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Abstract

Objective: Thyroid-stimulating immunoglobulin (TSI) bioassay has a better ability to predict the relapse rate of Graves' disease (GD) than the
thyroid-stimulating hormone (TSH)-binding inhibitory immunoglobulin method in terms of measuring the TSH receptor antibody. However, the
optimal TSI bioassay cutoff for predicting relapse after antithyroid drug (ATD) withdrawal is not well evaluated.

Methods: This retrospective study enrolled GD patients who had been treated with ATD and obtained their TSI bioassay <140% from January
2010 to December 2019 in a referral hospital.

Results: Among 219 study subjects, 86 patients (39.3%) experienced relapse. The TSI bioassay value of 66.5% significantly predicted the re-
lapse of GD (P = 0.049). The group with a TSI bioassay value > 66.5% were expected to show a 23.8% relapse rate at 2 from ATD withdrawal,
and the group with a TSI < 66.5% had a 12.7% relapse rate based on Kaplan-Meier curves analysis. The TSI bioassay showed a good ability to
predict relapse GD in the female group (P = 0.041) but did not in the male group (P = 0.573). The risk scoring based on the nomogram with risk
factors for GD relapse, which was constructed to overcome the limitation, increased the predictive ability of GD relapse by 11.56% compared to
the use of the TSI bioassay alone.

Conclusions: The cutoff value of the TSI bioassay to predict GD relapse should be lower than that for diagnosing GD. However, as the single
use of the TSI bioassay has limitations, a nomogram with multiple risk factors including TSI bioassay could be helpful to predict GD relapse.
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Graves’ disease (GD) is one of the most well-known auto-
immune thyroid diseases [1]. It is well known that the thyro-
tropin receptor antibody (TSH-R-Ab) plays an important role
in the pathogenesis of GD by causing thyroid stimulation and
inducing hyperthyroidism [2]. However, this TSH-R-Ab has a
different action from the thyroid-stimulating hormone (TSH)
receptor: stimulation or blocking [1-3]. Stimulating TSH-
R-Ab activates the 3/,5’-cyclic adenosine 5’-monophosphate
pathway to stimulate the TSH receptor, thus inducing thyroid
growth and increasing thyroid hormone production [2, 4].
On the other hand, blocking TSH-R-Ab acts as an antagonist
to the TSH receptor [2, 3].

There are 2 assays for TSH-R-Ab detection: the competitive
thyrotropin-binding inhibitory immunoglobulin (TBII) assay
and the thyroid stimulatory immunoglobulin (TSI) bioassay
[1]. Immunoglobulins that inhibit the binding of radiolabeled
TSH to the TSH receptor could be detected by the TBII assay
[5,6]. The problem is that this assay measures thyroid-blocking

immunoglobulins as well as TSIs [6]. On the contrary, the TSI
bioassay could differentiate between stimulating TSH-R-Ab
and blocking TSH-R-Ab [7, 8]. The TSI bioassay can measure
the 37,5"-cyclic adenosine 5’-monophosphate produced when
TSI stimulates the TSH receptor [5]. Although the TBII assay
has limitations, TBII offers an accurate diagnosis of GD, and
the TSI bioassay is predictive of extrathyroidal manifest-
ations. [6, 9, 10].

For the treatment of GD, there are 3 options: surgery, radio-
active iodine treatment (RAI), or antithyroid drug (ATD) [4,
10]. While surgery or RAI treats GD by destroying thyroid
tissue, ATD inhibits the synthesis of thyroid hormone to
treat GD without destroying the thyroid structure. This is an
advantage of ATD and a limitation simultaneously; the re-
lapse from remaining thyroid tissue is always a concern [11].
According to previous studies, the relapse rate after ATD
withdrawal almost approached 50% [12, 13]. In addition,
many clinical factors such as male sex, younger age, smoking,
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severe hyperthyroidism, large goiter, and orbitopathy are as-
sociated with a high relapse rate [14]. In addition, there is
debate about ATD use during pregnancy because it could be
harmful for embryonic development [15].

