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Introduction

Graves orbitopathy (GO) is the commonest extra-
thyroidal manifestation of Graves’ disease (GD)
(1). It’s an autoimmune disease characterized by
orbital inflammation with subsequent fibrosis and
tissue remodeling, resulting in diplopia, proptosis,
and in severe cases, optic neuropathy with a sig-
nificant impact on patients’ quality of life (QoL).
Knowledge on pathophysiology and therapeutics
of GO is evolving, while management remains a
major therapeutic and clinical challenge. Current
treatment strategies, based on immunosuppression,
reduce disease activity and severity in the active in-
flammatory phase while modifying disease course
if initiated at the right time window. Its efficacy
is limited in inactive disease, once chronic fibrotic
changes are established (1,3). Thus, timely identi-
fication and implementation of therapy had a sig-
nificant impact on the subsequent disease course
of GO. This article provides an overview of newer
developments of GO epidemiology, pathogenesis,
diagnostics, and treatment modalities.

Epidemiology

The majority (90%) of GO patients are hyperthy-
roid, while 5-10% are either euthyroid or hypothy-
roid (4). Similar orbitopathy has also been reported
in a few patients with Hashimoto’s thyroiditis (5).

Considerable differences were noted in GO inci-
dence rates over time. An older study conducted in
Minnesota in 1994 demonstrated the age-adjusted
incidence of 16/ 100 000 population year for wom-

en and 2.9/100 000 population year for men. A re-
cent -multicenter prospective study from Sweden in
2011 reported an approximate incidence of 3.3/100
000 population/year in women and 0.9/100 000
population/year in men (6). There is a reduction in
incidence rates in newer studies compared to older
studies. The difference in classification criteria used
or low referral rates leading to an underestimation
of incidence is possible, but it could also be a true
reduction as a result of improved patient care, re-
ferral system, and better risk factor control.

A recently published meta-analysis concluded the
overall prevalence of GO is between 25-40% (7).
Early treatment of thyroid dysfunction, use of pre-
ventive measures, and risk factor modification may
have contributed to the reduced prevalence noted.
Recent data demonstrate a higher prevalence of
GO among Asians compared to Caucasians, in con-
tradiction to previously published data (7,8). Dif-
ferences in genetic predisposition or biochemical
factors like smoking habits could explain the noted
differences.

Immunopathogenesis

GO is often synchronous with the hyperthyroid
phase of GD; at times it follows or precedes the on-
set of hyperthyroidism (9). TSH receptor (TSH-R)
is the major auto-antigen in GO, expressed in orbit-
al fibroblast (OF) surface; overexpression is noted
inactive GO (10). TSH receptor antibodies (TRAb)
are pathognomonic for GD and positively correlate
with disease activity and severity (11,12). TRAb/
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TSH-R interaction activates an immune cascade
leading to infiltration of T/B lymphocytes, as well
as differentiation of a subset of fibroblasts into adi-

pocytes resulting in enlargement of orbital fat tissue.
Inflammatory mediators such as interferon-gamma
(IFN-y), tumor necrosis factor-alpha (TNF-8), in-
terleukin 183, 2, 6, 12, 16, 17, transforming growth
factor B (TGF-8), RANTES and neuregulin are re-
leased from inflammatory cells. Stimulated OF syn-
thesizes glycosaminoglycans (GAG) like hyaluronic

acid which causes local water retention, edema of

extraocular muscles and connective tissue.
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A subgroup of OF later differentiated into myofi-
broblasts via TGF-8 stimulation resulting in fibro-
sis seen in the inactive phase of the disease (13).
Insulin-like growth factor 1 receptor IGF-1R) is
another molecule, drawing a great deal of attention
recently due to its therapeutic implications. Its ex-
act role in GO pathogenesis is yet to be confirmed.
IGF-1R is over-expressed in OF in GO.

