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ABSTRACT

Introduction: Myasthenia gravis (MG) is a
chronic neuromuscular disease leading to sig-
nificant disease burden. This study aimed to
investigate the epidemiology of MG in Taiwan.
Methods: A retrospective study was conducted
using the Taiwan National Health Insurance
Research Database. Prevalent patients with MG
diagnosis (either ocular or generalized MG)
from 2013 to 2019 were identified, and 2813
patients with initial MG diagnosis from 2014
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to 2019 were further defined as the incident
cohort. Patient characteristics, treatment pat-
terns, and the occurrence of MG-related events
were analyzed.

Results: The number of prevalent patients
with MG increased from 4476 in 2013 to 5752
in 2019, with the prevalence rate increasing
from 19 to 24 per 100,000 population. The
incidence rate also slightly increased from 1.9
to 2.3 per 100,000 population during the study
period. Almost all incident patients (99%,
n=2791) received MG-related treatment dur-
ing the follow-up period. Among 1876 patients
who received monotherapy as their initial treat-
ment in the outpatient setting, the mean time
from the index date to initial treatment was
48.8 (standard deviation 164.3) days, and most
patients received acetylcholinesterase inhibi-
tors (88.5%, n=1661) as their initial treatment.
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During the first year after the index date, 133
(4.7%) incident patients experienced their first
myasthenic crisis, and 96.2% of these events
occurred within 3 months.

Conclusion: The prevalence of MG increased
steadily in Taiwan, and the treatment of patients
with MG was consistent with guidelines. Despite
a high treatment rate, patients still experienced
MG-related events, highlighting the limitation
of current treatments and emphasizing the
need for early intervention and novel treatment
approaches.

Keywords: Myasthenia gravis MG);
Epidemiology; Treatment pattern; Myasthenic
crisis; Disease burden

Why carry out this study?

Myasthenia gravis (MG) is a chronic dis-
ease leading to muscle weakness that affects
patients’ daily activities as well as ocular and
respiratory function. However, there is lim-
ited epidemiology data on MG in Taiwan.

The aim of the study was to understand the
epidemiology and characteristics of patients
with MG (including ocular and generalized
MG) in Taiwan by utilizing the nationwide
claims database. The treatment patterns
and the occurrence of MG-related events
(e.g., myasthenic crisis and use of plasma
exchange) were also investigated.

What was learned from this study?

This study provides a detailed overview

of MG in Taiwan. The prevalence of MG
increased steadily in Taiwan and the treat-
ment patterns were consistent with clinical
guidelines.

Despite a high treatment rate, patients still
experienced MG-related events, highlight-
ing the limitation of current treatments and
emphasizing the need for increased disease
awareness, early intervention, and novel
treatment approaches.

INTRODUCTION

Myasthenia gravis (MG) is a chronic disease
mediated by autoantibodies to important pro-
teins, such as acetylcholine receptors and mus-
cle-specific tyrosine kinase in the postsynaptic
region of the neuromuscular junction, leading
to ocular, bulbar, and limb skeletal muscle weak-
ness that affect patients’ daily activities, sight,
and respiratory function [1-3]. Studies have
reported that MG is associated with a significant
disease burden, including increased healthcare
expenses, decreased productivity, and poor qual-
ity of life due to the consequences of muscle
weakness and side effects of medications [4-7].

Epidemiology studies in several countries
have found that the prevalence and incidence
rates of MG have increased over recent decades
[8-11]. Studies in Asia have also shown there is
a large variation in the incidence rate among
Asian countries (China, Japan, and South Korea),
from 0.015 to 2.4 per 100,000 person-years
[12-14]. However, there is limited epidemiol-
ogy data on MG in Taiwan. A nationwide pop-
ulation-based study of Taiwanese patients with
MG was published in 2010 [15], while a recent
study only focused on generalized MG (gMG), a
subgroup of MG [10].

In addition, data are also lacking on the
characteristics, treatment patterns, and disease
burden of MG in Taiwan. The treatment targets
of MG are to avoid the unexpected deteriora-
tion and fluctuation of neurological and mus-
cular symptoms, as well as the occurrence of
myasthenic crisis (MG crisis) [16]. MG crisis is
an acute and life-threatening manifestation of
MG, which is associated with an increased risk
of death and high burden of disease for patients
with MG [17]. Studies and clinical guidelines
have indicated that an individualized treatment
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approach based on disease status, such as ini-
tial severity, may decrease the risk of MG crisis
[18-20]. To gain a better understanding of the
disease burden among patients with MG and
to obtain clear insights into current treatment
practices in Taiwan, a comprehensive and up-to-
date epidemiology study of patients with MG in
Taiwan was required.

