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Abstract

Background: The effects of thymectomy on late-onset non-thymomatous myasthenia gravis (NTMG) remain contro-
versial. The objective of this study was to conduct a systematic review in order to answer two questions pertinent to
late-onset NTMG: (1) do patients with late-onset NTMG experience the same effects from thymectomy as their early-
onset counterparts? (2) Compared with conservative treatment, does thymectomy have any benefits for late-onset
NTMG patients?

Methods: We searched the PubMed, EMBASE, and Cochrane Library databases for studies published from January 1,
1950 to March 10, 2021. Outcomes were measured via clinical stable remission/pharmacological remission (CSR/PR)
and improvement rates. We used Stata software to analyze the data.

Results: We ultimately included a total of 12 observational articles representing the best evidence answering the
questions of our study objective. Of these, nine studies, which included 896 patients overall (766 early-onset and 230
late-onset), compared postoperative outcomes between early- and late-onset NTMG. The remaining three articles,
which included 216 patients (75 in the thymectomy group and 141 in the conservative-treatment group), compared
thymectomy with conservative treatment for late-onset NTMG. The early- versus late-onset NTMG studies demon-
strated that patients in the former category were 1.95x likelier than their late-onset counterparts to achieve clinical
remission (odds ratio [OR] 1.95; 95% confidence interval [Cl] 1.39-2.73; > =0%). No difference was seen in improve-
ment or remission 4+ improvement rates between these two groups. When comparing thymectomy with conservative
treatments in late-onset NTMG patients, neither did we observe any difference in CSR/PR.

Conclusion: We found that late-onset NTMG patients had a lower chance of achieving CSR after thymectomy than
early-onset patients. Thymectomy in late-onset NTMG also yielded no benefit to CSR or PR compared with conserva-
tive treatments. In late-onset NTMG patients, thymectomy should therefore be performed with caution, and the
appropriate cutoff between early- and late-onset MG should be further explored in order to tailor and execute the
proper therapeutic strategies.
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Background

Myasthenia gravis (MG) is an autoimmune disease

characterized by fatigable weakness of cranial and

skeletal muscles with elevated titers of acetylcholine
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neuromuscular junction [1]. The incidence rate of
MG varies with age, gender, ethnicity, thymic histol-
ogy, clinical presentation, and muscular autoantibod-
ies [2]. The estimated range of incidence is 0.3-2.8 per
100,000 worldwide, and the median global estimated
prevalence is 10 per 100,000 [3]. In China, analysis
across age groups shows that the incidence of MG
increases steadily with age over the first seven decades
of life, peaking in the 70-74 years age group (1.89 per
100,000) in adults [4].

According to the age at which the first symptom
manifests, MG can be divided into early-onset and
late-onset subgroups. The cutoff age is usually rec-
ommended as 40-50 years, less often 60-65 years [5,
6]. The two groups can differ in sex ratio, thymic his-
tology, autoantibody titers, and reaction to thymec-
tomy [7, 8]. Thymectomy in non-thymomatous MG
(NTMG) patients has mostly been conducted in early-
onset patients. Current guidelines and consensus
statements for patients with early-onset NTMG note
that these patients most often have thymic hyperpla-
sia and advise that removal of the hyperplastic thymus
might contribute to decreased antibody production [8,
9].

