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ABSTRACT

Introduction: Radioiodine therapy has been widely used for ablation of remnant
tissue after a surgical procedure for treatment of differentiated thyroid carcinoma
(DTC). The use of internal dosimetry provides a new approach in choosing the
activity to be administered considering the distribution and retention of 31|
individually per patient. This study aims to assess the accumulated activity, internal
bone marrow dosimetry and effective half-life of cases undergoing treatment for DTC
using clinical techniques of internal dosimetry. Methods: This is a quantitative
retrospective study with analysis of diagnostic documents and images. The internal
dosimetry method used consists of calculating the dose absorbed by the bone
marrow per administered activity of 131I. The calculation of the absorbed dose takes
into account the accumulated activity obtained through measurements of whole-
body images acquired at 4 intervals over a period of 5 days. Results: Dosimetry
presented the values of absorbed dose by the bone marrow per administered
activity, with a median of 0.117 mGy/MBq (min.: 0.043 - max.: 0.152). The median
whole-body residence time is equal to 22.0 hours (min: 12.6 — max: 39.4). The
median effective half-life equal to 15.6 hours (min.: 7.6 and max.: 28.2). Conclusion:
Internal dosimetry provides information relevant to safe dose limits for application to
DTC radioiodine therapy, especially in advanced cases of the disease where the use
of greater activities may be necessary.

Keywords: Nuclear medicine; Dosimetry; Radiometry; Thyroid gland neoplasms;

lodine radioisotopes.
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1. Introduction

Thyroid cancer is the most common of the head and neck region and affects
three times as many women as men. The most indicated treatment for differentiated
thyroid carcinomas (DTC) is partial or total thyroidectomy, complemented by
radioactive iodine therapy (1). This treatment is indicated due to the fact that DTC
and its metastases maintain the biological characteristics of a healthy thyroid,
including the expression of sodium iodide transport protein, the main cell responsible
for specific iodine uptake (2). Thus, radioiodine therapy is indicated for the ablation
of remaining tissue that is not resected or incompletely surgically resected. For
treatment of thyroid disease, the use of 3!I-Nal corresponds to the majority of
radionuclide treatments currently (3).

In ablation of remnant thyroid tissue after surgery, the activity of *3!I1-Nal usually
prescribed is between 1 and 5 GBq in a single administration and may be higher in
more advanced cases of the disease (2). These amounts of activity were selected
empirically, with no consensus, varying between authors and nuclear medicine
centers that perform this therapeutic procedure (4).

When considering fixed activities, it is not considered that the accumulated
activity, hence the absorbed dose, can change considerably from patient to patient.
The characteristics that alter iodine distribution are age, sex, renal function, injury
extension, among others (5). The administered activity individualization is carried out
through a therapeutic planning using dosimetric procedures. Internal dosimetry
provides information on the distribution of iodine in patients’ body, allowing the
estimation of the activity to be used, preventing the biological effects of ionizing
radiation (6).

This study aimed to assess the accumulated activity, internal bone marrow
dosimetry and effective half-life of patients undergoing treatment for DTC using

clinical internal dosimetry techniques.

2. Materials and methods
The study retrospectively assessed the pretherapeutic internal dosimetry of 5

cases diagnosed with DTC undergoing total or quasi-total thyroidectomy. Dosimetry
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was used as a strategy for therapeutic planning of radioiodine therapy for ablation of
remnant tissue and metastases. The study was conducted in a private nuclear
medicine service located to the state in southern Brazil. The research was submitted
to a Brazilian ethics committee for evaluation, receiving approval according to report
number 3.988.505. Written informed consent was obtained from each patient prior
to participation in the study. Three internal dosimetry techniques are performed for
radioiodine therapy, one or all of which can be chosen depending on the indication.
The techniques are: I. Bone marrow-based dosimetry; Il Lung-based dosimetry; Ill.
Organ-based dosimetry. All use diagnostic images to determine the accumulated
activity.

