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Abstract

Introduction Thyroid eye disease (TED) is the most
frequent extra-thyroid manifestation of Graves’ dis-
ease and it is more frequent in middle age and in female
gender. Nowadays, the causal mechanisms of this
disease are not completely understood, but the current
available studies suggest that the main causative factor
is the thyroid stimulating hormone receptor.
Materials and methods To collect reports on TED
medical management, a thorough literature search was
performed in PubMed database. An additional search was
made in Google Scholar to complete the collected items.
Results  Among the indentified risk factors, tobacco
habit is the most relevant. The main criteria to choose a
suitable treatment are the activity and severity of the
disease. Support measures can be used to improve the
patient’s symptoms in any phase of the disease. There
is a large number of drugs proposed to manage TED,
although with different reported rates of success.
Conclusions Currently, the drugs of choice are
corticosteroids in moderate-to-severe and in sight-
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threatening forms. The main problem of corticos-
teroids is their spectrum of side effects. Therefore,
other alternatives are being suggested for medical
management of this disease. The efficacy of these
alternatives remains unclear.
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Introduction

Graves’ disease is an autoimmune disorder that is
more frequent in middle age and in females. The signs
and symptoms of this disease are thyrotoxicosis,
goiter, pretibial myxedema, and thyroid eye disease
(TED) [1]. The incidence of Graves’ disease is
210 cases/million/year in Sweden, with a peak inci-
dence between 30 and 60 years and a female/male
ratio of approximately 4/1 [2]. The most frequent
extra-thyroid presentation of this disease is TED [3, 4].
Although TED appears mostly, in patients with
Graves’ disease, it can also be present in other thyroid
disorders, such as Hashimoto’s thyroiditis, hyperthy-
roidism, hypothyroidism, and thyroid carcinoma
[5, 6].

TED is an orbital disorder characterized by an
inflammatory process in the periocular soft tissues. It
has low incidence and prevalence, mostly in its severe
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presentation [7]. The most prominent clinical mani-
festations of TED are exophthalmos, strabismus,
diplopia, periorbital edema and, in severe cases,
dysthyroid optic neuropathy and corneal breakdown
[7]. TED appears in about 20% of all Graves’ patients
[2]. Moderate-to-severe cases of TED have a lower
incidence, i.e., 16.1 cases/million/year in Denmark,
and are more frequent in females (female/male ratio
5/1) [8]. Dysthyroid optic neuropathy appears in about
5% of patients with TED [9]. The European Group on
Graves’ Orbitopathy (EUGOGO) studies performed
between 2000 and 2012 showed that the current
tendency of TED in Graves’ patients is to be less active
and less severe than previously, probably because of
the reduction in the prevalence of smokers and the
early diagnosis and treatment of this disease [10].
The main cause of Graves’ disease seems to be an
abnormal immune response to thyroid-stimulating
hormone receptor (TSHR) [11]. TSHR activates the
immune system and induces the synthesis of antithy-
roid antibodies [12]; one of the most relevant is
thyroid-stimulating antibody (TSAb) [13]. Since
TSHR is also present in orbital tissues, these processes
also take place in the orbit, causing TED [14]. Insulin-
like growth factor receptor (IGF-1R), related to TSHR
[15] and present in B cells, T cells, and fibrocytes
[16-18], may also contribute to the development of
TED, although its role remains controversial [19].
B-cell-activating factor (BAFF), which is a member of
the tumor necrosis factor (TNF) family, also seems to
be involved in TED. This molecule has been related to
an increase in the survival of B cells in orbital tissues
[20, 21]. It is also present in other autoimmune
disorders, such as rheumatoid arthritis [22], systemic
lupus erythematosus [23], and autoimmune hemolytic
anemia [24]. The platelet-derived growth factor
(PDGF) seems to be a key factor in the development
and maintenance of TED [25, 26], because its
expression levels are increased in orbital tissues from
TED patients with both active and inactive phases
[27]. As aresult of the activity of these factors, there is
an increase in orbital fibroblasts, differentiation of
fibroblasts into adipocytes and myofibroblasts [28],
transformation of preadipocytes into adipocytes, pro-
duction of autoantibodies, increased cytokine and
glycosaminoglycan (GAG) levels, and infiltration of
extraocular muscles by inflammatory molecules and
cells [29, 30]. These events increase inflammation,
expansion,remodeling,and._fibrosis_in_periocular
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tissues [28]. These processes result in the clinical
manifestations of TED.

