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Corticosteroids are usually considered for treatment
of patients with moderate (Ze. class 111 of the Myasthenia
Gravis Foundation America (MGFA) classification), severe
(i.e. Class IV), or mechanically ventilated (i.e. Class V)(1)
generalized autoimmune myasthenia gravis (MG) that is
not controlled by cholinesterase inhibitors (i.e. pyridostig-
mine)(2, 3). It is usually recommended to ombine predni-
sone with an immunosuppressant(2, 3), as prednisone will
allow relatively rapid control of MG, and the immunosup-
pressant will allow prednisone tapering without destabiliz-
ing the MG. About 80% of individuals with MG are respon-
sive to prednisone(4), irrespective of age and time from MG
onset. Prednisone tapering is necessary to avoid corticoste-
roid side-effects, which are reported in up to 65% of cases
(4) depending on its cumulative dose(5). Patients with MG
develop Cushingoid symptoms in 30% of patients; weight
gain, diabeles, or hypertension in 15%; and bone fracture in
5%(6). Therefore, if the Scylla of prednisone tapering is MG
exacerbation, its Charybdis is side effects from continued
long-term use. The therapeutic importance of prednisone
tapering is supported by the fact that cumulative or final
doses of corticosteroids have been considered the primary
endpoint of major clinical trials along with MG clinical con-
trol(7-11). Rationally, discontinuation of steroids depends
on the tapering regimens and on the efficiency of the associ-
ated immunosuppressive agent.

There are various means of administering predni-
sone(12). The most common method proposed in the lit-
erature consists of gradually increasing the dose up to 0.75
mg/kg on alternate days and progressively reducing it when
the minimal-manifestation status (MMS) is reached(7, 13).
Therefore, this increase/tapering strategy was used in two
cornerstone randomized controlled trials in which high and
prolonged corticosteroid treatment were reported (30 and
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20 mg, at 15 and 36 months) (7, 13). Historically, this taper-
ing regimen was initially developed for the trial on the ben-
efit of Azathioprine (13), in 1992, and it was used much later
in the thymectomy trial, in 2016(7). We have conducted the
multicenter single-blind randomized MYACOR trial to de-
termine whether faster tapering could be achieved in aza-
thioprine-treated generalized MG in comparison with the
referent tapering regimen(14) (Table 1). Our rapid-tapering
regimen consisted of immediate high-doses of prednisone,
daily intake but also rapid or slow-decrease when MMS
or improvement was attained (‘Table 1). MMS attainment
without prednisone at 12 months and without relapse or
prednisone reintroduction at 15 months was the primary
outcome. We found that the proportion of patients who met
the primary endpoint was higher in the rapid than in the
referent-tapering arm (39 % versus 9%) presenting a risk
ratio of 3.61 (95% IC [1.64-797], P <0.0001), after adjusting
for center and thymectomy. The reduction of the cumula-
tive dose was 1828 mg (95% Cl, -3121 to -461 mg), which
corresponds to a clinically relevant sparing of 5 mg per day.
Such sparing is particularly important when the daily dos-
age falls below 20 mg, which is a turning point in our experi-
ence with prednisone tapering. The MYACOR trial provid-
ed two other interesting findings. First, the rate of serious
adverse events (SAEs) was twofold lower than previously
reported (6) and did not differ statistically between the two
regimens. Infection (10%), diabetes (5%), and osteoporosis
(2%) were the most frequent side effects. This indicates that
prevention of prednisone side effects has dramatically im-
proved within the last three decades. Second, azathioprine
was more efficient than previously reported(13). In the trial
by Palace and colleagues, this reduction was not apparent
until the eighteenth month and did not become significant
prior to the thirty-sixth(13). More than fifty percent of par-
ticipants were still treated with corticosteroids after one
year(15). Since the patients’ characteristics and adminis-
tration of azathioprine were comparable, only the faster ta-
pering of prednisone in the MYACOR trial can account for
such a corticosteroid-sparing effect of azathioprine.

The corticosteroid-sparing effect has been assessed
with other immunomodulating interventions other than
azathioprine. Because it has always been tested against
placebo and because of the methodological discrepancies
between trials, their corticosteroid-sparing potential can-
not be specified. The MGTX trial(7) demonstrated that
thymectomy significantly reduced the dose of prednisone at
three years, with an average alternate-day prednisone dose
of 32mg (i.e., 16 mg/day). This remaining high dose of pred-
nisone can result from the fact that its tapering was too slow
but also from the fact that only 17% of the thymectomized
patients had been treated with azathioprine.
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Table 1
Tapering regimens
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Prednisone

Slow-tapering regimen

Rapid-tapering regimen

Initial dose

Started 10 mg, then increased by
increments of 10 mg every two days up to
1.5 mg/kg (without exceeding 100 mg)

Immediately started at 0.75 mg/kg /day (without
exceeding 100 mg)

