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Abstract

Background: Graves’ orbitopathy (GOJ is the most frequent extrathyroidal manifestation of the

autoimmune Graves’ disease. GO significantly impacts quality of life and has a psycho-social

morbidity. Inflammation and swelling of the orbital tissue often leads to proptosis, diplopia, and

decrease of visual acuity. Due to the inflammatory background of the disease, glucocorticoids

(GC) have been used as a first-line treatment for decades.

Methods: PubMed and MeSH database were searched for original articles, clinical trials, reviews,

and meta-analyses published between 1 January 2000 and 31 March 2020 and pertaining to both

the mechanism of action and immunological effects of GC as well as to the treatment of GO by

GC. The publications were evaluated according to their setting and study design.

Results: GC act through genomic (trans-activation and trans-repression) and rapid non-

genomic mechanisms. GC in general, and the intravenous (V) administration of GC in

particular, markedly decrease the activity and number of the most potent antigen-presenting

dendritic cells. According to the internationally acknowledged European Thyroid Association

Guidelines for the management of GO, weekly IVGC application over 12weeks is recommended

as first-line treatment for patients with active and severe GO. The daily and cumulative dose

should be tailored according to clinical severity, for example, 4.5g of [V methylprednisolone for

the inflammatory component versus 7.5g in the presence of diplopia and severe proptosis. Fast

and significant improvements in orbital symptoms and signs are noted in 65-70% of patients.

Long-term experience over decades, and worldwide availability at low cost, underline the

clinical and therapeutic relevance of GC. Adverse events are rarely severe, dose-dependent,

and usually reversible, hence easy to handle by medical investigators. Oral GC application on a

daily basis is characterized by high bioavailability but reduced efficacy and increased toxicity.

Conclusion: IVGC still represents the standard of care in active/severe GO. Innovative

biologicals, like monoclonal antibodies targeting the thyrotropin/Insulin-like growth factor-1

receptors or pro-inflammatory cytokines (e.g., Interleukin-6) should be compared with standard

GC treatment with respect to short- and long-term efficacy, safety, costs, and global availability.
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Introduction

Graves’ orbitopathy (GO) is the most common
extra-thyroidal manifestation of autoimmune
Graves’ disease (GD).!»2 The prevalence of GO
among patients with GD varies widely from 13%
to 69% across different series. The incidence of
GO is 3 cases per 100,000 males and 16 cases per

100,000 females in the United States (US).3 Most
GO patients demonstrate extraocular muscle
enlargement and expansion of orbital adipose/
connective tissue. The increased orbital tissue vol-
ume and elevated intra-orbital pressure cause
mechanical changes, which explain most of the
signs and symptoms in GO.4° The pathological
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processes within the orbit include inflammatory
infiltration of retro-ocular tissues within the orbit,
de novo adipogenesis, and increased production
of hydrophilic glycosaminoglycans (GAG) by
orbital fibroblasts.” These fibroblasts play a key
role in the pathogenesis of GO. They proliferate
and differentiate into myofibroblasts and adipo-
cytes and produce excessive hydrophilic GAG,
which lead to tissue edema. Orbital fibroblasts
express the thyrotropin receptor (TSH-R) and
are stimulated by the circulating TSH-R autoan-
tibodies (Ab).%% Functional stimulatory TSH-
R-Ab are the specific biomarker of GO closely
correlating with disease activity and severity.10-18
Active interaction of orbital fibroblasts with mon-
onuclear cells and production of different chemo
attractants and cytokines lead to perpetuation of
orbital inflammation.!® The two key autoantigens
TSH-R and insulin growth factor 1 receptor
(IGF-1R) are expressed on the surface of target
orbital cells of GO patients. They form a physical
and functional signaling complex that is poten-
tially relevant in the pathogenesis of GQO.20-23

