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Abstract

Graves' disease (GD), the leading cause of persistent hyperthyroidism in adults, is an autoimmune dis-
ease that primarily affects the thyroid gland and also may affect multiple other organs, including the heart,
eyes, and skin. Among the currently available treatment modalities for GD are antithyroid drugs (ATDs), ra-
dioiodine ablation (RIA), and thyroidectomy. However, these treatment modalities have certain limitations. For
example, ATDs are associated with a high risk of hyperthyroidism relapse, and definitive therapy, either RIA or
thyroidectomy, is associated with permanent hypothyroidism, requiring lifelong thyroid hormone replacement
therapy. So far, no consensus has been reached regarding the optimal treatment modality for GD. Currently,
ATDs are regarded as the most preferred first-line treatment worldwide. According to the traditional standard
of care, patients with GD should be treated with ATDs for 12 to 18 months. However, the relapse rate following
ATD therapy is usually high (approximately 50%), and many patients require additional treatment. Therefore,
whether long-term ATD (LTATD) treatment (60 months or more), relative to standard treatment for 12 to 18
months, reduces the frequency of relapse in patients with GD remains unclear. In addition, the predictive fac-
tors of remission or relapse for GD remain a matter of debate. The current paper summarizes the evidence
available on LTATD treatment, focusing both on its efficacy and safety in patients with GD and on its effect on
the remission rate of hyperthyroidism. The paper also presents a review of the current knowledge available
regarding the predictors of GD relapse following ATD treatment.

Key Words: Graves’ disease; Antithyroid drugs; Radioiodine ablation; Thyroidectomy; Relapse;
Predictors.

Introduction

Graves’ disease (GD) is one of the most common
organ-specific autoimmune diseases. This disease is
characterized by hyperthyroidism, diffuse goiter, and
other extrathyroidal complications, such as Graves’

ophthalmopathy (GO) and acropathy, and results

from a complex interplay of genetic and environmen-
tal factors. The incidence of GD is 20-40 cases per
100000 person-years in iodine-replete populations,
with a global prevalence of 2% in women and 0.5%
in men!. Among the currently available therapeutic
options for GD are antithyroid drugs (ATDs), radioio-

dine ablation (RIA), and thyroidectomy. However, no

Reprint requests and correspondence : Kuo-Bin Tseng

Address : Division of Endocrinology and Metabolism, Department of Internal Medicine, E-DA Cancer Hospital/I-Shou University, Kaohsiung, Taiwan,
No.1, Yida Road, Jiaosu Village, Yanchao District, Kaohsiung City 82445, Taiwan, R.O.C.



Long-Term Antithyroid Drugs in Graves’ Disease 277

consensus has yet been reached regarding the optimal
treatment modality for GD**. Furthermore, at the
time of writing, no specific cure has been discov-
ered for GD. Each of the aforementioned treatment
options has its own advantages and disadvantages>.
For example, although ATDs are regarded as the
primary treatment modality for GD worldwide®?, the
rates of relapse observed after their discontinuation
are high (reaching 50%), even after 12 to 18 months of
conservative treatment'?. Many patients require pro-
longed ATD treatment or other management strat-
egies for GD!!. Because of the variable nature and
long-term course of GD and because the predictors
of remission following ATD therapy are not yet fully
understood due to the limited power of each predic-
tor, the optimal treatment regimen for GD remains
a subject of debate. Identifying the risk factors for
disease relapse can help improve the remission rate of
GD after ATD withdrawal and the efficacy of ATDs
as a treatment for GD. This paper summarizes the
current evidence on long-term ATD (LTATD) treat-
ment, focusing on its efficacy and safety in patients
with GD and on its effect on the remission rate of
hyperthyroidism. The paper also reviews the current
knowledge regarding the factors that affect GD

relapse after ATD treatment.

Conservative Treatment with a High
Relapse Rate

ATDs are commonly regarded as the primary
treatment modality for achieving GD remission or for
preparing patients for definitive treatment modali-
ties such as RIA or thyroidectomy!2. Compared with
definitive treatment, ATDs offer several advantages.
For example, they facilitate the rapid restoration of
euthyroidism, reduce the risk of severe hypothyroid-
ism, ameliorate immune disorders, and mitigate the
risk of progression into severe GO while simultane-
ously avoiding radiation exposure and invasive pro-
cedures'3.

Since their introduction in the 1940s, methima-

zole (MMI) and propylthiouracil (PTU) have been
used as thionamides for the treatment of patients with
GD. Carbimazole is a thionamide that exerts a phar-
macological effect when it is converted into MMI,
and it has similar properties to and a similar efficacy
as those of MMI'%. Thionamides function by inhibit-
ing thyroid peroxidase, thereby blocking the synthesis
of thyroid hormones. PTU also inhibits the extrathy-
roidal deiodination of thyroxine (T4) into triiodothy-
ronine (T3). Compared with PTU, MMI has a longer
half-life, a longer duration of action, and fewer major
adverse effects (AEs)". Therefore, according to the
American Thyroid Association guidelines, MMI is
the recommended drug for patients with GD, with
the exception of those who are pregnant women in
their first trimester'>16. Although studies have indi-
cated that MMI is more effective and restores euthy-
roidism more rapidly than PTU does, the relapse rate
observed after withdrawal is similar between the 2
drugs in patients with GD!”. Currently, the mecha-
nisms by which ATDs induce remission are not fully
understood. However, research indicates they may be
related to the indirect effects of ATDs on immuno-
logical regulation through the restoration of euthy-
roidism; the direct effects of immunosuppression
on intrathyroidal T cells may also play a role in the
process's.

GD treatment involves 2 ATD-based methods:
a block-and-replace method and a titration-and-block
method'. The block-and-replace method involves the
initiation of a standard dose of ATDs and the addition
of levothyroxine (LT4), and the titration-and-block
method involves titrating the ATD dose from the
initial level to the lowest level to maintain a euthyroid
state!®. In a meta-analysis of 12 trials, Abraham et
al.!” reported that the block-and-replace method and
titration-and-block method had similar relapse rates
(51% vs. 54%) but the block-and-replace method was
associated with a larger number of AEs (16% vs. 9%).

