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Introduction
Myasthenia gravis (MG) is an autoimmune disorder affecting 
neuromuscular transmission. It is caused by antibody mediated 
attacks on the nicotinic acetylcholine receptors (AChR), mus-
cle specific tyrosine kinase (MuSK), and various other novel 
targets like anti-lipoprotein-related protein 4 (LRP4).1,2 It is 
treated symptomatically with acetylcholinesterase inhibi-
tors while the autoimmune attack is treated with conven-
tional immunosuppressants like steroids, azathioprine, 
mycophenolate, cyclosporine, tacrolimus, and methotrexate.3–7 
Approximately 15% to 20% patients with MG experience at 
least 1 myasthenic crisis (MC) episode in their life.8 Intravenous 
immunoglobulin (IVIg) or therapeutic plasma exchange (TPE) 
is used for acute treatment of MC and also for moderate to 
severe worsening of myasthenia gravis. A subgroup of patients, 
estimated to be about 10% to 20%, do not respond adequately 
to conventional immunosuppressants, develop adverse events 
or require continous treatment with IVIg or TPE and are 
termed refractory.9 Refractory MG patients have more fre-
quent clinical exacerbations, more often need rescue treatments 
with IVIg or TPE and escalation of immunosuppressive drugs 
and are more vulnerable to side effects. Treatment of refractory 
MG is a challenge and often requires newer agents like rituxi-
mab or eculizumab.10,11

Immunomodulation in MG is difficult as there are several 
challenges associated with the existing immunosuppressive 
treatments. Steroids, though effective, have the potential to 
worsen myasthenic symptoms and precipitate MC, especially 
at higher doses, within the first 2 to 3 weeks of the initiation 
of therapy. The long-term side effects of steroids include 
hyperglycemia, hypertension, hypokalemia, acneiform erup-
tions, cushingoid features, cataract, avascular necrosis, gastric 
ulcers, and opportunistic infections like tuberculosis.12,13 
Immunomodulators like azathioprine or mycophenolate take 
3 to 4 months or longer to produce clinical improvement. 
Azathioprine has the potential to cause bone marrow suppres-
sion and liver dysfunction in certain patients.5,13 Mycophenolate 
is known to be associated with leucopenia and an increased risk 
of infections.12,13 IVIg is prohibitively expensive for most 
patients in developing countries and the effect lasts only for a 
few weeks. TPE is less expensive than IVIg but is still beyond 
the resources of many patients in developing countries. It is 
also inconvenient, uncomfortable, cumbersome, and needs spe-
cific equipment and a specialized team. It also carries the risk 
of infection at the vascular access site and hypotension during 
treatment.5 Overall, the conventional treatment options for 
MG have many associated side effects and, in addition, resist-
ance to treatment is reported in 10 %to 15% of patients.14,15 
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This has led to a search for alternative therapies that can over-
come these limitations.

Rituximab has been used off-label as an effective treatment 
for MG refractory to other immune therapies. Rituximab is a 
genetically engineered mouse/human IgG1-kappa chimeric 
monoclonal antibody directed against CD20 surface antigens 
on B-cells. A systematic review and meta-analysis of case 
reports and case series have shown that rituximab is effective 
for MG patients refractory to immune therapies.16–18 Most of 
these patients were AChR positive and had refractory disease, 
which may account for the less impressive effect of rituximab. 
Rituximab has several advantages: it has a faster onset of action 
when compared to other immunosuppressants, longer duration 
of action, less frequent infusions, and favorable side effect 
profile.19,20 Rituximab might be more efficacious if adminis-
tered during the early stages of gMG. This study aims to ana-
lyze the efficacy of rituximab in AChR antibody positive 
generalized Myasthenia Gravis (gMG) patients especially 
those who received it within 2 years of onset of MG and in 
those with impending myasthenic crisis (IMC).

