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Workshop in Diagnostic Immunohistochemistry 
Aalborg University Hospital, September 20th – 22nd 201 

Program                                PRELIMINARY 
Wednesday, September 20th  
09:30 – 10:00  Arrival, coffee 
10:00 – 10:15 15 Welcome and introduction SN 
10:15 – 11:00 45 Immunohistochemical principles:  

The technical test approach – pre-analytical phase I 
ON 

11:05 – 11:50 45 Immunohistochemical principles:  
The technical test approach – pre-analytical phase II ON 

12:00 – 12:45 45 Immunohistochemical principles:  
The technical test approach - analytical phase I 

MB 

12:45 – 13:30 45 Lunch  
13:30 – 14:15 45 Immunohistochemical principles:  

The technical test approach - analytical phase  II 
MB 

14:20 – 15:05 45 Immunohistochemical principles:  
The technical test approach - post-analytical phase I SN 

15:05 – 15.25 20 Coffee  
15:25 – 16:10 45 Immunohistochemical principles:  

The technical test approach - post-analytical phase II 
SN 

16:15 – 17:00 45 Immunohistochemical classification of breast 
tumours 

AVL  

17.00 – 19.00  Social arrangement (optional) – Keglespil (Skittles)  

Thursday, September 21st  
08:15 – 09:00 45 Optimization of antibodies, selection, protocols and 

controls – breast tumours SN 

09:00 – 09:45 45 Immunohistochemical classification of the 
unknown primary tumour – part I 

MV 
 

09:50 – 10:10 20 Coffee  
10:10 – 10:40 30 Optimization of antibodies, selection, protocols and 

controls – unknown primary tumours part I SN 

10:45 – 11:30 45 Immunohistochemical classification of the 
unknown primary tumour – part II MV 

11:35 – 12:05 30 Optimization of antibodies, selection, protocols and 
controls – unknown primary tumours part II SN 

12:10 – 13:00 50 Lunch  
13:00 – 13:45 45 Immunohistochemical classification of lung 

tumours - Lung cancer, diagnosis and prediction  HH  

13:50 – 14:20 30 Optimization of antibodies, selection, protocols and 
controls – lung tumours 

ON 

14.25 – 14:45 20 Coffee  
14:45 – 15:30 45 Immunohistochemical classification of 

haematolymphoid tumours SH 

15:35 – 16:20 45 Optimization of antibodies, selection, protocols and 
controls – haematolymphoid tumours 

MB 

16:25 – 16:40 15 Discussion  
19:00 –  Workshop Dinner at Restaurant Søgaards Bryghus, C.W. Obels Plads 4 

Friday, September 22nd  
08:45 – 09:30 45 Immunohistochemical double stainings – overview, 

considerations and applications 
MB 

09:35 – 10:05 30 Immunocytochemistry and immunohistochemistry 
on frozen sections – overview, considerations and 
applications 

ON 

10:05 – 10:25 20 Coffee  
10:25 – 10:55  30 Immunohistochemical stainers – overview, pro- 

and cons 
SN 

11:00 – 11:45 45 Image analysis in IHC - overview, considerations 
and applications 

RR 

11:45 – 12:00 15 Discussion and evaluation SN 
12:00 – 12:50  Lunch and departure   



Lung cancer Age's standardized
Incidence new cases/100.000

               
 

Kræftstatistik: Nøgletal og figurer
Danmark − Lunge (inkl. luftrør)

Mænd Kvinder

Antal nye tilfælde pr. år (incidens 2010−2014) 2326 2237

Andel af alle kræfttilfælde (pct) 12.0 12.3

Andel af alle kræfttilfælde bortset fra anden hudkræft (pct) 12.8 12.9

Risiko for at få sygdommen før 75−års alderen (pct) 5.0 4.6

Alders−standardiseret incidensrate (W) 40.9 36.7

− Estimeret årlig ændring de sidste 10 år (pct) −1.4 +0.1

Antal dødsfald pr. år (2010−2014) 1930 1771

Andel af alle kræftdødsfald (pct) 23.9 24.0

Risiko for at dø af sygdommen før 75−års alderen (pct) 3.8 3.2

Alders−standardiseret dødsrate (W) 32.8 26.7

− Estimeret årlig ændring de sidste 10 år (pct) −2.4 −1.4

Personer, der lever med diagnosen ved udgangen af 2014 (prævalens) 4480 5381

Antal personer, der lever med diagnosen, ud af 100 000 158 188

Relativ overlevelse (%) med [95% CI] (2010−2014)

1−år 40 [39−41] 47 [46−49]

5−år 12 [12−13] 17 [17−18]

Alders−standardiseret rate (W) over tid
Dødsfald

Alders−standardiseret rate (W) over tid
Nye tilfælde
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Workshop in Diagnostic Immunohistochemistry 
Aalborg University Hospital, September 20th – 22nd 201 

Program                                PRELIMINARY 
Wednesday, September 20th  
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MB 
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16:15 – 17:00 45 Immunohistochemical classification of breast 
tumours 

AVL  
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Thursday, September 21st  
08:15 – 09:00 45 Optimization of antibodies, selection, protocols and 

controls – breast tumours SN 

09:00 – 09:45 45 Immunohistochemical classification of the 
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MV 
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controls – unknown primary tumours part I SN 
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unknown primary tumour – part II MV 
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Lung cancer
New cases/100.000 / age interval

Age

               
 

Kræftstatistik: Nøgletal og figurer
Danmark − Lunge (inkl. luftrør)

Mænd Kvinder

Antal nye tilfælde pr. år (incidens 2010−2014) 2326 2237

Andel af alle kræfttilfælde (pct) 12.0 12.3

Andel af alle kræfttilfælde bortset fra anden hudkræft (pct) 12.8 12.9

Risiko for at få sygdommen før 75−års alderen (pct) 5.0 4.6

Alders−standardiseret incidensrate (W) 40.9 36.7

− Estimeret årlig ændring de sidste 10 år (pct) −1.4 +0.1

Antal dødsfald pr. år (2010−2014) 1930 1771

Andel af alle kræftdødsfald (pct) 23.9 24.0

Risiko for at dø af sygdommen før 75−års alderen (pct) 3.8 3.2

Alders−standardiseret dødsrate (W) 32.8 26.7

− Estimeret årlig ændring de sidste 10 år (pct) −2.4 −1.4

Personer, der lever med diagnosen ved udgangen af 2014 (prævalens) 4480 5381

Antal personer, der lever med diagnosen, ud af 100 000 158 188

Relativ overlevelse (%) med [95% CI] (2010−2014)

1−år 40 [39−41] 47 [46−49]

5−år 12 [12−13] 17 [17−18]

Alders−standardiseret rate (W) over tid
Dødsfald

Alders−standardiseret rate (W) over tid
Nye tilfælde
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Workshop in Diagnostic Immunohistochemistry 
Aalborg University Hospital, September 20th – 22nd 201 

Program                                PRELIMINARY 
Wednesday, September 20th  
09:30 – 10:00  Arrival, coffee 
10:00 – 10:15 15 Welcome and introduction SN 
10:15 – 11:00 45 Immunohistochemical principles:  

The technical test approach – pre-analytical phase I 
ON 

11:05 – 11:50 45 Immunohistochemical principles:  
The technical test approach – pre-analytical phase II ON 

12:00 – 12:45 45 Immunohistochemical principles:  
The technical test approach - analytical phase I 

MB 

12:45 – 13:30 45 Lunch  
13:30 – 14:15 45 Immunohistochemical principles:  

The technical test approach - analytical phase  II 
MB 

14:20 – 15:05 45 Immunohistochemical principles:  
The technical test approach - post-analytical phase I SN 

15:05 – 15.25 20 Coffee  
15:25 – 16:10 45 Immunohistochemical principles:  

The technical test approach - post-analytical phase II 
SN 

16:15 – 17:00 45 Immunohistochemical classification of breast 
tumours 

AVL  

17.00 – 19.00  Social arrangement (optional) – Keglespil (Skittles)  

Thursday, September 21st  
08:15 – 09:00 45 Optimization of antibodies, selection, protocols and 

controls – breast tumours SN 

09:00 – 09:45 45 Immunohistochemical classification of the 
unknown primary tumour – part I 

MV 
 

09:50 – 10:10 20 Coffee  
10:10 – 10:40 30 Optimization of antibodies, selection, protocols and 

controls – unknown primary tumours part I SN 

10:45 – 11:30 45 Immunohistochemical classification of the 
unknown primary tumour – part II MV 

11:35 – 12:05 30 Optimization of antibodies, selection, protocols and 
controls – unknown primary tumours part II SN 

12:10 – 13:00 50 Lunch  
13:00 – 13:45 45 Immunohistochemical classification of lung 

tumours - Lung cancer, diagnosis and prediction  HH  

13:50 – 14:20 30 Optimization of antibodies, selection, protocols and 
controls – lung tumours 

ON 

14.25 – 14:45 20 Coffee  
14:45 – 15:30 45 Immunohistochemical classification of 

haematolymphoid tumours SH 

15:35 – 16:20 45 Optimization of antibodies, selection, protocols and 
controls – haematolymphoid tumours 

MB 

16:25 – 16:40 15 Discussion  
19:00 –  Workshop Dinner at Restaurant Søgaards Bryghus, C.W. Obels Plads 4 

Friday, September 22nd  
08:45 – 09:30 45 Immunohistochemical double stainings – overview, 

considerations and applications 
MB 

09:35 – 10:05 30 Immunocytochemistry and immunohistochemistry 
on frozen sections – overview, considerations and 
applications 

ON 

10:05 – 10:25 20 Coffee  
10:25 – 10:55  30 Immunohistochemical stainers – overview, pro- 

and cons 
SN 

11:00 – 11:45 45 Image analysis in IHC - overview, considerations 
and applications 

RR 

11:45 – 12:00 15 Discussion and evaluation SN 
12:00 – 12:50  Lunch and departure   



Incidence, new cases / 100.000 

Mortality, number of death / 100.000 

Males Females

Immunohistochemcal classification of  
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Lung Carcinoma

Lung carcinoma derives from stem cells
 in the lung epithelium
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TABLE 1.� �����8)0�$MBTTJmDBUJPO�PG�-VOH�5VNPSTa,b,c

Histologic Type and Subtypes ICDO Code

Epithelial tumors
 Adenocarcinoma 8140/3
  Lepidic adenocarcinomae 8250/3d

  Acinar adenocarcinoma 8551/3d

  Papillary adenocarcinoma 8260/3
  Micropapillary adenocarcinomae 8265/3
  Solid adenocarcinoma 8230/3
  Invasive mucinous adenocarcinomae 8253/3d

   Mixed invasive mucinous and
   nonmucinous adenocarcinoma 8254/3d

  Colloid adenocarcinoma 8480/3
  Fetal adenocarcinoma 8333/3
  Enteric adenocarcinomae 8144/3
  Minimally invasive adenocarcinomae

   Nonmucinous 8256/3d

   Mucinous 8257/3d

  Preinvasive lesions
   Atypical adenomatous hyperplasia 8250/0d

   Adenocarcinoma in situe

    Nonmucinous 8250/2d

    Mucinous 8253/2d

 Squamous cell carcinoma 8070/3
  Keratinizing squamous cell carcinomae 8071/3
  Nonkeratinizing squamous cell carcinomae 8072/3
  Basaloid squamous cell carcinomae 8083/3
  Preinvasive lesion
   Squamous cell carcinoma in situ 8070/2
Neuroendocrine tumors
 Small cell carcinoma 8041/3
  Combined small cell carcinoma 8045/3
 Large cell neuroendocrine carcinoma 8013/3
  Combined large cell neuroendocrine carcinoma 8013/3
 Carcinoid tumors
  Typical carcinoid tumor 8240/3
  Atypical carcinoid tumor 8249/3
 Preinvasive lesion
  Diffuse idiopathic pulmonary neuroendocrine  

 cell hyperplasia
8040/0d

 Large cell carcinoma 8012/3
 Adenosquamous carcinoma 8560/3
 Sarcomatoid carcinomas
  Pleomorphic carcinoma 8022/3
  Spindle cell carcinoma 8032/3
  Giant cell carcinoma 8031/3
  Carcinosarcoma 8980/3
  Pulmonary blastoma 8972/3
 Other and Unclassified carcinomas
  Lymphoepithelioma-like carcinoma 8082/3
  NUT carcinomae 8023/3d

 Salivary gland-type tumors
  Mucoepidermoid carcinoma 8430/3
  Adenoid cystic carcinoma 8200/3
  Epithelial-myoepithelial carcinoma 8562/3
  Pleomorphic adenoma 8940/0

 Papillomas
  Squamous cell papilloma 8052/0
   Exophytic 8052/0
   Inverted 8053/0
  Glandular papilloma 8260/0
  Mixed squamous and glandular papilloma 8560/0
 Adenomas
  Sclerosing pneumocytomae 8832/0
  Alveolar adenoma 8251/0
  Papillary adenoma 8260/0
  Mucinous cystadenoma 8470/0
  Mucous gland adenoma 8480/0
Mesenchymal tumors
 Pulmonary hamartoma 8992/0d

 Chondroma 9220/0
 PEComatous tumorse

  Lymphangioleiomyomatosis 9174/1
  PEComa, benigne 8714/0
   Clear cell tumor 8005/0
  PEComa, malignante 8714/3
 Congenital peribronchial myofibroblastic tumor 8827/1
 Diffuse pulmonary lymphangiomatosis
 Inflammatory myofibroblastic tumor 8825/1
 Epithelioid hemangioendothelioma 9133/3
 Pleuropulmonary blastoma 8973/3
 Synovial sarcoma 9040/3
 Pulmonary artery intimal sarcoma 9137/3
 Pulmonary myxoid sarcoma with EWSR1–CREB1 translocatione 8842/3d

 Myoepithelial tumorse

  Myoepithelioma 8982/0
  Myoepithelial carcinoma 8982/3
Lymphohistiocytic tumors
 Extranodal marginal zone lymphomas of mucosa-associated  

 Lymphoid tissue (MALT lymphoma)
9699/3

 Diffuse large cell lymphoma 9680/3
 Lymphomatoid granulomatosis 9766/1
 Intravascular large B cell lymphomae 9712/3
 Pulmonary Langerhans cell histiocytosis 9751/1
 Erdheim–Chester disease 9750/1
Tumors of ectopic origin
 Germ cell tumors
  Teratoma, mature 9080/0
  Teratoma, immature 9080/1
 Intrapulmonary thymoma 8580/3
 Melanoma 8270/3
 Meningioma, NOS 9530/0
Metastatic tumors

aThe morphology codes are from the ICDO.2 Behavior is coded /0 for benign tumors, 
/1 for unspecified, borderline or uncertain behavior, /2 for carcinoma in situ and grade III 
intraepithelial neoplasia, and /3 for malignant tumors.

bThe classification is modified from the previous WHO classification3 taking into 
account changes in our understanding of these lesions.

cThis table is reproduced from the 2015 WHO Classification by Travis et al.1

dThese new codes were approved by the International Agency on Cancer Research/
WHO Committee for ICDO.

eNew terms changed or entities added since 2004 WHO Classification.3

LCNEC, large cell neuroendocrine carcinoma, WHO, World Health Organization; 
ICDO International Classification of Diseases for Oncology.
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TABLE 1.� �����8)0�$MBTTJmDBUJPO�PG�-VOH�5VNPSTa,b,c

Histologic Type and Subtypes ICDO Code

Epithelial tumors
 Adenocarcinoma 8140/3
  Lepidic adenocarcinomae 8250/3d

  Acinar adenocarcinoma 8551/3d

  Papillary adenocarcinoma 8260/3
  Micropapillary adenocarcinomae 8265/3
  Solid adenocarcinoma 8230/3
  Invasive mucinous adenocarcinomae 8253/3d

   Mixed invasive mucinous and
   nonmucinous adenocarcinoma 8254/3d

  Colloid adenocarcinoma 8480/3
  Fetal adenocarcinoma 8333/3
  Enteric adenocarcinomae 8144/3
  Minimally invasive adenocarcinomae

   Nonmucinous 8256/3d

   Mucinous 8257/3d

  Preinvasive lesions
   Atypical adenomatous hyperplasia 8250/0d

   Adenocarcinoma in situe

    Nonmucinous 8250/2d

    Mucinous 8253/2d

 Squamous cell carcinoma 8070/3
  Keratinizing squamous cell carcinomae 8071/3
  Nonkeratinizing squamous cell carcinomae 8072/3
  Basaloid squamous cell carcinomae 8083/3
  Preinvasive lesion
   Squamous cell carcinoma in situ 8070/2
Neuroendocrine tumors
 Small cell carcinoma 8041/3
  Combined small cell carcinoma 8045/3
 Large cell neuroendocrine carcinoma 8013/3
  Combined large cell neuroendocrine carcinoma 8013/3
 Carcinoid tumors
  Typical carcinoid tumor 8240/3
  Atypical carcinoid tumor 8249/3
 Preinvasive lesion
  Diffuse idiopathic pulmonary neuroendocrine  

 cell hyperplasia
8040/0d

 Large cell carcinoma 8012/3
 Adenosquamous carcinoma 8560/3
 Sarcomatoid carcinomas
  Pleomorphic carcinoma 8022/3
  Spindle cell carcinoma 8032/3
  Giant cell carcinoma 8031/3
  Carcinosarcoma 8980/3
  Pulmonary blastoma 8972/3
 Other and Unclassified carcinomas
  Lymphoepithelioma-like carcinoma 8082/3
  NUT carcinomae 8023/3d

 Salivary gland-type tumors
  Mucoepidermoid carcinoma 8430/3
  Adenoid cystic carcinoma 8200/3
  Epithelial-myoepithelial carcinoma 8562/3
  Pleomorphic adenoma 8940/0

 Papillomas
  Squamous cell papilloma 8052/0
   Exophytic 8052/0
   Inverted 8053/0
  Glandular papilloma 8260/0
  Mixed squamous and glandular papilloma 8560/0
 Adenomas
  Sclerosing pneumocytomae 8832/0
  Alveolar adenoma 8251/0
  Papillary adenoma 8260/0
  Mucinous cystadenoma 8470/0
  Mucous gland adenoma 8480/0
Mesenchymal tumors
 Pulmonary hamartoma 8992/0d

 Chondroma 9220/0
 PEComatous tumorse

  Lymphangioleiomyomatosis 9174/1
  PEComa, benigne 8714/0
   Clear cell tumor 8005/0
  PEComa, malignante 8714/3
 Congenital peribronchial myofibroblastic tumor 8827/1
 Diffuse pulmonary lymphangiomatosis
 Inflammatory myofibroblastic tumor 8825/1
 Epithelioid hemangioendothelioma 9133/3
 Pleuropulmonary blastoma 8973/3
 Synovial sarcoma 9040/3
 Pulmonary artery intimal sarcoma 9137/3
 Pulmonary myxoid sarcoma with EWSR1–CREB1 translocatione 8842/3d

 Myoepithelial tumorse

  Myoepithelioma 8982/0
  Myoepithelial carcinoma 8982/3
Lymphohistiocytic tumors
 Extranodal marginal zone lymphomas of mucosa-associated  

 Lymphoid tissue (MALT lymphoma)
9699/3

 Diffuse large cell lymphoma 9680/3
 Lymphomatoid granulomatosis 9766/1
 Intravascular large B cell lymphomae 9712/3
 Pulmonary Langerhans cell histiocytosis 9751/1
 Erdheim–Chester disease 9750/1
Tumors of ectopic origin
 Germ cell tumors
  Teratoma, mature 9080/0
  Teratoma, immature 9080/1
 Intrapulmonary thymoma 8580/3
 Melanoma 8270/3
 Meningioma, NOS 9530/0
Metastatic tumors

aThe morphology codes are from the ICDO.2 Behavior is coded /0 for benign tumors, 
/1 for unspecified, borderline or uncertain behavior, /2 for carcinoma in situ and grade III 
intraepithelial neoplasia, and /3 for malignant tumors.

bThe classification is modified from the previous WHO classification3 taking into 
account changes in our understanding of these lesions.

cThis table is reproduced from the 2015 WHO Classification by Travis et al.1

dThese new codes were approved by the International Agency on Cancer Research/
WHO Committee for ICDO.

eNew terms changed or entities added since 2004 WHO Classification.3

LCNEC, large cell neuroendocrine carcinoma, WHO, World Health Organization; 
ICDO International Classification of Diseases for Oncology.

TABLE 1. (Continued)

Histologic Type and Subtypes ICDO Code
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considerations and applications 
MB 
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7.1.7 Patologi   
Patologityperne fordeler sig i % og på køn i populationen 2003-2016 således: 
7.1.7.1 Tabel Patologityper per år – i %  

Patologitype 2016 2015 2014 2013 2012 2003-2011 
Småcellet karcinom 12,4 14,5 14,7 15,4 14,7 15,5 
Storcellet neuroendokrint karcinom 0,8 0,8 0,8 1,0 0,8 0,5 
Ikke småcellet karcinom 10,1 11,0 12,0 10,9 13,7 15,3 
Planocellulært karcinom 18,4 18,7 18,0 18,2 17,0 16,5 
Adenokarcinom 44,8 39,8 39,9 39,9 37,3 26,6 
Storcellet karcinom 0,0 0,3 0,3 0,3 0,3 1,9 
Adenoskvamøst karcinom 0,3 0,3 0,6 0,5 0,4 0,4 
Neuroendokrin tumor 0,7 0,9 0,9 0,8 0,6 0,7 
Karcinoid tumor 1,6 1,4 1,1 1,2 1,1 0,4 
Anden malign primær lungecancer (NOS) 3,9 3,8 4,0 4,5 5,2 10,5 
Blandingstumor 1,7 2,5 2,5 2,0 2,4 3,0 
Ingen patologi 5,4 5,8 5,2 5,1 6,6 8,7 
Antal udredte 4.706 4.706 4.733 4.584 4.649 37.229 
 
7.1.7.2 Tabel Patologityper per år – kvinder  

Patologitype 2016 2015 2014 2013 2012 2003-2011 
Småcellet karcinom 12,7 14,9 15,4 15,5 14,4 16,0 
Storcellet neuroendokrint karcinom 0,9 0,8 0,8 1,0 1,0 0,5 
Ikke småcellet karcinom 9,2 10,4 12,3 11,0 13,0 15,4 
Planocellulært karcinom 13,3 13,3 12,1 12,3 11,9 11,8 
Adenokarcinom 50,5 44,8 44,9 45,4 42,5 30,6 
Storcellet karcinom 0,0 0,3 0,2 0,3 0,1 1,9 
Adenoskvamøst karcinom 0,3 0,1 0,3 0,5 0,3 0,3 
Neuroendokrin tumor 0,8 0,9 1,2 0,8 0,6 0,8 
Karcinoid tumor 2,4 2,1 1,7 1,9 1,7 0,6 
Anden malign primær lungecancer (NOS) 3,0 3,6 3,8 4,3 5,3 10,3 
Blandingstumor 1,7 2,6 2,1 1,6 2,3 3,1 
Ingen patologi 5,3 6,2 5,2 5,3 6,7 8,8 
Antal udredte 2.362 2.349 2.289 2.318 2.219 17.541 
 
7.1.7.3 Tabel Patologityper per år – mænd: 

Patologitype 2016 2015 2014 2013 2012 2003-2011 
Småcellet karcinom 12,1 14,2 14,0 15,3 14,9 15,1 
Storcellet neuroendokrint karcinom 0,8 0,9 0,9 1,0 0,7 0,5 
Ikke småcellet karcinom 11,0 11,7 11,7 10,8 14,3 15,3 
Planocellulært karcinom 23,5 24,1 23,5 24,3 21,7 20,6 
Adenokarcinom 39,1 34,9 35,2 34,3 32,4 23,0 
Storcellet karcinom 0,0 0,3 0,4 0,4 0,4 2,0 
Adenoskvamøst karcinom 0,3 0,5 0,9 0,5 0,4 0,5 
Neuroendokrin tumor 0,5 0,9 0,7 0,8 0,7 0,7 
Karcinoid tumor 0,8 0,7 0,7 0,6 0,5 0,2 
Anden malign primær lungecancer (NOS) 4,9 4,1 4,1 4,8 5,1 10,6 
Blandingstumor 1,7 2,4 2,8 2,5 2,5 2,9 
Ingen patologi 5,4 5,3 5,1 4,9 6,5 8,6 
Antal udredte 2.344 2.357 2.444 2.266 2.430 19.688 
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The technical test approach - post-analytical phase II 
SN 

16:15 – 17:00 45 Immunohistochemical classification of breast 
tumours 
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08:15 – 09:00 45 Optimization of antibodies, selection, protocols and 

controls – breast tumours SN 
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MV 
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haematolymphoid tumours SH 
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considerations and applications 
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and cons 
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and applications 
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11:45 – 12:00 15 Discussion and evaluation SN 
12:00 – 12:50  Lunch and departure   
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Program                                PRELIMINARY 
Wednesday, September 20th  
09:30 – 10:00  Arrival, coffee 
10:00 – 10:15 15 Welcome and introduction SN 
10:15 – 11:00 45 Immunohistochemical principles:  

The technical test approach – pre-analytical phase I 
ON 

11:05 – 11:50 45 Immunohistochemical principles:  
The technical test approach – pre-analytical phase II ON 

12:00 – 12:45 45 Immunohistochemical principles:  
The technical test approach - analytical phase I 

MB 

12:45 – 13:30 45 Lunch  
13:30 – 14:15 45 Immunohistochemical principles:  

The technical test approach - analytical phase  II 
MB 

14:20 – 15:05 45 Immunohistochemical principles:  
The technical test approach - post-analytical phase I SN 

15:05 – 15.25 20 Coffee  
15:25 – 16:10 45 Immunohistochemical principles:  

The technical test approach - post-analytical phase II 
SN 

16:15 – 17:00 45 Immunohistochemical classification of breast 
tumours 

AVL  

17.00 – 19.00  Social arrangement (optional) – Keglespil (Skittles)  

Thursday, September 21st  
08:15 – 09:00 45 Optimization of antibodies, selection, protocols and 

controls – breast tumours SN 

09:00 – 09:45 45 Immunohistochemical classification of the 
unknown primary tumour – part I 

MV 
 

09:50 – 10:10 20 Coffee  
10:10 – 10:40 30 Optimization of antibodies, selection, protocols and 

controls – unknown primary tumours part I SN 

10:45 – 11:30 45 Immunohistochemical classification of the 
unknown primary tumour – part II MV 

11:35 – 12:05 30 Optimization of antibodies, selection, protocols and 
controls – unknown primary tumours part II SN 

12:10 – 13:00 50 Lunch  
13:00 – 13:45 45 Immunohistochemical classification of lung 

tumours - Lung cancer, diagnosis and prediction  HH  

13:50 – 14:20 30 Optimization of antibodies, selection, protocols and 
controls – lung tumours 

ON 

14.25 – 14:45 20 Coffee  
14:45 – 15:30 45 Immunohistochemical classification of 

haematolymphoid tumours SH 

15:35 – 16:20 45 Optimization of antibodies, selection, protocols and 
controls – haematolymphoid tumours 

MB 

16:25 – 16:40 15 Discussion  
19:00 –  Workshop Dinner at Restaurant Søgaards Bryghus, C.W. Obels Plads 4 

Friday, September 22nd  
08:45 – 09:30 45 Immunohistochemical double stainings – overview, 

considerations and applications 
MB 

09:35 – 10:05 30 Immunocytochemistry and immunohistochemistry 
on frozen sections – overview, considerations and 
applications 

ON 

10:05 – 10:25 20 Coffee  
10:25 – 10:55  30 Immunohistochemical stainers – overview, pro- 

and cons 
SN 

11:00 – 11:45 45 Image analysis in IHC - overview, considerations 
and applications 

RR 

11:45 – 12:00 15 Discussion and evaluation SN 
12:00 – 12:50  Lunch and departure   
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SN 
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tumours 
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17.00 – 19.00  Social arrangement (optional) – Keglespil (Skittles)  

Thursday, September 21st  
08:15 – 09:00 45 Optimization of antibodies, selection, protocols and 

controls – breast tumours SN 

09:00 – 09:45 45 Immunohistochemical classification of the 
unknown primary tumour – part I 

MV 
 

09:50 – 10:10 20 Coffee  
10:10 – 10:40 30 Optimization of antibodies, selection, protocols and 

controls – unknown primary tumours part I SN 

10:45 – 11:30 45 Immunohistochemical classification of the 
unknown primary tumour – part II MV 

11:35 – 12:05 30 Optimization of antibodies, selection, protocols and 
controls – unknown primary tumours part II SN 

12:10 – 13:00 50 Lunch  
13:00 – 13:45 45 Immunohistochemical classification of lung 

tumours - Lung cancer, diagnosis and prediction  HH  

13:50 – 14:20 30 Optimization of antibodies, selection, protocols and 
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ON 

