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Introduction

Thymoma is reportedly found in 10-30% of patients with 
myasthenia gravis (MG).1-3 The presence of thymoma is th-
ought to adversely influence the patient’s prognosis and to 
play an important role in the pathophysiology of MG. The 
ability to accurately identify thymoma will help clinicians 
and patients to understand the natural history and course of 
MG. Several previous studies have determined the incidence 
of thymoma in MG, but the estimates vary widely across stu-

dies because of differences in study populations and diagnos-
tic criteria. For example, most study populations were re-
cruited from surgery-based settings, and this is not represen-
tative of all MG patients. More accurate estimates of the in-
cidence of thymoma in MG will help inform both patients and 
their physicians, facilitate health policy discussions, provide 
etiologic clues, and optimize the management of MG. We 
conducted a quantitative systematic review of the incidence of 
thymoma in an observational study of unselected MG patients.

Methods

This systematic review was conducted according to Meta-
analysis of Observational Studies in Epidemiology guide-
lines.4 We collected published studies available from the bio-
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medical literature by searching MEDLINE for relevant ar-
ticles published between 1960 and January 2012, and Embase 
for relevant articles published between 1980 and January 
2012. Only papers published in English were considered. The 
key search terms used were “thymoma”, “complications”, and 
“myasthenia gravis”. Additional studies were located by se-
arching the references lists of the retrieved articles and manu-
ally searching the main neurology journals. When several arti-
cles were published by the same authors or groups, the public-
ation with the largest sample was selected. We used Cohen’s 
kappa statistic (κ) to assess the level of agreement between the 
two reviewers.

This review included all incidence studies and case series 
of unselected MG patients that included information on thy-
moma. Two types of hospital-based studies were eligible: 1) 
those with consecutive patient recruitment and 2) those with-
out consecutive patient recruitment but with unselected re-
cruitment (e.g., reviews of all MG patients from a hospital 
register between defined time-limited boundaries). We ex-
cluded studies that conformed with any of the following crite-
ria: 1) limited to specific patient characteristics, such as gen-
eralized MG only or late-age MG; 2) limited to MG thymoma 
but not thymomatous MG; 3) used convenience sampling; and 
4) the total sample was less than 20 patients.

Data extraction
Two reviewers extracted information from the articles regard-
ing study design, population characteristics, diagnostic crite-
ria, and thymoma classification. If disagreement persisted af-
ter studying the complete manuscript, a third reviewer was 
consulted. We hypothesized that any heterogeneity might be 
explained by differences in study designs, with lower incid-
ences expected in population-based studies (which include pa-
tients with minor signs or symptoms of neuropathy but are 
capable of manual work) than in studies where recruitment 
was restricted to surgery departments. Studies were grouped 
into three categories according to the degree of case selection, 
as follows:5,6 1) “population-based studies”, which were con-
sidered to be of the highest quality (lowest bias); 2) “hospital-
based studies”, in which patients were enrolled from neurolo-
gy and surgery departments using unselected hospital enroll-
ment or records; and 3) “surgery-based studies”. Although 
thymus histopathology is regarded as the gold standard in the 
diagnosis of thymoma, it is anticipated that studies where a 
diagnosis was made only after thymectomy may result in bi-
ases in included patients. In addition, the population-based 
studies in which thymoma was diagnosed only using the post-
operative history method (but not multiple methods of ascer-
tainment, such as computed tomography, or anti-striated-mu-
scle antibody test) were considered as surgery-based studies, 

and were thus classified into the surgery-based group.

Statistical analysis
Analysis was conducted using Meta-DiSc version 1.4.7 The 
DerSimonian and Laird (random-effects) method was select-
ed when there was evidence of statistical heterogeneity. The 
95% confidence intervals (CIs) of the pooled risk estimates 
were calculated to allow for extrabinomial variation, because 
standard methods of calculating 95% CIs produce artificially 
narrow intervals if there is heterogeneity of risk across the 
different studies. The heterogeneity of incidence estimates 
across studies was tested using χ2 tests. The robustness of po-
oled proportions was explored by conducting sensitivity anal-
yses. Sources of clinical and statistical heterogeneity were ex-
plored by means of subgroup and metaregression analyses. 
The incidence of thymoma was analyzed by regional group 
(Americas, Europe, and Asia; one study from New Zealand 
was not analyzed) and calendar year for four periods (1960s, 
1980s, 1990s, 2000s; no reports published in the 1970s were 
identified). We performed additional analyses to identify the 
factors associated with thymoma in MG by pooling odds ra-
tios (ORs). Specifically, we chose to study factors related to 
demographic and clinical variables as follows:8 sex (male/fe-
male), age at onset of MG (<40 years/≥40 years), Myasthenia 
Gravis Foundation of America clinical classification, and anti-
acetylcholine-receptor antibody test results (seropositive/se-
ronegative). Fixed-effects analysis was used unless there was 
evidence of heterogeneity (p≤0.1), in which case random-ef-
fects analysis was used. Heterogeneity was quantified using 
I2 values. 