Some controversy surrounds the effect of thymec-
tomy in late-onset NTMG patients. The landmark
MGTX trial [10] was a multicenter, randomized, rater-
blinded study that compared the effects of thymec-
tomy + prednisone with those of prednisone alone in
NTMG patients with generalized AChR-MG over a
3-year period. Patients who underwent thymectomy
had a lower time-weighted average Quantitative Myas-
thenia Gravis (QMG) score and time-weighted aver-
age alternate-day prednisone dose. In addition, the
results favored thymectomy for patients who took aza-
thioprine or were hospitalized for MG exacerbations.
However, the MGTX trial did not definitively establish
the role of thymectomy in late-onset NTM@G, nor did
it find a significant difference in prednisone dosage
or QMG score between the two treatment groups in
patients age > 50 years [10]. Similar results have been
observed in other studies [11, 12], though the results
thereof have suggested a potential benefit of thymec-
tomy in late-onset NTMG [13-15]. Given the con-
tradictory evidence on the effects of thymectomy, we
conducted this systematic review and meta-analysis
with the aim of answering two questions pertaining
to late-onset NTMG: (1) Compared with early-onset
NTMG patients, do late-onset patients experience any
effects from thymectomy? (2) Compared with stand-
ard conservative treatment, does thymectomy have any
benefits in late-onset NTMG patients?
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Materials and methods

Data sources

We searched the electronic databases PubMed, EMBASE,
and the Cochrane Library for studies published from
January 1, 1950 to March 10, 2021. The MeSH terms,
EMTREE terms, and keywords used were ‘myasthenia
gravis’ AND ‘thymectomy’ AND ‘remission or improved
or improvement’ AND ‘aged or elder or older or elderly
or late-onset or non-thymomatous. With no restrictions
on language or publication status. For non-English arti-
cles needing a full-text review, we used translation soft-
ware to perform detailed evaluations. Every publication,
regardless of article type, was carefully screened for eli-
gibility. We then further screened the references of rel-
evant publications that we found in our search for eligible
studies.

Study selection
Two independent reviewers assessed article eligibility;
disagreements were resolved through subsequent dis-
cussion. Studies were included if they met the follow-
ing inclusion criteria. (1) The study cohort consisted of
NTMG patients who received thymectomy, regardless of
surgical method. (2) Outcome comparisons were meas-
ured by remission and/or improvement. Remission was
defined as complete stable remission (CSR) or pharma-
cological remission (PR) according to the criteria of the
Myasthenia Gravis Foundation of America (MGFA) [16].
Studies using similar definitions of remission were also
included; in these cases, we compared these definitions
to decrease selection bias. (3) Comparison data could be
extracted from the study; i.e., data on thymectomy ver-
sus conservative treatment (anticholinesterase, corti-
costeroids, or immunosuppressants administered either
alone or in combination) in late-onset NTMG patients,
or early-onset versus late-onset NTMG patients after
thymectomy. (4) The cutoff age range was 40—60 years.
Studies were excluded if they met the following criteria:
(1) Children/juvenile MG only; (2) ocular MG only; or (3)
refractory MG or MG crisis only.

Data extraction and quality assessment

Two authors independently extracted data from eligible
studies and summarized them using a data extraction
form. For randomized controlled trials (RCTs), meth-
odological quality was assessed using the quantitative
five-point Jadad scale [17]; quality was considered high
if Jadad score>3. In addition, we used the Newcastle—
Ottawa Scale (NOS) to assess observational studies [18].
We considered scores of > 7 points to indicate high meth-
odological quality.



Zhang et al. Orphanet J Rare Dis (2021) 16:232

Data synthesis

Data analyses were performed using Stata statistical soft-
ware version 15 (StataCorp., College Station, TX, USA).
If I*>0, we applied a random-effects model. Substantial
heterogeneity was considered present when I?>75%; in
these cases, the combination was considered inappro-
priate, and the results were presented in narrative form.
We also assessed the probability of publication bias using
Peters’ regression test [19]. Statistical significance was
defined as two-tailed P<0.05.

Results

Search results and study characteristics

In our electronic data search we identified 378 articles
in PubMed, 614 in EMBASE, and 19 in the Cochrane
Library. After excluding duplicates and analyzing titles
and abstracts, we selected 100 articles, of which we
obtained full paper copies. From these, we ultimately
selected a final 12 publications. Nine studies compared
outcomes between early- and late-onset NTMG patients
after thymectomy [12, 20-27], while three compared
the effects of thymectomy with those of conservative
treatment on late-onset NTMG [11, 13, 15] (Fig. 1). All
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studies were observational. The main characteristics and
quality assessments of the selected studies are summa-
rized in Tables 1 and 2.

