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Cancer: defining characteristics? 

2Hanahan, D., and Weinberg, R.A. (2011). Hallmarks of cancer: the next generation. Cell 144, 646–674.
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Cancer cell - centered characteristics

Hanahan, D., and Weinberg, R.A. (2011). Hallmarks of cancer: the next generation. Cell 144, 646–674.
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Contextual and environmental characteristics

Immune infiltrate Vasculature

Stromal cells and ECM

Hanahan, D., and Weinberg, R.A. (2011). Hallmarks of cancer: the next generation. Cell 144, 646–674.



Cancer: defining characteristics? 
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- Cell proliferation and migration
- Angiogenesis
- Epithelial/mesenchymal transitions
- Role of extracellular matrix

- Stroma remodelling 
- Inflammation and immune activation
- Vascular alterations 

- Organ-specific origin of malignant cells
- Differentiation plasticity
- Long-distance communication 



Two biological analogies for cancer 
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- Stroma remodelling 
- Inflammation and immune activation
- Vascular alterations 

- Organ-specific origin of malignant cells
- Differentiation plasticity
- Long-distance communication 

Tissue repair?Organ development?

- Cell proliferation and migration
- Angiogenesis
- Epithelial/mesenchymal transitions
- Role of extracellular matrix
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Cancer as a developmental process?

9
Micalizzi, D.S., Farabaugh, S.M., and Ford, H.L. (2010). Epithelial-mesenchymal transition in cancer: parallels between normal development and tumor progression. 

J. Mammary Gland Biol. Neoplasia 15, 117–134.



Cancer as a developmental process?

10
Micalizzi, D.S., Farabaugh, S.M., and Ford, H.L. (2010). Epithelial-mesenchymal transition in cancer: parallels between normal development and tumor progression. 

J. Mammary Gland Biol. Neoplasia 15, 117–134.



Cancer as a dysregulated developmental process?
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Disorganisation, evasion and functional isolation from other tissues?

Polyak, K. (2007). Breast cancer: origins and evolution. J. Clin. Invest. 117, 3155–3163.
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Cancer as a repair process? 

14Schäfer, M., and Werner, S. (2008). Cancer as an overhealing wound: an old hypothesis revisited. Nat. Rev. Mol. Cell Biol. 9, 628–638.

Fibrin deposition in the stroma



Cancer as a repair process? 

15Schäfer, M., and Werner, S. (2008). Cancer as an overhealing wound: an old hypothesis revisited. Nat. Rev. Mol. Cell Biol. 9, 628–638.

Fibrin deposition in the stroma



Cancer as a dysregulated repair process? 
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Stages of tissue repair



Cancer as a dysregulated repair process? 
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Stages of tissue repair

Stages of cancer progression
Alteration and/or amplification of healing mechanisms?
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“Cancer cells reactivate a latent behavioural programme that is usually confined to embryonic development and tissue repair, 
although in cancer cells it occurs in an exaggerated and uncontrolled manner” (Schäfer and Werner, 2008) 

Tissue repair

Tumour as dysfunctional healing? 

Development

Tumour as an abnormal organ?

Understanding cancer progression and its control: the (im)balance 
between tissue construction, destruction and reconstruction? 

Understanding cancer progression and its control
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Understanding cancer progression and its control

Conceptual link with the notion of robustness?
Robustness as an active and ubiquitous property of 
functional persistence

Kitano, H. (2004). Biological robustness. Nature Reviews Genetics, 5(11), 826.
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Understanding cancer progression and its control

Conceptual link with the notion of robustness?
Robustness as an active and ubiquitous property of 
functional persistence
- “Complex biological systems must be robust against environmental and 

genetic perturbations to be evolvable” (Kitano, 2004)

- Physiological robustness as the “ability to resist perturbations that 
decrease the probability to survive” (Sholl and Lemoine) 

Kitano, H. (2004). Biological robustness. Nature Reviews Genetics, 5(11), 826.
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Understanding cancer progression and its control

Conceptual link with the notion of robustness?
Robustness as an active and ubiquitous property of 
functional persistence
- “Complex biological systems must be robust against environmental and 

genetic perturbations to be evolvable” (Kitano, 2004)

- Physiological robustness as the “ability to resist perturbations that 
decrease the probability to survive” (Sholl and Lemoine) 

Disease as a failure/rupture of robustness? 

