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ABSTRACT

Background: Myasthenia gravis (MG) is a rare classic autoimmune disease where
immunosuppressant therapies have been successful to reduce MG attributable mortality
fairly well. However, patients with refractory MG (rMG) among the actively treated MG (aMG)
are nonresponsive to conventional therapy and display high disease severity, which calls for
further research. We aimed to determine survival, prognosis, and clinical feature of patients
with rMG compared to non-rMG.

Methods: Retrospective nationwide cohort study using Korea's healthcare database between
2002 and 2017 was conducted. Patients with rMG (n = 47) and non-rMG (n = 4,251) who were
aged > 18 years, followed-up for > 1 year, and prescribed immunosuppressants within 2 years
after incident MG diagnosis were included. Patients with rMG were defined as administered
plasma exchange or intravenous immunoglobulin at least 3 times per year after receiving > 2
immunosuppressants. All-cause mortality, myasthenic crisis, hospitalization, pneumonia/
sepsis, and emergency department (ED) visits were measured using Cox proportional hazard
models and pharmacotherapy patterns for rMG were assessed.

Results: The rMG cohort included a preponderance of younger patients and women. The
adjusted hazard ratio was 2.49 (95% confidence interval, 1.26-4.94) for mortality, 3.14
(2.25-4.38) for myasthenic crisis, 1.54 (1.15-2.06) for hospitalization, 2.69 (1.74—4.15)

for pneumonia/sepsis, and 1.81 (1.28-2.56) for ED visits for rMG versus non-rMG. The
immunosuppressant prescriptions were more prevalent in patients with rMG, while the
difference was more remarkable before rMG onset rather than after rMG onset.

Conclusion: Despite the severe prognosis of MG, the strategies for pharmacotherapeutic
regimens were similar in those two groups, suggesting that intensive monitoring and
introduction of timely treatment options in the early phase of MG are required.

Keywords: Refractory Myasthenia Gravis; Population-based Study; Longitudinal Study;
Pharmacotherapy; Clinical Outcomes
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INTRODUCTION

Myasthenia gravis (MG) is a rare classic autoimmune disease caused by a target-specific
antibody-mediated process.! The blockade of neuromuscular transmission at acetylcholine
receptors results in varying degrees of muscle disorders including eyelid movement,

facial expression, chewing, talking, swallowing, shortness of breath and weakness in the
arms, hands, fingers, legs, and neck.2 The annual incidence of MG ranges from 0.3 to

2.8 per 100,000 people worldwide.3 In current treatment guidelines, non-target-specific
immunosuppressive drugs, such as corticosteroids or non-steroidal immunosuppressive
agents (ISAs), are used as first-line therapy for all patients who have not met treatment goals
with acetylcholinesterase inhibitors (AChEIs).4 Those immunosuppressant therapies are
fairly successful over the last 80 years, reducing MG-attributable mortality from 70% in the
1930s to < 10% today.5 Compared to markedly increased MG mortality until few decades
ago, life expectancy is now close to normal in developed countries.®7 A relative mortality
of 1.41 was reported for Acetylcholine Receptor MG in individuals diagnosed between

1985 and 2005 in Denmark.¢ A study conducted in Norway did not present any increased
mortality in patients with MG compared with controls after 1995.7 Despite the considerable
advancements in MG treatment, some patients still poorly respond to therapy. For those
patients with refractory MG (rMG) who fail to respond to substantial use of conventional
treatment, chronic intravenous immunoglobulin (IVIG) or plasma exchange (PE), or
cyclophosphamide can be considered as rescue therapy.8 Nonetheless, patients with rMG
had a high fatality rate and experience frequent MG exacerbation, hospital admission, and
respiratory failures that require mechanical ventilation.912 In addition, studies on patients
with rMG are quite limited to case series or short descriptive studies,1316 it is difficult to
establish their clinical features and estimate their outcomes. Given the need to address the
current treatment gap for rMG, the clinical characteristics and prognoses of rMG must be
defined in real-world practice. Thus, we formulated two aims: 1) determining the major
clinical outcomes of rMG; and 2) describing the pattern of pharmacotherapy regimens for
patients with rMG.