Because low thyroid-stimulating hormone
(TSH) levels are linked to decreased TSH receptor
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antibody (TRAb) production, several studies have
investigated whether the administration of LT4 after
successful ATD treatment can reduce the risk of GD
relapse!”. These studies have indicated that LT4 does
not prevent GD relapse after successful ATD treat-
ment!”. Other studies have even indicated that the
administration of LT4 after successful ATD treatment
is associated with an increased risk of GD relapse2%-2!,
Therefore, administering LT4 after successful ATD
treatment is not recommended. Similarly, although
the addition of selenium to ATDs has been reported to
increase the rate of remission, these promising results
have not been confirmed in placebo-controlled ran-
domized clinical trials (RCTs)*2.

The major drawback of ATD treatment is the
limited durability of remission following ATD with-
drawal. After a single course of ATD, the remission
rate of GD may reach 50%, and individual studies
have reported remission rates ranging from 30% to
70%?22. In addition, the duration of ATD treatment
can affect the risk of GD relapse!”. A meta-analysis
indicated that compared with a 6-month regimen,
a 12-month titration regimen was associated with a
lower relapse rate; however, extending the duration of
therapy beyond 18 months did not provide additional
benefits'®. Both the American Thyroid Association
and the European Thyroid Association recommend
that primary drug therapy last for 12 to 18 months,
with this recommendation being based on the find-
ings of RCTs conducted in the 1990s that indicated
that the remission rate of GD is not influenced by
the duration of primary ATD therapy as long as the
initial treatment duration exceeds 6 months?3. Given
the high rate of GD relapse observed after drug with-
drawal, some studies have advocated for continu-
ous treatment with low-dose ATDs for patients with
GD?*25, These studies have proposed that long-term
maintenance of low-dose ATDs has a persistent effect
in preventing relapse?*2>. Recently, 2 meta-analyses
have demonstrated the effectiveness and safety of
LTATD treatment for GD26-27,

Given that GD is autoimmune-related, combin-
ing immunosuppressive drugs with standard ATDs
has been associated with positive results in terms of
clinical outcomes?®. In a meta-analysis conducted in
2016, Struja et al.>® reported a substantial reduction
in the risk of relapse when immunosuppressive drugs
were added to standard ATD treatment for patients
with GD. They indicated that patients who received
a combination of immunosuppressive drugs and
ATDs had a significantly lower rate of relapse com-
pared with those who received ATDs only (23.5% vs.
59.2%, risk ratio for relapse=0.55). Subgroup analy-
sis revealed that this beneficial effect was indepen-
dent of the type of immunosuppressive drug used and
the type of study?’. Therefore, the addition of immu-
nosuppressive drugs may reduce the relapse rate of
patients with GD after ATD withdrawal. Given the
low-to-moderate quality and small number of trials
and their high heterogeneity in terms of treatment
modality, larger-scale RCTs are required to draw more
definitive conclusions?®. Novel TSH receptor antago-
nists are likely to usher in a new era of immune-based
therapy for GD, and therefore, further clinical inves-

tigation is warranted?°.

LTATD Treatment with a High
Remission Rate

Although many RCTs have focused on the
timing of drug withdrawal in patients with GD, no
gold standard has yet been reached regarding the
optimal timing of drug withdrawal in GD. Typically,
patients with GD undergo treatment with ATDs for 12
to 18 months and subsequently undergo an assessment
for remission. However, most of the patients (approxi-
mately 70%) relapse and require prolonged treatment
with ATDs!?. LTATD treatment involves at least 24
months of therapy?!. However, according to several
RCTs, the duration of treatment does not influence
the rate of relapse®?3°. Similar results have been
reported by Mohlin et al.3 in an 11-year observational

retrospective study of Swedish patients (n=219) with
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GD. In their study, the authors reported that when
the duration of ATD treatment was stratified at 6 to
12 months (10% of the participants), 12 to 18 months
(44% of the participants), and >18 months (46% of the
participants), no differences were observed in the risk
of relapse (p=0.40). However, the presence of goiter
(p=0.014) was associated with an increased risk of
relapse, whereas previous smoking was associated
with a reduced risk of relapse (p=0.003).3

In contrast to the results of the aforementioned
studies, a growing body of evidence indicates that
compared with short-duration treatment, LTATD
treatment (up to 24 years) is associated with higher
remission rates?437-46, As summarized in Table 1, the
majority of studies on LTATD treatment in patients
with newly diagnosed GD or relapse are retrospective
surveys?#37-42 and only a few RCTs have been pub-
lished3>43-46, Mazza et al.?* retrospectively analyzed
249 patients with newly diagnosed GD (207 patients
aged >35 years and 42 patients aged <35 years). After
these patients were treated with a titration regimen
of MMI, they achieved euthyroidism, which was
maintained with a low of dose MMI (2.5-5.0 mg/d).
Overall, the results indicated that long-term treat-
ment with low doses of MMI was associated with
a significantly lower rate of relapse compared with
that for MMI therapy discontinuation in patients aged
older than 35 years (25.2% vs. 43.5%) but not in those
aged younger than 35 years (61.5% vs 51.7%). Lau-
rberg et al.3® retrospectively analyzed 108 patients
with GD and severe GO who were treated with low-
dose ATDs (101 patients with MMI and 7 patients
with PTU) combined with LT4 replacement. They
reported that 90% of the patients remained in a euthy-
roid state throughout the median duration of therapy
(80 months). Park et al.*? retrospectively analyzed 908
patients with newly diagnosed GD and reported that
the rate of relapse decreased with extended ATD use
(with relapse rates of 42.4%, 33.8%, 27.8%, and 19.1%
at 1, 3, 6, >6 years, respectively), with their results

revealing a significant decreasing trend (p=0.003).

Table 1. Literature review of LTATD treatment in adult patients with GD

AEs Comments

Outcomes

Comparison
arm

LTATD treatment
duration

(F/M)

Number of patients

Study design

Country

Author, year

Low dose of LTATD Tx may be

NA

<2y of ATD Tx Relapse rate after 5y Tx:

Retrospective 86 with GD relapse 2-12y

Japan

Shizume et al.?7,

1970

appropriate in some patients with

GD.