There is no completely reliable, specific, and safe
medical drug for TED. Current medical treatments for
TED are based on corticosteroid or immunosuppres-
sive therapies. Most of the newly proposed treatments
aim to interfere with the mechanisms involved in the
pathogenesis leading to TED. To evaluate the outcome
of studies or clinical trials testing new drugs of new
regimes of drugs already in use to treat TED, it is
necessary to assess the results in such a way that
comparisons among different studies are possible.
Currently, changes in the activity and severity of the
disease are used to quantify these outcomes. There is,
however, a persistent difficulty in assessing the
activity and severity of TED, which may lead to the
use of treatments with poor or absent efficacy [7].

To assess the activity of TED, a Clinical Activity
Score (CAS) has been proposed. It has seven items,
each of them worth one point [4, 31]; TED is in the
active phase when CAS > 3/7 [32]. Three more items
have been added for follow-up purposes [31, 33], so
active disease is considered in this case when the
patient has > 4/10 points [32]. To assess the severity
of TED, three scoring systems have been proposed,
namely the VISA, modified NOSPECS, and
EUGOGO classifications [3, 34, 35]. In the EUGOGO
classification, TED is divided into three groups: mild,
moderate-to-severe and sight-threatening or very
severe [4].

The aim of this paper is to provide an overview of
the currently available medical treatments and to
introduce novel drugs that, because of their biological
properties, could result beneficial for TED patients.

Materials and methods

To collect reports on TED medical management, a
thorough literature search was performed in PubMed
database up to March 11, 2018, and restricted to those
items written in English language. The words used in
the searching included the following: active, adali-
mumab, antibody, BAFF, cyclosporine, corticos-
teroids, disease, euthyroid, exophthalmos, eye,
fibroblast, Graves, hyperthyroidism, management,
medical, methotrexate, mycophenolate, ophthalmopa-
thy, orbitopathy, PDGF, radiotherapy, rituximab,
selenium, smoking, teprotumumab, therapy, thyroid,
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tocilizumab, and TSHR. They were used alone or in
combination. An additional search was made in
Google Scholar to complete the collected items.
Reports referenced in the items found in the mentioned
search and deemed to be relevant were also included.
Those articles not reporting medical treatment of TED
were not included in this study.

Results
Preventive actions on TED

There are several actions reported to prevent the
occurrence of TED and to avoid the progression of this
condition, which include stop smoking, keeping
euthyroidism, prophylaxis with corticosteroids,
antithyroid drugs and thyroidectomy and selenium.

Smoking

Stopping smoking seems to play an important role in
reducing the risk of having and aggravating TED
[36, 37]. There is a higher prevalence of TED among
smokers [38] and a lower risk of exophthalmos and
diplopia if the patients withdraw smoking [39]. Since
tobacco decreases the effect of immunosuppressive
drugs, smokers have a weaker and slower response to
treatment [38, 40, 41]. Several studies show that the
effect is dose-dependent [39, 40]. Passive smokers are
also harmed, mostly children [42]. The reason why
tobacco impairs TED is unknown, but it seems that it
may be related to hypoxia and/or increased production
of free radicals [41].

Euthyroidism

Both the up- and down-regulation of thyroid activity
increase the risk of TED [7, 41] whereas euthyroidism
improves TED [7, 32]. The process that causes the
impairment of TED can be related to TSHR activation
by TSHR antibodies (resulting in hyperthyroidism)
and by TSH (thyroid-stimulating hormone) malfunc-
tion (resulting in hypothyroidism) [41]. There are
however some studies reporting that both antithyroid
drugs or thyroidectomy do not have effect on TED
[32]. Although there are cases of TED in euthyroid
patients [43-45], those represent only 6% of cases
[46].