For decades, systemic administration of glucocor-
ticoids (GC) has been the acknowledged first-line
anti-inflammatory and immunosuppressive treat-
ment for several inflammatory diseases, for exam-
ple, asthma, Crohn’s disease, psoriasis, and, more
specifically, for the active and severe stages of
GO.1:24-28 Recently, with the introduction of novel
drugs targeting the autoantigens in GD/GO and/
or the receptors of the involved pro-inflammatory
cytokines, questions and doubts have emerged
pertaining to the benefit—risk ratio of this drug in
patients with GO. To answer these questions and
offer concrete recommendations regarding the
clinical relevance and utility of GC, foremost
intravenous (IV) GC, in GO, this short review
aims to describe the mechanism of action and
immunological effects of GC, summarize the
results of GC trials performed in the last 20 years
in patients with GO, and evaluate the response
rates and safety profile of this classic drug. More
specifically, this review looks carefully at a con-
vincing rationale for the further management of
GO with GC.

Methodology

A literature search of the NCBI PubMed database
(National Library of Medicine, Bethesda, MD)
was performed with the key words “GC”, “GC
mechanism of action”; “immunology of GC?”,

“safety and efficiency of GC”; “Grave’s orbitopa-
thy”; “Grave’s eye disease”; “endocrine orbitopa-
thy”; “thyroid eye disease” and “thyroid associated

eye disease”.

As the result of the literature search, original arti-
cles, reviews, meta-analyses, and 26 studies pub-
lished between 2000 and 2020 and reporting a
treatment procedure for GO as well as including a
minimum of one form of GC administration were
selected.?7-34 All studies were checked and evalu-
ated for their quality and study design. In total,
1689 patients were included. An overview of the
study design, administration form and dose of
GC, response rate and adverse events are listed in
Table 1.

Molecular pathways of inflammation

Pro inflammatory mediators, for example,
cytokines, chemokines, or adhesion structures are
not present in healthy human cells. In contrast,
during inflammation episodes, an increase of these
mediators caused by pro-inflammatory interleukins
or tumor necrosis factor-alpha (TNF-a) is
observed.3> A key role in the inflammatory process
belongs to the nuclear factor “kappa-light-chain-
enhancer” of activated B-cells (NF-xB) and the
activator protein 1 (AP-1). NF-«xB is found under
physiological conditions in all cells.5%:57 Due to the
association with NF-xB inhibitor (IkB), the pro-
inflammatory transcription factor stays in an inac-
tivated form and is not able to translocate into the
nucleus. After binding of TNF-a. to its membrane-
associated receptor (which belongs to the group of
tyrosine kinase), the receptor activates IkB kinase
(IKK), which phosphorylates IxB.#® Due to its
phosphorylation, IkB can be ubiquitinated and
degraded. Without the IkB structure, NF-xB
translocates into the nucleus and binds to its
response element. After binding, the transcription
factor associates with coactivators, i.e., the steroid
receptor coactivator-1 (SCR-1) and the cAMP
response element-binding protein (CREB) bind-
ing protein (CBP).58

Usually, human DNA is stored in a coiled form
around histones, which have a positive charged
surface area. The negatively charged DNA is coiled
tightly around the histones and the transcription
complex is not able to start transcription.
Coactivators like CBP and SCR-1 have an action
similar to that of histone acetyltransferase (HAT),
hence they decrease the positively charged histone
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Table 1. Overview of performed trials with GC in GO.

Total number of clinical studies 26
e Prospective 22
e Retrospective 4
e Randomized controlled 16
Publication years 2000-2020
Total number of patients 1689ab
Number of patients per treatment regimen
e |ntravenous 973
e Oral 166
e Peribulbar/subconjunctival 169
e Combination therapy

Glucocorticoid + mycophenolate 83

Glucocorticoid + radiation 128

Min Max Median Mean

Cumulative dose (g)
e |Intravenous 0.9 12.0 4.5 5.74
e Oral 2.24 6.0 4.0 3.85
e Peribulbar/subconjunctival 0.04 0.16 0.07 0.09
Duration of treatment (weeks)
e |[ntravenous 4 24 12 12.65
e Oral 12 22 16 16.14
e Peribulbar/subconjunctival 4 14 12 10
e Combined treatment 14 24 19 19
Responder rate (%)
e |ntravenous 28 88 74 67.44
e Oral 49 66 54.84 56.77
e Peribulbar/subconjunctival 68.6 95 76 78.9
e Combined treatment 28.6 63 45.8 45.8
Number of AE (n=) 1 125 40 43.58
Number of dropouts (n=) 0 23 1 4.39

aA total of 51 patients were withdrawn from the studies by investigators of several reasons for example, not complying with

protocol.
bPatients receiving no treatment n=119.

