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Abstract

The aim of this study is to evaluate the localization of **™Tc-labeled dextran-coated superparamagnetic iron oxide (SPIO)
nanoparticles to the liver tumor using image-based analysis. We delivered **"Tc-SPIO intravenously or intra-arterially (IA) with/
without Lipiodol to compare the tumor localization by gamma scintigraphy, single-photon emission computed tomography
(SPECT), and magnetic resonance imaging (MRI) in a rabbit liver tumor. The gamma and SPECT image-based analysis shows that
the uptake ratio of the tumor to the normal liver parenchyma is highest after delivery of ™ Tc-SPIO with Lipiodol IA and that well
correlates with the trend of the signal decrease in the liver MRIs. Intra-arterial delivery of SPIO with Lipiodol might be a good drug

delivery system targeting the hepatic tumors, as confirmed by image-based analysis.

Keywords

Intra-arterial (IA) delivery, technetium-99m, single-photon emission computed tomography (SPECT), superparamagnetic iron

oxide (SPIO), magnetic resonance imaging (MRI)

Introduction

Hepatocellular carcinoma (HCC) is one of the most common
cancers in the world." The majority of patients diagnosed in
intermediate or advanced stages are not amendable to curative
resection.” Currently, transarterial chemoembolization (TACE)
is the primary therapeutic option for the intermediate stage,
which includes asymptomatic multifocal or large HCC accord-
ing to the Barcelona Clinic Liver Cancer Classification.***
Conventional TACE traditionally means that iodized oil is
mixed with an anticancer drug and infused through the feeding
artery of the HCC.>® Ideally, the iodized oil acts like a drug-
releasing carrier; therefore, it should be retained in the tumor
tissue for a certain time to gradually release the anticancer drug
within the tumor. Still, a significant amount of the infused
anticancer drug passes into systemic circulation, which may
cause systemic side effects.”®

Superparamagnetic iron oxide (SPIO) is one class of mag-
netic nanoparticles that can play a role in drug-releasing nano-
carriers, as well as serve as magnetic resonance imaging (MRI)
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contrast agents for clinical diagnosis.”'* Ferumoxide has been
approved for use as a negative contrast agent in liver MRI
because it creates a strong signal decrease in the normal liver
parenchyma on the T2-weighted MRL.'*'®

A recent experimental study reported that it was also able to
act as a drug-releasing nanocarrier and could be applied as an
intra-arterial (IA) drug delivery system in the TACE of the
HCC.'” A mixture of sticky oil, such as Lipiodol, and an antic-
ancer drug-loaded ferumoxide could have pharmacokinetic
advantages as well as being useful for the monitoring of the
intratumoral accumulation of the infused mixture both by com-
puted tomography (CT) and MRL'” However, that study had
the lack of quantification data of the ferumoxide after IA delivery
to liver tumor, even though this drug delivery system was a newly
established one. Without knowing its whole-body distribution
and pharmacokinetics, it is impossible to know how and where
ferumoxide is distributed in the body after IA delivery.

A traditional biodistribution study of newly developed par-
ticles conventionally is carried out by sequentially killing the
experimental animals at multiple time points after particle
injection and measuring the amount of injected particles in
each major organ. Several decades ago, ferumoxide was also
evaluated using this method in clinical trials.'® If particles can
be labeled by a radioisotope, the image-based analysis of the
localization of those particles could be demonstrated on nuclear
medicine imaging modalities, such as gamma scintigraphy,
single-photon emission computed tomography (SPECT), or
positron emission tomography.

Research on radioisotope-labeled nanoparticles includes the
monitoring of the in vivo behavior of nanoparticles to evaluate
the feasibility of an in vivo application of those nanoparti-
cles.'”* Through nuclear medicine imaging, the accumulation
of nanoparticles in tumors and major organs at every time point
could be obtained noninvasively and quantitatively.
Technetium-99m is one of the commonly used radioisotopes
in nuclear medicine with a 6-hour half-life, 140 keV gamma
energy, and a generator-eluted radioisotope, which feature the
most convenient method for clinical routines.”* Referring to
previous research on *™Tc-labeled dextran derivatives, we
modified and used this method for radiolabeling of SPIO.?