Population-based, surgery-based, and hospital-based stud-
ies were combined for the calculation of the pooled ORs.5 
Where measurement methods for a given variable differed be-
tween studies, data were dichotomized as follows: MG onset 
at <40 years and ≥40 years, and ocular and generalized MG.

Results

Search results
Our search, which was performed on January 2, 2012, identi-
fied 2206 articles (Fig. 1). Of these, 1859 were excluded on the 
basis of their titles or abstracts and 347 reports were identifi-
ed for full-text review. Eight additional reports were identifi-
ed by searching relevant reference lists or by hand searches of 
the main neurology journals. Ultimately, 49 studies fulfilled 
the inclusion and exclusion criteria and were included in this 
review.2,3,9-55 The agreement between reviewers for inclusion 
of articles was almost perfect, at 98.0% (κ=0.92; 95% CI, 
0.86-0.97).56
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Study characteristics
Table 1 lists the demographic details, study design, and me-
thods used to diagnose thymoma in all of the studies that were 
relevant to each source of recruitment: population-based (6 
studies),3,10,19,31,43,46 hospital-based (4 studies),2,13,25,47 and sur-
gery-based studies (39 studies).9,11,12,14-18,20-24,26-30,32-42,44,45,48-55 
All of the studies included patients with standard clinical cri-
teria for MG. No solely prospective studies were included (one 
study combined prospective and retrospective approaches).51 
Two25,47 and ten21,23,26,33,34,37,40,44,45,50 studies used consecutive 
enrollment in hospital- and surgery-based subgroups, respec-
tively. Various methods were used to diagnose thymoma. Four 
population-based studies completed thymoma assessment us-
ing chest radiography, computed tomography, magnetic reso-
nance imaging, anti-striated-muscle antibody testing, thymic 
history, autopsy, and biopsy alone or in combination,3,31,43,46 
while two population-based studies did not investigate the 
method of thymoma assessment.10,19 Similar thymoma assess-
ments were used in hospital-based studies. All surgery-based 
studies confirmed the diagnosis by thymus histopathology. We 
further classified thymoma diagnosis in surgery-based studies: 
eight studies15,22,35-37,40,48,54 used the Masaoka Staging System,57 
and two studies48,50 used the World Health Organization (WHO) 
histopathologic classification,58 while other studies differen-
tiated thymomas from other thymic pathologies (e.g., normal 
thymus and hyperplastic thymus) and did not provide further 
information.

Incidence of thymoma
The I2 statistic ranged from 64.3% to 84.1% in each subgr-

oup, indicating heterogeneity across the included studies. We 
therefore used a random-effects model to pool the data. Alth-
ough the reported incidence of thymoma in MG varied mark-
edly across individual studies, the pooled estimate of all three 
categories indicated that the incidence of thymoma was 21% 
(95% CI, 20-22%) in MG patients. The pooled estimated in-
cidences were 17% (95% CI, 14-20%), 12% (95% CI, 11-
13%), and 25% (95% CI, 24-26%) in population-, hospital-, 
and surgery-based studies, respectively (Fig. 2). We hypoth-
esized that selection of population-based case-control studies 
or cohort studies is important for an accurate estimation. How-
ever, the population-based studies were not designed to report 
on the incidence of thymoma. When analyzed according to re-
gional group, the incidence was 13% (95% CI, 12-15%) for 
the Americas, 23% (95% CI, 22-24%) for European cases, 
and 29% (95% CI, 26-31%) for Asian cases. During the four 
time periods, the incidences were higher in the 1990s (22%; 
95% CI, 20-24%) and 2000s (24%; 95% CI, 23-25%) than in 
the 1960s (17%; 95% CI, 13-22%) and 1980s (16%; 95% CI, 
15-18%).

Sensitivity analyses were conducted to explore the robust-
ness of these observations. After removing those studies in 
which the thymoma diagnosis criteria were not specified and 
studies published before 1985, the recalculated pooled incid-
ence in each subgroup was similar to the primary pooled re-
sults (data not shown). In addition, consecutive/nonconsecu-
tive recruitment was commonly used in case series (e.g., hos-
pital- and surgery-based studies in this review); a separate sen-
sitivity analysis was conducted by removing those studies that 
did not implement consecutive enrollment. The recalculated 

Articles excluded based on title and 
abstract  (n=1859)

Additional papers by checking 
references  (n=8)

Articles included in the systematic 
review (n=49)

Articles excluded: (n=306)
Not about MG (n=75)
Selected patients (n=173)
Insufficient sample size (n=2)
Selected MG (n=15)
No thymoma information (n=30)
Duplicate publication (n=1)
Animal study (n=1)
Reviews, letter, comments or editorials (n=8)
No full texts available (n=1)

Potentially relevant articles identified 
and screened for retrieval from Medline 
and EMbase (n=2206)

Articles retrieved for more detailed 
evaluation  (n=347)

Fig. 1. Flow chart of systematic review se-
arch strategy. MG: myasthenia gravis. 
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Table 1. Myasthenia gravis with thymoma in the literatures

Year Study (reference) Country
No. 

assessed
No. 

