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Abstract 
Context: Invited update on the management of systemic autoimmune Graves disease (GD) and 
associated Graves orbitopathy (GO).
Evidence acquisition: Guidelines, pertinent original articles, systemic reviews, and meta-analyses.
Evidence synthesis: Thyrotropin receptor antibodies (TSH-R-Abs), foremost the stimulatory TSH-
R-Abs, are a specific biomarker for GD. Their measurement assists in the differential diagnosis of 
hyperthyroidism and offers accurate and rapid diagnosis of GD. Thyroid ultrasound is a sensitive imaging 
tool for GD. Worldwide, thionamides are the favored treatment (12-18  months) of newly diagnosed 
GD, with methimazole (MMI) as the preferred drug. Patients with persistently high TSH-R-Abs and/or 
persistent hyperthyroidism at 18 months, or with a relapse after completing a course of MMI, can opt for 
a definitive therapy with radioactive iodine (RAI) or total thyroidectomy (TX). Continued long-term, low-
dose MMI administration is a valuable and safe alternative. Patient choice, both at initial presentation 
of GD and at recurrence, should be emphasized. Propylthiouracil is preferred to MMI during the first 
trimester of pregnancy. TX is best performed by a high-volume thyroid surgeon. RAI should be avoided 
in GD patients with active GO, especially in smokers. Recently, a promising therapy with an anti-insulin-
like growth factor-1 monoclonal antibody for patients with active/severe GO was approved by the Food 
and Drug Administration. COVID-19 infection is a risk factor for poorly controlled hyperthyroidism, which 
contributes to the infection–related mortality risk. If GO is not severe, systemic steroid treatment should 
be postponed during COVID-19 while local treatment and preventive measures are offered.
Conclusions: A clear trend towards serological diagnosis and medical treatment of GD has emerged.

Key Words: Graves disease, management, diagnosis, treatment, TSH receptor antibodies, antithyroid drugs, radio-
active iodine, thyroidectomy

This mini-review offers an update on the diagnosis and man-
agement of patients with thyroidal and extrathyroidal Graves 
disease (GD). The purpose is to avoid repeating known and 

general knowledge. Hence, this update emphasizes the re-
cent developments, for example, the serological accurate and 
rapid diagnosis of GD as well as its worldwide acknowledged 
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favored medical treatment. It reports on the insulin-like 
growth factor-1 receptor (IGF-1R) as novel autoantigen in 
GD and associated Graves orbitopathy (GO). Further, this 
short review introduces novel, more disease-specific treat-
ments for both GD and GO with special focus on the recently 
FDA-approved IGF-1R inhibiting monoclonal antibody 
teprotumumab. Finally, the management of GD and GO in 
the time of the COVID-19 pandemic is discussed.

The prevalence of GD approximates 1% to 1.5% in 
the population as a whole: the incidence is 20 to 30 new 
cases/100  000/year (1-4). An increased incidence is ob-
served among African Americans (5). Both genetic and 
environment factors, for example, familial clustering, 
negative life experiences, high iodine intake, and smoking, 
predispose to GD (6-13). GD is a systemic autoimmune 
disease directly caused by circulating autoantibodies 
(Abs) that bind to the thyrotropin receptor (TSH-R), sub-
sequently inducing the production and release of thyroid 
hormone, proliferation of thyrocytes, and enlargement 
of the thyroid gland (14-17). The stimulatory TSH-R-Ab 
(TSAb) is the causative agent in GD in patients suspected 
of having hyperthyroidism, with associated signs and 
symptoms (17). TSAb increases intracellular cyclic adeno-
sine 5′-monophosphate directly when in contact with the 
TSH-R and can be detected in a bioassay using chemilu-
minescence (18). Further, TSAbs directly and specifically 
induce oxidative stress in GD (15).

Methodology

Pertinent and current guidelines, original articles, clinical 
trials, systemic reviews, and meta-analyses were searched 
by using the following terms: “diagnosis of Graves’ dis-
ease,” “imaging of Graves’ disease,” “management of 
Graves’ disease,” “treatment of autoimmune hyperthy-
roidism,” “autoimmune thyrotoxicosis,” antithyroid drugs, 
thionamides, radioactive iodine, thyroidectomy, “Graves’ 
orbitopathy and/or ophthalmopathy,” “thyroid eye dis-
ease,” and “extrathyroidal Graves’ manifestations.”

Diagnosis

Serology

The measurement of serum baseline TSH is the acknow-
ledged screening parameter in the initial evaluation of sus-
pected thyroid dysfunction (19-21). Additional assessment 
of the free thyroid hormones differentiates between overt 
and subclinical hyperthyroidism (21).

