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ABSTRACT. Direct Monte Carlo (MC) simulation is considered the gold standard approach
for internal dosimetry in nuclear medicine, and it is increasingly used in planning Trans-
Arterial Radio-Embolization (TARE) of HepatoCellular Carcinoma (HCC) and hepatic
metastases. However its computational times, longer with respect to other simplified ap-
proaches, constitute a limiting factor, especially when dealing with large size and finely
discretized voxelized volumes. Aim of this work was the investigation of the influence
of cuts on the production of secondary particles and of input CT images resamplings on
dosimetric accuracy and computational time in patient-specific voxel-level MC simulations
of 90Y-labelled glass microspheres TARE treatment, to find optimal combinations of settings
for speeding up such simulations. GATE GEANT4 interface was used to perform simula-
tions employing CT and 99mTc SPECT as input data, examining multiple CT resolutions
(via CT resamplings characterized by voxel volume factors 2, 8, and 64 with respect to
native one, and a CT resampling with SPECT resolution) and production cuts (0.01 mm,
0.05 mm, 0.1 mm, 0.5 mm and some more, specific for each resampling). Increasing cut
length and reducing CT resolution produces an early rapid decrease followed by a late
slow decrease of simulation time as a function of this two parameters. A reduction up
to 30% with respect to reference simulation time, while preserving acceptable dosimetric
accuracy, was obtained. The best combination of settings among the examined ones resulted
the choice of CT resampling with 8 times the native voxel volume and of 0.1-0.5 mm cut,
ensuring dosimetric agreement within 1% in liver-related VOIs, while reducing simulation
time to 45%.

1. Introduction

Three dimensional internal dosimetry is aquiring an increasingly important role in
the optimization of Molecular RadioTherapy (MRT) treatments planning and monitoring
(Strigari et al. 2014; Stokke et al. 2017). Notably in Trans-Arterial Radio-Embolization
(TARE) therapy of HepatoCellular Carcinoma (HCC), strong interest is recently arising
in personalized dosimetry (Chiesa et al. 2015; Garin et al. 2020), with a growing use of
Monte Carlo (MC) method (Auditore et al. 2019, 2020; Milano et al. 2021). Direct MC
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simulation of radiation emitted by radiopharmaceuticals and its interaction with living
matter, employing functional and anatomic imaging as input data, is considered the gold
standard dose evaluation approach for internal dosimetry (Tsougos et al. 2010; Dewaraja
et al. 2012; Amato et al. 2018). In particular, the absorbed dose distribution in presence of
relevant tissue inhomogeneities, such as at the interface between tissues of different density
and composition (e.g., lung - soft tissue, soft tissue - bone), and of strongly heterogeneous
activity distributions, can be assessed accurately only by means of MC simulations (Auditore
et al. 2019). In addition, the dose contribution from gamma-rays emitted at relevant distances
from a target voxel is always adequately taken into account in MC, differently from other
simplified and less computational demanding approaches, like voxel S-value and dose point-
kernel convolution (Dewaraja et al. 2012). However, the high accuracy of MC evaluations
is obtained with the drawback of requiring longer computational times with respect to
other dosimetric approaches (Ai-dong et al. 2005; Ziegenhein et al. 2015; Huizing et al.
2018). Computational times can result a limiting factor especially when dose estimations
on voxelized phantoms are carried out.

In this work we focused on voxelized MC internal dosimetry for 90Y-labelled glass micro-
spheres TARE treatment carried out based on pre-therapy 99mTc-labelled macroaggregated
albumin (99mTc-MAA) SPECT and CT imaging data. The influence on dosimetric accuracy
and on computational time introduced by the cuts on the production of secondary particles
and by input of images with reduced resolution was investigated, with the aim of finding
combinations of settings for optimizing the computational time without losing dosimetric
accuracy. The study was conducted on a clinical case of 90Y-TARE of HCC by means
of GATE (Geant4 Application for Emission Tomography) (Jan et al. 2004), a simulation
platform widely used in medical applications involving ionizing radiations (Sarrut et al.
2014), based on the well validated GEANT4 toolkit (Agostinelli et al. 2003; Amako et al.
2006). This work can be considered as a proof-of-concept for selecting optimal settings for
MC voxel dosimetry in 90Y TARE planning or retrospective studies.

