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Abstract
Backgrounds and Objectives
Early use of immunosuppression has been suggested to prevent generalization of ocular my-
asthenia gravis (OMG), but high-quality evidence is limited in this regard. We examined
whether treatment with prednisone and other immunosuppressants reduce the risk of gener-
alization in OMG.

Methods
This is a retrospective study of consecutive adults with pure OMG who had a minimum 6
months of follow-up. Themain outcome was the time to developing generalized symptoms.We
used propensity scores to create matched data sets of patients treated with prednisone or any
immunosuppressant vs controls. We also used unmatched models with inverse probability of
treatment weights (IPTW) and variable exposure times. We used Cox proportional hazards
model to estimate hazard ratio (HR) for generalization, comparing treated patients vs controls.

Results
A total of 154 patients were included, with a mean follow-up of 87.4 ± 73 months since onset.
Forty-three (28%) were generalized, andmean time to generalization from diagnosis was 24.2 ±
24.1 months. Patients who received prednisone had lower risk of generalization than controls,
with pooled HR 0.43 (95%CI 0.19–1.06) for the matched model, HR 0.46 (95%CI 0.21–0.89)
for the IPTW model, and for HR 0.44 (95% CI 0.23–0.81) for the time-dependent exposure
model. Patients who received any immunosuppressant had lower risk of generalization, with
HR 0.30 (95% CI 0.11–0.77), 0.32 (95% CI 0.14–0.70), and 0.35 (95% CI 0.15–0.80) for the
matched, IPTW, and IPTW-varying exposure models, respectively.

Discussion
Our study provides evidence that steroidal and nonsteroidal immunosuppression in patients
with OMG is associated with a reduced risk of developing generalized symptoms over time.
This supports the early use of immunosuppression in this population.

Classification of Evidence
This study provides Class III evidence that treatment of OMG with corticosteroids or non-
steroidal immunosuppressants reduces the risk of generalization.

MORE ONLINE

Class of Evidence
Criteria for rating
therapeutic and diagnostic
studies
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Introduction
The unique structural and physiologic properties of extraocular muscles make them particularly
vulnerable to the pathophysiology of myasthenia gravis (MG).1 This is reflected in the fact that
ocular symptoms are the initial manifestations of MG in as many as 85% of patients.2 However,
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MG is not usually site restricted, and long-term studies have
shown that up to 50%–80% of patients progress to generalized
MG, and this transition usually takes place within the first 2
years.2-4 Retrospective studies have identified several factors
associated with this progression to generalized MG. Later age
at onset, female sex, severity of symptoms, abnormal re-
petitive nerve stimulation, positive acetylcholine receptor
antibody, and thymic hyperplasia are some of the factors fa-
voring generalization; however, these associations have not
been consistent across studies.3-8 Although high-quality evi-
dence is lacking, corticosteroids are advocated in the treat-
ment of ocular MG (OMG).9,10 Data from retrospective and
small prospective studies seem to suggest that early treatment
with corticosteroids could prevent generalization of
OMG.4,11-13 However, the generalizability of these results has
been questioned because of limited information on the du-
ration of symptoms; variable follow-up times; and initiation,
dosage, and timing of steroids.7 The 2 randomized controlled
trials on the use of steroids in OMG had several limitations,
such as very short treatment duration (8 days) and restricted
outcome measure in one and premature termination because
of slow enrollment with just 11 subjects randomized in the
other.14,15 Data from observational studies can be effective in
filling these knowledge gaps and statistical techniques such as
propensity score (PS) matching can be used to reduce the
confounders and bias of treatment inherent to observational
studies.16

The primary research question in this study was whether
treatment of OMG with corticosteroids or nonsteroidal im-
munosuppressants reduces the risk of generalization.