METHODS

Study design and data sources

We conducted a longitudinal, retrospective, and nationwide cohort study using the National
Health Insurance Service (NHIS) database of South Korea between January 01, 2002 and
December 31, 2017. The national health insurance program provides universal healthcare
coverage for the entire South Korean population of > 50 million. The NHIS database contains
inpatient and outpatient medical service utilization records and includes information on de-
identified individual patient data, sociodemographic characteristics, procedures, diagnoses
coded by the International Classification of Diseases Tenth Revision (ICD-10) code system, and
drug prescriptions.!7 The drug prescription records include the date of prescription, generic
name, dosage, the days of supply, and route of administration. Death records were obtained
from the NHIS database linked to death certificate data provided by Statistics Korea.

Study population

The cohort was constructed of actively treated patients with MG (aMG) who satisfied the
following criteria: 1) a principal diagnostic code of MG (ICD-10 code G70.0) between 2003
and 2016, 2) no history of MG diagnosis within the previous year to restrict inclusion to
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patients with incident MG, 3) > 18 years old at the time of first MG diagnosis, 4) completed
at least a 1-year follow-up after MG diagnosis to secure a minimum follow-up period to
determine whether they are patients with rMG or not, and 5) prescriptions of corticosteroids
with mean daily prednisolone-equivalent dose > 20 mg (Supplementary Table 1 for
corticosteroid equivalent dose conversion) for > 2 months within 2 years after MG diagnosis
to exclude patients with mild or ocular MG who were generally treated with a lower dose of
corticosteroids.

Among the aMG cohort, patients with rMG were defined based on a previous study as those
who were administered PE or IVIG at least 3 times per year after treatment with more than
one corticosteroid or ISA following MG diagnosis, and the remaining patients were defined
as patients with non-rMG.8 The date of cohort entry was defined as the first date of MG
diagnosis. The date of rMG incidence (index date for rMG) was defined as the date of first PE
or IVIG prescription in a period when rMG criteria was satisfied having at least three PE or
IVIG prescriptions in a year.

Outcome measures

The outcome measures were all-cause mortality, myasthenic crisis, hospital admission,
pneumonia or sepsis, and emergency department (ED) visits, as captured at 1, 3, and 5-year
and overall follow-up period. When multiple records refer to the same outcome, the earliest
recorded date was the event date. Mortality, hospital admission, and ED visits data were
identified from the healthcare utilization and death records in the NHIS database. The
myasthenic crisis was defined as having a procedure code for endotracheal intubation,
mechanical ventilation, or continuous or bilevel positive airway pressure noninvasive
ventilation,10 and pneumonia or sepsis which was confirmed using diagnostic ICD-10 codes
(Supplementary Table 2).

Treatment pattern

The patterns of pharmacotherapeutic regimens were compared between patients with rMG
and non-rMG. In patients with rMG, we determined treatment patterns in the 2-year period
before and after the date of rMG incidence. For the patients with non-rMG, we determined
the treatment patterns in the 2-year period before and after the date of initial IVIG or PE
procedure (this criterion was set to be comparable to the index date for the patients with
rMG; only patients with non-rMG who received IVIG or PE were included in this analysis).
We calculated the proportion of patients who used AChEIs (pyridostigmine), corticosteroids
(methylprednisolone, prednisone, betamethasone, dexamethasone, triamcinolone, and
hydrocortisone), and ISAs (azathioprine, tacrolimus, mycophenolate mofetil [MMF],
cyclosporine, and methotrexate). Rituximab was not included in this analysis as the agent
was not eligible for reimbursement for the indication of MG in South Korea. We determined
the mean and median daily doses of corticosteroid using the prednisolone-equivalent dose
every 3 months.18 In this analysis, the prescriptions of low-dose corticosteroid (prednisolone-
equivalent dose < 5 mg/day) were excluded, as these prescriptions would be for low-dose
long-term maintenance treatment of MG.

