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Prior to therapy, 10.7 MBq 3!l in average was orally given to 24 patients suffering
from DTC. MIRD formalism was used for dosimetric calculations. For blood and
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24, 72, and 120 h after 1-131 administration. For remnant tissue dosimetry, uptake
measurements were performed at the same time intervals. To estimate the remnant
volume, anterior and lateral planar gamma camera images were acquired with a ref-
erence source within the field of view at 24 h after I-131 administration. Ultrasound
imaging was also performed. Treatment activities determined with the fixed activity
method were administered to the patients. Secondary cancer risk relative to applied
therapy was evaluated for dosimetric approaches. The average dose to blood and
bone marrow were determined as 0.15 4+ 0.04 and 0.11 + 0.04 Gy/GBq, respec-
tively. The average remnant tissue dose was 0.58 + 0.52 Gy/MBq and the corre-
sponding required activity to ablate the remnant was approximately 1.3 GBq of 3.
A strong correlation between 24th-hour uptake and time-integrated activity coeffi-
cient values was obtained. Compared to fixed activity method, approximately five
times higher secondary cancer risk was determined in bone marrow dosimetry, while

the risk was about three times lower in lesion-based dosimetry.
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1 | INTRODUCTION

Radioactive iodine ablation (RAI) treatment has been used for
most of the cases after surgery for almost 60 yr.! RAI treatment is

Patients with well-differentiated thyroid cancer have a long life
expectancy after successful therapy; even though a lifelong risk of
recurrence such as local, regional, or less commonly distant metas-
tases may develop.! Most of these recurrences can be overcome
successfully with radioiodine treatment after surgery; for this reason,

ablation of remnant thyroid tissue is critical.

usually preferred to extinguish the remnant tissue in any location.
This treatment also provides an increase in sensitivity of imaging
methods and thyroglobulin (Tg), a specific tumor marker. There are
clinical studies showing that RAIl treatment reduces the risk of tumor
recurrence, metastases, and long-term mortality. The treatment
activity is generally decided according to the patients’ clinical
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situation in most of nuclear medicine clinics. Suggested treatment
activity for the ablation treatment varies from 0.9 to 7.4 GBq in the
literature.>® Recurrence ratios in the studies do not illustrate a sig-
nificant difference in the patients who are applied 1.1-1.9 GBq RAI
treatment and who are applied 1.9-7.4 GBq (7% and 9%, respec-
tively).! One of the randomized prospective study shows that 81%
of the patients have been ablated in their first treatment with
1.1 GBq RAI and this ratio is 84% with 3.7 GBq.” Hence, there is no
certain treatment activity decided in the RAI treatment to ablate the
remnant tissue based on the fixed activity method.

Nowadays, the required ablation treatment activity for the
patient is determined according to the fixed activity method, which
is based on clinical and pathological observations and dosimetry
methods as well. Two dosimetry approaches are used for the RAI
treatment.®2 The first one, defined by Benua et al.” in 1962, is to
give maximum safe activity to patients. As stated in their study,
they aimed to give maximum activity without exceeding 2 Gy dose
to the blood as a surrogate for the bone marrow, the critical organ
in RAI treatment. The second dosimetry technique is lesion-based

dosimetry, which was first mentioned in the study of Maxon et al.

TasLe 1 Patients’ data.

Patient No Gender Age TSH (ulU/ml)
1 F 43 74
2 F 45 49
3 F 16 137
4 F 52 52
52 F 11 96
F 47 82
M 42 15
M 42 39
9 F 40 52
10 M 88 56
11 F 40 113
12 F 53 48
13 F 36 70
14 [ 57 113
15 M 42 104
16 7 51 99
17 F 50 84
18 F 49 100
19 F 37 150
20 M 65 127
21 F 28 77
22 F 28 74
23 F 28 87
24 M 44 32
Average: 40.8 80.3
Standard deviation: 12.2 E818

?Pediatric patient.
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in 1983.1° In their work, they suggested that minimum 300 Gy to
the remnant thyroid tissue and minimum 80 Gy to metastases
should be given for a successful treatment. The most important
advantage of this method was to ablate the remnant tissue with
lower activities.