14.25 – 14:45 20 Coffee  
14:45 – 15:30 45 Immunohistochemical classification of 

haematolymphoid tumours SH 

15:35 – 16:20 45 Optimization of antibodies, selection, protocols and 
controls – haematolymphoid tumours 

MB 

16:25 – 16:40 15 Discussion  
19:00 –  Workshop Dinner at Restaurant Søgaards Bryghus, C.W. Obels Plads 4 

Friday, September 22nd  
08:45 – 09:30 45 Immunohistochemical double stainings – overview, 

considerations and applications 
MB 

09:35 – 10:05 30 Immunocytochemistry and immunohistochemistry 
on frozen sections – overview, considerations and 
applications 

ON 

10:05 – 10:25 20 Coffee  
10:25 – 10:55  30 Immunohistochemical stainers – overview, pro- 

and cons 
SN 

11:00 – 11:45 45 Image analysis in IHC - overview, considerations 
and applications 

RR 

11:45 – 12:00 15 Discussion and evaluation SN 
12:00 – 12:50  Lunch and departure   
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MB 

12:45 – 13:30 45 Lunch  
13:30 – 14:15 45 Immunohistochemical principles:  
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14:20 – 15:05 45 Immunohistochemical principles:  
The technical test approach - post-analytical phase I SN 

15:05 – 15.25 20 Coffee  
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The technical test approach - post-analytical phase II 
SN 

16:15 – 17:00 45 Immunohistochemical classification of breast 
tumours 
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11:35 – 12:05 30 Optimization of antibodies, selection, protocols and 
controls – unknown primary tumours part II SN 
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ON 

14.25 – 14:45 20 Coffee  
14:45 – 15:30 45 Immunohistochemical classification of 

haematolymphoid tumours SH 

15:35 – 16:20 45 Optimization of antibodies, selection, protocols and 
controls – haematolymphoid tumours 

MB 

16:25 – 16:40 15 Discussion  
19:00 –  Workshop Dinner at Restaurant Søgaards Bryghus, C.W. Obels Plads 4 

Friday, September 22nd  
08:45 – 09:30 45 Immunohistochemical double stainings – overview, 

considerations and applications 
MB 
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ON 
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10:25 – 10:55  30 Immunohistochemical stainers – overview, pro- 
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11:45 – 12:00 15 Discussion and evaluation SN 
12:00 – 12:50  Lunch and departure   
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12:10 – 13:00 50 Lunch  
13:00 – 13:45 45 Immunohistochemical classification of lung 

tumours - Lung cancer, diagnosis and prediction  HH  

13:50 – 14:20 30 Optimization of antibodies, selection, protocols and 
controls – lung tumours 

ON 

14.25 – 14:45 20 Coffee  
14:45 – 15:30 45 Immunohistochemical classification of 

haematolymphoid tumours SH 

15:35 – 16:20 45 Optimization of antibodies, selection, protocols and 
controls – haematolymphoid tumours 

MB 

16:25 – 16:40 15 Discussion  
19:00 –  Workshop Dinner at Restaurant Søgaards Bryghus, C.W. Obels Plads 4 

Friday, September 22nd  
08:45 – 09:30 45 Immunohistochemical double stainings – overview, 

considerations and applications 
MB 

09:35 – 10:05 30 Immunocytochemistry and immunohistochemistry 
on frozen sections – overview, considerations and 
applications 

ON 

10:05 – 10:25 20 Coffee  
10:25 – 10:55  30 Immunohistochemical stainers – overview, pro- 

and cons 
SN 

11:00 – 11:45 45 Image analysis in IHC - overview, considerations 
and applications 

RR 

11:45 – 12:00 15 Discussion and evaluation SN 
12:00 – 12:50  Lunch and departure   
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Workshop in Diagnostic Immunohistochemistry 
Aalborg University Hospital, September 20th – 22nd 201 

Program                                PRELIMINARY 
Wednesday, September 20th  
09:30 – 10:00  Arrival, coffee 
10:00 – 10:15 15 Welcome and introduction SN 
10:15 – 11:00 45 Immunohistochemical principles:  

The technical test approach – pre-analytical phase I 
ON 

11:05 – 11:50 45 Immunohistochemical principles:  
The technical test approach – pre-analytical phase II ON 

12:00 – 12:45 45 Immunohistochemical principles:  
The technical test approach - analytical phase I 

MB 

12:45 – 13:30 45 Lunch  
13:30 – 14:15 45 Immunohistochemical principles:  

The technical test approach - analytical phase  II 
MB 

14:20 – 15:05 45 Immunohistochemical principles:  
The technical test approach - post-analytical phase I SN 

15:05 – 15.25 20 Coffee  
15:25 – 16:10 45 Immunohistochemical principles:  

The technical test approach - post-analytical phase II 
SN 

16:15 – 17:00 45 Immunohistochemical classification of breast 
tumours 

AVL  

17.00 – 19.00  Social arrangement (optional) – Keglespil (Skittles)  

Thursday, September 21st  
08:15 – 09:00 45 Optimization of antibodies, selection, protocols and 

controls – breast tumours SN 

09:00 – 09:45 45 Immunohistochemical classification of the 
unknown primary tumour – part I 

MV 
 

09:50 – 10:10 20 Coffee  
10:10 – 10:40 30 Optimization of antibodies, selection, protocols and 

controls – unknown primary tumours part I SN 

10:45 – 11:30 45 Immunohistochemical classification of the 
unknown primary tumour – part II MV 

11:35 – 12:05 30 Optimization of antibodies, selection, protocols and 
controls – unknown primary tumours part II SN 

12:10 – 13:00 50 Lunch  
13:00 – 13:45 45 Immunohistochemical classification of lung 

tumours - Lung cancer, diagnosis and prediction  HH  

13:50 – 14:20 30 Optimization of antibodies, selection, protocols and 
controls – lung tumours 

ON 

14.25 – 14:45 20 Coffee  
14:45 – 15:30 45 Immunohistochemical classification of 

haematolymphoid tumours SH 

15:35 – 16:20 45 Optimization of antibodies, selection, protocols and 
controls – haematolymphoid tumours 

MB 

16:25 – 16:40 15 Discussion  
19:00 –  Workshop Dinner at Restaurant Søgaards Bryghus, C.W. Obels Plads 4 

Friday, September 22nd  
08:45 – 09:30 45 Immunohistochemical double stainings – overview, 
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p40 is the Best Marker for Diagnosing Pulmonary
Squamous Cell Carcinoma: Comparison With p63,

Cytokeratin 5/6, Desmocollin-3, and Sox2
Takahiro Tatsumori, MD,*w Koji Tsuta, MD, PhD,* Kyohei Masai, MD,* Tomoaki Kinno, MD,*

Tomoko Taniyama, MD,* Akihiko Yoshida, MD, PhD,* Kenji Suzuki, MD, PhD,w
and Hitoshi Tsuda, MD, PhD*

Abstract: Histologic distinction among non–small cell lung
carcinomas, particularly between squamous cell carcinoma
(SQC) and adenocarcinoma (ADC), has become more im-
portant. Recently, a p40 antibody was suggested to be a highly
specific marker for SQC. We evaluated p40 expression and
compared it with the expression of other SQC markers in 580
primary lung carcinomas, including 158 SQCs, 156 ADCs, 50
carcinoid tomors, 107 large cell neuroendocrine carcinomas, 68
small cell lung carcinomas, and 41 malignant mesotheliomas.
Detailed histologic distributions of p40-positive cases were as
follows: 153 (96.8%) of 158 SQCs, 7 (4.6%) of 152 ADCs, 0
(0%) of 50 carcinoid tomors, 4 (3.6%) of 107 large cell neuro-
endocrine carcinomas, 1 (1.5%) of 68 small cell lung carcino-
mas, and 1 (2.4%) of 41 mesotheliomas. p40 staining yields high
sensitivity as well as high specificity for distinguishing SQC from
ADC, neuroendocrine carcinomas, and malignant meso-
thelioma.

Key Words: squamous cell carcinoma, adenocarcinoma, lung,
p63, DNp63
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D istinguishing between squamous cell carcinoma
(SQC) and adenocarcinoma (ADC) is achieved using

particular features, such as keratinization, intercellular
bridges, glandular architecture, and cytoplasmic mucin
production. However, the distinction can be difficult in
some poorly differentiated carcinomas. As a result, im-
munohistochemical analysis has been incorporated into
the diagnostic workup of many cytologic and small bi-
opsy specimens. Many immunohistochemical markers

have been explored for their utility in distinguishing
pulmonary SQC and ADC. For example, thyroid tran-
scription factor-1 is sensitive and specific for pulmonary
ADC, whereas p63 and CK5/6 are sensitive for SQC.1–12

However, as “squamous markers,” p63 and CK5/6
are not perfect markers because of unexpected reactivity
in pulmonary ADC in 16% to 48% and 2% to 33% of
cases, respectively.2,3,9,12,13

p63 isoforms mainly consist of 2 variants (TAp63
and DNp63), which differ in structure at the N-terminal.
The TAp63 isoform contains a transactivation domain
with 22% homology to the transactivation domain of
p53, whereas DNp63 isoform lacks this N-terminal do-
main.14 The most widely used p63 antibodies recognize
the TAp63 isoform. Recently, a novel p40 antibody that
recognizes DNp63 has been developed and is reported to
be a highly specific SQC marker.13,15–17

However, these reports mainly concern differential
diagnosis between SQC and ADC. In daily practice,
neuroendocrine carcinomas (NECs) and malignant mes-
otheliomas may also enter into the differential diagnosis,
because perilobular palisading patterns are observed in
both SQC and NEC and it is sometimes difficult to dis-
criminate rosette formation from true gland formation. In
addition, we have recently revealed aberrant SQC marker
expression in pulmonary NEC.18

In the present study, we evaluated p40 expression
and compared it with previously reported SQC markers
(p63, CK5/6, Sox2, and desmocollin-3) in a series of 539
primary lung carcinomas and 41 malignant meso-
theliomas. We have already reported SQC marker ex-
pression (p63, CK5/6, Sox2, and desmocollin-3) in non–
small cell lung carcinoma12 and pulmonary NECs.18 The
present new analysis is an update of the previous studies
and a re-evaluation of some of their aspects; we have
added p40 expression data and analyzed previously re-
ported SQC marker expression in non–small cell lung
carcinoma, NEC, and mesothelioma.

MATERIALS AND METHODS

Case Selection
The study was approved by the institutional review

board. Specimens were from patients who underwent
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CK5/6, Sox2, and Desmocollin-3 Expression
As shown in Table 1, most of the SQCs (142/150;

94.7%) were positive for CK5/6 (positive predictive value
was 100% in well-differentiated, 92.2% in moderately
differentiated, and 91.3% in poorly differentiated
tumors).12 Positive signals were strong and diffusely dis-
tributed (mean staining score was 167: staining score was
199 in well-differentiated, 178 in moderately differ-
entiated, and 127 in poorly differentiated tumors),
whereas, immunohistochemical positivity for CK5/6 was
low in non-SQCs (31/418; 7.4%), and positive signals
were only focally distributed (staining score was 4.4) ex-
cluding mesotheliomas. Detailed histologic distribution
was as follows: 2 (1.3%) of 156 ADCs,12 0 (0%) of 50
CTs, 2 (1.9%) of 103 LCNECs, 1 (1.5%) of 68 SCLCs,18

and 26 (63.4%) of 41 mesotheliomas. The sensitivity and
specificity of CK5/6 for diagnosing SQC was 93.7% and
92.6%, respectively.

Sox2 was positive in 128 (81.0%) of 158 SQCs, and
its positive predictive values for SQCs were 83% in well-
differentiated, 88.2% in moderately differentiated, and
71.7% in poorly differentiated tumors.12 Staining was

typically diffuse, mean staining score being 117. The
staining scores were 111 in well-differentiated, 131 in
moderately differentiated, and 111 in poorly differentiated
tumors. In contrast, Sox2 was positive in 176 (42.1%) of
418 non-SQCs, and Sox2-positive signals were focally
distributed (staining score was 39.3). Detailed histologic
distribution was as follows: 7 (4.7%) of 150 ADCs,12 18
(40.9%) of 44 CTs, 89 (84.8%) of 105 LCNECs, 59
(86.8%) of 68 SCLCs,18 and 1 (2.3%) of 43 meso-
theliomas. The sensitivity and specificity of Sox2 for di-
agnosing SQC was 81.0% and 57.0%, respectively.

Staining for desmocollin-3 was positive in 113
(71.5%) cases of 158 SQCs, with positive predictive values
of 83% in well-differentiated, 76.5% in moderately dif-
ferentiated, and 60.9% in poorly differentiated tumors.12

The diffuse positive rate of staining was moderate, mean
staining score being 62. The staining score was 109 in
well-differentiated, 131 in moderately differentiated, and
21 in poorly differentiated tumors. Furthermore, im-
munohistochemical positivity for desmocollin-3 was
extremely low in non-SQCs (4/417; 0.9%), and positive
signals were very focally distributed (staining score was
0.04). Detailed histologic distribution was as follows: 0
(0.0%) of 155 ADCs,12 1 (2.0%) of 50 CTs, 1 (9.9%) of
103 LCNECs, 0 (0.0%) 68 SCLCs,18 and 2 (4.9%) of 41
mesotheliomas. The sensitivity and specificity of desmo-
collin-3 for diagnosing SQC was 71.5% and 99.5%,
respectively.

ROC Curve Analysis
The area under the ROC curve (or AUC) represents

an optimal summary statistic for comparing sensitivity
and specificity. ROC curve analysis between SQC and
non-SQC in the cohort of 535 lung carcinomas and 46
malignant mesotheliomas showed that p40 (0.967) had
the greatest AUC, followed by CK5/6 (0.933), desmo-
collin-3 (0.881), p63 (0.849), and Sox2 (0.696).

Analysis of combinations of 2 SQC markers showed
that only the combination of p40 and desmocollin-3 (0.966)
was close to a single p40 AUC value (0.967) (Table 2). The
AUC values of all combinations of 3 SQC markers were
lower than the p40 AUC value alone (Table 3).

TABLE 1. Immunoreactivity for SQC Markers in SQC and Non-SQC

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
CK5/6 158 10 (6.3) 148 (93.7) 167
Sox2 158 30 (19.0) 128 (81.0) 117
Desmocollin-3 158 45 (28.5) 113 (71.5) 65

Non-SQC p40 418 405 (96.9) 13 (3.1) 1.3
p63 419 305 (72.8) 114 (27.2) 16.9
CK5/6 418 387 (92.6) 31 (7.4) 4.4
Sox2 419 239 (57.0) 180 (43.0) 39.3
Desmocollin-3 417 413 (99.0) 4 (1.0) 0.04

CK indicates cytokeratin; SQC, squamous cell carcinoma.

FIGURE 1. p40 expression in squamous cell carcinoma. p40
shows diffuse and strong nuclear positivity in moderately dif-
ferentiated squamous cell carcinoma of the lung (!10).
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Workshop in Diagnostic Immunohistochemistry 
Aalborg University Hospital, September 20th – 22nd 201 

Program                                PRELIMINARY 
Wednesday, September 20th  
09:30 – 10:00  Arrival, coffee 
10:00 – 10:15 15 Welcome and introduction SN 
10:15 – 11:00 45 Immunohistochemical principles:  

The technical test approach – pre-analytical phase I 
ON 

11:05 – 11:50 45 Immunohistochemical principles:  
The technical test approach – pre-analytical phase II ON 

12:00 – 12:45 45 Immunohistochemical principles:  
The technical test approach - analytical phase I 

MB 

12:45 – 13:30 45 Lunch  
13:30 – 14:15 45 Immunohistochemical principles:  

The technical test approach - analytical phase  II 
MB 

14:20 – 15:05 45 Immunohistochemical principles:  
The technical test approach - post-analytical phase I SN 

15:05 – 15.25 20 Coffee  
15:25 – 16:10 45 Immunohistochemical principles:  

The technical test approach - post-analytical phase II 
SN 

16:15 – 17:00 45 Immunohistochemical classification of breast 
tumours 

AVL  

17.00 – 19.00  Social arrangement (optional) – Keglespil (Skittles)  

Thursday, September 21st  
08:15 – 09:00 45 Optimization of antibodies, selection, protocols and 

controls – breast tumours SN 

09:00 – 09:45 45 Immunohistochemical classification of the 
unknown primary tumour – part I 

MV 
 

09:50 – 10:10 20 Coffee  
10:10 – 10:40 30 Optimization of antibodies, selection, protocols and 

controls – unknown primary tumours part I SN 

10:45 – 11:30 45 Immunohistochemical classification of the 
unknown primary tumour – part II MV 

11:35 – 12:05 30 Optimization of antibodies, selection, protocols and 
controls – unknown primary tumours part II SN 

12:10 – 13:00 50 Lunch  
13:00 – 13:45 45 Immunohistochemical classification of lung 

tumours - Lung cancer, diagnosis and prediction  HH  

13:50 – 14:20 30 Optimization of antibodies, selection, protocols and 
controls – lung tumours 

ON 

14.25 – 14:45 20 Coffee  
14:45 – 15:30 45 Immunohistochemical classification of 

haematolymphoid tumours SH 

15:35 – 16:20 45 Optimization of antibodies, selection, protocols and 
controls – haematolymphoid tumours 

MB 

16:25 – 16:40 15 Discussion  
19:00 –  Workshop Dinner at Restaurant Søgaards Bryghus, C.W. Obels Plads 4 

Friday, September 22nd  
08:45 – 09:30 45 Immunohistochemical double stainings – overview, 

considerations and applications 
MB 

09:35 – 10:05 30 Immunocytochemistry and immunohistochemistry 
on frozen sections – overview, considerations and 
applications 

ON 

10:05 – 10:25 20 Coffee  
10:25 – 10:55  30 Immunohistochemical stainers – overview, pro- 

and cons 
SN 

11:00 – 11:45 45 Image analysis in IHC - overview, considerations 
and applications 

RR 

11:45 – 12:00 15 Discussion and evaluation SN 
12:00 – 12:50  Lunch and departure   
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NPV: 100%). P63 is also the most sensitive 
marker but is not entirely specific, because it is 
also expressed occasionally in ACs (sensitivity: 

100%, specificity: 88%). In contrast to p63, 
CK5/6 is entirely specific for SCC and the best 
positive predictor (specificity: 100%, PPV: 
100%). 34βE12 is sensitive for SCC but is too 
nonspecific. For AC, both TTF1 and Napsin A 
are specific markers but Napsin A was less sen-

sitive than TTF-1 (64% vs. 80%). CK7 and 
CK8/18 are the most sensitive markers for AC 
but is not specific.

Algorithm for interpreting immunohistochemis-
try in biopsy specimens

On the basis of above results, an algorithm for 

interpreting immunohistochemistry in poorly 

differentiated NSCLC on biopsy specimens was 

devised and outlined in Table 3. Because 

ΔNp63 provides a higher specificity than p63 
and equal sensitivity for the diagnosis of squa-

mous cell carcinoma of the lung, we include 

ΔNp63 to substitute with p63 in our panel. On 
account of the low specificity of CK7 and 
CK8/18 for AC and 34βE12 for SCC respec- 

For many years, lung cancer was subdivided 

into small cell carcinoma and non-small cell 

carcinoma (NSCLC). Until recently, the differen-

tiation of AC and SCC from non-small cell carci-

noma had an academic and not a therapeutic 

implication, because all variants of NSCLC were 

treated with similar chemotherapy regimens 

with or without combined radiation therapy. 

Because of recent advances in targeted thera-

pies, the subclassification of the NSCLC cate-

gory to AC and SCC is becoming increasingly 

critical. Notably, gefitinib, an epidermal growth 
factor receptor (EGFR) tyrosine kinase inhibitor, 
is currently recommended as the first-line treat-
ment for adenocarcinoma with EGFR mutations 
[4]. Bevacizumab is contraindicated in squa-

mous cell carcinoma because of potentially life-

threatening side effects [11].

The WHO has published guidelines for the clas-

sification of lung cancer in resection specimens 
based primarily on H&E morphology of the 
entire tumor. However, most of lung cancers 

present at advanced stages and are unresect-

able. In these situations, differentiating bet- 

ween AC and SCC subtypes of NSCLC on biop-

Table 2. Sensitivity, specificity, PPV and NPV of markers used in this 
study [% (positive/total stained)]
Marker Subtype Sensitivity (%) Specificity (%) PPV (%) NPV (%)
ΔNp63 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)

34βE12 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.

Table 3. Algorithm for subtyping of poorly-differentiated non-small cell 

lung carcinomas according to immunohistochemical staining in lung 

biopsies

ΔNp63 CK5/6 TTF1 Napsin A Diagnosis

+ + - - Squamous cell carcinoma

+ - - - Squamous cell carcinoma

- - + + Adenocarcinoma

- - + - Adenocarcinoma

- - - - Poorly-differentiated 

non-small cell carcinoma

tively, these markers were 

excluded from our panel. 

So the panel of choice is 

composed of p40, CK5/6, 
TTF1, and Napsin A. Po- 

sitivity for the combination 

of p40 and CK5/6 indicat-
ed SCC. Tumors positive for 

ΔNp63 but negative for 
CK5/6 were diagnosed as 
SCC also. Positivity for the 

combination of TTF1 and 

Napsin A indicated AC. 

Tumors positive for TTF1 

but negative for Napsin A 

were diagnosed as AC also. 

According to above criteria, 

we accurately subtype 39 

of 48 (81%) poorly differen-

tiated NSCLCs on biopsy 

specimens, including 16 

SCCs and 25 ACs. Nine 

tumors could not be further 

classified on biopsies by 
this immunohistochemical 

panel.

Discussion

Immunohistochemcal classification of  
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diagnosis and prediction. 
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is currently recommended as the first-line treat-
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[4]. Bevacizumab is contraindicated in squa-
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CK5/6 SCC 81 (13/16) 100 (32/32) 100 (13/13) 91 (32/35)

34βE12 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.

Table 3. Algorithm for subtyping of poorly-differentiated non-small cell 

lung carcinomas according to immunohistochemical staining in lung 

biopsies

ΔNp63 CK5/6 TTF1 Napsin A Diagnosis

+ + - - Squamous cell carcinoma

+ - - - Squamous cell carcinoma

- - + + Adenocarcinoma

- - + - Adenocarcinoma

- - - - Poorly-differentiated 

non-small cell carcinoma

tively, these markers were 

excluded from our panel. 

So the panel of choice is 

composed of p40, CK5/6, 
TTF1, and Napsin A. Po- 

sitivity for the combination 

of p40 and CK5/6 indicat-
ed SCC. Tumors positive for 

ΔNp63 but negative for 
CK5/6 were diagnosed as 
SCC also. Positivity for the 

combination of TTF1 and 

Napsin A indicated AC. 

Tumors positive for TTF1 

but negative for Napsin A 

were diagnosed as AC also. 

According to above criteria, 

we accurately subtype 39 

of 48 (81%) poorly differen-

tiated NSCLCs on biopsy 

specimens, including 16 

SCCs and 25 ACs. Nine 

tumors could not be further 

classified on biopsies by 
this immunohistochemical 

panel.
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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

Appl Immunohistochem Mol Morphol. Author manuscript; available in PMC 2011 March 1.
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17.00 – 19.00  Social arrangement (optional) – Keglespil (Skittles)  

Thursday, September 21st  
08:15 – 09:00 45 Optimization of antibodies, selection, protocols and 

controls – breast tumours SN 

09:00 – 09:45 45 Immunohistochemical classification of the 
unknown primary tumour – part I 

MV 
 

09:50 – 10:10 20 Coffee  
10:10 – 10:40 30 Optimization of antibodies, selection, protocols and 

controls – unknown primary tumours part I SN 

10:45 – 11:30 45 Immunohistochemical classification of the 
unknown primary tumour – part II MV 

11:35 – 12:05 30 Optimization of antibodies, selection, protocols and 
controls – unknown primary tumours part II SN 

12:10 – 13:00 50 Lunch  
13:00 – 13:45 45 Immunohistochemical classification of lung 

tumours - Lung cancer, diagnosis and prediction  HH  

13:50 – 14:20 30 Optimization of antibodies, selection, protocols and 
controls – lung tumours 

ON 

14.25 – 14:45 20 Coffee  
14:45 – 15:30 45 Immunohistochemical classification of 

haematolymphoid tumours SH 

15:35 – 16:20 45 Optimization of antibodies, selection, protocols and 
controls – haematolymphoid tumours 

MB 

16:25 – 16:40 15 Discussion  
19:00 –  Workshop Dinner at Restaurant Søgaards Bryghus, C.W. Obels Plads 4 

Friday, September 22nd  
08:45 – 09:30 45 Immunohistochemical double stainings – overview, 

considerations and applications 
MB 

09:35 – 10:05 30 Immunocytochemistry and immunohistochemistry 
on frozen sections – overview, considerations and 
applications 

ON 

10:05 – 10:25 20 Coffee  
10:25 – 10:55  30 Immunohistochemical stainers – overview, pro- 

and cons 
SN 

11:00 – 11:45 45 Image analysis in IHC - overview, considerations 
and applications 

RR 

11:45 – 12:00 15 Discussion and evaluation SN 
12:00 – 12:50  Lunch and departure   
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Workshop in Diagnostic Immunohistochemistry 
Aalborg University Hospital, September 20th – 22nd 201 

Program                                PRELIMINARY 
Wednesday, September 20th  
09:30 – 10:00  Arrival, coffee 
10:00 – 10:15 15 Welcome and introduction SN 
10:15 – 11:00 45 Immunohistochemical principles:  

The technical test approach – pre-analytical phase I 
ON 

11:05 – 11:50 45 Immunohistochemical principles:  
The technical test approach – pre-analytical phase II ON 

12:00 – 12:45 45 Immunohistochemical principles:  
The technical test approach - analytical phase I 

MB 

12:45 – 13:30 45 Lunch  
13:30 – 14:15 45 Immunohistochemical principles:  

The technical test approach - analytical phase  II 
MB 

14:20 – 15:05 45 Immunohistochemical principles:  
The technical test approach - post-analytical phase I SN 

15:05 – 15.25 20 Coffee  
15:25 – 16:10 45 Immunohistochemical principles:  

The technical test approach - post-analytical phase II 
SN 

16:15 – 17:00 45 Immunohistochemical classification of breast 
tumours 

AVL  

17.00 – 19.00  Social arrangement (optional) – Keglespil (Skittles)  

Thursday, September 21st  
08:15 – 09:00 45 Optimization of antibodies, selection, protocols and 

controls – breast tumours SN 

09:00 – 09:45 45 Immunohistochemical classification of the 
unknown primary tumour – part I 

MV 
 

09:50 – 10:10 20 Coffee  
10:10 – 10:40 30 Optimization of antibodies, selection, protocols and 

controls – unknown primary tumours part I SN 

10:45 – 11:30 45 Immunohistochemical classification of the 
unknown primary tumour – part II MV 

11:35 – 12:05 30 Optimization of antibodies, selection, protocols and 
controls – unknown primary tumours part II SN 

12:10 – 13:00 50 Lunch  
13:00 – 13:45 45 Immunohistochemical classification of lung 

tumours - Lung cancer, diagnosis and prediction  HH  

13:50 – 14:20 30 Optimization of antibodies, selection, protocols and 
controls – lung tumours 

ON 

14.25 – 14:45 20 Coffee  
14:45 – 15:30 45 Immunohistochemical classification of 

haematolymphoid tumours SH 

15:35 – 16:20 45 Optimization of antibodies, selection, protocols and 
controls – haematolymphoid tumours 

MB 

16:25 – 16:40 15 Discussion  
19:00 –  Workshop Dinner at Restaurant Søgaards Bryghus, C.W. Obels Plads 4 

Friday, September 22nd  
08:45 – 09:30 45 Immunohistochemical double stainings – overview, 

considerations and applications 
MB 

09:35 – 10:05 30 Immunocytochemistry and immunohistochemistry 
on frozen sections – overview, considerations and 
applications 

ON 

10:05 – 10:25 20 Coffee  
10:25 – 10:55  30 Immunohistochemical stainers – overview, pro- 

and cons 
SN 

11:00 – 11:45 45 Image analysis in IHC - overview, considerations 
and applications 

RR 

11:45 – 12:00 15 Discussion and evaluation SN 
12:00 – 12:50  Lunch and departure   
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Workshop in Diagnostic Immunohistochemistry 
Aalborg University Hospital, September 20th – 22nd 201 

Program                                PRELIMINARY 
Wednesday, September 20th  
09:30 – 10:00  Arrival, coffee 
10:00 – 10:15 15 Welcome and introduction SN 
10:15 – 11:00 45 Immunohistochemical principles:  

The technical test approach – pre-analytical phase I 
ON 

11:05 – 11:50 45 Immunohistochemical principles:  
The technical test approach – pre-analytical phase II ON 

12:00 – 12:45 45 Immunohistochemical principles:  
The technical test approach - analytical phase I 

MB 

12:45 – 13:30 45 Lunch  
13:30 – 14:15 45 Immunohistochemical principles:  

