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Background: Myasthenia gravis (MG) is a chronic autoimmune disorder characterized by muscle weakness caused by autoantibodies
targeting acetylcholine receptors. Prednisolones improve symptoms by reducing autoantibody activity, but its optimal use, particularly
in ocular myasthenia gravis (OMG), remains unclear due to limited trials and variable responses.

Objective: To evaluate the clinical efficacy, optimal dosing, and predictors of first minimal manifestation (MM) with oral
prednisolone in myasthenia gravis, based on the Myasthenia Gravis Foundation of America Post-Intervention Status (MGFA-PIS).
Methods: Patients with OMG treated with oral prednisolones between Ist January 2015 and 31st December 2022 at Rajavithi
Hospital were retrospectively reviewed. Baseline data, dosing, efficacy, and outcomes were analyzed using Cox regression and
survival curves to identify predictors and time to first MM.

Results: Of the 101 OMG, 81 patients (80.2%) achieved MM. The mean age was 46.6 6.9 years in the MM group and 46.2 + 6.0 years in
the non-MM group. The mean daily dose of pyridostigmine was significant higher in the MM group (152.68 + 32.38 mg/day) compared to
the non-MM group (133 + 34.50 mg/day) (p = 0.018). The prednisolone dosage was comparable between the two groups. Seropositivity of
AChRADb, thymoma, thymectomy, concurrent autoimmune diseases were notably observed in non-MM group (p < 0.05, respectively). Cox
proportional hazards analysis and survival curves revealed higher pyridostigmine dosage (HR 1.713, 95% CI: 1.029-2.849, p = 0.038).
Prednisolone initiation at 6—12 months reduced MM (HR 0.527, 95% CI: 0.297-0.936, p = 0.029), with further reduction observed beyond
12 months (HR 0.165, 95% CI: 0.073-0.368, p < 0.001). The presence of AChRAb, thymoma, prednisolones dosage and ophthalmic
manifestations demonstrated no significant association with the achievement of minimal manifestation.

Conclusion: Early prednisolone initiation (within 6 months) and higher pyridostigmine doses were linked to remission, highlighting
treatment factors over demographics in OMG outcomes.
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Introduction

Myasthenia gravis (MG) is a chronic autoimmune disorder characterized by impaired neuromuscular transmission,
leading to fluctuating muscle weakness and fatigue, primarily mediated by autoantibodies targeting acetylcholine
receptors at the neuromuscular junction, disrupting synaptic signaling.'*

Prednisolones effectively reduce the activity of pathogenic autoantibodies and modulates immune responses, resulting
in symptom alleviation and despite the widespread use of oral prednisolones in managing MG, including ocular
myasthenia gravis (OMG), there is no universally accepted consensus from major organizations such as the
Myasthenia Gravis Foundation of America (MGFA) on dosage, duration, or tapering regimen.” While low-dose
prednisolones (15 mg/day) with gradual escalation have been demonstrated to be safe and effective with a median
time 14 weeks for the achievement minimal manifestation status of OMG, no report of long-term treatment outcome has

been addressed.* Achieving optimal disease control remains challenging on the optimal dosage and duration of treatment
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for long-term symptom control.> Clinical practice varies widely, with some clinicians favoring a low-dose, slow-taper
strategy to mitigate side effects, while others advocate for higher initial doses to achieve rapid disease control. Moreover,
the clinical response to prednisolones varies among individuals, influenced by factors, such as age or gender,® ophthalmic
symptoms,” disease severity®® or antibody subtype.® Patients with late-onset disease were more likely to have been
treated with lower doses of prednisolones.'® This highlights the importance of personalized treatment strategies.

Therefore, the present study aims to investigate the role of oral prednisolones in the management of OMG, with
a focus on its clinical efficacy, optimal dosing strategies, and the predictors of achievement minimal manifestation status
of OMG at Rajavithi Hospital assessed through time-to-event analysis.