In this study, we synthesized **™Tc-labeled SPIO and deliv-
ered those nanoparticles to liver tumor—bearing rabbits intrave-
nously (IV) or IA with/without Lipiodol and compared the tumor
localization of those particles using image-based analysis.

Materials and Methods

General

Commercially available dextran-coated SPIO nanoparticles
(MR contrast agent, Feridex IV, core size: 5-10 nm, overall
size: 100-250 nm; Advanced Magnetics, Cambridge, Massa-
chusetts) were used for this experiment.”® Lipiodol was pur-
chased from Andre Guerbet (Aulnay-sous-Bois, France) and a
desalting column was from GE Healthcare Bio-Sciences Corp
(PD-10, Sephadex G-25 Medium, New Jersey). Tiletamine—
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zolazepam (Zoletil 50; Virbac, Carros, France) and xylazine
hydrochloride (Rompun; Bayer, Seoul, South Korea) were used
for anesthetic agents. *’Mo-"""Tc generator (Samyong Unitech
Co, Seoul, South Korea) was used for 9mMTe elution. A micro-
catheter (Progreat; Terumo, Tokyo, Japan) was used for [A
delivery procedures.

All other reagents were purchased from Sigma-Aldrich Korea
(Gyeonggi Province, South Korea) and were used without further
purification. Particle size distribution was measured by nano-
tracking analysis (NTA) method using a NANOSIGHT instru-
ment (Malvern, United Kingdom). The radiolabeling yield or the
purity of the **Tc-SPIO was checked by thin-layer chromato-
graphy (TLC) using ITLC-SG (Agilent Technologies, Lake For-
est City, California) as a stationary phase and acetone or 0.1 M
citrate solution as a mobile phase. Radio chromatograms were
obtained using an AR2000 TLC scanner (Bioscan, Washington,
DC). Magnetic resonance images were obtained using a 3.0-T
Tim Trio clinical MRI scanner (Siemens Healthcare, Erlangen,
Germany), and images were analyzed on a Picture Archiving and
Communications System (PACS) workstation (m-view; Maro-
tech, Seoul, Korea); SPECT/CT images and scintigraphy images
were obtained using a GE Discovery model NM/CT 670 instru-
ment (GE Healthcare, Milwaukee, Wisconsin). Visipaque 270
(GE Healthcare Ireland, Cork, Ireland) was used as CT contrast
media. SPSS version 16.0 (SPSS, Inc, an IBM Company, Chi-
cago, Illinois) was used for statistical analysis.
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The study was approved both by the Institutional Animal
Care and Use Committee (No. 13-0059) and the Institutional
Biosafety Committee (No. 1303-006-004) at Seoul National
University Hospital.

Study Design and Animal Model

The scheme of the experimental design is shown in Figure 1.
Adult New Zealand white rabbit was selected as an experimental
model of liver cancer. VX2 carcinoma is an anaplastic squamous
cell carcinoma derived from a virus-induced papilloma in rab-
bits, and we selected the rabbit VX2 liver tumor model as an
experimental model in this study, which is widely known for
well-established animal model for the study of TACE because its
blood supply is similar to that of HCC. The VX2 carcinoma
strain was maintained in the right hind limb of a carrier rabbit
by deep intramuscular injection throughout the study.?’-*

A total of 12 rabbits weighing 3.0 to 3.5 kg were raised in
rooms with a 12-hour light/dark cycle and a constant tempera-
ture (23°C £ 2°C). One rabbit was missed by overdose of
anesthetic agent. Anesthesia was induced with an intramuscu-
lar injection of 5 mg/kg body weight tiletamine—zolazepam and
2 mg/kg body weight 2% xylazine hydrochloride for all proce-
dures. The left lobe of the liver was exposed through a midline
incision in the abdominal wall, and a small piece of tumor
(1 mm®, VX2 carcinoma) was directly implanted at the sub-
capsular area.'”?° Tumor formation was confirmed by MRI
obtained at 3 weeks after tumor implantation.

