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Abstract

Myasthenia gravis is present in a significant proportion of patients with thymoma. We investigated particular features of

the clinical behavior of thymoma and its relationship to myasthenia in a retrospective study of 79 patients who underwent

thymectomy for thymoma during the last 20 years. The presence of myasthenia gravis, Masaoka stage, World Health

Organization histotype, myasthenia response, and survival were analyzed. The mean age of the patients was 56.1 �12.4

years, and 39 had myasthenia gravis. A significantly higher proportion of patients with myasthenia was found in B2 and B3

histotypes compared to A, AB, and B1. Among myasthenic patients, 33.3% had no response, 50% had a partial response,

and 16.7% achieved complete remission. During the follow-up period, 16 (21.1%) patients died. Mean survival was

4.8� 1.4 years for patients with no myasthenia response, whereas those with a partial or complete myasthenia response

had significantly better survival.
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Introduction

Thymoma is a tumor originating from the epithelial
cells of the thymus gland, and the term thymic epithe-
lial tumor (TET) is more accurate for the histogenetic
description of this entity. The overall incidence of thy-
moma is rare, with approximately 0.15 cases per
100,000 of the population per year.1,2 Almost one
third of cases are found incidentally on radiographic
examinations during workup for an associated autoim-
mune disorder, most usually myasthenia gravis (MG).3

The relationship between MG and thymoma has been
repeatedly suggested, but many questions and contro-
versies remain on this issue.4 The biological and clinical
behavior of thymomatous MG after thymoma removal
has not been adequately investigated, and evidence is
missing on both the clinical course of MG and the
prognosis of thymomas related to MG after surgical
management. This retrospective analysis was carried
out to elucidate some parameters of thymomatous
MG, and MG-related thymomas were compared to
thymomas without MG.

Patients and Methods

The records of patients who underwent thymectomy in
our department from January 1990 to December 2009,
were reviewed. Diagnosis of thymoma was suggested
preoperatively from the radiological appearance and
computed tomography (CT) findings, and was con-
firmed in all patients by histology on the resected speci-
men. There were 79 patients enrolled in this
retrospective study (Table 1). Their ages ranged
between 33 and 79 years (mean, 56.1� 12.4 years).
All pathological specimens were examined by the
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same pathologist, and classified histologically accord-
ing to the WHO thymoma classification (2004 revision),
whereas clinical and pathological staging was based on
the Masaoka system. In cases of co-existence of more
than one histological feature in the same sample (e.g.,
B2 and B3) the tumor was categorized as the most
aggressive histological type (less differentiated feature;
B3). Oncological follow-up of the patients was per-
formed in collaboration with the oncology department
of our hospital, and the last communication was in the
month prior to statistical analysis, to update the data.
Three patients were missing during the last follow-up.

Classification of MG was made by the neurology
department of our hospital, according to the clinical
classification proposed by the Medical Scientific
Advisory Board of the Myasthenia Gravis
Foundation of America. A consultant neurologist was
responsible for administering the medical therapy and
follow-up of the patients. MG response to thymectomy
was evaluated at 1 year postoperatively, given that the
beneficial effect of thymectomy appears several months
after surgery. MG course was assessed as: complete
stable remission, considered to be lack of all symptoms
or signs of MG without any kind of medical therapy;
partial remission, considered pharmacologic remission
or minimal manifestation of the disease, as defined by
the Myasthenia Gravis Foundation of America (patient
continues to take some form of therapy for MG, with
no symptoms or functional limitations from MG but
some weakness on examination and a substantial
decrease in preoperative clinical manifestations or
reduction in need for MG medications); no remission
was defined as no substantial change in

pre-interventional clinical manifestations, no reduction
in MG medications, or aggravation of the MG clinical
course and symptoms and upgrading in the Myasthenia
Gravis Foundation of America classification. The last
neurological evaluation was performed 1 month prior
to statistical analysis.

Extended thymectomy was performed in all cases as
the standard of care for Masaoka stage I and II
patients. The patient was placed in the supine position.
A median sternotomy was performed, followed by en-
bloc resection of anterior mediastinal fat tissue includ-
ing the thymus gland and the thymoma. Dissection was
carried out bluntly from the pericardium, and all medi-
astinal fat and thymic tissue was excised by wide open-
ing of both pleuras. The adipose tissue around the
upper poles of the thymus was removed. Borders of
resection were the diaphragm caudally, the thyroid
gland cephalad, and the phrenic nerves laterally.
Masaoka stage III and IV patients underwent more
extensive resections. The surgical approach and deci-
sion for each individual case was based on the specific
oncological characteristics. Thirteen patients had en-
bloc resection of the invaded pericardium; in 12 of
them, additional en-bloc wedge resection of invaded
pulmonary parenchyma was carried out. Two patients
underwent extrapleural pneumonectomy, one had
extended diaphragmatic resection for local recurrence,
and one had recurrent pleural implant resection. The 3
most recent cases in our group of 13 patients in stage
III received neoadjuvant treatment before thymectomy.
Stage IV Masaoka patients were managed surgically for
recurrent tumors, and had previously undergone onco-
logical treatment. All patients with invasive stage II,
III, and IV were referred to the oncologists for adjuvant
chemotherapy and radiotherapy.

