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Abstract
Background: Hyperthyroidism has been treated with radioiodine therapy for eight decades, with known benefits
and side-effects. No consensus exists on which activity dosage and pre-therapeutic measurements are required for
optimal treatment, balancing risk of incomplete response, therapy-induced hypothyroidism and radiation exposure. A
retrospective analysis was performed to assess these questions.
Methods: Data was collected on radioiodine treatment outcomes for 904 patients treated for Graves’ disease or toxic
nodular goitres at our institution during 2016–2020. The prescribed absorbed doses were 120 Gy (Graves’ disease),
200 Gy (toxic multinodular goitre) and 300 Gy (solitary toxic adenoma). Univariate analysis and multivariate regression
modelling were used to find factors linked to treatment outcome.
Results: The cure rate of hyperthyroidism after one administration of radioiodine was 79% for Graves’ disease, 94%
for toxic multinodular goitre and 98% for solitary toxic adenoma. Thyroid mass, uptake and effective half-life were all
significantly associated with cure in Graves’ disease, but not in toxic multinodular goitre. The rates of therapy-induced
hypothyroidism were 20% and 29% for toxic multinodular goitre and solitary toxic adenoma. Neither the cure rate
nor the hypothyroidism rate was found to be superior among patients with individualised effective half-life measurements in toxic nodular goitres. Poor renal function was associated with dubious iodine uptake measurements but was
not found to correlate with worse outcome.
Conclusions: Multiple measurements of individual iodine uptake for kinetics estimation may be unnecessary, and a
population-based value can be used instead. Patients with renal impairment had similar outcome as other patients,
but with a higher risk of dubious uptake measurements.
Keywords: Hyperthyroidism, Radioiodine therapy, I-131, Dosimetry, Renal function
Introduction
Hyperthyroidism is a condition in which the thyroid
gland produces excessive amounts of thyroid hormones
disturbing the body metabolism, potentially leading to
a substantial risk increase of cardiovascular disease and
a decrease in quality of life if it remains untreated [1, 2].
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The most common types of hyperthyroidism are Graves’
disease (GD) and toxic nodular goitre (TNG) (comprising toxic multinodular goitre (TMNG) and solitary toxic
adenoma (STA)). The annual incidence rate for those
conditions combined is roughly 50 per 100,000 in Europe
[3, 4]. Hyperthyroidism is typically treated with either
medication using antithyroid drugs, radioactive iodine
(iodine-131), or surgery. Radioiodine has been used for
eighty years to treat hyperthyroidism and is considered a
safe, easily performed and cost-efficient treatment.
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When treating GD with radioiodine, the aim is to completely irradiate the thyroid gland, resulting in a hypothyroid state in the patient [5]. For TNG, the aim is to
quench the hyperactive nodules by localised irradiation,
thereby making the patient euthyroid [6]. As therapyinduced hypothyroidism requires patients to be prescribed hormone substitution, the number of treated
patients suffering from hypothyroidism in the TNG
group should be kept as low as possible without severely
impairing the cure rates of hyperthyroidism. Hypothyroidism can occur several years post treatment and
patients treated with radioiodine should consequently be
monitored for a long follow-up period [7, 8].
The prescribed absorbed dose (in Gy) in radioiodine
treatments of hyperthyroidism is usually based on the
disease subtype and determines the amount of activity
(in MBq or mCi) to be administered to the patient. The
relation between activity and absorbed dose is patientspecific and parameters such as thyroid iodine uptake,
effective half-life and mass are sometimes used to individually calculate the amount of administered activity [9].
Due to practical and economic reasons, it is also common to use fixed activities for specific prescribed doses,
not taking patient kinetics into account [10]. If the relation between activity and dose is inaccurate, e.g. due to
reduced kidney function, the patient may be over- or
undertreated [11, 12]. Overtreatment can manifest as initial hypothyroidism which has reported incidence rates
of 10–20% in patients treated for STA [13]. On the other
hand, recent data showed that 18% of patients with GD
were not cured after their first radioiodine treatment,
indicating a degree of under-treatment [5]. The number
of over- and undertreated patients could potentially be
reduced by an increased accuracy in administered activity calculations. This is further motivated by the fact that
all unnecessary dose contributions should be reduced as

they may incur an increased risk of radiation-induced
cancer, although this is debated [14, 15].
The aim of this work was to evaluate, in a large cohort,
the rate of cure and therapy-induced hypothyroidism. We
analysed the necessity of measurements of thyroid iodine
uptake and effective half-life in the calculation of administered activity. We also wanted to investigate the efficacy
of treatment in the patients with impaired renal function.

