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	 Background:	 Although radioiodine therapy (RIT) efficacy is thoroughly validated for Graves disease (GD), there is a lack of 
research on the predictive factors of RIT, especially the optimal thyroid-absorbed dose (TD) with a shorter ef‑
fective half-life (Teff £5 days). The goal of this study was to explore the predictive value of TD in GD patients 
receiving RIT with a shorter Teff.

	 Material/Methods:	 We studied 208 GD patients receiving RIT with a shorter Teff. Plotting the receiver-operating characteristic (ROC) 
curve verified the accuracy of TD for predicting RIT efficacy in GD patients. In addition, we conducted univari‑
ate and multivariate analyses to investigate the influence of 14 factors, including thyroid weight, TD, 24-h ra‑
dioiodine uptake rate (RAIU), the highest RAIU, thyrotrophin receptor antibody level, thyroglobulin antibody 
level, thyroid peroxidase antibody level, and others, on curative effects of RIT.

	 Results:	 Of the 208 study participants, complete remission and the total effectiveness rates were 68.3% and 92.3%, 
respectively. The threshold value of TD to predict RIT efficacy was 70.2 Gy, based on ROC analysis. Univariate 
analysis showed that 24-h RAIU, Teff, total iodine dose, iodine dose per gram of thyroid tissue, TD, and thyro‑
tropin receptor antibody level were significantly associated with RIT efficacy. Multivariate analysis indicated 
that 24-h RAIU, total iodine dose, iodine dose per gram of thyroid tissue, and TD were significant independent 
predictors of RIT efficacy.

	 Conclusions:	 Predicting RIT efficacy from TD with a shorter Teff was feasible in GD patients, and TD above 70.2 Gy had an 
especially high predictive accuracy.
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Background

Graves disease (GD) is an autoimmune disorder caused by 
thyrotropin receptor antibody (TRAb) and characterized by 
abnormally synthesized thyroid hormone secreted in large 
amounts [1,2]. GD accounts for about 70% to 80% of all hy‑
perthyroidism, with a prevalence of about 0.5% in men and 
3% in women [3]. The 3 main treatment methods for GD are 
antithyroid drugs (ATDs), radioiodine therapy (RIT), and sur‑
gery [4]. ATDs offer a safe treatment that does not destroy 
the thyroid, but the course is long term and may cause drug-
related adverse reactions [5]. Surgery is the most successful 
definitive treatment, but it carries the risk of recurrent laryn‑
geal nerve injury or hypoparathyroidism [6,7]. RIT for hyper‑
thyroidism was first introduced in the 1940s. Owing to its effi‑
ciency and safety, it is increasingly used as a treatment option 
for GD patients, primarily when thyrotoxicosis cannot be con‑
trolled by ATDs [8,9].

Several factors influence the prognosis of hyperthyroidism 
after RIT. Some act directly on the thyroid radioiodine up‑
take (RAIU), while others modify the impact of radiation on 
the thyroid gland, either positively or negatively. Many fac‑
tors are likely interrelated in a complex fashion [10]. The ef‑
fective half-life Teff is commonly known as one of the critical 
factors for the success of RIT in GD treatment [11]. The Teff 
value in most GD patients ranges from 1.6 to 7.5 days, with 
an average value of 5.0 days [11]. A short Teff increases the 
risk of RIT failure because of the rapid clearance or turnover 
of 131I from the thyroid gland, and failure rates can extend up 
to 55% [12]. Several investigators have reported factors that 
potentially affect RIT efficacy in GD, such as the dose of 131I 
administration, thyroid volume, age, RAIU, and pretreatment 
with ATDs [10,13–15]. However, to our knowledge, there is a 
lack of study on the predictive factors of RIT with a shorter Teff 
(Teff £5 days) in GD patients.

This study was a retrospective analysis of 208 GD patients 
treated and managed at our institution in whom RIT had a 
shorter Teff. This study aimed to explore the value of TD in pre‑
dicting the outcome of RIT with a shorter Teff in GD patients 
and to discern the relevant factors affecting the prognosis of 
these patients.

