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Abstract

Objective We investigated the efficacy of low-dose prednisolone (PSL) regimen in patients with generalized myasthenia
gravis (MG) post-thymectomy and its correlation with long-term outcome.

Methods This is a 2-year observational study. The subjects were aged 16-75 years, a Myasthenia Gravis Foundation of
America (MGFA) clinical classification of II to IV, generalized MG after thymectomy. We selected a low-dose (5 mg/day)
initiation and slowly incrementing (10 mg every 4 weeks) PSL therapy regimen. We collected the clinical characteristics,
treatment-related data, and 2-year clinical outcomes of MG patients, and analyzed the effect of various factors on the achieve-
ment of the treatment target.

Results Sixty-three generalized MG were recruited in our study. After 2 years of observation, 52 patients (82.5%) of gener-
alized MG achieved treatment goal. Based on the maximum daily dose of PSL received, the MG patients were divided into
20 mg, 30 mg, and > 40 mg groups. Subgroup analysis showed that the 20 mg group had the highest rate of achieving the
treatment target (94.9%), followed by the 30 mg group (73.3%) and the lowest rate was among the >40 mg group (44.4%).
Using a multivariate logistic regression analysis, we identified that the maximum daily dose of PSL 20 mg was the only
positive, independent predictor of treatment goal achievement after 2 years.

Conclusion Low-dose initiation, slowly incrementing PSL therapy is feasible for generalized MG patients after thymectomy.
Early response to low-dose PSL therapy may predict better long-term outcomes.
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Introduction

The American Academy of Neurology (AAN) updated
the guideline regarding the efficacy of thymectomy for
MG treatment in 2020 [1], reporting significant benefits
of thymectomy to patients with non-thymomatous ace-
tylcholine receptor antibody (AChR Ab) positive gen-
eralized MG. The MGTX randomized trial [2] and the
MGTX extension trial [3], which provided high-quality
evidence for the guideline, have shown a reduction in the
time-weighted average Quantitative Myasthenia Gravis
(QMQG) scores (score items see Supplemental Table 1) and
PSL dose following thymectomy in generalized MG. For
conventional MG therapy, oral corticosteroids remain the
most common immunosuppressive drug. They are widely
used with both dose escalation/de-escalation regimen [4].
Even in the international consensus guidelines, a widely
accepted dose regimen for oral corticosteroids has not
been proposed [5]. A multicentre cross-sectional study
suggests that low-dose PSL treatment may enable achiev-
ing treatment targets earlier. It may also help maintain sta-
bilized status better in patients with generalized MG [6].

Therefore, it seems reasonable that a low-dose PSL dos-
ing regimen was selected as a subject of a clinical trial,
especially in generalized MG patients following thymec-
tomy. We used a low-dose initial, slowly increasing dose
regimen and followed up for 2 years to analyze the long-
term outcomes of the new regimen in the management of
generalized MG.

Methods
Subjects and data collection

The study was a prospective, non-controlled study and has
been approved (2013-1ff-104) by the Ethics Committee of
the 2nd Affiliated Hospital of Harbin Medical University.
All written informed consent was sought from all patients,
prior to registration. We screened all patients with MG
who were treated at the 2nd Affiliated Hospital of Harbin
Medical University between January 1, 2013, and Decem-
ber 31, 2018. The diagnosis of MG is based on a typical
history and clinical manifestation (fluctuating weakness of
skeletal muscles) and any of the following 3 points, includ-
ing elevated AChR Ab, positive response to cholinesterase
inhibitors, and a decremental response of muscle to repeti-
tive motor nerve stimulation.

Eligible MG patients were aged 16—75 years, and a
Myasthenia Gravis Foundation of America (MGFA) clini-
cal classification of II to IV [7] (see Supplemental Table 2
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for details) has undergone thymectomy, and appropriate
anticholinesterase therapy is acceptable, but corticosteroid
or other immunosuppressive agents have never been used.
Subjects who were pregnant or lactating, did not want to
avoid pregnancy within 2 years, had contraindications to
corticosteroids, or were accompanied by malignant tumor
diseases were excluded from the study.

