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ABSTRACT

Background: In the current clinical practice, radiometabolic therapy of Graves’ disease is based on the administration of an 
amount of 131I-iodide defined according to two different modalities: administration of a fixed activity (up to a maximum of 555 
MBq allowed by many national legislations on an outpatient basis) or an 131I-iodide activity individually defined so as to reach the 
certain fixed values of target thyroid-absorbed dose. 

The aim of this study was to prove the effectiveness of a personalized approach to cure Graves’ disease based on the 
administration of a 131I activity defined according to the desired “optimal final thyroid mass.” According to this model, one 
can predict the thyroid-absorbed dose following the administration of an activity as a function of the desired reduction of the 
baseline, pre-treatment mass of the gland.

Methods: A total of 217 patients with Graves’ disease were included in this study. They were randomly divided into five groups, 
of which four groups were divided based on fixed thyroid-absorbed dose value of 100 (Group A, n = 29), 200 (Group B, n = 25), 
300 (Group C, n = 51), and 400 (Group D, n = 25), respectively, whereas patients of the final thyroid mass (m

f) (Group V, n = 87) 
received a 131I activity calculated based on the desired “optimal” final thyroid mass according to the so-called “volume algorithm” 
approach. 

Results: At the 1-year follow-up, therapeutic success (i.e., a state of either hypothyroidism or euthyroidism) was achieved in 48% 
of patients in Group A (100 Gy), 64% in Group B (200 Gy), 78% in Group C (300 Gy), 96% in Group D (400 Gy), and 92% in Group 
V (mf). A significantly higher proportion of patients were was cured in Groups D and V (mf) than in Groups A, B, and C (P < 0.01). 
There was no statistical difference in cure rates between Groups D and V (mf). The median thyroid-absorbed dose was 407 Gy for 
Group D (400 Gy), significantly higher than 296 Gy for Group V (mf) (P < 0.001) and also significantly greater than the administered 
131I activity (494 vs. 345 MBq, P < 0.001).

 Conclusions: This study indicates that the most effective thyroid-absorbed dose to be delivered for the radiometabolic therapy of 
patients with Graves’ disease should not be based on a fixed dose but rather should be personalized. The new method based on 
thyroid mass reduction allows the optimization of 131I-iodide therapy for Graves’ disease on an individual basis, achieving a high 
therapeutic efficacy while at the same time avoiding the administration of unjustified greater activities of 131I.
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Introduction 
The hyperthyroidism of Graves’ disease is treated by 
using antithyroid drugs (thionamides, such as propylth-
iouracil and methimazole) or by reducing the amount 
of functioning thyroid tissue either by surgery or radi-
ometabolic therapy with 131I-iodide. All such treatments 
are effective, but opinions vary regarding indications for 
the first-choice treatment. Antithyroid drugs are the pre-
dominant first-line therapy throughout Europe and Japan, 
whereas radioiodine is more often the first-line treatment 
in North America [1].

Therapy with 131I-iodide, which is used for over 70 
years, has largely replaced surgery for the treatment of 
Graves’ disease because it is easy to perform and has 
proved to be effective. It causes a progressive destruction 
of thyroid cells due to the beta radiations emitted by 131I; 
it can be employed either as an initial treatment or disease 
recurrence after antithyroid drugs. Its cure rate is close to 
100% after one or more cycles. Some radiation safety pre-
cautions are recommended during the first 1–20 days after 
treatment although guidelines vary depending on local 
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protocols [2]. In general, the patients need to avoid close, 
prolonged contact with children and pregnant women for 
at least 20 days [2]. Rarely, there may be mild pain due to 
radiation thyroiditis in the anterior cervical region, about 
1–2 weeks after treatment [3]. Furthermore, there is a 
small risk of a thyrotoxic crisis due to cytolysis of thyroid 
cells, which can be minimized by properly timed treat-
ment with antithyroid drugs. Hyperthyroidism can persist 
for several months before radioiodine takes full effect (up 
to 6–8 months). In case of persistent hyperthyroidism, the 
patient can be treated with a second dose of radioiodine, 
usually not earlier than 8–12 months after the first dose 
[3].

The optimal activity of radioiodine to be administered 
to achieve euthyroidism, without a high incidence of 
relapse or progression to hypothyroidism, is still a matter 
of debate. Some patients inevitably relapse after a single 
treatment because the biologic effects of radiation vary 
among different individuals. However, the development 
of hypothyroidism is progressive, with an annual inci-
dence of 2%–3% even many years after the therapy [4]. 
On the other hand, low-dose radioiodine treatment has a 
higher rate of failure; in these cases, further antithyroid 
drug therapy and additional 131I therapies are needed [5]. 

