2, PTEN, NRAS, STK11, MAP2KI,
ALK, DDR2, CTNNBI1, MET, TP53, SMAD4, FBX7. FGFR3, NOTCH1, ERBBS,
FGFR1, FGFR2
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ALK, RET, ROS1, and NTRK1 fusion transcripts, in addition to targets designed

to detect 5" and 3' ALK gene expression

KRAS, EGFR, BRAF, PIK3CA, AKT1, ERBB2, PTEN, NRAS, STK11, MAP2KI,
ALK, DDR2, CTNNBI1, MET, TP53, SMAD4, FBX7. FGFR3, NOTCH1, ERBBS,
FGFR1, FGFR2



The end



