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cancer 

classification 

i.e. diagnosis, 

prognosis & 

prediction, is 

therefore a 

main aim of 

cancer 

pathology. 
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Current classification by cancer type & site 

• Based on resemblance to normal tissue 

counterpart by morphology 

• Classification by type & site is current initial 

predictor of outcome/treatment response 

Abnormality this 

end: metastatic 

colon cancer 

Normal 

liver this 

end 



Tissue-specific genes as cancer biomarkers 

for cancer (tissue) type and site 

• Tumours are derived from specific tissues  

• Normal tissue-specific morphology and 

gene expression is partly retained in 

cancers, both primary and metastatic 

• These tissue-specific markers can be 

used for cancer classification 

– Immunohistochemistry (IHC) for protein 

(standard in pathology) 

– Molecular profiling for RNA 

• Used in panels of multiple markers 
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CUP: clinical and pathological problem 

• CUP occurs mainly in common 

sites of metastasis: 

– Solid organs: liver, lung, bone, brain 

– Lymph nodes  

– Serous cavities 

• But “uncertain” tumours, metastatic 

or primary, may occur anywhere 

– Clinical & pathological work-up similar 

• Aim of pathology in CUP is optimal 

tumour classification to enable 

optimal patient management…  

Image from Royal College of Pathologists 
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4. Sarcoma 3. Lymphoma 

2. Melanoma 



Immunohistochemistry for CUP: 

Step 1: Identify broad cancer type                                          

Carcinoma Cytokeratins and other 
epithelial markers e.g. AE1/3, 
CK7, CK20, CK5, EMA 

Melanoma S100, Melan-A, HMB45 

Lymphoma/ 
leukaemia 

CLA, CD20, CD3, CD138, CD30 
etc. 

Sarcoma Vimentin, actin, desmin, S100,  
c-kit etc 



Immunohistochemistry for CUP: 

Step 1: Identify broad cancer type                                          

Melanoma: Melan-A 
Carcinoma: CK7 



CUP: Step 1: Broad cancer type, comment 

• CUP equates to carcinoma 

• Other broad tumour types (lymphoma, 

melanoma, sarcoma etc) excluded from 

CUP by definition but in practice need 

considered and excluded during work-up 

of uncertain tumours, metastatic or 

primary 

 

Oien 2009 Semin Oncol. 
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CUP Step 2: Identify subtype of carcinoma 

2. Adenocarcinoma 1. Squamous carcinoma 

5. Germ cell tumour: teratoma  

4. Neuroendocrine, poorly 

differentiated: small cell ca. 

3. Solid carcinoma, liver: 

hepatocellular carcinoma 

4 Neuroendocrine, well 

differentiated: carcinoid 



Immunohistochemistry for CUP: 

Step 2: Identify subtype of carcinoma                                      

Adenocarcinoma CK7, CK20, PSA and other adenoca markers  

Squamous ca CK5, p63 

Transitional ca CK7, CK20, urothelin  

Neuroendocrine ca Chromogranin, CD56, synaptophysin, TTF1 

Solid ca: renal RCC, CD10, PAX8, Napsin A 

Solid ca: liver Hepar1, CD10, glypican-3 

Solid ca: thyroid TTF1, thyroglobulin, PAX8 

Solid ca: adrenal Melan-A, inhibin 

(Germ cell tumour) OCT4, PLAP, HCG, AFP 

(Mesothelioma) Calretinin, mesothelin, WT1, D2-40  
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Immunohistochemistry for CUP: 

Step 2: If carcinoma, identify subtype 

Small cell carcinoma IHC for TTF1 



Common carcinoma subtypes in CUP 

Step 1: identify 
broad cancer 
type 
 

• Carcinoma  
• Melanoma  
• Lymphoma/ 

leukaemia  
• Sarcoma  
• (Neuro-glial 

tumours) 

Step 2: if carcinoma  
or related,      
identify subtype  

 

• Adenocarcinoma 
• Squamous ca. 

– Transitional ca.               

• Solid organ ca. 
(hepatocellular, renal, 
thyroid, adrenal)  

• Neuroendocrine ca. 
• (Germ cell tumour) 
• (Mesothelioma) 

30% 
poorly 

different

-iated 

60% 

5% 

5% 

Brewster 2014 Cancer Epidemiology. 