According to the current guidelines, the goal of radi-
oiodine therapy is to control hyperthyroidism by rendering 
the patient hypothyroid; this goal requires higher doses to 
achieve higher cure rates [6]. Nevertheless, there is still no 
consensus regarding the most appropriate dosing regimen. 
Although it is reasonable to assume that the effectiveness 
of such therapy depends on the administration of an appro-
priate radiation dose to the thyroid, there is no agreement 
on the optimal radiation dose to be delivered to the thy-
roid gland. A practical strategy followed in many centers is 
to administer a fixed activity of 131I-iodide generally 5, 10, 
or 15 mCi (185, 370, or 555 MBq, respectively) based on 
clinical features, such as the severity of thyrotoxicosis, size 
of the goiter, and value of radioiodine uptake.

An additional approach employed in clinical practice 
is not based on dosimetric estimates (however, they might 
be derived) but rather on the target amount of radioactivity 
to be concentrated per mass of thyroid tissue. This method 
uses the thyroid gland size and the 24-hour radioiodine 
uptake value measurement to calculate the therapeu-
tic activity of 131I to be administered to achieve a certain 
concentration of 131I in the thyroid gland. In particular, 
the suggested target is 3–8 MBq/g of thyroid tissue (or 
80–220 µCi/g) [7], and 3 MBq/g is generally insufficient 
to achieve an acceptable cure rate if hypothyroidism is the 
ultimate goal of radiometabolic therapy.  Some physicians 
choose to aim for a euthyroid state using a lower activity. 
Decreasing the administered therapeutic activity can lead 
to prolongation of hyperthyroidism, with the associated 
possible adverse clinical sequelae. On the other hand, 
an administered 131I activity toward the upper end of this 

range, or even higher, is, especially, suitable for patients 
with rapid iodine turnover when 4-hour iodine uptake 
exceeds the 24-hour uptake. 

Another strategy is to administer an activity individu-
ally calculated based on a fixed value of target absorbed 
dose (ranging 100–400 Gy in different guidelines) accord-
ing to the Medical Internal Radiation Dose (MIRD) for-
mula based on the size of the thyroid gland, 24-hour 
radioiodine uptake value [8], and measurement of effec-
tive radioiodine half-life in the thyroid gland [9].

In a previously published retrospective study, the 
effectiveness of different tissue absorbed doses to induce 
euthyroidism or hypothyroidism after radioiodine therapy 
in patients with Graves’ disease was evaluated. No cor-
relation was found between radiation dose and outcome 
of radioiodine therapy for thyroid absorbed doses of 150, 
300, and  >300 Gy, with a recurrence rate of hyperthyroid-
ism of about 15% across all groups after the first radioio-
dine therapy [10]. These results raise a number of issues: 
why do some patients of the 15% failure group need a 
second therapy to be cured even if they have been treated 
with more than 300 Gy? Why for other patients only 100 
Gy is sufficient to induce hypothyroidism? Perhaps, a 
general value of thyroid-absorbed dose does not fit for all 
patients? And, which features of this heterogeneous dis-
ease could impact on outcomes after radioiodine therapy?

It is now known that some factors influence the success 
of radioiodine therapy such as age, severity of hyperthy-
roidism, thyroid volume at presentation, and radioiodine 
uptake [11,12]. It is a common observation that the opti-
mal thyroid dose varies from patient to patient according 
to some yet unknown features specific for the individual 
patient and that the efficacy of radioiodine therapy trans-
lates into a certain reduction in the final thyroid volume 
after therapy. In this regard, a relationship has been 
demonstrated between outcomes and final thyroid volume 
after radioiodine therapy. Chiovato et al. [13] showed that 
the early outcome of thyroid function after 131I therapy was 
mainly related to the pre-treatment thyroid volume and 
degree of its reduction after therapy. According to Haase 
et al. [14], post-therapeutic thyroid volumes correlated 
significantly with clinical outcome 6 months after therapy, 
thus providing a rationale for adjusting the target doses 
based on thyroid volumes before therapy to induce an 
appropriate reduction of thyroid volumes. Gómez-Arnaiz 
et al. [15] showed that the ultrasonographic thyroid vol-
ume at 3 and 6 months after low-dose 131I treatment could 
be a reliable prognostic factor of thyroid function outcome 
in the 1st year after treatment. 

