
The unknown primary tumour: 
IHC for diagnostic use

NordiQC workshop, Aalborg, 29. September – 1. October 2021
Rasmus Røge, MD, PhD

NordiQC scheme organizer, Senior registrar, 
Department of Pathology

Aalborg University Hospital

1



Unknown primary tumour

• Tumour appearing in metastatic setting without a known primary 
tumour

• Important to correctly classify since tumour type determines surgical 
and oncological treatment

• Diagnostic approach for unknown primary tumour can be used in 
most diagnostic settings
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Unknown primary tumour

• Differences in prognosis
• Differences in treatments

• Lymphomas (malign or “benign”)
• Carcinomas
• Germ cell tumours
• Sarcomas

• Pathology tests can guide diagnostic proces
• Risk of heriditary or occupational cancer 
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Unknown primary tumour

Ideally we want to know

• Type of cancer

• Primary or metastasis

• Site of origin
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Immunohistochemical panels !

Based on
• Most likely diagnosis (clinical information, morphology)
• Relevant other diagnosis
• Rare but important diagnosis

Selection of IHC antibodies for diagnostic algorithm
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IHC panels for unknown primary tumour
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• Primary panel
• Which overall tumour type

• Secondary cytokeratin panel
• Information on site of origin

• Secondary organ specific panel
• Confirmation (or rejection) of diagnosis with organ specific marker



IHC panels for unknown primary tumour
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Unknown 
primary Carcinoma Colon

adenocarcinoma

NOT:

Lymphoma
Melanoma
Sarcoma

NOT:

Lung adenocarcinoma
Squamous carcinoma
Urothelial carcinoma

Primary panel Secondary panel



IHC classification of unkown primary tumour

• Adenocarcinomas (80-90%)
• Lung, breast, prostate, colon, ovary, pancreas

• Squamous cell carcinoma (5-10%)
• Lung, esophagus, cervix

• Undifferentiated neoplasms (5-10%)
• Carcinomas, sarcomas, melanomas, germ cells tumours
• Lymphomas
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Easy cases – no IHC?!
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Colon adenocarcinoma Renal clear cell carcinoma



Undifferentiated cases
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??



Primary panel

Neoplasms CD45 Pan cytokeratin S100 Vimentin

Haematopoietic / 
lymphoid (+) (-) (-) (+)

Epithelial - (+) -/+ -/+

Mesothelial - + - +

Mesenchymal - (-) (-) +

Melanoma - (-) + +

Germ cell - -/+ -/+ +
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+ ~ 100% pos.
(+) >  90%
+/- ~ 50-90%
-/+ ~ 10-50%
(-) < 10%
- ~ 0%



Primary panel

Neoplasms CD45 Pan cytokeratin S100 Vimentin

Haematopoietic / 
lymphoid (+) (-) (-) (+)

Epithelial - (+) -/+ -/+

Mesothelial - + - +

Mesenchymal - (-) (-) +

Melanoma - (-) + +

Germ cell - -/+ -/+ +
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+ ~ 100% pos.
(+) >  90%
+/- ~ 50-90%
-/+ ~ 10-50%
(-) < 10%
- ~ 0%



CD45 – Leucocyte common antigen

• Protein tyrosin phosphatase, receptor type C (PTPRC)
• Important regulator of T- and B-cell antigen receptor signaling
• Expressed on all hematopoietic cells
• Exception: Plasma cells, erythrocytes and megakaryocytes
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CD45 - isoforms

• Alternatively spliced variance in 
extracellular components
• 5 isoforms: ABC, AB, AC, B, 0
• Isoforms expressed on different 

subsets of lymphocytes
• Naïve T-cells: CD45RA, CD45RB
• Activated T-cells: CD45R0
• B-cells: CD45ABC, CD45RA
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CD45 - isoforms
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Normal lymph node

CD45RO – T-cells

CD45RA – B-cells



CD45
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Normal lymph node Malignant lymphoma