All qualitative variables are expressed as absolute
and relative frequencies. Pearson’s chi-squared and
Fisher’s exact tests were used for the comparisons.
Continuous variables are expressed as mean� standard
deviation or as median values (interquartile range). For
the follow-up period, Kaplan-Meier survival estimates
for events were graphed. Log-rank tests were used for
comparison of survival curves. All reported p values are
2-tailed. Statistical significance was set at p< 0.05, and
analyses were conducted using SPSS software (SPSS,
Inc., Chicago, IL, USA). Thymoma patients who died
due to complications of MG, other thymus-related syn-
dromes, or unrelated diseases are considered as cen-
sored in the survival analysis.

Results

The mean follow-up period was 7� 6.4 years (median,
4.8 years; interquartile range, 1.5 to 12 years). During
the follow-up period, 16 (21.1%) patients died; 7 of

Table 1. Characteristics of 79 patients with thymoma

Variable Stage/Type No of Patients

Myasthenia gravis No 40 (50.6%)

Yes 39 (49.4%)

Masaoka stage I 14 (18.4%)

II 45 (59.2%)

III 13 (17.1%)

IV 4 (5.2%)

WHO type A 10 (13.2%)

AB 6 (7.9%)

B1 14 (18.4%)

B2 25 (32.9%)

B3 17 (22.4%)

C 4 (5.3%)

Mortality 16 (21.1%)

Response None 12/36 (33.3%)

Partial 18/36 (50.0%)

Complete 6/36 (16.7%)
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them suffered from MG (Table 2). The mean time inter-
val between surgery and death was 3.7� 3.1 years.
Among the 9 non-MG patients who died, 5 deaths
occurred for oncological reasons due to thymoma inva-
sion, and 4 were not related to thymoma (cardiovascu-
lar or cerebrovascular events). Of the 7 deceased MG
patients, 3 died due to causes unrelated to thymoma
(small-cell lung cancer, colorectal cancer, and myocar-
dial infarction). The other 4 MG patients died from
causes related to MG (myasthenic crisis) and needed
prolonged mechanical ventilation. One of them died
in the immediate postoperative period (17th postopera-
tive day), which corresponds to a perioperative mortal-
ity of 1.3%. Cause of death was nosocomial infection
and systemic sepsis due to prolonged intubation related
to myasthenia exacerbation. The proportion of patients
with myasthenia was greater in B2, B3, and C
WHO types compared to A, AB, B1 types (p=0.048;
Figure 1). No significant association was found
between Masaoka stage and myasthenia (p=0.858;
Table 3). Mean survival time was 15.7� 1.4 years
for patients without MG and 14.5� 1.3 years for
those with MG (log-rank test: p=0.681; Figure 2).

Mean survival time was 4.8� 1.4 years for patients
with no MG response after thymectomy. Patients
with partial or complete MG response after thymec-
tomy had improved survival (log-rank test: p< 0.001)
as no event occurred during the follow-up period
(Figure 3, Table 4).

Discussion

Thymoma was traditionally considered of benign
behavior, but it ranges from an indolent growth pattern
to highly invasive and metastasizing. Independent pre-
dictors of thymoma prognosis have been proven to be
Masaoka stage and WHO histotype.5 Patients with
WHO subtypes B3 or C or Masaoka stage III/IV
suffer an aggressive clinical course with a worse prog-
nosis, and require multimodality treatment such as
adjuvant and neoadjuvant therapy.6 Co-evaluation of
both Masaoka stage and WHO histological

Figure 1. Proportion of patients with myasthenia gravis in the 2

WHO subgroups.

Figure 2. Kaplan-Meier estimates of survival according to the

presence of myasthenia gravis.

Table 3. Association of myasthenia gravis with WHO type and

Masaoka stage

Variable No Myasthenia Myasthenia p Value

WHO type 0.048

A, AB, B1 20 (66.7%) 10 (33.3%)

B2, B3,C 20 (43.5%) 26 (56.5%)

Masaoka stage 0.858

I 7 (50%) 7 (50%)

II 22 (48.9%) 23 (51.1%)

III 6 (46.2%) 7 (53.8%)

IV 3 (75%) 1 (25%)

Table 2. Proportion of deaths according to myasthenia gravis

Death No Myasthenia Myasthenia

No 28 (75.7%) 32 (82.1%)

Yes 9 (24.3%) 7 (17.9%)
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classification offers the most accurate prognostic and
clinical assessment.7

Several paraneoplastic syndromes are associated
with thymomas. The most common is MG, an autoim-
mune neuromuscular disease caused by antibodies to
muscle acetylcholine receptors, resulting in muscle
weakness.4,8,9 The proportion of thymoma patients
who suffer from MG varies between 20% and 65%.1,2