thymoma
Diagnostic criteria

Thymoma 
classification

1966 Castleman9 USA 157 34 H NR
1968 Oosterhuis and de Haas10 Netherlands 142 17 NR NR
1983 Mulder et al.11 USA 249 51 H NR
1986 Monden et al.12 Japan 277 78 H NR
1987 Papatestas et al.13 USA 2062 226 H/Autopsy NR
1989 Giagheddu et al.14 Italy 58 16 H NR
1989 Maggi et al.15 Italy 662 162 H Masaoka
1989 Oosterhuis3 Netherlands 73 14 H/CT/Radiograph/Autopsy/Biopsy NR
1989 Thorlacius et al.16 Norway 43 11 H NR
1989 Tola et al.17 Italy 28 8 H NR
1990 Mantegazza et al.18 Italy 839 201 H NR
1992 Ferrari and Lovaste19 Italy 33 8 NR NR
1992 Yu et al.20 China 58 22 H NR
1996 Antonini et al.21 Italy 68 22 H NR
1996 Masaoka et al.22 Japan 375 88 H Masaoka
1996 Nicolaou et al.23 Canada 47 7 H NR
1997 Aiello et al.24 Italy 31 4 H NR
1997 Beekman et al.25 Netherlands 100 16 CT/H/StrAb NR
1997 Bulkley et al.26 USA 202 36 H NR
1997 Cosi et al.27 Italy 280 93 H NR
1998 Christensen et al.28 Denmark 212 26 H NR
1998 Guidetti et al.29 Italy 20 12 H NR
1998 Robertson et al.30 England 34 12 H NR
1999 Lavrnić et al.31 Yugoslavia 124 14 Radiograph/CT/H NR
2000 Holtsema et al.32 Netherlands 21 4 H NR
2001 Abt et al.33 USA 126 10 H NR
2001 Budde et al.34 USA 113 28 H NR
2001 Fink et al.35 New Zealand 63 25 H Masaoka
2001 Mussi et al.36 Italy 163 69 H Masaoka
2002 de Perrot et al.37 Canada 122 37 H Masaoka
2002 Rastenyte et al.38 Lithuania 54 15 H NR
2002 Remes-Troche et al.39 Mexico 152 7 H NR
2002 Roth et al.40 Switzerland 23 2 H Masaoka
2003 Au et al.41 Singapore 55 24 H NR
2003 Wirtz et al.42 Netherlands 69 20 H NR
2004 Casetta et al.43 Italy 119 19 CT/MRI/H NR
2004 Potagas et al.2 Greece 337 42 NR NR
2004 Yasukawa et al.44 Japan 30 9 H NR
2005 Huang et al.45 Taiwan 168 38 H NR
2005 Matsuda et al.46 Japan 77 23 CT/H NR
2005 Levin et al.47 Israel 188 33 CT NR

2005 Suzuki et al.48 Japan 89 44 H
Masaoka

WHO
2007 Aghajanzadeh et al.49 Iran 70 23 H NR
2007 Kim et al.50 South Korea 64 24 H WHO
2007 Tsinzerling et al.51 Sweden 326 65 H NR
2008 Al-Moallem et al.52 Saudi Arabia 79 8 H NR
2008 Singhal et al.53 India 183 58 H NR
2009 Citterio et al.54 Italy 2479 596 H Masaoka
2009 Matsui et al.55 Japan 86 31 H NR 

H: history, CT: computed tomography, MRI: magnetic resonance imaging, NR: not record.
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Lavrnic	 0.11 (0.06-0.18)
Ferrari	 0.24 (0.11-0.42)
Oosterhuis	 0.19 (0.11-0.30)
Oosterhuis	 0.12 (0.07-0.18)
Matsuda	 0.30 (0.20-0.41)
Casetta	 0.16 (0.10-0.24)

Study	                                     Frequency (95% CI)

Potagas	 0.12 (0.09-0.16)
Beekman	 0.16 (0.09-0.25)
Papatestas	 0.11 (0.10-0.12)
Levin	 0.18 (0.12-0.24)

Aghajanzadeh	 0.33 (0.22-0.45)
Kim	 0.38 (0.26-0.50)
Huang	 0.23 (0.17-0.30)
Yasukawa	 0.30 (0.15-0.49)
Wirtz	 0.29 (0.19-0.41)
Au	 0.44 (0.30-0.58)
Remes-Troche	 0.05 (0.02-0.09)
de Perrot	 0.30 (0.22-0.39)
Roth	 0.09 (0.01-0.28)
Rastenyte	 0.28 (0.16-0.42)
Mussi	 0.42 (0.35-0.50)
Abt	 0.08 (0.04-0.14)
Budde	 0.25 (0.17-0.34)
Bulkley	 0.18 (0.13-0.24)
Cosi	 0.33 (0.28-0.39)
Nicolaou	 0.15 (0.06-0.28)
Masaoka	 0.24 (0.20-0.28)
Antonini	 0.32 (0.22-0.45)
Mantegazza	 0.24 (0.21-0.27)
Maggi	 0.24 (0.21-0.28)
Monden	 0.28 (0.23-0.34)
Mulder	 0.20 (0.16-0.26)
Castleman	 0.22 (0.15-0.29)
Citterio	 0.24 (0.22-0.26)
Tsinzerling	 0.20 (0.16-0.25)
Singhal	 0.32 (0.25-0.39)
Al-Moallem	 0.10 (0.04-0.19)
Suzuki	 0.49 (0.39-0.60)
Robertson	 0.35 (0.20-0.54)
Guidetti	 0.60 (0.36-0.81)
Christensen	 0.12 (0.08-0.17)
Aiello	 0.13 (0.04-0.30)
Yu	 0.19 (0.10-0.31)
Giagheddu	 0.28 (0.17-0.41)
Thorlacius	 0.26 (0.14-0.41)
Tola	 0.29 (0.13-0.49)
Matsui	 0.36 (0.26-0.47)
Fink	 0.40 (0.28-0.53)
Holtsema	 0.19 (0.05-0.42)