CD45 – positive carcinoma?
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CD45 – negative in some lymphomas
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Hodgkin lymphoma



Primary panel

Neoplasms CD45 Pan cytokeratin S100 Vimentin

Haematopoietic / 
lymphoid (+) (-) (-) (+)

Epithelial - (+) -/+ -/+

Mesothelial - + - +

Mesenchymal - (-) (-) +

Melanoma - (-) + +

Germ cell - -/+ -/+ +
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+ ~ 100% pos.
(+) >  90%
+/- ~ 50-90%
-/+ ~ 10-50%
(-) < 10%
- ~ 0%



Pan cytokeratin

• Group of intermediary filaments
• Part of the cytoskeleton in epithelial 

cells
• Important for mechanical strength of 

cells and cellular functions
• Many different types:

• Group I: acidic
• Group II: basic or neutral

• Paired expression
• Different cytokeratins seen in different 

tissues
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Cytokeratin
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Neutral/Basic (B, class II)
Acidic (A, class I)

1
10

4
13

5
14 17 19

7
20

8
18

Squamous epithelia:
- suprabasal, keratinizing  +++ - - + ++ (+) - - - -
- suprabasal, non-keratinizing + +++ +++ + ++ (+) - - - -
- basal cells (tonsil, mucosa) - - - +++ +++ (+) (++) (+) - (+)
Transit. epith.: superficial cells - - - - - - +++ +++ ++ +++
- intermediary. / basal cells - (+) +++ (+++) - (++) +++ +++ (+) +++

Mesothelium - - - ++ ++ + +++ +++ - +++
Bronchus, breast, prost., cerv.:
- basal/myoepithelial cells - - - +++ ++ +++ ++ - - -
- luminal cells - - - + + + +++ +++ - +++

Biliary/pancr. ducts, lung alv.,
endometr., renal collect. ducts - - - - - - +++ +++ - +++
Stomach (foveola), intestine - - - - - - +++ (+) +++ +++
Hepatocytes, pancr. acini,
prox. renal tubules - - - - - - - - - +++
Endocrine cells (Merkel, thyroid) - - - - - - (+++) (++) (+++) +++
Smooth muscle (vasc., myom.),
myofibrobl., sm.ves.endothelia - - - - - - + (++) - ++

Courtesy of Professor M. Vyberg



Primary panel

Neoplasms CD45 Pan cytokeratin S100 Vimentin

Haematopoietic / 
lymphoid (+) (-) (-) (+)

Epithelial - (+) -/+ -/+

Mesothelial - + - +

Mesenchymal - (-) (-) +

Melanoma - (-) + +

Germ cell - -/+ -/+ +
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+ ~ 100% pos.
(+) >  90%
+/- ~ 50-90%
-/+ ~ 10-50%
(-) < 10%
- ~ 0%



Pan cytokeratin
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Urothelial carcinoma Squamous cell carcinoma



Pan cytokeratin - micrometasis
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HE Pan cytokeratin



Pancytokeratin
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Small cell lung carcinoma



Primary panel

Neoplasms CD45 Pan cytokeratin S100 Vimentin

Haematopoietic / 
lymphoid (+) (-) (-) (+)

Epithelial - (+) -/+ -/+

Mesothelial - + - +

Mesenchymal - (-) (-) +

Melanoma - (-) + +

Germ cell - -/+ -/+ +
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+ ~ 100% pos.
(+) >  90%
+/- ~ 50-90%
-/+ ~ 10-50%
(-) < 10%
- ~ 0%



Pan cytokeratin - mesothelioma
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Malignant mesothelioma

CK5

CK8



Primary panel

Neoplasms CD45 Pan cytokeratin S100 Vimentin

Haematopoietic / 
lymphoid (+) (-) (-) (+)