The technical test approach - analytical phase  II 
MB 

14:20 – 15:05 45 Immunohistochemical principles:  
The technical test approach - post-analytical phase I SN 

15:05 – 15.25 20 Coffee  
15:25 – 16:10 45 Immunohistochemical principles:  

The technical test approach - post-analytical phase II 
SN 

16:15 – 17:00 45 Immunohistochemical classification of breast 
tumours 

AVL  

17.00 – 19.00  Social arrangement (optional) – Keglespil (Skittles)  

Thursday, September 21st  
08:15 – 09:00 45 Optimization of antibodies, selection, protocols and 

controls – breast tumours SN 

09:00 – 09:45 45 Immunohistochemical classification of the 
unknown primary tumour – part I 

MV 
 

09:50 – 10:10 20 Coffee  
10:10 – 10:40 30 Optimization of antibodies, selection, protocols and 

controls – unknown primary tumours part I SN 

10:45 – 11:30 45 Immunohistochemical classification of the 
unknown primary tumour – part II MV 

11:35 – 12:05 30 Optimization of antibodies, selection, protocols and 
controls – unknown primary tumours part II SN 

12:10 – 13:00 50 Lunch  
13:00 – 13:45 45 Immunohistochemical classification of lung 

tumours - Lung cancer, diagnosis and prediction  HH  

13:50 – 14:20 30 Optimization of antibodies, selection, protocols and 
controls – lung tumours 

ON 

14.25 – 14:45 20 Coffee  
14:45 – 15:30 45 Immunohistochemical classification of 

haematolymphoid tumours SH 

15:35 – 16:20 45 Optimization of antibodies, selection, protocols and 
controls – haematolymphoid tumours 

MB 

16:25 – 16:40 15 Discussion  
19:00 –  Workshop Dinner at Restaurant Søgaards Bryghus, C.W. Obels Plads 4 

Friday, September 22nd  
08:45 – 09:30 45 Immunohistochemical double stainings – overview, 

considerations and applications 
MB 

09:35 – 10:05 30 Immunocytochemistry and immunohistochemistry 
on frozen sections – overview, considerations and 
applications 

ON 

10:05 – 10:25 20 Coffee  
10:25 – 10:55  30 Immunohistochemical stainers – overview, pro- 

and cons 
SN 

11:00 – 11:45 45 Image analysis in IHC - overview, considerations 
and applications 

RR 

11:45 – 12:00 15 Discussion and evaluation SN 
12:00 – 12:50  Lunch and departure   
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Workshop in Diagnostic Immunohistochemistry 
Aalborg University Hospital, September 20th – 22nd 201 

Program                                PRELIMINARY 
Wednesday, September 20th  
09:30 – 10:00  Arrival, coffee 
10:00 – 10:15 15 Welcome and introduction SN 
10:15 – 11:00 45 Immunohistochemical principles:  

The technical test approach – pre-analytical phase I 
ON 

11:05 – 11:50 45 Immunohistochemical principles:  
The technical test approach – pre-analytical phase II ON 

12:00 – 12:45 45 Immunohistochemical principles:  
The technical test approach - analytical phase I 

MB 

12:45 – 13:30 45 Lunch  
13:30 – 14:15 45 Immunohistochemical principles:  

The technical test approach - analytical phase  II 
MB 

14:20 – 15:05 45 Immunohistochemical principles:  
The technical test approach - post-analytical phase I SN 

15:05 – 15.25 20 Coffee  
15:25 – 16:10 45 Immunohistochemical principles:  

The technical test approach - post-analytical phase II 
SN 

16:15 – 17:00 45 Immunohistochemical classification of breast 
tumours 

AVL  

17.00 – 19.00  Social arrangement (optional) – Keglespil (Skittles)  

Thursday, September 21st  
08:15 – 09:00 45 Optimization of antibodies, selection, protocols and 

controls – breast tumours SN 

09:00 – 09:45 45 Immunohistochemical classification of the 
unknown primary tumour – part I 

MV 
 

09:50 – 10:10 20 Coffee  
10:10 – 10:40 30 Optimization of antibodies, selection, protocols and 

controls – unknown primary tumours part I SN 

10:45 – 11:30 45 Immunohistochemical classification of the 
unknown primary tumour – part II MV 

11:35 – 12:05 30 Optimization of antibodies, selection, protocols and 
controls – unknown primary tumours part II SN 

12:10 – 13:00 50 Lunch  
13:00 – 13:45 45 Immunohistochemical classification of lung 

tumours - Lung cancer, diagnosis and prediction  HH  

13:50 – 14:20 30 Optimization of antibodies, selection, protocols and 
controls – lung tumours 

ON 

14.25 – 14:45 20 Coffee  
14:45 – 15:30 45 Immunohistochemical classification of 

haematolymphoid tumours SH 

15:35 – 16:20 45 Optimization of antibodies, selection, protocols and 
controls – haematolymphoid tumours 

MB 

16:25 – 16:40 15 Discussion  
19:00 –  Workshop Dinner at Restaurant Søgaards Bryghus, C.W. Obels Plads 4 

Friday, September 22nd  
08:45 – 09:30 45 Immunohistochemical double stainings – overview, 

considerations and applications 
MB 

09:35 – 10:05 30 Immunocytochemistry and immunohistochemistry 
on frozen sections – overview, considerations and 
applications 

ON 

10:05 – 10:25 20 Coffee  
10:25 – 10:55  30 Immunohistochemical stainers – overview, pro- 

and cons 
SN 

11:00 – 11:45 45 Image analysis in IHC - overview, considerations 
and applications 

RR 

11:45 – 12:00 15 Discussion and evaluation SN 
12:00 – 12:50  Lunch and departure   
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Workshop in Diagnostic Immunohistochemistry 
Aalborg University Hospital, September 20th – 22nd 201 

Program                                PRELIMINARY 
Wednesday, September 20th  
09:30 – 10:00  Arrival, coffee 
10:00 – 10:15 15 Welcome and introduction SN 
10:15 – 11:00 45 Immunohistochemical principles:  

The technical test approach – pre-analytical phase I 
ON 

11:05 – 11:50 45 Immunohistochemical principles:  
The technical test approach – pre-analytical phase II ON 

12:00 – 12:45 45 Immunohistochemical principles:  
The technical test approach - analytical phase I 

MB 

12:45 – 13:30 45 Lunch  
13:30 – 14:15 45 Immunohistochemical principles:  

The technical test approach - analytical phase  II 
MB 

14:20 – 15:05 45 Immunohistochemical principles:  
The technical test approach - post-analytical phase I SN 

15:05 – 15.25 20 Coffee  
15:25 – 16:10 45 Immunohistochemical principles:  

The technical test approach - post-analytical phase II 
SN 

16:15 – 17:00 45 Immunohistochemical classification of breast 
tumours 

AVL  

17.00 – 19.00  Social arrangement (optional) – Keglespil (Skittles)  

Thursday, September 21st  
08:15 – 09:00 45 Optimization of antibodies, selection, protocols and 

controls – breast tumours SN 

09:00 – 09:45 45 Immunohistochemical classification of the 
unknown primary tumour – part I 

MV 
 

09:50 – 10:10 20 Coffee  
10:10 – 10:40 30 Optimization of antibodies, selection, protocols and 

controls – unknown primary tumours part I SN 

10:45 – 11:30 45 Immunohistochemical classification of the 
unknown primary tumour – part II MV 

11:35 – 12:05 30 Optimization of antibodies, selection, protocols and 
controls – unknown primary tumours part II SN 

12:10 – 13:00 50 Lunch  
13:00 – 13:45 45 Immunohistochemical classification of lung 

tumours - Lung cancer, diagnosis and prediction  HH  

13:50 – 14:20 30 Optimization of antibodies, selection, protocols and 
controls – lung tumours 

ON 

14.25 – 14:45 20 Coffee  
14:45 – 15:30 45 Immunohistochemical classification of 

haematolymphoid tumours SH 

15:35 – 16:20 45 Optimization of antibodies, selection, protocols and 
controls – haematolymphoid tumours 

MB 

16:25 – 16:40 15 Discussion  
19:00 –  Workshop Dinner at Restaurant Søgaards Bryghus, C.W. Obels Plads 4 

Friday, September 22nd  
08:45 – 09:30 45 Immunohistochemical double stainings – overview, 

considerations and applications 
MB 

09:35 – 10:05 30 Immunocytochemistry and immunohistochemistry 
on frozen sections – overview, considerations and 
applications 

ON 

10:05 – 10:25 20 Coffee  
10:25 – 10:55  30 Immunohistochemical stainers – overview, pro- 

and cons 
SN 

11:00 – 11:45 45 Image analysis in IHC - overview, considerations 
and applications 

RR 

11:45 – 12:00 15 Discussion and evaluation SN 
12:00 – 12:50  Lunch and departure   
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Workshop in Diagnostic Immunohistochemistry 
Aalborg University Hospital, September 20th – 22nd 201 

Program                                PRELIMINARY 
Wednesday, September 20th  
09:30 – 10:00  Arrival, coffee 
10:00 – 10:15 15 Welcome and introduction SN 
10:15 – 11:00 45 Immunohistochemical principles:  

The technical test approach – pre-analytical phase I 
ON 

11:05 – 11:50 45 Immunohistochemical principles:  
The technical test approach – pre-analytical phase II ON 

12:00 – 12:45 45 Immunohistochemical principles:  
The technical test approach - analytical phase I 

MB 

12:45 – 13:30 45 Lunch  
13:30 – 14:15 45 Immunohistochemical principles:  

The technical test approach - analytical phase  II 
MB 

14:20 – 15:05 45 Immunohistochemical principles:  
The technical test approach - post-analytical phase I SN 

15:05 – 15.25 20 Coffee  
15:25 – 16:10 45 Immunohistochemical principles:  

The technical test approach - post-analytical phase II 
SN 

16:15 – 17:00 45 Immunohistochemical classification of breast 
tumours 

AVL  

17.00 – 19.00  Social arrangement (optional) – Keglespil (Skittles)  

Thursday, September 21st  
08:15 – 09:00 45 Optimization of antibodies, selection, protocols and 

controls – breast tumours SN 

09:00 – 09:45 45 Immunohistochemical classification of the 
unknown primary tumour – part I 

MV 
 

09:50 – 10:10 20 Coffee  
10:10 – 10:40 30 Optimization of antibodies, selection, protocols and 

controls – unknown primary tumours part I SN 

10:45 – 11:30 45 Immunohistochemical classification of the 
unknown primary tumour – part II MV 

11:35 – 12:05 30 Optimization of antibodies, selection, protocols and 
controls – unknown primary tumours part II SN 

12:10 – 13:00 50 Lunch  
13:00 – 13:45 45 Immunohistochemical classification of lung 

tumours - Lung cancer, diagnosis and prediction  HH  

13:50 – 14:20 30 Optimization of antibodies, selection, protocols and 
controls – lung tumours 

ON 

14.25 – 14:45 20 Coffee  
14:45 – 15:30 45 Immunohistochemical classification of 

haematolymphoid tumours SH 

15:35 – 16:20 45 Optimization of antibodies, selection, protocols and 
controls – haematolymphoid tumours 

MB 

16:25 – 16:40 15 Discussion  
19:00 –  Workshop Dinner at Restaurant Søgaards Bryghus, C.W. Obels Plads 4 

Friday, September 22nd  
08:45 – 09:30 45 Immunohistochemical double stainings – overview, 

considerations and applications 
MB 

09:35 – 10:05 30 Immunocytochemistry and immunohistochemistry 
on frozen sections – overview, considerations and 
applications 

ON 

10:05 – 10:25 20 Coffee  
10:25 – 10:55  30 Immunohistochemical stainers – overview, pro- 

and cons 
SN 

11:00 – 11:45 45 Image analysis in IHC - overview, considerations 
and applications 

RR 

11:45 – 12:00 15 Discussion and evaluation SN 
12:00 – 12:50  Lunch and departure   
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Workshop in Diagnostic Immunohistochemistry 
Aalborg University Hospital, September 20th – 22nd 201 

Program                                PRELIMINARY 
Wednesday, September 20th  
09:30 – 10:00  Arrival, coffee 
10:00 – 10:15 15 Welcome and introduction SN 
10:15 – 11:00 45 Immunohistochemical principles:  

The technical test approach – pre-analytical phase I 
ON 

11:05 – 11:50 45 Immunohistochemical principles:  
The technical test approach – pre-analytical phase II ON 

12:00 – 12:45 45 Immunohistochemical principles:  
The technical test approach - analytical phase I 

MB 

12:45 – 13:30 45 Lunch  
13:30 – 14:15 45 Immunohistochemical principles:  

The technical test approach - analytical phase  II 
MB 

14:20 – 15:05 45 Immunohistochemical principles:  
The technical test approach - post-analytical phase I SN 

15:05 – 15.25 20 Coffee  
15:25 – 16:10 45 Immunohistochemical principles:  

The technical test approach - post-analytical phase II 
SN 

16:15 – 17:00 45 Immunohistochemical classification of breast 
tumours 

AVL  

17.00 – 19.00  Social arrangement (optional) – Keglespil (Skittles)  

Thursday, September 21st  
08:15 – 09:00 45 Optimization of antibodies, selection, protocols and 

controls – breast tumours SN 

09:00 – 09:45 45 Immunohistochemical classification of the 
unknown primary tumour – part I 

MV 
 

09:50 – 10:10 20 Coffee  
10:10 – 10:40 30 Optimization of antibodies, selection, protocols and 

controls – unknown primary tumours part I SN 

10:45 – 11:30 45 Immunohistochemical classification of the 
unknown primary tumour – part II MV 

11:35 – 12:05 30 Optimization of antibodies, selection, protocols and 
controls – unknown primary tumours part II SN 

12:10 – 13:00 50 Lunch  
13:00 – 13:45 45 Immunohistochemical classification of lung 

tumours - Lung cancer, diagnosis and prediction  HH  

13:50 – 14:20 30 Optimization of antibodies, selection, protocols and 
controls – lung tumours 

ON 

14.25 – 14:45 20 Coffee  
14:45 – 15:30 45 Immunohistochemical classification of 

haematolymphoid tumours SH 

15:35 – 16:20 45 Optimization of antibodies, selection, protocols and 
controls – haematolymphoid tumours 

MB 

16:25 – 16:40 15 Discussion  
19:00 –  Workshop Dinner at Restaurant Søgaards Bryghus, C.W. Obels Plads 4 

Friday, September 22nd  
08:45 – 09:30 45 Immunohistochemical double stainings – overview, 

considerations and applications 
MB 

09:35 – 10:05 30 Immunocytochemistry and immunohistochemistry 
on frozen sections – overview, considerations and 
applications 

ON 

10:05 – 10:25 20 Coffee  
10:25 – 10:55  30 Immunohistochemical stainers – overview, pro- 

and cons 
SN 

11:00 – 11:45 45 Image analysis in IHC - overview, considerations 
and applications 

RR 

11:45 – 12:00 15 Discussion and evaluation SN 
12:00 – 12:50  Lunch and departure   
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Workshop in Diagnostic Immunohistochemistry 
Aalborg University Hospital, September 20th – 22nd 201 

Program                                PRELIMINARY 
Wednesday, September 20th  
09:30 – 10:00  Arrival, coffee 
10:00 – 10:15 15 Welcome and introduction SN 
10:15 – 11:00 45 Immunohistochemical principles:  

The technical test approach – pre-analytical phase I 
ON 

11:05 – 11:50 45 Immunohistochemical principles:  
The technical test approach – pre-analytical phase II ON 

12:00 – 12:45 45 Immunohistochemical principles:  
The technical test approach - analytical phase I 

MB 

12:45 – 13:30 45 Lunch  
13:30 – 14:15 45 Immunohistochemical principles:  

The technical test approach - analytical phase  II 
MB 

14:20 – 15:05 45 Immunohistochemical principles:  
The technical test approach - post-analytical phase I SN 

15:05 – 15.25 20 Coffee  
15:25 – 16:10 45 Immunohistochemical principles:  

The technical test approach - post-analytical phase II 
SN 

16:15 – 17:00 45 Immunohistochemical classification of breast 
tumours 

AVL  

17.00 – 19.00  Social arrangement (optional) – Keglespil (Skittles)  

Thursday, September 21st  
08:15 – 09:00 45 Optimization of antibodies, selection, protocols and 

controls – breast tumours SN 

09:00 – 09:45 45 Immunohistochemical classification of the 
unknown primary tumour – part I 

MV 
 

09:50 – 10:10 20 Coffee  
10:10 – 10:40 30 Optimization of antibodies, selection, protocols and 

controls – unknown primary tumours part I SN 

10:45 – 11:30 45 Immunohistochemical classification of the 
unknown primary tumour – part II MV 

11:35 – 12:05 30 Optimization of antibodies, selection, protocols and 
controls – unknown primary tumours part II SN 

12:10 – 13:00 50 Lunch  
13:00 – 13:45 45 Immunohistochemical classification of lung 

tumours - Lung cancer, diagnosis and prediction  HH  

13:50 – 14:20 30 Optimization of antibodies, selection, protocols and 
controls – lung tumours 

ON 

14.25 – 14:45 20 Coffee  
14:45 – 15:30 45 Immunohistochemical classification of 

haematolymphoid tumours SH 

15:35 – 16:20 45 Optimization of antibodies, selection, protocols and 
controls – haematolymphoid tumours 

MB 

16:25 – 16:40 15 Discussion  
19:00 –  Workshop Dinner at Restaurant Søgaards Bryghus, C.W. Obels Plads 4 

Friday, September 22nd  
08:45 – 09:30 45 Immunohistochemical double stainings – overview, 

considerations and applications 
MB 

09:35 – 10:05 30 Immunocytochemistry and immunohistochemistry 
on frozen sections – overview, considerations and 
applications 

ON 

10:05 – 10:25 20 Coffee  
10:25 – 10:55  30 Immunohistochemical stainers – overview, pro- 

and cons 
SN 

11:00 – 11:45 45 Image analysis in IHC - overview, considerations 
and applications 

RR 

11:45 – 12:00 15 Discussion and evaluation SN 
12:00 – 12:50  Lunch and departure   
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Workshop in Diagnostic Immunohistochemistry 
Aalborg University Hospital, September 20th – 22nd 201 

Program                                PRELIMINARY 
Wednesday, September 20th  
09:30 – 10:00  Arrival, coffee 
10:00 – 10:15 15 Welcome and introduction SN 
10:15 – 11:00 45 Immunohistochemical principles:  

The technical test approach – pre-analytical phase I 
ON 

11:05 – 11:50 45 Immunohistochemical principles:  
The technical test approach – pre-analytical phase II ON 

12:00 – 12:45 45 Immunohistochemical principles:  
The technical test approach - analytical phase I 

MB 

12:45 – 13:30 45 Lunch  
13:30 – 14:15 45 Immunohistochemical principles:  

The technical test approach - analytical phase  II 
MB 

14:20 – 15:05 45 Immunohistochemical principles:  
The technical test approach - post-analytical phase I SN 

15:05 – 15.25 20 Coffee  
15:25 – 16:10 45 Immunohistochemical principles:  

The technical test approach - post-analytical phase II 
SN 

16:15 – 17:00 45 Immunohistochemical classification of breast 
tumours 

AVL  

17.00 – 19.00  Social arrangement (optional) – Keglespil (Skittles)  

Thursday, September 21st  
08:15 – 09:00 45 Optimization of antibodies, selection, protocols and 

controls – breast tumours SN 

09:00 – 09:45 45 Immunohistochemical classification of the 
unknown primary tumour – part I 

MV 
 

09:50 – 10:10 20 Coffee  
10:10 – 10:40 30 Optimization of antibodies, selection, protocols and 

controls – unknown primary tumours part I SN 

10:45 – 11:30 45 Immunohistochemical classification of the 
unknown primary tumour – part II MV 

11:35 – 12:05 30 Optimization of antibodies, selection, protocols and 
controls – unknown primary tumours part II SN 

12:10 – 13:00 50 Lunch  
13:00 – 13:45 45 Immunohistochemical classification of lung 

tumours - Lung cancer, diagnosis and prediction  HH  

13:50 – 14:20 30 Optimization of antibodies, selection, protocols and 
controls – lung tumours 

ON 

14.25 – 14:45 20 Coffee  
14:45 – 15:30 45 Immunohistochemical classification of 

haematolymphoid tumours SH 

15:35 – 16:20 45 Optimization of antibodies, selection, protocols and 
controls – haematolymphoid tumours 

MB 

16:25 – 16:40 15 Discussion  
19:00 –  Workshop Dinner at Restaurant Søgaards Bryghus, C.W. Obels Plads 4 

Friday, September 22nd  
08:45 – 09:30 45 Immunohistochemical double stainings – overview, 

considerations and applications 
MB 

09:35 – 10:05 30 Immunocytochemistry and immunohistochemistry 
on frozen sections – overview, considerations and 
applications 

ON 

10:05 – 10:25 20 Coffee  
10:25 – 10:55  30 Immunohistochemical stainers – overview, pro- 

and cons 
SN 

11:00 – 11:45 45 Image analysis in IHC - overview, considerations 
and applications 

RR 

11:45 – 12:00 15 Discussion and evaluation SN 
12:00 – 12:50  Lunch and departure   
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Workshop in Diagnostic Immunohistochemistry 
Aalborg University Hospital, September 20th – 22nd 201 

Program                                PRELIMINARY 
Wednesday, September 20th  
09:30 – 10:00  Arrival, coffee 
10:00 – 10:15 15 Welcome and introduction SN 
10:15 – 11:00 45 Immunohistochemical principles:  

The technical test approach – pre-analytical phase I 
ON 

11:05 – 11:50 45 Immunohistochemical principles:  
The technical test approach – pre-analytical phase II ON 

12:00 – 12:45 45 Immunohistochemical principles:  
The technical test approach - analytical phase I 

MB 

12:45 – 13:30 45 Lunch  
13:30 – 14:15 45 Immunohistochemical principles:  

The technical test approach - analytical phase  II 
MB 

14:20 – 15:05 45 Immunohistochemical principles:  
The technical test approach - post-analytical phase I SN 

15:05 – 15.25 20 Coffee  
15:25 – 16:10 45 Immunohistochemical principles:  

The technical test approach - post-analytical phase II 
SN 

16:15 – 17:00 45 Immunohistochemical classification of breast 
tumours 

AVL  

17.00 – 19.00  Social arrangement (optional) – Keglespil (Skittles)  

Thursday, September 21st  
08:15 – 09:00 45 Optimization of antibodies, selection, protocols and 

controls – breast tumours SN 

09:00 – 09:45 45 Immunohistochemical classification of the 
unknown primary tumour – part I 

MV 
 

09:50 – 10:10 20 Coffee  
10:10 – 10:40 30 Optimization of antibodies, selection, protocols and 

controls – unknown primary tumours part I SN 

10:45 – 11:30 45 Immunohistochemical classification of the 
unknown primary tumour – part II MV 

11:35 – 12:05 30 Optimization of antibodies, selection, protocols and 
controls – unknown primary tumours part II SN 

12:10 – 13:00 50 Lunch  
13:00 – 13:45 45 Immunohistochemical classification of lung 

tumours - Lung cancer, diagnosis and prediction  HH  

13:50 – 14:20 30 Optimization of antibodies, selection, protocols and 
controls – lung tumours 

ON 

14.25 – 14:45 20 Coffee  
14:45 – 15:30 45 Immunohistochemical classification of 

haematolymphoid tumours SH 

15:35 – 16:20 45 Optimization of antibodies, selection, protocols and 
controls – haematolymphoid tumours 

MB 

16:25 – 16:40 15 Discussion  
19:00 –  Workshop Dinner at Restaurant Søgaards Bryghus, C.W. Obels Plads 4 

Friday, September 22nd  
08:45 – 09:30 45 Immunohistochemical double stainings – overview, 

considerations and applications 
MB 

09:35 – 10:05 30 Immunocytochemistry and immunohistochemistry 
on frozen sections – overview, considerations and 
applications 

ON 

10:05 – 10:25 20 Coffee  
10:25 – 10:55  30 Immunohistochemical stainers – overview, pro- 

and cons 
SN 

11:00 – 11:45 45 Image analysis in IHC - overview, considerations 
and applications 

RR 

11:45 – 12:00 15 Discussion and evaluation SN 
12:00 – 12:50  Lunch and departure   
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The overall catalytic rate of an 
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substrate molecules converted 
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enzyme, and is the substrate 
concentration at half the 
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gefitinib or erlotinib monotherapy. The sequencing of 
the EGFR gene in tumour samples from these responders 
showed somatic gain-of-function mutations20–22 (FIG. 1). 
Overall, the incidence of EGFR mutations in NSCLC 
among clinical responders to gefitinib or erlotinib is 77%, 
compared with 7% in NSCLC cases that are refractory 
to gefitinib or erlotinib20–22,28,30,33,61–73. Additional studies 
have shown some differences in the clinical outcomes 
that are associated with different mutations27,30,74,75. For 
example, NSCLCs that harbour exon 19 deletion muta-
tions seem to respond better to gefitinib and erlotinib 
than tumours with point mutations in exon 21, such 
as L858R30,74,75. So far, insertion mutations in exon 20 
have never been found to confer gefitinib or erlotinib 

sensitivity in vitro, nor have they ever been reported to 
occur in responsive cases, despite the fact that, at least 
in some instances (for example, ins 770 (NPG)), they 
seem to activate EGFR to a similar degree as sensitizing 
mutations in exons 19 or 21 (REF. 40).

Although EGFR mutations were present in most 
cases of NSCLC that were identified by virtue of 
their dramatic clinical response to TKIs, controversy 
has surrounded the predictive value of EGFR muta-
tions in unselected patients31,32,61,69. Approximately 
10–20% of patients who do show a partial response 
to gefitinib do not have identifiable EGFR muta-
tions, indicating that EGFR mutations are not the sole 
determinants of TKI response20,22,28,30,31,33,61–64,68–70,72,73,76.  

Figure 1 | Gefitinib- and erlotinib-sensitizing mutations of EGFR in NSCLC. A cartoon representation of epidermal 
growth factor receptor (EGFR) showing the distribution of exons in the extracellular domain (EGF binding), 
transmembrane domain (TM) and intracellular domain (comprising the tyrosine kinase and autophosphorylation 
regions). The cysteine-rich regions in the extracellular domain (EGF binding; purple shaded region) and the tyrosine 
kinase region in the intracellular domain (cyan shaded region) are also represented. Exons 18–21 in the tyrosine kinase 
region where the relevant mutations are located are expanded (represented by the cyan bar), and a detailed list of EGFR 
mutations in these exons that are associated with sensitivity (magenta boxes) or resistance (yellow boxes) to gefitinib or 
erlotinib is shown. The most prevalent of EGFR kinase domain mutations, accounting for 45% of EGFR mutations in non-
small-cell lung cancer (NSCLC), are in-frame deletions of exon 19, nested around the LREA string of amino-acids located 
between residues 747–750 of the EGFR polypeptide175. Another recurrent mutation is the L858R substitution in exon 21, 
within the activation loop of EGFR, which comprises approximately 40–45% of EGFR mutations. Nucleotide 
substitutions in exon 18 (for example, G719C or G719S) account for another 5% of EGFR mutations, as do in-frame 
insertions in exon 20. The most noteworthy, clinically relevant mutation in exon 20 is T790M, which is detected in 50% 
of the cases (denoted by *) as a second site mutation associated with acquired gefitinib and erlotinib resistance25,35–39. 
Recently, D761Y, a T790M-like secondary mutation in exon 19 of EGFR (at the border of exon 19 and exon 20), was also 
reported to be associated with resistance to gefitinib and erlotinib in NSCLC cells that contain the L858R-EGFR 
mutation71,176. Although the inclusion of most of these sensitizing mutations are based on their occurrence in drug 
responders, increased biochemical and cellular activity of these mutations has been documented in some cases. The 
main mutations in each class are shown in bold type. Data compiled from20–22,28,30,31,33,71,177.
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12:10 – 13:00 50 Lunch  
13:00 – 13:45 45 Immunohistochemical classification of lung 
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14:45 – 15:30 45 Immunohistochemical classification of 

haematolymphoid tumours SH 

15:35 – 16:20 45 Optimization of antibodies, selection, protocols and 
controls – haematolymphoid tumours 

MB 

16:25 – 16:40 15 Discussion  
19:00 –  Workshop Dinner at Restaurant Søgaards Bryghus, C.W. Obels Plads 4 
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08:45 – 09:30 45 Immunohistochemical double stainings – overview, 

considerations and applications 
MB 

09:35 – 10:05 30 Immunocytochemistry and immunohistochemistry 
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applications 
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their dramatic clinical response to TKIs, controversy 
has surrounded the predictive value of EGFR muta-
tions in unselected patients31,32,61,69. Approximately 
10–20% of patients who do show a partial response 
to gefitinib do not have identifiable EGFR muta-
tions, indicating that EGFR mutations are not the sole 
determinants of TKI response20,22,28,30,31,33,61–64,68–70,72,73,76.  