Classification of cancer including CUP:                                         
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Step 1: identify 
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type 
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• Lung  
• Pancreas  
• Colon  
• Stomach  
• Breast  
• Ovary 
• Prostate, etc 



Diagnostic approach: 3. If adenocarcinoma, 

predict primary site if possible 
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Diagnostic approach: 3. If adenocarcinoma, 

predict primary site if possible 

 

 

 

 

 

 

 

 

“Dirty necrosis”: colon 

Diffuse with signet ring cells: 

stomach 

Serous papillary: ovary 

Special stain shows mucin globules 

in signet ring cells 

 H&E morphology alone can predict primary site in up to 50% of cases                                   
(Sheahan. Am J Clin Pathol 1993) 



IHC: Step 3: If adenocarcinoma, predict 

possible primary site(s)  

  PSA 

or 
NKX3.1 

TTF1 

or 
Napsin 
A 

GCDFP-
15 or 
mamm
aglobin 

WT1 

 

PAX8 ER CA125 Meso-
thelin 

CK7 CDX2 
and/or 
CK20 

Prostate  +  -  -  - -  -  -  -  -  - 

Lung  -  +  -  - -  -  -/+  -/+  +  - 

Breast  -  -  +/-  - -  +/-  -/+  -  +  - 

Ovary 
serous 

 -  -  -  + +  +/-  +  +  +  - 

Ovary 
mucinous 

 -  -  -  - -/+  -/+  -/+  -/+  -/+  -/+ 

Pancreas  -  -  -  -   -  +/-  +/-  +  -/+ 

Stomach  -  -  -  -   -  -  -/+  +/-  -/+ 

Colon  -  -  -  -   -  -  -  -/+  + 

 
 

+  = 90% or more,    +/- = 50-90%,    -/+ = 10-50%,    - = 10% or less 

Updated from Dennis, Clin Cancer Res 2005; 11(10):3766-3772. 



Performance & practice of pathology in CUP 

• CUP specimens are usually small needle 

biopsies or cytology specimens 

– May limit testing possible 

• When do we biopsy metastases: early or 

late during initial investigation?  

• Practice varies between pathologists and 

between cases 

– Some pathologists usually diagnose confidently 

on morphology alone, others routinely add IHC 

 

Image from Royal College of Pathologists 



Performance & practice of IHC esp. in CUP 

• IHC is subjective: technical performance 

and microscopic interpretation varies (as 

does actual tissue expression), so IHC 

biomarkers used in panels 

• IHC is selective: often limited tissue & 

time so only few biomarkers can be tested 

(7-8 is usual in CUP) 

• In CUP, one barrier to correct tumour 

classification is simply not selecting & 

testing with most appropriate markers 

– Important for pathologist to request / apply the 

right biomarkers 

 
Image from Wellcome Images; Weiss et al 2012, Schroeder et al 2012 



Can we quantify performance of current 

pathology incl. IHC in CUP classification? 

• 5-6 studies identified in meta-analysis 

– (Difficult to study by definition) 

• Sensitivity of IHC panels was consistent: 

– 82% in mixed primary and metastatic tumours 

– 66-70% in metastases alone 

• Sets baseline for comparison 

Anderson et al 2010, Weiss et al 2012, Sanden et al 2012 



Diagnostic difficulties: “tissue issues” 

• After morphology, with IHC if needed, 

common diagnostic difficulties in classical 

tumour typing are with: 

– Limited viable tissue (“general tissue issues”) 

• Small samples especially if further testing 

requested at end of pathology processes 

• Necrotic samples (tumour tissue “dead”)  

 



Diagnostic difficulties: difficult morphology 

• After morphology, with IHC if needed, 

common diagnostic difficulties in classical 

tumour typing for CUP are with: 

– “Morphology issues” 

• Very poorly differentiated or undifferentiated 

(“anaplastic”) cancers 

• Adenocarcinoma, even well-differentiated, 

without obvious primary site after testing 

– Pancreatico-biliary including cholangiocarcinoma 

– Gastro-oesophageal  

– Ovarian mucinous 

– Atypical tumours from lung, breast etc 

• These are unmet clinical needs for e.g. 

molecular profiling to address 

Dennis, Clin Cancer Res 2005; 11(10):3766-3772. 
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Standardised & multi-disciplinary approaches 

• “CUP” is a diagnosis of exclusion, at the 

end of pathological work-up 

• In difficult cases, e.g. eventual CUP, 

systematic approach ensures all 

possibilities to be considered  

• So most appropriate IHC markers can be 

requested (early) and assessed 

– To lead to tumour classification 

• Guidelines & standards help e.g. NICE, 

ESMO, Peer Review, developing RCPath 

• In clinical context: MDT 

 
Oien 2009 Semin Oncol. 

