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Abstract

Introduction Intravenous immunoglobulin (IVIg) has been proven beneficial in myasthenic crisis, but their role as main-
tenance therapy is unclear. The aim of this study was to determine if maintenance therapy with low-dose IVIg improves
clinical outcome and may be used as a steroid-sparing agent in myasthenia gravis (MG).

Methods We retrospectively reviewed charts of all MG patients treated with IVIg from January 2006 to December 2019.
Long-term treatment response to IVIg was assessed by improvement in the Myasthenia Gravis Foundation of America
(MGFA) clinical classification scale as primary end point, as well as the ability to reduce the time-weighted average required
dose of prednisone as secondary end-point, in a follow-up period of 36 months.

Results 109 patients were treated with IVIg. The mean follow-up time was 34.03 +5.5 months. Sixty-seven patients (61.4%)
responded to therapy with at least one-point improvement of the MGFA scale. There was no statistical difference in demo-
graphic and clinical characteristics between IVIg responders and non-responders. The mean prednisone dose decreased
significantly from 33.1 + 14.5 mg at baseline to 7.2 4+ 7.8 mg after 36 months of IVIg treatment (P < 0.0001), with the greatest
effect after 6 months (33.1+14.5 mg Vs. 17.9+11.7 mg; P <0.0001). In the follow-up period of 36 months, most patients
(92.5%) remained clinically and pharmacologically stable under chronic IVIg treatment.

Conclusion This retrospective study demonstrates that chronic low-dose IVIg treatment in patients with MG improves clini-
cal outcomes and has a prolonged and significant steroid-sparing effect over a period of 3 years.
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Introduction

Myasthenia gravis (MG) is an antibody-mediated autoim-
mune disease against components of the postsynaptic neu-
romuscular junction of striated muscle [1-3]. The clinical
manifestations of MG include muscle weakness, which can
be localized to the extraocular muscles (i.e., ocular MG) or
involve bulbar and skeletal muscles (i.e., generalized MG)
[3]. Antibodies against acetylcholine receptor (AChR) [4],
muscle-specific kinase (MuSK) [5] and lipoprotein-related
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protein 4 (LRP-4) [6] can be found in about 90% of general-
ized MG patients [2].

Treatment of MG includes symptomatic treatment using
acetylcholinesterase inhibitors, thymectomy and immu-
notherapy. While corticosteroids remain the mainstay of
immunotherapy, dose-dependent side effects and inadequate
response often require the addition of other immunothera-
pies, including azathioprine, methotrexate, mycophenolate,
cyclophosphamide, and cyclosporine [7]. These immuno-
therapies may have severe long-term side effects. Moreover,
about 20 percent of patients with MG are refractory to these
treatments [8—10]. Therefore, there is a need for safe and
effective long-term therapies. In the last few years, rituxi-
mab and eculizumab have emerged as potential therapies in
refractory MG [11, 12].

Intravenous immunoglobulin (IVIg) has shown a benefi-
cial therapeutic effect in MG exacerbations [13-16]. In rand-
omized controlled trials, IVIg was found to be as effective as
plasmapheresis and superior to placebo for the treatment of
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MG exacerbations [17]. The plausible mechanism of action
of IVIg in the treatment of MG includes neutralization of
autoantibodies by anti- idiotypic antibodies, downregulation
of antibody production, inhibition of complement, preven-
tion of membranolytic attack complex formation and sup-
pression of pathogenic cytokines involved in B and T cell
activation [17]. Another action of IVIg may be the competi-
tion with endogenous autoantibodies access to the neonatal
Fc receptor leading to accelerated autoantibody degradation
[18, 19].

