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Objective: Since Graves’ disease (GD) is resistant to antithyroid drugs (ATDs), an accurate quantitative thyroid function
measurement is required for the prediction of early responses to ATD. Quantitative parameters derived from the novel
technology, single-photon emission computed tomography/computed tomography (SPECT/CT), were investigated for the
prediction of achievement of euthyroidism after methimazole (MMI) treatment in GD.

Materials and Methods: A total of 36 GD patients (10 males, 26 females; mean age, 45.3 + 13.8 years) were enrolled for this
study, from April 2015 to January 2016. They underwent quantitative thyroid SPECT/CT 20 minutes post-injection of *"Tc-
pertechnetate (5 mCi). Association between the time to biochemical euthyroidism after MMI treatment and %uptake,
standardized uptake value (SUV), functional thyroid mass (SUVmean x thyroid volume) from the SPECT/CT, and clinical/
biochemical variables, were investigated.

Results: GD patients had a significantly greater %uptake (6.9 + 6.4%) than historical control euthyroid patients (n = 20, 0.8 +
0.5%, p < 0.001) from the same quantitative SPECT/CT protocol. Euthyroidism was achieved in 14 patients at 156 + 62 days
post-MMI treatment, but 22 patients had still not achieved euthyroidism by the last follow-up time-point (208 + 80 days). In
the univariate Cox regression analysis, the initial MMI dose (p = 0.014), %uptake (p = 0.015), and functional thyroid mass (p =
0.016) were significant predictors of euthyroidism in response to MMI treatment. However, only %uptake remained significant
in a multivariate Cox regression analysis (p = 0.034). A %uptake cutoff of 5.0% dichotomized the faster responding versus the
slower responding GD patients (p = 0.006).

Conclusion: A novel parameter of thyroid %uptake from quantitative SPECT/CT is a predictive indicator of an early response to
MMI in GD patients.

Keywords: Graves’ disease; Single-photon emission computed tomography; Computed tomography; Euthyroidism; Methimazole

INTRODUCTION mediated by the thyroid-stimulating hormone receptor
antibody (TSHR-Ab), and is the most common cause of
Graves’ disease (GD) is an autoimmune thyroid disorder, hyperthyroidism (1, 2). There are three treatments for GD:
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antithyroid drugs (ATDs), radioactive iodine (RAI), and
surgery (1, 3, 4). ATDs are used as the first line treatment in
many countries, while RAI therapy is preferred in the United
States. Surgery is rarely advocated as the first-line treatment.
The complete removal of the thyroid tissue by RAI or
thyroidectomy is a GD treatment option, but side effects such
as permanent hypothyroidism or surgical injury to adjacent
organs are major drawbacks of this protocol (1, 3, 4).

Antithyroid drugs are easy to administer, and they are
readily titratable which is advantageous with regard to
achieving euthyroidism. However, maintaining the remission
state via ATDs alone is very difficult, and an optimal ATD
treatment regimen is yet to be established. As a result,
despite prolonged treatment for 1-2 years, the relapse rate
is approximately 50-70%, and therefore more sophisticated
risk stratification is required (5-7).

For predicting responses to ATD treatment, age, sex,
goiter size, degree of hyperthyroidism, and TSHR-Ab are
reportedly useful, as indicated by several well-designed
large-scale studies. In one study (6), young (aged < 40
years) male GD patients were poorly responsive to ATD
treatment. Another study showed that large goiter size and
high thyroid hormone levels prior to the treatment were
reportedly associated with poor responses to ATD treatment
(8). Elevated TSHR-Ab levels at the end of ATD treatment (9,
10) or at the time of initial diagnosis (5) are also predictive
of a poor outcome. However, no quantitative parameter has
been suggested for the prediction of ATD responses, thus
the “optimal” treatment decision for GD patients is currently
based on patients’ preferences or physicians” empirical
determinations (4, 7).

