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ABSTRACT

INTRODUCTION: Graves orbitopathy (GO) is an autoimmune inflammatory disease with
a challenging and somewhat controversial treatment. Therapeutic options in moderate to severe
active disease may include intravenous (iv) corticosteroid therapy, other immunomodulators, ra-
diotherapy or surgical decompression of the orbit. The Clinical Activity Score (CAS) is a clinical
scale that quantifies signs and symptoms of the disease, allowing the evaluation of the degree of
activity and prediction of clinical response to treatment. Tocilizumab is a humanized monoclonal
antibody against the interleukin-6 receptor. Recent studies report its effectiveness in treating ac-
tive GO refractory to IV corticosteroid therapy. The purpose of this study is to present fourteen
cases of GO resistant to IV corticosteroid therapy treated with tocilizumab.

METHODS: We conducted a retrospective analysis of fourteen patients with active GO, with
a CAS > 4, resistant to IV methylprednisolone treatment. The patients were then submitted to
monthly IV treatment with tocilizumab (8 mg/kg weight) for 4 to 8 months. We recorded and
analysed visual acuity, CAS, Hertel exophthalmometry, ocular motility, and Trab levels (anti-TSH
receptor antibodies) before and after treatment.

RESULTS: We included fourteen patients, with a median age of 47 years (range 37 — 72 years)
at the beginning of treatment, and a mean follow-up period of 37 months (range 4 to 48 months).
Thirteen of the fourteen patients showed gradual anatomical and functional improvement of GO,
with a reduction of the CAS score, decrease Trab levels (median reduction of 5.77 U/L), and de-
creased (10 of 14 patients) or stabilized proptosis (3 of 14 patients). One patient maintained active
disease (CAS > 3) requiring more tocilizumab sessions. However, there are adverse events such
as abnormalities in the lipid profile or liver function and increased risk of serious infections. Two
patients developed transient neutropenia, which did not require treatment cessation.

CONCLUSION: Therapeutic options used for moderate to severe active GO, such as cor-
ticosteroid therapy or radiotherapy, may provide disappointing results, only offering partial re-
sponse with the recurrence of the disease. Therefore, the use of new immunosuppressive drugs,
such as tocilizumab, with more targeted therapeutic action may show promising results. Despite
the reduced sample, our results suggest that tocilizumab can be effective in the treatment of thy-
roid disease in patients with active GO refractory to corticosteroids.

KEYWORDS: Antibodies, Monoclonal, Humanized/therapeutic use; Graves Ophthalmopa-
thy/drug therapeutic; Tocilizumab.

Revista da Sociedade Portuguesa de Oftalmologia - Volume 47 - N3 - Julho-Setembro 2023 | 175


https://orcid.org/0000-0001-7835-4755
https://doi.org/10.48560/rspo.25963

Tocilizumab in the Treatment of Graves Orbitopathy

RESUMO

INTRODUGCAO: A orbitopatia de Graves (GO) é uma doenga inflamatéria autoimune com
tratamento desafiante e algo controverso. As opgdes terapéuticas na doenca ativa moderada a
grave podem incluir a terapéutica endovenosa com corticoides, outros imunomoduladores, radio-
terapia ou descompressao cirurgica da drbita. O Clinical Activity Score (CAS) é uma escala clinica
que quantifica os sinais e sintomas da doenca, permitindo avaliar o grau de actividade e prever
a resposta clinica ao tratamento. O tocilizumab é um anticorpo monoclonal humanizado contra
o receptor da interleucina-6. Estudos recentes relatam a sua eficacia no tratamento da GO ativa
refractaria a terapéutica com corticosterdides IV tratados com tocilizumab.

METODOS: Foi realizada uma analise retrospetiva de catorze doentes com GO activo, com
um CAS > 4, resistente ao tratamento com metilprednisolona IV. Os doentes foram submetidos
a tratamento IV mensal com tocilizumab (8 mg/kg de peso) durante 4 a 8 meses. Foi analisado e
registado a acuidade visual, o CAS, a exoftalmometria de Hertel, a motilidade ocular e os niveis
de Trab (anticorpos anti-receptor de TSH) antes e depois do tratamento.

