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Objective: This study aimed to initially investigate the efficacy and safety of low-dose tocilizumab combined with glucocorticoid for
the treatment of very-late-onset myasthenia gravis (VLOMG).

Methods: We conducted a retrospective study in VLOMG patients who were administered intravenous methylprednisolone therapy
and subsequently received low-dose oral corticosteroid, in combination with intravenous injection of tocilizumab given once every
month for three months.

Results: Five patients (mean age 75.0 + 4.5 years) were included, and all of them were new-onset, and anti-acetylcholine receptor
(AChR) antibody-positive generalized MG. The Quantitative Myasthenia Gravis Scale (QMGS) and Myasthenia Gravis Activities of
Daily Living (MG-ADL) scores before treatment were 15.4 + 4.3 and 9.6 + 2.3, respectively, and they exhibited a continuously
decreasing trend after the first, second, and third injection of tocilizumab until 6 months after treatment. At 6 months post-treatment,
the QMGS and MG-ADL scores were 5.0 + 2.9 and 2.0 £ 1.2, respectively, and the difference between scores at baseline and 6-month
follow-up was significant (P = 0.005 and P < 0.0001, respectively). No serious adverse drug reactions were reported in any patient
during the study period.

Discussions and Conclusion: The therapeutic efficacy of tocilizumab in VLOMG remains uncertain. The results from our study
support the efficacy and safety of this combination treatment option for VLOMG, and strongly suggests the therapeutic potential of
tocilizumab in VLOMG. However, considering the limitation of retrospective nature and small sample size in this study, prospective
randomized controlled studies including a larger sample size of selected patients are needed to validate our results.
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Introduction

Myasthenia gravis (MG) is an autoimmune disease caused by autoantibodies that act against the acetylcholine receptor
(AChR), muscle-specific kinase (MuSK), or other AChR-related proteins on the postsynaptic membrane of the neuro-
muscular junction, leading to muscle weakness and fatigability.'* Based on the age at onset, with 50 and 65 years set as
the limits, MG patients can be categorized into three different age-based subgroups: early-onset MG (< 50 years), late-
onset MG (> 50 and < 65 years), and very-late-onset MG (VLOMG, > 65 years).”* Compared with patients in the former
two MG subgroups, those with VLOMG are more likely to have a larger number of comorbidities (ie, hypertension,
diabetes mellitus, and tumor development), greater disease severity at onset, higher risk of exacerbation, poor tolerance
to medication side effects, and aging-related changes in immune function.””’ To date, the results of a variety of
retrospective studies have supported the clinical benefit of immunotherapy (eg, glucocorticoid, azathioprine, and
tacrolimus) in treating patients with VLOMG.>*?
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The pro-inflammatory cytokine, interleukin (IL)-6, is an important mediator of the inflammatory process in MG and
may contribute to the pathogenesis of VLOMG. IL-6 has a variety of biological properties, such as the stimulation of
B cell differentiation, antibody production, activation of T cells, and induction of naive T cells to differentiate into
T helper type 17 (Th17) and follicular T cells. In accordance with this finding, it was recently reported that patients with
anti-AchR antibody-positive MG exhibited elevated serum IL-6 levels, which were also associated with MG disease
activity and which decreased following immunosuppressant therapy, suggesting that IL-6 signaling is involved in the
pathogenesis of anti-AChR antibody-positive MG and could be a potential therapeutic target in patients with MG.'*'!
Furthermore, the administration of anti-IL-6 antibodies caused the downregulation of Th17-related genes (IL-17, IL-17R,
IL-23R, and IL-21) in the lymph nodes, indicating that IL-6 plays a major role in regulating the autoimmune response
associated with MG."? In Torpedo californica AChR-induced experimental autoimmune MG (EAMG) mice, only 25% of
IL-6(-/-) mice developed MG-like symptoms compared to 83% of wild-type C57BL/6 mice.' Intraperitoneal injection of
anti-IL-6 antibodies administered in EAMG rats remarkably ameliorated their clinical symptoms when treatment was
started during either the acute or chronic phase of the disease, and when compared with a control treatment, this
treatment led to a decreased overall anti-AChR antibody titer and reduced number of B cells.