Within 1 y Tx: 76%

after 6-12 mo of

ATD Tx (NA)

1-6 y Tx: 79%-91%
6-12 y Tx: 100%

Tx duration greater than 18 mo did

not improve remission rate deter-
mined 2 y after Tx withdrawal.

5 developed AEs
(4 in 18-month

2 y after ATD withdrawal,

18 mo ATD

42 mo

134 with newly
diagnosed GD

(115/19)

RCT

Maugendre et al.3>, France

1999

relapse rate did not significantly
differ between 18-month group
and 42-month group (36% vs

group and 1 in

42-month group)

-0.38).

29%, p

Long-term continuous treatment of

GD with MMI is safe.

RIA Higher goiter rate and higher Except for minor

85 with GD relapse 122 mo

after 18 mo of

RCT

Iran

Azizi et al. 3,

2005

allergic symptoms,
no serious compli-

TPOAD levels in MMI group

than in RIA group

ATD Tx (69/16)

cations
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Azizi et al.?¢ reported similar results in a meta-anal-
ysis of 6 studies on LTATD treatment. They revealed
apositive association between treatment duration and
remission rate, with a 16% greater chance of remis-
sion with every year of ATD treatment.

Liu et al.** analyzed 128 patients with GD who
relapsed after 12 months of MMI therapy and were
restarted on MMI at a drug dose of 2.5 mg/d. The
patients were randomized into 2 groups: the first
received long-term MMI therapy (with a median
of 20 months), and the second received short-term
MMI therapy (with a median of 15 months). After
drug withdrawal, the patients were followed up for
48 months, and the results indicated a remission rate
of 84.62% in the long-term MMI group and a rate
of 66.67% in the short-term MMI group (p=0.024).
Azizi etal.¥ conducted an RCT to compare the relapse
rates of patients with GD who underwent a conven-
tional course of MMI and long-term MMI therapy.
After undergoing 18 to 24 months of MMI therapy,
258 patients were randomized into groups that either
discontinued MMI (conventional group) or continued
MMI for an additional 36 to 102 months (long-term
group). After MMI was discontinued, the patients
were followed up for 48 months. The results indicated
a relapse rate of 15% in the long-term group and a
rate of 53% in the conventional group (p<0.001). In
a more recent RCT, Lertwattanarak et al.*¢ analyzed
184 patients with GD who had been in a euthyroid
state while taking MMI for at least 6 months before
randomization. These 184 patients were randomly
assigned to either a low-dose treatment group (92
patients) or a discontinuation group (92 patients). At
the end of the 36-month study, the results indicated
that the cumulative relapse rate of the low-dose treat-
ment group was significantly lower than that of the
discontinuation group at every follow-up time point
(1.2% vs 11.2%, 6.8% vs 18.4%, 11.0% vs 27.2%,
11.0% vs 35.0%, and 11.0% vs 41.2% at 6, 12, 18, 24,
and 36 months, respectively; p<0.01). No AEs related
to low-dose MMI therapy were recorded throughout

the study period. Nevertheless, 2 factors were inde-
pendently associated with the risk of relapse: continu-
ation of low-dose MMI therapy, which reduced the
risk of relapse by 3.8 times (hazard ratio [HR]=0.26,
p=0.007), and hyperthyroidism onset before the
age of 40, which increased the risk of relapse by 2.9
times (HR=2.9, p=0.015). In summary, these find-
ings regarding the remission of GD favor LTATD

over conventional or short-term ATD treatment.

Comparison of LTATD with
Definitive Treatment

Given the high rate of relapse following ATD
withdrawal in GD, decisions regarding further treat-
ment are necessary'®. The choice of treatment strategy
should account for the differences between LTATD
and definitive treatment. LTATD is both safe and
effective?0-2738:4345 In LTATD, the lowest effective
dose of MMI is prescribed to achieve euthyroidism,
with regular assessments conducted every 6 to 12
months. The following section focuses on comparing
LTATD with definitive treatment for GD and evalu-
ating the available evidence across multiple aspects
of effectiveness, including thyroid status; quality of
life (QoL); and effect on GO, weight gain, and patient
safety.

4.1 Thyroid Status

Hyperthyroidism has a widespread effect on
various systems in the body, including the cardio-
vascular and gastrointestinal systems, as well as
dermatological effects and effects on bone metabo-
lism*’. Cardiovascular complications are particu-
larly common in hyperthyroidism and pose a major
risk because of their high frequency of clinical pre-
sentation, and they can lead to increased mortality
and morbidity*’. In a Danish case—control study of
approximately 235000 patients who were followed up
for 7 years, Lillevang-Johansen et al.*® reported that
for every 6 months that a patient had a low TSH level,
the HR for mortality increased by a factor of 1.11
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(»<0.0001). In another Danish case—control study of
approximately 215000 patients who were followed up
for 7 years, Lillevang-Johansen et al.** reported that
for every 6 months that a patient had a low TSH level,
the odds ratio (OR) for the development of cardiovas-
cular events increased by a factor of 1.10 (p<0.001).
Therefore, hyperthyroidism should be promptly con-
trolled and maintained to reduce the risk of cardio-
vascular complications and mortality in patients with
GD.

4.1.1 Time to Euthyroidism

According to historical data, achieving euthy-
roidism with ATDs typically requires 4 to 12 weeks,
depending on the severity of the disease and the
dosing regimen’®, Multiple studies have compared
the time required to achieve euthyroidism in patients
with GD who are treated with ATDs, RIA, or thy-
roidectomy. In a prospective study of 460 patients
with hyperthyroidism, of whom 75% had GD, who
were randomized into groups receiving either ATDs
or RIA, Chen et al.>! reported similar rates of normal-
ization of thyroid hormones for the groups within 3 to
4.5 months. They indicated that ATDs were equally
effective as RIA in rapidly reducing the levels of
thyroid hormones. In a similar prospective study
of 179 patients with GD randomized into groups
receiving ATDs with LT4 (block-and-replace strat-
egy), RIA, or thyroidectomy, Torring et al.>? reported
that all treatments were associated with a comparable
decline in thyroid hormone levels, although the RIA
group was slower in achieving euthyroidism. In a ret-
rospective study of 121 patients who underwent RIA
and 96 patients who underwent thyroidectomy, Davis
etal.’® compared RIA to thyroidectomy as a definitive
therapy for hyperthyroidism. They reported that those
who underwent thyroidectomy achieved euthyroid-
ism faster than those who underwent RIA did (3 vs
9 months, p<0.001). In summary, these studies have
indicated that ATDs and thyroidectomy are supe-
rior to RIA in terms of rapidly achieving euthyroid-

ism. Rapid euthyroidism is crucial because sustained

TSH suppression increases the risks of cardiovascular
complications and mortality.