Methods
This retrospective, observational study was conducted in the 
neuroimmunology clinic, at a tertiary care center, Bengaluru, in 
south India. The study analyzed the data of patients with gMG 
who were treated with rituximab between 1st January 2016 and 
30th October 2018. MG was diagnosed based on the clinical 
features, electrophysiological findings, and AChR antibody 
assay.

For practical purposes we discriminated MGFA II, III, and 
IV based on the severity of muscle weakness as assessed by 
MRC muscle power grading. MGFA II—MRC grade 4/5 or 
fatigable weakness, MGFA III—MRC grade 3/5, MGFA 
IV—MRC grade 1-2/5. All patients with gMG who were 
AChR antibody positive and treated with rituximab with a 
minimum follow-up period of 18 months were included. 
MuSK antibody positive patients were excluded. Clinical 
details, QMG scores and adverse effects were collected from 
the case records of the patients.

For the purposes of this report, early stage MG (ESMG) 
was defined as generalized MG of less than 2 years from symp-
tom onset and late stage MG (LSMG) as more than 2 years. 
MG was classified in accordance with the Myasthenia Gravis 
Foundation of America (MGFA) Clinical Classification.21 MG 
patients with worsening muscle weakness resulting in respira-
tory failure, weakness of the pharyngeal, and upper airway mus-
culature, or both, that requires mechanical ventilation and 
intubation was considered as having myasthenic crisis (MC).20 
Impending Myasthenic Crisis (IMC) was defined as “rapid 
clinical worsening of MG that, in the opinion of the treating 
physician, could lead to crisis in the short term (days to weeks).”5

Data was tabulated on Microsoft Excel and analyzed using 
MINITAB Express 1.5.1. One-way analysis of variance 

(ANOVA) and the Tukey simultaneous range test was used to 
compare QMG scores at baseline, 1, 2, 6, 12, and 18 months to 
evaluate the efficacy of rituximab. The results of these tests 
were considered statistically significant if P < .05.

Results
The study included 11 patients (9 male, 2 female) with AChR 
antibody positive gMG treated with rituximab. The mean age 
of the cohort was 50.54 ± 18.71 years (range 18-75). Based on 
the MGFA clinical classification, 1 patient had class IIb, 3 IIIa, 
2 IIIb, 3 IVa, 1 IVb, and 1 class V MG, at the time of rituximab 
initiation (Table 1). 7/11 patients who had early stage of myas-
thenia (<2 years) received prednisolone and azathioprine only 
for a short period ranging from 2 weeks to 3 months. Of 4/11 
patients who had late stage myasthenia (>2 years), 3 were on 
prednisolone and azathioprine for 3 to 5 years, while 1 was on 
azathioprine and methotrexate for three 3 years. There was no 
recent change in the dosage of any ongoing immunosuppres-
sants. Thymectomy was performed only in 2 patients. Patient 3 
underwent thymectomy after 6 months of MG diagnosis, while 
in patient 7 it was performed after 1 year. Patient 3 presented 
with MC after 12 months of thymectomy, while patient 7 pre-
sented with worsening of myasthenia 10 months after thymec-
tomy. Patient 5 received TPE 12 months before and patient 6 
received IVIG 6 months before starting rituximab. Patient 8 
received IVIG 12 hours after his rituximab as his respiratory 
distress progressed rapidly.

All patients received at least 2 doses of 500 mg rituximab 
2 weeks apart. Three patients received an additional rescue dose 
of rituximab (500 mg 2 weeks apart) as their clinical improve-
ment was unsatisfactory after 1 to 2 months. Of these 3 patients, 
2 responded favorably to the rescue dose and the third patient 
had dropped out due to lack of significant improvement. 
Details and outcomes of patients are shown in a flow chart 
(Figure 1). In the 10 patients who regularly followed up, 1-way 
ANOVA and Tukey simultaneous tests revealed that there was 
a significant difference between the QMG scores at baseline 
and at 1, 2, 6, 12, and 18 months (F(5, 56) = 13.65, P < .0001). 
Seven out of 10 patients received rituximab in the early stage of 
gMG (ESMG) and 3 patients received after 2 years of disease 
onset (LSMG). All patients with ESMG had a significant 
response to rituximab. The changes in the QMG scores over 
the 18-month period for whole cohort is shown in Figure 2. 
Once the rituximab was started the baseline medications were 
continued in the same dosages for the first 1 to 3 months. There 
after a slow taper was started and by 6 to 18 months we could 
wean majority (7/11) of the patients from steroids and other 
immunosuppressive medications.