Descriptive analysis of studies
Studies comparing outcomes of early-onset ver-
sus late-onset NTMG patients after thymectomy (n=29)

1. Liu et al [20], at a single center in China, retro-
spectively reviewed 103 consecutive patients who
received thymectomy for NTMG. Median dura-
tion of follow-up was 5.2 years. Overall, 48 patients
achieved CSR, and 1-, 2-, 3-, 4-, 5-, and 6-year CSR
rates were 9%, 25%, 40%, 45%, 52%, and 56%, respec-
tively. Univariate analysis of age did not correlate sig-
nificantly with CSR. With the cutoff age at 40 years,
47% (27/57) of early-onset and 46% (21/46) of late-
onset patients achieved CSR 5 years after surgery.
CSR was defined by the MGFA standard.

2. Lin et al. [12], at a single center in Taiwan, retro-
spectively studied postoperative outcomes of 60
NTMG patients, following up with them for a mean
of 44 months. Age<40 years was one of the three

PubMed (n=378)
EMBASE (n=614)
Cochrane library (n=19)

Articles identified from electronic databases (n=1011)

> Duplicate (n=366)

Studied excluded(n=545)

Titles and abstracts reviewed(n=645)

Not relevant (n=168)
Thymomatous MG included (n=121)

Thymoma/thymic tumor study(n=53)
Children/juvenile MG only (n=68)

A,

» | Ocular MG only (n=12)
Refractory MG only(n=3)

Full-text articles reviewed(n=100)

Review (n=68)
Case report(n=43)

Not a comparative study (n=9)

Studied excluded(n=88)

v

Thymomatous MG included (n=23)
Not late-onset cohort(n=17)
Insufficient data(n=44)

‘ Articles finally included(n=12)

‘ Cutoff age inappropriate(n=3)

/\

Sample overlap(n=1)

Articles on early-onset VS
late-onset NTMG after
thymectomy (n=9)

Articles on thymectomy VS
conservative treatment in
late-onset NTMG (n=3)

Fig. 1 Flow diagram showing the study selection procedure
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prognostic factors associated with better remission
rate. Patients achieving CSR were 38% (16/42) in
the <40 years onset age group, compared with 22%
(4/18) in the>40 years onset age group. CSR was
defined by the Clinical Research Standards of the
MGFA.

. Zielinski et al. [21], in a single-center retrospective
study in Poland, compared the late results of basic
and extended trans-sternal thymectomies. Mean fol-
low-up was 6 years in the basic-thymectomy group
and 4 years in the extended-thymectomy group. The
complete-remission (CR) rate in the extended group
was statistically higher than that in the basic group.
However, age (<40 or >40 years) had no effect on CR
or rates of negative results in either group. Consider-
ing that extended thymectomy is already widely rec-
ommended as standard procedure [28], we extracted
age data from the extended group. We found that
48.1% (25/52) of patients in the early-onset subgroup
and 33.3% (2/6) of those in the late-onset subgroup
achieved CSR. CR was defined as no symptoms of
MG and no need for antimyasthenic medication.

. Mantegazza et al [22], in a prospective nonrand-
omized single-center study in Italy, evaluated 206
NTMG patients for 1-6 years after video-assisted
thoracoscopic extended thymectomy (VATET) or
trans-sternal thymectomy. Age<40 years at onset,
thymic hyperplasia, and anticholinesterase drug
usage were associated with a significantly greater
probability of achieving CSR. In the early-onset
group, 38.9% (72/185) of patients achieved CSR,
while 9.5% (2/21) did so in the late-onset group. CSR
was defined by the MGFA standard.