Kitano, H. (2004). Biological robustness. Nature Reviews Genetics, 5(11), 826.
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Cancer as a robust system?
Cancer robustness as the maintenance of tumour cell proliferation potential despite genetic and 
environmental perturbations (Kitano, 2004)

Understanding cancer progression and its control

Kitano, H. (2004). Cancer as a robust system: implications for anticancer therapy. 
Nature Reviews Cancer, 4(3), 227.
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Cancer as a robust system?
Cancer robustness as the maintenance of tumour cell proliferation potential despite genetic and 
environmental perturbations (Kitano, 2004)
- Functional redundancy through cellular heterogeneity

- Feedback control through complex interaction loops 

- Sensing signals and constraints

- Response to stress and adaptability

Understanding cancer progression and its control

Kitano, H. (2004). Cancer as a robust system: implications for anticancer therapy. 
Nature Reviews Cancer, 4(3), 227.
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Cancer as a robust system?
Cancer robustness as the maintenance of tumour cell proliferation potential despite genetic and 
environmental perturbations (Kitano, 2004)
- Functional redundancy through cellular heterogeneity

- Feedback control through complex interaction loops 

- Sensing signals and constraints

- Response to stress and adaptability

 Definitional requirements: 
- Precise nature of actors: “system”, “functions”, “perturbations”?

- Questioning the “gradual degradation of function in response to damage”? 

Understanding cancer progression and its control

Kitano, H. (2004). Cancer as a robust system: implications for anticancer therapy. 
Nature Reviews Cancer, 4(3), 227.
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Fragility trade-offs and implications for cancer therapy
“there are trade-offs between robustness, fragility, performance and resource demands, which explain 
system behaviour, including the patterns of failure” (Kitano, 2004)

Cancer as a robust system? 
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Fragility trade-offs and implications for cancer therapy
“there are trade-offs between robustness, fragility, performance and resource demands, which explain 
system behaviour, including the patterns of failure” (Kitano, 2004)
- Lessons from the “highly optimized tolerance” (HOT) theory (Carlson and Doyle)

- Focus on the cell cycle, growth and apoptosis 

- Reducing heterogeneity and minimizing selective pressure 

Cancer as a robust system? 
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Fragility trade-offs and implications for cancer therapy
“there are trade-offs between robustness, fragility, performance and resource demands, which explain 
system behaviour, including the patterns of failure” (Kitano, 2004)
- Lessons from the “highly optimized tolerance” (HOT) theory (Carlson and Doyle)

- Focus on the cell cycle, growth and apoptosis 

- Reducing heterogeneity and minimizing selective pressure 

 Therapeutic strategies based on the control of cellular dynamics
“robustness can be controlled by carefully selecting modulation targets and the systematic use of multiple drugs” 

+ question of applicability in vivo and management of tumour resistance?  

Cancer as a robust system? 
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Open questions inspired by the tissue (re)construction analogies:
- Exploring the spatial and temporal levels of cancer robustness

Cancer as a robust system? 
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Open questions inspired by the tissue (re)construction analogies:
- Exploring the spatial and temporal levels of cancer robustness
 Who is robust? (malignant cells / tumour microenvironment / cancer vs organism)

 Where and when? (tumour site(s) and dissemination, stages of cancer progression) 

 How much change is allowed/tolerated? 

 Cancer typology and degrees of robustness? 

Cancer as a robust system? 
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Open questions inspired by the tissue (re)construction analogies:
- Exploring the spatial and temporal levels of cancer robustness
 Who is robust? (malignant cells / tumour microenvironment / cancer vs organism)

 Where and when? (tumour site(s) and dissemination, stages of cancer progression) 

 How much change is allowed/tolerated? 

 Cancer typology and degrees of robustness? 

- Is cancer progression and control a matter of conflicting robustness between tumour and host?
- How can tumour cell migration and metastasis causality be better understood in terms of cancer 

adaptability to change? 

- Investigating the notions of (in)stability, homeostasis, fitness, evolvability

Cancer as a robust system? 
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Cancer robustness in dysregulated development?
- Robustness in normal development and morphogenesis

Cancer as a robust system? 

Attractors as "distinct, self-stabilizing gene expression patterns that
encode a particular relatively stable phenotype" (Huang, 2011)

Huang, S. (2011, June). On the intrinsic inevitability of cancer: from foetal to fatal 
attraction. In Seminars in cancer biology (Vol. 21, No. 3, pp. 183-199). Academic Press.



32

Cancer robustness in dysregulated development?
- Robustness in normal development and morphogenesis

- Cancer: enabling role of mutations

- Status of “cancer stem cells”?