Epithelial - (+) -/+ -/+

Mesothelial - + - +

Mesenchymal - (-) (-) +

Melanoma - (-) + +

Germ cell - -/+ -/+ +
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+ ~ 100% pos.
(+) >  90%
+/- ~ 50-90%
-/+ ~ 10-50%
(-) < 10%
- ~ 0%



Synovial sarcoma

Pan cytokeratin – mesenchymal neoplasias
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Angiosarcoma Leiomyosarcoma

Courtesy of Professor M. Vyberg



Primary panel

Neoplasms CD45 Pan cytokeratin S100 Vimentin

Haematopoietic / 
lymphoid (+) (-) (-) (+)

Epithelial - (+) -/+ -/+

Mesothelial - + - +

Mesenchymal - (-) (-) +

Melanoma - (-) + +

Germ cell - -/+ -/+ +
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+ ~ 100% pos.
(+) >  90%
+/- ~ 50-90%
-/+ ~ 10-50%
(-) < 10%
- ~ 0%



Pan cytokeratin - melanoma
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Malignant melanoma



Primary panel

Neoplasms CD45 Pan cytokeratin S100 Vimentin

Haematopoietic / 
lymphoid (+) (-) (-) (+)

Epithelial - (+) -/+ -/+

Mesothelial - + - +

Mesenchymal - (-) (-) +

Melanoma - (-) + +

Germ cell - -/+ -/+ +
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+ ~ 100% pos.
(+) >  90%
+/- ~ 50-90%
-/+ ~ 10-50%
(-) < 10%
- ~ 0%



Pan cytokeratin – germ cell neoplasia
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Seminoma Embryonal carcinoma



Primary panel

Neoplasms CD45 Pan cytokeratin S100 Vimentin

Haematopoietic / 
lymphoid (+) (-) (-) (+)

Epithelial - (+) -/+ -/+

Mesothelial - + - +

Mesenchymal - (-) (-) +

Melanoma - (-) + +

Germ cell - -/+ -/+ +
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+ ~ 100% pos.
(+) >  90%
+/- ~ 50-90%
-/+ ~ 10-50%
(-) < 10%
- ~ 0%



S100

• Family of low molecular weight calcium binding molecules
• Located in nuclei, cytoplasm and cell membranes
• At least 21 different types exist (S100A1, S100A2... & S100B, S100P)

• S100B expressed in
• Glial cells in brain
• Melanocytes
• Fat cells
• Langerhans cell
• Myoepithelial cells
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S100

• Expressed in malignant melanoma

• Also seen in
• Schwannomas
• Neurofibromas
• Chondromas
• Liposarcomas
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S100
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Brain Cartilage



S100
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Tonsil Tonsil



S100
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Malignant melanoma



Primary panel

Neoplasms CD45 Pan cytokeratin S100 Vimentin

Haematopoietic / 
lymphoid (+) (-) (-) (+)

Epithelial - (+) -/+ -/+

Mesothelial - + - +

Mesenchymal - (-) (-) +

Melanoma - (-) + +

Germ cell - -/+ -/+ +

40

+ ~ 100% pos.
(+) >  90%
+/- ~ 50-90%
-/+ ~ 10-50%
(-) < 10%
- ~ 0%



Vimentin

• Cytoplasmic intermediate filament

• Cytoskeleton, support and positioning of 
organelles 

• Expressed in all mesenchymal cells

• Co-expressed with cytokeratins in some 
epithelia

• Co-expressed in mesothelium
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Vimentin HELA cells



Vimentin – expression
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Endometrioid carcinoma Normal brain



Vimentin – stromal tumours
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GIST Leiomyosarcoma



Vimentin - carcinomas
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Thyroid papillary carcinoma Endometrioid carcinoma



Vimentin – other neoplasia
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Malignant melanoma Malignant mesothelioma



Primary panel

Neoplasms CD45 Pan cytokeratin S100 Vimentin

Haematopoietic / 
lymphoid (+) (-) (-) (+)