4.1.2 Risk of Hypothyroidism

Using RIA or thyroidectomy to achieve
euthyroidism may result in persistent or recurrent
hyperthyroidism or may lead to a delayed onset of
hypothyroidism, which occurs in 2% to 3% of patients
with GD every year>*. Hypothyroidism is the ultimate
goal of treatment with RIA and thyroidectomy'®. In
a study involving 104 relapsed patients with GD who
were randomized to receive either long-term MMI or
RIA, Azizi et al.*® discovered that the RIA group had
more abnormal TSH levels throughout the follow-up
period than the MMI group did (12.8% vs 5.9% of
measurements indicating hypothyroidism and 9.1%
vs 7.6% of measurements indicating hyperthyroid-
ism, respectively; p<0.01). In a retrospective analysis
involving 238 relapsed patients with GD who discon-
tinued ATD therapy for 12 to 24 months, Villagelin et
al. 4! compared individuals who were prescribed long-
term low-dose MMI (n=124) with those who were
prescribed RIA followed by LT4 replacement (n=114).
The results indicated that the long-term low-dose
MMI group had a significantly higher likelihood of
achieving euthyroidism during each year of the 5-year
follow-up period (p<0.001), whereas hypothyroidism
was more common in the RIA group at each follow-
up point (p<0.001). Similar results were reported
by Azizi et al.® in a study involving 239 patients
with diffuse toxic goiter. In conclusion, current evi-
dence indicates that achieving euthyroidism is more
common with LTATD than with RIA or thyroidec-
tomy. However, further randomized data are required
to draw more definitive conclusions. Although RIA
and thyroidectomy may be effective in controlling
GD, the frequency of abnormal thyroid function with
LT4 replacement is high, and the consequences of iat-
rogenic thyrotoxicosis and hypothyroidism should be
carefully considered?'.

4.1.3 Risk of Hyperthyroidism Relapse

As previously mentioned, the rate of remission
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varies with the duration of ATD treatment2*37-46,
Few studies have compared LTATD with RIA or
thyroidectomy in terms of the relapse risk of hyper-
thyroidism. In a retrospective study of 261 patients
with GD, Alexander et al.>® reported that approxi-
mately 10% to 20% of their patients developed per-
sistent hyperthyroidism after a single dose of RIA,
with this rate further decreasing when multiple doses
were administered. They also identified several risk
factors for persistent hyperthyroidism after RIA,
including younger age (<20 years, p<0.01), larger
thyroid glands (p<0.01), higher pretreatment thyroid
1231 uptake values (p<0.01), higher serum T4 concen-
trations (p<0.01), and ATD consumption before RIA
(p<0.01). Similar results were reported by Leslie et
al.’7 in a study of 88 patients with GD, in which 24%
of the patients developed sustained hyperthyroidism
after a single dose of RIA.

Thyroidectomy is a viable therapeutic option
and can be considered the treatment of choice for
many patients, such as those with aggressive hyper-
thyroidism or moderate-to-severe GO. After total or
near-total thyroidectomy, the relapse risk of hyper-
thyroidism becomes less than 1%°%. In summary, evi-
dence indicates that the risk of relapse is highest after
12 to 18 months of ATDs, lower after LTATD and
RIA, and the lowest after thyroidectomy3!. Further
studies are required to determine the optimal treat-
ment modality for GD in terms of the risk of hyper-
thyroidism relapse.

4.2 Effect on GO

Unlike the gradual decrease in circulating
TRAD titers that occurs during a prolonged course
of ATD treatment®, a sustained increase in TRADb
titers, which may exacerbate GO by intensifying
orbital autoimmune reactions, occurs with RIA
treatment*!:00-63_ Tallstedt et al.?* reported a similar
frequency of GO development and worsening in a
medical therapy group and a thyroidectomy group
(15% vs 11%). They indicated that RIA was associ-

ated with a higher risk of GO than medical therapy
and thyroidectomy were (33%, 10%, and 16%, respec-
tively; p=0.02 for the comparison between the RIA
subgroup and the other groups combined). Traisk et
al.%! reported that compared with medical treatment,
RIA was associated with a higher risk of GO devel-
opment or worsening (38.7% vs 21.3%; p<0.001). Ina
systematic review of 10 RCTs involving 1226 patients
with GD, Acharya et al. % reported that compared
with ATDs, RIA was associated with a higher defi-
nite risk of GO progression or development (relative
risk [RR]=4.23, 95% confidence interval [CI]=2.04-
8.77). However, unlike thyroidectomy, RIA was not
associated with a statistically significant increase in
the risk of GO progression or development (RR=1.59,
95% CI=0.89-2.81). Similar results were reported by
Ma et al.%? in another systematic review of 2 RCTs
involving 425 patients with GD, in which RIA was
more strongly associated with GO worsening or
development than MMI was (38% vs 19%; RR=1.94).
In summary, current evidence indicates that com-
pared with medical treatment or thyroidectomy, RIA
is more strongly associated with the development or

progression of GO in patients with GD.

