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Methods
• A second-order finite difference 

model 
• Intercellular space
• Two geometries 

• spacer-seed pairs (1S) 
• spacer-spacer-seed triplets (2S)

• Four pairs/triplets were placed 5 
mm apart in opposite alignments 
to adjacent pairs/triplets

• Periodic boundaries in three 
dimensions. 

• Each spacer was loaded with 30 
mg gold/g of spacer. 

• Three different time release 
patterns

• Dose enhancement factor was 
found from AuNP concentration 
using previously published results

• Iodine-125 dose distribution was 
calculated using AAPM TG-43 
formalism.
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Figure 2: Brachytherapy spacer decays releasing 
AuNPs over time

Figure 1. Simulation Geometries. The spacer-seed (blue-red) a) pairs (1S) and b) triplets (2S) are arranged parallel 
to the z-axis and centered at combinations of (±2.5 mm, ±2.5 mm) on the x-y plane..

Equation used to model the concentration of AuNPs 
in extracellular space. 
• D is Diffusion coefficient 
• k is first order removal from extracellular space via 

endocytosis 
• S is a source term representing the release of 

AuNPs from Brachytherapy spacers.
• C is concentration of AuNPs 
• t is time

Figure 3. D90 and D50, with and without 14 nm AuNPs being released from the spacers in the a) spacer-seed 
pairs (1S) �

�
D50 w/ AuNPs = 329.4 ⋅ Sk

0, D50 w/o AuNPs = 302.4 ⋅ Sk
0, D90 w/ AuNPs = 265.7 ⋅ Sk

0 , D90 w/
o AuNPs = 235.4 ⋅ Sk

0  and in the b) spacer-seed triplets (2S) (D50 w/ AuNPs = 257.7 ⋅ Sk
0, D50 w/o AuNPs =

228 ⋅ Sk
0, D90 w/ AuNPs = 153.2 ⋅ Sk

0 , D90 w/o AuNPs = 131.6 ⋅ Sk
0) U = cGy cm2 hr−1 .

Figure 4. Dose Volume Histogram for a) spacer-source pair (1S) and b) spacer-spacer-source triplet (2S) for zero 
nanoparticles and various sized AuNPs. D90 vs AuNP diameter in c) 1S and d) 2S. D50 vs AuNP diameter in e) 1S 
and f) 2S. (Sk

0= 0.5 U)

Figure 5. Figure 5: Distribution of AuNP concentration after 20 days for 20 nm (a,c) and 80 nm (b,d) in the i) x-z plane 
at y=-2.5 mm and ii) x-y plane at z=-4.6 mm and the total dose distribution in the iii) x-z plane at y=-2.5 mm and iv) x-
y plane at z=-4.6 mm in the spacer-source pair (1S) (a,b) spacer-source triplet (2S) geometry (c,d).

Figure 6. Dose Volume Histogram (DVH) for three different experimental nanoparticles release patterns from Kumar 
et al (1) (constant release for 14 days), Nagesha et al (2) (63% release in first 20 days then remaining 37% in the next 
twenty days) and Mueller et al (3) (Weibull model) in a) spacer-source pair (1S) geometry and (b) spacer-source 
triplet (2S) geometry. (AuNP d=14 nm, Sk

0 = 0.5 U)
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Conclusions
• When one spacer is used the 

impact on dosimetric values is 
dominated by the diffusion 
coefficient

• There is greater complexity and 
interplay when multiple spacers 
are used

• Larger AuNPs provide a more 
homogeneous dose distribution 
and smaller AuNPs provide a more 
homogeneous dose enhancement

• Slower release rate generally have 
lower dosimetric values but could 
benefit in systems with higher 
clearance rates

• Same D90 and D50 with 11.4% 
and 8.2% lower air kerma strength 
in 1S

• Same D90 and D50 with 14.1% 
and 11.5% lower air kerma 
strength in 2S
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