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Structural identifiability analysis determines whether 

the unknown parameters can be uniquely identified 

by the input-output behaviour of a system. 

• Globally identifiable: All unknown model 

parameters have unique solutions

• Locally identifiable: At least one unknown model 

parameter has a finite number of solutions

• Unidentifiable: At least one unknown model 

parameter has an infinite number of solutions

The ODE Model can be proven at least locally 

identifiable via the Taylor Series approach, whereas 

the PDE Model cannot currently be proven to be 

structurally identifiable due to memory limitations in 

Maple when using the Input-Output Method.

Figure 3: Schema for PK Model of a general 
antibody, including the first compartment of 
the tumour distribution.

𝑘𝑎𝑏𝑠 = 0.2/h, 𝑘𝐶𝐿 = 0.0001L/h, 

𝑘𝑃𝑆 = 1.7 ∗ 10−10L/h 

𝑘𝑎𝑏𝑠: Rate of Absorption, 𝑘𝐶𝐿:Rate of Clearance, 𝑘𝑃𝑆: 

Vascular Permeability Coefficient, 𝑉𝐶: Central Volume of 

Distribution, 𝑉𝑇𝑢𝑚𝑜𝑢𝑟: Outer Layer of the Tumour Volume. 

• Antibodies and Antibody-drug conjugates are a developing form of 
targeted treatment for cancer. However, the distribution of 
antibodies within tumours is limited due to several factors.

• The Binding Site Barrier is the phenomenon where antibodies bind 
rapidly to antigens on the surface of the tumour near blood vessels, 
causing a reduction in antibody distribution within the tumour.

• Bordeau et al. [1] proposed an Ordinary Differential Equation 
approach (Figure 1a) to model antibody distribution via 𝑛 concentric 
spheres of equal width; Fujimori et al. [2] proposed a Partial 
Differential Equation approach (Figure 1b) which models the 
distribution continuously throughout the tumour.

• This poster aims to compare the compartmental ODE and 
continuous PDE approaches for antibody distribution within 
tumours.
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𝑑𝑥(𝑡)

𝑑𝑡
= 𝑓𝑙𝑜𝑤𝑖 − 𝑓𝑙𝑜𝑤𝑜 − 𝑘𝑜𝑛𝑥𝑦 + 𝑘𝑜𝑓𝑓𝑧 − 𝑘𝑑𝑒𝑔,𝑎𝑛𝑡𝑖𝑏𝑜𝑑𝑦𝑥 

𝑑𝑦(𝑡)

𝑑𝑡
= 𝑘𝑠𝑦𝑛 − 𝑘𝑜𝑛𝑥𝑦 + 𝑘𝑜𝑓𝑓𝑧 − 𝑘𝑖𝑛𝑡,𝑡𝑎𝑟𝑔𝑒𝑡𝑦 

𝑑𝑧(𝑡)

𝑑𝑡
= 𝑘𝑜𝑛𝑥𝑦 − 𝑘𝑜𝑓𝑓𝑧 − 𝑘𝑖𝑛𝑡,𝑐𝑜𝑚𝑝𝑙𝑒𝑥𝑧 − 𝑘𝑑𝑒𝑔,𝑐𝑜𝑚𝑝𝑙𝑒𝑥𝑧 

𝜕𝑥(𝑡,𝑟)

𝜕𝑡
= 𝐷

1

𝑟2

𝜕𝑥

𝜕𝑟
(𝑟2 𝜕𝑥

𝜕𝑟
) − 𝑘𝑜𝑛𝑥𝑦 + 𝑘𝑜𝑓𝑓𝑧 − 𝑘𝑑𝑒𝑔,𝑎𝑛𝑡𝑖𝑏𝑜𝑑𝑦𝑥 

𝑑𝑦(𝑡)

𝑑𝑡
= 𝑘𝑠𝑦𝑛 − 𝑘𝑜𝑛𝑥𝑦 + 𝑘𝑜𝑓𝑓𝑧 − 𝑘𝑖𝑛𝑡,𝑡𝑎𝑟𝑔𝑒𝑡𝑦 

𝑑𝑧(𝑡)

𝑑𝑡
= 𝑘𝑜𝑛𝑥𝑦 − 𝑘𝑜𝑓𝑓𝑧 − 𝑘𝑖𝑛𝑡,𝑐𝑜𝑚𝑝𝑙𝑒𝑥𝑧 − 𝑘𝑑𝑒𝑔,𝑐𝑜𝑚𝑝𝑙𝑒𝑥𝑧 

𝑘𝑜𝑛

𝑘𝑜𝑓𝑓

𝑘𝑑𝑒𝑔,𝑐𝑜𝑚𝑝𝑙𝑒𝑥

𝑘𝑑𝑒𝑔,𝑎𝑛𝑡𝑖𝑏𝑜𝑑𝑦

𝑘𝑖𝑛𝑡,𝑐𝑜𝑚𝑝𝑙𝑒𝑥 𝑘𝑖𝑛𝑡,𝑡𝑎𝑟𝑔𝑒𝑡

𝑘𝑜𝑛 = 2.6/nM/h 

𝑘𝑜𝑓𝑓 = 1.3/h 

𝑘𝑠𝑦𝑛 = 5.775/h 

𝑘𝑑𝑒𝑔,𝑎𝑛𝑡𝑖𝑏𝑜𝑑𝑦 = 0.0017/h 

𝑘𝑑𝑒𝑔,𝑐𝑜𝑚𝑝𝑙𝑒𝑥 = 0.0017/h 

𝑘𝑖𝑛𝑡,𝑡𝑎𝑟𝑔𝑒𝑡 = 0.05775/h 

𝑘𝑖𝑛𝑡,𝑐𝑜𝑚𝑝𝑙𝑒𝑥 = 0.693/h 

ODE Model (for a single layer): PDE Model:

Figure 4: Simulations of the PK in a mouse in the Depot and 

Central Compartments following a 2.5mg/kg IP injection, 

assuming an average animal body weight of 25g.

Figure 1: a) Representation of the ODE model, b) Representation of 

the PDE model with a continuum in terms of tumour volume.
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Software Used

Structural Identifiability Analysis – ODE: Taylor Series in 

Mathematica

Structural Identifiability Analysis – PDE: Input Output 

Method in Maple

ODE Solver: ode15s in MATLAB

PDE Solver: pdepe in MATLAB
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• The antibody distribution within a tumour can be 

characterised by both models, and the difference between the 

models decreases as the number of layer increases.

Figure 2: Diagram showing 
the Binding Processes that 
occur within the tumour.

Mathematical models have been used to describe antibody distribution within tumours. The key difference 
between the ODE and PDE models are distribution terms within the tumour. The ODE Model uses discrete 
distribution terms, 𝑓𝑙𝑜𝑤𝑖 and 𝑓𝑙𝑜𝑤𝑜, that vary depending on the layer radius, whereas the PDE Model uses a 
continuous diffusion term with radial partial derivatives to describe spatial distribution.

• Differences in the models are due to how the diffusion 

processes are defined in the ODE model.

• Future work will consider varying dose size, the dosing 

regimen, the number of receptors, and investigate 

bivalent bonding.

Comparison Model Results6

As the number of layers increases in the ODE model, its 

distribution more closely approximates the PDE model, but 

with greater model complexity.

Parameter Values:

Figure 5: Surf Plots of the antibody distribution within a 

tumour with a diameter of 200μm. The outer surface of the 

tumour is defined as 100μm. a) ODE Model with 3 layers, 

b) ODE Model with 10 layers, c) PDE Model with a 

continuum of layers.
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