RESULTADOS: Foram incluidos catorze doentes, com idade mediana de 47 anos (variagao
de 37 a 72 anos) no inicio do tratamento e um periodo médio de acompanhamento de 37 meses
(variacdo de 4 a 48 meses). Treze de catorze doentes apresentaram uma melhoria anatémica e fun-
cional gradual da GO, com reducao do score CAS, diminuigao dos niveis de Trab (redu¢ao media-
nade 5,77 U/L) e diminuicao (10 de 14 doentes) ou estabilizacao da proptose (3 de 14 doentes). Um
doente manteve a doenca ativa (doenga CAS > 3) necessitando de mais sessdes de tocilizumab. No
entanto existem efeitos adversos associados, como anormalidades no perfil lipidico ou na fungao
hepatica e aumento do risco de infegdes graves. Dois doentes desenvolveram neutropenia transi-
téria, mas nao implicou a suspensao do tratamento.

CONCLUSAO: As opgdes terapéuticas utilizadas para a GO ativa moderada a grave, como
a terapéutica com corticoides ou a radioterapia, podem ter resultados dececionantes, oferecendo
apenas uma resposta parcial com a recorréncia da doenga. Assim, a utilizagao de novos farmacos
imunossupressores, como o tocilizumab, com uma acao terapéutica mais direcionada, pode apre-
sentar resultados promissores. Apesar da amostra reduzida, os nossos resultados sugerem que o
tocilizumab pode ser eficaz no tratamento da doenga tiroideia em doentes com GO ativo refratario
aos corticoides.

PALAVRAS-CHAVE: Anticorpos Monoclonais Humanizados/uso terapéutico; Oftalmopa-

tia de Graves/tratamento farmacoldgico; Tocilizumab.

INTRODUCTION

Graves orbitopathy (GO) is an inflammatory autoim-
mune disease that affects the extraocular muscles (EOM)
and orbital fat. It is a major extrathyroidal manifestation
of Graves’ disease and moderate to severe forms of GO af-
fect 5% of these patients.'” At the time of Graves” disease
diagnosis, about 20%-25% of patients have clinically ap-
parent GO.” However, GO may also occur in euthyroid pa-
tients or in patients with chronic autoimmune thyroiditis
(Hashimoto thyroiditis).* The pathogenesis of GO disease
is documented. Lymphocytes B recognize an autoantigen,
the thyroid stimulating hormone (TSH) receptor, present in
the orbit and thyroid follicular cells, and secrete cytokines,
such as interleukin-6 that stimulate fibroblasts to produce
glycosaminoglycan.”” Immunological cross-reactivity be-
tween antigens expressed in the thyroid and orbit plays
a crucial role in the GO pathogenesis. The expression of

the TSH receptor and the insulin growth factor-1 (IGF-1)
receptor on orbital fibroblasts is responsible for this cross-
reactivity.®’

GO is usually bilateral, but it can also be asymmetric or
unilateral.” The main signs and symptoms of GO include
hypertrophy of EOM, swollen eyelids, and an increase in
intraorbital fat volume, leading to eyelid retraction, propto-
sis, redness of conjunctiva, diplopia, decreased visual acui-
ty and optic nerve compression.>***!* Ocular comorbidities
are responsible for marked decrease in the quality of life of
these patients.! Controlling factors known to exacerbate the
disease such as cigarette smoking are critical.®” The clini-
cal activity score (CAS) is a clinical scale that quantifies the
activity of the disease, and it is related to the presence of
inflammatory signs."" A scale of 0 to 10 items is used, and
a score of > 3 suggests active GO (Table 1). The CAS is the
best validated scoring system, although it has limitations,
such as its binary (yes/no) response.''? According to the

176 | Revista da Sociedade Portuguesa de Oftalmologia - Volume 47 - N3 - Julho-Setembro 2023



Tocilizumab in the Treatment of Graves Orbitopathy

Table 1. Clinical Activity Score (CAS).

