The Epistemic Foundations of Oncology

Carcinogenesis, Complexity, and the Philosophy of Cancer

T .

M Gemini Notebook



The Classification Crisis

Genomic sequencing was expected to yield a unified taxonomy of cancer through molecular subtyping.
Instead, it revealed wild heterogeneity. The TCGA project demonstrated that classifying cancer by
cell-of-origin is insufficient. Cancer is a dynamic process lacking a single causal bottleneck.
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Is Cancer a Natural Kind?

Anti-Realism

Realism

Pragmatic
Skepticism / Anti-Realism Contrastive Realism
Marc Lange: Disease categories are multiply Alex Broadbent: Diseases are defined
realized. Molecular subtyping signals by contrastive causal histories
the end of diseases as natural entities. (differences between cases and controls).
@ @
® @
Para-Natural Kinds Homeostatic Property Clusters
Roy Sorenson: Diseases are departures Muhammad Ali Khalidi: Cancer is a
from a norm, lacking an internal nature and natural classification unified by stable,
inheriting lawfulness from healthy physiology. homeostatic causal mechanisms.
Mechanistic
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The Somatic Mutation Theory (SMT)

The prevailing paradigm since Boveri’s 1914 hypothesis. SMT posits that cancer
is a clonal, cell-based genetic disease.

1| * 1. Initiated by a sequence of driver
&' B ) mutations in a single somatic
N 4) - Uncontrolled f d 1l
: 971 Clonal Expansion ounder Cell.

e 2. Triggers an irreversible,
unidirectional upward cascade
toward uncontrolled division.

* 3. Relies on genetic reductionism:
the properties of the whole can be
' deduced from the parts.
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The Tissue Organization Field Theory (TOFT)

Formulated by Sonnenschein and Soto, TOFT treats cancer as a developmental
disease occurring at the tissue level, akin to organogenesis gone awry.

1. Cancer is a disease of disrupted

HEALTHY STROMA &

AL e stroma-epithelium interactions
__ within a morphogenetic field.
L oismuemveroRce 2. Relies on downward and reciprocal
I (e.g., CHRONIC INFLAMMATION, . : 4
e causation: tissue architecture

regulates cell behavior.
3. Genetic mutations are a
®' consequence of architectural failure,
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The Traffic Jam Metaphor

“Cancer is no more a disease of cells than a traffic jam is a disease of cars. A lifetime of study of

~ the internal combustion engine would not help anyone to understand our traffic problems.”

— DW. Smithers (1962)
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SMT focuses on the broken car. The individual
unit is the source of the problem.

TOFT focuses on the broken road. The failure of
the environment dictates behavior.




Axioms of the Cell:
The Default State

The structural conflict between
SMT and TOFT is rooted in
diametrically opposed biological
axioms regarding the baseline
operational state of

metazoan cells.
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The SMT vs. TOFT Diagnostic Matrix

Somatic Mutation ;

Tissue Organization

Theory (SMT) Field Theory (TOFT)
SO Cellular / Subcellular Tissue / Organismal
Level of Organization (Reductionist) (Organicist)
Causal Directionality Unidirectional Upward Downward and Reciprocal
: Initiators and drivers Epiphenomenon of disrupted
Status of Mutations of neoplasia tissue constraints
Reversibility Irreversible Reversible
2D homogeneous 3D co-cultures and

Experimental Paradigm

cell cultures

multicellular models




The Arrow of Time: Evolutionary Models

Evolutionary biology offers a powerful alternative to
linear mechanistic models. Cancer is conceptualized
as an active, somatic evolutionary process occurring

within the lifetime of the host.

Key Insight:

adaptations that enable

the host organism.

Cancer cells are subjected to
multi-level selection. They bear

short-term fitness (survival and
reproduction) at the expense of

Hostile

. - ‘/’ - ’.,//
Microenvironment 2
%

Mutatio
Trajecto

Fliness Peak
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The Breakdown of Cooperation: The Cheating Cell

Multicellularity requires extreme
cellular cooperation. Cancer
represents a systematic breakdown
of this agreement—a process of
cellular cheating where cells evade
immune detection and operate as
selfish unicellular agents.

Peto’s Paradox

Why do elephants rarely get cancer?
Long-lived species evolved stronger
internal policing mechanisms (e.g.,
multiple copies of the 7P33 gene) to
suppress cellular cheating.

M Gemini Notebook



The Serial Atavism Model: A Genomic Rewind

This theory posits that metazoan genomes preserve a highly conserved
genetic toolbox from a billion years ago. When modern regulatory
networks are disrupted, cells reactivate these dormant survival programs.

<«— Loss of social —>»
cooperation genes

Ancient Unicellularity

(1 Billion Years Ago)

"The Warburg Effect:

Cancer’s shift to anaerobic metabolism is a
reversion to the survival mechanisms of
ancient cells living on a pre-oxygenated Earth.
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Early Metazoans

<«— Loss of social —>»
cooperation genes

(Modern)

Complex Multicellularity
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I The 6 Dimensions of CausalComplexity

Spatiality: /7
Operating in the microenvironment (|
or at a distance.

\\ Variability:

Factors differ by context.

Sequence: /7 74\ Necessity:
Evolving roles at |! ' /) No single factor is
different stages. 7 entirely necessary.

Deeply interwoven
feedback loops.

| |

zTakeaway: Searching for a single causal bottleneck is futile. We require a systems approach.j

I |
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SYNTHESIS: The Emergence Framework

Cancer is not merely a mutated cell,
nor just a broken tissue. It is a new
dynamic system emerging at the level
of the Functional Tissue Unit.

Tissue Architecture

Tissue Architecture __

r , (Downward causation)
The Law of the Unit: F = k/M
Functionality is inversely proportional to ~3J

l_multiplication. "

Genes/Molecules

rSelf-Organized Criticality:
(Upward causation)

When stress pushes a tissue unit beyond its
natural capacity for repair, it collapses,

allowing a novel cancer system to emerge.
L =l

A~

(Downward causation) 2~

Evolutionary Time

The Functional
Tissue Unit

- Genes/Molecules
(Upward causation)
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The Limits of Modeling: Epistemic Artifacts

The high translational failure rate requires a reevaluation of our models. They are not literal
representations, but epistemic artifacts—purposefully constrained tools to test specific

non-linear dynamics.

Xenografts

Highly artificial,
context-dependent
environments.

PDX Models

Introduces non-standardized
clinical heterogeneity
directly into the lab.
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Agent-Based Models
(ABMs)

Computational simulations
necessary to track the
mathematical intricacy of
systems biology.
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The Future of Oncology: Managing the Ecosystem

Disease categories
are not static natural
kinds, but
pragmatically
constructed tools.

By abandoning the
reductionist search
for a genetic silver
bullet, oncology can
embrace
conceptual
pluralism.

We must redefine the
organism as a highly
heterogeneous,
cooperative chimeric
ecosystem.

The future of
treatment lies not

in eradication, but in
managing a
dynamic, relational
systemic imbalance.
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