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 2 

Interface model 3 

 4 

The interface model is a nonlinear effect-compartmental model in which the elimination 5 

mechanism is controlled by the state variable )(ty  (Meille et al, 2008). This latter variable 6 

represents the effect of the drug and is related to the drug plasma concentration )(tc  as 7 

follows:  8 
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with an initial condition 0)0( y . Here,  ,   and   are constants, and H  is the Heaviside 10 

function, i.e., 1)( xH  for 0x  and 0  otherwise. Parameters   and   control the shape of 11 

the output )(ty . Parameter   is a threshold parameter with adjustment for the input )(tc . In 12 

the case with 0  and 0 , the interface model coincides with the area under the curve 13 

model. 14 

 15 

PK 16 

 17 

The first five equations of the model represent the pharmacokinetic models for etoposide and 18 

cisplatin. Etoposide kinetics are usually described by a model with two compartments that have 19 

elimination in the central compartment (Tranchand et al, 1999). The equations are: 20 
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 21 

where 1c  and 2c  represent the etoposide concentrations in the central and peripheral 22 

compartments, respectively. For cisplatin, we use a three-compartment model (Monjanel-23 

Mouterde et al, 2003):  24 

)(

)(

)(
)(

5331
5

4321
4

1

2
51341231312

3

cck
dt

dc

cck
dt

dc

V

tu
ckckckkk

dt

dc
e







 25 

where 3c , 4c  and 5c  represent the concentrations in the central compartment and the second 26 

and third compartments, respectively. Parameter values are given in Table 8. 27 

 28 

Interfaces 29 

 30 

A particularity of our model is that there is an interface-type model related to the neutrophils, 31 

platelets and tumour volume for each drug. 32 

Equations of the ANC interface model are as follows:  33 
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 34 

where 1y  and 2y  represent the ANC interface variables for etoposide and cisplatin, respectively. 35 

Equations of the PLT interface model are: 36 
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where 3y  and 4y  represent the PLT interface variables of etoposide and cisplatin, respectively. 38 

Equations of the tumour interface model are:  39 
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 40 

Similarly, here 5y  and 6y  represent the tumour regression interface variables for etoposide and 41 

cisplatin, respectively. The parameter values are given in Table 9. 42 

 43 

Haemotoxicity model 44 

 45 

We consider a simple, physiologically realistic model for haematopoiesis to describe the 46 

dynamics of neutrophils and platelets. We assume that the production rate of progenitor cells 47 

u  is regulated by a homeostatic feedback mechanism controlled by the mature neutrophils w . 48 

Due to maturation and replication in the haematopoietic chain, progenitors control the 49 

production of mature neutrophils after a time delay,  . This process is described by the 50 

following equations:  51 
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 52 

with 0wkw . The constants uk  and wk  are associated with natural elimination of neutrophils 53 



and progenitors. gRe  represents the neutrophil-mediated regulation of the progenitors via 54 

cytokines. We considered  55 

,Re 0
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where 0w  is the standard number of neutrophils without the effect of drugs, and   is a positive 57 

constant. N  represents the cytotoxic effect of both drugs. We set  58 

21 yyN    59 

where parameters   and   are associated with the effects of etoposide and cisplatin, 60 

respectively. 61 

Similarly, for the platelets, we used the following equations:  62 
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 63 

with 01 pk p , 1)/(Re 01


ppg   and 41311 yyN   . The parameter values are given in Table 64 

10. 65 

 66 

Modelling tumour growth 67 

 68 

Several studies have shown that the Gompertz model reproduces significant tumour growth. In 69 

our model, we used a Gompertz type growth that is described by the following equation:  70 
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In this latter equation, n represents the number of cancer cells, M  is a carrying capacity or the 72 



maximal number of cells that can be attained and K  represents the cytotoxic effects of both 73 

drugs. Letting 0K  means that there is no treatment. We set the initial tumour mass equal to 74 

30 g, such that 30)0( n  and M  = 1000  g, which is equivalent to 1210  cells. The coefficient   75 

was chosen such that the doubling time is equal to 30  days, which corresponds to the observed 76 

doubling time for SCLC (Hasegawa et al, 2000; Al-Ajam et al, 2005; Harris et al, 2012). We set  77 

))((2 6565 yeyesynyeyeK cisetociseto   78 

where etoe  and cise  are two constants that calibrate the cytotoxic effects of etoposide and 79 

cisplatin, respectively. Finally, syn  is a synergy coefficient between the two drugs. Parameter 80 

values are given in Table 11. 81 
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