AE, adverse events; GC, glucocorticoids; GO, Graves’ orbitopathy.
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surface. After its acetylation, the DNA is able to
unwind and transcription can be performed.>°

NF-kB-induced transcription increases levels of
pro-inflammatory (IL-2, IL-3 and IL-6) and T-cell
stimulating interleukins (IL-4, IL.-5 and IL-13),
TNF-o, and adhesion molecules.®?-%2 Further, the
transcription factor AP-1, a Jun enzyme family
member, forms a homodimer with other Jun-
proteins or a heterodimer with Fos-proteins. The
dimer translocates into the nucleus and binds to its
response element, causing the transcription of sev-
eral pro-inflammatory mediators and enzymes, for
example, collagenases.

Glucocorticoid receptor

The glucocorticoid receptor (GR) belongs to the
group of intracellular, ligand regulated transcrip-
tion factors and is located primarily in the cytosol.>®
The GR appears in the cytosol as a monomer, and
is associated with several chaperones, such as the
heat shock protein 90 (HSP) and the FK506-
binding protein (FKBP).5%3 These proteins pre-
vent GR degradation or translocation into the
nucleus. There is only one gene in the human DNA
that codes for the receptor structure, but splicing
variation causes the formation of different GR iso-
forms. The most common isoforms are GRa and
GRp (with a higher intracellular concentration of
GRa than GRp).69-63

The GR consists of three different functional
domains linked together by a hinge region. The
constitutive N-terminal domain is essential for the
activation of the receptor and has a very variable
structure. Next to the N-terminal domain, a very
highly conserved DNA binding region with two
zinc fingers (which are necessary for the interac-
tion of the receptor with the DNA) is located. This
domain also enables dimerization of the receptor.
Glucocorticoids and the coactivators of the GR
can bind to the C-terminal domain of the
receptor.>8.64

Interactions of GC with the GR

GC like cortisone and synthetic derivatives (e.g.,
methylprednisolone) are small molecules, which
diffuse easily through the cellular membrane. After
intracellular binding to GR, the chaperones disso-
ciate from the receptor monomer and two mono-
meric structures form a homodimer. Importins
start to translocate the homodimer into the

nucleus, where it binds to its response elements.
Binding to the positive or negative response ele-
ment of GR induces different genomic activi-
ties.55:58:60,62,63 The positive response element of
GR has a palindromic structure. The structure of
the GC receptor and the mechanisms of action of
GC have been studied over decades by a large
number of research groups.®>73 The genomic and
non-genomic activities of GC will be discussed
further below in detail.

Genomic trans-activation

After binding of the GR homodimer to its positive
response element, the coactivators SCR-1 and
CBP associate with the receptor-ligand complex
and transcription of the DNA is initiated.
Transcription of the anti-inflammatory genes
increases production of anti-inflammatory pro-
teins, for example, annexin-1 (or lipocortin-1),
anti-inflammatory cytokines (IL-10, IL-12, IL-1
receptor antagonist), IkB, and mitogen-activated
protein kinase phosphatase-1 (MAPKDP-1).93