Over several years of clinical experience with patients 
undergoing radiometabolic therapy for the treatment of 
Graves’ disease, we have observed that there is a threshold 
value of thyroid gland volume after treatment that guaran-
tees success of therapy (i.e., achievement of euthyroidism 
or hypothyroidism). This final post-therapy thyroid 
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volume is not only a fixed value across patients but also 
instead related in each patient to baseline thyroid mass 
and the value of radioiodine maximum uptake (usually 24 
hours after therapy administration). Based on this obser-
vation, we have developed a new algorithm (the so-called 
“volume algorithm”) aimed at personalizing the amount 
of 131I activity to be administered to cure patients from 
hyperthyroidism: According to this approach, the activity 
of 131I to be administered is calculated using a relatively 
simple equation, in which the only unknown variable is 
“activity” as a function of the desirable (optimal) target 
post-therapy thyroid volume that guarantees success of 
treatment, whereas the baseline thyroid mass and radioio-
dine uptake are experimentally measured [16–20].

We present, here, the results of a prospective study, 
in which we compared the cure rates of Graves’ disease 
patients treated with the “volume algorithm” with the cure 
rates of patients receiving therapy according to different 
fixed thyroid-absorbed doses (100, 200, 300, and 400 Gy). 

Materials and Methods
A total of 217 Graves’ disease patients, with ages rang-
ing from 19 to 82 years (mean 53 ± 18 years), who were 
referred to the department for first radioiodine therapy 
from 2004 to 2014, were enrolled in the study.  According 
to the approved protocol, all the patients signed an 
informed consent form, before enrollment in the study.

Grave’s disease had been diagnosed in all cases by typ-
ical clinical symptoms and laboratory tests (suppressed 
TSH levels associated with increased fT3 and fT4 levels) 
and typical ultrasound finding (diffusely hypoechoic and 
hypervascularized thyroid). The presence of anti-TSH 
receptor autoantibodies (DASIT-Brahms, Italy, sensitivity 
0.3 IU/mL) confirmed the diagnosis.

The exclusion criteria included patients with ophthal-
mopathy, concomitant steroid treatment when administer-
ing therapeutic 131I, age younger than 18 years, suspicion 
of pregnancy, presence of any suspicions thyroid nodule 
on ultrasound, and thyroid volume greater than 80 mL.

Before 131I therapy, patients were recommended to stay 
on a generic low-iodine diet for at least 2 weeks [21]. 
Furthermore, antithyroid drugs were discontinued before 
radioiodine therapy, at least 6 days for methimazole and at 
least 21 days for propylthiouracil. Antithyroid drug treat-
ment was restarted after a minimum of 7 days following 
131I therapy and progressively suspended when a state of 
ipo- or euthyroidism is reached. 

All patients underwent full clinical evaluation, thy-
roid scintigraphy, measurement of thyroid volume by 
high-resolution ultrasound, and measurement of radioio-
dine uptake to evaluate the retention kinetics of iodine in 
the thyroid gland (effective half-life and time to maximum 
uptake).

Ultrasound was performed using a Logiq7 echograph 
(GE Healthcare, Milwaukee, WI, USA) equipped with a 
5–13 MHz array transducer. Thyroid volume was calcu-
lated using the ellipsoid model for each lobe and isthmus; 
thyroid mass was estimated assuming a thyroid density of 
1 g/mL (similarly as water).

131I-iodide uptake and kinetics were evaluated based 
on a set of measurements performed at 4, 24, 48, and 96 
hours after the administration of a diagnostic activity (1.85 
MBq) of 131I-iodide, compared to reference measurements 
of the administered activity placed in a thyroid phantom. 
All measurements were performed using a shielded 2-inch 
NaI(Tl) probe (Biodex Medical Systems, New York, NY) 
properly collimated and calibrated (distance from the 
patient’s thyroid to the probe: 27 cm). Twenty-four hours 
after administration of the 131I tracer activity, all patients 
underwent scintigraphy.

The patients were randomly divided into five groups:
•	 �Group A (29 patients): the administered 131I  

activity was determined so as to deliver a 
thyroid-absorbed dose of 100 Gy.

•	 �Group B (25 patients): the administered 131I  
activity was determined so as to deliver a  
thyroid-absorbed dose of 200 Gy.

•	 �Group C (51 patients): the administered 131I  
activity was determined so as to deliver a  
thyroid-absorbed dose of 300 Gy.

•	 �Group D (25 patients): the administered 131I  
activity was determined so as to deliver a  
thyroid-absorbed dose of 400 Gy.