As a recombinant humanized monoclonal antibody of the immunoglobulin (Ig) G1 subclass, tocilizumab inhibits the
binding of IL-6 to its receptors and thus downregulates pro-inflammatory activity by competing with both the soluble and
membrane-bound forms.'* Tocilizumab is currently approved for the treatment of rheumatoid arthritis, juvenile idio-
pathic arthritis, and giant cell arteritis and can prevent cardiovascular events caused by chimeric antigen receptor-
modified T-cell (CAR-T) therapy.'>'” In addition, a recent randomized controlled study reported that compared with
azathioprine, tocilizumab (8 mg/kg, once every 4 weeks) significantly reduced the relapse rate in patients with
neuromyelitis optica spectrum disorders (NMOSDs) and produced mild ADRs (ie, elevated alanine aminotransferase
levels and upper respiratory tract and urinary tract infections), which is indicative of its therapeutic potential against
NMOSDs.'® Notably, satralizumab, a product similar to tocilizumab, has recently been approved for the treatment of
NMOSDs. More importantly, it has been reported that in two patients with anti-AChR antibody-seropositive MG that
was refractory to rituximab, subsequent tocilizumab therapy (8 mg/kg, once a month) remarkably ameliorated myasthe-
nic symptoms over several months without obvious adverse events,'® indicating the beneficial effects of tocilizumab in
carefully selected MG cases (eg, treatment-refractory MG). Hence, this study aimed to further investigate the efficacy
and safety of combination therapy with low-dose tocilizumab and glucocorticoid in treating VLOMG.

Materials and Methods

The single-center, retrospective case series study was performed in patients with VLOMG at outpatient and inpatient
clinics of the Department of Neurology, Beijing Anzhen Hospital between September 10, 2018 and March 09, 2022. The
study was approved by the local ethics committee of Beijing Anzhen Hospital (no. 2022138X) and carried out in
compliance with the Declaration of Helsinki. The patient’s personal data was kept confidential and informed consent was
waived due to the retrospective observational nature of this study.

Diagnosis of MG was based on clinical symptoms indicative of fluctuating skeletal muscle weakness and results of
auxiliary tests for serological antibody detection or of a neurophysiological examination according to the guidelines of
the Association of British Neurologists on MG management;?® The following inclusion criteria were applied: (1) age >
65 years; (2) newly diagnosed MG; (3) confirmed diagnosis of MG in accordance with the Association of British
Neurologists; (4) measurable severity of weakness (Myasthenia Gravis Foundation of America [MGFA] classification of
> II); (4) positivity for serum anti-AChR antibody, as detected by radioimmunoassay (DIAsource Immunoassay,
Belgium). The exclusion criteria were as follows: (1) patients with thymoma or thymic hyperplasia; (2) patients who
received immunotherapy within 6 months prior to tocilizumab treatment; (3) patients who had been taking other
immunosuppressants during the study period.

All clinical data were collected from the electronic medical record system at the time of first hospital admission,
including demographics, past medical history, electromyography, chest CT and laboratory examinations, drug use, and
treatment.
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A combination treatment of glucocorticoid and tocilizumab were performed in selected patients with VLOMG. The
glucocorticoid treatment regimen was tailored to the individual patient according to the appropriate guidelines,*?!
clinician experience, and patient preferences. The participants were administered intravenous methylprednisolone at
different doses (minimum dose of 120 mg once daily to a maximum dose of 500 mg once daily) for 3 consecutive days
after admission. Subsequently, oral prednisone (40 mg/day) or an equivalent dose of methylprednisolone was adminis-
tered. After 8 weeks of maintenance, the glucocorticoid dose was gradually tapered to the lowest effective dose
(prednisone, 15 mg/day). Tocilizumab was administered intravenously at a fixed dose (4 mg/kg body weight, once
every 4 weeks) dissolved in 100 mL of 0.9% NaCl one day after the initiation of glucocorticoid, and the patients received
this treatment for at least 3 consecutive times. In addition, the dosage of pyridostigmine (180 mg/d in three divided
doses) was stable during the study period.

