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Abstract:

PURPOSE: Tocilizumab (TCZ) through intravenous infusion has been shown to effectively treat active
thyroid eye disease (TED) refractory to systemic steroids. TCZ is also available as a self-administered
subcutaneous injection, but data demonstrating the efficacy of this formulation are limited. This
study investigated the efficacy and safety of subcutaneous TCZ (SC-TCZ) for the treatment of active,
moderate-to-severe TED in smokers.

MATERIALS AND METHODS: This retrospective clinical case series evaluated the clinical outcomes
and adverse effects of SC-TCZ when taken for a minimum of 4 months by patients with moderate-
to-severe TED and a current or recent history of cigarette smoking.

RESULTS: Three patients received SC-TCZ every 1-2 weeks (4.6-11.2 mg/kg/month). The average
pre-to-posttreatment clinical activity score reduction was 5.4, and proptosis was reduced by an
average of 2.0 mm. No serious adverse effects were reported.

CONCLUSION: SC-TCZ may be a useful and effective therapy for treating challenging cases of
inflammatory TED and offers a safe alternative to office or hospital-based infusions. Further studies
are needed to better understand optimal dosing regimens and relative efficacy compared to monthly

TCZ infusions and other immunotherapies.
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Introduction

Systemic corticosteroids and orbital
radiation are regarded as mainstay
primary treatments for active, inflammatory
thyroid eye disease (TED). Early control
of inflammation has been demonstrated
to reduce disease morbidity and, in some
cases, mitigate the stereotypic orbital soft
tissue changes associated with TED.!"
However, there are cases where patients
have persistent inflammation or develop
recurrent inflammation following a course
of steroids, orbital radiation, and even
combination therapy. In particular, exposure
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to tobacco smoke is a well-recognized risk
factor for prolonged inflammatory activity,
more severe disease, and resistance to
corticosteroids.” Among TED patients who
smoke, normalization of autoantibodies
is delayed on average by 1 year despite
treatment with steroids.!

Immunomodulatory drugs have been
used to treat cases of inflammatory TED,
oftentimes in corticosteroid resistant cases
or when steroids are contraindicated.
Numerous agents have been tried as
monotherapy and as adjunctive treatment
with steroids including azathioprine,
methotrexate, rituximab, adalimumab,
tocilizumab (TCZ), and teprotumumab.®*”!
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TCZ, a humanized monoclonal anti-interleukin-6
receptor antibody, is one agent currently being
used worldwide to treat active TED with excellent
results.*>#1 TCZ has a well-established safety profile
and has been approved for a range of autoimmune
conditions, including systemic juvenile idiopathic
arthritis, polyarticular juvenile idiopathic arthritis, giant
cell arteritis, and CAR T-cell-induced cytokine release
syndrome.’’ TCZ is available as an intravenous (IV)
infusion (8 mg/kg)™* or subcutaneous injection (162-mg
SC q2 weeks x 4).58 These studies have demonstrated
that TCZ can effectively reduce TED activity as measured
by clinical activity score (CAS) in TED refractory to
steroids. However, the range of dosing and duration
of TCZ therapy viable for treating TED have not been
explored.

Materials and Methods

This retrospective case series included three patients
with significant smoking history who were treated with
subcutaneous TCZ (SC-TCZ) for active TED refractory
to orbital radiation and systemic steroids. Unlike prior
studies, variable TCZ dosing strategies were used.
Patients were followed between 14 and 27 months.
Data including pre- and posttreatment CAS, proptosis
reduction, and self-reported subjective change in quality
of life were extracted from patient charts. The study was
performed in compliance with the Health Insurance
Portability and Accountability Act of 1996 and adhered
to the ethical principles for medical research involving
human subjects outlined in the Declaration of Helsinki
of 2013. Institutional Review Board approval was waived
owing to the small study size.

