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Background: The role of thymectomy in ocular myasthenia gravis (OMG) remains contro-
versial, particularly before secondary generalization. Methods: We conducted a multicenter
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retrospective study on 174 OMG patients who underwent thymectomy (112 OMG, 62 gen-
eralized OMG [g-OMG]). The primary endpoint was complete stable remission (CSR;
MGFA-PIS criteria). Multivariable analyses identified predictors of CSR and generalization.
Results: Mean age at surgery was 42.3 + 13.0 years; 53.4% were male. Thymoma was
present in 29.3%. CSR was achieved in 18.9% overall, significantly higher in OMG (23.2%)
compared to g-OMG (11.3%, p = 0.036), with 5-year CSR probabilities of 43% vs. 22%
(p = 0.017). In non-thymomatous patients, 5-year CSR remained higher in OMG (41% vs.
17%, p = 0.010). Postoperative myasthenic crisis occurred exclusively in g-OMG (8.1%,
p = 0.004). Multivariable analysis identified preoperative cholinesterase inhibitor monother-
apy as an independent predictor of CSR (HR = 31.776, 95% CI: 4.188-241.111, p = 0.001;
non-thymomatous: HR = 19.746, 95% CI: 2.518-154.849, p = 0.005). Minimally invasive
techniques (78.6%) were associated with low morbidity (5.2%). Conclusions: Thymectomy
during the purely ocular stage is associated with higher CSR rates and lower perioperative
neurological risk than after generalization, particularly in non-thymomatous disease. Use
of cholinesterase inhibitors as sole therapy prior to thymectomy independently predicts
CSR. These findings support earlier surgical consideration in selected OMG patients and
highlight the safety of minimally invasive approaches.

Keywords: ocular myasthenia gravis (OMG); thymectomy; complete stable remission
(CSR); generalized myasthenia gravis; MGFA-PIS

1. Introduction

Myasthenia gravis (MG) is an autoimmune disorder characterized by pathogenic
autoantibodies directed against components of the postsynaptic neuromuscular junction,
resulting in fluctuating skeletal muscle weakness of variable severity, which is the hallmark
clinical manifestation [1]. Based on the distribution of symptoms at disease onset, MG is
classified as ocular myasthenia gravis (OMG, MGFA class I) or generalized myasthenia
gravis (GMG, MGFA classes II-V) [2]. OMG denotes disease confined to the extraocular
muscles (EOMs). Among adult Caucasian MG patients, more than half present initially with
ocular symptoms, and approximately 60% subsequently progress to generalized disease
(generalized ocular MG, g-OMG), most often within two years of onset. In contrast, up to
20% remain purely ocular throughout the disease course [3,4].

The prognosis of OMG is generally favorable in patients achieving sustained symptom
control with low-dose pharmacologic therapy. Inmunosuppressive treatment improves oc-
ular symptoms and reduce the risk of secondary generalization [5-9], as suggested by both
retrospective and epidemiological. Nevertheless, approximately 35% of patients develop
clinically significant adverse effects—including insomnia, gastroesophageal reflux, weight
gain, and myalgia—even with low-to-moderate doses of oral corticosteroids [10]. Prog-
nosis is particularly unfavorable in patients with a relapsing course requiring prolonged,
high-dose immunosuppression.

Therapeutic options for refractory OMG are limited and primarily supportive, in-
cluding crutch glasses for severe ptosis, prism lenses for diplopia, surgical correction of
ptosis [11,12], topical naphazoline [13], and strabismus surgery [14]. Despite these inter-
ventions, recurrence remains common and can substantially complicate the long-term
disease course.

Thymectomy is unequivocally indicated in thymomatous MG and, following the re-
sults of a landmark randomized controlled trial in 2016 [15,16], is also considered first-line
therapy for non-thymomatous GMG. However, its role in OMG remains controversial.
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The available evidence—derived almost exclusively from retrospective and heterogeneous
series—has not yielded definitive conclusions regarding its efficacy in purely ocular disease.
Historically, extended transsternal thymectomy was the standard surgical approach, but the
diffusion of minimally invasive techniques has made thymectomy more acceptable for se-
lected OMG patients, particularly when an open approach is considered disproportionately
aggressive for disease confined to the ocular muscles.

