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Abstract

v

The medical treatment of Graves’ orbitopathy
(GO) is usually reserved to moderate to severe
disease. Steroids have been widely employed and
possess anti-inflammatory activity, but about
20-30% of patients are not responsive and about
20% present with disease recurrence. Immuno-
suppressive therapy alternative to corticoster-
oids may target the different antigens involved in
pathogenic mechanisms of GO. Some have
already been employed in clinical studies and
showed interesting results, although the lack of
randomized and controlled trials suggests cau-
tion for their use in clinical practice. Potential
targets for therapy in GO are the TSH receptor
and the IGF-1 receptor on the fibroblasts, inflam-
matory cytokines, B and T cells. Most promising
results are obtained by interacting with the PIK3/

mTORC1 signaling cascades for adipogenesis and
the anti-IGF-1R with the monoclonal antibody
teprotumumab. A recent open study has shown
that tocilizumab, an anti-sIL-6R antibody, inacti-
vates GO. Consistent reports on the efficacy of
rituximab have recently been challenged by ran-
domized controlled trials. Clinical practice will
greatly benefit from the use of disease modifying
agents in GO, as compared to steroids, currently
standard treatment for GO. Among these, rituxi-
mab may be useful, especially in patients resist-
ant to steroid or with contraindications to
steroids. However, larger randomized controlled
trials are needed for definitive data on the poten-
tial disease-modifying role of rituximab in GO.
Direct targeting of the orbital fibroblast via
immunosuppression or nonimmunosuppressive
drugs is emerging as a promising alternative.

Intrtoduction

v

Graves’ orbitopathy (GO) is a complex disorder
associated with thyroid autoimmunity (AITD)
and characterized by expansion and remodeling
of the orbital content as a consequence of inflam-
mation of retrobulbar tissues, increased adipo-
genesis, and accumulation of glycosaminoglycans
(GAGs) within the extra-ocular muscles. GO is
the most frequent extrathyroidal manifestation
of Graves’ disease (GD), but is also diagnosed in
patients with Hashimoto’s thyroiditis or without
apparent thyroid abnormalities (Euthyroid
Graves’ Orbitopathy) [1].

The clinical presentation of GO is highly variable
in severity, encompassing conditions of mild
orbital involvement, which may be susceptible of
spontaneous improvement, and potentially sight-
threatening complications, requiring prompt ther-
apeutic intervention.

In a survey among 9 large EUGOGO referral cent-
ers in 2002, newly diagnosed GO patients pre-

sented with mild, moderate or severe eye disease
in 40, 33, and 28% of cases, respectively. Very
recently [2] a change in the presentation of GO to
the same centers has been observed, with a sig-
nificant decrease of most severe cases, probably
due to earlier referral to specialized centers and
prompt therapeutic care. Conversely, a sight-
threatening GO was a very rare event (3-5% of
patients) [1].

The natural course of GO is typically character-
ized by an active phase followed by disease stabi-
lization, as described by the “Rundle curve” [3-8].
An early diagnosis of the active disease phase is
important since immunosuppressive and dis-
ease-modifying therapies exert their effects only
on active GO, while subjects with burn-out GO
may only benefit from rehabilitative surgery.
Another important issue in the management of GO
is the interaction between thyroid function and
the eye disease, since the aim is a rapid restoration
of euthyroidism. The choice among different ther-
apeutic approaches for hyperthyroidism depends
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on several factors such as the patient’s age, the thyroid volume,
and the degree of activity and severity of the associated GO [9].
An early diagnosis of GO allows appropriate evaluation and
potentially may avoid the onset of severe complications. There-
fore, a late referral of the more complex cases to a specialist
center, may have a negative impact on the final outcome of these
patients. This review will describe the available therapies for
GO, both well-established therapies, such as glucocorticoids
(GC), or more innovative treatments targeting either the immune
system, or the specific antigens involved in GO pathogenesis
(IGF-1 receptor and TSH-R) or players of tissue remodeling such
as GAGs deposition and adipocytes function.

Although the management of GO is improved over the decades,
an effective therapeutic strategy, capable to restore the patients
to their pre-GO physical and psychosocial functioning, remains
still elusive, as most patients experience deterioration of their
quality of life, even years after the initial disease diagnosis [10,11].