Material and Methods

Ethics statement

The Ethics Committee of the Tianjin Medical University General 
Hospital approved this research. Written informed consent 
was given by all patients participating in the research. All clin‑
ical data used in this research were anonymized for analysis.

Participants

Data on consecutive patients treated in our institution and re‑
ferred for RIT for GD between June 2017 and February 2019 
were retrospectively collected. Patients receiving RIT that had a 
shorter Teff (Teff £5 days) were enrolled for analysis. GD was di‑
agnosed based on thyrotoxicosis, increased thyroid hormones, 
and decreased thyrotropin (TSH); elevated RAIU, diffuse goiter, 
exophthalmos, or pretibial myxedema; or positive TRAb [16]. 
The sample comprised 208 GD patients (161 women and 47 
men, ratio 3.4: 1). The average age was 43.0±13.8 for women 
and 43.3±15.9 years for men. All participants had undergone 
unsuccessful pharmacological treatment with thyrostatic drugs.

Procedures for RIT

Before administration of therapeutic 131I, the subjects under‑
went routine qualifying examinations including evaluation of 
the typical clinical symptoms and signs of GD. Thyroid hormones 
and TSH were determined by chemiluminescence immunoas‑
say (Abbott Laboratories, Chicago, IL, USA). Thyroglobulin an‑
tibody (TgAb) and thyroid peroxidase (TPOAb) levels were also 
determined by chemiluminescence immunoassay (Siemens 
Healthcare Diagnostics Inc, New York, NY, USA), and TRAb lev‑
els were determined by electrochemiluminescence immunoas‑
say (Roche Diagnostics GmbH, Mannheim, Germany). Single-
photon emission computerized tomography (Discovery VH; GE 
Healthcare, Wauwatosa, WI) was used for thyroid imaging to 
rule out inflammatory hyperthyroidism.

The depth (D), width (W), and length (L) of each thyroid lobe 
were measured by 2 radiologists using the Ultrasound System 
(GE Logiq 400 Pro, GE Healthcare) with a 10-MHz probe. The 
total thyroid volume (TV) was the sum of the products for 
both lobes, with volume calculated as D×W×L. The thyroid 
weight (TW) was calculated based on the TV: TW (g)=0.479×TV 
(cm3) [17].

After a low-iodine diet for about 2 weeks and an ATD discon‑
tinuation period (more than 3 days for thiamazole or more 
than 2 weeks for propylthiouracil) before RIT, thyroid uptake 
testing was done [5]. The RAIU of the thyroid was determined 
dynamically at 6, 24, 48, 72, and 144 h, respectively, to obtain 
the values of RAIU24h, RAIUmax, and Teff.

The therapeutic activity (A) of 131I for each patient was calcu‑
lated using Marinelli’s formula [18]:

𝐴𝐴 𝐴 𝑊𝑊 𝑊 𝑊𝑊𝑊𝑊𝑊𝑊 𝑊 𝑊𝑊𝑊𝑊
𝑇𝑇��� ∙ 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅���

 � 1

The TD was calculated according to the standard procedure rec‑
ommended by the European Association of Nuclear Medicine 
for the treatment of GD [19]:
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Where A was the 131I therapeutic activity (mCi); W was the es‑
timated thyroid weight (g); pAD was the prediction absorp‑
tion dose (100 Gy/g); 0.67, 18, and 7.2 were correction coeffi‑
cients; and RAIU(t)dt was the area under the RAIU curve. The 
average dosage of 131I was 6.5± 2.2 mCi.

Assessment of therapeutic efficacy

All 208 patients were followed for 6 months to 1 year after RIT. 
The following criteria were used to evaluate the therapeutic ef‑
ficacy. Complete remission (CR) included euthyroidism and hy‑
pothyroidism. Euthyroidism was defined by no symptoms or 
signs of GD and normal serum levels of free triiodothyronine 
(FT3), free thyroxine (FT4), and TSH. Hypothyroidism was diag‑
nosed if the patients showed symptoms or signs of hypothy‑
roidism, serum levels of FT3 and FT4 were lower than normal, 
and the TSH level was higher than average. In partial remission 
(PR), the symptoms of GD were alleviated, the signs were partly 
resolved, and the serum FT3 and FT4 levels were significantly re‑
duced, although not normal. No remission (NR) was defined by 
no significant improvement or by an increase in symptoms and 
signs of hyperthyroidism, with no significant decrease in serum 
FT3 and FT4 levels. Recurrence was identified by FT3 and FT4 lev‑
els returning to normal and then increasing again, with symp‑
toms reappearing but not yet clinically notable [5]. We defined 
CR as “cured” (cured group) and persistent hyperthyroidism (in‑
cluding PR, NR, and recurrence) as “uncured” (uncured group).

