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ABSTRACT

This work aims to compare SPECT (Single Photon Emission Tomography Computed) and planar modalities as
the most efficient methodology to perform dosimetry by molecular imaging. Twenty-one male C57BL6 mice
induced with murine melanoma cell line B16-F10, administered *3I-Ixolaris were used for melanoma therapy.
The procedures applied to them followed the standards described for the use of experimental animals, duly ap-
proved by the National Council for Animal Experimentation Control (CONCEA from Federal University of Rio
de Janeiro. The accumulated activities were obtained in order to estimate the absorbed doses in each organ.
Mass and metabolic differences between mice and humans were considered and used to extrapolate data ac-
quired at different scales. From the dose factors provided by the IDAC 2.1 software, the absorbed doses in the
target organs irradiated by the source organs were calculated and, finally, the effective dose was estimated. From
the Student's t-hypothesis test performed in the accumulated activity, absorbed dose and S-factor quantities,
there is no statistically significant difference between performing the image dosimetry from SPECT and planar
acquired images.
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1. INTRODUCTION

Technological innovation associated new radiopharmaceuticals developments contribute to re-
cent diagnostic and therapeutic tools. To register a new drug, however, preclinical trial reports are
required as well as three clinical trial phases [1]. Dosimetry is an integral and fundamental part of
preclinical studies and can be performed semi-quantitatively, where relative measurements are
compared with healthy regions; physiological quantification, such as perfusion or glucose metabo-
lism; and absolute quantification, which was the main focus of this work, that is, the measurement
of the true concentration of activity in a volume of interest [2].

Molecular imaging is based on the tracer principle, where a tiny amount of a radiopharmaceuti-
cal is introduced into the body to monitor the physiological function of the patient. Thus, it is possi-
ble to evaluate the physiological function of tissues, organs and systems [3]. Planar scintigraphy is
used extensively in clinical practice because it offers the advantage of fast, large area acquisition at
relatively low cost [4]. The limitation of this technique is the lack of information about the spatial
distribution of radioactivity in the body. In addition, acquired images may exhibit limited contrast
as structures overlaps. On the other hand, Single Photon Emission Computed Tomography
(SPECT) and Positron Emission Tomography (PET) produces images that represent the three-
dimensional distribution of radioactivity. This improves both image quality and the potential for
quantifying the distribution of radioactivity in vivo. However, there are some factors to consider
such as system sensitivity and resolution, dead time and attenuation, scatter and partial volume ef-
fects, voluntary and involuntary patient movement, kinetic differences, and radiopharmaceutical
bladder filling [5].

Previous studies [6] demonstrated that C57BL6 mice induced with murine melanoma B16-F10
obtained good specificity with the radiopharmaceutical **™Tc-Ixolaris in their diagnosis, in addition
to its safe use. Therefore, 3!I-Ixolaris shows promise in melanoma therapy. The development of a
new therapeutic option could improve the survival of patients with metastatic melanoma, and in
some cases even bring about a cure, avoiding more aggressive treatments such as external beam
radiotherapy and chemotherapy. The aim of this paper is to compare preclinical dosimetry results
by the two imaging methods, planar and SPECT.
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2. MATERIALS AND METHODS

2.1. Animal model

The procedure applied followed the patterns described for the use of experimental animals
approved by National Counsel of Animal Experimentation Control (CONCEA).

A group of 1E+06 murine melanoma cell line B16-F10 was induced by intravenous administra-
tion (caudal vein) in twenty-one young male adults C57BL6 mice weighing between 25 and 30 g.
For cellular implantation, mice were intraperitoneal anesthetized with 15 mg/kg of xylazine and 80
mg/kg of ketamine. As the animals are of the same lineage, same sex, same age and are cared for

under the same conditions, we can say that they will have the same answer to biodistribution study.

2.2. Radiopharmaceutical

Ixolaris labeling with 1311 was performed by the direct method using iodogen [7]. lodogen (1mg)
was dissolved in dichloromethane (25 ml) and 50, 100 and 200 pg aliquots were used in conical
glass tubes and evaporated through a continuous flow nitrogen evaporation chamber, forming a film
at the bottom of the tube. The tubes containing the films can be stored for up to 6 months at -20 °C
[8].

In one of these tubes, the labeling process used 10 uL. phosphate buffer (0.05M, pH 7.4), 10 uL
ixolar (1pg) followed by 10 uL Na®®!l with different activities 0.5 mCi, 5 mCi and 10 mCi, leaving
for 10 minutes at room temperature. Soon after this solution was removed to a new clean tube, 250
uL of phosphate buffered saline (PBS) (0.01M) including pH 7.4 sodium chloride (1M) was used.
Ten minutes later, 250 uL of PBS containing 1% potassium iodine was selected. Thus, the 3! —

Ixolaris radiopharmaceutical was ready for quality control [9].

2.3. Molecular image acquisition and quantification

To guarantee that the mice’s thyroid was blocked, 0.14 mg of sodium iodide was mixed with the

water supplied to the mice 48 hours before molecular imaging.



Soriano et al. ® Braz. J. Rad. Sci. e 2020 4

The mice were anesthetized with xylazine (15 mg/kg) and ketamine (80 mg/kg) intraperitone-
ally. After anaesthesia, they were identified, weighed and immobilized so that they would not move
during the images acquisition (Figure 1).

Figure 1: Mouse positioned and immobilized for planar and SPECT images acquisition.