Treatment of Thyroid Dysfunction

v

The therapy of Graves’ disease (GD), when associated to orbitop-
athy (GO), aims at achieving restoration of euthyroidism as rap-
idly as possible. Stable euthyroidism may induce spontaneous
amelioration of milder degrees of GO [3-7] and may contribute
to the optimization of the potential responsiveness to immuno-
suppressive treatments, when indicated. Euthyroidism also rep-
resents the essential condition in which patients may undergo
rehabilitative surgical procedures in the burnt out phase of GO.
Available treatments for Graves’ hyperthyroidism include
antithyroid drugs (ATD) as the initial approach, and subsequent
definitive ablation of thyroid tissue by surgery or radioiodine
therapy (RAI), since a causative treatment in GD is not available,
due to the unknown pathogenic mechanisms at the basis of dis-
ease. The choice among the different therapeutic approaches for
GD is based on several considerations such as the patient’s age,
the thyroid volume, the presence of GO and its degree of activity
and severity. Restoration of permanent euthyroidism is fre-
quently obtained only after definitive treatment with radioio-
dine or surgery. In general, ATD are not known to influence the
natural course of GO [9]. On the other hand, RAI has been shown
to cause de novo occurrence or progression of GO, which is pre-
ventable with the administration of oral steroid prophylaxis.
Based on the recent evidence, low dose steroid (0.2 mg/kg bw of
prednisone for 6 weeks) prophylaxis should be encouraged
when treating with RAI patients with GD, with or without pre-

existing GO, as long as risk factors for developing GO are identi-
fied [4,12,13], while higher doses may be necessary in patients
with moderate GO [14]. Few data are available in the literature
on the possible risk of newly occurring GO or reactivation of pre-
vious GO after thyroidectomy. Since it is possible that total and
near total thyroidectomy may be associated with a certain
degree of antigenic release during the surgical procedures, the
effect of total thyroidectomy alone or followed by RAI ablation of
thyroid remnants in patients with moderate to severe orbitopa-
thy treated with IVGC has been the object of investigation [15-
17]. In these studies, total thyroid ablation seems associated
with a better outcome of GO, compared with thyroidectomy
alone, whereas, in one report, 5 patients submitted to thyroidec-
tomy without RAI had deterioration of GO 6 and 12 months after
the end of IVGC pulses [17]. In a retrospective cohort of 50 GD
patients submitted to total thyroidectomy, 4 patients developed
GO after surgery [18]. To date, the modality of treatment for
hyperthyroidism in the presence of GO, ATD, RAI, or surgery, is
based more on expert opinion than on evidence [9,19].

In general, the presence of mild GO influences to a lesser extent,
compared to moderate to severe disease, the decision on the
type of therapy for GD [9].

Treatment of Mild Orbitopathy

v

Wait and see strategy and local measures

According to the EUGOGO classification (© Table 1) mild GO is
defined as “minor lid retraction (<2mm), mild soft tissue
involvement, exophthalmos<3 mm above normal for race and
gender, transient or no diplopia, corneal exposure responsive to
lubricants” [20].

Kendall-Taylor and collaborators [21] analyzed the first 100 con-
secutive patients, referred to the same joint thyroid-eye unit in
1960 and 1990 and observed a reduction in the proportion of GD
patients with clinically relevant GO from 57-32%. This result
was more recently confirmed by Piantanida et al. who described
a trend towards a reduction in the prevalence of moderate to
severe GO, possibly due to a better control of thyroid dysfunc-
tions and other risk factors such as cigarette smoking [22]. Data
from the literature suggest that most patients with GD have mild
or no GO at presentation, and that the progression of mild GO to
severe forms is infrequent, while partial or complete remission
is frequent. Thus, in mild GO, the need of more aggressive treat-
ments instead of a wait and see strategy is questionable
[4,20,23,24].

Table 1 Severity classifications in GO, according with EUGOGO classification of patients with GO.?

Grade Findings

Therapy

Sight-threatening GO Dysthyroid optic neuropathy (DON) and/or corneal breakdown Immediate intervention (steroids or urgent orbital decompression)

Moderate to severe GO  One or more of the following signs:
- lid retraction 22 mm
- moderate or severe soft tissue involvement

Eye disease has sufficient impact on daily life to justify the risks of
immunosuppressive therapy (if active) or surgical intervention (if
inactive)

- exophthalmos >3 mm above normal for race and gender

- inconstant or constant diplopia
Mild GO One or more of the following signs:

- minor lid retraction (<2 mm)

- mild soft tissue involvement

- exophthalmos <3 mm above normal for race and gender

- transient or no diplopia
- corneal exposure responsive to lubricants

aModified from Bartalena et al. 2008, reference [20]

GO has a minor impact on daily life which is insufficient to justify
immunosuppressive therapy

Supportive therapy (lubricants during daytime and ointments at
night, sunglasses, elevation of the head at night, selenium admin-
istration) is the most appropriate
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Although the natural history of the disease is not fully under-
stood, different longitudinal studies confirm that spontaneous
improvement or stabilization of eye symptoms and signs in mild
GO may occur [3-7]. In particular, improvement of GO has been
reported in 35-65% of patients, disease stabilization in 20-45%
and worsening in 4-25%. It is therefore important to inform and
reassure the patients that their disease is unlikely to progress to
more severe forms, and may even improve spontaneously.

