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10 Abstract

11 Graves ophthalmopathy (GO) is an autoimmune disorder and the most frequent extrathyroidal manifestation of Graves’ disease.
12 GO is an inflammatory process leading to an increased volume of the extraocular muscles and orbital connective and adipose tis-
13 sues associated with multiple histopathological changes. Despite recent progress in the understanding of its pathogenesis, GO
14 often remains a major diagnostic and therapeutic challenge. It has become increasingly important to classify patients into cate-
15 gories based on disease severity and activity. Low doses of radiotherapy (RT) have demonstrated a benefit in the treatment of
16 moderate-to-severe GO with very few side effects. New RT techniques deliver a more conformal dose distribution to the target
17 and decrease the dose to normal healthy tissue minimizing the risk of side effects. In this review we briefly analyzed the pathogen-
18 esis of GO and discussed the most relevant therapeutic approaches, with particular emphasis in the new RT technics. Appropri-
19 ately designed and powered clinical studies are necessary to determine the most effective treatment with the lowest risk of side
20 effects.
21
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28 Introduction

29 Graves’ disease (GD) is an autoimmune disorder involving
30 the thyroid gland. GO is an autoimmune condition of the
31 orbit that occurs in 25–50% of patients with GD. GO is the
32 most prevalent extra-thyroidal manifestation and may
33 develop regardless of the presence of hyperthyroidism. In
34 3–5% of patients, GO evolves into a severe form, significantly
35 impairing the quality of life of the patients 1.
36 GO is associated with multiple histopathological changes
37 which induce inflammatory process leading to an increased

38volume of the extraocular muscles and orbital connective
39and adipose tissues 2. Pathogenesis is related to the activa-
40tion of T lymphocytes (mostly CD4+) that invade the orbit
41and release cytokines, usually as a response to the presence
42of circulating autoantibodies that bind to and stimulate the
43thyroid hormone receptor (TSHR). These cytokines act in a
44paracrine manner and induce the activation of fibroblasts
45due to an increase in the production of the hydrophilic gly-
46cosaminoglycans (GAGs) in the orbital tissue. This excessive
47secretion of GAGs together with the lymphocyte infiltration
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48 results in an osmotic pressure increase, significant tissue
49 oedema, and the clinical ophthalmopathy 3,4.
50 Classification is based on severity and activity and deter-
51 mines the therapeutic approach 5, but activity and severity
52 are not synonymous.
53 Severity is defined by the degree of functional deficit at
54 any stage of the disease. The European Group of Graves’
55 Orbitopathy (EUGOGO) suggests classifying severity into
56 three categories, based on the subjective symptoms and
57 objective signs 6:

58 1. Mild: minor impact on daily life insufficient to justify
59 immunosuppressive or surgical treatment. Patients have
60 one or more of the following signs/symptoms: minor lid
61 retraction (<2 mm), mild soft tissue involvement, exoph-
62 thalmos > 3 mm above normal for race and gender, tran-
63 sient or no diplopia, corneal exposure responsive to
64 lubricants.
65 2. Moderate-to-severe: Not sight-threatening but sufficient
66 impact on daily life to justify the risks of immunosuppres-
67 sion (if active) or surgical intervention (if inactive). Patients
68 have one or more of the following signs: lid retrac-
69 tion � 2 mm, moderate or severe soft tissue involvement,
70 exophthalmos � 3 mm above normal for race and gender,
71 inconstant or constant diplopia.
72 3. Sight-threatening: patients with dysthyroid optic neuropa-
73 thy and/or corneal breakdown. This category warrants
74 immediate intervention.
75

76 Activity refers to the presence of inflammatory signs and is
77 measured using the Clinical Activity Score (CAS) based on
78 the classical features of inflammation. To be classified as
79 active, at least 6 of 10 items (Table 1) should be present 6.

