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Abstract
Purpose This study aimed to determine the absorbed doses in the tumoral-liver and non-tumoral liver of hepatocellular 
carcinoma (HCC) patients undergoing radioembolization with Yttrium-90 (90Y) resin microspheres, and compared with 
those derived from 99mTc-MAA using the partition model.
Methods A total of 42 HCC patients (28 males and 14 females, mean age 65 ± 11.51 years) who received 45 treatment 
sessions with 90Y-microspheres between 2016 and 2021 were included. Pre-treatment 99mTc-MAA and post-treatment 
90Y-bremsstrahlung SPECT/CT were acquired for each patient. Semi-automated segmentation of regions of interest (ROIs) 
was performed using MIM Encore software to determine the tumor-liver ratio (TLR) encompassing the liver volume, tumoral-
liver, and lungs, and verified by both nuclear medicine physician and interventional radiologist. A partition dosimetry model 
was used to estimate the administered activity of 90Y-microspheres and the absorbed doses to the tumoral-liver and non-
tumoral liver. The student’s paired t test and Bland–Altman plot were used for the statistical analysis.
Results The mean TLR values obtained from 99mTc-MAA SPECT/CT and 90Y-bremsstrahlung SPECT/CT were 4.78 ± 3.51 
and 2.73 ± 1.18, respectively. The mean planning administered activity of 90Y-microspheres based on 99mTc-MAA SPECT/
CT was 1.56 ± 0.80 GBq, while the implanted administered activity was 2.53 ± 1.23 GBq (p value < 0.001). The mean 
absorbed doses in the tumoral-liver estimated from 99mTc-MAA and 90Y-bremsstrahlung SPECT/CT were 127.44 ± 4.36 Gy 
and 135.98 ± 6.30 Gy, respectively. The corresponding mean absorbed doses in the non-tumoral liver were 34.61 ± 13.93 Gy 
and 55.04 ± 16.36 Gy.
Conclusion This study provides evidence that the administered activity of 90Y-microspheres, as estimated from 
90Y-bremsstrahlung SPECT/CT, was significantly higher than that estimated from 99mTc-MAA SPECT/CT resulted in 
increased absorbed doses in both the tumoral-liver and non-tumoral liver. However, 99mTc-MAA SPECT/CT remains a 
valuable planning tool for predicting the distribution of 90Y-microspheres in liver cancer treatment.
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Introduction

According to the report on global cancer incidence from 
International Agency of world health organization for can-
cer research in 2020, liver cancer ranks as the sixth most 
common cancer worldwide and is the third leading cause 
of death, surpassed only by colorectal cancer and lung can-
cer [1]. Notably, gastrointestinal cancers, including esoph-
ageal, gastric, and liver cancers, were found to be more 
prevalent in Asia compared to other regions [2]. In Thai-
land, liver cancer holds the unfortunate position of being 
the primary cause of death. A selective internal radiation 
therapy (SIRT) using Yttrium-90 (90Y) microsphere is a 
frequently employed technique in interventional radiology 
for the treatment of hepatocellular carcinoma (HCC), par-
ticularly for cases where surgical resection is not possible 
[3]. 90Y is a pure beta-emitting radionuclide with a half-
life of 64.2 h. Approximately 99.9% of its emissions con-
sist of beta particles with an average energy of 0.937 MeV 
that disintegrates into stable zirconium-90 (90Zr), and have 
a maximum soft tissue range of approximately 1.1 cm 
[4, 5]. This unique combination of properties makes 90Y 
well-suited for use in radioembolization and other targeted 
radionuclide therapies, as it allows for focused radiation 
delivery to the tumor regions while minimizing damage to 
surrounding healthy tissues.

Prior to SIRT treatment, patients undergo a 99mTc-
macroaggregated albumin (MAA) scan, which includes 
whole-body planar imaging and SPECT/CT. The imag-
ing data obtained from the 99mTc-MAA scan are used to 
calculate the lung shut fraction (LSF), tumor-to-liver ratio 
(TLR), and estimate the appropriate activity of 90Y-micro-
spheres. Subsequently, patients undergo a 90Y-bremsstrahl-
ung SPECT/CT scan after treatment to verify accurate 
selection of tumoral locations. Therefore, it is crucial to 
evaluate not only the treatment efficacy of SIRT using 
90Y-microspheres but also its safety and potential side 
effects [5–7].