Study	                                     Frequency (95% CI)

Study	                                     Frequency (95% CI)

Pooled frequency=0.17 (0.14 to 0.20)
Chi-square=15.10; df=5 (p=0.0099)
Inconsistency (I-square)=66.9%

Pooled frequency=0.12 (0.11 to 0.13)
Chi-square=8.41; df=3 (p=0.0382)
Inconsistency (I-square)=64.3%

Pooled frequency=0.25 (0.24 to 0.26)
Chi-square=239.43; df=38 (p=0.0000)
Inconsistency (I-square)=84.1%

0               0.2               0.4              0.6               0.8               1
Frequency

0              0.2              0.4              0.6              0.8               1
Frequency

0               0.2              0.4              0.6              0.8                1
Frequency

Population-based studies

Hospital-based studies

Surgery-based studies
Fig. 2. �����������������������������Frequency of thymoma in myas-
thenia gravis: a meta-analysis plot.
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pooled incidence [17% (49/288); range, 13-22%] was higher 
than the overall pooled incidence in hospital-based studies 
[12% (317/2687); range, 11-13%; p=0.015]. However, the re-
calculated pooled incidence [22% (213/963); range, 20-25%] 
was lower than the overall pooled incidence in surgery-based 
studies [25% (2020/8175); range, 24-26%; p=0.040]. Finally, 
we performed metaregression analyses of the impact of sam-
ple size, publication year, and the diagnostic criteria used on 
the incidence estimates. No apparent relationships were 
found between these variables.

We further described the incidence of thymoma in MG us-
ing Masaoka’s thymoma classification system (I, II, III, and 
IV). The WHO system was not adopted in this case due to its 
limited use in the included studies. As a consequence, we ex-
tracted these data using invasive/noninvasive thymoma status 
(where I equals a noninvasive status, and II, III, and IV equal 
an invasive status). Finally, most of the thymomas in these 
MG patients were noninvasive (p<0.001).

Data on the clinical association between the incidence of 
thymoma in MG were available from 5 population-based stud-
ies,3,10,19,31,43 1 hospital-based study,13 and 13 surgery-based 
studies (Table 2).11,15,17,21,22,30,37,41,44,50,51,53,54 Pooled analysis sh-
owed that the incidence of thymoma was significantly higher 
among male MG patients (OR, 1.78; p<0.0001) and those 
aged ≥40 years at MG onset (OR, 5.74; p<0.00001). None of 
the selected studies reported the results of anti-acetylcholine-
receptor testing focusing on patients with or without thymoma.

Discussion

This was a systematic review of published studies on thymo-
ma in MG. The results of this study suggest that 1) approxi-
mately 21% of MG patients develop thymoma, 2) the incid-
ence of thymomatous MG is significantly higher among those 
who were ≥40 years at MG onset and male MG patients, and 
3) the most frequently occurring thymoma in thymomatous-
MG patients is the noninvasive type. However, we recognize 
that there are likely to be some limitations to the interpreta-
tion of these estimates. First, there is the potential for under-
reporting (or underrecognition) of thymoma in population- 
and hospital-based studies. This may have contributed to the 

difficulties inherent in the identification of thymoma and hy-
perplasia in some patients, and particularly in those who did 
not undergo thymectomy or autopsy and in whom diagnosis 
was based on the patient’s history. Second, the incidence of 
thymoma in the surgery-based group may have been overes-
timated due to sampling biases. Furthermore, the generally 
poor quality of studies also contributes to the limitations of 
the present study.

Heterogeneity across study estimates remains an important 
factor limiting the interpretation of our results. Although we 
attempted to minimize heterogeneity in this review by group-
ing studies according to the source of case selection, the I2 sta-
tistic ranged from 64% to 84%, indicating a high degree of 
heterogeneity in each group. There are several possible rea-
sons for this. First, multiple methods were often used to diag-
nose thymoma, with some studies failing to use a validated re-
ference standard to identify thymoma (e.g., a small thymoma 
is difficult to prove on chest radiography). Second, methods 
such as computed tomography scans or immunohistochemis-
try with anti-striated-muscle antibodies all have inherent li-
mitations when used to diagnose thymoma. For example, ne-
arly 20% patients are not detected using anti-striated-muscle 
antibodies.59,60 Furthermore, although it is well known that 
thymic histopathology is the gold standard for diagnosis, thy-
mectomy usually tends to be performed in those patients with 
thymoma or a more severe status, and this would result in se-
lection bias. Therefore, it is not surprising to find that the in-
cidence of thymoma appears to be overestimated in surgery-
department-based studies.