In the majority of the cases, the quality of life of patients with
mild GO is not severely impaired and supportive therapy is defi-
nitely the most appropriate. Different local measures may be
chosen: lubricants during daytime and ointments at night are
recommended when symptoms of dryness and corneal expo-
sure, such as redness, itching, light sensitivity, excessive tearing,
feeling of foreign-body are present. The presence of lagophthal-
mos may require the need of taping the eyelids during the night.
No clear advantages have been obtained by adding 0.05% cyclo-
sporine A as a local immunosuppressive agent to the artificial
tear drops [25,26]. Photophobia can be controlled with sun-
glasses and morning periorbital congestive swelling can be
reduced by increasing the elevation of the head at night.
Immunosuppressive therapy or orbital radiotherapy (OR) are not
recommended, because the risks of side effects generally prevail
over the advantages [10,23], except for selected patients with
mild active GO, who suffer for a significant deterioration of their
quality of life or do not improve over time [11]. Prisms can be
used effectively to correct symptomatic diplopia. Botulinum
toxin type A injections may be considered to reduce upper lid
retraction [27].

Smoking cessation

Smoking cessation is an essential therapeutic step because it has
been associated to a decreased chance of developing proptosis
and diplopia [28] and probability to progress toward a more
severe GO [29]. Behavioral therapies, pharmacological treat-
ment and professional stop-smoking clinics may be helpful in
patients who want to stop smoking. In EU-27 Countries, a mean
reduction of the number of active smokers of 16% (range -5
to —41%) has been reported from 2000 to 2012 [30]. This might
contribute to the observed reduction of the prevalence of severe
forms of GO.

Antioxidants supplementation

Selenium has antioxidant, anti-inflammatory, and immunomod-
ulatory actions [31]. Recently, a multicenter randomized, placebo-
controlled trial has shown that a 6-month course with selenium
(sodium selenite 100ug twice daily) can be effective in ameliorat-
ing the quality of life and of the clinical signs of GO, without
causing significant adverse events [32]. However, since most of
these patients were living in mild selenium-deficient areas, it
remains still to establish if selenium supplementation will also
be beneficial for patients living in selenium-sufficient areas.

Treatment of Moderate to Severe Orbitopathy

v

The self-limiting natural course of GO is characterized by a phase
of active inflammation of the orbital tissues, in which disease
severity generally progresses, followed by a phase of stabiliza-
tion and improvement of inflammation and only partial remis-
sion of disease signs, as described by the “Rundle curve” [33,34].
Immunosuppressive therapies exert their effects only in the

Active phase
™\ = Untreated
Quiescent phase

= Treated

Rehabilitative
surgery

I —— ——— 4

\ 4

0.5-1.5yrs Time

Fig. 1 The natural course of Graves’ orbitopathy (GO) and the rationale
for treatment. The self-limiting natural course of GO is here represented
by the “Rundle curve”, characterized by an active inflammatory phase
followed by a stabilization of disease. Immunosuppressive therapies may
exert their effects only in the active phase of GO, while patients with
inactive diseases will only benefit from rehabilitative surgery (Modified
from [34]).

active phase of GO, while burn-out disease can only benefit from
rehabilitative surgery (© Fig. 1). In patients with active disease
medical treatment (immunosuppressive/anti-inflammatory) has
the objective to reduce inflammatory signs and the degree of
compression around the optic nerve by eye muscles and conse-
quently reduce the need of subsequent rehabilitative surgery [3].
According to a EUGOGO consensus paper (© Table 1), patients
classified with moderate to severe GO usually have one or more
of the following clinical signs: lid retraction > 2 mm, moderate or
severe soft tissue involvement, exophthalmos >3 mm above nor-
mal for race and gender, inconstant or constant diplopia [20].

