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ABSTRACT 

Objective: Radioactive iodine (RAI) therapy is a useful treatment for Graves' disease 

(GD). Most RAI sessions administer ≤500 MBq of iodine (I)-131. Sometimes patients 

require repeated RAI, often for longer periods of remission. We investigated the 

characteristics of patients for whom high-dose (mostly 1110 MBq of I-131) RAI was 

effective as RAI therapy for GD. 

Methods: We retrospectively analysed the cases of 79 patients who underwent RAI for 

GD in a multicenter setting. We divided the patients into two groups based on the I-131 

dose administered: the low-dose (LD) group who received ≤500 MBq (n=44) and the 

high-dose (HD) group who received >500 MBq (n=35). The therapeutic effect was 

defined as achieving remission and reaching the point of participating in thyroid hormone 

replacement therapy within 1 year after RAI. We compared the LD and HD groups' 

remission rates and conducted a multivariate logistic regression analysis of predictive 

factors for remission. In a simulation, using the formula for predicting the probability of 

remission obtained from the analysis results, we estimated how much the remission rate 

would change if the I-131 dose is increased from 500 MBq to 1110 MBq. 

Results: The mean ± standard deviation I-131 dose administered in the LD group was 

480 ± 6 MBq, and that of the HD group was 1054 ± 265 MBq. Thirty-five patients (80%) 
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in the LD group and 26 patients (74%) in the HD group achieved remission; this 

difference in the remission rate was not significant. The multivariate analysis results 

demonstrated that the absorbed dose and thyroid-stimulating antibody (TSAb) were 

independent predictors of remission. Seven patients (8.9%) showed an increased 

probability of remission from <50% to >50% when the higher RAI dose was applied 

(1110 MBq instead of 500 MBq). The thyroid volume and TSAb values in these patients 

were relatively large at 54.7 ± 34.2 mL and 1378.4 ± 586.3%, respectively. 

Conclusion: Although the overall remission rate was not significantly different between 

the patients who received high- or low-dose I-131, treatment with high-dose RAI may 

improve the probability of remission in patients with a massive thyroid volume and/or 

high-TSAb Graves' disease. 

 

Keywords: Graves’ disease, I-131, RAI, TSAb  
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Introduction 

Graves' disease (GD) is the most common cause of hyperthyroidism, with an 

annual incidence of 20–50 per 100,000 individuals [1]; it is an autoimmune disease with 

high levels of thyroid-stimulating hormone (TSH)-stimulating antibodies [2, 3]. 

Radioactive iodine (RAI) therapy is widely used for the treatment of GD, along with 

antithyroid drugs (ATDs) and surgery. The dose of iodine (I)-131 administered as RAI is 

usually <555 MBq, and thyroid function normalizes within 3–12 months after RAI in 

50%–90% of patients [4]. 

Biochemically severe thyrotoxicosis, large thyroid volume, male sex, and low RAI 

doses have been identified as predictors of RAI failure [5]. Patients with palpable and 

visible goiters often require multiple sessions of RAI [5, 6]. When repeated RAI treatment 

is required, there are disadvantages such as a long time to remission, repeated low-iodine 

diet restrictions, and temporary hyperthyroidism due to the discontinuation of an ATD at 

the pretreatment stage. High doses of I-131 (approx. 1,110 MBq) have been reported to 

achieve rapid effects [7]. It has also been reported that I-131 doses up to 740–1110 MBq 

improved the remission rate [8]. Thus, high-dose RAI can shorten the time to the 

resolution of hyperthyroidism and help reduce the disadvantages of repeated RAI. 

Few reports have clarified the patient population for whom high-dose RAI (e.g., 
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1110 MBq) should be applied. Unnecessary radiation exposure should be avoided, and it 

is excessive to provide high-dose RAI in all cases. We conducted the present study to 

compare the treatment efficacy of high-dose RAI with that of low-dose RAI in relation to 

well-known and possible clinical factors, and based on our findings we discuss the 

characteristics of the patients for whom high-dose RAI is useful. 