Materials and Methods

Patient Selection and Baseline Characteristic

A retrospective cohort study was conducted in patients diagnosed with MG who received immunosuppressive therapy
between 1st January 2015 and 31st December 2022 at Rajavithi Hospital, Bangkok, Thailand. The inclusion criteria were
age 18 to 80 years and diagnosis of MG.The diagnosis of OMG was based on the criteria established by Osserman and
Genkins,'' requiring patients to present with persistent symptoms of extraocular muscle weakness, such as diplopia,
ptosis, or both, and to meet at least one of the following laboratory criteria: (1) positive acetylcholine receptor antibody
(AChRAD) titer, (2) positive single-fiber electromyography, (3) clinical response to edrophonium chloride (Tensilon test),
or (4) positive repetitive nerve stimulation (RNS) test. Eligible patients were required to have attended follow-up
appointments for a minimum of 24 months. Exclusion criteria consisted of OMG patients with follow-up appointments
for less than 24 months, uncertain prednisolone initiation dates or incomplete records or received the therapy in another
medical institution or abroad were excluded from analyses requiring precise timing of treatment initiation.

Data Collection

Data were collected from electronic medical records, including demographic information, clinical characteristics, baseline
severity of OMG, disease onset, AChRAb status. Dosage of cholinesterase inhibitors, specifically pyridostigmine, was
categorized into two groups for analysis based on the Myasthenia Gravis Foundation of America Post-Intervention Status
(MGFA-PIS): low dosage (<120 mg/day) and high dosage (>120 mg/day)."? Corticosteroid therapy was generally considered
for patients with OMG who had an inadequate response to pyridostigmine, presence of diplopia, risk of progression to GMG,
or preference for rapid symptom control due to significant impact on daily life. The dosage of prednisolones was categorized
into two groups for analysis: low dosage (<15 mg/day) and moderate dosage (>15 mg/day) to facilitate the investigation of
potential predictors of achieving minimal manifestation in OMG. The timing of prednisolones initiation was stratified into
three categories for analysis: within 6 months, between 6 and 12 months, and beyond 12 months. Imaging findings, where
applicable, such as chest Computed Tomography (CT) or magnetic resonance imaging (MRI) for thymoma or thymic
hyperplasia detection.

In our study, follow-up intervals were scheduled which ranged from 3 to 6 months, depending on the clinical status
and individual patient needs. Primary outcomes include the time to achieving the first minimal manifestation (MM) as
defined by MGFA-PIS®'? which classified into MM-0 to MM-3 based on treatment status: no treatment, immunosup-
pressant only, low-dose pyridostigmine only, or both treatments, respectively. Conclusively, patients without orbicularis
oculi weakness on forced eyelid closure during physical examination were classified as having MM and were identified
predictors associated with achieving MM in OMG.

Ethical Approval

The study was approved by the Rajavithi Hospital Research Ethics Committee (certificate number 143/67), and all
participants provided informed consent prior to the collection. The study was conducted in accordance with the principles
outlined in the Declaration of Helsinki.
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Statistical Analysis

Descriptive statistics will summarize patient demographics, clinical characteristics, and treatment details. Continuous
Variables, Independent #-tests or Mann—Whitney U-tests were used for normally and non-normally distributed data,
respectively. Categorical Variables, Chi-square or Fisher’s exact tests were employed as appropriate. Univariable and
multivariable Cox proportional hazards regression models were used to identify factors associated with the first MM and
time to achievement between subgroups were reported as survival curves. Key clinical variables known from previous
literature to be relevant to disease progression and treatment response both clinical relevance and statistical considera-
tions in univariable analysis. Variables with a p-value<0.2 in univariable analysis were considered for inclusion in the
multivariable model to identify potential predictors associated with the achievement of MM. Proportional hazards
assumption was checked using Schoenfeld residual after each model. Hazard ratios (HRs) with 95% confidence intervals
(CIs) were reported for each variable. A p-value of <0.05 was be considered statistically significant. All analyses were
performed using a standard statistical software package.

