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Background: To determine whether baseline thyroid-stimulating immunoglobulin (TSI) bioassay or its early response upon treatment 
with an anti-thyroid drug (ATD) can predict prognosis of Graves’ disease (GD) in real-world practice.
Methods: This retrospective study enrolled GD patients who had previous ATD treatment with TSI bioassay checked at baseline and 
at follow-up from April 2010 to November 2019 in one referral hospital. The study population were divided into two groups: patients 
who experienced relapse or continued ATD (relapse/persistence), and patients who experienced no relapse after ATD discontinuation 
(remission). The slope and area under the curve at 1st year (AUC1yr) of thyroid-stimulating hormone receptor antibodies including 
TSI bioassay and thyrotropin-binding inhibitory immunoglobulin (TBII) were calculated as differences between baseline and second 
values divided by time duration (year).
Results: Among enrolled 156 study subjects, 74 (47.4%) had relapse/persistence. Baseline TSI bioassay values did not show signifi-
cant differences between the two groups. However, the relapse/persistence group showed less decremental TSI bioassay in response 
to ATD than the remission group (–84.7 [TSI slope, –198.2 to 8.2] vs. –120.1 [TSI slope, –204.4 to –45.9], P=0.026), whereas the 
TBII slope was not significantly different between the two groups. The relapse/persistence group showed higher AUC1yr of TSI bio-
assay and TBII in the 1st year during ATD treatment than the remission group (AUC1yr for TSI bioassay, P=0.0125; AUC1yr for TBII, 
P=0.001).
Conclusion: Early changes in TSI bioassay can better predict prognosis of GD than TBII. Measurement of TSI bioassay at beginning 
and follow-up could help predict GD prognosis.
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INTRODUCTION
 
Graves’ disease (GD) is an autoimmune disease and the most 
common cause of hyperthyroidism. It is caused by circulating 
autoantibodies that bind to and activate thyroid-stimulating hor-
mone receptors (TSH-R) [1]. Diagnostic tools of GD include 
biochemical abnormalities of increased thyroid hormones, mea-
surements of increased TSH-R antibody (TSH-R-Ab), and ra-
dioiodine scans [2,3]. 

There are two assays to measure autoantibodies for evaluation 
of GD: thyrotropin-binding inhibitory immunoglobulin (TBII) 
assay and thyroid-stimulating immunoglobulin (TSI) bioassay. 
TBII is measured by immunoassays which measure the titer of a 
patient’s immunoglobulins that inhibit the binding of thyrotro-
pin (TSH) to TSH-R. Therefore, this method measures all types 
of anti-TSH-R-Abs, including stimulating, blocking, and neutral 
antibodies [4]. The other method, TSI bioassay, could distin-
guish between stimulatory, neutral, and blocking autoantibodies 
by distinguishing their effects on cyclic adenosine monophos-
phate production in a cell line stably transfected with a receptor 
[5]. The TSI bioassay has a sensitivity of 96% and a specificity 
of 99% for the diagnosis of GD [6].

Once diagnosed with GD, treatment options include the use 
of an anti-thyroid drug (ATD), surgery, and radioactive iodine 
(RAI) therapy [7,8]. ATDs have non-negligible benefits in that 
they do not destroy the thyroid structure. Thus, they could be 
used as a first line therapy for GD in most cases [1]. However, 
the recurrence rate after stopping ATD has been reported to be 
30% to 70% [7,9,10]. In addition, ATD should be used for a 
long period due to a high rate of recurrence [11-15]. In this con-
text, predicting recurrence of GD after ATD withdrawal is a 
very serious matter. Many studies have tried to find risk factors 
for recurrence and suggested that young age, men, smoking, 
goiter, presence of orbitopathy, and high thyroid hormone levels 
at diagnosis are associated with a higher risk of recurrence [9, 
13,16,17], although such findings remain controversial.