In the current study, we investigated *"Tc-pertechnetate
thyroid uptake as an objective quantitative measure for
the prediction of ATD responses in GD patients. This study
was motivated by the recent successful application of
single-photon emission computed tomography/computed
tomography (SPECT/CT) for the quantitation of %uptake and
standardized uptake values (SUV) in a variety of functional
thyroid diseases, including GD (11). In the current study,
we hypothesized that in GD patients, the parameters of
quantitative SPECT/CT may be useful for the prediction of
early responses to methimazole (MMI), the most commonly
used ATD (2, 12).
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MATERIALS AND METHODS

Patients

The study was approved by the Institutional Review
Board, and the requirement for informed consent was
waived. Patients were identified via Seoul National
University Bundang Hospital's Clinical Data Warehouse
program. Inclusion criteria were patients initially diagnosed
with thyrotoxicosis, hyperthyroidism, or GD, who underwent
thyroid SPECT/CT from April 2015 to January 2016 at the
hospital. Of the initially identified 137 patients, 54 were
confirmed as GD cases due to elevated levels of free T4,
T3, and TSHR-Ab in conjunction with suppressed thyroid-
stimulating hormone (TSH). In addition, initial **"Tc-
pertechnetate uptake was diffuse and homogeneously
increased, as evident via scintigraphy. Remaining patients
were diagnosed as cases of thyroiditis, toxic nodular disease,
or other conditions. Of the 54 GD patients, those with short
follow-up times (less than 2 months after MMI treatment)
(n = 3), initial use of ATDs other than MMI (n = 2), low
initial MMI doses (< 5 mg of MMI, n = 11), thyroid hormone
checked using a non-radioimmunoassay (RIA) (n = 1), or
incomplete follow-up data (n = 1) were excluded. After
applying these exclusion criteria, 36 patients (10 male, 26
female; mean age, 45.3 + 13.8 years) were finally enrolled
in our study. An expert endocrinologist with 15 years of
clinical experience, determined the final diagnosis of GD
and prescribed MMI as initial treatment. The characteristics
of the patients are summarized in Table 1. Of the 36
patients included, 10 (27.8%) had a history of previous
treatment for GD for 13.5 + 6.1 years (range 5-23 years)
before the current study, including 9 who were treated with
MMI, and 1 who was pregnant at the time of treatment and

Table 1. Patient Characteristics

GD (n = 36)
Age (years) 45.3 +13.8
Sex (M:F) 10:26
Previous treatment history due to GD (yes:no) 10:26
T3 (ng/dL) 262.8 + 118.8
Free T4 (ng/dL) 3.22£2.72
T3/free T4 ratio 91.4 + 24.4
TSH (uIU/mL) 0.05 + 0.01
TSHR-Ab (IU/L) 17.7 + 24.8
Initial MMI dose (mg/day) 19.4 + 8.4

T3 (79-200 ng/dL), free T4 (0.89-1.79 ng/dL), TSH (0.3-4.0
pIU/mL), and TSHR-Ab (0-1.0 IU/L). GD = Graves’ disease, MMI
= methimazole, TSH = thyroid-stimulating hormone, TSHR-Ab =
thyroid-stimulating hormone receptor antibody
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was thus treated with propylthiouracil. Thyroid hormone
levels indicated the typical hyperthyroidism pattern of
elevated thyroid hormones (T3 and/or free T4), positive
TSHR-Ab, and suppressed TSH. Thyroid hormone levels

were rechecked 1 month after MMI treatment, and every
2-3 months thereafter. The initial daily dose of MMI was
19.4 + 8.4 mg (range 10-30 mg). The dose was gradually
reduced to the maintenance level (< 5 mg MMI per day). In
accordance with the typical prescription schedule, 1 month
after the initiation of MMI treatment, the MMI dose was
reduced to 10-20 mg/day, depending on the improvement
of the patients’ symptoms and thyroid hormone levels. The
reduced MMI dose was maintained until free T4 levels were
normalized. Subsequently, the MMI dose was further reduced
to maintenance dose levels in conjunction with normalized
levels of free T4 and T3 (2, 5, 12, 13). In typical cases of
a good responder, biochemical euthyroidism (normalized
levels of free T4, T3, and TSH) was achieved under the
maintenance dose of MMI at later time-points.

