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Abstract
Background  Most patients with myasthenia gravis (MG) need long-term immunosuppressive therapy. However, conventional 
agents may have intolerable side effects, take too long or fail to achieve disease control. Rituximab (RTX) has emerged as 
an off-label treatment for refractory MG, but data on its use are still sparse.
Methods  We conducted a retrospective nationwide study contacting all Austrian neurologists to provide anonymized data of 
all adult MG patients treated with RTX and minimum follow-up of 3 months. The Myasthenia Gravis Foundation of America 
Postintervention Status scale was used to assess outcomes.
Results  34 (60.7%) of a total of 56 patients were women. Median (IQR) age at diagnosis of MG and start of RTX were 
41.5 (24.3; 65.8) and 47.5 (33; 71) years, respectively. Antibodies (ab) against acetylcholine receptor (AchR) and muscle-
specific tyrosine kinase (MuSK) were present in 69.6% and 25% of patients, respectively (seronegative: 5.4%). Before RTX, 
47 (83.9%) patients had had plasma exchange, immune adsorption or immunoglobulins. Three months after RTX, 14 of 53 
(26.4%) patients were in remission. At last follow-up after a median of 20 (10; 53) months, remission was present in 42.9% 
of patients and another 25% had minimal manifestations. Remission was more frequent in patients with MuSK ab vs. those 
with AchR ab (71.4% vs. 35.9%, p = 0.022). RTX was safe. The presence of MuSK ab independently predicted remission 
after RTX.
Conclusion  In this retrospective study on RTX for MG, the largest to date, RTX appeared safe, efficacious and fast acting. 
Benefit from RTX was greatest in MuSK ab + MG.
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Introduction

Myasthenia gravis (MG) is an autoimmune disorder of the 
neuromuscular junction in which antibodies (ab) bind to 
acetylcholine receptors (i.e. AchR ab + MG) or to func-
tionally related molecules at the postsynaptic membrane 
of the neuromuscular junction. Most patients with MG 
develop fluctuating, generalized weakness and need long-
term immunosuppressive medication to meet the treatment 
goal of minimal manifestations or better [1]. However, 
steroids and conventional steroid-sparing, oral immuno-
suppressive agents such as azathioprine or cyclosporine 
can have intolerable side effects, take too long, or even 
fail to achieve and maintain sufficient control of symptoms 
[2]. Patients with MG refractory to conventional treatment 
are at increased risk of MG crisis and may repeatedly need 
high-cost therapies such as intravenous immunoglobulins 
(IVIG), plasma exchange (PLEX), immunoadsorption 
(IA), or eculizumab, a monoclonal antibody recently 
approved for generalized AchR ab + MG [3].

Rituximab (RTX), a monoclonal antibody that leads to 
rapid depletion of B cells and their precursors, has emerged 
as a potentially efficacious off-label treatment option for 
patients with MG. The increasing use of RTX in many cen-
tres worldwide still lacks supportive evidence from rand-
omized trials. Most data on RTX for MG are derived from 
small, retrospective single-centre studies. Several narrative 
reviews and two systematic reviews of published cases con-
cluded that RTX constitutes a well-tolerated, promising 
treatment option, especially for MG patients with anti-mus-
cle-specific tyrosine kinase antibodies (MuSK ab + MG). 
However, data are still sparse and there may be a bias due to 
insufficient publication of treatment failures [4–8].

To study the current use, efficacy and safety of RTX in 
adult patients with MG in a real-world setting, we con-
ducted a comprehensive, nationwide, retrospective study.

Patients and methods

Study design and ethics approval

All departments of neurology in Austrian hospitals and 
all members of the Austrian Neurological Society (ANS) 
were invited by email in March, 2017, through the ANS 
to participate in this retrospective study. The deadline for 
forwarding of anonymized data was June 15, 2017. The 
study was approved by the principal ethics committee of 
Upper Austria (Study no. K-129-17) and the Medical Uni-
versity of Vienna, and was carried out in accordance with 
the declaration of Helsinki.

Inclusion criteria and variables of interest

To minimize reporting bias, participating physicians were 
required to report all adult MG patients treated with RTX. 
Patients had to be diagnosed with MG according to the 
guideline of the ANS [9] with a minimum length of follow-
up after the start of RTX of 3 months.