Figure 1 | Gefitinib- and erlotinib-sensitizing mutations of EGFR in NSCLC. A cartoon representation of epidermal 
growth factor receptor (EGFR) showing the distribution of exons in the extracellular domain (EGF binding), 
transmembrane domain (TM) and intracellular domain (comprising the tyrosine kinase and autophosphorylation 
regions). The cysteine-rich regions in the extracellular domain (EGF binding; purple shaded region) and the tyrosine 
kinase region in the intracellular domain (cyan shaded region) are also represented. Exons 18–21 in the tyrosine kinase 
region where the relevant mutations are located are expanded (represented by the cyan bar), and a detailed list of EGFR 
mutations in these exons that are associated with sensitivity (magenta boxes) or resistance (yellow boxes) to gefitinib or 
erlotinib is shown. The most prevalent of EGFR kinase domain mutations, accounting for 45% of EGFR mutations in non-
small-cell lung cancer (NSCLC), are in-frame deletions of exon 19, nested around the LREA string of amino-acids located 
between residues 747–750 of the EGFR polypeptide175. Another recurrent mutation is the L858R substitution in exon 21, 
within the activation loop of EGFR, which comprises approximately 40–45% of EGFR mutations. Nucleotide 
substitutions in exon 18 (for example, G719C or G719S) account for another 5% of EGFR mutations, as do in-frame 
insertions in exon 20. The most noteworthy, clinically relevant mutation in exon 20 is T790M, which is detected in 50% 
of the cases (denoted by *) as a second site mutation associated with acquired gefitinib and erlotinib resistance25,35–39. 
Recently, D761Y, a T790M-like secondary mutation in exon 19 of EGFR (at the border of exon 19 and exon 20), was also 
reported to be associated with resistance to gefitinib and erlotinib in NSCLC cells that contain the L858R-EGFR 
mutation71,176. Although the inclusion of most of these sensitizing mutations are based on their occurrence in drug 
responders, increased biochemical and cellular activity of these mutations has been documented in some cases. The 
main mutations in each class are shown in bold type. Data compiled from20–22,28,30,31,33,71,177.
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Program                                PRELIMINARY 
Wednesday, September 20th  
09:30 – 10:00  Arrival, coffee 
10:00 – 10:15 15 Welcome and introduction SN 
10:15 – 11:00 45 Immunohistochemical principles:  

The technical test approach – pre-analytical phase I 
ON 

11:05 – 11:50 45 Immunohistochemical principles:  
The technical test approach – pre-analytical phase II ON 

12:00 – 12:45 45 Immunohistochemical principles:  
The technical test approach - analytical phase I 

MB 

12:45 – 13:30 45 Lunch  
13:30 – 14:15 45 Immunohistochemical principles:  

The technical test approach - analytical phase  II 
MB 

14:20 – 15:05 45 Immunohistochemical principles:  
The technical test approach - post-analytical phase I SN 

15:05 – 15.25 20 Coffee  
15:25 – 16:10 45 Immunohistochemical principles:  

The technical test approach - post-analytical phase II 
SN 

16:15 – 17:00 45 Immunohistochemical classification of breast 
tumours 

AVL  

17.00 – 19.00  Social arrangement (optional) – Keglespil (Skittles)  

Thursday, September 21st  
08:15 – 09:00 45 Optimization of antibodies, selection, protocols and 

controls – breast tumours SN 

09:00 – 09:45 45 Immunohistochemical classification of the 
unknown primary tumour – part I 

MV 
 

09:50 – 10:10 20 Coffee  
10:10 – 10:40 30 Optimization of antibodies, selection, protocols and 

controls – unknown primary tumours part I SN 

10:45 – 11:30 45 Immunohistochemical classification of the 
unknown primary tumour – part II MV 

11:35 – 12:05 30 Optimization of antibodies, selection, protocols and 
controls – unknown primary tumours part II SN 

12:10 – 13:00 50 Lunch  
13:00 – 13:45 45 Immunohistochemical classification of lung 

tumours - Lung cancer, diagnosis and prediction  HH  

13:50 – 14:20 30 Optimization of antibodies, selection, protocols and 
controls – lung tumours 

ON 

14.25 – 14:45 20 Coffee  
14:45 – 15:30 45 Immunohistochemical classification of 

haematolymphoid tumours SH 

15:35 – 16:20 45 Optimization of antibodies, selection, protocols and 
controls – haematolymphoid tumours 

MB 

16:25 – 16:40 15 Discussion  
19:00 –  Workshop Dinner at Restaurant Søgaards Bryghus, C.W. Obels Plads 4 

Friday, September 22nd  
08:45 – 09:30 45 Immunohistochemical double stainings – overview, 

considerations and applications 
MB 

09:35 – 10:05 30 Immunocytochemistry and immunohistochemistry 
on frozen sections – overview, considerations and 
applications 

ON 

10:05 – 10:25 20 Coffee  
10:25 – 10:55  30 Immunohistochemical stainers – overview, pro- 

and cons 
SN 

11:00 – 11:45 45 Image analysis in IHC - overview, considerations 
and applications 

RR 

11:45 – 12:00 15 Discussion and evaluation SN 
12:00 – 12:50  Lunch and departure   
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a  b  s  t  r  a  c  t

Objectives:  Activating  mutations  in  the  epidermal  growth  factor  receptor  (EGFR)  kinase  domain  are  corre-
lated  with  dramatic  clinical  responses  in non-small  cell  lung  cancer  patients  treated  with  EGFR-tyrosine
kinase  inhibitors  (TKIs).  The  two  most  common  EGFR  mutations,  representing  85–90%  of  EGFR  mutations,
are the  E746  A750  deletion  in  exon  19  and  the  L858R  point  mutation  in  exon  21.  We  conducted  this  study
to evaluate  the  suitability  of mutation-specific  antibodies  that  can  detect  E746  A750  deletion  and  L858R
mutant  EGFR  proteins  by  immunohistochemistry  (IHC).
Materials  and methods:  In a  cohort  of  consecutive  patients  with  surgically  resected  lung  adenocarcinomas
(n =  240),  mutant  EGFR  protein  expression  was  assessed  by  IHC  using  specific  antibodies  (clone  SP111
and  SP125)  to the  2  major  forms  of  EGFR  mutations.  Immunoreactivity  was  scored  as  0–3,  and  the  results
were  compared  with  the  EGFR-mutational  status.
Results:  With a cutoff  value  of  IHC  2+  for SP  111 (anti-EGFR  E746  A750  del  antibody)  and  SP  125  (anti-EGFR
L858R  antibody),  both  antibodies  showed  high  specificity  (99.0%  and 89.7%,  respectively)  and  sensitivity
(70.6%  and  80.4%,  respectively).  While  cases  with  IHC  scores  of  3  using  these  2  antibodies  positively
correlated  with  the  EGFR-mutational  status,  cases  with  IHC  scores  lower  than  3+  showed  variable  results
regarding  EGFR-mutational  status.
Conclusion:  Although  each  antibody  showed  relatively  high  specificity,  some  EGFR-mutant  cases  were  not
detected  by  the  mutation-specific  antibodies.  Various  forms  of exon  19  deletions,  except  E746  A750,  were
rarely detected  by  the  mutant-specific  antibody.  Therefore,  IHC-negative  cases  require  further  molecular
analysis to  confirm  the  presence  of  EGFR  mutations.

© 2013 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

The epidermal growth factor receptor (EGFR, HER-1/ErbB1) is
a receptor tyrosine kinase of the ErbB family that includes HER-
1/ErbB1, HER-2/neu/ErbB2, HER-3/ErbB3, and HER-4/ErbB4 [1–4].
Because EGFR activation promotes key cellular processes such as
proliferation, angiogenesis, metastasis, and apoptosis inhibition,

∗ Corresponding author at: Department of Pathology, Seoul National University
College of Medicine, Seoul National University Bundang Hospital, 300 Gumi-dong,
Bundang-gu, Seongnam-si, Gyeonggi 463-707, Republic of Korea.
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EGFR is dysregulated in various malignant tumors, including non-
small cell lung cancers (NSCLCs) [1–3]. Two  landmark studies
published in 2004 showed an association between activating muta-
tions in the tyrosine kinase domain of the EGFR gene and a dramatic
clinical response to gefitinib in patients with NSCLCs [5,6]. This
discovery led to prospective clinical trials to correlate the clinical
response to gefitinib with the presence of a sensitizing mutation in
EGFR. A detailed analysis of these studies demonstrated that EGFR
mutations in a subset of adenocarcinomas are the best predictors of
the response to EGFR-tyrosine kinase inhibitors (TKIs) [1,6–8] and
are favorable prognostic factors of disease-free survival and over-
all survival [9–13]. Small molecule EGFR-TKIs such as gefitinib and
erlotinib that interfere with the phosphorylation of critical tyro-
sine residues can block signal transduction through EGFR [14–16].
EGFR mutations consist of activating somatic mutations and
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A cohort of patients identified 
on the basis of tissue diagnosis 
but not correlated with 
biomarkers (that is, sequencing 
of the EGFR gene was not used 
as a selection criterion).

Ligand independence
The activation of a receptor in 
the absence of interaction with 
its cognate ligand.

Kcat
The overall catalytic rate of an 
enzyme (that is, the number of 
substrate molecules converted 
to product by each catalytic 
site per unit of time.

Km
The Michaelis–Menten 
constant. Km is a measure of 
the affinity of a substrate for an 
enzyme, and is the substrate 
concentration at half the 
maximal velocity of an enzyme.
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The dissociation constant for 
the binding of an inhibitor to an 
enzyme.

Phage-display method
A method in which proteins or 
peptides are displayed on the 
surface of filamentous 
bacteriophages, which can 
then be used to study the 
interaction of the peptide with 
other proteins or chemicals.

gefitinib or erlotinib monotherapy. The sequencing of 
the EGFR gene in tumour samples from these responders 
showed somatic gain-of-function mutations20–22 (FIG. 1). 
Overall, the incidence of EGFR mutations in NSCLC 
among clinical responders to gefitinib or erlotinib is 77%, 
compared with 7% in NSCLC cases that are refractory 
to gefitinib or erlotinib20–22,28,30,33,61–73. Additional studies 
have shown some differences in the clinical outcomes 
that are associated with different mutations27,30,74,75. For 
example, NSCLCs that harbour exon 19 deletion muta-
tions seem to respond better to gefitinib and erlotinib 
than tumours with point mutations in exon 21, such 
as L858R30,74,75. So far, insertion mutations in exon 20 
have never been found to confer gefitinib or erlotinib 

sensitivity in vitro, nor have they ever been reported to 
occur in responsive cases, despite the fact that, at least 
in some instances (for example, ins 770 (NPG)), they 
seem to activate EGFR to a similar degree as sensitizing 
mutations in exons 19 or 21 (REF. 40).

Although EGFR mutations were present in most 
cases of NSCLC that were identified by virtue of 
their dramatic clinical response to TKIs, controversy 
has surrounded the predictive value of EGFR muta-
tions in unselected patients31,32,61,69. Approximately 
10–20% of patients who do show a partial response 
to gefitinib do not have identifiable EGFR muta-
tions, indicating that EGFR mutations are not the sole 
determinants of TKI response20,22,28,30,31,33,61–64,68–70,72,73,76.  

Figure 1 | Gefitinib- and erlotinib-sensitizing mutations of EGFR in NSCLC. A cartoon representation of epidermal 
growth factor receptor (EGFR) showing the distribution of exons in the extracellular domain (EGF binding), 
transmembrane domain (TM) and intracellular domain (comprising the tyrosine kinase and autophosphorylation 
regions). The cysteine-rich regions in the extracellular domain (EGF binding; purple shaded region) and the tyrosine 
kinase region in the intracellular domain (cyan shaded region) are also represented. Exons 18–21 in the tyrosine kinase 
region where the relevant mutations are located are expanded (represented by the cyan bar), and a detailed list of EGFR 
mutations in these exons that are associated with sensitivity (magenta boxes) or resistance (yellow boxes) to gefitinib or 
erlotinib is shown. The most prevalent of EGFR kinase domain mutations, accounting for 45% of EGFR mutations in non-
small-cell lung cancer (NSCLC), are in-frame deletions of exon 19, nested around the LREA string of amino-acids located 
between residues 747–750 of the EGFR polypeptide175. Another recurrent mutation is the L858R substitution in exon 21, 
within the activation loop of EGFR, which comprises approximately 40–45% of EGFR mutations. Nucleotide 
substitutions in exon 18 (for example, G719C or G719S) account for another 5% of EGFR mutations, as do in-frame 
insertions in exon 20. The most noteworthy, clinically relevant mutation in exon 20 is T790M, which is detected in 50% 
of the cases (denoted by *) as a second site mutation associated with acquired gefitinib and erlotinib resistance25,35–39. 
Recently, D761Y, a T790M-like secondary mutation in exon 19 of EGFR (at the border of exon 19 and exon 20), was also 
reported to be associated with resistance to gefitinib and erlotinib in NSCLC cells that contain the L858R-EGFR 
mutation71,176. Although the inclusion of most of these sensitizing mutations are based on their occurrence in drug 
responders, increased biochemical and cellular activity of these mutations has been documented in some cases. The 
main mutations in each class are shown in bold type. Data compiled from20–22,28,30,31,33,71,177.
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Program                                PRELIMINARY 
Wednesday, September 20th  
09:30 – 10:00  Arrival, coffee 
10:00 – 10:15 15 Welcome and introduction SN 
10:15 – 11:00 45 Immunohistochemical principles:  

The technical test approach – pre-analytical phase I 
ON 

11:05 – 11:50 45 Immunohistochemical principles:  
The technical test approach – pre-analytical phase II ON 

12:00 – 12:45 45 Immunohistochemical principles:  
The technical test approach - analytical phase I 

MB 

12:45 – 13:30 45 Lunch  
13:30 – 14:15 45 Immunohistochemical principles:  

The technical test approach - analytical phase  II 
MB 

14:20 – 15:05 45 Immunohistochemical principles:  
The technical test approach - post-analytical phase I SN 

15:05 – 15.25 20 Coffee  
15:25 – 16:10 45 Immunohistochemical principles:  

The technical test approach - post-analytical phase II 
SN 

16:15 – 17:00 45 Immunohistochemical classification of breast 
tumours 

AVL  

17.00 – 19.00  Social arrangement (optional) – Keglespil (Skittles)  

Thursday, September 21st  
08:15 – 09:00 45 Optimization of antibodies, selection, protocols and 

controls – breast tumours SN 

09:00 – 09:45 45 Immunohistochemical classification of the 
unknown primary tumour – part I 

MV 
 

09:50 – 10:10 20 Coffee  
10:10 – 10:40 30 Optimization of antibodies, selection, protocols and 

controls – unknown primary tumours part I SN 

10:45 – 11:30 45 Immunohistochemical classification of the 
unknown primary tumour – part II MV 

11:35 – 12:05 30 Optimization of antibodies, selection, protocols and 
controls – unknown primary tumours part II SN 

12:10 – 13:00 50 Lunch  
13:00 – 13:45 45 Immunohistochemical classification of lung 

tumours - Lung cancer, diagnosis and prediction  HH  

13:50 – 14:20 30 Optimization of antibodies, selection, protocols and 
controls – lung tumours 

ON 

14.25 – 14:45 20 Coffee  
14:45 – 15:30 45 Immunohistochemical classification of 

haematolymphoid tumours SH 

15:35 – 16:20 45 Optimization of antibodies, selection, protocols and 
controls – haematolymphoid tumours 

MB 

16:25 – 16:40 15 Discussion  
19:00 –  Workshop Dinner at Restaurant Søgaards Bryghus, C.W. Obels Plads 4 

Friday, September 22nd  
08:45 – 09:30 45 Immunohistochemical double stainings – overview, 

considerations and applications 
MB 

09:35 – 10:05 30 Immunocytochemistry and immunohistochemistry 
on frozen sections – overview, considerations and 
applications 

ON 

10:05 – 10:25 20 Coffee  
10:25 – 10:55  30 Immunohistochemical stainers – overview, pro- 

and cons 
SN 

11:00 – 11:45 45 Image analysis in IHC - overview, considerations 
and applications 

RR 

11:45 – 12:00 15 Discussion and evaluation SN 
12:00 – 12:50  Lunch and departure   
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a  b  s  t  r a  c  t

Objectives:  Activating  mutations  in  the  epidermal  growth  factor  receptor  (EGFR)  kinase  domain  are  corre-
lated  with  dramatic  clinical  responses  in  non-small  cell  lung  cancer  patients  treated  with EGFR-tyrosine
kinase  inhibitors  (TKIs).  The  two  most  common  EGFR  mutations,  representing  85–90%  of EGFR  mutations,
are the  E746 A750  deletion  in  exon 19 and  the  L858R point mutation  in exon  21. We conducted  this study
to evaluate  the suitability  of mutation-specific  antibodies  that can  detect  E746  A750  deletion  and  L858R
mutant  EGFR  proteins  by immunohistochemistry  (IHC).
Materials  and methods:  In a  cohort  of  consecutive  patients  with surgically  resected  lung  adenocarcinomas
(n = 240), mutant  EGFR  protein  expression  was assessed  by  IHC  using  specific  antibodies  (clone  SP111
and SP125)  to the 2  major  forms  of  EGFR  mutations.  Immunoreactivity  was  scored  as  0–3,  and  the  results
were compared  with  the EGFR-mutational  status.
Results:  With a cutoff  value  of IHC  2+  for SP 111  (anti-EGFR  E746  A750  del  antibody)  and  SP 125  (anti-EGFR
L858R antibody),  both antibodies  showed  high  specificity  (99.0%  and 89.7%, respectively)  and sensitivity
(70.6% and 80.4%,  respectively).  While  cases  with  IHC scores  of 3  using  these  2  antibodies  positively
correlated  with the EGFR-mutational  status,  cases  with IHC scores  lower than  3+ showed  variable  results
regarding  EGFR-mutational  status.
Conclusion:  Although  each antibody  showed  relatively  high specificity,  some  EGFR-mutant  cases  were  not
detected  by  the  mutation-specific  antibodies.  Various  forms of exon  19  deletions,  except  E746  A750,  were
rarely detected  by the mutant-specific  antibody.  Therefore,  IHC-negative  cases  require  further  molecular
analysis to confirm  the  presence  of  EGFR  mutations.

© 2013 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

The epidermal growth factor receptor (EGFR, HER-1/ErbB1) is
a receptor tyrosine kinase of the ErbB family that includes HER-
1/ErbB1, HER-2/neu/ErbB2, HER-3/ErbB3, and HER-4/ErbB4 [1–4].
Because EGFR activation promotes key cellular processes such as
proliferation, angiogenesis, metastasis, and apoptosis inhibition,
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EGFR is dysregulated in various malignant tumors, including non-
small cell lung cancers (NSCLCs) [1–3]. Two  landmark studies
published in 2004 showed an association between activating muta-
tions in the tyrosine kinase domain of the EGFR gene and a dramatic
clinical response to gefitinib in patients with NSCLCs [5,6]. This
discovery led to prospective clinical trials to correlate the clinical
response to gefitinib with the presence of a sensitizing mutation in
EGFR. A detailed analysis of these studies demonstrated that EGFR
mutations in a subset of adenocarcinomas are the best predictors of
the response to EGFR-tyrosine kinase inhibitors (TKIs) [1,6–8] and
are favorable prognostic factors of disease-free survival and over-
all survival [9–13]. Small molecule EGFR-TKIs such as gefitinib and
erlotinib that interfere with the phosphorylation of critical tyro-
sine residues can block signal transduction through EGFR [14–16].
EGFR mutations consist of activating somatic mutations and
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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.

in the EGFR-mutant subgroup, protein overexpression was  not sig-
nificantly associated with PFS (median = 46.2 versus 54.6 months,
p = 0.832, Supplementary Fig. 1) and OS (median = 79.0 versus
78.0 months, p = 0.252, Supplementary Fig. 1). Next, a multivariate
analysis was conducted in the EGFR wild-type subgroup and
adjusted for pleural invasion, venous invasion, lymphatic invasion,
and pTNM stage. Although statistical significance was not reached,
patients with protein overexpression tended to have favorable PFS
(HR = 0.358, 95% CI = 0.108–1.194, p = 0.095, Table 3).

4. Discussion

DNA sequencing is the standard method for the detection
of EGFR mutations in many laboratories. However, this method
requires a sufficient number of tumor cells for reliable results.
EGFR-TKI treatment is recommended for patients with advanced
or recurrent NSCLC, but small biopsy or cytological specimens may
be the only diagnostic materials available for EGFR mutation test-
ing in those patients [36]. Therefore, accurate methods to detect
EGFR mutations using only small biopsy tissue and/or cytologi-
cal specimens would have great clinical import. Potentially, IHC
results obtained from a small number of malignant cells might be
interpretable.

In this study, the accuracy of two recently developed mutation-
specific antibodies, SP111 and SP125, was evaluated and compared
with the EGFR-mutational status. Using an IHC score of ≥2 to
serve as a criterion of positivity, each antibody had high speci-
ficity for E746 A750 del and L858R (99.0% and 89.7, respectively)
but low sensitivity (70.6% and 80.4%, respectively). These find-
ings are consistent with those of previous reports using different
mutant-specific antibodies (clone 6B6 and clone 43B2) (Table 4)
[1,9,10,18,20,27–29,37–40]. In the present study, the anti-EGFR
E746 A750 del antibody, clone SP111, detected 70.6% of E746 A750
del and 7.1% (2 out of 28) of non-E746 A750 del. There were 2 cases
that carried the L747 T751 deletion together with the 15-bp dele-
tion of E746 A750 del. Because SP111 was designed specifically for
E746 A750 del, it is reasonable that other deletion mutations in

exon 19 would not be detected [28]. However, non-E746 A750 del
accounted for 45.1% of exon 19 del in this cohort and constitutes
approximately 35% of the Catalogue of Somatic Mutations in Can-
cer (COSMIC) database [10]; thus, we doubt that SP 111 could be
successfully applied to detect sensitizing mutations in exon 19.

Previous studies using clone 6B6 for E746 A750 del demon-
strated that the sensitivity of clone 6B6 for non-E746 A750 del
varied considerably depending on the deletion size, and ranged
from 20% to 67% [10]. In the study of Kitamura et al. [1], the authors
suggested that clone 6B6 detected only E746 A750 del and its minor
variants such as E746 A750 > K (9.5%), whereas E746 A750 > RP and
L747 A750 > P were not detected.

Accumulating data have suggested that these less common dele-
tions were associated with better responses to EGFR-TKIs [32,38]
and the recently published guidelines of the College of American
Pathologists no longer accept limited testing for 2 major mutations
in clinical practice [41]. Therefore, in patients with negative IHC
result against E746 A750 del, further molecular testing should be
performed to exclude false-negative results or other variants of 19
del [10,28]. On the other hand, the anti-EGFR L858R antibody, clone
SP125, reacted with its target L858R as well as with other mutated
proteins. However, IHC scores of 3 for E746 A750 del or L858R com-
pletely correlated with the EGFR-mutational status. Taken together,
these results suggest that patients with an IHC score of 3 might be
potential candidates for EGFR-TKIs treatment if tissue samples are
unavailable for additional EGFR-mutational testing. However, by
the same token, in patients with an IHC score of ≤2, confirmative
molecular testing would appear essential to obtain reliable EGFR
mutation results, in order to exclude false-positive results. On the
basis of these results, we  propose a diagnostic flow chart involving
these novel antibodies for the detection of EGFR mutations (Fig. 2).
This diagnostic flow chart may  facilitate treatment decisions in
patients with only small biopsy tissues or small amounts of tumor
cells available for evaluation. Although these mutation-specific
antibodies showed a certain degree of inter-observer variability
and intratumoral heterogeneity of staining intensity, the cases
with a score of 3 showed excellent inter-observer agreement.

Table 3
Univariate analysis and multivariate analysis for progression free survival (PFS) in patients with EGFR wild-type group.

Variable Category PFS

Univariate analysis Multivariate analysis

p HR 95% CI p HR 95% CI

pTNM stage I & II/III & IV <0.001 4.478 2.641–7.593 <0.001 3.731 2.014–6.912
Pleural invasion absent/present 0.015 1.883 1.118–3.172 0.114 1.548 0.900–2.664
Venous invasion absent/present 0.003 2.637 1.359–5.119 0.205 1.558 0.785–3.095
Lymphatic invasion absent/present 0.014 1.895 1.126–3.189 0.804 0.926 0.503–1.704
Mutation-specific IHC negative/positive 0.033 0.305 0.095–0.979 0.095 0.358 0.108–1.194

Abbreviations: HR, hazard ratio; CI, confidence interval; IHC, immunohistochemistry.
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Fig. 1. Representative staining patterns of EGFR mutation-specific antibodies in lung adenocarcinomas (×400, in all figures). Immunohistochemistry using anti-EGFR
E746  A750 del antibody (SP 111) showed that the tumor cells were scored 0 or no staining (A), 1+ or faint staining (B), 2+ or moderate staining (C), and 3+ or strong
staining (D). Immunohistochemistry using anti-EGFR L858R mutation antibody (SP 125) were scored 0 or no staining (E), 1+ or faint staining (F), 2+ or moderate staining (G),
and  3+ or strong staining (H).

membranous staining. The mucin-rich cytoplasm of tumor cells
showed weak and/or granular immunoreactivity for this protein.
E746 A750 del-specific protein expression was  detected in 40
(16.7%) of 240 adenocarcinoma patients, which included scores of
1 (n = 14), 2 (n = 16), and 3 (n = 10) (Fig. 1).

Similarly, the L858R-specific protein expression was similar to
the staining patterns of the E746 A750 del-specific protein. L858R-
specific protein expression was also detected in the cytoplasm or
membrane or both, except for 2 cases that showed a nuclear stain-
ing pattern. Protein expression was observed in 140 (58.3%) of 240
patients, including scores of 1 (n = 83), 2 (n = 38), and 3 (n = 19)
(Fig. 1).

3.2.4. EGFR mutation-specific protein expression heterogeneity
We compared the mutation-specific protein results among 3

cores of TMA  samples. If cases with a score of 3 were considered
positive, E746 A750 del-specific protein intratumoral heterogene-
ity was observed in 6 of 203 (3.0%) cases, whereas, L858R-specific
protein intratumoral heterogeneity was observed 10 of 214 (4.7%)
cases.

3.3. Correlation between the expression of mutation-specific
proteins and the EGFR-mutational status

The correlation between the expression of mutation-specific
proteins and EGFR-mutational status is presented in Table 1. Of the
34 cases with E746 A750 del in exon 19, an IHC score of 3 was
observed in 10 (29.4%), a score of 2 in 14 (41.2%), a score of 1 in 8
(23.5%), and a score of 0 in 2 (5.9%) cases. In contrast, among 28 cases
without E746 A750 del in exon 19, most cases (26/28, 92.9%) were
negative for the anti-EGFR E746 A750 del-specific antibody. The 2
cases that showed immunoreactivity for the anti-EGFR E746 A750
del-specific antibody harbored the L747 T751 deletion in exon 19.

Of the 46 cases with L858R mutation in exon 21, an IHC score of
3 was observed in 19 (41.3%), a score of 2 in 18 (39.1%), a score of 1
in 6 (13.0%), and a score of 0 in 3 (6.5%) cases.

Sensitivity, specificity, PPV, and NPV were calculated according
to each IHC score (Table 2). When both sensitivity and specificity
were taken into account, an IHC score of 2 was defined as the cutoff
point. For the detection of E746 A750 del by IHC, the sensitivity was
70.6%, the specificity was 99.0%, the PPV was 92.3%, and the NPV
was 95.3%. For the detection of 19 del in total, the sensitivity was
40.3%, the specificity was 99.4%, the PPV was 96.2%, and the NPV
was 82.7%.

For the detection of L858R in exon 21 by IHC, the sensitivity was
80.4%, the specificity was 89.7%, the PPV was 64.9%, and the NPV
was  95.1%.

Cases with an IHC score of 3 for each antibody significantly cor-
related with their EGFR-mutational status.

