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Objectives. Immune reconstitution therapies (IRT), which include antibody-based cell-deplet-
ing therapies targeting CD52+ (alemtuzumab) or CD20+ (rituximab, ocrelizumab) leukocytes, are
approved for the treatment of multiple sclerosis. Thyroid autoimmunity is a common adverse effect
of alemtuzumab treatment, Graves’ disease (GD) being the most prevalent manifestation. To date,
thyroid autoimmunity events have not been reported with CD20-targeting monoclonal antibodies.

Case Report. A 59-year-old woman with primary progressive multiple sclerosis with no prior
personal history of thyroid disease or autoimmunity, was diagnosed with GD 6 months following
the first ocrelizumab infusion. She was asymptomatic and had no signs of ophthalmopathy. Due
to the temporal association of GD diagnosis with ocrelizumab infusion, absence of symptoms and
our experience with alemtuzumab-induced GD, we decided for an active surveillance strategy and
antithyroid drugs were not started. She underwent spontaneous resolution of hyperthyroidism
with thyroid-stimulating hormone (TSH) receptor antibodies (TRAb) negativity and a mild and
transitory period of subclinical hypothyroidism, while she continued the biannually ocrelizumab
administration schedule. To present date, she has maintained close clinical and biochemical sur-
veillance with normal TSH, free thyroxine (fT4) and free triiodothyronine (fT’3) levels and unde-
tectable TRAb.

Conclusions. This is the first case of GD reported after ocrelizumab administration. The tim-
ing, onset and course of this case is similar to alemtuzumab-induced GD, usually interpreted as
an “immune reconstitution syndrome”; however, ocrelizumab cell count depletion is inferior in
severity, cell population affected and duration of depletion. This case highlights the importance
of pre-screening and follow-up with thyroid function tests in patients treated with ocrelizumab.
As a novel therapeutic antibody, further investigation is required to unravel the causes of thyroid
autoimmunity.
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Multiple sclerosis (MS) is a chronic inflamma-
tory and demyelinating neurodegenerative disease
of the central nervous system. Both experimental
and clinical evidence suggests that this is an autoim-
mune disease driven by dysregulation of the adaptive
immune response (Lunemann et al. 2020).

The development of immune reconstitution ther-
apies (IRTs), which include antibody-based cell-
depleting therapies targeting CD52+ (alemtuzumab)
or CD20+ (rituximab, ocrelizumab) leukocytes,
aim to, through an intense short-term immunosup-
pression or immune cell depletion, rebuild a new
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immune system with a re-established immune toler-
ance (Lunemann et al. 2020). Post-alemtuzumab
treatment, 30-48% of patients develop secondary
autoimmunity, thyroid autoimmunity (TA) being the
commonest and interpreted as an “immune reconsti-
tution syndrome” (Muller et al. 2018). Graves’ disease
(GD) is the most prevalent form of alemtuzumab-
induced TA. The distinctive course and features of
alemtuzumab-induced GD have been highlighted in
recently published clinical management guidelines
(Muller et al. 2019).

Ocrelizumab, a second-generation humanized
therapeutic antibody, targets the CD20 antigen
expressed by a broad range of B cells and approxi-
mately 5% of T cells. It is approved for the treatment
of relapsing and primary progressive forms of MS
(Lunemann et al. 2020). To date, TA has not been
reported in patients treated with CD20 targeting
monoclonal antibodies (Muller et al. 2019; Lunemann
et al. 2020).

In the present study, a case of GD diagnosed
following ocrelizumab administration that under-
went spontaneous resolution is reported. The patient
provided written informed consent for the anony-
mous publication of her medical data.

Case report

A 59-year-old female was diagnosed with primary
progressive multiple sclerosis (PPMS) in 2007; she
was on dalfampridine for symptom management
and had no previous immunomodulatory treatment.

Due to active disease on magnetic resonance imaging
and progressive complaints of gait impairment and
bladder dysfunction, she was started on ocrelizumab
in July 2018 (split into two 300 mg IV infusions two
weeks apart). She was a non-smoker, had no prior
personal or family history of thyroid disease, and her
thyroid function tests were normal (Table 1).

In January 2019, at the time of her second ocreli-
zumab administration (delivered as a single 600 mg
IV infusion), her thyroid function tests revealed
an overt hyperthyroidism (thyroid-stimulating
hormone, TSH: 0.02 pUI/mL, reference range 0.27-
4.2 pUI/mL; free triiodothyronine, fT3: 8.26 pg/
mL, reference range 2.0-4.4 pg/mL; free thyroxine,
fT4: 4.64 ng/dL, reference range 0.93-1.7 ng/dL), for
which she was referred to our Endocrinology outpa-
tient clinic. At our first observation she presented
normal blood pressure and heart rate, no visible
goiter, or palpable nodules, with no symptoms of
thyrotoxicosis nor signs of Graves’ ophthalmopathy
(GO), confirmed after ophthalmologist examina-
tion. Our subsequent investigation showed strong
autoantibody positivity for TSH receptor antibodies
(TRAD) and thyroid peroxidase (TPOAbD). However,
while maintaining low TSH, her {T4 and fT3 levels
were already normal two months after her first
abnormal thyroid function test.

