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“Nothing in Biology Makes Sense 
Except in the Light of Evolution”

 
                                   - Theodosius Dobzhansky (1973)

CANCER 



Cancer is a Disease of Clonal Evolution Within the Body

Nature 1975

Science 1976



- Natural selection occurs in neoplasms because (epi) genetic mutations generate
heritable variation, and some mutations confer a selective advantage or disadvantage 
on the cell

Natural selection

Differential reproductive success between clones
t

- Resources are limited

Best adapted survivors emerge…

Somatic cellular selection and evolution are 
the fundamental processes leading to 
malignancy, induction of angiogenesis, evasion 
of the immune system, metastasis and 
resistance to therapies.



Natural Selection / Oncogenic Selection

Somatic cellular selection and evolution are 
the fundamental processes leading to 
malignancy, induction of angiogenesis, 
evasion of the immune system, metastasis 
and resistance to therapies.
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Shortly after its initiation, a tumor starts as a small cluster, but 
as it expands, it develops new subgroups characterized by 
novel spatial arrangements and interactions, leading to likely 
changes in its phenotypic composition. 

Group Phenotypic Composition 
GPC

Cells but clusters of cells too… 

2021

An appropriate spatio-functional distribution of 
intra-tumoral heterogeneity conducive to tumor progression



Tumors capable of progressing are those that possess a suitable group 
phenotypic composition (GPC) 

Levels of tumoral GPC optimality



So it is widely accepted that tumorigenesis is a process that can be 
explained in its entirety by Darwinian processes essentially based 

on interactions between cells and groups of cells. 



The aim today is to challenge this point of view, by stating that…

Another evolutionary 
dynamics has been 

omitted

?



Three types of functions according 
To Wong et al. 2024:

Static persistence 

Dynamic persistence

Novelty generation

Law of increasing functional information
La loi de l'augmentation de l'information fonctionnelle

This law of increasing functional information, expanded 
Charles Darwin's theory of evolution by natural selection to 

include non-living systems. 



Minerals consistently become more complex over time when 
subject to selection pressures 

Over a period of more than 4.6 billion years, starting with the earliest known minerals from before 
Earth formed around 4.54 billion years ago and ending with all of the minerals on our planet today, the 
number of mineral types increased from 27 to around 9,000. This increase in Earth's mineral 
complexity also occurred at each mineral evolution stage — the first stage being the formation of the 
earliest minerals and the final stage being modern-day Earth, where mineral creation is facilitated by 
life. 



The ability to develop a favorable GPC is thus subject to 
selection

Selective process



The ability to develop a favorable GPC is thus subject to 
selection

Selective process

But NOT a classical 
Darwinian one !



There is no notion of heritability or 
reproductive success, etc. Tumors are not in 
competition…

Yet, they 
evolve… 



Tumor functionality can include either of the three types of functions envisioned by 
Wong et al.: static persistence, dynamic persistence, and novelty generation. 

For instance, the ability of a tumor to maintain its size (through 
adaptively changing its GPC) in response to immune attacks 
and microenvironmental changes can be viewed as selection 
for “static persistence”

whereas its growth in response to various intra-tumour and 
microenvironmental changes  (e.g., through increased plasticity, 
inducing angiogenesis) might involve selection for “dynamic 
persistence”

Similarly, the acquisition of the ability to invade and migrate 
(i.e., a novel capability) can be considered the result of 
selection for “novelty generation”. 



Tumors progress through selection based on function



Myriads of GPCs

Selection on function

Most of them …
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Darwinian processes between cells and groups of cells do not alone explain 
tumorigenesis; they merely feed into another form of selection, non-Darwinian, at 
the tumor level (selection based on function).

Selection on function



In other words, tumorigenesis is the result of three distinct 
nested selective processes



Exploiting the role of ‘selection for function’ in 
tumor progression to develop new therapeutic 

strategies against cancer
 
Frédéric THOMAS1*, Jean-Pascal CAPP2, Antoine M. DUJON1,3, Andriy MARUSYK4, Mario CAMPONE5, Pascal PUJOL1,6, 
Catherine ALIX-PANABIERES1,7,8, Benjamin ROCHE1, Beata UJVARI3, Robert GATENBY4 & Aurora M. NEDELCU9*, En 
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Targeting functional networks within a tumor’s

Traditional cancer treatments 
often aim to eliminate as many 
tumor cells as possible, focusing 
on targeting the physical form of 
individual cells. 