Methods
A total of 904 patients diagnosed with hyperthyroidism and treated with their first radioiodine treatment
during the years 2016–2020 at Karolinska University
Hospital were included in this study. The patients were
diagnosed with either GD, TMNG or STA. Patient data
was obtained from medical records and the treatment
outcome was acquired and evaluated. Treatment outcomes were related to patient-specific parameters such
as administered activity, patient age, thyroid mass, effective half-life, renal function (as estimated glomerular filtration rate, eGFR), serum thyroid stimulating hormone
(TSH) prior to treatment and absorbed dose. The patient
parameters are summarised in Table 1.
Radioiodine therapy

All patients received radioiodine therapy with an amount
of activity calculated according to Eq. 1, which was
derived from [16]:

A=

D × m × 23.3
U24 × T1/2

(1)

where A denotes administered activity of iodine-131
[MBq], D denotes prescribed absorbed dose [Gy], m
denotes hyperactive thyroid mass [g], U24 denotes the
thyroid iodine uptake at 24 h [%], and T1/2 denotes the
effective half-life of iodine in the thyroid [d]. The mass of

Table 1 Summary of collected patient data presented as median values and (interquartile ranges)
Parameter

All diagnoses

Graves’ disease

Toxic multinodular
goitre

Solitary toxic adenoma

No. of patients

904

335

394

175

Age [years]

66 (52 75)

53 (44 67)

72 (64 78)

66 (55 75)

Females [%]

84

82

85

84

Uptake at 24 h [%]

37 (28 53)

57 (45 65)

31 (25 38)

31 (25 38)

Target massa [g]

45 (30 55)

50 (45 55)

45 (35 55)

25 (20 30)

Absorbed dose [Gy]

-

123 (120 125)

176 (130 202)

293 (237 305)

Activity [MBq]

-

447 (370 756)

805 (709 825)

805 (712 828)

Effective half-lifeb [d]

6.4 (5.8 7.2)

6.2 (5.4 6.9)

6.9 (6.3 7.4)

6.3 (5.7 6.8)

eGFR [ml/min/1.7 m
 2]

75 (63 89)

83 (70 90)

71 (58 81)

76 (66 87)

a

Mass of hyperactive thyroid tissue

b

Determined for 392 patients who underwent uptake measurements at 24 h and 7 d post administration of tracer amounts of iodine-131

Nilsson et al. Thyroid Research

(2022) 15:8

the hyperactive thyroid tissue was determined from ellipsoid volume calculations based on hyperactive nodules
(TNG) or full thyroid volume (GD) on technetium-99 m
planar scintigraphy. Typical unfiltered scintigraphies
used as clinical routine in this cohort are shown in Fig. 1.
Ultrasound is not routinely used at our institution
due to difficulties in estimating hyperfunctional volume in patients with TNG and ultrasound images were
therefore not included in the analysis [17]. The effective
half-life of the thyroid was calculated from NaI-scintillator uptake measurements at 24 h and 7 d post ingestion, assuming a mono-exponential uptake curve. While
calculation of the effective half-life has been the standard procedure at our institution, if logistical or medical
reasons prohibited a measurement of iodine uptake at
7 days, the administered activity was calculated using a
pre-determined fixed effective half-life of 5.3 days for GD
or 6.5 days for TNG. The prescribed absorbed doses were
120 Gy (GD), 200 Gy (TMNG) and 300 Gy (STA). These
dose levels have evolved at our institution over time,
but they are somewhat in line with published procedure
guidelines, for example from the European Association of
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Nuclear Medicine [7]. If the calculated activity exceeded
800 MBq, the patient was administered only 800 MBq.
This caused some individually delivered absorbed doses
to be lower than the prescribed absorbed dose for
TMNG and STA. Levothyroxine and antithyroid drugs
were discontinued 7 days before radioiodine treatment.
If patients had severe renal impairment (eGFR < 30 ml/
min/1.7m2), the prescribed absorbed dose was reduced
by up to 80%.
Treatment outcome

The treatment outcomes were divided into different categories depending on diagnosis according to Fig. 2. Follow-up was at least three months, after which patients
cured from hyperthyroidism were referred to their primary care provider. If patients had persistent hyperthyroidism, follow-up was continued by the Department of
Endocrinology, Metabolism and Diabetes at Karolinska
University Hospital. Euthyroid (no levothyroxine prescription at follow-up) and hypothyroid post-treatment
states were analysed separately for TNG patients. For
patients with GD, both euthyroid and hypothyroid states