Prophylaxis with corticosteroids

This drug can be used before radioiodine [47-49].
Radioiodine is frequently used for treatment of
Graves’ hyperthyroidism in some countries [50].
Without corticosteroid prophylaxis, the risk of devel-
opment or impairment of orbital affectation is 15%
[48, 51], being in 5% of cases persistent [48]. The risk
seems to be higher in smokers [48, 52] and when the
subsequent secondary hypothyroidism is not corrected
promptly [53, 54]. In a study, 0.2 mg/kg of prednisone
starting 1 day after radioiodine for 6 weeks has been
proposed to avoid orbital impairment [49], although
another study reports that this is not effective [55].
Another proposed option is 500 mg/week of methyl-
prednisolone i.v. for 2 weeks, followed by 250 mg/
week for the next 2 weeks, beginning 1 week after the
radioiodine treatment [51].

Antithyroid drugs and thyroidectomy

Some studies show a relationship between the active
phase of TED and the serum level of TSHR autoan-
tibodies [56]. Other studies suggest that these anti-
bodies can be useful to detect patients with tendency to
develop severe TED [57]. The decrease of these
antibodies could be achieved with antithyroid drugs or
thyroidectomy [7] and therefore reduce the autoim-
mune response.

Selenium

This drug could reduce the symptoms, the quality of
life, and the risk of development of severe forms of
TED. Selenium can be used in mild forms of TED. It
was reported that doses of 100 pg twice a day for
6 months were associated with an improved quality of
life, less eye involvement, and slower progression of
TED as compared with placebo [58].

Supportive management of TED

There are several treatments and procedures that may
improve the symptoms and reduce complications of
TED. They include artificial tears and moisture
chambers to reduce the corneal exposure and ocular
dryness, botulinum toxin injections to palliate palpe-
bral retraction [59-61], sunglasses to avoid the
photophobia, prismatic lenses or monocular occlusion
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to improve diplopia [62, 63], and keeping the head
elevated while sleeping to reduce palpebral edema
[64].

Currently available drugs for medical management
of TED

This section describes current treatment for TED.
Below, their action mechanisms, posology, advan-
tages, inconveniences, and side effects will be
explained.

Selenium

This microelement is incorporated into selenoproteins,
most of which are expressed in the thyroid gland [65].
Low levels of selenium seem to increase the risk of
thyroid disease [66]. Supplementation with this ele-
ment reduces the levels of oxygen free radicals that
could induce or exacerbate TED [67-70]. It also has
immunomodulatory properties. In selenium defi-
ciency, suppressor T cells do not inhibit the production
of interleukins that are responsible for stimulating
autoreactive T cells and increasing autoantibody
production [70, 71]. Some studies have shown that,
combined with antithyroid drugs, selenium helps to
achieve control and stabilization of thyroid hormone
levels in comparison with antithyroid drug monother-
apy [72]; however, a current study [73] shows that
selenium supplementation has not effects about
recurrence or hyperthyroidism. In one study, selenium
was administered orally for 6 months (100 pg twice
daily) and was found to improve quality of life, eyelid
aperture and soft tissue changes and slow down
disease progression [58]. The most adequate admin-
istration form of selenium is the organic form, known
as selenomethionine [70]. Levels of selenium in
plasma should not exceed 122 pg/l [74], because it
can cause diabetes mellitus type 2 and hyperlipidemia
[75-77]. Selenosis occurs when levels exceed
400 pg/day, resulting in nausea, vomiting, abdominal
pain, diarrhea, hair loss, nail fragility, peripheral
neuropathy, and the smell of garlic in sweat and breath
[70].

