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Comparison of posttherapy °°Y positron emission
tomography/computed tomography dosimetry methods in
liver therapy with °°Y microspheres

ABSTRACT

The aim of our study was to compare dosimetry methods for yttrium-90 (*°Y) positron emission tomography/computed tomography (PET/CT).
Twenty-five patients were taken to a PET/CT suite following therapy with Y microspheres. The low mA, nondiagnostic CT images were
used for attenuation correction and localization of the *Y microspheres. The acquisition time was 15 min, the reconstruction matrix size was
200 mm 200 mm 75 mm, and voxel size was 4.07 mm 4.07 mm 3.00 mm. Two software packages, MIM 6.8 and Planet Dose, were utilized
to calculate *Y dosimetry. Three methods were used for voxel-based dosimetry calculations: the local deposition method (LDM), LDM with
scaling (LDMwS) for known injected activity, and a dose point kernel (DPK) method using the MIRD kernel. Only the DPK approach was applied
to the Planet Dose software. LDM and LDMwS were only applied to the MIM software. The average total liver dosimetry values (mean + standard
deviation) were 60.93 + 28.62 Gy, 53.59 + 23.47 Gy, 55.33 + 24.80 Gy, and 54.25 + 23.70 Gy for LDMwS, LDM, DPK with MIM, and DPK with
Planet Dose (DOSI), respectively. In most cases, the LDMwS method produced slightly higher dosimetry values than the other methods. The
MIM and Planet Dose DPK dosimetry values (i.e., DPK vs. DOSI) were highly comparable. Bland-Altman analysis calculated a mean difference
of 1.1 + 2.2 Gy. The repeatability coefficient was 4.4 (7.9% of the mean). The MIM and Planet Dose DPK dosimetry values were practically
interchangeable. *°Y dosimetry values obtained by all methods were similar, but LDMwS tended to produce slightly higher values.
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INTRODUCTION

Only about 20% of patients with hepatocellular carcinoma (HCC)
are candidates for surgical treatment in the form of resection
or transplantation, primarily due to extensive disease or other
contraindications. For the remaining cases of unresectable
HCC, there are many alternative treatment options, including
systematic chemotherapy (e.g., sorafenib), alcohol injections,
transarterial chemoembolization," thermal radiofrequency™
or microwave ablation, external beam radiation, and
yttrium-90 (°°Y) radioembolization (RE).F! Recently, there
is a growing interest in the use of RE, because of its good
toxicity profile, even in patients with advanced liver cirrhosis,
as well as encouraging data for time-to-progression and
overall survival.* In addition, the intra-arterial injection of *°Y
microspheres, if properly performed, delivers high-radiation
doses to the tumor while sparing liver parenchyma.
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Before the °Y RE itself, a mapping scan is performed using
%mTc macroaggregated albumin (MAA) single-photon-emission
computed tomography/computed tomography (SPECT/CT),
mimicking °°Y distribution. Its purpose is to assess lung
shunting, exclude extrahepatic deposition, and assess
intrahepatic distribution. In addition, some centers are
using MAA scans for personalized dosimetry calculations,
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assuming perfect matching between MAA and °°Y
distribution.” However, there are several factors that can alter
these dosimetry calculations, such as, differences in catheter
positioning between MAA and °°Y studies, differences
between prepared and prescribed activities, and differences
between prescribed and administrated activities.®” In
addition, #"Tc MAA particles and *°Y microspheres have
different flow characteristics due to differing particle sizes,
dissociation, amount of particles, and embolizing effect.
Therefore, the true *°Y distribution and dosimetry can only be
obtained posttherapy using bremsstrahlung SPECT (bSPECT)
or positron emission tomography (PET) imaging.® The
importance of posttherapy °°Y imaging is two-fold. First, it is
used to detect possible extrahepatic activity, which can cause
serious complications, such as ulceration and gastrointestinal
bleeds.”'"! Second, it can be used to estimate the absorbed
radiation dose delivered to liver tumors and normal liver
tissue. These data can help determine whether patients’
adverse events, treatment successes, or treatment failures
can be attributed to the dose that the tumor or normal liver
received; they are also expected to be an important predictor
of treatment efficacy.!'”