Five patients with IMC were initiated on rituximab directly 
without IVIg or TPE (Figure 3). Four out of 5 patients stabi-
lized over a period of 1 week and were discharged from the 
inpatient care by the end of the second week. They were man-
aged with rituximab alone with standard dose of oral 
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Table 1. Baseline characteristics of the rituximab cohort.

PATIENT 
NO.

AGE SEx DuRATION Of 
MyASTHENIA

PAST 
TREATMENT

MyASTHENIA 
GRAVIS 
ClASSIfICATION

QMG 
BASElINE

NO. Of PAST 
MyASTHENIC 
CRISES

IMPENDING 
MyASTHENIC 
CRISIS

1 62 M 1 year P, Az IVa 21 0 yes

2 45 f 11 years P, Az IVa 24 2 yes

3 66 M 1.5 years P, T IVa 18 1 yes

4 68 M 12 years Az, MTx IVb 15 1 yes

5 60 M 1.5 years P, Az, TPE IIIa 13 1 No

6 61 M 1 year P, Az, IVIG IIIb 17 3 No

7 75 M 1 year 10 months P, Az, T IIIb 11 2 No

8 40 M 1 year IVIG V 29 0 yes

9 27 M 1 year P, Az IIIa 12 0 No

10 34 M 12 years P, Az IIb 11 1 No

11 18 f 1 year 11 months None IIIa 16 0 No

P, prednisolone; Az, azathioprine; MTx, methotrexate; TPE, therapeutic plasma exchange; IVIG, intravenous immunoglobulin; T, thymectomy.

Figure 1. Summary flowchart.
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pyridostigmine. Improvement in bulbar and respiratory muscle 
weakness was noted by the second to third day post-infusion of 
rituximab. Only 1 out of the 5 patients had a rapidly progres-
sive course and required ventilation and IV immunoglobulin 
administration within 12 hours of starting rituximab. This 
patient was discharged after a period of 2 weeks after receiving 
another 500 mg of rituximab. All these patients were main-
tained on 500 mg rituximab infusion every 6 to 12 months, 
based on their myasthenic symptoms. At 1 year follow up all 
the 5 patients with impending crisis had achieved Myasthenia 
Gravis foundation of America post intervention status scale of 
Minimum Manifestations (MM-3).

Rituximab was well tolerated by most patients. Rituximab 
infusion was not associated with any serious infusion reactions. 
Most of the patients received a very slow infusion of rituximab 
over 10 to 12 hours. Two patients with late MG with history 
of previous immunosuppressive drug exposure in the past had 
infectious complications. One had tuberculous lymphadenitis 

and another Pott’s spine. The patient with tuberculosis of the 
spine developed anti-tubercular drugs induced liver injury and 
succumbed to the illness. Two patients aged 63 and 65, had 
malignancies discovered at 16 and 18 months after receiving 
rituximab, 1 carcinoma of prostate and 1 squamous cell carci-
noma of stomach.