99mTc-SPIO was administered to the rabbit tumor model
using 3 different methods: group A (n = 3) underwent IV
delivery of a mixture of 0.2 mL of **™Tc-SPIO and 0.25 mL
of normal saline via the left auricular vein, group B (n = 4)
underwent delivery of a mixture of 0.2 mL of **™Tc-SPIO and
0.25 mL of contrast media (Visipaque) through the hepatic
artery, and group C (n = 4) underwent delivery of a mixture
of 0.2 mL of **™Tc-SPIO and 0.25 mL of Lipiodol through
the hepatic artery. The radioactivity, 2.55 + 0.04 MBq
(70 + 1.1 pCi), and the iron content were the same for all
groups in the total injected volume. Scintigraphy was sequen-
tially performed as 1-minute time frames for 20 minutes and
then static images were obtained at 60 and 180 minutes and
SPECT/CT imaging was performed at 90 minutes after the
delivery of ™Tc-SPIO. Finally, after the second MR scanning,
pathological specimens were acquired to confirm the presence
of SPIO in the tumor.

Synthesis of **™Tc-SPIO

For the image-based biodistribution study, **™Tc-SPIO was pre-
pared using the previously reported method, with a few modifi-
cations (Figure 2A).%> Briefly, 1.5 mL of Feridex IV solution
(30.45 mg of SPIO) was reacted with the mixture of NalO,4 (3.9
mg, 0.018 mmol) and H,SO, (2 pL), and the mixture was vor-
texed and kept at room temperature for 30 minutes. The resulting
reaction mixture was purified on a desalting column, which was
equilibrated with distilled water before use. Ten serial fractions

(10 x 0.5 mL) were collected, and the 5 colored fractions were
combined and used for the next reaction. The purified SPIO
derivatives in distilled water (2.5 mL, 0.18 pmol) was mixed
with 100-fold molar excess of cysteamine (2.1 mg, 0.018 mmol),
and the mixture was stirred at room temperature for 60 minutes.
Then, sodium borohydride (NaBH,4, 0.687 mg, 0.018 mmol) was
added, and the resulting reaction mixture was stirred for 60
minutes in an ice-cold water bath. The final reaction mixture
was neutralized with 1 M hydrochloric acid and purified once
again using a desalting column (PD-10). The cysteamine-
modified SPIO was kept at 4°C before **™Tc labeling. Particle
size was checked by NTA before and after modifications. The
amount of Fe (mg Fe/kg) of the cysteamine-modified SPIO,
which was injected into each rabbit, was calculated from the
standard curve of the particle number count of the serially
diluted standard SPIO solution using NTA.

Technetium-99m labeling was performed by a reported
method®® with little modification as follows: 99mTcO4_ was
eluted from a *’Mo—"""Tc generator with sterile saline. Aliquot
solution of the cysteamine-modified SPIO (0.2 mL, 3.73 mg/
mL) was mixed with SnCl,-2H,0 (10 pL, 2.5 mg/mL) in 0.1 M
HCI, then freshly eluted by adding 3.7 MBq (100 nCi) of
%mTc0,~ (15-20 pL) to the mixture, and was allowed to stand
for 30 minutes at 37.5°C in a shaking incubator. The resultant
was purified by the PD-10 column to remove other small mole-
cules and free-"""Tc.

The labeling efficiency of the **™Tc-labeled SPIO was
checked by TLC using ITLC-SG as a stationary phase and
acetone or 0.1 M citrate as a mobile phase. To distinguish
99mMT¢.SPIO from °°™Tc-tin-colloid, we synthesized
99mT¢_tin-colloid, which could be formed without a **™Tc
chelator, and compared the R¢ values in the TLC with that
of **™Tc-SPIO.