Due to the absence of thyroid disfunction’s symp-
toms, the temporal association of GD onset with
ocrelizumab infusion, and our experience with alem-
tuzumab-induced GD, with a frequently unpredict-
able course and occasional rapid evolution to hypo-

Table 1
Lymphocyte count, thyroid function test and autoantibodies measurement before treatment with ocrelizumab and during follow-up

February  July January  March
2018 2018 2019 2019

June August  October January  July  November
2019 2019 2019 2020 2020 2020

Lymphocyte count

(1.5-4.0x10° L) 211 252 216 NM
5)5517—4.2 wUymr) 88 NM 0.02 0.04
t(1?493—1.7 ng/dL) L2 NM 464 116
t(E.?)—4.4 pg/mL) = NM 8.26 3.51
(T}lg U/L) <0.3 NM NM 36.5
E;Z?JbI/mL) 5.5 NM NM >600
(T<g 1Alle)3 Ul/mL) <10 NM NM 65.8

1.49 1.69 2.08 1.76 2.52 NM
2.88 7.07 6.51 2.89 2.40 2.94
0.90 1.05 0.87 0.90 0.94 0.97
3.15 3.63 3.41 3.20 3.39 2.15
4.11 <0.3 <0.3 <0.3 <0.3 <0.3
36.2 NM NM NM NM NM
14.4 NM NM NM NM NM

Abbreviations: fT3 - free triiodothyronine; fT4 - free thyroxine, NM - not measured; Tg-Ab - antibodies against thyroglobulin;
TPOADb - antibodies against thyroid peroxidase; TSH - thyroid-stimulating hormone; TRAb - antibodies against TSH receptor.
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thyroidism, we decided for an active surveillance
strategy and the patient was not started on antithy-
roid drugs (ATD). In June 2019 (6 months after GD
diagnosis) her thyroid ultrasound revealed a normal-
sized gland with homogeneous parenchyma and
no signs of increased vascularization with a single
hypoechogenic nodule on the posterior region of the
right lobe with 16 mm at the largest diameter. Thyroid
scintigraphy with **"Tc-sestamibi showed a homo-
geneous distribution of the radiotracer. Fine needle
aspiration cytology was benign (Bethesda diagnostic
category II). She was then clinical and biochemically
euthyroid with decreasing titles of both TRAb and
TPOAD.

Given the favorable evolution of GD, the scheduled
third and fourth ocrelizumab administration were
given on July 2019 and February 2020. She remained
asymptomatic while experiencing a mild and transi-
tory period of subclinical hypothyroidism with nega-
tive TRAB in August and October of 2019. To present
date, she has maintained close clinical and biochem-
ical surveillance with normal TSH, fT4 and fT3 levels
and undetectable TRAD.

Discussion

In 2017, ocrelizumab became the first approved
drug for PPMS after the ORATORIO trial favored
ocrelizumab over placebo with respect to the risk
of confirmed disability progression at 12 weeks, the
primary end point. The most frequently reported
adverse event was infusion-related reaction, followed
by infections, mainly in the upper respiratory tract
(Montalban et al. 2017). To date no secondary auto-
immune disease had been described.

We report a case of Graves disease following
ocrelizumab therapy. Our patient presented with
overt hyperthyroidism with strong TRAb positivity
six months following the first ocrelizumab infusion.
She was asymptomatic, had no GO and exhibited a
spontaneous reversion to an euthyroid status with
TRAD negativity.

This case has unique features to address. This is
an IRT naive patient with no prior history of thyroid
disease or dysfunction nor evidence of TA. The most
obvious question is whether GD was induced or
eventually treated by ocrelizumab. Graves™ disease
incidence is increased in MS patients (Antonelli et al.
2020) and so the hypothesis of a sporadic GD cannot
be excluded. However, we find it unlikely consid-
ering the timing of diagnosis and the resolution of
an overt hyperthyroidism without treatment with
ATD. Could ocrelizumab exert a role in GD resolu-

