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Introduction
Iodine‑131  (I‑131) therapy is one of the conventional 
therapeutic approaches in the treatment of patients with 
differentiated thyroid carcinoma (DTC). I‑131 eliminates 
the residual tumor cells after surgery and prevents cancer 
from returning.[1] This therapeutic method also can be 

effective for distant metastases.[2‑6] In I‑131 decay chart, 
84% of the emitted rays are beta and the remaining rays 
are gamma. The mean energy of the gamma and beta 
rays are 364 keV and 192 keV, respectively.[7]

Radioiodine agent is commonly administered by the oral 
route and excreted by the renal system.[8] The International 
Commission on Radiological Protection  (ICRP) 
recommended a biokinetic model for the iodine 
distribution in the human body that was divided into five 
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compartments.[9] the recommended model of the iodine 
distribution in the human body is shown in Figure 1. 
After administration of radioiodine, initially I‑131 was 
accumulated in the stomach. Then it was absorbed by 
the body fluids and reached to the thyroid tissue. In 
hyperthyroidism treatments, I‑131 is mostly uptake by 
thyroid cells, and it causes the destruction of thyroid 
cells by beta particles.[10‑12]

The physical half‑life of I‑131 is approximately 8.01 
h[7] but its biological half‑life is variable. The biological 
half‑life of the I‑131 depends on many factors such as 
age,[13,14] gender, weight, blood thyroid stimulating 
hormone (TSH) [recombinant human (rhTSH)], thyroid 
tissue remaining after surgery, metabolic factors, and 
metastasis.[15‑17] The effective half‑life of the I‑131 could 
be calculated by its physical and biological half‑lives. The 
mean value of the effective half‑life for I‑131 is ranged 
from 14 to 16 h.[15‑17]

I‑131 is commonly employed for thyrotoxicosis and 
thyroid cancer treatments. Administered radioiodine 
agent for hyperthyroidism is ordinary less than 
1,000 MBq.[10‑12] Higher magnitudes of the I‑131  (more 
than 3,000 MBq) could be utilized for treating the large 
volume of thyroid.[10‑12] For thyroid cancer treatment, 
the initial prescribed dose is about 3,000 MBq and 
this value increased to 8,000 MBq for the treatment of 
metastases.[10‑12]

The radioiodine agents also accumulate in other organs, 
such as stomach, salivary glands, and bladder, which 
cause pain and damage to the patients. Different types 
of the gastrointestinal  (GI) toxicity are classified in the 
report of the common terminology criteria for adverse 
events (CTCAE) v 3.0. Radioiodine therapy is associated 
with various GI toxicities including GI complaints, salivary 
gland swelling with pain, change in taste, and headache 

that have been listed in grade 1 of the GI side effects.[18,19] 
Grade 1 included negligible clinical consequence of GI side 
effects such as nausea, diarrhea, and vomiting.[20] Iodine 
therapy might cause long‑term effects such as secondary 
solid tumors,[21] leukemia,[22,23] adverse effects on fertility 
and reproduction[24-28] and etc.[8,29]

In this study, GI side effects of the radioiodine therapy 
including nausea, heartburn, diarrhea, and vomiting 
were investigated for different iodine doses. Threshold 
dose for radioiodine agent to prevent these GI side 
effects was studied and the correlation of the effective 
factors  (such as gender and age) with observed side 
effects were evaluated.

Materials and Methods

Patients and protocols
In this study, 137 patients with histologically proven 
DTC were studied in Jun–Nov 2014. All the patients 
were treated by radioiodine agents in the research 
institute of Shariati Hospital, Tehran, Iran. The patients 
were examined and their basic information such as 
gender, age, weight, smoking history, and history of 
GI diseases were registered. For each patient, a proper 
radioiodine dose was determined by the physician. 
The patients were quarantined 2  days after the I‑131 
administration. They were examined 48 h after the 
prescription (before discharge), and their GI side effects 
were registered.

Twelve patients were excluded from the study due 
to their history of GI disease. Fifteen patients were 
smokers (11 men and 4 women). The patient’s age 
was 44.94 ± 14.92 years (mean ± standard deviation, 
range 18–86 years). Only 23 patients were men and 
81.6% of the patients were women. The ages of 
the men ranged 30–78  years with the mean age of 
52.22  ±  13.20  years  (mean  ±  standard deviation). 
The ages of the women ranged 18–86 years with the 
mean age of 43.29  ±  14.86  years  (mean  ±  standard 
deviation).

Single treatment was used for 84 patients and 42 patients 
were treated by combined treatments  (two or more 
therapy methods).