3.4. Association between the expression of mutation-specific
proteins and the clinical outcome

We  investigated the association between the expression of
mutation-specific proteins and the clinical outcome. IHC scores of
2 or 3 were considered to indicate protein overexpression. There
were 81 (33.8%) cases with protein overexpression out of 240 ade-
nocarcinoma cases. There were no statistical differences in clinical
outcomes between protein overexpression and low expression
groups (PFS: p = 0.351; OS: p = 0.082, figure not shown). Addi-
tionally, there were no statistical differences in clinical outcomes
between EGFR wild-type and EGFR-mutant groups (PFS: p = 0.505;
OS: p = 0.849, figure not shown). In the EGFR wild-type group, 15
(12.0%) of 129 patients showed protein overexpression, and in the
EGFR-mutant group, 66 (56.9%) of 111 patients showed protein
overexpression. In addition, 15 (12.0%) of 129 patients with EGFR
wild-type were treated with EGFR-TKIs; none of them demon-
strated protein overexpression. In the EGFR-mutant group, 30
(27.0%) of 111 patients were treated with EGFR-TKIs, and 20 (66.6%)
of these 30 patients showed protein overexpression. The objective
tumor response to EGFR-TKIs according to mutation-specific pro-
tein expression was assessed by the Response Evaluation Criteria in
Solid Tumor (RECIST) criteria [35]. Among the 20 patients with pro-
tein overexpression, partial response (PR) was  observed in 4 (20.0%)
patients, stable disease (SD) in 7 (35.0%) patients, and progressive
disease (PD) in 9 (45.0%) patients. The objective response rate (ORR)
was  20.0% and the disease control rate (DCR) was  55.0%. On the
other hand, of the 10 patients without protein overexpression, PR
was  found in 4 (40.0%) patients, SD in 2 (20.0%) patients, and PD in 4
(40.0%) patients. In addition, the ORR was  40.0% and DCR was  60.0%.
There was  no statistical significance between EGFR-TKIs response
and mutation-specific protein expression (p = 0.550). Univariate
analysis for the EGFR wild-type subgroup revealed that patients
with protein overexpression showed a longer PFS (low expres-
sion versus overexpression: median = 51.9 versus 80.0 months,
p = 0.033, Supplementary Fig. 1) than patients with low expression,
but there was  no significant association with OS (median = 82.0
versus 80.0 months, p = 0.136, Supplementary Fig. 1). In contrast,
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a  b  s  t  r a  c  t

Objectives:  Activating  mutations  in  the  epidermal  growth  factor  receptor  (EGFR)  kinase  domain  are  corre-
lated  with  dramatic  clinical  responses  in  non-small  cell  lung  cancer  patients  treated  with EGFR-tyrosine
kinase  inhibitors  (TKIs).  The  two  most  common  EGFR  mutations,  representing  85–90%  of EGFR  mutations,
are the  E746 A750  deletion  in  exon 19 and  the  L858R point mutation  in exon  21. We conducted  this study
to evaluate  the suitability  of mutation-specific  antibodies  that can  detect  E746  A750  deletion  and  L858R
mutant  EGFR  proteins  by immunohistochemistry  (IHC).
Materials  and methods:  In a  cohort  of  consecutive  patients  with surgically  resected  lung  adenocarcinomas
(n = 240), mutant  EGFR  protein  expression  was assessed  by  IHC  using  specific  antibodies  (clone  SP111
and SP125)  to the 2  major  forms  of  EGFR  mutations.  Immunoreactivity  was  scored  as  0–3,  and  the  results
were compared  with  the EGFR-mutational  status.
Results:  With a cutoff  value  of IHC  2+  for SP 111  (anti-EGFR  E746  A750  del  antibody)  and  SP 125  (anti-EGFR
L858R antibody),  both antibodies  showed  high  specificity  (99.0%  and 89.7%, respectively)  and sensitivity
(70.6% and 80.4%,  respectively).  While  cases  with  IHC scores  of 3  using  these  2  antibodies  positively
correlated  with the EGFR-mutational  status,  cases  with IHC scores  lower than  3+ showed  variable  results
regarding  EGFR-mutational  status.
Conclusion:  Although  each antibody  showed  relatively  high specificity,  some  EGFR-mutant  cases  were  not
detected  by  the  mutation-specific  antibodies.  Various  forms of exon  19  deletions,  except  E746  A750,  were
rarely detected  by the mutant-specific  antibody.  Therefore,  IHC-negative  cases  require  further  molecular
analysis to confirm  the  presence  of  EGFR  mutations.

© 2013 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

The epidermal growth factor receptor (EGFR, HER-1/ErbB1) is
a receptor tyrosine kinase of the ErbB family that includes HER-
1/ErbB1, HER-2/neu/ErbB2, HER-3/ErbB3, and HER-4/ErbB4 [1–4].
Because EGFR activation promotes key cellular processes such as
proliferation, angiogenesis, metastasis, and apoptosis inhibition,
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EGFR is dysregulated in various malignant tumors, including non-
small cell lung cancers (NSCLCs) [1–3]. Two  landmark studies
published in 2004 showed an association between activating muta-
tions in the tyrosine kinase domain of the EGFR gene and a dramatic
clinical response to gefitinib in patients with NSCLCs [5,6]. This
discovery led to prospective clinical trials to correlate the clinical
response to gefitinib with the presence of a sensitizing mutation in
EGFR. A detailed analysis of these studies demonstrated that EGFR
mutations in a subset of adenocarcinomas are the best predictors of
the response to EGFR-tyrosine kinase inhibitors (TKIs) [1,6–8] and
are favorable prognostic factors of disease-free survival and over-
all survival [9–13]. Small molecule EGFR-TKIs such as gefitinib and
erlotinib that interfere with the phosphorylation of critical tyro-
sine residues can block signal transduction through EGFR [14–16].
EGFR mutations consist of activating somatic mutations and

0169-5002/$ – see front matter ©  2013 Elsevier Ireland Ltd. All rights reserved.
http://dx.doi.org/10.1016/j.lungcan.2013.12.008

322 A.N. Seo et al. / Lung Cancer 83 (2014) 316– 323

Fig. 2. The diagnostic flow scheme using EGFR mutation-specific immunohisto-
chemistry and EGFR mutational status in lung adenocarcinoma.

Interestingly, in this study, the expression of EGFR mutant pro-
teins was associated with a better PFS in the EGFR wild-type group.
However, because only a few patients expressed mutant proteins,
this finding is difficult to interpret. Further large-scale studies are
therefore necessary to fully determine the clinical implications of
the expression of EGFR mutant proteins in lung adenocarcinoma.
Kitamura et al. [1] reported that a patient who showed positive
reactions to mutation-specific antibodies but was EGFR wild-type,
showed a good clinical response to gefitinib. Although this finding
also requires further studies, taken together with our above results,
it seems that either or both of the following 2 hypotheses could
be proposed: (1) the expression of mutation-specific proteins in
these patients is due to EGFR mutants that are always not detected
by the DNA sequencing method; (2) there is another mechanism
for the expression of mutant proteins. If the first hypothesis were
to be true, a sensitive and accurate method should be developed
for the detection of EGFR mutations. Any patient with activating
EGFR mutations should not be excluded from EGFR-TKIs treat-
ment. Should the second hypothesis be true, the biology of the
mechanism and its clinicopathological implications need to be
clarified.

In conclusion, the mutation-specific antibodies SP 111 and SP
125 demonstrated relatively high specificity for E746 A750 del and
L858R in lung adenocarcinoma samples. However, because of the
relatively low sensitivity of these antibodies, not all patients with
mutated EGFR were detected.
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ALK

a variety of diagnostic techniques, currently employed in clin-
ical practice, have been validated as sensitive and specific for

detecting the genetic lesions characteristic of this tumour
type.39 However, there is currently no standard method for
detecting EML4-ALK NSCLC. Several methods including poly-
merase chain reaction (PCR), immunohistochemistry (IHC)
and fluorescence in situ hybridisation (FISH) are currently
being evaluated.

3.1. PCR-based identification of EML4-ALK

Reverse transcriptase (RT)-PCR is a potentially rapid diagnos-
tic method for identifying ALK translocated NSCLCs. A theo-

retical advantage of this technique is its extreme sensitivity
for detecting mutant transcript and the presence of any
amplification product implies an ALK rearrangement. How-
ever in practice, the technique faces several challenges. First,
the RT-PCR analysis must be multiplexed. As mentioned
above there are at least 11 variant EML4-ALK fusions, and
non-EML4 translocation partners, therefore any PCR-based

strategy must incorporate validated primer pairs for all
known ALK fusions. Second, the vast majority of patient

biopsy specimens from lung cancer patients are stored as for-
malin-fixed paraffin embedded (FFPE) tissues. RNA extracted
from FFPE is highly degraded and, in general, more difficult
to PCR relative to non-fixed, fresh-frozen tissue. Third, there
is published evidence indicating that RT-PCR based detection
of EML4-ALK can yield positive results in the absence of
detectable ALK-rearrangements in both tumour, and non-tu-
mour tissues.9 Although the interpretation of these findings
is still open to debate, it suggests a propensity for false posi-
tive results. Despite these disadvantages, there are advocates
for using RT-PCR based screening methods.32 However, this

method may be difficult to implement in a routine clinical
diagnostic laboratory.

3.2. FISH-based methods for identification of EML4-ALK

More specific detection of ALK-rearrangements can be
achieved by the fluorescence in situ hybridisation (FISH) of
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Fig. 3 – Different variants of EML4-ALK and non-EML4 fusion partners. (A) Different variants of EML4-ALK are depicted. The
nomenclature refers to the exon in EML4 translocated to the exon in ALK. (B) Frequency of different EML4-ALK variants. The
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Fig. 3 – Different variants of EML4-ALK and non-EML4 fusion partners. (A) Different variants of EML4-ALK are depicted. The
nomenclature refers to the exon in EML4 translocated to the exon in ALK. (B) Frequency of different EML4-ALK variants. The
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Workshop in Diagnostic Immunohistochemistry 
Aalborg University Hospital, September 20th – 22nd 201 

Program                                PRELIMINARY 
Wednesday, September 20th  
09:30 – 10:00  Arrival, coffee 
10:00 – 10:15 15 Welcome and introduction SN 
10:15 – 11:00 45 Immunohistochemical principles:  

The technical test approach – pre-analytical phase I 
ON 

11:05 – 11:50 45 Immunohistochemical principles:  
The technical test approach – pre-analytical phase II ON 

12:00 – 12:45 45 Immunohistochemical principles:  
The technical test approach - analytical phase I 

MB 

12:45 – 13:30 45 Lunch  
13:30 – 14:15 45 Immunohistochemical principles:  

The technical test approach - analytical phase  II 
MB 

14:20 – 15:05 45 Immunohistochemical principles:  
The technical test approach - post-analytical phase I SN 

15:05 – 15.25 20 Coffee  
15:25 – 16:10 45 Immunohistochemical principles:  

The technical test approach - post-analytical phase II 
SN 

16:15 – 17:00 45 Immunohistochemical classification of breast 
tumours 

AVL  

17.00 – 19.00  Social arrangement (optional) – Keglespil (Skittles)  

Thursday, September 21st  
08:15 – 09:00 45 Optimization of antibodies, selection, protocols and 

controls – breast tumours SN 

09:00 – 09:45 45 Immunohistochemical classification of the 
unknown primary tumour – part I 

MV 
 

09:50 – 10:10 20 Coffee  
10:10 – 10:40 30 Optimization of antibodies, selection, protocols and 

controls – unknown primary tumours part I SN 

10:45 – 11:30 45 Immunohistochemical classification of the 
unknown primary tumour – part II MV 

11:35 – 12:05 30 Optimization of antibodies, selection, protocols and 
controls – unknown primary tumours part II SN 

12:10 – 13:00 50 Lunch  
13:00 – 13:45 45 Immunohistochemical classification of lung 

tumours - Lung cancer, diagnosis and prediction  HH  

13:50 – 14:20 30 Optimization of antibodies, selection, protocols and 
controls – lung tumours 

ON 

14.25 – 14:45 20 Coffee  
14:45 – 15:30 45 Immunohistochemical classification of 

haematolymphoid tumours SH 

15:35 – 16:20 45 Optimization of antibodies, selection, protocols and 
controls – haematolymphoid tumours 

MB 

16:25 – 16:40 15 Discussion  
19:00 –  Workshop Dinner at Restaurant Søgaards Bryghus, C.W. Obels Plads 4 

Friday, September 22nd  
08:45 – 09:30 45 Immunohistochemical double stainings – overview, 

considerations and applications 
MB 

09:35 – 10:05 30 Immunocytochemistry and immunohistochemistry 
on frozen sections – overview, considerations and 
applications 

ON 

10:05 – 10:25 20 Coffee  
10:25 – 10:55  30 Immunohistochemical stainers – overview, pro- 

and cons 
SN 

11:00 – 11:45 45 Image analysis in IHC - overview, considerations 
and applications 

RR 

11:45 – 12:00 15 Discussion and evaluation SN 
12:00 – 12:50  Lunch and departure   
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a variety of diagnostic techniques, currently employed in clin-
ical practice, have been validated as sensitive and specific for

detecting the genetic lesions characteristic of this tumour
type.39 However, there is currently no standard method for
detecting EML4-ALK NSCLC. Several methods including poly-
merase chain reaction (PCR), immunohistochemistry (IHC)
and fluorescence in situ hybridisation (FISH) are currently
being evaluated.

3.1. PCR-based identification of EML4-ALK

Reverse transcriptase (RT)-PCR is a potentially rapid diagnos-
tic method for identifying ALK translocated NSCLCs. A theo-

retical advantage of this technique is its extreme sensitivity
for detecting mutant transcript and the presence of any
amplification product implies an ALK rearrangement. How-
ever in practice, the technique faces several challenges. First,
the RT-PCR analysis must be multiplexed. As mentioned
above there are at least 11 variant EML4-ALK fusions, and
non-EML4 translocation partners, therefore any PCR-based

strategy must incorporate validated primer pairs for all
known ALK fusions. Second, the vast majority of patient

biopsy specimens from lung cancer patients are stored as for-
malin-fixed paraffin embedded (FFPE) tissues. RNA extracted
from FFPE is highly degraded and, in general, more difficult
to PCR relative to non-fixed, fresh-frozen tissue. Third, there
is published evidence indicating that RT-PCR based detection
of EML4-ALK can yield positive results in the absence of
detectable ALK-rearrangements in both tumour, and non-tu-
mour tissues.9 Although the interpretation of these findings
is still open to debate, it suggests a propensity for false posi-
tive results. Despite these disadvantages, there are advocates
for using RT-PCR based screening methods.32 However, this

method may be difficult to implement in a routine clinical
diagnostic laboratory.

3.2. FISH-based methods for identification of EML4-ALK

More specific detection of ALK-rearrangements can be
achieved by the fluorescence in situ hybridisation (FISH) of
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E18;A20 E18;A20 (variant 5’)
E15;A20 E15 del19;del20A20 (variant 4)
E2;A20 E2;A20 &E2;ins117A20 (variant 5a/b)

E17;A20 E17;ins68A20

NSCLC Cell lines
H3122 and DFCI032 contain E13;A20. H2228 contain E6;A20

Fig. 3 – Different variants of EML4-ALK and non-EML4 fusion partners. (A) Different variants of EML4-ALK are depicted. The
nomenclature refers to the exon in EML4 translocated to the exon in ALK. (B) Frequency of different EML4-ALK variants. The
most common variants are E13;A20 (variant 1) and E6a/b; A20 (variant 3). Data obtained from.4–11,30,32–36 Of note not all
studies list the specific EML4-ALK variant.
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a variety of diagnostic techniques, currently employed in clin-
ical practice, have been validated as sensitive and specific for

detecting the genetic lesions characteristic of this tumour
type.39 However, there is currently no standard method for
detecting EML4-ALK NSCLC. Several methods including poly-
merase chain reaction (PCR), immunohistochemistry (IHC)
and fluorescence in situ hybridisation (FISH) are currently
being evaluated.

3.1. PCR-based identification of EML4-ALK

Reverse transcriptase (RT)-PCR is a potentially rapid diagnos-
tic method for identifying ALK translocated NSCLCs. A theo-

retical advantage of this technique is its extreme sensitivity
for detecting mutant transcript and the presence of any
amplification product implies an ALK rearrangement. How-
ever in practice, the technique faces several challenges. First,
the RT-PCR analysis must be multiplexed. As mentioned
above there are at least 11 variant EML4-ALK fusions, and
non-EML4 translocation partners, therefore any PCR-based

strategy must incorporate validated primer pairs for all
known ALK fusions. Second, the vast majority of patient

biopsy specimens from lung cancer patients are stored as for-
malin-fixed paraffin embedded (FFPE) tissues. RNA extracted
from FFPE is highly degraded and, in general, more difficult
to PCR relative to non-fixed, fresh-frozen tissue. Third, there
is published evidence indicating that RT-PCR based detection
of EML4-ALK can yield positive results in the absence of
detectable ALK-rearrangements in both tumour, and non-tu-
mour tissues.9 Although the interpretation of these findings
is still open to debate, it suggests a propensity for false posi-
tive results. Despite these disadvantages, there are advocates
for using RT-PCR based screening methods.32 However, this

method may be difficult to implement in a routine clinical
diagnostic laboratory.

3.2. FISH-based methods for identification of EML4-ALK

More specific detection of ALK-rearrangements can be
achieved by the fluorescence in situ hybridisation (FISH) of
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Fig. 3 – Different variants of EML4-ALK and non-EML4 fusion partners. (A) Different variants of EML4-ALK are depicted. The
nomenclature refers to the exon in EML4 translocated to the exon in ALK. (B) Frequency of different EML4-ALK variants. The
most common variants are E13;A20 (variant 1) and E6a/b; A20 (variant 3). Data obtained from.4–11,30,32–36 Of note not all
studies list the specific EML4-ALK variant.
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a variety of diagnostic techniques, currently employed in clin-
ical practice, have been validated as sensitive and specific for

detecting the genetic lesions characteristic of this tumour
type.39 However, there is currently no standard method for
detecting EML4-ALK NSCLC. Several methods including poly-
merase chain reaction (PCR), immunohistochemistry (IHC)
and fluorescence in situ hybridisation (FISH) are currently
being evaluated.

3.1. PCR-based identification of EML4-ALK

Reverse transcriptase (RT)-PCR is a potentially rapid diagnos-
tic method for identifying ALK translocated NSCLCs. A theo-

retical advantage of this technique is its extreme sensitivity
for detecting mutant transcript and the presence of any
amplification product implies an ALK rearrangement. How-
ever in practice, the technique faces several challenges. First,
the RT-PCR analysis must be multiplexed. As mentioned
above there are at least 11 variant EML4-ALK fusions, and
non-EML4 translocation partners, therefore any PCR-based

strategy must incorporate validated primer pairs for all
known ALK fusions. Second, the vast majority of patient

biopsy specimens from lung cancer patients are stored as for-
malin-fixed paraffin embedded (FFPE) tissues. RNA extracted
from FFPE is highly degraded and, in general, more difficult
to PCR relative to non-fixed, fresh-frozen tissue. Third, there
is published evidence indicating that RT-PCR based detection
of EML4-ALK can yield positive results in the absence of
detectable ALK-rearrangements in both tumour, and non-tu-
mour tissues.9 Although the interpretation of these findings
is still open to debate, it suggests a propensity for false posi-
tive results. Despite these disadvantages, there are advocates
for using RT-PCR based screening methods.32 However, this

method may be difficult to implement in a routine clinical
diagnostic laboratory.

3.2. FISH-based methods for identification of EML4-ALK

More specific detection of ALK-rearrangements can be
achieved by the fluorescence in situ hybridisation (FISH) of
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Fig. 3 – Different variants of EML4-ALK and non-EML4 fusion partners. (A) Different variants of EML4-ALK are depicted. The
nomenclature refers to the exon in EML4 translocated to the exon in ALK. (B) Frequency of different EML4-ALK variants. The
most common variants are E13;A20 (variant 1) and E6a/b; A20 (variant 3). Data obtained from.4–11,30,32–36 Of note not all
studies list the specific EML4-ALK variant.

1776 E U R O P E A N J O U R N A L O F C A N C E R 4 6 ( 2 0 1 0 ) 1 7 7 3 – 1 7 8 0Detection of fusion RNA

Immunohistochemcal classification of  

Lung cancer,  
diagnosis and prediction. 

2 different primers

Detects ALK independent of fusion partner

ALK

 

Page 1 of 2 
 

 

 
Workshop in Diagnostic Immunohistochemistry 
Aalborg University Hospital, September 20th – 22nd 201 

Program                                PRELIMINARY 
Wednesday, September 20th  
09:30 – 10:00  Arrival, coffee 
10:00 – 10:15 15 Welcome and introduction SN 
10:15 – 11:00 45 Immunohistochemical principles:  

The technical test approach – pre-analytical phase I 
ON 

11:05 – 11:50 45 Immunohistochemical principles:  
The technical test approach – pre-analytical phase II ON 

12:00 – 12:45 45 Immunohistochemical principles:  
The technical test approach - analytical phase I 

MB 

12:45 – 13:30 45 Lunch  
13:30 – 14:15 45 Immunohistochemical principles:  

The technical test approach - analytical phase  II 
MB 

14:20 – 15:05 45 Immunohistochemical principles:  
The technical test approach - post-analytical phase I SN 

15:05 – 15.25 20 Coffee  
15:25 – 16:10 45 Immunohistochemical principles:  

The technical test approach - post-analytical phase II 
SN 

16:15 – 17:00 45 Immunohistochemical classification of breast 
tumours 

AVL  

17.00 – 19.00  Social arrangement (optional) – Keglespil (Skittles)  

Thursday, September 21st  
08:15 – 09:00 45 Optimization of antibodies, selection, protocols and 

controls – breast tumours SN 

09:00 – 09:45 45 Immunohistochemical classification of the 
unknown primary tumour – part I 

MV 
 

09:50 – 10:10 20 Coffee  
10:10 – 10:40 30 Optimization of antibodies, selection, protocols and 

controls – unknown primary tumours part I SN 

10:45 – 11:30 45 Immunohistochemical classification of the 
unknown primary tumour – part II MV 

11:35 – 12:05 30 Optimization of antibodies, selection, protocols and 
controls – unknown primary tumours part II SN 

12:10 – 13:00 50 Lunch  
13:00 – 13:45 45 Immunohistochemical classification of lung 

tumours - Lung cancer, diagnosis and prediction  HH  

13:50 – 14:20 30 Optimization of antibodies, selection, protocols and 
controls – lung tumours 

ON 

14.25 – 14:45 20 Coffee  
14:45 – 15:30 45 Immunohistochemical classification of 

haematolymphoid tumours SH 

15:35 – 16:20 45 Optimization of antibodies, selection, protocols and 
controls – haematolymphoid tumours 

MB 

16:25 – 16:40 15 Discussion  
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expression and cannot be recommended as the only positive tissue control for ALK. Appendix is an 
excellent supplemental positive tissue control, in which ganglion cells of the myenteric plexus must show 
an at least weak to moderate staining reaction. 
 
Table 1. Antibodies and assessment marks for lu-ALK, run 51 

Concentrated antibodies  n Vendor Optimal Good Borderline Poor Suff.1 Suff. 
OPS2 

mAb clone 5A4 

43 
1 
1 
1 
1 

Leica/Novocastra 
Abcam 
Biocare 
Monosan 
ThermoFisher 

1 15 24 7 34% 22% 

mAb clone ALK1 2 
1 

Dako 
Cell Marque 0 0 0 3 - - 

rmAb clone D5F3 23 Cell Signaling 6 12 3 2 78% 94% 
mAb clone OTI1A4 13 ORIGENE 10 3 0 0 100% 100% 
Ready-To-Use 
antibodies         

mAb clone 5A4 
PA0306 6 Leica/Novocatra 0 0 6 0 - - 

mAb clone 5A4 
MAB-0281 1 Maixin 0 0 1 0 - - 

mAb 5A4 
MAD-001720QD 1 Master Diagnostica 0 0 1 0 - - 

mAb clone 5A4 
MS-1104-R7 1 ThermoFisher 0 1 0 0 - - 

mAb ALK1 
IR641 9 Dako 0 0 1 8 - - 

mAb clone ALK1 
GA641 4 Dako 0 0 0 4 - - 

mAb clone ALK1 
790/800-2918 7 Ventana 0 0 2 5 - - 

rmAb clone SP8 
AN770 1 BioGenex 0 0 0 1 - - 

rmAb clone D5F3 
790-4796 70 Ventana 53 12 4 1 93% 100% 

rmAb clone D5F3 
790-47963 2 Ventana 1 0 1 0 - - 

mAb clone OTI1A4 
8344-C010 1 Sakura Finetek 1 0 0 0 - - 

Total 189  72 43 43 31 -  

Proportion   38% 23% 23% 16% 61%  
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) 
 
 
Detailed analysis of lu-ALK, Run 51 
The following protocol parameters were central to obtain optimal staining:  
 
Concentrated antibodies 
mAb clone 5A4: One protocol with an optimal result was based on heat induced epitope retrieval (HIER) 
using Cell Conditioning 1 (CC1, Ventana) in 64 min. at 100°C. The mAb was diluted 1:20 and incubated for 
32 min. at 36°C using OptiView with tyramide amplification as detection system. Using similar protocol 
settings 2 of 9 (22%) laboratories produced a sufficient staining result. 
 
mAb clone OTI1A4: Protocols with optimal results were all based on HIER using either Target Retrieval 
Solution (TRS), High pH (Dako) (5/5) *, TRS High pH (3-in-1) (Dako) (2/3), CC1 (Ventana) (1/2) Bond 
Epitope Retrieval Solution 2 (BERS2, Leica) (1/1) or Tris-EDTA pH 9 (1/1), as retrieval buffer. The mAb 
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complementary to gene fragments, which are normally on
opposite strands, the specificity is high. RT-PCR can be
used on mRNA/cDNA to directly detect EML4-ALK;
hence, it does not suffer from the problems inherent in
interpreting FISH or IHC. Therefore, it has been used as a
gold standard to assess the sensitivity and specificity of IHC
[55], FISH [55, 59] and CISH [27, 59]. It has also been used
as a stand-alone test instead of FISH or IHC [60].

However, RT-PCR has several disadvantages that make it
unlikely to become the standard test for this mutation.
Firstly, good quality RNA is required [59]: some of the
amplicons are more than 1,000 bp in size and require proper
cryopreservation of tumour samples that may be lacking in
routine practice [55]. In FFPE sections, RT-PCR above
300 bp is not reliable. Secondly, multiplex systems are
required because of the wide variations in fusion types
[59]. Thirdly, only known alterations can be tested (at least
10 are currently known for ALK) [20]. Furthermore, the
clinical relevance of multiplex RT-PCR is unclear because
so far in all clinical trials FISH has been used to identity
ALK-positive patients. RT-PCR is included in the diagnostic
algorithm proposed by Just et al. [55], but only after IHC
and FISH have been performed, and only as a source of
further information on the ALK fusion variant and expres-
sion level, rather than for diagnosis.

RT-PCR for ALK mutation testing is being offered by
some commercial vendors (e.g. Response Genetics, Inc., in
the USA); however, it is not clear how reliable these tests
are. The panel strongly suggested that any such tests should
involve pathologists early in the development and should be
diagnostically orientated.

Testing algorithm

In the National Consensus from Spain [61], ALK rearrange-
ment testing is recommended in patients with advanced
NSCLC who are negative for the EGFR mutation (all histo-
logical subtypes in non-smokers; non-squamous-cell carcino-
ma subtype in current or ex-smokers). In contrast, the most
recent NCCN guidelines (version 1.2012) [62] recommend
ALK rearrangement testing concurrent with EGFR mutation
testing for adenocarcinomas, large cell carcinomas and
NSCLC NOS. This differs from recent guidelines in Switzer-
land [63] and France (French National Cancer Institute; INCa)
[48] proposing ALK testing only by FISH and only in EGFR-
negative KRAS-negative adenocarcinoma patients.

Since phase II and III clinical trials with crizotinib in
ALK-positive patients have used FISH, this technique
should be considered the ‘gold standard’ for determining
ALK positivity. However, following successful validation
with large series and different antibodies, IHC could also
become a good screening method.

The authors agree that more data for an evidence-based
algorithm are needed. It is possible that the algorithm pre-
sented in Fig. 3 may in the future be the algorithm of choice.

Proposal for an external quality assessment program

For optimal ALK mutation testing in NSCLC, the quality of
the sample, the analytical procedure and the reporting of the
test result are crucial (Table 3). European quality assessment
projects will examine different steps of ALKmutation testing.

One important ongoing quality assurance project in
Europe is the FALKE (Fusion of EML4-ALK epidemiology
Evaluation) project. This initiative was set up by the Ger-
man Society of Pathology for German-speaking countries.
The basis of this ring trial is to test 1,000 samples from
NSCLC patients. For the FALKE project, it was decided to
test all NSCLC and not to focus on adenocarcinoma. For all
samples, ALK IHC and ALK FISH will be performed.

In 2012, the European Society of Pathology (ESP) will
run two external quality assessment programs for lung can-
cer. Registration will take place through the ESP website
(QA activities: http://esp-pathology.org/).

In the first round, starting March 2012, ALK FISH and
optional ALK IHC will be offered. The pre-validated tissue
microarray slides will have both positive and negative con-
trols (n ≥10). The second round, in September 2012, will
offer assessment of ALK1, EGFR and KRAS on tissue
microarray samples. Participation is voluntary. Laboratories
meeting the predefined performance threshold will be listed
on the ESP website.

Conclusions

For the personalized treatment of patients with NSCLC, it is
necessary to sample as much tumour tissue as possible.