80 Treatment

81 Treatment is based on the severity and activity of GO. The
82 approach is suggested by the EUGOGO consensus state-
83 ment 5.
84 Mild forms of GO may improve spontaneously and simple
85 follow up and symptom management is usually sufficient.
86 Lubricants and ointments are recommended to help symp-
87 toms. Glucocorticoids and radiotherapy (RT) are usually not
88 recommended. In a multicenter, randomized, double blind,
89 placebo-controlled trial performed by EUGOGO, it was
90 reported that a 6-month course of selenium (sodium selenite
91 100 mg twice daily) is associated with a significant

92improvement in quality of life and GO symptoms, and a lower
93rate of progression to more severe forms without adverse
94effects 4.
95The therapeutic approach in patients with moderate-to-
96severe GO depends on whether the disease is ‘‘active’’ or
97‘‘inactive’’. In patients with active disease an immunosup-
98pressive or anti-inflammatory treatment, either systemic ther-
99apy and/or RT should be offered. In contrast, in patients with
100inactive GO rehabilitative surgery should be considered.
101Finally, in patients with sight threatening GO, first line
102treatment is based on immunosuppressive or anti-
103inflammatory therapy but if there is a poor response or the
104disease is inactive, immediate surgical intervention is
105warranted.

106Surgery

107There are two surgical options, orbital decompression and
108corrective surgery for eyelid retraction and restrictive myopa-
109thy. Actual indications for surgical treatment are optic neu-
110ropathy, persistent inflammation or congestion refractory to
111steroid treatment, desire to reduce excess proptosis and cos-
112metic discomfort. Surgeons must decide whether or not to
113remove orbital bony walls and fat, as well as the amount
114and location to be removed 4.

115Systemic therapy

116First line treatment of active moderate to severe GO is sys-
117temic glucocorticoids, based on their anti-inflammatory and
118immunosuppressive effects. Intravenous glucocorticoids
119(ivGC) have a higher response rate and are better tolerated
120than oral. Glucocorticoids, however, are not devoid of
121adverse events (Cushingoid features, weight gain, hyperten-
122sion, diabetes, etc) and in patients with planned glucocorti-
123coids treatment longer than three months, antiosteoporotic
124therapy should be considered.
125Other medical options that have a proven benefit include
126Cyclosporine, the most widely immunosuppressant drug
127used, that combined with oral prednisone was more effective
128than oral GC alone in a clinical trial conducted by Kahaly 4.
129Also other drugs such as Etanercept, a TNF-a inhibitor, used
130in the treatment of autoinmune diseases, based on the
131capacity to regulate the immune-inflammatory response of
132many organ systems, has shown some activity in a small-
133uncontrolled study 1. Rituximab, a chimeric monoclonal anti-
134body against the CD 20 antigen, is under evaluation but in
135some studies shows a similar benefit to ivGC4. Other agents
136such as Somatostatin, a peptide hormone that regulates the
137endocrine system and inhibits numerous secondary hor-
138mones, had no proven benefit in randomized clinical trials 1.

139Radiotherapy

140Rationale: anti-Inflammatory and Inmunosupresor
141effect of RT

142The rationale for using RT in GO is based on its modulat-
143ing role of inflammatory response in irradiated tissues. There-
144fore this could be considering an alternative to systemic anti-
145inflammatory therapies 7. Although RT induces the produc-
146tion of pro-inflammatory cytokines and leads to an inflamma-

Table 1. Items of the clinical activity score.

Clinical activity score items

Painful, oppressive feeling on or behind the globe, during the last
4 weeks

Pain on attempted up, side or down gaze, during the last 4 weeks
Redness of the eyelid
Diffuse redness of the conjunctiva, covering at least one quadrant
Swelling of the eyelid
Chemosis
Swollen caruncle
Increase of proptosis of �2 mm during a period of 1–3 months
Decrease in eye movements in any direction �5o during a period of

1–3 months
Decrease of visual acuity of �1 line on the Snellen chart during a

period of 1–3 months
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