Statistical analysis
Correlation of the independent factors, such as age, gender, 
administered dose  (MBq), and administered dose per 
body weight (MBq/kg), and GI side effects were analyzed 
using the Pearson correlation test with Statistical Package 
for the Social Sciences (SPSS) version 20 (SPSS Inc, Chicago, 
USA). The correlation analysis measures the relationship 
between two parameters such as the frequency of GI 

Figure 1: Biokinetic model for the iodine distribution in a standard 
healthy man. The model was recommended by ICRP‑30
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side effects and the administered dose. The correlation 
coefficients indicate how the change in the independent 
parameter  (i.e.,  administered dose) could change the 
dependent parameter (i.e., GI side effects). The correlation 
coefficient ranged from –1.0 to + 1.0.

The regression coefficients and linearity of the variable 
were investigated by MATLAB software  (ver.  2012a, 
The MathWorks TM, Natick, Massachusetts, USA). Line 
fitting was performed using MATLAB curve‑fitting 
toolbox.

In this study, the GI side effects of the 3,700 MBq, 4,625 MBq, 
5,550 MBq, 6,475 MBq, and 7,400 MBq radioiodine doses 
were investigated. Studied GI side effects include nausea, 
heartburn, diarrhea, and vomiting.

Results and Discussion
The prescribed iodine doses of 3,700 MBq, 4,625 MBq, 
5,550 MBq, 6,475 MBq, and 7,400 MBq were administered 
to 36 (31 women and 5 men), 7 (6 women and 1 men), 
55 (44 women and 11 men), 11 (6 women and 5 men), 
and 16 (15 women and 1 men) patients, respectively. For 
each administered dose, the percentage of the number 
of patients is shown in Graph 1.

Out of all the subjects, 38 patients had GI complaints 
(30.4%). And out of these 38  patients, 8, 2, 18, 5, and 
5 patients were given 3,700 MBq, 4,625 MBq, 5,550 MBq, 
6,475 MBq, and 7,400 MBq iodine doses, respectively. 
For each administered dose, the frequency of the GI 
complaints is shown in Graph 2. Frequency of the GI side 
effects increased smoothly in the range of 3,700–6,475 MBq 
iodine doses. GI complaints decrease in 7,400 MBq iodine 
dose that was opposed to the expectations. It could be 
attributed to the type of metastases and their responses 
to the 7,400 MBq iodine dose. In patients with prescribed 

7,400 MBq doses, variety of distant metastases of 
different sizes and types exist (than patients with lower 
doses). For correlation analysis between administered 
I‑131 doses and GI side effects, Pearson correlation was 
0.173. There was a weak correlation between gender 
and GI complaints. The patients with 7,400 MBq iodine 
doses were excluded from the sample population, as a 
result the Pearson correlation reached to 0.210 that is 
significant at the 0.05 level  (P  <  0.05). Frequencies of 
the GI side effects for administered iodine doses were 
listed in Table 1. Percentage of different GI side effects 
for observed GI complaints were listed in Table 2. The 
sum of the percentage values in Table 2 was larger than 
100% because there was more than one symptom in 
some patients. For some patients, all GI side effects were 
registered. The most prevalent GI side effect was nausea 
that occurs in 26.4% (33 patients) of the patients. Nausea 
was registered in 86.84% of the observed GI side effects.

The linearity of the GI toxicities versus the increased dose 
of I‑131 was investigated for the sample population with 
and without the patients with 7,400 MBq iodine dose. 
Frequencies of the GI side effects versus administered 
doses were plotted by MATLAB curve‑fitting. A linear 
line was fitted to these points using MATLAB software. 
The results of the line fittings based on the linear 
model  (for sample population with and without of 
patients with 7,400 MBq iodine dose) are shown in 
Graph 3. The regression value and indication parameters 
of the fitted lines are listed in Table 3. The better line 
could be achieved using the power function model. 
The fitted lines based on the power function model (for 
sample population with and without the patients with 
7,400 MBq iodine dose) are shown in Graph  4. The 
regression value and indication parameters of the power 
function models are listed in Table 4.

For both of fitting models, higher regression values 
were obtained by excluding the patients with 7,400 MBq 
iodine doses. By excluding the patients with 7,400 MBq 

Graph 1: The percentage of the number of patients in each 
administered dose

Graph 2: The frequency of the observed symptoms for administered 
doses
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iodine doses, the frequencies of the GI side effects were 
increased linearly with the increase in iodine dose.

The frequencies of the GI toxicities in different dose 
per body weight (MBq/kg) are shown in Graph 5. For 
correlation analysis between administered dose per body 
weight (MBq/kg) and GI side effects, Pearson correlation 
was 0.147. There was a weak significant correlation 
between administered dose per body weight (MBq/kg) 
and GI complaints. The patients with 7,400 MBq iodine 
doses were excluded from the sample population, as a 
result the Pearson correlation reached to 0.189 that is 
significant at the 0.05 level (P < 0.05). The frequency of 
the GI toxicities did not change linearly versus dose per 
body weight.