TSH-R-Ab measurement offers accurate and fast diag-
nosis of GD (Fig. 1) (3, 22, 23). The conventional TSH-R-Ab 
binding immunoassays are sensitive and specific (98 and 

99%, respectively); however, these assays do not differen-
tiate between Ab functionality (24, 25). In comparison, the 
cell-based bioassays measure TSH-R-Ab concentrations at 
very low Ab concentration and at very high serum dilution 
(26-33), and exclusively report on TSH-R-Ab functionality 
(34-36). Indeed, the bioassays show the functionality of the 
TSH-R-Abs that interact with the human TSH-R, and can 
specifically detect TSAbs, differentiating between the TSH-
R-Ab types (blocking/stimulating). Functional TSH-R-Abs 
are also predictive for extrathyroidal manifestations (37-
43) and for neonatal thyroid dysfunction (44-46). Further 
to their clinical utility and diagnostic relevance, measure-
ment of stimulatory TSH-R-Abs markedly reduces both 
costs and time to diagnosis of GD by 50% (47).

Imaging

Thyroid ultrasound comprises conventional gray-scale ana-
lysis (using a high-frequency linear probe) and color flow 
Doppler examination (characterizing vascular patterns and 
quantifying thyroid vascularity). Ultrasound supports the 
diagnosis of GD as a noninvasive, rapid, and accurate im-
aging procedure. If a goiter with large nodules is present 
and/or if radioactive iodine (RAI) therapy is indicated, 
radionuclide scintigraphy with radioiodine uptake is sug-
gested (48-52). In the vast majority of cases, a timely and 
positive TSH-R-Ab serology with a typical ultrasound 
finding offers a reliable, rapid, and more than sufficient de-
finitive diagnosis of GD.

Treatment

Three equally potent approaches are offered to treat Graves 
hyperthyroidism: medical therapy by inhibiting production 
of thyroid hormones, complete surgical removal of the thy-
roid gland (total thyroidectomy), or RAI-induced shrinkage 
of the thyroid tissue (Fig. 1 and Table 1). The importance 
of patient choice, in a shared decision-making process, both 
at the initial episode of hyperthyroidism and at recurrence, 
should be emphasized.

Antithyroid Drugs

The thionamide antithyroid drugs (ATDs) have been the 
most common treatment of GD in Asia, Europe, and Latin 
America, in contrast to the USA where RAI has been more 
prevalent (22, 53). More recently, however, ATDs have been 
used in nearly 60% of GD patients in the USA versus 35% 
only for RAI (54). This is mainly because RAI is associated 
with both sustained increases in TSH-R-Ab titers after RAI 
and a definite risk for a de novo GO and/or exacerbation of 
the clinical activity and severity of the orbital disease (55-62).

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/105/12/dgaa646/5905591 by guest on 06 N
ovem

ber 2020



3  The Journal of Clinical Endocrinology & Metabolism, 2020, Vol. 105, No. 12

The thiourea derivatives (ATDs) inhibit iodine 
organification, a process catalyzed by thyroid peroxidase 
(63, 64). ATDs negatively impact the activity and numbers 
of intrathyroidal T cells (65, 66), the aberrant thyrocyte 
expression of major histocompatibility complex class  II 
(67), as well as the generation of reactive oxygen species, 
lipid peroxidation, and subsequent oxidative damage (15, 
68-70).

Three compounds are available with methimazole 
(MMI) as the classical and most widely distributed ATD. 
In comparison, carbimazole (CBM) is an inactive drug and 
much less available worldwide. CBM is rapidly metabol-
ized in the blood to MMI with an average 2-fold weaker 
potency than MMI (71). Propylthiouracil (PTU) is the least 
potent compound (10-fold weaker than MMI). However 
PTU additionally inhibits the thyroxine (T4) deiodination 
to 3,5,3′-triiodothyronine (T3) in peripheral tissues (72, 
73). MMI has the longest half-life, an acceptable and low 
side-effect profile and is, therefore, regarded as the standard 
ATD with the highest efficacy (74, 75). Absorption of MMI 

following oral administration approximates 100% leading 
to peak serum levels within 1 to 2 hours. The intrathyroidal 
concentration of MMI is markedly higher than in the 
plasma with stable intrathyroidal levels for approximately 
22 hours postresorption (76). Initial daily dosing of MMI 
depends on the severity of hyperthyroidism and is based 
on the elevation in free thyroid hormone levels; using 20 
and 30 mg if fT4 is 2- and 3-fold increased, respectively (2, 
14). The inhibition of the T4 deiodination and the lower 
placental transfer and less severe PTU-caused embryopathy 
explain why PTU is the first-line therapy of both thyroid 
storm in GD as well as in the first 10 to 12 weeks of preg-
nancy (77-79).