Corticosteroids

This group of drugs reduces the production of GAG by
orbital fibroblasts,inhibits.the expression.of HLA-DR,
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the production of cytokines and antibodies and
neutrophil and macrophage chemotaxis, and modu-
lates T- and B-cell function [32, 78, 79]. These effects
lead to an improvement in orbital inflammation
[6, 79]. Although corticosteroids are currently the
first-choice drug in TED, they show poor or non-
existent response in 20-30% of cases [80, 81];
10-20% of patients have a relapse when the drug is
withdrawn [32]. Corticosteroids can be administered
orally, intravenously, or retrobulbarly; the most
effective route of administration is intravenous [82].
As intravenous administration achieves a greater
decrease in the CAS and has fewer side effects than
oral administration [82]. There is no significant
difference between oral and retrobulbar administra-
tion, but the latter causes fewer gastric problems and
lower weight gain than oral administration [83]. Some
authors recommend intravenous administration as the
first choice [32, 64, 74]. A recommended corticos-
teroids and dose for i.v. administration is methylpred-
nisolone 500 mg/week for 6 weeks followed by
250 mg/week for six additional weeks [84]. For oral
use, the recommended dose starts at 60-100 mg of
prednisone and followed by a slow decrease for
5-6 months until complete withdrawal [85]. Another
recommended protocol is prednisone 1 mg/kg/day,
then a gradual decrease of 10 mg/week until a dose of
20 mg/day is reached, and finally declining to 5 mg/
week [64]. The cumulative dose should not exceed
8 g, because higher cumulative doses increase mor-
bidity, including an increased risk of acute liver failure
[84, 86] and mortality [80]. In a clinical trial [87], three
cumulative doses (2.25 g, 4.98 g and 7.47 g) were
compared; the conclusion was that the most effective
cumulative dose is 7.47 g, as assessed by the CAS.
However, because this benefit is transient and is
associated with greater toxicity, it was suggested that
an intermediate dose regimen should be used in most
cases. The main disadvantages of corticosteroids are
their side effects, of which the most relevant are
cardiovascular diseases [80, 81] and acute liver failure
[84, 86]. Liver damage is caused by dose-dependent
toxicity that has a direct effect on hepatocytes. To
avoid this problem, screening for hepatotropic viruses
and a check for the existence of antibodies against the
liver [32] is recommended; moreover, statin therapy
should be withdrawn [88]. The most frequent effect on
the liver is an asymptomatic elevation in transami-
nases [32, 89]. Other reported side effects are

www.manaraa.



Int Ophthalmol (2020) 40:1035-1048

1039

osteoporosis, increased risk of infection, hyperlipi-
demia, diabetes mellitus, avascular osteonecrosis,
redistribution of fat, cataracts, major depression and
psychosis, and polymenorrhea [80, 90, 91].

Cyclosporine

Cyclosporine is an immunosuppressive agent that
specifically and reversibly inhibits Thl helper cells,
which in turn causes a decrease in IL-2 and IFN-y
expression [92]. Cyclosporine orally as monotherapy
(7.5 mg/kg/day for 12 weeks) has less effect than oral
corticosteroids (prednisone 60 mg/day followed by a
tapered of 20 mg/day) [93], so it should be used in
combination with other drugs. Some authors advise
administering cyclosporine with oral corticosteroids in
steroid-resistant patients and as a steroid-sparing
therapy [93, 94]. The most relevant side effects of
cyclosporine are dose-dependent and include renal
and liver toxicity and gingival hyperplasia [4].

Rituximab

This drug is a chimeric antibody against the antigen
CD20 present on B cells. Rituximab could be useful in
TED because it prevents antigen presentation by B cells,
therefore reducing the production of TSRH antibodies
and inflammatory cytokines [95-97]. This drug can be
used to treat moderate-to-severe forms of TED [96].
Some studies have shown that rituximab can be useful in
the management of TED [96, 97]. A recent study that
compared rituximab (first infusion of 1000 mg twice and
then 500 mg once) with i.v. corticosteroids (methyl-
prednisolone 7.5 g) showed better outcomes in moder-
ate-to-severe patients treated with rituximab [98]. These
patients showed improved eye motility, visual function
and quality of life, and underwent fewer surgical
procedures. Other studies, however, report no significant
differences with placebo [99] and suggest that this drug
can be counterproductive because it may induce
dysthyroid optic neuropathy, probably caused by the
orbital tissue expansion subsequent to massive B-cell
lysis [32, 100]. The main side effects of rituximab are
dose-dependent and include increased number of infec-
tion episodes and hypogammaglobulinemia [101]. A
reaction to the initial administration occurs in 10% of
patients apparently caused by its chimerical nature. This
reaction is reversible but, in some cases, it could be
severe [102].