Glucocorticoids

v

To date, glucocorticoids (GCs) represent the mainstay of immu-
nosuppression for active moderate-severe GO since they exert
an anti-inflammatory and, at high doses, also an immunosup-
pressive effect. In vitro studies have shown that GCs decrease
the synthesis and secretion of glycosaminoglycans by orbital
fibroblasts, downregulate some adhesion molecules, inhibit
cytokines and antibodies secretion, interfere with T and B lym-
phocytes functions, and decrease the recruitment of neutrophils
and macrophages at the inflammation sites [20,35]. Treatment
effectiveness much relies on great inter-individual variability
that may lead to either treatment failure or drug induced toxic-
ity. In the past GCs have been administered even locally (subcon-
junctival or peribulbar), but this procedure is not extensively
employed, because of concerns about either safety or efficacy. In
particular, local triamcinolone injections have been associated
with complications such as intractable intraocular hyperten-
sion, globe perforation, conjunctival or corneoscleral melting,
vascular occlusion or pressure induced optic nerve compression,
fat atrophy, depigmentation, and granulomas due to the vehicle
of the depot injections [36]. Consequently, although there are
few anecdotal experience suggesting a certain degree of efficacy
of injected steroids, this method of delivery, is not recom-
mended.
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Conversely, a significant response to therapy has been demon-
strated for oral GCs (prednisone) [37,38]. High doses of oral GC
(daily administration of 50-100 mg of prednisone tapered down
in 4-5 months) are effective on inflammatory signs of active GO
in about 50-60% of cases but the relapse of symptoms, after dis-
continuation or dose tapering, is not uncommon [39-44]. Oral
therapy is however more often associated to long term side
effects, including hepatotoxicity, Cushing’s syndrome, osteopo-
rosis, glaucoma, and diabetes mellitus.

Subsequent studies have shown that pulsed intravenous methyl-
prednisolone (ivMP) is more effective (70-80% responders)
[16,20,39,45-47] and has a better safety profile compared with
oral prednisone [38,48-52]. A wide range of ivMP treatment
schedules have been used, with different cumulative doses
administered (from 4.5 to 12 g) and occasionally associated with
oral GC in the pause between each infusion or at the end of the
protocol [16,20,39,45-47,53]. A recent multicenter double-
blind randomized study has shown that a cumulative dose of
7.5g of methylprednisolone has a higher response rate in
patients with moderate-severe GO, when compared with inter-
mediate or lower doses (5 g or 2.25 g, respectively), although it is
associated with more frequent adverse events [52]. It has there-
fore been suggested that a high dose regimen may be used in
more severe cases of GO while an intermediate dose (5g) regi-
men may be used in most patients with moderate disease and
that anyhow a cycle of treatment with ivMP should never exceed
a total cumulative dose of 8 g. The limitation of ivMP treatment is
that 20-30% of patients are poorly responsive or unresponsive at
all and that approximately 10-20% of patients present with dis-
ease relapse after drug withdrawal [52]. More recently, a study
on a retrospective series of patients has shown that responsive
patients have inactivation of GO as early as 6-8 weeks from the
beginning of ivMP, or may be otherwise switched to other treat-
ments, alone or in combination with steroids [53].

The morbidity and mortality of GC therapy in GO patients have
been estimated to 6.5 and 0.6%, respectively [50]. Acute liver
failure and cardiovascular events associated with GC adminis-
tration are potentially fatal [54-59], consequently a careful fol-
low-up during the therapy is crucial. Marked increase of liver
enzymes, often asymptomatic, is the most common adverse
event associated with ivMP. Acute liver failure seems caused by
a direct toxic effect of GC on hepatocytes and appears to be dose-
related. The onset of this damage is often not predictable since

cytokines/chemokines secretion

only preexistent viral hepatitis is probably associated with
increased risk of liver damage, while data about pretreatment
liver steatosis or diabetes are conflicting [55,60]. In patients
with elevation of liver enzymes the possibility of an autoim-
mune hepatitis should be ruled out [61,62].

In order to reduce complications, careful screening of risk factors
is mandatory. Before ivMP administration, patients should be
screened for hepatotropic virus markers and autoantibodies
related to autoimmune hepatitis, and clinical monitoring should
be regularly performed in order to promptly identify and treat
complications [24,50].

Targeted Treatments

v

Over the past decade, a series of studies have partly uncovered
the mechanisms involved in GO pathogenesis [63], in particular
those leading to increased retro-orbital adipogenesis. Based on
these findings, some authors have proposed to treat progressive
GO by directly targeting the specific players involved in the
orbital tissue remodeling that results in orbital tissue expansion
and in the immune and inflammatory processes occurring in GO.
Novel immunomodulating agents, now available, may target
several antigens with the purpose of modifying the natural
course of disease and not just to control inflammation [64]. In
particular, the TSH receptor (TSH-R) [65], the IGF-1 receptor
(IGF-1R) and platelet-derived growth factor (PDGF)-receptor,
which are expressed on the fibroblasts in the active phase of the
disease, several cytokines which have been found to be increased
in the various stages of disease progression, molecules regulat-
ing the function of antigen presenting cells such as B and T cells,
and finally enzymes involved in the synthesis of GAGs (© Fig. 2).

