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Abstract:

This work sought to investigate the impact of fixed lung mass regime versus
individualized measures on the lung absorbed dose in °Y therapy. 14 patients were
injected with 3-5 mCi ®™Tc-MAA pursued by whole-body scans with 15% photo-peak
window width at 140 keV. SPECT/CT scans were acquired with attenuation and scatter
correction. The lung shunt fraction (LSF) was generated from whole-body scans (WBS)
and SPECT/CT. Lung volume was measured by contouring the target organ over CT
images. Variation, Kruskal Wallis, and Mann-Whitney tests were applied for statistical
analysis. In result, 64% of the patients exhibited less than 1 kg lung mass, and the
remaining 26% had lung mass larger than 1 kg. The estimated lung shunt fractions from
SPECT/CT were greatly lower than planar images with a median of -45% (range: -28 to
-69%). The lung dose estimates varied between fixed lung-mass regime used in
(TheraSphere Treatment Sheet) and real measures approach with a median difference
of 9% and a range from -34% to 76%. However, a significant difference was found in
lung dose estimates between planar and SPECT/CT modalities independent of lung
mass. It was accordingly inferred that lung mass may vary among patients influencing
the predicted dose and the tailored *°Y activity. For precise medicine, the fixed lung

mass used on a routine basis should be replaced by patient-specific measures.

1. Introduction

Selective internal yttrium-90 (SIRT-90Y) therapy is
a widespread treatment method for unresectable
primary and disseminated liver tumors. The unique
dual blood supply to the liver paved the way for
effective  implementation  of  trans-arterial
radioembolization therapy. The hepatocellular
carcinoma (HCC) ordinarily receives blood from
hepatic arteries, while the portal vein supplies
blood to nearly 75% of the healthy liver. Moreover,
80—100% of the hepatic metastases are also fed
from the hepatic arteries rather than the portal
venous circulation [1]. *°Y is a pure B emitter with a
half-life of 64.1 hours that decays into stable
zirconium (*°Zr) with a maximum and mean energy
of 2.3 MeV and 937 keV, respectively. The released
beta particles have a maximum penetration of 11
mm and an average of 2.5 mm within soft tissue
[2]. In %Y therapy, the emitted particles are
concentrated in microsphere clustering regions.

Unlike other radionuclides (e.g *3I, 17’Lu), there is
no primary gamma emission except bremsstrahlung
radiation emanated from *°Y. Prior to *°Y therapy,
visceral angiography is applied to map the blood
vessels of tumors and healthy liver components.
Afterward, intra-arterial injection of ®*™Tc-MAA is
applied as a surrogate to °°Y-microsphere [3].
Scintigraphy imaging is subsequently carried out
for pulmonary and gastrointestinal  shunts
assessment and to determine the activity to
administer.

The regional beta irradiation is basically to ravage
the cancerous cells and spare the healthy injected
component. To date, various approaches have been
used for dose calculation involving the empirical
model, BSA (body surface area) model, MIRD
(Medical Internal Radionuclide Dose) formalism,
and Partitioning model as well as more recently,
voxel-based dosimetry and Monte Carlo simulation
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[4,5]. The empirical model has become of rare use
due to its primitive and imprecise assumptions. The
BSA is a simple and easy to use method assuming
that the patient’s BSA correlates with the size of the
patient’s whole liver [6]. In contrast, the partition
model (PM) based on MIRD formalism provided
patient-specific dose calculations [7].

On the other hand, the dose limits of lung that have
been extensively used were defined as 30 Gy in a
single treatment and a total of 50 Gy from multiple
treatments. Meanwhile, as high as 70 Gy dose limit
was reported to healthy injected liver with a small
probability of decompensation [8,9]. The lung
shunt fraction is classically estimated from planar
images obtained after *°™Tc-MAA injection.
However, SPECT/CT scan is acquired to explore
gastrointestinal shunting and assess tumor uptake.
The advent of fused CT images enhanced more
accurate liver segmentation, quantification, and
volume measurements for the target organs [10].

Herein, the current work explored the effect of
using patient-specific lung mass as calculated from
CT scans on the lung dose prediction compared to
standard 1 kg mass used in daily practice.

