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ABSTRACT 
The results of treatment of 142 case histories of 125 patients who had been treated with radioactive iodine at the 

Medical Radiological Research Center of RAMS from 1983 to 1999 are given in the presentation. Among the patients, 
35 cases of diffuse toxic goiter with signs of thyrotoxicosis of a mild degree, 25 cases of Diffuse toxic goiter with severe 
thyrotoxicosis, 6 cases of differentiated thyroid cancer with metastases to lymphnodes of the neck, 30 cases of thyroid 
cancer with metastases to lymphnodes of the neck and lung and 1 case of thyroid cancer with metastases to bones were 
diagnosed. This paper gives recommendations for individual dosimetry planning for radioiodinetherapy. 

INTRODUCTION 

Radioiodtherapy is widely recognised method for 
treatment of diffuse toxic goitre and differentiated thyroid 
cancer. 

Diffuse toxic goiter (Graves’s disease) is diffuse 
enlargement and hyperfunction of the thyroid (increased 
adsorption of iodine). 

Thyroid gland – endocrine gland located in the neck. 
It looks like butterfly, wings are lobes of the gland (right 
and left) and a body is isthmus. The shape of each lobe 
looks like a pyramid with rounded edges, the base is 
pointing down and the top is pointing upwards. Average 
size of each lobe of the thyroid of adult is: height –5cm, 
width – 3 cm, depth – 2 cm, average weight is 15-25 g. 

Abnormal status of a body caused by increased level 
of thyroid hormones in blood is thyrotoxicosis (lat. 
(glandula) thyreodia – thyroid + toxicosis). 

Three methods for treatment of diffuse toxic goitre 
are used in practice, they are: treatment with antithyroid 
medications, surgery, radioiodtherapy. 

The most promising method is radioiodtherapy, 
because chemotherapy with antithyroid medicines causes 
side effects and relapse in 40% of cases (table 1). Surgery 
for thyrotixicoses, namely subtotal resection of the 
thyroid, is of high risk, it accompanies with bleeding and 
it is very complicated technically. The rate of 
complications increases, especially if the repeat surgery is 
performed. The rate of post-surgery complications, some 
of them are very grave, is 5-10%. Sometimes surgery is 
impossible because of grave accompanying diseases [1]. 

To thyroid cancer complex treatment is applied, it is 
performed in three stages, they are: operation (resection of 
primary tumor), hormonal therapy and radioiodinetherapy. 
The first radioiodinetherapy course is performed for 
radioiodineablation. Radioiodineablation is therapy with 
131I for removal of remnants of the thyroid tissue. The 
subsequent courses of radioiodinetherapy is applied to 

treat metastases of differentiated thyroid cancer, which are 
located in various organs and tissues [2].  

TABLE 1. This table shows frequency of the 
development of hypothyroidism and relapses of diffuse 

toxic goiter after different methods for treatment 

Methods for 
treatment 

Cases of the 
hypothyroidism, % 

Relapse of 
diffuse toxic 

goiter, % 
Chemotherapy 3 – 5 35 – 40 
Surgery 20 – 40 5 – 10 
Radioiodtherapy about 80 < 5 

Grounds for radioiodinetherapy: 
1. If remnants of normal thyroid tissue exist, 

successful radioiodinetherapy of metastases of 
differentiated thyroid cancer is impossible, because 
normal thyroid tissue accumulates 131I more intensively 
than malignant thyroid tissue. 

2. When ablation of remnants of the thyroid not 
only normal thyroid tissue is destroyed but remained 
single cells of differentiated thyroid cancer, which could 
be a source of secondary tumor or metastases. 

3. Till remnants of thyroid cancer are not destroyed, 
131I cannot be used for diagnostic scanning of a whole 
body for detection of metastases of the tumor. 

From the experience of application of 
radiopharmaceuticals to treatment of cancer it is evident 
that the most effective method for treatment of diffuse 
toxic goiter and thyroid cancer is radioiodinetherapy. 

The therapeutic effect of 131I is based on the 
breakdown of the thyroid tissue by β-particles. So, due to 
radioiodinetherapy of the diffuse toxic goiter the number 
of functional follicles of the thyroid is reduced, it leads to 
the normalization of its functioning and to the reduction of 
the thyroid size. Post-surgery iodine ablation for the 
differentiated thyroid cancer leads to the considerable 



 

 

reduction of the risk of relapse and to the enhancement of 
the efficacy of radioiodinetherapy of metastases. 

