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Comparison of calculated I-131 lung absorbed dose
by quantitative 2 dimensional scan images and OLINDA dosimetry program
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ABSTRACT
Introduction: The accuracy of radioiodine-131 absorbed dose to lungs was important for proper administered
dose to the patient. In order to get a curative treatment as well as to control disease progression with the
lowest radiation risk. This proposed study aimed to compare radioiodine-131 lung absorbed doses by manual
calculation from quantitative two-dimensional scan images and OLINDA dosimetry program and to study the
effect of lung mass on calculated absorbed dose.
Materials and Methods: Retrospective study of 10 well differentiated thyroid cancer with lung metastases
patients who had first treatment of radioactive iodine-131 were studied. Calculation of radioactive absorbed
dose in lungs by manual calculation from two-dimensional scan images and OLINDA dosimetry program
did under MIRD principle. Two sets of adjusted S-value from SAF, lungs mass of Cristy-Eckerman-Stabin
phantoms and Thai’s lung mass were used for calculation by MIRD formula. The lung absorbed dose data from
both calculation methods were analyzed by the percentage of differences, student pair t-test and correlation
coefficients.
Results: No significant difference of lung absorbed dose calculated by manual calculation and OLINDA dosimetry
program, p>0.05. An excellent correlation between manual calculation and OLINDA dosimetry program was
found by using the S-value of Cristy—Eckerman-Stabin phantoms as well as by using the adjusted S-value
with Thai’s lung mass for absorbed dose calculation, r = 1.0. The percentage of difference between manual
calculation and OLINDA dosimetry program by Cristy—Eckerman-Stabin S-value and adjusted S-value with
Thai’s lung mass was lesser than 0.5 and 0.3, respectively. Furthermore, a higher lung absorbed dose was
found in adjusted S-value of Thai’s lung mass than S-value of Cristy-Eckerman-Stabin phantom. The percentage
of absorbed dose difference by these two S-value sets were between 20.4-38.3.
Conclusion: The absorbed doses in lungs calculated by these methods were not different when using the same
S-value data set. Thus, both calculation methods could be compatible. In addition, changing of organ mass
directly affected on S-value and organ absorbed dose that should be carefully consider in MIRD calculation. To
define organ mass by a high-quality of medical images such as MRI, CT, US were recommended to improve
accuracy and precision of absorbed dose calculation by these studied methods.

Keywords: Lung absorbed dose, OLINDA dosimetry program, thyroid cancer, S-value, MIRD

‘32 eansmatiansunndidedlusl




unAQEo
uni AngnAaslunsA I Banusdganaureansidlelenu - 131 ludesasinoudAnly
nsrvuaLFannussaimanzadliiudilas ednendiaglimaanlsaviamunsnnuaumsaiiu
vadlspld Inefianadasrefsiianiign mednmifinguszasdienfauiiausBanuidganau
ludensagdsAuinsasiaannnaunuaeddliuazainllsunsnis@nnin OLINDA uazAnanswa
1e9u9atanRan T UIMANLTIMTERANAL
FamsAnu JunsinmuuudoundsufihelsansSrieslnsasfiansundnszasraqaaduziia
lihleadauau 10 efidhsunisinendaasivilelefu-131funsun Intlduanns i 'la anf 3
AuIANUTN SN EganaUlulansagdAuaAraiaannInaLnuaaINALaznisldllsun
Fa@Adin OLINDA uazihAn S-value 2 gafidfuilysanndays SAF uazaialesuadiudians
Faah-uanAofuau-an iy wazanuaatlontespulnasdlFlunsfuanmagassesidy la 015 5
msnnsitayemliinusidganadlulesdilyannisfusniiseddsldmfatazanaunnsing
student pair t-test LAZANENLIIZANEEVENWLS
wamsAnen hiflanuuaniiuatniitsddnmnesdftesfanuisdganauiidanainnnasuon
fefauallsunsnis@adin OLINDA fatan p>0.05 tFunmuisdganalutleafidiuingaesn Svalue
ANYUAIRBY FA3ER - LN LABSIAL - ATy wazfiFuIniane Svalue anuaatanaulng fanx
AiusAidansznindsmuinfiauaziuanannllsunsais@adin OLINDA dasrnduisyand
ANANTUEVINALT.0 AFaaszAnNuANANgsEnad A uIniauazltlsunsnis@atin OLINDA a1nms
FuInIFaEen Svalue ANYUIIAB AIEH - LaNLABTLIL - anTiu uasTiFuanIFatA S-value AN
unadanaling Satanndt 0.5 uaz 0.3 MuEAL uazwTA NS EgAnALTAuINAN S-value
wnatlenmilnefienganieinnisdganauiisuaniddain Svaue 1a9vuA0e AR - LBNABTWHY
- @iy AUANTRLAZANNLANGNAELTENING 20.4 D 38.3
agiluamsfinen Bannssdganauiilasanmedundaianaesdmliuandeiudield s-vaue
gaiReaii fedumsmuinaedzaddumiuld uenaninmsnlasuulasasaseiunziavawe
IntiRsIAa S-value uazANBanuiidganan asrsiansanatnssetnsyddlunsin i ldiunisamuan
WUy L8 la 8135 uaziauauulinNea1898daaEANINNNIUNNEAIANNEIFNS 7] iU LENaI§le
7 gansmail iilelfulsarnagnieausdusiiresnisiuananuisdganaudieAsnisAuani
Flunsfinenil