Anti-TNF-o

TNF-o is a molecule produced by fibrocytes when
they are stimulated by TSH or by thyroid-stimulating
immunoglobulins. This molecule causes relevant
effects, such as the production of adhesion molecules
and chemokines in fibroblasts and the recruitment of
inflammatory cells to local tissues [103]. Therefore,
anti-TNF-a drugs could be useful despite their side
effects [64, 74], which include higher risk of infec-
tions, lupus-like reactions, immunogenicity, and
demyelinating disorders [81, 104]. There are three
important drugs in this group, i.e., infliximab, etaner-
cept, and adalimumab. Infliximab is a monoclonal
antibody. A case report on a single-dose administra-
tion of infliximab showed positive effects in a patient
with active TED, with reduced inflammation,
improved visual function and scores on the CAS and
NO SPECS scales, without noticeable short-term side
effects [105]. Etanercept is a recombinant fusion
protein of the extracellular ligand-biding portion of the
TNF receptor [32]. In one study, it was observed that
the administration of 25 mg of etanercept twice
weekly for 12 weeks reduced the CAS score, perioc-
ular chemosis, and redness without serious side effects
[106]. Both etanercept and infliximab may reduce
inflammatory signs in steroid-resistant patients, and
patients with more severe affectation show better
improvement [81]. Adalimumab is a human mono-
clonal antibody that has the advantage of being
administered subcutaneously every 2 weeks, while
etanercept is administered twice per week and inflix-
imab requires i.v. administration. A recent report
suggested that subcutaneous adalimumab (80 mg
followed by biweekly 40 mg administered for at leats
10 weeks) may have a role in the treatment of active
TED [81].

Tocilizumab

This drug is a recombinant humanized monoclonal
antibody to the IL-6 receptor [64, 74]. IL-6 is a
proinflammatory cytokine present in Thl immune
response [32]. Tocilizumab can be used in steroid-
resistant patients [64, 74, 107]. One report showed that
tocilizumab (8 mg/kg/month iv., 16 months)
improved the CAS score (proptosis in 72% of patients,
extraocular motility in 83% of patients, and diplopia in
54% of patients) in steroid-resistant patients [108].
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The same study reported that, in one case with acute
dysthyroid optic neuropathy, administration of this
drug prevented orbital decompression. In a recent
clinical trial [109], it was found that tocilizumab
(8 mg/kg i.v. at weeks 0, 4, 8, and 12) offers a
meaningful improvement in activity and severity in
corticosteroid-resistant TED. The relevant side effects
were increased transaminases in one patient and acute
pyelonephritis in another patient. Another recent study
observed a reduction in extraocular muscle thickness
and conjunctival chemosis after four doses of
tocilizumab [107]. The main side effects found in
patients with rheumatoid arthritis that use this drug are
an increased rate of infections, malignancy, gastroin-
testinal perforation, lipid changes, and cardiac dys-
function [110].

IGF-IR blockers

IGF-1IR is a molecule that is elevated in orbital
fibroblasts [15] and in B [17] and T [16] cells in
patients with Graves’ disease, but it does not seem to
be specific to this disease [7, 18, 111]. IGF-1R
blockers bind to IGF-1R on fibrocytes and attenuate
TSH-dependent signals, leading to a decrease in IL-6
and IL-8 expression [111]. The most relevant member
of this group is teprotumumab. This drug is a
monoclonal antibody that decreases the action of
IGF-1, TSH, and thyroid-stimulating immunoglobu-
lins on orbital fibroblasts and fibrocytes derived from
patients with Graves’ disease in in vitro studies
[15, 111]. Some studies have shown that teprotu-
mumab can decrease orbital symptoms in TED
patients [64]. In one trial, patients receiving eight
intravenous injections with an initial dose of 10 mg/kg
every 3 weeks, followed by 20 mg/kg for the remain-
ing seven infusions, were more effective than placebo
in reducing proptosis and CAS [18]. The most relevant
observed side effect was increased glycemia in
diabetic patients. Other side effects were diarrhea
and muscle spasms [18].