Fig. 1 Planar scintigraphy of a) solitary toxic adenoma and b) Graves’ disease

Fig. 2 Illustration of how treatment outcomes were categorised. The number of patients for each diagnosis and outcome rates are reported in
Table 2
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were considered cured, regardless of prescription status
of levothyroxine. At our institution, gradual levothyroxine substitution shortly after radioiodine treatment is
used for most patients with GD. We were therefore unable to distinguish rates of hypothyroidism from euthyroidism at three months follow-up for GD in our cohort.
Effective half‑life estimation

Analyses were carried out to investigate the influence
on treatment outcome by effective half-life estimation
method. Treatment outcomes were compared between
patients who were either treated with a prescribed activity determined from patient-specific uptake measurements at 24 h and 7 d, or by using fixed effective half-life
values (394 patients). The treatment outcome of all
patients was analysed separately for each diagnosis.
Renal Function

Impaired clearance of iodine caused by poor renal function may delay the uptake phase of iodine into the thyroid
and thereby shift the thyroid uptake curve [12]. Renal
function was included in the analysis to analyse the implications of this effect. A delayed thyroid uptake with maximum uptake occurring later than 24 h post ingestion will
result in erroneous effective half-life calculations when
assuming a mono-exponential uptake curve. This can
manifest as effective half-lives estimated to more than the
physical half-life of iodine-131 (8 days). The eGFR was
analysed with respect to treatment outcome, and to the
effective half-life, to investigate if a delayed iodine uptake
in the thyroid could be linked to reduced renal function.
Thus, the eGFR values in patients with calculated effective half-lives > 8 d (118 patients) was compared with the
eGFR values of all other patients.
Statistical analysis

The statistical analysis was carried out using R version
3.6.3 (R-project.org). Differences in continuous variables between dichotomous groups (i.e. cured/not cured,

euthyroid/hypothyroid outcome) were analysed using
Welch’s t-test. Differences in cure rate between dichotomous groups were analysed using Pearson’s chi-squared
test. Multivariate logistic regression models were created to investigate potential predictor variables and confounding variables with respect to treatment outcome.
The logistic regressions were performed for each diagnosis and used the input parameters listed in Table 1. The
model was tested for multicollinearity using variance
inflation factors. Heteroscedasticity was assessed using
Goldfeld-Quandt tests, and the distribution of residuals was studied by inspection of histograms. The models
were optimised using a backwards directed Akaike Information Criterion (AIC) stepwise algorithm to reduce
model complexity. Due to the exploratory nature in finding predictor variables in this work, confidence levels
were only considered statistically significant for p < 0.01.

Results
Treatment outcome

The overall treatment outcomes for all studied diagnoses are presented in Table 2. The results show a lower
cure rate for patients with GD compared to patients
with TNG. The cure rate of initial radioiodine treatment
of GD was 79%. However, most of the GD patients with
unsuccessful treatment in this group (50 of 73) received a
second radioiodine treatment, which cured 49 out of 50.
The other patients (23 of 73) were treated with surgery,
antithyroid drugs or were still in follow-up during study
data collection. For TMNG and STA, 94% and 98% of
patients were cured of hyperthyroidism after one initial
radioiodine therapy, and 20% and 29% of these patients
developed therapy-induced hypothyroidism within three
months. Mean values of the collected parameters, with
their associated statistical significance, for cured and not
cured patients are presented in Table 3. The variables
with statistical significance for predicting cure in GD
were thyroid uptake of iodine at 24 h, thyroid mass and
effective half-life. In the multivariate model for cure of

Table 2 Treatment outcome for patients treated with one administration of radioiodine for Graves’ disease, toxic multinodular goitre
and solitary toxic adenoma
All diagnoses

Graves’ diseasea

Toxic multinodular goitre

Solitary
toxic
adenoma

No. of patients

904

335

394

175

Cured [%]

89.3

78.5

94.4

98.3

Euthyroid

74.6

69.1

Hypothyroid

19.8

29.1

5.6

1.7

Not cured [%]
a

10.7

21.5

No euthyroid/hypothyroid discrimination due to aim of treatment stated inMethods
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Table 3 Patient parameters of cured (euthyroid and hypothyroid) and not cured patients for Graves’ disease, toxic multinodular goitre
and solitary toxic adenoma. p-values of t-test is displayed
Graves’ disease