The following data were collected at baseline: gender,
age, age at onset, disease duration, thymic histology, clinical
status, MGFA classification, QMG score, AChR Ab status,
and pyridostigmine use. The following data were collected at
each visit: clinical status, medication requirements, adverse
events, MGFA classification, QMG score, and MGFA post-
intervention status (PIS) (see Supplemental Table 3 for
details). The treatment goal of this study were defined as
achieving one of complete stable remission (CSR), phar-
macologic remission (PR), or minimal manifestation status
(MMS) according to the MGFA-PIS classification, last-
ing > 12 months without recurrence. Patients were classified
as “MMS or better group” or “No MMS group” based on
whether treatment goal were achieved at the last follow-up.
MMS or better is also the treatment target recommended by
the MG international consensus [5].

Low-dose PSL dosing regimen

Upon enrolment (at baseline), patients received oral PSL at
an initial dose of 5 mg per day. This was followed by weekly
increases of 5 mg per day, until such time that the daily dose
reached 20 mg (at 4 weeks). At the end of the fourth week,
the patients completed the visit 1 (4 weeks +2 days). The
standard for further adjustment of PSL dose was based on
the MG symptoms, the QMG score [8], the MGFA score,
and the achievement of MMS [7] at each visit. When the
symptoms of MG improved over baseline/previous visit, the
MGFA score was <2, and the QMG score decreased by at
least 3 points compared to baseline; PSL doses remained
unchanged. If the aforementioned changes were not
observed, a daily dose of PSL was increased by 10 mg upon
each visit. Once the patients reached MMS, the PSL dose
would not be increased further. For some patients, PSL daily
dose was increased to 30 mg upon visit 1 (4 weeks + 2 days)
and to 40 mg upon visit 2 (8 weeks +1 week). If sub-
jects did not show improvement in symptoms by visit 3
(12 weeks + 1 week), PSL doses would be increased to the
maximum dose of 50 mg per day (Fig. 1), and be maintained
at visit 4 (16 weeks + 1 week). Figure 1 depicts the incre-
mental PSL dosing regimen in a flowchart. From the 16th
week, the follow-up interval was adjusted to 2-3 months. In
either case, for patients who achieved and maintained MMS
for 6 months or did not achieve MMS at 12 months, the PSL
daily dose was reduced by 10 mg per month until it reached
20 mg per day. The subsequent daily dose was reduced by
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Fig. 1 The incremental regimen
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.| 1. It was the maintenance and reduction period of prednisone.
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5 mg every 2 months if MMS was maintained. During the
PSL tapering period, if MG patients’ condition worsened,
PSL daily dose was increased by 10 mg until the next visit.
Concurrent with initial PSL, all subjects have been given
azathioprine 2.0 mg/kg per day (or mycophenolate mofetil
1.5-2 g per day if they could not tolerate azathioprine).
Upon initiation of PSL tapering, patients could not take
more than 120 mg pyridostigmine per day.

Statistical analysis

The time-weighted average PSL dose was calculated by
dividing the cumulative doses by the number of days from
baseline to the last visit. Student’s T test and one-way analy-
sis of variance (ANOVA) were used to compare continuous
data between two or three groups, respectively. Pearson’s
1 test was used to compare categorical variables between
groups. Kaplan—Meier analysis and log-rank test were used
to find the differences in time taken, to achieve treatment tar-
get among the subgroups. The multivariate logistic regres-
sion model was used to identify independent, predictive
factors for achieving treatment goal 2 years after treatment
initiation. Factors in the model included age; QMG score;
age at onset (early onset and late onset); thymic histology
(non-thymoma and thymoma); and the maximum daily dose
of PSL (20 mg, 30 mg, and >40 mg). A P-value <0.05 was
considered to indicate statistical significance. Statistical
analysis was performed using SPSS version 22.0 software.

| 2. Visit were done from week 16 onwards every 2-3 months.