Genomic trans-repression

For trans-repression, two very similar mecha-
nisms with different effects on the human body
are known. The anti-inflammatory effects of GC
are best explained by the mechanism of trans-
repression. However, this genomic effect is also
responsible for a few side effects (SE) of GC. The
anti-inflammatory effect of the trans-repression
activity occurs when GR interacts with media-
tors, that is, NF-xB or AP-1, in a protein—protein
interaction. The GR dimer interacts with NF-«B,
even when the mediator is already bound to its
response element and human DNA. When the
GR binds to the NF-kB-DNA complex instead of
the coactivators, transcription is inhibited because
the DNA cannot unwind from the histones. NF-
kB itself has no HAT-like function, and is there-
fore dependent on the same cofactors as GR for
acetylation of the amino acids on the histone sur-
face. A similar protein—protein interaction among
GR and AP-1 can be found. This fact explains
why GC affects the transcription of pro-inflam-
matory genes only.’® The amount of SRC-1 and
CBP and the concentration of GC are important
for the anti-inflammatory effect of GC. If the
concentration of the coactivators is very high, and
only a low amount of GC is available in the cell,
the anti-inflammatory effect can be negated by
the high concentration of NF-«kB/AP-1 and its
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coactivators.>® Unlike GRa, GRp does not bind
steroids as a ligand but may interact with human
DNA. The beta isoform of the GR is translocated
into the nucleus by importins and binds to the
negative GR response element. Through this
spontaneous and unplanned inactivation of genes,
transcription of several physiological important
proteins, for example, osteocalcin, CRF-1, and
keratin POMUC is decreased.

Furthermore, the GR recruits histone deacetylase
2 (HDAC-2) to the CBP-HAT complex of
NF-«B. Through this pathway, GR is able to
interrupt the unwinding of the DNA by splitting
the acetyl structures on the histone surface.®
Because of the tightly coiled DNA, the transcrip-
tion complex cannot accumulate to the DNA and
transcription will not start.

Non-genomic activity

The anti-inflammatory and immunosuppressive
activity of GC arises within minutes after intrave-
nous administration, emphasizing its non-genomic
mechanism of action.®!>747> GC inhibit T-cell acti-
vating cytokines and adhesion molecules, hence
lowering both proliferation and infiltration of the
immune cells. The same holds true for the anti-
inflammatory protein IkB.

GC impact the production of prostaglandins (PG)
via three different mechanisms.>® First, suppression
of NF-kB-induced transcription decreases cycloox-
igenase-2 (COX-2) concentration, one of the key
enzymes in PG synthesis. Second, the high amount
of lipocortin-1 inhibits the cytosolic phospholipase
A2a (cPLA2a) responsible for releasing the arachi-
donic acid (AA) from the cell membrane of the
inflamed cell; AA is transformed to PG and leukot-
rienes. Third, the increase in MAPKP-1 dephos-
phorylates several mitogen-activated protein
kinases (MAPK). These kinases stimulate the
activity of cPLA2a and increase free AA.62:66,76

The mRNA generated by the transcription of pro-
inflammatory mediators is very fragile under physi-
ological conditions. In an inflamed cell, several
enzymes become activated to avoid premature
degeneration of the mRNA. Activated GR inhibits
these enzymes, thus the mRNA is degraded and
translation of pro-inflammatory proteins is stopped.
An overview of the genomic and non-genomic
effects of GC is shown in Figure 1.

Immunosuppressive effect of GC

GC impact the immune system in a multifunc-
tional manner. GC directly modulate pro-inflam-
matory mediators as well as number and
functionality of immune system cells.66:69

Dendritic cells (DC) are the most potent antigen-
presenting cells (APC) in the unspecific human
immune system. A key role of APC belongs to the
identification of pathogens and presenting struc-
tures of antigens to cells of the specific immune
system.’” 7 Two different morphologic types of
DC are found in the peripheral blood: myeloid
(mDC) and plasmacytoid DC (pDC). PDC pro-
duce interferons (e.g., interferon-a) to protect the
human body against blood-borne pathogens, i.e.,
viruses, while mDC are the essential source for
DC in peripheral tissues. High doses of IVGC
(0.5-1g methylprednisolone) decrease markedly
the number and activity of dendritic and plasma
cells.®77 DC of patients treated with IV predniso-
lone (cumulative dose 3.0 g over 3days) disap-
peared rapidly within 1day; 8days after the last
GC application, the number of mDC nearly nor-
malized; however, the number of pDC was still
significantly decreased. Three different mecha-
nisms were discussed by the authors®’:77: (i) hom-
ing of DC to peripheral tissues or lymphoid organs;
(ii) decrease of production and differentiation of
progenitor cells; and (iii) initiation of apoptosis.