Quantitative bSPECT imaging is challenging due to
scatter, septal penetration, the continuous nature of
the bremsstrahlung energy spectrum, and inefficient
bremsstrahlung production.!! Posttherapy PET °°Y images
are far superior, both qualitatively and quantitatively, to
bSPECT °°Y images.!'¥

For many years, RE with *°Y microspheres has been primarily
a palliative treatment, so large uncertainties in absorbed dose
calculations have been clinically acceptable. However, recent
reports on the correlation of tumor-absorbed dose with
tumor response and patient survival have demonstrated the
therapeutic benefit of RE beyond palliation."'>'® Therefore,
more precise personalized, voxel-based dosimetry methods,
based on quantitative imaging, are necessary to replace
semi-quantitative dosimetry methods provided by vendors.*”

In this retrospective study, the aim was to compare
personalized, voxel-based dosimetry methods for °°Y PET/CT
imaging using two commercially available software packages.

METHODOLOGY

Patient characteristics

This study included 25 patients (22 males and 3 females, mean
age of 66.5 = 9.7 years) with unresectable HCC who underwent
RE with ?°Y microspheres at our institution from July 2014 to
December 2017. All patients had negligible lung shunting

(i.e., less than 5%) and no extrahepatic leakage. Twenty patients
were treated with TheraSphere® (glass microspheres; BTG,
London, UK) and five with SIR-Sphere® (resin microspheres;
Sirtex Medical, Sydney, Australia). All patients gave written
informed consent to treatment and to retrospective analysis
of their clinical and imaging data for research purposes. All
procedures were performed in accordance with the ethical
standards of the institutional and national research committee
and the Declaration of Helsinki.

Acquisition and reconstruction protocols

In this retrospective study, the patients were taken for PET/
CT imaging, following RE with *°Y microspheres. They were
imaged on a four-ring, time-of-flight (TOF) PET/CT system
Biograph mCT (Siemens Medical Systems, Erlangen, Germany).
Only one-bed position acquisitions were used, due to relatively
long axial field of view.'”! The low mA, nondiagnostic CT
images were used for attenuation correction and localization
of the Y microspheres. The acquisition time was 15 min.
The reconstruction matrix size was 200 X 200 X 75, and
the voxel size was 4.07 mm X 4.07mm X 3.00 mm. *°Y PET
imaging is possible because there are 32 pair-productions
per million *°Y decays and the number of true events is low.
Therefore, the lutetium oxyorthosilicate and bremsstrahlung
random coincidences are often a large fraction of the prompt
coincidences.I" In order to deal with such unfavorable
situation, the iterative three-dimensional (3D) Poisson-ordered
subset expectation—maximization algorithm with point spread
function and TOF correction is used for reconstruction of
PET data,I" with 2 iterations, 21 subsets (2i21s), and a 5-mm
Gaussian postreconstruction filter.%!

Dosimetry calculation

In clinical settings worldwide, dosimetry for °°Y RE is typically
calculated using simple, semi-quantitative software provided
by vendors. For those done using SIR-Spheres, the body
surface area (BSA) method is primarily used;® for TheraSphere
treatments, activity in GBq is given as a product of dose (Gy)
and mass (kg), divided by 50." A recent comparison between
BSAversus personalized, voxel-based dosimetry®?'! concluded
that higher activities could be administered using the
voxel-based approach. In addition, tumor dosimetry (whether
in terms of average dose or dose-volume histogram (DVH)
metrics) was markedly associated with tumor response. These
conclusions, as well as the fact that °°Y RE is increasingly
being used as a therapeutic intervention beyond palliative
treatment, are going to require dosimetry tools and reference
levels that allow us to better personalize treatments.?'!