Statistical analysis

We assessed baseline characteristics 1 year before the date of cohort entry, including sex, age,
Charlson comorbidity index (CCI),19 and comorbid conditions that commonly accompany
MG?20,21 (Supplementary Table 2). To compare the characteristics between patients with rtMG
and non-rMG, the t-test was used for continuous variables and the y? test or Fisher's exact
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test (expected frequency < 5) for binary variables. The Cochran-Mantel-Haenszel test was
used to compare subgroups of age and CCI. The Cox proportional hazards model was used to
estimate the hazard ratios (HRs) and 95% confidence intervals (CIs). The model was adjusted
for all baseline characteristics and whether a patient had thymoma (including malignant and
benign neoplasm) or thymectomy, before and after the MG diagnosis. Kapan-Meier analysis
and log-rank test were used to estimate the time to occurrence of clinical outcomes in rMG
compared to non-rMG. To identify the difference in patterns of treatment regimen between
groups, we used the y* test for a linear trend. A Pvalue of < 0.05 was considered statistically
significant. All statistical analyses were performed using SAS software version 9.4 (SAS
Institute Inc., Cary, NC, USA).

Ethics statement

This study was approved by the Institutional Review Board of Sungkyunkwan University in
South Korea (SKKU 2018-10-021). As this study was based on existing claim data and does
not contact with patients, no informed consent was required.

RESULTS

Characteristics of the study cohort

We identified 4,298 patients with incident aMG; 47 with rtMG and 4,251 with non-rMG (Fig. 1).
The number of patients with prevalent aMG increased from 732 in 2003 to 4,401 in 2016
(Supplementary Table 3). Patients with rMG were younger (45.5 vs. 52.2 years, P=0.017),
included more female (72.3% vs. 54.4%, P=0.014), and had more severe CCI scores (> 3:
14.9% vs. 6.8%, P=0.025) than patients with non-rMG. All comorbidities were comparable

National Health Insurance Service Database between January 1, 2002 and December 31, 2017
(The entire population in Korea of approximately 50 million)

|

23,084 Patients diagnosed with MG
between January 1, 2003 and December 31, 2016

2,045 Patients who had a history of MG in 2002

1,358 Age <18 years

Exclude 508 Patients who died within 1year after MG diagnosis

14,875 Patients without prescriptions of corticosteroids with mean daily
prednisolone-equivalent dose > 20 mg for > 2 months within 2 years
of MG diagnosis

| 4,298 Patients with aMG

Overall cohort

47 Patients with rMG: 4,251 Patients with non-rMG:
who were administrated plasma exchange aMG patients except for rMG patients
or intravenous immunoglobulin at least
three times per year after treatment with
more than one immunosuppressants

Fig. 1. Flowchart for the identification and selection of the study cohort.
MG = myasthenia gravis, aMG = actively treated myasthenia gravis, rMG = refractory myasthenia gravis.

https://doi.org/10.3346/jkms.2021.36.e242 414



Clinical Outcomes of Refractory Myasthenia Gravis

JKMS

Table 1. Baseline characteristics of the patients with incident rMG and those with non-rMG