It should be noted that all studies included in this review 
used retrospective recruitment methods. Since retrospective 
studies are more prone to selection bias, it is difficult to de-
termine whether the heterogeneity in the study estimates rep-
resents true differences in the characteristics of populations, 
biases in the reference standards used, or other errors.

Of course, heterogeneity across studies can also be attrib-
uted to differences in case mix, including variation in MG fea-
tures, clinical characteristics, and sample size. In addition, the 
thymoma incidence appears to vary between regions. Specif-
ically, the incidence was higher among Asians and lower in 
the Americas. These differences highlight the possible role of 

Table 2. Pooled odds ratios for factors associated with frequency of thymoma in myasthenia gravis

Number 
of studies

Patients with factor/total
OR (95% CI)* p value† I‡ p value‡

With thymoma Without thymoma
Male sex 15 498/1094 1186/3570 1.78 (1.38-2.31) <0.0001 41 0.05
≥40 years 3 124/193 136/562 5.74 (4.00-8.22) <0.00001 0 0.42
Generalized§ 7 483/522 2349/2658 1.69 (0.80-3.59) 0.17 40 0.15
*The absence of adetailed description of include studies during the cohort period hampers the multivariate analysis of the factors as-
sociated with frequency of thymoma in myasthenia gravis, †Significance of pooled OR results, ‡p value for heterogeneity, §Myasthe-
nia Gravis Foundation of America Clinical Classification.
OR: odds ratio.
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genetic factors (e.g., human leukocyte antigen) in thymoma 
pathogenesis.61 However, when interpreting our results it 
should be remembered that the incidence of thymoma in the 
Americas in this review was greatly influenced by the study of 
Papatestas et al.,13 which had a very large sample (2062 pa-
tients), and in which the incidence of thymoma was only 11%. 
As there was a lack of detailed descriptions of the type of thy-
moma assessment used in that study, these findings should 
be interpreted with caution.

A trend toward an increase in the incidence of thymoma in 
MG was observed over the four decades analyzed. The lower 
incidences reported in earlier years (i.e., before 1990) were 
also likely to have been influenced by the study of Papatestas 
et al.,13 which was published in 1987, although possible im-
provements in clinical diagnosis may also have contributed 
to the apparent increases in the identification of thymoma over 
those four decades. We attempted to evaluate the characteris-
tics of the populations studied (spectrum of ages and Myas-
thenia Gravis Foundation of America clinical classification) 
and thymoma status (classification by WHO or Masaoka), 
but most of the study reports did not provide this information. 
This should be taken as a reminder to the MG community of 
the need to improve the uniformity of methods used to evalu-
ate thymoma, thus enabling a better identification of risk clas-
sification or prognostic factors.58,62

Risk analyses suggested that MG patients aged ≥40 years 
and male MG patients have a higher risk of thymoma in MG. 
Differences in immunological background, such as a tendency 
toward a higher incidence of titin and ryanodine receptor an-
tibodies in elderly-onset MG may partly explain this feature.63 
Moreover, males have a higher risk than females for tumors 
at many sites, which might be due to a higher prevalence of oc-
cupational or other environmental exposures in males. Togeth-
er this information leads to possible directions of future patho-
logical studies. One unexpected finding from this review was 
that noninvasive thymoma occurs more frequently than inva-
sive thymoma among MG patients. This suggests that the 
symptoms of MG prompt the early detection of thymoma. An-
other important observation from this systematic review is that 
although the sample sizes varied markedly across the studies 
(varying from 21 to 2479 patients), the samples were gener-
ally limited (ranging from 33-142) (Table 1) in population-
based studies in which thymoma assessment was completed. 
Thus, there is an urgent need for a well-planned population-
based study with a sufficient sample size and including a com-
plete assessment of thymoma in included MG patients.

Strengths and weaknesses of this review
By synthesising all of the published data on thymomas, we 
have provided a more precise estimate of its incidence in MG 

than was previously available. The influence of variation in 
study designs was diluted by pooling all of the available data, 
and we were able to explore this heterogeneity by examining 
study characteristics and conducting subgroup analyses. This 
review was subject to some limitations. First, some of the 
studies were not originally designed to determine the incid-
ence of thymoma, and were thus more likely to use a nonstan-
dard reference for the assessment of thymoma, resulting in 
incomplete case ascertainment (e.g., MG patients who have 
minor signs or symptoms may not have been willing to sub-
mit to evaluation for thymoma). Hence, the incidence of thy-
moma could have been underestimated among these cases. 
Second, the calculation of the pooled incidence did not in-
clude data from all studies in our review because the data 
were not always provided in a format that enabled pooling. 
This limits the precision of our results. Furthermore, our stu-
dy does not provide information on global thymic status. For 
example, although the thymic pathology exhibited hyperpla-
sia in 80-90% of the MG patients, the evaluation of thymic hy-
perplasia was not possible in our study. Finally, like most me-
ta-analytic reviews, we pooled studies that exhibited signi-
ficant heterogeneity.5,7

Conclusion
We have provided some evidence for the incidence of thy-
moma from three different types of MG studies. Well-planned 
population-based and prospective cohort studies on the incid-
ence of thymoma in MG are needed to expand our underst-
anding of this association, despite the acknowledged difficul-
ties in analyzing the outcome of chronic and rare diseases with 
unpredictable and fluctuating courses. A proper diagnostic 
assessment and uniform evaluation should be applied to par-
ticipating MG patients.