Available personalized dosimetry methods include the direct
Monte Carlo (MC) simulation and dose point kernel (DPK)
convolution method.?” Direct MC methods can take into

360 ‘World Journal of Nuclear Medicine / Volume 19 / Issue 4 / October-December 2020



[Downloaded free from http://www.wjnm.org on Monday, January 11, 2021, IP: 247.195.150.119]

Knesaurek: °°Y microspheres dosimetry

account both radionuclide and tissue density distributions,
presumably leading to an accurate absorbed dose distribution
assessment. However, in clinical practice, MC methods are not
typically used, due to their complicated and lengthy calculation
process. To speed up the computation, DPK approaches are
preferred in clinical practice. The original DPK method was
later extended to voxel sources (dose voxel kernel) in MIRD
pamphlet 17! by the introduction of voxel S values.

Since °°Y decays almost entirely with B~ emission
(0.93 MeV mean energy, half-life 64.1 h, 2.5 mm mean
tissue penetration), the local deposition method (LDM) is a
practical alternative to a more complicated DPK convolution
approach. LDM comes in two varieties: original LDM and
LDM with scaling (LDMwS) for known injected activity. In
RE with *°Y, activity before and residual activity after the
treatment are always measured, providing the net activity
injected into the patient’s liver. Then, the total counts in
the PET image can be scaled with net activity, providing
corrected quantitative images used for dosimetry calculation.
The scaling and corrected quantitative images are combined
with LDM producing the LDMwS variant. Original LDM and
DPK use PET calibration data to obtain quantifiable images
and to calculate voxel-based dosimetry. Two commercially
available software packages, Planet Dose (DOSIsoft SA,
Cachan, France) [Figure 1] and MIM 6.8 (MIM Software Inc.,
Cleveland, Ohio, USA) [Figure 2], were utilized to calculate
Y dosimetry from the PET images.

The Planet Dose software and the MIM software can use
DPK, LDM, and LDMwS dosimetry calculations; however, in

this study, only the DPK approach was applied to the Planet
Dose software. These values were compared with MIM DPK
dosimetry values. The DPK method can be used for both yand
B~ radionuclides, while LDM and LDMwS can only be used for
short-range radionuclides such as *°Y, which is almost pure
[~ emitter. The DPK approach is assumed to be superior to
the LDM because LDM does not take into account cross-talk
between different voxels. The LDM approach assumes that
all radiation energy is deposited within one voxel, due to the
limited range of B~ emission. In this study, LDM and LDMwS
were only applied to the MIM software in order to compare
different dosimetry approaches, i.e., an approach using direct
PET quantification imaging versus one using scaling corrected
quantifiable images.

Statistical analyses

A Passing—Bablok regression scatter diagram was used
to compare dosimetry values obtained from each of the
methods, displaying the regression line (solid line), the
confidence intervals for the regression line (dashed lines),
and the identity line (x =y, dotted line).”” A Spearman
rank correlation coefficient (p) was also reported. The
Bland and Altman method®?® was used to analyze the
difference between the dosimetry values obtained by each
approach and to test the repeatability of these results. The
repeatability coefficient was calculated as 1.96 times the
standard deviation (SD) of the differences.?” The dosimetry
data were reported as mean * SD. For comparison, the
repeatability coefficient was also given as a percentage
of the average values of the doses obtained by these two
approaches. The statistical analysis was performed using
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Figure 1: Computed tomography liver image, showing creation of ROIs in transaxial slices and visualized in three-dimensional display using Planet
Dose (DOSlIsoft SA, Cachan, France) dosimetry software. The software provides volumes and mean, maximal, and minimal dosimetry values, as well as

DVH and isodose curves for total liver, tumors, and normal tissue
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Figure 2: Computed tomography liver images, showing creation of ROlIs in transaxial slices, and visualized in sagittal and axial slices using MIM 6.8
(MIM Software Inc., Cleveland, Ohio) software. The body contour in computed tomography liver slices was used to create body VOI in order to scale net
injected 90Y activity and used for local deposition method with scaling dosimetry method

MedCalc Software (MedCalc,
Ostend, Belgium).