The nature of the relationship between MG and thy-
moma is unclear. Although no definite pathological
basis for the association between thymomas and an
autoimmune mechanism has been identified, some evi-
dence suggests that myasthenic patients with thymoma
harbor different immunoregulatory abnormalities from
those without thymoma.10,11 The thymus gland pro-
vides an environment for development and maturation

of T lymphocytes from hematopoietic progenitor cells.
One of the most important roles of the thymus is the
induction of central tolerance to self-antigens.12 Recent
studies suggest that the failure of the thymoma micro-
environment to induce T-cell tolerance to self-antigens
may be responsible for its association with MG.13

A 2-fold increase in the risk of a second cancer has
also been reported for thymomas.14 Two of 7 deaths in
MG thymomatous patients in our series were due to
second malignancies (small-cell lung cancer, colorectal
cancer) manifested less than 5 years after thymectomy.
Such a relationship between thymomas and a second
cancer has to be further investigated, and whether it is
attributable to the immunobiological particularities of
thymomas or the effect of adjuvant treatment remains
to be determined. Late thymoma mortality due to sec-
ondary cancers and associated immunological disorders
was more frequent than mortality from the thymoma
itself in a recent series.6 Different biological behavior
with prognostic implications and a significant survival
difference have been reported for thymomas of types B2
and B3 compared to A, AB, and B1.15 Thus a revision
of the WHO classification system for thymomas has
been proposed. Meta-analysis data suggest that further
simplification of the WHO system is needed, with fewer
classes of significant prognostic value, the 3 main cate-
gories suggested should be A/AB/B1, B2, and B3.16

According to the data of this retrospective study, the
presence of MG could be related to the histological
type of thymoma. It seems that MG occurs more fre-
quently in aggressive histotypes such as B2 and B3 thy-
moma than in A, AB, B1 types. Thymic carcinoma is
rarely associated with MG, and many reports suggest
that such cases should not be classified as thymoma. In
this study, there were 4 cases of thymic carcinoma; they
were included in the B2/B3/C subgroup for reasons of
homogeneity. Our analysis reveals that MG was signif-
icantly less frequent in the A/AB/B1 subgroup, even if
thymic carcinomas are removed from the B2/B3/C sub-
group. Earlier studies suggested that MG was a nega-
tive prognostic factor for survival, probably due to
previously inadequate medical treatment. However,
more recent studies show no MG impact on thymoma
prognosis. Furthermore, the most recent reports even
propose that MG prolongs both long-term thymoma
survival and disease-free survival, probably due to
early stage thymoma diagnosis.17 It is expected that
earlier thymectomy is likely to result in a better prog-
nosis by shortening the MG disease period.18 In accor-
dance with the observations of recent studies, in our
results reveal that MG does not significantly affect thy-
moma prognosis and survival.

Concerning the effect of thymectomy for MG in
patients with thymoma, the neurological outcome is
not as beneficial as that in patients without thymoma.

Figure 3. Kaplan-Meier estimates for survival according to

myasthenia gravis (MG) response after thymectomy for thymic

epithelial tumor (TMT).

Table 4. Association of MG response after TET resection with

WHO type and Masaoka stage

MG Response After Thymectomy

Variable None Partial/Complete p Value

WHO type 0.709

A,AB, B1 3 (27.3%) 8 (72.7%)

B2, B3,C 9 (37.5%) 15 (62.5%)

Masaoka stage 0.515

I 2 (28.6%) 5 (71.4%)

II 5 (25%) 15 (75%)

III 4 (57.1%) 3 (42.9%)

IV 0 1 (100%)

MG = myasthenia gravis, TET = thymic epithelial tumor.
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MG patients have a less favorable rate of survival, and
thymoma has been considered a poor prognostic factor
in most studies because of more severe symptoms and
less responsiveness to treatment.19 In the past, well-dif-
ferentiated thymic carcinoma, age> 55 years, and less
than 1 year from the onset of symptoms to thymec-
tomy, were found to be independent predictors of no
MG remission after thymectomy.20 Complete or partial
remission was observed in two thirds of myasthenic
patients in our series with thymoma after thymectomy.
On follow-up, all of these patients are alive without
recurrence.

Patients who achieve complete remission have been
considered to have a significantly better oncological
prognosis. A good neurological outcome is thought to
reflect a favorable oncological outcome, and such
patients might need a less strict radiological follow-
up.19 However, no MG response after thymectomy
has not been adequately estimated as an adverse prog-
nostic factor. Our findings suggest that no MG
response after thymectomy might be a negative prog-
nostic factor and also an independent predictor for a
more dismal thymoma prognosis. It is, to the best of
our knowledge, the first time that such a predictor has
been elicited, and it therefore needs further evaluation
because of the small number in our series. Another
important finding is that the rate of no MG response
was substantially higher (nearly 33%) in our series than
in other recent series of thymomatous MG. Lack of
homogeneity and comparability due to the retrospec-
tive character of most series remains a serious issue that
must be addressed.
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