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Purpose: Although some medications trigger the worsening of myasthenia gravis (MG), their clinical influence on patients with
MG has not been significantly evaluated. We aimed to investigate whether the risk of clinical worsening of MG increases after ad-
ministering cautionary drugs in patients with MG.

Materials and Methods: This retrospective case-control study was based on the medical records of patients diagnosed with MG
between 2007 and 2020. We analyzed the risk of MG worsening in patients exposed to cautionary drugs during the risk period, de-
fined as 6 months from the first exposure to cautionary drugs. The risk of MG worsening in the exposed patients was compared to
that in the non-exposed patients, who were individually matched in a 1:1 ratio with exposed cases for sex, age, thymoma, and auto-
antibodies.

Results: Of the 2002 patients diagnosed with MG, 552 (27.6%) were exposed to cautionary drugs. Neuromuscular blocking agents
(320 patients) and beta blockers (66123 person-days) were the most frequently prescribed medications. After exact matching, 220
exposed and 220 non-exposed patients were enrolled. The incidence rate of clinical worsening during the risk period was signifi-
cantly higher in the exposed patients than in the non-exposed patients (odds ratio=4.09; 95% confidence interval, 1.88-8.90;
p<0.001). Clinical worsening was observed in 31 (14.1%) of the exposed patients and in 8 (3.6%) of the non-exposed patients.
Conclusion: The administration of cautionary drugs increased the risk of clinical worsening in patients with MG. Clinicians should

be aware of this risk when cautionary drugs need to be administered.
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INTRODUCTION

Myasthenia gravis (MG) is an autoimmune disorder of the neu-
romuscular junction characterized by muscle weakness and fa-
tigue. Fluctuation of symptoms is a common clinical feature of
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MG, and patients with MG tend to experience recurrent wors-
ening of their disease. Development of disease-modifying
treatments, including thymectomy, corticosteroids, immuno-
suppressive agents, intravenous immunoglobulins, and plas-
mapheresis, has allowed a substantial number of patients with
MG to stably maintain their daily activities without fluctua-
tions. However, some patients still have wild fluctuations and
recurrent worsening, which are sometimes sufficiently severe
to be life-threatening. Up to 20% of patients with MG still expe-
rience at least one episode of myasthenic crisis, and a recent
report on generalized MG estimated the incidence of MG ex-
acerbation as 24.4 per 100 person-years."* Poorly controlled
MG is associated with depression and low quality of life.** In
addition, the worsening of MG often leads to hospitalization or
visit to the emergency department, which imposes significant
economic burden on the patients.*®
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Certain drugs may trigger MG worsening. The 2020 updated
international consensus guidance for the management of MG
provided a list of medications to avoid or use with caution in
patients with MG.’ Besides the international consensus guid-
ance, various reports have suggested the list of medications that
should be used with caution in patients with MG.'*** These
commonly include antibiotics, beta blockers, calcium channel
blockers, magnesium salts, botulinum toxins, desferrioxamine,
D-penicillamine, quinine, and procainamides. However, the
association between cautionary drugs and MG worsening is
supported mostly based on case reports or case series.””** Only
few studies have evaluated the risk of MG worsening after the
administration of such cautionary drugs.'®"” To the best of our
knowledge, no study has verified an increased risk of MG wors-
ening in patients who were exposed to cautionary drugs com-
pared to those who were not exposed.

The present study aimed to investigate the risk of clinical
worsening of MG after the administration of cautionary drugs
by comparing the incidence of worsening between patients with
and without exposure to cautionary drugs.

MATERIALS AND METHODS

Study population

This retrospective, matched case-control study was conduct-
ed by reviewing the electronic medical records of patients di-
agnosed with MG in Severance Hospital between 2007 and
2020. The diagnosis of MG was established based on clinical
symptoms and signs of muscle fatigability; presence of auto-
antibodies, including anti-acetylcholine receptor-binding an-
tibody (AChR Ab) and anti-muscle-specific tyrosine kinase
antibody (MuSK Ab); and results of low-frequency repetitive
nerve stimulation and neostigmine challenge tests. Patients
were classified into the exposed and non-exposed groups
based on their history of exposure to cautionary drugs. The pa-
tients with MG who had been exposed to cautionary drugs af-
ter the diagnosis of MG were classified into the exposed group,
whereas the patients who had never been exposed to caution-
ary drugs were classified into the non-exposed group. Cau-
tionary drugs were defined as medications known to be avoid-
ed or be used with caution in patients with preexisting MG.
These included neuromuscular blocking agents, fluoroquino-
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Fig. 1. A schematic illustration of exposure, hypothetical exposure, and risk period.
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lones, macrolides, aminoglycosides, beta blockers, calcium
channel blockers, magnesium salts, botulinum toxins, D-peni-
cillamine, desferrioxamine, and quinidine.*'* The list of cau-
tionary drugs used in the current analysis is shown in Supple-
mentary Table 1 (only online).