 

Patients and Methods 

Patients 

This was a multicenter retrospective study approved by the ethics committee of 

each of our hospitals. We collected the patients' data by reviewing the clinical records of 

consecutive patients with GD who were referred to our hospitals for RAI therapy between 

2011 and 2017. The cases of the total of 79 patients with GD who underwent RAI at two 

hospitals and could be followed for >1 year were analyzed; the patients' characteristics 

are summarized in Table 1. 

For all of the patients, the radioactive iodine uptake (RAIU) in the thyroid was 

measured at 24 hr after an oral administration of 3.7 MBq of I-123 with anterior neck 

counts measured with a probe placed 25 cm from the patient. Before the administration 

of I-131, each patient's thyroid volume was measured with the use of ultrasound and the 
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following equation: 

Thyroid volume (mL) =
4
3
π ×  

height (cm) ×  width (cm) ×  depth (cm)
8

 

For each patient, the absorbed dose for the thyroid was calculated using the 

following Marinelli-Quimby formula [9]: 

Absorbed dose (Gy) =
135 ×  I − 131 dose (MBq) ×  RAIU (%) ×  EHL (day)

3.7 ×  thyroid volume (mL) ×  8 ×  100
 

where EHL indicates the effective half-life in the thyroid gland of the GD patients, 

which depends on various factors such as the RAIU, the use of ATDs, thyroglobulin 

antibodies, thyroid peroxidase antibodies, TSH receptor antibodies, and more. Based on 

earlier studies [10, 11], we defined the EHL as 5.5 days. 

 

RAI therapy 

All patients were treated with RAI according to the European Thyroid Association 

(ETA) guidelines, American Thyroid Association (ATA) guidelines, and Japanese 

treatment guidelines [2, 3, 12]. The patient was placed on a low-iodine diet for ≥1 week 

before and for 3 days after the I-131 administration. In addition, ATDs were discontinued 

as much as possible for ≥7 days before and 3 days after the I-131 administration. The 

dose was aimed at hypothyroidism in all cases and was usually fixed at 500 MBq or 1110 

MBq. In Japan, up to 500 MBq can be administered as an outpatient. Depending on the 
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patient's condition, a higher dose was selected when hypothyroidism needs to be achieved 

reliably or in a short period of time, for example, heart failure due to hyperthyroidism, 

significant weight loss, or patient requests due to social circumstances, while a normal 

dose was selected when side effects, radiation exposure, or outpatient treatment are 

considered. After the RAI therapy, ATDs were resumed and continued until the patient's 

thyroid function was normalized clinically and biochemically. Thyroid hormone 

replacement therapy was initiated if hypothyroidism was identified without an ATD 

during the follow-up. 

 

Thyroid function measurement 

Serum free triiodothyronine (fT3), free thyroxine (fT4), and TSH were measured 

in the clinical laboratories of each hospital on the day of the patient's I-131 administration. 

The reference values at Hospitals A and B were fT3 2.1–3.8 ng/mL and 1.88–3.18 ng/mL; 

fT4 0.82–1.63 µg/dL and 0.70–1.48 µg/dL; and TSH 0.38–4.31 µIU/mL and 0.35–4.94 

µIU/mL, respectively. The detection limits of fT3 and fT4 at Hospitals A and B were 25.0 

and 30.0 ng/mL, and 8.0 and 6.0 µg/dL, respectively. The detection limits of TSH were 

0.01 and 0.003 µIU/mL at the two hospitals. TSH receptor (TR) antibodies (TRAb) and 

thyroid-stimulating (TS) antibodies (TSAb) were measured before the patients' RAI 
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treatment. The reference values were TRAb 0–2.0 IU/L and TSAb 0%–120% at both 

hospitals. 

 

Statistical analyses 

Continuous data are presented as the mean ± SD (standard deviation). We defined 

the therapeutic effect as a patient achieving remission who reached the point of 

participating in thyroid hormone replacement therapy within 1 year after the first RAI 

therapy during follow-up; i.e., the remission group. The non-remission group was 

comprised of the patients who did not reach the milestone of participating in thyroid 

hormone replacement therapy after the first RAI therapy and those who underwent a 

second session of RAI therapy within 1 year after the first RAI therapy. 

