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Ø We know the basic rules of what is happening

Ø But we cannot look inside the cancer

Ø And we should not try different treatments on actual patients

Ø We can use theory from ecology and evolutionary biology

Ø We can build a mathematical model!

What can we (mathematicians) do?
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Let’s build a model!

Ø We have sensitive and resistant cells

Ø Cells continuously give birth to new cells

Ø Sensitive and resistant cells compete for 
resources

Ø Limited number of cells can live

Ø If too many cells are growing, cells 
start dying

Ø Sensitive cells are stronger

Ø Under therapy, cells die

Ø Sensitive cells die much faster

Ø We measure the total number of cells 
(imperfectly)
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𝑏 " 𝑆

𝑏 " 𝑅

𝐶 = 𝑆 + 	𝑅 + 	𝜀, 𝜀~𝒩(0, 𝜎)

Proliferation
(birth)

Competition Death
(therapy)

Cancer	burden	observation

−	 𝑏 " 𝑆 "
𝑆 + 𝑅
𝐾 −	 𝑑! " 𝑆

−	𝑏 " 𝑅 "
𝒄 " 𝑆 + 𝑅

𝐾
−	𝒅𝑹 " 𝑅

Ø We have sensitive and resistant cells

Ø Cells continuously give birth to new cells

Ø Sensitive and resistant cells compete for 
resources

Ø Limited number of cells can live

Ø If too many cells are growing, cells 
start dying

Ø Sensitive cells are stronger

Ø Under therapy, cells die

Ø Sensitive cells die much faster

Ø We measure the total number of cells 
(imperfectly)

𝑑𝑆
𝑑𝑡 =

𝑑𝑅
𝑑𝑡 =

Let’s build a model!
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How similar is this to real life?
Patients with ovarian cancer:
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Let’s make a better treatment!

total treatment: 125115125
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Let’s make a better treatment!

total treatment: 115
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Let’s make a better treatment!

total treatment: 125115105
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Would this really work?

Standard therapy / Adaptive therapy Standard therapy                     Adaptive therapy

Gatenby et al., Cancer Research, 2009: Hockings et al., bioRxiv, 2023:
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Would this really work?

Zhang et al., eLife, 2022:



Ø >80% of cancer death today are due to therapy 
failure

Ø Cancers evolve/change and become resistant

Ø We can model this process mathematically
Ø Models help design treatments that keeps 

cancer under control

Ø The real picture inside a cancer is likely much 
more complicated
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