To determine 90Y administered activity (AA) and 
dosimetry, commonly used calculation models include 
the medical internal radiation dose (MIRD) [8–11], body 
surface area (BSA), and the partition model method. 
Among these methods, the partition model is the most 
widely employed, as it allows for the separation of the 
liver into distinct compartments, including the tumoral-
liver and non-tumoral liver regions. By incorporating the 
AA of 90Y-microspheres and the TLR, which represents 
the relative uptake in these regions, the dosimetry formula 
provides estimates of the absorbed doses delivered to each 
compartment during the SIRT procedure. This approach 
ensures that the radiation dose distribution is more patient 
specific and takes into account the differential uptake in 

tumoral and non-tumoral liver tissues [4–7, 12]. Given the 
increasing interest in personalized radionuclide therapy, 
the establishment of a strong and reliable relationship 
between the prescribed and the pre-treatment doses is 
essential [13–15].

In this study, we aim to determine the administered 
activity and absorbed doses in the tumoral-liver and non-
tumoral liver of HCC patients who underwent post-treat-
ment 90Y-microspheres SIRT, utilizing 90Y-bremsstrahlung 
SPECT/CT imaging based on the partition model. The 
results were then compared with the 99mTc-MAA pre-treat-
ment to validate the accuracy of the prescribed treatment 
planning dosimetry for both tumoral and non-tumoral liver 
regions.

Materials and methods

Patients

This study was approved from our institutional review board 
(IRB) to collect retrospective data from HCC patients who 
underwent 99mTc-MAA and 90Y-bremsstrahlung SPECT/
CT scans for SIRT with 90Y-microspheres at King Chu-
lalongkorn Memorial Hospital (KCMH) between 2016 
and 2021. The study's inclusion criteria consisted of HCC 
patients with radiologically proven liver cancer who did not 
undergo surgical treatment, and for whom both pre-treat-
ment 99mTc-MAA SPECT/CT images and post-treatment 
90Y-bremsstrahlung SPECT/CT images were available. 
Patients with a lung shunt ≥ 20% and those with diffuse 
infiltrative liver metastases were excluded from this study.

Radioembolization and image acquisition

All patients were injected 99mTc-MAA for pre-treatment 
planning at the Interventional Radiology Unit. Hepatic angi-
ography was performed after selectively occluding single or 
multiple accessory hepatic arteries using embolized coils. A 
slow administration of 185 MBq of 99mTc-MAA in 5–6 mL 
of physiologic solution was injected via the catheter, and its 
precise position was recorded on the angiogram to facilitate 
catheter repositioning during the treatment session. SPECT/
CT images were then acquired at the Nuclear Medicine Divi-
sion using the Symbia Truepoint T6 (Siemens Healthineers, 
Germany) or Discovery NM/CT 670 (GE Healthcare, USA) 
SPECT/CT system within 60 min to evaluate the lung shunt 
fraction and estimate 90Y-microspheres injected activity and 
dosimetry. For image acquisition, a low energy high-reso-
lution collimator and an energy window at 140 keV ± 7.5% 
were used. The SPECT images were acquired with a 
matrix size of 128 × 128 and 32 projections (30 s/projec-
tion). Flash 3D ordered-subset expectation maximization 
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(OSEM), with 4 iterations and 8 subsets, and scatter correc-
tion were applied for image reconstruction. Low-dose CT 
was acquired for attenuation correction. The tumor volume, 
non-tumor volume, and TLR were subsequently determined, 
utilizing information obtained from contrast-enhancement 
CT images.

To obtain post-SIRT imaging, 90Y-bremsstrahlung 
SPECT/CT imaging was performed on the same scanner sys-
tem as the 99mTc-MAA SPECT/CT. For the 90Y-bremsstrahl-
ung SPECT/CT acquisition, a medium energy collimator was 
employed, and the energy window was set at 78 keV ± 15%. 
The image acquisition parameters consisted of a 128 × 128 
matrix with 32 projections (30 s/projection), and recon-
structed using Flash 3D OSEM, with 5 iterations and 8 sub-
sets. Attenuation and scatter correction were also applied.