This study aimed to determine the absorbed dose to bone mar-
row and remnant thyroid tissue of the patients with Differentiated
Thyroid Carcinoma before the ablation therapy without interrupting
the clinical routine. The associated relative secondary cancer risk

was also analyzed.

2 | MATERIALS AND METHODS

Twenty-four patients (F/M: 18/6, average age: 40.8 4 12.2, TSH:
80.3 £ 33.3, and Tg: 9.2 £ 8.9) suffering from papillary and follicular
thyroid carcinoma were included in this study. All patients under-
went a routine uptake study before ablation treatment. For this pur-
pose, the average of 10.8 + 1.7 MBq °!l was orally given to the

patients. The administered activities for each patient can be seen in

Uptake study Ablation treatment

Tg (ng/ml) activity (MBq) activity (GBq)
9 11.1 3.7
14 9.4 3.7
<0.001 9.3 3.7
13 11.6 3.7
4 8.8 1.7
29 11.1 3.7
31 10.2 3.7
0.1 9.9 3.7
0.4 11.2 3.7
23 11.6 5.6
17 11.8 3.7
1 10.5 3.7
6 10.8 3.7
9 11.3 5.6
3 10.8 3.7
8 10.8 5.6
10 10.8 3.7
0.2 11.2 3.7
59 9.5 3.7
2.3 18.1 3.7
3.3 10.5 3.7
0.3 9.3 3.7
15.0 9.5 3.7
17.9 9.9 3.7
9.2 10.8 3.8
8.9 1.7 0.8
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Table 1. Blood samples, anterior and posterior whole-body counts,
Ultrasound and planar gamma camera images were used for dosime-
try calculations.

Blood, bone marrow, and remnant thyroid tissue doses were cal-

culated for each patient using MIRD scheme.!?

2.A | Blood and bone marrow dosimetry

EANM blood and bone marrow dosimetry in differentiated thyroid
cancer therapy guideline’® was used to calculate blood and bone
marrow doses. According to the guideline, the average dose to blood
can be calculated by:

0.0188

W X Ttotal body [h] (1)

D Gy

Z:}d |:G—Bq:| =108 x Tmillilitreofblood[h] +
where Ag is the administered activity, t is the time-integrated activ-
ity coefficient (TIAC) (formerly known as residence time), and wt is
patient’s body weight. Bone marrow dose calculation equation given

in the guideline is:

Ao |GBq

Dredmarrow Gy
wt

0.106
:| =61x Tmillilitreofblood[h] + w X Ttotalbody[h} (2)

To calculate the activity in the blood, 2 ml blood samples at 2,
24, 72, and 120 h were analyzed using the calibrated well-type
Nal gamma counter (Capintec Captus-3000, Capintec, Inc. NJ,
USA).

Anterior and posterior whole-body counts at 2, 24, 72, and
120 h were measured using the Nal probe detector (Capintec Cap-
tus-3000, Capintec, Inc. NJ, USA) at a distance of 2 m from the
patient. The probe was positioned at the bottom level of the
patient’s sternum.*® The position of the probe and the patient was
constant for the counting repeatability.

Whole-body counts at 2 h were taken as a reference that repre-
sent the total administered activity because the patients were not
allowed micturition until the measurements were performed. Posi-
tion changes of the activity in the body were ignored.

The TIACs were calculated using the software solution NUK-
FIT,** choosing the optimal fit functions as proposed by the code. A
systematic error in activity determination of 10% was assumed in
the calculations.

Another bone marrow dose calculation was performed accord-
ing to the EANM bone marrow dosimetry guideline (EANM-
2010).*> For thyroid treatment with **!I-Nal, only the dose from
extracellular fluid to bone marrow and dose from the rest of the
body to bone marrow were calculated as mentioned in the guide-
line. To estimate activity concentration in bone marrow based on
activity concentration in blood, red marrow-to-blood activity con-
centration ratio (RMBLR) was used as unity.15 S factor for the rest
of the body was calculated according to EANM-2010.2> Cristy and
Eckerman’s'® 10-year-old child, adult female and male MIRD phan-
toms were used. S factors for bone marrow to bone marrow and
whole-body to bone marrow were taken from the study by Stabin

and Siegel.”

2.B | Remnant thyroid tissue dose calculation

For the calculation of dose to remnant thyroid tissue, the Unit-den-
sity Sphere Model was used.'® In this model, the tissues were simu-
lated as spheres with density of 1 g/cm?®.