Data collection and definition

Basic demographics and clinical features, including sex, age,
status of AChR Ab and MuSK Ab, presence of thymoma, se-
verity of MG [assessed based on the Myasthenia Gravis Foun-
dation of America (MGFA) clinical classification and MG Ac-
tivities of Daily Living (MG-ADL) scores], and treatment for MG
were obtained by reviewing medical records. Based on the sta-
tus of AChR Ab and MuSK Ab, the patients with MG were clas-
sified into those with AChR Ab-positive, MuSK Ab-positive,
and double seronegative MG. Patients with AChR Ab-negative
MG not tested for MuSK Ab were excluded from this analysis.
The history of overall prescriptions in our institution from the
time MG was diagnosed was obtained through an electronic
search of the medical record database. Based on this data, we
analyzed the number of patients exposed to cautionary drugs
and the number of prescriptions made to each patient. This
study was approved by the Severance Hospital Institutional
Review Board (Approval No. 4-2022-0571). Informed consent
was waived for this retrospective study.

Matching

Worsening of MG can be influenced by sex, age, disease dura-
tion, presence of thymoma, and status of MG-associated anti-
bodies.' Thus, the patients in the exposed group were individu-
ally matched in a 1:1 ratio with each non-exposed patient for
sex, age stratified by 20-year intervals, presence of histological-
ly confirmed thymoma, and status of MG-associated autoanti-
bodies. The exposed patients who could not be matched with
appropriate non-exposed controls were excluded.

Definition of risk period

The definition of risk period is illustrated in Fig. 1. In the ex-
posed patients, a risk period was defined as 6 months from the
time of the first prescription of the cautionary drugs. As disease
duration is one of the factors that affects MG worsening (or ex-
acerbation),” a hypothetical risk period of the non-exposed
patient was set to minimize the effect of the disease duration

6 months
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in the analysis of the occurrence of MG worsening. The hypo-
thetical risk period was defined as 6 months from hypotheti-
cal exposure time point, which determined that the disease
duration until the hypothetical exposure in non-exposed pa-
tients and that until cautionary drug prescription in their
matched patients exposed to cautionary drugs would be the
same. Hypothetical exposure was calculated by adding the
time point of MG diagnosis in each non-exposed patient to
the duration from MG diagnosis to the first cautionary drug
prescription in the matched patient exposed to cautionary
drugs: [hypothetical exposure=time of MG diagnosis of each
non-exposed patient+(duration from MG diagnosis to the first
cautionary drug prescription of the matched exposed patient)].
If the follow-up duration from cautionary drug exposure or hy-
pothetical exposure was less than 6 months, the corresponding
matched pair was excluded.

Exclusion after matching

As the severity of MG at certain time point is associated with
the future risk of worsening,** we re-reviewed the records after
matching to investigate the disease severity at the point of ex-
posure and hypothetical exposure. Disease severity was classi-
fied into minimal (no symptoms or MGFA classification I), mild
to moderate (MGFA classification II or III), and severe (MGFA
classification IV or V). If there was a discrepancy in disease se-

Effect of Cautionary Drugs in Myasthenia Gravis

verity between the participants in a matched exposure and
non-exposure pair, the pair was excluded from the analysis.

Clinical worsening

Clinical worsening was defined as the deterioration of MG-re-
lated symptoms over a period of days to weeks, reported by the
patient and confirmed by the increase of MG-ADL score by 2
or more from the baseline score measured at the time of expo-
sure or hypothetical exposure. The time point of clinical wors-
ening was defined as the point at which the patient first experi-
enced the worsening of MG-related symptoms.