Overall, patients with newly diagnosed GD are offered 
3 equally effective treatments; however, ATDs are by far 
the patient-preferred approach worldwide (2, 3). An ATD, 
preferably MMI, is administered for 12 to 18 months ac-
cording to the American and European guidelines (1-3, 
14, 80). Discontinuation of ATD therapy is indicated after 
reaching both biochemical euthyroidism (thyroid-related 

Figure 1. Algorithm for the management of Graves hyperthyroidism. TSH-R-Ab, thyrotropin receptor antibodies; FT4, free thyroxine; T3, triiodothyr-
onine; scan, thyroid scintigraphy; MMI, Methimazole; RAI, radioactive iodine; TX, total thyroidectomy; GO, Graves orbitopathy; mo., months.
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hormones within the normal range) and serological con-
version (negative TSH-R-Ab testing). Indeed, the meas-
urement of TSH-R-Ab levels in general and stimulatory 
TSH-R-Abs in particular is clinically useful at 18 months 
and predictive of recurrence (persistent stimulatory TSH-
R-Ab) or remission (negative TSH-R-Ab). The European 
guidelines recommend the continuation of a low-dose 
MMI administration for a further 12 months with repeated 
TSH-R-Ab testing after 1 year (2, 14). Alternatively, defini-
tive treatment with either RAI or TX may be considered 
(1, 2, 14) (Fig.  1). The evidence-based titration regimen 
with MMI monotherapy is favored since the addition of 
levothyroxine to MMI (block and replace regimen) neither 
enhances the remission rate nor decreases the recurrence 
of hyperthyroidism (81-84). Only about 50% of patients 
receiving ATD for 12 to 18  months will achieve a per-
manent remission, namely biochemical euthyroidism and 
negative TSH-R-Abs (85). The magnitude and presence of 

serum TSH-R-Ab levels, but also goiter size, the severity of 
hyperthyroidism, nicotine, young age, and the postpartum 
period negatively impact the recurrence rate (75, 86-89). 
Due to the low predictive value of each of the above risk 
factors, additional cumulative scores taking into account 4 
baseline characteristics (TSH-R-Abs, fT4, goiter size, and 
age) have been proposed and were shown to provide sub-
optimal differentiation (90, 91).

Adverse events

The most common adverse events (AEs) ascribed to ATD 
include minor cutaneous allergic reactions, including rash 
(3-6%), pruritus (2-3%), and urticaria (1-2%), as well 
as dyspepsia (3-4%), nausea/gastric distress (2.4%), and 
arthralgia (1.6%). Cutaneous reactions to ATD occur early 
during therapy (92). Major AEs include agranulocytosis, 
hepatotoxicity, vasculitis, and discordant reports on 

Table 1. Advantages and disadvantages of the current established treatments of Graves disease

Treatment Mechanism of action Advantages Disadvantages Major adverse 
events

Antithyroid 
thionamide 
drugs

Inhibit thyroid 
hormone  
synthesis

PTU blocks T4:T3 
conversion

No radiation exposure
No adverse effect on GO
No risk of surgery/anesthesia
No hospitalization required
Conservative treatment
Use during pregnancy/breastfeeding
Low risk of subsequent 

hypothyroidism

High relapse rate
Frequent monitoring
Adverse events (rarely major)
Compliance warranted

Agranulocytosis
Hepatotoxicity
Vasculitis
Pancreatitis (?)

RAI RAI-induced  
thyrocyte 
destruction

Definitive treatment
High efficacy
No risk of surgery/anesthesia
Moderate costs

Definite risk factor for GO
Slow control of hyperthyroidism
Lifelong hypothyroidism
Radiation exposure
Pregnancy and breast feeding 

constitute absolute 
contraindications to RAI 
therapy

Conception should be postponed 
until at least 6 (better 
12) months after RAI in both 
males and females.

Potential negative impact on 
fertility

Frequent de novo or 
exacerbation of 
pre-existing GO

Sialadenitis 
(short-term)

Radiation thyroiditis
Enhanced cancer 

mortality (?)

Total  
thyroidectomy

Removal of  
thyroid gland

Definitive treatment
Highest efficacy (experienced 

surgeon)
Rapid control of hyperthyroidism
Does not usually worsen GO
No radiation exposure

High-volume surgeon 
recommended

Risks related to anesthesia and/
or surgery

Permanent hypothyroidism
Hospitalization
High costs
Scar

Bleeding
Laryngeal nerve 

injury
Hypoparathyroidism
Hypocalcemia
Anesthesia 

complications

Abbreviations: RAI, radioactive iodine; PTU, propylthiouracil; GO, Graves orbitopathy.
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pancreatitis (74, 93-95). Agranulocytosis occurs in 0.2% to 
0.5% of patients taking ATDs, foremost within 3 months 
after the start of therapy (96, 97). The onset is abrupt with 
high fever and severe pharyngitis (98). Agranulocytosis 
is dose related with respect to MMI (99), but not with 
PTU. Instead of a previously presumed drug-induced toxic 
side-effect, agranulocytosis is apparently due to immune 
targeting of granulocytes with subsequent alterations of the 
cell membrane (100-102). Specific HLA alleles in Asians 
and Caucasians increase susceptibility to ATD-induced 
agranulocytosis (103, 104). Management involves gran-
ulocyte colony-stimulating factor and antibiotics (105). 
PTU-induced vasculitis often occurs after years of treat-
ment and is associated with perinuclear anticytoplasmic 
neutrophil antibodies (106). Hepatotoxicity occurs in 
0.3% patients exposed to MMI and 0.15% of those given 
PTU (107, 108), while MMI and PTU are associated with 
noninfectious hepatitis in 0.25% and 0.08% of cases, re-
spectively, with higher rates of hepatic failure with PTU 
(109, 110). Guidelines neither recommend monitoring of 
liver function and white blood cell count nor screening for 
anticytoplasmic neutrophil antibody positivity in patients 
on ATDs. However, timely and complete information of 
the patients pertaining to ATD-induced side-effects (pha-
ryngitis, fever, jaundice, etc.) is warranted (14).