Toxic multinodular goitre

Solitary toxic
adenoma

Parameter

Outcome

Mean

p

Mean

p

Mean

p

Age [years]

Cured

55

0.28

70

0.04

63

0.68

Not cured

53

Cured

53

Not cured

60

Cured

49

Not cured

54

Cured

122

Not cured

123

Cured

477

Not cured

434

Cured

6.0

Not cured

6.5

Cured

78

Not cured

80

Cured

0.89

Not cured

0.49

24 h uptake [%]
Mass [g]
Abs. dose [Gy]
Activity [MBq]
Eff. half-life [d]
eGFR [ml/min/1.7m2]
Pre-treatment TSH (mU/l)
§

No eGFR-data was available due to small number of patients

*

Significant (p < 0.01) in multivariate logistic regression model

72
< 0.01*

Patientspecific
half-life

Fixed
effective
half-life

0.14

37
< 0.01

46

0.38

162

0.64

764

0.45

6.8

0.01

70

0.81

0.16
0.10

p-value

266

0.32

757

0.80

6.2

-

§
0.02

57
0.06

0.48

737

6.5
0.34

26

192

630
< 0.01*

0.70

45

152
0.01

32
29

50

Table 4 Cure rate for patients treated with activities based on
patient-specific effective half-lives or with activities based on
fixed effective half-lives
Diagnosis

32

66

74

-

§
0.24

0.07

0.39

0.12

6.8 d and 6.2 d for GD, MTG and STA respectively, compared to the fixed half-lives of 5.3 d, 6.5 d and 6.5 d in use
at our institution. The results show that the probability of
being cured was significantly higher when a fixed effective half-life was used for patients with GD while no difference was found for TNG.

Graves’ disease

71%

85%

Toxic multinodular goitre

96%

94%

< 0.01
0.99

Renal function

Solitary toxic adenoma

100%

97%

0.95

The hypothesis that low eGFR causes erroneous uptake
measurements was tested by comparing eGFR among
patients that had obviously incorrectly estimated effective
half-lives of > 8 days. The cohort included patients with
eGFR in intervals > 90 ml/min/1.7m2 (143 patients, 25%),
60–90 ml/min/1.7m2 (321 patients, 55%), 30–60 ml/
min/1.7m2 (110 patients, 19%) and < 30 ml/min/1.7m2
(6 patients, 1%). Patients with long effective half-lives
(> 8 days) had lower eGFR than patients with shorter
half-lives (p < 0.01), as displayed in Fig. 3a. This indicates
that reduced renal function increases the risk of inaccurate uptake measurements—and subsequently inaccurate
absorbed dose calculations based on such data. The renal
function in patients with TNG was lower in those with
persistent hyperthyroidism than in those who became
euthyroid (p = 0.01). Patients that had persistent hyperthyroidism and renal impairment (< 30 ml/min/1.7m2)
were treated with an 80% reduction of prescribed dose,
which may in part explain this difference. Renal function

GD, thyroid uptake of iodine at 24 h and effective half-life
were found to be statistically significant. The optimised
logistic models all had low variance inflation factors.
However, the model for TMNG had problems with heteroscedasticity, and was therefore not considered reliable
and not used in the final analysis. All models had some
degree of non-normally distributed residuals, but less so
in the case of GD.
Effective half‑life estimation

Cure rates for patients who were treated with activities
calculated using patient-specific effective half-lives are
presented in Table 4 together with cure rates for patients
who were treated with activities based on fixed effective
half-lives. The measured effective half-lives were 6.1 d,
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Fig. 3 a) Estimated effective half-lives of less than 8 days is plotted against patients with suspected erroneous half-life estimations (> 8 days). b)
eGFR for patients with TNG, who became euthyroid, had persistent hyperthyroidism or developed therapy-induced hypothyroidism

of patients with TNG who developed therapy-induced
hypothyroidism was not significantly different to that
of patients who achieved a euthyroid post-therapy state
(p = 0.17), as can be seen in Fig. 3b.