Chronic IVIg maintenance therapy in MG has been
shown to improve clinical function in uncontrolled and open
clinical trials [20-23]. In a previous retrospective analysis,
we reported clinical improvement in 52 patients treated
with chronic low-dose IVIg [22]. In another recent study,
similar results were reported in 30 patients who were treated
with the standard dose of chronic maintenance IVIg of 1 g/
kg, followed by subcutaneous chronic IVIg therapy. This
study demonstrated a significant reduction in the number
of immunosuppressive medications and in prednisone and
pyridostigmine doses, suggesting a clear steroid-sparing
effect of IVIg [21]. However, the frequency and dosage of
this treatment regimen are expensive and may limit its use
in clinical practice.

In this study, we performed a retrospective analysis of
patients treated with low-dose (0.4 g/kg) IVIg to determine
the response rate to therapy with this therapeutic regi-
men and to identify which MG patients are more likely to
respond. The response was measured according to clinical
improvement and steroid-sparing effect.

Methods
Patients and study design

We performed a retrospective chart review of MG patients
treated with IVIg, followed in our neuro-immunology clinic
at the Rabin Medical Center, Petach Tikva, Israel, between
January 2006 and December 2019. The study protocol was
approved by the Rabin Medical Center Institutional Review
Board for human experiments (Helsinki Committee, No.
0361-20).

Inclusion criteria were: age > 18 years, established diag-
nosis of MG based on a combination of clinical presenta-
tion confirmed by repetitive nerve stimulation, single-fiber
electromyography, and/or positive anti-AChR or anti-MuSK
antibodies. We included only patients that were treated with
IVIg.

Baseline demographic and clinical data included sex,
age, age at MG onset, age at I[VIg initiation, duration of
disease at IVIg initiation, history of thymectomy, anti-AChR
and anti-MuSK antibody status, and all medications used.
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Patients were classified according to the Myasthenia Gravis
Foundation of America (MGFA) clinical classification from
class I to V [24]. We collected data at several time points:
at baseline, at 3 months intervals during the first year, and
then at six months intervals up to 36 months. The follow-
up was stopped in patients who had MG crisis or started
another immunosuppressant drug while on IVIg treatment.
Data included MGFA score, MGFA post-intervention status
(PIS) [24], and immunosuppressant dose (including pred-
nisone, azathioprine, and mycophenolate mofetil).

Treatment protocol and clinical outcome measures

IVIg treatment protocol included a loading dose of 2 g/Kg
given over 5 days, followed by a maintenance dose of 0.4 g/
Kg every 3—4 weeks. Patients that did not experience clini-
cal improvement after a loading dose and two maintenance
doses of IVIg were defined as non-responders. We compared
the clinical characteristics of patients who responded to IVIg
to non-responders. Long-term treatment response to IVIg in
our study was assessed based on 2 parameters: 1. Improve-
ment in the MGFA clinical classification scale and MGFA
post-intervention status (PIS) [24, 25]. An improvement
from class IV to III or from class III to II was defined as a
mild improvement, while an improvement from class V to
class III or from class IV to class II was defined as a moder-
ate improvement. 2. The ability to reduce the time-weighted
average required dose of prednisone.

Statistical analysis

Clinical and demographic data are presented as
means =+ standard deviation. Paired t tests were performed for
continuous variables, and the Fisher’s exact test was used to
analyze categorical variables between the groups. A repeated
measures Brown—Forsythe and Welch ANOVA were used to
compare the longitudinal changes in prednisone doses. All
tests were two-tailed, and a p value < 0.05 was considered
statistically significant. Statistical analysis and the graphical
representation of the data were performed with GraphPad
Prism (version 9.0.0. GraphPad Software, San Diego, CA,
USA).