This study aimed to investigate the epidemiol-
ogy and characteristics of patients with MG in
Taiwan by utilizing the Taiwan National Health
Insurance Research Database (NHIRD). There
were two main objectives: firstly, to understand
the epidemiology, patient characteristics, and
treatment patterns among prevalent patient
with MG in Taiwan (objective 1); and secondly,
to investigate the characteristics, treatment
sequencing, and disease progression of incident
patients with MG (objective 2).

METHODS

Data Sources

This study used data from the NHIRD, provided
by the Health and Welfare Data Science Center,
the Ministry of Health and Welfare. NHIRD is a
claims-based database that contains healthcare
data of beneficiaries who enrolled in National
Health Insurance (NHI) in Taiwan [21]. The data-
base contains inpatient visits, outpatient visits,
emergency room visits, and pharmacy records
[21, 22]. The International Classification of Dis-
eases, Ninth Revision, Clinical Modification
(ICD-9-CM, before 2015) and the tenth version
(i.e., ICD-10-CM, after 2016) were used in the
NHIRD to record the diagnosis of patients. The
data period for this study was from 1 January
2013 to 31 December 2020.

The study protocol was reviewed and
approved by the Institutional Review Board
(IRB) of Taipei Medical University (Approval
number N202203018). Informed consent was
waived because of the study’s descriptive and
non-interventional nature, and the analysis
was de-identified. This study was conducted
in accordance with the Helsinki Declaration of
1964 and its later amendments.

Study Population

Patients who met the following criteria were
defined as having MG: (1) at least one inpa-
tient or outpatient MG diagnosis (ICD-9-CM
287.3 and ICD-10-CM G70.00-G70.01), and (2)
a Catastrophic Illness Certificate (CIC) for MG
[15]. The CIC record was used to increase the
accuracy of the diagnosis since the CIC is only
issued to patients with MG after their medical
records have been reviewed by clinical experts
of the NHI Administration [21]. The first date
of MG diagnosis was defined as the index date.

For objective 1, patients with MG were
included in the analysis after the index date,
and patients who were alive at the end of each
year (i.e., 31 December) between 2013 and
2019 were identified as prevalent patients with
MG. Incident MG cases were further identified
for objective 2. Patients with an MG diagno-
sis in 2013 were excluded from the incident
cohort, as a 1-year washout period for identi-
fying the newly diagnosed MG cases. Patients
were followed up until death, withdrawal from
NHI, or the end of the study period (31 Decem-
ber 2020), whichever came first.

Demographics and Comorbidities

Demographics (sex and age) of patients with
MG were assessed in both the prevalent and
incident cohorts. Patients in the incident
cohort were defined as having comorbidities
if they had at least two outpatient records or
one inpatient diagnosis code 1 year before and
after the index date. The comorbidities were
categorized into thyroid disorders (autoim-
mune thyroiditis and other thyroid disorders),
autoimmune disorders (rheumatoid arthritis,
systemic lupus erythematosus, type 1 diabe-
tes, ankylosis spondylitis, psoriasis, psoriatic
arthritis, Crohn’s disease, ulcerative colitis),
mental health disorders (anxiety, depression),
metabolic diseases (dyslipidemia, osteoporo-
sis, and type 2 diabetes), cardiovascular disoz-
ders (hypertension, cardiac arrhythmia), and
thymus disorders (thymoma, hyperplasia of
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thymus). The diagnostic codes used for the
comorbidities are summarized in Table S1.

MG-Related Treatments and Outcomes

MG-related treatments were extracted using the
Anatomical Therapeutic Chemical (ATC) classi-
fication and were categorized into three groups:
acetylcholinesterase (AChE) inhibitors, includ-
ing pyridostigmine and neostigmine, steroids
(oral corticosteroids and parental steroids), and
non-steroidal immunosuppressants (NSIST; aza-
thioprine, methotrexate, rituximab, and cyclo-
phosphamide). Treatment patterns in the prev-
alent cohort were evaluated if the patient was
prescribed any drug in the category during the
year. If patients received medications in differ-
ent categories during the year, each treatment
category was counted once; therefore, the sum
of the proportions of each treatment category
could exceed 100%. The treatment patterns of
initial and subsequent treatments were inves-
tigated in the incident cohort. Patients were
defined as receiving combination treatment if
they received treatment from more than one cat-
egory within the same prescription. Initial treat-
ment was defined as the first MG-related treat-
ment after the index date, and the first date of
MG-related treatment after the index date was
defined as the treatment initiation date. The pre-
scription setting (inpatient or outpatient) was
also identified. Patients who received monother-
apy as initial treatment in the outpatient setting
and had at least 1 year of follow-up after the
treatment initiation date were used to investi-
gate treatment sequencing. Patients were consid-
ered as having a second regimen if they received
another treatment or were switched to a drug in
a different category during the follow-up period.