Ar99ia: snuidganawitles Tusunsuss@adln OLINDA nzifvlnsess S-value MIRD

Introduction

Lungs are the most frequent distant metastatic
site in well differentiated cell thyroid cancer (WDT) that
cause a complicated protocol for 1-131 treatment.’ The
metastatic WDT cell is destroyed by within cell radiation

of 191 keV beta emission but normal lung cell is also

damaged by 364 keV gamma emission of |-131 decay.
The observed lung complications are pneumonitis, lung
fibrosis, and insufficient lung function which radiation
dose to lungs has to be adjusted.” In order to optimize

the efficacy of 1-131 treatment with the less radiation
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side effects to lungs. The update treatment protocol for
WDT with lungs metastases includes Medical Internal
Radiation Dosimetry (MIRD) for radionuclide treatment
planning3 because the administered activity is related to
radiation absorbed dose in lungs. Estimation of lungs
absorbed dose is very sophisticate that why a standard
procedure is needed. At present, a specific protocol
for internal dosimetry by MIRD is accepted and widely
applied for I-131 treatment planning.* Following the MIRD
principle, an absorbed dose can calculate with manual
method or computer program by using physical and
biological data set of each radiopharmaceutical. Most of
these data were obtained from experiments in reference
man phantoms of Caucasian. If the internal dosimetry
for 1-131 WDT treatment is applied in different races
then more studies of proper physical and biological data
for specific absorbed dose calculation are needed. This
study aimed to compare |-131 lung absorbed doses

by manual calculation from quantitative two-dimensional
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scan images and OLINDA dosimetry program and to
study the affect of lung mass on calculated absorbed

dose for Thais.

Materials and Methods

10 WDT patients with lung metastases from
Maharaj Nakorn Chiang Mai Hospital, Faculty of
Medicine, Chiang Mai University were studied. All of them
had the first treatment of radioactive iodine-131 and
underwent whole body scan (WBS) after received iodine
-131 treatment 5-8 days, WBS images were illustrated
in Figure 1. Calculation of radioactive absorbed dose
in lungs under MIRD principle were done by manual
method and OLINDA dosimetry program. ° Two sets
of adjusted I-131 S-value derived by specific absorbed
fraction (SAF)"*'® lungs mass of Cristy-Eckerman-Stabin
phantoms'" and Thais' lung mass were applied in MIRD

formula.”
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Figure 1 The whole body scan images of well differentiated thyroid cancer with lung

metastases patient after 5-8 days of I-131
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Basic MIRD Formula

Where D, is the mean absorbed dose to a
target organ (Gy),A(S)is cumulated activity within the
source organ (Bg-sec or Ci-hr) , s (r<s) is the mean
absorbed dose per unit cumulated activity (cGy/Ci-hr or

Gy/Bg-s ),

A(S) =1.443T A

Cumulated activity A(S)
is cumulated activity within the source organ

(Bg-sec or Gi-hr), T . is the effective half-life (hr or day)

eff
and A0 is the administered activity (Bqg or Ci) at time 0.