2. Material and Methods

Treatment records of randomly selected fourteen
patients were reviewed. About 111-185
MBg *®"Tc-MAA was intra-arterially injected into
the liver followed by planar imaging and
SPECT/CT (Symbia™ T Seri SPECT/CT
manufactured by SIEMENS). The photopeak
window was set at 140 keV with a 15% width.
Subsequently, SPECT/CT scans were acquired
encompassing both lungs and liver using the next
settings; step and shoot mode, 64 projections/cycle,
and 25 seconds /projection. Dual-energy windows
DEW (-15%) method was applied for scatter
correction. The OSEM-algorithm (10 iterations and
8 subsets) was used for image reconstruction
followed by 9-mm low pass filtering.

The LSF from planar imaging was calculated by the
below formula [7]:

JLanxLpo

(yLanxLp+,/LiveranxLiverpo)

LSF = (1)

Lung anterior count (Lan). lung posterior counts
(Lpo). liver anterior counts (Liveran). and liver
posterior counts (Liverpo).
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Then, the LSFs from SPECT/CT scans were
computed by the following equation [7]:

LUNGc

LSFspect = —————
LUNGc+LIVERc

(2)
LSFspect: lungs shunt fraction from SPECT images,

LUNG; + LIVER. are the summed lung and Liver
counts from SPECT slices.

The down-shown equation was utilized to calculate
the lung dose [7]:

AX49.3
M

D(Gy) = (3)

D: absorbed dose, A: activity (GBg), M: lungs mass
(Kg).

The treatment excel-sheet provided by TheraSphere
90Y-glass microsphere considered a fixed lung
mass (1 kg) for all patients. However, in this work,
the lung doses were estimated using LSFs
calculated from planar and SPECT/CT scans based
on both fixed lung mass (1 kg) and individualized
lung mass for comparison purposes. The lung
volume was measured by delineating manual ROIS
over CT images with lung window. The lung
density was accepted as 0.37 gm/cm?,

YDoseCal is an in-house developed 90Y
dosimetry code operating with the earlier
mentioned functions.

2.1 Statistical Analysis

Non-parametric tests were used as the values
showed no normal distribution. First, a significant
difference was explored between the groups by
Kruskal Wallis Test followed by Mann-Whitney
tests.

3. Results and Discussions

The measured volumes and calculated lung masses
were summarized in table 1. Accordingly, 64% of
the patients exhibited lung mass less than 1 kg,
while the remaining 26% had lung mass > 1 kg.
The calculated lung shunt fractions from
SPECT/CT were smaller than planar images with a
median of -45% (range: -28 to -69%), as shown in
table 1. Figure 1 illustrates the mean lung dose
calculated from different approaches. A variation in
the lung doses was manifested according to fixed
lung mass (1kg) and patient-specific mass.
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Table 1. Lung volume, mass, and lung shunt
fractions (LSFs) for 14 patients.

Pt Volume Mass LSF LSF
(cmd) (kg) (Planar) | (SPECT/CT)
1 2986 1.10 0.15 0.09
2 1748 0.65 0.03 0.01
3 2510 0.93 0.18 0.11
4 2850 1.05 0.14 0.04
5 4096 1.52 0.07 0.04
6 2503 0.93 0.07 0.03
7 3303 1.22 0.05 0.03
8 3157 1.17 0.13 0.07
9 2035 0.75 0.09 0.06
10 2278 0.84 0.04 0.02
11 1986 0.73 0.06 0.03
12 2469 0.91 0.08 0.05
13 1537 0.57 0.04 0.02
14 1603 0.59 0.07 0.04

The median difference in lung dose estimates
between fixed lung mass regime and patient-
specific approach was found to be 9% ranging from
-34% to 76%. In statistical analysis, the Kruskal
Wallis test yielded a significant difference between
at least two groups among those illustrated in figure
1. In table 2, Mann-Whitney test results were
summarized exhibiting no significant difference
between WBS-SM versus WBS-PSM  (Pyaie >
0.05), and SPECT/CT-SM versus SPECT/CT-PSM
(Pvaie > 0.05). However, a significant difference
was found between the other pairs (Pvaie < 0.05).
Various types of palliative treatments are
implemented in HCC and liver metastases
encompassing radiofrequency ablation,
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Lung Dose Gy/GBq
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SPECT/CT-SM m SPECT/CT-PSM