By reviewing the charts and reports of patients, data on 
the following variables were collected: gender; age at diag-
nosis of MG; age at start of treatment with RTX; detected 
antibodies and titers; subtype of MG according to [1]; all 
previous treatments used for MG; criteria for the start of 
RTX; medication at the time of RTX start and at last follow-
up with particular attention to the use of high-cost therapies 
(IVIG, PLEX and immunoadsorption therapies), steroids 
and cholinesterase inhibitors; protocols used for RTX induc-
tion and maintenance therapy; number of RTX infusions 
and length of follow-up. To assess disease severity at the 
time of start of RTX, the Myasthenia Gravis Foundation of 
America-Clinical Classification (MGFA-CC) was used [10]. 
Safety of RTX was evaluated by systematically ascertaining 
infusion reactions, infections, neoplasms, and other potential 
side effects and complications resulting in morbidity and 
mortality. To retrospectively assess outcomes after the start 
of RTX at 3 months (± 2 weeks), at 6 months (± 2 weeks), at 
12 months (± 2 weeks), and at the time of last follow-up, the 
Myasthenia Gravis Foundation of America-Postintervention 
Status (MGFA-PiS) was used. The MGFA-PiS evaluates the 
patient’s status (complete stable remission, pharmacologic 
remission, minimal manifestations) and the change of sta-
tus since the initiation of treatment (improved, unchanged, 
worse, exacerbation, and death) as described previously [10].

Statistical analyses

All data were collected, entered in a spreadsheet, and dou-
ble-checked for plausibility by the principal investigator 
(R.T.) before analyses were carried out using SPSS software 
(version 23.0, SPSS Inc., Chicago, IL, USA).

We compared baseline and treatment-related characteris-
tics between patients who had achieved `remission´ (phar-
macological remission or complete stable remission on the 
MGFA-PiS) at last follow-up vs. patients without remis-
sion at last follow-up. To identify independent predictors 
of remission on last follow-up, stepwise logistic regression 
models were analyzed entering age, gender and all variables 
with p < 0.05 on univariate analyses.

Categorical variables are reported as numbers and per-
centages. Continuous variables with normal distribution are 
expressed as means (standard deviation, SD) and skewed 
data are presented as medians (interquartile range, IQR). 
For univariate analyses of categorical variables, we used 
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the chi-square test or Fisher’s exact test as appropriate. For 
continuous variables, intergroup differences were assessed 
by the two-tailed independent samples t test (data with nor-
mal distribution) and Mann–Whitney U test (skewed data).

To identify independent predictors of remission at the 
time of last follow-up, multivariate logistic regression analy-
ses were carried out including all variables with p < 0.05 in 
univariate analyses of Table 2 plus the variables age and sex.

Results

Cohort characteristics

A total of 56 adult patients treated with RTX for MG were 
reported by ten departments of neurology and one neurolo-
gist in private practice. Individual patient demographics 
and treatment-related characteristics are given in the sup-
plementary table. Shorter follow-up data of four patients 
(cases 23–26 in the supplementary table) were reported 
previously [2, 4].

34 (60.7%) patients were women. Median age at diagnosis 
of MG and start of RTX therapy was 41.5 (24.3; 65.8) and 
47.5 (33; 71) years, respectively. 39 (69.6%) patients had 
anti-acetylcholine receptor antibodies (AchR ab+), 14 (25%) 
patients had anti-muscle-specific tyrosine kinase antibodies 
(MuSK ab+), and 3 (5.4%) patients with generalized MG 
were ‘double seronegative’. Other antibodies were not sys-
tematically tested.

Regarding the clinical subtypes of MG [1], 16 (28.6%) 
patients had late onset MG (LOMG, defined as AchR 
ab + generalized MG and age ≥ 50  years at onset), 13 
(23.2%) patients had early onset MG (EOMG, defined as 
AchR ab + generalized MG and age < 50 years at onset), 8 
(14.3%) patients had AchR ab + thymoma-associated MG, 2 
(3.6%) patients had AchR ab + ocular MG, 14 (25%) patients 
had MuSK ab + MG, and 3 (5.4%) patients had seronegative 
MG.

Severe disease before the start of RTX, defined by an 
MGFA-CC of IIIb or higher [7], was present in 33 (58.9%) 
patients.