Pregnancy

Graves hyperthyroidism affects 0.1% to 0.2% of preg-
nancies and increases the risk of adverse outcomes in both 
mother and child (78, 111-114). Optimally, hyperthyroid 
women should be rendered biochemically euthyroid prior 
to pregnancy. The managing physician is faced with chal-
lenges regarding indications and options for treatment, 
as well as use of ATDs. Both MMI and PTU cross the 
placenta with similar kinetics and may produce fetal–
neonatal hypothyroidism and teratogenic effects in the 
embryo (77, 115-119). The rates of ATD-induced birth 
anomalies are 3% to 4% and 2% to 3% for MMI (aplasia 
cutis, esophageal and choanal atresia) and PTU (branchial 
fistula, renal cysts), respectively. The critical time interval 
for exposure of the fetus is between week 5 to 6 and week 
10 (115-119).

PTU is the guideline-recommended ATD during the first 
trimester of pregnancy; however, if the patient was on less 
than 10 mg of MMI prior to pregnancy and the serum free 
thyroid hormone levels are within the normal range, ATDs 
may be stopped at week 5 and serum free T4 and free T3 
controlled weekly (111). When this risk is considered high 
(high TSH-R-Ab, GO present, MMI dose  >  10  mg/day), 
the lowest possible dose of PTU should be administered 

(50-100 mg/day) while additional levothyroxine is discour-
aged. In the second and third trimesters, as well as during 
the postpartum period and lactation, PTU is replaced by 
MMI to reduce potential PTU-associated liver damage (2, 
14, 108, 120). Finally, TSH-R-Ab measurement is warranted 
in all female patients with a diagnosed autoimmune thyroid 
disease both prior to and during pregnancy, including those 
who previously had a definitive treatment (TX or RAI). 
The measurement of functional and specific (stimulatory or 
blocking) TSH-R-Abs via cell-based bioassays is clinically 
useful and predictive for a fetal and/or neonatal dysfunc-
tion, especially when serum TSH-R-Ab levels are higher 
than the 3-assay cut-off (2, 14, 44, 45, 111).

Long-term ATD therapy

If biochemical and/or serological (TSH-R-Ab positivity) 
hyperthyroidism persist 18 months after the start of MMI 
therapy, treatment with RAI or TX is usually considered 
(1-3, 14). An adequate and safe alternative, which can be 
discussed and offered to all GD patients, is the unlimited 
continuation of low-dose MMI (2, 3) (Fig. 1). The same 
holds true for those who relapse after a previous first 
course of ATD. This is convincingly underlined by a re-
cent prospective randomized clinical trial which showed 
a 4- to 5-fold increased cumulative incidence of hyperthy-
roidism recurrence in GD patients treated for an average 
of 19  months (±3  months) with MMI in contrast to a 
GD group treated for 95 months (±22 months, P < .001) 
(121). Also, a low incidence of AEs is noted on a main-
tenance dose (2.5-5 mg/day) of MMI (97, 122, 123), with 
only 1.5% of patients experiencing severe AEs (124). 
Furthermore, numerous studies comparing long-term out-
comes (2-11 years) in GD patients with continuous ATD 
administration or in those randomized to either ATD or 
RAI demonstrated stable euthyroidism and a paucity of 
ATD-induced AEs (125), lower management costs, and 
less frequent episodes of hypothyroidism in the ATD group 
(126). There was also a better remission rate of 63% (127), 
less weight gain, and less GO deterioration compared with 
RAI (128).

Children, adolescence, and elderly people 

Due to its significantly increased hepatotoxic risk in young 
subjects, PTU is not recommended in children and adoles-
cents (2, 14, 129). As the remission rate is markedly lower 
than in adults, long-term (3-5 years) MMI is the mainstay 
of treatment in children with GD. In contrast, definitive 
treatment is preferred in older patients with thyrotoxicosis-
induced cardiovascular complications. Alternatively, 
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low-dose MMI is a satisfactory treatment for older individ-
uals with mild GD (2, 14).

Subclinical Graves disease

Cardiovascular morbidity and mortality have been asso-
ciated with endogenous subclinical GD and completely 
suppressed serum TSH (130-133). The rate of progression 
of subclinical GD to overt hyperthyroidism was 30% in 
the subsequent 3 years (134), especially in those patients 
with persistent TSH-R-Ab. Therefore, treatment of subclin-
ical GD is recommended in GD patients in general and in 
those >65  years, particularly in patients with completely 
suppressed serum TSH levels (2). ATDs are the first treat-
ment of choice.