Results
Group characteristics (Table 1)

A total of 109 patients were treated with IVIg. The group
consisted of 61 females and 48 males, the average age at
disease onset was 47.5 + 18.5 years, and the average disease
duration at IVIg treatment initiation was 5+7.5 years. At
baseline, 102 (93.5%) patients suffered from moderate/severe
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Table 1 Demographic and clinical characteristics of the patients at baseline
Total Good response to IVIg No responder to IVIg *p Value
(n=109) treatment (n=67) treatment (n=42)
Female sex 61 (56%) 37 (55%) 24 (57%) 0.67
Age at onset, y** 47.5+18.3 48.8+19.1 45.4+18.1 0.35
Age (at IVIg treatment initiation)—y 52.5+18.3 54.6+179 49.3+18.7 0.14
Disease duration (at [VIg treatment initiation)—y 5+£7.5 5.79+8.2 39+6.5 0.2
IVIg initiation in the first year after diagnosis 29 (43%) 0 p<0.0001
Thymectomy 33 (30%) 19 (28%) 14 (33%) 0.6
Thymic hyperplasia 14 (13%) 10 (14%) 4(9.5%) 0.5
Thymoma 19 (17%) 9 (13%) 10 (24%) 0.1
Double seronegative 16 (15%) 8 (12%) 8 (19%) 0.4
Anti-Musk 3(2.7%) 1(1.4%) 2 (4.7%)
MGFA***
I 3(2.7%) 1(1.4%) 2 (4.7%)
JIE 4 (3.6%) 0 4 (9.4%)
1Ib 0 0 0
Ia 48 (44%) 28 (41%) 20 (47%)
IIIb 9 (8.3%) 7 (10%) 2 (4.7%)
IVa 33 (30%) 26 (39%) 7 (16.6%)
IVb 6 (5.5%) 4 (6%) 2 (4.7%)
v 6 (5.5%) 1(1.4%) 5(11.2%)

Data are presented as n (%) or mean + SD. Good response was defined as a clinical improvement by at least one class of the MGFA. *P-value for
between-group comparison is based on paired #-tests for continuous variables, and a Fisher exact test was used to analyze categorical variables
between the groups. All tests were two-tailed, and a p-value <0.05 was considered statistically significant. **y=years. ***Myasthenia Gravis
Foundation of America (MGFA) class I indicates ocular weakness, class II indicated mild generalized weakness, class III moderate generalized
weakness, class IV severe generalized weakness, and class V defined by intubation. A notation of "a" denotes predominantly limb or axial weak-

ness and "b" predominantly bulbar weakness

symptoms defined as MGFA clinical score of III/IV/V. Three
patients had severe pure ocular MG. Ninety patients (82%)
were positive for anti-AChR antibodies, 3 patients were posi-
tive for anti-MuSK antibodies, and 16 patients were double
seronegative. Thirty-three patients (30%) underwent thymec-
tomy; thymic hyperplasia was present in 14 patients (13%)
and thymoma in 19 patients (17%) (Table 1). The mean fol-
low-up duration was 34.03 & 5.5 months. Fifty-nine patients
had finished the 36 months follow-up period. One patient
had a follow-up period of 30 months. The follow-up period
was only 18 months in 7 patients; 2 patients had only started
IVIg 18 months previously, in three more, IVIg was replaced
by other immunosuppressant therapy, one had a myasthenic
crisis and one a COPD exacerbation that required treatment
change.

Clinical response to therapy (Table 1)

A beneficial clinical response was defined as an improve-
ment in the MGFA clinical scale of at least one point.
Sixty-seven patients (61.4%) had a beneficial response,
and 42 (38.5%) did not improve with IVIg treatment (e.g.,
non-responders). Ninety patients were positive for AChR

antibodies in our study, of which 58 (64%) had a beneficial
response to IVIg, whereas only 8/16 (50%) patients who
were negative for both AChR and MuSK antibodies, had a
beneficial response to IVIG therapy. (p <0.28). There was no
statistical difference in gender, age of onset, thymic pathol-
ogy, and serology status between IVIg responders and non-
responders (Table 1). Median time between thymectomy
and the beginning of IVIg treatment was 6.7 +10.1 years in
the responders group and 3.14 +6.1 years (P <0.25) in the
non-responders group. We did not observe any difference
between the groups in baseline MGFA score nor in the per-
centage of patients with a bulbar presentation. However, a
significant difference in the response rate was found between
patients that received IVIg during the first year of diagnosis
(29 responders compared to O non-responders; p <0.0001,
Table 1).