It is postulated rather than direct activation through
a specific autoantibody, it is involved in the transac-
tivation of TSH-R mediated immune mechanism,
as there is a physical and functional interaction be-
tween IGF-1R and TSH-R (14).
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Figure 1 Signaling cascade involved in Graves’ orbitopathy (GO) pathogenesis

Hodgson, N.M., Rajaii, F. Current Understanding of the Progression and Management of Thyroid
Associated Otbitopathy: A Systematic Review. Ophthalmol Ther 9, 21-33 (2020). https://-

doi.org/10.1007/s40123-019-00226-9
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Genetics & Risk factors

Several immunomodulatory genes are studied in
association with GO such as human leukocyte an-
tigen-DR3 (HLA-DR3), intetleukin-1 (IL-1), IL.-23
receptor (IL-23R), CD40, cytotoxic T lymphocyte
antigen (CTLA-4), T-cell receptor B-chain (TCR-B),
protein tyrosine phosphatase non-receptor type 22
(PTPN22), tumor necrosis factor-§ (TNF-B) (15).
None of the above polymorphisms provided ade-
quate predictive value to be used as genetic testing,
Sexual and ethnic differences noted in disease prev-
alence could be due yet unidentified genetic associ-
ation. Smoking is the strongest environmental risk
factor associated with GO (16). Smoking cessation
decreases the risk of GO development, implying
current smoking is more important than lifetime
smoking as a risk factor (17) Role of e-cigarettes
and passive smoking is yet unsettled (6). Uncon-
trolled hyper/hypothyroidism, radio-active iodine
treatment, oxidative stress, elevated TRAD titters,
and hypercholesterolemia are also proven risk fac-

tors for the development and progression of GO
(18,19,20,21,22,23).

Clinical manifestations and Natural history

The majority of patients have bilateral symmetrical
disease, while some have asymmetric (4-14%) and
unilateral (9-34%) forms. Asymmetric forms are
seen in older men with severe, active disease (23,24).
Eu/hypothyroid GO also has a milder asymmetric
disease (20). Reasons for asymmetry are unknown,
might be caused by differences in bony anatomy or
vascularisation. Unilateral and asymmetrical diseas-
es need careful exclusion of other orbital patholo-

gies mimicking GO.

The natural history of GO was first described by
Rundle et al. in 1957, consisting of an active inflam-
matory phase lasting for 18-36 months (27). Symp-
toms at this stage include eye pain, grittiness, lac-
rimation, photophobia, double vision, and blurred
vision. Clinical findings include upper eyelid retrac-
tion (70%), proptosis (62%), restrictive myopathy
(43%), lagophthalmos, exposure keratopathy, and
corneal ulceration (28).

Dysthyroid optic neuropathy (IDON) is a rare (6%)
sight-threatening complication of active GO (28).
Earliest manifestation is color desaturation, fol-
lowed by reduced visual acuity, visual field defects,
and blurred vision (29). Male sex, older age, and
smoking were identified risk factors (30). Inter-
estingly a significant proportion of patients had a
lower clinical activity score and normal-appearing
optic nerves. Colour desaturation and apical muscle
crowding were noted in 88% of the patients (29).
Delay in treatment relying on a traditional measure
like CAS, fundoscopy may result in irreversible vi-

sual loss.

This is followed by a chronic inactive phase charac-
terized by fibrosis. Patients are left with significant
disabilities like squints and proptosis. These mani-
festations are not amenable to immunosuppression,
hence require rehabilitative surgery (27). Once in-
active disease course is stable, however, 5-16% of
patients may experience a reactivation. Smoking
during initial GO, pregnancy, periocular surgery,
uncontrolled thyroid dysfunction is recognized risk
factors for reactivation (31).

