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Background and motivation

A Commentary in the Journal of the National Cancer Institute exposed us 

to the idea of theories of cancer.  The commentary presented two 

theories.  The oldest and most recognized is Somatic Mutation Theory 

(SMT) and the alternative is Tissue Organization Field Theory (TOFT).   

The effort to understanding what each theory offered is the basis of this 

poster. 

Theories of carcinogenesis

Objectives

• Discuss the implications of alternative molecular biologic 

tumorigenesis pathways on cancer surveillance.

• Discuss colorectal cancers as an example of tumors that evolve via 

several different pathways an ‘epi-genetic’ mechanism involving 

changes in DNA methylation.

• Discuss the clinical implications of the different pathways of origin.

• Reassess the types of data that cancer registries should collect in the 

future.

Somatic Mutation Theory 
(SMT)

• Cancer is: 
• a single cell that 

accumulates DNA mutations 
and proliferates out of 
control

• Quiescence is the default 
state of cells

• Principles
• Mutations necessary and 

persistent

• Cancer only arises in 
exposed tissue

• Etiologic time is long

Tissue Organization Field

Theory (TOFT)
• Cancer is:

• “development gone awry”

• a problem of tissue organization 
and intercellular signaling

• Proliferation is the default state of 
all cells

• Principles

• Mutations are not needed

• Cancer can arise remotely from 
the location of exposure

• Changes in the tissue 
environment predispose to cell 
proliferation

• Genetic instability is a byproduct 
of carcinogenesis

Observation Somatic Mutation 
Theory (SMT)

Tissue Organization Field 
Theory (TOFT)

Recurrent 
mutations

mutations with a higher 
than expected frequency in 
the tumor

High frequency of K-ras
mutations appearing during 
early stages  of tumor 
progression

mutations are by-products of the 
disruption of intercellular 
communications

Tumor Clonality multiple clonal frequencies 
in some tumors

all tumor cells contain the 
complete set of accumulated 
driver mutations

mutations are byproducts of 
carcinogenesis. They cluster into 
multiple clones.

Zero mutations Zero mutations are 
reported in some tumors

searches for tumor mutations 
were incomplete

Tumors can arise with zero 
mutations 

Foreign-Body 
Carcinogenesis

Shape, but not the 
composition of materials 
implanted under skin of rats 
determined carcinogenic
potential

no explanation Fits  with disruption of interactions 
with adjacent tissue, and changes 
in tissue organization as key 

Nongenotoxic
Carcinogens

a chemical that induces 
cancer  without directly 
damaging DNA

difficult to explain ‘epi-genetic’ changes (e.g. DNA 
methylation) cause some forms of 
cancer

Etiologic time Some tumors have sudden 
catastrophic genetic 
changes, not slow 
accumulation of mutations 

difficult to explain Genetic instability is a byproduct 
of carcinogenesis

Denervation 
Experiments

surgical interruption of the 
nerve connection alters 
tumor growth and 
incidence

no explanation Destruction of normal tissue 
architecture, disruption of cell-to-
cell signaling 

Table 1. Patient 
characteristics.

Methods

Colorectal cancer:

Example of a tumor with ‘epi-genetic’ 

changes in a causal pathway 

Study groups
• Colorectal cancer:  NH State Cancer Registry patients diagnosed with colorectal 

cancer 2011-2014. Via CER / PCOR, the registry initiated collection of smoking 

history and KRAS mutation status. 

• Colon polyps: Pathology slides from patients diagnosed with hyperplastic polyps 

(HPs), and/or sessile serrated polyps (SSA/Ps) between 2005 and 2009 (n=402) 

were reviewed to select cases for the study from New Hampshire Colonoscopy 

Registry (NHCR).

• Total of 42 sessile serrated polyps (SSA/Ps) in this analysis.

Array-based DNA methylation
• Epigenome-wide DNA methylation of 469,790 CpG loci was assessed using the 

Illumina Infinium HumanMethylation450BeadChip (Illumina, San Diego, CA).

Mutation analysis 
• Detection of the BRAF V600E and KRAS mutations was performed using a real 

time allele specific PCR assay. 

• Colorectal cancer (CRC) is the second leading cause of cancer-related deaths in 

the United States, with an overall lifetime risk of about 1 in 20 (5.1%).

• Recent studies have identified several molecular subtypes of colorectal cancer 

that differ based on their biologic pathway of origin.

• DNA alterations including both ‘genetic’ (e.g. mutations), and ‘epi-genetic’ (e.g. 

methylated loci) are involved in differentiating the sub-types of colorectal cancer.

• The prevalence and type of these DNA alterations vary by smoking status.