To evaluate the efficacy of the therapeutic regimen and its influence on quality of life, the Quantitative Myasthenia
Gravis Scale (QMGS) and MG Activities of Daily Living (MG-ADL) questionnaire were collected from the electronic
medical record system before the start of the combination treatment (baseline), as well as at the time points of
tocilizumab administration and 6 months after the first dose.

All data were obtained retrospectively from medical records. Two experienced neurologists assessed the adverse drug
reactions (ADRs) in the hospital, following which they continued the assessments via outpatient clinic and phone calls.
Serious adverse event (SAE) is defined as an event that meets one of the following criteria: (1) becomes fatal or life
threatening; (2) results in persistent or significant disability or incapacity; (3) constitutes a congenital anomaly or birth
defect; (4) becomes clinically meaningful (ie defined as an event that jeopardizes the participant or requires potential
medical or surgical intervention to prevent one of the outcomes listed above) or requires inpatient hospitalization or
prolongation of existing hospitalization. Non-serious adverse reactions are adverse reactions that do not meet the
definition of a serious adverse reaction. The main safety outcome measure was the frequency of infection.

The kinetic alteration in the blood lymphocyte subsets was collected in the five patients at the following time points:
baseline (before the start of treatment); time at which the first, second, and third doses of tocilizumab were administered;
and 6 months after treatment. Peripheral blood mononuclear cells were isolated from heparinized blood specimens and
were stained with monoclonal antibodies against CD4-APC, CD8-PE, CD19-APC, and CD16+56-PE (BD Biosciences,
CA, USA). The cells were washed twice with staining buffer and analyzed with the FACScan system using CellQuest
software (BD Biosciences, San Jose, CA, USA).

Statistical analyses were performed using SPSS (version 22.0; SPSS, Chicago, IL, USA). Continuous variables were
presented as mean + standard deviation or median [interquartile range (IQR)]. Categorical variables were expressed as
percentages. Normally distributed data were analyzed with a one-way analysis of variance (ANOVA) by Student-
Newman-Keul’s post-hoc test. Categorical variables were analyzed using the chi-square test. Statistical significance
was set at P < 0.05.

Results

Five VLOMG patients (one man and four women) were identified (Table 1). The mean age at disease onset was 75.0 £
4.5 years, and the median (Range) disease course was 14 (0.5-36) months. At the time of enrollment, the mean QMGS
and MG-ADL scores were 15.4 + 4.3 and 9.6 + 2.3, respectively. All the patients were new-onset, and anti-AChR
antibody-positive generalized MG, and were hospitalized for the disease thereafter. The MGFA classifications were as
follows: 1Ib (2/5, 40%) and IIIb (3/5, 60%). All patients in this study had no thymoma or thymic hyperplasia, and none of
them received thymectomy. The comorbidities were as follows: hypertension (n = 4), diabetes mellitus (n = 4), coronary
heart disease (n = 1), and breast cancer (postoperative) (n = 1). The study was approved by the local ethics committee of
Beijing Anzhen Hospital.

The baseline and follow-up clinical assessment results are presented in Figure 1. Before the start of the combination
treatment, the mean MG-ADL and QMGS scores of the VLOMG patients were 9.6 + 2.3 and 15.4 £ 4.3, respectively;
these scores exhibited a continuously decreased trend after 1, 2, 3, and 6 months of treatment. The difference in MG-
ADL scores reached a significant level between baseline and 1, 2, 3 or 6 months after treatment initiation (4.6 + 2.9 vs
9.6 £23, P=0.003;32+15vs9.6+23, P=0.0002; 1.6+ 13vs9.6+2.3,P<0.0001;20+12vs9.6+23, P<
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Table | Low-Dose Tocilizumab Combined with Glucocorticoid Therapy in the Five Cases of Very-Late-Onset Myasthenia Gravis (VLOMG)