The remnant tissue volumes were determined using both Ultra-
sound (US) and planar gamma camera images taken at 24 h after
131 intake. In US imaging, the diameters of the remnant tissue were
measured in three dimensions. In the gamma camera imaging, a
cylindrical source (having a diameter of 2.5 cm, height of 1 cm, filled
with 370 kBq of *°1I) was located at the same distance with the thy-
roid. The diameters of the remnant tissue were determined by the
comparison of the full width at half maximums (FWHMs) of the pro-
files drawn on the center of both the cylindrical source and the
remnant.

To calculate the cumulative activity in the thyroid, uptake
values at 2, 24, 72, and 120 h after injection were determined
using the thyroid uptake system. The time-activity curve of the
thyroid was integrated using a trapezoidal integration. After the
last time point, only the physical decay was taken into account.

The S factors for the remnant tissue dosimetry were determined
from the fit function of the data by Stabin and Konijnenberg.'®

2.C | Relative secondary cancer risk assessment in
dosimetry approaches

Relative secondary cancer risk assessments in dosimetry approaches
were done considering that doses to organs were directly propor-
tional to the administered activity, and relative secondary cancer risk
was directly proportional to the organ doses within the same patient.
Thus, relative secondary cancer risk in dosimetry approaches was
determined by dividing activity calculated in the dosimetry approach

by the applied treatment activity.

3 | RESULTS

All patients were in stage 1 according to TNM.'? Seventeen of
the patients had papillary thyroid cancer and one of them minimal
invasive follicular cancer. Radioactivity of 3.7 GBq 3! was admin-
istered to 20 patients, while three of the patients were adminis-
tered 5.6 GBq ®!l because of having lymph node invasion. For
the pediatric patient (patient no:5 in Table 1) 1.7 GBq °! was
administered according to her mass index. Re-operation was sug-
gested for the patients with 24th-hour uptake value higher that
15% (patients 7, 17, 23, and 24). These patients could not be
operated due to the existence of thyroiditis.

Blood and bone marrow doses according to the two different
EANM guidelines are given in Table 2. There was no significant dif-
ference observed between bone marrow doses according to two
EANM guidelines (P > 0.05). Significant differences were found
between blood and bone marrow doses from both guidelines
(P < 0.05).
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TasLE 2 Blood and bone marrow doses according to the two
different EANM guidelines.

Bone marrow Bone marrow

Blood dose from dose from dose from
EANM-2008"2  EANM-2008"2  EANM-2010"%
Patient no. (Gy/GBq) (Gy/GBq) (Gy/GBq)
1 0.15 0.12 0.11
2 0.17 0.15 0.14
3 0.17 0.12 0.11
4 0.16 0.14 0.13
5 0.19 0.15 0.14
6 0.12 0.10 0.09
7 0.20 0.16 0.15
8 0.23 0.18 0.17
9 0.10 0.08 0.07
10 0.07 0.06 0.05
11 0.20 0.15 0.14
12 0.18 0.13 0.12
13 0.09 0.07 0.07
14 0.16 0.11 0.11
15 0.15 0.11 0.10
16 0.10 0.07 0.07
17 0.19 0.15 0.14
18 0.09 0.07 0.07
19 0.13 0.11 0.10
20 0.14 0.07 0.10
21 0.10 0.05 0.08
22 0.09 0.04 0.07
23 0.16 0.08 0.14
24 0.14 0.07 0.12
Average: 0.15 0.11 0.11
Standard 0.04 0.04 0.03
deviation:

Effective half-life of the activity was determined as 12.9 h for
the total body and 9.6 h for the blood. The corresponding TIAC val-
ues were 39.1 and 4.0 h, respectively.

As for thyroid remnant tissue, 24th-hour uptake, effective half-
life (T,,), and TIAC values are shown in Table 3.

Thyroid tissue volumes measured both with gamma camera and
US and their related doses are indicated in Table 4. The volume val-
ues were in a wide range between two modalities (average 4.6 cm®
with gamma camera, while 1.4 cm® with US).

To be used in dosimetry calculations for future patients, the cor-
relation between 24-h uptake and TIAC values was also investigated.
A strong correlation was obtained between these quantities
(Adjusted R? = 0.972) (Fig. 1).