NH State Cancer Registry Data

NH State Cancer Registry data on 

colorectal cancers. Ever smokers have a 

higher prevalence of KRAS normal 

cancers, suggesting that their etiologic 

origin involves other mutations and / or 

‘epigenetic’ events, such as DNA 

methylation.
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Several pathways to colorectal cancer
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Molecular biologic pathways of origin for colorectal cancers involve both 

mutations and epigenetic dysregulation. 

The NH State cancer registry data above show that  the smokers are more likely to 

have KRAS ‘normal’ tumors. 

This suggests that the cancer in these smokers did NOT arise via the “Conventional 

Pathway” (blue) or the “Alternative Pathway” (yellow), as both have KRAS mutations 

as an early event.

In fact, smokers are more likely to have cancers arising via the “Sessile Serrated 

Pathway” (red) as a molecular mechanism. 

Types of DNA alterations

Clinical utility

mutation

M
e

methylation

The carcinogenesis pathways shown 

involve DNA alterations that include 

specific : 

• mutations (changes to the DNA sequence) 

AND  

• epigenetic changes (e.g. attachment of 

methyl groups to the DNA)

Colon polyps have 

differences in DNA 

methylation by smoking 

status. Knowing a 

lesion’s molecular 

features provides 

information on the 

causal agent. 
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• Cancer prevention: We can identify molecular “fingerprints” of 
exposure in tumor to reconstruct causal exposure. E.g. Smoking 
causes tumors to arise via the sessile serrated pathway.

Mutaton status:
Of the sessile serrated adenomas / polyps tested,

• 88% were KRAS wildtype / BRAF V600E mutant (n=29)

• n= 4 were wildtype for both KRAS and BRAF

Methylation level by smoking status:

Clinical utility

Smoking status has implications for screening / surveillance intervals. 

Colorectal cancer associated with smoking / COPD is more likely to be 

diagnosed at a late stage. This could be due to more  aggressive lesions, to 

less screening, or to missed SSA/P lesions in screening.

Factors associated with diagnosis of CRC at a late-stage vs. early-stage in NH State Cancer Registry. 

Early Stage Late Stage Univariate Multivariate model* 

Age n % n % p-value OR(95%CI)

<60 years old 82 27.2 85 33.9 1.0 (ref)

60+ years old 219 72.8 166 66.1 0.09 0.71 0.49 1.03

Gender

Male 155 51.5 124 49.4 1.0 (ref)

female 146 48.5 127 50.6 0.62 1.16 0.82 1.65

Smoking

No cigarette use 120 39.9 93 37.1 1.0 (ref)

Cigarette Use in Diagnosis Year 41 13.6 46 18.3 1.43 0.86 2.37

Cigarettes Former (>1yr from Diagnosis) 95 31.6 83 33.1 0.32 1.16 0.77 1.73

Unknown 45 15.0 29 11.6 0.85 0.49 1.46

COPD

No 274 91.0 215 85.7 1.0 (ref)

Yes 27 9.0 36 14.3 0.05 1.75 1.02 2.99

*Adjusted for age, gender.

• Cancer surveillance: We can tailor surveillance 
interval based on features of primary tumor.

Evolution of cancer registries

Clinical utility

• Cancer treatment: We can identify sub-groups that 
respond / do not respond to a therapy. 

The molecular subtype of CRC determines response to drug treatment. Drugs that 

block EGF receptor only work in patients without a KRAS mutation.

What are we collecting now?

• Organ

• Tumor histology

• Stage

• Personal characteristics

• Residence at diagnosis

• Treatment

What might we be collecting

in 10 years?

• Anatomic subsite

• Tumor molecular pathway of origin 
and subtype

• Biomarkers 

• Tumor-specific

• Microenvironmental

• Blood or other tissues

• Lifestyle factors

• Exposures

Definitions

• Oncogene- An oncogene is a gene that when active has the potential to cause 
cancer.

• Mutation- Any change in the DNA sequence of a cell.

• DNA Methylation- analogous to attachment of chemical “Post-It” note to the DNA. 
Tells cells which parts of the genetic codebook to use vs. not.

• Hypermethylation- elevated level of methylation.

• Epigenetic change- a way genes are switched on and off without changing the 
actual DNA sequence. DNA methylation is an example.

• Morphostats- hypothesized chemical intercellular signals that keep tissues 
organized despite a constantly changing environment.  

• Tumor microenvironment- cellular environment in which the tumor exists, (e.g. 
blood vessels, immune cells, fibroblasts, bone marrow-derived inflammatory cells, 
lymphocytes, signaling molecules and the extracellular matrix). 
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