The study was approved by an Institutional Review Board
and has been performed in accordance with the ethical
standards laid down in the 1964 Declaration of Helsinki and
its later amendments.

Outcome

For the assessment of early response to MMI, the
achievement of biochemical euthyroidism (within a normal
range of free T4, T3, and TSH) was set as the outcome (2).

SPECT/CT Acquisition

All patients underwent quantitative thyroid SPECT/CT 3.7
+ 9.4 days before the initiation of MMI administration. A
quantitative SPECT/CT scanner (NMCT/670, GE Healthcare,
Pittsburgh, PA, USA) was used throughout the study. The
thyroid SPECT/CT protocol utilized is described in a previous
study (11). In brief, a typical quantitative SPECT/CT study
was performed. First, the SPECT/CT scanner was calibrated
to a dose calibrator (CRC-15R, Capintec, Inc., Ramsey, NJ,
USA) and the system sensitivity (the conversion factor for
radioactivity from counts/sec) was determined as 10176
counts/sec per mCi, which was used for the calculation of
the quantitative parameters. Second, the SPECT images were
reconstructed using CT-based attenuation correction, dual-
energy window-based scatter correction, and resolution
recovery (Volumetrix MI™, GE Healthcare). Lastly, the
quantitative parameters were obtained using a dedicated
software (Q.metrix™, GE Healthcare).
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The required measurements for quantitative parameters
were: the activity of *"Tc-pertechnetate in the syringe
before injection (typically 5 mCi) and the measurement
time, the remnant *"Tc-pertechnetate activity in the
syringe after injection and the measurement time, the
activity injection time, the image acquisition start time,
and the system sensitivity (10176 counts/sec per mCi).

The SPECT images were acquired 20 minutes after **"Tc-
pertechnetate injection, at the time when the **"Tc-
pertechnetate retention was stable, and the %uptake
correlated with the thyroid function (14). The SPECT
acquisition parameters were: head-first supine position,
1-minute-long continuous scanning mode without body
contour option, counter-clockwise rotation, peak energy at
140 KeV with a 20% window (126-154 KeV), and a scatter
energy of 120 KeV with a 10% window (115-125 KeV). The
acquired data were reconstructed using an ordered-subset
expectation maximization algorithm, with 2 iterations
and 10 subsets. A post-reconstruction filter (Butterworth
with a frequency of 0.48 and an order of 10) was applied.
With a zoom factor of 1.5, the slice thickness and image
matrix of the SPECT images were 2.95 mm and 128 x 128,
respectively.

Computed tomography images were acquired using a spiral
CT mode with the following acquisition parameters: tube

/ VoI

SPECT CT with ROI

Fig. 1. Acquisition of thyroidal 3-dimensional VOI from
multiple 2-dimensional ROIs. On transaxial CT images, ROIs were
manually drawn along contour of thyroid. CT = computed tomography,
ROI = region-of-interest, SPECT = single-photon emission computed
tomography, VOI = volume-of-interest
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voltage 120 kVp, tube current 180 mA, beam collimation

20 mm (16 x 1.25), table speed 37 mm/second, tube
rotation time 0.5 second, and pitch 0.938:1. The CT images
were reconstructed into 2.5 mm thick transaxial slices,
incorporating an image matrix of 512 x 512, via an adaptive
statistical iterative reconstruction algorithm (ASiR™, GE
Healthcare).

Quantitative Parameters of Thyroid SPECT/CT

Using dedicated software (Q.metrix™, GE Healthcare),
3-dimensional volumes-of-interest (VOIs) were generated
via multiple 2-dimensional regions-of-interest derived from
transaxial CT images (Fig. 1). The quantitative parameters
were obtained directly from the VOIs via the Q.Metrix™
software, using the following equations:

Total radioactivity

%uptake =
°up Injected radioactivity

x 100 (%)

_ Total radioactivity / Volume of thyroid

SUVmean = mL
Injected radioactivity / Body weight (g/mb)

Maximum radioactivity / Volume of voxel

SUVmax = - STRT :
Injected radioactivity / Body weight

(g/mL)

The voxel volume in the current study protocol was 3.2 x
10° mL.