Previous studies have indicated that high TSI bioassay mea-
sured just before ATD withdrawal could be a predictor of dis-
ease recurrence [9,17,18]. However, these studies were retro-
spective in nature with limited numbers of study subjects. One 
small study with a prospective setting has shown that TSI bioas-
say can predict the disease course and recurrence after ATD ces-
sation more accurately than TBII [4]. However, that study used 
ATD for only 6 months and then observed outcome less than 18 
months after ATD withdrawal, which were relatively short for 
complete evaluation of GD outcome. It could not reflect real-

world practice. 
When to use a definite treatment rather than ATD has not been 

established yet. Especially, there have been few studies on the 
relationship between baseline TSI bioassay level or initial TSI 
bioassay change during ATD treatment and disease prognosis 
including recurrence. It can be assumed that more exposure to 
higher TSI bioassay would need longer duration of disease treat-
ment with recurrence happening more common. However, re-
search on this is insufficient. Thus, the objective of this study 
was to determine whether baseline TSI bioassay or its early re-
sponse upon treatment with ATD could predict GD prognosis in 
real-world practice.

METHODS

Study population
Medical records of 671 consecutive patients with TSI bioassay 
measured at least twice from April 2010 to November 2019 
were reviewed by professional medical staff. Patients who did 
not fit the study design were excluded. Among them, patients 
who have 1st TSI bioassay data over 6 months from ATD start 
were excluded (Fig. 1). Three patients whose final diagnosis 
was not GD, 81 patients with follow-up loss, 32 patients who 
underwent surgery or RAI, 107 patients with unclear drug start 
time, 26 patients with follow-up loss before 1 year after discon-
tinuation of the drug, 194 patients whose TSI bioassay measure-
ment period and ATD period did not match were excluded. 
Among 228 patients, those who had the time interval between 
the first TSI bioassay measurement (TSI1) and second TSI bio-
assay measurements (TSI2) of less than 6 months (n=50) and 
those with ATD discontinued after 6 months or more from the 
last TSI bioassay (n=18) were further excluded from the study. 
Patients who did not start ATD within 6 months after the first 
TSI bioassay measurement were also excluded (n=4). Finally, 
156 patients were analyzed.

Smoking history was recorded based on medical record. The 
presence of goiter was based on medical record as well as image 
recording such as thyroid scan or ultrasonography. The presence 
of Graves’ orbitopathy was based on physician’s medical records 
or documents from ophthalmology department. 

GD was diagnosed based on designated thyroid function test 
(TFT), which showed high free thyroxine (T4) and low TSH lev-
els with increased TBII levels, thyroid scan with increased dif-
fuse uptake, and clinical features such as diffuse goiter and orbi-
topathy. Priority of ATD was selected by the physician among 
carbimazole (CZ), methimazole (MZ), and propylthiouracil 
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(PTU) according to the patient's clinical situation. Outpatient fol-
low-up was regularly performed every 3 to 6 months. When the 
TFT level became euthyroid and clinical feature showed im-
provement, the drug was stopped after confirming that TBII or 
TSI bioassay was within normal range.

Remission was defined as no experience of ATD re-start at 
least 1 year after stopping ATD. Relapse was defined as re-start 
of ATD after clinical decision of biochemical thyrotoxicosis and 
increased levels of TSH-R-Ab. Persistence was defined as no 
stop of the ATD during the study period. The study population 
was divided into two groups: a remission group (R group) and a 
relapse/persistent group (RP group).

Laboratory test
Free T4 and TSH levels were determined using a BECKMAN 
immunoradiometric assay (IRMA) kit (Immunotech, Prague, 
Czech Republic) and an ADIVA Centaur electrochemilumines-
cence immunoassay (ECLIA) kit (Siemens Healthcare Diag-
nostic Inc., Tarrytown, NY, USA). Normal ranges were as fol-
lows: TSH of 0.55 to 4.78 µIU/mL in ECLIA and 0.17 to 4.05 
IU/mL in IRMA, free T4 of 0.89 to 1.76 ng/dL in ECLIA and of 
0.89 to 1.79 ng/dL in IRMA (RRID: AB_2895179, AB_2895183 
in ECLIA and AB_2895185, AB_2895187 in IRMA). 

Thyroid stimulating antibody (TRAb) was measured in two 
ways. First, a Elecsys/Cobas ECLIA kit (Roche Diagnostics, 
Mannheim, Germany), the third generation TBII assay, was used. 
This assay measures inhibition of binding of labeled monoclonal 
antibody clone M22 to TSH-R with a positive value greater than 
1.75 IU/L (RRID: AB_2801453). Second, a TRAK Human ra-
dioimmunoassay (RIA) kit (BRAHMS Thermo Scientific, Hen-
ningsdorf, Germany), the second-generation TBII assay, was 
used. Detection was based on the ability of TRAb to prevent 
binding of labeled TSH to TSH-R with a positive value greater 
than 1.5 IU/L. 