2. Materials and methods

The pre-therapy clinical imaging data of a patient enrolled for 90Y-labelled glass micro-
spheres TARE of HCC were used as the starting point for the present dosimetric study.
They consisted of an abdominal contrast-enhanced CT scan, for lesions localization, and an
abdominal SPECT scan following the selective intra-arterial administration in liver of 99mTc-
MAA, assumed to predict the therapeutic distribution of the 90Y microspheres (Gnesin et al.
2016; Richetta et al. 2019) and to detect eventual pulmonary shunt. CT scan was performed
with Siemens SOMATOM Definition AS and had a resolution of 512×512×146 voxels,
with voxel dimensions of 0.89×0.89×2.0 mm3. SPECT scan was performed with Philips
BrightView Dual Head gamma camera and had a resolution of 128×128×105 voxels, with
voxel dimensions of 4.66×4.66×4.66 mm3. An axial view of the CT and SPECT images is
shown in Figure 1a.

Resamplings of the native (N) CT image considered different voxel sizes, obtained by
increasing the N CT voxel volume by a factor of 2, 8 and 64 (R2, R8, R64 hereafter),
respectively. The CT resampling operation, performed with the 3D Slicer software (Kikinis
et al. 2014; 3D Slicer Image Computing Platform 2021), applied the Resample Scalar
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Volume module using Lanczos interpolation (Moraes et al. 2019; 3D Slicer User Manual
Documentation 2021), leaving unchanged the overall volume of the native CT. Additionally,
using the Resample Image (BRAINS) module by means of the Lanczos interpolation
method, we resampled the N CT to match the image discretization of the SPECT scan (RS).
The resolutions and voxel dimensions of the resampled CT images are reported in Table 1.

TABLE 1. Resolution and voxel dimensions of the CT image resamplings (R),
compared to native (N) CT through voxel volume ratio vR/vN.

CT Name vR/vN Resolution Voxel dimensions (mm3)

N 512×512×146 0.89×0.89×2.00

R2 2.4 384×384×110 1.19×1.19×2.65
R8 8.0 256×256×73 1.79×1.79×4.00
R64 64.9 128×128×36 3.58×3.58×8.11

RS 63.4 128×128×105 4.66×4.66×4.66

Native and resampled CT images and the SPECT image were used as input data for GATE
MC simulations, employing GATE version 9.0 (GATE’s Documentation 2021) relying
on GEANT4 version 10.05.p01 (Geant4 Book for Application Developers 2021; Geant4
Physics Reference Manual 2021). The CT images have been imported in GATE to generate
voxelized phantoms reproducing patient’s body morphology. Automated Hounsfield
Unit (HU) stoichiometric calibration (GATE’s Documentation 2021) was
adopted to define materials and densities of phantom voxels. Through this procedure a
material, i.e., a chemical composition, is firstly assigned to each CT voxel on the basis
of user defined HU intervals (Table 2). Then, HU sub-intervals of the aforementioned
intervals are defined and a density is assigned to each of them through the interpolation of a
HU-density calibration relation; in our study the bi-linear calibration relation (Schneider
et al. 1996) of the employed CT scanner has been used. Therefore, a given HU interval
corresponds to a defined material composition, whereas the several sub-intervals in it
correspond to different densities of the same material. The sub-intervals are defined in such
a way that densities differ from each other for a user defined value, that in our study was
set 0.01 g/cm3. Five intervals of HU, reported in Table 2, were set to identify the materials
to be assigned, chosen from GEANT4 database (Geant4 Physics Reference Manual 2021)
to properly reproduce the tissues composition and density inhomogeneities characterizing
the thoraco-abdominal region of the human body. The SPECT scan was imported in GATE
to define a voxelized source reproducing the radionuclide distribution, associating to each
SPECT voxel a decay event probability through linear normalized conversion of its value.
The starting position of the primary particles was randomly selected within source voxels,
with uniform probability within each of them. The decay of the radionuclide, 90Y, was
simulated using G4RadioactiveDecay module, treating it as an ion type source, while
the interactions of its daughters with the matter of the CT-derived phantoms were simulated
through the G4EmStandardPhysics_option3 physics list.
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TABLE 2. HU intervals and corresponding density (ρ) intervals set for the assign-
ment of materials (Geant4 Physics Reference Manual 2021) to phantom voxels.