Variable Patient No. (%)? P value®
rMG Non-rMG
Total No. of patients 47 4,251
Female 34 (72.3) 2,313 (54.4) 0.014
Age, yr 45.5+14.0 52.2 £15.4 0.017
Age group, yr 0.010
18-29 5 (10.6) 492 (11.6)
30-39 16 (34.0) 677 (15.9)
40-49 12 (25.5) 928 (21.8)
50-59 5(10.6) 933 (21.9)
60-69 8 (17.0) 709 (16.7)
70-79 1(2.1) 418 (9.8)
80+ 0 (0.0) 94 (2.9)
Comorbidity
Hypertension 0 (0.0) 18 (0.4) >0.999
Diabetes mellitus 4 (8.5) 366 (8.6) >0.999
Dyslipidemia 0 (0.0) 7(0.2) >0.999
Systemic lupus erythematosus 1(2.) 16 (0.4) 0471
Depression 2(4.3) 177 (4.2) >0.999
Sleep disturbance 0(0.0) 145 (3.4) 0.408
Anxiety 3(6.4) 133 (3.7) 0.185
Headache 2 (4.3) 570 (13.4) 0.066
Dizziness and giddiness 6 (12.8) 344 (8.1) 0.274
Osteoporosis 0(0.0) 148 (3.5) 0.410
Thyroid disease 1(2.0) 284 (6.7) 0.369
Thyrotoxicosis 2(4.3) 170 (4.0) 0.712
Myalgia and myositis 3(6.4) 140 (3.3) 0.205
Unspecified functional disorder of stomach 0 (0.0) 13 (0.3) >0.999
Malignant neoplasm of thymus 4 (8.5) 101 (2.4) 0.027
Benign or uncertain neoplasm of thymus 1(2.) 60 (1.4) 0.491
Unspecified neurotic disorder 0(0.0) 21 (0.5) >0.999
Acute upper respiratory infections of unspecified site 6 (12.8) 569 (13.4) 0.901
Acute nasopharyngitis 4 (8.5) 457 (10.8) 0.622
CCl 1.09 +£1.61 0.67 £1.13 0.085
CCl group 0.025
<1 24 (51.1) 2,689 (63.3)
1-2 16 (34.0) 1,275 (30.0)
>3 7 (14.9) 287 (6.8)
Year of cohort entry 0.365
2003 2 (4.3) 950 (5.9)
2004 1(2.1) 208 (4.9)
2005 6 (12.8) 270 (6.4)
2006 5 (10.6) 950 (5.9)
2007 3(6.4) 268 (6.3)
2008 2 (4.3) 974 (6.4)
2009 3(6.4) 286 (6.7)
2010 3(6.4) 286 (6.7)
2011 3(6.4) 307 (7.2)
2012 6 (12.8) 345 (8.1)
2013 5 (10.6) 383 (9.0)
2014 3(6.4) 350 (8.2)
2015 2 (4.3) 386 (9.1)
2016 3(6.4) 388 (9.1)
Follow-up period, yr
Mean = SD 71+3.9 6.9 £4.0
Median (IQR) 6.6 (6.1) 6.2 (6.6)

Data are shown as mean + SD or number (%).

rMG = refractory myasthenia gravis, CCI = Charlson comorbidity index, SD = standard deviation, IQR = inter quartile range.
2percentages may not total 100 because of rounding; "The t-test was used for continuous variables, y? test or Fisher's exact
test (expected frequency < 5) was used for binary variables, and Cochran-Mantel-Haenszel test was used for the subgroup

difference in age and CCI. P values of < 0.05 were significant.
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between groups except for malignant neoplasm of the thymus (P= 0.027). Thymoma and
thymectomy were more prevalent in patients with rMG than in patients with non-rMG
(Table 1, Supplementary Tables 4 and 5). In addition, 53.2% of patients with rMG entered
rMG status within 1 year after MG diagnosis (Supplementary Table 6). The mean follow-
up period was 7.1 + 3.9 years for rMG and 6.9 * 4.0for non-rMG, which enabled us to fully
identify potential rMG transition from non-rMG.

Clinical outcomes

The risk of adverse clinical outcomes was significantly higher in rMG than in non-rMG in
both unadjusted and adjusted analyses (Table 2). The adjusted HRs were 2.49 (95% CI,
1.26-4.94) for all-cause mortality, 3.14 (2.25-4.38) for the myasthenic crisis, 1.54 (1.15-2.006)
for hospital admission, 2.69 (1.74—4.15) for pneumonia or sepsis, and 1.81 (1.28-2.56) for
ED visits in the overall follow-up period. Kaplan-Meier curves for the five outcomes showed
a significant difference in long-term prognoses between groups (Fig. 2). The cumulative
probability of mortality in 15 years was 0.53 and 0.21 in patients with rMG and non-rMG,
respectively (P=0.040). The probability of the myasthenic crisis was 0.85 in 5 years in rMG
and 0.25 in non-rMG (P < 0.001). Both groups had a high probability of hospital admission
in the early phase (0.91 and 0.68 in 1 year in rMG and non-rMG, respectively; P < 0.001). The
risks of pneumonia or sepsis and ED visits gradually increased in both groups but were higher
in rtMG than in non-rMG over the follow-up period (P < 0.001).