•	 �Group V (mf) (87 patients): the administered 
131I activity was determined so as to achieve an 
“optimal” desired final thyroid mass according to 
the “volume algorithm.” 

As previously described, the optimal thyroid final mass 
(mf), i.e., the desirable target of radiometabolic therapy, 
was estimated in the individual patients using the follow-
ing equation:

mf  = 0.24 × m0/U0� (1)

where m0 is the basal mass of the thyroid and U0 is the 
maximum 131I uptake in the gland [14,15].

The corrected-MIRD formalism was used to calcu-
late the 131I activity to be administered (A0) in Groups A, 
B, C, and D. The activity to achieve the optimal thyroid 
final mass (mf) [Eq (1)] was calculated by using the same 
corrected-MIRD formalism for patients in Group V (mf) 
[13].

After 131I treatment, all the patients were reassessed 
every 3 months with clinical examination and fT4, fT3, 
and TSH assays. Therapeutic success was classified as 
euthyroidism or hypothyroidism (i.e., serum TSH > 0.3 
µIU/mL) at the 1-year follow-up.
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The Mann–Whitney statistical test was performed to 
evaluate the differences in baseline mass between Group 
A (100 Gy), Group B (200 Gy), Group C (300 Gy), and 
Group D (400 Gy) versus Group V (mf). The same test was 
performed to evaluate the differences in the maximum 
thyroid uptake among all different groups.

The z-test was employed to compare the cure rates in 
Group A (100 Gy), Group B (200 Gy), Group C (300 Gy), 
and Group D (400 Gy) versus Group V (mf).

The two-tailed unpaired t-test was employed to evalu-
ate the statistical significance of differences in the admin-
istered activities and thyroid-absorbed doses between 
Groups D (400 Gy) and V (mf).

Results
Baseline characteristics are shown in Table 1. There were 
no differences in age and uptake values among the groups, 
and similarly, there were no statistically significant differ-
ences regarding main clinical features, anti-TSH receptor 
autoantibodies, gender distribution, and type/duration of 

treatment with antithyroid drugs before radioiodine admin-
istration. The only statistical difference in baseline thyroid 
mass was found between Groups A (100 Gy) and V (mf) 
(median value of m0 29 g versus 20 g, respectively, P = 
0.03).

The cure rates among the five different groups using 
different levels/types of therapeutic approach are shown 
in Table 2. None of the patients developed ophthalmopa-
thy after treatment with 131I-iodide. 

A significantly higher cure rate was achieved in Groups 
D and V (mf) than in Groups A, B, and C (P < 0.001, statis-
tical z-test), whereas there was no significant difference in 
cure rate between Groups D and V (mf) (Figure 1). 

The median thyroid-absorbed dose was 407 Gy for 
Group D (400 Gy), significantly higher than 296 Gy for 
Group V (mf) (P < 0.001) (Table 2 and Figure 2B) and 
also significantly greater than the administered 131I activity 
(494 vs. 345 MBq, P < 0.001) (Table 2 and Figure 2A).

Among the cured patients at the 1-year follow-up, 
17/80 (21%) patients of Group V (mf) were euthyroid 

Table 1. Main baseline features in the five groups of patients treated.

N
GENDER

MEN  /  WOMEN

THYROID BASAL 
MASS  
(M0) 

MEDIAN 
(5TH–95TH)

MAX. UPTAKE 
 (U0) 

MEDIAN
(5TH–95TH)

  Group A  
(100 Gy)

29 12/17
29 g

(13-63)
0.68

(0.46-0.92)

Group B 
(200 Gy)

25 9/16
22 g

(12-35)
0.72

(0.49-0.92)

Group C 
(300 Gy)

51 9/42
24 g

(10-64)
0.76

(0.50-0.87)

Group D 
(400 Gy)

25 8/17
16 g
9-40)

0.62
(0.44-0.67)

Group V  
(mf)

87 17/70
20 g

(10-53)
0.70

(0.41-0.56)

The data report the median value and the 5th and 95th percentiles for thyroid basal mass (m0) 
and maximum uptake (U0).

Table 2. Results of treatment in the five groups of patients.