The use of acute rescue treatment (ART), plas-
mapheresis or plasma exchange (PP/PE), indi-
cates deterioration of MG. Episodes of rescue
treatment in each year were measured in the
prevalent cohort. Patients who received PP/PE
regimens (NHI reimbursement code 58016C
double filtration plasmapheresis or 58008C
plasma exchange) within one hospitalization
event were defined as having “one episode of
ART,” regardless of the number of regimens

received. Intravenous immunoglobulin (IVIG) is
also a rescue treatment recommended by clinical
guidelines; however, it was not reimbursed for
MG treatment in Taiwan during the study period
and was not recorded in the NHIRD.

Two MG-related events, the initial use of PP/
PE and the first MG crisis, were investigated
among incident cohort patients. MG crisis
was defined as patients who were hospitalized
for MG and met one of the following criteria:
(1) diagnosis of acute respiratory failure (ICD-
9-CM 518.81/ICD-10-CM ]J96.00); (2) regulated
mechanical ventilation during hospitalization
(mechanical ventilation included endotracheal
intubation, continuous positive airway pressure
(CPAP), bilevel positive airway pressure (BiPAP),
or non-invasive mechanical ventilation); (3)
received PP/PE or IVIG during hospitalization;
or (4) with intensive care unit (ICU) admission.

Statistical Analysis

Numbers of prevalent and incident patients with
MG were reported. The prevalence and inci-
dence rates of MG during the study period were
calculated using the total population in Taiwan
reported by the National Development Council
(https://pop-proj.ndc.gov.tw/index.aspx) as the
denominator.

The demographics of patients with MG (e.g.,
gender, age, and comorbidities) and treatment
patterns were reported using descriptive analy-
ses. Means (standard deviations [SD]) and medi-
ans (interquartile ranges) were reported for
continuous variables, whereas frequencies and
proportions were reported for categorical vari-
ables. A Sankey diagram was used to present the
sequence of treatments in the incident cohort.

The first PP/PE and MG crisis events at or
after the index date were identified to meas-
ure MG-related events. The number of events
within 1 year was reported and grouped by the
time from diagnosis to the event (at diagnosis,
0-3 months, and 3-12 months). MG-related
event-free survival analysis was further per-
formed using the Kaplan-Meier method, and
the cumulative incidence rates over time were
reported. Patients who had the event at the
index date (t=0) were excluded from the survival
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analysis since the patient was not in the risk set
for any length of time.

All analyses were performed using SAS 9.4
(SAS Institute Inc., Cary, NC, USA), STATA 15
(Stata Corp., LD, College Station, TX, USA), and
Microsoft Excel. The Sankey diagram was devel-
oped using the online Sankey MATIC (https://
sankeymatic.com/).

RESULTS

Epidemiology of MG in Taiwan

The number of prevalent patients with MG
increased from 4476 in 2013 to 5752 in 2019,
with the prevalence rate increasing from 19
to 24 per 100,000 population (Fig. 1a). There
were 440 to 540 newly diagnosed patients with
MG annually, and the incidence rate slightly
increased from 1.9 per 100,000 population in
2014 to 2.3 per 100,000 population in 2019
(Fig. 1b), resulting in a total of 2813 patients in
the incident cohort for objective 2.

Characteristics and Treatment Patterns of
Prevalent MG Cohort

The characteristics of prevalent patients with
MG are presented in Table S2. Across all years
studied, around 40% of patients were male,
and more than half of patients were in the age
groups of >50 years. The highest proportion of
patients were in the age group of 50-59 years
from 2013 to 2017 and 60-69 years thereafter.