We divided the 79 patients with GD into two groups according to the I-131 dose 

administered: the low-dose (LD) group who received ≤500 MBq (n=44) and the high-

dose (HD) group who received >500 MBq (n=35). The remission rates are expressed as 

the percentages of the total group within each category. The remission rate, thyroid 

volume, I-123 thyroid uptake rate, absorbed dose, and thyroid function test values were 

compared between the remission and non-remission groups and between the LD and HD 

groups using Fisher's exact test and the Wilcoxon signed rank test. For all analyses, a 
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probability (p)-value <0.05 was considered significant. Success after RAI treatment was 

defined as an "event," and time to remission was calculated by the Kaplan-Meier method. 

We performed a multivariate logistic regression analysis of potential predictors of 

remission. A receiver operating characteristic (ROC) analysis was applied to determine 

the thresholds for the parameters that predict remission. In a simulation, using the model 

and optimized parameters that were indicated to be independent predictors of remission 

in the multivariate analysis, we calculated the probability of remission for 500 MBq and 

1110 MBq doses in all patients by using the same formula that we applied for the 

prediction of the probability of remission. 

 

Results 

The patient population consisted of 73 (92.4%) females and 6 (7.6%) males. The 

mean age and thyroid size were 42.5 ± 13.2 years and 61.7 ± 88.2 mL, respectively. The 

24-hr RAIU was 59.9 ± 14.7%. Sixty-one patients (77.2%) were in remission at 1 year 

after RAI (Table 1). Eighteen patients failed the first RAI therapy, and five of these 

patients’ developed hypothyroidism after their second RAI therapy. No serious side 

effects of radioiodine (e.g., flare-up of hyperthyroidism, thyrotoxic heart disease, 

significant thyroid eye disease) were recorded. 
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There was no significant difference in the remission rate, thyroid volume, baseline 

TSH, baseline fT4, or RAIU between the LD and HD groups (Table 2). In the LD group, 

35 of the 44 patients (80%) reached remission within 1-year post-RAI, whereas 26 of the 

35 patients (74%) in the HD group achieved remission. The remission rates were not 

significantly different between the LD and HD groups (p=0.60). 

In the 61 patients who achieved successful ablation after the first RAI treatment, 

the mean time to remission was 121.1 ± 104.0 days. The Kaplan-Meier analysis showed 

no significant difference in time to remission between the LD and HD groups (p=0.11, 

Fig. 1). 

In the series of all 79 patients, the absorbed dose, thyroid volume, TRAb, and TSAb 

values were found to be significant predictors of remission (Table 3). Since we excluded 

the parameters that were significantly correlated with each other (Table 4), two model 

analyses were performed — one for TRAb and the absorbed dose and the other for TSAb 

and the absorbed dose — to avoid the problem of multicollinearity in the multivariate 

logistic regression analysis (Table 5). The results demonstrated that the absorbed dose 

and TSAb were independent predictors of remission. 

An ROC analysis for remission was performed using the absorbed dose and TSAb, 

and the threshold values were determined from the Youden Index. The area under the 
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curve (AUC) of 0.90 for the dose was 234.6 Gy, and the AUC of 0.81 for TSAb was 951% 

(Fig. 2). 

From these results, we established the following equation to calculate the remission 

rate from logistic regression: 

logit(p) = Abosrbed Dose (Gy) × 0.0150 −  TSAb(%) × 0.00206 − 0.441 

where p is the probability of remission. The probability of remission was calculated 

for all patients with the hypothetical doses of 500 MBq and 1110 MBq. 

We defined three groups: (i) the response group consisting of patients with a 

remission probability >50% for both doses (n=62); (ii) the resistance group consisting of 

the patients with a remission probability <50% for both the 500 MBq and 1110 MBq 

doses (n=10); and (iii) the conversion group of patients with a remission probability <50% 

for the low dose and >50% for the high dose (n=7). The distributions of thyroid volume 

and TSAb values are depicted in Figure 3 for the three groups. 