GROUPS

THYROID ABSORBED 
DOSE  
(Gy)

MEDIAN
5TH –95TH

ADMINISTERED 
131I ACTIVITY (MBq) 

MEDIAN 
5TH –95TH

CURE RATE

Group A 
(100 Gy)

100
(96–133)

185
(100−376)

48%
(14/29)

Group B
(200 Gy)

204
(189–224)

257
(133–386)

64% 
(16/25)

Group C
(300 Gy)

300
(279−320)

370
(185–824)

78% 
(40/51)

Group D
(400 Gy)

407
(387–430)

494
(288–863)

96% 
(24/25)

Group V  
(mf)

296
(148–368)

345
(185–733)

92% 
(80/87)

The data report the median value and the 5th and 95th percentiles for the thyroid absorbed Dose 
(Gy) and administered 131I activity (MBq).
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compared to 1/24 (4%) of Group D, whereas the remain-
ing patients in each group were hypothyroid.

Dicussion
The 131I activity to be administered to patients with 

Graves’ disease is currently based either on the empirical 
fixed-activity approach or the fixed-thyroid-absorbed dose 
approach. 

The fixed-activity approach does not take into account 
the individual patient-related parameters (such as thyroid 
volume/mass, maximum radioiodine uptake, and kinetics). 
Therefore, the amount of 131I administered is often unneces-
sarily high, thus conveying an unjustified radiation dose to 
the patient and environment (immediate family and caretak-
ers). On the other hand, the activity administered might be 
too low, thus missing the therapeutic target of either euthy-
roidism or hypothyroidism. For practical reasons, in many 
centers, patients receive the maximum activity that can be 
administered on an outpatient basis (600 MBq in Europe). 

The approach based on a fixed-thyroid-absorbed dose 
is more tailored, and the administered 131I activity depends 
on patient-specific parameters (m0, U0, or iodine kinet-
ics), which can be evaluated before therapy. However, the 
definition of the optimum thyroid-absorbed dose value 
is still an open issue, and there is no general consensus 

on the best method to be employed in the clinical routine 
[22–24]. 

According to the European Association Nuclear 
Medicine (EANM) guidelines, a thyroid-absorbed dose 
of 150 Gy is sufficient to cure hyperthyroidism, whereas 
200–300 Gy is required for the complete ablation of thy-
roid tissue in patients with ophthalmopathy [25]. On the 
other hand, according to the Society of Nuclear Medicine 
and Molecular Imaging (SNMMI) guidelines, it is reason-
able to base 131I therapy on the radiation dose delivered 
to the thyroid gland rather than on administered activity. 
Nevertheless, the SNMMI panel concluded that there are 
only few publications validating this assumption unequiv-
ocally and that dosimetry for the treatment of thyrotoxico-
sis with 131I has still not been sufficiently standardized [5].

A correlation between the absorbed-thyroid dose value 
and the cure rate of hyperthyroidism has already been 
reported [26,27]. In these reports, the cure rate for patients 
whose thyroid absorbed dose is 100 and 400 Gy is consist-
ent with the data obtained in this study for the patients of 
Groups A and D, respectively [24].

On the other hand, Bajnok et al. [28] reported a higher 
success rate 6 months after therapy for thyroid-absorbed 
doses ranging 70–100 Gy. Nevertheless, the success of 
therapy was inversely related to the pre-treatment thyroid 

Figure 1. Comparison among cure rates in the five groups. The effectives cure rate for Groups A, B, C 
is much lower than groups D and V. In base of percentage of cure rate the effectiveness treatment of 
the Group D is comparable to the Group V (mf).
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volume; in fact, the cure rate for the subgroups with small 
and medium thyroid mass was around 81%, whereas it 
was around 53% in the patients with a large thyroid mass 
larger than 50 g.

Haase et al. [14] recently showed how therapeutic suc-
cess is associated with different target doses depending 
on the baseline thyroid volume (mass) [14]. In particular, 
they observed that different thyroid-absorbed doses were 
required to achieve the same cure rate, i.e., 150 Gy for thy-
roid volumes < 15 mL, 220 Gy for thyroid volumes in the 
15–25 mL range, and 260 Gy for thyroid volumes > 25 
mL. Furthermore, these authors observed a significant cor-
relation between post-therapeutic thyroid volume (mass) 
and clinical outcome, i.e., smaller thyroid glands after ther-
apy were observed in patients who achieved euthyroidism 
or hypothyroidism following radiometabolic therapy. 

The results obtained in this study show that the effec-
tiveness of the method based on the “volume algorithm” 

is comparable to that of the fixed 400-Gy thyroid-absorbed 
method. However, the cure of Graves’ disease in the fixed 
400-Gy group was achieved at the expense of a signifi-
cantly greater administered activity than in the thyroid 
mass reduction method (494 vs. 345 MBq, P < 0.001). 
Therefore, the “volume algorithm” approach allows the 
administration of a lower 131I activity, thus implying a lower 
radiation burden to the thyroid itself (296 vs. 407 Gy, P < 
0.001) and, more notably, to the remainder of the body. 

