
ONCOLOGY: TOPICS 

• The nature of cancer 

 

• Multistep carcinogenesis 

 

• Tumor etiology 

 

• Molecular oncology (cf. Cancer Genetic course/module, dr. T. Venesio) 

 

• Tumor-host interaction 

 

• Cancer prevention, early diagnosis and treatment 



THE NATURE OF CANCER 

occurring in vertebrates, invertebrates, plants 

 

first tumor identified 100.000 years ago 

 

originate from normal tissues, able to spread into the whole organism 

 

tumor/neoplasia: benign or malignant (cancer) 

TUMORS AS GENETIC DISEASES 

 OF SOMATIC CELLS 

 

TUMORS ARE RARE DISEASES 

 

monoclonality, heterogeneity, progressivity 



MONOCLONALITY 



HETEROGENEITY 

Marusyk et al., 2012 

http://www.nature.com/nrc/journal/v12/n5/full/nrc3261.html 

 

http://www.nature.com/nature/journal/v501/n7467/full/nature12624.html 

a, New mutations (different coloured stars) can 

increase the heterogeneity within tumours as 

long as the mutations influence cell phenotype 

or function. b, The differentiation of 

tumorigenic cells into non-tumorigenic progeny 

creates heterogeneity within tumours. New 

mutations that occur in non-tumorigenic cells 

would not be propagated (unless they restore 

tumorigenic potential). c, If mutations occur in 

tumorigenic cells, then both clonal evolution 

and the differentiation of tumorigenic cells into 

non-tumorigenic progeny contribute to tumour 

heterogeneity. This is probably what occurs in 

cancers that follow the stem-cell model. This 

means that phenotypic and functional 

differences cannot automatically be ascribed 

to epigenetic differences among tumorigenic 

and non-tumorigenic cells as genetic 

heterogeneity may contribute to some of those 

differences (Meacham & Morrison, 2013) 

http://www.nature.com/nrc/journal/v12/n5/full/nrc3261.html
http://www.nature.com/nature/journal/v501/n7467/full/nature12624.html


PROGRESSIVITY 

Nitrosamine-induced invasive carcinoma of the mouse bladder arises from basal stem cells that express Shh and CK5. 

Normal basal cells accumulate mutations at early stages of carcinogenesis and initiate clonal expansions to form 

intermediate CIS lesions, as indicated by green, yellow and red colours. During this process, one or two clones become 

dominant and expand to repopulate the entire urothelium, generating mono/oligo-clonal CIS (Carcinoma In Situ) lesions. 

CIS basal cells in one of these lesions then lose expression of Shh on establishment of invasive carcinoma (Shin et al., 

2014). 



GLUCOSE METABOLISM IS MODIFIED IN TUMOR CELLS 

Vander Heiden et al., 2009, modified 





EPIDEMIOLOGY 
INCIDENCE number of new cases 

  (absolute value or fraction of 100.000 people/year) 

 

MORTALITY absolute value or fraction of 100.000 people/year 

 

PREVALENCE ill people number in a specific time-point 

 Estimated Cancer Incidence Worldwide in 2012: Men     



Surveillance Epidemiology and End Results (SEER) program 



http://healthcare-economist.com/2013/09/05/cancer-incidence-and-deaths-in-europe/ 



Estimated Cancer Mortality Worldwide in 2012: Men     



http://healthcare-economist.com/2013/09/05/cancer-incidence-and-deaths-in-europe/ 



Figure 1 Cancer survivors and cancer prevalence rates in the USA 

Hauer-Jensen, M. et al. (2014) Radiation enteropathy—pathogenesis, treatment and prevention 

Nat. Rev. Gastroenterol. Hepatol. doi:10.1038/nrgastro.2014.46 



TUMOR CLASSIFICATION : based on tissue of origin 

CARCINOMA: from epithelial tissues ( 80% of human tumors) 

SARCOMA: from connective tissues  



HEMATOPOIETIC malignancies 

Malignancies of the nervous system: glioma, glioblastoma, neuroblastoma,  

      medulloblastoma, etc. 

 

SOME EXCEPTIONS:  melanoma (neural crest), small cell lung carcinoma 

   (microcitoma, neuroectodermal cells?) 

   teratoma (germ cell precursors?) 



TNM: clinical classification 

 T = tumor 

 N = lymph nodes 

 M = metastasis 

 

Grading: histological classification 

 grade of differentiation 

Sentinel lymph node biopsy of the breast. A radioactive substance 

and/or blue dye is injected near the tumor (first panel). The injected 

material is located visually and/or with a device that detects 

radioactivity (middle panel). The sentinel node(s) (the first lymph 

node(s) to take up the material) is (are) removed and checked for 

cancer cells (last panel). 
https://www.cancer.gov/about-cancer/diagnosis-staging/staging/sentinel-node-biopsy-fact-sheet 

SENTINEL LYMPH NODE: international standard from 2003 

http://breastcancerhelp.net/do-you-know-what-is-tnm-breast-cancer-staging/ 

TUMOR CLASSIFICATION : clinical/histological 



LIFESTYLE AND CANCER 

Candela et al., 2014 





Sapienza and Issa, 2016 

NUTRITION AND CANCER: EPIGENETIC EFFECTS 



Mechanisms for cancer prevention by CR. CR causes several key metabolic/hormonal adaptations that alter the expression of 

several genes and signaling pathways (upregulation of certain genes/signaling pathways and downregulation of others as indicated 

by the arrows), which produce major cellular adaptations (e.g. a reduction in cell proliferation, increased removal of damaged 

organelles or cells via autophagy or apoptosis, upregulation of DNA repair systems and genomic stability) that result in a reduced 

cancer incidence (see the text). T3 = triiodothyronine; PI3K = phosphatidylinositol-3 kinase; AKT = kinase AKT, also known as protein 

kinase B; S6K1 = ribosomal S6 protein kinase 1; mTOR = mammalian target of rapamycin; MAPK = mitogen-activated protein 

kinase; NRF2 = transcription factors NF-E2-related factor 2; SIRT-1 = silent mating type information regulation 2 homolog 1; AMPK = 

adenosine monophosphate (AMP)-activated protein kinase; FOXO = Forkhead transcription factors; PTEN = phosphatase and tensin 

homolog (Longo and Fontana, 2010). 

CALORIC RESTRICTION 

AND CANCER 

Moreschi, 1909: 

caloric restriction inhibits the 

growth of experimental tumors 



http://focusontoxpath.com/carcinogenesis/ 

MODULATORS OF CARCINOGENESIS 