In addition to the SPECT quantitative parameters
(%uptake, SUVmax, and SUVmean), we also ascertained
the thyroid volume via the CT images. Functional thyroid
mass (g) was then defined as SUVmean (g/mL) x CT-
derived thyroid volume (mL), which is equivalent to
metabolic tumor volume (SUVmean x tumor volume) of
"8F-fluorodeoxyglucose PET in oncology (15, 16).

Laboratory Tests for Thyroid Hormones and Autoantibody

In all patients, thyroid hormones and autoantibodies
were measured using the following RIA kits: free T4,
IMMUNOTECH (Prague, Czech Republic); T3, BRAHMS
(Hennigsdorf, Germany); TSH, Immunoradiometric Assay kit,
DiaSorin (Saluggia, Italy); and TSHR-Ab, BRAHMS.

Statistical Analysis

The MedCalc (version 12.4.0.0, MedCalc Software Bvda,
Ostenel, Belgium) statistical software package was used
for all statistical analyses. For group comparisons, the
Mann-Whitney U test (a non-parametric test) or the chi-
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square test were used. For the determination of predictors
of early responses to MMI, univariate and multivariate Cox
regression analyses were performed. Kaplan-Meier curves
were obtained, and the probability difference was tested
using the log-rank test. p values of < 0.05 were considered
statistically significant.

RESULTS

SPECT/CT Quantitative Parameters

In all 36 patients, the quantitative parameters derived
from SPECT/CT were in the upper normal range. The
%uptake, SUVmax, and SUVmean were 6.9 + 6.4%, 221.1 +
136.7, and 87.4 + 56.0, respectively. In a previous report
using the same quantitative SPECT/CT protocol, the mean +
standard deviation of the %uptake in 20 euthyroid patients
was 0.8 + 0.5% (11), a narrower range with lower levels
than those of previous studies (0.5-7.0%) using thyroid
uptake systems or planar scintigraphy (14, 17, 18). The
lower %uptake determined via SPECT/CT was attributed
to the effect of exclusion of ®"Tc-pertechnetate activity
from the salivary glands or the oral cavity saliva, which
was not possible using the 2-dimensional thyroid uptake
measurements (11). The reference ranges for SUVmax and
SUVmean in the historical control euthyroid patients were
45.56 + 30.74 and 33.51 + 23.54, respectively (11). The
differences between the quantitative parameters in the
GD patients in the current study and the same parameters
in euthyroid patients in the previous study (11) were
statistically significant (p < 0.001, p < 0.001, and p < 0.001
for %uptake, SUVmax, and SUVmean, respectively). The CT-
measured thyroid volume was 43.7 + 24.0 mL, which was
comparable to the reported thyroid volume in GD patients
measured by ultrasonography (39.7 + 5.6 mL) (19), and
greater than the thyroid volume of healthy volunteers (10.7
+ 4.6 mL) (20). The functional thyroid mass, calculated
as thyroid volume multiplied by SUVmean, was 4111.4 +
4878.9 g.

