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Overview
Nature of Cancer, Weinberg, partly Chapter 2

 Nature of proliferative lesions

 Cancer as a genetic/epigenetic lesion

 Effect on cells and tissue organization, in situ and 
invasive.

 Tumor growth and heterogeneity

 Cancer incidence across gender, organs..

 Pathology evaluation of neoplasms, classification, 
histogenesis vs differentiation, benign and malignant, 
grade, stage+

 Cancer evolution





Proliferative causes of a mass…

• Hyperplasia: Polyclonal proliferation, 
physiological, reversible, not genetic alteration 
based

• Dysplasia: Disordered growth with proliferation 
and atypia, non obligatory precursor to cancer

• Neoplasm: Abnormal clonal proliferation, 
somewhat autonomous, driven by genetic and 
epigenetic changes

• Other: Hamartoma, choristoma and metaplasia, 
(mass forming: inflammation, hematoma)







































Cancer incidence and death rate in US



Pathologic evaluation of tumors: The case of 
integrated representation

 Light microscopy, Electron microscopy

 Immunohistochemistry:identifying diagnostic 
prognostic and predictive proteins.

 Flow cytometry: characterizing cell surface 
antigens/cell population.

 Molecular genetic characterization: Multiomic 
approach: copy number changes, translocations, 
expression, mutational analysis, micro RNA, 
methylation, proteomics… 



Classification of Neoplasia

• Histogenesis/differentiation-Organ of origin and tissue and cell type

• Grade: degree of differentiation i.e. resemblance to normal/mature 

tissue (Well, Mod, Poorly Diff, 1,2,3)

• Molecular features: diagnostic, prognostic, predictive

• Biological behavior: benign to malignant continuum

• Stage: extent of disease/spread (size, lymph node status, distant 

disease)





















Immunohistochemical characterization of unknown 

primary

 Carcinoma: pan CK, HMWCK, LMWCK, CK7, CK20, 
Ck5, p63, p40, TTF1-lung/thyroid, CDX-2-GI, PAX-8-
Mullerian, renal, thyroid, prostate NKX3.1 and PSA, AR

Breast: TRPS-1, Mammaglobin, GCDFP-15, GATA3, ER 
PR

Sarcoma: Desmin, S100, SOX-10, Skeletal muscle 
(MyoD1, myogenin), endothelium(CD34, CD31, ERG)

Lymphoma: CD45, CD3, CD20, Ig gene rearrangement

Melanoma: SOX10, S100, HMB45, Melan A, Tyrosinase, 
Prame, MiTF























Staging: extent of malignancy 

relates to prognosis

• TNM staging: T- tumor size, N- extent of 

lymph node involvement, M- presence or 

absence of metastasis

(nonanatomical prognostic factors)

Site and sometimes tumor type specific

Stage: I,II,III,IV



Cervical cancer staging

• Stage I: confined to uterus(93%/5yr)

• Stage II: invades beyond uterus but not 

pelvic wall or lower third of vagina 

(63%/5yr)

• Stage III: extends to pelvic wall or lower 

third of vagina (35%/5yr)

• Stage IV: invades bladder or rectal 

mucosa or beyond true pelvis(16%/5yr)















Colon Cancer Evolution

Adenoma to Carcinoma















Molecular events in colon 

cancer



Breast

TDLU, ADH, DCIS, invasive 

carcinoma

























The Problem 
 Breast cancer is a highly heterogeneous and complex 

set of diseases

 Breast cancer complexity elements: Risk factors (epi, 

germ line/ inherited, histology…SNP), diagnosis, biology 

(hallmarks of cancer), prognostic and predictive  

markers, treatment, follow-up and evolution. And of 

course prevention



The Solution…comprehensive analysis

 Characterization of breast cancer traditionally relied 

on histologic diagnosis and classification, grading, 

immunohistochemical and limited copy number profile 

(ER, PR, Her-2, Ki-67), staging (TNM), and in the last  

two decades increasingly  molecular characterization 

(multi-omic approach).  These characteristics may be 

mapped to various complexity elements i.e. prognosis, 

therapy….



The challenge…
 The challenge is to create an integrated 

representation that will enhance our understanding 

and impact the disease course.

 As such, classification of breast cancer attempts to 

define the heterogeneity and allow for 

constricting/reducing the heterogeneity of a class thus 

defining a convergent phenotype i.e. commonly 

behaving and responsive tumors.



Breast cancer by Histology
WHO defined 21 subtypes
D. Vuong …Virchows Arch (2014) 465



Molecular characterization
D. Vuong …Virchows Arch (2014) 465



Summary
 Cancer is a genetic and epigenetic phenomenon

 May  arise from any cell type, manifesting as benign, 
borderline or malignant

 Classified based on histologic, immunohistochemical 
and molecular features.

 Requires understanding of intrinsic tumor 
characteristic and extrinsic tissue microenvironment



Outlook in the face of complexity

The emergence of light initially is blinding/confusing until 
you adjust to the newly revealed reality. That reality may be 
more complex/or just different  than your previous 
conception, akin to the  transition in the early part of the last 
century from a Newtonian world to Quantum mechanical 
based world. However it has the benefit s of providing an ever 
clearer picture of reality. 

The combination of the underlying biology, technology, luck, 
false discovery , hypothesis generation and validation 
capacity are front and center and will determine how soon we 
can exploit this knowledge and reach the promised land…
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