Treatment patterns for prevalent patients with
MG are reported in Fig. S1. During the study
period, about 89.1% of prevalent patients with
MG received at least one treatment from 2013 to
2019. AChE inhibitors and oral corticosteroids
were the most commonly used MG treatments
(from 2013 to 2019, 81.1% to 94.4% for AChE
inhibitors and 56.6% to 60.7% for oral corticos-
teroids); while only 11.8% to 14.9% received
NSIST during each year.

In addition, about 3-4% of prevalent patients
with MG received at least one PP/PE each year,
which remained constant over the study period.
Among these patients, around 80% had only

one episode of PP/PE during each year, with an
average of 1.2-1.3 episodes annually (Fig. 1a and
Table S3).

Characteristics of Incident Patients with MG

Among the incident cohort, 46.7% (n=1313)
were male, and most patients were aged either
60-69 years (23.5%) or 55-59 years (21.0%) at
initial MG diagnosis (Table 1). The age of onset
of MG was different in male and female patients.
In the incident cohort, the peak age of onset was
50-69 years in male patients (n=306 [23.1%] for
50-59 years; n=383 [29.1%] for 60-69 years),
whereas the age of onset was younger in female
patients, with a plateau for the groups between
30 and 69 years (Fig. S2).

The most common comorbidities of MG were
hypertension (35.7%, n=1005), dyslipidemia
(24.8%, n=699), and type 2 diabetes (17.0%,
n=479). In the incident cohort, thymus and thy-
roid disorders were also common comorbidities
(16.5%, n=463 and 16.2%, n=455, respectively;
Table 1).

Treatment Patterns of Incident Patients with
MG

Almost all incident patients (99%, n=2791)
received MG-related treatment during the fol-
low-up period. Among incident patients with
MG, 78.7% (n=2214) received their initial MG
treatment in the outpatient setting versus 20.5%
(n=577) in the inpatient setting (Table 2). Only
22 (0.8%) patients did not receive treatment dur-
ing the follow-up period. In the outpatient set-
ting, 85.2% (n=1887) of patients received mono-
therapy as their initial MG treatment, and most
of these patients (n=1666; 88.3% out of 1887
monotherapy users) received AChE inhibitors.
The most commonly used combination regimen
was AChE inhibitors and oral corticosteroids
(n=305; 93.3%, out of 327 combination users)
(Table 2).

A higher proportion of patients who received
initial treatment in the inpatient setting
received combination therapy (42.1%, n=243
vs. 14.8%, n=327) compared to patients who
received initial treatment in the outpatient
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Fig. 1 a Prevalent patients with MG in Taiwan increased
steadily from 2013 to 2019 and the percentage of patients
receiving PP/PE remained consistent over the study
period. b Incident patients with MG and the incidence

setting. In the inpatient setting, AChE inhibi-
tors (n=260; 77.8% out of 334 monotherapy
users) and the AChE inhibitors+oral corticos-
teroids combination (n=209; 86.0% out of 243
combination users) were the most commonly
used treatments in patients receiving mono-
therapy and combination therapy, respectively
(Table 2).
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rate of MG in Taiwan from 2014 to 2019. There were
440 to 540 newly diagnosed patients with MG annually.
MG myasthenia gravis, PP/PE plasmapheresis or plasma
exchange

We further identified 1876 incident patients
who received monotherapy as their initial treat-
ment in the outpatient setting before 31 Decem-
ber 2019 to follow up for treatment sequencing, as
shown in Fig. 2. The mean number of days from
the index date to initial treatment was 48.8 (SD
164.3) days, and the median was O days. During
the follow-up period, 1528 (81.6%) patients had
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Table 1 Bascline characteristics of incident patients with
MG (N=2813)

Number Percentage

Gender
Male 1313 46.7

Age at the index date (years)

<18 112 4.0
19-29 206 7.3
30-39 368 13.1
40-49 469 16.7
50-59 590 21.0
60-69 662 235
70-79 311 11.1
>80 95 34
Comorbidities
Thyroid disorders
Autoimmune thyroiditis 36 1.3
Other thyroid disorders 419 14.9
Autoimmune disorders
Rheumatoid arthritis 24 0.9
Systemic lupus erythematosus 29 1.0
Type 1 diabetes 8 0.3
Ankylosis spondylitis 13 0.5
Psoriasis + psoriatic arthritis 10 0.4
Crohn’s disease NR* -
Ulcerative colitis NR* -
Sicca syndrome (Sjogren’s 90 1.7
syndrome)

Mental health disorders
Anxiety 301 10.7
Depression 92 33
Metabolic diseases
Dyslipidemia 699 24.8
Osteoporosis 78 2.8