Tumoral and non‑tumoral liver segmentation

The co-registration of 99mTc-MAA SPECT and 
90Y-bremsstrahlung SPECT with CT images, as well as the 
delineation of tumoral-liver, non-tumoral liver, and lung 
compartments, were performed using MIM Encore soft-
ware version 7.1.3 (MIM Software Inc., Cleveland, Ohio), 
as illustrated in Fig. 1. In this study, lesions and lobar con-
touring were performed using a semi-automated segmenta-
tion method. Initially, a 50% thresholding of the maximum 

intensity on the SPECT/CT images was used to delineate 
the tumoral-liver regions. If the contours did not cover the 
tumor region adequately, the threshold value for each VOI 
was adjusted following the boundaries of the tumors indi-
vidually. Additionally, the MIM software could automati-
cally generate contours by referencing each patient's prior 
information from preceding slices, facilitating the contour-
ing of VOI. Although the segmentation mainly performed 
on SPECT/CT, the contrast-enhanced CT images acquired 
from diagnostic radiology were additionally used as a ref-
erence for the tumoral-liver VOI. This reference aided in 
verifying the accuracy of tumor lobe distribution and size 
segmentation, with the objective of ensuring precise deline-
ation of tumoral regions. The non-tumoral liver volume was 
derived by subtracting the tumoral-liver volume from the 
treated liver lobe volume. All segmented volumes of tumoral 
and non-tumoral liver were finalized through a consensus 
between a certified nuclear medicine physician and an inter-
ventional radiologist. In the case of the lung compartments, 
regions were semi-automatically defined using a threshold 
level of Hounsfield unit (HU).

Administered activity and dosimetry calculation

The tumor-to-liver ratio (TLR) for each patient was cal-
culated by analyzing the radioactivity uptake in the 

Fig. 1  Example of semi-automated delineation of liver, tumoral-
liver and lung regions using MIM Encore software in same patient 
on co-registration images in transaxial, coronal and sagittal planes. A 

99mTc- MAA SPECT/CT images and B 90Y- bremsstrahlung SPECT/
CT images. The yellow lines indicate the partition that separates each 
lobe
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tumoral-liver and non-tumoral liver regions, measured per 
unit mass of each respective region. The TLR can be calcu-
lated using Eq. (1) as follows [16]:

where AT is the uptake activity within the tumoral-liver 
compartment, mT is the mass of the tumoral-liver compart-
ment, AN is the uptake activity within the non-tumoral liver 
compartment, and mN is the mass of the non-tumoral liver 
compartment. A density factor of 1.03 g/mL was applied to 
convert the volume of the tumoral-liver and non-tumoral 
liver into mass [17].

Lung shunting fraction (LSF) was calculated using 
whole-lung SPECT/CT scan to assess the presence of extra-
hepatic blood vessels that may direct a vascular path to the 
lungs, resulting in lung irradiation by 90Y microspheres. LSF 
is defined as the ratio of total counts in lungs divided by the 
total counts in both the liver and lungs, and it is calculated 
using the following equation:

where Clungs represents the total counts in lungs, and Cliver 
represents the total counts in liver. Subsequently, the parti-
tion dosimetry model was employed to calculate the admin-
istered activity of 90Y using Eq. (3) [18, 19]:

where A is administered activity of 90Y, DT denotes the dose 
to the tumor, defined at a minimum of 120 Gy as the target 
dose to the treated liver lobe, TLR is the relative uptake of 
tumoral and non-tumoral liver ratio, mN represents the mass 
of the non-tumoral liver compartment, and mT represents the 
mass of the tumoral-liver compartment.