The TSI bioassay titer was measured with a Thyretain TSI re-

porter bioassay (Diagnostic Hybrids Inc., Athens, OH, USA). 
This Thyretain kit is based on Chinese hamster ovary cells 
(CHO) transfected with chimeric TSH-R, which has amino acids 
262-335 substituted with 73 amino acids from rat luteinizing 
hormone (LH) receptor (Mc4) [19,20]. Mc4 was designed to 
limit the effect of thyroid-blocking immunoglobulins that could 
exist coincidentally with TSI in up to 25% of patients with GD, 
which could interfere with TSI measurements. Results of the TSI 
bioassay are reported as specimen-to-reference ratio percentages 
(SRR%) calculated as follows: SRR%=(mean TSI specimen/
mean TSI reference)×100. A specimen was considered positive 
if SRR was ≥140% [19]. 

Definition of slope and area under the curve
In this study, TSI bioassay and TBII were measured twice dur-
ing the study period. The slope indicates the degree of change in 
the measured value. The slope was calculated as follows: 

Slope of TSI bioassay=
     TSI2 –TSI1 (%)

		                Time duration (yr)

Slope of TBII =
  TBII2 –TBII1 (%)

	                 Time duration (yr)

The area under the curve (AUC) of TSI bioassay or TBII was 
defined as the area under the graph created by measured two 
values (Fig. 2). To evaluate the response after initiation of ATD 
treatment, we decided to obtain the AUC at 1st year (AUC1yr). 
Since there are a TSI1 and a TSI2, a linear function is assumed 
and integrated over time. In this way, we obtained the hypotheti-
cal value of TSI bioassay 1 year later from TSI1, and calculated 
AUC1yr. Assuming the TSI1 as the baseline and the slope of the 
linear function is equal to the slope defined above, the expres-
sion is: (Slope TSI bioassay)×time+TSI1. Then, the AUC1yr of 
ATD treatment is equal to 0.5×slope+TSI1 by following inte-
gral equation.

Fig. 1. Study population enrollment criteria. TSI, thyroid-stimulating immunoglobulin; ATD, anti-thyroid drug.

TSI1
6 months 6 months

TSI2

Judgement for remission

ATD stop

At least 1 year

ATD start

21.3±9.6 months



Copyright © 2023 Korean Endocrine Society www.e-enm.org  341

TSI Early Changes Predict GD Prognosis

AUC1yr=∫0

1
Slope×time+TSI1 dt=0.5×Slope+TSI1

If the slope is the same, the AUC1yr value of a person with a 
high baseline will be larger. If the baseline is the same, the 
AUC1yr value will be larger when the absolute value of the slope 
is smaller. Examples of calculation are described in Fig. 3. Un-
less otherwise noted, AUC1yr in this article refers to AUC for the 
1st year from the ATD treatment begin.

Statistical analysis
A logistic regression model was used to adjust for confounders. 
In univariate analysis, disease recurrence odds ratio (OR) for 
each independent factor was calculated. In multivariate analysis, 
adjusted OR of slope of TBII or TSI bioassay and adjusted OR 
of AUC of TBII or TSI bioassay were calculated after adjusting 
for factors such as age, sex, smoking, and presence of goiter. The 
cutoff value for distinguishing remission or relapse/persistent 
was calculated using receiver operating characteristic (ROC) 
curve analysis. Statistical significance was set at P≤0.05. SPSS 
version 24 (IBM Co., Armonk, NY, USA) was used for all statis-
tical analyses. Graphs were produced using Prism version 8.02 
(GraphPad Software Inc., La Jolla, CA, USA). Categorical vari-
ables were reported as numbers and frequencies (%). Continu-
ous variables were reported as mean±standard deviation. If the 
data were nonparametrically distributed, they are expressed as 
median values with interquartile ranges.

Ethics approval and consent to participate
The study adhered to the tenets of the Declaration of Helsinki. It 

was approved by the Institutional Review Board (IRB) of Seoul 
St. Mary’s hospital (IRB no. KC22RASI0712). Permission to 
use hospital data was granted by the IRB of Seoul St. Mary’s 
Hospital. Due to the retrospective nature of this study, the re-
quirement to obtain informed consent was waived by the IRB of 
Seoul St. Mary’s Hospital.