4.3 Effect on QoL

The Thyroid-Related Patient-Reported Outcome
(ThyPRO) questionnaire is a tool used to measure the
effects of benign thyroid diseases on health-related
QoL%*. In a large Swedish cohort study, Térring et
al.% reported that compared with the general pop-
ulation, patients with GD exhibited lower thyroid-
related QoL scores over a period of 6 to 10 years after
receiving their initial diagnosis. In addition, patients
with GD who were treated with RIA had lower thy-
roid-related QoL scores than did those who received
conventional ATD therapy (12 to 18 months) or thy-
roidectomy (ThyPRO score for RIA vs ATDs or thy-
roidectomy: 27 vs 21 or 22). However, this study had
limitations related to its lack of randomization and

insufficient data on comorbidities. Nevertheless,
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similar results were obtained in studies using other
thyroid-specific QoL questionnaires and the 36-item
Short-Form Health Status Survey (SF-36) question-
naire®-%7. Although previous randomized studies
did not reveal significant differences in long-term
QoL among the 3 treatment modalities, these studies
were small and did not employ thyroid-specific QoL
instruments®%-69,

Several studies have investigated the effect of
LTATD on QoL. Azizi et al.¥ reported that patients
who were treated with ATDs for up to 10 years had
higher SF-36 scores than those of patients who were
treated with RIA. By contrast, Villagelin et al.¥!
reported no differences in SF-36 scores between
patients treated with LTATD and RIA, indicating
that GO may have played a major role in the QoL of
the patients in Azizi et al., leading many of them to
opt for LTATD.

In summary, patients with GD often experience
lower QoL compared with that of the general pop-
ulation. This effect on QoL may persist for a long
period after treatment and is greatly influenced by the
presence of GO. Compared with conventional treat-
ment and LTATD, RIA is associated with lower QoL.
However, these findings should be interpreted with
caution because they may be influenced by factors
such as patient age, disease duration, GO presence,
and baseline comorbidities. Nevertheless, according
to a study®, even when these factors are adjusted for,
ATD therapy still appears to offer a more favorable

QoL outcome.

4.4 Effect on Weight Gain

Multiple studies have investigated posttreatment
weight gain. Dale et al.”® conducted a study involving
162 consecutive patients with hyperthyroidism who
were followed up for at least 6 months. They discov-
ered that those who were treated with ATDs (n=87)
and RIA (»=62) gained a similar amount of weight
(5.16 vs 4.75 kg, p=0.645), whereas those who under-
went thyroidectomy (n=13) gained more weight (10.27

kg, p=0.007). They also indicated that the develop-
ment of hypothyroidism (even transiently) was asso-
ciated with weight gain (no hypothyroidism, n=102,
4.57 kg; transient hypothyroidism, n=29, 5.37 kg; and
LT4 consumption, n=31, 8.06 kg; p=0.014). These
effects remained even after the length of follow-up
was adjusted. In a retrospective review of 157 patients
with GD who underwent RIA, Chen et al.”! reported
an increase in body mass index from baseline to 1 year
after treatment from 9.6% to 18.5% in patients with
overweight and from 6.4% to 21% in patients with
obesity. Similar results were reported in patients with
hyperthyroidism, indicating that RIA is associated
with more significant weight gain than LTATD is*-72.
Although transient hypothyroidism may contribute
to initial weight changes, long-term data indicate
that postablative therapy with LT4 may not mitigate
ongoing weight changes, despite being able to main-
tain biochemical euthyroid status®!. Notably, relative
undertreatment of ablative hypothyroidism may play
a major role in weight gain’3. In summary, adequate
treatment of ablative hypothyroidism may be associ-
ated with greater weight gain (thyroidectomy > RIA)
than that associated with ongoing therapy with ATDs.
Clinicians and patients should consider these factors

when making treatment decisions?!.

4.5 Effect on Patient Safety

One of the key concerns when selecting between
LTATD and definitive therapy is AEs, particularly
major events such as hepatotoxicity, agranulocytosis,
vasculitis, and pancreatitis. Major AEs typically man-
ifest within the first 3 to 6 months of treatment, and
they tend to substantially decrease with prolonged
therapy?¢. The incidence of major AEs is often linked
to high doses of ATDs?’. In a retrospective analysis,
Cooper et al.”* reported an 8.6-fold increased risk of
agranulocytosis with MMI doses exceeding 40 mg/d
(p<0.01), with no cases being reported of agranulocy-
tosis in patients receiving MMI doses below 30 mg/d.

Azizi and Malboosbaf?’ performed a literature review
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of 12 studies involving 1660 patients on LTATD treat-
ment for a mean duration of 5.8 years. They discov-
ered that major AEs occurred in only 0.8% of the
patients, whereas minor AEs occurred in 2% to 36%
of the patients, with a higher incidence associated
with higher doses in pediatric patients. In another
literature review, Azizi and Malboosbaf2¢® reviewed
6 studies involving over 1500 patients treated for a
median of 6 years. They reported an AE rate of 19.1%
(95% C1=9.6-30.9, 1°=83%), with major AEs account-
ing for only 1.5% of the total.

Several large cohort studies have indicated that
patients treated with RIA for hyperthyroidism expe-
rience increased mortality from vascular causes’’°.
However, these studies had major limitations, such as
a lack of information on comorbidities, the severity
of hyperthyroidism, the underlying cause of hyper-
thyroidism, and the efficacy of control measures’”.
Boelaert et al.”’ reported an elevated risk of vascular-
related mortality in cases in which RIA did not lead
to hypothyroidism and stable mortality rates in RIA-
treated patients on LT4 therapy. These findings under-
score that persistent hyperthyroidism rather than RIA
plays a key role in GD-related mortality. Although
the majority of studies have indicated no increase in
the overall risk of cancer after RIA therapy’8, some
studies have reported a trend toward an elevated
risk of thyroid, stomach, and kidney cancer in RIA-
treated patients with hyperthyroidism’. Therefore,
further research is required to investigate the asso-
ciation between the risk of cancer and the therapeutic
utility of RIA in patients with benign thyroid disease.

Although the overall rate of morbidity follow-
ing thyroidectomy is low, patients with GD are at an
increased risk of postoperative complications. In a
retrospective cross-sectional analysis of 215068 thy-
roidectomies, Rubio et al.8 analyzed a large nation-
wide inpatient sample database and reported that
5.2% (11205) of the thyroidectomies listed on the
database were performed for GD. They also reported

that compared with multinodular goiter and thyroid

cancer, GD was associated with a significantly higher
rate of postoperative hypocalcemia (12.4% vs 7.3%
and 10.3%, p<0.01), rate of hematoma requiring
revision surgery (0.7% vs 0.4% and 0.4%, p<0.01),
and mean length of hospital stay (2.7 vs 2.4 and 2.2
days, p<0.01). In addition, compared with multinod-
ular goiter, GD was independently associated with
a higher risk of vocal cord paralysis (OR=1.36, 95%
CI=1.08-1.69), tracheostomy (OR=1.35, 95% CI=1.1-
1.67), postoperative hypocalcemia (OR=1.65, 95%
CI=1.54-1.77), and hematoma requiring revision
surgery (OR=2.79, 95% CI=2.16-3.62). In a compara-
tive analysis of AEs following thyroidectomy, ATD
treatment, and RIA in 4661 patients with GD, Brito
et al.8! reported that thyroidectomy was associated
with the highest rate of AEs (24% vs 12% vs 6%),
with hypoparathyroidism being the most common

complication.

