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S1. Comparison of simulations using 2D idealised and 3D realistic geometric model
Although the 2D idealised axis-systematic geometry has been applied in simulating drug delivery in previous studies, see e.g. Ref. [1], there still is a concern that the difference between a 2D idealised model and a 3D model obtained from image reconstruction could affect the results of drug delivery simulations. Therefore, additional simulations are carried out based on a 3D realistic brain extracted from patient MR images, as shown in Figure S1.  
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Figure S1. 3D realistic model geometry. (a) A representative MR image, and (b) the 3D reconstructed geometry of brain. The ventricle, brain tissue and infusion catheter are marked in grey, blue and black, respectively. All procedures performed in this study involving human participants were in accordance with the ethical standards of the ethics committee of the San Raffaele-Milan hospital (80/INT/2016). 
The 2D and 3D simulations are run under the same infusion parameters and tissue isotropic properties as summarised in Table S1 and Table S2 [2]. Representative pressures of 1447.4 Pa [3] and 657.9 [4] Pa are imposed on the surfaces of ventricle and brain tissue [5], respectively. The infusion site is also chosen to be representative of brain tumour clinical procedures.
The modelling results using the 2D and 3D models are shown in Figure S2. Cross-comparisons on the penetration depth and delivery volumes demonstrate that the modelling predictions of using these two models are comparable. The very small differences, which are slightly more pronounced for Paclitaxel as this drug has the largest infusion volume, can be attributed to the boundary conditions imposed to the model. Whilst in the 2D model drugs are administrated in the centre of the domain (note that two different 2D models are used to show that the size of the domain does not affect the results beyond a 20 mm radius), distances from the infusion site to brain surface are not uniform in the 3D model and large infusion volumes will start to be affected by the free boundary corresponding to the brain surface. As a consequence, the impact of the boundary conditions to drug delivery differs with respect to the infusion location in the two models. However, cross-comparisons demonstrate that this impact is relatively small, and finding indicates that the 2D idealised model is applicable in the parametric study. 
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Figure S2. Comparisons of modelling predictions using 2D idealised model and 3D realistic brain models on effective penetration in (a) axial direction, (b) radial direction and (c) effective distribution volume. Two 2D idealised models are used, with the radius of 20mm and 40mm, respectively.  


S2. Comparison of modelling predictions with gel-based experiments
Results available from the literature were used to verify the validity of the infusion model. An in silico experiment was performed by simulating the delivery of bromophenol blue dye into a gel to replicate experimental data obtained in Ref. [6]. The 3.7E-3 M dye solution was infused through the 27G needle at the infusion rate of 1.0 μL/min for 30 min. The validation study is carried out using the same infusion protocol. Results in Figure S3 shows that the predicted drug concentration profile agrees with the experimental data, demonstrating the validity of the mathematical model for simulating drug delivery in CED treatments.

Figure S3. Model validation: (a) Schematic of the in silico experiments. (b) Comparison of concentration profiles as a function of the distance from infusion site. The effective diffusivity of bromophenol blue dye is 1.6E-10 m2/s [6], and experimental data are extracted from Ref. [6].