Symptomatic management and anticoagulation

Cardiac symptoms are frequently observed in patients with 
Graves hyperthyroidism, for example, sinus tachycardia, 
supraventricular arrhythmia, and atrial fibrillation in eld-
erly people. Hence, beta-adrenergic blockade (eg, propran-
olol or bisoprolol) is indicated in the early stages of GD 
(135, 136). High doses of propranolol (160-200 mg) inhibit 
both thyroid hormone releases from the thyroid as well as 
T4 deiodination in the periphery (1, 2, 14). Anticoagulation 
is indicated in older patients with supraventricular ar-
rhythmia, especially in those >65 years with atrial fibrilla-
tion (3, 135, 136).

Radioactive Iodine

RAI treatment is indicated in (1) patients with persistent 
hyperthyroidism after completion of a 12- to 18-month 
first course of ATD therapy, (2) those with a recurrence or 
relapse of thyrotoxicosis, (3) patients with poor compli-
ance on ATDs, (4) subjects with major ATD-induced side-
effects, and (5) individuals who choose this approach (1-3, 
14). Contraindications for RAI are (1) pregnancy and lac-
tation, (2) GD with a nodular goiter and suspicion of thy-
roid cancer, (3) the presence of active GO, and (4) patients 
with an acknowledged high risk for the development and 
exacerbation of GO, for example, high stimulatory TSH-
R-Ab, severe hyperthyroidism with high serum T3 levels, 
and smokers (1-3, 14). Indeed RAI therapy exacerbates or 
induces de novo GO in 15% to 20% of GD patients via 
a marked increase of serum stimulatory TSH-R-Ab levels 
(2, 55, 137). Furthermore, severe deterioration of thyro-
toxicosis and/or occurrence of the thyroid storm as an 
endocrine emergency have been observed after RAI (138, 
139). Hence, all candidates for a RAI treatment should 

be completely informed pertaining to the above described 
and acknowledged risks. The objective of the, in general, 
effective RAI therapy is to achieve biochemical hypothy-
roidism through a, frequently selected fixed, high dose of 
radionuclide and the subsequent destruction of the thyroid 
gland (140, 141). Patients should be off ATDs 1 week prior 
to and after RAI administration (14, 142) as ATDs nega-
tively impact the efficacy and success of RAI. Conception 
is allowed 6 months at the earliest after RAI for both sexes 
(2, 14, 142).

Patients with differentiated thyroid cancer treated with 
RAI have a significantly increased risk of secondary ma-
lignancies (143). This was inconclusive for those treated 
with RAI for hyperthyroidism (144-146). However, re-
cently a longitudinal study with a follow-up >25  years 
confirmed an increased risk of secondary cancers (breast, 
kidney, stomach) due to RAI treatment for hyperthy-
roidism. Mortality from breast (relative risk, RR 1.12) 
and solid cancers (RR 1.05) was significantly enhanced, 
while the association with solid cancer mortality increased 
with greater total administered RAI activity (147, 148). In 
a further study of over 16 000 patients treated for hyper-
thyroidism, a trend towards a higher risk (HR 2.32) of 
non-Hodgkin’s Lymphoma in RAI-treated individuals was 
noted (149).

Thyroidectomy

Total TX is indicated in GD patients with (1) persistent 
hyperthyroidism and/or recurrence of thyrotoxicosis 
after the completion of a first course of ATD, (2) sus-
pected thyroid cancer, (3) a large thyroid gland (>50-
60 mL) and compressive symptoms, (4) nodular goiters 
and active GO, (5) concurrent hyperparathyroidism, and 
(6) pregnancy (second trimester) (1, 2, 14, 150). ATDs 
are required prior to TX especially in severe hyperthy-
roidism hence avoiding perioperative complications and 
uncontrolled thyroid dysfunction (2, 3, 14). Further, a 
solution containing potassium iodide given prior to TX 
decreases blood flow to the thyroid and intraoperative 
blood loss (151). Guidelines recommend that a high-
volume surgeon markedly reduces the failure rate to 
below 1% making TX a cost-effective approach for 
GD (152). Potential adverse events of TX are laryngeal 
edema, recurrent laryngeal nerve injury, hypocalcemia, 
bleeding, and hypoparathyroidism (Table 1). The rate of 
the above complications remains low with experienced, 
high-volume surgeons (153-155) and the risks of tran-
sient hypocalcemia and recurrent laryngeal nerve injury 
are <10% and <1%, respectively (155). Calcium substitu-
tion substantially lowers the risks of perioperative hypo-
calcemia (156, 157). Finally, levothyroxine replacement 
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is administered postoperatively based on a body mass 
index- or weight-adapted calculation (158, 159).