Targeting functional networks involves identifying and 
disrupting specific pathways or cellular interactions that 
are essential for tumor growth and survival. For example, 
blocking molecular signals that allow cancer cells to 
communicate, cooperate with stromal cells, or adapt to 
environmental changes can inhibit tumor progression. 



Tumor with an oncogenic GPC, 
including cellular and non-cellular 

components as well as their 
interaction network.

Therapy that kills the maximum 
number of cells without 
necessarily targeting the 

interacting components of the 
functional network. 

Therapy that does not aim 
to eradicate the maximum 
number of cells but rather 
focuses on destroying the 
interacting components of 

the functional network 

The tumor dies and 
disappears because the 
functional network has 

been too severely altered.

The tumor can restore an 
oncogenic GPC because the 

previous functional 
network remains active.

The tumor does not disappear, but it takes time to regenerate the interacting 
components of a functional network, which may (on the left) or may not (on the 

right) yield an oncogenic GPC.

Traditional cancer treatmentsGPC-based therapies



Tumor developing 
an oncogenic GPC

No treatment

Therapy 1

Traditional treatment
selecting for resistance

Therapy 2

Therapy 3

Therapy 4

Non-oncogenic GPC 1

Non-oncogenic GPC 2

Non-oncogenic GPC 3

By alternating therapies (e.g. 1, 2, 3, 4) that 
target different tumor functions or 
components of the GPC, it is theoretically 
possible to drive the evolution of the tumor 
toward various non-oncogenic GPCs, even 
creating a therapeutic loop.

This approach also aims to prevent the 
tumor from reaching a stable, resistant state, 
thereby improving the long-term 
effectiveness of treatments

Preventive therapy

As data accumulates over time (see 
main text), it will become increasingly 
possible to predict the evolution of 
GPCs and to apply preventive therapies, 
thereby avoiding the progression to an 
oncogenic GPC stage.
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The tumor microenvironment, which includes immune cells, fibroblasts, blood vessels, and the extracellular matrix, 
plays a crucial role in forming and maintaining a tumor's GPC. Interactions between tumor cells and the 
microenvironment can either support or hinder tumor progression. Therefore, modifying the tumor 
microenvironment, such as inhibiting angiogenesis or enhancing the anti-tumor immune response, can potentially 
disrupt the oncogenic GPC and inhibit tumor growth.

Modifying the microenvironment can also destabilize tumors by disrupting the GPC/microenvironment 
coupling responsible for tumor growth. In other words, therapies can be developed to create a mismatch 
between the tumor GPC and its surrounding microenvironment.
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Modifier la compétition entre cellules 
malignes aggressives et cellules bénignes
 

Adaptive Therapy



Adaptive Therapy



1. Kotler et al. 1992. The combined effect of snakes and owls on the foraging behavior of gerbils. Ann Zool Fenn 29: 199-206

Owls facilitate the 
hunting success of 

snakes and vice versa

DOUBLE BIND



Evolutionary double bind
In an evolutionary double bind two therapies are used 
in combination such that evolving resistance to one 
leaves individuals more susceptible to the other.



Evolutionary dynamics of Extinction



LARGE 
POPULATION EXTINCTION



LARGE 
POPULATION

MINIMUM VIABLE 
POPULATION« first attack »



LARGE 
POPULATION

«  Second attack » 

« first attack » MINIMUM VIABLE 
POPULATION

EXTINCTION



First strike-second strike
Change the therapy even if it 
works

Continue the therapy



Cancer is problematic for human health mainly 
because it often evolves so fast that it is able 
to outrun our defence systems. 

LIFE EXPECTANCY

Death

LIFE EXPECTANCY

By reducing cancer evolution rate by 2 or 3 fold, most of our
 tumours would become harmless due to the cancer would appear beyond our present 
life expectancy.

Death



How Do We Slow Down Evolution? 

• Reducing the mutation rate since it reduces the diversity in the population of cells

• Slow down the division rate

• Slow evolution by reducing the population size of the tumor and/or by reducing the 
fitness differences among cells (since differences in survival and reproduction are 
what drive evolution)

• Manipulating the environment  to encourage cancer cells to evolve in the direction of 
a slower life history rendering them for instance dormant



More than 50 years after President Richard Nixon declared a war on cancer, 
victory remains elusive…

President Richard Nixon signs the National 
Cancer Act, Dec. 23, 1971, 
launching a $1.6 billion federal 
crusade to conquer cancer. (AP)
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- Tumeurs dont la complexité structurelle et fonctionnelle limite l’efficacité des approches traditionnelles ciblant 
les cellules individuelles, e.g. cas de cancers localement avancés  mais non métastatiques,  où  les interactions 
complexes entre la tumeur et son microenvironnement rendent une résection chirurgicale complète difficile. 