tion? An older CD20-targeting therapy, rituximab,
has been proposed for treatment of active GO (Salvi
et al. 2007). A review of the literature was conducted
to analyze the available evidence of rituximab effect
on thyroid function and GD treatment. In a trial
designed to compare rituximab and methylprednis-
olone in patients with moderate to severe GO (previ-
ously rendered euthyroid by ATD) serum TRAD levels
in rituximab-arm did not differ from those observed
in the methylprednisolone group at the end of
follow-up period (Salvi et al. 2015); thyroid function
levels were also not affected by rituximab treatment,
as shown previously by the same authors (Salvi et al.
2007). In a nonrandomized pilot study, 20 patients
with GD were rendered euthyroid with methimazole
and then assigned to rituximab or observation alone;
while rituximab decreased the risk of relapse, the
reduction in TRADb levels was similar between the
two groups (el Fassi et al. 2007). However, thyroid-
stimulating immunoglobulin activity reduced
significantly only in the rituximab group (el Fassi et
al. 2009). Another single-arm study with 13 patients
(9 were responders) found indications for a benefi-
cial effect of rituximab in patients with relapsing GD
with mild hyperthyroidism (Heemstra et al. 2008).
Finally, we also found a case report describing a
possible GD-remission after rituximab administra-
tion for pancreatic B-cell protection in a patient with
type 3 autoimmune polyglandular syndrome; the
patient was previously treated with ATD and potas-
sium iodide; GD remission was achieved 4 months
after the rituximab administration (Kurozumi et al.
2015). Overall, evidence favoring a role of rituximab
in the treatment of GD is still scarce and mostly
based on single-arm studies with patients previously
treated with ATD to achieve an euthyroid status.
The persistence of plasma cells, which do not express
CD20, may explain why autoantibodies levels are not
affected.

The circumstances, onset and course (delayed
onset with transient dysfunction with spontaneous
resolution) are similar to IRT-induced TA (Muller
et al. 2019); the timing of diagnosis favors an ocreli-
zumab induced etiology more than a sporadic form.
However, despite the similarities with IRT-induced
TA, ocrelizumab targets different immunological cell
populations when compared to alemtuzumab, the
hallmark drug associated with immune reconstitu-
tion syndrome.

The onset of GD implicates a breakdown of
immune tolerance towards the thyroid, through an
autoimmune multifactorial process, in which there is
a failure to detect TSH-receptor- reactive T and B cells
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(Weetman 2009; Antonelli et al. 2020). Although GD
is traditionally viewed as a result of humoral immu-
nity, by inducing a rise of TRAb, T (CD4+ and CD8+)
cells are involved in autoimmunity induced by IRT
(Muller et al. 2019).

Reconstitution Graves’ disease has been observed
after bone marrow transplantation, following resto-
ration of CD4+ T cells in HIV-infected patients
treated with highly active antiretroviral therapy and
during the recovery phase of CD52+ cells depleted by
alemtuzumab. Evidence shows that, during reconsti-
tution autoimmunity, the cytokine milieu is biased
towards a Th2 profile which would explain why
autoantibody-mediated diseases are more common
than destructive, Thl-mediated disorders such as
Hashimoto’s thyroiditis (Weetman 2009). Alem-
tuzumab causes a depletion of both B and T cells
(including CD4+ and CD84+); however, the recovery
of B cell counts occurs earlier (at 3—-6months) while
T cells count, particularly CD4+, remain below the
lower limit of normal at 12 months. The hyperpopu-
lation of B cells, in the absence of T-cell regulation
and the hyperpopulation of naive B cells with long-
lasting depletion of memory B cells could be respon-
sible for the secondary B cell autoimmunity that can
occur with alemtuzumab therapy. This autoimmu-
nity requires T-cell involvement and so is unlikely
to occur until CD4+ T cell numbers regenerate to
sufficient levels, resulting in a delay between B cell
hyperreactivity and development of autoimmunity.
Additionally, the recovery of T cells is predomi-
nantly a result of peripheral expansion (rather
than thymic reconstitution), which favors immune

cell populations that respond to self (Sellner and
Rommer 2020).

With ocrelizumab there is a depletion of B cells
and CD20+ T cell counts while CD4+ and CD8+ T
cells count remain unchanged (Sellner and Rommer
2020). Hence, the hypothesis of an immune reconsti-
tution Graves’ disease may still be plausible but with
a different pathophysiology. Evidence demonstrate
that B-cell repopulation is made preferentially with
immature or transitional B cells and that myeloid
cell post-anti-CD20+ treatment have an enhanced
activation status and pro-inflammatory differentia-
tion (Hausler et al. 2018; Sellner and Rommer 2020).
If any of these findings have a potential role on TA
after ocrelizumab administration is still a matter of
discussion.

As a limitation of our report, we identify the
absence of measurement of stimulating or blocking
subtypes of TRAb (the latter not available at our
laboratory) as it could distinguish qualitative and not
only quantitative changes.

Overall, this case highlights the importance of
pre-treatment screening and follow-up with thyroid
function tests in patients with MS treated with IRT
in order to identify patients at risk and to promptly
diagnose TA. This case might be the seminal finding
of an ocrelizumab- induced TA manifested with
Graves’ disease. Once diagnosed, active surveillance
seems a reasonable strategy, in the case of an asymp-
tomatic patient, as spontaneous resolution of thyroid
dysfunction is not uncommon. As a novel therapeutic
antibody, further investigation is required to unravel
underneath causes of TA with ocrelizumab.
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