Figure 3 shows the individually administered 131I  
activity in the patients of Group V (mf) who were cured, 
clearly showing that several patients were cured with a 
much lower activity (118 MBq) than the mean value (376 
MBq), whereas other patients needed much greater activ-
ities (892 MBq). The two extremes correspond to two 
different pathophysiologic conditions, i.e., small initial 
thyroid volume combined with high radioiodine uptake for 
the patient treated with 118 MBq of 131I versus large initial 

Figure 2B. Whisker box-plot diagrams representing comparison between 
thyroid abdsorbed dose in Group D (400 Gy) and Group V (mf).

Figure 2A. Whisker box-plot diagrams representing comparison between  
administered 131I-iodide activity (MBq) in Group D (400 Gy) and Group V(mf).



10Guidoccio F, et al. PJNM. 10(1), 4-12 

thyroid volume combined with relatively low uptake in 
the patient treated with 892 MBq. This observation con-
firms that the patient-specific activity of 131I is necessary 
to cure Graves’ disease. The present study shows that the 
“volume algorithm” best guarantees tailoring of therapy 
adjusted to the individual patient’s pathophysiologic fea-
tures while at the same time permitting to administer a 
lower amount of activity versus the thyroid-absorbed dose 
method to achieve the same cure rate.

This feature of the “volume algorithm” approach 
(which does not imply any relevant additional burden 
to the healthcare staff in terms of time dedicated to each 
patient) results in associated advantages to the patient (e.g., 
by reducing the radiation burden to the whole body, as well 
as the prescription of time off work of following treatment 
with radioiodine), to the environment (by reducing the risk 
of contamination for family members and/or caretakers in 
general), and to the hospital staff (by reducing professional 
exposure linked to daily handling of radioactive materials).

Finally, the “volume algorithm” approach achieves the 
same cure rates obtained with the fixed-activity method 
(555 MBq of 131I-iodide) or the thyroid-absorbed dose 
method guaranteeing maximum effectiveness (400-Gy 
group). The average net cost of purchasing 131I-iodide for 
therapy was EUR 110/patient for the group treated with 
the “volume algorithm,” whereas it was much higher for 
the 400-Gy group (EUR 158, or 44% higher); the corre-
sponding cost would be EUR 178/patient for treatment 
with a fixed activity of 555 MBq (62% higher than for the 
“volume algorithm” group).

List of Abbreviations 
A0	 activity to be administered
EANM	 European Association of Nuclare Medicine
EUR	 euro
fT3	 free Triiodothyonine
fT4	 free Thyroxine

g	 grams
Gy	 Gray
I	 Iodine
MBq	 Megabequerel
m

f	 final mass
mL	 millilitre
m0	 initial mass
MHz	 Megahertz
MIRD	 Medical Internal Radiation Dose
mCi	 milliCurie
Na	 Sodium
SNMMI	 Society of Nuclear Medicine and Molecular Imaging
Tl	 Tallium
TSH	 Thyroid-stimulating hormone
U

0	 initial uptake
μIU	 micro Internation Unit

Conflict of interest
The authors declare that there is no conflict of interest regard-
ing the publication of this article.

Funding
None.

Consent for publication
Informed consent was obtained from all individual participants 
included in the study.

Ethical approval 
All procedures performed in studies involving human partici-
pants were in accordance with the ethical standards of the insti-
tutional and/or national research committee and with the 1964 
Helsinki declaration and its later amendments or comparable 
ethical standards.

Author details
Federica Guidoccio1, Antonio Claudio Traino2, Federica Orsini3, 
Duccio Volterrani1, Giuliano Mariani1, Mariano Grosso1 

1. �Regional Center of Nuclear Medicine, University of Pisa, Pisa 
Italy

2. Health Physics Unit, University Hospital of Pisa, Pisa Italy

Figure 3. Individually administered 131I-iodide activity (MBq) in the 87 patients of Group 
V(mf).



