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ABSTRACT 

BACKGROUND 

A large area of the genetically altered area around the tumour proper that appears clinically normal is called field cancerization. 

This field subsequently influences the prognosis as it can root to second field tumours i.e. recurrence or second primary tumours. 

Field cancerization has been described in the oral cavity, oropharynx, larynx; lung, vulva, oesophagus, cervix, breast, skin, colon 

and bladder. Studies have shown a comparatively higher frequency of local recurrences and second primary tumours after surgical 

resection in betel chewers than non-chewers probably due to the existence of field cancerization. 
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BACKGROUND 

Oral cancer (OC) includes a diverse group of tumours arising 

from the oral cavity. It is the 11th most common malignancy 

in the world(1) and 12th most pervasive cancer in Asia.(2) The 

widely prevalent risk factor is the use of tobacco in varied 

forms like smoking and smokeless with associated intake of 

alcohol.(3) Tobacco is responsible for approximately 22% of 

cancer deaths.(4) An important risk factor for oral and 

oesophageal cancers is smokeless tobacco,(5) with nearly 160 

million Indian users and an alarming increase in child and 

young adult users according to Global Adult Tobacco Survey 

(GATS) by the Ministry of Health and Family Welfare in 

November 2010. Oral potentially malignant disorders 

(OPMD) like leucoplakia, erythroplakia, submucous fibrosis 

and lichen planus often foreshadow OSCC. OPMD that are 

allied with tobacco chewing, smoking and alcohol are 

vulnerable to field changes. Field cancerization (FC) also 

termed as cancer field effect or premalignant field defect is 

defined as a biological process in which a large area of cells in 

a tissue or within an organ is affected by carcinogenic 

alterations. These alterations develop in a stepwise manner 

starting from benign hyperplasia to dysplasia followed by 

carcinoma in situ to invasive cancer. Slaughter and his 

associates were the pioneers of the concept of field 

cancerization which evolved based on the occurrence of 

multiple primary tumours in the tumour-associated mucosa 

(TAM), synchronous or metachronous distant second 

tumours, multiple recurrences and persistence of tumours.(6) 
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Evolutionary Concepts of Field Cancerization 

The cellular basis of FC is explained based on two postulated 

models. According to the ‘polyclonal model’, exposure of the 

oral cavity to carcinogens will lead to multiple genetic 

abnormalities in the entire area lending the whole mucosa 

liable for development of multiple SCC independent of each 

other. This concept was confronted because molecular 

analysis of some distant synchronous or metachronous 

tumours, recurrences and skip lesions gave an impression of 

origin from a common progenitor.(7) 

The ‘monoclonal model’ proposes that genetic mutations 

befall in a single cell delivering a growth advantage over 

other neighboring cells and succeeding progeny share the 

same initiating genetic event. Pertinent to the tumour growth, 

the subclones precipitate additional genetic changes leading 

to heterogeneity. The reformed cells of subclones then 

migrate and develop multiple lesions. The migration of 

dysplastic and altered cells may occur in three different 

patterns: i) saliva may serve as a mediocre for relocation of 

malignant cells (Micrometastasis); ii) the heirs of initially 

transformed malignant cells may parade intra-epithelially 

(Lateral Spread) iii) migration may be through the 

submucosa.(8),(9) Diversified research in FC with a 

considerable number of proposed models is because of 

meager understanding of its propagation. The extent of the 

field may be as large as 7cm around the carcinoma or in oral 

cancer it may extend not only through the entire upper 

aerodigestive tract but also deep into the respiratory              

system.(10) 

Cancer stem cell (CSC) is centered in the Cancer stem cell 

model of carcinogenesis and this idea is enriched by 

increased expression of the pluripotent stem cell markers like 

OCT4, SOX2, NANOG in HNSCC cell lines and other CSC 

markers like ABCG2, CD44, and ALDH1 that are proverbial to 

have tumour-inducing potential. CSC is tailored with 

unlimited self-renewal; slow dividing capacity and is 

envisioned to originate either by several genetic and 

epigenetic alterations or precancerous phenotypic 

transformation in a normal, tissue-specific stem cell or by de-

differentiation of mature tumour cells. CSC markers like ATR, 
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ABCG1, OCT4, and SOX2 are also expressed in tumour-

associated mucosa authenticating their role in FC and hence 

CSC driven field cancerization model was contemplated. The 

process of field cancerization is initiated by a carcinogenic hit 

at 17p (TP53) and 3p/9p (p16/FHIT) transforming a normal 

stem cell into CSCs which proliferate and primarily form a 

patch of transit amplifying cell (TAC). A subsequent hit at 

13q, the location of the Rb gene leads to the formation of a 

primary tumour. The field progresses because of the 

monoclonal or polyclonal mode of propagation. The CSC in 

the field can migrate sideways to outgrow the field or get 

implanted at a different site and form a genetically analogous 

tumour portentous of the monoclonal mode of field 

cancerization. Alternatively, multifarious hits to normal stem 

cells in the epithelium will lead to the development of distinct 

independent clones signifying the polyclonal mode.(11) 

During organ development, epithelial-mesenchymal 

interactions play a critical role and in this contextual, 

contribution of stroma in carcinogenesis was scrutinized. 