Targeting the TSH receptor

During the last years some low molecular weight TSHR ligands,
have been synthesized. These compounds may act as: 1) TSHR
agonists (ligands that activate receptors), 2) neutral antagonists
(ligands that inhibit receptor activation by agonists), and
3) inverse agonists (ligands that inhibit receptor activation by
agonists and also basal or constitutive signaling). These mole-
cules are potential treatment for the treatment of both GD and
GO, as they have been tested for their effects on both thyrocytes
and orbital fibroblasts [66]. The molecular proprieties of these

Fig. 2 Potential therapeutic targets for treatment

_ e GC of Graves’ orbitopathy (GO). Beside steroids, direct
Ansidars J  Belimumab Ritximab targeting of the orbital fibroblast via immunosup-
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A: Adipocyte; B: B-lymphocyte; F: Fibroblast; M:
Macrophage; N: Neutrophils; T: T-lymphocyte;
GC: Glucocorticoids; GAGs: Glycosaminoglycans;
IL1/6: Interleukin 1/6; TNF: Tumor necrosis factor;
BAFF: B-cell activating factor; IGF1R: Insulin-like
growth factor-1 receptor. (Color figure available
online only).
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molecules as well as their in vitro and in vivo actions are exten-
sively described below.

Targeting the IGF-1 receptor

The potential therapeutic use of low molecular weight TSHR
analogues is discussed below in this review. The IGF-1R is co-
expressed on orbital fibroblasts along with the TSH-R and in
vitro blocking of the IGF-1R attenuates TSH-dependent signal-
ing. Teprotumumab (RV 001, R1507) is a specific fully human
monoclonal antibody that binds to the extracellular-subunit
domain of IGF-1 receptor (IGF-1R) and is currently under inves-
tigation in patients with moderate-severe GO in an in-phase 2
multicenter placebo-controlled randomized clinical trial con-
ducted in the U.S. and in Europe [67]. Teprotumumab is able
either to decrease the expression of TSHR and IGF-1R on fibro-
cytes or to attenuate TSH-dependent IL-6 and IL-8 expression
and Akt phosphorylation [67].

Targeting other modifiers of orbital tissue remodeling
Recently, Zhang at al. reported the efficacy of inhibitors of PIK3/
mTORC1 cascades in an vitro model of GO in reducing hyaluro-
nan accumulation and adipogenesis [68]. The PI3K/mTOR sign-
aling pathway is involved in basic biological processes such as
cell proliferation, survival, migration, glucose metabolism, and
nutriment sensors. However, first-generation inhibitors, such as
wortmannin, LY294002, or rapamycin and its derivatives have
shown undesirable side effects including stomatitis, noninfec-
tious pneumonitis, secondary infections, hyperglycemia, and dys-
lipidemia. At present second-generation inhibitors are currently
used in clinical trials on patients with refractory cancers [69].
Another possible player in GO pathogenesis is the platelet-
derived growth factor (PDGF)-receptor and a PDGF-BB isoform
has recently been found expressed and increased in the orbital
tissue of GO patients [70-73]. PDGF-R signaling on orbital fibro-
blast can be blocked by tyrosine kinase inhibitors, such as
imatinib mesylate and nilotinib.

Another structurally different tyrosine kinase inhibitor, dasat-
inib, has recently been approved as second-line therapy for
chronic myeloid leukemia. Dasatinib has been found to reduce
the production of the extracellular matrix components fibronec-
tin and collagen by skin fibroblasts in systemic sclerosis [73] and
very recently it has been found to decrease in vitro the mRNA
expression of hyaluronic syntetase 2 (HAS-2), CCL2, IL-6, and
IL-8 in orbital tissue from active GO, thus confirming that this or
similar compounds may represent a promising therapeutic
approach for GO [72].

Unfortunately, these 2 compounds are associated to serious side
effects. In addition, Li et al. recently established a 3D in vitro
model of GO, which allows measurement of contractile and adi-
pogenic properties of orbital fibroblast. The authors used this
model to study the potential effects of several drug in the treat-
ment of GO: in particular, imatinib treatment resulted in an
exaggerated adipogenic response in GO fibroblasts. This effects
might limit the use of imatinib as a treatment for GO. On the
contrary, an anti-IGF1R antibody IGF-1R had no effects on adi-
pogenesis, but significant attenuated the contractile phenotype,
suggesting that IGF-1R antagonists might target the prolifera-
tive/fibrotic component of GO and a Src family kinase (SFK)
inhibitor PP2, which exerted an inhibitory effect on both the
contractile and the adipogenic potential of GO fibroblasts [74].

