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Abstract

Background: Up to 20% of patients with moderate to severe Graves' orbitopathy
(GO) do not respond to high-dose glucocorticoids (GC). A few studies, including a
randomized trial, have demonstrated the efficacy of interleukin-6 (IL-6) blockade
with tocilizumab (TCZ) in GC-refractory GO. However, data on predictors of re-
sponse to TCZ and long-term outcomes are lacking.

Methods: Observational single-center study on ten consecutive patients treated
with TCZ for GC-refractory GO, between 2016 and 2020. Median (interquartile
range) follow-up was 24 (12-36) months.

Results: Inflammation and exophthalmos improved dramatically in all patients within
months after starting TCZ. Mean Clinical Activity Score decreased from 4.80+ 1.13
to 0.70 + 0.82 points at 6 months (mean change: -4.10 + 1.52; p <.0001). Proptosis
improved from 23.2+21 to 20.6+20mm at 6 months (mean change:
-2.9+1.4mm; p<.0001). Diplopia resolved in 7 patients. Thyroid receptor anti-
bodies decreased markedly during TCZ treatment. Baseline serum IL-6 levels did not
predict clinical response. TCZ was well-tolerated. During follow-up, 3 patients were
diagnosed with cancer (breast cancer in 2 and urothelial cancer in 1).

Conclusions: TCZ was rapidly effective and well-tolerated in our patients with GC-
refractory GO. Four patients experienced mild/moderate adverse events as neu-
tropenia, hyperlipidemia, and infections; nearly a third developed cancer during the
follow-up. The increased incidence observed could be explained by the high pre-
valence of smokers, that are at higher risk for Graves' orbitopathy and solid malig-
nancies as breast cancer. Thus, regular cancer screening could be proposed to this

vulnerable population receiving high doses of immunosuppressants.
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1 | INTRODUCTION

Graves' orbitopathy (GO), also known as thyroid eye disease, is an in-
flammatory disorder that affects the orbital structures, causing oculo-
motor muscles and adipose tissue hypertrophy. Exophthalmos, eyelid
retraction, strabismus, conjunctival, and periorbital tissues inflammation
are typical signs of the disease. In severe cases, the orbital content en-
largement can result in sight-threatening complications such as com-
pressive optic neuropathy and corneal ulceration. Symptoms including
intense pain, dryness, photophobia, diplopia, as well as aesthetic con-
sequences impact negatively patients' quality of life.!

GO occurs in approximately 25% of patients affected with
Graves' disease (GD), representing the most common extrathyroidal
disorder.? Rarely, GO is diagnosed before the occurrence of thyroid
signs.® Women are at higher risk than men, but severe forms occur
more frequently in men aged over 50 years.*

It is thought that GO arises from crossed immunological activity
between the thyroid gland and orbital tissue antigens, due to re-
cognition of the thyroid-stimulating hormone (TSH) receptor (TSHR)
and the insulin-like growth factor 1 (IGF-1) receptor (IGF-1R) as au-
toantigen on the cell surface of fibroblasts. The fibroblast differ-
entiation in myofibroblasts or adipocytes following the upregulation
of the TSHR/IGF-1R complex results in expanded orbital soft tis-
sues.>® Histologic findings showing mononuclear infiltrate, pre-
dominantly characterized by CD4" T cells ® and the overexpression of
pro-inflammatory cytokines, including interleukin (IL)-6, IL-12, IL-17,
interferon (IFN)-y, and tumor necrosis factor (TNF)-a, indicate the
key role of cell-mediated immunity in the physiopathology of GO.¢

Negative prognostic factors include smoking, duration of thyroid
dysfunction, severity of the local inflammation at baseline’ and
higher serum levels of TSHR antibodies (Abs).1° Moreover, radio-
active iodine treatment appears to increase the risk of occurrence of
GO in patients diagnosed with GD, especially among smokers.**