Fig. 3 Possible ALK testing algorithm in NSCLC if IHC becomes
fully validated
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Abstract In non-small cell lung cancer, epidermal
growth factor receptor gene mutations and anaplastic
lymphoma kinase (ALK) gene rearrangements have a
major impact upon the level of response to treatment
with specific tyrosine kinase inhibitors. This review
describes the molecular basis of ALK inhibition, sum-
marizes current data on the effectiveness and safety of
ALK inhibition therapy, describes the different testing
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provides a suggested testing algorithm and puts forward
a proposal for an external quality assessment program in
ALK testing.
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The overall sensitivity of IHC diagnosis was then 86%
(95% CI, 73%-93%), and specificity was 99% (95% CI,
99%-100%), compared with FISH. Generally, when
screening for genetic mutations, the higher the sensitivity
the better; however, 86% in this situation might not be
reliable. Therefore, we defined positive as 3+, 2+, and
1+ and negative as 0; the overall sensitivity of IHC
compared with FISH was then 99% (95% CI, 97%-
100%), and specificity was 98% (95% CI, 95%-99%). In
this situation, sensitivity could reach almost 100%.

Meanwhile, when positive was defined as 3+ and
negative as 2+, 1+, or 0, the overall specificity of IHC
was 100% (95% CI, 100%-100%), and sensitivity was
56% (95% CI, 36%-74%), compared with FISH. In the
results all IHC 3+ patients were validated ALK positive
by FISH assay; only some of the patients with IHC 1+ or
2+ might be equivocal. Previous studies16,24,41 suggested
that the high concordance between IHC and FISH war-
rants the routine use of IHC as the initial component of

an algorithmic approach to clinical ALK molecular test-
ing in NSCLC, followed by reflex FISH confirmation of
IHC-positive cases. We therefore propose validation by
FISH only in patients with IHC 1+ or 2+ (Fig. 2).

Collectively, these studies convey the same message:
IHC correlated well with FISH, with very few cases
showing discrepancy; the biggest limitation might be the
antibody clones. The sensitivity analysis was performed
using 3 different antibodies, and similar results were
found. However, the sensitivity of ALK1 was lower than
the sensitivity of the other 2 antibodies. Previous studies
have reached similar conclusions.15,33 Also a binary sys-
tem from Ventana was used that classifies strong granular
cytoplasmic staining in any percentage of tumor cells as a
positive result, and the absence of strong granular cyto-
plasmic staining as a negative result. When the results of
both scoring systems are compared, 0, 1+, and 2+ cor-
responded to negative and 3+ in any percentage of tumor
cells to positive.29 This binary score can only be applied to
staining using D5F3. From sensitivity analysis we found
that the sensitivity was 99% (95% CI, 93%-100%) and
specificity was 92% (95% CI, 76%-97%) if we defined
positive as 3+, 2+, or 1+ and negative as 0. When de-
fining positive as 3+ and negative as 2+, 1+, or 0, the
sensitivity was 85% (95% CI, 40%-98%) and specificity
was 100% (95% CI, 97%-100%). We suggested that the
4-tiered scoring system was more effective in the detection
of ALK rearrangement. Reverse transcription-polymer-
ase chain reaction provides a highly sensitive technique in
which a very low copy number of RNA molecules can be
detected. However, the disadvantages were obvious in
that only good-quality RNA was suitable,42 and only
known alterations can be tested.7

A number of limitations to the present study need to
be acknowledged. First, different IHC detections were
used. Because of the limited number of studies, subgroup
analysis was not available. Second, Savic et al27 included

TABLE 2. Diagnostic Accuracy of IHC in Detecting ALK Rearrangement Compared With FISH in NSCLC

Summary Estimates (95% CI) Likelihood Ratio (95% CI)

Study
characteristics

No.
Researches Sensitivity Specificity LR+* LR!w

Diagnostic Odds
Ratio (95% CI)z

Area Under
HSROC Curve

(95% CI)

Define IHC 0 as negative, 1+, 2+, 3+ as positive
All 21 0.99 (0.97-1.00) 0.98 (0.95-0.99) 45.9 (20.1-105.0) 0.01 (0.00-0.03) 4813 (1244-18,619) 0.99 (0.98-1.00)
D5F3 7 0.98 (0.90-1.00) 0.97 (0.86-1.00) 37.0 (6.5-211.3) 0.02 (0.00-0.11) 1953 (320-11,915) 0.99 (0.98-1.00)
5A4 9 0.98 (0.90-0.99) 0.98 (0.97-0.99) 56.3 (31.4-100.6) 0.02 (0.01-0.11) 2347 (574-9597) 1.00 (0.99-1.00)
ALK1 5 0.98 (0.74-1.00) 0.98 (0.80-1.00) 41.5 (4.3-398.0) 0.02 (0.00-0.33) 1980 (126-31,223) 0.99 (0.98-1.00)

Define IHC 0, 1+ as negative, 2+, 3+ as positive
All 21 0.86 (0.73-0.93) 0.99 (0.99-1.00) 126.9 (73.0-220.4) 0.14 (0.07-0.28) 913 (409-2039) 1.00 (0.98-1.00)
D5F3 7 0.90 (0.72-0.97) 0.99 (0.98-1.00) 98.6 (41.9-232.2) 0.10 (0.03-0.31) 1018 (291-3558) 1.00 (0.98-1.00)
5A4 9 0.90 (0.68-0.97) 0.99 (0.99-1.00) 131.3 (78.6-219.6) 0.10 (0.03-0.37) 1311 (326-5276) 1.00 (0.98-1.00)
ALK1 5 0.64 (0.31-0.88) 0.99 (0.97-1.00) 112.3 (28.0-449.3) 0.36 (0.15-0.88) 313 (92-1061) 0.98 (0.96-0.99)

Define IHC 0, 1+, 2+ as negative, 3+ as positive
All 21 0.56 (0.36-0.74) 1.00 (1.00-1.00) 5647.2 (152.9-2,08,605.7) 0.44 (0.28-0.70) 12,809 (329-498,970) 1.00 (0.98-1.00)
D5F3 7 0.75 (0.39-0.93) 1.00 (0.98-1.00) 1588.9 (48.0-52,574.6) 0.25 (0.08-0.81) 6295 (147-270,015) 1.00 (0.99-1.00)
5A4 9 0.56 (0.36-0.74) 1.00 (1.00-1.00) 1645.5 (227.0-11,929.7) 0.44 (0.28-0.70) 3713 (460-29,951) 1.00 (0.99-1.00)
ALK1 5 0.11 (0.00-0.90) 1.00 (0.99-1.00) 263.4 (1.1-60,968.4) 0.89 (0.56-1.42) 295 (1-99,814) 1.00 (0.99-1.00)

If LR+>10: essentially a definite diagnosis when ALK+; if LR!<0.1: essentially a definite diagnosis when ALK! . Diagnostic odds ratio: if>1: the bigger its
value, the better the diagnostic test.

FIGURE 2. Diagnostic algorithm using IHC and FISH in
NSCLC.
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Improving Selection Criteria for ALK Inhibitor Therapy in
Non–Small Cell Lung Cancer

A Pooled-Data Analysis on Diagnostic Operating Characteristics of
Immunohistochemistry

Long Jiang, MD, PhD,*wHaihong Yang, MD, PhD,z Ping He, MD, PhD,yWenhua Liang, MD, PhD,z
Jianrong Zhang, MD,*w Jingpei Li, MD,*w Yang Liu, MD,*w and Jianxing He, MD, PhD, FACS*w

Abstract: Lung cancer is often diagnosed by molecular markers
for prediction and treatment. To date, the golden standard for
detection of anaplastic lymphoma kinase (ALK) rearrangements
is fluorescence in situ hybridization (FISH). We performed a
pooled-data analysis on the diagnostic operating characteristics
of immunohistochemistry (IHC) assay on non–small cell lung
cancer (NSCLC). We searched Embase, Pubmed, and Springer
databases. The results of IHC were evaluated using a modified
H-score. We used a 2-level bivariate meta-analysis following a
random effect model to summarize sensitivity and specificity
and fit hierarchical summary receiver-operating characteristic
curves. We also performed sensitivity analysis using different
antibodies to investigate potential heterogeneity. Twelve studies
consisting of a total of 3754 NSCLC specimens were analyzed.
When we defined 1+/2+/3+, 2+/3+, and 3+ as ALK pos-
itive, we found the sensitivities to be 99% (95% confidence in-
terval [CI], 97%-100%), 86% (95% CI, 73%-93%), and 56%
(95% CI, 36%-74%) and the specificities to be 98% (95% CI,
95%-99%), 99% (95% CI, 99%-100%), and 100% (95% CI,
100%-100%), respectively. We demonstrated that when defining
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Lung cancer is the most frequent cause of cancer mor-
tality worldwide.1 Although chemotherapy remains

the primary method of treatment for patients with ad-
vanced non–small cell lung cancer (NSCLC),2 the iden-
tification of specific genetic lesions has led to a surge in
the demand for and development of new targeted thera-
pies.3,4

Anaplastic lymphoma kinase (ALK) rearrangement,
with the echinoderm microtubule–associated protein–like
4 (EML4) gene, was predominately discovered in 2007.4

This fusion was formed by a small inversion within
chromosome 2p that joins the EML4 and ALK genes in
NSCLC patients. The breakpoint of the ALK chromo-
some lies mainly between exons 19 and 20 but is variable
on the EML4 side; more than 21 EML4-ALK variants
have been identified.5 In addition to EML4-ALK, other
fusion partners have been reported, including kinesin
family member 5B–ALK, TRK-fused gene (TFG)–ALK,
and kinesin light chain–ALK fusion genes.6–9

Crizotinib, an adenosine triphosphate–competitive
small molecule targeting the receptor tyrosine kinase of c-
MET and ALK, has showed significant clinical benefit in
patients with ALK-rearrangement NSCLC in clinical tri-
als.10–13 Next-generation ALK-tyrosine kinase inhibitor-
Ceritinib demonstrated greater anticancer potency and was
granted Food and Drug Administration approval in April
2014.14 Thus, an accurate identification of ALK re-
arrangement is essential for personalized therapy. However,
to date the only Food and Drug Administration–approved
companion diagnostics are break-apart fluorescence in situ
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Workshop in Diagnostic Immunohistochemistry 
Aalborg University Hospital, September 20th – 22nd 201 

Program                                PRELIMINARY 
Wednesday, September 20th  
09:30 – 10:00  Arrival, coffee 
10:00 – 10:15 15 Welcome and introduction SN 
10:15 – 11:00 45 Immunohistochemical principles:  

The technical test approach – pre-analytical phase I 
ON 

11:05 – 11:50 45 Immunohistochemical principles:  
The technical test approach – pre-analytical phase II ON 

12:00 – 12:45 45 Immunohistochemical principles:  
The technical test approach - analytical phase I 

MB 

12:45 – 13:30 45 Lunch  
13:30 – 14:15 45 Immunohistochemical principles:  

The technical test approach - analytical phase  II 
MB 

14:20 – 15:05 45 Immunohistochemical principles:  
The technical test approach - post-analytical phase I SN 

15:05 – 15.25 20 Coffee  
15:25 – 16:10 45 Immunohistochemical principles:  

The technical test approach - post-analytical phase II 
SN 

16:15 – 17:00 45 Immunohistochemical classification of breast 
tumours 

AVL  

17.00 – 19.00  Social arrangement (optional) – Keglespil (Skittles)  

Thursday, September 21st  
08:15 – 09:00 45 Optimization of antibodies, selection, protocols and 

controls – breast tumours SN 

09:00 – 09:45 45 Immunohistochemical classification of the 
unknown primary tumour – part I 

MV 
 

09:50 – 10:10 20 Coffee  
10:10 – 10:40 30 Optimization of antibodies, selection, protocols and 

controls – unknown primary tumours part I SN 

10:45 – 11:30 45 Immunohistochemical classification of the 
unknown primary tumour – part II MV 

11:35 – 12:05 30 Optimization of antibodies, selection, protocols and 
controls – unknown primary tumours part II SN 

12:10 – 13:00 50 Lunch  
13:00 – 13:45 45 Immunohistochemical classification of lung 

tumours - Lung cancer, diagnosis and prediction  HH  

13:50 – 14:20 30 Optimization of antibodies, selection, protocols and 
controls – lung tumours 

ON 

14.25 – 14:45 20 Coffee  
14:45 – 15:30 45 Immunohistochemical classification of 

haematolymphoid tumours SH 

15:35 – 16:20 45 Optimization of antibodies, selection, protocols and 
controls – haematolymphoid tumours 

MB 

16:25 – 16:40 15 Discussion  
19:00 –  Workshop Dinner at Restaurant Søgaards Bryghus, C.W. Obels Plads 4 

Friday, September 22nd  
08:45 – 09:30 45 Immunohistochemical double stainings – overview, 

considerations and applications 
MB 

09:35 – 10:05 30 Immunocytochemistry and immunohistochemistry 
on frozen sections – overview, considerations and 
applications 

ON 

10:05 – 10:25 20 Coffee  
10:25 – 10:55  30 Immunohistochemical stainers – overview, pro- 

and cons 
SN 

11:00 – 11:45 45 Image analysis in IHC - overview, considerations 
and applications 

RR 

11:45 – 12:00 15 Discussion and evaluation SN 
12:00 – 12:50  Lunch and departure   
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protein
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Retrovirus life cycle requires

integration into the chromosome

Fig. 1 from Trends in Mol. Medicine 2:43-45 (2003)
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tumour periphery or in subpleural areas. In most cases, the
expression in these cells is weak to moderate (1+/2+ in inten-
sity), and it is unclear whether protein stability may be affected
by pre-analytical variables (e.g. time of fixation) [43]. To con-
trol for appropriate analytical conditions of ROS1 testing by
IHC, it is mandatory to include a piece of tissue from a ROS1
FISH-positive tumour on the same slide of the neoplasm of
interest or on a separate slide to use in the same run.

Pre-analytical variables and factors affecting quality
of biopsies and surgical samples

Regarding the ROS1 epitope, the influence of pre-analytical
factors has not been investigated systematically, but experi-
ences from our group and several others [36, 61] show that the
protein is relatively stable and may be detected reliably by
IHC. In addition, the corresponding genomic alterations can
be reproducibly detected by ISH [62]. To improve nucleic acid
stability, new techniques of fixation may become useful [63].
Nonetheless, attention should be paid to a number of basic
requirements in order to avoid false-negative results.

Resection material

Surgical material such as lobectomies should initially be han-
dled macroscopically (documentation and gross sectioning)
following a standardised protocol. To greater standardise the
work-up of resection material, vacuum preservation might be
considered [64]. It is important that these procedures are con-
ducted in a standardised way.

Biopsies

Biopsies almost always are transferred into the fixation solu-
tion immediately after removal from the patient. The small
tissue fragments should be fixed for no longer than 24 h; as
shown for several antigens, a gradual decrease in antigenicity
may appear over time. Prior or in parallel to ROS1, several

immunohistochemical, ISH and molecular markers may need
to be analysed to confirm the subtype of NSCLC and the
immunological and molecular profile. This means that a min-
imum amount of tissue/cells is required for reliable analysis.
In the context of personalised medicine, this multi-parameter
analysis plays an increasing role, which has led to the sugges-
tion to provide at least three to four endobronchial biopsy
specimens for pathology.

External quality assessment

For the successful treatment of patients, it is of great impor-
tance that molecular test results are accurate, highly reliable,
clearly understandable to the clinician and reported within an
acceptable turnaround time [59]. In 2012, the European
Society of Pathology (ESP) proposed an external quality as-
sessment (EQA) scheme to promote high-quality biomarker
testing in NSCLC for EGFR mutation analysis and ALK rear-
rangement detection. From 2014 onwards, ROS1 testing was
also included [65]. The EQAwas performed at the beginning
of the development of ROS1 testing. The rate of false nega-
tivity for IHC on a limited number ofROS1-positive cases was
approximately 15 %. The rate of false positivity was <10 %.
For FISH, although the number of evaluable cases was limit-
ed, no false-negative scores were present in a ROS1-positive
control cell line. Overall, at an early stage of ROS1 testing, the
EQA showed promising results, emphasising the need for reg-
ular EQA monitoring.

Integration of ROS1 into current testing algorithms

Since clinical trials with crizotinib in ROS1-positive pa-
tients have used FISH, this method has been considered
the ‘gold standard’ for determining ROS1 positivity by
the FDA in the USA. European guidelines currently rec-
ommend ROS1 rearrangement testing in patients with
advanced NSCLC who have previously tested negative

Table 5 Commercially available assays for ROS1 testing

Method Manufacturer Reagent Regulatory status

FISH Cytocell ROS1 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

IHC 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

FISH fluorescence in situ hybridisation, IHC immunohistochemistry, IVD in vitro diagnostic, NGS next-generation sequencing, RT-PCR reverse
transcription polymerase chain reaction, RUO research use only
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tumour periphery or in subpleural areas. In most cases, the
expression in these cells is weak to moderate (1+/2+ in inten-
sity), and it is unclear whether protein stability may be affected
by pre-analytical variables (e.g. time of fixation) [43]. To con-
trol for appropriate analytical conditions of ROS1 testing by
IHC, it is mandatory to include a piece of tissue from a ROS1
FISH-positive tumour on the same slide of the neoplasm of
interest or on a separate slide to use in the same run.

Pre-analytical variables and factors affecting quality
of biopsies and surgical samples

Regarding the ROS1 epitope, the influence of pre-analytical
factors has not been investigated systematically, but experi-
ences from our group and several others [36, 61] show that the
protein is relatively stable and may be detected reliably by
IHC. In addition, the corresponding genomic alterations can
be reproducibly detected by ISH [62]. To improve nucleic acid
stability, new techniques of fixation may become useful [63].
Nonetheless, attention should be paid to a number of basic
requirements in order to avoid false-negative results.

Resection material

Surgical material such as lobectomies should initially be han-
dled macroscopically (documentation and gross sectioning)
following a standardised protocol. To greater standardise the
work-up of resection material, vacuum preservation might be
considered [64]. It is important that these procedures are con-
ducted in a standardised way.

Biopsies

Biopsies almost always are transferred into the fixation solu-
tion immediately after removal from the patient. The small
tissue fragments should be fixed for no longer than 24 h; as
shown for several antigens, a gradual decrease in antigenicity
may appear over time. Prior or in parallel to ROS1, several

immunohistochemical, ISH and molecular markers may need
to be analysed to confirm the subtype of NSCLC and the
immunological and molecular profile. This means that a min-
imum amount of tissue/cells is required for reliable analysis.
In the context of personalised medicine, this multi-parameter
analysis plays an increasing role, which has led to the sugges-
tion to provide at least three to four endobronchial biopsy
specimens for pathology.

External quality assessment

For the successful treatment of patients, it is of great impor-
tance that molecular test results are accurate, highly reliable,
clearly understandable to the clinician and reported within an
acceptable turnaround time [59]. In 2012, the European
Society of Pathology (ESP) proposed an external quality as-
sessment (EQA) scheme to promote high-quality biomarker
testing in NSCLC for EGFR mutation analysis and ALK rear-
rangement detection. From 2014 onwards, ROS1 testing was
also included [65]. The EQAwas performed at the beginning
of the development of ROS1 testing. The rate of false nega-
tivity for IHC on a limited number ofROS1-positive cases was
approximately 15 %. The rate of false positivity was <10 %.
For FISH, although the number of evaluable cases was limit-
ed, no false-negative scores were present in a ROS1-positive
control cell line. Overall, at an early stage of ROS1 testing, the
EQA showed promising results, emphasising the need for reg-
ular EQA monitoring.

Integration of ROS1 into current testing algorithms

Since clinical trials with crizotinib in ROS1-positive pa-
tients have used FISH, this method has been considered
the ‘gold standard’ for determining ROS1 positivity by
the FDA in the USA. European guidelines currently rec-
ommend ROS1 rearrangement testing in patients with
advanced NSCLC who have previously tested negative

Table 5 Commercially available assays for ROS1 testing

Method Manufacturer Reagent Regulatory status

FISH Cytocell ROS1 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

IHC 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

FISH fluorescence in situ hybridisation, IHC immunohistochemistry, IVD in vitro diagnostic, NGS next-generation sequencing, RT-PCR reverse
transcription polymerase chain reaction, RUO research use only
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expression in these cells is weak to moderate (1+/2+ in inten-
sity), and it is unclear whether protein stability may be affected
by pre-analytical variables (e.g. time of fixation) [43]. To con-
trol for appropriate analytical conditions of ROS1 testing by
IHC, it is mandatory to include a piece of tissue from a ROS1
FISH-positive tumour on the same slide of the neoplasm of
interest or on a separate slide to use in the same run.

Pre-analytical variables and factors affecting quality
of biopsies and surgical samples

Regarding the ROS1 epitope, the influence of pre-analytical
factors has not been investigated systematically, but experi-
ences from our group and several others [36, 61] show that the
protein is relatively stable and may be detected reliably by
IHC. In addition, the corresponding genomic alterations can
be reproducibly detected by ISH [62]. To improve nucleic acid
stability, new techniques of fixation may become useful [63].
Nonetheless, attention should be paid to a number of basic
requirements in order to avoid false-negative results.

Resection material

Surgical material such as lobectomies should initially be han-
dled macroscopically (documentation and gross sectioning)
following a standardised protocol. To greater standardise the
work-up of resection material, vacuum preservation might be
considered [64]. It is important that these procedures are con-
ducted in a standardised way.

Biopsies

Biopsies almost always are transferred into the fixation solu-
tion immediately after removal from the patient. The small
tissue fragments should be fixed for no longer than 24 h; as
shown for several antigens, a gradual decrease in antigenicity
may appear over time. Prior or in parallel to ROS1, several

immunohistochemical, ISH and molecular markers may need
to be analysed to confirm the subtype of NSCLC and the
immunological and molecular profile. This means that a min-
imum amount of tissue/cells is required for reliable analysis.
In the context of personalised medicine, this multi-parameter
analysis plays an increasing role, which has led to the sugges-
tion to provide at least three to four endobronchial biopsy
specimens for pathology.

External quality assessment

For the successful treatment of patients, it is of great impor-
tance that molecular test results are accurate, highly reliable,
clearly understandable to the clinician and reported within an
acceptable turnaround time [59]. In 2012, the European
Society of Pathology (ESP) proposed an external quality as-
sessment (EQA) scheme to promote high-quality biomarker
testing in NSCLC for EGFR mutation analysis and ALK rear-
rangement detection. From 2014 onwards, ROS1 testing was
also included [65]. The EQAwas performed at the beginning
of the development of ROS1 testing. The rate of false nega-
tivity for IHC on a limited number ofROS1-positive cases was
approximately 15 %. The rate of false positivity was <10 %.
For FISH, although the number of evaluable cases was limit-
ed, no false-negative scores were present in a ROS1-positive
control cell line. Overall, at an early stage of ROS1 testing, the
EQA showed promising results, emphasising the need for reg-
ular EQA monitoring.

Integration of ROS1 into current testing algorithms

Since clinical trials with crizotinib in ROS1-positive pa-
tients have used FISH, this method has been considered
the ‘gold standard’ for determining ROS1 positivity by
the FDA in the USA. European guidelines currently rec-
ommend ROS1 rearrangement testing in patients with
advanced NSCLC who have previously tested negative

Table 5 Commercially available assays for ROS1 testing

Method Manufacturer Reagent Regulatory status

FISH Cytocell ROS1 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

IHC 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

FISH fluorescence in situ hybridisation, IHC immunohistochemistry, IVD in vitro diagnostic, NGS next-generation sequencing, RT-PCR reverse
transcription polymerase chain reaction, RUO research use only
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tumour periphery or in subpleural areas. In most cases, the
expression in these cells is weak to moderate (1+/2+ in inten-
sity), and it is unclear whether protein stability may be affected
by pre-analytical variables (e.g. time of fixation) [43]. To con-
trol for appropriate analytical conditions of ROS1 testing by
IHC, it is mandatory to include a piece of tissue from a ROS1
FISH-positive tumour on the same slide of the neoplasm of
interest or on a separate slide to use in the same run.

Pre-analytical variables and factors affecting quality
of biopsies and surgical samples

Regarding the ROS1 epitope, the influence of pre-analytical
factors has not been investigated systematically, but experi-
ences from our group and several others [36, 61] show that the
protein is relatively stable and may be detected reliably by
IHC. In addition, the corresponding genomic alterations can
be reproducibly detected by ISH [62]. To improve nucleic acid
stability, new techniques of fixation may become useful [63].
Nonetheless, attention should be paid to a number of basic
requirements in order to avoid false-negative results.

Resection material

Surgical material such as lobectomies should initially be han-
dled macroscopically (documentation and gross sectioning)
following a standardised protocol. To greater standardise the
work-up of resection material, vacuum preservation might be
considered [64]. It is important that these procedures are con-
ducted in a standardised way.

Biopsies

Biopsies almost always are transferred into the fixation solu-
tion immediately after removal from the patient. The small
tissue fragments should be fixed for no longer than 24 h; as
shown for several antigens, a gradual decrease in antigenicity
may appear over time. Prior or in parallel to ROS1, several

immunohistochemical, ISH and molecular markers may need
to be analysed to confirm the subtype of NSCLC and the
immunological and molecular profile. This means that a min-
imum amount of tissue/cells is required for reliable analysis.
In the context of personalised medicine, this multi-parameter
analysis plays an increasing role, which has led to the sugges-
tion to provide at least three to four endobronchial biopsy
specimens for pathology.

External quality assessment

For the successful treatment of patients, it is of great impor-
tance that molecular test results are accurate, highly reliable,
clearly understandable to the clinician and reported within an
acceptable turnaround time [59]. In 2012, the European
Society of Pathology (ESP) proposed an external quality as-
sessment (EQA) scheme to promote high-quality biomarker
testing in NSCLC for EGFR mutation analysis and ALK rear-
rangement detection. From 2014 onwards, ROS1 testing was
also included [65]. The EQAwas performed at the beginning
of the development of ROS1 testing. The rate of false nega-
tivity for IHC on a limited number ofROS1-positive cases was
approximately 15 %. The rate of false positivity was <10 %.
For FISH, although the number of evaluable cases was limit-
ed, no false-negative scores were present in a ROS1-positive
control cell line. Overall, at an early stage of ROS1 testing, the
EQA showed promising results, emphasising the need for reg-
ular EQA monitoring.

Integration of ROS1 into current testing algorithms

Since clinical trials with crizotinib in ROS1-positive pa-
tients have used FISH, this method has been considered
the ‘gold standard’ for determining ROS1 positivity by
the FDA in the USA. European guidelines currently rec-
ommend ROS1 rearrangement testing in patients with
advanced NSCLC who have previously tested negative

Table 5 Commercially available assays for ROS1 testing

Method Manufacturer Reagent Regulatory status

FISH Cytocell ROS1 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

IHC 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

FISH fluorescence in situ hybridisation, IHC immunohistochemistry, IVD in vitro diagnostic, NGS next-generation sequencing, RT-PCR reverse
transcription polymerase chain reaction, RUO research use only
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tumour periphery or in subpleural areas. In most cases, the
expression in these cells is weak to moderate (1+/2+ in inten-
sity), and it is unclear whether protein stability may be affected
by pre-analytical variables (e.g. time of fixation) [43]. To con-
trol for appropriate analytical conditions of ROS1 testing by
IHC, it is mandatory to include a piece of tissue from a ROS1
FISH-positive tumour on the same slide of the neoplasm of
interest or on a separate slide to use in the same run.

Pre-analytical variables and factors affecting quality
of biopsies and surgical samples

Regarding the ROS1 epitope, the influence of pre-analytical
factors has not been investigated systematically, but experi-
ences from our group and several others [36, 61] show that the
protein is relatively stable and may be detected reliably by
IHC. In addition, the corresponding genomic alterations can
be reproducibly detected by ISH [62]. To improve nucleic acid
stability, new techniques of fixation may become useful [63].
Nonetheless, attention should be paid to a number of basic
requirements in order to avoid false-negative results.

Resection material

Surgical material such as lobectomies should initially be han-
dled macroscopically (documentation and gross sectioning)
following a standardised protocol. To greater standardise the
work-up of resection material, vacuum preservation might be
considered [64]. It is important that these procedures are con-
ducted in a standardised way.

Biopsies

Biopsies almost always are transferred into the fixation solu-
tion immediately after removal from the patient. The small
tissue fragments should be fixed for no longer than 24 h; as
shown for several antigens, a gradual decrease in antigenicity
may appear over time. Prior or in parallel to ROS1, several

immunohistochemical, ISH and molecular markers may need
to be analysed to confirm the subtype of NSCLC and the
immunological and molecular profile. This means that a min-
imum amount of tissue/cells is required for reliable analysis.
In the context of personalised medicine, this multi-parameter
analysis plays an increasing role, which has led to the sugges-
tion to provide at least three to four endobronchial biopsy
specimens for pathology.

