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Background and Purpose Myasthenia gravis (MG) is usually comorbid with thymoma.
More accurate estimates of the incidence thymoma in MG will help inform patients and their
physicians, facilitate health policy discussions, provide etiologic clues, and optimize the man-
agement of MG.

Methods We conducted a systematic review search of relevant English-language studies pub-
lished between 1960 and 2012 using MEDLINE and Embase. We identified additional studies
by reviewing the bibliographies of the retrieved articles and hand searched the main neurology
journals. Only incidence studies and case series of unselected MG patients in which information
about thymoma were included.

Results Out of 2206 potentially relevant studies, 49 met the inclusion criteria. Although there
was a considerable degree of heterogeneity, the pooled estimate of the incidence of thymoma in
MG was 21% (95% confidence interval, 20-22%). The pooled incidence was significantly higher
for surgery-based studies than for population- and hospital-based studies. A large proportion of
the reported thymomas were noninvasive. Furthermore, thymoma appears to occur significantly
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Introduction

Thymoma is reportedly found in 10-30% of patients with
myasthenia gravis (MG)."* 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-

@ This is an Open Access article distributed under the terms of the Cre-
ative Commons Attribution Non-Commercial License (http://creative-
commons.org/licenses/by-nc/3.0) which permits unrestricted non-com-
mercial use, distribution, and reproduction in any medium, provided the ori-
ginal work is properly cited.

more frequently among male MG patients and those older than 40 years at the onset of MG.

Conclusions Thymoma is common in MG patients, but appears to be found more often in
male MG patients and those older than 40 years at the onset of MG. Further research is needed to
expand our understanding of these association conditions.

J Clin Neurol 2012;8:161-169

Key Words incidence, thymoma, myasthenia, systematic review.

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.* 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 (k) 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:*® 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,
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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 (Cls) 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 %° 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:® 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
P values.

Population-based, surgery-based, and hospital-based stud-
ies were combined for the calculation of the pooled ORs.’
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.>*** The agreement between reviewers for inclusion
of articles was almost perfect, at 98.0% (k=0.92; 95% CI,
0.86-0.97).%



Mao ZF et al.

and EMbase (n=2206)

Potentially relevant articles identified
and screened for refrieval from Medline

| Arficles excluded based on fitle and

4

abstract (n=1859)

evaluation (n=347)

Articles refrieved for more detailed

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)

Additional papers by checking

<

4

references (n=8)

Articles included in the systematic
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arch strategy. MG: myasthenia gravis.

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),*!1%19314346 hogpital-based (4 studies),>***” and sur-
gery_based Studies (39 studies)'Q,l1,12,14—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).’!

25,47 21,23,26,33,34,37,40,44,45,50 studies used Consecutive

Two>*" and ten
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'#
while two population-based studies did not investigate the
method of thymoma assessment.'™'? 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 studies'>?23>3740485% yged the Masaoka Staging System,”
and two studies***" used the World Health Organization (WHO)
histopathologic classification,”® 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 P 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
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Table 1. Myasthenia gravis with thymoma in the literatures

No. No. X . L Thymoma

Year Study (reference) Country Diagnostic criteria X X
assessed thymoma classification
1966 Castleman? USA 157 34 H NR
1968  Oosterhuis and de Haas' Netherlands 142 17 NR NR
1983 Mulder et al." USA 249 51 H NR
1986 Monden et al.'? Japan 277 78 H NR
1987 Papatestas et al.™ USA 2062 226 H/Autopsy NR
1989 Giagheddu et al.' Italy 58 16 H NR
1989 Maggi et al.’ Italy 662 162 H Masaoka
1989 Oosterhuis® Netherlands 73 14 H/CT/Radiograph/Autopsy/Biopsy NR
1989 Thorlacius et al.'® Norway 43 11 H NR
1989 Tola et al.”” Italy 28 8 H NR
1990 Mantegazza et al.'® Italy 839 201 H NR
1992 Ferrari and Lovaste' Italy 33 8 NR NR
1992 Yu et al.? China 58 22 H NR
1996 Antonini et al.?! Italy 68 22 H NR
1996 Masaoka et al.? Japan 375 88 H Masaoka
1996 Nicolaou et al.? Canada 47 7 H NR
1997 Aiello et al. Italy 31 4 H NR
1997 Beekman et al.® Netherlands 100 16 CT/H/StrAb NR
1997 Bulkley et al.?¢ USA 202 36 H NR
1997 Cosi et al.? Italy 280 93 H NR
1998 Christensen et al. Denmark 212 26 H NR
1998 Guidetti et al.? Italy 20 12 H NR
1998 Robertson et al.* England 34 12 H NR
1999 Lavrni¢ et al.®! Yugoslavia 124 14 Radiograph/CT/H NR
2000 Holtsema et al.* Netherlands 21 4 H NR
2001 Abt et al.® USA 126 10 H NR
2001 Budde et al.* USA 113 28 H NR
2001 Fink et al.®® New Zealand 63 25 H Masaoka
2001 Mussi et al.® Italy 163 69 H Masaoka
2002 de Perrot et al.¥ Canada 122 37 H Masaoka
2002 Rastenyte et al.®® Lithuania 54 15 H NR
2002 Remes-Troche et al.¥? Mexico 152 7 H NR
2002 Roth et al. Switzerland 23 2 H Masaoka
2003 Au et al.4 Singapore 55 24 H NR
2003 Wirtz et al.# Netherlands 69 20 H NR
2004 Casetta et al.® Italy 19 19 CT/MRI/H NR
2004 Potagas et al.? Greece 337 42 NR NR
2004 Yasukawa et al.# Japan 30 9 H NR
2005 Huang et al.# Taiwan 168 38 H NR
2005 Matsuda et al.* Japan 77 23 CT/H NR
2005 Levin et al.# Israel 188 33 CT NR
Masaoka
2005 Suzuki et al.#® Japan 89 44 H
WHO

2007 Aghajanzadeh et al.# Iran 70 23 H NR
2007 Kim et al.®® South Korea 64 24 H WHO
2007 Tsinzerling et al.®! Sweden 326 65 H NR
2008 Al-Moallem et al.® Saudi Arabia 79 8 H NR
2008 Singhal et al.>® India 183 58 H NR
2009 Citterio et al.> Italy 2479 596 H Masaoka
2009 Matsui et al.>® Japan 86 31 H NR

H: history, CT: computed fomography,
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MRI: magnetic resonance imaging, NR: not record.



Fig. 2. Frequency of thymoma in myas-
thenia gravis: a meta-analysis plot.
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Table 2. Pooled odds ratios for factors associated with frequency of thymoma in myasthenia gravis

Number

Patients with factor/total

. = . OR (95% CI)* p valuet [* p valuet
of studies 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, fSignificance of pooled OR results, *o value for heterogeneity, SMyasthe-

nia Gravis Foundation of America Clinical Classification.

OR: odds ratio.

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, IL, 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, II1, and TV 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,»10193143 1 hogpital-based study,'* and 13 surgery-based
Studies ("l"able 2).]1,15,17‘21,224,3(),37,41,44,5()‘5],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
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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 F° 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.**" 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



genetic factors (e.g., human leukocyte antigen) in thymoma
pathogenesis.’' 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.,"* 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.,"”” 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.*®

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.®
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

Mao ZF et al.

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.>’

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.
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