For mild forms, supplementation in selenium, smoking cessation,
and stabilization of thyroid function can result effective.'®*® None-
theless, about 2% of GO require immunosuppressive therapy.”** The
European Group on Graves' Orbitopathy consensus group re-
commends intravenous glucocorticoids (GC) in monotherapy or in
combination with mycophenolate sodium as first-line treatment for
moderate-to-severe active forms of GO.%°

However, up to 20% of patients with GO do not respond to high-
dose glucocorticoids (GC), and approximately 30% relapse rapidly
after their discontinuation.*®

Numerous treatments including orbital radiotherapy, intravenous
immunoglobulins, and immunosuppressants have been used in refractory
GO with varying success. In recent years there has been a growing in-
terest in targeted therapies, such as rituximab, a chimeric antibody against
the B-cell marker CD20, tocilizumab (TCZ), an IL-6 inhibitor targeting the
IL-6 receptor (IL-6R), and teprotumumab, an IGF-1R antagonist.

Two controlled trials have yielded conflicting results on the efficacy
of rituximab in moderate-to-severe GO.'”"*® Teprotumumab has shown
efficacy in a randomized controlled trial as first-line treatment in active
moderate-to-severe GO (Clinical Activity Score, CAS=>4), with

significant improvement of exophthalmos, CAS, diplopia, and quality of
life compared to placebo.r? TCZ has been proven effective in GC-
resistant patients in a small randomized clinical trial in 32 patients with
moderate-to-severe GO. Improvement in CAS of > 2 points at week 16
compared with baseline was met in 93% of the patients receiving TCZ
versus 59% receiving placebo. Exophthalmos was also significantly re-
duced at week 16 in the TCZ group.?° Data on a longer follow-up of
refractory GO treated with TCZ are lacking. We report our single-center
experience in patients treated with intravenous TCZ for refractory GO

followed over more than one year.

2 | MATERIALS AND METHODS

We conducted a retrospective single-center study including 10
consecutive adult patients with moderate to severe GO refractory to
conventional systemic therapy of GC, treated with TCZ (Actemra/
RoActemra, Roche) between June 2016 and November 2020. The
study was approved by the local research ethics committee (2019-
02341) and all patients gave written informed consent.

The treatment protocol consisted of TCZ 8 mg/kg body weight
monthly in monotherapy for 6 months, followed by the subcutaneous
formulation at the dosage of 162 mg once weekly for 6 months and
once every 2 weeks for an additional 6 months.

According to local recommendations, all patients were checked
monthly for complete blood count, aspartate aminotransferase (AST),
alanine aminotransferase (ALT), erythrocyte sedimentation rate (ESR),
and C-reactive protein (CRP). Triglycerides, high-density lipoprotein
(HDL), low-density lipoprotein (LDL), and total cholesterol were mea-
sured 3 months after TCZ start and every 6 months thereafter. Oph-
thalmologic examination was performed every 1-3 months. Each
evaluation comprised Snellen visual acuity, tonometry, Hertel exoph-
thalmometry, and assessment of CAS score, composed of seven items:
spontaneous retrobulbar pain, pain on attempted upward or downward
gaze, redness of eyelids, redness of the conjunctiva, swelling of caruncle
or plica, swelling of eyelids, chemosis. Six patients were assessed for
serum cytokines and growth factors 6-14 weeks after the last me-
thylprednisolone pulse and before initiating TCZ by multiplex bead assay
(Thermo Fisher Scientific). The reference values of these 49 markers
were defined based on the results obtained on 450 healthy subjects.
Results of anti-TSHR antibodies (Abs) titers at baseline (TO) and at
months 6-9 after starting TCZ, were available in 9 of the 10 patients.

The Student's paired t-test was carried out on CAS, proptosis,
and anti-TSHR values with GraphPad Software. p <.05 was con-

sidered significant.