The mean disease duration of MG before RTX was 4 (1.3; 
10.8) years, and the median length of follow-up after initia-
tion of RTX was 20 (10; 53.5) months.

Treatments before RTX start

For each patient, all previous therapies were recorded.
At the time of start of RTX, all patients had been or were 

still being treated with steroid prednisolone. Other oral 
immunotherapies that had been used or were still being 
used included azathioprine (n = 44, 78.6%), mycopheno-
late mofetil (n = 13, 23.2%), methotrexate (n = 7, 12.5%), 

ciclosporin (n = 5, 8.9%), tacrolimus (n = 1; 1.8%), and 
cyclophosphamide (n = 1, 1.8%). Thymectomy had been 
performed in 26 (46.4%) patients. 47 (83.9%) patients had 
already received one or more of the following `high-cost 
therapies´: PLEX/IA (n = 26, 46.4%) and IVIG (n = 41, 
73.2%).

We studied the number of steroid-sparing immunothera-
pies used before the initiation of RTX. For this, thymec-
tomy, whether for thymoma or other reasons, was counted 
as steroid-sparing therapy according to recent evidence [11]. 
In patients with both PLEX and IA, this was counted as 
one steroid-sparing therapy modality. The mean number of 
steroid-sparing therapies before RTX was 2.9 (SD ± 1.4).

Pyridostigmine was the only oral cholinesterase inhibitor 
used in this cohort. At the time of RTX start, 44 (78.6%) 
patients were still taking pyridostigmine (daily dose 
60–720 mg).

Clinical criteria for RTX start, treatment protocols 
and length of follow‑up

Clinical criteria for the start of RTX were (1) inability to 
lower immunotherapy without clinical relapse (n = 18, 
32.1%); (2) lack of clinical control on immunotherapy regi-
mens (n = 48, 85.7%); (3) intolerable side effects (n = 33, 
58.9%); and (4) concomitant B-cell non-Hodgkin lymphoma 
along with the diagnosis of MG (n = 1). 37 (66.1%) patients 
fulfilled ≥ 1 clinical criterion.

RTX infusions were given after pretreatment with anti-
allergic and anti-pyretic medication under close monitor-
ing of blood pressure and heart rate. The protocols of RTX 
treatment, being induction therapy or maintenance therapy, 
varied across centres and between patients treated in a single 
centre. The majority of patients (n = 47, 83.9%) had induc-
tion therapy consisting of two RTX infusions within 2 weeks 
at a dose of 2 × 375 mg/m2 body surface area (n = 17, 30.4%), 
2 × 500 mg fixed dose (n = 15, 26.8%) or 2 × 1000 mg fixed 
dose (n = 15, 26.8%). Other protocols were used in nine 
(16.1%) patients, with one of these patients receiving RTX 
as part of R-CHOP (RTX, cyclophosphamide, doxorubicin, 
vincristine, prednisone) chemotherapy for concomitant 
B-cell non-Hodgkin lymphoma.

Regimens of maintenance therapy showed great varia-
tions as well. For decision-making on repeat RTX infusions, 
the reappearance of B cells in peripheral blood detected by 
flow cytometry was used in 24 (42.9%) patients. 17 (30.4%) 
patients were re-treated with RTX on the grounds of new 
clinical deterioration observed during regular follow-up 
visits. Only three (5.4%) patients underwent a preplanned 
fixed-time/fixed-dose maintenance therapy protocol. The 
median number of RTX infusions (including induction and 
maintenance treatment) was 3 (2; 6). At the time of our anal-
ysis, 12 (21.4%) patients had only undergone RTX induction 
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therapy, while their future maintenance therapy regimen was 
still undecided.

Safety of RTX

RTX was generally well tolerated. Reported side effects and 
complications potentially related to RTX therapy included 
infusion reactions (n = 3), respiratory tract infections (n = 3), 
chronic pain syndromes (n = 2), enteritis (n = 2), herpes zos-
ter (n = 1), erysipelas (n = 1), cholecystitis (n = 1), unspeci-
fied mental disorder (n = 1), and alopecia areata (n = 1).