Availability of data and materials 
Datasets generated and/or analyzed during the current study are 
not publicly available due to personal data protection legisla-
tion. They are available from the first author or corresponding 
author upon reasonable request.

RESULTS

Clinical characteristics of study population
Of a total 156 patients, 82 were in the R group and 74 were in 
the RP group (Table 1). ATD treatment duration was 28.0 months 
in R group and 40.5 months in RP group, showing a significant 
difference between the two (P<0.001). The ATD type included 
MZ 45.1%, CZ 42.7%, and PTU 4.9% in the R group. It includ-
ed MZ 29.7%, CZ 62.2%, and PTU 1.4% in the RP group. MZ 
use was more frequent in the R group than in the RP group. How-
ever, the difference between the two was not statistically signifi-
cant (P=0.078). Female sex, goiter, smoking history, and taking 
concomitant T4 accounted for 81%, 61%, 6%, and 17%, respec-
tively. These clinical parameters were not significantly different 
between R and RP groups. There was no significant difference 
in Graves orbitopathy (17.1% in R group and 24.3% in RP group, 

Fig. 3. Examples of calculation of the area under the curve (AUC) 
value. TSI, thyroid-stimulating immunoglobulin; AUC1yr, area un-
der the curve at 1st year. 
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Fig. 2. The area under the curve (AUC) of thyroid-stimulating im-
munoglobulin (TSI) bioassay or thyrotropin-binding inhibitory im-
munoglobulin. AUC1yr, area under the curve at 1st year. 
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P=0.357). Those with a previous treatment history accounted 
for 13.4% in the R group and 17.9% in the RP group, showing 
no significant difference between the two (P=0.620).

The mean duration between baseline TSI and ATD begin was 
less than 1 month in both groups. Also, the mean duration be-
tween baseline TSI and 2nd TSI were 21.3±9.6 months in total 
(21.0±8.9 months in R group and 23.1±10.6 months in RP 

group, P=0.228) (Supplemental Table S1). 
As shown in Table 2, the TSI slope was –120.1 (–204.4 to 

–45.9) in the R group and –84.7 (–198.2 to 8.2) in the RP group, 
with the slope being significantly steeper in the R group 
(P=0.026). The TSI: AUC1yr of R group was significantly lower 
than that of RP group (243.7 [157.9 to 309.9] vs. 310.2 [187.2 
to 408.0], P=0.012). The TBII slope was –2.4 (–5.7 to –1.1) in 

Table 1. Baseline Clinical Characteristics of Study Subjects

Characteristic Total
(n=156)

Remission
(n=82)

Relapse/persistent
(n=74) P value

Age, yr 44.3±13.0 45.8±12.5 42.7±13.5 0.132
Female sex 127 (81.4) 66 (80.5) 61 (82.4) 0.916
Goiter 95 (60.9) 50 (61.0) 45 (60.8) 0.948
Smoking 10 (6.4) 5 (6.1) 5 (6.8) 1.000
Previous treatment history 24 (15.4) 11 (13.4) 14 (17.9) 0.620
Graves’ orbitopathy 32 (20.5) 14 (17.1) 18 (24.3) 0.357
ATD type 0.078
   Methimazole 59 (37.8) 37 (45.1) 22 (29.7)
   Carbimazole 81 (51.9) 35 (42.7) 46 (62.2)
   PTU 5 (3.2) 4 (4.9) 1 (1.4)
   Change during treatment 11 (7.0) 6 (7.3) 5 (6.8)
ATD treatment duration 31.0 (22.0–46.0) 28.0 (21.0–37.0) 40.5 (24.0–61.0) <0.001
Concomitant T4 use 27 (17.3) 15 (18.3) 12 (16.2) 0.896
Thyroid function tests at diagnosis
   Free T4 2.7 (2.1–3.8) 2.4 (2.0–3.4) 3.0 (2.3–4.3) 0.010
   T3 2.5 (1.8–3.5) 2.4 (1.7–3.3) 2.8 (1.9–4.0) 0.236
   TSH 0.0 (0.0–0.0) 0.0 (0.0–0.0) 0.0 (0.0–0.0) 0.270
   T3/free T4 1.0±0.2                    1.0±0.2 0.9±0.2 0.107
   TBII 6.4 (2.7–12.7) 5.1 (2.3–10.5) 7.7 (4.2–15.9) 0.010

   TSI bioassay 315.0 (211.0–439.5) 309.0 (179.0–423.0) 323.5 (232.0–457.0) 0.370

Values are expressed as mean±standard deviation, number (%), or median (interquartile range). 
ATD, anti-thyroid drug; PTU, propylthiouracil; T4, thyroxine; T3, triiodothyronine; TSH, thyroid-stimulating hormone; TBII, thyrotropin-binding in-
hibitory immunoglobulin; TSI, thyroid-stimulating immunoglobulin. 