The literature on thymectomy in OMG is inconsistent and, at times, conflicting. Some
studies have reported no clear benefit [17-19], whereas others suggest that early thymec-
tomy may increase the likelihood of remission and clinical improvement [20-23]. In current
practice, thymectomy is typically considered on a case-by-case basis [24]—either as an
initial intervention in early-onset, AChR antibody-positive OMG [25] or in patients with an
inadequate response to immunosuppressive therapy [26].

Objectives

The present multicenter study aimed to evaluate the clinical outcomes of OMG patients
undergoing thymectomy before and after secondary generalization. The primary endpoint
was complete stable remission (CSR) as defined by the Myasthenia Gravis Foundation of
America Post-Intervention Status (MGFA-PIS) criteria. The secondary objective was to
identify potential predictors of both generalization and remission following thymectomy
in this patient population.

2. Materials and Methods
2.1. Study Design

This multicenter, retrospective, observational study compared the clinical outcomes
of OMG patients undergoing thymectomy before and after secondary generalization. The
study was approved by the Ethical Committee of the Universita Cattolica del Sacro Cuore
(protocol code: 0017919/23; approval date 7 June 2023) and was conducted in accordance
with the principles of the Declaration of Helsinki and its subsequent amendments. Data
collection and reporting adhered to the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) guidelines. All patients provided written informed
consent for participation and for the anonymous use of their clinical data.

2.2. Patient Population

We retrospectively reviewed the clinical records of patients with pure ocular myas-
thenia gravis (OMG) at disease onset who underwent thymectomy at eight Italian referral
centers between January 2000 and January 2023. Data were extracted from each institution’s
hospital information system and consolidated into a unified multicenter database.

2.3. Inclusion Criteria
Eligible patients were adults with:

1. A confirmed diagnosis of OMG at disease onset, with at least 3 months of isolated
ocular symptoms prior to surgery.
2. Thymectomy performed with curative intent.

w

RO resection in cases of thymoma histology.
4. A minimum postoperative follow-up of 2 years.

2.4. Exclusion Criteria
Patients were excluded if they had:

1. Thymic cysts or carcinoma.
2. Prior thymic surgery or thymoma recurrence.
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3.  Incomplete clinical data or loss to follow-up.

Patients who developed generalized GMG before thymectomy were categorized as
the g-OMG group. Those who remained purely ocular at the time of surgery comprised
the OMG group. GMG was defined as the presence of symptoms beyond the extraocular
muscles or eyelids—such as dysphagia, dysarthria, dyspnea, dysphonia, or limb/neck
weakness—confirmed by positive serological or electrophysiological testing.

2.5. Diagnosis of OMG
Diagnosis was established by neurologists based on:

e  Typical clinical manifestations (fluctuating diplopia, ptosis, or both);
e And at least one of the following:

1.  Positive anti-acetylcholine receptor antibodies (Anti-AChR Ab).
2. Abnormal repetitive nerve stimulation (RNS).
3.  Positive edrophonium chloride (Tensilon test) or pyridostigmine response.

Patients were stratified according to MGFA classification [27]. Thymectomy was con-
sidered on an individual basis in cases of thymic abnormalities suggestive of thymoma, sus-
picion of hyperplasia with inadequate acetylcholinesterase inhibitor response, early-onset
AChR-positive OMG, or unsatisfactory/impossible immunosuppressive management.

2.6. Surgical Technique

All patients underwent extended thymectomy in accordance with International
Thymic Malignancy Interest Group (ITMIG) recommendations. The procedure included
bilateral phrenic nerve and innominate vein identification, with en bloc resection of the
thymus and surrounding mediastinal adipose tissue. In cases of suspected thymoma,
thorough exploration of perithymic lymph node stations was performed according to the
IASLC/ITMIG nodal mapping protocol [28]. Thymomas were resected using a no-touch,
en bloc technique to minimize tumor manipulation and preserve oncological integrity [29].

