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ABSTRACT
Background: Thymectomy is beneficial for treating early-onset acetylcholine receptor antibody-positive myasthenia gravis 
(MG); however, its effects on late-onset MG (LOMG) remain less well understood. Given the increasing incidence of MG among 
the population 50 years old and above, addressing the question of whether thymectomy is effective for this age group is critically 
important. This study aimed to assess the present evidence for the efficacy of thymectomy in LOMG and identify potential char-
acteristics that may predict the treatment response.
Methods: Four electronic databases were searched from their inception to September 10, 2024. Six studies with both thymec-
tomy and medical therapies in LOMG patients, along with another 14 studies with only a surgical group, were enrolled in the 
meta-analysis. The primary outcome was the response (remission and minimal manifestations status) to thymectomy in LOMG.
Results: In LOMG, response in the surgical group was greater than in the medical therapies alone group (OR = 1.42 [0.86–2.35], 
p = 0.169), but not significantly. However, subgroup analysis showed that when the age of MG onset was ≥ 45 years old or the age 
at thymectomy was ≥ 50 years old, thymectomy appeared better than medical therapies alone (OR = 1.92 [1.06–3.48], p = 0.031). 
Across all 20 studies, 34% (24%–44%) of LOMG patients improved with thymectomy. A higher response was observed in patients 
with a preoperative duration of less than 3 years from diagnosis [39% (16%–65%), p < 0.001, q < 0.001].
Conclusion: Thymectomy may be a potentially effective treatment for LOMG, particularly in patients who undergo the proce-
dure soon after diagnosis. A randomized controlled study for LOMG patients is needed.

1   |   Introduction

Myasthenia gravis (MG) is a heterogeneous rare autoimmune 
disease mediated by specific antibodies compromising conduc-
tion of the neuromuscular junction [1]. The annual incidence is 
estimated roughly at 10 to 29 per million, while the prevalence 

estimates range from 100 to 350 cases per million, with both in-
cidence and prevalence increasing over the past two decades [2]. 
Further analysis across age groups indicates that this increas-
ing trend is more prominent among the elderly population. In 
Poland, the incidence of MG is 23.6 per million, with a mean age 
of 61.37 years. For those older than 50, it reaches 49.8 cases per 
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million [3]. In China, the incidence of hospitalized MG increases 
steadily with age and peaks in the age group of 70 to 74 years 
(18.9 per million) [4]. Similar phenomena have been observed in 
several other countries and regions, showing an increase with 
age and a late peak appearing in the fifth decade or after [5–8].

Based on the age of onset, MG is typically classified as early-
onset MG (EOMG) and late-onset MG (LOMG), with a cutoff 
ranging from 40 to 50 years old across studies [9]. Fundamental 
differences in clinical features, genetic predisposition, and 
thymic pathology are evident between these two subgroups. 
Moreover, based on the thymic pathology, LOMG patients can 
be further divided into thymoma-associated (TAMG) and non-
thymomatous groups. Complete removal of all thymic tissue is 
necessary for the best disease control in MG patients with thy-
moma and thymic hyperplasia. Given the increasing access to 
minimally invasive thymectomy and enhanced pre- and post-
operative care, the risk of complications, even in the LOMG 
group, is much less than in past decades. However, whether 
thymectomy provides clinical benefit in non-thymomatous 
LOMG patients has been questioned for many years, with vary-
ing conclusions across different studies [1, 10–14]. The previous 
review primarily emphasized comparing surgical outcomes be-
tween LOMG and EOMG while briefly analyzing the effects of 
thymectomy versus medical therapies alone in a limited number 
of LOMG patients, which did not adequately address the issue 
[10]. Here, through larger sample sizes, rigorous methodologies, 
and detailed subgroup analyses, we focus on LOMG and aim to 
estimate their response rate to thymectomy and identify poten-
tial characteristics of a response group, providing valuable in-
sights for clinical practice and future studies.

2   |   Materials and Methods

The guidelines of the Preferred Reporting Items for Systematic 
Reviews and Meta-Analysis (PRISMA) were followed. The re-
view was registered with PROSPERO (CRD42024510953) and 
reported according to PRISMA guidelines. The protocol of this 
study is available online.