Magnetic Resonance Imaging Scanning and Analysis

All animals were scanned by MRI twice: 1 day before the deliv-
ery of 99mTc-SPIO (first MRI) and after the acquisition of the
nuclear images (second MRI). A 3.0-T clinical MR scanner
(with a knee coil to improve the resolution) was used. To reduce
any artifact due to movement, an abdominal bandage was tightly
applied to all animals. Axial T2-weighted turbo spin-echo (repe-
tition time, milliseconds/echo time, milliseconds, 4100/150;
echo train length, 14; 3-mm section thickness; Field of view
[FOV], 130 x 130 mm; matrix, 512 x 358; and Number of
excitations [NEX], 2.0) and T2*-weighted gradient-echo images
were obtained (repetition time, milliseconds/echo time, millise-
conds, 113/10; flip angle, 20°; section thickness, 3 mm; FOV,
136 x 136 mm; matrix, 320 x 320; and NEX, 10.0).

Magnetic resonance imaging images were analyzed on
PACS workstation by a radiologist. The maximal longitudinal
diameters of the tumors were determined from the T2-weighted
images. The relative tumor—back muscle signal intensity ratios
were calculated by a reported method'” from the signal inten-
sity of the tumor and back muscles in the same plane of the first
and second MRI T2*-weighted images.
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Figure 2. The surface modification and *’™Tc labeling of SPIO: The schematic procedure for the surface modification of SPIO and **™Tc labeling
(A); the size distribution of the SPIO, the modified SPIO, and the **™Tc¢-SPIO (B); radiochromatograms of *>™Tc-SPIO (C). SPIO indicates

superparamagnetic iron oxide.

Intra-Arterial Delivery Procedure

All TA delivery procedures were performed by an interven-
tional radiologist. An 18-gauge IV catheter was inserted into
the right auricular artery, and a microcatheter was advanced
through this route to the descending aorta and celiac axis.>'*?
Hepatic arteriography was performed to identify the tumor
location and its feeder from the left hepatic artery. After the
microcatheter was successfully navigated to the feeder, the
materials prepared for the particular study group were care-
fully infused while avoiding retrograde reflux into the right
hepatic artery.

Gamma Scintigraphy and SPECT/CT Image Acquisition
and Analysis

After the delivery of *™Tc-SPIO (200 pL, 0.25 mg Fe/kg, 2.55
+ 0.04 MBq), the animals were placed into a SPECT/CT

scanner and immediately underwent a dynamic scan with a
gamma scintigraphy image using 1-minute time frames for
20 minutes. Static scintigraphy images were obtained at 60 and
180 minutes after the delivery. The gamma scintigraphy
images were acquired with a low-energy, high-resolution col-
limator (10% window centered at 140 keV, x1.28 zoom, and a
256 x 256 matrix) using the step-and-shoot scan mode. Single-
photon emission computed tomography/CT scanning was per-
formed 90 minutes after the delivery of **™Tc-SPIO for each
group. Computed tomography and SPECT images were
acquired for 10 and 20 minutes, respectively. Computed tomo-
graphy scanning was performed using the following para-
meters: 16 x 0.625 mm detector configuration, a rotation
time of 1 second, 0.562 pitch, 120 kVp, 30 mAs, 1.25-mm slice
thickness with no gap, and 512 x 512 matrix size. Single-
photon emission computed tomography images were taken
using a low-energy, high-resolution collimator, 10% window
centered at 140 keV, 2-mm slice thickness, x1.0 zoom, and a
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Figure 3. A, Tumor localization images of 99MT¢.SPIO: Gamma scintigraphy and SPECT MIP (maximum intensity projection); (B) Pre-contrast
CT; (C) SPECT/CT; (D) T2*-weighted images pre- or postdelivery of ™ Tc-SPIO. CT indicates computed tomography; SPECT, single-photon

emission computed tomography; SPIO, superparamagnetic iron oxide.

128 x 128 matrix with the step-and-shoot scan mode. Gamma
scintigraphy and SPECT/CT images were reconstructed by the
ordered subset expectation maximization (iteration = 2,
subset = 10) with a Butterworth filter (frequency = 0.48,
power = 10). The fusion of the SPECT and CT images was
performed automatically by the software.