Observation factors

The following 14 factors may be associated with curative ef‑
fects of RIT with a shorter Teff in GD patients: age at diagno‑
sis, sex, TW, disease course, disease status, RAIU24h, RAIUmax, 
Teff, total iodine dose, iodine dose per gram of thyroid tissue, 
TD, TRAb level, TgAb level, and TPOAb level.

Statistical analysis

Data were expressed as mean±standard deviation, proportions, 
or absolute numbers. All factors that may have affected the 

RIT efficacy for patients with GD were analyzed by univariate 
analysis, which was performed by t test and chi-square test. 
Multivariate analysis and binary logistic regression were used 
to identify prognostic factors associated with the outcome 
of RIT. Receiver-operating characteristic (ROC) curves were 
plotted to verify the accuracy of TD for predicting RIT effica‑
cy in GD patients. The area under the curve (AUC) was used 
as an estimation of diagnostic accuracy. All statistical analy‑
ses were performed using SPSS version 25.0. All P values pre‑
sented were 2-tailed, and values <0.05 were considered to be 
statistically significant.

Results

Efficacy of RIT with a shorter Teff

All 208 patients with GD who received RIT with a shorter Teff 
were followed routinely for more than 6 months (Table 1). The 
euthyroidism and hypothyroidism rates were 35.1% (73/208) 
and 33.2% (69/208), respectively. The incidence of PR and 
NR was 24.0%, and recurrence occurred in 7.7% of patients 
(16/208). The overall CR rate (euthyroidism+hypothyroidism) 
was 68.3% (142/208), and the total effectiveness rate (euthy
roidism+PR+hypothyroidism) was 92.3% (192/208).

Teff
Efficacy: n (%) Total 

effectivenessEuthyroidism Hypothyroidism PR NR or recurrence

£3d 	 5	 (16.1) 	 0 	 (0.0) 	 12	 (38.7) 	 14	 (45.2) 	 17 	 (54.8)

3–5d 	 68	 (38.4) 	 69	 (39.0) 	 38	 (21.5) 	 2	 (1.1) 	 175	 (98.9)

Total 	 73	 (35.1) 	 69	 (33.2) 	 50	 (24.0) 	 16	 (7.7) 	 192	 (92.3)

Table 1. The efficacy after a single RIT for GD patients with shorter Teff.
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Figure 1. �The distribution of efficacy for Graves disease patients 
between the 2 groups with effective half-life (Teff) £3 d 
and Teff of >3 to £5 days.
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The results shown in Figure 1 indicated that the PR and NR 
or recurrence rates among GD patients who received RIT with 
a Teff of >3 to £5 days were lower than the rates of the other 
group (c2=4.294, P=0.038 <0.05; c2=72.028, P<0.001, respec‑
tively). However, the CR rate for patients with a Teff of >3 to £5 
days was higher than the other group (c2=45.718, P<0.001). 
RIT was determined to be more effective for patients when Teff 
was >3 to £5 days compared with Teff £3 days.

Correlation between TD and the efficacy of single RIT with 
a shorter Teff

The TD of the patients in the euthyroidism, hypothyroidism, 
PR, and NR or recurrence groups were 69.8±7.6 Gy, 79.0±5.0 
Gy, 62.4±9.1 Gy, and 51.2±9.4 Gy, respectively. The Teff of these 
4 groups were 4.0±0.5 days, 4.6±0.3 days, 3.5±0.6 days, and 
2.7±0.6 days, respectively. There were significant differences 
in TD values among the 4 groups (F=85.64, P<0.001) and be‑
tween the 2 groups (cured vs. uncured; P<0.001). The TD in 
the hypothyroidism group was the highest, followed by the 
euthyroidism group, and the lowest TD was in the NR or re‑
currence group (Figure 2).