Conflicts of Interest
The authors have no financial conflicts of interest.

Acknowledgements
This study formed part of the Master’s thesis of Zhi-Feng Mao. 
Supported by grant 0322025-9 from the Guangxi Department of Science 
and Technology, People’s Republic of China.

REFERENCES
1.	Thomas CR, Wright CD, Loehrer PJ. Thymoma: state of the art. J Clin 

Oncol 1999;17:2280-2289.
2.	Potagas C, Dellatolas G, Tavernarakis A, Molari H, Mourtzouhou P, 

Koutra H, et al. Myasthenia gravis: changes observed in a 30-years 
retrospective clinical study of a hospital-based population. J Neurol 
2004;251:116-117.

3.	Oosterhuis HJ. The natural course of myasthenia gravis: a long term 
follow up study. J Neurol Neurosurg Psychiatry 1989;52:1121-1127.

4.	Stroup DF, Berlin JA, Morton SC, Olkin I, Williamson GD, Rennie 
D, et al. Meta-analysis of observational studies in epidemiology: a pro-



Incidence of Thymoma in MG

168  J Clin Neurol 2012;8:161-169

posal for reporting. Meta-analysis Of Observational Studies in Epi-
demiology (MOOSE) group. JAMA 2000;283:2008-2012.

5.	Pendlebury ST, Rothwell PM. Prevalence, incidence, and factors as-
sociated with pre-stroke and post-stroke dementia: a systematic review 
and meta-analysis. Lancet Neurol 2009;8:1006-1018.

6.	Hackett ML, Yapa C, Parag V, Anderson CS. Frequency of depression 
after stroke: a systematic review of observational studies. Stroke 2005; 
36:1330-1340.

7.	Lew W, Pai M, Oxlade O, Martin D, Menzies D. Initial drug resistance 
and tuberculosis treatment outcomes: systematic review and meta-
analysis. Ann Intern Med 2008;149:123-134.

8.	Romi F. Thymoma in myasthenia gravis: from diagnosis to treatment. 
Autoimmune Dis 2011;2011:474512.

9.	Castleman B. The pathology of the thymus gland in myasthenia gravis. 
Ann N Y Acad Sci 1966;135:496-505.

10.	Oosterhuis HJ, de Haas WH. Rheumatic diseases in patients with my-
asthenia gravis. An epidemiological and clinical investigation. Acta 
Neurol Scand 1968;44:219-227.

11.	Mulder DG, Herrmann C Jr, Keesey J, Edwards H. Thymectomy for 
myasthenia gravis. Am J Surg 1983;146:61-66.

12.	Monden Y, Uyama T, Nakahara K, Fujii Y, Hashimoto J, Ohno K, et 
al. Clinical characteristics and prognosis of myasthenia gravis with 
other autoimmune diseases. Ann Thorac Surg 1986;41:189-192.

13.	Papatestas AE, Genkins G, Kornfeld P, Eisenkraft JB, Fagerstrom RP, 
Pozner J, et al. Effects of thymectomy in myasthenia gravis. Ann Surg 
1987;206:79-88.

14.	Giagheddu M, Puggioni G, Sanna G, Tamburini G, Marrosu F, Rachele 
MG, et al. Epidemiological study of myasthenia gravis in Sardinia, Ita-
ly (1958-1986). Acta Neurol Scand 1989;79:326-333.

15.	Maggi G, Casadio C, Cavallo A, Cianci R, Molinatti M, Ruffini E. Th-
ymectomy in myasthenia gravis. Results of 662 cases operated upon in 
15 years. Eur J Cardiothorac Surg 1989;3:504-509; discussion 510-
511.

16.	Thorlacius S, Aarli JA, Riise T, Matre R, Johnsen HJ. Associated dis-
orders in myasthenia gravis: autoimmune diseases and their relation 
to thymectomy. Acta Neurol Scand 1989;80:290-295.

17.	Tola MR, Granieri E, Paolino E, Caniatti L, Quatrale R, Mazzanti B, et 
al. Epidemiological study of myasthenia gravis in the province of Ferr-
ara, Italy. J Neurol 1989;236:388-390.

18.	Mantegazza R, Beghi E, Pareyson D, Antozzi C, Peluchetti D, Sghir-
lanzoni A, et al. A multicentre follow-up study of 1152 patients with 
myasthenia gravis in Italy. J Neurol 1990;237:339-344.

19.	Ferrari G, Lovaste MG. Epidemiology of myasthenia gravis in the 
province of Trento (northern Italy). Neuroepidemiology 1992;11:135-
142.

20.	Yu YL, Hawkins BR, Ip MS, Wong V, Woo E. Myasthenia gravis in 
Hong Kong Chinese. 1. Epidemiology and adult disease. Acta Neurol 
Scand 1992;86:113-119.