Results

Casel

A 64-year-old Caucasian female, active smoker with
a 28-pack-year smoking history presented with a
2-year history of active inflammatory euthyroid TED,
thyroid-stimulating immunoglobulin (TSI) of 2790 (range:
0-139), and a thyroid-stimulating hormone of 0.191 mIU /L.
Prior treatments included high-dose oral corticosteroids,
thyroidectomy, orbital radiation (20 Gy), and weekly
IV methylprednisolone infusions for 4 months. Despite
this, the patient had persistent left orbital inflammation
and developed new right orbital inflammation while
on treatment. On presentation, she appeared proptotic
bilaterally with measurements of 24 on the right and
23 on the left by Naugle exophthalmometry. A new
compressive optic neuropathy was noted with a newly
documented relative afferent pupillary defect (RAPD),
and a decrease in color vision measured by Ishihara plates
in the left eye was observed. The patient underwent a
left three-wall orbital decompression for progressive left

40

Figure 1: These photos show case 1 before (left) and after (right) treatment with
subcutaneous tocilizumab 162 mg per week (11.2 mg/kg/month) for 4 months. The
photographs demonstrate a reduction in eyelid edema and erythema, conjunctival
injection and caruncular edema, and a reduction in left hypertropia. A 2-mm reduction
in proptosis OD was measured by Naugle exophthalmometry. The patient is fixating
with the right eye; red lines denote position of the right corneal light reflex and green
lines denote position of the left corneal light reflex

compressive optic neuropathy. A global CAS of 6 and
a TSI of 676 were measured. She was then treated with
SC-TCZ 162 mg weekly injections (11.2 mg/kg/month) for
4 months with a reduction overall of CAS to 1, reduction
of TSI level to 76, improvement of ocular alignment, and
2 mm of proptosis reduction OD as measured by Naugle
exophthalmometry [Figure 1]. The patient subsequently
underwent a right lateral wall decompression while
continuing SC-TCZ for residual proptosis and hypotropia.
Pupil examination and color vision were normal at the
time. Three months later, the patient was off SC-TCZ
treatment and underwent left strabismus surgery. One
month after postoperatively, the patient developed a mild
reactivation of orbital inflammation with a global CAS of 4
and was thus treated with alower dose of SC-TCZ 162 mg
injections every 2 weeks (5.6 mg/kg/month) for 4 months
with complete resolution of inflammation. The patient
reported fatigue and malaise after each injection; however,
no laboratory abnormalities, infections, or other adverse
effects were noted during her subsequent treatments. The
patient was evaluated 1 month after completing SC-TCZ
therapy without recurrence of inflammation.

Case 2

A 49-year-old Hispanic female, active smoker with a
30-pack-year smoking history presented with a distant
history of TED following radioactive iodine (RAI)
treatment that was previously treated with a bilateral
two-wall decompression and oral steroids. After several
years of disease stability, she presented with a severe
reactivation of TED in the setting of hypothyroidism due
to poor adherence with thyroid hormone replacement
therapy. The patient presented with bilateral proptosis,
chemosis, caruncular edema, and progressive vision loss
in the left eye with a left RAPD. Visual acuity was 20/20
in the right and 20/100 in the left. The patient was started
on high-dose oral prednisone and underwent an urgent
left three-wall orbital decompression including an apical
decompression that was not previously performed. The
patient tapered off of steroids due to adverse effects but
developed recurrent eyelid edema, chemosis, caruncular
edema bilaterally, and new vision loss now in the right
eye. CAS was 9, and vision had deteriorated from 20/20
to 20/70 with a loss of 12/14 Ishihara plates (previously
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full). She was simultaneously treated with SC-TCZ 162 mg
injections weekly (8.8 mg/kg/month), a short course of oral
prednisone (40 mg daily tapered over several weeks), and
adjuvant orbital radiation (20 Gy) followed by a revisional
right three-wall orbital decompression. After completing
this combination therapy including 4 months of SC-TCZ,
CAS was 1. Although color vision had not improved,
her visual acuity returned to baseline after treatment. No
adverse events were noted while on treatment.