The absorbed doses to the tumoral-liver (DT) and non-
tumoral liver (DNL), derived from the administered activity 
of 99mTc-MAA, were calculated using Eqs. (4) and (5) as 
follows [18, 19]:

where A is an administered activity, TLR is the tumor-liver 
ratio, representing the relative uptake of the 99mTc-MAA 
in the tumoral and non-tumoral liver regions as mentioned 
previously, mN is the mass of the non-tumoral liver com-
partment, mT is the mass of the tumoral-liver compartment. 

(1)TLR =
AT(GBq)∕mT(kg)

AN(GBq)∕mN(kg)

(2)LSF =
Clungs

Cliver + Clungs

(3)A(GBq) =
DT(Gy) × [

(

TLR × mT(kg)
)

+ mN(kg)]

49.67 × (1 − LSF)

(4)DNL(Gy) =
A(GBq) × 49.67 × (1 − LSF)

[
(

TLR × mT(kg)
)

+ mN(kg)]

(5)DT(Gy) = TLR DNL(Gy)

For the absorbed doses for tumoral and non-tumoral liver 
obtained from 90Y-microspheres radioembolization, the 
dosimetry was calculated using 90Y-bremsstrahlung SPECT/
CT images, which was based on the partition model formula 
following Eq. (4) and (5) similar to 99mTc-MAA dosimetry 
calculation. 

Statistical analysis

The student’s t test was used to determine the statistical 
difference of 90Y administered activity and absorbed dose 
in the tumoral-liver and non-tumoral liver between 99mTc-
MAA and 90Y-microspheres radioembolization. P val-
ues < 0.05 were considered statistically significant in this 
study. To assess the agreement of 90Y administered activity 
and absorbed doses in the tumoral-liver and non-tumoral 
liver between 99mTc-MAA and 90Y post-treatment SPECT/
CT, Bland–Altman plots were employed for the analysis.

Results

Patients

A total of 45 treatment sessions conducted on 42 HCC 
patients (28 males and 14 females, with a mean age of 
65 ± 11.51 years) were included in this study. All patients 
underwent 90Y-microspheres SIRT, and pre-treatment 99mTc-
MAA and post-treatment 90Y-bremsstrahlung SPECT/CT 
scans were obtained. All treatment sessions were included 
in the analysis to determine the administered activity and 
absorbed dose in both the tumoral-liver and non-tumoral 
liver regions. The clinical characteristics of the patients are 
summarized in Table 1.

Table 1  Patient’s demographics and clinical characteristics

Characteristics Overall

Patients (n) 42
Age (year) 65 ± 11.51
Range (year) 36–85
Gender
 Male 28 (66.67%)
 Female 14 (33.33%)

Treatment sessions 45
Liver lobe treated
 Right 22 (48.89%)
 Left 4 (8.89%)
 Both 19 (42.22%)

Mean tumor volume (mL) 325.09 ± 229.79
Mean liver volume (mL) 1761.33 ± 584.64
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Dosimetry

According to the TLR results calculated by the MIM soft-
ware, the mean TLR values obtained from 99mTc-MAA 
SPECT/CT and 90Y-bremsstrahlung SPECT/CT were 
4.78 ± 3.51 (range 1.9–18.7) and 2.73 ± 1.18 (range 1.7–7.2), 
respectively. For the partition model calculations, the mean 
90Y administered activity estimated based on 99mTc-MAA 
was 1.56 ± 0.80 GBq (range 0.22–3.53), while the mean 
90Y administered activity estimated by 90Y-bremsstrahlung 
SPECT/CT was 2.53 ± 1.23 GBq (range 0.76–5.66).

The mean absorbed doses to the tumoral-liver esti-
mated from 99mTc-MAA and 90Y-bremsstrahlung SPECT/

CT were 127.44 ± 4.36 Gy (range 121.33–141.68) and 
135.98 ± 6.30 Gy (range 126.98–156.45), respectively. 
The mean absorbed doses to the non-tumoral liver esti-
mated from 99mTc-MAA and 90Y-bremsstrahlung SPECT/
CT were 34.61 ± 13.93  Gy (range 6.49–63.97) and 
55.04 ± 16.36 Gy (range 20.58–78.23), respectively. Fig-
ure 2 depicts the box plot illustrating the TLR, adminis-
tered activity, absorbed doses in tumoral and non-tumoral 
liver obtained from 99mTc-MAA and 90Y-90Y-bremsstrahl-
ung SPECT/CT. It was found that the TLR, administered 
activity of 90Y, absorbed dose in tumoral-liver and non-
tumoral liver were statistically significant difference 
(p value < 0.001) between 99mTc-MAA SPECT/CT and 
90Y-bremsstrahlung SPECT/CT as summarized in Table 2.