Discussion
Over the past decade, rituximab has been used in refractory 
MG by neurologists worldwide with encouraging results.12 
Rituximab has been found extremely effective in MuSK myas-
thenia, but its usefulness in AChR positive myasthenia is 
debated. In the current study riruximab was found to be 
potentially useful in AChR positive myasthenia, especially for 
patients in the early stages (<2 years) and for patients with 
impending myasthenic crisis. Ten of the 11 patients improved 
on treatment with rituximab, as indicated by their QMG 
scores. Rituximab produced an early improvement and this 

Figure 2. Changes in QMG scores of the rituximab cohort.
The QMG scores at baseline, 1, 2, 6, 12, and 18 months while on rituximab infusion are depicted for all patients in the study.
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effect was sustained over a period of 18 months. Lindberg and 
Bokarewa22 reported 5 cases of AChR positive MG patients 
who were treated with rituximab. The study demonstrated 
that rituximab was effective in the treatment of patients with 
recent onset MG as well as in patients with long-standing 
MG with marked decrease in the QMG scores after rituximab 
treatment. Maddison and colleagues also demonstrated in a 
relatively large, unselected group of patients with MG and 
Lambert-Eaton myasthenic syndrome (LEMS) that rituxi-
mab was associated with a significant clinical improvement in 
two-thirds of cases.23

Brauner et al24 showed that rituximab was much better than 
conventional immunosuppressants and was more effective 
when administered within 12 months of disease onset. In our 
cohort also those with early stage generalized MG responded 
well to the treatment and had the least side effects.

In this study we used a lower dose protocol (500 mg 2 weeks 
apart) of rituximab unlike the standard protocol of 375 mg/m2 
weekly for 4 consecutive weeks or 1000 mg twice 2 weeks apart. 
This lower dose protocol was chosen due to following reasons:

a. Based on our experience with rituximab in multiple scle-
rosis, where we use low dose regimens.25,26

b. Pure B cell mediated disorders may respond well to 
smaller doses of rituximab.27,28

c. If lower doses are not effective, there is always a possibil-
ity of re-dosing at a later time.

d. The less frequent injections also may reduce cost in 
resource limited settings.

e. Adverse effects due to immunosuppression may be less 
with low intensity regimen.

In a recent report by Brauner et al,24 from Sweden a low-dose 
protocol used for multiple sclerosis consisting of a single infu-
sion of rituximab 500 mg every 6 months was used for treating 
myasthenia gravis and was found to be effective when com-
pared to conventional immunosuppressants.

There may be a confounding effect of previous treatment 
and thymectomy on the improved outcomes with rituximab. 
However, the beneficial effect of rituximab is unlikely due to 
previous treatments in our patients as they presented with 
worsening symptoms and impending myasthenic crisis while 
on these medications and post thymectomy.

There were only 2 patients who underwent thymectomy 
and presented with worsening of myasthenia at or within 1 year 
post thymectomy. Thymectomy is unlikely to account for the 
improvement seen immediately after rituximab treatment. 
However thymectomy may have a role in the long term good 
outcome in these patients.

These observation though from a small cohort may argue 
for an early use of rituximab rather than reserving rituximab for 
refractory cases. In early stage generalized MG, rituximab may 
be a good option for several reasons. In the first place, its onset 
of action is much faster than azathioprine or mycophenolate. 
Ninety percent of circulating CD 20 B-cells are lysed within 
3 days of the first infusion of rituxmab.19 In 4 patients in whom 
we had checked pre and post rituximab CD 19 cell counts, 3 
had CD19 cell count of 0 at 24 to 48 hours after infusion 
(unpublished data). Secondly, it has fewer side effects than 
other conventional immunosuppressants due to highly specific 
mechanism of action targeting only CD 20 B cells; thirdly, 
infectious complications are much less when rituximab is 
administered as first-line treatment rather than being given 

Figure 3. Changes in QMG scores in impending myasthenic crisis.
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after the trial of 1 or more immunosuppressants; fourthly the 
effect of rituximab can easily be monitored by checking the 
CD19/CD20 levels unlike other conventional immunosup-
pressants and finally infrequent infusions due to long lasting 
immune depletion (6-12 months) results in good compliance 
and adherence to treatment, which is a major issue with chronic 
diseases especially in developing countries.13 The disadvantage 
of this prolonged effect is that it is not reversible, in case of any 
unexpected adverse events, when compared to other conven-
tional immunosuppressants.