1.1 Is there a lesion present?
If no, cut in.  If still no, check with imaging how definite lesion was.  If definite, re-biopsy.

1.2. Is it malignant?
If no, then make diagnosis.

3. If carcinoma, what is the subtype: germ cell, squamous, 
neuroendocrine, solid organ e.g. HCC or adenocarcinoma?

If not distinguishable on morphology alone, then useful IHC may include any or all of:                             
(those in bold may be useful representatives of each marker class for a large panel)

Further subtypingAlmost certain carcinoma+--

Diagnose, if need be with confirmatory IHCProbable melanoma-+-

Rare tumor

Sarcoma or rare tumor

Lymphoma

Diagnosis

Review with further IHCMultiple +

(Specialist) diagnosis, subtyping and prognostication---

(Specialist) subtyping and prognostication--+

ActionAE1/3S100CLA

Further subtypingAlmost certain carcinoma+--

Diagnose, if need be with confirmatory IHCProbable melanoma-+-

Rare tumor

Sarcoma or rare tumor

Lymphoma

Diagnosis

Review with further IHCMultiple +

(Specialist) diagnosis, subtyping and prognostication---

(Specialist) subtyping and prognostication--+

ActionAE1/3S100CLA

2. What is the broad type of cancer: carcinoma (broadly including                            
germ cell tumor), melanoma, lymphoma or sarcoma?

If not distinguishable on morphology alone, then apply first-line IHC panel:

Hepar1, canalicular pCEA/CD10/CD13Hepatocellular carcinoma

Chromogranin, synaptophysin, PGP9.5, CD56, TTF1, (CDX2)Neuroendocrine carcinoma

CK5/6, p63, (CK7/20 for transitional cell carcinoma)Squamous carcinoma

PLAP, OCT4, AFP, HCG (for diagnosis then subtyping required)Germ cell tumor

Melan-A, inhibinAdrenocortical carcinoma

TTF1, thyroglobulinThyroid carcinoma

Adenocarcinoma

Renal cell carcinoma

Differential diagnosis

Diagnosed on morphology and lack of markers above plus positivity for 

markers in table below especially CK7/20, PSA

RCC, CD10

Useful positive markers 

Hepar1, canalicular pCEA/CD10/CD13Hepatocellular carcinoma

Chromogranin, synaptophysin, PGP9.5, CD56, TTF1, (CDX2)Neuroendocrine carcinoma

CK5/6, p63, (CK7/20 for transitional cell carcinoma)Squamous carcinoma

PLAP, OCT4, AFP, HCG (for diagnosis then subtyping required)Germ cell tumor

Melan-A, inhibinAdrenocortical carcinoma

TTF1, thyroglobulinThyroid carcinoma

Adenocarcinoma

Renal cell carcinoma

Differential diagnosis

Diagnosed on morphology and lack of markers above plus positivity for 

markers in table below especially CK7/20, PSA

RCC, CD10

Useful positive markers 

Ovary (providing mesothelioma excluded)WT1

Colon; less commonly stomachCDX2+and/orCK20+ but CK7-

BreastGCDFP-15+, mammaglobin+

LungTTF1+

ProstatePSA+, PAP+

OvaryER+ and CA125+/mesothelin+

BreastER+ but CA125-/mesothelin-

Other results e.g. CK7+ but few 

other markers+

CDX2+and/orCK20+ and CK7+

Useful markers

Interpret using full diagnostic table in Figure 8

Pancreas, biliary tract or stomach; less commonly colon

Differential diagnosis

Ovary (providing mesothelioma excluded)WT1

Colon; less commonly stomachCDX2+and/orCK20+ but CK7-

BreastGCDFP-15+, mammaglobin+

LungTTF1+

ProstatePSA+, PAP+

OvaryER+ and CA125+/mesothelin+

BreastER+ but CA125-/mesothelin-

Other results e.g. CK7+ but few 

other markers+

CDX2+and/orCK20+ and CK7+

Useful markers

Interpret using full diagnostic table in Figure 8

Pancreas, biliary tract or stomach; less commonly colon

Differential diagnosis

4. If adenocarcinoma, then can we predict the primary site        
e.g. prostate, lung, breast, colon, ovary                       
or pancreas, biliary tract or stomach?