The preparation of patients for dosimetry reproduces the preparation for
therapy, introducing a diet with restriction of foods that contain iodine. Patients also
suspended medications and preparations that contain iodine (up to 4 weeks). In 4
cases hormonal suspension was performed and in one the use of recombinant
human TSH (rhTSH). This choice between the two methods is due to the need to
reproduce the method foreseen for the therapy in the dosimetry. Some authors show
that residence time can change between hormone withdrawal and the use of rhTSH
(7,8).

I.  Acquisition of whole-body images
The oral solution of 131I-Nal with 74 MBq activity was administered. The activity
was measured with the Capintec CRC-15R radioisotope dose calibrator (Capintec,

Inc., Ramsey, NJ, USA).

Following 3!I-Nal administration, whole body conjugate images were acquired
using a Siemens Symbia T2 SPECT/CT gamma camera. The equipment has two
detectors with 5/8” Nal:Tl crystal, equipped with high-energy collimators that are
required due to photon energy of 3| (364 keV). The acquisition mode is whole-body
scan and table speed 12 cm/min.

A total of 4 images were acquired at predefined time intervals of 2, 6, 48 and
120 hours after the tracer administration, ensuring that the patient did not empty his

bladder for the first image. Thus, the whole-body counting of a 2-hour image is
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considered to be 100% of the administered activity.

For image acquisition, the triple energy window (TEW) scatter correction
method was used to correct the scatter due to 31 gamma radiation energy and use
of a high-energy collimator (9,10). With three energy windows simultaneously, the
15% main window was centered on the 364 keV (336.7-391.3 keV) photopeak and
two of 6% immediately below and above the main window, with 314.9-336.7 keV and
391.3-413.1 keV, respectively.

II. Data processing
The acquired images were exported in DICOM format and assessed in ImageJ
processing software (NIH, Bethesda, MD, USA). Each acquired image series, per
interval, consists of 6 images: anterior and posterior, scattering in the inferior anterior
and posterior window, and scattering in the superior anterior and posterior window.
In each image, a region of interest (ROI) was drawn outlining the patient’'s whole
body. For the ROI, the total counts are measured and the values are recorded as

Cpp.ant, Cpp,post, Cis,ant, Cis,post, Cus,ant, and Cus,post, @S shown in Figure 1.

The TEW scatter fraction determination is described in Equation 1, considering
the measured counts for images with energy window shifted below (Cis) and above
(Cus) (9).

Equation 1

C C,. W
Cscatt = s + us) L
Wis Wys 2

Whpp is width centered on photopeak window, Wis is width of lower window and
Wyp is width of upper window.
The total count is a result of the image counts with the main energy window

(Cpp) subtracted from the total scattering (Cscatt) (2). Both counts are the geometric



mean of the anterior and posterior projection.

Equation 2

Ctotal = \/Cpp,ant . Cpp,post - Jcscatt,ant- Cscatt,post

[ll.  Accumulated activity determination
Given the total counts of each image set, Ctotal,2h, Ctotal,6h, Ctotal,4sh and Ciotal,120h
values are plotted on a chart, thus the activity-time curve was determined. The curve
adjustment results in an equation of the double exponential format shown in

Equation 3.

Equation 3
Activity(t) = Ae™% + Be™ bt

A, B, a and b are curve adjustment coefficients.

The accumulated activity (A) is the total number of disintegrations over a
period. Its determination is carried out by activity integration by time. The calculation
is expressed by Equation 4. In the activity chart by time, the accumulated activity is

determined by the area below the curve.

Equation 4

A= f A(t) dt =f Ae™% + Be~ bt dt
0 0

Alternatively, the concept of residence time (t) can be used, and the

accumulated activity per administered activity.

IV. Absorbed dose estimation
The absorbed dose of the bone marrow is calculated by a adptation of the
European Association of Nuclear Medicine protocol (11), where sample of blood is
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not used. In this line, the assessed compartment is blood, considering that activity
concentration in blood and bone marrow is similar (12). For this symmetrical
approach, two components are assessed: blood self-irradiation and blood irradiation
by 3! concentration in the whole body. The absorbed dose per unit of activity
administered in the bone marrow is defined by the sum of these two components,

described in Equation 5.