Furthermore, TSH-R-Ab levels showed a good ability to
predict relapse and disease course in previous studies [16, 17].
In these studies, the TBII assay was used to measure TSH-
R-Abs. Because it measures both stimulating and blocking
antibodies, the TSI bioassay method appeared to be more ac-
curate in predicting the course of disease [18, 19]. Kwon et al
showed that the TSI bioassay could better predict relapse after
withdrawal from ATD [20]. However, they did not measure
2 assays (TBII and TSI bioassay) simultaneously in 1 person
and used a predetermined cutoff point of the TSI bioassay de-
rived from the diagnosis of GD, not based on the prognosis of
GD. Because they only used the positivity of the assay without
quantitative measurement, the exact cutoff value to predict
relapse was difficult to find.

Although the TSI bioassay has a better ability to predict re-
lapse of GD, it is not known whether the TSI bioassay cutoff
value for diagnosing GD and predicting relapse is the same.
Therefore, in this study, we tried to achieve the optimal TSI
bioassay cutoff value to predict relapse after withdrawal from
ATD in patients with the results of 2 assays. Furthermore, we
tried to make a prediction model with confounding factors
for the relapse of GD.

Methods

This study adhered to the tenets of the Declaration of Helsinki
and was approved by the institutional review board of the
Seoul St. Mary’s Hospital (Seoul, Korea) (KCR21RASI0731).
Permission to use hospital data was granted by the institu-
tional review board of Seoul St. Mary’s Hospital. Due to the
retrospective nature of the study, the requirement to obtain
informed consent was waived by the institutional review
board of St. Mary’s Hospital.

We tried to find patients whose physician stopped ATD after
checking that the TSI bioassay was <140%, which is the TSI
bioassay cutoff value to diagnose GD in our hospital [21]. For
this reason, among 1831 patients who had TSI bioassay re-
sults and underwent ATD therapy between 2010 and 2019,
1160 were excluded because the value of the TSI bioassay was
>140%. The remaining 671 medical records were reviewed.
Patients who did not have follow-up data (n = 102) or whose
start date for ATD is unknown (n = 98) and whose final diag-
nosis is not GD (n = 66) were excluded. Patients who never
stopped ATD or whose period from TSI bioassay measure-
ment to ATD stop was >3 months were excluded (n = 158). So,
only patients with a TSI bioassay result <3 months before ATD
was stopped were included for the analysis. One patient was
excluded due to the lack of data from the TBII assay. Patients
who received thyroid surgery or RAI were also excluded
(n = 3). All patients had both the TSI bioassay result and the
TBII result. The patient selection flow chart is summarized in
Figure 1.

ATD withdrawal was defined as the patient not taking ATD
for at least 3 months. Patients who stopped ATD were divided
into relapse (R) and nonrelapse (NR) groups. Relapse was
defined as biochemical or clinical hyperthyroidism leading
the clinician to restart ATD, free thyroxine (fT4) higher than
the upper normal limit or TSH lower than the lower normal
limit, and newly developed GD symptoms such as palpitation
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and sweating. If the patient did not show a relapse of the
disease at least 1 year after stopping ATD, it was considered
nonrelapse even if there were no data after the last follow-up
data [22-24]. Patients who stopped ATD for <3 months in the
relapse group [5], and patients who had a shorter follow-up
duration than 1 year in the NR group [19] were excluded.
Finally, 219 remaining patients (158 women and 61 males)
were analyzed.

Graves’ orbitopathy was defined when the study subjects
had a medical history of the diagnosis of it by the oph-
thalmologist. If there was a prescription for levothyroxine
during ATD treatment, it was considered concomitant T4
replacement.

Laboratory Tests

fT4 and TSH were performed in 2 ways: (1) using the Beckman
Coulter immunoradiometric assay (IRMA) kit (Immunotech,
Prague, Czech Republic) and (2) using the ADIVA Centaur
electrochemiluminescence immunoassay kit (ECLIA; Siemens
Healthcare Diagnostic Inc. Munich, Germany). The normal
ranges were as follows: TSH of 0.55 to 4.78 ulU/mL in ECLIA
and 0.17 to 4.05 IU/mL in IMRA and fT4 of 0.89 to 1.76 ng/
dL in ECLIA and 0.89 to 1.79 ng/dL in IRMA. (RRID:
AB_2895179, AB_2895183 in ECLIA and AB_2895185,
AB_2895187 in IRMA)

TBII was measured in 2 ways. First, the Elecsys/Cobas
electrochemiluminescence ~ immunoassay kit  (Roche
Diagnostics, Mannheim, Germany) is a third-generation
TBII assay. This assay measures the inhibition of binding of
the labeled monoclonal antibody clone M22 to the TSH re-
ceptor with a positive value >1.75 TU/L (RRID:AB_2801453).
Second, TRAK human radioimmunoassay (RAI) kit
(BRAHMS Thermo Scientific, Henningsdorf, Germany) is
a second-generation TBII assay. Detection is based on the
ability of TBII to prevent the binding of labeled TSH to the
TSH receptor with a positive value >1.5 TU/L.