Results
Clinical Characteristics of OMG Patients

In total, one hundred and seventy-two patients were diagnosed with OMG within this timeframe. Seventy-one were
excluded. Thirty-two were excluded due to incomplete medical records, twenty-five were insufficient follow-up duration,
fourteen were received prior corticosteroids or immunotherapy before the study period. In all, one hundred and one
patients who fulfilled the inclusion criteria were enrolled and subsequently included in the final analysis of the study.
Table 1 demonstrated the key differences between OMG patients achieving and not achieving MM. Mean age was 46.59 +
6.95 years in MM group and there was a comparable difference in non-MM group with a mean age of 46.15 + 5.99 years (p =
0.794). Significant variables included seropositivity of AChRAb, thymoma, thymectomy, concurrent autoimmune diseases (all
p < 0.05). The mean daily dose of pyridostigmine was higher in the MM group (152.68 + 32.38 mg/day) compared to the non-

Table | Baseline Characteristic of All OMG Patients Classified by Achievement of MM Outcome

Variable, (%) Total (101) | MM Group (81) | Non-MM Group (20) | p-Value
Age (mean+SD; year) 46.5+6.75 46.59+6.95 46.15+5.99 0.794

Late onset 18 (17.82) 12 (14.81) 6 (30) 0.112
Gender (male) 17 (16.83) 14 (17.28) 3 (15) >0.999
Disease duration (median, IQR; month) 6 (2.5, 12.0) 6 (2.5,9.5) 6 (3, 15) 0.147t
Clinical manifestation

Ptosis 64 (63.37) 49 (60.49) 15 (75) 0.586%

Diplopia 15 (14.85) 13 (16.05) 2 (10)

Both ptosis and diplopia 22 (21.78) 19 (23.46) 3 (15)
Smoking 10 (9.9) 8 (9.88) 2 (10) >0.999
Seropositivity of AChRAb 68 (67.33) 65 (80.25) 3 (I5) <0.001*
Thymoma 14 (13.86) 8 (40) 6 (7.41) <0.001
Concurrent autoimmune diseases 12 (11.88) 8 (9.88) 4 (20) 0.248*
Pyridostigmine

Daily dose (mean+SD; mg/day) 148.78+33.57 152.68+32.38 133+34.50 0.018

High dose (>120 mg/day) 8l (80.2) 58 (86.57) 23 (67.65) 0.024
Oral prednisolones

Daily dose (mean+SD; mg/day) 17.13+4.39 17.09+4.49 17.3£4.07 0.847

Low dose (<15 mg/day) 8l (80.2) 57 (79.17) 24 (82.76) 0.682
Time to prednisolones, (mean+SD; month) 7.84+3.04 8.94+3.67 5.6x1.67 0.001

<6 months 43 (42.57) 33 (40.74) 10 (50) 0.554

6—12 months 40 (39.6) 32 (39.51) 8 (40)

>12 months 18 (17.82) 16 (19.75) 2 (10)

(Continued)
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Table 1 (Continued).

Variable, (%) Total (101) | MM Group (81) | Non-MM Group (20) | p-Value
Concurrent Azathioprine 15 (14.85) 5(6.17) 10 (50) <0.001%
Daily dose (median, min-max; mg/kg) 0 (0-150) 25 (0-150) 0 (0-150) <0.001F
Duration of AZA (median, min-max; month) 0 (0-27) 0 (0-27) 5(0-27) <0.001%
Thymectomy 9 (8.91) 4 (4.94) 5 (25) 0.014*
Follow-up time (meanSD; month) 37.3%2.17 37.54£3.45 36.9+2.94 0.445

Notes: 1The p-value were obtained from the Mann—-Whitney test. $The p-value were obtained from the Fisher’s exact test.
Abbreviations: MM, minimal manifestation based on MGFA-PIS; SD, standard deviation; Late onset, age>50 years; IQR, interquartile range;
AChRAD, anti-acetylcholine receptor antibodies; PSL, oral prednisolones; AZA, Azathioprine.

MM group (133 + 34.50 mg/day, p = 0.018). Time to prednisolones initiation (<6 months) was notably observed in the MM
group (p <0.001). The mean duration of prednisolone use was 8.2 months, with a slightly longer average duration observed in the
MM group (8.9 months). None of the patients in the OMG cohort had underlying hepatic or renal disease, and none received
corticosteroids via the intravenous route. Among the 14 patients diagnosed with thymoma, nine (64.3%) underwent thymectomy.
Overall, ten patients progressed to secondary generalized myasthenia gravis (GMG).