Table 2. Risk of adverse clinical outcomes in patients with rMG compared to that in patients with non-rMG

Outcome Patient No. (%)* Hazard ratio
rMG (n = 47) Non-rMG (n = 4,251) Unadjusted HR (95% CI) Adjusted HR® (95% Cl)

Mortality®
Overall 9 (19.1) 402 (9.5) 1.95 (1.01-3.78) 2.49 (1.26-4.94)
3-yr 3(6.4) 149 (3.5) 2.03 (0.65-6.37) 3.40 (1.05-10.98)
5-yr 4 (8.5) 955 (6.0) 1.52 (0.56-4.07) 2.17 (0.79-5.95)
Myasthenic crisis
Overall 38 (80.9) 1,057 (24.9) 5.30 (3.83-7.33) 3.14 (2.25-4.38)
1-yr 926 (55.3) 734 (17.3) 4.99 (2.85-6.24) 2.30 (1.54-3.43)
3-yr 36 (76.6) 886 (20.8) 5.30 (3.80-7.40) 2.98 (2.11-4.20)
5-yr 37 (78.7) 948 (22.3) 5.31(3.82-7.38) 3.04 (2.17-4.27)
Hospital admission
Overall 47 (100.0) 3,697 (87.0) 2.98 (1.71-3.04) 1.54 (1.15-2.06)
T-yr 43 (91.5) 2,910 (68.5) 2.33 (1.72-3.14) 1.62 (1.19-2.20)
3-yr 45 (95.7) 3,366 (79.2) 2.96 (1.68-3.03) 1.56 (1.16-2.10)
5-yr 46 (97.9) 3,528 (83.0) 2.97 (1.69-3.03) 1.54 (1.15-2.07)
Pneumonia or sepsis
Overall 29 (46.8) 933 (21.9) 2.72 (1.78-4.15) 2.69 (1.74-4.15)
1-yr 9 (19.1) 285 (6.7) 3.11 (1.60-6.03) 3.18 (1.61-6.28)
3-yr 17 (36.2) 537 (12.6) 3.99 (2.03-5.33) 3.39 (2.06-5.57)
5-yr 18 (38.3) 690 (16.2) 92.76 (1.73-4.41) 2.92 (1.80-4.72)
ED visits
Overall 34 (72.3) 2,117 (49.8) 1.96 (1.40-2.76) 1.81 (1.28-2.56)
1-yr 16 (34.0) 707 (16.6) 2.90 (1.34-3.62) 1.97 (119-3.27)
3-yr 95 (53.9) 1,295 (30.5) 2.13 (1.43-3.16) 1.91(1.27-2.86)
5-yr 30 (63.8) 1,664 (39.1) 2.07 (1.44-2.96) 1.84 (1.28-2.67)

rMG = refractory myasthenia gravis, HR = hazard ratio, Cl = confidence interval, ED = emergency department.

Total percentage may not be 100 because of rounding; ®Adjusted for baseline characteristics as shown in Table 1 and
whether they had thymoma or thymectomy before and after the date of myasthenia gravis diagnosis; “Mortality
within 1-year could not be estimated owing to the cohort inclusion criterion that patients were to be followed up
for at least 1-year.
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Treatment pattern

The prescription rate of AChEIs was high for both rMG and non-rMG (Fig. 3 and
Supplementary Table 7). There were more prescriptions of corticosteroids and ISAs for rMG
than for non-rMG, even before the index date (BID). The proportion of patients who used
corticosteroids 12 months BID was 87.0% and 52.8% in rMG and non-rMG, respectively; the
proportion of patients who used ISAs was 65.2% and 34.6%. After the index date (AID), >
90% of the patients used corticosteroids 3 months AID in both groups but the subsequent
downward trend of corticosteroid use was more conspicuous in patients with non-rMG. For
both groups, ISA use in AID was almost doubled compared to that of BID, where the most
used ISA was azathioprine, followed by tacrolimus, MMF, and cyclosporine (Supplementary
Tables 8 and 9). For rMG patients, the mean dose of corticosteroids in BID was fluctuated
and peaked at 6 months BID; for non-rMG patients, the mean dose of corticosteroids was
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Fig. 3. Comparative pattern of drug prescriptions in the 2-year period BID and AID for the (A) patients with rMG and (B) patients with non-rMG.

AChEI = acetylcholine esterase inhibitor, CS = corticosteroid, ISA = non-steroidal immunosuppressive agent, rMG = refractory myasthenia gravis, BID = before the
index date, AID = after the index date.