2.7. Postoperative Management and Follow-Up

Neurological outcomes were assessed using the Myasthenia Gravis Foundation of
America post-intervention status (MGFA-PIS) [30]. Complete stable remission (CSR) was
defined as absence of symptoms without medications for >1 year.

Patients were followed in neurology outpatient clinics every 3—6 months, with medical
therapy adjusted as needed. Patients lost to follow-up were excluded from the analysis.

2.8. Study Endpoints

The primary endpoint was CSR rate in the OMG and g-OMG groups.
The secondary endpoints included:

e Identification of predictors of CSR and secondary generalization.
e  In the non-thymomatous subgroup: comparison of CSR between OMG and g-OMG
and identification of predictors for CSR and generalization.

2.9. Statistical Analysis

Continuous variables were reported as mean =+ standard deviation if normally dis-
tributed or median and interquartile range (IQR) if not normally distributed, while cate-
gorical variables as numbers (%). Kolmogorov-Smirnov test was used to evaluate normal
distribution of data.

Categorical variables were compared by Chi-squared test or Fischer’s exact test; con-
tinuous variables by the independent-sample Student’s t-test or the Mann-Whitney U-test,
if normally or non-normally distributed.
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Kaplan-Meier curves and log-rank test were used to evaluate the estimated cumulative
CSR from Thymectomy. Multivariable Cox proportional hazard regression model was used
to identify significant predictors of CSR and g-OMG. Only variables with a p < 0.2 in the
univariable analysis were included in the multivariable analysis.

A p <0.05 was considered statistically significant.

Statistical analysis was performed using the IBM SPSS Statistics for Macintosh, Version
25.00 (Armonk, NY, USA).

3. Results
3.1. Study Cohort

A total of 174 patients met the inclusion criteria and underwent thymectomy with
OMG at disease onset. Among them, 93 (53.4%) were male. The mean age at surgery was
42.28 + 12.96 years, and the median age at OMG diagnosis was 39 years, so that most
patients underwent surgery within a few years of symptom onset.

Before surgery, 62 patients (35.6%) had experiences secondary generalization, forming
the g-OMG group, whereas the remaining 112 patients (64.4%) constituted the OMG group.

3.2. Baseline Clinical Characteristics

Baseline characteristics are summarized in Table 1. The two groups were generally
comparable in terms of demographic and clinical variables with similar sex distribution,
mean age at OMG onset, rate of diplopia at onset, age at surgery, and type of surgical
approach. Likewise, anti-AChR antibody positivity was observed in 62.5% of OMG and
70.9% of g-OMG patients (p = 0.179), showing no statistically significant difference.

Table 1. Clinical characteristics of the OMG and g-OMG groups.

OMG g-OMG
(n =112) (n = 62) P
Male sex 62 (55.4%) 31 (50.0%) 0.459
Age MG onset (years) 37.78 £13.74 39.07 £ 14.63 0.569
Age at surgery (years) 42,99 +12.94 41.05 £+ 14.10 0.349
Diplopia onset 88 (78.6%) 42 (67.7%) 0.310
Anti-AChR-AD positive 70 (62.5%) 44 (70.9%) 0.179
Preoperative medications
Cholinesterase inhibitors 74 (66.1%) 48 (77.4%) 0.225
Corticosteroids 67 (59.8%) 41 (66.1%) 0.168
Azathioprine 4 (3.6%) 10 (16.1%) 0.015
Type of surgery
Open 24 (21.4%) 12 (19.4%) 0.746
RATS 88 (78.6%) 50 (80.6%)
Thymic histology
Hyperplasia 63 (56.3%) 19 (30.6%) 0.006
Thymoma 28 (25.0%) 23 (37.9%) ’
Involuted thymus 21 (18.8%) 20 (32.3%)

Data are presented as 1 (%) or mean £ SD unless otherwise specified. OMG = ocular myasthenia gravis; g-OMG
= generalized ocular myasthenia gravis; MG = myasthenia gravis; RATS = robotic-assisted thoracoscopic surgery.
Only variables with p < 0.05 in univariable analysis were included in the multivariable model. Bold values indicate
statistical significance (p < 0.05).