The TSI titer was measured by the Thyretain™ TSI reporter
bioassay (Diagnostic Hybrids, Inc., Athens, OH, USA). The
Thyretain kit is based on Chinese hamster ovary cells trans-
fected with chimeric TSH receptors, which has amino acids
262 to 335 substituted with 73 amino acids from the rat
luteinizing hormone receptor (Mc4) [25, 26]. Mc4 was de-
signed to limit the effect of TBI that exists coincidentally with
TSI in up to 25% of patients with GD, which can interfere
with TSI measurements. The results of the TSI bioassay are
reported as specimen-to-reference ratio percentages (SRR %),
calculated as follows: SRR% = (mean TSI specimen/ mean
TSI reference) x 100. A specimen was considered positive if
SRR was >140% [25].

Statistical Analysis

The 2 groups of patients (those who experienced relapse and
those who did not experience relapse) were compared using
the #-test or the chi-square test. To obtain the optimal cutoff
value for the TSI bioassay to predict relapse of GD, receiver
operating characteristic (ROC) curve analysis was performed.
To obtain the odds ratio, Pearson’s chi-square test was used.
Kaplan-Meier curves were used to obtain the overall relapse
rate using the log-rank P-value. The logistic regression model
was used to adjust for confounders. Statistical significance
was set at P <0.05. SPSS v.24 (IBM Corp., New York, NY;
formerly SPSS Inc., Chicago, IL, USA) was used for statis-
tical analyses. The R software version 4.1.1 (R Project for
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Figure 1. Flow chart of study subjects. Initially, 671 patients who had a history of prescription of antithyroid drug (ATD) and thyroid-stimulating
immunoglobulin bioassay < 140%. The final 219 subjects were analyzed after exclusion 452 subjects with each exclusion criteria.

Statistical Computing, Vienna, Austria) was used to build the
nomogram. Graphs were produced using Prism version 8.02
(GraphPad Software Inc., La Jolla, CA, USA). For graphical
improvement of nomogram, we used an open website made
by Dr. Jeehyoung Kim (Department of Orthopedic Surgery,
Seoul Sacred Heart General Hospital, Seoul, Korea), available
at https://tinyurl.com/Cox-Logistic-Nomogram.

Nomogram

Nomograms graphically represent a complex mathematical
formula [27]. In medical research, the nomogram identifies
risk factors for a specific event and generates a prognostic
model. Each factor is assigned a score in a nomogram based
on the estimated regression coefficients calculated from a
complex statistical model such as logistic regression or the
Cox proportional hazard model. The more important the
factor is, the higher the score is, and the most important

factor is assigned 100 points. In addition, the length of the
lines is proportional to the impact in the model [28].

Results

Clinical Characteristics of Study Subjects
With Relapse

Among 219 study subjects, 86 patients (39.3%) experienced
relapse (Table 1). Male sex and methimazole (MZ) use showed
more frequent relapse than female sex and carbimazole (CM)
use. Younger age and lower TSH levels by IRMA at the end
of ATD were also predictive factors for GD relapse despite
not being statistically significant. On the other hand, serum
levels of the TBII and TSI bioassays at the time of withdrawal
from ATD between the R and NR groups were not signifi-
cantly different. The presence of Graves’ orbitopathy also
showed no difference between the 2 groups. In the NR group
(n = 133), the median period from ATD stop to last follow-up
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was 23 months (interquartile range 15.5-44): 24 patients were
followed for 1 year (they stopped the visit), 48 patients were
followed for 2 years, and 61 patients were followed >2 years.
In the R group (n = 86), the median period from ATD stop
to relapse was 11.5 months (interquartile range 5.75-23): 43

Method

patients experienced relapse within 1 year after ATD with-
drawal, 23 patients relapsed within 2 years, and the remaining
20 patients experienced relapse after 2 years following ATD
withdrawal (Fig. 2). Of the NR and R groups, 15.8% and
17.4%, respectively, had a history of 1 cycle of ATD treatment,

@ Study population: patients whose TSI bioassay < 140%,so the physician stopped the ATD.