. Mack et al [23], in a multicenter retrospective
study in the USA, included 27 NTMG patients who
had undergone thymectomies at four institutions
by video-assisted thoracoscopic surgery (VATS)
between 1992 and 1995, with 40 years as the cutoff
age. CR, which was defined as no symptoms and no
need for medications, occurred in 5 of 21 patients
in the early-onset group versus 1 of 6 in the late-
onset group. Follow-up duration for all patients who
achieved CR exceeded 1 year, which was in accord-
ance with the MGFA CSR standard, although overall
follow-up time was relatively short (4—47 months).

. Frist et al [24], at a single center in Tennessee,
USA, retrospectively reviewed the clinical courses
of 42 NTMG patients treated with thymectomy
via median sternotomy, with a follow-up duration
of 10 months—21 years. Twelve (36.4%) patients in
younger group and two (22.2%) in the older group
achieved remission; improvement was seen in 19
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(57.6%) and 3 (33.3%) patients from these groups,
respectively. Outcome criteria were graded according
to change from preoperative status to time of most
recent follow-up, in accordance with Oosterhuis clas-
sification [29]: “remission” implied no symptoms and
no medication, “much improved” was defined as a
decrease of > 2 stages, and “improved” was defined as
a decrease of 1 stage.

. Maggi et al. [25], at a single center in Italy, retro-

spectively studied the post-operative outcomes of
500 NTMG patients. Follow-up data were obtained
in 443 cases. CR was achieved in 42% (137/326) of
patients <40 years of age but in only 26.4% (31/117)
of patients in the older group, a statistically signifi-
cant difference. The improvement rate was 46.6%
(152/326) and 57.2% (67/117), respectively, in these
groups. “Remission” was defined as total disap-
pearance of symptoms with no need for treatment;
“improvement” was defined as total disappearance
of symptoms with occasional need for drugs, or mild
symptoms with modest drug intake.

. Monden et al. [26], in a retrospective single-center

study in Japan, compared the clinical features and
effects of thymectomy between elderly and young
NTMG patients with a cutoft age of 50 years. Rates
of remission and palliation (remission+ improve-
ment) after thymectomy in elderly patients were
respectively 0 and 66.7% at 6 months, 0 and 50% at
1 year, 50% and 100% at 3 years, and 50% and 100% at
5 years. The respective rates in young patients were
18.6% and 88.4% at 6 months, 28.2% and 93.6% at
1 year, 50% and 98.1% at 3 years, and 65.6% and 93.8%
at 5 years. The difference between the two groups
was not significant. Evaluation criteria were defined
as follows: remission=no symptoms, or minimal
residual symptoms without medication, plus a com-
plete return to work; improved =increased activity
with the same amount of medication or less.

. Rubin et al. [27], in a single-center retrospective study

in the USA, reviewed 21 NTMG patients treated
with thymectomy with up to 15 years of follow-up.
Response to thymectomy was graded as follows:
CR=without medication for>90 days; improve-
ment=increased activity with the same or decreased
amount of medication. With 40 years as the cutoff
age, 50% of patients (9/18) achieved CR in the early-
onset group, and the other half achieved improve-
ment. For late-onset patients, CSR and improvement
rates were 33.3% (1/3) and 66.7% (2/3), respectively.
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Studies comparing the effects of thymectomy versus con-
servative treatment for late-onset NTMG (n=3)

1. Kim et al. [15], in a retrospective cohort study in
South Korea, compared MGFA post-intervention
status (MGFA-PIS) in patients with AChR anti-
body—positive (AChR-ab%) generalized MG who
underwent thymectomy at>50 years of age versus
those who received medical treatment only. Follow-
up duration was 30-132 months. Cumulative inci-
dence of PR and CSR was significantly higher in the
thymectomy group than in the medical-treatment
group. Of the 34 patients in the thymectomy group,
6 achieved CSR, and 18 achieved PR. In the med-
ical-treatment group, the success rates were 20/105
for CSR and 28/105 for PR. Note that the number
of patients in the medical-treatment group who
achieved CSR was not directly shown in the original
article; we obtained this data by creating Kaplan—
Meier plots between the two groups using Engauge
Digitizer software version 12.2.1.