Case 3

A 62-year-old Caucasian female, active smoker with
a 40-pack-year smoking history presented with active
TED and a history of RAI treatment in the past. The
patient was treated with weekly IV steroid infusions
for 4 months, orbital radiation (20 Gy), and peribulbar
steroid injections but had persistent inflammatory signs
with a CAS of 5 and an elevated TSI of 451. SC-TCZ
162 mg injection every other week (4.6 mg/kg/month)
was added to her treatment regimen for 4 months, but
due to residual inflammation with a CAS of 4 and a
2 mm increase in proptosis bilaterally, the treatment
dose was increased to SC-TCZ 162 mg injections every
week (9.2 mg/kg/month). After 2 months of treatment
at this higher dose, CAS was reduced to 2 and proptosis
improved by mm on each side measured by Naugle
exophthalmometry [Figure 2]. During the course of
treatment, the patient developed a rise in LDL cholesterol

Figure 2: These photos show case 3 before (left) and after (right) treatment with
subcutaneous tocilizumab 162 mg every 2 weeks (4.6 mg/kg/month) for 4 months
followed by 162 mg per week (9.2 mg/kg/month) for 2 months. The photographs
demonstrate a reduction in conjunctival injection and caruncular edema. A 2-mm
reduction in proptosis OU was also measured by Naugle exophthalmometry

Table 1: Summary of patient characteristics

and triglycerides which were controlled by starting
rosuvastatin. No other adverse effects were noted.

Conclusion

This series examines the use of SC-TCZ for TED
specifically in smokers and uses a range of dosing
regimens. The three patients described were middle-aged
females with a significant smoking history and persistent,
active TED despite orbital radiation and systemic
steroids [Table 1]. At presentation, all had markedly
elevated TSI levels and CAS scores ranging from 5 to
9. All patients self-administered SC-TCZ injections
either weekly or every other week (ranging from 4.6
to 11.2 mg/kg/month) and had positive responses as
indicated by reduction in CAS and decrease in proptosis.

Dosing was decided by the clinician (BL) based on
patient weight, initial disease severity, and response to
treatment as judged by interval clinical examination.
Case 1 and case 2 were started on a weekly dosing
regimen due to severe disease and the presence of optic
neuropathy. Case 3 was started on biweekly dosing
that was later increased to weekly due to inadequate
control of inflammation. All patients were treated for a
minimum of 4 months, similar to the treatment duration
used in the TCZ-IV clinical trial by Perez-Moreiras et al.*]
One patient was successfully retreated for recurrence of
disease activity following the initial treatment course.
Treatment was maintained until each patient achieved
CAS < 3 and then discontinued.

SC-TCZ was used concurrently with other treatment
modalities in cases 2 and 3, and therefore, the clinical
response cannot be solely attributed to a single therapy.
In case 2, the adverse effects of high-dose steroid
therapy necessitated an adjunctive treatment to achieve
remission. In case 3, the patient had previously been
treated with steroids, but the reduction in CAS and

Case 1 Case 2 Case 3
Gender Female Female Female
Age 64 49 62
TSI 676 >500 451

Smoking history 28-pack-year history, current smoker

30-pack-year history, quit

40-pack-year history, current smoker

within past 1 year

Prior treatment IV steroid infusions, total thyroidectomy,

orbital radiation, left orbital decompression

Oral steroids, orbital radiation,
orbital decompression

IV steroid infusions, orbital radiation,
peribulbar steroid injections

TCZ-SC 162 mg weekly (11.2 mg/kg/months) x 4 162 mg weekly (8.8 mg/kg/ 162 mg every 2 weeks (4.6 mg/kg/

treatment months, then 162 mg every 2 weeks (5.6 months) x 4 months months) x 4 months, then 162 mg
mg/kg/months) x 4 months weekly (9.2 mg/kg/months) x 2 months