Methods
Patients and Clinical Data
This was a retrospective cohort study. We included all con-
secutive adult patients diagnosed with pure OMG with a visit
at the Prosserman Family Centre for Neuromuscular Disease,
Toronto, Canada, between 2015 and 2020, and at least 6
months of follow-up since onset. A diagnosis of OMG was
confirmed if a patient had symptoms and signs compatible
with OMG, such as fatigable ptosis and/or diplopia and no
symptoms of generalized disease (with normal strength in all
other facial, bulbar, and limb muscles) and either abnormal
electrophysiology (decremental response in repetitive nerve
stimulation studies or increased jitter in voluntary single-fiber
electromyography) or positive acetylcholine antibody
(AChRAb) or muscle-specific tyrosine kinase antibody status.
The data collected included age, sex, age at onset of symptoms,

antibody status, thymic status and thymectomy, time to
generalization, duration of follow-up, and severity of MG at
the last follow-up in terms ofMG Impairment Index. We also
collected from our database treatments received during
follow-up before generalized symptoms (any definitive
symptoms or signs of weakness beyond ocular muscles)
appeared, and for patients who had not generalized, up to
last assessment, these included pyridostigmine, prednisone,
azathioprine, and mycophenolate. For immunosuppressive
treatment, we also collected data of start of each treatment
(in months) from diagnosis.

Outcomes
The main outcome was development of generalized MG
symptoms (i.e., bulbar, respiratory, or limb weakness) after
the first clinic visit. For those patients who developed gen-
eralized symptoms, we recorded time to generalization from
symptom onset in months. We recorded the earliest report of
generalized symptoms in the chart, which could be a patient
call to the clinic, a report from another physician, a hospital
admission, or reported by the patient during routine follow-
up. In the latter case, we recorded the earliest date of de-
scription of generalized symptoms by the patient; if no clear
date was recorded, we used the visit’s date. We defined con-
trols as patients with pure ocular symptoms who were not
exposed to immunosuppressants. For the patients who de-
veloped generalized symptoms, they were considered controls
if they were not exposed to immunosuppressants before
generalized symptoms occurred.

Statistical Analysis
We used SPSS version 2020 (IBM, Armonk, NY) and R
version 3.5.1. The demographic and clinical variables are
expressed as means with SD or numbers and percentages. We
performed multiple imputation for any missing data using the
R package “multivariate imputation by chained equation”
(mice), creating 20 imputed data sets; pooled estimates are
presented for all analyses.17

To assess the treatment effect of prednisone with regard to
time to generalization, we first used PS models to predict the
use of prednisone. We included age at onset, sex, duration of
disease before diagnosis, AChRAb status, and use of azathi-
oprine and mycophenolate to build the PS models. We also
analyzed the data considering the use of any immunosup-
pressant (steroidal or nonsteroidal) during the ocular phase as
the exposure.

We used the R package Matchthem to create matched data
sets of treated and untreated patients.18 Matching was done to

Glossary
AchRAb = acetylcholine receptor antibody; HR = hazard ratio; IPTW = inverse probability of treatment weight; MG =
myasthenia gravis; OMG = ocular MG; PS = propensity score; REB = Research Ethics Board; SMD = standardized mean
difference.
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balance PS covariates through cardinalmatching and amaximum
caliper of 0.2 without replacement. We assessed balance of the
covariates using standardized mean differences (SMDs) whereby
SMD ≤0.1 indicates good balance. We used Cox models to
estimate hazard ratio (HR) for time to developing generalized
symptoms from symptom onset rather than from diagnosis, be-
cause patients with longer time with pure ocular symptoms may
have inherently reduced risk of generalization by the time of
diagnosis. We ran models with use of prednisone or any immu-
nosuppressant as the main predictor, using frailties to account for
matching. Because matching can remove some individuals from
analyses (those unmatched), we also used PS as inverse proba-
bility of treatment weights (IPTW) in the full cohort and ran
models on the weighted data. To account for immortal time bias,
we also built time-dependent exposure IPTW models, using the
IPW package to estimate time-varying weights.19,20

For predicted HR of 0.5, with event probability 40%, 20%
power, and alpha 5%, 129 patients were required. All models
were run with 2-tailed alpha. Statistical analysis was com-
pleted by D. Menon and C. Barnett-Tapia.

Standard Protocol Approvals, Registrations,
and Patient Consents
The study was approved by the Research Ethics Board (REB)
of the University Health Network (Toronto, Ontario, Can-
ada). Given the retrospective nature of our study, patient
consent was waived by the REB.

Data Availability
Anonymized data not published within this article will be
made available by request from any qualified investigator.