Treatment response to other therapies among the non-
responders patients was also examined. Treatment failure
was defined as no clinical benefit or side effects that required
therapy switching. Twenty of the 42 non-responders to [VIg
(48%) responded to other treatments (Including rituximab,
plasma exchange, azathioprine, and mycophenolate mofetil).
However, 22/42 patients (52%) had treatment failure with
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other therapies: 11 patients experienced treatment failure
with one drug and 11 patients (26%) with two or more drugs
in addition to IVIg and were therefore defined as refractory
MG [8].

Improvement in the MGFA scale and PIS (Fig. 1)

Sixty-seven (61.4%) MG patients improved by at least
one MGFA class after loading treatment and subsequent
maintenance dose. Of these, 55 (82%) MG patients had a
mild response to IVIg treatment (one-point improvement
on MGFA scale); 20 MG patients improved from MGFA
scale of IV to III, and 35 MG patients improved from MGFA
scale of III to II. Eleven (16.5%) MG patients had a mod-
erate response to I'VIg treatment (two-point improvement
on MGFA scale); 10 MG patients improved from MGFA
scale of IV to II and one MG patient from V to III (Fig. 1).
One patient with severe pure ocular MG improved clinically
with IVIg treatment. Fifty-nine (88%) MG patients dem-
onstrated clinical improvement of at least one point on the
MGFA scale at 3 months post-IVIg initiation. Seven more
patients (10%) improved at 6 months’ follow-up. Sixty-two
(92.5%) patients had a minimal manifestation of their dis-
ease after 12 months, according to the MGFA PIS. Despite
the clinical improvement, only two patients achieved phar-
macological remission, defined as no need for symptomatic
therapy with acetylcholine esterase inhibitors according to
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Fig.1 Clinical response to treatment. Change in disease sever-
ity according to the MGFA classification scale at the time of diag-
nosis and at 3, 6, and 12 months. Each bar represents the number of
patients at the corresponding MGFA score. Myasthenia Gravis Foun-
dation of America (MGFA) class I indicates ocular weakness, class II
indicates mild generalized weakness, class III moderate generalized
weakness, class IV severe generalized weakness, and class V defined
by intubation
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the MGFA PIS. In the follow-up period of 36 months, most
MG patients (92.5%) in our study remained clinically stable
under chronic IVIg treatment. One MG patient suffered an
MG crisis, and another patient had respiratory deterioration
from COPD exacerbation. Three MG patients had worsen-
ing of their symptoms that required an adding of another
medication to IVIg treatment.

Side effects of IVIg treatment included headache and
infusion-related reactions. Two patients suffered from a
myocardial infarction during the follow-up period.

Decrease in average daily prednisone dose (Fig. 2a)

Thirteen MG patients were treated only with IVIg, 39
patients with IVIg and prednisone, and 15 patients received
IVIg with other immunosuppressant treatments. Fourteen
MG patients were treated with azathioprine and one patient
with mycophenolate mofetil. In five patients (33.3%), it was
possible to taper off azathioprine or mycophenolate mofetil
during the follow-up period. The pyridostigmine doses were
held relatively constant throughout the period of treatment
with IVIg.

Overall, there were 48 MG patients that were treated
with prednisone during the IVIg treatment period. The
average daily prednisone dose was calculated at 9 differ-
ent time points: at the time of the IVIg initiation (0) and at
the clinical visits at 3, 6, 9, 12, 18, 24, 30 and 36 months.
Prednisone taper was dictated by the treating physician
based upon MG clinical manifestations. There was a sig-
nificant reduction in mean prednisone dose after 36 months
(33.1+14.5 mg compared to 7.2+ 7.8 mg; P<0.0001,
Fig. 2a). Significant reduction in mean daily prednisone dose
was already observed after 6 months (33 + 14 mg compared
to 17.9+11.7 mg; P <0.0001; Fig. 2a). Multiple comparison
analysis revealed no statistical difference in daily prednisone
dose from the 9th month onwards. From a total of 41 patients
that started treatment with IVIg while on prednisone, 34
(83%) were on a prednisone dose lower than 10 mg/day at
the end of the follow-up period (36 months). Of these, 15
patients (36.5%) were free from prednisone treatment at the
end of the follow-up period.