Subsequently, the radiopharmaceutical **!I-Ixolaris was fractionated and administered intrave-
nously, limited to a maximum volume of 0.2 ml [10]. CT imaging was used just to guide ROIs de-
marcation (Optima PET/CT560®, animals in the supine position, 0.62 mm cuts, 140 Kv and 320
mAsS). The fusion of the CT imaging with SPECT and planar imaging was performed using the Osi-
rix® software [11], based on the alignment of the animal's contour. The molecular images of the

mice were performed by two methods, Planar and SPECT as described in the table 1.
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Table 1: Details about image acquisition.

Planar image acquisition SPECT image acquisition

15 min (Acquisition circular:

Time of image 10 min 32 projections with 28 seconds
each one)
Acquisition matrix 512 x 512 128 x 128
Zoom 2 4
Distance between detectors 105 mm 500 mm
Vertical distance of table 764 mm 803 mm
Collimator HEGP (High Energy General HEGP
Purpose)
Energy windows set up 364 £ 15% keV 364 £ 15% keV

Iterative reconstruction method
OSEM / MLEM. Butterworth
filter with 0.5 cut-off frequency
was applied [12].

Reconstruction -

The necessity to consider attenuation correction was tested by a transmission acquisition and
the results demonstrated that there is no influence of attenuation of the mouse body (Figure 2). As
the animal consists almost entirely of soft tissue, an assumption of uniform attenuation can be made
through a post-processing tool, known as the Chang algorithm [13]. The overlapping of the organs
was not performed, as there was no overlapping of the uptake organs. Corrections for partial

volume effects, scatter and collimator response were not applied in this study.
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Figure 2: Transmission image of the mouse performed with a 31 planar source.

To determine the calibration factor for 311, 37 MBq (1 mCi) of this radionuclide were introduced in
a cylindrical phantom positioned above each detector and a planar image was acquired in order to
accumulate 10,000 counts [14]. From this accumulated count, the time of image acquisition and the
activity, the sensitivity of each detector was determined, expressed in count rate/MBq for
planar and for SPECT imaging. For planar, the calibration factor for each corresponding detector

was used, and for SPECT imaging the mean between the two detectors was applied.

The quantification was performed within regions of interest (ROI) positioned in specific organs

for the time series described above.

The number of average counts and respective associated uncertainties within ROI selection was
performed by using OsiriX® software for quantification. For the planar imaging the geometric
method was used and for the SPECT imaging the sum each slice for each organ was performed.
From the count observed, the retained activities in each organ or tissue were obtained in the time
intervals using the calibration factor determined for 3| radionuclide. The time-integrated activity
(Equation 1) was later corrected for mass (Equation 2) and metabolic factors (Equation 3) to

consider differences between species, animals and humans [15]. These corrections are necessary
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because smaller animals have fastest metabolism, so we cannot consider that human dosimetric data
could be the same as the dosimetric data obtained to the studied mice. Therefore, there is a need for

extrapolation data through an allometric scale [16].

‘:icorracrari = "E;‘ 'fmﬂs 'fmat (1)
Moh
m
fmas = THoa 2)
Mea

Where,
fmas is the Mass factor; mon the human organ mass; men the human body mass; moa the animal organ
mass; and mca the animal body mass.

Resulting in the equation 7 where fmet is the metabolic factor.

) /a 3)

(mﬁ'fl
mel —
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For the calculation of mass and metabolic factor, the mice were weighed before and after the
molecular images were performed, the animals were then sacrificed, and their organs were dissected
and weighed.

Absorbed doses in each organ were calculated based on dose factors provided by the software
IDAC 2.1. and the obtained organ accumulated activities [17]. The effective doses were estimated
through radiation weighting factors (wr) and tissue or organ weighting factor (wr) provided by
ICRP 103 [18].

2.4. Uncertainty analysis

The activity meter uncertainty of 4% was determined from traceability and intercomparison with
the National Metrology Laboratory of lonizing Radiation (LNMRI) in Brazil. The uncertainty for
the mice weight used in this study was 0.01% from the variation of decimal places during mouse
weighing. The uncertainty associated with the sensitivity test was determined from the standard
deviation of the sample, equal to 0.2%. The uncertainty associated with visual acuity during ROI

delimitation was determined performing 10 different measures in the same region; it was noted a
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10% variation between scores. Thus, the total uncertainty attributed to the absorbed dose was
10.77%.

2.5. Statistical analysis

Student's t-test was performed to validate the study. First, the null hypothesis was that there is
no statistical difference between quantifications of target organs from planar and tomographic im-
ages for the biokinetic quantities. However, this study focus attention on accumulated activity, ab-
sorbed dose and S factor. Finally, the null hypothesis was that there is no statistical difference be-
tween using only the mass factor and applying the mass factor in conjunction with the metabolic

factor in a translational model.

3. RESULTS AND DISCUSSION

3.1. Animal Model

Seventeen mice administered 3!I-Ixolaris were tested, 10 of which underwent only 1 therapy
cycle and 7 for 2 cycles. The 3I-Ixolaris radiopharmaceutical therapy procedure occurred at differ-
ent time intervals after tumour induction. Three mice were administered immediately after induc-
tion so that there was competition between tumour development and non-development caused by
immediate therapy. In this case it was expected to see small uptake or even no uptake in the lung,
which would be the first metastatic melanoma pathway [19]. For mice that only went through one
course of therapy, it occurred at different times after tumour induction: 8 days for 1 animal, 16 days

for 8 animals, and 19 days for 1 animal.

For animals that underwent 2 cycles of therapy, the first phase of therapy (T1) occurred imme-
diately after tumour induction and the second phase of therapy (T2) 8 days later for 3 animals; and

finally, 8 days for T1 and 19 days for T2 after tumour induction for 4 animals.