Results
From 186 consecutive patients with OMG who presented to
the clinic during the study period, we identified 154 eligible
patients based on our inclusion and exclusion criteria. The
mean age at onset of symptoms was 57.5 ± 15.8 years (median
60 years). The mean duration of follow-up was 87.4 ± 73
months from symptom onset. Upon the last follow-up, 43
patients (28%) had generalized. The mean number of visits in
the first 2 years since diagnosis was 6.8 and median was 8.

In total, 86 patients (56%) were exposed to prednisone and 94
(61%) to any immunosuppressant during the ocular phase. Of
these, 50 (53%) received only prednisone; 17 (18%) pred-
nisone and azathioprine; 14 (15%) prednisone, azathioprine,
and mycophenolate; 7 (7%) only azathioprine; 5 (5%)
prednisone and mycophenolate; and 1 (1%) only mycophe-
nolate. The mean maximum dose of prednisone was 25.2 ±
16 mg per day (range 10–80 mg per day), with mean total
duration of 34.9 ± 58 months and mean starting time of 4.3 ±
24months (range 0–192) after diagnosis. Themean start time
for azathioprine was 18.4 ± 45 months (range 0–245) after
diagnosis and for mycophenolate 20.2 ± 19 months (range
0–84) after diagnosis.

Of the generalized patients, median time to developing gen-
eralized symptoms was 22 months from symptom onset, with
a mean of 35.1 ± 40 months. From diagnosis, median time to
developing generalized symptoms was 15 months, with a
mean of 24.0 ± 29 months. From diagnosis, 20 patients (47%)
were generalized at ≤ 12 months, 30 (70%) of ≤24 months,
and 34 (79%) within 36 months. Of the 9 patients who

Table 1 Clinical, Laboratory, and Treatment Variables According to Prednisone Exposure in Unmatched and Matched
Cohorts

Unmatched cohort (n = 154) Matched cohort (n = 98)

No prednisone
(N = 67)

Prednisone
(N = 86) SMD

No prednisone
(N = 49)

Prednisone
(N = 49) SMD

Age at onset 57.8 ± 15.9 57.2 ± 15.5 0.03 58.5 ± 14.5 59.1 ± 17.5 0.04

Female 46 (68) 28 (33) 0.75a 27 (55) 26 (53) 0.05

Symptom durationb 15.9 ± 30.9 15.9 ± 23.4 0.009 14.9 ± 33.9 14.1 ± 15.7 0.04

AchRAb 19 (40) 24 (42) 0.008 24 (49) 23 (47) 0.05

Azathioprine 7 (10) 31 (36) 0.53a 7 (14) 8 (16) 0.04

Mycophenolate 1 (2) 19 (22) 0.49a 3 (7) 5 (11) 0.09

Any nonsteroidal
immunosuppressant

8 (12) 36 (42) 0.61a 8 (16) 9 (18) 0.04

Pyridostigmine 54 (79) 62 (72) 0.16a 38 (77) 37 (75) 0.05

Thymoma 5 (7.5) 0 (0) 0.40a 3 (6) 0 (0) 0.30a

Abbreviations: AchRAb = positive acetylcholine receptor antibody; SMD = standardized mean difference.
Tested in 47 patients without prednisone and in 57 with prednisone (unmatched data). Matched data are pooled after multiple imputation.
a A value >0.1 indicates imbalance between treatment groups. p Values are not sensitive to detect subtle imbalance and thus are not presented.
b Duration of symptoms before diagnosis, in months. Continuous variables are presented in mean ± SD. Categorical variables are presented as count and
proportion.
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generalized after 36months, 3 (33%) had received prednisone
and 4 (44%) any immunosuppressant in the ocular phase. Of
the patients who developed generalized symptoms, 6 (14%)
had at least 1 MG crisis; 4 of these had not received any
immunosuppression in the ocular phase.

In the unmatched data set, the patients who received pred-
nisone were more likely male, with a lower proportion of
thymoma and higher proportion of treatment with azathio-
prine and/or mycophenolate. Those who received any im-
munosuppressant were also most likely male, with positive
AchRAbs. Details of the clinical, laboratory, and treatment

variables according to prednisone exposure in unmatched and
matched cohorts are summarized in table 1.