Patients assessed after follow-
up can be scored out of 10 by
including items 8-10

For initial CAS, only score
item 1-7

1. Spontaneous orbital pain | 8. Increase of >2 mm in proptosis

9. Decrease in uniocular ocular ex-

2. Gaze evoked orbital pain cursion in any one direction of >8°

3. Eyelid swelling that is
considered to be due to
active GO

10. Decrease of acuity equivalent
to Snellen line

4. Eyelid erythema

5. Conjunival redness that
is considered to be due to
active GO

6. Chemosis

7. Inflammation of caruncle

A scale of 0 to 10 items; for each item present, 1 point is given. A score >3
suggests active GO.

European Group on GO (EUGOGO), the severity of GO,
defined as the degree of functional deficit, may be classified
as mild, moderate to severe and sight-threatening.*

GO treatment is challenging and somewhat controver-
sial. In the treatment of moderate to severe and active GO,
intravenous methylprednisolone alone or in combination
with oral mycophenolate sodium (or mofetil) represents the
first-line treatment, due to their anti-inflammatory proper-
ties.”'* However, some patients report systemic side effects,
disease recurrence (8%) or lack of response at the end of
therapy.*'>'® Radiotherapy, when used in combination with
corticosteroids or as isolated treatment, has been shown to
be an effective in preventing compressive optic neuropathy,
improving motility restriction, and decreasing clinical activi-
ty in thyroid eye disease. Orbital radiation also may facilitate
a corticosteroid taper. However, there are some side effects
related to this therapy, such as retinopathy, neuropathy or
cataracts.>”” Other treatment possibilities like azathioprine,
cyclosporine, ciamexone or somatostatin analogues, have
unproven beneficial effects on GO.*"

Therefore, in cases of resistance or non-responders,
other immunomodulators should be tried as an alternative.
Teprotumumab is a fully humanized immunoglobin (Ig)
G1 monoclonal inhibiting antibody, which binds to the ex-
tracellular portion of IGF-1R and blocks its activation and
signalling by endogenous ligands. It has become the first
drug approved by the US Food and Drug Administration
for the treatment of adult GO. However, its incorporation
into routine clinical practice is currently limited by the lack
of comprehensive long-term efficacy and safety data, ab-
sence of comparison with i.v. glucocorticoids, restricted
geographical availability, reimbursement, and costs. Ad-
ditionally, hearing impairment has been in recipients of
teprotumumab (2 patients with hypoacusis, 1 with deaf-
ness, 1 with autophony and 1 with a patulous Eustachian
tube, which all resolved).”** Interesting results have been
recently published using tocilizumab (anti-interleukin-6
(IL-6) receptor antibody, rituximab (anti-CD20 antibody) or

teprotumumab (IGF-1 receptor antibody), in the treatment
of active GO refractory to corticotherapy.’

An alternative therapy is tocilizumab (anti-IL-6 recep-
tor monoclonal antibody). IL-6 has an important role in
the activation of B cells and the development of antibody
producing plasma cells.”** Consequently, tocilizumab can
reduce the concentrations of memory B cells and immuno-
globulin levels.” In 2009 tocilizumab was first introduced
as an treatment for severe glucocorticoid-resistant GO, with
the initial outcomes published in a small case series.” The
efficacy of tocilizumab was later supported by randomized
clinical trial in patients with active steroid-resistant GO.”

The main purpose of our study is to present fourteen
cases of GO resistant to treatment with i.v. methylpredni-
solone, treated with tocilizumab, and to evaluate effective-
ness and long-term safety.

METHODS

This was a retrospective case series conducted at the
Ophthalmology Department of Coimbra Hospital and
University Centre. Informed consent was obtained from
all patients, and the study followed the assumptions of the
Helsinki Declaration.