The administered activities varied widely, from 1.07 MBq to 15.55 MBq due to the limitations
of the 13!I-Ixolaris radiopharmaceutical labelling. Since the maximum volume to be injected into a
mouse was 0.2 ml, the specific activity of radiopharmaceutical labelling determined the subsequent

administered activity, as show in Table 2.
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In animal’s studies for each SPECT or planar imaging, one animal must be used to acquire im-
ages at different times. This is a common methodology because they do not survive to multiple cy-
cles of anesthesia since that causes pressure drop and hypothermia [20]. Only animals that were
able to take at least three images were considered in this study.

Using the information about the weighing organs of interest in animals and according to ICRU
[21], mouse bladder mass can be estimated to be 0.05 g (it could not be weighed because it is a very
fragile organ that when full of urine bursts during dissection), the mass and metabolic factors were
calculated (Table 3). The ICRP 110 reference man body mass was considered, total weight of

73 kg, liver mass 1.8 kg, lung mass 1.1 kg and bladder mass 0.2 kg [22].
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Table 2: Mouse Identification and Therapy Information: AXTx index, where A corresponds to the
word Animal and x follows the cardinal numbering. T corresponds to the word Therapy and again x
follows the cardinal numbering.

Animal . . . Time of . Administered
Radiopharma- Number of Imaging radiopharmaceutical L
ceutical therapy cycles  method administration after Activity
tumour induction (days) (MBa)
Al 131 - Planar 8 1.07
A2 131 - Planar 8 1.51
A2T1 B-1xolaris 1 Planar 19 10.32
A3T1 B-1xolaris 1 Planar 1 3.61
A3T2 Bl-1xolaris 2 Planar 8 1.84
A4T1 Bl 1xolaris 1 Planar 1 4.42
A4T2 B 1xolaris 2 Planar 8 2.51
A5T1 Bl 1xolaris 1 Planar 1 3.65
A5T2 B-1xolaris 2 Planar 8 1.77
A6T1 B-1xolaris 1 Planar 8 1.55
AGT2 B-1xolaris 2 Planar 19 11.13
ATT1 B 1xolaris 1 Planar 8 1.55
A8T1 Bl Ixolaris 1 Planar 8 1.62
A8T2 Bl Ixolaris 2 Planar 19 12.71
A9T1 18- 1xolaris 1 Planar 8 3.83
A9T2 18- 1xolaris 2 Planar 19 8.22
A10T1  8Y-Ixolaris 1 Planar 8 2.58
A10T2  '3Y-Ixolaris 2 Planar 19 7.55
AllT1 13Y)-Ixolaris 1 SPECT 16 9.88
A12T1  '3Y-Ixolaris 1 SPECT 16 9.58
Al3T1 B Ixolaris 1 SPECT 16 9.40
Al4T1 B Ixolaris 1 SPECT 16 8.14
Al5T1 B Ixolaris 1 SPECT 16 8.44
Al6T1 13Y)-Ixolaris 1 SPECT 16 10.94
Al7T1 13Y)-Ixolaris 1 SPECT 16 10.94
Al8T1 13Y)-Ixolaris 1 SPECT 16 7.51
Al9 134 - SPECT 16 15.55
A20 134 - SPECT 16 15.92
A2l 134 - SPECT 16 15.03
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Table 3: Mice body mass, mass factor and metabolic factor.

.. . Arithmetic Standard
Minimum Maximum .
Mean Deviation
Mice body mass 20.7 g 304 g 25.4 g 31g
Mice lung mass 0.15g 0.30g 0.21g 0.04 g
Mice liver mass 1.01g 1.67 g 1.27 g 0.22¢
Lung mass factor 1.34 3.41 2.05 0.53
Liver mass factor 0.41 0.59 0.50 0.09
E"adder mass 1.10 1.59 1.39 0.17
actor
Metabolic factor 7.00 7.76 7.34 0.23

Molecular images of mice were acquired after administration of the 3I-Ixolaris radiophar-
maceutical. In three therapies (A3T1, A4T1 and A5T1), two images were performed for 1.8 £ 0.3 h
and 70.7 £ 0.3 h each. The animals Al, A2, A3T2, A4T2, A5T2, A6T1, A7T1, A8T1, A9T1, A10T1,
A19, A20 and A21 had three images taken at 0.3 + 0.1 h, 2.8 + 0.4 h, and 17.7 £ 1.1 h. In nine thera-
pies (A2T1, A11T1, A12T1, A13T1, A14T1, A15T1, A16T1, A17T1 and A18T1) four images were
performed at 0.6 £+ 0.4 h, 3.1+ 1.0 h, 6.2 + 1.1 hand 22.1 + 1.8 h. In four therapies (A6T2, A8T2,
A9T2 and A10T2) five images were performed at 1.3 + 0.3 h,23+03h,3.1+03h,40%0,3h
and 25.4 £ 0.9 h.

3.2. B-Ixolaris Radiopharmaceutical Dosimetry

Animals that were administered with *3I-Ixolaris radiopharmaceutical presented wide varia-
tion in the studied quantities due to some factors, such as: different administered activities, caused
by the maximum volume limitation to be injected; due to the degree tumour development and pul-
monary metastases; there is a strong contribution from the uncertainty of exponential adjustment of

organ retention curves; and particularly because the bladder is a dynamic organ.