Clinical classification & Imaging evaluation

Therapeutic decisions of GO are based on disease
activity and severity. In 1989 Mourits et al. pro-
posed a Clinical Activity Score (CAS) to distinguish
between active and stable disease (32). The current
grading systems used for the assessment of GO are
the VISA Classification (vision, inflammation, stra-
bismus, and appearance) and the European Group
of Graves’ Orbitopathy (EUGOGO) Classifica-
tion (33,34). Both systems are grounded in the NO
SPECS and CAS classifications and use indicators
to assess the signs of activity and the degree of se-
verity. More importantly, they allow the clinician to
guide the treatment of the patient with GO. VISA
is more commonly used in North America and
Canada while EUGOGO is in Europe. Since the
two protocols are not interchangeable, only one of
them should be employed as a reference in a specif-

ic patient (35).
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Table 1 Assessment of activity

Assessment of activity

—_

. Spontaneous retrobulbar pain

N

Pain on attempted upward or downward gaze
3. Redness of eyelids

4. Redness of conjunctiva

5. Swelling of caruncle or plica

6. Swelling of eyelids

7. Swelling of the conjunctiva (chemosis)

Assessment of activity by the clinical activity score  mogs of >2 mm, a decrease in eye motility of >8°,
(CAS).

or a decrease in visual acuity in the last 1-3 months,

CAS < 3=inactive GO; CAS > 3=active GO. A is useful to assess the progression of GO after the

ten-item CAS, including an increase in exophthal-

Table 2 Classification of severity of Graves orbitopathy (GO)

first visit.

Classification Features

Patients whose features of GO have only a minor impact on daily life
that have insufficient impact to justify immunomodulation or surgical
treatment. They usually have one or more of the following:

e minor lid retraction (<2 mm)

e mild soft-tissue involvement

Mild GO
e cxophthalmos

e <3 mm above normal for race and gender

® no or intermittent diplopia and corneal exposure responsive to
lubricants

Patients without sight-threatening GO whose eye disease has sufficient
impact on daily life to justify the risks of immunosuppression (if active)
or surgical intervention (if inactive). They usually have two or more of
the following:

Moderate-to-severe o lid retraction = 2 mm

GO . .
e moderate or severe soft-tissue involvement
e cxophthalmos = 3 mm above normal for race and gender
e inconstant or constant diplopia
Sight-threatening Patients with dysthyroid optic neuropathy and/or corneal breakdown

(very severe) GO
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Imaging is important in establishing a diagnosis,
differentiation between active and inactive disease,
planning surgical decompression, and follow-up
(36). Magnetic resonance imaging (MRI) is the in-
vestigation of choice as it enables precise soft tis-
sue evaluation, assessment of inflammatory activity
(37). Typical MRI findings consist of proptosis, en-
largement of the fat content of extraocular muscles,
and crowded apex syndrome in cases of DON (38).

Computed tomography (CT) is useful in inactive
disease patients, awaiting surgical decompression to
describe describe bony anatomy (39).

Color Doppler imaging (CDI), 99mTc-DTPA
SPECT/CT have shown promising results in eatly
identification of active disease, with low CAS who
would benefit from early immunotherapy (40,41).

Management of GO

Risk factor modification

Smoking cessation is the fundamental recommend-
ed preventive action. Early diagnosis and treatment
of thyroid dysfunction improve GO outcomes

(42,43).

Prophylactic steroid cover in mild active GO re-
ceiving RAI was effective in the prevention of dis-
ease progression. The original dosing regime was
oral prednisone 0.3-0.5 mg/kg started 1-3 days af-
ter RAI treatment for 3 months duration (43,44).
Subsequent studies demonstrated a low dose (0.2
mg/kg) shorter duration regime of 6 weeks being
equally efficacious with few side effects (45). Shi-
ber et al. in 2014 meta-analysis studied the efficacy
of 3 tier approach glucocorticoid prophylaxis for
GO in RAI, standard-dose prednisone was used in
mild-moderate GO, low dose regime in mild GO or
no GO with significant risk factors and no prophy-
laxis in a patient with no evidence of GO or risk
factors with promising results (46). Thus, the guide-
lines recommend the use of a standard-dose regime
in patients with high-risk progression or de-novo
development of GO. Low dose regime in patients
with low risk (42). However, a recent Japanese ran-

domized trial demonstrated reduced efficacy of low
dose regime, making the above recommendation

questionable (47).