There was one death during follow-up. A 59-year-old man 
(patient 50 in the supplementary table) with recently diag-
nosed, highly refractory LOMG died 4.5 months after the 
start of RTX following combined treatment with high-dose 
steroids and pyridostigmine, PLEX, and IVIG; a cardiac 
cause of death was assumed, as 2 days prior to his death 
he reportedly had complained of symptoms suggestive of 
angina pectoris but had refused to seek medical help. He 
had had no known history of cardiac disease, and inpatient 
cardiac monitoring during treatment with PLEX, IVIG and 
RTX had been unremarkable. Autopsy was not performed.

Efficacy of RTX: MGFA‑PiS outcomes and sparing 
of steroids and high‑cost therapies

Table 1 summarizes MGFA-PiS outcomes at various fol-
low-up time points after RTX therapy. Outcomes data were 
near-complete (n = 53) at follow-up after 3 months and com-
plete at the time of last follow-up after a median of 20 (10; 
53.5) months.

After 3 months, 26.4% of patients had already reached 
remission. The proportion of patients in remission stead-
ily rose over subsequent follow-up time points, reaching 
42.9% at last follow-up. The proportions of patients with 
an MGFA-PiS of minimal manifestations (MM) or better 
were 45.3% after 3 months and 67.9% at last follow-up, 
respectively.

At last follow-up, remission was achieved in 71.4% 
(10/14) of MuSK ab+ patients and 35.9% (14/39) of AchR 
ab+ patients, respectively (p = 0.022).

An outcome of MM or better was achieved in 85.7% 
(12/14) of MuSK ab+ patients and 64.1% (25/39) of AchR 
ab+ patients, respectively. Of the three patients with SNMG, 
one patient achieved MM and two patients showed some 
improvement.

Interestingly, none of the 13 patients with EOMG had 
reached remission at last follow-up.

At last follow-up, ‘high-cost therapies’ were given to 13 
(23.2%) patients: 11 patients were treated with immunoglob-
ulins (10 IVIG, 1 SCIG), and two patients were receiving 
IA on a non-regular basis. 33 of 39 (84.6%) patients who 
were still taking steroids at the time of RTX start had ster-
oids stopped altogether (n = 23; 59%) or the dose had been 
tapered to 50% or less (n = 10; 25.6%).

Antibody levels after RTX

20 (35.8%) patients had antibody levels re-tested after start 
of RTX (Table 2). 13 (65%) of these patients showed some 
decrease of antibody levels, but this seemed unrelated to 
outcome. Interpretation of data was further compromised 
by the widely varying time points of antibody level testing.

Characteristics of patients with remission at last 
follow‑up and predictors of remission

We compared baseline and follow-up characteristics in 
patients who had achieved remission at last follow-up vs. 
patients without remission (Table 2). In the remission group, 
median age at diagnosis of MG and at start of RTX were 
significantly higher [58 (33; 71) vs. 29.5 (20; 57.5)] years, 
p = 0.01, and 67 (40; 72) vs. 40.5 (31; 64.3) years, p = 0.029, 
respectively) and there was a trend towards shorter dura-
tion of disease before start of RTX (2.5 (1; 6.8) vs. 6 (2; 
12) years, p = 0.09). In the remission group, MuSK ab + MG 

Table 1   MGFA-PiS outcomes after RTX initiation during follow-up

Numbers are counts (percentages)
a Complete stable remission, i.e. no medication for MG (including RTX infusions) for at least 12 months was achieved in five patients at last 
follow-up; all other patients were rated as pharmacological remission

Variables MGFA-PiS after 3 months 
(± 2 weeks) (n = 53)

MGFA-PiS after 6 months 
(± 2 weeks) (n = 52)

MGFA-PiS after 12 months 
(± 2 weeks) (n = 41)

MGFA-PiS at median 
20 months (10; 53.5 months) 
(n = 56)

Death 0 1 (1.9) 1 (2.4) 1 (1.8)
Worse 1 (1.9) 1 (1.9) – –
Unchanged 6 (11.3) 2 (3.8) 1 (2.4) 1 (1.8)
Improved 22 (41.5) 18 (34.6) 15 (36.6) 16 (28.6)
Minimal manifestation 10 (18.9) 12 (23.1) 8 (19.5) 14 (25.0)
Remissiona 14 (26.4) 18 (34.6) 16 (39.0) 24 (42.9)
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Table 2   Characteristics of patients with remission vs. patients without remission at last follow-up

