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Abstract

Objective: The study was designed to evaluate the bio-kinetic clearance of radioactive iodine ("*'l) in the
well-differentiated thyroid carcinoma patients treated with 1.11 GBqg and to calculate organs and whole
body absorbed dose with MIRDOSE3.1 computer software.

Materials and Methods: The whole body retention/excretion of '

| in all patients was determined
individually by using gamma camera with high-energy general all purpose (HEGP) at the specific time

points after its administration.

Results: The effective half-live (T,;) was estimated from the generated time-activity curves. The mean for
effective half-life from whole body clearance curve was 26.2+10.8 hours. The calculated residence time
(T) was 38.0+15.6 hours. The retained activity of ™' at 4, 24, 48, 72 and 144 hours was 77.8+11.4,
44.4+13.9, 23.8+12.4, 13.349.1 and 2.7+2.6 %, respectively. The mean for absorbed doses to whole body
was 0.10 (0.04 mGy/MBq. The highest organ dose was uterus (0.11+0.05 mGy/MBq). The mean for
effective dose was 0.11+0.04 mSv/MBaq.

Conclusion: Retention and clearance rates of 131l could be obtained by in vivo measurements in
individual patients. Evaluations of the Teff are essential parameter for absorbed dose calculation to
patient and minimize the risk of external radiation exposure to staffs of nuclear medicine, family member
and the public. These parameters are essential for management in thyroid cancer therapy, for both in-
patients and out-patients. Additionally, our parameters could be a useful parameter to develop the

guideline for occupational and public radiation protection.
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Introduction
The medical use of radioiodine ('*'l) is important
in clinical applications for the diagnosis and treat-
ment of human disease, especially in oncology'". Ninety

percent of all therapies in nuclear medicine uses 'l

@3 For the thyroid cancer, ™

| is commonly used in
ablative or adjuvant therapy after surgery. The whole
body "'l bio-kinetic clearance is an essential para-
meter in the absorbed dose calculation and radiation
protection in thyroid cancer management. However,
so far the data based on gamma camera imaging are
not available, especially serial imaging of whole body
| clearance (or effective half-life).

The uptake and effective retention half-time (T)

131

of 71 in each organ and in the whole body are

¥-cumulated activities

required to reliably calculate
(or residence times) and absorbed doses. The most
widely used method of calculating absorbed dose
for patients treated with unsealed sources has been
developed by the Medical Internal Radiation
Dose (MIRD) Committee of the American Society of

(45

Nuclear “?. The equation for absorbed dose in the

MIRD system is given as;

Dy = 1?55(1’;.- < 7rn) 1)

where D, is absorbed dose to a target organ
(WCi/hr or Gy/sec) and ;;s'\ is the cumulated activity in
the source organ (WCi-hr or MBqg-sec). The factor S
takes into account the fact that the absorbed dose in
the target organ r, is due not only to the activity of
the considered radionuclide in that organ but also to
the activities in other organs r, of the body. The fac-

tor S is expressed as:

kzj”i Ei‘ﬁj(f'k “<rn @)
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where S (rk <— rh) is absorbed dose per unit
activity (rad/UCi-hr or mGy/MBag.sec), k is the MIRD

schema providing a proportionality constant that is

&

2.13 (rad-g/UCi-hr-MeV or Gy-kg/MBg-sec-MeV), n,
is the number of radiations with energy E emitted per
nuclear transition, E is the energy per radiation (MeV),
(9, is the fraction of energy absorbed in the target,
and m is the mass of the target region (g or kg). The
aim of this study was to determine internal absorbed
dose to organs and whole body with MIRDOSES.1
computer software by measuring retention activity in

whole body, based on gamma camera imaging.

Materials and Methods

Between July 2010 and March 2011, 6 well-
differentiated thyroid carcinoma patients having
undergone total thyroidetectomy were prospectively
enrolled in the study. All patients received oral and
written information concerning ™'l treatment. Addi-
tionally, this study has received documentary proof
of Ethical Clearance Committee on Human Rights
related to researches involving human subjects from
Faculty of Medicine, Ramathibodi Hospital, Mahidol
University.
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Patients were treated with 1.11GBq of | cap-
sule. Before whole body imaging, each patient was
asked to urinate. Then, whole body imaging was
performed in each individual patient with a gamma
camera (Phillips’ Forte with 3/8 inch of Nal(Tl) equipped
with high energy general propose collimators) at the
specific time point of 4, 24, 48, 72 and 144 hours,
respectively. The energy window was centred at 364
keV ™'l photopeak with a width of 20%.