Statistical analyses

Data are represented as median (Q1-Q3) for continuous vari-
ables or as numbers (percentages) for categorical variables. A
Wilcoxon signed-rank or McNemar’s test was used to compare
the baseline characteristics between the exposed and matched
non-exposed groups. The odds ratio estimated from general-
ized estimating equation was used for comparing the inci-
dence of clinical worsening between the exposed and non-ex-
posed groups. A p-value <0.05 was considered significant. The
Statistical Package for the Social Sciences Statistics software
(version 26, IBM Corporation, Armonk, NY, USA) was used for
statistical analyses.
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Fig. 2. Number of patients prescribed with cautionary drugs and number of prescriptions for cautionary drugs. Data are shown based on the class of

drugs (A) or each agent (B).
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RESULTS

Patients

Of the 2002 patients diagnosed with MG during the study peri-
od, 552 (27.6%) had been exposed to cautionary drugs. The
number of patients exposed to cautionary drugs and the num-
ber of prescriptions for cautionary drugs (person-days) are
presented in Fig. 2A. Of the cautionary drugs, neuromuscular
blocking agents [320 (58.0%) patients] were prescribed to the
largest number of patients, followed by antibiotics [288 (52.2%)
patients], magnesium salts [270 (49.0%) patients], and beta
blockers [177 (32.0%) patients]. In terms of the number of pre-
scriptions, beta blockers (66123 person-days) were the most
frequently prescribed, followed by magnesium salts (15748
person-days), calcium channel blockers (7535 person-days),
and antibiotics (5554 person-days). The number of patients ex-
posed to each specific agent and the number of prescriptions
are presented in Fig. 2B. Magnesium oxide [253 (45.8%) pa-
tients] was the medication prescribed to the largest number of
patients, followed by rocuronium [227 (41.1%) patients] and le-
vofloxacin [93 (16.8%) patients]. In the number of prescriptions,
atenolol (58312 person-days) was the most largely prescribed,
followed by magnesium oxide (15693 person-days) and vera-
pamil (7535 person-days). The medical situations for admin-
istering the cautionary drugs in patients with MG are shown
in Supplementary Fig. 1 (only online).

YMJ

Matching

After matching for age, sex, presence of thymoma, and status
of autoantibodies between 552 exposed and 1450 non-exposed
patients, 486 pairs of case-controls were matched. Of these, 40
pairs of patients whose follow-up ended before 6 months and
226 pairs of patients who had a discrepancy in severity of MG
were excluded. Finally, 220 exposed patients and their 220 in-
dividually matched non-exposed patients were enrolled (Fig.
3). The clinical features, including age, sex, thymoma, autoan-
tibody profile, disease severity, and immunosuppressive treat-
ments, were not significantly different between groups (Table
1). The number of patients exposed to each cautionary drug
and the number of prescriptions made in the exposed group
after matching (n=220) are presented in Supplementary Fig. 2
(only online).

Worsening in the exposed and non-exposed groups

Clinical worsening of MG was observed in 31 (14.1%) of the
220 exposed patients during the risk period, whereas worsen-
ing was observed in 8 (3.6%) patients in the non-exposed
group. The risk of worsening was significantly higher in the
exposed group than in the non-exposed group (odds ratio=4.09;
95% confidence interval, 1.88-8.90; p<0.001). Among the 31
exposed patients who experienced worsening during the risk
period, neuromuscular blocking agents [15 (48.4%) patients]
were the medications most frequently prescribed prior to MG
worsening, followed by magnesium salts [8 (25.8%) patients].

between 2007 and 2020 (n=2002)

Patients diagnosed with MG in Severance Hospital

v

v

Patients with exposure
(n=552)

Patients without exposure
(n=1450)

Patients with AChR Ab-negative MG

A4

not tested for MuSK Ab (n=328)

1:1 matching by sex, age groups, presence of
thymoma, and type and presence of autoantibodies

v

v

Patients with exposure
(n=486)

Patients without exposure
(n=486)

(n=40, respectively)

> Follow-up ended before the end of risk period

(n=226, respectively)

»  Discordancy of severity between matched patients | ¢

A4

A4

Exposed group
(n=220)

Non-exposed group
(n=220)

Fig. 3. A flowchart for the process of matching the exposed patients and non-exposed controls. MG, myasthenia gravis; AChR Ab, anti-acetylcholine re-
ceptor-binding antibody ; MuSK Ab, anti-muscle-specific tyrosine kinase antibody.
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Table 1. Baseline Characteristics of the Exposed and Non-Exposed Pa-
tients after Matching

Exposed Non-exposed

Variables (n=220) (n=220) pvalue

Sex, male 74(33.6) 74(336)  >0.999

Age, years (stratified) >0.999

<20 11(4.6) 11(4.6)
21-40 87 (36.1) 87 (36.1)
41-60 106 (44.0) 106 (44.0)
61-80 37 (15.4) 37(15.4)
>80 0 0