Relative secondary cancer risk in selected dosimetry
approaches with respect to the applied therapy is given in
Table 5.

WILEY——Z

TasLe 3 Twenty-forth-hour uptake, effective half-life (T4/5), and
time-integrated activity coefficient (TIAC) values in remnant thyroid
tissue.

Thyroid
Patient no. 24th hour uptake (%) T, (h) TIAC (h)
1 10.1 203.7 29.0
2 8.3 255.7 26.0
3 4.7 70.2 6.8
4 10.7 222.5 26.6
5 2.6 104.3 5.5
6 4.8 155.5 9.6
7 16.7 297.8 64.2
8 12.0 216.9 35.7
9 1.0 824 2.4
10 21 126.8 5.0
11 54 75.8 10.2
12 6.8 2295 214
13 1.9 2751 6.6
14 1.6 224.5 4.2
15 1.8 107.6 32
16 1.3 76.9 3.0
17 15.5 198.1 41.8
18 59 2341 184
19 71 285.0 25.7
20 1.7 242.0 5.5
21 21 242.0 5.6
22 7.3 326.7 29.3
23 19.6 246.2 62.7
24 16.5 300.7 61.4
Average: 7.0 200.0 21.3
Standard deviation: 55 78.3 194

4 | DISCUSSION

Remnant tissue ablation has been well established and accepted in
the management protocol of DTC for many years. The National Thy-
roid Cancer Treatment Cooperative Study group had confirmed that
postoperative RAIl treatment was associated with improved cancer-
specific mortality rates and reduced disease progression in well
DTC.?®

With this study, it is proven that remnant ablation can be
achieved by either administering an empiric fixed activity of 1| or
using dosimetry-guided techniques. Because of the technical and
logistic difficulties, many clinics have preferred to use the fixed activ-
ity technique with 0.9-7.4 GBq of *3!1.2°¢ However, the activity for
ablation of the remnant tissue is an ongoing debate. The adminis-
trated activity decided regardless of the bio-kinetics of iodine is the
main disadvantage of fix activity treatment method. This drawback
may cause over or insufficient treatment. For this reason, dosimetry

approaches increasingly gain importance.
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TasLe 4 Thyroid tissue volumes with gamma camera and US and related doses.

Gamma camera uUs
Required activity Required activity
Remnant thyroid for 300 Gy to Remnant thyroid for 300 Gy to
Patient no Volume (cm?®) tissue dose (Gy/MBq) Remnant (GBq) Volume (cm?®) tissue dose (Gy/MBq) Remnant (GBq)
1 8.7 0.40 0.75 11 2.94 0.10
2 5.0 0.61 0.49 0.2 15.35 0.02
3 6.6 0.12 2.44 1.9 0.40 0.75
4 6.3 0.51 0.59 0.8 3.61 0.08
5 2.6 0.25 1.22 0.2 3.90 0.08
6 5.7 0.20 1.49 1.0 1.08 0.28
7 9.3 0.83 0.36 3.1 2.38 0.13
8 4.4 0.96 0.31 1.3 3.22 0.09
9 2.5 0.11 271 0.5 0.49 0.61
10 3.7 0.16 1.90 0.5 1.08 0.28
11 1.6 0.71 0.42 1.0 1.16 0.26
12 7.4 0.34 0.87 2.3 1.06 0.28
13 1.9 0.40 0.75 5.5 0.14 2.10
14 6.1 0.08 3.66 2.6 0.19 1.57
15 5.5 0.07 4.36 0.1 3.35 0.09
16 5.3 0.07 4.47 0.2 1.77 0.17
17 4.7 1.04 0.29 0.9 5.42 0.06
18 22 0.97 0.31 1.0 2.08 0.14
19 4.3 0.71 0.42 0.7 391 0.08
20 1.9 0.34 0.89 0.8 0.81 0.37
21 35 0.19 1.61 3.8 0.17 1.72
22 2.9 1.18 0.25 0.9 3.84 0.08
23 3.3 2.20 0.14 11 6.70 0.04
24 4.8 1.51 0.20 1.5 4.77 0.06
Average: 4.6 0.58 1.29 14 291 0.39
Standard deviation: 21 0.52 1.29 %3 3.14 0.56

70 4
E n
= 60 -
3 |
£ 50 y=3.192x
QL 2
S Adj. R*=0.972
Z 40 "
z 2
2
30 -
3 m "u
«
20
=
g 104 -
[= n .
0 T T T T T T T T
0 5 10 15 20

24th Hour Uptake (%)

Fic. 1. The relationship between 24th-hour uptake value and
TIAC.