Data given are counts (percentages) unless indicated otherwise
anti-AChR-ab Anti-acetylcholine receptor antibodies positive, IA immunoadsorption, IQR interquartile range, IVIG intravenous immunoglobu-
lins, MG myasthenia gravis, MGFA-CC Myasthenia Gravis Foundation of America-clinical classification, anti-MuSK-ab anti-muscle-specific 
tyrosine kinase antibodies positive, PLEX plasma exchange, RTX rituximab

Variables Total (n = 56) Remission at last 
follow-up (n = 24)

No remission at 
last follow-up 
(n = 32)

p value

Baseline characteristics before RTX start
 Female gender 34 (60.7) 14 (58.3) 20 (62.5) 0.75
 Age at diagnosis of MG in years, median (IQR) 41.5 (24.3; 65.8) 58 (33; 71) 29.5 (20; 57.5) 0.01
 Age at RTX start in years, median (IQR) 47.5 (33; 71) 67 (40; 72) 40.5 (31; 64.3) 0.029
 Duration of diagnosed MG before RTX start in years, median (IQR) 4 (1.3; 10.8) 2.5 (1; 6.8) 6 (2; 12) 0.09

Antibody type
 Anti-AchR-ab 39 (69.6) 14 (58.3) 25 (78.1) 0.11
 Anti-MuSK-ab 14 (25.0) 10 (41.7) 4 (12.5) 0.013
 Double seronegative 3 (5.4) 0 3 (9.4)
 Thymoma 8 (14.3) 4 (16.7) 4 (12.5) 0.71
 Number of steroid-sparing therapies before RTX start, mean (SD) 2.9 (1.4) 2.2 (1.1) 3.4 (1.4) 0.001
 High-cost therapies (PLEX/IA or IVIG) before RTX start 47 (83.9) 17 (70.8) 30 (93.8) 0.03

Disease severity before RTX start according to MGFA-CC
 I 3 (5.4) 3 (12.5) 0
 IIa 4 (7.1) 3 (12.5) 1 (3.1)
 IIb 8 (14.3) 4 (16.7) 4 (12.5)
 IIIa 8 (14.3) 2 (8.3) 6 (18.8)
 IIIb 15 (26.8) 6 (25) 9 (28.1)
 IVa 5 (8.9) 0 5 (15.6)
 IVb 12 (21.4) 6 (25) 6 (18.8)
 V 1 (1.8) 0 1 (3.1)
 Mild disease (MGFA-CC < 3) 15 (26.8) 10 (41.7) 5 (15.6) 0.029
 Moderate to severe disease (MGFA-CC ≥ 3b) 33 (58.9) 12 (50) 21 (65.6) 0.24

RTX, induction therapy 0.9
 2 × 375 mg/m2 within 1–2 weeks 17 (30.4) 8 (33.3) 9 (28.1)
 2 × 500 mg within 2 weeks 15 (26.8) 7 (29.2) 8 (25)
 2 × 1000 mg within 2 weeks 15 (26.8) 6 (25) 9 (28.1)
 Other protocols 9 (16.1) 3 (12.5) 6 (18.8)

Follow-up characteristics
RTX, maintenance therapy 0.87
 B-cell counts as guide for repeat infusion 24 (42.9) 10 (41.7) 14 (43.8)
 Symptom worsening as guide for repeat infusion 17 (30.4) 7 (29.2) 10 (31.3)
 Fixed dose and interval regardless of B-cell counts and symptom control 3 (5.4) 2 (8.3) 1 (3.1)
 Other protocols or n/a 12 (21.4) 5 (20.8) 7 (21.9)

Follow-up in months, median (IQR) 20 (10; 53.5) 19.5 (6.3; 41) 20.5 (11.3; 61) 0.20
RTX infusions, median (IQR) 3 (2; 6) 3 (2; 6) 4 (2; 6) 0.24
Medication at last follow-up
 Prednisolone dose tapered at least by 50% compared to RTX start 33/39 (84.6) 15/16 (93.8) 18/23 (78.3) 0.37
 Prednisolone discontinued compared to RTX start 23/39 (59) 10/16 (62.5) 13/23 (56.5) 0.71
 High-cost therapies (PLEX/IA, IVIG) 13 (23.2) 1 (4.2) 12 (37.5) 0.003
 Decrease of antibody titer after RTX therapy 13/20 (65) 4/9 (44.4) 9/11 (81.8) 0.16
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was significantly more prevalent, (41.7% vs. 12.5%, 
p = 0.013), while the mean number of steroid-sparing thera-
pies before start of RTX was lower and the use of high-cost 
therapies was less frequent compared to patients without 
remission (Table 2).