Material HU interval ρρρ (g/cm3)

G4_AIR HU ≤ -855.7 ρ ≤ 0.10
G4_LUNG_ICRP −855.7 < HU ≤ −126.5 0.10 < ρ ≤ 0.85
G4_ADIPOSE_TISSUE_ICRP −126.5 < HU ≤ −38.9 0.85 < ρ ≤ 0.94
G4_TISSUE_SOFT_ICRP −38.9 < HU ≤ 343.6 0.94 < ρ ≤ 1.2
G4_BONE_CORTICAL_ICRP HU > 343.6 ρ > 1.2

In GEANT4, charged particles could by default be tracked to the end of their range,
but if all secondary particles were tracked infrared divergence would occur, since the
differential cross sections of delta-electron production and bremsstrahlung grow rapidly
when secondary energy decreases. The traditional solution to avoid that is to use production
cuts for electrons, positrons, gamma (and protons if present), setting thresholds below
which the production of further secondary particles is disabled and the residual energy
is deposited locally (Allison et al. 2016; Geant4 Book for Application Developers 2021;
Geant4 Physics Reference Manual 2021). The threshold cuts are set in terms of lengths,
as range cuts, and are internally converted by the code into threshold energies for each
material and for each particle type. The definition of a certain value of range cut has direct
impact on the accuracy of spatial energy (and consequently dose) deposition. In the present
study several simulations were performed for each phantom, adopting different values of
production cuts on secondary particles production for electrons, positrons and photons:
0.01 mm, 0.05 mm, 0.1 mm, 0.5 mm. These values are smaller or even much smaller than
the phantom voxel dimensions for all the resampling resolutions employed, ensuring in
principle an accurate energy spatial sampling in all the cases. We moreover performed
additional simulations adopting, depending on resampling resolution, a range cut of the
order of voxel axial dimensions, to see the effect of using an - in principle - less accurate cut:
1.0 mm for N, 1.5 mm for R2, 2.0 mm for R8, 4.0 mm for R64 and RS. All the production
range cuts used for the various CT resamplings are summarized in Table 3.

The absorbed doses and their statistical uncertainties δ (in terms of standard deviation of
the mean, evaluated over the number of primary events (Sarrut et al. 2014)) were scored with
GATE DoseActor employing the MassWeighting algorithm, with voxel resolutions
equal to the ones of the phantom used each time, respectively. To deduce the correct 3D
absorbed dose maps, the absorbed dose value inside each voxel of the MC output dose maps,
Dout

i jk , was divided for the number of primary events simulated, Nevts, and multiplied for the
cumulated activity, Ã:

Di jk =
Dout

i jk

Nevts
· Ã (1)

Ã was calculated analytically in the reasonable assumptions, for TARE treatments, of
instantaneous uptake and of physical-only mono-exponential decay, following from absence
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TABLE 3. Production range cuts on secondary particles used in simulations for
the different CT resamplings employed.

