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Background

Mathematical modelling approach represents a useful tool to better understand complex systems such as the
Interactions established between immune and tumour cells after immune-stimulatory therapies, a growing
therapeutic strategy in oncology. However its use in this area is still scarce, especially during preclinical stages.

The aim of this work were:

(1) to develop a semi-mechanistic population pharmacodynamic model to describe the effects of a vaccine
(CyaA-E7) able to trigger a potent and specific immune response in xenograft mice, when administered alone
or in combination with CpG (a TLR9 ligand) and/or cyclophosphamide (CTX).

(i) to assess the applicability of the model under different immune-based treatments.

Methodology

Animal experimentation

 Berraondo et al. [1] published data were used to develop the model. Briefly, 5x10° tumour cells expressing
HPV16-E7 proteins were injected into the shaved back of C57BL/6 mice in 200uL of PBS and different
regimens were followed:

= Monotherapy: A single dose of 50ug of vaccine or PBS (control group) was administered to mice on
different days after tumour inoculation (day 4,7,11 ,18, 25 or 30).

= Bitherapy: A single dose of 50ug of vaccine on day 25 was administered in combination with 30 pg of CpG
on the same day or 2.5 mg of CTX on the day before. CpG and CTX in monotherapy administered with the
same dosing schedule were also included as reference.

» Tritherapy: A single dose of 50ug of vaccine on day 25, 30 or 40 was administered in combination with 30
g of CpG on the same day and 2.5 mg of CTX on the day before. A group receiving only CpG and CTX in
combination on day 25 and 24 respectively was also included.

*» Medina-Echeverz et al. [2] published data were used to test model applicability to other immune-stimulatory
scenarios. Briefly, 5x10°> MC38 cells were subcutaneously injected to 5-week-old female C57BL/6 mice.
Subsequently, mice were treated with either PBS (control group) or with 10ug of a plasmid codifying for
murine interleukin 12 (IL12) administered by hydrodynamic injection on day 23, alone or in combination with
2.5 mg dose of CTX on the previous day.

Tumour size, presented as the average of two perpendicular diameters (mm), was measured at regular intervals.
Mice were euthanatized if tumour size reached 20mm.

Model development

Sequential model developement was followed:

s CyaA-E7 model: Analysis of the monotherapy data revealed five main aspects (Fig. 1) considered during
model building (Fig. 2, yellowed area) [3].
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» Co-adjuvant model was developed using bitherapy data (Fig. 2) (red area).

¢ Finally, both bitherapy models were coupled to simulate the different tritherapy dosing groups.
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Figure 2. Scheme and mathematical equations of the model. After vaccine (VAC) administration and through a transit compartment (TRAN,,xc) , the vaccine induces a
signal (SVAC) able to decrease tumours size (Ts). An inhibition of vaccine efficacy induced by a regulator compartment (REG) controlled by tumour size was detected.
Regarding the co-adjuvant therapies, after CpG administration and through a transit compartment (TRANc,c), the drug triggers a signal (S¢,c) able to increase transit
between vaccine compartments and induce the proliferation of SVAC. On the other hand CTX is able to directly inhibit regulator compartment (REG) proliferation and also
generate, through a delay compartment (TRANq1x), @ signal (Sqrx) able to induce tumour death. k;: first order rate constant controlling vaccine elimination and transit
between compartments; Kk,: first order rate constant accounting for SVAC degradation; A: zero order rate constant of tumour growth; Kks: vaccine efficacy second order rate
constant; k,: first order rate constant controlling the regulator compartment dynamics; Ts;,: tumour size able to inhibit the 50% of the vaccine response ; y: shape parameter;
Kcrx and kepg: first order rate constants controlling co-adjuvant drug elimination and transit between compartments. SLPq: linear effect triggered by CpG over the vaccine
compartment dynamics; SLP-y: linear effect triggered by CTX over the REG compartment dynamics; k. CTX efficacy second order rate constant . In the equations, D
stands for either, CpG or CTX.

Data analysis and Model Evaluation

¢ Non parametric bootstrap was used to evaluate precision of parameter estimates (Tables I and 11).
¢ Goodness of fit plots and individual fits were represented (Fig 3).

¢ Visual Predictive Checks (VPCs) were performed by simulating 1000 individuals for each of the treatment
groups included in the analysis. 51, 50" and 95" percentiles were calculated and plotted against the observed
data (Fig. 4, upper panels).

¢ Percentage of simulations above the LOQ were obtained and plotted against raw data (Fig. 4, lower panels).

1000 thousand studies were simulated. The simulated probability of cure for each group was calculated and
compared with the experimental one (Fig. 5).

During the analysis, M3 method [4] was used to account for the BQL, considering 2 mm as the lowest measurable
value. Berkeley-Madonna, R, NONMEM VII and PsN softwares were used to develop the model.

Model Applicability

The model structure was used to described IL12 data, estimating only the IL12 model specific parameters (see
Table 1) and evaluated as previously described.
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Figure 4. Visual and numerical predictive check to evaluate final model performance. 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 (orange) or 1L12
(red) dosing groups (framed plots) . 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 (darkred dashed line).

A B
o o
— ] > * Raw data ~ ) ) ) )
- Sim median . Figure 5. Vaccine efficacy evaluation.
g 24 -~ . 90% Cl g S 1T :
3 © - N 3 ° Probability of cure at the end of the experiment
5 Q- . . 5 Q- - was estimated for 1000 simulated studies for
g . o B g 0 both tested therapies CyaA-E7 (A) and 1L12
§ A . - . § o (B). Simulated median was plotted against raw
L ol I S . probability of cure for each dosing group
o o o e .
Rl . (points). Grey shadow represents 90%
S1__—= ol S o - S1== —— — prediction interval of the simulated data.
I ST T, - S SN A R A I S SIS 2 P P
& N /\85\ I R A SR A R R A S M) SRR AR
IS A M T N <P AP/ R M AN & v &gy
S e G\'Z?' G\q}?“ G\g G\'X o G\‘b?‘ G\'X c;bro SRR < A © Q’%Q
Q@‘b &_\_‘i:r R v

Conclusions

A novel mathematical model integrating different modelling strategies, such as censored data and mixture model,
within the population approach has been successfully developed to describe the different outcomes obtained after
CyaA-E7 vaccine administration. In addition, the model structure was applied to describe tumour size outcome
after administration of a different immunotherapeutic agent, 1L12.

The pharmacodynamic effects of two widely used co-adjuvants in immunotherapy, CTX and CpG, were
Incorporated into the model considering biologically plausible mechanism of action.

The final model was used to satisfactorily predict tumour response under different immunotherapy scenarios.

This model can be used to maximize the information obtained from preclinical cancer immunotherapy
experiments , being useful for the design of better clinical trials of immune modulating drugs.
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