Recommendations for management inactive GO in
RAI lacks uniformity, the American Thyroid Asso-
ciation guidelines recommend no steroid prophy-
laxis, whereas European Group of Graves’ Orbi-
topathy (EUGOGO) guidelines state that steroid
prophylaxis is not required in the absence of risk
factors such as hypothyroidism, high TBII levels or
smoking (42, 43, 48).

General principles of GO management

Management of GO is based on disease activity, se-
verity, and impact on quality of life. Management
decisions should be individualized considering po-
tential risks and benefits (42,43).

Artificial tears alleviate symptoms of corneal irri-
tation. Application of ophthalmic ointments/gels
with taping of eyes lids or using swimming gog-
gles in the night is recommended for severe lagoph-
thalmos without an adequate Bell’s phenomenon.
Protective glasses correct photophobia. Prisms
improve diplopia and botulinum toxin is used for
temporary control of eyelid retraction in centers of
expertise (42,43).

Treatment of mild GO

Mild GO is a self-limiting disease in the majority
thus conservative management strategy is recom-
mended. However, if the impact on QOL out-
weighs risks, rehabilitative surgery and immunosup-
pression are justified (42,43).

Selenium supplementation (100 mcg bd) in mild
GO demonstrated improved QoL, less ocular in-
volvement, and slow progression of GO (49). This
study was conducted in marginally selenium-defi-
cient regions in Europe, thus its safety and efficacy
in Selenium sufficient populations are questionable.

As Sri Lankan population is studied to Selenium de-
ficient this therapy could apply to our population
(50).

EUGOGO recommends 6 months of selenium
supplementation in patients with mild GO for a
relatively shorter duration (42,43). However recent
evidence suggests it is widely used across Europe as
adjuvant therapy in moderate to severe GO as well,

in conflict with guideline recommendations (51).
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Active moderate-to-Severe GO management -
First-line treatment

Systemic glucocorticoids (GC) in combination with
mycophenolate mofetil (MMF) is the treatment of
choice, preferably carried out in a specialized center.
GCs are effective in reducing inflammatory lesions,
while the impact on exophthalmos and diplopia is
limited (52,53). Intravenous GC are preferred over
orals. IV GC demonstrated a 70-80% response rate
compared to 50% of oral treatment. The adverse
event rate is 39% in IV GC therapy in comparison
to 80% in oral GCs (53-55).

The recommended dose of IV GC is a cumula-
tive dose of 4.5g of methylprednisolone given as
12Xweekly infusions (6X0.5 g weekly infusions, fol-
lowed by 6x0.25 g weekly infusions) (42, 43, 55).
This regime was compared to a shorter course of
the same cumulative dose which demonstrated a
lower efficacy and higher rate of toxicity (56). 3
different cumulative IV GC doses for GO (7.47g,
4.98g, and 2.25¢) over the same duration were stud-
ied. The highest dose was associated with higher ef-
ficacy and greater toxicity (57). Thus, it is safe to use
a 4.5-5g cumulative dose for most patients, while
reserving IV GC 0.75 g weekly for 6 weeks followed
by 0.5 g weekly for 6 weeks for more severe cases.

The morbidity and mortality related to IV GC ther-
apy are reported as 6.5% and 0.6% respectively (56).
As per safety data single dose should not exceed
0.75g, cumulative dose should be less than 8g and
consecutive day therapy avoided unless in patients
with sight-threatening GO (58,59).