Production cut (mm) CT

N R2 R8 R64 RS

0.01 ✓ ✓ ✓ ✓ ✓

0.05 ✓ ✓ ✓ ✓ ✓

0.1 ✓ ✓ ✓ ✓ ✓

0.5 ✓ ✓ ✓ ✓ ✓

1.0 ✓

1.5 ✓

2.0 ✓

4.0 ✓ ✓

of biological clearance:

Ã = A(0)
∫︂

∞

0
exp(−t/τ90Y )dt = A(0) · τ90Y (2)

where τ90Y is the exponential time constant of 90Y (≃ 332916 s) and A(0) is the administered
activity to the patient (2.49 GBq).

Segmentations were performed to define Volumes Of Interest (VOI) corresponding to
the following organs or organ regions: liver, lesions, liver perfused, healthy liver, healthy
liver perfused, right and left kidney, right and left lungs. Liver, lesions and kidneys were
manually segmented on the native CT; lungs (actually the lower part of the lungs, visible in
the CT field of view) were segmented on native CT using a thresholding method, selecting
only the CT voxels with HU <−130; liver perfused was segmented on the SPECT setting
a threshold at 5% of the maximum SPECT value within liver; healthy liver was obtained
by logical subtraction of lesions from liver, while healthy liver perfused by by logical
subtraction of lesions from liver perfused. In Figure 1 are shown axial projections of the
VOIs representing liver-related regions and lungs.

3D Slicer was used to evaluate average doses ⟨D⟩ and Dose Volume Histograms (DVHs)
inside the defined VOIs, using Segment Statistics module and Dose Volume His-
togram module, respectively. When dose map resolution is different from the resolution of
a VOI segmentation, 3D Slicer performs an automated adaptation of the segment voxels to
the image on which they are applied for calculations. Volumes of all the employed VOIs,
including adapted ones, are reported in the Annex (Table A1). Each ⟨D⟩ was obtained
averaging the Nvox

W values of dose of the voxels included in the W -th VOI:

⟨D⟩=
∑i, j,k∈W Di jk

Nvox
W

(3)
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For each average dose, the associated average statistical uncertainty ⟨δ ⟩ for the voxels of
the considered VOI was calculated. In addition, the average of the statistical uncertainties
in VOIs over the production cuts, i.e., averaging between simulations employing CTs with
same resolution, was evaluated, and it is hereafter referred to as ∆:

∆ =
∑C⟨δ ⟩C

NC
(4)

where C indicates the production cut and NC indicates the number of different production
cuts for each CT resolution employed. Average doses for the various resamplings (Table 1)
and production cuts (Table 3) have been compared in terms of relative percent differences ε

(%), taking the average dose coming from the simulation employing the native CT phantom
and the thinner cut (0.01 mm) as a reference (⟨D⟩re f ):

ε = 100 ·
⟨D⟩−⟨D⟩re f

⟨D⟩re f
(5)

DVHs - histograms representing the fraction of volume (υ) of a given VOI receiving at least
a given amount of absorbed dose - were compared with the reference simulation one in
terms of relative per cent difference σ between volume percentages, evaluated "dose bin by
dose bin" (with a binning equal to 0.2 Gy for all the DVHs):

σ = 100 ·
υ −υre f

υre f
(6)

In each simulation, we employed 2·108 primary events (Nevts) to guarantee an average dose
statistical uncertainty below 3% in lesions, below 4% in liver perfused and below 5% in
healthy liver perfused, for the reference simulation. Each simulation was run individually in
a single processor and without other other concomitant processes in order to have the same
CPU and RAM conditions for all the simulations. Simulations run on an Intel® Xeon® PC
with CPU E5-2620 v4 @ 2.10GHz processors. Simulation times, expressed in terms of the
GATE variable ElapsedTimeWoInit, were recorded for each simulation, and the ratios
with respect to the simulation time of the reference simulation were calculated.

3. Results and discussion

Figure 1b shows an axial view of the dose map obtained from reference simulation
- employing native CT and 0.01 mm production cut - , fused with native CT image. In
Figure 2 and Figure 3 are reported in histogram form the average absorbed doses ⟨D⟩ in
the defined VOIs, referring to liver and to lungs and kidneys, respectively, together with
the relative percent differences ε with respect to the reference simulation. ⟨D⟩’s and ε’s are
also reported in Tables A2-A6 in the Annex, including average statistical uncertainties ⟨δ ⟩
on doses.