Although generally it is used for the patients with metastatic thy-
roid cancer, maximum safe activity calculation was also included in
this study. The main reason for this is to be aware of the safe activ-
ity levels used in the treatments. Besides, not only blood doses for
which Benua et al.” found a maximum safe absorbed dose of 2 Gy,
but also bone marrow doses, for which an absorbed dose of 2 Gy is
generally considered as safe, were calculated.

Two different guidelines of EANM (EANM 20082 and EANM
2010%°) were used for bone marrow calculation, while EANM 2008
guideline’? was used for blood dose calculation. When compared
with blood doses, calculated bone marrow doses based on EANM
guidelines of 2008 and 2010 were lower by about 30%. This
suggests that the activities calculated for maximum safe blood dose
are also safe for bone marrow. According to the two different
EANM guidelines, the average bone marrow dose values were
almost the same (0.105 Gy/GBq for EANM 2008 and 0.108 Gy/
GBqg for EANM 2010), although there were some differences for

some individual patients.
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TaBLE 5 Relative secondary cancer risk in dosimetry approaches relative to applied therapy.

Relative secondary cancer risk

Ablation treatment Blood dosimetry

Patient no. activity (GBq) (EANM-20082)
1 3.7 3.7
2 3.7 3.2
3 37 3.1
4 3.7 3.5
5 1.7 6.3
6 3.7 4.4
7 3.7 2.8
8 3.7 2.3
9 37 52
10 5.6 4.8
11 3.7 2.7
12 3.7 3.0
13 37 6.0
14 5.6 2.2
15 3.7 3.5
16 5.6 34
17 37 29
18 3.7 6.0
19 37 41
20 3.7 3.9
21 3.7 5.4
22 3.7 6.1
23 3.7 3.3
24 3.7 3.9
Average: 4.0
Standard deviation: 1.2

The average blood dose was found as 0.15 Gy/GBq in this study.
Our result is compatible with the literature where the mean blood
dose values are reported between 0.08 Gy/GBq and 0.23 Gy/
GBq.2"2% Calculated maximum safe activities using both guidelines
were much higher than the treatment activities decided by the fixed
activity method. In other words, the bone marrow doses of the
patients included in this study are much lower than the toxic dose
for the bone marrow. Our findings also showed that bone marrow
dosimetry is not an optimized approach for ablation treatment of
thyroid cancer.

As for thyroid remnant tissue dosimetry, doses were calculated
according to the tissue volumes obtained from not only gamma cam-
era but also from US images. Remnant thyroid tissue doses based on
gamma camera and US imaging measurement had an average value
of 0.58 + 0.52 and 2.91 + 3.14 Gy/MBq, respectively (Table 4).
The difference as a factor of 5 between calculations was caused by
the volume measurements of the remnant tissue. Determining the
remnant volume with US or computed tomography (CT) is unreliable
after surgery for ablation treatment.® The detection ability of the US

imaging for small objects is limited. Thus, the remnant volumes

Bone marrow
dosimetry (EANM-2010%%)

Remnant thyroid
tissue dosimetry (gamma camera)

4.8 0.2
4.0 0.1
4.8 0.7
4.1 0.2
8.9 0.7
55 04
35 0.1
3:2 0.1
7.7 0.7
6.6 0.3
3.9 0.1
4.3 0.2
7.9 0.2
34 0.7
54 1.2
51 0.8
3.9 0.1
8.2 0.1
53 0.1
5.4 0.2
7.2 0.4
74 0.1
3.8 0.0
4.5 0.1
5.4 0.3
1.7 0.3

determined by US images were considered as underestimating the
remnant volume. The gamma camera volume estimation, however,
was overestimating the remnant volume due to the spill-out effect.
Overestimating the volume leads to underestimation of the dose to
remnant per unit activity. This approach gives additional safety mar-
gin for the therapies. Considering overestimated remnant thyroid tis-
sue volume with gamma camera and 300 Gy to thyroid remnants is

1,1 approxi-

enough for the ablation as mentioned by Maxon et a
mately 1.3 GBq of 31| in average should be sufficient for a success-
ful ablation treatment. A strong correlation was obtained between
TIAC and 24th-hour uptake values (Adjusted R? = 0.972) (Fig. 1).
The correlation can be used for the estimation of TIAC values from
single uptake measurement instead of a number of sequential mea-
surements. This may increase patient comfort and prevent delays in
therapy applications.