2The index date: the date of rMG incidence defined as the date of first PE or IVIG procedure when the procedures were provided at least three times per year (in rMG)
and the date of initial IVIG or PE procedure (in non-rMG).
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steadily decreased until 3 months BID, although a slight increase was shown at 3 months BID
(P<0.001). The corticosteroid dose was gradually decreased but peaked at 21 months AID for
patients with rMG, whereas it was consistently decreased for patients with non-rMG (Fig. 3
and Supplementary Table 7).

DISCUSSION

We conducted a longitudinal, retrospective, and nationwide cohort study to examine the risk
of major adverse clinical outcomes and treatment patterns in patients with rMG. We observed
distinct demographic and clinical features of refractory patients at the baseline. The patients
with rMG were significantly younger, predominantly female, more frequently associated with
thymoma, and received active treatment with ISAs and thymectomy than the patients with
non-rMG. In unadjusted and adjusted analyses, we identified significantly higher risks for all-
cause mortality, myasthenic crisis, hospital admission, pneumonia or sepsis, and ED visits
for patients with rMG than for those with non-rMG.

These results were comparable to those of previous studies, wherein the patients with rMG
were younger and had more female than the patients with non-rMG.11,22,23 The higher
prevalence of thymoma and thymectomy rate for rMG also were reported previously.11 A
recent randomized trial showed that thymectomy improved clinical outcomes in patients
with nonthymomatous MG.24 Among patients without thymoma in our study, the proportion
of those who underwent thymectomy was 30.8% and 15.8% for rMG and non-rMG,
respectively (Supplementary Table 4). Despite the use of preemptive thymectomy, some
patients progressed to rMG. Moreover, although the thymectomy rate for patients without
thymoma was higher in rtMG, the risks of adverse clinical outcomes were higher in rMG.

There were significantly high risks of adverse clinical outcomes in rMG compared to non-
rMG, including mortality (2.49 times), myasthenic crisis (3.14 times), hospital admission
(1.54 times), pneumonia or sepsis (2.69 times), and ED visits (1.81 times). These results were
in line with previous studies. A 1-year followed-up cohort study in the US, which included
403 and 3,811 patients with rMG and non-rMG, respectively, reported higher risks for
mortality (5.1% vs. 2.7%), myasthenic crisis (21.3% vs. 6.1%) in rtMG than in non-rMG.25 In
a Chinese cohort study of 2,195 patients with MG, the mortality rate was 5.88% in 10 years.
They reported that the majority of deaths occur 5-10 years after the onset of MG and rarely
within 5 years,26 while our results showed a gradual increase in the risk of mortality over
15-year follow-up period. A Japanese study of 165 and 3,137 patients with rMG and non-

rMG, respectively, followed-up for 1 year after the onset of MG, reported much higher risks
in rMG (19.5 times for myasthenia exacerbation and 9.6 times for hospitalization) than in
non-rMG.27 These high risks may be an overestimation, as patients with rMG in this Japanese
study were compared with patients with non-rMG, which included patients with mild
symptoms or ocular MG. In our study, we restricted the study cohort to aMG; thus, patients
with mild symptoms or ocular MG were excluded.

In pharmacotherapeutic regimen analyses, the rate of using all drug classes and doses of
corticosteroids was generally higher in rMG. This difference of the drug regimens was more
remarkable BID rather than AID, which suggested that patients with rMG are unresponsive
to treatment before the refractoriness became apparent in patients with rMG and the
ongoing deterioration of disease status might have required more intensive treatment.
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For both groups, the proportion of patients using corticosteroids and ISAs was near the
lowest 3 months BID. We speculated that discontinuation of corticosteroids or ISAs in

stable patients might induce symptom rebound. On the other hand, we also observed an
increase in mean corticosteroid dose at the corresponding period, which might reflect
suboptimal treatment response in some patients with a potential to progress into rMG.
Thus, a requirement for a sudden increase in corticosteroids dose (above the mean dose of
80 mg) before the incidence of rtMG should warn the physicians to monitor the patients more
carefully and prepare an additional treatment plan. In accordance with the International
Consensus Guidance,8 the main treatment options for aMG are AChEIs, prednisolone, and
azathioprine in Korea (Supplementary Tables 8 and 9). Among the ISAs, azathioprine was
used the most, whereas tacrolimus and MMF were used less. Of note, ISA use AID almost
doubled compared to that BID. The use of ISAs, especially tacrolimus and MMF, was more
prevalent in rMG than in non-rMG: 41.9% vs. 36.5% for azathioprine, 20.9% vs. 8.7% for
tacrolimus, and 14.0% vs. 7.5% for MMF 1 year AID, respectively. This suggests that patients
with rMG may have switched to tacrolimus or MMF after the use of azathioprine first.
Nevertheless, patients with rMG seemed to remain unstable and there are not many different
strategies to treat these refractory patients, requiring PE or IVIG therapy on a regular basis.