Pretx CAS score 6/10 9/10 5/10

Posttx CAS score 110 110 2/10

Proptosis 2 mm Unable to assess due to 2 mm

reduction orbital decompression*

Adverse effects Transient fatigue and malaise

None

Increased serum LDL and triglycerides

TSI=Thyroid-stimulating immunoglobulin, TCZ=Tocilizumab, SC=Subcutaneous, CAS=Clinical activity score, LDL=Low-density lipoprotein
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proptosis was seen with the stepwise titration of SC-TCZ.
These cases demonstrate the potential use of SC-TCZ
as an adjunctive therapy. Higher doses and longer
treatment durations were used in this study compared to
the previously reported case series.® The authors opted
for this dosing strategy due to the anticipated prolonged
duration of inflammation given the smoking history.

Large prospective studies are needed to determine
the optimal dosing for treating TED, but studies
and outcomes for SC-TCZ in the treatment of other
rheumatologic diseases suggest that there is significant
latitude in safe and effective dosing of TCZ. Specifically,
after a 2-year follow-up, the safety profile of SC-TCZ
has been shown to be consistent with the known safety
profile of TCZ-IV without an increased incidence of
known or new side effects.’'? Prior head-to-head
comparison studies have found the tolerability and
safety of SC-TCZ at weekly and biweekly dosing to be
similar to monthly TCZ-IV.[I No serious adverse events
were noted in the present case series. Case 1 reported
fatigue and malaise for the first few days after each
injection, and case 3 had elevated LDL and triglyceride
levels successfully controlled with rosuvastatin.
A recent randomized control trial by Lanzolla et al.
found that addition of atorvastatin to IV steroid therapy
improved treatment outcomes in hypercholesterolemic
patients with moderate or severe active TED, so it is
possible this also contributed to improvement in case
3.4 Despite two patients undergoing surgery while
on immunosuppresion with SC-TCZ, neither one
developed an infection. All patients were monitored
with surveillance laboratories throughout their therapy
without evidence of neutropenia. We did not observe any
other commonly reported minor adverse events such as
nasopharyngitis or injection site reactions."!

All three patients described subjective improvement
in quality of life with SC-TCZ therapy, although this
was not formally quantified. Specifically, patients
reported satisfaction with treatment due to clinical
improvement, avoidance of previously experienced
steroid-induced side effects, and the convenience of
self-administering treatment at home. A prior study
that switched patients from TCZ-IV to SC-TCZ found
that patients appreciated the fewer time constraints and
greater autonomy with self-administration."™ In the
face of public health concerns surrounding COVID-19,
a significant advantage of SC-TCZ is that time spent in
health-care facilities can be minimized. In addition, there
are significant cost savings with SC-TCZ compared to
other promising immunomodulatory drugs. A 4-month
course of biweekly SC-TCZ would cost approximately
$90001"! — less than one-third the cost of an equivalent
cycle of TCZ-IV depending on facility fees® or two-third
the cost of a single vial of teprotumumab.!”! SC-TCZ
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also allows the patient to titrate dosing intervals and
treatment duration based on signs, symptoms, and side
effects with physician supervision. This is the treatment
paradigm that is applied to other autoimmune diseases
and has the potential to be successful for patients with
inflammatory TED.

The observations from this case series lend support
to prior evidence that SC-TCZ is a viable therapy for
active, inflammatory disease refractory to steroids and
suggests that variable dosing strategies may be used in
patients who smoke. While large prospective studies
are needed to better evaluate the efficacy, safety, and
dosing of SC-TCZ, this study suggests that SC-TCZ may
be useful as part of combination therapy in smokers
with TED refractory to systemic steroids and orbital
radiation. In addition, this study suggests that SC-TCZ
can be used at higher doses for longer durations that
previously reported without serious adverse effects.
Moreover, its ability to be self-administered at home may
offer advantages of reduced cost, convenience, social
distancing in the era of COVID-19, and the ability for
patients to titrate dosing intervals and treatment duration
in consultation with their physicians.
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