Nine MG patients were treated with azathioprine in addi-
tion to prednisone at the time of IVIg initiation. To neu-
tralize the azathioprine effect on prednisone tapering, a
sub-group analysis was performed with MG patients that
were treated solely with prednisone at the time of IVIg
initiation. There was a significant decrease in mean pred-
nisone dose after 36 months (31.1 + 14.1 mg compared to
5.5+5.8 mg; P<0.0001; Fig. 2b). A significant reduction in
prednisone mean dose was already observed after 6 months
(31.1+14.1 mg compared to 16.12+10.75 mg; P <0.0001;
Fig. 2b). Moreover, the daily prednisone dose was stable
from 12 months until the end of the follow-up period.



Journal of Neurology (2021) 268:3871-3877

3875

a

D 60

E

)

7

0]

T 40

>

©

©

g *kkk .

8 20+ *kkk Fkkk dkkk Kkkk

2 ~+

a o0 T T | — 1 1 T
0 3 6 9 12 18 24 30 36

Visit month

b

D 60-

E

)

7

@]

T 40

>

‘©

T

e

[e] 20+ kg FEHE

2 S

c

2 O

a O | p—  — — 1 |

0 3 6 9 12 18 24 30 36
Visit month

Fig.2 Time-weighted average prednisone daily dose. Mean pred-
nisone daily dose+SD before and during chronic low dose IVIg
treatment in patients treated with IVIg combined with immunosup-
pressants (a) and in patients treated with IVIg alone (b). Repeated
measures Brown-Forsythe and Welch ANOVA was used to compare
the longitudinal changes in prednisone doses. The Asterisk represents
the p values of multiple comparisons of each visit month compared to
baseline. **** p <(0.0001

Discussion

This study provides evidence supporting the use of chronic
low-dose IVIg treatment for improving clinical outcomes
and reducing the need for prednisone therapy in patients
with MG. 61.4% of MG patients in our study had a good
clinical response to IVIg treatment. With chronic IVIg treat-
ment, these patients demonstrated a significant improvement
in MGFA score and MGFA PIS for a period of 3 years, with
a significant reduction in prednisone daily dose.

IVIg has been shown to be an effective treatment for acute
MG exacerbation [13-16]. However, there are few studies
addressing the place of IVIg as a chronic, maintenance

therapy in patients with MG. In a previous study with a
smaller sample size, we showed that IVIg given at regular
intervals improves the clinical status of MG patients but that
this is dependent on regular cycles of therapy [22]. Out of
52 patients in our previous study, 37 improved with main-
tenance IVIg and there was a greater tendency to respond
in older patients with seropositive disease who had bulbar
onset [22]. However, in this larger cohort, clinical charac-
teristics, such as age, sex, thymic pathology, clinical onset,
and seropositivity, for acetylcholine receptor antibodies were
not associated with a more beneficial response. These results
are supported by a recent study where improvement in MG
patients treated with chronic IVIg was consistent regardless
of the demographic and clinical characteristics of patients
[21]. We could only include 3 anti-MuSK antibodies posi-
tive patients in our study, so we cannot draw any conclusions
about the effectiveness of IVIg in this population. 43% of
the responders received IVIg in the first year after diagno-
sis, compared to none from the non-responders group. In
addition, 52% of MG patients that were non-responders had
treatment failure to other therapies as well, and 26% were
defined as refractory MG. Therefore, IVIg may be consid-
ered as chronic therapy in any MG patient that is uncon-
trolled on other therapies, independent of the type of myas-
thenia and thymic pathology. To optimize the chance for
IVIg success, treatment should probably be started in the
first year after MG diagnosis. After 1 year, refractory MG
patients are less likely to respond to chronic IVIg treatment.