Autoantibody >0.999
AChR Ab-positive 197 (89.5) 197 (89.5)

MuSK Ab-positive 4(1.8) 4(1.8)
Double seronegative 19(8.6) 19(8.6)

Thymus >0.999
Thymomatous 72(32.7) 72(32.7)
Non-thymomatous 148 (67.3) 148 (67.3)

MGFA classification at exposure 0.617

or hypothetical exposure
No symptoms 27(12.3) 31(14.1)
Class | 88 (40.0) 84(38.2)
Class I 90 (40.9) 90 (40.9)
Class Il 15(6.8) 15(6.8)
Class IV 0 0
Class V 0 0

Treatment
Prednisolone 126 (57.3) 141 (64.1) 0.172
Azathioprine 45(20.5) 45(205)  >0.999
Cyclosporine 28(12.7) 20(9.1) 0.280
Tacrolimus 27 (12.3) 21(9.5) 0.440
Mycophenolate mofetil 5(2.3) 2(0.9) 0.453
Maximum prednisolone dose, mg 20 [0-50] 25 [0-60] 0.093

AChR Ab, anti-acetylcholine receptor-binding antibody; MuSK Ab, anti-mus-
cle-specific tyrosine kinase antibody; MGFA, Myasthenia Gravis Foundation
of America.

Data are presented as n (%) or median [Q1-Q3].

Four (12.9%) patients were exposed to more than two types of
cautionary drugs simultaneously: neuromuscular blocking
agents and magnesium salts for three patients and antibiotics
and beta blockers for one patient. Among 31 patients who ex-
perienced worsening after the exposure to cautionary drugs, 24
(77.4%) were prescribed cautionary drugs by non-MG experts.
The change in the MG-ADL score and MGFA classification from
the point of exposure or hypothetical exposure to the point of
worsening is shown in Fig. 4. Change in MG-ADL score had no
significant difference between the exposed group [3.0 (2.0-
5.0)] and the non-exposed group [3.0 (3.0-4.0), p=0.929].
Among the patients in the exposed group, there were no sig-
nificant differences in baseline characteristics between the
patients who experienced worsening and those who did not
(Supplementary Table 2, only online).
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Duration from exposure to worsening

Fig. 5 demonstrates a distribution of clinical worsening during
the risk period in the exposed group and from the hypothetical
exposure to worsening in the non-exposed group. Of the 39
patients who experienced worsening during the risk period, the
median duration from the exposure (or hypothetical expo-
sure) to worsening was shorter in the exposed group [35.0 (11.0-
107.0) days] than in the non-exposed group [84.0 (23.8-127.5)
days, p=0.401], although not statistically significant. Of the 31
patients in the exposed group who experienced worsening, 14
(45.2%) experienced MG worsening within 30 days from the
exposure. There was no difference in baseline characteristics
between the patients who experiences early (within 30 days
from the exposure) and late (after 30 days from the exposure)
worsening among the patients in exposed group (Supplemen-
tary Table 3, only online).

DISCUSSION

In the present study, 27.6% of patients with MG had been ex-
posed to cautionary drugs. MG worsening was observed in
14.1% of the patients exposed to cautionary drugs, within 6
months from the exposure. The exposed patients had 4.09-fold
higher risk of MG worsening than the non-exposed patients.

Although avoiding the use of certain cautionary drugs for
patients with MG has been consistently recommended, these
medications are frequently prescribed to patients with MG in
real practice. In the present study, 27.6% of patients with MG
had been exposed to cautionary drugs. A previous retrospec-
tive observational study conducted in a single academic medi-
cal center reported that 84 out of 127 (66.1%) patients with MG
had been exposed to cautionary drugs at least once, with beta
blockers being the most frequently prescribed medication.”
Another retrospective study conducted in a tertiary care hospi-
tal reported that 56.0% of patients had been prescribed a drug
contraindicated in MG at least once during the 7-year study
period.**