Targeting cytokines/chemokines with monoclonal
antibodies

In the active phase of GO there is a predominant production of
pro-inflammatory and Th1-derived cytokines such as IL-6 and
IL-1, and IFN-gamma-induced chemokines, such as CXCL10.
Th2-derived cytokines, including IL-4, IL-5, and IL-10 are more
likely associated to the inactive phase of GO [75].

There is evidences that immunoglobulins binding the TSH recep-
tor binding may increase the expression of IL-1 receptor on
orbital fibroblasts [76]. Therefore, it has been hypothesized that
Anakinra, an interleukin-1 (IL-1) receptor antagonist, may play a
therapeutic role in GO, although. its low in vivo stability may
compromise the therapeutic efficacy [77], but this hypothesis
has not been challenged in a therapeutic trial.

The class of biological compounds known as TNF inhibitors
(etanercept, infliximab, adalimumab) have also been widely
used in autoimmune rheumatic diseases. Etanercept is a recom-
binant dimeric fusion protein consisting of 2 molecules of the
soluble, extracellular ligand-binding portion of the human TNF
receptor linked to the Fc portion of human immunoglobulin G1.
It binds TNF, blocking the interaction with its receptors, thus
preventing TNF-mediated inflammatory responses. In 2005
Paridaens et al. [78] have treated 10 patients with active moder-
ate-severe GO and noted clinical improvement of the soft tissue
signs in 6. The authors could not show an advantage over ther-
apy with ivMP, in terms of efficacy and side effects.

Another important pathway in active GO is represented by the
IL-6/sIL-6 receptor system. Elevated serum sIL-6R concentra-
tions were in fact measured in patients with active GO [79]. Toci-
lizumab is a recombinant, humanized monoclonal antibody that
acts as an interleukin IL-6 receptor antagonist. Several studies
demonstrated the efficacy of intravenous tocilizumab in patients
with rheumatoid arthritis by improving disease activity, even
when refractory to standard therapy. Promising results have
been recently obtained in a study of 18 patients with GO refrac-
tory to ivMP treatment [80]. After tocilizumab infusion, CAS
improved in 100% patients, proptosis decreased in 72%, and
ocular motility improved in 83 %. In this cohort, one patient with
compressive optic neuropathy improved, avoiding orbital
decompression. These results are to be considered preliminary
and this modality of treatment warrants further clinical trials.
Increased serum BAFF concentrations have been detected in
patients with Hashimoto’ thyroiditis [81] and more recently in
those with Graves’ disease with and without orbitopathy [82],
suggesting that anti-BAFF therapy may be an option in the man-
agement of Graves’ disease. Belimumab, a mAb against BAFF, has
been tried in patients with RA and SLE and has shown clear bio-
logic effects on B cells and Ig levels with moderate clinical ben-
efits mainly in SLE.

Targeting B Cells with Rituximab

v

Rituximab (RTX) has been used off-label in several autoimmune
disease but is approved for clinical use only in rheumatoid
arthritis and antineutrophil cytoplasmic antibody-associated
(ANCA) vasculitis. RTX is a chimeric mouse-human monoclonal
antibody that targets CD20, a human B lymphocyte-specific
antigen expressed on more than 95% of B cells from the stages of
immature to mature B cells, but not on antibody-producing
plasma cells [83]. As a consequence, therapy with RTX does not
remove long-lived plasma cells from the peripheral blood and
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antibody production is maintained, despite peripheral B cell
depletion [84]. The rationale for using RTX in GO is the potential
blockade of pathogenic autoantibody generation and production
of inflammatory cytokines or the depletion of B cells as antigen-
presenting cells. RTX may affect specific B cell clones arising
from the germinal centers or even extrafollicular lymphoid
structures without interfering with B and T cell interaction,
therefore having little therapeutic impact on pathogenic specific
autoantibodies [85]. Unexpected depletion of T cells, mainly
CD4+ cells, has been recently observed in patients with rheu-
matoid arthritis treated with RTX [86]. The implications of this
datais that RTX may be indirectly responsible also for the deple-
tion of autoreactive T cells, as a consequence of the decrease of T
cell promoting cytokines and chemokines released by B cells,
depleted by RTX.