In terms of preoperative treatment, significant differences were observed. Azathio-
prine use was significantly higher among g-OMG patients (16.1% vs. 3.6%, p = 0.015). The
two groups received comparable proportions of other preoperative medications.
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The surgical approach was predominantly robotic-assisted in both groups, around 80%.

With regard to histology, thymoma was more frequent in g-OMG (37.9% vs. 25.0%,
p = 0.006), whereas thymic hyperplasia predominated in OMG (56.3 vs. 30.6%), yielding a
significant group difference (p = 0.006). These findings may indicate a distinct pathophysio-
logical backgrounds between early and late generalization.

3.3. Perioperative Outcomes

The overall postoperative course was favorable. The mean postoperative hospital stay
was 4.42 &+ 3.06 days, with a mean chest tube duration of 2.27 4= 2.00 days. A total of nine
postoperative complications (5.2%) were recorded, including six Clavien-Dindo grade II
and three grade III, all related to chylothorax with one requiring reoperation.

Postoperative intensive care admission during the first 24 h was required in sixty-
one patients (35.1%), mainly for precautionary monitoring for potential MG exacerbation.
Importantly, there were no perioperative deaths.

3.4. Long-Term Outcomes

The mean follow-up duration was 54.49 + 29.21 months. In the overall cohort, CSR was
achieved in 33 patients (18.9%), while a majority showed partial or sustained improvement
undergoing medical therapy.

When stratified by disease group (Table 2) CSR was significantly higher in OMG
patients than in g-OMG (23.2% vs. 11.3%, p = 0.036). Furthermore, no postoperative
myasthenic crises occurred in the OMG group, whereas five events (8.1%) were recorded in
the g-OMG group (p = 0.004), reinforcing the clinical distinction between these populations.

Table 2. Clinical outcomes of OMG and g-OMG groups.

OoOMG g-OMG
(n=112) (n = 62) p
Post-operative MG crisis 0 5(8.1%) 0.004
Time to outcomes (months) 31.99 + 41.89 3293 +£29.13 0.882
CSR 26 (23.2%) 7 (11.3%) 0.036
Change in MG status
Improved 46 (41.1%) 37 (59.7%) 0.036
Unchanged 27 (24.1%) 11 (17.7%) :
worse 13 (11.6%) 7 (11.3%)
Postoperative medications
Cholinesterase inhibitors 46 (41%) 40 (64.5%) 0.366
Corticosteroids 29 (25.0%) 14 (22.5%) 0.729
Azathioprine 13 (10.7%) 8 (13%) 0.577

CSR = complete stable remission; MG crisis = postoperative myasthenic crisis; “Improved,” “Unchanged,” and
“Worse” refer to MGFA post-intervention status compared with preoperative classification. Only variables with p
<0.05 in univariable analysis were included in the multivariable model. Bold values indicate statistical significance
(p <0.05).

3.5. Kaplan—Meier Analysis

The estimated 5-year CSR probability was significantly higher in OMG than g-OMG
(43% vs. 22%, p = 0.017) (Figure 1).
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T
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Figure 1. Kaplan—-Meier curves showing the estimated cumulative probabilities of CSR after Thymec-
tomy in OMG (blue line) vs. g-OMG (red line) groups.

3.6. Predictors of CSR

On univariable analysis, preoperative use of cholinesterase inhibitors as monotherapy
and azathioprine use showed a significant association with CSR (p < 0.001 and p = 0.027, re-
spectively). However, in multivariable analysis, only preoperative cholinesterase inhibitors
monotherapy resulted as significant independent predictor of CSR in the overall cohort
(HR = 31.776, 95% CI: 4.188-241.111, p = 0.001) (Table 3).

Table 3. Predictors of CSR (significant values in bold, p < 0.05).