Discussion
The treatment cure rate was 94% and 98% for TMNG
and STA, respectively. It was found that 20% and 29%
of patients with TMNG and STA developed hypothyroidism within a follow-up period of three months.
These rates of TNG cure and therapy-induced hypothyroidism are in the higher range of previously published
data [18–22]. Comparing administered activity in this
investigation with other publications shows that our
high cure rates may be due to an overall higher administered activity to patients with TNG (see supplementary material S1). It should be noted that the exact values
of absorbed doses derived for the patient cohort in this
study may not be applicable in other clinics due to variations in how parameters such as thyroid uptake and mass
are determined and used in dosimetric calculations [23].
The impact on cure rate when using patient-specific or
fixed effective half-lives was negligible in TNG, as seen
in Table 4. The pre-determined fixed effective half-life of
6.5 d was in good agreement with the mean values of the
measured effective half-lives of 6.8 d and 6.2 d for TMNG
and STA.
Considering the very high cure rate of 99% for STA,
the rate of therapy-induced hypothyroidism may be
decreased, or at least delayed in its onset, by prescribing a lower absorbed dose to these patients. However,
the rate of therapy-induced hypothyroidism seems less

influenced by reductions in administered activity (see
supplementary material S1). A limitation of the current
work is the short follow-up time, as the occurrence of
hypothyroidism in patients referred to their primarycare provider after cure of hyperthyroidism is expected
to increase with time, as reported by others [5, 7, 8].
Another limitation in this work that should be considered when interpreting the results is the use of planar
scintigraphy for target tissue delineation. Mass estimation from planar images and ellipsoid approximations
are known to have a high variance depending both on
the individual thyroid shape and the interpersonal differences in size estimation [24]. This may increase the variance in absorbed doses delivered and thereby obfuscate
underlying dose–response relations.
The results for patients with GD showed that using a
prescribed dose of 120 Gy resulted in a cure rate of 79%.
These values are in line with previously published data on
GD [5, 25]. Previously, dose–response correlations have
been established for GD, and shown that an absorbed
dose of 200 Gy would cure 80% of patients [26]. The
results from the current work shows similar outcomes at
a lower absorbed dose. A recent meta-analysis showed
that absorbed doses of 120–180 Gy were most likely to
cure patients and produce a euthyroid state in patients
with Graves’ disease [27]. However, dosimetric methodology can differ and may explain the discrepancy between
studies and the multivariate logistic regression model in
this work demonstrated that only thyroid uptake at 24 h
was a predictor for cure in GD. When including patients
with GD who were given a second administration of
radioiodine, the cure rate was 99%, indicating that these
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patients were undertreated by the initial administration.
It was demonstrated that the cure rate for GD was lower
when a patient-specific value of the effective half-life was
used (mean 6.1 d), compared to using a fixed half-life of
5.3 d. As follows from Eq. 1, patients with fixed effective
half-lives therefore received higher absorbed doses than
those with measured effective half-lives. Consequently,
the value for fixed effective half-life used at our institution (5.3 d) was too low for the GD cohort; it was adjusted
accordingly as a consequence of this study. This was likely
a strong contributor to effective half-life being a statistically significant predictor of cure in GD. The results in
this work confirms the influence of thyroid iodine uptake
and thyroid mass as a strong predictor of cure [27].
Our results suggest that the use of fixed effective halflives based on population averages can be cost-effective
and produce successful treatment outcomes. While such
practice appears to be fully adequate for most patients,
it may be precarious for patients with uncommon thyroid iodine kinetics, which cannot be accounted for in a
population-based value of effective half-life. It was demonstrated that uptake measurements and consequently,
patient-specific half-lives were more likely to be incorrect
for patients with reduced kidney function (Fig. 2a). This
indicates that additional uptake measurements might be
needed to achieve reliable measures of effective half-life in
patients with low eGFR. However, the regression analysis
in this work showed that patients with severe renal impairment did not have worse treatment outcome in general.
The reduction of prescribed absorbed dose by up to 80%
for patients with eGFR < 30 ml/min/1.7m2 employed at
our institution was significantly associated with lower cure
rate, albeit in a small group of six patients out of 904.

Conclusions
The cure rates in this work were in line with reported
values for GD from previous studies. The cure rate was
substantially higher in patients with TNG compared to
previously published data, possibly explained by higher
prescribed absorbed doses at our institution. The treatment outcome for GD was better in patients who were
treated with activities based on fixed effective half-lives
instead of patient-specific measured values. Dubious
uptake measurements were more common in patients
with reduced kidney function. The findings of this study
could help in finding the optimal balance between cure
rate, therapy-induced hypothyroidism and radiation
exposure.
Abbreviations
GD: Graves’ disease; TNG: Toxic nodular goitre; TMNG: Toxic multinodular goitre; STA: Solitary thyroid adenoma; eGFR: Estimated glomerular filtration rate;
TSH: Thyroid stimulating hormone.
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