Mycophenolate mofetil

Mycophenolate mofetil is an immune modulator drug
that inhibits inosine monophosphate dehydrogenase,
leading to inhibition of the de novo pathway of
guanosine monophosphate synthesis and in turn
reducingthe proliferationof lymphocytes [74]. A
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study comparing the efficacy and safety of mycophe-
nolate mofetil (administered orally twice a day a total
dose of 1000 mg/day, being the maximum dose
500 mg per dose, for 24 weeks) and corticosteroids
(methylprednisolone i.v. 0.5 g/day for 3 consecutive
days per week for 2 weeks, followed by oral pred-
nisone 60 mg/day for 8 weeks and then a gradual
decrease of 5 mg/week for 14 weeks) in patients with
moderate-to-severe forms and in the active phase of
TED showed that this drug is effective, safe, achieves
better CAS scores, improves proptosis and diplopia,
and has lower relapse rate [112]. Another current study
[113] compare the use of intravenous methylpred-
nisolone alone (500 mg/week for 6 weeks followed by
250 mg/week for 6 weeks) vs methylprednisolone
plus mycophenolate (360 mg twice per day for
24 weeks) did not find significant difference in the
rate of response at 12 weeks or rate of relapse at 24 and
36 weeks, but subsequent analyze seems to show an
improvement in rate of response by 24 weeks in
patients with active and moderate-to-severe TED. For
this reason, more studies are necessary. The main side
effects are reactivation of infections and gastrointesti-
nal and hematological disorders [112].

Methotrexate

Methotrexate inhibits the dihydrofolate reductase and
reduces synthesis of DNA, RNA and proteins [114].
Patients receiving a maximum dose of 15-25 mg/
week (with folate supplementation) show improved
ocular conditions, mostly regarding soft tissues,
extraocular muscles, and visual acuity [91]. It could
be used as an alternative to corticosteroids or for
corticosteroid sparing [115, 116]. Also, it can be
administered for long time to prevent relapses [74].
Side effects include gastrointestinal irritation, liver
toxicity, bone marrow depression [6], opportunistic
infections, and interstitial pneumonitis [6, 115]. To
avoid these side effects, folic acid administration is
recommended [6].

Somatostatin analogs

In TED, there is upregulation of somatostatin recep-
tors 1 and 5 on orbital fibroblasts [117]. The members
of this group are octreotide, lanreotide, and pasireo-
tide. Several studies have shown that these drugs have
little to no effect in TED [118, 119]. For instance, one

www.manaraa.



Int Ophthalmol (2020) 40:1035-1048

1041

study showed no differences between an im injection
of 30 mg of lanreotide every 2 weeks for 12 weeks
and placebo [120]. Pasireotide could be more useful
because it has higher affinity for somatostatin recep-
tors 1 and 5 [121], but there are very few studies
addressing the effectiveness of this drug in TED. The
side effects of pasireotide include nasopharyngitis,
glycemia disorders, diabetes mellitus, constipation,
and liver function abnormalities [122]. Since octreo-
tide is only taken up by orbital tissues during the active
phase of TED and it can be detected by scintigraphy,
this drug can be used as a probe to assess TED activity
[123].

Potential new drugs to treat TED

This section describes possible future alternatives to
treat TED. They have not yet been tested in humans,
but could be useful because of the observed in vitro
results.