⟨D⟩’s in all the five liver-related VOIs, obtained with all the resamplings except for R64
(and RS in the case of healthy liver), show an agreement with reference simulation within
1% in terms of ε , independently from the production cuts. In the case of R64 resampling,
⟨D⟩’s show ε’s within 6% for all liver VOIs independently form cuts. For RS resampling,
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FIGURE 1. Axial slice of the fusion image of native CT and SPECT (a) and the
corresponding slice showing fusion of native CT and dose map obtained from
reference simulation (b); in both figures the VOI segmentations of liver and lungs
used in this work are also shown: lesions in green, liver perfused in light blue,
healthy liver in magenta, lungs in grey.

⟨D⟩’s in healty liver VOI show ε’s within 4% for all the cuts. Considering a fixed resampling,
no appreciable differences in average doses are observed in liver-related VOIs varying the
production cuts, even in the case of cuts having dimensions comparable with the ones of
voxels. ⟨D⟩’s in lung VOIs exhibit agreement with reference within 5% for R2 and R8
resamplings, within 13% for R64 and RS resamplings, irrespective of production cuts. ⟨D⟩’s
in kidney VOIs show ε’s within 4% for R64 resampling and within 2% for all the other
resamplings, with only minimal differences when varying the productions cuts. Overall, the
highest differences ε’s are observed in the case of R64 resampling, compared to the other
resamplings, including RS which has a comparabale voxel size. This can be partly ascribed
to the resulting volumes of the VOIs on the resampled images, which exhibit the larger
differences for the R64 resampling, of the order of 1% for liver-related VOIs, as shown in
Table A1 of the Annex (while for all the other resamplings, the differences in liver-related
VOI volumes are well below 0.5%).

DVHs and relative percent differences σ with respect to reference simulation DVH
are reported in the Annex, in Figures A1-A12. DVHs for liver-related VOIs show an
excellent agreement in a wide range of dose values, from zero to 200-300 Gy, depending on
the resampling adopted, with fluctuations affecting, in general, only high values of dose,
corresponding to volume percentages below 1%; σ in healthy liver perfused VOI shows
some fluctuations at lower dose values for R8, R64 and RS resamplings. DVHs referring to
lung and kidney VOIs show good agreement too, considering the dose intervals in which
they show significative volume percentages, with fluctuations in σ starting to widen in
correspondence of the lower part of the tails of DVHs. No significative differences in DVHs
and σ ’s are observed varying the production cuts for a fixed resampling.

Concerning voxel level statistical uncertanties on dose estimates, considering a fixed
resampling, ⟨δ ⟩’s do not show significant differences varying the production cuts. Instead,
varying the resampling, and consequently the voxel volumes, ⟨δ ⟩’s rapidly decrease with
increasing the voxel volume. This behaviour is understandable considering that δ ’s are
standard deviations of the mean evaluated on the number of primary events. Therefore,
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(a) (b)

(c) (d)

(e)

FIGURE 2. ⟨D⟩ and ε in the VOIs referring to liver, for all the production cuts
and CT resampling volumes used (N, R2, R8, R64, RS, as indicated in Table 1,
denoted with different colors).

leaving equal the number of primary events but increasing the size of the volume in which
doses are scored (the voxels in our case), more dose depositions are expected to be sampled
in a single larger volume rather than in multiple smaller volumes. Consequently the estimate
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(a) (b)

(c) (d)

FIGURE 3. ⟨D⟩ and ε in the VOIs referring to lungs and kidneys, for all the
production cuts and CT resampling volumes used (N, R2, R8, R64, RS, as
indicated in Table 1, denoted with different colors).

of the total dose or of the average dose in a larger volume tends to have lower standard
deviation with respect to the ones of the smaller volumes taken singularly.