Fig. 2  Box plot represents a comparison of results between 99mTc-MAA and 90Y-bremsstrahlung SPECT/CT values; A TLR, B administered 
activity, C absorbed dose in tumoral liver, D absorbed dose in non-tumoral liver
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Agreement between 99mTc‑MAA 
and 90Y‑bremsstrahlung SPECT/CT

The Bland–Altman plots, which illustrate the agreement and 
discrepancies in 90Y administered activity, as well as the 
absorbed dose in the tumoral-liver and non-tumoral liver, 
estimated from 99mTc-MAA SPECT/CT pre-treatment 
planning in comparison to 90Y-bremsstrahlung SPECT/CT 
post-treatment are given in Fig. 3. The mean difference of 
-1.13 GBq (95% CI − 2.51 to 0.26) was found in adminis-
tered activity. For absorbed dose in tumoral-liver, the mean 
difference was -8.71 Gy (95% CI − 19.52 to 2.10). The high-
est difference in absorbed dose, − 21.17 Gy (95% CI − 48.24 
to 5.90), was observed in the non-tumoral liver.

Discussion

The primary goal of 90Y SIRT treatment for unresectable 
HCC is to optimize the dose delivered to the tumoral-liver 
while minimizing the dose to the non-tumoral liver and pre-
serving liver parenchyma. During this process, it is essential 
to ensure that the tumor receives at least the recommended 
mean absorbed dose while keeping the normal liver tissue 
below or equal to the safety threshold of 40 Gy [5, 20]. How-
ever, the determination of standardized tumor mean dose 
thresholds remains a subject of debate. Previous literatures 
suggest mean target absorbed doses ranging from 91 to 
250 Gy for HCC and 40–60 Gy for colorectal cancer metas-
tases [21–23]. For neuroendocrine tumor liver metastases, 

Table 2  Summary results between 99mTc-MAA and 90Y-microspheres radioembolization

Characteristics 99mTc-MAA 90Y-microspheres p value

TLR 4.90 ± 3.49 (2.0–18.7) 2.77 ± 1.18 (1.7–7.2)  < 0.001
Administered activity of 90Y-microspheres (GBq) 1.82 ± 0.93 (0.32–4.15) 3.07 ± 1.53 (0.82–6.54)  < 0.001
Absorbed dose in tumoral-liver (Gy) 127.33 ± 4.49 (120.00–141.68) 136.04 ± 6.24 (126.98–156.45)  < 0.001
Absorbed dose in non-tumoral liver (Gy) 34.06 ± 13.72 (6.49–63.97) 55.23 ± 15.94 (20.58–76.48)  < 0.001

Fig. 3  Bland–Altman plots of agreement and discrepancies between pre-treatment planning 99mTc-MAA and post-treatment 90Y-microspheres 
embolization. A Administered activity, B absorbed dose in tumoral-liver, C absorbed dose in non-tumoral liver, and D TLR
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utilizing 99mTc-MAA SPECT/CT, an estimated absorbed 
dose greater than 191.3 Gy has shown promise in predicting 
treatment response with high sensitivity and specificity [24, 
25]. Nonetheless, the accuracy of dosimetry in both tumoral-
liver and non-tumoral liver is dependent on the dosimetry 
method employed and the TLR, which is influenced by the 
precision and consistency of tumoral and non-tumoral liver 
contouring. Addressing these aspects is critical in achieving 
therapeutic success in 90Y SIRT for HCC.