Stop ATD 1 year 2 year 3 year
I I I I
| | | [
N=24 )
[ D
No Relapse N=48 5
Group '
N=61 N
N=133 D
N=43
[ ,L
Relapse N=23
‘ Group [ ) , [
N=20 g
N=86 G s ,

*All patients were observed at least 1 year after ATD stop

Figure 2. Study population. In the nonrelapse group (n = 133), 24 patients were followed for 1 year (they stopped the visit), 48 patients were followed
2 years, and 61 patients were followed >2 years. In the relapse group (n = 86), 43 patients experienced relapse within 1 year after the antithyroid drug
(ATD) withdrawal, 23 patients relapsed within 2 years, and the remaining 20 patients experienced relapse 2 years after the ATD withdrawal.

Table 2. Odds ratio to relapse of Graves’ disease according to each cutoff value of thyroid-stimulating immunoglobulin and inhibitory

immunoglobulin binding to thyrotropin

Odds ratio 95% CI P-value
TBII positivity 1.376 0.706-2.683 0.347
Cutoff based on the mean of TSI (66.87%) 2.063 1.189-3.579 0.010
Cutoff based on the median of TSI (66 %) 1.690 0.977-2.923 0.060
Cutoff based on ROC curve (66.5%) 2.063 1.189-3.79 0.010

TBIL, thyrotropin-binding inhibitory immunoglobulin; TSI, thyroid-stimulating immunoglobulin; ROC, receiver operating characteristic.

Table 3. Logistic regression analysis of risk factors for relapse of Graves’ disease

Univariate Multivariate

HR 95% CI P-value HR 95% CI P-value
Age 0.980 0.960-1.001 0.056 0.980 0.957-1.003 0.052
Male to female 2.567 1.403-4.698 0.002 2.476 1.277-4.803 0.007
Graves’ orbitopathy 0.327 0.547-3.221 0.532 1.046 0.388-1.046 0.0.929
ATD regimen?®
Carbimazole 0.228 0.090-0.573 0.002 0.234 0.089-0.615 0.003
PTU 0.607 0.199-1.852 0.380 0.647 0.197-2.124 0.473
Duration of ATD usage 1.000 0.991-1.010 0.997 1.003 0.992-1.013 0.630
Concomitant T4 replacement during ATD 0.738 0.406-1.344 0.321 0.714 0.370-1.379 0.316
TBII positivity 1.376 0.706-2.683 0.348 1.186 0.568-2.615 0.611
TSI positivity based on ROC curve 2.063 1.189-3.579 0.010 1.992 1.095-3.623 0.022

Abbreviations: HR, hazard ratio; ATD, antithyroid drug; PTU, propylthiouracil; ROC, receiver operating characteristic; TBIL, thyrotropin-binding

inhibitory immunoglobulin; TSI, thyroid-stimulating immunoglobulin.
*All compared to methimazole.



which is not statistically significant. Most of the study subjects
were treated with MZ (68.4% in the NR group and 87.2% in
the R group). Twelve in the NR group and 6 in the R group
changed to ATD during treatment. The main reason for the
change in ATD was CM from MZ for further reduction in
ATD dose [9], propylthiouracil (PTU) for pregnancy [6], and
minor adverse events such as skin reaction after MZ. In both
groups, ATD was discontinued when the thyroid function test
showed a euthyroid state. In this cohort, the TSI bioassay was
the main indicator of withdrawal of ATD. So, when even TBII
was positive, ATD was discontinued. In the NR group, 24
cases (18.0%) showed positive TBII, and in the R group, 20
cases (23.3%) showed positive TBII (P = 0.443)

Clinical Values of the TBIl Assay and the TSI
Bioassay to Predict Relapse of Graves’ Disease

We wanted to predict GD relapse according to TBII posi-
tivity and each TSI bioassay cutoff value (Table 2). Positive
TBII levels showed an odds ratio of 1.376 without statistical
significance (P = 0.347). The cutoff value of the positive TSI
bioassay was calculated in 3 ways: the mean value of the
TSI bioassay in the study population (66.87%), the median
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50

Cumulative Relapse Rate (%)