Patients with Graves orbitopathy, exhibiting moderate
to severe activity (CAS >=4), and who had not responded to
previous treatment with intravenous pulses of methylpred-
nisolone were included in the study. Patients with a his-
tory of recent hepatitis, liver dysfunction, cardiovascular
or pulmonary disease, haematological disorders (anaemia,
neutropenia, or thrombocytopenia), oncological disease,
tuberculosis infection, severe hypertension or uncontrolled
diabetes mellitus, patients were excluded. A complete
blood analysis was performed on all patients to rule out
active infectious disease.

The initial treatment, in accordance with recommended
guidelines, consisted of intravenous methylprednisolone
500 mg weekly for six weeks, followed by a reduced dose of 250
mg weekly for another six weeks (EUGOGO protocol). >*11

As there was no clinical or analytical response, and
no recurrence of active phase, we began treatment with
intravenous tocilizumab, administered monthly at a dose
of 8 mg/kg weight (minimum dose of 480 mg/session).
A 30-minute infusion of 100 mL saline was given while
monitoring blood pressure. The treatment was discontin-
ued when clinical activity score was between 0 and 1. For
symptomatic relief of irritation and dryness, topical treat-
ment with artificial tears was recommended.

Clinical and analytical data was collected, including
visual acuity with Early Treatment Diabetic Retinopathy
Study (ETDRS) charts, biomicroscopy and fundoscopy
examination, Goldmann applanation tonometry, assess-
ment of CAS, Hertel exophthalmometry, ocular motility,
diplopia, eyelid retraction, and Trab Levels (antibodies
anti-TSH receptor) before and after each treatment. Addi-
tionally, monthly monitoring of complete blood cell count,
liver chemistry, blood glucose, and blood pressure was per-
formed on all patients.
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RESULTS
STUDY POPULATION

Our sample included fourteen patients (6 male and 8 fe-
male), with a median age of 47 (41- 61 IQR) years old (range
37 to 72 years) in the beginning of treatment and with a
median follow-up period of 37 (12.5-48 IQR) months (range
4 to 48 months; from the start of treatment) (Table 2).

Table 2. Demographic data of study population.

n=14 Median (IQR) Range
Age (Years) 47 (41 -61) 37 — 72 years
Gender (M:F) 6:8

Follow-up time (months) 37 (12.5-48) | 4-48 months
Treatment sessions 8 (8-8) 4 — 8 sessions

IQR, interquartile range; M, male; F, female.

All patients had moderate to severe GO (initial CAS
ranged 4 to 7), resistant to steroid treatment (EUGOGO
protocol). Specifically, two patients developed optic neu-
ropathy, and another four were smokers. Fig. 1 shows the
optical coherence tomography (OCT) of the optic disc,
showing optic disc oedema of the left eye of a 46-year-old
woman before treatment with tocilizumab.

Figure 1. OCT of the left optic disc, showing optic disc edema, of a 46-year-
old woman, before treatment with tocilizumab.

Figure 2. 40-year-old man OCT, with active GO, before treatment with toci-
lizumab (A). Orbit CT shows right eye proptosis (B), as well as thickening of
the right periorbital soft tissues and of the superior rectus muscle (C).

The median number of treatment sessions was 8 (8-8
IQR) (range 4 to 8 sessions), where one non-smoker was
submitted to 4 treatment cycles. At the end of follow-up,
almost every patient showed anatomical, functional, and
analytical improvement. One patient is still undergoing
treatment because he maintained active disease requiring
more tocilizumab sessions. There were no relapses; how-
ever, two patients developed transient neutropenia, which
did not require treatment cessation.

Fig. 2 corresponds to a 40-year-old man with active GO
before treatment with tocilizumab, and the respective com-
puted tomography (CT), showing thickening of the right
periorbital soft tissues and of the superior rectus muscle.

ANALYSIS OF CAS SCORE
PARAMETERS

Almost every patient improved the CAS score, showing
a median reduction of 4.14 (range reduction of 2 to 5), with
a mean final score of 0.89 (range 0 to 3). One patient main-
tained active disease (CAS > 4) after 8 sessions requiring
more tocilizumab sessions. Resolution of conjunctival hyper-
aemia, eyelid retraction, and eyelid oedema was reported in
seven cases. Regarding the evolution of proptosis, there was
a median reduction of 0.63 (range -3 to 2.5 mm) in the Hertel
ophthalmometry, although one patient showed maintained
of proptosis and is still in treatment. Apart from one patient,
all showed complete improvement of ocular motility and
full recovery of diplopia. Visual acuity improved on average
0.79 Snellen lines (range 0 to 2.5 lines).