Table 4 presents the main quantities used for the dosimetric calculation from the molecular

image’s quantification. The time-integrated activity is the first step to dosimetry calculation, being
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that they present mono-exponential adjustment for each organ, for each animal. The adjustment
provides a coefficient of determination, named R?, being a measure of statistical adjustment, which
varies between 0 and 1, indicating how much the model can explain the observed values. The near-
est value 1of R?, the better the model fits the sample. The R? values obtained were in the interval
between 0,90868 and 0,99999.

Posteriorly the absorbed doses in each source organ are calculated (Table 4).

Table 4: Absorbed dose (mGy) to human after applying the translational model.

Absorbed dose Image Min. Max. Arithmetic Standard
Mean Deviation
Planar 2.32E-01 5.79E+00 6.82E-01 1.93E+00
Lung (male)
SPECT 1.43E-01 1.81E+01 4.50E+00 4.65E+00
Planar 2.89E-01 7.23E+00  8.43E-01 2.41E+00
Lung (female)
SPECT 1.78E-01 2.26E+01 5.61E+00 5.81E+00
_ Planar 9.15E-02 1.90E+00  2.40E-01 5.93E-01
Liver (male)
SPECT 5.51E-02 7.25E+00 1.67E+00 2.10E+00
_ Planar 1.21E-01 2.39E+00 2.99E-01 7.38E-01
Liver (female)
SPECT 6.85E-02 9.06E+00  2.08E+00 2.62E+00
Bladder wall Planar 4.00E-04 2.94E+02 2.82E+01 7.26E+01
(male) SPECT 2.74E+00 3.82E+02  1.15E+02 1.22E+02
(female) SPECT 3.32E+00 4.64E+02  1.40E+02 1.48E+02

The absorbed doses provided by IDAC 2.1. software using its male and female models are

shown in Tables 5, 6, 7 and 8, for all organs.
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Table 5: Absorbed dose in male organs (mGy) estimated from planar images.

Organ A2T1 A3T1 A3T2 A4TL A4T2 ABT1 ABT2 A6T1 A6T2 ATTL ABT1 ABT2 A9T1 A9T2  ALOTL  AIOT2
Adrenals 271E-01  197E-02  294E-02  250E-01  349E-02  223E-01  253E-02  205E-02  258E-01  208E02  337E-02  3.72E01  332E-02  226E01  621E-02  287E-01
Brain 262E-03  687E-04 9.22E-04 817E-03 105E-03 685603 850E-04 632E-04 108E-02 501E-04 122E-03 118E-02 9.89E-04 7.99E-03  209E-03  1.00E-02
Breast 9.48E-02  148E-02 205E-02 180E-01 236E-02 153E-01 186E-02 140E-02 223E-01 122E-02 261E-02 262E-01 223E-02 172E-01  455E-02 217E-01
Colon wall 6.00E-01  239E-02 358E-02 272601 406E-02 301E-01  255E-02 462E-02 464E-01 578E-03 272E-02 366E-01 3.80E-02 283E-01  7.64E-02 253E-01
(Eb’;i‘zsgi‘:gce) 214E-01  111E-02 161E-02 127601 181E-02 131E-01 122E-02 187E-02 209E-01 358E-03 143E-02 173E-01 L170E-02 131E-01  349E-02  128E-01
ET region 9.70E-03  277E-03  371E-03 329E-02 420E-03 275602 342E-03 253E-03 439E-02 200E-03 A491E-03 474E-02 397E-03 322E-02  BAOE-03  4.04E-02
Eye lenses 307E-03  985E-04 131E-03 117602 148E-03 972603 122E-03 893E-04 157E-02 7.02E-04 175E-03 168E-02 140E-03 115E-02  298E-03  144E-02
V(\;I:::b'adder 6.52E-01  3.33E-02 5.32E-02 443E-01  647E-02 405E-01 442602 361E-02 371E-01  434E-02 568E-02 6.74E-01  6.18E-02 380E-01  108E-01  4.94E-01
Heart wall 182E-01  399E-02 541E-02 478E-01  6.16E-02 402E-01 4.96E-02 370E-02 6.21E-01 303E-02 7.06E-02 691E-0L 583E-02 464E-0L  122E-01 584E-01