3 | RESULTS

Clinical characteristics of ten patients with refractory GO are shown
in Table 1. Seven were women. Mean (+ SD) age at diagnosis of GO
was 51 + 6.2 years (range 40-60). Six were active smokers at the time
of GO diagnosis. Three patients were diabetics and two of them had
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type | diabetes. The median time between the appearance of GD and
diagnosis of GO was 14 (IQR: 61-4) months. Mean CAS at GO di-
agnosis was 4 = 1.50. The mean cumulative dose of GC received was
3.95+1.42g. One patient had received radioactive iodine 8 years
before developing GO. Three patients had unsuccessful external
orbital radiotherapy before starting TCZ.

Median (interquartile range) duration of ophthalmologic follow-
up was 24 (12-36) months. All patients received intravenous TCZ for
at least 6 months. In the majority of patients, the TCZ regimen was
different from the planned protocol (Table 1), and this for different
reasons: logistical problems, local side effects to subcutaneous in-
jections, cancer diagnosis. Mean CAS at the TCZ treatment start was
480+ 1.13. All patients presented a marked reduction of the CAS
within months of TCZ treatment: mean CAS at 6 months was 0.70
0.82, corresponding to a change in score of -4.10+ 1.52, p <.0001.
Half of the patients showed a CAS of O after 6 months (Figure 1).
Proptosis, measured with Hertel's exophthalmometer, improved from
23.20+2.10 mm to 20.60 £ 2.01 mm at 6 months, corresponding to
an average reduction of -2.90 + 1.37 mm, p <.0001 (Figure 1).

Mean levels of anti-TSHR Ab decreased from 12.79 +11.92 U/I
at baseline to 3.20 £ 4.57 U/l at 6 months, corresponding to a mean
difference of -9.58 +8.62 U/I, p =.016 (Figure 1).

Serum cytokine and chemokine expression in six patients before
TCZ treatment initiation is shown in Figure 2. IL-6 levels were in the
normal range in all tested patients.

The treatment was overall well-tolerated. Mild and moderate
adverse events were observed in four patients (Table 2): worsened
hypercholesterolemia requiring statin therapy, mild neutropenia, de-
layed injection-site reactions to subcutaneous TCZ requiring pro-
longed intravenous administration, and recurrent upper respiratory
tract infections and skin abscess in a diabetic patient. No cardio-
vascular events were observed during the follow-up.

Three patients were diagnosed with cancer after TCZ start: two
had breast cancer and one bladder cancer. Patient n. 1 (Table 1) was
diagnosed at age 62 with “no special type” breast cancer, stage pl2
NO MO according to TNM classification. The nodule was first noticed
by the patient on breast self-examination, three years after the last
mammogram. She had no family history of breast cancer and was
never been exposed to exogenous estrogen. The diagnosis occurred
12 months after TCZ discontinuation. The patient underwent a
lumpectomy followed by radiation therapy and hormone therapy. She
is free of relapse 27 months after the tumor diagnosis.

Patient n. 6 (Table 1) was diagnosed with lobular in situ breast
cancer at age 52, 12 months after starting TCZ. The tumor was de-
tected by mammography/ultrasound screening, which was routinely
performed in this patient due to several bilateral breast cysts and a
positive family history: her mother and two maternal cousins had
BRCA-negative breast cancer. The patient had had two full-term
pregnancies and had never been exposed to exogenous estrogen.
The tumor was completely resected by lumpectomy. The patient is

free from relapse 40 months after cancer detection.
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FIGURE 1 Disease activity at baseline and during treatment
with TCZ in patients with refractory GO. (A) CAS at baseline and
after 6 months in 10 patients. (B) Exophthalmos measured by
Hertel exophthalmometer at baseline and after 6 months in 10
patients. (C) Antibodies to TSHR at baseline and after 6-9
months in 9 patients. GO, Graves' orbitopathy; TCZ, tocilizumab;
TSHR, thyroid-stimulating hormone receptor
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FIGURE 2 Heat map of serum cytokines, chemokines, and
growth factors measured by multiplex bead assay in six patients
with refractory GO before starting TCZ. The color scale represents
the relative expression of the 47 serum markers, normalized from
concentration in pg/ml, ranging from the minimum (0) to the
maximum (6) of all values. GO, Graves' orbitopathy; TCZ,
tocilizumab

Patient n. 3 (Table 1) was diagnosed with metastatic urothelial
cancer at age 57. She complained of abdominal pain 12 months after
the start of TCZ, the CT scan revealed a bladder mass, multiple en-
larged lymph nodes, and liver metastasis. The patient survived
15 months.