"*' was obtained

The whole body retention of
by the ROl method, using the Pegasys 5.0 software
for image processing and reconstruction. Then, T
was analyzed by the exponential curve plotting and
converted to the residence times. The absorbed dose
per unit of administered activity of organs and whole
body were calculated by using the calculated
residence times as input values to the software

MIRDOSES3.1 with a 70 kg reference adult®.
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Results

From the combined action of physical decay
and biological elimination, the mean+SD of an
effective half-life (T,;) obtained from the whole body
activity was found to be 26.2+10.8 (13 to 36) hours.
The mean+SD of the residence time (T) was 38.0+
15.6 (19 to 52) hours (Table 1). The retained activity
of ' at 4, 24, 48, 72 and 144 hours was 77.8+11.4,
44.4+13.9, 23.8+12.4, 13.349.1 and 2.7+2.6%, respec-
tively (Figure 1).

The average absorbed doses to whole body
(0.10+0.04 mGy/MBq) was calculated by using the
MIRDOSES.1 computer software (Table 2). The highest
organ dose was uterus (0.11+0.05 mGy/MBq). The

average effective dose was 0.11+0.04 mSv/MBgq.

Discussion

The bio-kinetic clearance of "*'l was evaluated
from in vivo study with gamma camera imaging of
well-differentiated thyroid carcinoma patients having
undergone total thyroidetectomy. T, value (26.2+10.8
hours) was generated with the time-activity curve of
whole body counts. In vivo method with gamma
camera imaging is a more accurate evaluation of Teff
than external exposure-rate with portable survey
meter”. However, important interference factors to

Evaluations of the T, are essential for absorbed

dose calculation to patients and minimize the risk of

Table 1 Dosimetric parameters obtained from whole body
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external radiation exposure to staffs of nuclear medi-
cine, family member and the public. The organs and
whole body absorbed dose per unit of administered
activity were estimated (Table 2). These results may
be used to determine for normal tissue response to
radioiodine therapy and cancer risk assessment®. On
the other hand, we can use the Teff instead of the
physical half-life (T,) in generally equation of U.S.
Nuclear Regulatory Commission for release of

19 which

patients administered radioactive materials
is the more appropriate parameter for representing
the "'l clearance in patient’s body. Additionally, we
will use the Teff to potential radiation doses received
by others during these therapies and to perform the

policies guideline for radiation protection.

Conclusions

The whole body retention/excretion of ™'

l'in all
patients determined individually by using gamma
camera imaging was more accurate than portable
survey meter measurement. The results obtained here

1| pio-kinetic

in show that knowledge of the
clearance in patient’s body and absorbed doses in
organs and whole body is valuable. The T, estimated
from this study could be a useful parameter to
develop guideline for radiation protection. However,
for a greater impact of this technique, further investi-

gation with more patients is required.

| clearance.

Patient no. Age Effective half-life Residence time
(year) (hr) (hr)
Pt.1 37 36 52
Pt.2 63 13 19
Pt.3 24 22 32
Pt4 47 36 52
Pt.5 53 35 51
Pt.6 36 15 22
Mean+SD 43.3+13.9 26.2+10.8 38.0+15.6
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Table 2 Absorbed doses per unit of administered activity (mGy/MBq).