IV pulse GC application impacts T cells. Already
during application, the number of suppressor-
inducer T-cells (CD4+CD45RA+) and cytotoxic
T-cells (CD11-CD8+) increased. The number of
suppressor T-cells (CD8++CD11+) decreased
during the GC treatment but normalized within
days after the last application.6!:80 Proliferation
and activation of immature T-cells depends on
IL-2 and co-stimulatory receptor interactions, that
is, cluster of differentiation 28 (CD28) interac-
tions with CD80. Recently, numerous mecha-
nisms effecting T-cell proliferation have been
published: (i) blocked cell cycle entry of native
T-cells; (i) increased proliferation of cytotoxic
T-lymphocyte-associated protein 4 (CLTA-4) on
the T-cell surface, CLTA-4-induced negative
feedback on proliferation after CD28-CD80 inter-
actions to avoid overreactions; (iii) decreased dif-
ferentiation in different T-cell phenotypes; and IV
induced apoptosis of T-cells.81:82 Adhesion mole-
cules, that is, CD2, lymphocyte function-associ-
ated antigen-1 (LFA-1), or LFA-3 are required for
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Figure 1. Genomic and non-genomic effects of glucocorticoids.

Trans-activation: The genomic effect of GC after binding of the GR to its positive response element causes increased
transcription of anti-inflammatory proteins, for example, lipocortin-1, IL-10, IL-12, MAPK phosphatase | and IxB.
Trans-repression: The molecule-molecule interaction between activated GR and pro-inflammatory transcription factors for
example, AP-1 or NF-kB causes decreased transcription of pro-inflammatory mediators, for example, Il-2, IL-3, IL-4, IL-5,

IL-6, IL-13, IL-15, TNF-a. and VCAM-a.

Most of the non-genomic, anti-inflammatory effect of glucocorticoids are based on interactions of pro and anti-inflammatory
proteins, for example, dephosphorylating of MAP kinases by the MAPK phosphatase I, inhibition of cPLA2a by lipocortin-1 or

the inactivation of NF-xB due to the increased level of IkB.

AP-1, activator protein-1; cPLA2a, cytosolic phospholipase A2a; GC, glucocorticoids; GR, glucocorticoid receptor; IxB,
inhibitor of nuclear factor kB; IL, interleukin; MAPK, mitogen-activated protein kinase; NF-kB, nuclear factor kB; TNF-a,
tumor necrosis factor-alpha; VCAM-a, vascular cell adhesion molecule-a.

migration of immune cells. GC reduce the amount
of anti-inflammatory cells in the target tissue by
lowering the LFA-1 and CD2 level on the lympho-
cyte surface, and inhibiting their ability to migrate
by decreasing the expression of adhesion mole-
cules on the surface of endothelial cells and fibro-
blasts.8%:83 This induces lymphocytosis and a
marked reduction of cell-cell interactions.
Subsequently, GC-induced, lymphocytes interact

less with other immune cells, i.e., B-cells, APC,
and natural killer cells, hence markedly impairing
the ability of an effective immune response to
pathogens.