Table 1 continued

Number Percentage

Type 2 diabetes 479 17.0

Cardiovascular disorders

Hypertension 1005 35.7

Cardiac arrhythmia 134 4.8
Thymus disorders

Thymoma 366 13.0

Hyperplasia of thymus 97 35

MG myasthenia gravis, NR not reported

*Crohn’s disease and ulcerative colitis were not reported
because of count < 3, in accordance with the masking rule

of the NHIRD

their treatment regimen changed. The mean and
median times from initial treatment to regimen
change were 219.7 days and 58 days, respectively.
Most patients received AChE inhibitors (88.5%,
n=1661) as their initial treatment. Oral corticos-
teroid, as monotherapy or in combination with
AChE inhibitors and/or NSIST, was the most com-
mon second treatment regimen (n=1320; 79.5%
of patients who had an AChE inhibitor as initial
treatment). For patients who received oral corti-
costeroids as the initial treatment (n=211), 75.4%
(n=159) had a second treatment, and most of
them added on or switched to an AChE inhibitor
(n=154; 73.0% of patients who had initial treat-
ment with oral steroids).

NSIST was the least commonly used treatment
in both initial and second regimens. Only 0.2%
(n=4) of patients received NSIST as their initial
treatment, and 4.3% (among 1872 patients with
AChE inhibitor or oral corticosteroids as initial
treatment; n=80) received NSIST, as monother-
apy or in combination with AChE inhibitors and/
or oral corticosteroids when their regimen was
changed.

MG-Related Events Among Incident Patients
with MG

Among 2813 newly diagnosed patients with
MG, 61 (2.2%) patients received their first PP/
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Table 2 Treatment patterns of incident patients with MG

Number Percentage
Initial treatment in outpatient setting (7 =2214; 78.7%)
Treatment pattern
Monotherapy 1887 85.2°
ACHhE inhibitors 1666
Other treatments® 221
Combination therapy 327 14.8°
ACHhE inhibitors + steroids 305
ACHhE inhibitors + NSIST 8
NSIST + steroids 10
ACHhE inhibitors + steroids + NSIST 4
Initial treatment in inpatient setting (n=577;20.5%)
Treatment pattern
Monotherapy 334 57.9¢
AChE inhibitors 260
Other treatments® 74
Combination therapy 243 42.1°
ACHhE inhibitors + steroids 209
ACHhE inhibitors + NSIST 4
NSIST + steroids 30
ACHhE inhibitors + steroids + NSIST 0

No MG-related treatment during the follow-up period (7 =22; 0.7%)

AChE acetylcholinesterases, MG myasthenia gravis, NSIST non-steroidal immunosuppressant

*Total number of cases who reccived first-line regimen in an outpatient setting (7 =2214) as denominator

bQther treatments include NSIST and/or steroids. Data cannot be reported because of the masking rule of the NHIRD

“Total number of cases who received first-line regimen in an inpatient setting (z = 577) as denominator

PE treatment during the first year after the index
date, and 78.7% (n=48) of these received PP/
PE at the index date. Similar results were found
for MG crisis events; 133 (4.7%) patients expe-
rienced their first MG crisis during the first year
after the index date, and 96.2% (n=128) of these
crisis events occurred within 3 months (Fig. 3).

Patients with events at index date were
excluded from the MG-related event-free sur-
vival analysis (n=48 for PP/PE and n=95 for

MG crisis, respectively). With the longest
follow-up of 96 months in the survival anal-
ysis, the median time to the first PP/PE was
3.4 months, and the median time to the first
MG crisis was 3.7 months. The cumulative
event rate of PP/PE was 0.10 and 0.18 in the
12th month and 96th month, and the cumula-
tive event rate of MG crisis was 0.25 and 0.43
in the 12th month and 96th month, respec-
tively (Fig. 4).
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1 Initial treatment 1

Second Regimen 1

Time from the index date to
initial treatment (monotherapy)
Mean (SD): 48.8 (164.3) days
Median: 0 days

AChE inhibitors

Monotherapy as Initial (n=1661, 88.5%)

treatment
(n=1,876)

Oral _ corticosteroids
(n=211,112%) Nl

NSIST
(n=4, 0.2%)—

Fig.2 Treatment patterns among incident patients with
MG who received initial treatment in an outpatient set-
ting. Most patients received AChE inhibitors as their
initial treatment and 81.6% patients had their treatment
changed during the follow-up period. The median time
from initial treatment to regimen change was 58 days.