Equation 5

Dblood
2 = Shiood<blood - Triooa(N) + Shioodbody- Thody (h)
0

D is the absorbed dose; Aois the administered activity; S is the mean absorbed
dose per unit of accumulated activity; and 1 is residence time. The Sbiood«blood value,
using beta radiation decay, is equal to 108 Gy.ml/GBg.h. The component for the
dose coming from the whole body Sbiood—body is €qual to 0.0188 * m?? Gy/GBq.h,
which is depends on the body mass (m) (11). S values replaced in Equation 5 are

described in Equation 6.

Equation 6
Gy .kg
Dmood<6y>_108< Gy ) ] i+ 0,0188 (GBq.h> .
AO GBq - GBq.h * tml blood m2/3 (kg) *tbody

The first component, blood<—blood dose (Dblood«blood), iS traditionally measured
by the blood sample density counts over time (11). Hanscheid et al., in 2009 (13),
through the considerations initially made by Thomas et al. in 1993 (14), propose the
determination of Dbiood—blood through, exclusively, analysis of body residence time
(Tbody), i-€., Thiood IS determined indirectly. In their studies, tiood represents 14 + 3% of

Thody. Therefore, the proposed relationship can be expressed by Equation 7.

Equation 7
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0.14
Tmlblood(h) = m -Tbody(h)

BV is the blood volume in ml. BV is expressed in Equation 8 for men and in
Equation 9 for women. (15).

Equation 8

BVate (ml) = 31.9 .h + 26.3 . m — 2402
Equation 9

BVtemate (Mml) = 56.9.h + 14.1 . m — 6460

h is height in centimeters and m is the mass in kilograms.
Equation 6 and Equation 7 can be combined and is expressed in Equation 10,
which was used to determine the total absorbed blood dose.

Equation 10
Gy.ml) (Gy.kg)
Dblood( Gy ) _ 15,12 (GBq.h + 0,0188 GBq .h tooan ()
A, \GBq BV (ml) m2/3 (kg) +hody

Comparatively, Doiood/Ao was calculated using OLINDA/EXM, version 1.0
(Vanderbilt University, Nashville, Tennessee, USA). In the software, 3! was
selected as radionuclide and the phantom chosen between a woman or an adult
man. In biokinetic data entry, Ty Was used for the whole-body (“Tot Body/Rem
Body”) and twi00d, fOr the bone marrow (“Red Mar”); however, as tiood Was calculated
to 1 ml. it is necessary to be multiplied by the organ mass. For the phantom used,
the bone marrow mass is equal to 1,300 and 1,120g for females and males,

respectively.

V. Maximum activity
V.l- Maximum dose-based activity in the bone marrow
The maximum activity is determined by Equation 11. The maximum dose of 2

Gy is used considering the bone marrow as the target organ. Bone marrow is the
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critical organ when radionuclide therapy is used. In dosimetry studies, alterations in
the hematopoietic system were observed in the subgroup that received doses higher

than 2 Gy in the bone marrow (16).

Equation 11
2 (Gy)
A GBq) = ———————
The maximum activity was also evaluated for the maximum dose of 1.3 Gy,
considering the uncertainties in the measurement method without the use of a blood

sample (13).

V.II- Maximum dose-based activity on the lung dose limit
In the case where there was diffuse pulmonary metastasis, the maximum
activity to be administered was determined considering that the activity in the lungs
after 48 hours is not higher than 2.96 GBq (17,18,19). An ROl is drawn by the lungs
and count density is measured in the conjugated images and applied to the
scattering correction as the whole-body ROI. Count density in the lungs after 48
hours (Ciung,4sh) is compared to whole body density counts of 2-hour image (Ctotal,2h).