bvba 17— 64 bit version,

RESULTS

The mean liver doses calculated using DPK with MIM versus
DPK with Planet Dose (DOSI) (i.e., DPK vs. DOSI) were similar,
coming out to 55.33 * 24.80 Gy and 54.25 * 23.70 Gy,
respectively, with a mean difference of 1.1 = 2.2 Gy. The
repeatability coefficient was 4.4 (7.9% of the mean) and the
Spearman rank correlation coefficient was high (p =0.99)
[Figure 3]. The mean liver doses calculated using LDM versus
DPK were also similar, coming out to 53.59 * 23.47 Gy,
and 55.33 = 24.80 Gy, respectively, with a mean difference
of — 1.7 £ 2.0 Gy. The repeatability coefficient was 3.9
(7.2% of the mean) and the Spearman rank correlation
coefficient was high (p =0.99) [Figure 4]. The mean liver doses
calculated using LDMwS versus LDM were 60.93 = 28.62 Gy
and 53.59 = 23.47 Gy, respectively, with a mean difference
of 7.3 = 6.7 Gy. The repeatability coefficient was 13.2
(23.0% of the mean) and the Spearman rank correlation
coefficient was high (p =0.98) [Figure 5|. Other dosimetry
comparisons, such as LDM vs. DOSI and LDMwS vs. DOSI,
are not provided because a comparison between LDM,
DPK, and DOSI showed that the results were very close.
A comparison of all dosimetry combinations calculations was
plotted [Figure 6], and the average total liver dosimetry values
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Figure 3: (a) The Passing—Bablok regression scatter diagram with the
regression line (solid line), the confidence interval for regression line
(dashed lines), and identity line (x = y, dotted line) for mean liver dose
values in Gy obtained from DOSI and DPK methods and all 25 patients.
The Spearman rank correlation coefficient was high (p =0.99). (b) Bland—
Altman plot for all 25 patients, with a mean difference of 1.1 + 2.2 Gy. The
repeatability coefficient was 4.4 (7.9% of the mean). DPK: Dose point kernel
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were 60.93 = 28.62 Gy, 53.59 = 23.47 Gy, 55.33 = 24.80 Gy,
and 54.25 = 23.70 Gy for LDMwS, LDM, DPK, and DOSI,
respectively.

DISCUSSION

Two dosimetry approaches were compared in this study. The
first approach used the calibration properties of the PET system
to obtain the activity per voxel in posttherapy images. From
these activities, DPK or LDM was used to calculate dosimetry
values for each pixel, ultimately providing tumor, normal liver
parenchyma, and total liver dosimetry values. The second
approach used the known net activity administered to the
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Figure 4: (a) The Passing—Bablok regression scatter diagram with the regression line (solid line), the confidence interval for regression line (dashed lines), and
identity line (x = y, dotted line) for mean liver dose values in Gy obtained from LDM and DPK methods and all 25 patients. The Spearman rank correlation
coefficient was high (p =0.99). (b) Bland—-Altman plot for all 25 patients, with a mean difference of - 1.7 * 2.0 Gy. The repeatability coefficient was 3.9
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Figure 5: (a) The Passing—Bablok regression scatter diagram with the regression line (solid line), the confidence interval for regression line (dashed lines),
and identity line (x = y, dotted line) for mean liver dose values in Gy obtained from LDMwS and LDM methods and all 25 patients. The Spearman rank
correlation coefficient was high (p =0.98). (b) Bland—Altman plot for all 25 patients, with a mean difference of 7.3 + 6.7 Gy. The repeatability coefficient
was 13.2 (23.0% of the mean). LDM: Local deposition method, LDMwS: LDM with scaling
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Figure 6: Comparison of all dosimetry methods. The average total liver
dosimetry values were 60.93 + 28.62 Gy, 53.59 * 23.47 Gy, 55.33 + 24.80 Gy,
and 54.25 + 23.70 Gy for LDMwS, LDM, DPK, and DOSI, respectively. While,
LDM, DPK, and DOSI dosimetry values were very close, Y-90 dosimetry values
obtained by LDMwS tended to produce slightly higher values. LDM: Local
deposition method, DPK: Dose point kernel, LDMwS: LDM with scaling

patient, which was then scaled according to the distribution
of counts in the 3D reconstructed posttherapy images. LDMwS
was then used to calculate dosimetry values for tumor, normal
liver parenchyma, and total liver in posttherapy studies. The
advantage of the first approach is that it does not require

World Journal of Nuclear Medicine / Volume 19 / Issue 4 / October-December 2020

posttherapy residual activity measurements. The advantage of
the second approach is that it can be used on a noncalibrated
system such as bremsstrahlung SPECT imaging.”®!