Epithelial - (+) -/+ -/+

Mesothelial - + - +

Mesenchymal - (-) (-) +

Melanoma - (-) + +

Germ cell - -/+ -/+ +

46

+ ~ 100% pos.
(+) >  90%
+/- ~ 50-90%
-/+ ~ 10-50%
(-) < 10%
- ~ 0%



Primary panel in action
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Pan cytokeratin +

Lymphoma

CD45 +

MelanomaCarcinoma

S100 +
Vimentin +:
Mesenchymal

or something else…



Undifferentiated cases

• 56 year old female
• History of smoking
• Heavy drinker
• Previous cancer 

• Cervix squamous 

• Enlarged lymph node on 
neck
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??
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Diffuse large B-cell lymphoma



Undifferentiated cases

• 49 year old male
• History of smoking
• Previous cancer 

• Seminoma of testis

• Enlarged lymph node in 
groin
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??
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Melanoma



IHC panels for unknown primary tumour
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• Primary panel
• Which overall tumour type

• Secondary cytokeratin panel
• Information on site of origin

• Secondary organ specific panel
• Confirmation (or rejection) of diagnosis with organ specific marker
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Neutral/Basic (B, class II)
Acidic (A, class I)

1
10

4
13

5
14 17 19

7
20

8
18

Squamous epithelia:
- suprabasal, keratinizing  +++ - - + ++ (+) - - - -
- suprabasal, non-keratinizing + +++ +++ + ++ (+) - - - -
- basal cells (tonsil, mucosa) - - - +++ +++ (+) (++) (+) - (+)
Transit. epith.: superficial cells - - - - - - +++ +++ ++ +++
- intermediary. / basal cells - (+) +++ (+++) - (++) +++ +++ (+) +++

Mesothelium - - - ++ ++ + +++ +++ - +++
Bronchus, breast, prost., cerv.:
- basal/myoepithelial cells - - - +++ ++ +++ ++ - - -
- luminal cells - - - + + + +++ +++ - +++

Biliary/pancr. ducts, lung alv.,
endometr., renal collect. ducts - - - - - - +++ +++ - +++
Stomach (foveola), intestine - - - - - - +++ (+) +++ +++
Hepatocytes, pancr. acini,
prox. renal tubules - - - - - - - - - +++
Endocrine cells (Merkel, thyroid) - - - - - - (+++) (++) (+++) +++
Smooth muscle (vasc., myom.),
myofibrobl., sm.ves.endothelia - - - - - - + (++) - ++

Courtesy of Professor M. Vyberg
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Neutral/Basic (B, class II)
Acidic (A, class I)

1
10

4
13

5
14 17 19

7
20

8
18

Squamous cell carcinoma (+) + + ++ ++ (+) (+) (+) - (+)
Urothelial cell tumour - + + + + + ++ ++ ++ ++

Malignant mesothelioma - - - ++ ++ + ++ + - ++

Adenocarcinoma: complex
epithelia (bronch., breast, prost.) - - - (+) (+) (+) ++ ++ - ++
Adenocarc.: biliary tract,
pancr., endom., ovary - - - (+) (+) (+) ++ ++ (+) ++
Adenocarc.: stomach - - - - - - ++ + + ++

Adenocarc.: intestine - - - - - - ++ + ++ ++

Hepatocellular carcinoma
Renal cell carcinoma - - - - - - - + - ++
Endocrine tumours: carcinoids - - - - - - + + - ++
- Merkel cell carcinoma - - - - - - + - ++ ++
- Thyroid carcinoma - - - - - - + ++ - ++

Courtesy of Professor M. Vyberg



CK5

• Indicative of squamous 
differentiation
• Strongly positive in squamous 

cell carcinoma
• Strongly positive in 

mesothelioma
• Often focally positive in 

urothelial carcinoma

55

Squamous cell carcinoma



Confirm squamous cell carcinoma

• Use p40!

