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Figure legends 

Figure 1. Individual raw data profiles. C57BL/6 mice were injected with 5x105 TC-1 

cells (n=13-19 mice per group) on day 0. Individual mice profiles, computed as the 

mean of two perpendicular diameters, are shown after administration of a single dose of 

CyaA-E7 (yellow line), CpG (blue line) or CTX (green line) alone, in two-two 

combination or after tritherapy administration (Berraondo et al, 2007). A table 

summarizing the drug doses used along with the day of dose administration has been 

included in the figure. 2 mm was considered as the limit of quantification (red dashed 

line). Frame plots data belong to the monotherapy analysis previously published, but are 

shown to allow for comparison.  

 

Figure 2. Schematic representation of the combination therapy model. Previously 

developed vaccine model, equations and parameter estimates for CyaA-E7 and IL-12 

administration in monotherapy are shown (yellow area) (Parra-Guillen et al, 2013). 

After CpG administration and through a transit compartment (TRANCpG), the drug 

triggers a signal (SCpG) able to increase transit between vaccine compartments and 

induce the proliferation of the vaccine signal (SVAC), which in turn will trigger tumour 

(Ts) death. On the other hand CTX is able to directly inhibit regulator compartment 

(REG) proliferation and generate, through a delay compartment (TRANCTX), a signal 

(SCTX) able to induce tumour death. A description of the parameters can be found in 

Materials and Methods section. 

 

Figure 3. Evaluation of model performance. A. Tumour size observations (points) 

and individual model predictions (lines) of two illustrative mice per dosing group 
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(obtained using the MAXEVAL=0 option in NONMEM) are presented using a different 

colour for each mouse. 2 mm was considered as the limit of quantification (dashed line). 

B. Probability of cure calculated over 1000 simulated studies is presented and compared 

to real data. Grey shadow represents 90% prediction interval of the simulated data and 

points represents the raw probability of cure for the studies used during model 

development (orange) and for the validation studies (brown). 

 

Figure 4. Visual and numerical predictive check to evaluate final model 

performance at population level. Simulated tumour size measurements above the limit 

of quantification (upper panels) and percentage of data below the limit of quantification 

(lower panel) versus raw data (points) are plotted over time for CyaA-E7 bitherapy and 

tritherapy studies. Grey areas in the upper panels represent the 90% prediction interval 

of the simulated median. Grey areas in the lower panels represent the 90% prediction 

interval of the simulated percentage of data below the limit of quantification. Solid and 

dashed black lines are the simulated and raw median respectively. 2 mm was considered 

as the limit of quantification (red dashed line). 

 

Figure 5.  Mean model performance. Tumour size (Ts) and regulator compartment 

(REG) profiles over time are presented for both mice populations, responders (left) and 

non-responders (right), after administration of 50 μg of CyaA-E7 on day 25, 30 μg of 

CpG-B on day 25 and/or 2.5 mg of CTX on day 24, alone or in combination. 

 

Figure 6. External validation of the combination model using IL-12 experimental 

data. A. C57BL/6 mice were injected with 5x105 MC38 cells on day 0. Individual mice 
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profiles, computed as the mean of two perpendicular diameters, are shown after 

administration 2.5 mg of CTX on day 22 alone or in combination with 10μg of a 

plasmid codifying for murine IL-12 administered by hydrodynamic injection on day 23. 

B. Tumour size observations (points) versus individual model predictions (solid lines 

obtained with MAXEVAL=0 option in NONMEM) of two mice per IL-12 dosing 

group. C. Simulated tumour size measurements above the limit of quantification (upper 

panels) and percentage of data below the limit of quantification (lower panel) versus 

raw data (points) are plotted over time for CTX administered alone or in combination 

with IL-12. Grey areas in the upper panels represent the 90% prediction interval of the 

simulated median. Grey areas in the lower panels represent the 90% prediction interval 

of the simulated percentage of data below the limit of quantification. Solid and dashed 

black lines are the simulated and raw median respectively. D. Probability of cure 

calculated over 1000 simulated studies is presented and compared to real data. Grey 

shadow represents 90% prediction interval of the simulated data and points represents 

the raw probability of cure for the IL-12 studies. 2 mm was considered as the limit of 

quantification (red dashed line). 
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Tables 