Figure 1A illustrated the cumulative rate of achieving MM over a 48-month follow-up period in the whole cohort.
The curve demonstrates a gradual increase in the rate of MM achievement, with a marked rise within the first 24 months

(average time to remission was 12.243.1 months), followed by a steady progression thereafter.
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Figure | Predictors of first MM achievement based on demographic and clinical characteristics in ocular myasthenia gravis. (A) Overall rate of minimal manifestation
achievement; (B) Ocular symptoms, ptosis or diplopia or both (C) AChRADb, anti-acetylcholine receptor antibodies; (D) Presence of thymoma.
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Outcome of Minimal Manifestation Achievement Based on Baseline Characteristics,

Seropositivity and Thymoma

Table 2, various factors associated with achieving MM in OMG patients were analyzed. Age at onset, gender, and the
presence of autoimmune diseases between the two groups of MM achievement were comparable. While diplopia and
ptosis, seropositivity for AChRAb and the presence of thymoma were significant in the univariable analysis, they loss
statistical significance in the multivariable model and survival curve analysis (Figure 1B-D).

Outcome of Minimal Manifestation Achievement Based on Treatments

(Pyridostigmine, Immunosuppressants Dosage, and Duration)

Higher pyridostigmine dosage (>120 mg/day) remained a predictor of MM achievement (HR 1.713, 95% CI
1.029-2.849, p = 0.038, Figure 2A). Prednisolone initiation at 6—12 months reduced MM achievement (HR 0.527,
95% CI: 0.297-0.936, p = 0.029), with further reduction observed beyond 12 months (HR 0.165, 95% CI: 0.073—0.368,
p < 0.001). Rate of MM achievement stratified by prednisolones dosage group (<l5mg/day or >15 mg/day) or
azathioprine therapy were comparable (Figure 2B-D).

Discussion

Our study identified several clinical characteristics that influence treatment response in patients with ocular myasthenia
gravis. Significant predictors of achieving minimal manifestation included higher doses of pyridostigmine, and early
initiation of prednisolones.

Timely initiation of corticosteroids in OMG has been associated with better outcomes, including a reduced risk of GMG
progression.'® Early treatment can mitigate immune-mediated damage and stabilize ocular symptoms, diplopia or ptosis.”'*
Whereas delayed therapy may face challenges in reversing established pathology.’ Patients with recent-onset OMG may
exhibit a better response to corticosteroids compared to those with a longer disease duration. Regarding tapering strategies,
while Miano et al proposed that a slower rate of corticosteroids tapering, combined with a higher maintenance dose of
prednisones, increases the likelihood of achieving successful symptom control.'> A recent clinical trial reported that rapidly

tapering prednisolones has been found to be safe, well tolerated, and favorable treatment outcome in patients with moderate to

Table 2 Cox- Proportional Hazards Model for Predictors of Minimal Manifestation
Achievement!

Univariable Model Multivariable Model
HR 95% CI p-Value | HR 95% ClI p-Value

Age onset (year) 1.079 | 0.581-2.001 0.810 Not included
Gender (male) 1.266 | 0.707-2.268 0.428 Not included
Ocular symptoms’ 0.522 | 0.354-0.769 0.001 0.788 | 0.509-1.219 0.284
AChRAb 0.478 | 0.305-0.750 0.001 0.636 | 0.387—1.046 0.075
Thymoma 0.325 | 0.141-0.747 0.008 0.538 | 0.224-1.289 0.164
Pyridostigmine® 1.77 | 1.089-2.876 0.021 1.713 | 1.029-2.849 0.038
PSL dosage’ 1.458 | 0.896-2.372 0.129 0918 | 0.55-1.532 0.743
Time to PSLY 0.518 | 0.401-0.670 | <0.001 | 0.549 | 042-0.718 <0.001

<6 months (base)