DISCUSSION

By utilizing the NHIRD, this study provides a
detailed overview of MG in Taiwan, with com-
prehensive information on epidemiology, treat-
ment patterns, and MG-related events among
patients with MG in a real-world setting.

Epidemiology and Demographics of MG in
Taiwan

Compared with studies reported in other
Asian countries, the incidence of MG in Tai-
wan (1.9-2.3 per 100,000 person-years) was
similar to Korea (2.4 per 100,000 person-years)
but higher than in China (0.015-0.036 per
100,000 patient-years) and Japan (0.45-0.69
per 100,000 patient-years) [12-14]. In the

Time from the first line (monotherapy) to
regimen adjustment treatment
Mean (SD): 219.7 (371.1) days

Median: 58 days

No add-on/ switch (n=292, 17.6%)

Oral corticosteroids (n=555, 33.4%)

NSIST (n=8, 0.5%)

AChE inhibitors + Oral corticosteroids (n=739, 44.5%)

AChE inhibitors + NSIST (n=41, 2.5%)
Oral corticosteroids + NSIST (n=20, 1.2%)

AChE inhibitors + Oral corticosteroids + NSIST (n=6, 0.4%)
No.add-on/ switch (n=52, 24.6%)

AChEinhibitors (n=96, 45.5%)

AChE-inhibitors + Oral corticosteroids (n=58, 27.5%)

NSIST+AChE inhibitors + Oral corticosteroids + NSIST (n=5, 2.4%)!

Not reported (n=4, 100.0%)?

'Data of IST + AChE inhibitors + oral corticosteroids and
IST were combined in accordance with the masking rule of
the NHIRD. *Second regimen was not reported in accord-
ance with the masking rule of the NHIRD. AChHE acetyl-
cholinesterase, NSIST non-steroidal immunosuppressants,
NR not reported, SD standard deviation

present study, the incidence of MG in Taiwan
remained constant at around 2 per 100,000
population during 2014-2019, and this led to
a steady increase in the prevalence rate (19-24
per 100,000 population). The previous NHIRD
study by Lai and Tseng reported that the preva-
lence rate increased from 8.4 in 2001 to 14.0
in 2007 per 100,000 population [15]. Using the
same data source, the current study can be con-
sidered an extension of the study by Lai and
Tseng, and overall we observed an increase in
the MG population over the past two decades.
By leveraging the current study and the study
by Herr et al. published in 2023 [10], we can
estimate that 47% of patients with MG in Tai-
wan have gMG. The distribution of ocular MG
and gMG in Taiwan was comparable to data
from other countries (49% gMG in the USA)
[23]. However, this result should be interpreted
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The distribution of time from index date to first
PP/PE among patients who experienced PP/PE in
the first year of the initial MG diagnosis (n=61)
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crisis among patients who experienced MG crisis in
the first year of the initial MG diagnosis (n=133)
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el ——
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n=2,680 (95.3%)
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Fig.3 Occurrence of a PP/PE and b MG crisis in the first
year after the initial MG diagnosis and the distribution
of time from the index date to the first a PP/PE or b MG
crisis. Of the patients who experienced PP/PE or MG cri-
sis in the first year of the initial MG diagnosis, more than

71.4%
100 (n=95)
2 80
.0
©
o
% 60
o
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€ 40
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20 3.8%
(n=5)
0 \
MG crisis
m At diagnosis  m0-3 months  ®3-12 months

two-thirds of them experienced these events at the time
of diagnosis. 'Data of PP/PE between 0-3 months and
3—12 months were combined in accordance with the mask-
ing rule of the NHIRD. MG myasthenia gravis, PP/PE
plasmapheresis or plasma exchange
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Fig.4 Cumulative event of a PP/PE and b MG crisis
among incident patients with MG without the event at the
index date. With the longest follow-up of 96 months, the
median time to the first PP/PE was 3.4 months, and for
MG crisis it was 3.7 months. MG myasthenia gravis, PP/
PE plasmapheresis or plasma exchange

cautiously since the operational definitions of
MG and gMG differed between studies.