P =0.049

0 v I . T x 1
0 50 100 150
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Figure 3. Cumulative relapse rate curve according to the thyroid-
stimulating immunoglobulin (TSI) cutoff with 66.5%. The TSI value of
66.5% significantly predicted the relapse of Graves' disease (P = 0.049).
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value of the TSI bioassay in the study population (66%),
and the value obtained from the ROC curve (66.5%). In
ROC curve analysis, above the cutoff value (66.5%) to pre-
dict the relapse of GD showed 57.0% sensitivity and 60.9%
specificity, and area under the curve (AUC) was 0.557. The
cutoff value from the mean of the TSI bioassay values and
the ROC curve showed statistical significance with the odds
ratio with the relapse of the disease. (P =0.010 in both
groups).

We built a logistic regression model to find the risk fac-
tors for relapse of GD (Table 3). Male sex and TSI bioassay
value greater than 66.5% significantly increase the risk of re-
lapse. [hazard ratio (HR) 2.476, P = 0.007 in male sex; HR
1.992, P = 0.022 in the TSI >66.5% group). Younger age in-
creased the risk of GD relapse with borderline significance
(HR 0.980, P-value = 0.052). The TBII positivity or the dur-
ation of ATD usage did not show a relationship with relapse.
Graves’ orbitopathy increases the risk of relapse without
statistical significance. Concomitant replacement of thyroid
hormone reduced the risk without statistical significance.
In Kaplan-Meier curve analysis, the TSI bioassay value of
66.5% significantly predicted GD relapse (P = 0.049) (Fig. 3).
The TSI bioassay of the >66.5% and <66.5% groups at the
time of ATD stop were expected to show a relapse rate of
23.8% and 12.7%, respectively, at 2 years after stopping ATD
(P =0.033). At 5 years after stopping ATD, it was expected
that the TSI bioassay 266.5% group would show a relapse
rate of 40.3%, and the TSI bioassay <66.5% group would
show a relapse rate of 24.3% (P = 0.017).

TSI Bioassay Cutoff Value to Predict Relapse of GD
According to Sex

Because male sex significantly increased the risk of GD re-
lapse, we separately analyzed data by sex (Table 3, Fig. 4).
The TBII assay positivity and the TSI bioassay values did not
show differences between the 2 sexes. In the male group, the
optimal cutoff value of the TSI bioassay to predict relapse
was the same at 66.5%, obtained from the whole study co-
hort. In ROC curve analysis, with the optimal value, the TSI
bioassay in the male group showed 58.8% sensitivity, 66.7 %
specificity, and AUC 0.557.

o
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Figure 4. Cumulative relapse rate curve according to sex. (A) The thyroid-stimulating immunoglobulin (TSI) bioassay showed better predictive ability in
the female group (P = 0.041). (B) TSI bioassay was unable to predict Graves' disease relapse significantly in the male group (P = 0.573).
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However, in the female group, the optimal cutoff value of
the TSI bioassay for the relapse was 59.5%, less than that of
the entire study cohort. In ROC curve analysis, with optimal
value, the TSI bioassay in the female group showed 71.2%
sensitivity, 46.2% specificity, and AUC 0.560. The TSI bio-
assay showed better predictive ability in the female group
(P =0.041) (Fig. 4A) than in the male group, in which the TSI
bioassay was unable to predict the relapse of GD significantly
(P =0.573) (Fig. 4B).

The ATD regimen at withdrawal and the duration of ATD
use were associated with the risk of relapse.

In the logistic regression model, the ATD regimen at the
withdrawal of the drug appears to be a possible factor for
relapse of the disease. CM use in ATD reduces the risk of
relapse (HR 0.248, P = 0.004). Because PTU was used only
for female patients and the number of patients who used
each medication was different, we did a propensity score-
matching of MZ and CM usage. After adjusting the sex and
age variation for matching, TBII with the RAT assay (3.0 = 5.2
vs 0.9 0.7, P=0.040) and duration of ATD (22.6 =12.2
vs 36.1 £26.3, P=0.006) showed a significant difference
between the 2 groups of medications (Table 4). The differ-
ence was not shown before matching. Moreover, TBII posi-
tivity also showed the difference between MZ and CM use
groups (P =0.050). Simultaneous replacement of T4 was
more common in the MZ group before (34.9% vs 15.8%,
P =0.036) and after (42.1% vs 15.8%, P = 0.023) propensity
score-matching, but TSI bioassay did not show differences be-
tween the 2 groups (P = 0.79). Before and after the matching,
the dose of MZ (3.0 = 1.3 mg) was significantly higher than
that of CM (2.3 = 1.6 mg) when ATD stop.