The PS-matched data set for prednisone had 49 treated and
49 controls, with excellent balance on all covariables except
for thymoma. Therefore, the Cox model included thymoma
as a covariable. The Cox model on the matched data showed a
pooled prednisone HR of 0.43 (95% CI 0.19–1.06).

The weighed data sets had good balance of all covariates
(Figure 1). The IPTW model had a pooled HR of 0.46 (95%
CI 0.21–0.89), favoring prednisone. When modeling

Figure 1 Covariate Balance Before and After Inverse Probability of Treatment Weighting

Panel A shows the standardized mean differences for prednisone as exposure. Panel B shows the standardized mean differences for any immunosup-
pressant as exposure. Thedashed line indicates standardizedmeandifference of 0.1. Differences >0.1 indicate poor balance. AchRAb =acetylcholine receptor
antibody.

Table 2 Clinical, Laboratory, and Treatment Variables According to Any Immunosuppressant Exposure in Unmatched
and Matched Cohorts

Unmatched cohort (n = 153) Matched cohort (n = 100)

No IS (N = 60) IS (N = 94) SMD No IS (N = 50) IS (N = 50) SMD

Age at onset 57.9 ± 15.5 57.2 ± 15.8 0.05 60.1 ± 14.5 59.4 ± 17.5 0.03

Female 41 (69) 32 (34) 0.75a 33 (66) 32 (64) 0.04

Symptom durationb 16.3 ± 32.7 15.7 ± 22.6 0.03 17.4 ± 27.5 18.1 ± 35.6 0.03

AchRAb 16 (38) 27 (44) 0.08 16 (32) 16 (32) 0.00

Pyridostigmine 46 (77) 70 (74) 0.04 38 (76) 37 (74) 0.05

Thymoma 5 (8) 0 (0) 0.40a 0 (0) 0 (0) 0.00

Abbreviations: AchRAb = positive acetylcholine receptor antibody; IS = immunosuppression (prednisone, azathioprine and/or mycophenolate); SMD =
standardized mean difference.
Tested in 62 patients with and 42 without immunosuppression (unmatched data). Matched data are pooled after multiple imputation.
a A value >0.1 indicates imbalance between treatment groups. p Values are not sensitive to detect subtle imbalance and thus are not presented.
b Duration of symptoms before diagnosis, in months. Continuous variables are presented in mean ± SD. Categorical variables are presented as count and
proportion.
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prednisone as a time-dependent exposure on the IPTW
model, the prednisone HR was 0.44 (95% CI 0.23–0.81).

When looking at the use of any immunosuppressant, the PS-
matched data set had 50 treated patients and 50 controls with

balance of all covariates (Table 2). The pooled HR was 0.30
(95% CI 0.11–0.77) favoring immunosuppressants. The
weighed data sets had good balance of all covariates
(Figure 1). The IPTW model had a pooled HR of 0.32 (95%
CI 0.14–0.70) favoring immunosuppressants. In the time-

Table 3 Hazard Ratio Estimates for Different Models

Model

Prednisone Any immunosuppressant

Hazard ratio 95% CI Hazard ratio 95% CI

PS matched 0.43 0.19–1.06 0.30 0.11–0.77

IPTW 0.46 0.21–0.89 0.32 0.14–0.70

IPTW + time-varying exposure 0.44 0.23–0.81 0.35 0.15–0.80

Abbreviations: IPTW = inverse probability of treatment weights; PS = propensity score.

Figure 2 Cumulative Probabilities of Developing Generalized Symptoms by Treatment

This figure shows the cumulative probability of developing
generalized symptoms over time for the model with pred-
nisone (A) and any immunosuppressant (B) in the matched
data sets.
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varying exposure IPTW model, immunosuppressant HR was
0.35 (95% CI 0.15–0.80). Table 3 summarizes the estimates
for all models. Figure 2 depicts survival curves for treated and
untreated individuals in the matched data.

Classification of Evidence
This study provides Class III evidence that treatment of OMG
with corticosteroids or nonsteroidal immunosuppressants
reduces the risk of generalization.