2. Kawaguchi et al. [13], in a multicenter retrospective
study in Japan, performed thymectomy on 20 out
of 34 patients (59%) with late-onset (age>50 years)
NTMG. Mean follow-up duration was 9.6 years. Six
(30%) patients in the thymectomized group and three
(21%) in the non-thymectomized group achieved
remission according to the MGFA-PIS standard (no

Page 7 of 14

symptoms; MGFA, score 0). The between-group dif-
ference was not statistically significant.

3. Romi et al. [11], in a retrospective single-center study
in Norway, evaluated whether the presence of titin
and/or RyR antibodies interfered with thymectomy
outcome in NTMG patients. Follow-up duration was
2-5 years. Four (titin and RyR antibody negative)
thymectomized patients achieved full CR, while two
achieved PR (immunosuppressive drugs were used).
CR was seen in three non-thymectomized patients
(titin antibody positive); four patients achieved PR.
Clinical MG remission was defined as the disappear-
ance of all myasthenic symptoms with (PR) or with-
out (CSR) ongoing medication treatment.

Effects of thymectomy in early-onset versus late-onset
patients with NTMG (meta-analysis)

The authors of all nine studies analyzed CSR between
their early- and late-onset NTMG participants [12,
20-27], which in total included 766 patients in early-
onset groups and 230 in late-onset groups. We observed
a difference between the two (odds ratio [OR] 1.95; 95%
confidence interval [CI] 1.39-2.73; I?=0%; Fig. 2): the
early-onset groups had 1.95x greater success in achiev-
ing CSR than the late-onset groups. No evidence of pub-
lication bias was detected by Peters’ test (P=0.571).

Study Events, Events, %

ID OR (95% Cl) early-onset late-onset Weight
i
I

Liu (2015) —_— 1.07 (0.49,2.34)  27/57 21/46 2377
'

Lin (2010) _ 2.15 (0.60, 7.70)  16/42 4/18 6.74
]
'

Zielinski (2004) : 1.85 (0.31, 11.01) 25/52 2/6 3.62
'
|

Mantegazza (2003) n 6.05 (1.37,26.77) 72/185 2/21 4.26
i
|

Mack (1996) * 1.56 (0.15, 16.72) 5/21 1/6 2.30
i

Frist (1994) » 2.00 (0.36, 11.22) 12/33 2/9 3.89
1
1

Maggi (1989) —_— 2.01(1.26,3.20) 137/326 31117 51.39
]
]

Moden (1985) + 1.91 (0.24, 15.46) 21/32 2/4 2.37
'
'

Rubin (1981) ‘ 2.00 (0.15, 26.19) 9/18 1/3 1.67

Overall (l-squared = 0.0%, p = 0.801) <> 1.95(1.39,2.73)  324/766 66/230 100.00

Test for overall effect: Z = 3.89 ( p = 0.000) '
'
'
'

T ; T
i late-onset L early-onset b
Fig. 2 CSR comparison between early-onset and late-onset NTMG after thymectomy
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Only five studies included data on improvement after
thymectomy in early-onset versus late-onset NTMG
[23-27], including a total of 430 early-onset and 139 late-
onset patients. As shown in Fig. 3, we saw no between-
group difference in improvement rate (OR 0.82; 95% CI

We performed a further analysis on CSR+ improve-
ment between early- and late-onset NTMG patients,
observing no significant difference between the groups
(OR 2.81; 95% CI 0.96-8.22; I*=37.8%; Fig. 4). No evi-
dence of publication bias was detected by Peters’ test