Morphology may provide clues.  IHC is helpful particularly through the more specific markers (those 
commonly used in bold) but should be undertaken as a panel to avoid errors (see Figure 8):

e.g. flowcharts 



New IHC biomarkers 

• Emphasis on (nuclear) transcription 

factors 

– c.f. cytoplasmic and membranous 

proteins 

• Examples  

– PAX8: ovary, kidney, thyroid 

– GATA3: breast & transitional carcinomas  

– SATB2: colorectal & renal  

– SF1: adrenal cortical carcinoma  

– (Arginase-1, uroplakin 2) 

 

Connor & Hornick, Adv Anat Pathol 2015;22:149–167 

H&E 

Membranous or 

cytoplasmic 

Nuclear 



Molecular profiling in CUP 

• Large-scale profiling for CUP 

achieved at mRNA, miRNA, DNA 

and epigenetic levels 

– Molecular profiling for primary site esp. 

mRNA/miRNA 

• Augments existing classification? 

– Molecular analysis for actionable 

mutations 

• New classification/taxonomy 

 

Image from Royal College of Pathologists; Pillai et al 2011, Stancel et al 2012, Erlander et al 2011, Meiri et al 2012 



Molecular profiling for primary site: rationale 

• “Different tissue types have distinct RNA 

profiles” (…or protein…etc)  

• Yield tumour type, site and/or subtype i.e. 

classic taxonomy 

• IHC and mRNA molecular profiling use 

similar tissue-specific genes: 

– Molecular profiling tests more genes and may 

be less subjective 

 

Greco 2014, Pillai et al 2011, Stancel et al 2012, Erlander et al 2011, Meiri et al 2012, Oien  2012 



Three CUP RNA tests commercially available 

Tissue of Origin 

(TOO) test 

(Response 

Genetics, previously 

PathWorks Diagnostics) 

miRview mets2 

(Rosetta 

Genomics) 

 

http://rosettagenomics.com/ 

http://www.responsegenetics.com/products-services/tissue-of-origin-testing/ 

Cancer Type ID 

(CTID)  

(bio-

Theranostics) 



Molecular profiling for primary site: results 

• 10% of tests yield no result 

• Tumours difficult for morphology 

and IHC often also difficult for 

molecular profiling  

• In poorly differentiated tumours, 

molecular profiling may: 

– Out-perform IHC by 10-20% 

– Change diagnosis in up to 50%  

– Affect patient management in most? 

• Interpret in context of clinical and 

pathological findings 

 



Technology Assessment on CUP Tests 

• “Clinical accuracy of all three tests is 

similar: 85-88%. Test accuracy in CUP 

cases is not easily determined, because 

actual TOO is not identified in most cases.  

• The evidence that the tests contribute to 

identifying a TOO is moderate.  

• We do not have sufficient evidence to 

assess the effect of the tests on 

treatment decision and outcomes.” 

• Which should be focus of future research 

• Utility, funding? 

2013 http://www.ncbi.nlm.nih.gov/pubmedhealth/PMH0073073/pdf/TOC.pdf/ 



Molecular analysis for actionable mutations 

• New classification/taxonomy 

• Approach?  Panel? 

– e.g. FoundationOne, Caris, BioTheranostics 

Image from Royal College of Pathologists 



Varghese, Abstract #411, ASCO 2015 



Copyright © 2015 American Medical 

Association. All rights reserved. 

From: Comprehensive Genomic Profiling of Carcinoma of Unknown Primary Site:  New Routes to Targeted 

Therapies 

JAMA Oncol. 2015;1(1):40-49. doi:10.1001/jamaoncol.2014.216 

Alteration Frequency of Key Genes in Cases of Adenocarcinoma of Unknown Primary Site (ACUP) vs non-ACUP 

Figure Legend:  



Conclusions: Pathology incl. IHC in CUP 

• Pathology, with IHC if needed, remains 

“gold standard” in tumour classification, 

especially where: 

– Tumour has obvious likely primary and/or 

– Tumour is at least moderately differentiated 

and/or 

– IHC results are classical and/or 

– The clinical context is appropriate 

• Optimal pathology enabled by:  

– Standardised approach incl. IHC 

– MDT approach to enable full clinical context 

and knowledge of potential treatments 



Conclusions: Unmet clinical needs 

• Poorly differentiated cancers and adeno-

carcinomas without obvious primary, 

especially where: 

– Current pathology equivocal for management 

or conflicting with clinical context 

– Diagnosis either truly unknown or includes 

multiple possible differentials 

– Limited tissue or time? 

• Better prediction of treatment benefit 

• Discussion: role of molecular pathology for: 

– Site/type 

– Actionable mutations 
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