The patients who benefitted most from rituximab, in the 
context of a developing country were those with impending 
myasthenic crisis. It is not standard practice to give rituximab 
directly in impending mysathenic crisis. We started using 
rituximab out of necessity, due to severe financial constraints in 
a resource limited setting. The decision to start rituximab 
(Cost-215$) was made by the treating physician as the patients 
were unable to afford both IV immunoglobulin (Cost-5000$) 
and plasma exchange (Cost-1500$). Steroids were not initiated 
in these patients with IMC due to the risk of further worsening 
of mysathenic weakness resulting in MC.

We gave a single dose of rituximab 500 mg to our first 
patient of IMC in 2016 and her respiratory and bulbar weak-
ness improved from third day and she was discharged on the 
seventh day. She came for her next dose of 500 mg after 2 weeks. 
On follow up she improved to minimal manifestation status 
(MM2) and is currently on yearly maintenance dose of 500 mg 
rituximab. She is not any other immunosuppressants and only 
on maintenance dose of pyridostigmine 60 mg 3 times daily. 
Based on this experience we started using rituximab for other 
patients with IMC who could not afford standard care.

Four of 5 patients with IMC were successfully treated with 
rituximab alone without IVIg or TPE. In our small cohort the 
effect of rituximab on bulbar muscles and respiratory muscles 
were evident on the third day and improved significantly by 
first 2 weeks. The effect on ptosis and ocular muscles were not 
as dramatic when compared to bulbar and respiratory muscles. 
The exact reason for this dissociation is not known but we pre-
sume that it may be due to the fact that the neuromuscular 
junctions of the ocular muscles and levator palpebrae may be 
more sensitive to the already existing anti-AChR antibodies. In 
these patients we have given additional doses of rituximab 
(500-1000 mg) after 1 month as our baseline dosages were only 
500 mg 2 weeks apart. An early onset of action makes rituximab 
useful in patients with impending myasthenic crisis. As we had 
prior experience with rituximab for treatment of multiple scle-
rosis, we knew that the action of rituximab starts faster than 
usually perceived. The rituximab action on B cells starts imme-
diately after the infusion as evidenced by the infusion reaction 
which is a cytokine release reaction due to the lysis of B cells. It 
is not an anaphylactic reaction and hence occurs usually with 
the first dose. CD 19/20 drops significantly within first 3 days 
after rituximab infusion.19 The rapid onset and long duration 

of action noted above, makes rituximab the only available 
immunosuppressant which takes care of both acute and chronic 
phases of myasthenia. These patients with IMC did well 
on follow up and required a minimum maintenance dose of 
500 mg every 6 to 12 months. Only 1 out of the 5 patients had 
a rapidly progressive course and required ventilation and IV 
immunoglobulin administration within 12 hours of starting 
rituximab. This case highlights the fact that rituximab may be 
less effective in rapidly worsening myasthenia and established 
MC. Patient with IMC appears to be the ideal candidates for 
rituximab. In developing countries with limited resources like 
India where the generic brands of rituximab are available at low 
cost, the economic benefit of using rituximab in impending 
myasthenic crisis is huge. These findings from a small cohort 
without any control group need to be verified further by rand-
omized controlled trials in larger patient populations. If proved 
effective, early treatment with rituximab may lead to a para-
digm shift in MG management, especially for those in early 
stages and in impending myasthenic crisis.

Conclusion
Rituximab may be an effective treatment option in patients 
with Acetylcholine receptor antibody positive generalized MG 
in early stages. Patients with impending myasthenic crisis seem 
to benefit the most, with huge economic advantage in develop-
ing countries like India. Those in late stage myasthenia gravis, 
who have been previously exposed to immunosuppressants 
seem to have higher chance of infections. A slight increase in 
risk of malignancies seen in this study needs further evaluation 
in larger studies with long term follow up.
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