Relative secondary cancer risk assessments were performed with
the assumptions stated in the Materials and Methods section.
According to this, risk is approximately four- and fivefold higher,
respectively, in either blood or bone marrow dosimetry relative to

the applied therapy. Our results also suggest that the risk can be
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reduced to approximately one third of the applied therapy by per-
forming lesion-based dosimetry. As the survival rates after well-dif-
ferentiated thyroid cancer are high, secondary cancer risk due to the
radioiodine therapy is an important concern. For this reason, per-
forming remnant tissue dosimetry for ablation treatment of thyroid

cancer is strongly recommended.

5 | CONCLUSION

In the study, the dosimetry approaches in ablation treatment of well-
differentiated thyroid cancer were evaluated. It is shown that activi-
ties determined based on fixed activity treatment method can be
safely given without reaching the toxic dose for bone marrow.
Administration of maximum safe activities according to the bone
marrow dosimetry is not recommended for ablation treatment. On
the other hand, with the lesion-based dosimetry, lower activities
compared to fixed activity treatment method can be given to ablate
the remnant tissue successfully. In addition to this, applying therapy
according to lesion-based dosimetry with lower activities decrease
the relative secondary cancer risk approximately three times. Large
dose differences between patients show the necessity of patient-
specific dosimetry.

CONFLICT OF INTEREST

No conflicts of interest.

REFERENCES

1. Werner SC, Ingbar SH, Braverman LE, Utiger RD. Werner & Ingbar’s
the Thyroid: A Fundamental and Clinical Text, 9th edn. Philadelphia,
PA: Lippincott Williams & Wilkins; 2005.

2. Roos DE, Smith JG. Randomized trials on radioactive iodine ablation
of thyroid remnants for thyroid carcinoma — a critique. Int J Radiat
Oncol Biol Phys. 1999;44:493-495.

3. Sherman Sl. Thyroid carcinoma. Lancet. 2003;361:501-511.

4. Ramanna L, Waxman A, Brachman MB, Tanasescu DE, Sensel N,
Braunstein GD. Evaluation of low-dose ablation therapy in postsurgi-
cal thyroid cancer patients. Clin Nucl Med. 1985;10:791-795.

5. Doi SA, Woodhouse NJ. Ablation of the thyroid remnant and 131l
dose in differentiated thyroid cancer. Clin Endocrinol (Oxf). 2000;52:
763-773.

6. Bal CS, Kumar A, Pant GS. Radioiodine dose for remnant ablation in
differentiated thyroid carcinoma: a randomized clinical trial in 509
patients. J Clin Endocrinol Metab. 2004;89:1666-1673.

7. Johansen K, Woodhouse NJ, Odugbesan O. Comparison of
1073 MBq and 3700 MBq iodine-131 in postoperative ablation of
residual thyroid tissue in patients with differentiated thyroid cancer.
J Nucl Med. 1991;32:252-254.

8. Lassmann M, Reiners C, Luster M. Dosimetry and thyroid cancer: the
individual dosage of radioiodine. Endocr Relat Cancer. 2010;17:R161—
R172.

9. Benua RS, Cicale NR, Sonenberg M, Rawson RW. Relation of radio-
iodine dosimetry to results and complications in treatment of meta-
static thyroid cancer. Am J Roentgenol. 1962;87:171-182.

10. Maxon HR, Thomas SR, Hertzberg VS, et al. Relation between effec-
tive radiation dose and outcome of radioiodine therapy for thyroid
cancer. N Engl J Med. 1983;309:937-941.

11. Loevinger R, Berman M. A Revised Schema for Calculating the Absorbed
Dose from Biologically Distributed Radionuclides, MIRD Pamphlet No. 1
Revised. New York, NY: The Society of Nuclear Medicine; 1976.