Being the relationship expressed by Equation 12.
Equation 12
C1ung,4-8h

Clung,relative = C
total,2h

The activity maximum of *3!I-Nal to be administered preventing radiation effects

is determined by Equation 13.

Equation 13

2.96 (GBQ)
Amax(GBq) = ————

lung,relative
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VI.  Effective half-life

Activity concentration in the patient’s organism is dependent on the physical
and biological half-life of 131I. The physical half-life is equal to 8.02 days, while the
biological life is dependent on multiple variables related to individuals. Through
accumulated activity analysis, the activity curve as a function of time was calculated

for each patient in the study.

VII.  Organ-based dosimetry

For criteria of comparison between the limit of bone marrow toxicity and the
activity necessary for thyroid remnant treatment, one of the cases was selected to
perform dosimetry based on the injury. The determination of the absorbed dose in
the organ by administered activity was performed using the total volume dosimetry
method. (20,21).

Acquisition with SPECT/CT protocol used in dosimetry was as follows: 60
projections (30 per detector), 6" step, 60 seconds, matrix 128x128 and TEW as
described above. Iterative OSEM reconstruction protocol was used with 10 iterations
and 5 subsets.

The partial volume effect correction was experimentally determined using the
Image Quality IEC 61675-1 simulator. The simulator spheres with a volume of 28.7,
16.8, 8.6, 3.6, 2.1 and 1.1 ml were filled with a constant 13! concentration, thus the
recovery coefficient (RC) was projected. The RC correlates the difference between
the actual and measured value of both activity and volume as described in Equation

14.
Equation 14

[A]measured _ E _ Cm

RC =

[A] actual Va Co

[A] measured IS the measured activity concentration, [A] acwal IS the actual activity
concentration, vo is the object’s actual volume, vais the apparent volume, cmis the
measured count density, and co is the actual count density. The apparent volume
(va) was measured in the image with a volume of interest (VOI) positioned on the
structure with a threshold of 5% and determined by Equation 15.
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Equation 15

C
Va = Vyx
Cmax

Vx is the voxel volume, C is the count density measured in VOI and Cmax is the
highest intensity voxel count density.

The accumulated activity is determined by assessing 3!l concentration over
time by means of SPECT images performed in sequence of scanning images used
in bone marrow dosimetry. The activity for each image series is determined

calculated by Equation 16.

Equation 16

_ G0
ef30

Aj

Ai is the activity measured for each interval, C is the total count with the

threshold of 30% of the image; fso is the measurement correction factor in threshold

30% to 5%; and ¢ is the activity calibration factor per count (MBg/cnt) experimentally

determined for imaging equipment with a volume with known activity. Fszo is

necessary for the use of 30% threshold for target area measurement, avoiding the
interference of background radiation in the target volume.

Equation 17 describes the absorbed dose in the sphere that is determined by

the product sphere residence time. S value is calculated for the actual sphere volume

corrected by tissue density. S = 0.110 X Vsphere 2974 Gy/MBq.h and p = 1.05 g/cm?.

(20).
Equation 17
D
A_ = Tsphere . Ssphere«—sphere (Vsphere)/pthyroid
0
Equation 18

Vsphere = Rcva -Va
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3. Results
Internal dosimetry had as indication cases that presented advanced conditions
of the disease and cases in retreatment with suspicion or confirmation of

metastases.

Table 1 lists sex, age, height, mass, body mass index (BMI), estimated body
blood volume (BV) of the assessed group, total body residence time (wody) and blood

residence time (Tvlood).

The residence time determined for the whole-body presented a median equal
to 22.0.

Count density behavior over time is illustrated in Figure 1. Figure 2 illustrates the
activity-time curve of the assessed group curve adjustment coefficients obtained
through Fit Data application of the software OLINDA/EXM.

I.  Bone marrow-based dosimetry
Dbiood/Ao Was determined with tmedy and thiood USiNg adapted from EANM protocol
without blood sampling (Equation 10) and OLINDA/EXM. There was no significant
difference between the methods, analyzing by paired t-test p= 0.564.