Incentives that root mutations in the epithelium also 

precipitate similar changes at genetic or epigenetic levels in 

the neighboring stroma. Hence a novel carcinogenesis model 

of field cancerization that focuses on the effect of activated 

stroma that contains carcinoma-associated fibroblasts (CAFs) 

harboring permanent epigenetic alteration was proposed. An 

upsurge in the existing tumour CAFs or outstanding CAF cells 

after surgical removal of the tumour is reasoned for 

development of multiple primary tumours (MPTs) or second 

primary tumour (SPTs). The proteins that they express like 

FAP, Carbonic Anhydrase IX, SPARC, AR, and Podoplanin are 

critically evaluated.(12) 

Field Cancerization has been hypothesized as an 

amplification of biochemical abnormalities owing to the 

development of cancer cells. The proteomic changes are 

considered as biochemical abnormality at the cellular level. 

For e.g. transformed cells maintain sufficient oxygen levels 

for tumour growth and metastasis by conveying abnormal or 

altered cell signals to normal cells in order to promote an 

increase in the VEGF production and inhibition of the 

immune system. This colloquy between normal and 

transformed cells at the protein level is maintained until the 

transformed cells are viable and the normal cells amplify the 

biochemical anomalies that pacify the growth of transformed 

cells.(13) Even changes in salivary pH can induce proliferative 

changes in the tissue due to its preconditioning effect 

wherein the mucosa becomes susceptible to the action of 

even a weak carcinogen. Such a mucosa is known as 

preconditioned mucosa or condemned mucosa. Most 

common preconditioning factor is exposure to carcinogens 

like the tobacco products, but chronic inflammation which 

forms an integral component of lesions such as oral Lichen 

Planus and microorganisms may also have a high prospect of 

developing multiple oral squamous cell carcinoma due to 

their preconditioning effect.(14) 

 

Investigations 

The light microscopic examination of biopsies from tumour-

associated mucosa elicited morphological changes like an 

increase in nuclear size, discontinuous nuclear membrane, 

numerous Feulgen-negative areas, absence of a single large 

nucleolus and a reduction in cytoplasmic area.(15),(16) Electron 

microscopic studies also affirmed the presence of 

morphologic abnormalities consistent with the multistep 

concept of carcinogenesis.(17) Thenceforth a number of 

methods and stains were used to demonstrate field 

cancerization like supravital staining with toluidine blue,(18) 

vital staining with iodine(19) and special stains like AgNOR.(20) 

Fluorescence in situ hybridization(21) and microsatellite 

analysis(22) of cells obtained from tumour-associated mucosa 

exhibited chromosomal aberrations and polysomies of 

chromosome 7 and 17.(23)  

Immunohistochemical analysis of proliferative markers 

like Ki67,(24),(25),(26) and PCNA(27) forecasted an increased 

proliferation rate in the tumour-associated mucosa. 

Expression of Epidermal growth factor receptor (EGFR)(9) 

and one of its ligand TNF is also enhanced.(28) Cyclin D1 

which regulates G1 to S transition in the cell cycle is 

overexpressed in TAM.(29) Abundant clusters of P53 positive 

cells were evidenced in TAM,(30),(31),(32) with 

contemporaneous studies demonstrating a lack of Bcl2 

expression.(33) The expression of all Glutathione S transferase 

isoenzymes was significantly higher in normal mucosa 

adjacent to OSCC.(34) Aberrant expression of cytokeratins is 

not only seen in OSCC but also apparently normal mucosa in 

smokers.(35) The epithelium of fetal buccal mucosa and 

tongue express cytokeratin 8 and 18 normally until 27 weeks 

of gestation. During malignant transformation where the cells 

undergo dedifferentiation, there is the return of embryonic 

pattern of expression that is enhanced expression of 

cytokeratin 8 and 18 is seen in OSCC and well as 80% of the 

tumour-associated mucosa. Moreover, epithelial 

differentiation dysfunctional marker, cytokeratin 19 and 

matrixmetallo proteinase 9 (MMP9) are also                  

overexpressed.(36) A 2.2 fold increase in protein tyrosine 

kinase activity and a 1.7 fold elevated ratio of protein 

tyrosine kinase activity to protein tyrosine phosphatase 

activity was observed in TAM.(37) 

Field Cancerization may elude macroscopic or 

histopathological examination and the genetically altered 

cells in this region may require refined molecular approaches 

such as whole exome sequencing (WES) and targeted ultra-

deep sequencing (UDS),(38) DNA amplification techniques, in 

situ hybridization and cytogenetic analysis. FC has been 

delved by means of PCR for determining LOH,(39),(40),(24) FISH 

multiplex ligation-dependent probe amplification (MLPA) 

which allows the measurement of numerical chromosomal 

alterations, gains and losses, at up to 40 target locations in a 

single PCR run(41) and DNA ploidy assays.(43) Grounded on the 

genetic analysis, FC can be deliberately staged into a clonal 

unit with TP53 i.e. 9p21 mutations demarcated as altered 

precursor lesion or benign squamous hyperplasia, followed 

by other genetic mutations in 3p21 and 17p13 leading 

transformation into dysplasia. Further for progression into 

carcinoma in situ, amplification of 11q13, 13q21 and 14q31-

32.1 is important and for transformation into cancer 

mutations in 6p, 8q, 8p and 4q26-28 chromosomes are 

needed.(42) 

 

CONCLUSION 

Thus, the literature review supports the existence of large 

areas of the genetically altered field around the tumour 

proper whilst appearing clinically normal. This field 
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subsequently influences the prognosis as it can root to second 

field tumours i.e. recurrence or second primary tumours. To 

impart a concealed field which cannot be deciphered by 

histopathologic inspection, a number of molecular and 

genetic studies have been executed. If detected early and 

watched precisely, implications of second primary tumours 

can be prevented. 
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