S value formula

(T <—S) = kz Eiyi o

I i (T<9)

where y is the number of radiations with energy
E emitted form radionuclide per nuclear transition, E is
the energy of the i* radiation (l\/IeV),(Di is the specific

absorbed fraction; SAF %, s the constant of conversion

unit :
K = 6.1 x 10“ for conversions unit of S-value is
mGy/MBq sec
or K= 2.13 for conversions unit of S-value is
rad/pCi hr
and = M
1 (T<— 5 m

(T

when ¢j is the fraction of radiation energy emitted
for the i* radiation in @ source organ that is absorbed in the
target organ ,also sometimes called absorbed fraction

and m, is the mass of target region (g or kg)

Quantitative 2 Dimensional Scan images

The quantitative activity in region of interest (ROI) or

source organ calculated by MIRD formula’:

A= | LI f
g'“et C

where Aj is activity in ROl of whole body scan images,

IA and IP are the anterior and posterior counts in the ROI
region, B is the effective attenuation coefficient, t is the
average patient thickness over the RO, 1‘l is the source
self-attenuation coefficient, and C is a source calibration
factor (cps/Bq), obtained by counting a source of known

activity in air.>'

Lung Absorbed Dose Formula

6Lung = (ALung x S(LungeLung))—F (AThyroid X S(LungeThyroid))

OLINDA /EXM Dosimetry program

OLINDA/EXM dosimetry program is an acronym
standing for Organ Level Internal Dose Assessment/
Exponential Modeling which uses calculate internal
radiation dose was designed as an update to MIRDOSE.
Just with  models ofthe Cristy-Eckerman-Stabin
phantoms (adult male, adult female, children of various
ages, and women at three stages of pregnancy) and to
add several new individual organ models (prostate gland,
peritoneal cavity, head/brain, multipart kidney, bone and
marrow) . Many more nuclides were included, over 800
vs. around 240 available in the MIRDOSE codes are
used dose conversion factor (DFs) or the S-value for
all source organs and target organ of the each age and
radionuclide type which user can adjust the mass of
internal organ.’

The steps of internal dose calculation by OLINDA/
EXM dosimetry program were; select a radionuclide and
reference phantom model, enter cumulated activityﬁ(s)
or percentage uptake in lungs and the effective half life
(Teﬁ) of radionuclide in lung. The program will calculate
and display the absorbed dose in lung and the effective

dose of each patient as show in Table 1.
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The lung absorbed dose by manual calculation program were analyzed by percentage of differences,

fromtwo-dimensional scanimages and OLINDA dosimetry  student pair t-test and correlation coefficients.

Table 1 Example of organ absorbed dose (mSv/MBq) of I-131 in adult female phantom calculated by
OLINDA/EXM dosimetry program

Target Organ Alpha Beta Photon Total EDE Cont. ED Cont.
Adrenals 0.00E+00 0.00E+00 9.79E-03 9.79E-03  5.88E-04 4.90E-05
Brain 0.00E+00 0.00E+00 6.59E-04 6.59E-04  0.00E+00 3.29E-06
Breasts 0.00E+00 0.00E+00 8.78E-03 8.78E-03  1.32E-03 4.39E-04
Gallbladder Wall 0.00E+00 0.00E+00 3.16E-03 3.16E-03  0.00E+00 0.00E+00
LLI Wall 0.00E+00 0.00E+00 3.52E-04 3.52E-04  0.00E+00 4.23E-05
Small Intestine 0.00E+00 0.00E+00 8.65E-04 8.65E-04  0.00E+00 4.32E-06
Stomach Wall 0.00E+00 0.00E+00 5.24E-03 5.24E-03  0.00E+00 6.29E-04
ULI Wall 0.00E+00 0.00E+00 1.03E-03 1.03E-03  0.00E+00 5.17E-06
Heart Wall 0.00E+00 0.00E+00 1.79E-02 1.79E-02  1.08E-03 0.00E+00
Kidneys 0.00E+00 0.00E+00 3.25E-03 3.25E-03  0.00E+00 1.62E-05
Liver 0.00E+00 0.00E+00 8.59E-03 8.59E-03 5.15E-04 4.30E-04
Lungs 0.00E+00 4.38E-01  4.90E-02 4.87E-01  5.85E-02 5.85E-02
Muscle 0.00E+00 0.00E+00 4.46E-03 4.46E-03 0.00E+00 2.23E-05
Ovaries 0.00E+00 0.00E+00 3.87E-04 3.87E-04 9.68E-05 7.74E-05
Pancreas 0.00E+00 0.00E+00 7.38E-03 7.38E-03 4.43E-04 3.69E-05
Red Marrow 0.00E+00 0.00E+00 4.71E-03 4.71E-03  5.65E-04 5.65E-04
Osteogenic Cells 0.00E+00 0.00E+00 4.84E-03 4.84E-03 1.45E-04 4.84E-05
Skin 0.00E+00 0.00E+00 2.25E-03 2.25E-03  0.00E+00 2.25E-05
Spleen 0.00E+00 0.00E+00 7.05E-03 7.05E-03  0.00E+00 3.53E-05
Thymus 0.00E+00 0.00E+00 1.19E-02 1.19E-02  7.14E-04 5.95E-05
Thyroid 0.00E+00 2.33E+00 1.55E-01 2.49E+00 7.46E-02 1.24E-01