Predictors for GD Relapse

Reliable predictors of relapse in GD are crucial
for identifying patients who require prolonged ATD
treatment or definitive therapy. In addition to the
aforementioned treatment strategies, several other
factors have been reported to be associated with a high
risk of GD relapse. These factors include goiter size,
biochemical abnormality severity, immune system
parameters, age, sex, smoking habits, GO presence,

and genetic and environmental factors (Table 2) 7.

5.1 Goiter Size

Thyroid gland enlargement correlates with the
severity of GD®. Liu et al.®* reported that the high
relapse rate of GD observed after ATD treatment
was significantly associated with goiter size at diag-
nosis and at the time of drug withdrawal. In a 5-year
follow-up study of patients with GD with varying
goiter sizes at diagnosis, Laurberg!® reported higher
remission rates in patients with normally sized or
mildly enlarged goiters before treatment compared

with those in patients with large goiters. Several
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Table 2. Predictive factors for GD relapse and evidence supporting their role
Predicting factor Evidence Reference(s)
Modifiable
Treatment duration  Higher relapse rate in patients with GD undergoing short-term (<12-18 mo) Tx  19,24,37-46

compared with LTATD (>24 mo) Tx

Add-on * Strong reduction in the risk of relapse when immunosuppressive drugs are 29
immunosuppressive drugs added to standard ATD Tx in patients with GD
Goiter size » High relapse rates following ATD Tx significantly associated with goiter size at 83
diagnosis and gland enlargement at drug withdrawal
* Higher relapse rates in patients with GD and large goiters before ATD Tx than 18
in patients with normally sized or mildly enlarged goiters
* High relapse rates in patients with GD without significantly decreased goiter 84,85
sizes after ATD Tx
Biochemical abnormality » TSH suppression after ATD withdrawal as predictor of GD relapse 83,86
severity » High risk of relapse in patients with GD with high free T3 levels and free T3/ 83,88-91
free T4 ratios at disease onset
» High T3/T4 ratio (>20) after ATD Tx as predictor of high risk of relapse in 88
patients with GD
Immune parameters » TRAD positivity at GD diagnosis significantly associated with increased relapse 17
rate
» High risk of relapse in TRAb-positive patients with GD at ATD withdrawal 17
» High frequency of relapse in patients with GD with positive TSAb at ATD with-
drawal 93
 Higher sensitivity and specificity of TSAb in predicting GD relapse compared 93
with anti-TRAb at ATD withdrawal
GO * GO as risk factor for GD relapse after ATD withdrawal 86,99,100
» High rate of relapse in patients with severe GO after ATD withdrawal 99
Environmental factors * lodine supplementation presumably increases rate of GD relapse 101
* Dietary shift from low to high iodine intake increases rate of GD relapse 103
« Stress associated with GD relapse after ATD withdrawal 17
« Stressful events positively correlated with GD relapse after ATD withdrawal 106,107
» Higher risk of GD relapse in smokers than in nonsmokers after ATD withdrawal 17,92
 Patients who quit smoking have considerably low risk of GD relapse 36
Nonmodifiable
Age » The younger the age at GD onset, the poorer the response to ATDs, the poorer 17,90,92,
the prognosis, and the higher the risk of relapse
» Higher rate of GD relapse in younger adults than in older adults 96,97
Sex  Higher risk of GD relapse in men than in women after ATD withdrawal 92
Susceptible genes  Certain variants of HLA DRB1, DQA1, and DQBI1 presumably serve as predic- 112
tors of GD relapse
» Atotal of 2 CTLA4 polymorphisms (rs231775 and rs231779) related to GD 17
relapse after ATD withdrawal in Asian individuals
e CD40 polymorphisms (rs745307, rs11569309, and rs3765457), T393C SNPs of 17

the Gas gene, and E33SNP of thyroglobulin associated with GD relapse after
ATD withdrawal in patients with GD

Abbreviations: ATD, antithyroid drug; CTLA4, cytotoxic T-lymphocyte-associated factor 4; GD, Graves’ disease; GO, Graves’ oph-
thalmopathy; HLA, human leukocyte antigen; LTATD, long-term antithyroid drug; mo, months; SNP, single-nucleotide polymor-
phism; Tx, treatment; TSH, thyroid-stimulating hormone; T3, triiodothyronine; T4, thyroxine; TRAb, thyroid-stimulating hormone
receptor antibody; TSAb, thyroid-stimulating antibody.



288 K. B. Tseng

other studies have indicated higher remission rates
in patients with GD who had significantly reduced
goiter sizes following ATD treatment®*83, These find-
ings suggest that goiter enlargement at the onset of the
disease and at the time of drug withdrawal is associ-

ated with an increased risk of GD relapse.

5.2 Biochemical Abnormality Severity

When the levels of thyroid hormones increase,
the levels of TSH decrease, following a negative feed-
back loop!®. Even after the normalization of thyroid
hormone levels following ATD treatment, the levels
of TSH in some patients with GD remain low and
do not return to their normal range'®:8¢. Studies have
indicated that TSH suppression following drug with-
drawal is a predictor of GD relapse®?8¢. Similar
results were reported in a systematic review®”. These
findings highlight the importance of prolonged ATD
treatment, that is, treatment until normal levels of
TSH are reached, in patients with GD who experi-
ence delayed TSH recovery.