2 . .
0.46-1.45; I°=13.2%; Fig. 3). Peters’ test detected no evi-  (P=0.346).
dence of publication bias (P=0.544).
Study Events, Events, %
ID OR (95% Cl) early-onset late-onset Weight
,
i
Mack (1996) T 2,00 (0.32, 12.59) 14/21 3/6 8.96
|
i
Frist (1994) - 2.71(0.58,12.77) 19/33 319 12.23
\
i
Maggi (1989) — 0.65(0.43,1.00) 152/326  67/17  67.05
|
i
i
Moden (1985) . 0.39 (0.05,3.21)  9/32 2/4 6.98
|
i
Rubin (1981) ; 0.50 (0.04,6.55)  9/18 23 4.78
|
)
Overall (I-squared = 13.2%, p = 0.330) ! > 0.82(0.46,1.45) 203/430 77139  100.00
Test for overall effect: Z = 0.69 ( p = 0.493) '
i
i
NOTE: Weights are from random effects analysis |
|
T * T
.03 late-onset 1 early-onset 15
Fig. 3 Improvement comparison between early-onset and late-onset NTMG after thymectomy
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Fig. 4 CSR+improvement comparison between early-onset and late-onset NTMG after thymectomy
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Thymectomy versus conservative treatment in late-onset
NTMG (meta-analysis)

For CSR comparison, due to limited data on thymec-
tomy versus conservative treatment in late-onset NTMG
patients, only two studies, including a total of 55 patients
in the thymectomy groups and 127 in the conservative-
treatment groups, met our criteria [11, 15]. Meta-analysis
results did not reveal any difference between thymec-
tomy and conservative treatment for late-onset NTMG
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(OR 1.04; 95% CI 0.45-2.43; I*=0.0%; Fig. 5). Publication
bias was not assessed due to the limited number of stud-
ies available.

Similarly, only two studies included PR data on thymec-
tomy versus conservative treatment in NTMG patients
[11, 15]. We observed no statistically significant differ-
ence between the two types of treatment (OR 1.45; 95%
CI 0.24-8.87; I*=71.1%; Fig. 6). Publication bias was,
again, not assessed.

Overall (I-squared = 71.1%, p = 0.063)

Test for overall effect: Z = 0.41 (p = 0.685)

NOTE: Weights are from random effects analysis

b

Study Events, Events, %
ID OR (95% CI) Thymectomy Conservative Weight
i
i
|
Kim (2019) : 0.91(0.33, 2.49) 6/34 20/105 77.26
i
!
i
i
Romi (2002) L 1.49(0.29,7.63)  4/21 3/22 22.74
i
i
T
i
Overall (I-squared = 0.0%, p = 0.615) <> 1.04 (0.45,243)  10/55 23/127 100.00
!
Test for overall effect: Z = 0.10 (p = 0.923) H
i
i
|
!
i
i
i
T — T
2 Conservative 1  Thymectomy 10
Fig. 5 CSR comparison between thymectomy and conservative treatment in late-onset NTMG
Study Events, Events, %
D OR (95% Cl) Thymectomy Conservative Weight
Kim (2019) 3.09(1.39,6.89)  18/34 28/105 59.76
Romi (2002) 0.47(0.08,2.91)  2/21 4/22 40.24

1.45(0.24, 8.87) 20/55 321127 100.00

T
.05 Conservative 1

Thymectomy

10

Fig. 6 PR comparison between thymectomy and conservative treatment in late-onset NTMG




Zhang et al. Orphanet J Rare Dis (2021) 16:232

Page 10 of 14

Study Events, Events, %

ID OR (95% Cl) Thymectomy Conservative Weight
!
i
!

Kim (2019) e — 2.85(1.24,6.55) 24/34 48/105 54.35
I
i
I

Kawaguchi (2007) L 1.57 (0.32, 7.75) 6/20 3114 18.84
|
I
i

Romi (2002) T 0.86 (0.23, 3.16) 6/21 7122 26.81
I
I
0

Overall (I-squared = 16.5%, p = 0.302) < E 1.85 (0.89, 3.83) 36/75 58/141 100.00

Test for overall effect: Z= 1.64 (p = 0.100) '
I
i
I

NOTE: Weights are from random effects analysis H

T : T
2 Conservative 1 Thymectomy 10
Fig. 7 CSR+ PR comparison between thymectomy and conservative treatment in late-onset NTMG

A total of three studies [11, 13, 15], including a total of
75 patients in the thymectomy groups and 141 in the con-
servative-treatment groups, were included for CSR+ PR
comparison. CSR/PR did not differ significantly between
groups (OR 1.85; 95% CI 0.89-3.83; I>=16.5%; Fig. 7).
However, the thymectomy groups achieved CSR/PR at a
higher rate than the conservative-treatment groups. We
found no evidence of publication bias using Peters’ test
(P=0.355).