Urinary Bladder Wall 0.00E+00 0.00E+00 1.94E-04 1.94E-04 0.00E+00 9.72E-06

Uterus 0.00E+00 0.00E+00 3.63E-04 3.63E-04 0.00E+00 1.82E-06
Total Body 0.00E+00 6.86E-03 4.91E-03 1.18E-02 0.00E+00 0.00E+00
Effective Dose Equivalent (mSv/MBQ) 1.39E-01
Effective Dose (mSv/MBQ) 1.85E-01
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Results

No significant difference of lung absorbed dose by
manual calculation and OLINDA dosimetry program,
p>0.05 (Table 2 and Table 3). An excellent correlation of
absorbed doses between manual and OLINDA dosimetry

program was found in both conditions of using the

S-value of Cristy—Eckerman-Stabin phantoms (Figure 2)
and the adjusted S-value with Thai’s lung mass, r = 1.0
(Figure 3).

The percentage of difference between manual
calculation and OLINDA dosimetry program by Cristy—

Eckerman-Stabin S-value and adjusted S-value

Table 2 Percent differences of lung absorbed dose between manual calculation and OLINDA dosimetry

program by using S-value of Cristy-Eckerman-Stabin phantom

Lung absorbed dose calculated by using S-value of

Patients Cristy—Eckerman—Stabin phantoms (mGy) Difference (percentage)
Manual OLINDA
1 1.2748%10° 1.2765%10" 0.133
2 3.1483%10° 3.1524%10° 0.130
3 8.2553%10° 8.2510X10° -0.052
4 1.2812x10° 1.2821%10° 0.066
5 3.1554X10° 3.1580%10° 0.081
6 1.0684%10° 1.0712%10° 0.257
7 2.7010%10° 2.7029%10° 0.068
8 6.4087X10° 6.4380%10° 0.455
9 5.2832X10° 5.2892X10° 0.112
10 4.3657%10" 4.3734%10" 0.176

Table 3 Percent differences of lung absorbed dose between calculated manual and OLINDA dosimetry

program by using S-value of Thais

Lung absorbed dose calculated by using S-value

Patients of Thai people (mGy) Difference (percentage)
Manual OLINDA
1 1.9538% 10" 1.9314x10°" -0.116
2 4.0128%10° 3.9590%10° -0.136
3 1.2652X10° 1.2506%10° -0.117
4 1.9635X10° 1.9370%10° -0.137
5 5.1141X10° 4.9950%10 -0.238
6 1.7315%10° 1.6872%10° -0.263
7 4.1396X10° 4.0904X10° -0.120
8 9.8218%10° 9.7125%10° -0.113
9 8.0969%10° 7.9920%10° -0.131
10 6.6908%10" 6.6045X10" -0.131
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with Thais' lung mass was lesser than 0.5 and 0.3
respectively. Higher lung absorbed dose was found in
adjusted S-value of Thais' lung mass than S-value of
Cristy-Eckerman-Stabin phantom. The percentage of
absorbed dose differences by these two S-value sets

laid between 20.4 to 38.3 (Table 4 and Table 5).
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Discussion

Since 1948, 1-131 has been used for WDT
treatment with satisfied clinical outcome in patient with
low grade cancer staging. But a complex |-131 treatment
was found in case of WDT with lungs metastases due

to clinical optimization for treatment efficacy and the
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Figure 2 An excellent correlation of lung absorbed dose between manual calculation and OLINDA dosimetry

program by using S-value of Cristy—-Eckerman-Stabin phantoms, r = 1.0
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Figure 3 An excellent correlation of lung absorbed dose between manual calculation and OLINDA dosimetry

program by using S-value of Thais, r=1.0
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Table 4 Increased differences about 22-38 percents of lung absorbed dose by manual calculation

method between using S-value of Cristy—Eckerman-Stabin phantoms and modified S-value of