In patients with GD, the risk of relapse follow-
ing ATD treatment is associated with the severity of
GD at diagnosis'3!7#3, Multiple studies have indi-
cated that the serum level of T3 and the ratio of free
T3 to free T4 at diagnosis are independent predic-
tors of the treatment outcomes of ATDs in patients
with GD83:88-91 Patients with higher serum T3 levels
and free T3/T4 ratios are at a greater risk of relapse
and thus typically require higher initial doses and a
longer treatment duration®3-2%°1, Many retrospective
studies have also indicated that a high serum T3/T4
ratio (>20, unitless) following drug treatment is a pre-
dictor of an increased risk of GD relapse®®. Therefore,
in patients with a high T3/T4 ratio, the duration of
treatment should be prolonged, even after a conven-

tional course of ATD therapy!”.

5.3 Immune Parameters
No consensus has yet been reached regarding

which immune parameter is the most effective in pre-

dicting GD relapse. As previously mentioned, TRAb
plays a key role in the pathogenesis of GD by over-
activating the TSH receptor, thereby stimulating the
synthesis and secretion of thyroid hormones and the
growth of thyroid cells!®. Many studies have indi-
cated that TRAD is a useful predictor for evaluating
the outcomes of ATD therapy!”%0. At the time of GD
diagnosis, TRAD positivity is associated with a sig-
nificantly high rate of relapse, whereas TRAb nega-
tivity does not guarantee that no relapse will occur
but is associated with long-term remission!’. Shift-
ing from a positive to a negative TRAD status may
indicate alleviation of an immune disorder following
ATD treatment in patients with GD!”. The treatment
effectiveness of ATDs may also be predicted from the
titers of TR Ab at the time of ATD withdrawal. At the
time of drug withdrawal, the risk of relapse increases
in TRAb-positive patients with GD!'7. Some of the
discrepancies observed between studies in terms of
the usefulness of TRADb in predicting GD relapse may
be attributable to differences in the duration of ATD
treatment before drug withdrawal®?. In addition, the
discrepancies observed in the detection methods used
in certain studies may partially explain the negative
association between TR Ab levels and the relapse rate
of GD after ATD withdrawal'3,

TRAD has 2 distinct properties: stimulating the
TSH receptor (TSAD) and blocking the TSH receptor
(TBAb) %3, Many studies have investigated the patho-
genic role of TSAD in patients with GD%4. Relapse is
more common at ATD withdrawal in TSAb-positive
patients with GD than in TSAb-negative patients with
GD (67% vs 17%, p=0.007) *3. At ATD withdrawal,
TSAD has higher sensitivity and specificity in predict-
ing GD relapse compared with TBAb (63% vs 28%
and 83% vs 65%, respectively)”. Therefore, measur-
ing the levels of TSAb at ATD withdrawal can be
valuable to clinical decision-making for patients with
GD?. Several studies have indicated that in patients
with GD who receive ATDs, TSAb values are more

effective than TRAb values in predicting relapse!”.
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5.4 Age and Sex

GD is rare in children; its incidence gradually
increases from early puberty and remains stable after
the age of 30 years®. Studies have indicated that a
younger age at GD diagnosis is associated with a
poorer response to ATDs, a less favorable progno-
sis, and a higher risk of relapse!”?. Several long-
term follow-up studies of children and adolescents
with GD have indicated remission rates of less than
25% after more than 2 years of ATD treatment®. In
adults, reports on the influence of age after medical
treatment vary'7?2. However, several studies have
reported a higher relapse rate in young adults than
in older adults?®-%7. For instance, Allahabadia et al.%¢
reported that younger patients with GD (younger than
40 years) had a lower remission rate than that of older
patients with GD (32.6% vs 47.8%; OR=0.53; 95%
CI=0.32-0.87; p < 0.01).

GD is 4 to 5 times more common in women than
in men, although men are at a higher risk of relapse
after ATD treatment cessation’?. The reason under-
lying this sex-related disparity remains unclear and
may be related to sex hormone variations'”. Estro-
gen indirectly regulates the immune system, and the
increased estradiol levels in patients with GD are
associated with TRAD positivity, which is consid-
ered to be a useful predictor of ATD treatment out-
comes!’. The high risk of relapse observed in male
patients with GD may be associated with factors
such as goiter enlargement and genetic background!”.
Goiter enlargement correlates with severe immune
and biochemical disorders, and the presence of a
family history of autoimmune thyroid disease is more
common in male patients with GD!7. Nevertheless,
this topic continues to be debated, with studies report-

ing conflicting results!”.

5.5 Presence of GO
GO is the most frequent extrathyroidal manifes-
tation of GD. The severity of GO strongly correlates

with immune system dysfunction®®. At the time of

diagnosis, 25% to 30% of patients with GD develop
GO3%%8, Several studies have indicated that the pres-
ence of GO is a risk factor for the relapse of GD after
ATD withdrawal®6-20-9%100_Tn patients with severe GO,
the relapse rate of hyperthyroidism following ATD
withdrawal may reach 93%°°. Despite being associ-
ated with a high relapse rate, ATDs remain a favored
therapeutic option for patients with GO because they
improve the outcomes of GO and therefore may lead
to stable euthyroidism and decreased inflammatory
and TRAD titers!”. Multiple retrospective studies have
suggested the use of extended LTATD therapy for
patients with GO to achieve satisfactory results38:40,
Notably, Shi et al.l’ reported the absence of a clear
correlation between GO and an increased relapse
rate of GD. They indicated that the symptoms of GO
were not consistently in line with the symptoms of
thyrotoxicosis and that variations in clinical practice
may have contributed to these inconsistent results'?.
Further research is required to analyze the association
between GO and GD relapse.

5.6 Environmental Factors

Environmental factors may play a role in influ-
encing the relapse rate of GD after medical treatment.
Iodine is a key substrate required for the synthesis
of thyroid hormones. Previous research has indicated
that iodine supplementation increases the risk of GD
relapse!®l. Patients with GD who achieve a state of
euthyroidism after ATD withdrawal may experience
hyperthyroidism relapse if they are exposed to phar-
macological doses of iodine!2. Therefore, controlling
dietary intake of iodine may be necessary. Several
epidemiological studies have indicated that in areas
with sufficient iodine intake, the relapse rate among
patients with GD after medical treatment is not higher
than that in areas with insufficient iodine intake!”.
Transitioning from low to high iodine intake in the
diet may increase the risk of GD relapse and thereby
lead to negative outcomes after ATD therapy'?3. These

results indicate that a sudden increase in iodine intake
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triggers GD relapse. However, a prospective study
indicated that excessive iodine intake does not influ-
ence clinical outcomes after ATD withdrawal, and
therefore, strict dietary control with iodine restriction
may not be necessary in the management of GD!%4,
Further large-scale interventional studies are required
to better understand the association between iodine
uptake and the risk of relapse in patients with GD
after ATD withdrawal.