S3. Comparison of modelling predictions to animal experiments
The modelling predictions are compared with ovine experiments in Figure S4, S5 and S6 in which the infusion location differs. In each experiment, a total volume of 10 μL gadolinium solution is infused at a constant rate 3.0 μL/min into the ovine brain. The infusate concentration is 6.5 mol/m3. The gadolinium diffusivity in isotropic tissue is calculated as 1.55E-10 m2/s [7], and its elimination rate is 0.01 min-1 [8]. The tissue anisotropy is measured by diffusion tensor imaging (DTI) at each pixel, and registered to the 3D reconstructed ovine brain models for simulations. 
The spatial distributions of gadolinium in the experiments are measured by MR imaging as shown Figure S4(a), S5(a) and S6(a). The corresponding modelling predictions at the same time points are given in Figure S4(b), S5(b) and S6(b), respectively. The gadolinium distribution is found to be relatively isotropic in Case_1 from both the experimental and modelling results, as represented in Figure S4 (a) and (b). To be different, gadolinium is more penetrable along the infusion direction in Case_2, shown in Figure S5 (a) and (b). The similar pattern can also be found in Figure S6 (a) and (b), where gadolinium mainly transports in the direction normal to the infusion in Case_3. 
In summary, the modelling predictions could qualitatively agree with the experimental measurements using MR imaging. This finding indicates that the established mathematical model is capable of demonstrating the impact of tissue anisotropy on the drug delivery using CED. 
[image: C:\Users\wzhan\Desktop\1.tif]
Figure S4. Model validation with animal experiment Case_1: (a) MR image (t=20min), (b) modelling prediction (t=20min). All procedures performed in studies involving ovine experiments were in accordance with the ethical standards of the ethics committee of the San Raffaele-Milan hospital (80/INT/2016).
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Figure S5. Model validation with animal experiment Case_2: (a) MR image (t=10min), (b) modelling prediction (t=10min). All procedures performed in studies involving ovine experiments were in accordance with the ethical standards of the ethics committee of the San Raffaele-Milan hospital (80/INT/2016).
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[bookmark: _GoBack]Figure S6. Model validation with animal experiment Case_3: (a) MR image (t=20min), (b) modelling prediction (t=20min). All procedures performed in studies involving ovine experiments were in accordance with the ethical standards of the ethics committee of the San Raffaele-Milan hospital (80/INT/2016).


S4. Placement of infusion catheter
In this parametric study, the catheter is placed by aligning the infusion direction with the principal direction of local anisotropy. Breaking this alignment would require the inclusion of another variable, infusion angle (Φ), which stands for the catheter orientation and pose, as demonstrated in Figure S7. As this study is focused on the impact of tissue anisotropy, the variation of the catheter placement is not considered here and will be addressed in future studies.
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Figure S7. The placement of infusion catheter with respect to the principal direction of local anisotropy. (a) The infusion direction aligns with the principal direction of anisotropy, (b) there is an angle between the infusion direction and anisotropy principal direction. 


Table S1. Parameters for brain tissue.
	Parameter
	Unit
	Value

	υIS
	-
	0.35 [9]

	υCI
	-
	0.55 [9]

	ρ
	kg/m3
	1000 [10]

	μ
	Pas
	7.8E-4 [10]

	πb
	Pa
	3440 [3]

	πi
	Pa
	1110 [11]

	pb
	Pa
	4610 [3]

	λ
	Pa
	4286 [12]

	G
	Pa
	1071 [12]

	S/V
	m-1
	20000 [11]

	σT
	-
	0.82 [11]

	Lb
	m/Pa/s
	1.1E-12 [13]

	M
	-
	2.0 [12]

	κ0
	m2
	5.0E-15 [13]





Table S2. Transport properties of chemotherapeutic drugs.
	Parameter
	Unit
	Fluorouracil
	Carmustine
	Cisplatin
	Methotrexate
	Doxorubicin
	Paclitaxel

	PCI-IS
	-
	1.0 [14]
	1.0 [14]
	1.0 [14]
	1.0 [14]
	1.0 [14]
	1.0 [14]

	PCM-IS
	-
	0.1 [15]
	10.3 [14]
	0.006 [16]
	0.01 [15]
	0.3 [17]
	3162.3 [18]

	KIS, KCI
	-
	0.1 [19]
	5.0 [14]
	1.0 [20]
	0.7 [21]
	3.0 [22]
	5.1 [23]

	DIS
	m2/s
	1.2E-9 [15]
	1.5E-9 [14]
	2.5E-10 [24]
	5.3E-10 [15]
	3.4E-10 [25]
	9.0E-10 [18]

	kb
	s-1
	1.8E-2 [15]
	1.4E-2 [14]
	2.9E-2 [24]
	2.8E-4 [15]
	6.0E-2 [25]
	1.4E-4 [18]

	ke
	s-1
	5.6E-4 [15]
	1.1E-4 [14]
	7.3E-4 [24]
	1.5E-4 [15]
	5.8E-4 [26]
	6.8E-7 [18]

	Cin
	M
	7.7E-3 [27]
	1.9E-2 [28]
	3.3E-3 [29]
	3.7E-4 [30]
	1.8E-3 [30]
	7.0E-6 [31]

	Ceff
	M
	2.0E-6 [32]
	1.5E-5 [18]
	2.0E-5 [32]
	5.9E-5 [32]
	2.4E-6 [33]
	8.9E-7 [18]
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