The decision to treat MG patients with chronic IVIg
should take into consideration the likelihood of a response to
therapy compared to other agents. Our cohort included 109
patients, 67 of which (61.4%) showing a treatment response
to IVIg therapy. Treatment response was achieved after
3 months in 88% of the patients. This treatment response
is important when considering augmentation with a ster-
oid-sparing agent in MG patients whose disease is uncon-
trolled on steroids and pyridostigmine alone. The response
rate of other therapies, such as azathioprine, mycophe-
nolate mofetil, cyclosporine, and tacrolimus, is slightly
higher, about 70-80% [26]. However, these therapies carry
significant disadvantages, including delayed treatment
response of several months and the side effects of prolonged
immunosuppression.

The goal of MG treatment is to achieve a maximal clinical
benefit with a minimal immunosuppressant dose to lower the
risk of adverse effects from prolonged immunosuppression.
In our study, we demonstrated a significant reduction in the
average daily prednisone dose with improved clinical scores.
The main reduction was observed in the first 6 months of
treatment, and this was then sustained and augmented with
continued therapy. Other studies have similarly demon-
strated a reduction in prednisone dose following IVIg treat-
ment [20-23]. Although these are all retrospective analyses,
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it seems that the steroid-sparing effect is consistent and sig-
nificant. While corticosteroids are very effective in the treat-
ment of MG, the burden of dose-related side effects means
that steroid-sparing agents improve patients’ quality of life.

The dose given for maintenance therapy in our study was
0.4 g/kg given at a 3- to 4-week intervals. The traditional
dose of IVIg in chronic maintenance therapy by neurolo-
gists is adopted from experience gained in chronic inflam-
matory demyelinating polyneuropathy, where guidelines rec-
ommend a maintenance dose defined between 0.6 and 1 g/
kg every 3-8 weeks and 0.4 and 1.2 g/kg every 2—-6 weeks
[27, 28]. A reduction of IVIg maintenance dose in chronic
neurological diseases has been shown to improve the cost/
benefit ratio [29]. The lower dose used in our study was due
to regulatory requirements in Israel in an attempt to lower
the cost of IVIg therapy. A lower dose has the advantage of
reducing side effects and a lower burden on health services.
The 0.4 g/kg can be given over a few hours as opposed to
1 g/kg, which requires a much longer duration of infusion
and sometimes the need to give the infusion over two sepa-
rate days. Despite this lower dose, we showed a clear clinical
benefit and steroid-sparing effect. This may encourage the
use of a lower dose of IVIg in the maintenance therapy of
MG.

With new therapies available, the place of chronic IVIg
therapy in MG patients that are uncontrolled on steroids,
pyridostigmine, and immunosuppressive therapies is
unclear. Over the past few years, more therapeutical options
for MG have emerged. The B cell depletion agent rituximab
is effective in refractory MG, especially in patients with anti-
MUSK antibodies [30]. The complement inhibitor, eculi-
zumab is now approved for therapy in refractory MG, though
its cost may limit its use [12, 31]. Even in the era of these
new therapies, low-dose maintenance IVIg may be a useful
bridging therapy until a response from the immunosuppres-
sive agent occurs or until one of these new therapies is used.

One of the limitations of our study is its retrospective
design. It could be argued that the improvement in clinical
function on chronic IVIg is attributed in part to concomitant
immunotherapies and not solely to IVIg. However, we estab-
lished clinical improvement in MG patients that were treated
with IVIg alone. Moreover, the long-term follow-up period
of this study allows us to demonstrate a prolonged clinical
stability after prednisone tapering.

In conclusion, this retrospective study shows that chronic
low-dose IVIg in patients with MG over a period of 3 years
can act as a steroid-sparing agent with good and prolonged
clinical effect. A prospective randomized controlled clinical
trial of chronic IVIg therapy in myasthenia gravis is needed
to confirm our results.
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