Clinical application of GC in GO
Detailed treatment recommendations for GO have
been published and updated in recent years.41:54
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The European Thyroid Association (ETA) recom-
mends an IV GC pulse therapy, as first line treat-
ment for active and moderate-to-severe GO. The
treatment scheme of the ETA specifies a cumula-
tive dose of 4.5g methylprednisolone over
12weeks, starting with a single dose of 500mg IV
once weekly for the next 6 weeks, due to the inflam-
matory background of GO.27:28:84 This moderate
regimen is very well tolerated, as recently shown in
an extensive and careful Medical Dictionary of
Regulatory Activities (MedDRA) analysis.8>
However, the European Guidelines also strongly
recommend tailoring both single and cumulative
dose according to clinical disease severity. Hence,
in the presence of motility disturbances, diplopia,
severe proptosis, and severe lid retraction, a start-
ing dose of 750mg IV methylprednisolone per
week (instead of 500mg) and a cumulative dose of
7.5g of IVCG should be applied. Response rates
for both schedules approximate 65—70%, with the
opportunity to start a second cycle in case of par-
tial response and good tolerability. If the response
to the standard intravenous administration of GC
is either partial or poor (~20% of cases) at least
12weeks after starting the IVGC regimen, novel
strategies and second-line treatments, for example,
monoclonal antibodies targeting the TSH and
IGF-1 receptors and/or the IL.-6 receptor should
be discussed individually with the patient. Add-on
treatments, e.g., mycophenolate3%:85:86 or retrobul-
bar irradiation (in case of diplopia or disturbances
of eye muscle motility) to a second course of IVGC
are also indicated.?8:87 Furthermore, in the worst
case of sight-threatening compression of the optic
nerve, urgent application of high dose IVGC treat-
ment with alternate doses of 750 mg methylpredni-
solone every second day for 2weeks is very helpful,
secures patients vision, and avoids orbital decom-
pression surgery in more than 50% of the cases.?”
Other therapy options, for example, oral GC, are
less recommended due to higher toxicity and lower
efficacy.38:43:49:50,52 In contrast to oral administra-
tion, IVGC neither induce adrenal failure,® nor
decrease bone mineral density.#® Finally, peribul-
bar injections of GC were performed in only a
small number of cases,35:37-40,42,44-46,51,89 a5 they
can cause intra-orbital bleeding, myopathy, and
other local SE.

Summary of performed trials

A “proof-of-concept”, double blind, placebo-con-
trolled, randomized study performed in 2008 con-
firmed the efficacy and the disease-modifying
potency of IVGC. The study included 16 patients
showing a response rate of >80% for IVGC wversus
11% only for placebo. The study was stopped pre-
maturely for ethical reasons because IVGC did so
well in contrast to the placebo-treated subjects.
Rate of SE was dose dependent.#’” Further, two
randomized controlled studies demonstrated rapid
improvement, significantly higher efficacy, and
lower morbidity with the weekly IVGC regime in
contrast to daily oral administration of GC.41,90
Previous treatment with IVGC significantly
reduces the number of required rehabilitative sur-
geries thereafter.28:49:87 The difference between IV
versus oral therapy, using high doses of methyl-
prednisolone or prednisone was tested within a
controlled trial. The authors recommended both
application forms for GO treatment; however, they
underlined that IVGC are more effective, and
should be recommended for GO treatment.>*
Finally, a large, multicenter, double-blind, rand-
omized trial evaluated efficiency and safety of three
different cumulative dosages of IVGC in 159
patients.*! Each of the three cumulative doses, i.e.,
2.25, 4.5, and 7.47g methylprednisolone had a
certain efficacy in active severe GO, though
patients randomized to the highest dose showed
earlier response and improvement with slightly
more SE compared with patients with a lower
dose. Average costs of a 10- to 12-week treatment
course with oral GC vary between 415 and 1360
Euros (€). Advantages of the oral application are
easier handling and worldwide availability. In
comparison, average costs of IV administration of
“pulse” GC treatment course vary between 204
and 364 €.°1 IVGC treatment requires a logistic
infrastructure and trained personnel, and should
optimally follow in specialized centers. At our
institution  (Johannes Gutenberg University
Medical Center), more than 2000 patients with
active, severe GO have been treated with IVGC;
more than 80% of those have received the recom-
mended 4.5 g regimen. Over a period of more than
20years, not a single major SE was observed in
Table 2.
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Toxicity