Table 2. Differences of TBII and TSI Slopes and AUC1yr s between Remission Group and Relpase/Persistent Group

Total
(n=156)

Remission
(n=82)

Relapse/persistent
(n=74) P value

TBII: slopea –2.5 (–6.2 to –1.0) –2.4 (–5.7 to –1.1) –3.5 (–6.3 to –0.9) 0.638

TBII: AUC1yr
b 5.0 (2.2 to 10.1) 3.7 (1.7 to 6.6) 6.2 (3.6 to 13.2) 0.001

TSI: slopea –98.6 (–200.1 to –14.9) –120.1 (–204.4 to –45.9) –84.7 (–198.2 to 8.2) 0.026

TSI: AUC1yr
b 259.5 (169.8 to 367.3) 243.7 (157.9 to 309.9) 310.2 (187.2 to 408.0) 0.012

Values are expressed as median (interquartile range). 
TBII, thyrotropin-binding inhibitory immunoglobulin; TSI, thyroid-stimulating immunoglobulin; AUC1yr, area under the curve at 1st year. 
aThe slope was calculated as the difference of the baseline and second values divided by time duration (year); bThe AUC1yr was defined as the area under the 
line between baseline and second values.
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the R group and –3.5 (–6.3 to –0.9) in the RP group, showing no 
significant difference between the two (P=0.638). TBII: AUC1yr 
of the R group was significantly lower than that of the RP group 
(3.7 [1.7 to 6.6] vs. 6.2 [3.6 to 13.2], P=0.001).

Risk factors for relapse of GD
Risk factors related to GD recurrence/persistence were investi-
gated using a logistic regression model. In univariate analysis, 
conventional clinical risk factors including goiter, smoking sta-
tus, and GO status were not significant predictors. However, 
ORs of TSI slope, TSI: AUC1yr, and TBII: AUC1yr for predicting 
a recurrence/persistent disease were 1.001, 1.001, and 1.008, re-
spectively, showing statistical significance (Table 3). On the 
other hand, baseline TSI, baseline TBII, and TBII: slope were 
not predictive clinical parameters. In multivariate analysis, TSI: 
slope, TSI: AUC1yr, and TBII: AUC1yr were all independent clin-
ical parameters that could predict recurrent/persistent disease. 

Through the ROC curve analysis, the cutoff values for divid-
ing the R and RP groups were 0.51 for the slope of TBII, 2.19 
for the AUC1yr of TBII, 6.07 for the slope of TSI, and 277.80 for 
the AUC1yr of TSI, respectively. As a result of analyzing the OR 
of GD relapse by dividing the study population using this cutoff 
value, the slope of TBII was 1.183 (0.940 to 1.488; P=0.154), 
and the AUC1yr of TBII was 1.473 (1.251 to 1.734; P<0.001), 
the slope of TSI was 1.621 (1.326 to 1.982; P<0.001) and the 
AUC1yr of TSI was 1.358 (1.167 to 1.580; P<0.001) (Fig. 4). 

DISCUSSION

In our study, the GD patients who showed rapid reduction of TSI 
bioassay after ATD treatment were more likely to be in remis-
sion. On the other hand, the change of TBII could not predict the 
disease course. The prolonged exposure time to high antibody 
titer (both TSI and TBII) could predict the poor disease course 
with more recurrence and this trend was maintained, even when 
considering other clinical factors such as age, sex, goiter, smok-
ing, and presence of GO. 