 Table I: Parameters of the mathematical model developed  

 CpG CTX 

Parameter Mean Value (CV%) [2.5th-97.5th ] Mean Value (CV%) [2.5th-97.5th ] 

kD (day-1) 0.268 (5) [0.0533-0.420] 0.302 (21.3) [0.233-0.483] 

SLPD (au-1) 9.01 (8.1) [3.52-62.3] 2.30 (40.7) [1.25-4.48] 

k5 (au-1·day-1) 0.478 (14.7) [0.0847-1.65] -  

k6 (au-1·day-1) -  0.189 (45.6) [0.0606-0.283] 

Residual error 
[Log (mm)] 

0.166 (6.7) [0.144-0.189] 0.153 (4.7) [0.133-0.166] 
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Supplementary Tables 
 

Supplementary Table I: Comparison of models developed for CTX  

 CTX  

Model Description AIC 

1  No effect  ‐660.65 

2  Direct effect of CTX over Ts independent on REG CMT  ‐751.207 

3  Direct effect of CTX over Ts dependent on REG  ‐688.722 

4  Effect over Ts delayed 2 CMT (SCTX) and independent on REG   ‐776.123 

5  Effect over Ts delayed 2 CMT (SCTX) and dependent on REG  ‐809.774 

6  Direct increase of REG elimination induce by CTX (linear model)  ‐800.246 

7  Direct increase of REG elimination induced by CTX (Emax model)  ‐798.216 

8  Direct decrease of REG synthesis iduced by CTX (linear model)  ‐779.811 

9  Direct decrease of REG synthesis induced by CTX (Imax model)  ‐709.627 

10  Model 2 + Model 6  ‐819.154 

11  Model 3 + Model 6  ‐813.313 

12  Model 4 + Model 6  ‐845.693 

13  Model 4 + Model 8  ‐845.809 

14  Model 5 + Model 6  ‐851.66 

15  Model 5 + Model 8 (FINAL MODEL)  ‐854.066 

AIC: Akaike information criteria ; CTX: cyclophosphamide; CMT: compartment; Ts: tumour size; 

REG: regulatory compartment     

   



Supplementary Table I: Comparison of models developed for CTX  

 CpG  

Model Description AIC 

1  No effect  ‐590.082 

2  Direct effect of CpG over Ts dependent of REG  ‐616.534 

3  CpG increases the pool of TRANVAC ‐703.768

4  CpG increases the pool of SVAC   ‐689.471 

5  CpG increases transit between VAC and TRANVAC CMTs  ‐745.622 

6  CpG increases transit between VAC, TRANVAC and SVAC CMTs  ‐755.451 

7  CpG amplifies with a γ exponent the TRANVAC input  ‐667.21 

8  CpG induces TRANVAC proliferation ‐715.523

9  CpG induces SVAC proliferation  ‐763.538 

10  CpG induces TRANVAC and SVAC proliferation  ‐722.974 

11  CpG increases transit between VAC, TRANVAC and SVAC CMTs through 
2 CMTs (SCpG) 

‐766.078 

12  CpG Induces SVAC proliferation through 2 CMTs (SCpG) ‐770.735

13  Model 2+ Model 6  ‐757.697 

14  Model2+ Model 9  ‐726.461 

15  Model 4+ Model 6  ‐743.554 

16  Model 5+ Model 6  ‐754.108

17  Model 6 + Model12  ‐768.615 

18  Model 9+ Model 11  ‐785.258 

19  Model 11+ Model 12  ‐782.869 

AIC: Akaike information criteria ;  CMT:  compartment;  Ts:  tumour  size;  VAC:  vaccine 

compartment; TRANVAC: transit vaccine compartment; SVAC: signal vaccine compartment 

   

 