Graves Orbitopathy

Current management and its limitations

Thyroid dysfunction should be promptly restored as both 
hypothyroidism with elevated serum TSH as well hyperthy-
roidism negatively affect the clinical activity and severity 
of GO (3, 48). TSH directly stimulates TSH-R expressing 
orbital target cells to release hydrophilic mucopolysac-
charides and proinflammatory cytokines (17, 160), while 
hyperthyroidism is associated with markedly increased 
serum levels of stimulatory TSH-R-Abs (18, 161). Hence, 
both thyroid dysfunctions exacerbate the orbital inflam-
matory process with local edema, congestion, and resulting 
exophthalmos. Adequate levothyroxine (LT4) substitution 
or MMI administration are warranted to reach and main-
tain a stable euthyroid state. RAI should be avoided in all 
cases of active and/or moderate to severe GO and prophy-
lactic glucocorticoids (GCs) are recommended in GD pa-
tients treated with RAI, especially in those at high risk for 
developing GO, for example, high stimulatory TSH-R-Ab 
and smokers (2, 3, 14, 160). After confirmation of GO 
diagnosis, clinical disease activity, severity and presence of 
sight-threatening manifestations are assessed (162). Serum 
TSH-R-Ab levels in general and stimulatory TSH-R-Abs in 
particular are a reliable and highly sensitive biomarker of 
clinically active and severe GO (18, 42, 161, 163, 164).

The current guidelines of the European Group on Graves’ 
Orbitopathy (EUGOGO) and of the European Thyroid 
Association recommend local treatment and selenium for 
mild GO (165), and high-dose intravenous glucocorticoid 
(IVGC) pulses as standard treatment of choice (55, 166) for 
active and moderate to severe disease, including optic neur-
opathy. The disease-modifying IVGC treatment of GO is 
not associated with secondary adrenocortical insufficiency 
(167). Prior treatment of orbital disease with IVGC mark-
edly decreases the need for successive rehabilitative sur-
geries (55). Inflammatory symptoms and signs as well as 
clinical disease activity are sensitive to IVGC with response 
rates averaging 70% to 80%. To improve tolerability and 
decrease IVGC-induced morbidity, single (>0.75  g) and 
cumulative doses (>8  g) of methylprednisolone, and/or a 
consecutive-day regimen should be avoided (55, 168, 169). 
In comparison, clinical severity and the corresponding 
signs proptosis and diplopia respond less well to IVGCs. 
This is why retrobulbar radiotherapy is additionally indi-
cated in patients with disturbances of eye muscle motility 
(170), while orbital decompression surgery is considered in 
subjects with persistent active and severe GO subsequent 

to immunosuppressive treatment (171). Hence, current 
guideline-recommended approaches may still require add-
itional surgical corrections, due to partial or insufficient 
improvement of severity signs, in 20% to 30% of GO cases 
(55, 166).

The insulin-like growth factor 1 receptor as novel 
autoantigen in GO and the role of teprotumumab

The TSH-R is the primary target of orbital autoimmunity 
(172) as convincingly demonstrated by animal models 
of GO, induced by immunization with TSH-R alone (16, 
173-176). Immunohistochemically analysis of human or-
bital tissue in GO reveals TSH-R immunoreactivity (177) 
and TSH-R activation impacts orbital adipogenesis (178). 
However, recent in vitro experiments have shown that 
the IGF-1R is an additional key player and a relevant 
autoantigen in GO pathogenesis (179). This was first hy-
pothesized by a British group, which demonstrated the 
displacement of the insulin-like factor-1 (IGF-1) by GD 
immunoglobulins from the binding sites of the IGF-1R on 
cultured fibroblasts surgically obtained from GO patients 
(180). This novel autoantigen is expressed on the surface of 
orbital target cells (181) as well as on T and B cells (182) 
in patients with GO. The TSH-R and the IGF-1R colocalize 
in thyrocytes and orbital fibroblasts (183), and IGF-1R-Abs 
have been observed in subjects with GD and/or GO (184, 
185). Subsequent to the binding of TSH-R-Abs to their 
ligand on TSH-R expressing cells, there is a “cross-talk” 
between the TSH-R and the IGF-1R leading to activation 
of IGF-1R-dependent downstream intracellular pathways 
(186-189).

Further evidence of the major role of the IGF-1R in 
GO has been added by in vitro testing of the novel human 
anti-IGF-1R monoclonal antibody (mAb) teprotumumab. 
Binding of teprotumumab to its ligand was able to inhibit 
both activation of the IGF-1R and downstream intracel-
lular signaling by the endogenous ligands, as well as induce 
internalization and degradation of the IGF-1R (183). In 
cultured fibroblasts, this mAb suppressed the IGF-1/TSH-
R-Ab-stimulated release of chemokines (190). Further, 
teprotumumab reduced the TSH-stimulated release of 
proinflammatory cytokines from isolated fibrocytes of GD 
patients (191), and markedly decreased the expression of 
both TSH-R and IGF-1R in fibrocytes (192).