Ugivaria!ale Multivariable Analysis
Variables nalysis
p-Value HR [95% CI] p-Value
Male sex 0.357
Age 0.512
Diplopia 0.597
Anti-AChR Ab 0.518
Open surgery 0.404
Thymoma histology 0.837
monatherapyy beforesurgery 01 paasary 0001
Steroids before surgery 0.237
Azathioprine before surgery 0.027

Abbreviations: HR = hazard ratio; CI = confidence interval; CSR = complete stable remission. Only variables
with p < 0.05 in univariable analysis were included in the multivariable model. Bold values indicate statistical
significance (p < 0.05).

3.7. Predictors of Generalization

Analysis of variables associated with secondary generalization identified thymic
hyperplasia as a potential protective factor. Although, it was significant in univariable
analysis (p = 0.002), it lost significance after adjustment (HR = 0.541, p = 0.093) (Table 4).
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Table 4. Predictors of g-OMG (significant values in bold, p < 0.05).

Uzlvaalrla})le Multivariable Analysis
Variables nalysis
p-Value HR [95% CI] p-Value
Male sex 0.729
Age 0.468
Diplopia 0.490
Anti-AChR Ab 0.309
Thymic hyperplasia vs. 0.541
others histologies 0.002 [0.264-1.107] 0.093
Pyridostigmine interruption
0.646
before surgery
Steroids interruption 0.405

before surgery

Abbreviations: HR = hazard ratio; CI = confidence interval; CSR = complete stable remission; g-OMG = generalized
ocular myasthenia gravis. Only variables with p < 0.05 in univariable analysis were included in the multivariable
model. Bold values indicate statistical significance (p < 0.05).

No other clinical or treatment-related variable independently predicted generalization.
A trend toward higher generalization rate was observed in patients with thymoma or in
those who discontinued cholinesterase inhibitors before surgery, through without statistical
significance.

3.8. Subgroup Analysis—Non-Thymomatous MG

Among the 123 patients with non-thymomatous MG, patterns were consistent with
the overall cohort. The estimated 5-year CSR was significantly higher in OMG than g-OMG
(41% vs. 17%, p = 0.010) (Figure 2). Multivariable analysis again identified preoperative use
of cholinesterase inhibitors monotherapy as the only significant predictor of CSR (HR =
19.746, 95% CI: 2.518-154.849, p = 0.005). No independent predictors of generalization were
identified in this subgroup.

1.0
i OoMG
3 a8 - g-OMG
— censored
5] —+—  censored
z
E 06
©
Es
(-3
g o4
= -
L]
-]
E
6 02

h + + + + -+

0.0 —H——4

0 12 24 36 48 60 72 84 96 108 120

Time from thymectomy (months)

Figure 2. Kaplan—-Meier curves showing the estimated cumulative probabilities of CSR after Thymec-
tomy in non-thymomatous OMG (blue line) vs. g-OMG (red line) groups.



J. Clin. Med. 2025, 14, 7840

9o0f 16

4. Discussion

Over recent decades, both incidence [31-33] and prevalence [34,35] of myasthenia
gravis (MG) have consistently increased, a trend mirrored in ocular myasthenia gravis.
Among adult Caucasian populations, more than half of MG patients initially present
with ocular manifestations, and approximately 60% will progress to generalized MG (g-
OMG) within two years of onset; only ~20% remain purely ocular throughout their disease
course [3,4]. These epidemiological patterns highlight the clinical importance of clarifying
the role of thymectomy in OMG, particularly before secondary generalization occurs.

Minimally invasive thymectomy techniques, including robotic-assisted and video-
assisted thoracoscopic surgery (RATS/VATS), have demonstrated comparable, and in some
series superior, outcomes to those of extended transsternal thymectomy in selected MG
cohorts [36]. This evolution in surgical approach has renewed interest in thymectomy for
patients with disease confined to the extraocular muscles. However, high-level evidence
supporting thymectomy in OMG remains limited; notably, the only randomized controlled
trial of thymectomy in generalized MG [16] excluded patients with purely ocular disease.