Table 3. Logistic Regression Analysis of Risk Factors for Relapse of Graves’ Disease Relapse

Variable
Univariate Multivariatec

HR 95% CI P value HR 95% CI P value

Age 0.995 0.989–1.001 0.132

Sex (M:F) 0.968 0.791–1.186 0.757

Goiter 0.998 0.849–1.173 0.983

Smoking 1.028 0.745–1.418 0.868

GO 1.117 0.920–1.357 0.266

Baseline TBII 1.005 0.998–1.012 0.164 1.005 0.998–1.012 0.184

TBII: slopea 1.003 0.998–1.007 0.293 1.002 0.997–1.007 0.358

TBII: AUC1yr
b 1.008 1.001–1.015 0.028 1.007 1.000–1.014 0.040

Baseline TSI 1.000 1.000–1.001 0.180 1.000 1.000–1.001 0.174

TSI: slopea 1.001 1.000–1.001 0.049 1.001 1.000–1.001 0.057

TSI: AUC1yr
b 1.001 1.000–1.001 0.007 1.001 1.000–1.001 0.007

HR, hazard ratio; CI, confidence interval; GO, Grave’s orbitopathy; TBII, thyrotropin-binding inhibitory immunoglobulin; AUC1yr, area under the curve 
at 1st year; TSI, thyroid-stimulating immunoglobulin. 
aThe slope was calculated as the difference of the baseline and second values divided by time duration (year); bThe AUC1yr was defined as the area under 
the line between baseline and second values; cThe HR for each value (baseline, slope, AUC) of TBII and TSI is adjusted with age, sex, goiter and GO.

Fig. 4. Odds ratio (OR) for the relapse/persistent of Graves’ disease 
according to slope of thyrotropin-binding inhibitory immunoglobu-
lin (TBII) and thyroid-stimulating immunoglobulin (TSI) bioassay 
and area under the curve (AUC) of TBII and TSI bioassay. AUC1yr, 
area under the curve at 1st year.
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The steep slope means early rapid change of TSI or TBII and 
it could be a good indicator to drug response and a predictor to 
achieve remission. This is consistent with previous studies [4, 
17,18,21], in which those who respond well to ATD in the early 
stages are predicted to have a better prognosis. 

In a prospective study with 100 patients, Kahaly et al. [4] found 
that TSI levels decreased markedly in responders (–60%, P<0.001), 
but increased in non-responders (17%, P<0.01). However, they 
studied the prognosis after patients took ATD for only 6 months. 
It was difficult to say that their study reflected the real-world 
practice in that 6 months might be not long enough to complete-
ly evaluate treatment response to ATD. In a retrospective study 
of 74 patients, Kwon et al. [18] compared relapse rate after stop-
ping ATD according to TSI or TBII positivity. They found that 
TSI showed better ability to predict disease relapse than TBII. 
However, their TSI and TBII levels were not measured simulta-
neously for the same study subject. They only measured TSI 
and TBII levels at the time of ATD withdrawal, not at the begin-
ning of ATD. Thus, they only had measurements at one-time 
point. There was one study showing that those with smooth de-
creases without fluctuation of TSI and TBII had a higher rate of 
remission and that both TSI and TBII could predict remission in 
a small study population (n=58) in Japan [22]. In another retro-
spective study with 609 patients from Japan, fluctuation of TBII 
were associated with less remission (P<0.001). However, these 
Japanese studies were all based on positivity of antibodies, mak-
ing it difficult to measure the exact degree of rapid changes of 
antibodies.

We targeted subjects whose TSI bioassay and TBII levels were 
measured at the same time and at two time points for each per-
son. Therefore, we could consider dynamic changes of values in 
response to treatment, not only one-time point values such as 
baseline TBII or follow-up TBII after treatment. The duration of 
ATD use in study subjects also adhered to the current treatment 
guideline [23]. Thus, our study outcome can be considered as a 
result of daily real-world practice. We also quantified early chang-
es of antibodies or chronic exposure to antibodies. 

The decremental change of TSI bioassay level, but not TBII 
level, induced by ATD was associated with a favorable disease 
course. In our study, serum TBII was measured during the same 
period as serum TSI bioassay. However, there was no significant 
difference in early change of TBII between R group and RP groups. 
As TBII can act as either mostly stimulating Ab or partly inhibi-
tory Ab, there might be a proportion of TBII that does not respond 
to ATD [24,25]. Kahaly et al. [4] have also reported that TBII is 
strongly decreased even in non-responders (–40%, P=0.002). In 

other words, TSI seems to be more useful than TBII for predict-
ing response to ATD treatment. 