Figure 3 presents the comparison between the methods OLINDA/EXM and
EANM protocol.

The dose in blood per administered activity (Dbiood/Ao) individual and maximum
activity (Amax) considering the red bone marrow toxicity in 2 Gy and 1.3 Gy are

expressed in Table 2.

Table 3 presents the data of time required for decay of half and a quarter of the
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initial activity, both effective and biological. The median time of the first effective half-
life was equal to 15.6 hours (min: 7.6 - max: 28.2 hours) and the second half-life was
equal to 12.8 hours (min: 5.5 — max: 24.9 hours). The preparation of the one used in

case P3 was performed with the use of rhTSH.

Il.  Lung dosimetry

From the group assessed, one case presented pulmonary metastasis.
Ciung relative Was equal to 0.0246, i.e., after 48 hours 2.46% of iodine concentration is
retained in the lung compared to the whole-body measurement measured in the 2
hour image. Therefore, the maximum calculated activity is equal to 120.5 GBq.
Maximum activity based on dose limits in bone marrow and lung are compared, with
the lowest prevailing. The dosimetry of this case considering the dose limit equal to
2 Gy in the bone marrow determines the maximum activity of 27.4 GBq. Thus, the

limit for the bone marrow is prioritized.

[ll.  Organ-based dosimetry
The activity ratio measured by the actual activity designated as RC is

expressed in Figure .

The dosimetry of one case of the studied group was assessed. The injury was

characterized as remaining tissue in the thyroid bed, illustrated in Figure 5a.

The volume was estimated at 1.9 cm3. Factor fso was determined at 0.59 for a
point source illustrated in Figure 5a and the equipment ¢ calibration factor was
calculated at 15,604 cnt/MBq. The residence time was calculated at 0.995 hours,

activity-time curve expressed in Figure 5b.

Through residence time, volume and S value, the dose absorbed by the organ
per unit of 13! administered was equal to 0.0584 Gy/MBq, calculated by Equation
17.
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Considering the dose of 300 Gy, necessary for ablation of the remaining thyroid
tissue, proposed by Maxon et al. (1992) (22), the administered activity required to
reach this dose threshold would be equal to 4.89 GBg. The maximum activity of 13|
for bone marrow toxicity prevention in this case was calculated at 11.11 GBq (P5 -
Table 3).

The determination of small volumes is limited by the spatial resolution of the
system. The spatial resolution at full width at half maximum (FWHM) was equal to

13.6 mm obtained by axial reconstruction of a point source of 131,

Figure 7 illustrates the result obtained from the acquisition of a cylinder with a volume
of 22 ml and 0.74 MBq of 3! with the described protocol. The apparent volume (va)
was calculated at 23.47 ml, with a difference of 6.3% of the actual volume (vo). In
Figure 6, the red VOI represents the actual volume, the green and yellow VOI the

apparent volume measured with threshold of 5% and 30% respectively.

4. Discussion

Preparation for dosimetry should be the same as that normally used in therapy
to ensure reproducibility of $31I-Nal distribution (11). Imaging exams using iodine as
a contrast agent cannot have been performed within a period of 6 to 8 weeks (23).
To perform dosimetry, the patient’'s metabolic status must be the same as that of the
therapy, as it affects the renal function and, thus the clearance rate and residence
time (19,24).

The activity administered for dosimetry represents a small amount compared
to what will be used in therapy. However, this amount cannot be large enough to
alter the tumor’s ability to capture and retain iodine called stunning. Studies show
that even small activities can induce stunning (25). It should be limited to 4 Gy in the
remaining thyroid tissue to avoid this effect. The 3!l activity for the recommended
diagnostic imaging is 10-20 MBq (19,26). The activity used in this study was 74 MBq.
Activity reduction can be performed to prevent stunning; however, it is necessary to

reduce the image scanning speed so that the counting rate is not reduced, making
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guantification impossible.

