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tion therapy for metastatic liver lesions are not well-documented. We sought for a
clinically practical way to determine the dosimetry of this advent treatment. Six dif-
ferent female XCAT BMIs and seven different male XCAT BMlIs were generated.
Using Monte Carlo GATE code simulation, the total of 100MBq “°Y was deposited
uniformly in the source organ, liver. Self-irradiation and absorbed doses in lung, kid-
ney and bone marrow were calculated. The mean energy of Yittrium-20 (i.e.,
0.937 MeV) was used. The S-values and equivalent doses in target organs were
estimated. The dose absorbed in the liver was between 84 and 53 Gy and below
the target of 80 to 150 Gy. The absorbed dose in the bone marrow, lungs, and kid-
neys are very low and below 0.1 , 0.4, and 0.5 Gy respectively. Our study indicates

that larger activities than the conventional dose of 3 GBq may be both required and
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1 | INTRODUCTION

The treatment of inoperable liver metastases with microspheres and
particles labeled with isotopes is a promising hope for a condition
once was regarded untreatable.2> The procedure is evolving and the
radiations to lungs, preserved liver parenchyma, and the bone mar-
row in repeated treatments are the limiting concern. Patient’s
dosimetry is possible with simulation methods before the initiation
of the treatment or can be calculated after the treatment for follow-
up purposes. We previously used Monte Carlo code for certain con-
ventional imaging and therapeutic agents including Technetium-99m,
lodine-131, and Samarium-153 in different phantoms®’ and in
patient. Recently “°Y became available to us and labeling of the
microspheres and clinical trials are under development.®*° There are
different methods for internal dosimetry and imaging of the 2°Y.1? In
this study, we provide a radiation dose estimate to major target
organs after treatment of liver metastases with the °°Y

safe. Further confirmations in clinical settings are needed.

dosimetry, dosimetry, microsphere, Yttrium-90

Microspheres. The results are important for us before proceeding to
the clinical use of the therapeutic agent. We define the procedure
so that internal dosimetry become practical for the future uses. We
employed GATE (GEANT4 Application to Tomographic Emission)'?
as a dedicated Mont Carlo code for nuclear medicine and XCAT*? as
an up-to-date hybrid phantom.

2 | MATERIAL AND METHODS

Thirteen different total body XCAT phantoms including six female
BMIs (18.6, 20.8, 22.1, 26.8, 30.3, and 34.7 kg/m?) and seven male
BMIs (23.0, 24.9, 27.1, 28.3, 29.3, 34.5, and 35.8 kg/mz) were gen-
erated. The matrix dimensions were 128 x 128 x 600 with
0.3125 cm® voxel sizes. We defined total activity of 100 MBq °Y
uniformly distributed in the liver as the source organ. Then, absorbed

dose in four clinically important critical organs for the treatment by
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%Y microspheres including liver, lung, kidney, and bone marrow
were calculated. Simulations were performed with GATE, Monte
Carlo code with the same method we previously documented.®
Among other physical interactions, attention has been given to vari-
ous interactions of electron including Bremsstrahlung.** The mean
energy of ?°Y, 0.937 MeV, was used for the beta particles. After
dosimetry simulations with GATE, the output is two binary files con-
taining the absorbed dose in voxels (in cGy) and the corresponding
uncertainties respectively.!®> We calculated the S-values (in mGy/
MBg-s) for beta particles of °°Y according to Medical International
Radiation Dose (MIRD) committee guideline.X® To report the results
in a more familiar way, the corresponding amount of equivalent dose

(in mSv/s) were shown as well (Fig. 1-4).

3 | RESULTS

The successful uniform distribution of the tracer within the liver and
the visual depiction of the deposited dose in the target organs are
depicted in Fig. 5. Also the radiation to the main target organs is
presented in Table 1 in males and females. In all studied BMls the
radiation to the liver is remarkably higher than the lung and other
target organs by the power of at least 100 (Fig. 1 and Fig. 3). For an
effective half-life of the “°Y which equals to its physical half-lifel”
(i.e., 64.1 hours) and theoretical fixed administered dose of 3 GBq,
the total radiation doses to the liver in different BMIs of female
phantoms range between 84 and 54 Gy while the radiation to the
lung ranges between 0.34 and 0.005 Gy. The radiation to the liver
in male phantoms ranges between 64 and 53 Gy and the radiation
to the lung between 0.26 and 0.004 Gy. The radiation to the kid-
neys varies between 0.48 to 0.08 in females and 0.43 to 0.05 in
males. The highest bone marrow absorbed dose is below 0.1 Gy for
an effective half-life of the “°Y. The equivalent dose within the liver
is generally about 1 mSiv/h while the dose to the bone marrow is
below 0.003 mSiv/h and the equivalent dose to the kidney and lung
is below 0.03 mSiv in females (Fig. 2) and 0.027 in males (Fig. 4).
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Fic. 1. The diagram of liver equivalent dose for different female
BMls.
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Fic. 2. The diagram of equivalent dose of lung, kidney, and bone
marrow for different female BMls.
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Fic. 3. The diagram of liver equivalent dose for different male
BMls.
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Fic. 4. The diagram of equivalent dose of lung, kidney and bone
marrow for different male BMils.