• Nuclear transcription factor

• Limited to squamous cell 
carcinomas (and urothelial 
carcinomas)
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P40 squamous



CK5 in mesothelioma
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Mesothelioma Mesothelioma (P40)



CK5 – other uses
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Prostate hyperplasia Prostate adenocarcinoma
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Neutral/Basic (B, class II)
Acidic (A, class I)

1
10

4
13

5
14 17 19

7
20

8
18

Squamous cell carcinoma (+) + + ++ ++ (+) (+) (+) - (+)
Transitional cell tumour - + + + + + ++ ++ ++ ++

Malignant mesothelioma - - - ++ ++ + ++ + - ++

Adenocarcinoma: complex
epithelia (bronch., breast, prost.) - - - (+) (+) (+) ++ ++ - ++
Adenocarc.: biliary tract,
pancr., endom., ovary - - - (+) (+) (+) ++ ++ (+) ++
Adenocarc.: stomach - - - - - - ++ + + ++

Adenocarc.: intestine - - - - - - ++ + ++ ++

Hepatocellular carcinoma
Renal cell carcinoma - - - - - - - + - ++
Endocrine tumours: carcinoids - - - - - - + + - ++
- Merkel cell carcinoma - - - - - - + - ++ ++
- Thyroid carcinoma - - - - - - + ++ - ++

Courtesy of Professor M. Vyberg
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Pancreas adenocarcinoma
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CK7 CK20



Thyroid carcinoma
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CK7 CK20



Renal clear cell carcinoma
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CK7 CK20



Tissue specific panels

• Large number of somewhat tissue specific markers

• Several markers for each potential diagnosis are optimal
• Increases chance of correct diagnosis in tumours with aberrant staining

• Should be combined in panels based on each specific case

• Negative stains also contain important information
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Tissue specific markers
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Breast:
Gata3 

Estrogen receptor 
Mammaglobin

GCDP-15

Lung:
TTF

Napsin
Gastrointestinal:

CDX2
Cadherin 17

SATB2

Kidney:
PAX8

Bladder:
GATA3

Uroplakin II

Prostate:
NKX3.1

Melanoma:
SOX10
MLA

Mesothelioma:
Calretinin

Podoplanin

Neuroendocrine:
SYP
CGA

INSM1

Germ cell:
OCT3/4

CD30
SALL4 Female genitals:

PAX8
WT1
ER

Pancreas:
SMAD4
Gata3

Thyroid:
TTF

PAX8



Tissue “specific” markers
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Case

• 67 y.o. female
• Heavy smoker
• Several tumours in both lungs
• Pleural plaques and exposed to 

asbestos
• Large lymph nodes in mediastinum
• Previous ovarian serous carcinoma
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Biopsy



Case

• Carcinoma
• Lung cancer ?

• Adeno? Squamous? Small cell 
(neuroendocrine)?

• Relapse ovarian serous carcinoma ?
• Mesothelioma ?
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CD45 Pan cytokeratin S100 Vimentin

Negative Positive Negative Negative

Biopsy



Tissue specific markers
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Selected panels
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Lung:
TTF

Napsin

Mesothelioma:
Calretinin

Podoplanin

Neuroendocrine:
SYP
CGA

INSM1

Female genitals:
PAX8
WT1
ER



Selected panels
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Lung:
TTF

Napsin

Mesothelioma:
Calretinin

Podoplanin

Neuroendocrine:
SYP
CGA

INSM1

Female genitals:
PAX8
WT1
ER

All purpose cytokeratins:
CK5
CK7

CK20

Lung
TTF Positive

Napsin Negative

Mesothelioma
Calretinin Negative

Podoplanin Negative

Neuroendocrine

SYP Positive

CGA Positive

INSM1 Positive

Female genitals

PAX8 Negative

WT1 Negative

ER Negative

Cytokeratins

CK5 Negative

CK7 Positive 
(dots)

CK20 Negative



Case
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Biopsy

TTF PAX8

SYP CGA

Small cell lung carcinoma
(neuroendocrine)
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Thank you for your attention!
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