The commercially available software packages, MIM
6.8 (MIM Software Inc., Cleveland, Ohio, USA) and Planet
Dose (DOSIsoft SA, Cachan, France), are similar but do
have some small differences. Both strongly recommend
using a 2D brush for creation of transaxial regions-of-
interest (ROIs). From a stack of transaxial 2D ROIs, one can
create a full 3D volume of interest (VOI) of the liver, tumors,
and normal liver parenchyma. The Planet Dose software
is made by the primarily radiation therapy (RT) company,
with strong commitment to dosimetry calculations for
external and internal radiation treatment planning. Their
2D brush can distinguish well between lung and upper
liver tissue, improving the efficiency of creating ROIs for
that body area. They also have very nice 3D presentation
of the liver and inserted tumor tissue. On the other hand,
MIM software has an excellent customer support providing
different workloads, as required by different institutions
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with differing preferences. Furthermore, MIM software can
interpolate between transaxial slices during the process of
VOI creation. Planet Dose software can do the same but only
after finishing all axial 2D ROls, and any corrections can be
done on the full 3D VOI. Both software packages can provide
mean, maximal, and minimal dose values in Gy and provide
DVH for total liver, tumors, and normal liver. Furthermore,
as full 3D voxel-based dosimetry packages, both software
applications provide isodose curves.

Suggested improvements for both software packages include
a full 3D brush possibility, which would allow direct creation
of VOIs. Furthermore, the addition of a liver atlas would be
useful for easier liver delineation. Some such attempts have
been made, but the creation of liver VOI is still primarily
done manually in clinical practice. This step is the most
time-consuming part of dosimetry calculation in RE with
%Y. The most desirable solution would be a fully automatic
creation of liver, tumors, and normal liver VOIs using artificial
intelligence methods, such as deep convolution neural
networks.?” This advancement would make dosimetry
calculations in RE with °Y significantly more efficient and
more appealing in clinical practice.

Our results showed that DPK dosimetry values produced by
each dosimetry software programs (i.e., DPK vs. DOSI) were
practically identical. Furthermore, LDM and DPK results were
very similar, confirming that for *°Y, which is almost 100%
a B~ emitter, LDM can be used for dosimetry calculations.
The results also indicate that the LDMwS had slightly higher
values in comparison to LDM and DPK [Figure 6]. A previous
phantom study® revealed a similar trend. Our understanding
is that the slightly higher values produced by LDMwS
compared to the other methods are due to the difference
between dose calibrator scaling, as well as the quantitative
accuracy of °Y PET imaging. This comes down to a choice
between using direct quantifiable PET images versus scaled
and corrected images using dose calibrator values. Although
the differences are not great, they should be diminished by
improved quantifiable *°Y PET imaging and dose calibrator
quality control.

CONCLUSIONS

In addition to palliative treatment, RE with *°Y microspheres
is increasingly being used as a therapeutic intervention.
Therefore, more precise personalized, voxel-based dosimetry
methods based on quantitative imaging are necessary to
replace semi-quantitative dosimetry methods. Our results
indicate that DPK dosimetry values produced by each
dosimetry software programs (i.e., DPK vs. DOSI) were

practically identical. Small differences can be attributed
to differing methods in the creation of regions of interest.
LDM and DPK dosimetry values were also very similar,
while *°Y dosimetry values obtained by LDMwS tended to
produce slightly higher values. Improved quantifiable °°Y PET
imaging and dose calibrator quality control should minimize
differences between LDMwS on one side with LDM and DPK
dosimetry methods.
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