4 | DISCUSSION

We documented the dose to the liver and some critical organs after
99Y-Microsphere therapy for liver metastases. The ranges of the
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Fic. 5. A view of organs selected as
source and target organs; liver is both
source of total of 100MBq Yttrium-90
(uniform distribution) and the target organ
(a); dose absorption in the lungs (b), kidney
(c), and bone marrow (d) in other target
organs are also visually depicted.

TasLe 1 S-values (MGy/MBg-s) calculated from Yttrium-90 in different female BMls.

Target organs

Source organ Sex BMils Liver
Liver Female 18.6 1.2085e-004
20.8 8.5090e-005
221 9.2387e-005
26.8 9.5030e-005
30.3 8.6134e-005
34.7 7.8204e-005
Male 23.0 8.6110e-005
24.9 7.8633e-005
271 9.2373e-005
28.3 8.4301e-005
29.3 6.6163e-005
34.5 6.1598e-005
35.8 6.5184e-005

Lung Kidney Bone marrow
1.6692e-008 5.1755e-007 1.2834e-007
1.7210e-007 6.9404e-007 3.1386e-008
2.5969e-007 2.8099e-007 4.6769e-008
7.5511e-009 5.6558e-007 3.1865e-008
3.0210e-007 1.2805e-007 1.1142e-007
4.8910e-007 4.4929e-007 3.2973e-008
2.7157e-007 3.3380e-007 7.1842e-008
3.7746e-007 1.3852e-007 3.4974e-008
1.9722e-007 6.2601e-007 6.075%9e-009
3.5794e-007 2.4988e-007 4.6876e-008
6.0479e-009 3.9694e-007 1.7263e-008
1.5001e-007 9.7855e-008 3.1512e-008
4.1659e-008 7.1693e-008 4.3151e-008

absorbed doses in the liver are generally less than the target thera-
peutic dose for tumoricidal purposes of at least 80 Gy.> We put the
therapeutic dose homogeneously within the liver,'® but for the real
practice one or more hepatic artery divisions could be catheterized?
and hence the extent of the radiation would be probably higher.!?
Certain calculation methods are available to estimate the radiation
to tumor and normal liver parenchyma.?® With the same method
using the patient’s SPECT/CT data the exact radiation to the hepatic

metastases could be calculated. Such data could be acquired by the
injection of macroaggregated albumin tagged with ’™Tc or
indium before the administration of the therapeutic dose of °Y-
Microspheres via the hepatic artery catheter.?! There are methods
for internal dosimetry based on MIRD formalism. In these methods,
the activity deposition is concrete and less-flexible to match with
the variations of the real activity in the patients.*® For example to

assess the lung shunt, the activity should be distributed uniformly in
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the lungs in these methods. Employing the simulation methods the
real patient’s SPECT/CT data could be used for this purpose.??2°

We also documented that although the dose to the bone marrow
is generally low, the unwanted radiation into the bone marrow is
unexpectedly high and about twice of others in thin patients with
low BMls; this would be the condition of many patients candidate
for 7°Y-microsphere injection because they have suffered long time
of the underling malignant pathology and they received many
courses of chemotherapy and external beam radiations and have
concomitant malnutrition. The doses need adjustment in these
patients and the benefit of the treatment versus the possibility of
bone marrow suppression should be re-evaluated before proceeding
to therapy.

In addition to the general radiation dependent side effects of
29Y-microsphere including flu like syndrome and gastric ulceration, a
more specific complication is radiation hepatitis. Post-treatment liver
absorbed dose may assist the clinician to make sophisticated deci-
sions including creation of portosystemic shunts when hepatic failure
is encountered after radioembolization. The other concern is radia-
tion lung fibrosis due to lung shunting of the tracer. The extent of
the lung shunting should be ascertained with injection of *“™Tc-
MAA. In this study the radiation to the lungs with no shunt was
studied. The radiation to the kidney, lungs and bone marrow was
presented as the sample critical organs but any organ of concern
could be added into this list easily. We found that the radiation in
the kidney and lugs are reasonably lower than the dose limitation of
15 to 30 Gy.! The absorbed dose in the bone marrow was negligible
and below the threshold for even minor side effects (> 2 Gy).24

There are few data available for comparison. The radiation to the
tumor in real intra-arterial hepatic radioembolization was calculated
to be about 76 Gy to the tumor by equation based calculation and
120-180 by MIRD approach which is comparable with the findings
of the current study.?>2?® The safe dose to non-tumoral liver par-
enchyma is considered less than 40 Gy.2? The radiation to the kid-
neys and lungs secondary to treatment with “°Y-Zevalin in patients
with lymphoma unresponsive to chemotherapy are equal and much
higher than the estimated dose in our study respectively. The distri-
bution of the Zevalin and Intra-arterial hepatic radioembolization are
different but the radiation dose to the lung and kidneys are compa-
rably acceptable for the radioembolization.?”

The major shortcoming of the current study is the lack of simula-
tion with real patient’s data in different dose, metastasis location
and employed spheres.?* In fact the current data provoke us to pre-
cede the current simulation method in real clinical cases to consider

enhancement of the future therapeutic administered doses.

5 | CONCLUSION

We provided the data of the radiation dose into the liver and certain
critical organs after “°Y-microsphere therapy. The dose to the liver
with conventional administered dose of 3 GBq is lower than the
therapeutic target and the unwanted radiation to the other viscera is
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very low. However, particular concern in the thin patients may be
amended before ?°Y-microsphere therapy to avoid bone marrow
suppression, escalation of the administered dose may be used safely.

The results should be confirmed in clinical setting.
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