Kidneys 196E-01  124E-02 187E-02  156E-01 222E-02 143E-01 157E-02 143E-02 168E-01 123E-02 204E-02 23101 211E-02 143E-01  393E-02  1.76E-01
Liver 190E+00  9.15E-02  148E-01 123E+00 182601 113E+00 123E-01  O.74E-02 954E-01  127E-01 157E-01 189E+00 174E-01 104E+00  2.98E-01 137E+00
Lung 752E-01  343E-01  452E-01 4.04E+00  508E-01 3.35E+00  4.22E-01 309E-0L 557E+00 232E-01  6.11E-01 5.79E+00  4.80E-01 4.00E+00 104E+00  5.01E+00
rﬁg’g;gha“c 9.85E-01  476E-02 692602 539E-01 7.78E-02 5.72E-01  5.I5E-02 847E-02 921E-01  122E-02  5.86E-02  7.28E-01  7.29E-02 564E-01 150E-01  530E-01
Muscle 186E-01  100E-02 145E-02 115E-01  164E-02  118E-01  1.11E-02  166E-02 187E-01 349E-03  132E-02 157E-01  154E-02 119E-01  3.16E-02 117E-01
Oesophagus ~ 154E-01  317E-02 431E-02  380E-01  491E-02 320E-01  3.94E-02 294E-02 489E-01 244E-02 560E-02 550E-0L  4.65E-02 368E-0L  9.66E-02  4.63E-01
Oralmucosa ~ 879E-03  225E-03 3.02E-03 267E-02 3.42E-03 224E-02 278E-03 207E-03 353E-02 165E-03 398E-03 386E-02 3.24E-03 261E-02  6.82E-03  3.28E-02
Ovaries 0.00E+00  0.00E+00  0.00E+00  0.00E+00 0.00E+00  0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00  0.00E+00  0.00E+00  0.00E+00
Pancreas 300E-01  179E-02 2.75E-02  230E-01  329E-02 210E-01  230E-02 200E-02 228E-01 197E-02 299E-02 344E-0L  313E-02 206E-0L  571E-02  258E-01
Prostate 357E+00  127E-01 190E-0L 140E+00 212E-01 164E+00 127E-0L  278E-01 271E+00  208E-04 124E-01 18IE+00 198E-01 152E+00  4.07E-01 120E+00
Red(active) © 3g8E01  220E02 329E02 264E-01 372602 265E01 258E-02 357E02  417E-01 932603 314E02 365E0L 350E02 270E01  7A7E02  276E-01
gg:&fy 9.35E-03  262E-03 350E-03 311E-02 3.97E-03 260E-02 3.23E-03 240E-03 4.14E-02 189E-03 A464E-03 448E-02 3.75E-03 3.04E-02  7.94E-03  3.82E-02
Skin 760E-02  469E-03  6.74E-03  546E-02  7.66E-03 539E-02 5.36E-03 7.02E-03 831E-02 220E-03 6.63E-03 760E-02 7.20E-03 551E-02 147E-02  580E-02
el | S9BEOL  234E02  350E-02 264E-01 395E02 295E-0L  246E-02  AGSE-02 4660l 426603 258E02 352E-01  369E-02  27BE-01  TATE02 242601
Spleen 959E-02  213E-02 287E-02  253E-01  3.26E-02 214E-01  262E-02 201E-02 336E-01 154E-02 373E-02 365E-01 308E-02 247E-01  647E-02  3.08E-01
Stomachwall ~ 196E-01 187E-02 270E-02 232E-01  3.16E-02 204E-01  2.37E-02 190E-02 265E-01 174E-02 323E-02 342E-01 300E-02 216E-01  584E-02  2.72E-01
Testes 233E-01  8326-03  124E-02 915602 139E-02 107E-01 835E-03 181E-02 177E-01 471E05 814E-03 119E-01  130E-02 9O5E-02  266E-02  7.88E-02
Thymus 872E-02  305E-02 405E-02 361E-01 457E-02 300E-0L 3.76E-02 277E-02 489E-01 213E-02 542E-02 519E-01 4.32E-02 355E-01 9.23E-02  4.46E-01
Thyroid 448E-02 153E-02 204E-02 181E-01 230E-02 151E-01 189E-02 139E-02 245E-01 107E-02 272602 260E-01 217E-02 178E-01 464E-02 2.24E-01
Urinary 294E+02 105E+01 156E+01 1156402 175E+01 135E+402 105E+01 229E+01 223E+02  4.00E-04 102E+01 149E+02 163E+01 125E+02 3.35E+01 9.88E+01
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bladder wall
Uterus/cervix 0.00E+00 0.00E+00 0.00E+00  0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00  0.00E+00 2.26E-01  0.00E+00 0.00E+00
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Table 6: Absorbed dose in male organs (mGy) estimated from SPECT images.