For correlation analysis between gender and GI side 
effects, Pearson correlation was 0.144. There was a weak 
correlation between gender and GI complaints. The 
correlation of the age and GI complaints were also studied. 
For this analysis, age was divided into eight groups. The 

results of this correlation analysis are shown in Graph 6. 
For correlation analysis between gender and GI side 
effects, Pearson correlation was –0.117. There was a weak 
negative correlation between age and GI complaints.

In the study by Kita et al., 71 patients with differentiated 
carcinoma were studied to evaluate the short‑term 
side effects occurring within 96 h after radioiodine‑131 
therapy for DTC. In this study, GI complaints, salivary 
gland swelling with pain, change in taste, and headache 
were observed in 65.2%, 50%, 9.8%, and 4.4% of 
the patients, respectively. They reported that in GI 
complaints, frequency of appetite loss, nausea, and 
vomiting were 60.9%, 40.2%, and 7.6%, respectively. 
They concluded that TSH values and dose per body 
weight are the most significant factors in the incidence 
of GI complaints.[19]

In the study by Van Nostrand et al., side effects of rational 
dose I‑131 therapy for metastatic well‑differentiated 
thyroid carcinoma were investigated in 15  patients. 
In this study, the incidence of immediate side effects, 
short‑term GI, and salivary complaints were 80%, 
66.67%, and 60%, respectively. For intermediate side 
effects, the incidence rates of GI and salivary complaints 
were 0% and 20%, respectively.[18]

In Alexander’s study, intermediate and long‑term 
side effects in 203 patients after high‑dose radioiodine 
treatment due to DTC were evaluated. They reported 
that the frequency of intermediate side effects  (taste 
changes and sialadenitis) increase with the increase in 
dose (or cumulative activity).[29] They also reported that 
there was no correlation between administered doses 
and transient alopecia. Transient alopecia was observed 
in 28.1% of the patients with at least 3,700 MBq iodine 
dose. Transient thrombocytopenia and leukopenia were 
also reported after I‑131 administration.[29‑31] The obtained 
percentages of the GI side effects were in fair agreement 
with other studies.[18,19,29]

Conclusion
In this study, the GI side effects of the different 
radioiodine doses were investigated. A  significant 
correlation was found between the administration 

Table 1: Frequency of the observed GI toxicity for administered iodine doses
Percentage of the 

incident symptoms (%)
Number of 

incident symptoms
Number of patients in each administered doseGastrointestinal 

symptoms 7,400 MBq6,475 MBq5,550 MBq4,625 MBq3,700 MBq
13.61741516Heartburn
26.433551625Nausea
5.6720302Diarrhea
1.6210001Vomiting

Table 2: Frequency of the heartburn, nausea, diarrhea, 
and vomiting in the gastrointestinal complaints

Ratio of the observed 
symptoms (%)

Gastrointestinal 
symptoms

44.74Heartburn
86.84Nausea
18.42Diarrhea
5.26Vomiting

Table 3: Regression value and indication parameters 
of the fitted lines in the linear model

Equation R
The sample population including the 
patients with 7,400 MBq iodine dose

Y=0.0037772 
(X)+11.082

0.64939

The sample population excluding the 
patients with 7,400 MBq iodine dose

Y=0.0079841 
(X)–8.3752

0.97196

Table 4: Regression value and indication parameters 
of the fitted lines in the power function model

Equation R
The sample population including the 
patients with 7,400 MBq iodine dose

Y=0.025575 
(X+1227.7)^0.80876

0.69274

The sample population excluding the 
patients with 7,400 MBq iodine dose

Y=3.0432E–10 
(X+5556.1)^2.7353

0.98275
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Graph 3: Fitted lines based on the linear model. (a) The sample population including the patients with 7,400 MBq iodine doses. (b) The 
sample population excluding the patients with 7,400 MBq iodine doses

ba

Graph 4: Fitted lines based on the power function model. (a) The sample population including the patients with 7,400 MBq iodine doses. 
(b) The sample population excluding the patients with 7,400 MBq iodine doses

ba

Graph 5: The frequency of GI side effects versus doses per body 
weights (MBq/kg)

Graph 6: The frequency of GI side effects in each age group

doses and administered dose per body weight (MBq/
kg) as the independent parameters and GI complaints. 
Significant factors influencing GI side effects were dose 
per body weight and administered doses. There was 
no significant correlation between age and gender as 
the independent parameters and GI complaints. The 
most prevalent GI side effect was nausea that occurs 

in 26.4% (33 patients) of the patients. From the results, 
it could be concluded that the GI side effects could be 
prevented by administering a safe radioiodine dose 
value less than 5,550 MBq.
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