Nomogram Construction for Risk Scoring for
Relapse of GD and Prediction of Relapse

The single-use of the TSI bioassay to predict relapse had limi-
tations. Therefore, we constructed a nomogram to show the
probability of GD relapse. The nomogram graphically rep-
resents the numerical relationships between the risk of re-
lapse and 4 main risk factors (age, sex, TBII positivity, and
TSI bioassay positivity with a 66.5% cutoff value). For each
risk factor, the assigned points were 100 for men, 62.6 for a
younger age, 22.8 for TBII assay positivity, and 67.2 for TSI
bioassay positivity (Fig. SA). The points for each risk factor
were assigned from the logistic regression model. For ana-
lysis, the age factor was divided by age 46, which was the
median age of the study cohort. The higher the point in each
factor is, the more important the factor is in relapse. For ex-
ample, assume a 31-year-old (62.6) female (0) with negative
TBII assay (0) and positive TSI bioassay (67.2). Her total
score is 129.8 (Fig. 5B). Her risk of relapse is 47%. To verify
the discrimination of the nomogram, we performed an ROC
curve analysis. We obtained the risk scoring from the con-
structed nomogram for each of our patients in the study co-
hort. An optimal cutoff value (111.4) showed a sensitivity of
57%, specificity of 70.7%, and AUC 0.672. It was better able
to predict GD relapse compared to the TSI bioassay single
usage. The cumulative hazard curve between the 2 groups
(risk scores >111.4 and <111.4) showed a significant differ-
ence (P <0.01) (Fig. 6). At 2 years from stopping ATD, the
risk score for the <111.4 group was expected to show an
11.5% relapse rate, and the risk score for the >111.4 group
was expected to show a 27.3% relapse rate (P = 0.004).

Table 4. Clinical characteristics according to medication at withdrawal and propensity score correlated with age and sex results

After propensity score matching

Before propensity score matching

Standardized difference

P-value

38)

CM (n

38)

Standardized difference MZ (n

P-value

=38)

CM (n

=166)

MZ (n

0.000
0.024

1.000
0.919

8 (21.1)

8 (21.1)

-0.267

8 (21.1) 0.261

53 (31.9)

Male sex

46.5+13.4

36.1+26.3
6(15.8)

23:16

46.2 +13.5

0.069

0.703

46.5+13.4
36.1+26.3
6(15.8)

45.5+13.5
29.8 £29.5

58

Age

0.006
0.023

22.6+12.2
16 (42.1)
3.0=1.3

0.229

Duration of ATD usage (month)

0.036

(34.9)

Concomitant T4 replacement during ATD

0.031

0.003

23=+1.6

3.1+1.4

Dose when ATD stop (mg)

Thyroid autoantibodies

TBIL

0.327
0.040
0.050
0.979
0.643
0.013

0.7+0.4
0.9 0.7

1.1+1.0
3.0x52

0.009
<0.001

0.7+0.4

1.2+1.3
3.2+6.2
35 (21.1)

ECLIA (>1.75 TU/L)
RAI (>1.5 IU/L)

TBII positivity

TSI

0.9+0.7
2(5.3)

2(5.3)

9 (23.7)

0.040

70.7 = 31.5
15 (39.5)

70.6 + 28.9
18 (47.4)
17 (44.7)

70.7 = 31.5
15 (39.5)
6 (15.8)

68.1+26.7
79 (47.6)
75 (45.2)

0.468

TSI positivity according to cutoff of 66.5%

6 (15.8)

0.002

Relapse of disease

Abbreviations: ATD, antithyroid drug; CM, carbimazole; ECLIA, electrochemiluminescence immunoassay; IRMA, immunoradiometric assay; MZ, methimazole; TBII, thyrotropin-binding inhibitory

immunoglobulin; TSI, thyroid-stimulating immunoglobulin.