Preliminary studies have suggested that RTX can be effective
either as first line treatment for moderate to severe GO or as
additional therapy in patients resistant to ivMP [87-93].

Side Effects of Rituximab

v

In rheumatoid arthritis, the half life of RTX has been recorded to
be 20 days after 2 doses of 1000 mg, the dose suggested for most
autoimmune diseases [94]. Studies addressing dose/response
relationship of RTX are lacking. A recent meta-analysis of rand-
omized trials in RA has shown no significant differences in the
primary clinical outcomes when 1000 mg twice were compared
to 500 mg twice, 2 weeks apart [95]. The use of lower RTX doses
may ultimately lead to significant reduction of treatment costs
in chronic disease and the incidence of first infusion reactions.
These reactions may be present in 10-30% of patients at first
infusion and can be severe, but reversible [96]. Release of pro-
inflammatory cytokines from macrophages, monocytes, lym-
phocytes and NK cells is the underlying mechanism. Activation
of complement cascade may be responsible of fever, chill and
skin rashes [97]. Infections have been reported as major side
effects attributed to the decrease of immunoglobulin levels after
RTX repeated doses. Recent large retrospective studies on
patients affected with multisystem autoimmune disease have
shown that severe infections observed in patients treated with
RTX were associated to higher exposure to steroids and other
immunosuppressants but not to hypogammaglobulinemia [98].
Progressive multifocal leukoencephalopathy (PML) has rarely
been reported in patients receiving RTX, especially those with
systemic lupus erythematosus (SLE). It is again important to
point out that all these patients had previously been treated
with other immunosuppressive therapies including cyclophos-
phamide, azathioprine and even steroids, oral prednisone or
intravenous steroids [99].

Rituximab in GO: Dosage and Efficacy

v

Since the first report on successful treatment of one patient with
moderate-severe GO [87], several noncontrolled studies on the
effects of RTX in GO have appeared in the literature, reviewed by
Salvi et al. [100]. In addition, one randomized controlled trial
comparing RTX to placebo [101] and one comparing RTX to ster-
oids [102] in moderate-severe GO have just been published.

In earlier reports [87,103] RTX was employed in patients with
active GO who were unresponsive to standard ivMP therapy.

Subsequently, RTX therapy has been used as a first line treat-
ment in patients not treated previously with steroids in an open
study [89], with disease inactivation at the end of follow-up and
improvement also of proptosis, eye muscle motility and signs of
soft tissue inflammation. Reactivation of GO was never observed
after RTX, but it is known to occur in 10-20% of patients treated
with steroids [58].

The results of 2 randomized clinical trials employing RTX in GO
have just been published. Salvi et al. [104] have studied 32
patients with active moderate-severe GO, treated with RTX or
ivMP, and studied the decrease of the CAS as a primary end
point. The CAS decreased more significantly after RTX, whether
patients had received 1000 mg twice or a single dose of 500 mg
and, at 24 weeks, 100% of patients after RTX improved com-
pared to 69% after ivMP (p<0.001). Disease reactivation was
never observed in patients treated with RTX, but in 5 after ivMP.
Data on disease severity parameters have shown that either
treatment was not effective on proptosis, palpebral aperture and
the total eye score, but RTX proved to be more effective than
ivMP on motility and quality of life, thus suggesting that RTX
acts as a disease modifying therapy, compared to steroids. Stan
and colleagues [101] did not find RTX effective in treating active
GO, when compared to placebo. The study was conducted on 21
patients, of whom 2, after RTX, developed optic neuropathy.
Major differences that may have influenced the outcome of their
study are a much longer disease duration (11.2 vs. 4.5 months),
a greater number of patients previously treated with steroids
(40 vs. 19%), and a lesser degree of motility involvement (mean
diplopia score 2 vs. 3.5). Failure of RTX was previously reported
in one patient whose GO did not respond to therapy and subse-
quently progressed to acute DON [105], similarly to the 2
patients herein described [101]. It is possible that in these
patients subclinical DON was already present at the time of ther-
apy and that the orbital edema caused by cytokine release after
the administration of RTX may have increased intraorbital tissue
congestion and optic nerve compression. On the other hand, RTX
has also been employed successfully in another 10 patients with
DON [91,93,106], resulting in improvement of visual sight. This
data need to be confirmed in larger studies and until then we
suggest caution in administering RTX in severe disease, particu-
larly when patients have GO of long duration or subclinical DON.
We envisage that further and larger randomized controlled tri-
als will be needed for definitive data on the potential disease
modifying role of RTX in GO and its superiority over standard
treatment with steroids.