MG is considered “a disease of young women
and old men” [8, 24, 25], which indicates that
age and gender are two major epidemiologi-
cal risk factors for the incidence of MG. The
age of MG onset is an important predictor of
disease prognosis and mortality [26]. Patients
who develop MG after the age of 50 years (i.e.,
late-onset MG) or 70 years (i.e., very late-onset
MG) are likely to have more severe disease. Fur-
thermore, the increased risk of adverse effects
of medications and comorbidities in the elderly
requires careful monitoring [26, 27]. The preva-
lence rate of late-onset MG has increased in
both Western and Asian countries [9, 12]. In our

study cohort, more than half (59.0%) of inci-
dent patients were late-onset MG, whereas only
approximately 42% were late-onset MG in the
cohort of 2001-2007 reported by Lai and Tseng
[15]. The results indicate that the prevalence of
late-onset MG in Taiwan may increase the need
for healthcare resources and intensive care. In
an analysis by gender, we found a late-onset
peak for male patients compared with more
early-onset MG in female patients. Hormones
during the fertile period or pregnancy might be
the mediator of sex differences in autoimmun-
ity and may lead to early-onset MG in female
patients [24]. MG management for female
patients with early-onset MG is a challenge since
it affects women during childbearing age and
may have a negative impact on quality of life,
which implies that a safe and effective treatment
is needed for this patient population [28-30].
Thyroid and thymus disorders are two major
comorbidities of MG. Most of the thyroid and
thymus disorders were diagnosed after the MG
diagnosis in the current study. Thirty-seven
patients with thymus disorder were diagnosed
in the baseline period, while 426 were diagnosed
during the 1-year follow-up period. A similar
trend was found for thyroid disorders: 282 out
of 419 (67.3%) thyroid disorders were diagnosed
during the 1-year follow-up period (data not
shown). Since MG shares similar clinical fea-
tures as well as similar pathophysiological and
histological mechanisms with these conditions
[31, 32], these potential comorbidities should
be closely monitored after the diagnosis of MG.

Treatment Patterns of MG in Taiwan and
Unmet Needs of MG Treatment

Regarding MG treatment patterns in prevalent
patients, in agreement with previous studies,
AChE inhibitors were the most commonly used
MG treatment [10, 11]. The percentage of NSIST
use (e.g., azathioprine, the only NSIST reim-
bursed for MG in Taiwan) in prevalent patients
with gMG (44-56%) previously reported by Herr
et al. [10] was higher than the percentage in our
study cohort (11.8-14.9%), indicating that gMG
is a more severe disease than ocular MG with
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muscles affected throughout the body, necessi-
tating treatment with NSISTs.

The sequence of treatments for MG after
diagnosis in Taiwan was investigated in the
incident cohort. In line with clinical guidelines
and results from Western countries [19, 20, 33,
34], AChE inhibitors were the most commonly
prescribed initial treatment for MG. Almost all
incident patients with MG (99.2%) received MG-
related treatment in this study, which is consist-
ent with the data reported in a US study (95%)
[33].

In addition, the results from the current study
suggest that patients who received their initial
treatment in an inpatient setting (about 20%
of incident cases) might have more severe dis-
ease and need more intensive clinical care. Our
data showed that more patients were prescribed
combination therapy when they received initial
treatment during hospitalization compared to
patients who received initial treatment in an
outpatient setting (42.1% vs. 14.8%).

The treatment targets for MG are to avoid
the unexpected deterioration and fluctuation
of neurological symptoms, as well as the occur-
rence of MG crisis [16], and the quality of life
of patients improves with better disease con-
trol [35]. Despite the high treatment rate of
patients with MG in Taiwan (89-92% of prev-
alent patients with MG received at least one
MG-related treatment in each calendar year
during the study period) compared to data from
a German study (68.5%) [11], there were still
3.2-3.8% of patients receiving at least one PP/
PE annually, which might be due to inadequate
disease control. PP/PE can be considered as the
proxy for the occurrence of MG crisis in preva-
lent patients as it is only reimbursed for MG cri-
sis, not for chronic use in Taiwan [36, 37]. The
true incidence of MG crisis could be even higher
than found in our study, since some treatments
that are not reimbursed (e.g., IVIG) were not
captured in the NHIRD.

The unmet needs of MG treatment may also
be highlighted by the results of time to a sec-
ond regimen in the incident cohort, which may
indicate that these patients did not achieve
satisfactory disease control with their initial
treatment. We found that 82% of patients who
received monotherapy as initial treatment had

a change in their treatment regimen (added-
on or switched to another category) during the
follow-up period, with a median time to the sec-
ond regimen of only 2 months. Similar results
were found in the study of patients with gMG
by Herr et al., with the median duration of first-
line treatment ranging from 0.8 to 6.2 months
[10]. Both findings highlight that patients with
MG may need to change their regimen to obtain
better disease control, especially in the initial
stage of treatment.