Because stress has a profound effect on the
immune system, it may play a key role in precipitating
GD in patients predisposed to autoimmune thyroid
disorders!%. Previous research has established a con-
nection between negative life events preceding the
onset of GD'%, The majority of studies have indi-
cated that stress is associated with GD relapse after
ATD withdrawal!”. For example, in a prospective
study, Vita et al.!% reported that patients who expe-
rienced a relapse encountered more stressful events
compared with those who achieved remission. They
also indicated that the overall number of stressful
events correlated with the frequency of GD relapse.
Similar results were reported in another prospective
study'?7 indicating that 4 personality traits, namely
hypochondriasis, depression, paranoia, and mental
fatigue, positively correlated with the rate of relapse.
This prospective study also indicated that the total
stress score of major life events positively correlated
with the rate of GD relapse after ATD withdrawal.
Therefore, reducing stress through positive psycho-
logical interventions is a crucial step in lowering the
rate of GD relapse in patients with euthyroidism.

Smoking may alter the structure of the TSH
receptor or increase the activity of the sympathetic
nervous system, thereby promoting the develop-
ment of thyrotoxicosis in predisposed individuals!%3.
Smoking may also increase the levels of TRAb!.
Several studies have indicated that compared with
nonsmokers, smokers have a higher risk of relapse
after ATD withdrawal'7?2. For instance, Quadbeck

et al.l% reported that compared with nonsmokers,

smokers exhibited significantly higher TRAD titers
at 4 weeks after ATD withdrawal. Mohlin et al.3¢
reported a notably low rate of relapse in patients who
had quit smoking. These findings highlight the role
of smoking as a risk factor for GD. Notably, some
studies have reported no clear association between
smoking and an increased rate of GD relapse®3-10:111,
Therefore, further large-scale studies are required to
investigate the association between smoking and the

rate of GD relapse.

5.7 Genetic Factors

Familial forms of GD have a major genetic com-
ponent. Individuals with a genetic predisposition tend
to produce TR Ab when they are exposed to specific
environmental factors. These factors include exces-
sive iodine intake, smoking, stress, and postpartum
conditions, which have a definitive effect on the
development and relapse of GD!'2.

GD’s autoimmune-relatedness is linked to the
human leukocyte antigen (HLA) complex, which
plays a key role in immune response. Both protein
tyrosine phosphatase nonreceptor type 22 C/T poly-
morphism and HLA subtypes (DQA1*05, DQB1*02,
and DRBI1*03) are predictors of GD relapse in
White individuals''2. In addition, both rs231775 and
rs2317792, which represent cytotoxic T-lymphocyte-
associated factor 4 polymorphisms, are associated
with GD relapse after ATD withdrawal in Asian
individuals but not in White individuals'’. Multiple
studies have investigated the association between
polymorphisms and the risk of relapse in patients
with GD after ATD withdrawal. These polymor-
phisms include CD40 polymorphisms (rs745307,
rs11569309, and rs3765457), T393C single-nucleotide
polymorphisms (SNPs) of the Gas gene, and E33SNP
of thyroglobulin!”. With the continual advancements
being made in the field of genetics, genotyping may
become an even more reliable method for predicting
GD relapse, and more susceptibility genes may be

identified in the future.
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Conclusions high rate of relapse associated with ATDs, even with

) ) the traditional standard of 12 to 18 months of treat-
Although since the 1940s, ATDs have been pri-

_ ] ment, underscores the importance of patient-cen-
marily used for the treatment of GD worldwide, the

tered therapy selection (Figure 1). When a treatment

Evidence-based treatment &
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( Preferable \

LTATD Tx with evidence of relapse extremely rare, low risk of
hypothyroidism, no radiation exposure or surgical risk, effectively
and rapidly restoring euthyroidism, absence of GO, reduced weight
gain, improved QoL

RIA Tx with evidence of few side effects, effectively and rapidly
restoring euthyroidism, effectively reducing goiter size, definitive
Tx, increased weight gain

Thyroidectomy Tx with evidence of rapid euthyroidism, extremely
Qre relapse, rapid relief of pressure symptoms, no radiation

Figure 1. Algorithm of GD management.

Abbreviations: ATD, antithyroid drug; GO, Graves’ ophthalmopathy; LTATD, long-term antithyroid drug; mo, months; Neg, negative;
Pos, positive; QoL, quality of life; TSH, thyroid-stimulating hormone; TRAb, thyroid-stimulating hormone receptor antibody; RIA, ra-
dioiodine ablation; Tx, treatment; T3, triiodothyronine; T4, thyroxine.
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modality is selected, specific patient factors should
be considered, such as cardiovascular comorbidities,
pregnancy, sex, age, the presence or absence of GO,
and patient choice. According to the findings of this
literature review, LTATD is associated with a higher
rate of GD remission compared with that of short-term
treatment. Therefore, LTATD should be considered a
viable option for patients with GD whose hyperthy-
roidism is well controlled with a stable dose of ATDs
and for patients who prefer this treatment over defini-
tive therapy. LTATD offers advantages over definitive
therapy, such as avoiding lifelong hypothyroidism,
improving QoL, achieving a more rapid return to a
state of euthyroidism, and exerting a favorable effect
on other biological outcomes, and therefore, it has
potential as treatment for most patients with GD.
Identifying risk factors for predicting disease relapse
can aid in enhancing the remission rate of GD and
the efficacy of ATDs as a treatment modality for
GD after ATD withdrawal. Notably, managing GD
with ATDs, especially in terms of optimal treatment
duration, remains a subject of debate because of the
considerable variation in disease presentation among
patients. In addition, the potential predictors of GD
relapse after ATD therapy require further investiga-
tion because each known factor has limited predic-

tive power.
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