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S2 Text: Full set of model equations

General case: absence of medical treatments

� cell populations in the mammary duct

∂tρ(φ, t) =

symmetric cell proliferation︷ ︸︸ ︷
rp

1 − δφ,0
ρ̃0

Cφ
−

∑
0≤η≤Φ
η 6=φ

ρ(η, t)

Cη


1 −

∑
0≤η≤Φ

ρ(η, t)

Cη

 ρ(φ, t)

R?ec(φ)g(φ)
−

TGF-β induced apoptosis︷ ︸︸ ︷
raR

?
ec(φ)g(φ)ρ(φ, t)

+

cell mutation︷ ︸︸ ︷
rm [(1 − δφ,0)ρ(φ− 1, t) − (1 − δφ,Φ)ρ(φ, t)]−

cells entering the blood stream︷ ︸︸ ︷
rint (1 − δφ,0)ρ(φ, t) Γ(CEPC)

� CTC in the circulatory system

∂tCTC(t) =

intravasating CTCs︷ ︸︸ ︷
rint VROI

Φ∑
φ=1

ρ(φ, t) Γ(CEPC) −

CTCs do not escape the immune system︷ ︸︸ ︷
rimm CTC(t) Γ(C47 − C47) +

−

extravasating CTCs︷ ︸︸ ︷
rext CTC(t) Γ(C44) Γ(C47) Γ(CMET )

� CTCe in the bone niche

∂tCTCe(t) =

extravasating CTCs︷ ︸︸ ︷
rext CTC(t) Γ(C44) Γ(C47) Γ(CMET )−

seeding CTCs︷ ︸︸ ︷
rseed CTCe(t)
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Special case: bisphosphonate treatment

� cell populations in the mammary duct

∂tρ(φ, t) =

symmetric cell proliferation︷ ︸︸ ︷
rp

1 − δφ,0
ρ̃0

Cφ
−

∑
0≤η≤Φ
η 6=φ

ρ(η, t)

Cη


1 −

∑
0≤η≤Φ

ρ(η, t)

Cη

 ρ(φ, t)

R?ec(φ)g(φ)
−

TGF-β induced apoptosis︷ ︸︸ ︷
raR

?
ec(φ)g(φ)ρ(φ, t)

+

cell mutation︷ ︸︸ ︷
rm [(1 − δφ,0)ρ(φ− 1, t) − (1 − δφ,Φ)ρ(φ, t)]−

cells entering the blood stream︷ ︸︸ ︷
rint (1 − δφ,0)ρ(φ, t) Γ(CEPC)−

therapy effect︷ ︸︸ ︷
rBP BP (t) ρ(φ, t)

� CTC in the circulatory system

∂tCTC(t) =

intravasating CTCs︷ ︸︸ ︷
rint VROI Γ(CEPC)

Φ∑
φ=1

ρ(φ, t) −

CTCs do not escape the immune system︷ ︸︸ ︷
rimm CTC(t) Γ(C47 − C47) +

−

extravasating CTCs︷ ︸︸ ︷
rext CTC(t) Γ(C44) Γ(C47) Γ(CMET )−

therapy effect︷ ︸︸ ︷
rBP BP (t) CTC(t)

� CTCe in the bone niche

∂tCTCe(t) =

extravasating CTCs︷ ︸︸ ︷
rext CTC(t) Γ(C44) Γ(C47) Γ(CMET )−

seeding CTCs︷ ︸︸ ︷
rseed CTCe(t)−

therapy effect︷ ︸︸ ︷
rBP BP (t) CTCe(t)

� BP in the breast tissue, in the blood and in the bone

∂tBP (t) =

drug administration︷ ︸︸ ︷
H(t− t1) H(t2 − t)

BP

t2 − t1
−

drug decay︷ ︸︸ ︷
dBP BP (t) +

−

drug absorption︷ ︸︸ ︷
rBP BP (t)

 σ0

Φ∑
φ=1

ρ(φ, t) + CTC(t) + CTCe(t)


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