21.	Antonini G, Morino S, Gragnani F, Fiorelli M. Myasthenia gravis in 
the elderly: a hospital based study. Acta Neurol Scand 1996;93:260-
262.

22.	Masaoka A, Yamakawa Y, Niwa H, Fukai I, Kondo S, Kobayashi M, 
et al. Extended thymectomy for myasthenia gravis patients: a 20-year 
review. Ann Thorac Surg 1996;62:853-859.

23.	Nicolaou S, Müller NL, Li DK, Oger JJ. Thymus in myasthenia gravis: 
comparison of CT and pathologic findings and clinical outcome after 
thymectomy. Radiology 1996;201:471-474.

24.	Aiello I, Pastorino M, Sotgiu S, Pirastru MI, Sau GF, Sanna G, et al. 
Epidemiology of myasthenia gravis in northwestern Sardinia. Neuro-
epidemiology 1997;16:199-206.

25.	Beekman R, Kuks JB, Oosterhuis HJ. Myasthenia gravis: diagnosis 
and follow-up of 100 consecutive patients. J Neurol 1997;244:112-118.

26.	Bulkley GB, Bass KN, Stephenson GR, Diener-West M, George S, 
Reilly PA, et al. Extended cervicomediastinal thymectomy in the in-
tegrated management of myasthenia gravis. Ann Surg 1997;226:324-

334; discussion 334-335.
27.	Cosi V, Romani A, Lombardi M, Raiola E, Bergamaschi R, Piccolo G, 

et al. Prognosis of myasthenia gravis: a retrospective study of 380 pa-
tients. J Neurol 1997;244:548-555.

28.	Christensen PB, Jensen TS, Tsiropoulos I, Sørensen T, Kjaer M, Højer-
Pedersen E, et al. Mortality and survival in myasthenia gravis: a Dan-
ish population based study. J Neurol Neurosurg Psychiatry 1998;64: 
78-83.

29.	Guidetti D, Sabadini R, Bondavalli M, Cavalletti S, Lodesani M, Man-
tegazza R, et al. Epidemiological study of myasthenia gravis in the 
province of Reggio Emilia, Italy. Eur J Epidemiol 1998;14:381-387.

30.	Robertson NP, Deans J, Compston DA. Myasthenia gravis: a popula-
tion based epidemiological study in Cambridgeshire, England. J Neu-
rol Neurosurg Psychiatry 1998;65:492-496.

31.	Lavrnić D, Jarebinski M, Rakocević-Stojanović V, Stević Z, Lavrnić S, 
Pavlović S, et al. Epidemiological and clinical characteristics of my-
asthenia gravis in Belgrade, Yugoslavia (1983-1992). Acta Neurol Sc-
and 1999;100:168-174.

32.	Holtsema H, Mourik J, Rico RE, Falconi JR, Kuks JB, Oosterhuis HJ. 
Myasthenia gravis on the Dutch antilles: an epidemiological study. 
Clin Neurol Neurosurg 2000;102:195-198.

33.	Abt PL, Patel HJ, Marsh A, Schwartz SI. Analysis of thymectomy for 
myasthenia gravis in older patients: a 20-year single institution experi-
ence. J Am Coll Surg 2001;192:459-464.

34.	Budde JM, Morris CD, Gal AA, Mansour KA, Miller JI Jr. Predictors 
of outcome in thymectomy for myasthenia gravis. Ann Thorac Surg 
2001;72:197-202.

35.	Fink JN, Wallis WE, Haydock DA. Myasthenia gravis with thymoma 
is more common in the Maori and Pacific Island populations in New 
Zealand. Intern Med J 2001;31:206-210.

36.	Mussi A, Lucchi M, Murri L, Ricciardi R, Luchini L, Angeletti CA. 
Extended thymectomy in myasthenia gravis: a team-work of neurolo-
gist, thoracic surgeon and anaesthesist may improve the outcome. Eur 
J Cardiothorac Surg 2001;19:570-575.

37.	de Perrot M, Liu J, Bril V, McRae K, Bezjak A, Keshavjee SH. Prog-
nostic significance of thymomas in patients with myasthenia gravis. 
Ann Thorac Surg 2002;74:1658-1662.

38.	Rastenyte D, Vaitkus A, Neverauskas R, Pauza V. Demographic and 
clinical characteristics of patients with myasthenia gravis. Medicina 
(Kaunas) 2002;38:611-616.

39.	Remes-Troche JM, Téllez-Zenteno JF, Estañol B, Garduño-Espinoza J, 
García-Ramos G. Thymectomy in myasthenia gravis: response, com-
plications, and associated conditions. Arch Med Res 2002;33:545-551.

40.	Roth T, Ackermann R, Stein R, Inderbitzi R, Rösler K, Schmid RA. 
Thirteen years follow-up after radical transsternal thymectomy for 
myasthenia gravis. Do short-term results predict long-term outcome? 
Eur J Cardiothorac Surg 2002;21:664-670.