15

Organ All Al2 Al3 Al4 Al5 Al6 Al7 Al8

Adrenals 1.32E+00  5.33E-01  8.44E-01  4.74E-01 1.64E-01 2.71E-02 1.08E-02 1.13E-02
Brain 3.76E-02  1.82E-02  1.75E-02  1.27E-02  592E-03  8.38E-04 2.98E-04  3.90E-04
Breast 8.63E-01  3.96E-01  4.48E-01 296E-01 1.27E-01 1.87E-02 6.91E-03  8.47E-03
Colon wall 1.04E+00 4.81E-01 5.66E-01  6.32E-01  1.24E-01  2.60E-02  7.84E-03  8.63E-03
Endosteum (bone surface) 499E-01  2.39E-01  249E-01 2.67E-01 6.65E-02  1.23E-02  3.79E-03  4.53E-03
ET region 151E-01  7.33E-02 6.92E-02 5.06E-02 2.39E-02  3.36E-03  1.19E-03 1.57E-03
Eye lenses 5.33E-02  2.61E-02  2.41E-02 1.78E-02  8.51E-03  1.19E-03 4.22E-04 5.60E-04
Gallbladder wall 2.54E+00  9.27E-01 1.83E+00  9.19E-01  2.77E-01  4.98E-02  2.11E-02  1.97E-02
Heart wall 2.23E+00 1.06E+00 1.08E+00  7.55E-01  3.44E-01  4.92E-02  1.78E-02  2.27E-02
Kidneys 8.12E-01  3.27E-01  5.23E-01 3.07E-01  9.87E-02  1.69E-02 6.63E-03  6.86E-03
Liver 7.25E+00 2.58E+00 5.36E+00 2.60E+00  7.68E-01  1.40E-01 6.06E-02  5.51E-02
Lung 1.81E+01 9.06E+00 7.77E+00 6.02E+00 2.97E+00  4.09E-01  143E-01  1.94E-01
Lymphatic nodes 2.05E+00  9.94E-01 1.01E+00 1.17E+00  2.70E-01  5.15E-02  1.54E-02  1.84E-02
Muscle 458E-01 21901  2.29E-01 2.39E-01 6.14E-02  1.12E-02  3.49E-03  4.18E-03
Oesophagus 1.78E+00  8.43E-01 8.73E-01  6.04E-01  2.72E-01  3.92E-02  142E-02 1.81E-02
Oral mucosa 1.23E-01  5.95E-02  5.77E-02  4.16E-02  193E-02  274E-03 9.78E-04  1.28E-03
Ovaries 0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00
Pancreas 1.24E+00  4.82E-01  8.31E-01  4.58E-01  1.45E-01 252E-02 1.02E-02  1.02E-02
Prostate 465E+00 2.30E+00 2.26E+00 3.43E+00 5.43E-01 1.27E-01  3.33E-02  3.81E-02
Red (active) bone marrow 1.08E+00  5.14E-01 5.42E-01 5.34E-01 1.47E-01 2.59E-02 8.30E-03  9.99E-03
Salivary glands 142E-01 6.93E-02  6.56E-02  4.79E-02  2.25E-02  3.18E-03  1.13E-03  1.48E-03
Skin 2.30E-01  1.08E-01 1.18E-01 1.09E-01 3.13E-02 541E-03 1.78E-03  2.12E-03
Small intestine wall 9.78E-01  4.60E-01  5.15E-01  6.19-01 1.17E-01  250E-02  7.28E-03  8.13E-03
Spleen 1.16E+00  5.60E-01  550E-01  3.99E-01  1.81E-01  259E-02  9.24E-03  1.20E-02
Stomach wall 1.17E+00  5.01E-01  6.84E-01  4.15E-01  157E-01  2.47E-02  9.48E-03  1.07E-02
Testes 3.05E-01  151E-01  1.49E-01 2.24E-01 3.57E-02  8.36E-03  2.19E-03  2.50E-03
Thymus 1.64E+00 8.07E-01  7.28E-01  5.47E-01  2.64E-01 3.67E-02  1.29E-02  1.73E-02
Thyroid 8.22E-01  4.05E-01 3.67E-01 2.75E-01 1.32E-01 1.85E-02 6.50E-03  8.69E-03
Urinary bladder wall 3.82E+02  1.89E+02  1.85E+02 2.82E+02 4.47E+01  1.05E+01 2.74E+00 3.13E+00
Uterus/cérvix 0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00
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Table 7: Absorbed dose in female organs (mGy) estimated from planar images.