Multivariate logistic regression analysis identified the 
presence of MuSK antibodies as the only baseline vari-
able independently predicting remission at last follow-up, 
but confidence intervals were wide (OR 13.33, 95% CI 
2.02–87.95; p = 0.007).

Discussion

We report the largest cohort of MG patients treated with 
RTX. This is the first comprehensive nationwide study on 
the topic. In Austria, RTX for adult patients with MG is an 
off-label, hospital-based treatment given by neurologists. As 
Austria is a small country with good communication lines 
between neuromuscular specialists, we assume that, if any, 
only very few Austrian MG patients treated with RTX would 
not have been captured by our study.

In line with prior reports and two systematic reviews, we 
observed that RTX was safe and efficacious [2, 6, 7]. At time 
of last follow-up (after a median of 20 months), > 40% of 
patients had pharmacological or complete stable remission, 
and overall two-thirds of the cohort had at least achieved an 
MGFA-PiS of MM or better. Correspondingly, the need for 
high-cost therapies such as IVIG, PLEX or IA had decreased 
substantially at last follow-up, and in the large subgroup of 
39 patients with steroid treatment at the time of RTX, ster-
oids could be stopped or the dose tapered to less than half 
of starting dose in five of every six patients.

The good response in our cohort is consistent with many 
previous reports [2, 6, 7, 12–17], though some authors have 
observed a less favourable response to RTX [18]. Differ-
ences in patient selection, intensity of treatment, and defini-
tions of `refractory MG´ may influence reported outcomes 
after RTX.

In spite of supportive retrospective data in the literature, 
conclusive evidence for the efficacy of RTX in MG is still 
lacking. The abundance of literature on the topic comes from 
retrospective single-centre studies and only few groups have 
reported small prospective data on RTX for MG [13, 17, 19]. 
As prospective randomized studies are notoriously problem-
atic in MG, we deem studies reporting national multi-centre 
cohorts as important for a balanced judgement of this treat-
ment. A recently concluded phase 2 trial of RTX vs. placebo 
in 52 patients with AchR ab + MG, presented as posters at 
the American Academy of Neurology Conference in Los 
Angeles 2018 and the International Congress on Neuro-
muscular Diseases in Vienna 2018, reported disappointing 
results [20].

Confirming prior reports, benefit was greatest in patients 
with MuSK ab + MG [6, 7, 13, 21]. This preponderance of 
MuSK ab + MG among the subgroup of patients with remis-
sion at last follow-up after RTX may be related to the spe-
cific pathophysiology of MuSK-ab + MG as a predominantly 
IgG4-related disorder [22].

The optimal timing of RTX for patients with MG is a mat-
ter of debate. For MuSK ab + MG, RTX may well become 
the first-line treatment in the near future. In contrast, for 
AchR ab + MG, current guidelines state that RTX should be 
reserved as escalation therapy [9]. Interestingly, none of our 
13 patients with EOMG achieved remission after RTX. This 
may be due to a selection bias of severely affected patients 
with longstanding refractory disease. In univariate analysis, 
longer duration of MG was associated with less favourable 
response to RTX. An inverse correlation of MG duration 
and response to RTX has been reported before [6] and may 
be related to the selection of specific memory B-cell clones 
through multiple preceding immunosuppressive therapies. 
These CD27 + IgD- class-switched memory B cells could 
be more resistant to RTX [18, 23].