In the simulation study, when the RAI dose was virtually increased from 500 MBq 

to 1110 MBq the remission rates increased from 88.0 ± 11.8% to 98.8 ± 3.3% in the 

response group, from 5.5 ± 5.3% to 9.3 ± 7.3% in the resistance group, and from 

38.0 ± 11.8% to 89.8 ± 10.7% in the conversion group. The changes in the remission rate 

per TSAb and thyroid volume in each patient are illustrated in Figure 4. In the conversion 
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group, the thyroid volume was 54.7 ± 34.2 mL and TSAb was 1378.4 ± 586.3%. The ROC 

analysis of the resistance group using the thyroid volume and TSAb showed an AUC of 

0.99 for a thyroid volume at 124.5 mL and 0.90 for TSAb at 1120% (Fig. 5). 

 

Discussion 

The results of our present retrospective analyses of the cases of 79 patients with 

GD demonstrated that the absorbed dose and the TSAb level are independent predictors 

of remission following I-131 treatment for GD. A virtual comparison of the effects of high 

(1110 MBq) and low (500 MB) doses showed that an increase in the administered RAI 

may improve the remission rate, especially in cases with a low predicted dose (<234.6 

Gy) and a high TSAb level (>961%). Using the high-dose RAI regimen may help reduce 

the time to relieve hyperthyroidism in these patients by reducing the number of RAI doses. 

However, if a patient's thyroid volume is >124.5 mL or the TSAb is >1120%, it can be 

difficult to achieve remission of the hyperthyroid state even with high doses of RAI (1110 

MBq), and the patient's therapy should be managed with extra care. 

Higher RAI doses have been reported to improve remission rates. In light of the 

high failure rates at low RAI doses, many experts advocate radioiodine doses that result 

in hypothyroidism [3]. The ATA guidelines for the management of Graves' 
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hyperthyroidism recommend a dose sufficient to cause hypothyroidism (typically 370–

555 MBq) [3], and the ETA guidelines also recommend fixed activity values such as 185, 

370, and 555 MBq [2]. However, factors such as large thyroid size, low iodine uptake, 

and low absorbed doses can reduce the remission rate. Another approach is to 

individualize the radioiodine dose based on the patient's thyroid size and 24-hr 

radioiodine intake, in which the dose is calculated based on the MBq/mL of the thyroid 

tissue to be accumulated. 

Some reports have recommended an absorbed dose of 120–150 Gy or higher for 

the remission of GD [13, 14]. Calculated doses require multiple visits to the hospital to 

measure the 24-hr iodine uptake rates, which is burdensome for hyperthyroid patients 

whose ATDs have been reduced or discontinued. The use of fixed-dose radioiodine has 

been shown to be less expensive than individually calculated doses. Prospective 

randomization studies showed that a semi-quantitative fixed-dose regimen could produce 

effects comparable to those of elaborately calculated individual doses [15, 16]. 

Some studies used higher absorbed doses of I-131 for patients with giant goiters 

compared to patients with smaller thyroid volumes [17, 18], which is consistent with the 

results of the present study; for example, Hernández-Jiménez et al. reported that remission 

of autoimmune hyperthyroidism was achieved with doses of 740–1110 MBq and was 
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more likely than when ≤555 MBq was administered [8]. Although that report did not 

mention the patients' thyroid volumes, our present findings revealed a relationship 

between remission and thyroid volume. 

In the present series, all but one of the patients with a thyroid volume >100 mL 

were in the resistance group. This may have occurred because the absorbed dose is lower 

as the volume increases. We observed that when we used a thyroid volume of 124.5 mL 

as a threshold, the treatment with 1110 MBq showed a reliable distinction between 

remission and non-remission. If the absorbed dose is low with a thyroid volume of ≤124.5 

mL, increasing the dose to 1110 MBq may be considered. The treatment at 1110 MBq in 

the present patient series was also free of serious adverse events. Our results indicate that 

selecting a higher dose of RAI in certain cases may result in fewer total treatment cycles, 

but further investigation is needed to confirm this. 