Results
Demographic and baseline details

From January 1, 2013, to December 31, 2018, a total
of 193 patients underwent screening. Of which 112 did
not meet the inclusion criteria and were excluded from
the study (see Supplemental Fig. 1 for details). Of the
81 patients eligible for inclusion, 7 patients who had sig-
nificant improvement post-thymectomy did not consent to
PSL treatment and withdrew from the trial. The remain-
ing 74 patients with generalized MG participated in this
study between January 2013 and December 2020. Finally,
63 patients completed 24 months of follow-up (7 lost
to follow-up, 1 withdrew consent, 1 died 2 weeks after
surgery, 1 withdrew due to necrosis of the femoral head,
and 1 withdrew due to hepatitis B reproduction). Of the
63 patients, 34 were women and 29 were men. The mean
age of onset was 44.6 + 15.7 years, and the mean age at
thymectomy was 45.9 & 15.3 years. The mean duration of
disease was 6.7 +£4.0 years (range: 2.2-24.0 years). With
a cutoff age of 50 years for distinguishing. Thirty-five
patients (55.6%) were early-onset MG, 28 patients (44.4%)
were late-onset MG. Forty-eight patients were tested for
AChR AbD status, but these tests were not done in the same
clinical trial center. Measuring range upper limit is differ-
ent in different centers, and some of the AChR Ab titers
cannot be accurately quantified because they exceed the
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upper limit. Therefore, we only qualitatively describe the  Treatment characteristics with PSL
AChR Ab status in Table 1. Other demographic data and
baseline details, including thymic histology, MGFA clas-
sification, QMG score, and dose of pyridostigmine are

shown in Table 1.

According to the dosing regimen, MG patients were admin-
istrated different doses of PSL for varying durations. The
treatment characteristics of subgroups are shown in Table 2.

Table 1 Baseline characteristics of MG patients classified by clinical outcome

Total N=63 MMS or better N=52 No MMS N=11 P-value
Demographics
Sex (% women) 34 (54.0%) 28 (53.9%) 6 (54.5%) 0.966
Age at onset (years), range 44.6+15.7 (11-72) 44.8+16.5 (11-72) 43.2+11.8 (20-58) 0.703
Disease duration (years), range 6.7+4.0 (2.2-24.0) 6.7+4.2 (2.4-24) 6.4+3.2(2.2-13.2) 0.780
Age at thymectomy (years), range 45.9+15.3 (17-73) 46.2+15.9 (17-73) 44.1+12.0 (20-59) 0.617
Thymic histology, N (%) 0.0667F
Non-thymoma 33 (52.4%) 30 3
Thymoma 30 (47.6%) 22 8
E-L classification, N (%) 0.553
Early-onset MG 35 (55.6%) 28 7
Late-onset MG 28 (44.4%) 24 4
MGFA classification, N (%) 0.022F
MGFA 11 38 (60.3%) 35 3
MGFA 111 16 (25.4%) 12 4
MGFA 1V 9 (14.3%) 5 4
Maximum daily dose of PSL, N (%) 0.001+
20 mg 39 (61.9%) 37 2
30 mg 15 (23.8%) 11 4
>40 mg 9 (14.3%) 4 5
QMG score, range 12.3+5.7 (5-27) 11.2+5.1 (5-24) 17.5+6.0 (7-27) 0.006*
AChR Ab 0.839
Positive 44 (69.8%) 36 8
Negative 4(6.4%) 3 1
Not done 15 (23.8%) 13 2
Pyridostigmine (mg/day), range 240.0+77.7 (60-480) 240.0+82.5 (60-480) 240.0+52.0 (180-360) 1.000