In this study, RTX appeared to be relatively fast acting. 
Despite the high proportion of nearly 60% severely affected 
patients, defined by an MGFA-CC of 3b or higher before 
the start of RTX, 3 months after induction therapy pharma-
cological remission was found in every fourth patient. In a 
large, retrospective Japanese study in patients with general-
ized MG, early fast-acting treatment strategies (including 
high-dose intravenous methylprednisolone, IVIG and PLEX) 
more frequently and earlier led to an outcome of minimal 
manifestations or better while keeping the dose of oral pred-
nisolone at ≤ 5 mg/day [24]. Future studies of early aggres-
sive treatment of MG may well consider to include RTX as 
another relatively fast-acting agent.

In our cohort, RTX was well tolerated and there were no 
serious safety issues. One patient with refractory LOMG 
died 4.5  months after the start of RTX, but his death 
appeared unrelated to RTX, though an association can-
not be completely excluded. Despite its increasing use in 
patients with various autoimmune neurological disorders, 
long-term safety data of RTX are sparse. A recent study on 
this topic did not reveal any concerning signals [25]. How-
ever, thorough patient counselling and long-term follow-up 
are mandatory, as there are multiple safety concerns with 
prolonged RTX use including hepatitis B reactivation, severe 
hypogammaglobulinemia and late-onset neutropenia [4, 26]. 
Reactivation of the JC virus is another feared complication 
following RTX. Our literature search identified two patients 
with MG who developed progressive multifocal leukoen-
cephalopathy after RTX in combination with other immu-
nosuppressants [18, 27].

The incidence of MG increases with advanced age and 
shows a clear male preponderance. People above the age 



705Journal of Neurology (2019) 266:699–706	

1 3

of 65 years constitute more than 50% of the newly diag-
nosed [28]. In older patients, co-morbidities and co-medi-
cations may make treatment choices more complex. In our 
cohort, RTX was well tolerated, safe and efficacious in older 
patients, even in octogenarians. Our limited data suggest the 
consideration of RTX in the aged MG patient.

There is no generally accepted protocol for the use of 
RTX in MG. In our study, protocols for RTX induction 
and maintenance therapy varied widely across centres. The 
majority of patients received an induction therapy con-
sisting of two RTX infusions within 2 weeks. Regarding 
maintenance therapy, a preplanned fixed-time/fixed-dose 
protocol (such as 1000 mg every 6 months) was used only 
in 5.4% of patients, while many patients received repeat 
RTX infusions either on the grounds of B-cell resurgence 
at flow cytometry or because of objective clinical deteriora-
tion observed during regular follow-up visits. The mode and 
intensity of induction and maintenance treatment remains 
controversial [5, 14, 29, 30]. Some authors have suggested 
that more aggressive treatments result in a more durable 
response and less relapses [30], while others have observed 
benefit from relatively low doses of RTX [12, 15]. Apart 
from the good safety and efficacy data, lower doses and the 
pending or existent patent expiry in many countries may 
further improve the cost-effectiveness of RTX for MG [2]. 
In fact, an ongoing randomized trial in 60 MG patients tests 
the efficacy of a single RTX infusion of 500 mg vs. placebo, 
alone or on top of corticosteroid medication [31].

Fixed-time/fixed-dose maintenance protocols may be 
favourable in previously severely affected patients with 
repeated episodes of rapid clinical deterioration. However, 
overtreatment with RTX should be avoided. Following RTX, 
prolonged B-cell depletion may last many years [32], poten-
tially complicating issues such as the successful treatment 
of serious immunesuppression-related infections and the 
finding of a time window for recommended vaccinations.

The limitations of our study originate from its retrospec-
tive design. In MG, the assessment of efficacy of a single 
therapeutic intervention such as RTX can be difficult due to 
fluctuations of disease severity inherent to MG, overlapping 
therapies and concomitant diseases. Apart from the potential 
for selection bias and recall bias, the retrospective nature 
of the study could lead to an overestimation of favourable 
outcomes, as MGFA-PIS assessments were constructed from 
reviewing patients´ charts and letters. Length of follow-up 
of patients varied, so the association of risk factors and RTX 
treatment with outcome may have changed with time. We 
tried to account for this by assessing outcome not only at the 
time of last follow-up, but also at defined time points after 
the start of RTX.

In conclusion, this study found that RTX is a well toler-
ated, safe, efficacious, and relatively fast-acting treatment for 
patients with MG. Benefit from RTX was greatest in MuSK 

ab + MG. Placebo-controlled, randomized trials are needed 
to further clarify the role of RTX in MG.
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