ROC curve of the TD in predicting the efficacy of RIT with 
a shorter Teff

The ROC curve was drawn to evaluate the TD accuracy in pre‑
dicting the efficacy of RIT with a shorter Teff in GD treatment 
(Figure 3). The Youden index, defined as the value that gives 
the maximum correct classification, was calculated as being 
63.5 Gy. This value corresponded to the established threshold 
value at arrow 1 in Figure 3, resulting in a sensitivity value of 
88.0% and specificity value of 72.7%. At this threshold, the 
positive predictive value and negative predictive value were 
87.4% and 73.8%, respectively (AUC: 0.863; 95% confidence 

interval [CI]: 0.807–0.919; P<0.001). We compared the sensi‑
tivity and specificity values one by one and finally selected the 
TD value with greater specificity (not the maximum) and rela‑
tively greater sensitivity. The further study demonstrated that 
the optimal cutoff value was 70.2 Gy, which corresponded to 
the established threshold value at arrow 2 in Figure 3. This 
value had a relatively lower sensitivity of 73.2% but a higher 
specificity of 81.8%, with a positive predictive value of 89.7% 
and a negative predictive value of 58.7%.

Analyses of factors affecting the efficacy of single RIT with 
a shorter Teff

The univariate analyses of factors that may influence the ef‑
ficacy of RIT with a shorter Teff (£5 days) in GD treatment are 
presented in Tables 2 and 3. These analyses showed that cases 
with higher RAIU24h, longer Teff, higher total iodine dose, high‑
er iodine dose per gram of thyroid tissue, higher TD, or lower 
TRAb level at diagnosis had a higher probability of good prog‑
nosis (P=0.030, 0.000, 0.006, 0.000, 0.000, and 0.006, respec‑
tively). However, we found no statistically significant differenc‑
es in age (P=0.445), the RAIUmax (P=0.722), TW (P=0.952), sex 
(P=0.495), disease course (P=0.342), disease status (P=0.553), 
TgAb level (P=0.658), and TPOAb level at diagnosis (P=0.223).

Multivariate analyses for the prognostic factors of efficacy 
of RIT with a shorter Teff

Table 4 shows the results of a multivariate analysis of fac‑
tors influencing the efficacy of RIT with a shorter Teff in GD 
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Figure 2. �Box plot of thyroid-absorbed dose (TD) and effective 
half-life (Teff) values in the different outcomes of 
Graves disease patients receiving radioiodine therapy 
with a shorter Teff.
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absorbed dose (TD) in predicting radioiodine therapy 
(RIT) efficacy for Graves disease patients with a shorter 
Teff.
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Characteristics
Efficacy

 t P
Cured group Uncured group

Age (years) 43.6±14.3 42.0±14.3 0.766 0.445

RAIU24h (%) 60.0±10.9 56.7±9.6 2.188 0.030*

RAIUmax (%) 70.4±11.3 71.0±11.7 –0.357 0.722

Teff (d) 4.3±0.6 3.3±0.7 10.163 0.000*

TW (g) 32.3±20.8 32.5±23.5 –0.061 0.952

TID (mCi) 8.8±4.3 7.1±3.8 2.753 0.006*

TD (Gy) 74.2±7.9 59.7±10.3 10.190 0.000*

IDPG (mCi) 12.5±8.6 9.4±3.6 3.636 0.000*

Table 2. Univariate analyses for the continuous variables.