In Figure 4 are shown the ∆’s (Eq. 4) in all the VOIs considered in this study as a function
of voxel volume ratio with respect to native CT. Considering the ∆ values corresponding to
N CT and to resamplings R2, R8 and R64, which conserve the total volume of the CT, their
trend as a function of voxel volume ratio is well described by a bi-exponential function of
the form f (x) = ae−bx + ce−dx. ∆’s for the RS resampling, having similar voxel volume to
R64 resampling but with different total volume of the CT, do not differ much from R64
values, and consequently they neither depart from the described trend as a function of voxel
volume ratio. It should be noted that the described decrease of uncertainty with increasing
voxel volume concerns only statistical uncertainty of MC estimates, and the reported trends
do not take into account systematic uncertainties coming from the resampling procedure
applied on CT, whose evaluation is beyond the scope of this work.

In Figure 5 are reported the simulation time ratios with respect to the reference simulation
for all the simulations performed, as a function of production cut length in panel (a) and
as a function of voxel volume ratio with respect to reference simulation in panel (b); the
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FIGURE 4. ∆ values in VOIs as a function of voxel volume ratio with respect
to N voxel volume. Full circles refer to simulations employing N, R2, R8 and
R64 CTs, fitted with bi-exponential function; open circles refer to simulations
employing RS CT, not considered in the fits but depicted for completeness.
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FIGURE 5. Simulation time ratios with respect to the reference simulation time
(which lasted 139.5 h), as a function of production cut lenght (a) and of voxel
volume ratio (b). Full triangles in (b) represent simulations using N, R2, R8 and
R64 CTs, taken into account for fits; open triangles represent simulations using
RS CT, not considered for fits.
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reference simulation lasted 139.5 hours. For all the CT used, increasing the length of
production cuts up to about 0.1 mm causes a rapid decrease of simulation time, while for
higher cuts the decrease continues with lower slope. For each CT the behaviour as a function
of production cut length is well approximated by a bi-exponential function with an early
rapid decay term and a subsequent slow decay term. Given a CT resolution, using cuts
equal or larger than 0.1 mm, among the ones examined in this work, leads to a decrease of
simulation time by about 25-35% with respect to the cases with the smallest cut used (0.01
mm).

Considering a fixed production cut, by increasing the voxel size through CT resamplings
conserving the total volume of the CT, as done with R2, R8 and R64 resamplings, a bi-
exponential decrease of simulation times is observed. For each fixed cut, a reduction of
simulation time by about 17%, 35% and 60% with respect to simulations using native CT is
obtained with simulations using R2, R8 and R64 resamplings, respectively. In the case of
RS resampling, not conserving the total volume of the CT, despite having a similar voxel
volume to R64 resampling, simulation times result higher, comparable instead with the ones
of R8 resampling. Therefore RS results do not follow the bi-exponential trend described for
N, R2, R8 and R64, as visible in Figure 5b looking at the open triangles.

Taking into account the behaviour as a function of the examined parameters (voxel
volume via CT resampling and secondary production cuts) of average dose relative percent
differences ε , as an index of accuracy of the dose evaluation, together with the simulation
time ratios, as an index of computational time optimization, it appears that the optimal
combination of parameters is R8 resampling - which doubles voxel side - with 0.1 mm cuts.
This combination ensures agreement within 1% in terms of ε in liver-related VOIs, within
4% in lungs and within 2% in kidneys (which by the way are not generally considered in
TARE dosimetry), while reducing the simulation time to less than half of the reference
simulation time. 0.5 mm cut does not alter significantly the accuracy in terms of ε and
can be equally used, but the benefit in terms of simulation time ratio is also minimal (from
∼47% with 0.1 mm cut to to ∼42% with 0.5 mm). 2.0 mm cut, although it also shows a
very good agreement, is not recommended, as well as all the cuts with length comparable or
larger than voxel dimensions, as a general rule to ensure a adequate spatial sampling with
respect to the resolution of the image used; in addition the simulation time reduction using
larger cuts with respect to 0.1 mm or 0.5 mm is minimal.