Euthyroidism Achievement

The mean follow-up period of all 36 patients in the
current study was 187 + 76 days (range 85-335 days) from
the initiation of MMI treatment. A biochemical euthyroid
state (within the normal ranges of free T4, T3, and TSH) was
achieved in 14 patients at 156 + 62 days (range 85-330
days) post-initial MMI treatment. Biochemical euthyroid
state was not achieved in 22 patients till the last follow-up
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time-point (mean follow-up duration 207 + 80 days, range
89-335 days). The 14 patients who achieved a euthyroid
state had significantly smaller mean thyroid volume (or
goiter size) (p = 0.016), and lower mean initial MMI dose (p
= 0.039) than the 22 patients still in the hyperthyroid state
(Table 2). Regarding the quantitative SPECT/CT parameters,
the 14 euthyroidal patients had significantly lower mean
%uptake (p = 0.027) and functional thyroid mass (p =
0.021) than the 22 hyperthyroid patients (Table 2). In a
univariate Cox regression analysis for achieving a euthyroid
state, the initial MMI dose (p = 0.014, exp(B) = 0.9043,
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95% confidence interval = 0.8348-0.9795), %uptake (p =
0.015, exp(P) = 0.8027, 95% confidence interval = 0.6734-
0.9567), and functional thyroid mass (p = 0.016, exp(B) =
0.9996, 95% confidence interval = 0.9993-0.9999) were
significant variables, but the other variables investigated
were not significant (Table 3). In stepwise (entering
conditions with p < 0.05 and removing conditions with p
> 0.01) multivariate Cox regression analysis, only %uptake
remained a significant predictor of early MMI response:
lower %uptake was associated with faster achievement of
euthyroidism (p = 0.034, exp(B) = 0.8199, 95% confidence

Table 2. Achievement of Euthyroidism

Euthyroid (n = 14) Hyperthyroid (n = 22) P
Age (years) 43.6 + 13.7 46.3 £ 14.0 0.338
Sex (M:F) 5:9 5:17 0.641
Family history 1:13 3:19 0.952
Previous treatment history due to GD (yes:no) 5:9 5:17 0.641
Goiter size (mL)* 33.8+15.5 50.0 + 26.5 0.016
T3 (ng/dL) 215.1 £ 67.6 293.1 + 134.9 0.108
Free T4 (ng/dL) 2.50 +0.96 3.68 +3.35 0.056
T3/free T4 ratio 87.6 + 13.6 93.9 +29.3 0.399
TSH (pIU/mL) 0.05 + 0.01 0.05 + 0.02 0.764
TSHR-Ab (IU/L) 16.0 + 31.5 18.8 + 20.2 0.060
Initial MMI dose (mg/day)* 15.7 +7.6 21.8+8.2 0.039
%uptake* 3.92 +£2.83 8.84 +7.27 0.027
SUVmean (g/mL) 71.7 £ 50.6 97.4 +58.2 0.270
SUVmax (g/mL) 184.4 + 123.2 244.4 + 142.5 0.218

2166.2 + 1513.5 5349.3 + 5841.8 0.021

*Significant variables. GD = Graves’ disease, MMI = methimazole, SUV = standardized uptake valuse, TSH = thyroid-stimulating hormone,
TSHR-Ab = thyroid-stimulating hormone receptor antibody

Functional thyroid mass (g)*

Table 3. Cox’s Regression Analysis in Achieving Euthyroidism

Univariate Analysis Multivariate Analysis

P Exp(B) 95% CI P Exp(B) 95% CI

Age (years) 0.797 1.0055 0.9644-1.0483

Sex (M:F) 0.869 1.0990 0.3595-3.3604

Family history 0.981 0.9760 0.1273-7.4829

Previous treatment history due to GD 0.287 1.8363 0.6035-5.5875

Goiter size (mL) 0.058 0.9479 0.8971-1.0015

T3 (ng/dL) 0.071 0.9932 0.9860-1.0005

Free T4 (ng/dL) 0.290 0.7570 0.4530-1.2650

T3/free T4 ratio 0.121 0.9827 0.9615-1.0045

TSHR-Ab (IU/L) 0.652 0.9940 0.9686-1.0201

Initial MMI dose (mg/day)* 0.014 0.9043 0.8348-0.9795 0.077 0.9207 0.8406-1.0085
SUVmean (g/mL) 0.103 0.9911 0.9806-1.0018

SUVmax (g/mL) 0.120 0.9965 0.9922-1.0009

%uptake* 0.015 0.8027 0.6734-0.9567 0.034 0.8199 0.6834-0.9837
Functional thyroid mass (g)* 0.016 0.9996 0.9993-0.9999 Dropped

*Significant variables. CI = confidence interval, GD = Graves’ disease, MMI = methimazole, SUV = standardized uptake valuse, TSHR-Ab =
thyroid-stimulating hormone receptor antibody
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0.6834-0.9837). Initial MMI dose remained in
the model, but the p value was greater than 0.05 and the
95% confidence interval of exp(B) contained 1.0. Functional
thyroid mass was dropped from the model (Table 3).