The results from this study demonstrated significant 
differences in the TLRs obtained from 90Y-bremsstrahl-
ung SPECT/CT compared to those obtained from 99mTc-
MAA SPECT/CT (p value < 0.001), consistent with previ-
ous literature [7, 16, 26, 27]. The higher TLRs observed 
from 99mTc-MAA SPECT/CT could be attributed to the 
potential challenges in defining the region boundary in 
90Y-bremsstrahlung SPECT/CT. The difference may result 
from the inherent characteristics of each imaging tech-
nique, which can influence the accuracy of delineating the 
tumoral-liver region. Several factors were found to influ-
ence the distribution of 90Y-microspheres within the tumor 
and normal liver tissue, including catheter tip position and 
prior therapeutic conditions [28]. Additionally, differences in 
particle size, the embolizing effect of 90Y-microspheres, and 
the inhomogeneous activity distribution in normal liver tis-
sue could contribute to the observed discrepancies. Despite 
the lower mean TLR values obtained from 90Y-bremsstrahl-
ung SPECT/CT compared to 99mTc-MAA SPECT/CT, the 
variation (standard deviation) of mean TLR obtained from 
90Y-bremsstrahlung SPECT/CT was lower than that from 
99mTc-MAA SPECT/CT. These observations might be 
explained by the mentioned factors affecting the distribu-
tion patterns. Nonetheless, the study results indicated a good 
correlation (r = 0.80) between the TLR values obtained from 

99mTc-MAA and 90Y-bremsstrahlung SPECT/CT as shown 
in Fig. 3D, suggesting that 99mTc-MAA SPECT/CT remains 
a viable pre-treatment planning tool for estimating the dis-
tribution of 90Y-microspheres in both tumoral-liver and non-
tumoral liver regions.

According to the European Association of Nuclear Med-
icine (EANM) guideline [5, 7], the prescribed absorbed 
doses for targeted tumors should be ≥ 100–120 Gy, while 
the dose for normal liver should be maintained below 
40 Gy. In our study, the absorbed doses calculated from 
99mTc-MAA SPECT/CT and 90Y-bremsstrahlung SPECT/
CT resulted in a mean absorbed dose of ≥ 100 Gy in the 
tumoral-liver, meeting the EANM guideline recommenda-
tions. However, a substantial difference was observed in the 
mean absorbed dose in the non-tumoral liver when estimated 
from 90Y-bremsstrahlung SPECT/CT compared to the plan-
ning with 99mTc-MAA, with the former being approximately 
37% higher. This discrepancy might be attributed to cer-
tain limitations of 90Y-bremsstrahlung SPECT/CT images, 
such as image quality issues caused by scatter radiation, 
photopeak acquisition, and the imaging acquisition process 
[29–31]. Despite the significant difference in tumor outlines 
observed between these two image sessions, leading to dis-
tinct dosimetry, the issue was addressed through verification 
by interventional radiologist and nuclear medicine physician 
to ensure accurate delineation of tumor regions.

Our study found that the mean absorbed doses in both 
the tumoral liver and non-tumoral liver were comparable 
to previous studies findings [21, 22, 24, 25, 32]. A sum-
mary of the absorbed doses obtained from our study on HCC 
patients treated with 90Y-microspheres, in comparison with 
literatures, is provided in Table 3. Regarding the outlier 
observed in the Bland–Altman plot, the administered activ-
ity (Fig. 3A) obtained from 99mTc-MAA was underestimated 

Table 3  Comparison of the findings from previous studies with the results of this study on HCC patients treated with 90Y-microspheres

Study Subjects Activity prescription method Tumor dosimetry assessment Findings

Kao et al. [21] Unresectable HCC (n = 10) Partition model 99mTc-MAA SPECT Mean Tumor ≥ 91 Gy, Non-
tumor ≤ 51 Gy

Levillain et al. [22] Unresectable Primary and sec-
ondary liver cancer (n = 58)

Multiple 99mTc-MAA SPECT Tumor 100–120 Gy and non-
tumor 40 Gy

Chansanti et al. [24] Unresectable mNET (n = 15) Partition model 99mTc-MAA SPECT Predictor of response 
(191.3 Gy), 83% sensi-
tivity and 93% specific-
ity. < 72.8 Gy predicted 
no response with 100% 
sensitivity