Dosage schedules of RTX in GO have been quite different due to
the lack of randomized trials. The infusion of 1000 mg twice,
with a 2 week interval, standardized for the treatment of RA and
other autoimmune diseases has been reported to be effective in
most open studies [91,93] and in case reports [87,107]. Success-
ful peripheral B cell depletion following very low dose RTX was
shown in a study by Salvi et al. [108] in 2 patients in whom RTX
was discontinued because of the development of a transient
cytokine release reaction, after receiving only 100mg of the
drug. Interestingly, after spontaneous resolution of the side
effect, clinical improvement with GO inactivation occurred
within a few weeks, despite the administration of a dose about
20 times less than the standard dose used in systemic autoim-
mune disease. More recently, a dose finding analysis in the ran-
domized clinical trial of Salvi et al. has shown that a single dose
of 500mg RTX is as effective as 2 doses of 1000mg, 2 weeks
apart, in inactivating GO [104].
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Other Treatment Options

v

The rationale for the use of octreotide and lanreotide in GO was
supported by the observation that somatostatin receptors are
expressed on the surface of both orbital fibroblasts [109] or
orbital lymphocytes [110]; in addition, orbital octreoscan may
be positive in active GO and it has been suggested that it can be
used as an index to predict GO response to immunosuppressive
therapy [111]. Four randomized controlled trials have shown
that both octreotide and lanreotide have only minor effects on
GO [112-115]; accordingly, their use is presently not justified
[116,117]. Novel somatostatin analogues are now available, such
as pasireotide, which has in vitro a stronger inhibitory effect on
orbital adipogenesis than octreotide [118], suggesting that it
may be more effective in GO.

Only 2 randomized controlled studies have addressed the effi-
cacy of cyclosporine [41,119] in the treatment of moderate to
severe GO. Cyclosporine (3-5mg/kg/day) seems less effective
compared to glucocorticoids if given as monotherapy. The com-
bination of both drugs might be more effective than either treat-
ment alone. However, cyclosporine administration is associated
with significant side effects. Data on the use of intravenous
immunoglobulins (IVIg) are conflicting [120]; considering their
high cost and the risks deriving from the use of plasma-derived
products, this treatment is currently not recommended.

Second line treatment

A significant proportion (20-30%) of patients with GO fail to
respond to medical treatment. There is no definitive agreement
on how to treat these patients and the decision about a second
line treatment of active moderate-severe GO is based more on
experts’ opinion than on clinical evidence. Such patients should
be better referred to a specialized center, since they are more
prone to develop complications. If oral steroids were initially
used, then ivMP might be beneficial, as long as the therapy does
not exceed a safe total cumulative dose of steroids. RTX is actu-
ally a good alternative to steroids in nonresponders, as its mech-
anism of action is different, but the administration of this and
other biological agents should be limited only to experienced
centers, until the results of multicenter RCT trials on a greater
number of patients will be available [39]. Combination therapy
is at the moment a good option with orbital radiotherapy associ-
ated with either oral steroids or ivMP, or alternatively, with
cyclosporin.

Treatment of sight-threatening ophthalmopathy

Sight threatening GO accounts for about 3-5% of patients and is
due to either compressive optic neuropathy, known as dysthy-
roid optic neuropathy (DON), or severe corneal damage resulting
from severe corneal exposure. In general, the golden standard of
therapy for DON is urgent orbital decompression, although up to
40% of patients may respond to a course of high dose ivMP
within 1-2 weeks [121,122]. While cigarette smoking, the male
gender, restrictive strabismus, and rapidly progressive GO are
considered factor risk for the development of DON [123,124],
the diagnosis of DON is sometimes challenging and distinction
from subclinical and overt forms is not always straightforward. A
survey among EUGOGO members in 2007 found that optic disc
swelling, impaired color vision, and radiological evidence of api-
cal optic nerve crowing are the most useful clinical features.
Opticdisc swelling, if present, is a very specific for DON, although
in few patients a normal appearance of optic nerve may be

caused by the combination of edema and optic nerve atrophy.
Also the impairment of color vision and radiological evidence of
apical optic nerve compression further support the diagnosis of
DON [124].

The results of 2 small studies suggest that the first line treat-
ment should be high dose ivMP, either 500mg or 1000 mg of
methylprednisolone daily for 3 consecutive days, repeated one
week later. If the patient responds and recovers normal vision,
this therapy may be followed by oral prednisone tapered down
in a few weeks or by weekly pulses of ivMP, up to a cumulative
dose of 8g [121,122]. Urgent orbital decompression should be
performed if patients do not respond to ivMP or when such
treatment is contraindicated [121,122].
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