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Before the hallmarks: cancer already had several explanatory traditions

1914 1940s-70s 1970s-80s 1971 onward 1980s-90s
Chromosome . . Oncogenes and . . Invasion and
Somatic evolution Angiogenesis

disruption suppressors metastasis

selection and clonal

. cell autonomous control tumor—host dependence tissue context
expansion

2000: six acquired capabilities become one
organizing framework
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2000: six acquired capabilities organize the complexity

Insensitivity
to

antigrowth Evading
signals apoptosis

Tissue
invasion
and
metastasis

Limitless
replicative
potential

Sustained
angiogenesis
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2011: the framework opens toward metabolism, immunity and context

® Sustaining proliferative signaling

C - ENABLING
Resist Il death
@ Resisting cell dea CHARACTERISTICS
® Inducing angiogenesis O Genome instability

and mutation

Reprogramming energy

metabolism Tumor-promoting

inflammation

® Evading growth suppressors

® Replicative immortality Tumors recruit

normal cells into a

. . tumor microenvironment
® Invasion and metastasis

@® Avoiding immune destruction
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The conceptual shift in 2011: causation crosses biological levels

CANCER
o CELL ®

HOST
o immunity +

GENOME

variation

mutational state paracrine and immune editing WL ELLC)
diversity mechanical and systemic
feedback signals

The same phenotype can arise through different mechanisms
at different levels
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2022: four new dimensions surround the established core

Nonmutational
epigenetic
reprogramming

Unlocking
phenotypic
plasticity

8 HALLMARK

CAPABILITIES

Polymorphic Senescent

microbiomes enabling characteristics el

genome instability +
inflammation
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By 2022, the framework contains different kinds of entities

Capabilities, enabling processes and contextual regulators should not be read as equivalent boxes

WHAT THE TUMOR CAN DO

Hallmark capabilities proliferate, survive, invade, reshape metabolism

WHAT MAKES
ACQUISITION EASIER

mutation, genome instability, inflammation
Enabling characteristics

WHAT CHANGES
ACCESSIBLE STATES

) ] plasticity, epigenetics, senescence, microbiomes
New dimensions
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2026: Hanahan reorganizes the framework into four dimensions

The new synthesis separates functions, enabling conditions, cellular contributors and systemic interactions

9 acquired 5 enabling Systemic
functional phenotypic ! CI;:Ists:es.l?I\;Ee"s interactions
capabilities characteristics with the host

The hallmarks become one layer in a multiscale model of cancer
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Nine acguired functional caEabiIities in 2026

0 Sustaining proliferative e Inducing or accessing
signaling vasculature

a Inactivating growth 0 Activating invasion and
suppressors metastasis

e Resisting programmed 0 Deregulating cellular
cell death metabolism

° Establishing replicative e Evading immune
immortality destruction

Unlocking phenotypic
plasticity
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Five Ehenotxeic characteristics facilitate hallmark acguisition

Nonmutational
epigenetic
reprogramming

changes cell state modify local and
without DNA systemic
sequence change physiology

Loss of genomic Tumor-promoting
integrity inflammation

Polymorphic
microbiomes

generates heritable supports multiple
variation capabilities

Senescent cells

produce context-
dependent
secretory programs
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The tumor microenvironment as an explanatory dimension

Vascular
Innate

Fibroblasts :
immune

cells

ECOSYSTEM

Adaptive

immune

cells Adipocytes

endocrine, neural, immune,
metabolic and environmental
influences
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One visual history: explanation keeps expandin

2000 2011 2022 2026
6 capabilities 8 + 2 enabling 8 + 2 + 4 dimensions open frontier
CELL MICROENVIRONMENT CELL STATE MULTISCALE SYSTEM

Cancer biology shifts from a list of parts toward the dynamics of organized living systems
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