When acquiring the 4 series of whole-body images, it is necessary to guarantee
the same geometry as the exam. The table elevation and the detector distance from
the patient must be the same. Patient positioning should be as close as possible
between images and that the patient’s whole body is in the detector’s field of view
(11). The equipment’'s auto-contour systems must be deactivated. The
immobilization of the arms close to the body attached with the auxiliary straps was
important because the total imaging time is relatively long.

Intervals between acquisitions must be consistent with the physical and
biological half-life of iodine. The image with an interval of 2 hours is considered as
the maximum activity concentration (100%) which is used as a reference for other
measurements (6). For this consideration to be satisfactory, it is necessary that the
patient does not urinate after iodine administration until the end of the acquisition of
this image. From the samples assessed, a significant amount of radioactive material
is eliminated in the first hours. The activity concentration after a 6-hour interval from
administration of the sample in this study had a mean of 78+15%.

The 48-hour image showed that the tissue avid for lodine-131 still maintains
considerable material retention while the background (other tissues) has almost
completely eliminated the iodine. This provides a contrast between these tissues,
providing a better visualization of the structures. Acquisition at this interval allows
the assessment of pulmonary metastasis. At 120 hours, the delayed image
contributes to the adjustment of the accumulated activity curve. This image
commonly shows the accumulation of less than 2% of the initial activity. The interval
can be adopted with 96 hours; however, if concentration is higher than 5%, an image
with 144 hours must be performed (11).

In cases where there is diffuse pulmonary metastasis, the absorbed dose in
the lung should be assessed. Pulmonary dosimetry plays an important role in
preventing pulmonary fibrosis (19). Lung dosimetry studies define that after 48 hours
131] activity concentration in the lung should be less than 2.96 GBq. Activities higher
than this value can provide doses that exceed the limits for radiotoxicity effects in

the lung (17,18,19). Thus, the image previously acquired within 48 hours is used to
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calculate the maximum activity and maintain the dose limits in the lungs.

As blood residence time is estimated through the whole-body’s residence time,
where blood samples are not analyzed, it is necessary to consider the uncertainties
in the calculations. Hanscheid et al., in 2009 (13), propose a conservative approach
in estimating maximum activity. At work, twicod represents 14 + 3% of the thoay (Min: 8
and max: 24%). Considering Equation 16 and Equation 19 in cases that present thiood
greater than 14% of mwoay, the values of absorbed dose per activity can change
considerably between the estimated and the real. Therefore, the author proposes
the limit of absorbed dose in the marrow to be equal to 1.3 Gy instead of 2 Gy. In
this way, even in cases of extreme variation between the real and measured values,
the radiotoxicity limit in the hematopoietic system will not be exceeded. Assessing
the data published by Willegaignon et al. (27,28) 1tbiood is 10.3 + 4% of thoay (range: 2
to 18 %). In this work, if s had not been measured directly, the adoption of the
limit as 1.3 Gy would have fulfilled the role of preventing the dose limit extrapolation.

The half-life concept is applied to the decay portrayed by an exponential
function with a single term. Therefore, the time required for the decay of half of the
initial activity will not necessarily be the same as the second half-life, i.e., a quarter
of the initial activity. Compared with recent studies, there is an agreement between
the results. Barros, in 2019, measuring the dose rate of 98 hospitalized patients after
the therapeutic dose of iodine for DTC therapy, obtained as a result the mean
effective half-life of 10.7 £ 4.5 hours. Considering only the subgroup that underwent
hormone suspension preparation, i.e., not using rhTSH, the mean was 12.5 + 5
hours. The author also reports that the subgroup of patients over the age of 65 years
had a mean effective half-life of 13.3 + 4.7 hours, approximately 30% higher than
those of middle-aged 10.3 + 4.6 hours.

The influence of spatial resolution on image quantification error is described
as the partial volume effect. As the size of a structure decreases, the measured
concentration is reduced and the apparent volume increased relative to the actual
value (29). Organ-based dosimetry estimates the dose absorbed by the tumor by
providing a targeting of the amount of 3| activity to reach therapeutic levels. Organ

dosimetry is dependent on tissue mass (volume). For DTC this process becomes
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even more challenging because it is remnant tissue and, in some cases, micro
metastases (20).