Radioiodine is appropriate radiopharmaceutical for 
treatment of diffuse toxic goiter and thyroid cancer 
because of: 

– The selective accumulation of radioactive iodine to 
the thyroid tissue and cells of the differentiated thyroid 
cancer regardless of their localization. The thyroid 
accumulates the most part of administered radioiodine. If 
we suggest that the gland accumulates 100% of iodine, its 
content in other organs in relation to the thyroid is given 
in table 2 [3]. 

TABLE 2. This table shows the content of iodine in 
organs and tissues in relation of the thyroid if we suggest 

that the gland accumulates 100% of it 

 
Organs and tissues 

Iodine 
accumulation, % 

Kidney  0,92 
Heart muscle  0,86 
Liver 2,25 
Adrenal glands  0,02 
Ovaries  0,017 
Lung  0,10 
Bone marrow  0,05 
Pancreas  0,05 
Spleen 0,14 
Brain 0,31 

– Half-life of 131I is relatively small, it is 8.04 days. 
It allows one to reduce the time of stay of a patient in a 
hospital under special conditions. 

– Beta-particles from administered 131I delivers the 
therapeutic effect on diffuse toxic goiter, it destroys 
tumor, remnants of the thyroid and metastases of thyroid 
cancer, surrounding tissue is not destroyed [4], because 
96-98% of beta-particles from radioiodine is accumulated 
in the thyroid (maximal track in tissue is 2mm) [5]. 

– 131I is gamma-emitter, which can be used for 
examination of homogenous distribution of 131I in the 
thyroid, detection of metastases and nodes, sites with high 
and low accumulation of 131I. 

Natural iodine consist of 1 no radioactive isotope 
such as 127I. There are 24 radioactive iodine isotopes that 
have mass numbers 117 and 139 including two isomers 
(121мI and 126мI). Twelve of these radionuclides have 
seconds half-life, eighth – hours half-life, three – days or 
months half-life and one (129I) – ten million years half-life.  

Four radionuclides such as 123I (Т1/2=13,3 hours), 125I 
(Т1/2=60,2 days), 131I (Т1/2=8,04 days) and 133I (Т1/2=2,26 
hours) are used in medicine. 131I was the first of the 
artificial radioactive isotopes to be used in medicine. 

131I can be obtained by two methods: extraction from 
mixture products of uranium fission or from tellurium 
irradiated by neutron beams. The first method was used in 
initial period of mass production of radioisotopes, 
afterwards the second method was in effect. For obtaining 

of 131I nuclear reaction 130Te (n,γ) 131Te followed by beta-
decay of 131Te and its conversion to 131I. The radioiodine 
decays and emits complex spectrum of beta-radiation. The 
main contribution is made by two of five components with 
energy Eβ=0.606MeV (89.2%) and Eβ=0.334MeV 
(7.0%), in the spectrum the highest energy is 
Eβ=0.807MeV (0.7%). 

In spite of the many years experience of application 
of radiopharmaceuticals to treatment, analysis of Russian 
and foreign data shows that there are considerable 
distinctions between recommended optimal therapeutic 
absorbed doses (from 40 to 120 Gy) for the diffuse toxic 
goiter [6,7]. As for the differentiated thyroid cancer, of 
empirical radioactivity on the outcome of radioiodtherapy 
has been carefully studied for a long time; however, 
absorbed dose to the remained tissue has not been taken 
into consideration. Few authors who tried to investigate 
the dose-response relationship proposed to form the 
absorbed dose in the range between 300-700 Gy on 
average, the doses used varied from 200 to 1300 Gy [8,9]. 

There is no consensus among those who recognized 
the method of administration of standard activity. For 
radioiodablation there are two tendencies: to deliver low 
activity (30-40 mCi) [10,11,12] and to deliver high 
activity (100-150mCi) of 131I [13,14]. Administered 
therapeutic activity for diffuse toxic goiter is varied from 
2-3 to 40 mCi of 131I. Calculations showed that if standard 
activity had been administered the true dose to the thyroid 
of patients varied considerably (from 40 to 1220 Gy if 
administered standard activity was 15 mCi) [15,16,17]. 
The fluctuations of the absorbed thyroid dose in patients 
with diffuse toxic goiter lead to relapses and the 
development of hypothyroidism. 

In the USA radioiodine for treatment of diffuse toxic 
goiter is used in doses, which destroy thyroid tissue and 
cause hypothyroidism, afterwards patients receive therapy 
with thyroid hormones [1]. This approach allows one to 
avoid relapses but it makes a patient to use medicine for 
the whole life. We suggest that the administered activity 
and percentage of hypothyroidism can be reduced if 
kinetics of 131I in the thyroid of a specific patient is 
accounted when amount of administered 131I is calculated, 
since accumulation and elimination of the 
radiopharmaceutical from the thyroid is strictly individual. 