Analysis of palpebral retraction, IOP and TRAB
levels

Related to palpebral retraction, there was a median im-
provement of 1.02 (range 0 to 3.5 mm). Regarding intraoc-
ular pressure (IOP), it remained stable in many patients;
nevertheless, one patient needed topical hypotensive medi-
cation. Similarly, there was a median reduction of Trab lev-
els of 5.77 (range 1.20 to 42.0 U/L) (Table 3).

Table 3. Clinical and analytical evolution.

n=14 Median Range
CAS reduction 4.14 2-5
CAS final 0.89 0-3
Proptosis reduction (mm) 0.63 -3t02.5
VA improvement (Snellen lines) 0.79 V=25
E‘;\llrrtasbral retraction reduction 1.02 0-35
TRABs reduction (U/L) 877 1.2-42

CAS, Clinical Activity Score; VA, visual acuity; TRABs, thyrotropin receptor
antibodies.

Finally, there was a resolution of optic neuropathy on
both cases, with normal campimetry.
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DISCUSSION

Therapeutic options used for moderate to severe active
Graves’ orbitopathy (GO), such as corticotherapy or radio-
therapy, may have disappointing results and systemic side
effects such as acute liver damage, suppression of the hypo-
thalamus-pituitary-adrenal axis, and uncontrolled diabetes.
Therefore, the use of new immunosuppressive drugs such
as tocilizumab, which are more targeted to the pathogenic
mechanisms of the disease, may provide promising results.

Our study demonstrates that treatment with tocili-
zumab may improve the clinical and analytical manifesta-
tions of GO disease refractory to multiple cycles of intra-
venous corticotherapy. The patients included in the study
had moderate to severe GO activity (CAS >= 4) for several
months and demonstrated clinical and analytical improve-
ment since the first treatment cycles. Almost all patients
decreased their CAS levels to final values between 0 and
3, except for one patient who maintained active disease re-
quiring more tocilizumab sessions, due to partial response.
Similarly, there was a progressive improvement in extraoc-
ular movements, with resolution of diplopia, avoiding stra-
bismus surgery. Proptosis and eyelid retraction remained
stable or slightly improved. Trab levels decreased progres-
sively, and TSH, T3 and T4 ranged normal values at the end
of follow-up. There were no relapses, however two patients
had transitory neutropenia, which did not require treat-
ment cessation. The most common side effects related to
tocilizumab treatment were laboratory abnormalities such
as rise in the hepatic function markers, decrease in platelet
and white cells counts, rise in blood cholesterol levels, and
infections. Cardiac events and solid-organ malignancies
were not reported in this retrospective analysis.

Targeted therapy with different immunomodulators is
being tried and has shown encouraging results, not only
because it avoids the side effects of GC, but also because
it controls active disease that is not responsive to steroid
treatment. Tocilizumab is a humanized monoclonal anti-
body against the receptor of IL-6, which is administered
intravenously at dose of 4 to 8 mg/kg every 4 weeks." IL-6
is a proinflammatory cytokine produced by T and B lym-
phocytes, monocytes, differentiated adipocytes, and fibro-
blasts; it is present in high concentrations in patients with
Graves’ disease.” IL-6 stimulates B lymphocytes and pro-
duces thyroid-stimulating immunoglobulin (TSI), which
activates fibroblasts of the orbit to produce glycosami-
noglycans, adipogenesis and inflammation.” The admin-
istered dose of tocilizumab was 8mg/kg intravenously,
and patients underwent a median of 8 treatment sessions
(range: 4-8), with a follow-up time of 37 months (range:
12.5-48). Almost all patients showed improvement of CAS
and Trab levels. Around 72% of patients reduced proptosis,
83% improved ocular motility, and two patient which de-
veloped compressive optic neuropathy improved without
the need for orbital decompression. No severe side effects
or relapse of active GO were reported.