We also observed that patients had relatively low remission rates at the common 

doses described above and higher remission rates at higher doses (>234.6 Gy). A possible 

reason for this may be that the study included many patients with very large goiters. In 

this study, 16 patients (20.3%) had a thyroid volume >50 mL, with a maximum volume 

of 439 mL. In Japan, almost all patients with GD receive pretreatment with an ATD, and 

RAI treatment is generally indicated when patients show side effects or resistance to an 
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ATD. The use of an ATD induces resistance to RAI treatment [19], which may be another 

reason for the low remission rate observed herein. 

It has been reported that TRAb antibody titers measured at the time of RAI 

treatment are significantly associated with treatment failure of initial RAI [6], and we 

speculate that the functional thyroid cells remaining after RAI treatment are still 

stimulated by TRAb, which may contribute to persistent hyperthyroidism. However, 

aging has also been reported to alter the effects of TRAb [20, 21], and aging may increase 

the proportion of TRAb biologic activity that is non-stimulating antibody. Our present 

findings showed that, unlike TRAb, TSAb is an independent predictor of remission. This 

may be because the detection of TSAb allows for a more selective activity assessment 

since it can distinguish thyrotropin receptor antibody subtypes 

(blocking/neutral/stimulating). TSAb values have been shown to be superior to TRAb 

assays in predicting GD relapse after ATD discontinuation [22, 23], and in light of the 

background of similar mechanisms, a relapse or residual activity of GD after RAI 

treatment can also be evaluated with TSAb measurements. In this study, we observed that 

high activity at the time of RAI treatment is a predictor of persistent hyperthyroidism, and 

it was evident that especially in cases with very high activity (>1120%), even a dose 

escalation to 1110 MBq is likely to not lead to remission. A careful follow-up of thyroid 
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function may be warranted in patients with high TSAb levels. 

A limitation of this study is its retrospective design; selective bias thus cannot be 

avoided. However, there was no significant difference in thyroid volume between the low- 

and high-dose groups (Table 2), although the dosage may have been adjusted according 

to the thyroid size. It is in an iodine-rich region and may not be generalizable to different 

iodine supplementation situations. In addition, the follow-up period was a relatively short 

period (1 year), and some patients with GD achieve remission after >1 year [24]. However, 

at our hospitals, patients with giant goiters tend to have high fT3 and fT4 levels and are 

unable to receive an ATD due to side effects or the development of hyperthyroidism under 

maximal ATD treatment. These patients are at risk of a thyroid crisis and may require 

rapid remission. If remission is not achieved within approx. 6 months, re-treatment should 

be considered, and thus 1 year is sufficient for a follow-up period. 

In conclusion, single-dose remission may be achieved with high-dose RAI in 

Graves' disease patients with a low predicted absorbed dose or a high TSAb level. In 

addition, in patients with a high predicted dose and low TSAb, a standard RAI dose may 

be sufficient to both achieve a therapeutic effect and avoid the extra radiation exposure. 
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Figures and Figure Legends 
 

Fig. 1. Kaplan-Meier curves for the remission of Grave's disease after RAI therapy in 

the low-dose (LD) group who received ≤500 MBq (n=44) and the high-dose (HD) 

group who received >500 MBq (n=35). 

 

Fig. 2. The results of the ROC analysis for remission using the absorbed I-131 dose and 

thyroid-stimulating antibody (TSAb). 

 

Fig. 3. Distribution of thyroid volume and TSAb values in the response (n=62), 

resistance (n=10), and conversion (n=7) groups. 

 

Fig. 4. Changes in the remission rate per TSAb and thyroid volume in Graves' disease. 

a: Changes in the remission rate per TSAb. b: Changes in the remission rate per thyroid 

volume. 

 

Fig. 5. The results of the ROC analysis for predicting resistance using the thyroid volume 

and TSAb. 
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Table 1. Characteristics of the patients with Grave's disease (n=79) 

Parameter 
Non-Remission Remission 

p-value 
n % Mean SD n % Mean SD 

Hospital:          

A 9 11.4   30 37.8   1 
B 9 11.4   31 39.2    

Gender:          