MATERIALS AND METHODS  

The results of treatment of 142 case histories of 125 
patients who had been treated with radioactive iodine at 
the Medical Radiological Research Center of RAMS from 
1983 to 1999 are given in the presentation. Among the 
patients, 35 cases of diffuse toxic goiter with signs of 
thyrotoxicosis of mild degree, 25 cases of Diffuse toxic 
goiter with severe thyrotoxicosis, 6 cases of differentiated 
thyroid cancer with metastases to lymphnodes of the neck, 
30 cases of thyroid cancer with metastases to lymphnodes 
of the neck and lung and 1 case of thyroid cancer with 
metastases to bones were diagnosed. 



 

 

The schedule of treatment is as follows: 
1. After diagnosis is established and necessary 

clinical examinations are performed diagnostic activity 
of 131I is administered. For diagnostic purpose a patient 
with empty stomach receives solution of sodium iodide 
with activity 0.008-0.016 mCi (300-600 kBq) 
radiometry is performed in 2 and 24 hours after 
administration.  

For radiometry a probe is 30 cm far from the thyroid. 
In order to account radioactivity of 131 I in surrounding 
tissues which are before the gland the activity is measured 
in simulator of the tissues of the neck with the vessel 
containing standard. Radiometry was carried out with 
device registering γ-rays. The probe was surrounded by 
lead shield, it had collimator that allowed one to localize 
the target. A distant scintillation counter (DSU-61) was 
used for these purposes. 

2. The size of the thyroid or size of its remnants was 
measured with the use of ultrasound scanning of the gland. 
The volume of the thyroid was calculated by the formula 
of an ellipsoid: 

.
6

widthdepthheightvolume ×××= π  (1) 

3. To estimate the extent of even distribution of 131I in 
the thyroid of patients with diffuse toxic goiter, as well as 
to detect sites with increased and low accumulation of 131I 
the organ was scanned before the treatment. Detection of 
metastases and nodes was scanned immediately after 
radioiodinetherapy. It gives the important information 
about the centers of a pathology as sites with high and low 
accumulation of radionuclide and the additional 
information about localization of metastasizes and helps 
to reveal metastasizes not diagnosed earlier at patients 
with thyroid cancer. 

4. Following administration of therapeutic activity of 
131I radiometry of the thyroid was carried out daily. The 
remainder of the activity of 131I in the thyroid was 
measured at a distance of 1 m and close to the gland. The 
dosimeter DRG-05 was used for these purposes. The 
device was designed for the measurement of exposed dose 
of X- and γ-rays, as well as for quantitative estimation of 
the existence of β-radiation. 

Data processing is as follows: 
1. Curves for accumulation and elimination of the 

radioiodine from the thyroid were built up for every 
patient (fig. 1). The curves show the true speed of 
accumulation of the iodine in the thyroid tissue and its 
elimination from the thyroid gland or its remnants (a 
radiometer was positioned close to the target organ), as 
well as from the whole body (the distance between a body 
and a radiometer was 1 m).  

In order to build up a data curve on accumulation of 
radioiodine in the thyroid, measurement were made at 2 
and 24 hours after the administration of diagnostic activity 
for diffuse toxic goiter and calculations made for the 
thyroid cancer were used. 
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FIGURE 1. This figure shows kinetics curve for iodine in 
diffuse toxic goiter patient thyroid 

2. Absorbed doses to the thyroid or its remains were 
calculated with the use of kinetics curves for iodine, size 
of the thyroid or its remnants in the bed of the thyroid 
calculated on the basis of ultrasound examination, and 
data on administered radioactivity. 

Absorbed doses were calculated by the formula that 
takes into consideration kinetics of the radioiodine: 
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where K=4,05 – coefficient, mCiGyg ⋅ ; A – amount of 

the radioiodine activity administered, mCi; Y – part of the 
administration activity of 131I was into thyroid of a patient in 
an instant t; t – time of therapeutic radioiodine influence on 
thyroid of a patient, hours; M – thyroid mass, g. 

3. Patients with diffuse toxic goiter stayed in a 
hospital under special conditions for the period from 3 to 
21 days and differentiated thyroid cancer patients – from 
1 to 3 days. The duration did not depend on the amount of 
administered radioactivity, i.e. at introduction, for 
example, 3 mCi of 131I one patient was on the special 
condition 3 days, while other – 15 days or more. 