2.1   |   Search Strategy

A systematic search of the PubMed, Medline, Cochrane Library, 
and Chinese National Knowledge Infrastructure databases was 
performed from the inception to September 10, 2024. A search 
strategy was developed for each database using a combination 
of medical subject headings and the terms “myasthenia gravis” 
and “thymectomy.” No language restrictions were placed on the 
searches or search results.

2.2   |   Study Selection Criteria

Two of the authors first screened the abstract and then further 
screened the full text for eligibility. Each publication was inde-
pendently reviewed by the reviewers, and disagreements were re-
solved through discussion or by the judgment of a third reviewer, 
a senior neurologist. The inclusion criteria were as follows: cut-
off age: 40 years or older, definition of outcomes (the response 

to thymectomy): based on the Myasthenia Gravis Foundation of 
America (MGFA) post-intervention status [15] or other similar 
clear criteria described in studies, such as DeFilippi postopera-
tive classification [16] and Oosterhuis classification [17], and fol-
low-up time (mean) of more than 1 year after thymectomy. The 
exclusion criteria were as follows: type of publications: reviews, 
systematic reviews, meta-analyses, editorials, case reports, news 
articles, conference proceedings, and protocols; (2) population: 
TAMG or MG without the complete data about age or patholog-
ical report; and (3) study design: clinical trials of specific novel 
medicines. In the case of multiple reports from the same data set, 
the most recent or comprehensive report was selected.

2.3   |   Data Extraction

For each study included, study data and patient characteristics were 
extracted independently and in duplicate using a standardized 
data extraction sheet; afterward, the results were cross-checked. 
Discrepancies were resolved by consensus or with the judgment 
of a third reviewer. The extracted study and patient characteristics 
included the publication year, age cut-off (definition of late-onset), 
sample size, participants' age, gender, age of MG onset, MG dura-
tion, autoantibody status, age at thymectomy, thymus pathology, 
follow-up time, and outcome. Based on the criteria of MGFA post-
intervention status, “Response” was defined as remission (includ-
ing complete stable remission and pharmacological remission) or 
minimal manifestation (MM) status. The primary outcome of this 
study was the response to thymectomy in LOMG.

2.4   |   Quality Assessment

The study quality assessment was performed according to the 
validated scale recommended by Cochrane [18]. Two authors 
independently extracted data from eligible studies and summa-
rized them using a data extraction form. The Newcastle–Ottawa 
Scale (NOS) was used to assess the studies, with scores of 7 or 
more considered to indicate high methodological quality. For 
each study, two reviewers independently assigned scores to each 
of the following domains: selection, comparability, and out-
come. Discrepancies in the quality assessments were resolved 
by consensus or by a third reviewer.

2.5   |   Statistical Analysis

The response to thymectomy in LOMG was calculated from 
raw proportions and 95% confidence intervals (CI). In the meta-
analysis, the response rates for each included study were pooled, 
stratified across the studies, and analyzed using random-effects 
or fixed-effect models with inverse variance weighting. A fixed-
effect model was used when the I2 statistics was < 50% or p > 0.05. 
A random-effects model was used when the I2 was ≥ 50% or 
p < 0.05. For sensitivity analysis, a funnel plot and Egger's test 
were used to evaluate potential publication bias. Some studies 
provided detailed case information, which was extracted for 
subgroup analysis. Subgroups with a sample size of less than 50 
in the thymectomy group were excluded from analysis to pre-
vent data bias. The two-proportion Z-test was used to compare 
the outcomes in subgroups. p-values were adjusted to minimize 
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the false discovery rate based on the Benjamini and Hochberg 
method and are shown as q-values. In cases where multiple post-
intervention statuses from different follow-up time points were 
available in the same study, the time point closest to the surgery 
was selected to assess for early prediction of treatment response.

The statistical analyses were performed using STATA (version 
11.2, StataCorp, College Station, TX 77845, USA) and SPSSAU 
(version 24.0, Online Application Software, https://​www.​sps-
sau.​com).

3   |   Results

Twenty studies were selected for inclusion (Figure 1). Only the 
MGTX study [14] was a randomized controlled trial, and the re-
maining 19 were case–control, cross-sectional, or cohort studies 
that were included in the systematic review. The NOS scores for 
all studies were above 7, indicating high methodological quality 
(Table S1). The response to thymectomy compared with medical 

therapies alone in LOMG was reported in six studies and was in-
cluded in the meta-analysis. The remaining 14 studies only had 
a surgical group and were also enrolled in the meta-analysis of 
proportions.