TID – total iodine dose; IDPG – iodine dose per gram of thyroid tissue. * Statistically significant values

Characteristics
Cured group

n (%)
Uncured group

n (%)
c2 p

Gender

0.465 0.495	 Male 	 34	 (72.3) 	 13	 (27.7)

	 Female 	 108	 (67.1) 	 53	 (32.9)

Disease course (years)

0.902 0.342	 £2 	 81	 (71.1) 	 33	 (28.9)

	 >2 	 61	 (64.9) 	 33	 (35.1)

Disease status

0.352 0.553	 Mild 	 52	 (85.8) 	 27	 (34.2)

	 Moderate-severe 	 90	 (69.8) 	 39	 (30.2)

TgAb (IU/ml)

0.837 0.658
	 <40 	 71	 (68.3) 	 33	 (31.7)

	 40–3000 	 61	 (70.1) 	 26	 (29.9)

	 >3000 	 10	 (58.8) 	 7	 (41.2)

TpoAb (IU/ml)

3.034 0.223
	 <35 	 35	 (62.5) 	 21	 (37.5)

	 35–1000 	 56	 (75.7) 	 18	 (24.3)

	 >1000 	 51	 (65.4) 	 27	 (34.6)

TRAb (IU/L)

12.064 0.006*

	 <1.5 	 5	 (55.6) 	 4	 (44.4)

	 1.5–15 	 66	 (76.7) 	 20	 (23.3)

	 15–40 	 50	 (72.5) 	 19	 (27.5)

	 >40 	 21	 (47.7) 	 23	 (52.3)

Table 3. Univariate analyses for the categorical variables.
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treatment. Variables that were significant in the univariate 
analysis were entered into the binary logistic regression analy‑
sis using a stepwise method. The results revealed that RAIU24h, 
total iodine dose, iodine dose per gram of thyroid tissue, and 
TD were the independent factors predicting efficacy of RIT with 
a shorter Teff. Furthermore, we found patients were more like‑
ly to be cured in cases with higher RAIU24h (odds ratio [OR]: 
1.073, CI: 1.024–1.124), higher total iodine dose (OR: 1.242, 
CI: 1.106–1.393), higher iodine dose per gram of thyroid tis‑
sue (OR: 1.422, CI: 1.220–1.658), or higher TD (OR: 1.244, CI: 
1.168–1.325).

Discussion

Iodine is the primary substrate material for the synthesis of 
thyroid hormone by the thyroid. Consequently, the iodine iso‑
tope 131I can be actively taken up by the thyroid gland. RIT has 
been used for GD patients for more than 50 years [10]. It has 
the advantages of being noninvasive and well tolerated, and 
along with ATD and surgery, it has become a main therapeu‑
tic protocol for treatment of hyperthyroidism [20].

In our clinical practice, GD patients undergoing RIT with a short‑
er Teff (Teff £5 days) often have a poor prognosis and a high 
chance of retreatment. A short Teff reflects a high metabolic 
state of thyrocytes, resulting in a short residence time [10]. 
The TD depends on the resident time and the type of isotope, 
and an inadequate TD can yield poor results.

In this study, 208 patients underwent RIT with a shorter Teff (£5 
days), accounting for about 33.3% of all patients. We found 
that the CR rate (euthyroidism+hypothyroidism) was 68.3% 
(142/208), and the total effectiveness rate (euthyroidism+PR
+hypothyroidism) was 92.3% (192/208). Patients were divid‑
ed into 2 groups with Teff of £3 days and Teff of >3 to £5 days. 
A comparison of the 2 groups revealed that RIT was less ef‑
fective in patients with Teff £3 days than in those with Teff of 
>3 to £5 days.

This study’s primary goal was to explore the predictive value 
of TD in GD patients receiving RIT with a shorter Teff. We found 
significant differences among the 4 curative effect groups, and 
TD was lower in patients with poor RIT efficacy. Using ROC 
curve analysis, we showed that TD could be used as a prog‑
nostic tool to predict the efficacy of RIT with a shorter Teff (Teff 
£5 days). For these patients, the optimal threshold value was 
70.2 Gy. This value was relatively higher than the threshold 
value of 63.5 Gy. However, it is essential to note that the lat‑
ter TD threshold is defined as the value that gives the maxi‑
mum Youden index. At this threshold, the specificity value was 
72.7%, which was lower than the optimal threshold’s specific‑
ity value of 81.82%. As is generally known, sensitivity reflects 
the ability of screening tests to identify patients, while spec‑
ificity reflects the ability of screening tests to identify nonpa‑
tients [21]. In this study, finding an applicable TD cutoff value 
to correctly predict RIT outcome was essential. Consequently, 
a TD threshold value with a higher specificity may be pre‑
ferred for deciding on a patient’s management. Notably, the 
TD threshold value of 70.2 Gy is lower than the recommend‑
ed TD value of 150 Gy by the European Association of Nuclear 
Medicine. This different is mainly because our goal for RIT in 
GD is to control hyperthyroidism by rendering the patient eu‑
thyroid, rather than hypothyroid.