11 Guidoccio F, et al. PJNM. 10(1), 4-12

3. �Nuclear Medicine Service, “Maggiore Della Carità” University 
Hospital, Novara, Italy

References
1.	 Abraham P, Acharya S. Current and emerging treatment 

options for Graves' hyperthyroidism. Ther Clin Risk 
Manag. 2010;6:29–40. https://doi.org/10.2147/TCRM.
S5229

2.	 Barrington SF, Anderson P, Kettle AG, Gadd R, Thomson 
WH, Batchelor S, et al. Measurement of the internal dose 
to families of outpatients treated with 131I for hyperthy-
roidism. Eur J Nucl Med Mol Imaging. 2008;35:2097–104. 
https://doi.org/10.1007/s00259-008-0892-0

3.	 Kahaly GJ, Bartalena L, Hegedüs L, Leenhardt 
L, Poppe K, Pearce SH. 2018 European Thyroid 
Association Guideline for the Management of Graves' 
Hyperthyroidism. Eur Thyroid J. 2018;7:167–86. https://
doi.org/10.1159/000490384

4.	 Metso S, Jaatinen P, Huhtala H, Luukkaala T, Oksala H, Salmi 
J. Long-term follow-up study of radioiodine treatment of 
hyperthyroidism. Clin Endocrinol (Oxf). 2004;61(5):641–
8. https://doi.org/10.1111/j.1365-2265.2004.02152.x

5.	 Sridama V, McCormick M, Kaplan EL, Fauchet R, Degroot LJ. 
Long-term follow-up study of compensated low-dose 131I 
therapy for Graves' disease. N Engl J Med. 1984;311:426–
32. https://doi.org/10.1056/NEJM198408163110702

6.	 Bahn RS, Burch HB, Cooper DS, Garber JR, Greenlee MC, 
Klein I, et al. Hyperthyroidism and other causes of thy-
rotoxicosis: management guidelines of the American 
Thyroid Association and American Association of Clinical 
Endocrinologists. Thyroid. 2011;21:593–646. https://doi.
org/10.1089/thy.2010.0417

7.	 Silberstein EB, Alavi A, Balon HR, Clarke SEM, Divgi C, 
Gelfand MJ, et al. The SNMMI practice guideline for ther-
apy of thyroid disease with 131I 3.0. J Nucl Med. 2012;53:1–
19. https://doi.org/10.2967/jnumed.112.105148

8.	 Farrar JJ, Toft AD. Iodine-131 treatment of hyperthyroid-
ism: current issues. Clin Endocrinol (Oxf). 1991;35:207–
12. https://doi.org/10.1111/j.1365-2265.1991.tb03523.x

9.	 Howarth D, Epstein M, Lan L, Tan P, Booker J. Determination 
of the optimal minimum radioiodine dose in patients 
with Graves' disease: a clinical outcome study. Eur J 
Nucl Med. 2001;28:1489–95. https://doi.org/10.1007/
s002590100621

10.	 Grosso M, Traino A, Boni G, Banti E, Della Porta M, Manca 
G, et al. Comparison of different thyroid committed 
doses in radioiodine therapy for Graves' hyperthyroidism. 
Cancer Biother Radiopharm. 2005;20:218–23. https://
doi.org/10.1089/cbr.2005.20.218

11.	 de Jong JA, Verkooijen HM, Valk GD, Zelissen PM, de 
Keizer B. High failure rates after 131I therapy in Graves 
hyperthyroidism patients with large thyroid volumes, 
high iodine uptake, and high iodine turnover. Clin 
Nucl Med. 2013;38:401–6. https://doi.org/10.1097/
RLU.0b013e3182817c78 

12.	 Šfiligoj D, Gaberšček S, Mekjavič PJ, Pirnat E, Zaletel 
K. Factors influencing the success of radioiodine 
therapy in patients with Graves' disease. Nucl Med 
Commun. 2015;36:560–5. https://doi.org/10.1097/
MNM.0000000000000285

13.	 Chiovato L, Fiore E, Vitti P, Rocchi R, Rago T, Dokic D, et al. 
Outcome of thyroid function in Graves' patients treated 
with radioiodine: role of thyroid-stimulating and thyro-
tropin-blocking antibodies and of radioiodine-induced 
thyroid damage. J Clin Endocrinol Metab. 1998;83:40–6. 
https://doi.org/10.1210/jc.83.1.40

14.	 Haase A, Bähre M, Lauer I, Meller B, Richter E. Radioiodine 
therapy in Graves' hyperthyroidism: determination of indi-
vidual optimum target dose. Exp Clin Endocrinol Diabetes. 
2000;108:133–7. https://doi.org/10.1055/s-2000-5807

15.	 Gómez-Arnaiz N, Andía E, Gumà A, Abós R, Soler J, Gómez 
JM. Ultrasonographic thyroid volume as a reliable prog-
nostic index of radioiodine-131 treatment outcome 
in Graves' disease hyperthyroidism. Horm Metab Res. 
2003;35:492–7. https://doi.org/10.1055/s-2003-41807