3.1   |   Compared With Medical Therapies Alone, 
LOMG Patients Benefit From Thymectomy

The six enrolled two-arm studies examined 323 LOMG pa-
tients, with cutoffs at 40, 45, and 50 years old across studies. The 
thymectomy group consisted of 114 patients, while the medical 
therapies group included 209 subjects. Detailed information on 
sample size, gender, age of MG onset, preoperative MG duration, 
age at surgery, AChR-Ab status, follow-up time, and outcomes 
was extracted from the studies, and data are summarized in 
Table 1.

Meta-analysis demonstrated that in LOMG, the frequency of re-
sponse in the thymectomy group was greater than in the medical 

FIGURE 1    |    Flowchart of study selection.
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therapies alone (OR = 1.42 [0.86, 2.35], p = 0.169, I2 = 25.7%), but 
the difference was not statistically significant (Figure  2). For 
sensitivity analysis, funnel plot and Egger's test for publication 
bias are presented in Figure S1.

Subgroup analysis was conducted to further investigate differ-
ences in responses between surgical and medical treatments in 
LOMG (Figure  3). Following guideline definitions, MG patients 
aged ≥ 50 years were classified as LOMG to compare the effects of 
thymectomy versus medical therapies alone. However, the small 
sample size (only 47 in the surgical group) highly increased the 
risks of data and selection bias. To mitigate this limitation, patients 
who developed MG after age 45 but underwent surgery after age 
50 years were included. Outcome following thymectomy was bet-
ter compared to medical therapies alone (OR = 1.92 [1.06, 3.48], 
p = 0.031, I2 = 0). The study by Kim (2019) [11] provided more de-
tails about the age of onset. In the thymectomy group, patients with 
an onset age ≥ 55 years were more likely to achieve pharmacological 
remission compared to those with an onset age ≥ 45 and < 55 years 
old (5/8 vs. 13/26, 62.5% vs. 50.0%). The presence of AChR-Ab 
(OR = 1.66 [0.91, 3.04], p = 0.097, I2 = 47.2%) and the demanding 
response level (which means only remission not including MM sta-
tus) (OR = 1.60 [0.90, 2.84], p = 0.110, I2 = 48.6%) showed a better 
trend in the thymectomy group but were not significant.

3.2   |   LOMG Patients With a Preoperative Duration 
of Less Than 3 Years Exhibit a Better Response to 
Thymectomy

We used 20 studies of patients with thymectomy and pooled the 
data to evaluate the frequency of response to thymectomy in 

LOMG. A total of 488 thymectomy patients were identified, but 
only 464 cases with follow-up data were included in the study. 
Detailed information from these additional 14 studies (not listed 
in Table 1) is shown in Table 2.

Meta-analysis of proportions showed that the response rate to 
thymectomy in LOMG was 34% (95% CI: 24%–44%) (Figure 4). Age 
of MG onset, age at thymectomy, presence of AChR-Ab, preopera-
tive MG duration, thymic pathology, and follow-up time were used 
in subgroup analysis (Table  3 and Figures  S2–S7). A higher re-
sponse rate was observed in patients with a preoperative duration 
of less than 3 years (39% [16%–65%], p < 0.001, q < 0.001). Besides, 
AChR-Ab [40% (21%–61%), p = 0.02, q = 0.06] and thymic involu-
tion/atrophy [46% (23%–69%), p = 0.294, q = 0.588] also showed 
higher response rates, though the difference was not significant.

4   |   Discussion

International guidelines recommend that for EOMG, thymec-
tomy should be considered early in the disease to improve 
clinical outcomes and minimize the need for immunotherapy 
[33–36]. Given the limited research on thymectomy in MG pa-
tients over 50, these guidelines do not support thymectomy in 
older patients. However, some guidelines recommend surgery 
up to the age of 65 years, highlighting a debate and contradic-
tion [37–39]. Here, the meta-analysis showed that thymectomy 
may be more effective than medical therapies alone in a sub-
group of LOMG. The meta-analysis of proportion showed that 
34% (24%–44%) of LOMG can reach remission or MM status 
after thymectomy. Additionally, patients with a shorter disease 
duration showed significantly better response to thymectomy. 