For the analyses of the SPECT/CT images, a nuclear med-
icine physician drew a volume of interest (VOI) for the CT-
matched tumor lesion for maximum tumor count identification
using the GE workstation. A VOI of normal liver parenchyma
was also drawn and confirmed the mean count as background.
For gamma scintigraphy image analysis, a nuclear medicine
physician drew a region of interest (ROI) for SPECT/CT-

matched tumor lesion area and checked the maximum tumor
count. The ROI of normal liver parenchyma was drawn and
verified the mean count as background.

The CT images were evaluated on the same workstation by a
radiologist. The high attenuated lesions in the tumors suggested
iodized oil accumulation. The CT attenuation values of the
iodized oil accumulated in the tumor and normal liver parench-
yma were measured.

Pathological Analysis

Experimental animals were killed using IV injection of a
lethal amount (7-10 mL) of xylazine hydrochloride under



Molecular Imaging

A 124
10
2
= 4
P
2 8
w -
]
E 61
™ 1 —r
e Pr— B
D 44
7]
2+
" r—:E—l
Group A Group B Group C
(v) (1A) (IAw/ 10)
B
§ 10.00
5 e
o 800
-
s
g 6.00
=
- 500
(=]
o 400 T
E 300 ‘-hc/’_’_.\./f g “'/’_'/\!._—-——\ ] -
PR i e = P o S S e S N e S s E
ﬁ 100
-
:Q’- 0.00
1234567 8 91011121314151617 181920 60 180
Time (min)
Group A Group B GroupC
L i i (1a) (1A wi 10)

Figure 4. The image-based analysis of tumor localization of
9mTc-SPIO. A, The uptake ratio of the tumor to the normal liver
parenchyma on the **™Tc-SPIO SPECT/CT at 90 minutes after deliv-
ery (positive results [P < .05] in the post hoc test: A vs B [P = .032],
Avs C[P=.032], Bvs C[P=.043]. B, The uptake ratio of tumors to
the normal liver parenchyma on the **™Tc-SPIO scintigraphy images
after 180 minutes. CT indicates computed tomography; SPECT,
single-photon emission computed tomography; SPIO, superparamag-
netic iron oxide.

deep anesthesia. Livers were carefully removed, the tumors
and the right hemiliver parenchyma were placed in a bottle
containing 5% formalin and subsequently treated with hema-
toxylin and eosin staining for basic histopathological exam-
inations, and then Prussian blue staining was applied to
confirm SPIO deposition.

Statistical Analysis

Data processing and analysis were performed using SPSS ver-
sion 16.0. The Kruskal-Wallis test was conducted to compare
the tumor size and the uptake ratio of the tumor to normal liver
parenchyma on the gamma scintigraphy images and the signal
intensity ratio of the tumor to the back muscles on the MRI
images. The Mann-Whitney U test was used for 1-to-1 group
comparisons as a post hoc test of the nonparametric test. Two-
tailed P values <.05 were considered as statistically significant.
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Figure 5. Signal decreases of the tumor on second MRlIs at 3 hours
after delivery (first MRlIs: gray bar; second MRls: dark gray bar; positive
results in the post hoc test for second MRIs: A vs C (P <.001),Bvs C
(P <.001). MRl indicates magnetic resonance imaging.

Results

Characterization of **™Tc-SPIO

The size of the SPIO, the modified SPIO, and the **™Tc-SPIO
were measured by NTA to be 158 + 60 nm, 168 + 67 nm, and
155 + 65 nm, respectively (Figure 2B). The labeling effi-
ciency as well as radiochemical purity of **™Tc-SPIO was
measured by radio-TLC to be >95% (Figure 2C). The final
Fe amount and radioactivity of **™Tc-SPIO, which was
injected into each rabbit, were calculated to be 0.25 mg Fe/
kg and 2.55 + 0.04 MBq. The stability of **™Tc-SPIO in
human serum at 37°C was checked by radio-TLC and over
90% for 2 hours (data were not shown).