Two large, consecutive, randomized, multicenter, 
placebo-controlled, phase II and III trials have dem-
onstrated the efficacy and acceptable tolerability of 
teprotumumab in subjects with severe and active thyroid 
eye disease (193, 194). This drug led to a rapid and im-
pressive improvement of all symptoms and signs of disease 
severity and activity during and/or after the first cycle of 

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/105/12/dgaa646/5905591 by guest on 06 N
ovem

ber 2020



The Journal of Clinical Endocrinology & Metabolism, 2020, Vol. 105, No. 12 8

8 consecutive intravenous infusions over 24 weeks (pri-
mary endpoint). In both trials, significant increases in 
the total score of the disease-specific quality-of-life ques-
tionnaire were also observed at week 24. Early this year, 
teprotumumab was approved by the Food and Drug 
Administration for the treatment of adult patients with se-
vere and active GO. However, to potentially implement this 
promising drug in the routine management of patients with 
inflammatory/severe GO as well as critically evaluate its 
exact role and place in the guideline-recommended treat-
ment algorithm, additional data pertaining to durability of 
the short-term results and long-term safety and efficacy are 
keenly warranted (195, 196). High costs, availability of the 
drug (currently commercially available in the USA only), 
and missing comparative trials with the current guideline-
recommended standard regimen (IVGC) are additional 
issues of concern.

Graves Dermopathy and Acropachy

Dermopathy and acropachy are very rare extrathyroidal 
manifestations of GD and occur in 1.5% to 2% and 0.3% 
to 0.5% of patients, respectively (197, 198). Acropachy 
commonly manifests as clubbing of fingers and digits 
(199). The pathogenesis of both of extrathyroidal mani-
festations is similar to GO, and practically all patients 
with dermopathy and/or acropachy have also moderate 
to severe GO (200). Local steroid therapy and occlusive 
dressing might be helpful for dermopathy, while no specific 
treatment is available for acropachy (199).

Graves Disease in the Time of the Covid-19 
Virus Pandemic

Poorly controlled hyperthyroidism increases the risk 
of COVID-19 infection, especially in elderly people. 
Uncontrolled thyrotoxicosis is associated with excess car-
diovascular mortality (136, 201). Infections, for example, 
COVID-19, may precipitate thyroid storm in patients with 
poorly controlled thyroid dysfunction (202). Thus, both 
COVID-19 infection and an unstable hyperthyroid state 
markedly increase morbidity and mortality risk in general, 
and in elderly people in particular. Hence, each patient 
with Graves hyperthyroidism should continue ATD medi-
cation and should be closely monitored by the managing 
physician (203). Further, patients with poorly controlled 
diabetes and/or adrenal insufficiency, and those on high-
dose immunosuppressive GCs may be more susceptible to 
developing COVID-19 infection, as they are with any other 
infections (204). The morbidity associated with those con-
ditions could increase susceptibility, as patients with ad-
renal failure are more prone to develop infections (205). 

Concomitant electrolyte imbalances are exacerbated by in-
fection, causing dehydration, which can propagate an ad-
renal crisis and a potentially fatal cytokine storm (205). 
Hence, GO patients on GCs may have increased suscepti-
bility to COVID-19 as a result of the immunosuppressive 
effects of GCs and potential adrenal failure (204, 205). 
Prospective and randomized trials have shown that in con-
trast to oral GC therapy, IVGCs are not associated with sec-
ondary adrenal insufficiency (167, 206). As the true impact 
of COVID-19 in immunosuppressed patients can neither 
be accurately evaluated nor predicted, a cautious approach 
is recommended for both patients who have recently fin-
ished the IVGC treatment, and especially for those who 
have completed a long-term course of oral GCs for GO. 
These subjects should be closely monitored if they become 
infected by COVID-19, as they are at risk of potentially 
developing acute adrenal failure. Is it worth mentioning 
that dexamethasone improves outcomes in severe COVID-
19; however, unless sight-threatening forms are present, 
high-doses of GC and systemic treatment should be post-
poned, and local as well as preventive measures offered.