FIGURE 2    |    Forest plot for the response to thymectomy and medical therapies alone.
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FIGURE 3    |    Forest plot for the response to thymectomy and medical therapies alone in subgroup analysis. (a) age of MG onset ≥ 45 years old or age 
at thymectomy ≥ 50 years old, (b) the presence of AChR-Ab, (c) a demanding response.
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FIGURE 4    |    Response to thymectomy in all enrolled studies.

TABLE 3    |    Subgroup analysis of thymectomized studies.

Total Subgroups Studies
Sample 

size

Meta of 
proportion 

(95% CI) Z-test

20 studies, 464 
subjects, 34% 
(24%–44%)

Age at MG onset 
(≥ 50 years old)

12 161 31% (17%–46%) z = −0.795, p = 0.426, q = 0.639

Age at thymectomy 
(≥ 50 years old)

13 198 35% (19%–51%) z = 0.055, p = 0.956, q = 0.956

AChR-Ab positive 8 139 40% (21%–61%) z = 2.330, p = 0.020, q = 0.060

MG duration ≤ 3 years 8 87 39% (16%–65%) z = 4.917, p < 0.001, q < 0.001

Thymic involution/
atrophy

6 93 46% (23%–69%) z = 1.050, p = 0.294, q = 0.588

Postoperative follow-up 
time ≤ 3 years

9 114 34% (15%–56%) z = −0184, p = 0.854, q = 0.956

Note: The q-values represent the adjusted p-values that minimize the false discovery rate using the Benjamini–Hochberg method.
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Our findings support additional assessment of thymectomy for 
older patients.

MG is divided into EOMG and LOMG, but there is no consensus 
on a boundary for these groups, and studies included population 
from 40 to 50 years of age [9]. Emerging evidence does support 
that EOMG and LOMG have distinct biological characteristics, 
which presumably translate to potential differences in treatment 
response. The MGTX study found thymectomy to be beneficial 
for adult patients up to 65 years old, although subgroup analysis 
of individuals aged 50 to 65 years was inconclusive [14]. A criti-
cal gap in knowledge is defining the degree to which the thymus 
in patients at more advanced age is driving pathology. Many 
investigations indicated that the thymus becomes increasingly 
atrophic during normal aging [40]. Sarkkinen (2022) [21] found 
a steep decline of germinal centers after the age of 40 years, and 
the number of germinal centers was negligible after the age of 
45 years. A comprehensive assessment of thymus pathology of 
MGTX thymus found no relationship in follicle number or thymic 
fat with age or outcome [41]. We do not believe that there should 
be an assumption that the thymus is immunologically inactive 
in patients with LOMG. This point is supported by the observa-
tion that the thymus from older individuals bears similarities to 
MG thymus, with alterations in perivascular space volumes and 
thymic epithelial space [42, 43]. Since the patient with MG has 
a dysregulated immune system regardless of age, such common 
alterations support the potential of active signaling to promote 
the autoimmune response in LOMG. Our subgroup analysis 
supports this conclusion. We found that for LOMG patients with 
an onset age ≥ 45 or a surgical age ≥ 50 years old, thymectomy 
was superior to medical therapies alone. The response rate of 
LOMG patients with thymic involution and atrophy was not in-
ferior to those of the overall surgical group. These findings sug-
gest that decisions regarding thymectomy should not be based 
solely on the onset age or a particular age cutoff. Other clinical 
characteristics should be considered when making the surgical 
decision for LOMG patients.

The thymus, which expresses subunits of AChR as tissue-
specific antigens and displays functional receptors, serves as a 
pathological effector organ and a source of autoantibodies in 
MG patients [44]. The thymic pathology is also linked to titin-Ab 
and RyR-Ab, commonly found in thymoma-associated MG and 
severe late-onset cases [45, 46]. AChR-Ab, as the primary patho-
genic antibody, is a positive biomarker for thymectomy [1, 9]. In 
the present study, a better trend appeared in AChR-Ab-positive 
patients both in comparison with medical therapies and the re-
sponse subgroup analysis, though it did not meet significance. 
Few studies on thymectomy in LOMG have focused on titin and 
RyR antibodies. Only Romi [12] found that the presence of these 
two antibodies lowered the response to treatment. When both 
titin and RyR antibodies were negative, full clinical remission 
appeared in 4/21 (19.0%) thymectomy patients and 2/22 (9.1%) 
medical therapy patients. However, when both titin and RyR an-
tibodies were positive, there were no remissions in either group. 
Additionally, apart from remission or MM, Sakai [19] indicated 
that the proportion of crises in LOMG patients who underwent 
thymectomy (0/10, 0%) was significantly lower than in those 
who received only medical therapies (4/36, 11.1%). This may be 
because these two antibodies (titin and RyR) are associated with 
more severe conditions and are less likely to achieve remission 