?9MTc-SPIO Scintigraphy and SPECT/CT Image-Based
Analysis

Figure 3 presents representative scintigraphy, SPECT/CT, and
MRISs for each group. Group C shows the highest tumor uptake
of **™T¢-SPIO among the studied groups in scintigraphy
images and SPECT/CT images, and persistent retention can
be observed from the initial image to the image taken at
180 minutes (Figure 3A and B). The tumor-to-normal liver
parenchyma uptake ratios on SPECT/CT images were signifi-
cantly different between all 3 groups and ranged in the order of
C > B > A (Kruskal-Wallis test, P < .05; Figure 4A), which
correlated well with the signal decrease trend shown on the
liver MRIs (Figure 5). On the CT images, only group C showed
iodized oil uptake in the tumor (Figure 3B).

Signal Intensity of Tumors in MRI

Measured diameters of the tumors were 1.8 + 0.61 cm (mean
+ standard deviation [SD]) for group A, 1.6 + 0.17 cm for
group B, and 1.6 + 0.32 cm for group C. There was no sig-
nificant difference in tumor size among the groups (P =.919).
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Figure 6. Photograph of Prussian blue staining: x200 image in group A. A, There is no Prussian blue—positive vesicles in the tumor, X200 images
in group B. B, Prussian blue—positive vesicles (blue color) are deposited in the septum (circle) and the tumor cell (arrow), x200 image in group
C. C, Prussian blue—positive vesicles (blue color) is frequently demonstrated around occluded tumor vessels filled with blood clots (stars), x400
image in normal liver parenchyma. D, A small cell (arrow head) suggested Kupffer cell contains Prussian blue—positive vesicles (blue color).

In T2*-weighted gradient-echo images, group C showed the
highest signal decrease after **™Tc-SPIO delivery to the tumor
tissue; in contrast, group A showed no significant MR signal
change after *°™Tc-SPIO delivery (Wilcoxon rank sum test,
P = 1.0; Figure 3D).

In comparison between groups A, B, and C, there were no
differences in the first set of MRIs, but the signal/intensity ratio
was significantly different between groups for second MRIs
(Kruskal-Wallis test, P < .05 for the second MRIs, P > .1 for the
first MRIs; Figure 5). According to the relative tumor—back mus-
cle signal intensity ratio, group C exhibited the most signal
decrease in the tumor on second MRIs and there were significant
differences in group C versus groups B and A (P <.001; Figure 5).

Pathological Examination

In groups B and C, Prussian blue—positive vesicles (indicat-
ing the presence of Fe*" ions) were identified around tumor
vessels, and in a few tumor cells, a septum within the tumor
and a capsule of the tumor (Figure 6). Group C had Prussian
blue—positive lesions more frequently than group B, mainly
around the tumor vessels. However, no Prussian blue—posi-
tive lesions were observed in the tumors of group A. In the
right hemiliver parenchyma of all of the groups, a few cells
contained Prussian blue—positive vesicles representing
Kupffer cells were identified.

Discussion

Radioisotope-labeled nanoparticles may be used for multimo-
dal imaging to overcome the limitations of each imaging mod-
ality.>* We used **™Tc-SPIO as a multimodal imaging agent to
evaluate the biodistribution of dextran-coated SPIO nanoparti-
cles allowing to acquire sensitive and quantitative SPECT data
and high spatial resolution MRI images.

Dextran-coated SPIO nanoparticles were successfully modi-
fied using a ring-opening reaction of a glucose moiety of dextran
for the conjugation of cysteamine, and a sodium borohydride
reduced Schiff base to the secondary amine, and finally, we
obtained the chelator-modified SPIO for **™Tc labeling. The size
of the SPIO did not significantly change after surface modifica-
tion and radiolabeling; therefore, we expected that the tumor
localization pattern of the SPIO and **™Tc-SPIO would be the
same. Technetium-99m labeling of the modified SPIO was per-
formed using the conventional method (SnCl,-reducing agent).
Labeling efficiency and radiochemical purity were measured by
radio-TLC to be over 95%. In the radio-TLC, **™T¢-SPIO moved
with the solvent front (R; value: 1.0), whereas the **™Tc-tin-
colloid remained at the origin (R¢ value: 0) in the 0.1 M citrate
eluent (Figure 2C). The final product contained less than 2% of
99mTc-tin-colloid and was used without further purification.