Figure 1. Lung dose (Gy/GBq) estimates from whole-
body scan (WBS) and single photon emission computed
tomography/computed tomography (SPECT/CT) based
on 1 kg standard lung mass (SM) and measured patient

specific mass (PSM).
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Table 2. Mann-Whitney test results (significant

difference at 95%).
Method Pairs Pualue
WBS-SM & WBS-PSM 0.571
WBS-SM & SPECT/CT-SM 0.008
WBS-SM & SPECT/CT-PSM 0.016
WBS-PSM & SPECT/CT-SM 0.001
WBS-PSM & SPECT/CT-PSM 0.004
SPECT/CT-SM & SPECT/CT-PSM | 0.734

Y trans-arterial radioembolization (TARE), and
trans-arterial  radioembolization (TACE) [10].
Radiofrequency ablation is a first-line treatment for
unresectable early-stage patients, while TARE and
TACE modalities are commonly followed for
inoperable hepatocellular carcinoma. In outcome,
several studies reported impressive response and
survival benefits after TARE with *°Y microspheres
for both primary and metastatic hepatic neoplasms
[1,11].

The effectiveness of Y therapy is associated with
numerical  factors, including the injected
radioactivity, the target volume, and distribution
equivalence between %Y-microspheres and MAA
particles. In this regard, planar and tomographic
imaging are substantially used to assess
extrahepatic leakages and plan the therapeutic
activity. SPECT/CT has been approved superior in
guantitative and volume determination with
enhanced image contrast [12,13]. In result, a
significant difference was found in the lung shunt
fractions between standard planar imaging and
SPECT/CT with attenuation and scatter correction.
In contrast, the mean LSF from SPECT/CT was not
significantly different from that estimated by
PET/CT after Y therapy [14]. So, the LSF values
calculated by SPECT/CT scans might be
advantageous for those excluded from Y therapy
due to LSF > 22% calculated from planar imaging.
Additionally, the precision in dose estimation may
increase the number of therapy sessions controlled
by the cumulative lung dose limit, e.g, 50 Gy. The
integrated CT images can also be exploited to
personalize the lung mass estimation instead of
assuming a fixed 1 kg mass in line with the new era
of precise medicine. The current evaluation
demonstrated that 64% of the patients exhibited
lung mass less than 1 kg, and the remaining 26%
had lung mass > 1 kg, as calculated from CT scans.
Thus, the assumption of standard 1-kg lung mass
might clinically underestimate or overestimate lung
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dose. For instance, individualized lung mass
prediction has been recently reported with a median
mass of 839 g (range, 550-1178 g) for men and 731
g (range, 548-869 g) for women by a region-
growing tool and a fixed threshold interval of -500
Hounsfield units (HU) at the patient-specific seed
point [15]. However, the mean lung volume by
¥mTc-MAA SPECT/CT was slightly smaller than
diagnostic CT using the free-breathing technique
and Hounsfield units of -734 + 58 HU [16,17]. In
the same context, there was a strong correlation
between tumor volume measured on CT and that
assessed with surgical specimen [18]. Notably, one-
mass-fits-all regime should be replaced by factual
patients’ specific measures as well as gated *™Tc-
MAA SPECT/CT would provide accurate auto-
contouring prediction of the lung.

On the other hand, the widely used partition method
and MIRD schema lack the essential compensation
of dose heterogeneity over healthy tissues, tumor,
and lung. Ideally, Monte Carlo (MC) simulation is
the gold standard to compute the energy transport
within the tissue and identify non-uniform dose
distribution in the target organ. Alternatively,
voxel-based dosimetry has been developed as a
trade-off method based on dose-point kernels. The
dose kernels involve both self-dose and crossfire
contribution between the voxels, however,
assuming homogenous activity distribution in each
voxel is still a drawback [19,20]. Moreover, the
range of beta particles is almost voxel-sized making
the local energy deposition method feasible to use,
however, this feasibility deteriorates in lung dose as
the lung density is quite less than soft tissue.

Herein, lung mass measures and LSFs from
SPECT/CT with scatter correction have effective
impact on the lung dose that propagates to the
administered %Y activity and the number of
treatments.

4. Conclusions

It was concluded that the predicted lung dose is
highly affected by real lung mass measures in %Y
therapy. A significant difference was found in the
dose estimates between the wused modalities
independent of lung mass.
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