or MM [45, 46]. Nonetheless, as observed in EOMG patients with 
titin or RyR antibodies, thymectomy may stabilize or improve 
their disease condition [47]. Firm conclusions cannot be made 
because of the low numbers of subjects in these studies.

The meta-analysis of proportion indicates that preoperative du-
ration of less than 3 years is associated with a better response to 
thymectomy in LOMG. Disease duration plays a key role in treat-
ment response, and preoperative duration has been suggested 
to impact the effectiveness of thymectomy [48–51]. Another 
study, focusing on both thymomatous and non-thymomatous 
MG patients, also reported that a shorter duration before sur-
gery (< 12 months) correlated with better outcomes (p = 0.016) 
[48]. Early diagnosis and timely thymectomy lead to more fa-
vorable improvements [49]. In a single-center, cross-sectional 
study, patients without thymoma were classified into early and 
late thymectomy groups based on whether the onset of MG oc-
curred more than 2 years before the surgery [50]. There were 65 
(46.8%) patients in the early surgical group and 74 (53.2%) in the 
late group. The early thymectomy group had a higher remis-
sion rate compared to the late group (67.7% vs. 50.0%, p = 0.035). 
Further, compared with medical therapies alone, late thymec-
tomy still showed better outcomes (50.0% vs. 25.2%, p < 0.001). 
These findings suggested that implementing an adequate and 
active treatment regimen early may prevent permanent damage 
to the neuromuscular junction and reduce the generation and 
migration of long-lived plasma cells from the thymus to the pe-
riphery, thereby improving long-term outcomes. Postoperative 
follow-up time is an important metric to consider. The response 
to thymectomy may improve over time. Maggi [29] found that 
the best remission rate was observed with a follow-up period 
of 5–10 years. In the study by Sarkkinen [21], the response rate 
was 15.4% (2/13) at 2 years after surgery and increased to 30.8% 
(4/13) at an average of 10 ± 4.7 years. However, this trend was 
absent in two other studies. Mantegazza [27] followed up their 
patients for 2 and 6 years, both showing a response rate of 9.5%. 
Moden [31] followed up for 3 and 5 years, also reporting the same 
result of 50.0% at both time points.

We acknowledge limitations in our study. First, the age-defining 
criteria of LOMG was not consistent across studies [33]. The 
studies included in our review do not fully meet these criteria 
and may include patients with cases of EOMG, ocular MG, and 
seronegative MG. Therefore, a subgroup analysis was performed 
in the study to minimize bias. Those published researches span 
from 1984 to 2022, a period marked by rapid advancements in 
MG treatment, including both surgical management and tar-
geted medical therapies. There is significant heterogeneity 
across most estimates, likely due to variations in populations, 
measurement conditions, and study designs. Some pooled evalu-
ations may under- or overestimate the response to thymectomy. 
Additionally, other factors, such as the surgical approach and 
the preoperative and postoperative treatments, were either not 
documented or lacked sufficient detail; therefore, they could not 
be extracted. These factors may also influence the response to 
thymectomy. Despite these limitations, the systematic review 
and meta-analysis suggest the need to assess the potential bene-
fit of thymectomy for LOMG.

With the rising number of elderly MG patients and the nota-
ble peak in late-onset cases, addressing the appropriate age 
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for thymectomy has become an urgent clinical need. However, 
given the likely greater potential morbidity in older patients with 
multiple comorbidities, surgical intervention must be tailored to 
the individual and preoperative care of the patient [52].

5   |   Conclusion

Thymectomy may be a potentially effective treatment for 
LOMG, particularly in patients who underwent the procedure 
early in the course of the disease following diagnosis. Our re-
sults support the development of a randomized trial for patients 
with LOMG.
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