“Significant difference detected by Student’s  test

TSignificant difference detected by Pearson’s y” test

AChR Ab, acetylcholine receptor antibody; MGFA, Myasthenia Gravis Foundation of America; MMS, minimal manifestation status; PSL, predni-
solone; QMG, quantitative myasthenia gravis

Table 2 Comparisons of treatment characteristics in patients classified by PSL regimen

Maximum daily dose of PSL

20 mg (N=39) 30 mg (N=15) >40 mg (N=9) P-value
Time-weighted mean PSL daily dose (mg), range ~ 14.6+1.1 (12.5-16.4)*  20.2+1.6 (16.9-23.5)*  28.4+3.5 (24.7-35.8)* <0.001*
Mean PSL daily dose (mg) at 24 months (the last 1.5+3.0 (0.0-10.0) 3.8+5.1(0.0-15.0) 7.8+6.7 (0.0-15.0)* <0.001*
visit), range
Cumulative PSL doses (g), range 8.3+1.8(5.9-11.6)* 12.7+1.9 (10.3-15.7)* 19.1+£2.4 (14.0-22.6)* <0.001*
PSL withdrawal, N (%) 29 (78.4%)" 8 (57.1%)" 3 (37.5%)" 0.0457

*Significant difference detected by one-way analysis of variance (ANOVA)

TSignificant difference detected by Pearson’s y? test
PSL, prednisolone
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In fact, the maximum daily dose of PSL received by MG
patients was divided into four levels: 20 mg, 30 mg, 40 mg,
and 50 mg. However, an unexpected result was that more
than 60% of patients received the maximum daily dose of
PSL of 20 mg, while only a few patients received the maxi-
mum daily dose of 40 mg and 50 mg. For subgroup analysis,
to avoid statistical bias caused by small sample size, patients
in the 40 mg group and 50 mg group were combined. Thus,
based on the maximum daily dose of PSL received, MG
patients were divided into three groups: 20 mg group, 30 mg
group, and >40 mg group. At month 24, the mean PSL daily
dose in the > 40 mg group was 7.8 +6.7 mg (0.0-15.0 mg),
significantly higher than in the 20 mg (1.5 +3.0 mg) or
30 mg groups (3.8 +5.1 mg), P <0.001. From month 0 to
month 24, time-weighted mean PSL dose (14.6+1.1 mg in
the 20 mg group, 20.2+ 1.6 mg in the 30 mg group, and
28.4+3.5 mg in the >40 mg group); cumulative PSL dose
(8.3+1.8 g in the 20 mg group, 12.7+1.9 g in the 30 mg
group, and 19.1+2.4 g in the > 40 mg group); and PSL with-
drawal rate (78.4% in the 20 mg group, 57.1% in the 30 mg
group, and 37.5% in the >40 mg group) were significantly
different between any two of the three groups (P <0.05).
Time-event analysis with treatment target as an outcome
event showed that the target achievement rate for all patients
was 82.5% at 2 years, and the meantime to achieve treat-
ment target was 17.1 months (95% CI, 16.2 to 18.0 months).

Fig.2 Kaplan—-Meier curves of

Among the subset of patients receiving 20 mg PSL, a sig-
nificantly higher proportion of patients reached treatment
target (94.9%) in the least amount of time (15.9 months, 95%
CI, 15.0 to 16.8 months), >40 mg group fewer proportion
of patients reached the target (44.4%) and took the long-
est time (21.0 months, 95% CI, 18.6 to 23.3 months). The
Kaplan—Meier plot with each of the subgroups is presented
in Fig. 2.