The combination of parameters giving the fastest simulation among the examined ones
is R64 resampling with 4.0 mm cut range, reducing the simulation time to about a fourth
of the reference simulation time. As discussed just above, a smaller cut would be in any
case suggested, with a length of at least half the size of the voxel (3.58 mm of side in axial
direction for R64 resampling); a cut with length between 0.5 and 1.5 mm would in any case
give a excellent time reduction, between 30% and 25% of the original computation time.
Using R64 resampling returns less accuracy with respect to R8 resampling, but its level
of accuracy can be considered still acceptable, especially for liver-related VOIs, with an
agreement in terms of ε within 6% in healthy liver perfused and within 3% in all the other
liver-related VOIs.

Finally it is worth mentioning the parameter combination using RS resampling and 0.5
mm cut, which enables a time reduction to about 40% of reference time while ensuring fair
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agreement in terms of ε , within 4% in healthy liver and within 1% in all the other liver-
related VOIs. This type of resampling, producing a CT matching with the spatial resolution
and dimensions the SPECT, obviously causes a loss of resolution in comparison to the N CT.
Nevertheless, this approach presents some positive aspects, such as an easier management of
volume translations in the GATE geometry (GATE’s Documentation 2021) and a reduction
of the complexity for logical operations involving images obtained from different modalities
(PET, SPECT, CT, etc.) (Pistone et al. 2020), without introducing further interpolations
between voxels, since CT and SPECT voxels are in one-to-one correspondence with this
kind of resampling. The observed deviations of faster calculation results with respect to
the reference values, ε , should be compared with the levels of accuracy of external beam
radiotherapy (±5%) and the broader levels of uncertainty acceptable in internal dosimetry
(generally, ±10%) (Pereira et al. 2010). The choice of a range cut of 0.1 mm and of
the R8 resampling, which considering the native resolution of the employed CT image,
produced an image with voxel dimensions of about 1.8×1.8×4.0 mm3, emerged as the
optimal compromise between CT resolution and cuts for the examined patient case; further
studies on a wider number of patients could confirm the general reliability of this result.

4. Conclusions

The influence on simulation times and on dosimetric accuracy of CT resampling and of
production cuts on secondary particles in GATE MC simulations for a case of 90Y TARE
patient-specific voxel dosimetry was investigated. From the results emerged that reducing
the CT resolution down to values comparable to the ones of SPECT, together with adopting
production cuts of the order of 0.1-0.5 mm, can reduce computation time down to ∼30%
of the reference simulation obtained using the native CT image and a production cut of
0.01 mm, without drastically affecting the absorbed dose accuracy. In fact, even with the
lowest resolution and the larger cuts employed, average dose relative percent differences
with reference simulation was within 6% in liver-related VOIs, 14% in lungs and 4% in
kidneys. The optimal combination of parameters, ensuring dosimetric agreement within
1% in liver-related VOIs, within 5% in lungs and within 2% in kidneys, while reducing
simulation time down to ∼45%, results to be CT resampling with voxel volume 8 times
larger than the native one and production cut between 0.1 and 0.5 mm. The use of a
CT resampling having the same resolution and volume of SPECT scan shows acceptable
agreement with reference too, and time saving of ∼40%, appearing therefore as another
promising choice. The analysis of a single patient case allowed us to identify a reliable
procedure of optimization of MC computing efficiency in voxel dosimetry of 90Y TARE
treatments. Future more extensive studies on a wider set of cases could better confirm the
obtained evidences, and highlight eventual different findings regarding dose accuracy, in
particular for patients exhibiting peculiar microspheres distribution in the liver, such as
cases of "super-selective" treatments on one side, or lobar/whole organ treatments on the
other one.
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FIGURE A1. DVHs and σ ’s (%) in VOIs
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FIGURE A11. DVHs and σ ’s (%) in VOIs
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FIGURE A12. DVHs and σ ’s (%) in VOIs
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