Cervical uptake exams and whole-body research prior to therapy with low
doses of radioiodine are provided for in Clinical Protocol and Therapeutic Guidelines
for Differentiated Thyroid Carcinoma, approved by the Ministry of Health (30). The
objectives of these tests were to estimate the volume of remaining tissue or
metastatic disease and iodine avidity of these tissues. However, the ordinance
concludes that patients considered to be at low and intermediate risk, due to the low
potential for distant metastases, may not need to undergo PCI. This measure also

aims to prevent the induction of a stunning effect, which may harm the therapy.

5. Conclusion

Internal dosimetry takes into account the physiological characteristics in an
individualized way, patient by patient, providing important data regarding *3%
absorption and retention. Through the dosimetric techniques employed, it was
possible to determine the maximum activity of 13! to be administered, considering
the limits of radiotoxicity in the bone marrow and in the lungs described in the
literature. In advanced cases of DTC, in which patients are classified as being at
high risk, the Organ-based approach to dosimetry associated with toxicity in healthy
tissues enables assessment of the administration of larger activities, in order to
eliminate the disease with a single dose. The methodology involved in each
dosimetric technique was described in detail, aiming at therapy planning

reproduction and dissemination, considering the individual metabolic response.
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7. KEY POINTS

Highlight to assess the accumulated activity, internal bone marrow dosimetry
and effective half-life of cases undergoing treatment for of differentiated thyroid

carcinoma (DTC).

Dosimetry presented the values of absorbed dose per administered activity,
with a mean of 0.101 mGy/MBg. The mean whole-body residence time is equal to

23.1 hours e effective half-life equal to 16.0 hours.

Internal dosimetry provides information relevant to safe dose limits for
application to DTC radioiodine therapy, especially in advanced cases of the disease

where the use of greater activities may be necessary.
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Figure 1- Measurement of the regions of interest (ROI) of the set of anterior and posterior conjugate

images and their respective images for scattered radiation correction
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Figure 2 — Activity-time fitted curve of the assessed group
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Figure 3 - Comparison of the absorbed dose by activity calculated by OLINDA/EXM and MIRD
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Figure 4 — Recovery Coefficient of definitive experimentally. Circle symbols indicate the apparent

volumes and x symbols the true sphere volume.
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Figure 5a - Axial, sagittal and coronal SPECT/CT reconstruction of the remaining
thyroid tissue
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Figure 5b - Activity concentration function in organ target
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Table 1 - List of variables of internal dosimetry cases

Age Height Weight

D Sex years] - (Ka] BMI BV [ml] Thody Tblood -ml
P1 F 50 161 59 22.8 3532.8 22.1 0.00088
P2 M 71 182 76 22.9 5402.6 39.4 0.00102
P3 M 36 187 95 27.2 6061.8 12.6 0.00029
P4 M 28 178 82 25.9 5432.8 19.3 0.00050
P5 F 29 165 57 20.9 3732.2 22.0 0.00083

Table 2 - Maximum activity determined for the assessed case group.

D Dbiood/Ao Amax - Limit 2 Gy Amax - Limit 1.3 Gy
(mGy/MBq) (GBq) (GBq)

P1 0.122 16.39 10.66

P2 0.152 13.20 8.58

P3 0.043 46.72 30.37

P4 0.073 27.42 17.82

P5 0.117 17.09 11.11

Table 3 - Effective and biological time calculated for half and a quarter of the initial activity of 31|

D effective (h) biological (h)
T1/2 T1/4 T1/2 T1/4
P1 16.1 28.9 17.6 31.3
P2 28.2 53.1 33 61.6
P3 7.6 13.1 7.9 13.6
P4 12.5 23.2 13.3 24.7

PS5 15.6 295 16.9 32
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