The most common treatment category for
patients who changed their regimen was ster-
oids, which were prescribed to 79.5% of patients
who received an AChE inhibitor as initial treat-
ment. However, previous studies have shown
that chronic steroid use is associated with sev-
eral side effects such as hypertension, osteopo-
rosis, and diabetes and may lead to increased
disease and economic burden [1, 38, 39].

Taken together, these findings suggest that
treatment outcomes for patients with MG in Tai-
wan should be further investigated, and effective
and safe treatments are needed to avoid disease
fluctuations and occurrence of MG crisis [40].
According to recent evidence, patients with
MG, particularly those with refractory disease,
could be benefit from novel targeted treatments,
including neonatal Fc receptor antagonists,
complement inhibitors, B cell depletors, chi-
meric antigen receptor T cell immunotherapy,
etc. These novel agents showed advantages over
conventional immunosuppressive treatments,
with faster onset of action and favorable safety
profile [41].

Occurrence of MG-Related Events and Need
for Increasing Disease Awareness and Early
Intervention in MG

The importance of increasing disease awareness
and early treatment intervention should also be
highlighted for patients with MG in Taiwan. In
line with other studies [33, 40], we found that
the first MG crisis event generally occurred in
the first year after MG diagnosis, implying the
need for early intervention with individualized
treatment based on disease characteristics to bet-
ter control MG symptoms. Moreover, 78.7% of
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first MG crisis events and 71.4% of first PP/PE
regimens were observed at the time of receiving
the first MG diagnosis, which indicates that a
proportion of patients were experiencing severe
symptoms when they were diagnosed with MG.

Recent studies found that early interven-
tion is beneficial for both ocular MG and gMG
and could provide long-term benefits and, for
patients with ocular MG, may delay or prevent
the development of generalized disease [42—45].
Although most patients in the current study
received MG-related treatment at the index date
(the median time from the index date to initial
treatment was O days in the outpatient setting),
there was still a large variation in treatment
initiation timing (the average number of days
from index to treatment initiation was 54.1 [SD
166.4] days), indicating that some patients in
Taiwan did not receive early intervention.

As a result of the fluctuating nature of MG
symptoms and the overlap of symptoms with
other neurological diseases, a delay in the diag-
nosis of MG has been commonly reported in
previous studies [46, 47]. Increased disease
awareness and early referral to specialists may
ensure the early initiation of effective treatment
which may lead to better clinical outcomes [21,
48].

Study Strengths and Limitations

To the best of our knowledge, the current study
is the most up-to-date analysis of the MG patient
landscape in Taiwan. Our study not only pro-
vides detailed data on the epidemiology, patient
characteristics, and treatment patterns of MG
in Taiwan but also highlights the unmet needs
of patients with MG. With better knowledge of
patients with MG in Taiwan, the clinical prac-
titioner can provide individualized care for
patients with MG to achieve favorable treat-
ment outcomes, and the best use of healthcare
resources. There are some limitations from the
data source we used. Firstly, the NHIRD does not
capture records of self-paid treatment or clinical
data. For example, the use of NSIST might be
underestimated since only azathioprine is reim-
bursed by the NHI. In addition, the incidence
of MG crisis might be underestimated since one

of the main ARTs, IVIG, is not reimbursed by
the NHI, and we used proxies such as a diag-
nosis code of respiratory failure or healthcare
utilization (e.g., ICU or ventilator) because of
the lack of clinical information in the NHIRD.
Secondly, as a result of the retrospective nature
of the NHIRD, we cannot identify the subgroup
of MG (ocular or generalized) through the diag-
nosis codes, and miscoding of diseases may have
occurred. Thirdly, although the current study
provides an overview of the sequence of treat-
ments for patients with MG in Taiwan, the sec-
ond regimen might be miscategorized since the
add-on or switch could not be identified accu-
rately in the NHIRD if there was an overlap or
a gap period between two prescriptions. Finally,
this study was based on the population in Tai-
wan and might not be generalizable to other
countries.

CONCLUSIONS

The prevalence of MG increased steadily in Tai-
wan, and the treatment of patients with MG in
the real-world setting was consistent with clini-
cal guidelines. However, patients continue to
experience exacerbations and crises despite a
high rate of treatment, highlighting the limita-
tions of current treatments and emphasizing the
need for early intervention and new treatment
approaches.
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