The first randomized controlled study with GC
in GO following the ICH Guidelines is described
extensively in Table 3.3685 Adverse events (AE)
were analyzed according to the highly acknowl-
edged and well-structured MedDRA. Of the 164
patients included, 79 (48%) reported at least one
AE; 68 AE were classified as drug related and
analyzed according to MedDRA system organ
classes (SOC). AE occurred mainly as gastroin-
testinal disorders (15/68; 22%), infections and
infestations (10/68: 15%), vascular disorders
(7/68; 10%), and general disorders and adminis-
tration site reactions (6/68; 9%). The overall-rate
of GC-induced AE affected 60-70% of the par-
ticipating patients. Most AEs occurred within the
first few days of the therapy. Frequency and sever-
ity of SE (i.e., weight gain, insomnia, hyperten-
sion, hyperglycemia, and hepatotoxicity) depend
on dosage, duration of treatment, route of admin-
istration (oral, IV, peribulbar), and previous
morbidity of the patients receiving GC.61,74.92
The ETA conducted a survey aiming to compare
AE induced by oral versus IVGC therapy.®3
Severity and frequency of AE and severe AE
(SAE) differed between both dosage forms. AE
and SAE are less likely to occur during IVGC
therapy. Morbidity and mortality were 6.5% and
0.6% for IVGC, respectively while morbidity was
similar with 6.25% for the oral application.
Mortality was not reported. Of note, a few cases
of IVGC-induced lethal hepatoxicity were
reported 20years ago and were, in most cases,
dose-dependent. The first case of fatal liver dam-
age under IVGC therapy was reported in 2000.%4
A 71-year-old woman died after receiving a
cumulative dose of 15.0g IV methylpredniso-
lone. Other authors also reported cases of acute
liver damage at doses much higher than what is
now recommended.?%% Three patients died

within a short timespan (two because of liver fail-
ure and one after liver transplantation because of
kidney failure). Liver damage can arise from dif-
ferent mechanisms: GC may have direct damage
potential for liver cells, which substantiates the
dose-dependent increase in liver enzymes
reported in several cases.30-32:34.93-95 Due to the
immunosuppressive effect of GC, a previous
infection of hepatitis B and/or hepatitis C could
be reactivated. Moreover, the immunosuppres-
sive effect of GC could precipitate an autoim-
mune hepatitis.3%% Cardiovascular complications
(pulmonary edema, pulmonary embolism, myo-
cardial infarction and coronary thrombosis,
occlusion of the cerebral-medial artery) have
been also reported following IVGC.41,93,96-98
Under physiological conditions, GC cause
sodium retention due to activation of the renin-
angiotensin-aldosterone-system (RAAS). This
increases blood pressure, body volume, and rest-
lessness. With one exception, all severe cardio-
vascular and hepatic SE occurred after high
cumulative doses (>8-10g of GC) or daily (not
weekly) administrations of IVGC. Therefore, the
European Guidelines for the management of GO
recommend weekly IV applications only, and a
maximum cumulative dose of 8 g only per treat-
ment cycle.?8 Even for the worst case of sight-
threatening GO and optic neuropathy, alternate
(every second day) and not successive daily very
high doses (750-1000mg) are recommended.
Furthermore, prior to starting an IVGC therapy,
screening of liver function, blood sugar profile,
blood pressure, and cardiovascular status are
mandatory.’* Therefore, when following the
guideline recommendations for careful labora-
tory screening and thorough tailored dosage,
IVGC are, in the vast majority of managed
patients with clinically active and severe GO, a
well-tolerated and effective therapy.
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Table 3. Side effects according to MedDRA SOC.36.85

MedDRA SOC Number Number of patients Number of patients with AR
of patients with AR in the in the methylprednisolone-
with AR methylprednisolone-group mycophenolate-group

cardiac disorders 1 0 1

- palpitations 0 1

ear and labyrinth disorders 2 1 1

- vertigo 1 1

gastrointestinal disorders 15 5 10

- abdominal discomfort 2 9

- nausea 1 2

- dyspepsia 1 2

- gastritis 1 0

- diarrhea 0 1

general disorder & administration site reactions 6 2 4

- fatigue 2 2

- feeling cold/hot 0 2

infections & infestations 10 5 5

- cystitis 2 2

- oral fungal infections 2 0

- herpes simplex 0 1

- herpes zoster 0 1

- sinusitis 0 1

- bronchitis 1 0

injury, poisoning & procedural complications 1 0 1

- scratch 0 1

investigations 4 1 3

- increase in serum liver enzyme concentrations 1 2

- weight increase 0 1

metabolism & nutrition disorders 4 2 2

- hyperglycemia 2 1

- decreased appetite 0 1

musculoskeletal & connective tissue disorders 2 0 2

- myalgia 0 2

(Continued]
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Table 3. (Continued)