After TCZ cessation, two patients underwent surgical re-
habilitation (bilateral blepharoplasty and combined strabismus sur-

gery and unilateral microtarsorraphy).

4 | DISCUSSION

The main limitation of this study is the lack of a control group, due to
the retrospective nature of our analysis. However, we documented in
detail the response to treatment and the clinical outcome of ten
consecutive patients with moderate to severe GO, followed for at
least 12 months. Our results confirmed the efficacy and safety of
TCZ for GC-refractory GO.

Most patients displayed a rapid improvement in CAS after the
first infusion. We also observed a dramatic reduction of anti-TSHR
Abs levels measured after a 6- to 9-month of TCZ therapy, compared
with pretreatment values. Anti-TSHR Abs were shown to be asso-
ciated with activity and severity of GO.° The reduction in TSHR Abs
we observed exceeds the expected decrease during the natural
course of the disease and can likely be attributed to TCZ treatment.
Indeed, a significant reduction of autoantibodies during treatment
with TCZ was reported in other diseases, such as antibodies to cyclic
citrullinated peptides (CCP) in rheumatoid arthritis.?* The exact me-
chanism underlying the effect on auto-Abs is poorly understood, it is
probably related to the blockade of IL-6 growth autocrine effect on B
cells, which regulates the plasma-cell differentiation and antibodies
(including autoantibodies) secretion. Furthermore, the disrupted IL-6
signaling might also influence the distribution of B cell subpopula-
tions in circulation, lymphoid system, and inflamed tissues.?*

In the orbit, IL-6 is able to stimulate the TSHR expression on the
fibroblast surface?? and promotes orbital adipogenesis.?® Such
properties emphasize the local key role of IL-6 in the development of
retrobulbar inflammation and enlargement. Of note, Kumar et al.
found a 23.9-fold increased expression of genes encoding IL-6 in
orbital tissues from active GO compared with normal specimens.?*
Moreover, increased IL-6 mRNA expression in orbital fat has been
found to correlate with GO activity.2® Significantly increased levels of
IL-6, as well as IL-13 and TNF-a, were found in the tears of patients
with active GO (CAS > 3) compared with controls.?

We assessed circulating cytokines and growth factors in six pa-
tients before treatment started. Although patients had similar clinical
characteristics (middle-aged with refractory GO with CAS > 4), no
specific signature pattern emerged. Measured cytokine levels were
unlikely influenced by previous methylprednisolone treatment, as
samples had been taken at the earliest 6 weeks after glucocorticoid
therapy. Interestingly, normal circulating IL-6 levels at baseline were
not predictive of poor efficacy to IL-6 receptor blockade, all the
patients had a satisfactory response to TCZ. This is in contrast to
other studies in GO that suggest that pretreatment IL-6 levels cor-
related with disease activity and predict response to treatment.?”-28
However, our findings are in accordance with what is observed in
other conditions, such as rheumatoid arthritis, where serum IL-6 and
other markers of inflammation do not predict response to TCZ.2?