Using a %uptake cutoff of 5.0%, 18 patients with
lower %uptake (2.6 + 1.2%) reached a euthyroid state
significantly faster than 18 patients with higher %uptake
(11.3 + 6.5%) (p = 0.006 by log-rank test) (Fig. 2). At
the follow-up time-point of 6 months from the initial
MMI treatment, 55.6% (10/18) of the patients with lower
%uptake (less than 5.0%) achieved euthyroidism, whereas
only 11.1% (2/18) of the patients with higher %uptake
(greater than 5.0%) achieved euthyroidism (Fig. 2).
Representative cases are shown in Figure 3.

interval =

DISCUSSION

In the current study, an early response to MMI in GD
patients was strongly associated with *“"Tc-pertechnetate
thyroid uptake, measured using state-of-the-art
quantitative SPECT/CT technology. Greater %uptake of
“"Te-pertechnetate in the thyroid was associated with
slower achievement of biochemical euthyroidism post-MMI
administration. The time to achieving a euthyroid state
was effectively predicted using the pre-therapeutic *™Tc-
pertechnetate thyroid uptake. Therefore, GD patients who
would hypothetically be resistant to ATD, may be quickly
shifted to other treatment options such as RAI therapy: this
point is clinically important because ATD elicits significant

100

p = 0.006

%uptake < 5%
-==- Y%uptake > 5%

S ——

Euthyroid achievement probability (%)

50 100 150 200 250 300 350
Time (days)

Fig. 2. Kaplan-Meier curve difference for achieving
euthyroidism using %uptake cutoff of 5.0%. Patients with rapid
responses (n = 18) had lower mean %uptake (2.6 + 1.2%) than those
with slow responses (n = 18, 11.3 + 6.5%). Time to euthyroidism
differed significantly between two groups (p = 0.006, log-rank test).
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adverse effects, and the required long-term prescription of
ATD (up to 2 years) often causes a psycho-economic burden
to the GD patients.

The superiority of *"Tc-pertechnetate %uptake compared
to other known prognostic parameters of GD is interesting.
Age, sex, thyroid volume, thyroid hormone levels, and TSHR-
Ab were not significant predictors (Table 3). Only %uptake
was a significant predictor of an early response to MMI,
indicating the robustness of nuclear functional assessment
over other clinical or biochemical variables. In fact, *"Tc-
pertechnetate %uptake is reported to be an independent
prognostic factor in multivariate analyses in GD patients
with RAI therapy (21, 22), but to our knowledge the
ATD response has not been investigated using **"Tc-
pertechnetate %uptake, except the current study.

Good response Poor response

200

uno)

b

e

o

150

ANS

"" 0

..m.i ‘
0

Fig. 3. Representative images. (Good response) 46-year-old female
Graves’ disease patient showed mildly increased %uptake (2.6%).
Notably, euthyroid patients had mean %uptake of 0.8 + 0.5% as
determined via same SPECT/CT protocol (11). Patient’s initial MMI
dose was 30 mg per day, and she achieved euthyroidism 130 days after
initial MMI administration. Values of other variables investigated were
SUVmax (98.48), SUVmean (30.03), functional thyroid mass (2330

g), T3 (400 ng/dL), free T4 (5.54 ng/dL), TSH (0.01 pIU/mL), TSHR-
Ab (2.13 IU/L), and thyroid volume (77.6 mL). (Poor response) this
38-year-old female Graves’ disease patient showed markedly increased
%uptake of 12.66%. Initial MMI dose was 30 mg per day, but she

had not achieved euthyroidism by last follow-up time-point of 167
days post-MMI administration. Values of other variables investigated
were SUVmax (362.43), SUVmean (149.06), functional thyroid mass
(6827 g), T3 (461 ng/dL), free T4 (17.74 ng/dL), TSH (0.05 pIU/
mL), TSHR-Ab (33.14 IU/L), and thyroid volume (45.8 mL). Upper
row: planar scintigraphy, middle row: SPECT (coronal and transaxial
images), bottom row: SPECT/CT (coronal and transaxial images).