MedDRA SOC Number Number of patients Number of patients with AR
of patients with AR in the in the methylprednisolone-
with AR methylprednisolone-group mycophenolate-group

nervous system disorders 4 2 2

- headache 2 1

- dizziness 0 1

psychiatric disorders 3 4

- sleeping disorders 2 3

- depressive mood 1 1

reproductive system & breast disorders 1 0

- metrorrhagia 1 0

skin & subcutaneous tissue disorders 2 2

- psoriasis 1 0

- eczema 0 1

- hyperhidrosis 0 1

- rash 1 0

vascular disorders 5 2

- hot flush 2 1

- face swelling 1 1

- hypertension 2 0

total number of patients with drug-related SE 68

total number of patients with SE - 29

methylprednisolone group

total number of patients with SE - 39

methylprednisolone + mycophenolate group

AR, Adverse reactions; MedDRA, Medical Dictionary of Regulatory Activities; SE, side effects; SOC, system organ classes.

Novel treatments and perspectives

Several novel strategies targeting the key antigens in
Graves’ hyperthyroidism and associated GO, for
example, TSH-R and IgF-1R, have been devel-
oped.®® Monoclonal antibodies and/or small mole-
cules targeting the TSH-R are being tested in phasel
trials, while phasell and III trials have been per-
formed showing impressive results of a novel anti-
IGF-1R monoclonal antibody in GO.100:101 Algo,
monoclonal antibodies targeting pro-inflammatory
cytokines, i.e., IL6-R,192 or the CD40 molecule

within the immunological synapse,!3 are interesting
alternatives. However, these potentially more spe-
cific drugs have to be compared first in daily use with
the standard IVGC treatment with respect to short-
and long-term efficiency, safety, costs, and global
availability.

Conclusion
GC treatment and IVGC in particular offer numer-
ous advantages. Indeed, long-term experience with

journals.sagepub.com/home/tae


https://journals.sagepub.com/home/tae

Therapeutic Advances in Endocrinology and Metabolism 11

Table 4. Advantages and disadvantages of GC treatment in GO.

Advantages

Disadvantages

experience over more than 70years

global availability

low to very low drug costs

various application forms

oral application in various dosages

rapid onset of anti-inflammatory effect

rapid improvement of clinical symptoms

strong effects on inflammatory components of GO

ocular motility
e positively impacts quality of life

e only symptomatic and not causal
treatment of GO

e neither targets TSHR nor IGF1R

¢ low-moderate effect on proptosis

e low-moderate effect on diplopia

beneficial effect on tissue swelling, visual acuity and

GC, glucocorticoids; GO, Graves’ orbitopathy; IGF1R, insulin growth factor 1 receptor; TSHR, thyrotropin receptor.

several administration forms, thousands of patients
treated worldwide over the years, and numerous
clinical randomized controlled trials and meta-
analyses demonstrate the beneficial effect of GC in
general and IVGC in particular.

In detail, GC treatment of subjects with active-
severe thyroid eye disease or GO has both a proven
anti-inflammatory benefit and inactivated orbital
disease in at least two-thirds of cases, as well as
having beneficial impacts on diplopia and propto-
sis. Present official guidelines clearly define indica-
tions and maximal single and cumulative doses of
IVGC to avoid AE and SE, which can be managed
in most cases. Hence, the high efficiency and low
risks of AE are convincing arguments in favor of
GC, foremost IVGC therapy. In addition, global
availability at low to very low costs, and oral tablets
with various dosages facilitating dose adaptation
are further major advantages of this standard,
internationally acknowledged and successful treat-
ment (Table 4).

Furthermore, both the response rate to immuno-
suppressive treatment and the beneficial effect of
GC as well as the associated health-related quality
of life can be increased significantly when combin-
ing IVGC with the well-tolerated and efficacious
drug mycophenolate,3%8¢ with oral GC to cyclo-
sporine,’%* IV immunoglobulins,!%> or orbital
irradiation.>3,106
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