Several of our patients displayed an increase in IL-1 signature and
IL-15 (Figure 2). Interestingly, IL-1a, as well as TNF-B and IFN-y, has been
detected in the retro-ocular connective tissue of GD patients® and it is

able to induce fibroblast deposition of glycosaminoglycans.>!
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TABLE 2 Adverse events (AEs)

Patients Onset from TCZ start, 3 : .
Event AEsn. n. (%) AEs grade®  months (regimen) observed |n. ten patients with refractory
Graves' orbitopathy treated with

Neutropenia (Grade ) 1 1 (10) Mild 6(61V) tocilizumab (TCZ)
Hyperlipidemia 1 1 (10) Moderate 8 (6 IV+2 SC)
Delayed injection-site 1 1 (10) Moderate 13 (11 IV+2 SC)

reactions
Skin infection 1 1 (10) Moderate 17 (6 IV+11 SC)
Respiratory tract infection 2 1(10) Moderate 16 (6 IV+ 10 SC)

16 (6 IV+12 SC)

Breast cancer, lobular in 1 1 (10) Severe 12 (6 IV+6 SC)

situ®
Bladder cancer, metastatic® 1 1 (10) Death® 12 (6 IV+ 6 SQ)
Breast cancer, no special 1 1 (10) Severe Delayed, 12 months after

type pT2 NO MQP TCZ discontinuation?
Any AEs 9 7 (70)¢

Abbreviations: AEs, adverse events; |V, intravenous; n., number; TCZ, tocilizumab; SC, subcutaneous.

2AEs grades are reported according to the Common Terminology Criteria for Adverse Events (CTCAE)

version 5.0.

PThe causal link between the three cases of cancer and TCZ treatment is uncertain; individual
predisposing factors, smoking, and prior immunosuppression burden may have been more relevant in

the genesis of cancer.
“Death occurred 15 months after the cancer diagnosis.
dCumulative exposure to TCZ was 15 months.

®Hyperlipidemia and bladder cancer occurred in the same patient.

Three of our patients were diagnosed with cancer after
treatment with TCZ. TCZ therapy itself was not shown to be sig-
nificantly associated with increased risk of cancer in large studies

in rheumatoid arthritis®223

or giant cell arteritis.3* The association
of cancer with TCZ treatment in our study might be incidental,
given also the relatively short duration of exposure to the drug. It
is more likely that the number of cancers observed is associated
with the underlying disease. Indeed, several studies reported an
increased risk for malignancies in thyroid autoimmune dis-
ease.’>% In patients affected with GD, cancers of the thyroid,
breast, and upper aero-digestive tract are reportedly the most
common malignancies.®®

Data from a large Chinese cohort with newly diagnosed GD
showed an increased incidence of cancer compared to the general
background population. In particular, the hazard ratio for the devel-
opment of breast cancer and thyroid cancer was 1.58- and 10.4-fold
higher in patients with GD.3¢ Increased risk for breast cancer, espe-
cially in women with multiple hospitalizations, was also shown in a
large Swedish cohort of GD patients.>® Specific receptivity of breast
cells to thyroid hormones and/or thyroid Abs stimuli may play a role
in oncogenesis, as suggested from the high incidence and aggres-
siveness of breast cancer observed in hyperthyroidism.®

It is not excluded that the association between GD and breast
cancer can be partially related to shared predisposing factors, as for

instance smoking is a well-described risk factor for both entities.>?*°

Epidemiological studies have not highlighted a significant corre-
lation between GD or GO and increased risk of urinary tract cancer.
We can mention active smoking as the main risk factor for bladder
cancer in the patient of our study.

In conclusion, our study confirms that TCZ is an effective and
well-tolerated treatment in patients with steroid-refractory GO.
Serum IL-6 levels did not predict response to TCZ. Thyroid
receptor antibodies decreased markedly during treatment with
TCZ. Patients with GO, and particularly patients with additional
risk factors such as smoking and family history, are at higher risk
for cancer compared to the general population. Based on such
findings and given the increased frequency of cancer observed in
our series, we currently recommend in our center that all patients
with GD (and GO) undergo complete gynecological cancer-
screening tests including a mammogram, in addition to regular
screenings for thyroid cancer, especially if they are smokers,
have a family history and anyway before starting systemic

immunosuppressive agents.
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