| FI73 2 HP, CHD, CI Facial nerve - 10.05 e 13 19 None MP, pyridostigmine | 2 None
2 FIi77 14 DM, breast cancer Facial nerve - 0.99 B 8 18 None MP, pyridostigmine 3 8 None
3 FI79 36 HP, DM, CHD Facial nerve - 9.03 1B 8 16 None MP, pyridostigmine N/A N/A None
4 M/68 24 HP, DM, CHD, CI Facial nerve - 499 [11]:] Il 16 None MP, pyridostigmine 3 7 None
5 F/78 0.5 HP, DM Facial nerve - 8.6 [111:3 8 8 None MP, pyridostigmine | 3 None

Abbreviations: AChR, acetylcholine receptor; CHD, coronary heart disease; Cl, cerebral infarction; DM, Diabetes Mellitus; F, female; HP, hypertension; M, male; MG-ADL, MG activities of daily living; MP, methylprednisolone; N/A,
unavailable; QMGS, Quantitative myasthenia gravis scale; RNS, repetitive nerve stimulation; TCZ, tocilizumab.
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Figure | Clinical outcomes in patients with very-late-onset myasthenia gravis (VLOMG). Dynamic changes in (A) the Myasthenia Gravis Activities of Daily Living (MG-ADL)
score and (B) Quantitative Myasthenia Gravis Scale (QMGS) score in five patients before treatment (baseline) and at the time of the first, second, and third doses of
tocilizumab, as well as at 6 months after treatment. *P < 0.05, **P < 0.01, **P < 0.001, ****P < 0.0001.

0.0001) (Figure 1A). Similarly, the QMGS score in the patients with VLOMG were significantly lower at 2, 3 or 6
months than at baseline (15.4 £4.3 vs 6.6 +4.6, P=0.011; 154+ 43 vs4.8+2.7, P=0.002; 154+43vs 5.0+£29,P=
0.005) (Figure 1B). There were no cases of mortality during the study period. Additionally, none of the patients had
COVID-19 infection or received the COVID-19 vaccinations. However, the 6-month MG-ADL and QMGS assessments
were not performed at outpatient clinic in one patient, mainly due to the COVID-19 pandemic. Anti-AChR antibodies
were evaluated in two patients, and showed a decreasing trend.

Skin infection occurred in one patient among those with VLOMG (20%, 1/5) (Supplementary Table S1), but clinical

signs were mild and disappeared after short-term antibiotic treatment. None of the recipients of the therapeutic regimen
experienced any serious adverse events. In addition, blood pressure, heart rate, and routine laboratory test results before
and after treatment revealed no remarkable changes. These findings suggest that the use of tocilizumab does not generate
safety concern in the short-term (six months).
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Figure 2 Changes in serum anti-acetylcholine receptor (AChR) antibody titers were observed in two patients with very-late-onset myasthenia gravis before treatment
(baseline) and at the time of the first, second, and third doses of tocilizumab.

There were slight or irregular changes in the number of blood lymphocytes and CD4+ T, CD8+ T, CD19+ B, and
CD56+ NK cells before treatment and at the time of the doses, as well as 6 months after treatment with tocilizumab
(Supplementary Figure S1). However, two patients underwent measurement of anti-AChR antibody follow-up and

exhibited a decreasing trend in serum anti-AChR antibody titers at the time of the first, second and third injections of
tocilizumab (Figure 2).