Cancer as a robust system? 

Attractors as "distinct, self-stabilizing gene expression patterns that
encode a particular relatively stable phenotype" (Huang, 2011)

Huang, S. (2011, June). On the intrinsic inevitability of cancer: from foetal to fatal 
attraction. In Seminars in cancer biology (Vol. 21, No. 3, pp. 183-199). Academic Press.
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Cancer robustness in dysregulated development?
- Robustness in normal development and morphogenesis

- Cancer: enabling role of mutations

- Status of “cancer stem cells”?

Broader questions:
- Embryonic vs post-natal development (and robustness of other 

communication systems?)

- Clonal evolution and “populational” robustness

Cancer as a robust system? 

Attractors as "distinct, self-stabilizing gene expression patterns that
encode a particular relatively stable phenotype" (Huang, 2011)

Huang, S. (2011, June). On the intrinsic inevitability of cancer: from foetal to fatal 
attraction. In Seminars in cancer biology (Vol. 21, No. 3, pp. 183-199). Academic Press.
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Cancer robustness in dysregulated repair?

Cancer as a robust system? 

“Robustness allows changes in the structure and 
components of the system owing to perturbations, but 
the key idea is that robustness leads to the maintenance 
of specific functions” (Truchetet and Pradeu, 2018)

Truchetet, M. E., & Pradeu, T. (2018, March). Re-thinking our understanding of immunity: 
Robustness in the tissue reconstruction system. In Seminars in immunology. Academic Press.
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Cancer robustness in dysregulated repair?

 Nature and kinetics of robustness in cancer? 

Cancer as a robust system? 

“Robustness allows changes in the structure and 
components of the system owing to perturbations, but 
the key idea is that robustness leads to the maintenance 
of specific functions” (Truchetet and Pradeu, 2018)

Truchetet, M. E., & Pradeu, T. (2018, March). Re-thinking our understanding of immunity: 
Robustness in the tissue reconstruction system. In Seminars in immunology. Academic Press.
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Cancer robustness in dysregulated repair?

Cancer as a robust system? 

Truchetet, M. E., & Pradeu, T. (2018, March). Re-thinking our understanding of immunity: 
Robustness in the tissue reconstruction system. In Seminars in immunology. Academic Press.
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Cancer robustness in dysregulated repair?

“the concept of robustness helps better understand TRS-associated 
pathologies, either as a deficiency in the fundamental processes by 
which robustness is normally realized (plasticity, etc.), or as an 
emerging, local form of robustness that is detrimental to the 
organism” (Truchetet and Pradeu, 2018)

 Robustness as a dysfunction or dysfunctional robustness?

Cancer as a robust system? 

Truchetet, M. E., & Pradeu, T. (2018, March). Re-thinking our understanding of immunity: 
Robustness in the tissue reconstruction system. In Seminars in immunology. Academic Press.
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Cancer robustness in dysregulated repair?

“the concept of robustness helps better understand TRS-associated 
pathologies, either as a deficiency in the fundamental processes by 
which robustness is normally realized (plasticity, etc.), or as an 
emerging, local form of robustness that is detrimental to the 
organism” (Truchetet and Pradeu, 2018)

 Robustness as a dysfunction or dysfunctional robustness?

Cancer as a robust system? 

Crucial role of the 
immune system

Truchetet, M. E., & Pradeu, T. (2018, March). Re-thinking our understanding of immunity: 
Robustness in the tissue reconstruction system. In Seminars in immunology. Academic Press.
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Cancer robustness in tumour immunity?

Cancer as a robust system? 
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Cancer robustness in tumour immunity?

Cancer as a robust system? 
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Cancer robustness in metastasis?

Cancer as a robust system? 

Lorusso, G., and Rüegg, C. (2012). New insights into the mechanisms of 
organ-specific breast cancer metastasis. Semin. Cancer Biol. 22, 226–233.
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Cancer robustness in metastasis?

“When the environment is not optimal […] tumour-cell survival can be assured by 
adaptive changes, responses that change the environment, or migration to a new 
environment" (Kitano, 2004)

Cancer dissemination as an adaptation?

 Link with causality and tropism of metastasis? 

Cancer as a robust system? 

Lorusso, G., and Rüegg, C. (2012). New insights into the mechanisms of 
organ-specific breast cancer metastasis. Semin. Cancer Biol. 22, 226–233.
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Understanding cancer progression and its control
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