41.	Au WL, Das A, Tjia HT. Myasthenia gravis in Singapore. Neurol J 
Southeast Asia 2003;8:35-40.

42.	Wirtz PW, Nijnuis MG, Sotodeh M, Willems LN, Brahim JJ, Putter H, 
et al. The epidemiology of myasthenia gravis, Lambert-Eaton myas-
thenic syndrome and their associated tumours in the northern part of 
the province of South Holland. J Neurol 2003;250:698-701.

43.	Casetta I, Fallica E, Govoni V, Azzini C, Tola M, Granieri E. Incid-
ence of myasthenia gravis in the province of Ferrara: a community-
based study. Neuroepidemiology 2004;23:281-284.

44.	Yasukawa Y, Yoshikawa H, Iwasa K, Yamada M, Takamori M. Com-
parative study of pre-operative thymic imaging and pathology in pa-
tients with myasthenia gravis. J Clin Neurosci 2004;11:610-613.

45.	Huang CS, Hsu HS, Huang BS, Lee HC, Kao KP, Hsu WH, et al. 
Factors influencing the outcome of transsternal thymectomy for my-
asthenia gravis. Acta Neurol Scand 2005;112:108-114.

46.	Matsuda M, Dohi-Iijima N, Nakamura A, Sekijima Y, Morita H, 
Matsuzawa S, et al. Increase in incidence of elderly-onset patients 
with myasthenia gravis in Nagano Prefecture, Japan. Intern Med 2005; 



 Mao ZF et al.

www.thejcn.com  169

44:572-577.
47.	Levin N, Abramsky O, Lossos A, Karussis D, Siegal T, Argov Z, et al. 

Extrathymic malignancies in patients with myasthenia gravis. J Neu-
rol Sci 2005;237:39-43.

48.	Suzuki S, Shimoda M, Kawamura M, Sato H, Nogawa S, Tanaka K, 
et al. Myasthenia gravis accompanied by alopecia areata: clinical and 
immunogenetic aspects. Eur J Neurol 2005;12:566-570.

49.	Aghajanzadeh M, Khoshrang H, Mohammadzadeh A, Roudbari SA, 
Ghayeghran AR. Thymectomy for myasthenia gravis: prognostic fac-
tors in 70 patients. Asian Cardiovasc Thorac Ann 2007;15:371-375.

50.	Kim HK, Park MS, Choi YS, Kim K, Shim YM, Han J, et al. Neuro-
logic outcomes of thymectomy in myasthenia gravis: comparative 
analysis of the effect of thymoma. J Thorac Cardiovasc Surg 2007; 
134:601-607.

51.	Tsinzerling N, Lefvert AK, Matell G, Pirskanen-Matell R. Myasthenia 
gravis: a long term follow-up study of Swedish patients with specific 
reference to thymic histology. J Neurol Neurosurg Psychiatry 2007; 
78:1109-1112.

52.	Al-Moallem MA, Alkali NH, Hakami MA, Zaidan RM. Myasthenia 
gravis: presentation and outcome in 104 patients managed in a single 
institution. Ann Saudi Med 2008;28:341-345.

53.	Singhal BS, Bhatia NS, Umesh T, Menon S. Myasthenia gravis: a 
study from India. Neurol India 2008;56:352-355.

54.	Citterio A, Beghi E, Millul A, Evoli A, Mantegazza R, Antozzi C, et 
al. Risk factors for tumor occurrence in patients with myasthenia gra-
vis. J Neurol 2009;256:1221-1227.

55.	Matsui N, Nakane S, Nakagawa Y, Kondo K, Mitsui T, Matsumoto T, 
et al. Increasing incidence of elderly onset patients with myasthenia 
gravis in a local area of Japan. J Neurol Neurosurg Psychiatry 2009; 
80:1168-1171.

56.	Chmura Kraemer H, Periyakoil VS, Noda A. Kappa coefficients in 
medical research. Stat Med 2002;21:2109-2129.

57.	Masaoka A, Monden Y, Nakahara K, Tanioka T. Follow-up study of 
thymomas with special reference to their clinical stages. Cancer 1981; 
48:2485-2492.

58.	Detterbeck FC. Clinical value of the WHO classification system of 
thymoma. Ann Thorac Surg 2006;81:2328-2334.

59.	Voltz RD, Albrich WC, Nägele A, Schumm F, Wick M, Freiburg A, 
et al. Paraneoplastic myasthenia gravis: detection of anti-MGT30 (ti-
tin) antibodies predicts thymic epithelial tumor. Neurology 1997;49: 
1454-1457.

60.	Chen XJ, Qiao J, Xiao BG, Lu CZ. The significance of titin antibodies 
in myasthenia gravis--correlation with thymoma and severity of my-
asthenia gravis. J Neurol 2004;251:1006-1011.

61.	Giraud M, Vandiedonck C, Garchon HJ. Genetic factors in autoim-
mune myasthenia gravis. Ann N Y Acad Sci 2008;1132:180-192.

62.	Tomaszek S, Wigle DA, Keshavjee S, Fischer S. Thymomas: review 
of current clinical practice. Ann Thorac Surg 2009;87:1973-1980.

63.	Meriggioli MN, Sanders DB. Autoimmune myasthenia gravis: emerg-
ing clinical and biological heterogeneity. Lancet Neurol 2009;8:475-
490.