Independent predictors for clinical outcome

Overall, at a 2-year follow-up, 52 patients (82.5%) had
already achieved MMS or better and have lasted for more
than 12 months; the meantime to MMS or better was
3.7+2.3 months after the start of PSL therapy. To explore
the factors affecting long-term clinical outcomes, demo-
graphic data and clinical characteristics at baseline, and
treatment characteristics with PSL were taken as independ-
ent variables, and clinical outcomes as dependent variables,
univariate analysis is used to screen variables. The eligi-
ble variables with P <0.1 in univariate analysis, including
baseline MGFA classification, baseline QMG score, thymus
histology, and maximum daily dose of PSL, finally entered
the multivariate logistic regression model. Analysis showed
that the maximum daily dose of PSL 20 mg was the only
independent predictor of treatment goal achievement after
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2 years of treatment and was a positive predictor. After
2 years, the odds ratio (OR) (95% CI) was 6.727 (1.084 to
41.768, P=0.041) for 20 mg group versus 30 mg group, and
the OR (95% CI) was 23.125 (3.332 to 160.490, P=0.001)
for 20 mg group versus >40 mg group (Table 3).

Discussion

Although there is no internationally accepted standard of
treatment in generalized MG management, the universally
accepted view now is that the long-term immunosuppressive
therapy should be started [5, 9, 10], usually with a combina-
tion of PSL and azathioprine (level A recommendation) [9].
PSL is undoubtedly the first-line immunosuppressive agent
for all generalized MG patients [11-14]. PSL combined with
azathioprine is recommended to allow tapering the PSL to
the lowest dose possible, while maintaining effect [11, 15,
16]. Results of a recent randomized clinical trial suggest
that rapid tapering of PSL is feasible and does not affect
long-term outcomes in patients with moderate to severe gen-
eralized MG treated with high-dose PSL with azathioprine
[17]. In addition, the MGTX study [2] published in 2016 and
the recently published MGTX extension study [3] provide
evidence that thymectomy can improve clinical outcomes
and reduce dependence on PSL in patients with generalized
MG. Since both thymectomy and azathioprine can be used
as steroid-sparing agents, when the generalized MG patients
undergoing thymectomy would start PSL plus azathioprine
treatment, we should reconsider the question of “how to use
PSL and for how long?” We would certainly like to use PSL
less, after all, the side effects of PSL [18] are obvious and
well known. The Japanese clinical guidelines (GLs) for MG
and some recent studies based on clinical data obtained in
the Japan MG Registry study (JAMG-R) recommend that
high-dose oral steroids as a treatment strategy in MG should
be reconsidered for the high incidence of adverse reactions,
reduced quality of life, and deteriorating mental health [6,
10, 19].

Table 3 Independent predictors of clinical outcome at month 24

Parameters OR (95% CI) P value
Maximum daily dose

of PSL
20 mg/30 mg 6.727 (1.084-41.768) 0.041
20 mg/>40 mg 23.125 (3.332-160.490) 0.001

Only the factors with a P-value of <0.05 are presented here. Base-
line MGFA classification, baseline QMG score, and thymus histology
were also entered in the multivariate logistic model, but none of the
factors was found to independently predict the clinical outcome