Anti-BAFF

BAFF is a factor that is part of the TNF superfamily
and is expressed by orbital fibroblasts [124]. This
factor increases in B-cell survival, which in turn
induces and maintains inflammation in the active
phase of TED [98, 125, 126]. BAFF is produced by the
interaction between fibroblasts and T cells. In this
process, several cytokines and chemokines, such as
IFN-y and TNF-o, are produced. All these actions
promote B-cell survival [124]. Currently, there are no
studies on the effect of anti-BAFF drugs for the
treatment of TED, but they may be useful because of
their biological effects. Atacicept and belimumab are
two relevant anti-BAFF members. Atacicept is a
recombinant fusion protein, and its side effects are
hypersensitivity, injection side reaction, diarrhea,
gastritis, and pruritus [127]. Belimumab is a fully
humanized monoclonal antibody [128]; its main side
effects are post-infusion systemic reactions, influenza,
and nausea [129].

Tyrosine kinase inhibitors

PDGF receptors have tyrosine kinase activity.
Tyrosine kinase inhibitors block the BB isoform of
PDGF receptors [25, 130]. PDGF is elevated by two-
to.three-fold.in.orbital tissues.in.patients.with TED in

all phases of TED [27, 130, 131]. The main effects of
PDGF receptor activation on orbital tissues is an
increase in the production of cytokines (IL-6, IL-8,
CCL-2, CCL-5, and CCL-7) and GAG by orbital
fibroblasts [130]. It also increases the response of
fibroblasts to TSHR antibodies [26]. For these
reasons, tyrosine kinase inhibitors could play a role
in restructuring orbital tissues [32]. This group of
drugs includes imatinib mesylate, nilotinib, and
dasatinib. The first two drugs were tested using
in vitro studies and led to a reduction in hyaluronan
(a type of GAG) production [131]. However, when
used in other diseases (i.e., chronic myeloid leuke-
mia), they were found to have severe side effects
such as periorbital edema, occlusion of peripheral
arteries, and cerebrovascular accidents [132]. Fur-
thermore, high doses of imatinib mesylate can
increase adipogenesis in orbital fibroblasts [133].
Dasatinib is a second-generation tyrosine kinase
inhibitor that is better tolerated and does not induce
adipogenesis in orbital fibroblasts [134]. Some side
effects include pleural effusion, rash, vomiting,
diarrhea, tiredness, headache, anemia, thrombocy-
topenia, and neutropenia [27, 135].

PIK3/mTORCI cascade inhibitors

In vitro studies have suggested that these drugs reduce
adipogenesis and hyaluronan accumulation [136]. The
first generation of these drugs includes wortmannin,
LY 294002, and rapamycin. Unfortunately, they have
many side effects such as diarrhea, mucositis, hyper-
glycemia, and anorexia [137]. Currently, there are no
studies available related to their use in TED [32].

TSHR ligands

These are molecules of a low molecular weight that
have several effects on TSHR as agonists, neutral
antagonists, and inverse agonists [32] and therefore
could be useful in TED. Currently, there are only
in vitro and mouse studies available [138].

Anakinra
This molecule is an antagonist of IL-1. IL-1 receptor is
elevated in the orbital fibroblasts of patients with TED,

mostly in smokers [32]. The main side effects when
used for other conditions are injection-site reactions
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and infections [139]. No studies have been done yet
with anakinra in TED.

CD3 antibodies

This group includes otelixizumab and teplizumab.
They cause the depletion of T cells in some diseases
[140]. Owing to the relevant function of T cells in
TED, they could be useful to treat this disease [10].
There is a lack of published studies with these two
drugs in TED patients.

Tanshinone (Tan IIA)

This molecule was isolated from a plant (Salvia
miltiorrhiza). Tan IIA, when tested in vitro, led to a
reduction in IL-6 and IL-8 expression in orbital
fibroblasts. Moreover, these studies showed anti-
inflammatory, antioxidant, and antiadipogenic effects
in orbital fibroblasts from TED patients [141]. How-
ever, further studies in humans are needed to confirm
these results.

Conclusion

To find out about the available medical drugs of
proven or potential use to treat TED, we first
performed an initial search in the PubMed database
and expanded it further to the most relevant references
provided by the papers found in the initial search. As
reported in a previously reported meta-analysis [82],
we found that the most commonly used drugs are
corticosteroids, administered orally or i.v. However,
the adverse event profile of corticosteroids is impor-
tant and should be kept in mind.