Female 15 19.0   58 73.4   0.13 
Male 3 3.8   3 3.8    

Age 18 22.7 42.3 11.2 61 77.3 42.5 13.8 0.99 
fT3, pg/dL 18 22.8 15.0 8.3 61 77.2 14.9 10.2 0.77 
fT4, ng/dL 18 21.1 3.3 2.4 61 78.9 3.6 2.1 0.38 
TSH, μIU/mL 18 2.6 0.0 0.0 61 97.4 0.1 0.4 0.86 
TRAb, IU/L 17 56.2 71.0 120.9 61 43.8 15.4 21.3 <0.01* 
TSAb, % 17 41.0 1496.1 947.5 60 59.0 610.1 567.5 <0.01* 
Uptake 18 23.7 62.4 9.4 61 76.3 59.2 15.9 0.74 
Volume 18 58.8 159.3 132.2 61 41.2 32.9 38.2 <0.01* 
Oral dose, mCi 18 24.8 21.6 8.9 61 75.2 19.3 9.1 0.25 
Absorbed dose, Gy 18 8.7 136.1 90.9 61 91.3 420.2 276.3 <0.01* 

TRAb: thyrotrophin receptor antibody, TSAb: thyroid-stimulating antibody, TSH: thyroid stimulating hormone. 
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Table 2. Remission rate in the low-dose (LD) and high-dose (HD) groups 

Parameter 
Low dose High dose 

p-value 
n % Mean SD n % Mean SD 

Gender:          

Female 41 51.9   32 40.5   1.00 
Male 3 3.8   3 3.8    

Age 44 55.5 42.3 12.2 35 44.5 42.7 14.5 0.72 
fT3, pg/dL 44 63.6 17.1 10.3 35 36.4 12.3 8.3 0.02* 
fT4, ng/dL 44 52.6 3.4 1.7 35 47.4 3.8 2.6 0.98 
TSH, μIU/mL 44 33.8 0.1 0.3 35 66.2 0.1 0.4 <0.01* 
TRAb, IU/L 43 27.4 13.7 16.2 35 72.6 44.5 89.6 0.20 
TSAb, % 42 54.4 804.0 735.0 35 45.6 807.8 797.3 0.94 
Uptake 44 53.1 57.1 11.7 35 46.9 63.5 17.3 <0.01* 
Volume 44 47.0 52.1 84.0 35 53.0 73.8 93.0 0.12 
Oral dose, mCi 44 36.5 13.0 0.2 35 63.5 28.5 7.2 <0.01* 
Absorbed dose, Gy 44 40.4 257.7 133.8 35 59.6 478.3 348.2 <0.01* 
Outcome:          

Remission 35 44.3   26 32.9   0.60 
Non-remission 9 11.4   9 11.4    

TRAb: thyrotrophin receptor antibody, TSAb: thyroid-stimulating antibody, TSH: thyroid stimulating 
hormone. 
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Table 3. Logistic analysis of remission after RAI 

Parameter p-value OR 95%CI 

Gender 0.12 0.26 0.047–1.413 

Age 0.94 1 0.962–1.043 

fT3 0.99 1 0.947–1.056 

fT4 0.55 1.08 0.838–1.397 

TRAb 0.0044* 0.975 0.959–0.992 

TSAb 0.0005* 0.998 0.998–0.999 

Uptake 0.41 0.983 0.946–1.023 

Thyroid volume 0.0017* 0.977 0.963–0.991 

Oral dose 0.35 0.97 0.921–1.030 

Absorbed dose *0.0001 1.015 1.008–1.023 
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Table 4. Correlation coefficients of various parameters 

 TRAb, 
IU/L 

TSAb, 
% 

Absorbed dose, 
Gy 

Thyroid volume, 
mL 

TRAb  – 0.487, p<0.001* −0.106, p=0.376 0.319, p=0.006* 

TSAb – – −0.155, p=0.178 0.409, p<0.001* 

Absorbed dose – – – −0.450, p<0.001* 
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Table 5. Multivariate analysis of remission factors after RAI for GD 

Model Parameter p-value OR 95%CI 

1 
Absorbed dose 0.0008* 1.016 1.007–1.026 

TRAb 0.165   

2 
Absorbed dose 0.0008* 1.015 1.006–1.024 

TSAb 0.0036* 0.998 0.997–0.999 

GD: Grave's disease, OR: odds ratio, RAI: radioactive iodine therapy.  
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