4.1. Remission Outcomes and Timing of Surgery

In our multicenter series of 174 OMG patients, the overall CSR rate (MGFA-PIS
definition) was 18.9%. However, the timing of surgery emerged as a major determinant
of outcome. CSR was significantly higher when thymectomy was performed during the
purely ocular stage (OMG: 23.2%) compared with after generalization (g-OMG: 11.3%),
with estimated 5-year CSR probabilities of 43% and 22%, respectively (p = 0.017). This
pattern was replicated in the non-thymomatous subgroup (41% vs. 17%, p = 0.010).

Postoperative myasthenic crisis occurred exclusively in g-OMG patients (8.1%,
p = 0.004), underscoring the dual disadvantage of operating after generalization: reduced
long-term remission potential and heightened perioperative neurological risk.

These findings parallel those of Li et al. [37], who reported higher 5-year CSR when
robotic thymectomy was performed before generalization (49.5% vs. 33.4% overall; 53.5%
vs. 28.9% in non-thymomatous patients). Similarly, Liu et al. [38] observed a 5-year CSR of
41.8% in a mixed thymomatous/non-thymomatous OMG cohort, with better outcomes in
non-thymomatous cases. In a Chinese series of 110 OMG patients undergoing extended
transsternal thymectomy, Liu et al. [20] reported CSR rates of 24.5% at 2 years and 26.4% at 4
years, with higher rates when broader remission definitions were applied. Mineo et al. [21],
in a case—control study of non-thymomatous OMG, found that extended thymectomy
achieved faster remission than medical therapy alone, particularly when performed within
6 months of symptom onset.

Collectively, these data, along with those of Zhang et al. [39], support a time-sensitive
benefit: early thymectomy, particularly in non-thymomatous disease, yields superior
remission outcomes. The biological rationale is compelling as generalization reflects broader
and more entrenched autoimmune activation, reducing the relative impact of thymic
antigen removal.

Our lower overall CSR compared with Zhu et al. [23] is likely explained by two factors:

1. The stringent MGFA-PIS CSR definition used in our study (no symptoms and no
therapy for >12 months), which yields lower absolute remission rates than broader
definitions.

2. Inclusion of patients with thymoma and g-OMG, both associated with more refractory
disease, likely diluting the overall CSR signal.
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4.2. Influence of Thymic Histology

Nearly one-third of our cohort had thymoma, a condition historically associated with
more severe MG and reduced remission rates. Several series, including Zhang et al. [39]
and Liu et al. [38], have demonstrated that thymic hyperplasia correlates with higher CSR,
whereas advanced thymoma predicts worse outcomes. In our data, thymic hyperplasia
showed a non-significant protective trend against generalization (HR = 0.541, p = 0.093).
This suggests that histology may serve as a surrogate marker of disease biology, with hyper-
plasia more frequently seen in less aggressive forms of MG. The inclusion of thymomatous
patients likely contributed to the lower CSR observed in the overall cohort compared with
the non-thymomatous subgroup.

4.3. Predictors of CSR and Generalization

Multivariable analysis identified preoperative administration of cholinesterase in-
hibitors as monotherapy as a strong independent predictor of CSR (HR = 31.776, 95% CI:
4.188-241.111, p = 0.001 in the overall cohort; HR = 19.746, 95% CI: 2.518-154.849, p = 0.005
in non-thymomatous patients). This is unlikely to reflect a direct disease-modifying effect of
cholinesterase inhibitors; rather, it probably indicates a subset of patients with a milder phe-
notype, in whom symptom control was achievable without immunosuppression prior to
surgery, inherently increasing the likelihood of meeting strict CSR criteria postoperatively.

4.4. Perioperative Safety and Surgical Approach

These figures compare favorably with other contemporary thymectomy series, in
which minimally invasive approaches—both video-assisted thoracoscopic surgery (VATS)
and robotic-assisted thoracic surgery (RATS)—were associated with reduced blood loss,
shorter chest tube duration, and shorter hospital stay, without compromising either onco-
logical integrity or long-term neurological outcomes [40,41]. The increased postoperative
crisis risk in g-OMG patients observed in our series is consistent with prior evidence identi-
fying generalized MG at the time of surgery as an independent risk factor for postoperative
myasthenic crisis [42,43] further supporting earlier surgical intervention to optimize both
neurological and perioperative safety profiles.