Discussion
So far, no consensus has been reached on the appro-
priate cutoff age to divide early-onset from late-onset
myasthenia gravis [5, 6, 30]. Many studies have indicated
age as one of the factors associated with MG prognosis
after thymectomy. However, most of these studies com-
bined thymomatous and non-thymomatous patients in
their statistical considerations, potentially confounding
the final results. Our work specifically targeted NTMG
patients; we extracted nine studies that compared early-
with late-onset NTMG after thymectomy. All of the
included studies set a cutoff age between 40 and 50 years.
We excluded three studies with cutoft ages of <40 years.
Of the included studies, three found that early age of
onset correlated significantly with better prognosis in
NTMG after thymectomy [12, 22, 25], while another
three studies found no difference [20, 21, 26]. Further-
more, we found that early-onset patients had a 1.95x
greater CSR rate than late-onset patients. No difference
was seen in improvement or CSR+ improvement rates.
While the benefits of thymectomy in NTMG
patients have not been conclusively established, there

is increasing evidence to support the positive effects
thereof compared with medical treatment [31, 32]. More-
over, using high doses of prednisone and/or immunosup-
pressants has raised some concerns among neurologists.
The MGTX study provided cogent evidence that by
undergoing thymectomy, generalized NTMG patients
who are AChR-ab™ have a 67% probability of achieving
optimal control of their disease within 12 months. They
also benefit from significantly reduced exposure to ster-
oids and immunosuppressants and a much lower rate of
treatment-associated symptoms [10]. A meta-analysis by
Cataneo et al. also shows the benefits of surgical treat-
ment [33]. However, the MGTX trial did not establish the
role of thymectomy in late-onset NTMG patients. Based
on existing evidence, a recent International Consen-
sus Guidance (ICG) for MG recommends, “In non-thy-
momatous, generalized MG patients with AChR-ab, aged
18-50 years, thymectomy should be considered early in
the disease to improve clinical outcomes and to minimize
immunotherapy requirements and need for hospitaliza-
tions for disease exacerbations [34]”

For NTMG patients age>50 years, our database
searches retrieved only a few studies that directly com-
pared thymectomy versus conservative treatment in
late-onset NTMG. The latest cohort study was a land-
mark analysis by Kim et al, who found that thymec-
tomy patients had a 2.22-fold better chance of achieving
PR than medical-treatment patients after adjusting for
age, sex, and disease severity [15]. Kawaguchi et al. [13]
conducted a retrospective study with a relatively small
number of patients and found no difference in CSR/PR
between the thymectomized and conservative groups.
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However, subgroup analyses including 22 patients with
mild generalized weakness showed that the thymec-
tomized group had a higher rate of CR and a lower
frequency of generalized symptoms than the non-
thymectomized group at the end of follow-up, indicating
that thymectomy is a potentially effective treatment for
NTMG patients with mild generalized MG. Due to selec-
tion bias, we could not properly synthesize this subgroup
data. However, the study by Romi et al. [11] showed
no significant benefit from thymectomy in late-onset
NTMG.

Romi et al’s [11] study also examined whether the ther-
apeutic effect of thymectomy was linked to the presence
of non-AChR muscular antibodies. CR or PR was seen in
6 of 11 titin antibody-negative but 0 of the 10 titin anti-
body-positive thymectomized patients; the non-thymec-
tomized cases showed the opposite trend. A limited
number of studies have performed similar analyses. Most
researchers have focused on preoperative anti-AChR-ab
titers. Among our included studies, three evaluated anti-
AChR-ab influence CSR in NTMG patients [12, 20, 22].
None of them found evidence to support a correlation
between prognosis and these antibodies.