Target organ Patient 1 Patient 2 Patient 3 Patient 4 Patient 5 Patient 6
Adrenal 1.48E-01 5.41E-02 9.11E-02 1.48E-01 1.45E-01 6.26E-02
Brain 1.24E-01 4.53E-02 7.63E-02 1.24E-01 1.22E-01 5.24E-02
Breasts 1.17E-01 427E-02 7.19E-02 1.17E-01 1.15E-01 4.94E-02
Gallbladder wall 1.53E-01 5.59E-02 9.42E-02 1.53E-01 1.50E-01 6.48E-02
LLI wall 1.51E-01 551E-02 9.29E-02 1.51E-01 1.48E-01 6.38E-02
Small intestine 1.53E-01 5.60E-02 9.43E-02 1.53E-01 1.50E-01 6.48E-02
Stomach 1.45E-01 5.31E-02 8.95E-02 1.45E-01 1.43E-01 6.15E-02
ULl wall 1.51E-01 551E-02 9.28E-02 1.51E-01 1.48E-01 6.38E-02
Heart wall 1.45E-01 5.29E-02 8.91E-02 1.45E-01 1.42E-01 6.13E-02
Kidneys 1.42E-01 521E-02 8.77E-02 1.42E-01 1.40E-01 6.03E-02
Liver 1.43E-01 5.21E-02 8.77E-02 1.43E-01 1.40E-01 6.03E-02
Lungs 1.34E-01 4.88E-02 8.22E-02 1.34E-01 1.31E-01 5.65E-02
Muscle 1.31E-01 4.80E-02 8.09E-02 1.31E-01 1.29E-01 5.56E-02
Ovaries 1.55E-01 5.65E-02 9.52E-02 1.55E-01 1.52E-01 5.55E-02
Pancreas 1.54E-01 5.61E-02 9.45E-02 1.54E-01 1.51E-01 6.50E-02
Red marrow 1.38E-01 5.05E-02 8.51E-02 1.38E-01 1.36E-01 5.85E-02
Bone surface 1.52E-01 5.56E-02 9.36E-02 1.52E-01 1.49E-01 6.43E-02
Skin 1.12E-01 410E-02 6.91E-02 1.12E-01 1.10E-01 4.75E-02
Spleen 1.43E-01 521E-02 8.77E-02 1.43E-01 1.40E-01 6.03E-02
Testes 1.31E-01 4.80E-02 8.08E-02 1.31E-01 1.29E-01 5.56E-02
Thymus 1.37E-01 5.00E-02 8.42E-02 1.37E-01 1.34E-01 5.79E-02
Thyroid 1.37E-01 5.00E-02 8.42E-02 1.37E-01 1.34E-01 5.79E-02
Urinary bladder 1.49E-01 5.45E-02 9.19E-02 1.49E-01 1.46E-01 6.32E-02
Uterus 1.56E-01 5.69E-02 9.59E-02 1.56E-01 1.53E-01 6.59E-02
Total body 1.32E-01 4.84E-02 8.15E-02 1.32E-01 1.30E-01 5.60E-02
Effective dose 1.44E-01 5.26E-02 8.86E-02 1.44E-01 1.41E-01 6.09E-02
(mSv/MBq)

T, are the uptake values of remnant thyroid tissue and the presence of metastatic lesion®.
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Figure 1 The bio-kinetic clearance of radioiodine ("*'l) in the well-differentiated thyroid carcinoma patients.
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nunas fuin, an.u., SAunsai oyuna, an.u.
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Abstract

'E'mqﬂizaeﬁ: Wun1sAnEIN1sTuaIIiNTunSIR lalafiu-131 aanmm’wmﬂﬁjﬂ’mmL%wiau‘lmaﬂﬁﬁﬁm
well-differentiated thyroid carcinoma wazfuInUsIUTsEgandunsemegiedelusinsuy MIRDOSES.1

A8msiinen: §ihouziSedenlnieeduiln well-differentiated thyroid carcinoma finssauinausilunsfnm
azihaniuiaUsinusedlusmamunaidifivuaie 4, 24, 48, 72, uay 144 Falag ANaIEL navangiie
IFsusaiusunsoflalafiu-131 WUy low dose (1.11GBq) ¥1ATUTnS9&T Lduna19nsw exponential Liia
vndinmededindons, naisedazaunglusione uazdsedganauiiafezieqaesseny

Han1sANE: AnmIFnEnLhAaindwaedslusnediu 2624108 Halag uarAaRAnised
azanglusraneiiiu 38.0+15.6 F2lus usnandudmuiSinuansiuiunisilelafu-131 azanlusroned
4, 24, 48, 72 war 144 "fil"ﬂﬂ\l\‘l fandu 77.8+11.4, 44.4+13.9, 23.8+12.4, 13.3+9.1 Uay 2.7+2.6 WosiGud
ANNAIAL U%mm-’s’aﬁqmnﬁuLaﬁ'ﬂﬁs"mn'lmﬂu 0.10(0.04 mGy/MBq LLa:wuﬂ%mm%’\‘iﬁgﬂnﬁugoqﬂﬁ uterus ¥
Anaduiiu 0.11+0.05 mGy/MBq Avsanasedfonasiandu 0.1140.04 mSv/MBq
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