As a result, sequential, noninvasive, and quantitative tumor
localization assessment was achieved using the various
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delivery methods. Our method can be applied in an image-
based tumor localization analysis of newly developed SPIO
agents.

The uptake ratio of tumor to normal liver calculated from the
scintigraphy images was more than 1 in group A (Figure 4B),
whereas from SPECT/CT, data were less than 1 (Figure 4A).
We believe that the overlap of the normal liver parenchyma
with the tumor hampers the exact evaluation of the **™Tc-SPIO
distribution by gamma scintigraphy. Future studies of newly
developed SPIO should include SPECT/CT imaging for accu-
rate analyses.

The average size of the *™Tc-SPIO was 155 nm and much
smaller than liver capillary, thus **™Tc-SPIO could easily leak
from the tumor after IA delivery. In this study, group C (IA
delivery with Lipiodol) had the highest tumor retention among
3 groups according to **™Tc-SPIO scintigraphy, SPECT/CT,
and MRIs. And also more iron depositions or Fe ions were
found, mainly around the perivascular structures on the pathol-
ogy slides. The iodized oil blocks the blood flow of the tumor-
feeding artery in chemoembolization,** which may result in
better SPIO retention in the tumor, especially around the tumor
vessels. Moreover, for hypervascular tumors, the blockage of
tumor-feeding arteries creates ischemia of the tumor and results
in necrosis; therefore, a combination of SPIO and Lipiodol in
the TA delivery system can maximize drug delivery to the
tumor and consequently the therapeutic response.

Evaluating the accumulation of the chemoembolic mate-
rials in the tumor is important, because it allows prediction
of the therapeutic response. Computed tomography scans
are usually used for evaluation after chemoembolization
with Lipiodol, because the iodized oil has a strong CT con-
trast. Recently, MRI has been widely used as the imaging
modality of choice in patients with liver cancers, because it
can detect HCC better than CT.>* However, it is hard to
detect Lipiodol deposition on MRIs because of the vague
signal intensity changes in the tumor.>® In this study, we
could monitor the delivery of chemoembolic materials
(*™Tc-SPIO with Lipiodol, group C) by fluoroscopy gui-
dance and by nuclear medicine imaging modalities, CT,
MRI, or multimodal detection.

In this study, we observed that normal liver had slight signal
decreases in liver MRIs and diffuse uptake on scintigraphy and
SPECT images at 3 hours after IA delivery of **™Tc-SPIO with
or without Lipiodol. That may result from the deposition of
SPIO passing into the systemic circulation. Feridex could eas-
ily be taken up in healthy liver and spleen tissues.'® Therefore,
off-target delivery also should be considered in future studies,
as this effect could be problematic because of potential hepa-
totoxicity. The kidneys and bladders also show diffuse uptake
on *™T¢-SPIO scintigraphy and SPECT images, but there is no
signal decrease for MRIs. Referring to the literature, Feridex is
seldom retained in these organs.'® Therefore, this uptake might
not be related to the deposition of SPIO. As the thyroid gland
did not show high uptake, the diffuse uptake is also not related
to free *’™Tc. In our speculation, the kidney and bladder uptake
might come from the detached **™Tc-chelator moiety, not from

the free °*™Tc, by the degradation of the **™Tc-chelator moiety
on the surface of the SPIO, which would be excreted through
urinary track.

In conclusion, we successfully demonstrated the image-
based tumor localization of **™Tc-SPIO in VX2 tumor model,
and the IA delivery of SPIO/Lipiodol mixture was confirmed to
be a potential drug delivery system targeting liver tumors.
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