Perspectives

Recent in vitro and in vivo research aims to introduce 
and establish new treatments for the management of 
Graves hyperthyroidism and its associated extrathyroidal 
manifestations. Both the TSH-R and the IGF-1R are the 
primary targets for these novel, but still exploratory, ap-
proaches. Other targets include either molecules relevant 
to the pathogenesis of GD/GO that play an important 
role within the immunological synapse and are expressed 
on the surface of B cells (eg, CD40 and CD20), or im-
portant proinflammatory cytokine receptors, for ex-
ample, IL-6R (Fig.  2A and Fig.  2B) or tumor necrosis 
factor (TNF)α. In line with this, 2 TNFα blockers, 
etanercept (207) and adalimumab (208), were tested 
with modest benefit. In contrast, far better results were 
observed with mycophenolate, an immunosuppressive 
drug with dual antiproliferative effects on T and B cells 
as well as on orbital target cells (209). Two randomized 
controlled trials encompassing more than 300 patients 
with active and severe GO demonstrated the safety and 
good tolerability of mycophenolate, as well as beneficial 
effects of the drug on eye symptoms and signs, clinical 
disease severity (proptosis, motility disturbances, and/
or diplopia), and clinical activity (orbital inflammation) 
(210, 211). This clinical benefit was convincingly accom-
panied by a markedly improved disease-specific quality 
of life. Overall, the risk–benefit ratio of mycophenolate 
treatment in GO was highly favorable (212, 213). Hence, 
mycophenolate is recommended as an efficacious, safe, 
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Figure 2. (A) Sites of action of novel treatments for Graves hyperthyroidism. Four (I-IV) mechanisms of action are represented. (I) K1-70 is a human 
anti-TSH-R blocking mAb. (II) Iscalimab is an anti-CD40 mAb blocking CD40-CD40 ligand (CD154) costimulatory pathway. (III) ATX-GD-59 is an 
“apitope” restoring immune tolerance to the TSH-R. (IV) Rituximab is an anti-CD20 Mab that inhibits B-cells and reduces autoantibody production. 
(B) Sites of action of novel treatments for Graves orbitopathy. Seven (I-VII) mechanisms of action are represented. (I) Mycophenolate has a dual 
antiproliferative effect on B and T cells. (II) Anticytokine therapies inhibit inflammatory molecules, for example, proinflammatory cytokines, chemo-
attractants, adhesion molecules, growth factors, etc., and include an anti-IL-6R mAb, tocilizumab, as well as anti-TNFα Ab. (III and IV) B cell targeting 
therapies include rituximab, an anti-CD20 mAb causing B cell depletion, and an anti-BAFF mAb (belimumab) preventing BAFF from interacting 
with its receptors. (V) Teprotumumab, an anti-IGF-1R mAb blocking the activation of orbital target cells (fibroblasts) with subsequent excess release 
of hydrophilic acidic mucopolysaccharides (GAG) and signaling of IGF-1R has been recently cleared by the FDA. (VI) K1-70 is an anti-TSH-R mAb 
blocking TSH-R activation by stimulatory TSH-R-Ab. (VII) Small molecules bind to the transmembrane domain of the TSH-R blocking its activation. 
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and well-tolerated add-on drug to IVGCs in active/
severe GO.

However, the future causal treatment of GD/GO be-
longs to mAbs or small molecules that can inhibit acti-
vation/hypertrophy of thyrocytes and orbital target cells. 
In detail, the disease-specific and most effective way to 
inhibit the increased release of free thyroid hormones in-
duced by GD is to administer a TSH-R antagonist able to 
block the TSH-R and the stimulatory effect of the TSH-
R-Abs. In the United Kingdom, clinical trials testing the 
efficacy and safety of a monoclonal human antibody (K1-
70) targeting and blocking TSH-R activation by stimula-
tory TSH-R-Abs are ongoing (214, 215). Alternatively, 
small molecules which bind to the transmembrane do-
main of the TSH-R subsequently blocking its activation 
were recently introduced. A novel, selective TSH-R small-
molecule antagonist (S37a) was reported to inhibit both 
TSH-R activation by TSH itself and activation by M22, a 
stimulating anti-TSH-R human mAb (216). Further, the 
clinical effect of a combination of different TSH-R pep-
tides called ATX-GD-59 (217), was assessed in untreated 
subjects with Graves hyperthyroidism. ATX-GD-59 is 
an “apitope,” restoring immune tolerance to the TSH-R. 
This “apitope” is able to both suppress the immune re-
sponse against the TSH-R and generate suppressor, regu-
latory T cells. Seven of 10 treated GD patients showed a 
complete or partial response to ATX-GD-59 (218).

The CD40 molecule is abundantly expressed by 
thyrocytes and orbital target cells and CD40–CD154 inter-
action modulates humoral immunity within the immuno-
logical synapse (219, 220). Iscalimab, an anti-CD40 mAb 
and a potent inhibitor of the CD40-CD40 ligand (CD154) 
costimulatory pathway, was administered to patients with 
untreated GD. Iscalimab was very well tolerated, with half 
of the subjects responding to the drug (221). In comparison, 
B cell targeting therapies include rituximab, an anti-CD20 
humanized mAb causing B cell depletion, and an anti-BAFF 
mAb (belimumab) preventing BAFF from interacting with 
its receptors. Rituximab has been tested in GD leading to 
a decline of TSH-R-Abs (222). When administered to GO 
patients, grossly conflicting results were registered (223, 
224). High costs, low efficacy, and potential drug–related 
side effects (orbital edema and optic neuropathy) are major 
hurdles for the generalized use of rituximab in GO (225). 
Finally, when tested in an open-label study (226), a human-
ized recombinant IL6-R mAb (Tocilizumab) positively im-
proved the clinical course of the disease and extraocular 
muscle motility in patients with steroid-resistant GO. 

However, a subsequent tocilizumab placebo-controlled 
randomized trial in GO patients only partially reproduced 
the earlier reported impressive findings (227).

In conclusion, further controlled randomized studies are 
warranted to demonstrate the efficacy, safety, and clinical 
role of the above new compounds for GD and GO.
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