Data are given as mean = SD or n (%).
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Figure 5. Nomogram construction for risk scoring to predict relapse of Graves disease. (A) Based on logistic regression, its score was assigned to
each risk factor (100 for males, 62.6 for younger age, 22.8 for thyrotropin-binding inhibitory immunoglobulin (TBII) assay positivity, and 67.2 for thyroid-
stimulating immunoglobulin (TSI) bioassay positivity with cutoff 66.5%). Pr(event) represents the probability of the event. (B) An example of applying
the nomogram to risk scoring with 31 years of age (62.6) female (0.0) with negative TBII assay (0.0) and positive TS| assay (67.2). The total score for her

is 129.8. (62.6 + 0.0 + 0.0 + 67.2) and her relapse risk is 47%.

Discussion

The finding of our study is summarized in Figure 7. In our study,
a large proportion (39.3%) of the patients experienced a relapse
of GD, although their TSI bioassay values showed below the
cutoff (140%) originally defined to diagnose GD. In addition,
serum levels of TSI bioassay at the time of withdrawal from
ATD between the R and NR groups were not significantly dif-
ferent. In this context, one could assume that the cutoff point
for TSI to diagnose GD and stop ATD should be different.

Kwon et al showed that TSI bioassay at withdrawal from
ATD could predict relapse of GD, but the TBII assay could not
[20]. However, the number of patients evaluated in their study
was relatively small (TSI bioassay, n = 35; TBII assay, n = 39),
and both the TSI and TBII bioassays were not measured sim-
ultaneously within 1 person. Liu et al showed that the TSI
bioassay could be used to predict response to MZ treatment.
However, they used the same TSI cutoff value to diagnose GD
[18]. The prospective trial of Kahaly et al showed that the TSI
bioassay was positive at week 24 after stopping ATD in the
group of nonresponders to MZ or patients who experience
relapse [19]. However, they also used the TSI bioassay cutoff
value to diagnose GD.

Unlike previous studies, our study, through ROC curve
analysis, unveiled the newly calculated TSI bioassay cutoff
value to discriminate the relapse of GD was 66.5% with
AUC 0.557. With this cutoff value, the TSI bioassay >66.5%
group showed a relapse rate of 23.8% and the TSI bioassay
<66.5% group were expected to show a relapse rate of 12.7%
at 2 years from stopping ATD in the Kaplan-Meier curves
model. The two groups were expected to show 40.3% and
24.3% relapse rates, respectively, at 5 years from the ATD
stop. According to an observational study, the negative TBII
assay was associated with a 58% risk of relapse 4 years after
discontinuation of ATD [16]. Considering this result, the
negative TSI bioassay with a cutoff value of 66.5% is ex-
pected to reduce the risk of relapse by about 20%.

However, the single use of the TSI bioassay to predict the
relapse of GD had some limitations. In addition, despite of
lower TSI cutoff value, the AUC (0.557) of TSI bioassay to pre-
dict the relapse of GD in the ROC curve analysis was similar
to that (0.62) from 1 observational pilot study with a small
population [29]. Especially, being of male sex significantly

1004 — Risk score < 111.4
— Risk score =111.4

50

Cumulative Relapse Rate (%)

p<0.01

0 T T T T T 1
0 50 100 150
Months after ATD stop

Figure 6. Cumulative relapse rate curve according to the risk score
calculated from the constructed nomogram. The cumulative hazard curve
between the 2 groups (risk score > 111.4 and risk score < 111.4) showed
a significant difference (P < 0.01).

increased the risk of relapse (HR 2.569, P =0.005). Meta-
analysis or large population studies indicated male factor is a
risk for relapse for GD [24, 30]. One previous study revealed
that estrogen is associated with B-cell hyperactivity, causing
severe autoimmune disease, and [31] Chailurkit et al showed
that higher circulating estradiol is related to thyroid auto-
immunity in men [32]. Furthermore, Ishido et al suggested
skewed X chromosome inactivation was likely related to the
prognosis of GD [33].

Other risk factors for relapse that should be discussed are
age at diagnosis and the drug regimen at the end of ATD.
Younger age increased the risk of GD relapse with borderline
significance. Bano et al showed an association between in-
creased TBII and increased risk of relapse in younger patients
[34]. In the large population study in Japan, the TBII values
have decreased with advancing age, which may explain the
high probability of relapse at younger age in our study.