CI, confidence interval; OR, odds ratio; PSL, prednisolone
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In the present study, PSL was given following a lower
initial dose and slower escalation schedule in the general-
ized MG patients who underwent thymectomy. The maxi-
mum daily dose of PSL for all MG patients was confirmed
within 16 weeks of treatment initiation according to the
PSL dosing regimen. The results showed that 85.7% of
patients reached their daily PSL dose to the maximum (20
to 30 mg) within 8 weeks of treatment initiation and did not
increase their PSL dose for the entire period of follow-up.
To exemplify, when the maximum daily dose of PSL was
increased to 20-30 mg at week 8 of treatment, 85.7% of
patients showed a sustained improvement in clinical fea-
tures, which was reflected in subjective symptoms (improve-
ment of symptoms), objective evaluation (QMG score is at
least 3 points less than baseline), and MGFA classification
(MGFA score <2). The results at 2 years follow-up showed
that by the last visit, 82.5% of patients had achieved long-
term treatment goal, which were comparable to other recent
studies [20, 21] in China; the 20 mg group had the highest
realization rate of treatment target and the shortest average
time to reach the treatment target, and the >40 mg group had
the lowest target achievement rate and the longest average
target reaching time (Fig. 2). At 24 months, the PSL doses
were reduced to 1.5+3.0 mg and 3.8 +5.1 mg in the 20 mg
groups and 30 mg groups, respectively, like the PSL dosing
level of 5 mg per day or less, which has been recommended
as a treatment target by Japanese experts in their national
guideline for MG [10]. At the last follow-up, 78.4% of the
patients in the 20 mg group had stopped PSL treatment,
which was significantly higher than the other two groups.
The time-weighted average was calculated by dividing the
cumulative doses by the number of days from baseline to a
time point, which can better reflect the average daily PSL
dose during this period. In this study, the time-weighted
mean PSL dose month 0-24 was 18.0+5.2 mg, which was
significantly lower than the doses’ level in the MGTX study
[2, 3], and may be related to the slower incremental PSL
dosing regimen and the combination of immunosuppressant.
The results show that low dosage, slowly incrementing PSL
therapy, is feasible for generalized MG patients. The earlier
the clinical response to PSL appears in MG patients, the
smaller the cumulative dose of PSL is used, and the earlier
the treatment goal is achieved.

Multivariate regression analysis confirmed that patients
in the 20 mg group had better outcomes at 2 years, and
the maximum daily dose of PSL 20 mg was a predictor of
achieving treatment goal. This may indicate that generalized
MG patients post-thymectomy are more likely to achieve
long-term treatment goal if their symptoms begin to improve
within 4 weeks by treatment with 20 mg prednisone com-
bine with azathioprine daily. A recently published study sug-
gests a similar view that the treatment response at 6 months
could be a predictor of the long-term clinical outcome [21].
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Studies by Imai et al. also indicated that the response of MG
patients to oral PSL was not associated with baseline disease
severity, and patients who do not respond well to PSL need
higher doses and longer periods of corticosteroid treatment
[22]. Cumulative PSL dose was an independent negative pre-
dictor of prognosis at 1 year after treatment initiation [22].

In univariate analysis, MGFA classification, baseline
QMG score, and thymic histology were also candidate pre-
dictors, but these confounders were excluded after multi-
variate analysis. Whether thymomatous patients had worse
outcomes has long been controversial. Some authors agreed
with us [23-26], and the others supported thymomatous
pathology as a prognostic factor [27-31]. Overall, the low-
dose PSL treatment was feasible in generalized MG over
2 years of follow-up. PSL daily dose < 10 mg within 14 days
of initial treatment reduced the likelihood of steroid-induced
initial worsening in MG [32]. Within 8 weeks, the maximum
daily dose of PSL was increased up to 20-30 mg improved
symptoms in most MG patients (85.7%). From month 0 to
month 24, the time-weighted mean PSL dose was lower than
expected, which helped to reduce the adverse effect caused
by corticosteroid exposure [33, 34]. The complete follow-
up data showed an overall favorable prognosis, with 82.5%
of the patients achieving treatment goal and 63.5% of the
patients withdrew PSL, suggesting that with the PSL dosing
regimen, “less is not necessarily more.”

At present, there is no clear and internationally recog-
nized guideline for PSL therapy in MG patient [1-5]. In
our study, although the overall prognosis for the majority
of patients was good, 10-15% of patients did not achieve
the treatment goal, especially those who received a high
dose of PSL due to poor response in the early stage of treat-
ment. Therefore, early identification of refractory patients
and offering them an optimal treatment regimen needs to
be addressed.

The limitation of the present study is that it is a non-
control design at a single center. Not all patients were tested
for AChR Ab, and so we could not properly analyze the cor-
relation between AChR Ab status and long-term outcome.
In addition, the time of longitudinal follow-up was relatively
short. Toward a more complete understanding of the dis-
ease course to MG, we should continue to follow up these
patients in the future.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s10072-022-05897-0.
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