External quality assessment

For the successful treatment of patients, it is of great impor-
tance that molecular test results are accurate, highly reliable,
clearly understandable to the clinician and reported within an
acceptable turnaround time [59]. In 2012, the European
Society of Pathology (ESP) proposed an external quality as-
sessment (EQA) scheme to promote high-quality biomarker
testing in NSCLC for EGFR mutation analysis and ALK rear-
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tivity for IHC on a limited number ofROS1-positive cases was
approximately 15 %. The rate of false positivity was <10 %.
For FISH, although the number of evaluable cases was limit-
ed, no false-negative scores were present in a ROS1-positive
control cell line. Overall, at an early stage of ROS1 testing, the
EQA showed promising results, emphasising the need for reg-
ular EQA monitoring.

Integration of ROS1 into current testing algorithms

Since clinical trials with crizotinib in ROS1-positive pa-
tients have used FISH, this method has been considered
the ‘gold standard’ for determining ROS1 positivity by
the FDA in the USA. European guidelines currently rec-
ommend ROS1 rearrangement testing in patients with
advanced NSCLC who have previously tested negative

Table 5 Commercially available assays for ROS1 testing
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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
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(i) Awareness of the need for testing in appropriate circum-
stances is essential.

(ii) All steps should be taken, within the confines of patient
safety, to maximise tumour tissue collection for diagnos-
tic purposes.

(iii) Tumour samples should be processed appropriately to fa-
cilitate all likely, or possible, diagnostic techniques that
might be needed on that sample.

(iv) Laboratory technicians, scientists and pathologists must
ensure that initial diagnostic procedures do not exhaust
the sample, rendering molecular testing impossible.

(v) Appropriate molecular diagnostic techniques should be
carried out in the prescribed fashion; pathologists should
understand the tests, their assessment and the meaning of
test outcomes.

(vi) Laboratories must participate and perform adequately in
external quality assessment schemes for tests provided.

(vii) Communication within the MDT and with other users of a
molecular testing service is essential to ensure best outcomes.

conclusion
The identification of patients with ALK-rearranged NSCLC is now
a mandatory part of the diagnostic algorithm for patients with lung

cancer. The benefits of treating these patients, in the appropriate
clinical setting, with an ALK TKI have been well demonstrated and
underpin this requirement. Testing methodology has evolved in a
number of ways. In part, this reflects our increased knowledge of
the relationship between the presence of the fusion gene and the
expression of ALK protein in tumours. Developments in NGS
technology have also changed the way in which ALK testing is
carried out in some centres; this technology is likely to develop and
become more widely used. With rising interest in molecular testing
on blood samples, attempts have been made to identify ALK fusion
genes in circulating tumour cells and in cell-free, circulating DNA
[55, 56], a practice that is likely to develop, although to what extent
remains to be seen.
The almost inevitable development of resistance during ALK

TKI therapy has raised both academic questions regarding the
mechanism(s) of resistance at play in the patient and practical
issues around how to detect those changes conferring resistance.
The evolution of ALK gene mutations seems to be a frequent
mechanism, as well as concurrent mutation in KRAS and some
other genes [57, 58]. Histological transformation to pleomorphic
(sarcomatoid) carcinoma has also been described [59]. As new
TKIs with activity against ALK gene mutations become available,
the debate around the need for re-biopsy of the tumour at relapse
and testing strategies for the identification of resistance mechan-
isms will intensify. It is clear that, for reasons of technology and
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Figure 5. A possible molecular testing algorithm. Tumour classification may already have been achieved using IHC as described in the text and in Figure 1.
Current practice when a positive ALK IHC test is found is changing. The ‘traditional’ approach is to confirm the ALK rearrangement by FISH testing, but in-
creasingly, oncologists will accept the IHC result and prescribe an ALK TKI on that basis. This places a substantial premium on laboratories having clear knowl-
edge of the predictive power of ‘positive’ IHC. Repeat testing could be the same test modality or an alternative (e.g. multiplex PCR or NGS), depending on
circumstances. The times indicated in days are estimates of test turnaround and will obviously vary by laboratory and by case. ALK, anaplastic lymphoma
kinase; EGFR, epidermal growth factor receptor; FISH, fluorescence in situ hybridisation; IHC, immunohistochemistry; MDT, multidisciplinary team; NGS,
next-generation sequencing; PCR, polymerase chain reaction; TKI, tyrosine kinase inhibitor.
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The evolution of personalised medicine in lung cancer has dramatically impacted diagnostic pathology. Current chal-
lenges centre on the growing demands placed on small tissue samples by molecular diagnostic techniques. In this
review, expert recommendations are provided regarding successful identification of anaplastic lymphoma kinase (ALK)-
rearranged non-small-cell lung cancer (NSCLC). Steps to correctly process and conserve tumour tissue during diagnostic
testing are essential to ensure tissue availability. For example, storing extra tissue sections ready for molecular diagnostic
steps allows faster testing and preserves tissue. Fluorescence in situ hybridisation (FISH) is commonly used to detect
ALK rearrangements, with most laboratories favouring screening by immunohistochemistry followed by a confirmatory
FISH assay. Reverse transcription–polymerase chain reaction can also identify ALK fusion gene mRNA transcripts but
can be limited by the quality of RNA and the risk that rare fusion variants may not be captured. Next-generation sequen-
cing (NGS) technology has recently provided an alternative method for detecting ALK rearrangements. While current ex-
perience is limited, NGS is set to become the most efficient approach as an increasing number of genetic abnormalities is
required to be tested. Upfront, reflex testing for ALK gene rearrangement should become routine as ALK tyrosine kinase
inhibitor therapy moves into the first-line setting. Guidelines recommend that EGFR and ALK tests are carried out in paral-
lel on all confirmed and potential adenocarcinomas, and this is more efficient in terms of tissue usage and testing turn-
around time for both of these actionable gene alterations. The practice of sequential testing is not recommended.
Identification of ALK rearrangements is now essential for the diagnosis of NSCLC, underpinned by the benefits of ALK
inhibitors. As scientific understanding and diagnostic technology develops, ALK testing will continue to be an evolving
and challenging paradigm.
Key words: anaplastic lymphoma kinase, fluorescence in situ hybridisation, immunohistochemistry, next-generation
sequencing, non-small-cell lung cancer

introduction
In this supplement edition of Annals of Oncology, many aspects
of the identification and treatment of patients with anaplastic
lymphoma kinase (ALK)-rearranged non-small-cell lung cancer
(NSCLC) are considered. This paper discusses the complex diag-
nostic pathway that should be followed in many patients with
NSCLC, in order to secure the most accurate and specific diagno-
sis, and testing of appropriate cases for actionable genetic altera-
tions. The overall benefits of identifying and treating actionable
driver mutations in NSCLC have been described [1] and much of
this currently obtainable benefit can probably be attributed to tar-
geting epidermal growth factor receptor (EGFR) mutations and
ALK gene rearrangements.
The impact of precision or personalised medicine in lung cancer

has resulted in considerable changes and challenges for diagnostic
pathology. The simplistic division of lung cancer into small-cell and

non-small-cell carcinoma is no longer sufficient for patient manage-
ment. As well as more specific subtyping of NSCLC required for the
selection of various therapies, NSCLC subtype currently drives the
triage of cases for molecular testing. The core of this activity, man-
dated by international guidelines [2, 3], is the search for EGFR
mutations and ALK gene rearrangements. This need for a more
detailed and complex pathological diagnosis coincided with devel-
opments in endoscopic techniques and interventional radiology
that, somewhat paradoxically, now deliver smaller tumour samples
at a time when demand on tissue samples is growing. One of the
major challenges for pathologists dealing with these samples is
tissue management and conservation, to ensure that a specific diag-
nosis and appropriate molecular analysis can be completed [4].

diagnostic testing in NSCLC
Initial lung cancer tissue diagnosis is made on a wide range of
sample types, from the primary tumour or accessible metastatic
deposits (Table 1). Practice varies greatly, but in some countries,
cytology samples provide the only source of diagnostic material
in over 50% of patients, and only a minority of patients will have
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tions. The overall benefits of identifying and treating actionable
driver mutations in NSCLC have been described [1] and much of
this currently obtainable benefit can probably be attributed to tar-
geting epidermal growth factor receptor (EGFR) mutations and
ALK gene rearrangements.
The impact of precision or personalised medicine in lung cancer

has resulted in considerable changes and challenges for diagnostic
pathology. The simplistic division of lung cancer into small-cell and

non-small-cell carcinoma is no longer sufficient for patient manage-
ment. As well as more specific subtyping of NSCLC required for the
selection of various therapies, NSCLC subtype currently drives the
triage of cases for molecular testing. The core of this activity, man-
dated by international guidelines [2, 3], is the search for EGFR
mutations and ALK gene rearrangements. This need for a more
detailed and complex pathological diagnosis coincided with devel-
opments in endoscopic techniques and interventional radiology
that, somewhat paradoxically, now deliver smaller tumour samples
at a time when demand on tissue samples is growing. One of the
major challenges for pathologists dealing with these samples is
tissue management and conservation, to ensure that a specific diag-
nosis and appropriate molecular analysis can be completed [4].

diagnostic testing in NSCLC
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10:00 – 10:15 15 Welcome and introduction SN 
10:15 – 11:00 45 Immunohistochemical principles:  

The technical test approach – pre-analytical phase I 
ON 

11:05 – 11:50 45 Immunohistochemical principles:  
The technical test approach – pre-analytical phase II ON 

12:00 – 12:45 45 Immunohistochemical principles:  
The technical test approach - analytical phase I 

MB 

12:45 – 13:30 45 Lunch  
13:30 – 14:15 45 Immunohistochemical principles:  

The technical test approach - analytical phase  II 
MB 

14:20 – 15:05 45 Immunohistochemical principles:  
The technical test approach - post-analytical phase I SN 

15:05 – 15.25 20 Coffee  
15:25 – 16:10 45 Immunohistochemical principles:  

The technical test approach - post-analytical phase II 
SN 

16:15 – 17:00 45 Immunohistochemical classification of breast 
tumours 

AVL  

17.00 – 19.00  Social arrangement (optional) – Keglespil (Skittles)  

Thursday, September 21st  
08:15 – 09:00 45 Optimization of antibodies, selection, protocols and 

controls – breast tumours SN 

09:00 – 09:45 45 Immunohistochemical classification of the 
unknown primary tumour – part I 

MV 
 

09:50 – 10:10 20 Coffee  
10:10 – 10:40 30 Optimization of antibodies, selection, protocols and 

controls – unknown primary tumours part I SN 

10:45 – 11:30 45 Immunohistochemical classification of the 
unknown primary tumour – part II MV 

11:35 – 12:05 30 Optimization of antibodies, selection, protocols and 
controls – unknown primary tumours part II SN 
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13:00 – 13:45 45 Immunohistochemical classification of lung 

tumours - Lung cancer, diagnosis and prediction  HH  

13:50 – 14:20 30 Optimization of antibodies, selection, protocols and 
controls – lung tumours 

ON 
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14:45 – 15:30 45 Immunohistochemical classification of 

haematolymphoid tumours SH 

15:35 – 16:20 45 Optimization of antibodies, selection, protocols and 
controls – haematolymphoid tumours 

MB 

16:25 – 16:40 15 Discussion  
19:00 –  Workshop Dinner at Restaurant Søgaards Bryghus, C.W. Obels Plads 4 
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08:45 – 09:30 45 Immunohistochemical double stainings – overview, 

considerations and applications 
MB 

09:35 – 10:05 30 Immunocytochemistry and immunohistochemistry 
on frozen sections – overview, considerations and 
applications 

ON 

10:05 – 10:25 20 Coffee  
10:25 – 10:55  30 Immunohistochemical stainers – overview, pro- 

and cons 
SN 

11:00 – 11:45 45 Image analysis in IHC - overview, considerations 
and applications 

RR 

11:45 – 12:00 15 Discussion and evaluation SN 
12:00 – 12:50  Lunch and departure   
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Next generation seq.

(i) Awareness of the need for testing in appropriate circum-
stances is essential.

(ii) All steps should be taken, within the confines of patient
safety, to maximise tumour tissue collection for diagnos-
tic purposes.

(iii) Tumour samples should be processed appropriately to fa-
cilitate all likely, or possible, diagnostic techniques that
might be needed on that sample.

(iv) Laboratory technicians, scientists and pathologists must
ensure that initial diagnostic procedures do not exhaust
the sample, rendering molecular testing impossible.

(v) Appropriate molecular diagnostic techniques should be
carried out in the prescribed fashion; pathologists should
understand the tests, their assessment and the meaning of
test outcomes.

(vi) Laboratories must participate and perform adequately in
external quality assessment schemes for tests provided.

(vii) Communication within the MDT and with other users of a
molecular testing service is essential to ensure best outcomes.

conclusion
The identification of patients with ALK-rearranged NSCLC is now
a mandatory part of the diagnostic algorithm for patients with lung

cancer. The benefits of treating these patients, in the appropriate
clinical setting, with an ALK TKI have been well demonstrated and
underpin this requirement. Testing methodology has evolved in a
number of ways. In part, this reflects our increased knowledge of
the relationship between the presence of the fusion gene and the
expression of ALK protein in tumours. Developments in NGS
technology have also changed the way in which ALK testing is
carried out in some centres; this technology is likely to develop and
become more widely used. With rising interest in molecular testing
on blood samples, attempts have been made to identify ALK fusion
genes in circulating tumour cells and in cell-free, circulating DNA
[55, 56], a practice that is likely to develop, although to what extent
remains to be seen.
The almost inevitable development of resistance during ALK

TKI therapy has raised both academic questions regarding the
mechanism(s) of resistance at play in the patient and practical
issues around how to detect those changes conferring resistance.
The evolution of ALK gene mutations seems to be a frequent
mechanism, as well as concurrent mutation in KRAS and some
other genes [57, 58]. Histological transformation to pleomorphic
(sarcomatoid) carcinoma has also been described [59]. As new
TKIs with activity against ALK gene mutations become available,
the debate around the need for re-biopsy of the tumour at relapse
and testing strategies for the identification of resistance mechan-
isms will intensify. It is clear that, for reasons of technology and
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Figure 5. A possible molecular testing algorithm. Tumour classification may already have been achieved using IHC as described in the text and in Figure 1.
Current practice when a positive ALK IHC test is found is changing. The ‘traditional’ approach is to confirm the ALK rearrangement by FISH testing, but in-
creasingly, oncologists will accept the IHC result and prescribe an ALK TKI on that basis. This places a substantial premium on laboratories having clear knowl-
edge of the predictive power of ‘positive’ IHC. Repeat testing could be the same test modality or an alternative (e.g. multiplex PCR or NGS), depending on
circumstances. The times indicated in days are estimates of test turnaround and will obviously vary by laboratory and by case. ALK, anaplastic lymphoma
kinase; EGFR, epidermal growth factor receptor; FISH, fluorescence in situ hybridisation; IHC, immunohistochemistry; MDT, multidisciplinary team; NGS,
next-generation sequencing; PCR, polymerase chain reaction; TKI, tyrosine kinase inhibitor.
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(i) Awareness of the need for testing in appropriate circum-
stances is essential.

(ii) All steps should be taken, within the confines of patient
safety, to maximise tumour tissue collection for diagnos-
tic purposes.

(iii) Tumour samples should be processed appropriately to fa-
cilitate all likely, or possible, diagnostic techniques that
might be needed on that sample.

(iv) Laboratory technicians, scientists and pathologists must
ensure that initial diagnostic procedures do not exhaust
the sample, rendering molecular testing impossible.

(v) Appropriate molecular diagnostic techniques should be
carried out in the prescribed fashion; pathologists should
understand the tests, their assessment and the meaning of
test outcomes.

(vi) Laboratories must participate and perform adequately in
external quality assessment schemes for tests provided.

(vii) Communication within the MDT and with other users of a
molecular testing service is essential to ensure best outcomes.

conclusion
The identification of patients with ALK-rearranged NSCLC is now
a mandatory part of the diagnostic algorithm for patients with lung

cancer. The benefits of treating these patients, in the appropriate
clinical setting, with an ALK TKI have been well demonstrated and
underpin this requirement. Testing methodology has evolved in a
number of ways. In part, this reflects our increased knowledge of
the relationship between the presence of the fusion gene and the
expression of ALK protein in tumours. Developments in NGS
technology have also changed the way in which ALK testing is
carried out in some centres; this technology is likely to develop and
become more widely used. With rising interest in molecular testing
on blood samples, attempts have been made to identify ALK fusion
genes in circulating tumour cells and in cell-free, circulating DNA
[55, 56], a practice that is likely to develop, although to what extent
remains to be seen.
The almost inevitable development of resistance during ALK
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mechanism(s) of resistance at play in the patient and practical
issues around how to detect those changes conferring resistance.
The evolution of ALK gene mutations seems to be a frequent
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other genes [57, 58]. Histological transformation to pleomorphic
(sarcomatoid) carcinoma has also been described [59]. As new
TKIs with activity against ALK gene mutations become available,
the debate around the need for re-biopsy of the tumour at relapse
and testing strategies for the identification of resistance mechan-
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Current practice when a positive ALK IHC test is found is changing. The ‘traditional’ approach is to confirm the ALK rearrangement by FISH testing, but in-
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next-generation sequencing; PCR, polymerase chain reaction; TKI, tyrosine kinase inhibitor.
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BACKGROUND
Pembrolizumab is a humanized monoclonal antibody against programmed death 1 (PD-1) 
that has antitumor activity in advanced non–small-cell lung cancer (NSCLC), with in-
creased activity in tumors that express programmed death ligand 1 (PD-L1).

METHODS
In this open-label, phase 3 trial, we randomly assigned 305 patients who had previously 
untreated advanced NSCLC with PD-L1 expression on at least 50% of tumor cells and no 
sensitizing mutation of the epidermal growth factor receptor gene or translocation of 
the anaplastic lymphoma kinase gene to receive either pembrolizumab (at a fixed dose 
of 200 mg every 3 weeks) or the investigator’s choice of platinum-based chemotherapy. 
Crossover from the chemotherapy group to the pembrolizumab group was permitted in 
the event of disease progression. The primary end point, progression-free survival, was 
assessed by means of blinded, independent, central radiologic review. Secondary end 
points were overall survival, objective response rate, and safety.

RESULTS
Median progression-free survival was 10.3 months (95% confidence interval [CI], 6.7 to 
not reached) in the pembrolizumab group versus 6.0 months (95% CI, 4.2 to 6.2) in the 
chemotherapy group (hazard ratio for disease progression or death, 0.50; 95% CI, 0.37 to 
0.68; P<0.001). The estimated rate of overall survival at 6 months was 80.2% in the pem-
brolizumab group versus 72.4% in the chemotherapy group (hazard ratio for death, 0.60; 
95% CI, 0.41 to 0.89; P = 0.005). The response rate was higher in the pembrolizumab 
group than in the chemotherapy group (44.8% vs. 27.8%), the median duration of re-
sponse was longer (not reached [range, 1.9+ to 14.5+ months] vs. 6.3 months [range, 2.1+ 
to 12.6+]), and treatment-related adverse events of any grade were less frequent (occurring 
in 73.4% vs. 90.0% of patients), as were grade 3, 4, or 5 treatment-related adverse events 
(26.6% vs. 53.3%).

CONCLUSIONS
In patients with advanced NSCLC and PD-L1 expression on at least 50% of tumor cells, 
pembrolizumab was associated with significantly longer progression-free and overall 
survival and with fewer adverse events than was platinum-based chemotherapy. (Funded 
by Merck; KEYNOTE-024 ClinicalTrials.gov number, NCT02142738.)
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Fig. 1. Interaction between the T-cell lymphocyte and the non-small-cell lung cancer (NSCLC) cell. Binding of programmed death 1 (PD1,

on lymphocytes) to programmed death-ligands 1 and 2 (PDL1 and PDL2, on NSCLC cells) induces an inhibitory signal in the T-cell

lymphocyte, preventing its activation by the recognition of the tumour antigen by the T-cell receptor. Immune checkpoint inhibitors target

PD1 (pembrolizumab and nivolumab) or PDL1 (atezolizumab), thus inducing the activation of the T-cell lymphocyte.

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%a 26% 4.2 1.15 14.4 1.02

L2 and beyond Pembrolizumabb Keynote-010 !1% 18% 4 0.79 12.7 0.61
Pembrolizumabb 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.
a Cutoff at 1% was used for inclusion, but cutoff at 5% was used for PFS (primary end-point), OS and ORR (secondary end-points).
b Results for pembrolizumab 10 mg/kg.

E. Giroux Leprieur et al. / European Journal of Cancer 78 (2017) 16e2318
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Workshop in Diagnostic Immunohistochemistry 
Aalborg University Hospital, September 20th – 22nd 201 

Program                                PRELIMINARY 
Wednesday, September 20th  
09:30 – 10:00  Arrival, coffee 
10:00 – 10:15 15 Welcome and introduction SN 
10:15 – 11:00 45 Immunohistochemical principles:  

The technical test approach – pre-analytical phase I 
ON 

11:05 – 11:50 45 Immunohistochemical principles:  
The technical test approach – pre-analytical phase II ON 

12:00 – 12:45 45 Immunohistochemical principles:  
The technical test approach - analytical phase I 

MB 

12:45 – 13:30 45 Lunch  
13:30 – 14:15 45 Immunohistochemical principles:  

The technical test approach - analytical phase  II 
MB 

14:20 – 15:05 45 Immunohistochemical principles:  
The technical test approach - post-analytical phase I SN 

15:05 – 15.25 20 Coffee  
15:25 – 16:10 45 Immunohistochemical principles:  

The technical test approach - post-analytical phase II 
SN 

16:15 – 17:00 45 Immunohistochemical classification of breast 
tumours 

AVL  

17.00 – 19.00  Social arrangement (optional) – Keglespil (Skittles)  

Thursday, September 21st  
08:15 – 09:00 45 Optimization of antibodies, selection, protocols and 

controls – breast tumours SN 

09:00 – 09:45 45 Immunohistochemical classification of the 
unknown primary tumour – part I 

MV 
 

09:50 – 10:10 20 Coffee  
10:10 – 10:40 30 Optimization of antibodies, selection, protocols and 

controls – unknown primary tumours part I SN 

10:45 – 11:30 45 Immunohistochemical classification of the 
unknown primary tumour – part II MV 

11:35 – 12:05 30 Optimization of antibodies, selection, protocols and 
controls – unknown primary tumours part II SN 

12:10 – 13:00 50 Lunch  
13:00 – 13:45 45 Immunohistochemical classification of lung 

tumours - Lung cancer, diagnosis and prediction  HH  

13:50 – 14:20 30 Optimization of antibodies, selection, protocols and 
controls – lung tumours 

ON 

14.25 – 14:45 20 Coffee  
14:45 – 15:30 45 Immunohistochemical classification of 

haematolymphoid tumours SH 

15:35 – 16:20 45 Optimization of antibodies, selection, protocols and 
controls – haematolymphoid tumours 

MB 

16:25 – 16:40 15 Discussion  
19:00 –  Workshop Dinner at Restaurant Søgaards Bryghus, C.W. Obels Plads 4 

Friday, September 22nd  
08:45 – 09:30 45 Immunohistochemical double stainings – overview, 

considerations and applications 
MB 

09:35 – 10:05 30 Immunocytochemistry and immunohistochemistry 
on frozen sections – overview, considerations and 
applications 

ON 

10:05 – 10:25 20 Coffee  
10:25 – 10:55  30 Immunohistochemical stainers – overview, pro- 

and cons 
SN 

11:00 – 11:45 45 Image analysis in IHC - overview, considerations 
and applications 

RR 

11:45 – 12:00 15 Discussion and evaluation SN 
12:00 – 12:50  Lunch and departure   



Test

Ventana SP263 (1) Dako 22C3 (2) Dako 28-8 (3) Ventana SP142 (4)

Developed as 

companion diagnostic 

assay for:

Durvalumab 

(AstraZeneca/ 

MedImmune)

Pembrolizumab (Merck 

Sharp & Dohme)

Nivolumab  

(Bristol-Myers Squibb)

Atezolizumab  

(Genentech)

Instrument
VENTANA BenchMark 

ULTRA
Dako Autostainer Link 48

Dako Autostainer  

Link 48

VENTANA BenchMark 

ULTRA

PD-L1 antibody
Clone SP263 (rabbit 

monoclonal)

Clone 22C3 (mouse 

monoclonal)

Clone 28-8 (rabbit 

monoclonal)

Clone SP142 (rabbit 

monoclonal)

Compartment Tumor cell membrane Tumor cell membrane Tumor cell membrane
Tumor cells and tumor-

infiltrating immune cells

Cut-off(s) for  

high PD-L1 

expression

≥25% of tumor cells (5)
≥1%; ≥50% of tumor cells 

(6)

≥1%; ≥5%; ≥10% of tumor 

cells (7)

≥50% of tumor cells 

or ≥10% of tumor area 

with immune cells (if 
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Agreement between Programmed Cell Death
Ligand-1 Diagnostic Assays across Multiple
Protein Expression Cutoffs in Non–Small Cell
Lung Cancer
Marianne J. Ratcliffe1, Alan Sharpe2, Anita Midha1, Craig Barker2, Marietta Scott2,
Paul Scorer2, Hytham Al-Masri3, Marlon C. Rebelatto4, and Jill Walker2

Abstract

Purpose: Immunotherapies targeting programmed cell death-1
(PD-1) and programmed cell death ligand-1 (PD-L1) demon-
strate encouraging antitumor activity andmanageable tolerability
in non–small cell lung cancer (NSCLC), especially in patients
with high tumor PD-L1 expression, as detected by companion or
complementary diagnostic assays developed for individual
agents. A laboratory is unlikely to use multiple assay platforms.
Furthermore, commercially available diagnostic assays are not
standardized, and different assay methods could lead to inap-
propriate treatment selection. This study establishes the extent of
concordance between three validated, commercially available
PD-L1 IHC diagnostic assays for NSCLC patients [Ventana SP263
(durvalumab), Dako 22C3 (pembrolizumab), and Dako 28-8
(nivolumab)].

Experimental Design: Five hundred formalin-fixed, paraffin-
embedded archival NSCLC samples were obtained from com-
mercial sources. Stained slides were read in batches on an
assay-by-assay basis by a single pathologist trained in all

methods, in a Clinical Laboratory Improvements Amendments
program–certified laboratory. An additional pathologist per-
formed an independent review of 200 stained samples for
each assay.

Results: PD-L1 expression was evaluable with all assays in
493 samples. The three assays showed similar patterns of
tumor membrane staining, with high correlation between
percent PD-L1 staining. An overall percentage agreement of
>90% was achieved between assays at multiple expression
cutoffs, including 1%, 10%, 25%, and 50% tumor membrane
staining.

Conclusions: This study builds optimism that harmoniza-
tion between assays may be possible, and that the three assays
studied could potentially be used interchangeably to identify
patients most likely to respond to anti-PD-1/PD-L1 immu-
notherapies, provided the appropriate clinically defined algo-
rithm and agent are always linked. Clin Cancer Res; 1–7. !2017
AACR.

Introduction
Some tumors can evade detection by the immune system by

exploiting inhibitory checkpoint pathways that suppress anti-
tumor T-cell responses (1). Among the most important of these
checkpoints is the programmed cell death-1 (PD-1) and pro-
grammed cell death ligand-1 (PD-L1) pathway, in which PD-L1
expressed by tumor or tumor-infiltrating immune cells binds
to PD-1, inhibiting T-cell receptor signaling and blocking the
antitumor immune response (2–4). Blocking antibodies that
target PD-1 or PD-L1 have been developed to interrupt this

interaction (2), and a number of effective therapeutics are
emerging in multiple tumor types, including non–small cell
lung cancer (NSCLC; refs. 3, 4). For example, the anti-PD-1
antibodies pembrolizumab and nivolumab are clinically active
in patients with NSCLC and achieve improved responses in
patients with high tumor PD-L1 expression compared with
those expressing low or no tumor PD-L1 (5–8). Pembrolizu-
mab is approved for use in patients with metastatic NSCLC
whose tumors express PD-L1 in the membrane of !50% of
tumor cells, as determined by an FDA-approved test, and who
have disease progression on or after prior therapy (9). The
companion diagnostic approved for use with pembrolizumab
in NSCLC is Dako PD-L1 IHC 22C3 pharmDx (10). Nivolumab
is approved for use in patients with metastatic NSCLC who
have progressed on or after prior therapy (11, 12). PD-L1
testing is not required for the use of nivolumab in NSCLC;
however, nivolumab does have an FDA-approved complemen-
tary diagnostic (Dako PD-L1 IHC 28-8 pharmDx) (13).