The results provided here show that additional
medical treatments are available and can be used to
treat patients with TED. These include drugs already
tested in TED patients with different rates of success
such as selenium, cyclosporine, rituximab, anti-TNF-
o drugs, tocilizumab, IGF-1R blockers, mycopheno-
late mofetil, methotrexate, and somatostatin analogs.
There are other drugs that, though not tested yet in
TED patients, on the basis of their biological effects,
can potentially be used to treat this disease. These
drugs include anti-BAFF drugs, tyrosine kinase
inhibitors, PIK3/mTORCI1 cascade inhibitors, TSHR
ligands,.anakinra, CD3 antibodies,.and.tanshinone.

@ Springer

Our review of the literature did not attempt to
propose medical treatment guidelines for TED, but
rather to provide a list of available drugs, their
biological mechanism of action, and their effects
on this disease. To evaluate the efficacy of a
specific treatment, a reliable scoring system of the
disease status is needed in order to make compar-
isons among the available reported studies. The
CAS scoring system evaluates disease activity, but
does not fully describe the status of the disease.
There is a known interobserver variability in the
evaluation of the orbitopathy status that may
introduce some bias in the definition of mild,
moderate or severe affectation, which in turn
makes difficult to establish comparisons among
the reported studies or trials. Nevertheless, some
conclusions can be drawn.

TED patients require preventive measurements
consisting mainly of smoking cessation and maintain-
ing euthyroid status. Some support measures such as
artificial tears, botulinum toxin, sunglasses, or pris-
matic lenses may improve the symptoms and reduce
complications.

The medical treatment should be administered
according to the degree of orbital affectation. In mild
cases, selenium can be used. Low-dose corticosteroids
can be administered if the quality of life of the patient
is altered by the disease [7]. In those cases of
moderate-to-severe symptoms, high doses of corticos-
teroids are the first line of treatment [6, 7, 32].
Although a cumulative dose of 7.47 g of methylpred-
nisolone provides a short-term advantage over lower
doses, this benefit is transient. Because of the toxicity
observed with this cumulative dose, a lower dose
regime may be used in most cases and the high dose
regime be reserved for severe cases of TED [87]. If
corticosteroids do not have effect or they have no clear
effect, the next option is to repeat a corticosteroid
cycle. If this measure is still not effective, the next
measure is to administer corticosteroids with adjuvant
orbital radiotherapy or cyclosporine [7]. Other authors
propose methotrexate as alternative to corticosteroids,
mostly in patients with dependence or resistance to
corticosteroids [74]. It is possible to use monoclonal
antibodies as well, such as etanercept, infliximab,
adalimumab, tocilizumab, or teprotumumab, to reduce
the inflammation and to prevent relapses. However,
more studies are needed to evaluate the effectiveness
of these antibodies in TED patients.
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In sight-threatening cases, the first-line treatment is
high doses of methylprednisolone [7, 32, 74], although
this is effective only in about one half of cases. The
recommended dose is 500-1000 mg/day for three
consecutive days and repeated 1 week later [32]. This
therapy may be continued with corticosteroids i.v., but
the cumulative dose should not exceed 8 g [32]. If the
patient does not have a positive response, orbital
decompression may be required [7]. Other studies
suggest that 100 mg of rituximab [32, 96] and
adalimumab can be useful in dysthyroid optic neu-
ropathy [81].

Unfortunately, currently available therapies are in
many cases unsatisfactory, and many patients are
unhappy with their treatment results [142]. The
reasons for this outcome may be related to the
complexity of the pathogenesis of the disease, which
makes it difficult to develop targeted therapies.
Additionally, the low incidence and prevalence of
TED does not allow the adequate design of random-
ized clinical trials to test new drugs. Despite our
growing knowledge of the molecular, genetic, and
immunological mechanisms underlying TED, the
results obtained by the reported clinical studies have
confounding results, which make it difficult to propose
a universally accepted treatment recommendation. In
conclusion, the review of the available literature
shows that corticosteroids are the most frequently
used drugs for the treatment of TED. The efficacy of
the remaining drugs, either alone or as combined
therapy, remains unclear.
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