Thais
Lung absorbed dose calculated by manual (mGy)
Difference
Patients S-value of Cristy—Eckerman—
S-value of Thai people (percentage)
Stabin phantoms

1 1.2748%10" 1.9538%10" 34.75
2 3.1483%10° 4.0128%10° 21.54
3 8.2553X10° 1.2652%10° 34.75
4 1.2812%10° 1.9635%10° 34.75
5 3.1554X10° 5.1141X10° 38.30
6 1.0684%10° 1.7315%10° 38.30
7 2.7010%10° 4.1396X10° 34.75
8 6.4087X10° 9.8218%10° 34.75
9 5.2832%10° 8.0969%10° 34.75
10 4.3657%10" 6.6908% 10" 34.75

Table 5 Increased difference about 20 — 37 percents of lung absorbed dose by OLINDA dosimetry

program between using S-value of Cristy—-Eckerman—-Stabin phantoms and modified S-value of

Thais
Lung absorbed dose calculated by OLINDA dosimerty program (mGy) Difference
Patients S-value of Cristy—Eckerman—
S-value of Thai people (percentage)
Stabin phantoms
1 1.2765%10" 1.9314%10" 33.91
2 3.1524%10° 3.9590%10° 20.37
3 8.2510X10° 1.2506X10° 34.02
4 1.2821%10° 1.9370%10° 33.81
5 3.1580X10° 4.9950%X10° 36.78
6 1.0712%10° 1.6872%10° 36.51
7 2.7029%10° 4.0904%10° 33.92
8 6.4380%10° 9.7125%10° 33.71
9 5.2892X10° 7.9920%10° 33.82
10 4.3734%10° 6.6045% 10" 33.78
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awareness of radiation risk to lung tissue.”"® The high
gamma rays of 364 keV of I-131 decay will damage lung
tissue and cause some serious complications such as
lungs fibrosis, pneumonitis, lung function insufficiency.
An internal organ absorbed dose measurement is now
introduced as a tool for radionuclide treatment planning
which benefit very much for advance WDT therapy
with 1-131. The MIRD techniques for internal absorbed
dose measurement are widely applied both manual and
computerized calculation methods. In this study found
no significant difference of lungs doses between manual
calculation and OLINDA program (p>0.05) because of
both methods were derived from the same principle and
database. But more random errors were observed in
manual calculation than computer program due to many
calculation steps. Then, to recheck the results by expert

dosimetrist can minimize these errors.

According to MIRD formula, Dy) = ZA)  Sr. s
to define an Z«(S) in patient’s lungs depended on
individual effective half-life (Teﬁ) of 1-131 in lungs. The
serial time interval of lungs images by WBS was an
essential performance for accurate activity measurement.
At least 3 time intervals were recommended. The one
point data of Z«(S) from this retrospective study may
not equivalent for clinical decision but it is valuable for
new implementation of internal radiation dosimetry. In
addition, a finding of higher lung absorbed dose by
adjusted S-value of Thais' lung mass than S-value of

Cristy-Eckerman-Stabin with percentages of difference

range 20.4-38.3 was nailed on the effect of organ mass
to internal dose calculation. The improved organ mass
measurement by high quality medical images such
as computerized tomography (CT) images, magnetic
resonance images (MRI), ultrasonography (US) etc.,
could increase accuracy of internal dosimetry.
Establishment of medical internal radiation
dosimetry needs accurate quantitative equipment and
qualified medical physicist. All instrument use in internal
dosimetry should have continuous quality control and
quality assurance program for accuracy and reliability
results. A computer program for internal dosimetry should
be utilized or developed in order to minimize random
errors, less time consuming, support high workflow unit.
Moreover, thinking of national reference man phantom

for S-value database have to be plan especially in high

competency laboratory.

Conclusion

The absorbed doses in lungs calculated by
manual method and OLINDA program were not different
when using the same S-value data set. Both calculation
methods could be compatible for application in internal
dosimetry. The individual measurement of organ mass
by high-quality medical images such as MRI, CT, US
were recommended to improve accuracy and precision
of absorbed dose calculation. Carefully measurement of
,&(S) in region of interest and correct S-value selection

were affected on absorbed dose validation.
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