Many factors influence the efficacy of RIT with a shorter Teff 
(Teff £5 days) in GD patients. In this study, univariate analysis 
showed that RAIU24h, Teff, administration of total iodine dose, 
administration of iodine dose per gram of thyroid tissue, TD, 
and TRAb level were significantly associated with the effica‑
cy of RIT. Furthermore, multivariate logistic regression analy‑
sis indicated that 4 variables (RAIU24h, administration of total 
iodine dose, administration of iodine dose per gram of thy‑
roid tissue, and TD) were significant independent predictors 
of RIT efficacy.

Numerous studies have addressed the issue of the response of 
RIT with regard to RAIU24h. Some studies, which were mostly 
observational, have shown that the cure rate of RIT is inverse‑
ly correlated with RAIU24h [3,12,22,23]. Several explanations 

Characteristics b Standard error Wald P OR 95% CI

RAIU24h (%) 0.070 0.024 8.603 0.003 1.073 1.024–1.124

TID (mCi) 0.216 0.059 13.520 0.000 1.242 1.106–1.393

IDPG (mCi) 0.352 0.078 20.314 0.000 1.422 1.220–1.658

TD (Gy) 0.218 0.032 45.880 0.000 1.244 1.168–1.325

Costant –23.331 3.635 41.192 0.000 0.000

Table 4. Multivariate analyses for the variables using binary logistic regression.

b – regression coefficient; TID – total iodine dose; IDPG – iodine dose per gram of thyroid tissue.
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may exist for this observation. First, there could be an inverse 
relationship between the thyroid gland’s radiosensitivity and 
the RAIU24h, which is supported by a theoretical model [24]. 
Another explanation could be that the calculated dose decreas‑
es with the increase in RAIU24h, and the iodine absorption rate 
varies during the treatment period. However, our study dem‑
onstrated a favorable outcome of RIT in patients with high 
RAIU24h. The predictive value of RAIU24h in RIT is supported by 
previous reports [25,26]. For example, the 6- to 24-h RAIU was 
positively associated with treatment failure, which indirectly 
suggests that a higher RAIU24h implies a higher probability of 
success [27]. RAIU24h is still considered an essential factor in 
RIT success, although these results are contradictory.

Our study found that the greater the administration of the to‑
tal dose in GD patients, the higher the cure rates. We spec‑
ulate that administering a large total iodine dose, especial‑
ly a large iodine dose per gram of thyroid tissue, can ensure 
that the thyroid gland receives sufficient radiation to destroy 
enough hyperfunctional thyroid issues to yield a satisfactory 
therapeutic response.

Our study also showed that a high TD could predict a good 
prognosis for RIT. This result agreed with a cohort study of 
700 GD patients conducted in Poland [13], which indicated the 
higher the TD, the higher the rate of clinical cure. As is known 
from radiobiology, the destructive ability of ionizing radiation 
is directly proportional to the dose absorbed by the tissue.

However, the present study had some limitations that deserve 
mention. First, patients’ radiosensitivity was not taken into ac‑
count, and the individual differences were challenging to eval‑
uate. Second, the sample size was small. Third, the follow-up 
period was short. Finally, we did not compare the treatment 
outcomes for patients based on Teff being shorter than versus 

longer than 5 days. Therefore, further study with a rigorous 
progression and longer follow-up is needed to validate our 
preliminary findings.

Conclusions

In conclusion, our study showed that high success rates are 
expected in GD patients with high RAIU24h, administration of 
total iodine dose, administration of iodine dose per gram of 
thyroid tissue, and TD (particularly TD >70.2 Gy). These find‑
ing will be clinically useful for patient management.
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