Organ A2TL  ASTL A3T2 A4TL A&T2 ABTL ABT2 A6TL  A6T2  A7TL ABTL  A8T2 A9TL  A9T2  ALOTL  ALOT2
Adrenals 437E-01 2.73E-02 420E-02 354E-01 5OAE-02 3.18E-01 356E-02 287E-02 335E-01 3.BE-02 469E02 532E-01 4.80E-02 313E-01 B8.71E-02  4.03E-01
Brain 346E-03 969E-04 130E-03 115E-02 147E-03 962E-03 120E-03 8.88E-04 153E-02 699E-04 172E-03 166E-02 139E-03 113E-02 2.94E-03 141E-02
Breast 9.77E-02 205E-02 279E-02 246E-01 3.18E-02 207E-01 255602 190E-02 3.7E-01 157E-02 363E-02 356E-01 301E-02 238E-01 6.25E-02  3.00E-01
Colon wall 869E-01 3.18E-02 477E-02 354E-01 536E-02 4.08E-0L 325E-02 6.72E-02 6.50E-01 247E-03 3.26E-02 4.65E-01 500E-02 3.80E-01 102E-01 3.12E-01
(Ebr;io:ts‘fj”rgce) 252E-01 139E-02 2.01E-02 160E-01 227E-02 163E-01 155E-02 227E-02 2.58E-01 506E-03 185E-02 220E-01 213E-02 165E-01 4.38E-02 164E-01
ET region 130E-02 403E-03 537E-03 477E-02 6.07E-03 398E-02 497E-03 367E-03 641E-02 287E-03 7.14E-03 6.87E-02 574E-03 4.69E-02 122E-02 5.88E-02
Eye lenses 6.89E-03 157E-03 2.12E-03 187E-02 241E-03 158E-02 195E-03 148E-03 248E-02 115E-03 277E-03 270E-02 228E-03 183E-02 4.79E-03  2.29E-02
VG\I:”b'adder 722E-01 373E-02 5.94E-02 495E-01 7.23E-02 451E-01 495E-02 402E-02 416E-01 485E-02 6.36E-02 753E-01 690E-02 425E-01 121E-01 553E-01
Heart wall 220E-01 529E-02 7.3E-02 631E-01 811E-02 529E-01 656E-02 4.86E-02 827E-01 395E-02 937E-02 9.12E-01 767E-02 6.I5E-01 161E-01  7.73E-01
Kidneys 242E-01 144E-02 221E-02 184E-01 2063E-02 169E-01 184E-02 166E-02 190E-01 151E-02 238E-02 2.74E-01 250E-02 166E-01 4.60E-02  2.06E-01
Liver 239E+00 114E-01 185E-01 153E+00 227E-01 140E+00 153E-01 121E-01 117E+00 160E-0L 195E-01 236E+00 217E-01 129E+00 3.70E-0L 1.71E+00
Lung 9.22E-01 429E-01 564E-0L 504E+00 6.34E-01 4.17E+00 527E-0L 385E-01 6.95E+00 280E-0L  7.63E-01 7.23E+00 599E-01 500E+00 129E+00  6.26E+00
r';g’g;gha“c 5.22E-01 330E-02 470E-02 381E-01 531E-02 377E-01 373E-02 500E-02 598E-01 138E-02 461E-02 526E-01 499E-02 388E-01 103E-01  4.03E-01
Muscle 224E01 123E-02 177E-02 141E-01 200E-02 144E-01 137E-02 201E-02 229E-01 438E-03 163E-02 193E-01 188E-02 145E-01 3.86E-02  1.44E-01
Oesophagus ~ 178E-01 4.04E-02 546E-02 483E-01 6.22E-02 406E-01 502E-02 37202 6.27E-01 3.06E-02 7.15E-02 6.99E-01 5.88E-02 469E-01 123E-01 5.91E-01
Oralmucosa ~ 141E-02 391E-03 523E-03 464E-02 592E-03 3.88E-02 4.83E-03 359E-03 6.19E-02 2.82E-03 692E-03 6.68E-02 5.60E-03 455E-02 118E-02  5.70E-02
Ovaries 245E400 8.75E-02 131E-01 9.63E-01 146E-01 113E+00 8.78E-02 191E-01 186E+00 3.82E-04 B856E-02 125E+400 136E-01 105E+00 2.80E-01  8.29E-01
Pancreas 2926-01 163E-02 253E-02 210E-01 3.03E-02 194E-01 210E-02 188E-02 207E-01 181E-02 270E-02 3.4E-01 288E-02 187E-01 5.22E-02 234E-01
Prostate 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00  0.00E+00
Eé i‘é ﬁ‘;‘r‘ﬁ 420E-01 279E-02 397E-02 324E-01 450E-02 3.16E-01 319E-02 4.07E-02 4.94E-01 131E-02 4.00E-02 451E-01 424E-02 3.28E-01 8.70E-02  3.48E-01
Sﬂ;‘éiry 123E-02 363E-03 484E-03 430E-02 548E-03 359E-02 448E-03 331E-03 5.76E-02 250E-03 643E-03 6.20E-02 5.18E-03 422E-02 110E-02 530E-02
Skin 101E-01 627E-03 9.00E-03 7.20E-02 102E-02 720E-02 7.16E-03 9.39E-03 111E-01 290E-03 885E-03 101E-01 961E-03 7.37E-02 196E-02 7.73E-02
isn’l‘;'t'ine wall | 925E01 349E-02 523E-02 392E-01 590E-02 444E-01 36BE-02 712E-02 7.03E-01 517E-03 373E-02 520E-01 55E-02 4.15E-01 112E-01  353E-01
Spleen 134E-01 222E-02 305E-02 268E-01 350E-02 228E-01 277E-02 2.13E-02 341E-01 174E-02 389E-02 3.88E-01 331E-02 258E-01 6.81E-02  3.23E-01
Stomachwall ~ 247E-01 198E-02 292E-02 249E-01 344E-02 221E-01 253E-02 207E-02 270E-01 197E-02 339E-02 3.68E-01 3.27E-02 229E-01 622602  2.88E-01
Testes 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 000E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00  0.00E+00
Thymus 109E-01 394E-02 522E-02 465E-01 5.89E-02 387E-01 485E-02 357E-02 6.32E-01 274E-02 7.00E-02 6.68E-01 557E-02 459E-01 119E-01 5.75E-01
Thyroid 480E-02 169E-02 225E-02 200E-0L 254E-02 166E-01 209E-02 154E-02 271E-01 118E-02 301E-02 288E-01 240E-02 197E-01 512602 2.47E-01
Hg‘gggwa” 357E+02 127E+01 190E+01 140E+02 2.12E+01 164E+02 127E+01 278E+01 271E+02 3.75E-04 124E+01 181E+02 198E+01 1526402 4.07E+01 1.20E+02
Uterus/cervix___ 6.99E+00 _ 2.49E-01  3.72E-01 2.74E+00 _ 4.16E-01 3.21E+00 249E-01  5.44E-01 5.30E+00  3.86E-04  243E-01 3.55E+00  3.88E-01 298E+00  7.97E-01 _2.35E+00
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Table 8: Absorbed dose in female organs (mGy) estimated from SPECT images.