Table 5 provides a comprehensive synthesis of published studies evaluating thymec-
tomy in OMG.

4.5. Strengths and Limitations

Strengths of this study include its large sample size, the multicenter design encom-
passing eight high-volume Italian referral centers, the use of standardized MGFA-PIS
definitions, and prespecified subgroup analyses by disease stage and histology. Limitations
are inherent to the retrospective design, including possible selection and information bias,
interinstitutional heterogeneity in diagnostic work-up and perioperative management,
and incomplete control for confounding in multivariable analyses. Postoperative med-
ication patterns may also have influenced long-term outcomes. In addition, the study
focused exclusively on surgically treated patients, and therefore, no direct comparison with
non-surgical management was possible.

Despite these limitations, the present analysis provides valuable multicenter real-
world evidence supporting the prognostic relevance of surgical timing and preoperative
therapy in OMG patients.
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4.6. Clinical Implications

For adult OMG patients, our findings support earlier consideration of thymectomy
before secondary generalization, particularly in non-thymomatous disease and in suspected
thymic hyperplasia, to maximize long-term CSR probability and minimize perioperative
neurological risk. After generalization occurs, remission rates are lower and perioperative
risk is higher, making the risk-benefit profile less favorable. Minimally invasive approaches
appear to offer a favorable safety profile without compromising long-term outcomes.

The clinical heterogeneity of ocular MG likely reflects underlying immunological
differences between patients in whom autoimmunity remains confined to ocular muscles
and those who later generalize. In early or purely ocular disease, thymic mechanisms such
as defective negative selection of autoreactive T cells and ectopic germinal canter formation,
are thought to play a predominant role, whereas secondary generalization may result from
sustained peripheral T-cell activation and spreading beyond thymic compartment [46].
Interestingly, similar processes have been observed in ICI-induced MG, where loss of
immune tolerance and persistent T-cell activation at the neuromuscular junction trigger
de novo MG-like syndromes or exacerbating pre-existing disease [47]. These insights
support the notion that patient selection for thymectomy should ultimately integrate
immunophenotypic markers of thymic immune activity into surgical decision-making.

4.7. Future Research Directions

Future prospective, ideally randomized, studies are needed to compare thymectomy
versus optimized medical therapy in pure OMG, with stratification by anti-AChR antibody
status, thymic histology, and time from symptom onset to surgery. Parallel mechanis-
tic studies incorporating immunological and histopathological biomarkers could clarify
whether observed associations reflect causal effects of thymectomy or underlying disease
heterogeneity. Treatment resistance in ocular MG may result from heterogeneous disease
biology, long disease duration, or suboptimal immunosuppressive response. Further work
therefore should investigate potential determinants of treatment resistance, including dis-
ease chronicity and interindividual variability in immune regulation. Integrating thymic
immunophenotyping and T-cell repertoire profiling could help elucidate how microenviron-
mental immune alterations influence surgical outcomes. Moreover, comparative research
on spontaneous autoimmune MG and immune checkpoint inhibitor-related MG-like syn-
dromes may offer additional insights into shared pathways of immune dysregulation,
although these conditions represent distinct clinical entities.

5. Conclusions

Thymectomy performed during the purely ocular stage of MG is associated with
higher rates of long-term remission and lower perioperative neurological risk compared
to surgery after secondary generalization. Minimally invasive approaches may broaden
surgical eligibility by reducing procedural morbidity. Preoperative administration of
cholinesterase inhibitors as monotherapy emerged as a significant predictor of CSR. These
findings provide a strong rationale for earlier surgical consideration in selected OMG
patients, particularly in non-thymomatous disease, while underscoring the need for high-
quality prospective evidence to refine current practice guidelines.
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