In our study, the recurrence rate was higher in patients with 
high AUC1yr values in TSI and TBII. A high AUC1yr indicates 
that persistently high exposure to stimulating antibodies during 
the ATD treatment. Flynn et al. [26] have shown that chronic in 
vivo administration of monoclonal antibodies which have a 
strong thyroid-stimulating activity can sustain high thyroxine 
levels and thyroid hyperplasia. This result shows a potential 
pathological role of stimulating antibody, not blocking antibody, 
in GD. Our study clinically replicated their laboratory results. In 
addition, since TSH-R is expressed in various parts of body, it 
can lead to high exposure to antibodies. Thus, it is more difficult 
to treat the disease considering that TSI level is associated with 
extra-thyroidal disease [24,27]. High AUC1yr value can be seen 
as a result of high exposure antibodies. Thus, we can expect a 
poor GD prognosis, suggesting that the degree of exposure to 
autoantibodies could be used as a marker for disease course. 
Okamura et al. [21] have shown that continuous TBII positivity 
for more than 5 years could suggest persistent GD activity and 
poor prognosis. Through AUC1yr calculation of TBII or TSI bio-
assay value, more fortified prognostic factors could be intro-
duced into clinical practice, in addition to TBII or TSI bioassay 
value per se. In our study, gender, age, goiter, and smoking his-
tory known to be conventional risk factors for disease recurrence 
were not associated with prognostic outcome. Previous large-
scale population studies and meta-analyses have shown that 
gender, age, goiter, and smoking history are prognostic factors 
for poor disease course [9,17,28,29]. In a prospective study with 
77 Chinese patients, Zhou et al. [30] have reported that age and 
sex were not associated with relapse of GD (P=0.517 for age 
and P=0.215 for sex), although TSI bioassay at the end of ATD 
was associated GD relapse (P=0.008). In a study of Kwon et al. 
[18], goiter or thyroid orbitopathy was not associated with GD 
relapse (P=0.24 for goiter and P=0.87 for GO). It might be be-
cause the definition of each factor was different from each other. 
Despite this fact, thyroid autoantibodies were strong predictive 
markers when these factors were adjusted.

Based on our study results, in addition to initially measuring 
TSI bioassay or TBII for diagnostic purposes in GD patients, 
measuring follow-up TSI bioassay for prognosis prediction pur-
poses could improve prognosis prediction in patients with a high 
possibility of early recurrence. TSI is more useful than TBII for 
predicting GD prognosis using slope or AUC1yr. This is not re-
ported in previous studies. There is no study on how quickly TSI 
bioassay can be normalized in patients with low or high possi-
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bility of early recurrence. It is also unclear for which patients 
that ATD could be discontinued earlier. These questions could 
be investigated in future studies. 

Limitations of our study are as follows. First, as a retrospec-
tive study, there might be a selection bias because this study tar-
geted patients with TSI bioassay results. In Korea, TSI bioassay 
is recommended to be tested when serum TBII is not confirma-
tive of GD at the initial presentation or when the subject shows 
orbital symptoms associated with GD. Thus, patients with am-
biguous TBII might have been included. Second, the minimum 
follow-up period was set to be 1 year. Although frequent relaps-
es usually occur within 1 year of ATD withdrawal, such follow-
up period might be short to evaluate whether recurrence occurs 
or not [13]. Finally, neither the slope nor the AUC1yr we used 
could reflect the fluctuations of the thyroid antibody. In Korea, 
TSI cannot be measured frequently due to insurance problems, 
so we tried to create an index that predicts the disease course by 
reflecting real-world practice. Future studies on TSI fluctuation 
and long-term disease course are needed.

The strength of this study was that it was possible to evaluate 
initial treatment response and predict prognosis based on early 
changes of TSI and chronic TSI exposure in a large subset of 
GD patients. In this regard, the concept of AUC1yr could be con-
sidered as another prognostic factor for evaluating the disease 
course of GD. In addition, this study could reflect real-world 
practice that kept currently recommended treatment in that it was 
decided whether to stop taking ATD according to results of anti-
bodies after sufficient use of ATD.

In conclusion, early changes in TSI bioassay over ATD treat-
ment can better predict prognosis of GD than TBII. The degree 
of exposure to a high antibody titer (both TSI and TBII) could 
also predict the disease course at initial phase of treatment, which 
AUC1yr value can be a good tool.
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