12. Lassmann M, Hanscheid H, Chiesa C, Hindorf C, Flux G, Luster M;
EANM Dosimetry Committee. EANM Dosimetry Committee series
on standard operational procedures for pre-therapeutic dosimetry I:
blood and bone marrow dosimetry in differentiated thyroid cancer
therapy. Eur J Nucl Med Mol Imaging. 2008;35:1405-1412.

13. Hanscheid H, Lassmann M, Luster M, et al. lodine biokinetics and
dosimetry in radioiodine therapy of thyroid cancer: procedures and
results of a prospective international controlled study of ablation
after rhTSH or hormone withdrawal. J Nucl Med. 2006;47:648-654.

14. Kletting P, Schimmel S, Kestler HA, et al. Molecular radiotherapy:
the NUKFIT software for calculating the time-integrated activity
coefficient. Med Phys. 2013;40:102504.

15. Hindorf C, Glatting G, Chiesa C, Lindén O, Flux G; EANM Dosimetry
Committee. EANM Dosimetry Committee guidelines for bone mar-
row and whole-body dosimetry. Eur J Nucl Med Mol Imaging.
2010;37:1238-1250.

16. Cristy M, Eckerman K. Specific Absorbed Fractions of Energy at Vari-
ous Ages from Internal Photons Sources. Oak Ridge, TN: Oak Ridge
National Laboratory; ORNL/TM-8381 V1-V7; 1987.

17. Stabin MG, Siegel JA. Physical models and dose factors for use in
internal dose assessment. Health Phys. 2003;85:294-310.

18. Stabin MG, Konijnenberg MW. Re-evaluation of absorbed fractions
for photons and electrons in spheres of various sizes. J Nucl Med.
2000;41:149-160.

19. American Thyroid Association (ATA) Guidelines Taskforce on Thyroid
Nodules and Differentiated Thyroid Cancer, Cooper DS, Doherty
GM, et al. Revised American Thyroid Association management
guidelines for patients with thyroid nodules and differentiated thy-
roid cancer. Thyroid. 2009;19:1167-1214.

20. Sherman SI, Brierley JD, Sperling M, et al. Prospective multicenter
study of thyroiscarcinoma treatment: initial analysis of staging and
outcome. National Thyroid Cancer Treatment Cooperative Study
Registry Group. Cancer. 1998;83:1012-1021.

21. Hanscheid H, Lassmann M, Luster M, Kloos RT, Reiners C. Blood
dosimetry from a single measurement of the whole body radioiodine
retention in patients with differentiated thyroid carcinoma. Endocr
Relat Cancer. 2009;16:1283-1289.

22. de Keizer B, Hoekstra A, Konijnenberg MW, et al. Bone marrow
dosimetry and safety of high 131l activities given after recombinant
human thyroid-stimulating hormone to treat metastatic differenti-
ated thyroid cancer. J Nucl Med. 2004;45:1549-1554.

23. Watanabe N, Kanegane H, Kinuya S, et al. The radiotoxicity of 131l
therapy of thyroid cancer: assessment by micronucleus assay of B
lymphocytes. J Nucl Med. 2004;45:608-611.

24. Monsieurs MA, Thierens HM, van de Wiele CV, et al. Estimation of
risk based on biological dosimetry for patients treated with radioio-
dine. Nucl Med Commun. 1999;20:911-917.

25. M'Kacher R, Schlumberger M, Legal JD, et al. Biologic dosimetry in
thyroid cancer patients after repeated treatments with iodine-131.
J Nucl Med. 1998;39:825-829.

85U8017 SUOWILIOD BAEa.D 8|qedl(dde aLp Aq pausenob ae ssppie YO ‘8sN JO Sa|nJ Joj A%eiq)T8UlUO A1 LD (SUOIPLOD-PUR-SWUBIAL0D A8 |1 AReIq U1 |UO//SANL) SUORIPUOD PUe SWe 18U} 89S *[202/80/80] U0 Akiqi7aulluo AB[1M YRYIo!(qIgsiSBAIUN AG 0SEZT ZWIB/Z00T OT/10p/L00" A8 | Afed jpuljuo"widee//Sdny Woly pepeoumod ‘v ‘8T0Z ‘¥T6692ST