Pérez-Moreira et al studied the effectiveness and safe-
ty of tocilizumab use for the treatment of active steroid-

resistant Graves’ orbitopathy. The absolute CAS response
was obtained in 74% of patients after the fourth dose of
tocilizumab, with a TRAb response being achieved in 55%
of patients. While relative CAS response was achieved in
90.9% of patients after the first dose of tocilizumab. Meas-
urements of proptosis and eyelid retraction, and the preva-
lence of diplopia were significantly reduced after the last
dose of tocilizumab. Four patients exhibited disease recur-
rence, established as an increase in CAS of > 2 points in
the six months following the date of investigation. Most
adverse drug reactions were mild or moderate in severity.
This suggests that a course of at least 4 months of tocilizum-
ab therapy provides a significant benefit to patients with
active moderate-to-severe steroid resistant GO.*

Furthermore, in an uncontrolled observation study,
GO resistant to established therapies, tocilizumab given
monthly i.v. or weekly subcutaneously was well tolerated
and most patients showed improvement (92%)."* Subcuta-
neous administration of tocilizumab has also been reported
to be efficacious in thyroid eye disease.”*

Another immunomodulatory drug, rituximab, is a
monoclonal antibody that targets the CD20 antigen ex-
pressed by B cells but not B-cell precursors. Its action blocks
the antigen presentation by B cells, resulting in decreased
T-cell activation and allowing reductions in serum concen-
trations of thyroid receptor antibody after treatment.>>'**
Salvi et al, suggested that rituximab could represent an
important option for treatment of Graves’' orbitopathy.
They compared the effect of rituximab therapy (1000 mg
IV at 2-week intervals) with glucocorticoids (500 mg iv for
16 weeks), in 20 consecutive patients. They reported a sig-
nificant improvement in the CAS and inflammation, more
significantly in the group treated with rituximab. Relapse
was verified in 10% of patients treated with GC.?* Another
promising drug in active GO treatment is teprotumumab,
an IGF-1-receptor-blocking antibody.'® Its principle of ac-
tion is based on blocking the ligation of IGF-1 receptors ex-
pressed on orbital fibroblasts with IGF-1, preventing hyalu-
ronan production and adipogenesis.**'¢

An additional steroid-sparing agent being studied for
the treatment of GO is adalimumab, a TNF-a antagonist
that is administered subcutaneously every two weeks. >
In a retrospective study including 10 patients with a severe
GO, 60% of patients decreased the inflammatory score, but
30% experienced worsening, and 10% remained the same.
It was also reported that there is an increased risk of infec-
tion with this treatment.

Teprotumumab has been shown to be effective in the
treatment of active Graves’ orbitopathy in two randomized
clinical trials. Both trails demonstrated that teprotumumab
was associated with significantly improvement in propto-
sis, diplopia and clinical activity score compared to those
subjects who received placebo. Overall, these trials provide
strong evidence supporting the use of teprotumumab as
first line for active GO and have led to its approval by the
U.S. Food and Drug Administration.***

Furthermore, it is important to note that the establish-
ment of a euthyroid state and the control of risk factors that
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increase the risk of progression and resistance to treatment,
namely smoking habits, are crucial in controlling the disease.

However, the present study has some limitations,
namely its retrospective nature and the small sample size.

In conclusion, it has been proposed that tocilizumab
may be a promising drug in near future, effective and safe
in treatment of active GO refractory to steroid treatment.
Despite the small sample size, our results suggest that to-
cilizumab can be effective in the treatment of active GO
refractory to corticosteroids. Moreover, we raise the pos-
sibility of replacing i.v. methylprednisolone pulses with
tocilizumab, not only in corticosteroid-resistant cases but
also as first-line option. However, new randomized place-
bo-controlled clinical trials are needed to elucidate whether
tocilizumab and other biological drugs could replace GC in
active, moderate-to-severe GO.
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