Intake

Alternate Day

Daily

Tapering criteria

MMS

1) MMS
2) Improvement status

Tapering protocol

1) IfMMS reached:
reduction by 10 mg every 2 weeks until
40 mg, then reduction by 5 mg every
month until O mg

2) If MMS not maintained
increase by 10 mg every 2 weeks until
MMS , and then tapering as described
inl)

1) MMS reached at one month :
reduction by 0.1mg/kg every 10 days until 045
mg/kg/day, then 0.05 mg/kg every 10 days until
0.25 mg/kg/day, then in decrements of 1 mg
every 7 to 15 days

2) Improved status at one month :
decrease by 0.1 mg/kg every 20 days until 045
mg/kg/day then 0.05 mg/kg every 20 days until
0.25 mg/kg/day then 1 mg per kg every 7 to 15
days
If MMS is achieved, then tapering is similar to
sequence 1).

3) If MMS and improvement not

reached
0.75 mg/kg maintained for the first 3 months,
followed by decrease of 0.1 mg/kg every 20 days
until 045 mg/kg/day, then by 0.05 mg/kg every
20 days until 0.25 mg/kg/day at 20 days. No
further reduction.
If improvement is attained, the tapering follows
the sequence described in 2)

Severe Side-effects

can be decreased as described in 1)

can be decreased as described in 1)

MG exacerbations

1) Severe:

prednisone is doubled
2) Moderate:

increase to the previous dose
3) +Ivlgand PE

1) Severe:

prednisone is doubled
2) Moderate:

increase to the previous dose
3) +Ivlgand PE

Abbreviations : MMS : minimal manifestation status ; Ivlg : intravenous immunoglobulins ; PE : plasma exchange
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Using the slow-tapering regimen, a very recent open-
labeled, randomized trial showed that the 15 month-
cumulative dose of prednisone was significantly lower in
patientswithgeneralized MG treated withmethotrexate(11).
Mycophenolate mofetil (MMF) treatment was not superior
to placebo in maintaining MG control during a 36-week
schedule of prednisone tapering(16). Cyclosporine has
also been shown to stabilize MG and to significantly
reduce prednisone dosage(17). The corticosteroid-
sparing effect of cyclophosphamide has not been reliably
assessed, to our knowledge. It must be emphasized that
cyclophosphamide, methotrexate, and cyclosporine are
usually considered a therapeutic option in refractory MG,
although calcineurin inhibitors are considered to be first-
line immunosuppressive agents in Japan. It is too early to
anticipate how new monoclonal antibody therapies will
challenge the position of azathioprine and MMF as first-
line immunosuppressants. The cost of these new therapies
could preclude their use in a large number of countries.

The corticosteroid-sparing effect of rituximab was
initially supported by a retrospective cohort study(18), then
recently assessed in two placebo-controlled double-blind
randomized trials (i.e. BeatMG Study and RINOMAX
trial), with contradictory conclusions(8, 9). The BeatMG
study showed that rituximab does not significantly increase
the proportion of patients who achieve at least a 75%
reduction in prednisone dose at 12 months, with tapering
being gradually carried out after 8 weeks but only after
confirming that MG symptoms were at least stabilized(9).
The RINOMAX trial (8) reported that a single dose
of rituximab increased the probability of minimal MG
manifestation with less than 10 mg of prednisone at 4
months, given that prednisone was recommended to be
reduced up to 8 mg/day at two months. Anti-MuSK MG
might be more responsive to rituximab, notably in terms of
corticosteroid-sparing(19).

In recent decades, double-blind randomized clinical
trials against placebo have shown that new therapies that
target complement (i.e., Eculizumab and Zilucoplan) or
the neonatal-FC receptor (i.e., Efgartigimod, Batoclimab,
and Rozanolixizumab) are effective in controlling MG(10,
20-22). However, the corticosteroid -sparing effect has not
been assessed in any of these trials, as prednisone tapering
was not allowed during the study period. Finally, intravenous
immunoglobulins are not more effective than placebo in
reducing corticosteroid dose by 50% at 10 months in adult
patients with generalized MG(0).

In conclusion, tapering of prednisone remains a
challenge in the therapeutic management of patients
with generalized MG, as it is an effective treatment
but associated with multiple side effects that prompts
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determination of its minimal effective dose as soon as
possible. Azathioprine and rituximab allow rapid tapering.
The corticosteroid-sparing effect of newer therapies must
be assessed and compared to azathioprine and rituximab.
Given their effect on MG status, it is conceivable that these
new treatments will enable a dramatic reduction or even
complete discontinuation of corticosteroids. On the other
hand, one may argue that treatment with azathioprine and
prednisone is effective and well-tolerated in the majority of
patients with generalized MG, and also not expensive. Only
a clinical trial will determine which immunosuppressant is
the most clinically and corticosteroid-sparing agent.
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