Atezolizumab is a PD-L1 inhibitor that has recently received
FDA approval for use in patients with metastatic NSCLC whose
disease progressed during or following platinum-containing che-
motherapy (14) along with the VENTANA PD-L1 (SP142) Assay
as a complementary diagnostic (15). At the time of initiation
of this study, the VENTANA PD-L1 (SP142) Assay was not

1Personalised Healthcare and Biomarkers, AstraZeneca, Alderley Park, United
Kingdom. 2Personalised Healthcare and Biomarkers, AstraZeneca, Cambridge,
United Kingdom. 3Hematogenix, Tinley Park, Illinois. 4Translational Medicine,
MedImmune, Gaithersburg, Maryland.

Note: Supplementary data for this article are available at Cancer Research
Online (http://cancerres.aacrjournals.org/).

Corresponding Author: Marianne J. Ratcliffe, AstraZeneca, Mereside 8AF6,
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versus patients with !1% expression. Increased progression-
free survival versus docetaxel was observed at both expression
cutoffs, but the difference was only statistically significant in
patients with !50% tumor PD-L1 expression. On the basis of
these results, the FDA expanded the indication for pembroli-
zumab in the second-line treatment of NSCLC to include all
patients with tumor PD-L1 expression (!1% expression cutoff;
ref. 35). Thus, the choice of cutoff needs to balance the drive for
higher efficacy in patients selected for treatment versus the
opportunity to benefit the highest number of patients. The
appropriate PD-L1 expression cutoff may also depend on the
particular therapy used and needs to be determined by robust
clinical data. Multiple PD-L1 expression cutoffs are therefore
likely to be applied to different therapy selections.

It is anticipated that pathologists will need to drive efficien-
cies in testing and that substituting one staining assay for
another will become widespread. There is a potential risk to
patients if the perceived issues with assay variability are borne
out. Being able to use different assays that give similar out-
comes would be of tremendous value for pathology laborato-
ries, requiring each laboratory to employ only one of the testing
platforms.

The International Association for the Study of Lung Cancer and
the American Association for Cancer Research (AACR) have
joined together with pharmaceutical companies and diagnostics
providers to test the technical equivalency (though not the pre-
dictive equivalency) of four PD-L1 IHC assays (Dako 28-8, Dako
22C3, Ventana SP263, and Ventana SP142; refs. 27, 36). The
initial phase I part of this investigation was a feasibility study on a
small cohort of 38 noninterventional NSCLC cases, each stained
using all four assays and scored by three pathologists (36).
Regarding tumor cell staining, Dako 22C3, Dako 28-8, and
Ventana SP263 demonstrated similar analytic performance,
whereas Ventana SP142 consistently labeled fewer tumor cells
(36). The International Association for the Study of Lung Cancer
will conduct a larger phase II study looking at different sample
types, and the effects of mixing antibodies and platforms.

Another recent study assessed interobserver concordance
and PD-L1 IHC staining patterns in 15 pulmonary carcinoma
resection specimens using three assays: Dako 28-8, Ventana
SP142, and Ventana SP263 (37). Data showed that carcinoma
cells could be reproducibly scored, with no differences in
interobserver concordance among the tested assays. The scor-
ing of immune cells yielded low concordance rates and the
authors concluded that immune cell scoring might require
specific standardization.

We did not assess the VENTANA PD-L1 (SP142) Assay in the
current study because the validated assay was not commercially
available at the time of analysis. As discussed previously, the
VENTANA PD-L1 (SP142) Assay recently received FDA approval
as a complementary diagnostic for atezolizumab in patients with
previously treated metastatic NSCLC (15).

Tumor membrane percentage staining bin (%) 
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Figure 3.
PD-L1 expression by bins (all samples
by assay).

Table 2. PPA and NPA between assays at clinically relevant PD-L1 expression cutoff levels

Comparator assay at matched expression cutoff value
Dako 28-8 Ventana SP263 Dako 22C3

Reference assay at specified
expression cutoff

PPA
(lower 95% CI),

%

NPA
(lower 95% CI),

%

PPA
(lower 95% CI),

%

NPA
(lower 95% CI),

%

PPA
(lower 95% CI),

%

NPA
(lower 95% CI),

%
Dako 28-8 !1% 90.4 (87.1) 93.5 (89.9) 92.5 (89.4) 95.5 (92.3)
Dako 28-8 !10% 91.4 (87.6) 94.0 (91.1) 94.8 (91.5) 95.1 (92.4)
Ventana SP263 !25% 90.1 (85.5) 97.5 (95.6) 86.0 (80.8) 98.8 (97.2)
Dako 22C3 !50% 97.5 (93.7) 97.0 (95.2) 91.7 (86.4) 94.1 (91.7)

Table 3. OPA between the original study pathologist and the independent
pathologist at multiple expression cutoff levels (200 sample subset)

OPA (lower 95% CI), %
1% 10% 25% 50%

Ventana SP263 75.9 (70.4) 88.9 (84.6) 94.0 (90.4) 97.5 (94.8)
Dako 22C3 76.5 (71.0) 87.0 (82.4) 91.0 (87.0) 94.5 (91.1)
Dako 28-8 77.0 (71.6) 85.5 (80.8) 91.5 (87.5) 94.5 (91.1)
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Abstract

Purpose: Immunotherapies targeting programmed cell death-1
(PD-1) and programmed cell death ligand-1 (PD-L1) demon-
strate encouraging antitumor activity andmanageable tolerability
in non–small cell lung cancer (NSCLC), especially in patients
with high tumor PD-L1 expression, as detected by companion or
complementary diagnostic assays developed for individual
agents. A laboratory is unlikely to use multiple assay platforms.
Furthermore, commercially available diagnostic assays are not
standardized, and different assay methods could lead to inap-
propriate treatment selection. This study establishes the extent of
concordance between three validated, commercially available
PD-L1 IHC diagnostic assays for NSCLC patients [Ventana SP263
(durvalumab), Dako 22C3 (pembrolizumab), and Dako 28-8
(nivolumab)].

Experimental Design: Five hundred formalin-fixed, paraffin-
embedded archival NSCLC samples were obtained from com-
mercial sources. Stained slides were read in batches on an
assay-by-assay basis by a single pathologist trained in all

methods, in a Clinical Laboratory Improvements Amendments
program–certified laboratory. An additional pathologist per-
formed an independent review of 200 stained samples for
each assay.

Results: PD-L1 expression was evaluable with all assays in
493 samples. The three assays showed similar patterns of
tumor membrane staining, with high correlation between
percent PD-L1 staining. An overall percentage agreement of
>90% was achieved between assays at multiple expression
cutoffs, including 1%, 10%, 25%, and 50% tumor membrane
staining.

Conclusions: This study builds optimism that harmoniza-
tion between assays may be possible, and that the three assays
studied could potentially be used interchangeably to identify
patients most likely to respond to anti-PD-1/PD-L1 immu-
notherapies, provided the appropriate clinically defined algo-
rithm and agent are always linked. Clin Cancer Res; 1–7. !2017
AACR.

Introduction
Some tumors can evade detection by the immune system by

exploiting inhibitory checkpoint pathways that suppress anti-
tumor T-cell responses (1). Among the most important of these
checkpoints is the programmed cell death-1 (PD-1) and pro-
grammed cell death ligand-1 (PD-L1) pathway, in which PD-L1
expressed by tumor or tumor-infiltrating immune cells binds
to PD-1, inhibiting T-cell receptor signaling and blocking the
antitumor immune response (2–4). Blocking antibodies that
target PD-1 or PD-L1 have been developed to interrupt this

interaction (2), and a number of effective therapeutics are
emerging in multiple tumor types, including non–small cell
lung cancer (NSCLC; refs. 3, 4). For example, the anti-PD-1
antibodies pembrolizumab and nivolumab are clinically active
in patients with NSCLC and achieve improved responses in
patients with high tumor PD-L1 expression compared with
those expressing low or no tumor PD-L1 (5–8). Pembrolizu-
mab is approved for use in patients with metastatic NSCLC
whose tumors express PD-L1 in the membrane of !50% of
tumor cells, as determined by an FDA-approved test, and who
have disease progression on or after prior therapy (9). The
companion diagnostic approved for use with pembrolizumab
in NSCLC is Dako PD-L1 IHC 22C3 pharmDx (10). Nivolumab
is approved for use in patients with metastatic NSCLC who
have progressed on or after prior therapy (11, 12). PD-L1
testing is not required for the use of nivolumab in NSCLC;
however, nivolumab does have an FDA-approved complemen-
tary diagnostic (Dako PD-L1 IHC 28-8 pharmDx) (13).

Atezolizumab is a PD-L1 inhibitor that has recently received
FDA approval for use in patients with metastatic NSCLC whose
disease progressed during or following platinum-containing che-
motherapy (14) along with the VENTANA PD-L1 (SP142) Assay
as a complementary diagnostic (15). At the time of initiation
of this study, the VENTANA PD-L1 (SP142) Assay was not
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12:10 – 13:00 50 Lunch  
13:00 – 13:45 45 Immunohistochemical classification of lung 

tumours - Lung cancer, diagnosis and prediction  HH  

13:50 – 14:20 30 Optimization of antibodies, selection, protocols and 
controls – lung tumours 

ON 

14.25 – 14:45 20 Coffee  
14:45 – 15:30 45 Immunohistochemical classification of 

haematolymphoid tumours SH 

15:35 – 16:20 45 Optimization of antibodies, selection, protocols and 
controls – haematolymphoid tumours 

MB 

16:25 – 16:40 15 Discussion  
19:00 –  Workshop Dinner at Restaurant Søgaards Bryghus, C.W. Obels Plads 4 

Friday, September 22nd  
08:45 – 09:30 45 Immunohistochemical double stainings – overview, 

considerations and applications 
MB 

09:35 – 10:05 30 Immunocytochemistry and immunohistochemistry 
on frozen sections – overview, considerations and 
applications 

ON 

10:05 – 10:25 20 Coffee  
10:25 – 10:55  30 Immunohistochemical stainers – overview, pro- 

and cons 
SN 

11:00 – 11:45 45 Image analysis in IHC - overview, considerations 
and applications 

RR 

11:45 – 12:00 15 Discussion and evaluation SN 
12:00 – 12:50  Lunch and departure   
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Workshop in Diagnostic Immunohistochemistry 
Aalborg University Hospital, September 20th – 22nd 201 

Program                                PRELIMINARY 
Wednesday, September 20th  
09:30 – 10:00  Arrival, coffee 
10:00 – 10:15 15 Welcome and introduction SN 
10:15 – 11:00 45 Immunohistochemical principles:  

The technical test approach – pre-analytical phase I 
ON 

11:05 – 11:50 45 Immunohistochemical principles:  
The technical test approach – pre-analytical phase II ON 

12:00 – 12:45 45 Immunohistochemical principles:  
The technical test approach - analytical phase I 

MB 

12:45 – 13:30 45 Lunch  
13:30 – 14:15 45 Immunohistochemical principles:  

The technical test approach - analytical phase  II 
MB 

14:20 – 15:05 45 Immunohistochemical principles:  
The technical test approach - post-analytical phase I SN 

15:05 – 15.25 20 Coffee  
15:25 – 16:10 45 Immunohistochemical principles:  

The technical test approach - post-analytical phase II 
SN 

16:15 – 17:00 45 Immunohistochemical classification of breast 
tumours 

AVL  

17.00 – 19.00  Social arrangement (optional) – Keglespil (Skittles)  

Thursday, September 21st  
08:15 – 09:00 45 Optimization of antibodies, selection, protocols and 

controls – breast tumours SN 

09:00 – 09:45 45 Immunohistochemical classification of the 
unknown primary tumour – part I 

MV 
 

09:50 – 10:10 20 Coffee  
10:10 – 10:40 30 Optimization of antibodies, selection, protocols and 

controls – unknown primary tumours part I SN 

10:45 – 11:30 45 Immunohistochemical classification of the 
unknown primary tumour – part II MV 

11:35 – 12:05 30 Optimization of antibodies, selection, protocols and 
controls – unknown primary tumours part II SN 

12:10 – 13:00 50 Lunch  
13:00 – 13:45 45 Immunohistochemical classification of lung 

tumours - Lung cancer, diagnosis and prediction  HH  

13:50 – 14:20 30 Optimization of antibodies, selection, protocols and 
controls – lung tumours 

ON 

14.25 – 14:45 20 Coffee  
14:45 – 15:30 45 Immunohistochemical classification of 

haematolymphoid tumours SH 

15:35 – 16:20 45 Optimization of antibodies, selection, protocols and 
controls – haematolymphoid tumours 

MB 

16:25 – 16:40 15 Discussion  
19:00 –  Workshop Dinner at Restaurant Søgaards Bryghus, C.W. Obels Plads 4 

Friday, September 22nd  
08:45 – 09:30 45 Immunohistochemical double stainings – overview, 

considerations and applications 
MB 

09:35 – 10:05 30 Immunocytochemistry and immunohistochemistry 
on frozen sections – overview, considerations and 
applications 

ON 

10:05 – 10:25 20 Coffee  
10:25 – 10:55  30 Immunohistochemical stainers – overview, pro- 

and cons 
SN 

11:00 – 11:45 45 Image analysis in IHC - overview, considerations 
and applications 

RR 

11:45 – 12:00 15 Discussion and evaluation SN 
12:00 – 12:50  Lunch and departure   
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Criteria for assessing a staining as Borderline included: 
The staining is considered insufficient, e.g., because of a generally too weak staining, a false negative 
staining or a false positive staining reaction of one of the included tissues. The protocol should be 
optimized. 
TPS (as estimated by NordiQC assessor based on local staining) is not found concordant to the NordiQC 
reference data in all 6 NSCLC cores. 
 
Criteria for assessing a staining as Poor included: 
The staining is considered insufficient due to a false negative or a false positive staining reaction staining 
of more than one of the included tissues. 
An optimization of the protocol is urgently needed. 
TPS (as estimated by NordiQC assessor based on local staining) is not found concordant to the NordiQC 
reference data in all 6 NSCLC cores. 
 
Participation 
Number of laboratories registered for PD-L1 IHC C3 155 
Number of laboratories returning PD-L1 IHC 146 (94%) 
Number of laboratories returning PD-L1 scoring sheet 136 (88%) 

 

Performance history  
This was the third NordiQC assessment of PD-L1. Compared to the previous modules, an improved pass 
rate was obtained in C3 (see Table 2). 
 
Table 2. Proportion of sufficient results for PD-L1 in the three NordiQC runs performed  
  C1 2017 C2 2018 C3 2018 

Participants, n= 68 145 146 
Sufficient results 50% 84% 91% 
 
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). 
 
Table 3. Assessment marks for IHC assays and antibodies run C3, PD-L1 IHC 
CE-IVD / FDA 
approved  
PD-L1 assays 

n Vendor Optimal Good Borderline Poor Suff.1 Suff. 
OPS2 

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, SK0064 8 Dako/Agilent 2 4 1 1 75% - 
28-8 pharmDX, SK005 5 Dako/Agilent 4 1 0 0 100% 100% 
SP142, 740-48595 1 Ventana/Roche 0 0 0 1 - - 
Antibodies6 for 
laboratory developed 
PD-L1 assays, 
conc. antibody 

 Vendor Optimal Good Borderline Poor Suff.1 Suff. 
OPS2 

mAb 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 2 
3 

Biocare 
Zytomed Systems 1 2 1 1 60% 100% 

rmAb clone 28-8 3 Abcam 3 0 0 0 - - 

rmAb clone ZR3 1 
1 

Cell Marque 
Zeta Corporation 2 0 0 0 - - 

rmAb clone QR1 2 Quartett / Biocyc 1 1 0 0 - - 
rmAb BSR90 1 Nordic Biosite 1 0 0 0 - - 
rmAb clone SP1425 1 Spring Biosystems 0 1 0 0 - - 

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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Assessment Run C3 2018 

PD-L1 
Amended version May 14th 2018§ 

 
 
The third assessment in NordiQC Companion module C3 focused on the accuracy of the PD-L1 IHC assays 
performed by the participating laboratories to identify patients with non-small cell lung carcinoma (NSCLC) 
benefitting from immune therapy, either as first line treatment (Pembrolizumab [Keytruda®]) or second line 
treatment (Pembrolizumab, Nivolumab [Opdivo®])§. The PD-L1 expression levels in the circulated material 
used for the assessment were characterized by two CE IVD/FDA approved companion and complementary 
IHC assays, 22C3 pharmDX, SK006 Dako/Agilent, 28-8 pharmDX, SK005 Dako/Agilent, and the CE IVD 
approved SP263 (Ventana). Evaluation of the individual tissue cores and the associated cut-off values were 
used according to the interpretation guidelines provided by the manufacturer of these PD-L1 IHC assays. 
§In the original version, Atezolizumab [Tecentriq®] was erroneously included. 
 
Material  
 
Table 1. Content of the TMA used for the NordiQC PD-L1 C3 assessment  

 PD-L1 
IHC TPS score* 

Eglible for  
treatment**  

 
 
 
 Cell line controls***   

1-4. Cell lines NA  NA 

Tissue controls   

5. Tonsil NA  NA 

6. Tonsil NA  NA 

7. Placenta NA  NA  

NSCLC   

8. NSCLC No <1% No/No 

9. NSCLC Low 1-49% No/Yes 

10. NSCLC High ≥50% Yes/Yes  

11. NSCLC No <1% No/No 

12. NSCLC Low 1-49% No/Yes  

13. NSCLC High ≥50% Yes/Yes 
* Tumour proportion score (TPS) determined by PD-L1 IHC 28-8, SK005 & 22C3,  
SK006 Dako performed in NordiQC reference lab.  
** Using present recommendations for cut-off value of TPS ≥ 50% and 1-49%  for first line treatment (Keytruda®) and second line 
(Keytruda® and Opdivo®), respectively. 
*** Cell lines, HistoCyte (1-4). The series included a cell line with a negative TPS, very low TPS, intermediate/low TPS and high TPS. The 
cell lines were not included in the assessment but will later be used for digital image analysis. 
 
All tissues were fixed in 10% neutral buffered formalin. 
The participating laboratories were asked to perform the PD-L1 IHC assay, interpret the PD-L1 expression 
level and submit these scores to NordiQC. This allowed assessment of the technical performance 
(analytical accuracy) of the PD-L1 IHC assays and provided information on the reproducibility and 
concordance of the PD-L1 interpretation results among the laboratories. 
 
PD-L1 IHC, Technical assessment 
 
Criteria for assessing a staining as Optimal included: 
The staining is considered perfect or close to perfect in all of the included tissues.  
TPS (as estimated by NordiQC assessor based on local staining) is concordant to the NordiQC reference 
data obtained in all 6 NSCLC cores. 
 
Criteria for assessing a staining as Good included: 
The staining is considered acceptable in all of the included tissues. However, the protocol may be 
optimized to ensure the best staining intensity, counter staining, morphology and signal-to-noise ratio.  
TPS (as estimated by NordiQC assessor based on local staining) is still concordant to the NordiQC 
reference data in all 6 NSCLC cores. 
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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, PhDw

Background: Programmed cell death ligand-1 (PD-L1) ex-
pression is a predictive biomarker for anti-PD-1 immunotherapy
in non–small cell lung cancer. Different immunohistochemistry
(IHC) assays have been developed on histologic material with
different cutoffs for positivity. More than one third of the pa-
tients are diagnosed on cytology alone. We hypothesized that
cytologic cell block material is suitable for PD-L1 analysis.

Materials and Methods: Eighty-six paired samples of malig-
nancies from the lung where cytologic cell block and histologic
material were available from the same lesion were stained with
PD-L1 IHC 28-8pharmDx and PD-L1 IHC 22C3pharmDx.
Scorings of like material (cytology or histology) stained with
different assays were analyzed in order to evaluate the analytical
agreement between assays. Scoring of different materials stained
with like assays were analyzed in order to evaluate the agree-
ment between cytology and histology.

Results: A high degree of agreement was found between 28-
8pharmDx and 22C3pharmDx, whether applied to histologic or
cytologic cell blocks, with Pearson R2 of 0.95. The Pearson R2

between 2 rounds of assessment of the same assay on the same
type of material was also 0.95. The agreement between histo-
logic and cytologic specimens was high with Pearson R2 0.87 to
0.89 and overall agreement between 85% and 95%. There was

no bias toward lower prevalence of positivity with cytology than
with histology. Disagreement was related to heterogeneity of the
histologic tumor sample.

Conclusion: PD-L1 assessment is feasible on cytologic material
with the tested assays using cutoffs for positivity similar to those
used on histologic material.

Key Words: PD-L1, immunohistochemistry, cytology, histology,
agreement

(Appl Immunohistochem Mol Morphol 2017;00:000–000)

Immune checkpoint inhibitor therapy for non–small cell
lung cancer (NSCLC) has shown promising clinical re-

sults. Current data suggest that patient outcome with
such drugs as nivolumab and pembrolizumab is related to
the programmed cell death ligand-1 (PD-L1) protein
expression on the malignant cells as measured by
immunohistochemistry (IHC).1–4 Only patients with
histologic material were included in the clinical trials.
Thus, the predictive value of the PD-L1 IHC clone
28-8pharmDx (28-8pharmDx) and PD-L1 IHC clone
22C3pharmDx (22C3pharmDx) has not been evaluated
on cytologic specimens in the clinical trials that have led
to the approval of nivolumab and pembrolizumab. Con-
sequently, these assays are approved for histologic
specimens only.

About 80% of NSCLC patients are diagnosed in an
advanced stage. For these patients only the tumor sam-
ples obtained during the diagnostic work-up are avail-
able. Minimally invasive procedures have been refined,
and cytologic material is obtained from many of these
procedures.5–8 Thus, today 1/3 to 1/2 of NSCLC patients
are diagnosed on the basis of cytologic specimens alone.9

Different tumor cells can show distinct morphologic
and phenotypic profiles. Intratumor heterogeneity has
impact on the expression of different markers, including
PDL-1 expression, in specimens taken from different
parts of a tumor.10

28-8pharmDx and 22C3pharmDx were developed
and optimized as predictive markers for nivolumab and
pembrolizumab therapy, respectively.11,12 For both as-
says partial or complete membrane staining on malignant
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Figure 2 shows staining of the same cytologic
specimen with 22CpharmDx and 28-8pharmDx. More-
over, here the staining appears identical.

R2 between 2 rounds of histology with 22C3pharmDx
is 0.95.

The relation between PD-L1 protein expression
heterogeneity of the tumor as evaluated on histologic
material (biopsies and resections) and disagreement
between histology and cytology scoring with the
28-8pharmDx was explored. Disagreement was strongly
associated with the tumor being heterogenous on histol-
ogy, especially for the cutoff Z5% positive cells and
Z10% positive cells (Table, Supplemental Digital
Content 7, http://links.lww.com/AIMM/A167). Further
exploration of the scorings of the specimens disagreeing
at the Z1% cutoff revealed that among the 7 pairs scored
as homogenous yet disagreeing, 2 were negative by his-
tology (core biopsies) and positive by cytology. This

result could ensue from heterogenous tumors that had
been sampled from a positive part with the cytology
needle and a negative part by the biopsy.

DISCUSSION
Evaluation of PD-L1 staining in cytology shows

high concordance with histology sampled from the same
lesion. This was applied to both 22CpharmDx and 28-
8pharmDx. There does not seem to be any bias toward
lower prevalence of positivity with cytology than with
histology. The discrepancies that were observed between
cytologic and histologic specimens were associated with
the heterogenous staining of PD-L1 on histologic speci-
mens. A heterogenous tumor that is being sampled 2
times from different locations cannot be expected to yield
identical readings from the 2 samples, no matter the an-
alytical agreement of the methods.

Only one other study has reported paired cytologic
and histologic assessments of PD-L1 expression in
NSCLC (abstract19). Thirty-one paired specimens were
assessed with PD-L1 antibodies (assays were not speci-
fied). The overall agreement was 0.80 in adenocarcinoma
and 0.93 in squamous cell carcinoma. The cutoff for
positivity was not reported.

To determine whether a different cutoff should be
used for cytology than for histology, for example Z5%
positive cells for one and Z1% positive cells for the
other, we evaluated the PD-L1 expression in 11 catego-
ries. Thus, the evaluation was more detailed than the
evaluation in a simple dichotomous evaluation (positive
or negative with different cutoffs for positivity) that is
proposed for PD-L1 as a predictive biomarker. This was a
challenge in particular with the cutoff values of Z1%,
Z5%, and Z10%, as these cutoffs are close together.
Despite this detailed evaluation, good agreement was
observed between histology and cytology. Several studies
have indicated that the clinical benefit of nivolumab and
pembrolizumab increases with higher expression of PD-
L1 positivity.1–4 Whether a more detailed evaluation of
PD-L1 expression than a simple dichotomous classi-
fication will result in clinically relevant information
regarding treatment outcome remains to be seen.

TABLE 2. Prevalence of Positive PDL-1 Reaction in Histologic
and Cytologic Specimens for Different Cuttoffs

Prevalence Positivity
Histology [% (95% CI)]

Prevalence Positivity
Cytology [% (95% CI)]

PD-L1 IHC 22C3pharmDx
Cutoff Z1%
positive cells

47 (36-57) 43 (33-54)

Cutoff Z5%
positive cells

36 (27-47) 33 (24-43)

Cutoff Z10%
positive cells

29 (21-39) 27 (19-37)

Cutoff Z50%
positive cells

13 (7-21) 19 (12-28)

PD-L1 IHC 28-8 pharmDx
Cutoff Z1%
positive cells

50 (40-60) 44 (34-55)

Cutoff Z5%
positive cells

37 (28-48) 35 (26-45)

Cutoff Z10
% positive
cells

34 (25-44) 30 (22-41)

Cutoff Z50%
positive cells

20 (13-29) 16 (10-25)

CI indicates confidence interval; IHC, immunohistochemistry; PD-L1, pro-
grammed cell death ligand-1.

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

Cutoff Z1% Positive Cells Cutoff Z50% 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 Z1% positive cells Cutoff Z5% positive cells Cutoff Z10 % positive cells
PD-L1 IHC 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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Workshop in Diagnostic Immunohistochemistry 
Aalborg University Hospital, September 20th – 22nd 201 

Program                                PRELIMINARY 
Wednesday, September 20th  
09:30 – 10:00  Arrival, coffee 
10:00 – 10:15 15 Welcome and introduction SN 
10:15 – 11:00 45 Immunohistochemical principles:  

The technical test approach – pre-analytical phase I 
ON 

11:05 – 11:50 45 Immunohistochemical principles:  
The technical test approach – pre-analytical phase II ON 

12:00 – 12:45 45 Immunohistochemical principles:  
The technical test approach - analytical phase I 

MB 

12:45 – 13:30 45 Lunch  
13:30 – 14:15 45 Immunohistochemical principles:  

The technical test approach - analytical phase  II 
MB 

14:20 – 15:05 45 Immunohistochemical principles:  
The technical test approach - post-analytical phase I SN 

15:05 – 15.25 20 Coffee  
15:25 – 16:10 45 Immunohistochemical principles:  

The technical test approach - post-analytical phase II 
SN 

16:15 – 17:00 45 Immunohistochemical classification of breast 
tumours 

AVL  

17.00 – 19.00  Social arrangement (optional) – Keglespil (Skittles)  

Thursday, September 21st  
08:15 – 09:00 45 Optimization of antibodies, selection, protocols and 

controls – breast tumours SN 

09:00 – 09:45 45 Immunohistochemical classification of the 
unknown primary tumour – part I 

MV 
 

09:50 – 10:10 20 Coffee  
10:10 – 10:40 30 Optimization of antibodies, selection, protocols and 

controls – unknown primary tumours part I SN 

10:45 – 11:30 45 Immunohistochemical classification of the 
unknown primary tumour – part II MV 

11:35 – 12:05 30 Optimization of antibodies, selection, protocols and 
controls – unknown primary tumours part II SN 

12:10 – 13:00 50 Lunch  
13:00 – 13:45 45 Immunohistochemical classification of lung 

tumours - Lung cancer, diagnosis and prediction  HH  

13:50 – 14:20 30 Optimization of antibodies, selection, protocols and 
controls – lung tumours 

ON 

14.25 – 14:45 20 Coffee  
14:45 – 15:30 45 Immunohistochemical classification of 

haematolymphoid tumours SH 

15:35 – 16:20 45 Optimization of antibodies, selection, protocols and 
controls – haematolymphoid tumours 

MB 

16:25 – 16:40 15 Discussion  
19:00 –  Workshop Dinner at Restaurant Søgaards Bryghus, C.W. Obels Plads 4 

Friday, September 22nd  
08:45 – 09:30 45 Immunohistochemical double stainings – overview, 

considerations and applications 
MB 

09:35 – 10:05 30 Immunocytochemistry and immunohistochemistry 
on frozen sections – overview, considerations and 
applications 

ON 

10:05 – 10:25 20 Coffee  
10:25 – 10:55  30 Immunohistochemical stainers – overview, pro- 

and cons 
SN 

11:00 – 11:45 45 Image analysis in IHC - overview, considerations 
and applications 

RR 

11:45 – 12:00 15 Discussion and evaluation SN 
12:00 – 12:50  Lunch and departure   
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