In our study, the use of CM at the time of ATD decreased
the risk of relapse (HR 0.248, P = 0.004). Equivalent doses of
ATD are 40 mg of CM, 30 mg of MZ, and 400 mg of PTU
[4]. Although CM has a lower potency than MZ, it would be
possible to use CM longer than other ATDs. After matching
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Figure 7. Graphic abstract of our study. Abbreviations: ATD, antithyroid drugs; GD, graves' disease; HR, hazard ratio; TBII; inhibitory immunoglobulin

binding to thyrotropin; TSI, thyroid stimulating immunoglobulin.

the propensity score with sex and age, the use of ATD in the
CM group showed a significantly longer duration. In ran-
domized clinical trials, the long-term treatment with ATD in-
creases remission rates [35]. The proportion of TBII positivity,
concomitant use of T4, and actual dosage was higher in MZ
group. It may be because physicians may tend to prescribe
MZ more frequently than CM or PTU due to the difference
in drug potency or might wait for the negative conversion of
TBII with long-term use of CM. Concomitant use of T4 was
probably because of the high efficacy of MZ and subsequent
hypothyroidism.

From our results, the single usage of the TSI bioassay to
predict GD relapse was difficult. In this context, we build the
nomogram with multiple factors that could influence the risk
of relapse. The logistic regression’s score was assigned to each
risk factor. When verified with the study cohort, the risk scoring
gained by the constructed nomogram showed a good ability to
predict the relapse of GD. With the optimal cutoff value (111.4),
the nomogram-based risk scoring increased the ability to pre-
dict relapse by 11.5% compared to the single use of TSI.

Previously, Vos et al in 2016 developed a prediction model
for the recurrence risk of GD [Graves’ Recurrent Events After
Therapy (GREAT score)], based on clinical data (age, goiter,
serum fT4, and serum TBII level) as well as genetic predispos-
ition of untreated 178 patient in a prospective, multicenter,
observational study [36]. Although the TSI bioassay was not
included in this model, the GREAT score was validated in
a large retrospective observational study with 741 patients,
which concluded it might help treatment selection in GD pa-
tients [37]. Second, a clinical severity score was developed in
2018 from an observational study of 387 consecutive, newly
diagnosed GD patients and showed similar predictability to
GREAT score, although it only included clinical parameters
such as goiter, orbitopathy, and fT4 but did not include TBII
[38, 39]. These 2 models at the time of diagnosis can pre-
dict the relapse after 1 course of ATD treatment so it may
be helpful at the initial stage to decide whether to start ATD
or to move on to definite treatments such as thyroidectomy

or radioiodine therapy. On the other hand, as our prognostic
model was generated based on study subjects on ATD just
before stopping ATD, it may guide whether to stop ATD or to
continue ATC in a long-term manner.

Our study has some limitations. First, it is a retrospective
study and only included patients whose TSI bioassay value
was <140%. Therefore, it is hard to say that our study cohort
represents all patients with GD. Second, although we defined
a minimum follow-up period of remission as 1 year, as the
previous studies defined, it could be relatively short. Several
patients did not visit the hospital after 1 year of follow-up
from stopping ATD because they thought themselves to be in
remission but possibly they may show relapse and visit an-
other hospital for a check-up. Third, the smoking status or
the presence of goiter, which could be a possible factor as-
sociated with relapse of GD, could not be included in our
study. Finally, we were not able to compare the TSI values
after stopping ATD to the baseline TSI values due to a lack of
data. In Korea, the TSI bioassay is covered by insurance only
in specific cases: (1) when the diagnosis of GD is unclear be-
cause the TBII is negative or not enough high; (2) to check the
probability of GD relapse before ATD withdrawal; and (3) in
patients with Graves’ orbitopathy or in the third trimester in
pregnancy. The diagnosis of GD was based on clinical history
and TBII results. In our study population, only 6 patients had
baseline TSI values: 2 patients in case 1, 3 patients in case 3,
and 1 patient without insurance coverage. In the near future,
a prognostic model with incorporation of baseline TSI, which
was not measured in our study, may better predict a relapse
of GD. We also could not evaluate free T3, total T4, total T3,
ratio of T4/T3, thyroglobulin antibody, and thyroid perox-
idase antibody because of insurance issue.

In conclusion, the TSI bioassay cutoff point to predict GD
relapse should be lower than that to diagnose GD. The male
factor and the medication regimen at the end of ATD could
be attributed to the risk of relapse. Nomogram with multiple
predictive factors such as age, sex, TBII, and TSI can predict
GD relapse more effectively.
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