16.	 Di Martino F, Traino AC, Brill AB, Stabin MG, Lazzeri M. A 
theoretical model for prescription of the patient-specific 
therapeutic activity for radioiodine therapy of Graves' 
disease. Phys Med Biol. 2002;47:1493–9. https://doi.
org/10.1088/0031-9155/47/9/305

17.	 Traino AC, Di Martino F, Grosso M, Monzani F, Dardano 
A, Caraccio N, et al. A predictive mathematical model for 
the calculation of the final mass of Graves' disease thy-
roids treated with 131I. Phys Med Biol. 2005;50:2181–91. 
https://doi.org/10.1088/0031-9155/50/9/018

18.	 Traino AC, Di Martino F, Grosso M, Monzani F, Dardano 
A, Caraccio N, et al. A study of the possibility of curing 
Graves' disease based on the desired reduction of thy-
roid mass (volume) as a consequence of 131I therapy: a 
speculative paper. Nucl Med Commun. 2006;27:439–46. 
https://doi.org/10.1097/00006231-200605000-00005

19.	 Traino AC, Grosso M, Mariani G. Possibility of limiting the 
un-justified irradiation in 131I therapy of Graves' disease: 
a thyroid mass-reduction based method for the optimum 
activity calculation. Phys Med. 2010;26:71–9. https://doi.
org/10.1016/j.ejmp.2009.08.003

20.	 Orsini F, Traino AC, Grosso M, Guidoccio F, Boni G, 
Volterrani D, et al. Personalization of radioiodine treat-
ment for Graves' disease: a prospective, randomized 
study with a novel method for calculating the optimal 
131I-iodide activity based on target reduction of thyroid 
mass. Q J Nucl Med Mol Imaging. 2012;56:496–502.

21.	 Lee M, Lee YK, Jeon TJ, Chang HS, Kim B-W, Lee YS, et 
al. Low iodine diet for one week is sufficient for ade-
quate preparation of high dose radioactive iodine abla-
tion therapy of differentiated thyroid cancer patients in 
iodine-rich areas. Thyroid. 2014;24:1289–96. https://doi.
org/10.1089/thy.2013.0695

22.	 Peters H, Fischer C, Bogner U, Reiners C, Schleusener 
H. Treatment of Graves' hyperthytoidism with radioio-
dine: results of a prospective randomized study. Thyroid. 
1997;7:247–51. https://doi.org/10.1089/thy.1997.7.247

23.	 Catargi B, Leprat F, Guyot M, Valli M, Ducassou D, Tabarin 
A. Optimized radioiodine therapy of Graves' disease: 
analysis of the delivered dose and other possible factors 
affecting outcome. Eur J Endocrinol. 1999;141:117–21. 
https://doi.org/10.1530/eje.0.1410117

24.	 Jonsson H, Mattsson S. Excess radiation absorbed doses 
from non-optimised radioiodine treatment of hyperthy-
roidism. Rad Prot Dosim. 2004;108:107–14. https://doi.
org/10.1093/rpd/nch013

25.	 Stokkel MPM, Handkiewicz Junak D, Lassmann M, 
Dietlein M, Luster M. EANM procedure guidelines for 
therapy of benign thyroid disease. Eur J Nucl Med Mol 
Imaging. 2010; 37:2218–28. https://doi.org/10.1007/
s00259-010-1536-8

26.	 Peters H, Fisher C, Bogner U, Schleusener H. Radioiodine 
therapy of Graves' hyperthyroidism: standard vs 
calculated 131I activity. Results from a prospective, rand-
omized, multicenter study. Eur J Clin Invest. 1995;25:186–
93. https://doi.org/10.1111/j.1365-2362.1995.tb01547.x



12Guidoccio F, et al. PJNM. 10(1), 4-12 

27.	 Reinhardt MJ, Brink I, Joe AY, von Mallek D, Ezziddin S, 
Palmedo H, et al. Radioiodine therapy in Graves' disease 
based on tissue absorbed dose calculations: effect of 
pretreatment thyroid volume on clinical outcome. Eur J 
Nucl Med. 2002;29:1118–24. https://doi.org/10.1007/
s00259-002-0877-3

28.	 Bajnok L, Mezosi E, Nagy E, Szabo J, Sztojka I, Varga J, et 
al. Calculation of the radioiodine dose for the treatment 
of Graves' hyperthyroidism: is more than seven-thou-
sand rad target dose necessary? Thyroid. 1999;9:865–9. 
https://doi.org/10.1089/thy.1999.9.865