Organ All Al2 Al3 Al4 Al5 Al6 Al7 Al8

Adrenals 1.94E+00 7.50E-01 1.31E+00 6.96E-01 2.28E-01 3.90E-02 1.60E-02 1.60E-02
Brain 5.27E-02 2.56E-02 2.43E-02 1.77E-02 8.35E-03 1.18E-03 4.18E-04 5.50E-04
Breast 1.15E+00 5.45E-01 5.61E-01 3.90E-01 1.76E-01 2.54E-02 9.18E-03 1.17E-02
Colon wall 1.24E+00 5.97E-01 6.28E-01 8.56E-01 1.45E-01 3.28E-02 9.02E-03 1.01E-02
Endosteum (bone surface) 6.42E-01 3.06E-01 3.21E-01 3.30E-01 8.66E-02 1.56E-02 4.90E-03 5.88E-03
ET region 2.18E-01 1.07E-01 9.88E-02 7.30E-02 3.48E-02 4.87E-03 1.72E-03 2.28E-03
Eye lenses 8.64E-02 4.16E-02 4.08E-02 2.95E-02 1.35E-02 1.92E-03 6.86E-04 8.89E-04
Gallbladder wall 2.83E+00 1.04E+00 2.04E+00 1.02E+00 3.10E-01 5.57E-02 2.36E-02 2.21E-02
Heart wall 2.93E+00 1.40E+00 1.39E+00 9.87E-01 4.56E-01 6.49E-02 2.33E-02 3.01E-02
Kidneys 9.74E-01 3.84E-01 6.44E-01 3.67E-01 1.15E-01 2.00E-02 7.98E-03 8.06E-03
Liver 9.06E+00 3.21E+00 6.74E+00 3.25E+00 9.54E-01 1.75E-01 7.59E-02 6.85E-02
Lung 2.26E+01 1.13E+01 9.68E+00 7.51E+00 3.71E+00 5.11E-01 1.78E-01 2.43E-01
Lymphatic nodes 1.56E+00 7.47E-01 7.67E-01 7.53E-01 2.17E-01 3.73E-02 1.20E-02 1.46E-02
Muscle 5.64E-01 2.69E-01 2.81E-01 2.92E-01 7.60E-02 1.37E-02 4.30E-03 5.16E-03
Oesophagus 2.25E+00 1.07E+00 1.08E+00 7.60E-01 3.48E-01 4.97E-02 1.79E-02 2.30E-02
Oral mucosa 2.13E-01 1.03E-01 9.80E-02 7.16E-02 3.36E-02 4.75E-03 1.69E-03 2.22E-03
Ovaries 3.21E+00 1.59E+00 1.56E+00 2.36E+00 3.75E-01 8.79E-02 2.30E-02 2.63E-02
Pancreas 1.14E+00 4.37E-01 7.72E-01 4.26E-01 1.31E-01 2.30E-02 9.34E-03 9.19E-03
Prostate 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Red (active) bone marrow 1.36E+00 6.44E-01 6.84E-01 6.33E-01 1.89E-01 3.21E-02 1.05E-02 1.28E-02
Salivary glands 1.97E-01 9.60E-02 8.98E-02 6.61E-02 3.13E-02 4.40E-03 1.56E-03 2.06E-03
Skin 3.06E-01 1.44E-01 1.56E-01 1.45E-01 4.17E-02 7.21E-03 2.37E-03 2.83E-03
Small intestine wall 1.43E+00 6.73E-01 7.51E-01 9.34E-01 1.67E-01 3.69E-02 1.06E-02 1.17E-02
Spleen 1.27E+00 5.89E-01 6.39E-01 4.36E-01 1.89E-01 2.77E-02 1.01E-02 1.26E-02
Stomach wall 1.28E+00 5.32E-01 7.91E-01 4.61E-01 1.65E-01 2.68E-02 1.05E-02 1.13E-02
Testes 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Thymus 2.11E+00 1.04E+00 9.33E-01 7.03E-01 3.40E-01 4.73E-02 1.66E-02 2.23E-02
Thyroid 9.07E-01 4.48E-01 4.03E-01 3.03E-01 1.46E-01 2.04E-02 7.17E-03 9.60E-03
Urinary bladder wall 4.64E+02 2.30E+02 2.25E+02 3.43E+02 5.43E+01 1.27E+01 3.32E+00 3.80E+00
Uterus/cervix 9.11E+00 4.51E+00 4.42E+00 6.71E+00 1.06E+00 2.50E-01 6.52E-02 7.46E-02
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There are some factors that influence the fluctuation of the absorbed dose values. Among
them, the administered activity of the drug, the degree of tumour development and the methodology
of image acquisition. In order to assess the influence of the image acquisition method, statistical

analysis was performed.

Hypothesis tests were performed to compare both image acquisition methodologies used here to
estimate absorbed doses. The null hypothesis is the quantities estimate from planar and SPECT im-

ages are equal. The Table 9 bellow shows the p-values provided by Student’s t-hypothesis.

Table 9: p-values provided by Student’s hypothesis

_ p — values
Quantity Lung Liver Bladder
Absorved dose (male) 0.08 0.06 0.16
Absorved dose (female) 0.08 0.06 0.16

Since p-values are greater than the significance level of 0.05, the hypothesis is therefore
accepted. Thus, we can state that there is no statistically significant difference between the execu-
tion of molecular images between the planar and SPECT modalities for the conditions considered in

this study.

In addition to the statistical comparison between image acquisition protocols, there is the
possibility of performing a visual analysis from Figures 3. It is worth mentioning that the images
below are fused with the CT that attenuate the visual difference between them, however the planar
image presents better quality to define ROIls. Finally, it is important to note that the planar image
acquisition protocol is favorable when it comes to a preclinical study as it is possible to reduce the
administered activity and reduce the image acquisition time. Although the tomographic image ac-
quisition protocol provides greater imaging quality and organ localization in the image, it is neces-
sary to increase the administered activity and the acquisition time, which results in more anesthetic

for the animals and greater potential for death.
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Finally, it must be emphasized that molecular images were taken with human equipment,
which is not ideal, beyond absence of attenuation correction, overlapping of the organs correction,
consideration of partial volume effects, scatter correction and collimator response. It is believed that

this visual comparison can be changed in the case of the use of equipment dedicated to animals.

Figure 3: a) Tomographic image of the A14T1 mouse; b) Planar image of the A8T2 mouse.

4.  CONCLUSION

From the Student's t-hypothesis test performed in the accumulated activity, absorbed dose and
S-factor results, there is no statistically significant difference between performing the image
dosimetry from the SPECT and planar acquired images in this case.

For the study carried out here, the preference for performing image acquisitions in planar
protocols can be chosen, according to the conditions of the statistical analysis presented. n addition,
these protocols make acquisitions faster, contributing to the animal's survival for new cycles of

therapy, improving dosimetry evaluation. Certainly, in a study of the radiopharmaceutical
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131)-Ixolaris in human therapy, the methodology must be revised and improved when conducting
clinical studies. Currently, pre-clinical studies carried out in the country are performed only by the
death of a group of animals at different times after injection and uptake estimates in each organ by
dissection and counting, leading to large quantification errors. In addition, only the mass scale has
been considered, and the allometric scale has not been used. This study aimed to contribute to the
improvement of this method, leading to making it feasible in routine pre-clinical studies.
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