Considering the high rate of mortality and morbidity in patients with rMG, the use of
alternative treatment options that target novel immunological pathways or pathogenetic
mechanisms of MG would be beneficial.28 Recent advancements in the use of monoclonal
antibody enable their application for rMG treatment, such as rituximab, which targets CD20+
B cells,29,30 and eculizumab, a humanized monoclonal antibody that specifically binds

with high affinity to human terminal complement protein C5 and prevents the formation

of the membrane attack complex.31,32 Although experts' consensus could not be reached,
rituximab is already used as a rescue medication for rMG, and recent studies suggested that
rituximab is associated with favorable treatment response in patients with rMG or new-onset
MG compared to conventional immunosuppressant therapy.30,33 Eculizumab also has been
approved in other countries,34-36 and a phase II study of eculizumab37 and the subsequent
phase III study in rMG (REGAIN study) presented a potential benefit of eculizumab treatment
in patients with rMG.38 The long-term safety and efficacy of eculizumab were favorable with
no meningococcal infection, a reduction in MG exacerbation rate, and an improvement in the
quality of life over 3years.39:40

This study has several strengths and reported novel results. First, we demonstrated a
higher risk of major adverse clinical outcomes for patients with rMG than for those with
non-rMG using the nationwide data. Second, we extensively examined and compared the
pharmacotherapeutic regimen for patients with rMG and non-rMG, providing detailed and
useful insights into the treatment of MG in real-world practice. Third, based on the time

to rMG development from aMG diagnosis, the first year of aMG diagnosis may be a critical
period wherein intensive monitoring is required to prevent transition to rMG and consider
appropriate treatment options. Last, usually claim data cannot retrieve information on non-
reimbursed prescriptions. However, the insurance system in Korea currently covers most
of the treatments for severe cases of MG. Moreover, as MG is classified as a rare intractable
disease (RID) in Korea, the necessary clinical information to register MG patients as RID
should be provided by physicians, which guarantee precise diagnosis ascertainment.
Therefore, we are sure that the NHIS database utilized in this study offered highly accurate
diagnosis and treatment information for MG cohort.
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This study also had several limitations. First, we used stringent criteria to identify patients
with certain rMG; thus, some patients with rMG may have been excluded from the study
cohort or misclassified as non-rMG group. However, as we also construct aMG cohort with
strict criteria, excluding patients suggestive of mild or ocular MG, we provided more precise
clinical evidence and practical insight ensuring clinical comparability between rMG and
non-rMG cohorts, while showing results consistent with previously known facts regarding
MG. Second, given the criteria of rMG already implicate the higher predisposition to having
MG crisis in rMG, the higher adverse clinical outcomes such as MG crisis and hospital
admission presented in rMG seem for granted. However, our main aim was to evaluate the
adverse clinical outcomes between rMG and non-rMG at certain periods and provide clear
comparisons statistically and quantitatively. We are sure at least in this perspective, our
limitation might be mitigated. Third, as the crude mortality rate or standardized mortality
rate of aMG and risk factors associated with prognosis in aMG need more epidemiological
findings as well, these focuses would be further interesting areas in the future which couldn't
be researched in this study. Last, although we included the entire patients in South Korea,
the number of defined patients with rMG was small, which suggests the need to interpret the
results with caution and to conduct further large-scale studies.

In conclusion, this study reported the high risks of adverse clinical outcomes in rMG compared
to non-rMG. Despite the unstable and severe disease prognosis in the patients with rMG, their
pharmacotherapeutic strategies were similar to those of non-rMG. Intensive monitoring and
the introduction of timely treatment options in the early phase of MG are required in patients

with potential rMG. Our findings suggest that healthcare practitioners and policy makers
should focus on practical decision-making when caring for patients with rMG.
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