Mycophenolate Mofetil (MMF) Selectively inhibits
DNA replication of T/B lymphocytes (60). Ye X
et al. in 2017 demonstrated MMF to be more ef-

fective and safer in patients with active moderate

to severe GO compared to oral GCs. Apart from
CAS, a significant improvement was noted in diplo-
pia and proptosis (61). In 2018 Kahaly et al. com-
pared the efficacy of combination therapy with
MMF to GC mono-therapy, where combination
therapy was superior with the reduction in relapse
rates (62). ‘Real-world’ safety and efficacy of MMF
in moderate-to-severe sight-threatening GO was
demonstrated in a 4-year observation study (63).

Thus MMF 0.72¢g per day for 24 weeks in combina-
tion with IV GC is the recommended treatment for
patients with moderate-to-severe active GO (43).
Studies comparing higher doses of IV GC used in
more severe forms of moderate-to-severe GO in
combination with MMF are not available. Thus, in
such circumstance’s higher cumulative dose IV GC
(7.5g) mono-therapy is recommended as an alterna-
tive approach (43).

Treatment of sight-threatening GO

3-5% of patients develop sight-threatening GO,
in the form of DON, corneal ulceration, or globe
subluxation. In DON immediate treatment with IV
methylprednisolone single dose of 500 to 1000 mg
for three consecutive days or most preferably for
safety reasons on every second day (alternate days)
during the first week is recommended. This regime
is repeated in the following week as well. If clini-
cal response is insufficient at the end of 2 weeks
or significant side effects emerge, immediate de-
compression surgery should be performed (42,43).
This is the only instance where orbital surgery is
performed in active GO. Immediate decompression
surgery didn’t demonstrate superiority over IV GC
pulses (64).

Corneal ulceration is managed with blepharor-
rhaphy, tarsorrhaphy, lid lengthening, extraocular
muscle recession, and gluing to protect the cornea.
Subluxation of the eyeball is treated with orbital de-
compression (43).

Active moderate-severe GO management -
Second-line treatment

Orbital radiotherapy

Radiotherapy has an immunosuppressive effect
(65). Retrobulbar RT (20 Gy) is equally efficacious
as 3 months oral steroid therapy (66,67). Efficacy
and durability are greater when combined with GCs
(64). Thus, current recommendation is to combine
orbital radiotherapy with either IV or oral GC as
a second-line treatment option (43). However, the
noted efficacy is controversial due to different ra-
diation protocols and clinical criteria used in trials.

RT is most beneficial in diplopia (66). Well toler-
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ated and commonly used radiation dose is 20 Gy
(10 doses 2 Gy per eye over 2 weeks), although the
good clinical response to a lower dose of 10 Gy was
also noted (65).

Orbital RT can cause a transient exacerbation of
eye symptoms ameliorated by concurrent oral GC
therapy (70.) Persistent xerophthalmia was noted in
about 12% of patients (71). As it can cause pro-
gression of pre-existing retinopathy and carries a
remote carcinogenic risk. Thus, uncontrolled diabe-
tes, hypertension, and age less than 35 years are rela-
tive contraindications for orbital irradiation (42,43).

Cyclosporine

It’s a calcineurin inhibitor. Monotherapy is not as
efficacious as oral GCs. The combined therapy of
cyclosporine and oral GCs, in moderate-severe GO,
resulted in fewer relapses and higher treatment effi-
cacy. The commonest side effects were dose-depen-
dent hepatotoxicity, nephrotoxicity, and gingival hy-
perplasia. Though it reduced orbital inflammation
long-term improvement of proptosis or strabismus
was not seen (72,73). Currently, a combination of
oral GC plus Cyclosporine is recommended as a
second-line treatment option in moderate-to-severe
active GO (43).

Azathioprine

A 2018 RCT combination of azathioprine and oral
prednisolone had a better and long-term clinical
outcome compared to GC monotherapy. A combi-
nation regime was associated with a reduced relapse
rate even after steroid withdrawal (74). Combina-
tion of oral GC and Azathioprine is a recommend-
ed second-line treatment option in moderate-to-se-
vere active GO (43).