In the present study, clinical worsening was observed in 3.6%
of the non-exposed patients during the hypothetical 6-month
risk period. The distribution of worsening was remained rela-
tively even throughout the hypothetical risk period. This pattern
of worsening in the non-exposed group may represent MG
worsening occurring in common clinical practice. A recent
study demonstrated that the incidence rate of moderate to se-
vere exacerbation was 12.2 per 100 person-years in patients
with MG.? This exacerbation rate was similar to that of the non-
exposed patients in the present study (7.2 per 100 person-
years). In contrast, the worsening rate of the exposed patients
was significantly higher (28.2 per 100 person-years) than that
of the non-exposed patients. In addition, approximately half
of the worsening was observed within 30 days from exposure to
cautionary drugs. This result may provide additional evidence

https://doi.org/10.3349/ymj.2024.0017
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Fig. 4. Disease severity before and after worsening in the exposed and non-exposed patients. (A) Myasthenia Gravis Activities of Daily Living (MG-ADL)
scores and (B) Myasthenia Gravis Foundation of America (MGFA) clinical classification.
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Fig. 5. Distribution of clinical worsening during the risk period in the exposed (A) and non-exposed groups (B).

for the increased risk of MG worsening after administering cau-
tionary drugs. This result was also consistent with that of anoth-
er study, which demonstrated that 22% of the patients with MG
experienced exacerbation within 30 days after the prescription
of cautionary drugs."’ The frequency distribution of exacerba-
tion was similar to the pattern observed in the present study,
with most exacerbations occurring shortly after the exposure.
Although certain medications can cause worsening of MG,
only a few studies have systematically assessed the risk of MG
worsening after the administration of these drugs. Few studies

https://doi.org/10.3349/ym].2024.0017

have statistically analyzed the association between certain med-
ications and the risk of MG worsening. A black box warning was
designated for fluoroquinolones in patients with MG based on
the post-marketing reports from the US FDA Adverse Event Re-
porting System.'® Some retrospective cohort studies have dem-
onstrated that beta blockers and calcium antagonists can in-
crease the risk of MG worsening.'** Otherwise, the medications
listed in various guidelines to be used with caution in patients
with MG are mostly based on an in vitro electrophysiological
study or several case reports.’*'®'%22 Although prospective
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studies would be useful to demonstrate the clinical causality,
ethical limitations exist in conducting a prospective study com-
paring the rate of exacerbation between exposed and non-ex-
posed patients. Consequently, previous studies have attempted
to assess the risk of MG worsening after the administration of
cautionary drugs by performing a retrospective analysis of ad-
verse drug reaction reports without adjustment for confound-
ing factors.?>* The present study retrospectively compared the
incidence of MG worsening between the exposed and non-
exposed groups matched for age, sex, presence of thymoma,
and type of autoantibodies. The result of our study may pro-
vide higher level of evidence regarding the risk of cautionary
drugs in patients with MG.

It is important for clinicians to properly recognize the type of
cautionary drugs to prevent MG worsening. However, in the
present study, the cautionary drugs were prescribed to more
than a quarter of patients with MG. The lack of awareness was
especially pronounced among clinicians who are not MG ex-
perts. In the present analysis, 77.4% of prescriptions for cau-
tionary drugs were made by clinicians who do not specialize in
MG. Establishing a drug alert system for patients with MG might
help clinicians to avoid inappropriate prescriptions. Drug alert
systems have already been introduced in patients with renal
disease or older patients to reduce inappropriate drug pre-
scriptions.”*

This study had some limitations. First, we only analyzed the
drugs prescribed in our institute. Due to the retrospective study
design based on a single center, we were unable to obtain the
list of medications prescribed at other institutes. Further popu-
lation-based study utilizing the National Health Insurance Da-
tabase can be considered to overcome this limitation. Second,
potential confounding factors, including infection, surgery, so-
cial stress, or drug compliance, were not considered in the pres-
ent analysis. In addition, some of these factors are closely asso-
ciated with certain types of cautionary drugs. For instance,
antibiotics might have been used to treat infections, which can
also cause MG worsening. Similarly, surgery or procedures re-
quiring the use of neuromuscular blocking agents may have
contributed to the worsening of the condition. Third, the course
of the disease at a certain point, whether improving or deterio-
rating, can impact the prognosis. Although the severity of the
disease at the time of exposure was matched in the present
study, changes in disease severity before and after the expo-
sure time point were not considered. Lastly, the effect of indi-
vidual medications was not separately analyzed. The degree of
the drug-disease relationship may differ between each medi-
cation included in the list of cautionary drugs. However, an
analysis of this association was not possible due to the insuffi-
cient number of patients to perform a statistical analysis with
adequate power.

In conclusion, cautionary drugs are prescribed to a substan-
tial number of patients with MG. These cautionary drugs in-
crease the risk of MG worsening. Establishing an alert system
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for the prescription of cautionary drugs to patients with MG
will help prevent MG worsening caused by these drugs.
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