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Breast cancer, the diagnosis 

• 17 different types of breast cancer is recognized by 
histologic appearance (WHO) 
•  ~60% is Ductal carcinoma not otherwise specified 

•  10-15% is Lobular carcinoma 

• No major importance in clinical decisions 



Grouping of breast cancer 
Size, nodal 
involvment, 
metastases 
TNM 

Age Grade ER/PgR, Ki67, HER2 

Grade 1 

Grade 2 

Grade 3 Estrogen receptor, ER 

HER2/erbB2 

HER2/erbB2 



Norwegian guidelines, adjuvant systemic 
treatment 01.09.15  



Molecular subclassification of breast cancer... 



Russnes et al. JCI 2011  

Molecular subtypes 
A relationship between phenotypic and genomic subtypes 



Local Immune response  

Innate	Immunity	 Adap.ve	Immunity	

	
•  First	line	of	defense	
•  Present	in	.ssue	
•  Recruite	immune	cells	to	sites	of	

infec.on	(inflamma.on)	
•  Engulf	pathogens	or	cell	debris	
•  Present	an.gens	
•  Ac.vates	the	adap.ve	system	

•  Clonal	expansion	
•  An.bodies	or	cell	receptors	

target	specific	an.gens	
•  May	kill	targeted	cells	
	

Courtesy, Inga H. Rye 



Adaptive immunity 

Courtesy, Inga H. Rye 



TILs; tumour infiltrating lymfocytes 

•  Association with outcome first documented in 
1922 (Sistrunk and Maccarty, Ann. Surg 1922) 

•  Tumors with oncogene amplifications had more 
frequent increased numbers of TILs (Tang et al. J Cell. 
Biochem 1990) 

•  Infiltrative TILs capable of cytolytic activity and 
cytokine secretion (Schwartzenstruber et al. 1991 and 1992, Tanaka et al. 
1991) 



Different types of immune response 

Salgado et al, Ann of Oncology 2015 



Immune response vary during cancer development 

Dunn et al., Nature reviews 2006 



Immune response in tissue 



Tumorcells 

Leukocytes, mainly in stroma 

Tumor #1 



Tumorcells 

Stroma 

Tumor #1 



Tumorcells 

Stroma 

Tumor #2 



Tumorcells 

Leukocytes 

Stroma 

Tumor #2 



Tumor #2 



Tumor #3 



Immune response in tissue 

•  Varies between tumors 
•  Varies within tumors 
•  Morphology alone cannot reveal type of 

lymphocytes 
 



Methodology for immuno phenotyping of 
solid tumors 

•  Flow cytometry (needs 
dissociation, “bulk” tumor) 

•  Cell morphology (microscopy) 
•  IHC, selected markers 

(microscopy) 
•  Phenotype by molecular 

analyses, gene expression/
protein signatures (“bulk” tumor) 

•  NB: tissue preservation is of 
major importance 

Flow sort 

Stain with fluorescence 
labeled antibodies 

Data analysis Dissociate 
tumor 



Bias in sampeling 

• “Fresh” tissue piece for research is selected prior to microscopic 
examination 
• Methodology using FFPE tissue will secure selection of 
representative part of tumor by dissection 

Not representative! 

Representative! 



Assessment by morphology 





Prognostic information in Triple Negative 
Breast Tumors  

Adams et al, JCO 2014 

Stromal lymphocytes Intratumor lymphocytes 

50-80% 
50-80% 

20-40% 
20-40% 

10% 
10% 
0 % 0 % 

n=481, triple negative breast tumors, adjuvant treated with doxorubicin + docetaxel/
cyclophosphamid 



       ITL (intra- tumor lymphocyte) 
    ATL (Adjacent-tumor lymphocyte) 

Distal-tumor 

Adjacent-tumor 

Intra- tumor 

  

Yinyin Yuan, 2014 

High 
ITL 

Low ITL 

P<0.00009 
S

ur
vi

va
l  

%
 

Digital imaging of tissue sections 



Mahmoud et al. J Clin Pathol 2012;65:159-163 

intratumoral 

Adjacent 

Stromal 

Dense macrophage infiltration 

Sparse macrophage infiltration 

Total 
macrophage 

Adjacent 
macrophage 

Macrophages 
CD68 

Assesment by immunohistochemistry 



Cytotoxic T cell (CD8+) infiltration in BC 

Luminal A Luminal B 

Shuzhen Liu, Breast Cancer Research 2012 

Basal-Like Triple Negative 

HER2+/ER- 

P<0.001 P=0.001 

P<0.064 P=0.506 P=0.104 

No CD8+  Intra-
tumoral 
lymphocytes 
CD8+ Intra-tumoral 
lymphocytes 



Assessment by gene expression  
Immune response in ER negative tumors 

Teschendorff et al, 2007 

“High response 
signature” 

“Low response 
signature” 

Time to distant metastasis 

P=0.009 

Immune Response 

n=187   



29	

Kristensen VN et al, PNAS 2012;109 

Th1 Th2 

Worse 
prognosis 

5 Paradigm clusters 
High Th1/Th2 
(Basal/
ERBB2)  

Low Th1/Th2  
(Basal) 

5 Paradigm clusters 

Low Th1/Th2  
(Basal) 

High Th1/Th2 
(Basal/
ERBB2)  

Assessment by gene expression and 
CNA 



Predictive power 

•  Need to know tumor subtype and type of 
immune response 

•  Prediction of effect of “existing” adjuvant/neo-
adjuvant therapy? 

•  Prediction of effect of immune modulating 
therapy/immune checkpoint inhibitors? 
–  Specific markers? 
–  Mutation burden? 
–  Gene expression signatures? 

•  Vaccines? 



Immune cells in HER2+ tumors predicts 
response to trastuzumab 

Immune enriched tumors Non-enriched tumors 

Perez et al, 2015 

    Chemotherapy 
    Chemotherapy+ trastuzumab   

    Chemotherapy 
    Chemotherapy+ trastuzumab   

n=1282, early stage HER2+ breast cancer patients 



Predictive power, adjuvant treated BC 

Savas et al., Nature Review Clinical 
Oncology, April 2016 



Predictive power, neo-adjuvant treated BC 

Savas et al., Nature Review Clinical 
Oncology, April 2016 

Can pre-surgery treatment 
mobilize an anti-tumor immune 
response even early stage BC 
patients could benefit from? 



Conclusion 

•  Immunological response differ between breast 
cancer subtypes 

•  Immunological response is influenced by some 
types of standard treatment 

•  Clinical trials must assess both the molecular 
fingerprint of cancer cells as well as the 
immunological! 

•  Tissue selection and methodology is essential 



Integrating tumor derived knowledge with 
characterization of immune response  
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