This confirms that absorbed thyroid dose depends on 
thyroid function to a greater extent than on amount of 
administered radioactivity. Rate of elimination of 
radioiodine from the thyroid depends on the function of 
the thyroid. The rate is described as biological period for 
elimination of half amount of 131I. 

Relation between time of biological elimination of 
half amount of radioiodine and sex and age was not 
established. We found that in patients with diffuse toxic 
goiter of 2 and 3 extent the time of half-elimination of 
radioiodine depends on the gravity of the disease.  

4. We compared our data with those published by 
other authors on half-elimination of radioactivity from the 
thyroid of patients with diffuse toxic goiter of 2 and 3 
extent. In our study time of half-elimination of therapeutic 
amount of 131I in patients with moderate extent of gravity 
of the disease was 9 days on average, at the same time 
other authors reported that if diagnostic amount of 131I 
was administered, the time of half-elimination was 35 
days on average. If radioiodine was administered to 
patients with moderate extent of gravity of disease the 



 

 

time of half-elimination was 4 and 21 days respectively. 
So, if therapeutic amount of radioiodine was administered, 
the time of half-elimination was 4-5 times less than that 
following administration of diagnostic amount. 

This must be taken into account when planning 
absorbed thyroid dose from radioiodine to be administered 
in therapeutic amount is calculated on the basis of 
diagnostic curves of kinetics of 131I in the thyroid. The 
patients with thyrotoxicosis moderate extent of gravity 
actual absorbed thyroid dose of therapeutic amount was 
1,21 times less than that calculated with the use of 
diagnostic curves of iodine kinetics. In the case of severe 
thyrotoxicosis the coefficient was 1,35. 

RESULTS 

1. If the therapeutic amount (1-10 mCi) was 
administered of patients with diffuse toxic goiter, absorbed 
thyroid dose was ranged from 4 to 185 Gy. The absorbed 
dose of 4 Gy was formed following administration of 6 mCi 
of 131I and dose of 185 Gy – after administration of 4 mCi. 
So, we could not say that there was relationship between the 
value of absorbed thyroid dose and amount of administered 
activity of 131I. The same was related to thyroid mass. 

Patients with thyroid cancer received standard amount of 
131I (70 mCi) for radioiodablation, the absorbed doses in the 
remnants of the thyroid varied from 70 to 7000 Gy.  

2. The relationship between the time of half-
elimination of 131I from the thyroid in patients and gravity 
of the disease was found. In patients with severe diffuse 
toxic goiter the time was 4 days on average (from 3 to 6 
days) and in patients with moderate extent of the disease it 
was 9 days (from 7 to 14 days). 

3. Time of half-elimination of 131I following 
administration or therapeutic amount differed from that if 
diagnostic amount of radioactivity was administered. So, 
if calculation of absorbed thyroid dose was based on the 
biological period of half-elimination of diagnosis amount 
of 131I, the calculated absorbed dose in the thyroid would 
be reliably higher than the actual dose. In order to 
estimate the absorbed dose more accurately a proper 
coefficient must be introduced. For severe thyrotoxicosis 
it is 0,74, for moderate thyrotoxicosis – 0,83. 

CONCLUSIONS 

Accounting for our experience and data from other 
investigators, we beleive that individual dosimetric planning 
of radioiodtherapy is necessary. In calculation based on 
administration of standard activity of 131I both mass of the 
thyroid or its remnants, its functional activity and kinetics of 
the radioiodine are not taken into consideration, this 
considerably effects the absorbed dose in the target site. 

We recommend the following scheme for individual 
dosimetric planning for patients with diffuse toxic goiter. 

1. Evaluate of mass of the thyroid or the remains of a 
specific patient with the use of sonograms or data of other 
diagnostic examination for measurement the thyroid size. 

2. To determine individual rate of accumulation of 
131I in the thyroid or its remains in 2;4;24;48;72 hours 
after administration of diagnostic amount (and possible in 
96 hours, if character of iodine elimination from thyroid is 
not so clear). 

3. To construct individual curve of kinetics of 131I in 
the thyroid or its remains. 

4. To calculate absorbed thyroid dose received by 
specific patient following administration of diagnostic 
amount with the use of the curve of kinetics and size of 
the thyroid or its remains. 

5. With the use of the value of absorbed thyroid dose 
following administration of diagnostic activity and 
doctor’s recommendations to calculate therapeutic activity 
to be administered to a specific patient in order effective 
absorbed dose to the thyroid or its remains is formed. 
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