Late-onset MG is often associated with thymic atro-
phy [7]. Uzawa et al. [35] retrospectively reviewed
2-year post-thymectomy prognoses in 39 consecutive
generalized NTMG patients who were AchR-ab™ (age
at onset,>50 years). Late-onset NTMG patients with
thymic hyperplasia showed a higher rate of remission and
received lower prednisolone doses versus patients with
involuted thymuses. However, Nakahara et al. compared
clinical features and postoperative prognoses among
three different thymic histologies and found that the
clinical course of MG patients with atrophic thymus after
thymectomy was superior to those with hyperplasia or
thymoma [36]. Whether thymic histology correlates with
response to thymectomy in NTMG is still unclear, but we
found significant proportional heterogeneity of thymic
histology in our three included studies (Table 2). Histo-
logical examination showed that all patients in Romi’s
study had thymic atrophy [11]. However, Kawaguchi’s
study [13] provided no thymic-histology data.

Considering how surgical procedures correlate with
the effects of surgery in NTMG. Liu et al. [20] com-
pared right-sided (unilateral) with bilateral VATET
and found no difference in long-term outcome. Lin
et al. [12] compared the results of VATS thymectomy
with those of trans-sternal thymectomy and found that
the two methods had equivalent CSR rates but the for-
mer resulted in shorter hospital stay, less tissue injury,
and better cosmetic outcome. In Zielinski et al’s [21]
comparison of CR rates between basic trans-sternal
thymectomy and extended trans-sternal thymectomy,
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outcomes were considerably better in the extended-
thymectomy group. Considering the wide acceptance
of extended thymectomy as the current standard proce-
dure [27], we extracted data only from the extended sub-
group. Minimally invasive techniques seemed to achieve
the same benefits as trans-sternal methods; however,
well-designed controlled studies are still needed [28].
Among our included studies, one included a group of
patients who received transcervical surgery [25], which
can weaken postoperative outcome [28]. Moreover, two
studies did not describe the exact surgical procedure
[13, 15]. All three studies therefore presented sources of
potential heterogeneity in our analyses.

Preoperative severity may correlate with prognosis
for thymectomy in NTMG [24, 25]. Of the studies on
thymectomy versus conservative treatment in late-onset
NTMG that we selected, two found no significant differ-
ence in terms of preoperative MGFA classification [11,
15]. One study had more severe patients in its thymec-
tomy group than in its nonthymectomy group [13],
although final outcomes were not significantly different
between the two groups.

To our knowledge, this is the first systematic review
and meta-analysis of thymectomy in late-onset NTMG.
Despite the small number of observational studies
included, our meta-analysis showed a difference between
early- and late-onset NTMG patients in terms of CR but
not in the effects of thymectomy versus conservative
treatment in late-onset NTMG. However, our study had
several limitations. First, all studies included were obser-
vational, and such studies should be interpreted with
caution. Second, the number of studies included was rel-
atively small. Third, the inherent heterogeneity of patient
populations and intervention groups could have intro-
duced unknown sources of bias into the results. More
multi-center studies with large sample sizes and well-
controlled cases are needed to limit bias in the future.
Moreover, the appropriate cutoff age dividing early- from
late-onset MG needs to be further investigated in order
to develop tailored therapeutic strategies.

Conclusion

We observed that late-onset NTMG patients had a
lower chance of achieving CSR after thymectomy than
early-onset patients, but no difference was seen in
improvement or in CSR+4 improvement rates. Moreo-
ver, late-onset NTMG patients did not obtain any ben-
efits from thymectomy versus conservative treatments.
Thymectomy in late-onset NTMG patients should there-
fore be performed with caution, and further investigation
into cutoff ages is needed to deliver specific therapeutic
strategies.
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