6—12 months 0.512 | 0.304-0.861 0.012 0.527 | 0.297-0.936 0.029

>12 months 0.139 | 0.604-0.300 | <0.001 | 0.165 | 0.073-0.368 <0.001
Azathioprine 0.319 | 0.129-0.790 0.014 0471 | 0.172-1.289 0.143
Autoimmune diseases | 0.626 | 0.299-1.305 0.211 Not included

Notes: 1 Minimal manifestation achievement based on MGFA-PIS; HR, hazard ratio; Cl, confidence interval;
Ocular symptoms, ptosis or diplopia or both; AChRAb, anti-acetylcholine receptor antibodies; Pyridostigmine,
categorized on dosage<120 or 2120 mg/day; PSL dosage categorized on daily dosage <15 or 215 mg/day; Time to
PSL, time initiation oral prednisolones categorized on early initiation within 6, 6—12, or >12 months (used 6
months as base-reference).
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Figure 2 Predictors of first MM achievement based on treatments in ocular myasthenia gravis. (A) Pyridostigmine, categorized on dosage <120 or 2120 mg/day (p=0.038);
(B) prednisolones dosage categorized on daily dosage low (<15 mg/day) or moderate (215 mg/day) (p>0.05); (C) Time initiation oral prednisolones categorized on early
initiation within 6, 6—12, or >12 months (p=0.029,p<0.001); (D) Azathioprine use was categorized as azathioprine-treated versus non-azathioprine groups (p>0.05).
Statistical differences analyzed by cox proportional hazards regression model.

severe GMG.'® However, no significant difference in dosage was observed in relation to treatment outcomes. We have
proposed several explanations to account for these findings. Firstly, Disease Heterogeneity in OMG presents with diverse
clinical manifestations and severities, leading to individualized responses to treatment.'” Ptosis, or combination of ptosis and
diplopia represents more severe manifestations and it is often managed with higher doses of prednisolones.'® This severity
may act as a confounding factor, potentially influencing the interpretation of dosage efficacy. Secondly, A concept of “ceiling
effect” with prednisolones dosage in OMG suggests that beyond a certain dose, increasing the amount does not lead to
additional therapeutic benefits.'” In addition, the optimal dosage of prednisolone for the treatment of OMG remains
inconclusive. The EPITOME study demonstrated that low-dose prednisolone (15 mg/day) with gradual escalation was
effective in achieving minimal manifestation status in OMG.* Verma et al suggested that long-term administration of low-
dose prednisolones (<7.5 mg/day) may offer benefits in preserving binocular vision in OMG patients.”® The variability in the
frequency of specific MHC alleles and polymorphisms in glucocorticoid receptor genes across populations can influence
treatment efficacy. For example, the rs17209237 polymorphism in the glucocorticoid receptor gene has been identified as an
independent factor affecting glucocorticoid efficacy in MG patients within Chinese populations.®' This variability contributes
to differences in treatment response and dosage requirements,”> warranting further investigation to better understand the
underlying mechanisms and progression of the disease. The impact of early initiation and sustained administration of
prednisolones on achieving MM, compared to the specific dosage, warrants further evaluation through prospective studies.
Balancing efficacy with the risk of side effects through individualized dosing strategies and combination therapies is essential
for optimizing patient outcomes.>

While our findings suggest a positive association between higher pyridostigmine doses and MM achievement. It is
mostly used in conjunction with corticosteroids or immunosuppressants. The synergistic effects of these therapies might
reduce the reliance on higher pyridostigmine doses, as other treatments address the underlying autoimmune pathology
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and decreased risk of generalization.” Ocular symptoms have influenced treatment response.'® Combined symptoms of
ptosis and diplopia or severe symptoms may require more aggressive treatment approaches. While either symptom of
ptosis or diplopia generally respond well to timely and appropriate therapy.” This complex interplay poses challenges in
isolating the specific contribution of pyridostigmine dosage to the achievement of MM. Due to variability in patient
responses, the need for individualized treatment is warrant. In the present study, the lack of impact of azathioprine may
due to several explanations. First, While OMG typically presents with milder disease severity, which may not necessitate
potent immunosuppression corticosteroids alone or in combination with acetylcholinesterase inhibitors may suffice for
symptom control, patients who treated with azathioprine presented with more disease severity resulting in a decrease of
the added benefit of azathioprine.”* Second, small sample sizes or variability in dosing and adherence among patients
treated with azathioprine may hinder the detection of a significant association. These factors could obscure the true
therapeutic effect of azathioprine.