Rituximab

It’s a monoclonal antibody depleting CD20 carry-
ing B lymphocytes (75). In older case reports it was
used in patients with active GO unresponsive to
IV GCs (76). Salvi et al. demonstrated Rituximab
(1000mg weekly for 2 weeks) to have comparable
efficacy to IV GCs. Its improved eyeball motility,
QoL, and the need for adjuvant surgical treatment

(77). However, in a second study when compared
to placebo it failed to demonstrate improved GO
outcome (78). Commonly used dose regimes of
Rituximab in practice are1000 mg — 2 doses 1 week
apart or 500 mg single dose (79).

There were reports of DON following Rituximab,
thus it is better avoided in patients at risk DON
(73). Infusion-related reactions were noted in 10-
30% of patients with the first infusion. Currently,
Rituximab is recommended as a second-line treat-
ment option in moderate-to-severe sight-threaten-
ing GO (43).

Tocilizumab (TCZ)

It’s a monoclonal antibody against the 1L-6 recep-
tor. In a recent randomized interventional study,
TCZ mono-therapy decreased CAS, exophthalmos,
and improved ocular motility inactive GO patients
who are resistant to steroid therapy. No significant
side effects were noted. Thus, it can be used as an
alternative management option in cases of steroid
resistance and is currently a recommended sec-
ond-line treatment option (80,43).

Teprotumumab

This is an IGF-1R antagonist with promising re-
sults. 2020 OPTIC trial compared Teprotumumab
with placebo in patients with moderate to severe ac-
tive GO. There was a 2mm reduction of proptosis
in 83% of the treatment group. The number need-
ed to treat was 1.36, suggesting almost all benefit-
ed from therapy. Mean proptosis reduction in the
treatment arm was 3mm which was comparable to
surgery.

In addition, CAS, QoL and diplopia were improved.
The drug was well tolerated apart from minor side
effects like hyperglycemia, muscle cramps, and
hearing impairment (81).

This was offered FDA approval for the manage-
ment of GO in 2020. Whether this can be used as
a first-line agent for GO is questionable. No studies
have compared Teprotumumab with GCs which is
the current first-line therapy. The safety profile of
the molecule is not fully assessed whereas most of
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the side effects of IV GCs are commonly known.
Cost is another limiting factor as it is expensive in
comparison to steroids. However, as the efficacy is
comparable to rehabilitative surgery, it might also
be cost-effective in long term (82). Current rec-
ommendation is to use Teprotumumab as a sec-
ond-line treatment option in moderate-to-severe
active GO (43).

Somatostatin analogues (SSA)

Somatostatin receptors were identified on the or-
bital fibroblast surface (83). Long-acting SSA oct-
reotide was efficacious in reducing orbital soft tissue
inflammation thus it was suggested as an alternative
in steroid intolerant GO (84). Lanreotride anoth-
er long-acting SSA, demonstrated similar efficacy,
with reduced relapse rates in long-term follow-up
(85). A second-generation SSA pasireotide was as
effective as IV GC in moderate to severe active GO
(86). However, lack of randomized controlled trials
and high cost are limiting factors for SSA use in
general.

Statins

HMG-CoA reductase inhibitors are commonly
used for the treatment of hyperlipidemia. It also
has anti-inflammatory and immunomodulatory
effects (87). There is an association between high
serum cholesterol levels and GO (23). Statin admin-
istration was associated with lower GO occurrence
which was not seen in other lipid-lowering drugs
(88). Further studies are needed to confirm whether
the observed relationship is due to lipid-lowering or

anti-inflammatory effects of statins.
Surgical treatment in the management of GO

Except for sight-threatening GO, surgical interven-
tions are done in the inactive, post-inflammatory
phase, at least 6 months after the inflammation has

subsided, to correct residual disfigurement and al-
leviate chronic symptoms (42,43). Rehabilitative
surgery; a combination of decompressive surgery,
followed by squint surgery and oculoplastic surgery
(eyelid strengthening, blepharoplasty) is done se-
quentially (89-91).
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