- Pour les cancers ayant développé une résistance aux traitements cytotoxiques, la thérapie basée sur le GPC peut 
cibler les réseaux fonctionnels qui soutiennent la résilience de la tumeur. 

- Les tumeurs présentant  une forte hétérogénéité  intratumorale, contenant de nombreuses sous-populations 
cellulaires coopératives, pourraient également bénéficier de cette approche, car elle perturbe les interactions qui 
soutiennent leur adaptabilité. 

- cas où  les amas de cellules tumorales circulantes (CTC) contribuent à  la dissémination métastatique, cibler le 
GPC de ces amas pourrait limiter leur capacité à échapper au système immunitaire et à coloniser d’autres sites. En 
revanche, pour les tumeurs plus petites et localisées,  les approches traditionnelles (par exemple, la chirurgie 
suivie de radiothérapie ou de chimiothérapie) peuvent être plus appropriées.

Thérapies fondées sur le GPC : pour quels types de tumeurs ?
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La stratégie thérapeutique que nous proposons cible le GPC de la tumeur, plutôt que de se concentrer uniquement sur les cellules cancéreuses individuelles. Cette 
approche viserait à déstabiliser les réseaux fonctionnels de la tumeur qui soutiennent sa survie et sa progression. 

Voici une stratégie proposée en plusieurs volets :

1.Déstabilisation des réseaux fonctionnels : En ciblant des nœuds clés dans les réseaux fonctionnels de la tumeur (comme ceux impliqués dans l'angiogenèse, 
l'évasion immunitaire ou le remodelage de la matrice extracellulaire), on pourrait démanteler le système de soutien de la tumeur. Par exemple :

1. Des agents anti-angiogéniques (comme le bevacizumab) pourraient priver la tumeur de nutriments essentiels.
2. Les inhibiteurs des points de contrôle immunitaires (comme les inhibiteurs de PD-1/PD-L1, tel que le pembrolizumab) pourraient restaurer la 

surveillance immunitaire, renforçant ainsi la capacité du système immunitaire à attaquer la tumeur.
3. Les inhibiteurs du remodelage de la matrice empêcheraient la propagation de la tumeur en maintenant la structure extracellulaire.

2.Thérapie séquentielle et adaptative : La mise en place d’un plan de traitement séquentiel pourrait empêcher la tumeur de stabiliser une GPC résistante. En 
alternant des thérapies ciblant différentes fonctions (par exemple, le métabolisme, l’évasion immunitaire), cette approche pourrait maintenir la tumeur en 
perpétuelle adaptation, jusqu’à la piéger dans un état non oncogénique.

3.Modulation du microenvironnement : Modifier le microenvironnement de la tumeur pour créer des discordances avec son GPC pourrait encore déstabiliser la 
tumeur. Par exemple, des thérapies qui stabilisent le pH extracellulaire pourraient perturber l'environnement acide souvent exploité par les cellules cancéreuses 
pour survivre, et le Losartan pourrait être utilisé pour réduire la densité des fibroblastes associés au cancer et améliorer la délivrance des médicaments.

4.Favoriser les clones non-oncogéniques : Introduire des conditions qui privilégient les phénotypes non oncogéniques pourrait orienter l'évolution de la tumeur 
vers un état moins agressif. Par exemple, altérer les voies métaboliques pour favoriser la phosphorylation oxydative par rapport à la glycolyse pourrait diminuer la 
capacité d'adaptation et l'agressivité de la tumeur.

5.Surveillance en temps réel et ajustements : En utilisant des biopsies liquides et la transcriptomique spatiale, il serait possible de suivre l’évolution de la GPC et 
d’ajuster les traitements en temps réel. Cette approche adaptative permettrait de choisir des combinaisons de traitements et des moments précis pour prendre de 
vitesse l’évolution de la tumeur.

Cette stratégie s'appuie sur la dynamique évolutive de la tumeur, en visant à la fois à déstabiliser les GPC oncogéniques et à promouvoir l’émergence de 
phénotypes moins agressifs, avec pour ambition de transformer le cancer en une condition chronique et gérable.



COMPLETE SCIENTIFIC PRODUCTION AVAILABLE: 
https://www.researchgate.net/profile/Frederic-Thomas-4/research

Thank you for your attention…