Gnesin et al. [25] Unresectable HCC (n = 25) Partition model 90Y-PET 3D Mean Tumor 122 Gy and 
Non-tumor 47 Gy

Levillain et al. [32] Unresectable and chemore-
fractory (n = 58)

BSA or partition model 99mTc-MAA SPECT Mean tumor 86 Gy

This study Unresectable HCC (n = 42) Partition model 99mTc-MAA SPECT Mean Tumor 127 Gy and 
Non-tumor 34 Gy
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compared to 90Y-bremsstrahlung. In contrast, the absorbed 
doses in the tumoral-liver and non-tumoral liver obtained 
from 99mTc-MAA were overestimated compared to 
90Y-bremsstrahlung, as illustrated in Fig. 3B and C, respec-
tively. This discrepancy raises concerns about potential 
side effects and toxicity in the non-tumoral liver if absorbed 
doses are increased. In some cases, interventional radi-
ologists may opt to increase the 90Y administered activity 
beyond the planning with 99mTc-MAA, resulting in higher 
absorbed doses in the tumoral-liver and non-tumoral liver, 
as seen in 90Y-bremsstrahlung SPECT/CT. Despite these 
variations, it is noteworthy that the median survival rate of 
11 months after 90Y-microsphere SIRT in HCC patients at 
our center has been reported [33]. Although 90Y PET/CT has 
gained increasing interest for post-treatment evaluation of 
90Y microsphere distribution [34, 35], offering better spatial 
resolution imaging and more accurate dosimetry parameters 
compared to SPECT/CT, this particular imaging modality 
was not included in the scope of our study.

There were several factors affecting the dosimetry of 90Y 
SIRT, driven by patient-specific characteristics and various 
procedural aspects. These factors include the differences in 
imaging workflows between MAA and resin microspheres, 
potential catheter position deviations, variations in tumoral-
liver characteristics and volumes among patients, the influ-
ence of LSF and TLR, as well as differences between the 
imaging modalities utilized. One main limitation of this 
study was related to the segmentation of VOIs for dosimetry 
methods, particularly in delineating tumoral-liver regions. 
This task was challenging due to discrepancies between 
pre-SIRT and post-SIRT dose estimates and the nature of 
indistinct boundary of tumors in nuclear medicine imaging 
[36]. Nevertheless, the study addressed this limitation by 
employing semi-automated delineation from MIM Encore 
software, a radionuclide therapy treatment planning soft-
ware, and subsequently validating the contouring by both 
nuclear medicine physician and interventional radiologist. 
This approach aimed to improve the accuracy of tumoral-
liver region delineation, especially for cases with equivocal 
tumor margins, and enhance the precision of dosimetry cal-
culations for clinical use. However, this study did not evalu-
ate the interobserver variability in segmentation between a 
certified nuclear medicine physician and an interventional 
radiologist for both tumoral-liver and non-tumoral liver 
VOI, since the definition of these regions relied on a con-
sensus agreement between the two according to our rou-
tine protocol, resulting in no observed disagreement. We 
acknowledge this limitation in our study. To further enhance 
dosimetry accuracy for SIRT liver radioembolization, it is 
recommended to include a whole-lung SPECT/CT scan. 
This additional imaging step can improve the accuracy of 
LSF calculation, which is critical for optimizing treatment 
planning and maximizing therapeutic outcomes.

Conclusions

Despite the differences in absorbed doses, 99mTc-MAA 
SPECT/CT remains a suitable pre-treatment planning tool 
for predicting the distribution of 90Y-microspheres in both 
tumoral-liver and non-tumoral liver regions. It is important 
to note that while the quantitative analysis obtained from 
90Y-bremsstrahlung SPECT/CT images has its limitations 
in terms of image quality, it still provides valuable visu-
alization of the intrahepatic and extrahepatic distribution 
of injected 90Y-microspheres radioembolization for hepa-
tocellular carcinoma patients. The correlation between 
99mTc-MAA and 90Y-bremsstrahlung SPECT/CT can be 
highly beneficial for interventional radiologists in provid-
ing personalized dosimetry planning in 90Y radioemboliza-
tion treatment using the partition model.
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