The levels of AChRAb may correlate with the severity of myasthenia gravis, with higher titers often indicating a more
aggressive disease course.® While seropositivity is a marginal predictor of disease severity and treatment response in our
univariable model, the time to achieve minimal manifestation was comparable. This finding may be influenced by factors
such as advanced age, gender, and a diagnosis of GMG, which are known to significantly impact the likelihood of
AChRAD seropositivity.””> Consequently, it is crucial to consider demographic and clinical characteristics when inter-
preting antibody test results in MG patients.

Thymoma is frequently associated with more severe phenotypes including a higher prevalence of GMG and an
increased likelihood of relapsing treatment outcomes. Consistent with this, the present study observed a lower proportion
of patients achieving MM in the thymoma group.*® Despite this, the response to treatment in thymoma-associated MG
may be comparable to non-thymoma MG once appropriate therapy is initiated, resulting in comparable times to MM
achievement in hazard model. Regarding thymectomy on remission outcome, while these interventions aim to control
disease progression, they do not directly correlate with faster symptom resolution or achievement of MM, as the effect of
thymectomy on symptom improvement cannot be immediately.?” A small sample size may also reduce the statistical
power to detect significant associations with thymectomy benefit.

Although late-onset ocular myasthenia gravis has been associated with worse treatment outcomes in previous
studies.'® This observation may vary depending on factors such as comorbidities, treatment adherence, and the use of
immunosuppressive therapies. In the present study, a comparable age distribution was observed between the two groups
based on MM status. Acetylcholinesterase inhibitors, and immunosuppressive therapies target the underlying autoim-
mune mechanism of the disease leading to comparable outcomes regardless of age at onset.”® In addition, localized
manifestations may respond uniformly or minimize the impact of age-related differences in immune function or treatment
tolerance.'® Early diagnosis and timely initiation of therapy can mitigate the effects of age-related factors. Regarding the
influence of gender on treatment outcome, while estrogen is known to modulate immune responses and contribute to the
higher prevalence of autoimmune diseases in females, its impact may be less pronounced in OMG due to its localized
nature compared to systemic autoimmune disease.*’

This study has several limitations that may impact the interpretation and generalizability of its findings. First, being
conducted in a referral and teaching medical center, the study is susceptible to selection bias. As a retrospective analysis,
the study is subject to inherent biases, including selection bias and incomplete data collection. Variability in patient
characteristics, such as differences in disease severity, antibody status, and treatment regimens, could introduce
confounding factors, complicating the interpretation of results. Specific timing of dose reduction following achievement
of minimal manifestation were not consistently available. The decision to taper prednisolone was based on individual
physician discretion, which may introduce variability in treatment exposure and limit the generalizability of our findings
regarding long-term steroid management. In our OMG cohort, though baseline liver and kidney function tests were not
routinely performed before initiating pyridostigmine, except in patients on azathioprine, for whom CBC and LFT were
monitored periodically. Instead, clinical history and available laboratory results were used to assess organ function.
Notably, no patients had liver or kidney disease. Further study with larger sample sizes of liver and kidney function cases
should be considered as potential confounders in multivariable analysis. Although the findings may not be fully
applicable to diverse populations due to differences in demographic, genetic, or environmental factors across regions
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and juvenile myasthenia gravis or pediatric populations. To our knowledge, this is the first study in Thai population

evaluating the impact of treatment timing, duration of prednisolones providing insights into optimizing therapeutic

strategies for achieving MM. The study’s follow-up period with 36 months may be sufficient to capture long-term

outcomes, particularly for conditions with delayed therapeutic responses. In summary, optimizing pyridostigmine dosing

and initiating corticosteroid therapy at an early stage are essential strategies for effective disease management.

Conclusion
Early prednisolone initiation (within 6 months) and higher pyridostigmine doses were linked to remission, highlighting

treatment factors over demographics in OMG outcomes.
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