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Mathematical modeling of differential effects 

of neo-adjuvant Sunitinib on primary tumor 

and metastatic growth  

AN ELEMENTARY THEORY OF METASTATIC DYNAMICS: 
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DIFFERENTIAL EFFECTS OF SUNITINB ON PRIMARY TUMOR AND METASTASIS

Untreated group Treated group (11 days)
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Modeling in ONCology

Measurements of 

• primary tumor kinetics, 

• metastatic burden (bioluminescence) 

• pre-surgical molecular and cellular 

biomarkers, including Ki67 and CD31 

expression, circulating tumor cells 

( C T C s ) a n d m y e l o i d d e r i v e d 

suppressor cells (MDSCs). 
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Primary tumor growth:
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Primary tumor - metastatic growth dynamics:
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Dissemination law: d(Vp)= μVp

PT growth law: gp 

Metastases growth law: g 
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Growth rates of primary and 
secondary tumors gp and g

Metastatic burden (total metastatic 
number of cells)
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 COVARIATES ANALYSIS
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Biomarkers VS individual parameters 

• Biomarkers can be included in the model as covariates in order to explain part of the variability in the individual 
parameters
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Mixed-effects population approach. 
Log-normal distribution for the individual parameters: 
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MLE of           through the SAEM algorithm.  
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Table: Population parameters for the treated group.
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 BACKGROUND

• Sunitinib is a drug with anti-angiogenic activity used in the treatment of patients 
with metastases from renal cell carcinoma or gastrointestinal tumors. 

• It is currently evaluated in clinical trials in the neo-adjuvant setting.

• Despite clear efficacy in reducing established tumor growth, recent  preclinical 
studies have shown limited, or even opposing, efficacies in preventing 
metastatic spread. 

• In this work, we evaluated a mathematical model of the metastatic process to 
describe primary tumor and metastatic dynamics in response to sunitinib in a 
clinically relevant ortho-surgical mouse model of spontaneous metastatic 
breast cancer. 

Orthotopic xenograft breast model: 

LM2-4LUC+ human metastatic breast 

carcinoma cells. 

B i o l u m i n e s c e n c e 

monitoring of post-

surgical metastasis

gp(V, t) = 0
<latexit sha1_base64="EiBdCe1kHTXuueTFETaH73T8kP4=">AAAB/XicbVBNS8NAFNzUr1q/qh69LBahgpREBPUgFL14rGDaQhvKZvtal26SZfdFKKHgr/CqJ0/i1d/iwf9iEnPQ6pyGmfd488ZXUhi07Q+rtLC4tLxSXq2srW9sblW3d9omijUHl0cy0l2fGZAiBBcFSugqDSzwJXT8yVXmd+5BGxGFtzhV4AVsHIqR4AxTqT8eqHr7CA/pBbUH1ZrdsHPQv8QpSI0UaA2qn/1hxOMAQuSSGdNzbIVewjQKLmFW6ccGFOMTNoZeSkMWgPGSPPOMHsSGYUQVaCokzUX4uZGwwJhp4KeTAcM7M+9l4n9eL8bRmZeIUMUIIc8OoZCQHzJci7QMoEOhAZFlyYGKkHKmGSJoQRnnqRin7VTSPpz57/8S97hx3rBvTmrNy6KYMtkj+6ROHHJKmuSatIhLOFHkkTyRZ+vBerFerbfv0ZJV7OySX7DevwDMlZR0</latexit><latexit sha1_base64="EiBdCe1kHTXuueTFETaH73T8kP4=">AAAB/XicbVBNS8NAFNzUr1q/qh69LBahgpREBPUgFL14rGDaQhvKZvtal26SZfdFKKHgr/CqJ0/i1d/iwf9iEnPQ6pyGmfd488ZXUhi07Q+rtLC4tLxSXq2srW9sblW3d9omijUHl0cy0l2fGZAiBBcFSugqDSzwJXT8yVXmd+5BGxGFtzhV4AVsHIqR4AxTqT8eqHr7CA/pBbUH1ZrdsHPQv8QpSI0UaA2qn/1hxOMAQuSSGdNzbIVewjQKLmFW6ccGFOMTNoZeSkMWgPGSPPOMHsSGYUQVaCokzUX4uZGwwJhp4KeTAcM7M+9l4n9eL8bRmZeIUMUIIc8OoZCQHzJci7QMoEOhAZFlyYGKkHKmGSJoQRnnqRin7VTSPpz57/8S97hx3rBvTmrNy6KYMtkj+6ROHHJKmuSatIhLOFHkkTyRZ+vBerFerbfv0ZJV7OySX7DevwDMlZR0</latexit><latexit sha1_base64="EiBdCe1kHTXuueTFETaH73T8kP4=">AAAB/XicbVBNS8NAFNzUr1q/qh69LBahgpREBPUgFL14rGDaQhvKZvtal26SZfdFKKHgr/CqJ0/i1d/iwf9iEnPQ6pyGmfd488ZXUhi07Q+rtLC4tLxSXq2srW9sblW3d9omijUHl0cy0l2fGZAiBBcFSugqDSzwJXT8yVXmd+5BGxGFtzhV4AVsHIqR4AxTqT8eqHr7CA/pBbUH1ZrdsHPQv8QpSI0UaA2qn/1hxOMAQuSSGdNzbIVewjQKLmFW6ccGFOMTNoZeSkMWgPGSPPOMHsSGYUQVaCokzUX4uZGwwJhp4KeTAcM7M+9l4n9eL8bRmZeIUMUIIc8OoZCQHzJci7QMoEOhAZFlyYGKkHKmGSJoQRnnqRin7VTSPpz57/8S97hx3rBvTmrNy6KYMtkj+6ROHHJKmuSatIhLOFHkkTyRZ+vBerFerbfv0ZJV7OySX7DevwDMlZR0</latexit>

Treatment acts differently on primary and secondary  tumor growth 

estimate (CV %) unit r.s.e. (%)

µ
pop

1.009e-04 (117.476) mm�3· day�1 23.483
↵0,pop 1.907 (22.919) day�1 6.208
�
pop

9.116e-02 (24.490) day�1 6.682
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 CONCLUSIONS

These results confirm a differential effect of sunitinib on primary (localized) tumors 
compared to secondary (metastatic) disease. Our results suggest that  Ki67+/CD31+, 
CTCs and MDSCs measurements might help in personalized prediction of 
metastatic potential and thus aid in predicting benefit in overall survival for preoperative 
antiangiogenic treatments.  

dVp

dt
= gp(Vp(t), t)
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