Discussion

To date, the current management guidelines for the treatment of MG recommend the administration of pyridostigmine as
part I initial treatment regimen in most patients with generalized MG. In cases in which symptoms persist despite the
administration of pyridostigmine, immunotherapy with corticosteroids or immunosuppressive (IS) agents is administered
in all MG patients, and corticosteroids are usually used as the first-line IS therapy. Moreover, a nonsteroidal IS agent,
such as tacrolimus, azathioprine, mycophenolate mofetil, and cyclosporine, should be introduced initially in combination
with corticosteroids when the risk of corticosteroid-related side effects is high due to medical comorbidities (ie, diabetes
mellitus, osteoporosis, or ischemic heart disease) or when the steroid dose cannot be reduced because of symptom
relapse.®'** However, it is also necessary to monitor patients for potential ADRs and complications associated with these
IS drugs.?' In the present study, all the patients were elderly and had generalized MG, which in most cases was
concomitant with hypertension, diabetes, osteoporosis, and coronary heart disease. Hence, different doses of corticoster-
oids were used to avoid ADRs as much as possible, and low-dose tocilizumab was used as a replacement for the
abovementioned IS drugs. Consequently, the clinical symptoms in the patients with anti-AChR antibody-positive
VLOMG significantly improved without the occurrence of serious ADRs in the short term, thus substantiating the
potential efficacy and safety of combination therapy regimens. On the other hands, our results should be interpreted with
caution, since patients with anti-AChR antibody-positive MG have different response to immunomodulatory regimens
compared to those with anti-MuSK antibody-positive MG.>* Future studies should be conducted to validate our view-
point, and determine which subtype of MG may benefit from the therapy.
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Under some circumstances, MG patients require hospitalization due to potentially fatal exacerbation, which may be
triggered by a multitude of stressors such as infections, certain medicines, surgery, and vaccines.”* The recent COVID-19
pandemic has disproportionately affected people with chronic diseases, including MG.? Various studies have reported
that an increased risk of hospitalization and death due to respiratory sequelac among MG patients infected with COVID-

19 as compared with matched controls,** 2’ 2930 I

as well as safety and effectiveness of vaccination for this population.
our study, all unvaccinated patient received both corticosteroids and tocilizumab treatment, but none of them had
COVID-19 infection. This finding may, at least partially, support the safety of tocilizumab in MG patients with
COVID-19 in clinical practice. More research is warranted to address the issue.

Consistent with the findings reported by Jonsson et al,'” our study reconfirmed the feasibility and safety of
tocilizumab for the treatment of MG; furthermore, our findings suggest that low-dose tocilizumab could be used as an
alternative to conventional IS drugs in elderly patients with MG, particularly in those with concomitant cardiovascular or
metabolic diseases. Interestingly, we also observed an 81-year-old male MG patient who exhibited a marked improve-
ment in MG symptoms within 6 months after receiving three consecutive monthly intravenous injections of low-dose

tocilizumab (4 mg/kg body weight) in the absence of corticosteroids and other IS therapy (Supplementary Table S2).

Moreover, parallel to the clinical improvement in MG symptoms, a decreasing trend in anti-AChR antibody titers was
found following therapy in our serial studies of two patients with VLOMG. Nevertheless, additional evidence is required
to confirm the findings and elucidate the exact therapeutic mechanisms of this agent.

Conclusion

In conclusion, our preliminary study showed that the use of low-dose tocilizumab combined with glucocorticoid in the
treatment of VLOMG significantly relieved MG symptoms without causing serious adverse events at least in the short
term, thereby validating the feasibility and safety of this treatment option in managing VLOMG; furthermore, our results
strongly suggests the therapeutic potential of tocilizumab against VLOMG, by improving clinical outcomes and possibly,
decreasing autoantibody production. These findings might pave the way for the development of a new immunotherapy
strategy for the treatment of MG. However, this study has several limitations. First, considering the small number of
participants with MG, an obvious limitation is the lack of statistical power. Second, it was difficult to fully assess the
effectiveness of tocilizumab, mainly owing to its combination glucocorticoid; therefore, one cannot conclude tocilizumab
is effective for this group of MG patients, based on data from this study. Finally, this is a retrospective study, and the
follow-up period was relatively short; therefore, prospective randomized controlled studies including a larger sample size
of selected patients and longer follow-up periods are needed to validate our results.
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