Discussion
In this study, we found that in individuals with comparable
age, sex, disease duration, antibody status, and use of acetyl-
cholinesterase inhibitors, the use of immunosuppression,
steroidal or nonsteroidal, resulted in a significantly reduced
risk of generalized symptoms over time. Our HR estimates
ranged between 0.43 and 0.46 for prednisone and between 0.30
and 0.35 for any immunosuppressant. The lower HR for any
immunosuppressant use compared with prednisone may reflect
the combined effect of steroids plus nonsteroidal treatment,
especially considering that 38% of treated patients received >1
treatment. However, our study was not powered to detect dif-
ferences between different treatment combinations.

We found evidence of indication bias, with marked differences
noted in the clinical and demographic features between in-
dividuals who received immunosuppression. For example,
individuals were more likely to receive immunosuppression if
they were male and were seropositive for AChRAb. The latter
is not surprising because several studies have shown that sero-
positivity is an independent risk factor of generalized
disease.5,6,21-23 Therefore, it is possible that physicians take this
into consideration when deciding on immunosuppressive use.

Overall, our generalization rate (28%) is within the ranges
previously published in the literature.3,24-26 Interestingly, we
found that in the small number of individuals who had a
longer time (>3 years) to develop generalized disease ;40%
had received immunosuppression. This suggests that in some
cases, immunosuppression may be able to significantly delay
generalization but not prevent it altogether.

Despite the well-known autoimmune pathophysiology of
MG, the protective ability of immunosuppression in OMG
has not been sufficiently supported by literature evidence.
This is largely because of difficulties conducting controlled
studies in the OMG population. For example, a previous
randomized clinical trial aimed to assess the treatment effect
of prednisone in OMG was terminated early because of dif-
ficulty enrolling patients and included only 11 patients.15

Furthermore, the study was aimed at assessing the clinical
benefit of prednisone and not its effect on generalization. A
recent systematic review from retrospective studies concluded
that steroids and other immunosuppressants reduce the risk
of generalization.24 However, most of the retrospective

studies have limitations because of the lack of adjustment of
confounders.4,12,27 In addition, there was a marked hetero-
geneity across studies in the meta-analysis, and odds ratios
were reported despite notable differences in follow-up times.
Our study fills some of these gaps, by using multiple models
balancing variables that can affect generalization and using
time-to-event analysis given different follow-up times, likely
providing a more accurate estimate of treatment effect.

PS matching is one of several statistical methods that can
mitigate the major drawback of observational studies, that is,
the inherent bias in treatment selection. Through PS match-
ing, the covariate imbalance can be reduced and is particularly
effective while examining the effect of an intervention through
observational studies.28 Because of limitations of PS match-
ing, we also ran full-cohort models using IPTW and with time-
dependent exposures to minimize immortal time bias.

Despite the strengths of our approach, there are some limi-
tations. PSs work well to balance known covariates, but there
is always a possibility of residual imbalance in unobserved
variables, as opposed to an RCT where randomization bal-
ances observed and unobserved.28,29 Therefore, there may be
other factors that may affect treatment decisions and the risk
of generalization. One example is disease severity at onset; our
clinic had different outcome measures used at the time of the
first visit for this cohort, so we could not incorporate this into
the models. Presumably, more severely affected individuals
may have received immunosuppression earlier. We in-
corporated the starting time of immunosuppression to ac-
count for different exposure times; however, we did not have
data for all the doses at different times for each immuno-
suppressant used, and we did not model sequential use of
different medications. Therefore, we cannot compare the ef-
fect of timing of different immunosuppressant treatments on
risk of developing generalized symptoms. In addition, we had
more treated than untreated individuals and our matched
cohort was smaller than the unmatched; this may limit gen-
eralizability of the findings. However, the latter was mitigated
with the unmatched models using PS weights where we found
similar estimates. Finally, this cohort is from a tertiary neu-
romuscular academic clinic and may not reflect patients who
receive longitudinal care at community neurology or neuro-
ophthalmology clinics.

In summary, this study shows that steroidal and nonsteroidal
immunosuppressant treatment, in patients with OMG, is as-
sociated with a reduced risk of developing generalized
symptoms over time and supports the early use of immuno-
suppression in patients with pure ocular disease.
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