MMI = methimazole, SPECT/CT = single-photon emission computed
tomography/computed tomography, SUV = standardized uptake value,
TSH = thyroid-stimulating hormone, TSHR-Ab = thyroid-stimulating
hormone receptor antibody
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%"Te-pertechnetate thyroid uptake is an old nuclear
medicine technique for the assessment of thyroid function,
introduced almost 5 decades ago (18, 23). Due to the
simplicity of the measurement procedure and its utility
for discriminating GD from destructive thyroiditis, *"Tc-
pertechnetate thyroid uptake has been widely used in
departments of nuclear medicine all over the world (14).
However, the technique is not considered the gold standard
test for thyroid function due to the lack of a retention
mechanism of *"Tc-pertechnetate in thyroid cells (17, 24).
RAI uptake (RAIU), measured 4-24 hours post-'*’Todine or
PTodine administration, is the current standard test for
thyroid function assessment, and RAI therapy for GD is not
guided by *"Tc-pertechnetate thyroid uptake but by RAIU
(25, 26).

Recently developed quantitative SPECT/CT seems to
be a game changer when it comes to the measurement
of radiotracer uptake (27, 28). Accurate measurement of
%injected dose (percentage accumulated activity over
injected dose), namely the %uptake in the current study,
has been achieved for **"Tc-labeled phosphonates (29,

30). Quantitative *"Tc-pertechnetate SPECT/CT has been
successfully applied to hypothyroid and hyperthyroid
patients, and exhibited remarkable accuracy and reliability
(11). Therefore, the results of the current study are
compatible with the recent utilization of quantitative
SPECT/CT as a promising nuclear imaging tool. It is to be
noted that the RAIs (**Iodine and "'Iodine) have so far
not been investigated using contemporary quantitative
SPECT/CT technology. Since RAIU is a well-proven predictor
of RAI therapy response in GD, RAIU measurement using
quantitative SPECT/CT would be preferable to *"Tc-
pertechnetate SPECT/CT for thyroid function assessment (25,
31-33).

The achievement of euthyroidism post-initial ATD
administration may have some limitations as an outcome
measure. The remission rate after the cessation of long-term
ATD treatment is considered the outcome measure of clinical
trials using ATDs (2, 7, 8, 12, 34, 35). Therefore, this is a
preliminary study. However, the achievement of biochemical
euthyroidism after MMI treatment is accepted as a primary
outcome measure in GD in a large-scale multicenter study
(8). The current study results may simply imply that higher
the %uptake at disease presentation, more time is required
for the patient to reach euthyroidism. However, it has also
been reported that rapid interim responses to ATDs were
associated with better outcomes in the long run (34, 35).
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In this regard, future long-term prospective studies are
warranted.

The current study had other limitations. Instead of
different ATD treatment strategies, only the titration
regimen strategy was evaluated, which started with a low
dose of MMI (7). A high-dose ATD therapy with or without
L-thyroxine replacement, or a fixed dose approach, may
generate different results. Further, since this study was
conducted in a country with rich iodine-intake, the results
may not be the same in low iodine-intake countries. For
example, the achievement of biochemical euthyroidism
may have occurred in more patients in countries with lower
iodine-intake. The small number of enrolled patients and
the retrospective design are also other limitations.

In conclusion, quantitative parameters (%uptake,
SUVmax, SUVmean, and functional thyroid mass) from *"Tc-
pertechnetate thyroid SPECT/CT were evaluated for prognosis
prediction in GD patients. Despite many limitations, it
can be concluded that thyroid %uptake determined via
quantitative SPECT/CT, is a predictive indicator of an early
response to MMI in GD. It remains to be seen whether long-
term remission is significantly improved by pre-selecting
MMI-resistant GD patients under base of the pre-therapeutic
%uptake.
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