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Growth-limiting factor #1:  
diffusional limitation of nutrient supply  
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Mechanisms to overcome starvation 
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Growth-limiting factor #2:  
stress-induced growth inhibition 

Helmlinger G. et al. //Nature biotechnology. – 1997. – Т. 15. – №. 8. – С. 778-783. 

Constant agarose concentration Gel release on 30th day 



Why model tumor growth  
with account of solid stress? 

Seano G. et al. //Nature biomedical engineering. – 2019. – Т. 3. – №. 3. – С. 230-245. 



Main model assumptions 
• Spherically-symmetrical growth 
• Non-invasive tumor 
• Avascular tumor 
• Biphasic tissue (porous solid matrix immersed in fluid) 
• Solid stress is isotropic 
• Densities of two phases are equal and constant 

 

 
• Tissue is fully saturated:                      => 
• External body forces are negligible 
• Fluid flow is slow 
• Solid phase permeability is homogeneous (but varied) 
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Full model 

Variation of P:  
0.7*10-6 – 1.8*10-4 s-1 

Variation of K/μ:  
10−10-10−6 cm2/(mmHg·s) 



Dependence of solid stress on cell fraction 
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Infinite hydraulic conductivity limit  
(K/µ → ∞) 



Estimation of growth curves at K/µ → ∞ 

End of 1-st growth stage: exponential phase 

End of 3-rd stage: 
stable state 

End of 2-nd stage: two-layered tumor 



Growth curves and comparison  
with numerical simulations 

growth curves  
are almost indiscernible  

from the case K/μ=3  
(10−8 cm2/(mmHg·s)) 



Intermediate hydraulic conductivity (K/μ=0.3) 
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Intermediate hydraulic conductivity (K/μ=0.3) 
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Intermediate hydraulic conductivity (K/μ=0.3): 
fluid-filled core under high nutrient inflow 



Low hydraulic conductivity (K/μ=0.03): 
crucial condition for giant benign tumors 
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Very low hydraulic conductivity (K/μ=0.003):  
stress-induced restriction and explosive acceleration 



Discussion 
Results: 
 
• Simple continuous model of benign tumor growth in normal tissue was presented. 

Nutrient supply and biomechanical interactions were accounted for. 
 

• In the limit of infinite tissue hydraulic conductivity  
accurate tumor growth curves were obtained semi-analytically.  
Such limit is applicable for K/μ > 10−8 cm2/(mmHg·s). 
 

• Sufficiently low hydraulic conductivity and high nutrient supply level  
led to giant long-growing tumors.  
Lowest values of tissue hydraulic conductivity and high nutrient supply level 
yielded explosive tumor growth before reaching plateau. 

 
Most crucial model drawback: neglect of circumferential stress. 
 
Future work: optimization of tumor treatments,  
        associated with the delivery of drugs via intravenous injections. 
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