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Best Cases from the AFIP
Thymoma1

Editor’s Note.—Every-
one who has taken the
course in radiologic pa-
thology at the Armed
Forces Institute of Pa-
thology (AFIP) remem-
bers bringing two beauti-
fully illustrated cases for
accession to the Insti-
tute. In recent years, the
staff of the Department
of Radiologic Pathology
has judged the “best
cases” by organ system,
and recognition is given
to the winners on the last
day of the class. With
each issue of Radio-
Graphics, one of these
cases is published, writ-
ten by the winning resi-
dent. Radiologic-patho-
logic correlation is em-
phasized, and the causes
of the imaging signs of
various diseases are illus-
trated.

Leopoldo Santana, MD ● Amparo Givica, MD ● Carmen
Camacho, MD

History
A 26-year-old man presented to his general physician with long-standing tho-
racic pain. At the time of the chest discomfort, the patient smoked 20 cigarettes
per day. The remaining family and medical history was unremarkable. Physical
examination results and laboratory data were normal. An incidental lesion was
found adjacent to the cardiac apex on a chest radiograph obtained as an initial
test in our department. Further evaluation was required.

Imaging Findings
Chest radiographs showed a large left anteroinferior mediastinal soft-tissue
opacity with smoothly marginated borders against the adjacent lung (Fig 1).
This lesion was attached to the cardiac apex, occupying the left cardiophrenic
angle and simulating enlargement of the left ventricle in the frontal plane. Echo-
cardiography showed a paracardiac cystic mass with good through transmission
adjacent to the left ventricular wall. It did not communicate with the pericar-
dium and contained a solid nodule along its wall (Fig 2). Findings at axial con-
trast material–enhanced computed tomography (CT) revealed a rounded, well-
circumscribed mass measuring 9 � 8.5 cm. It was located in the left cardio-
phrenic angle and was attached to the left ventricle. The mass had a pre-
dominantly cystic component with several nodules of increased attenuation
along its inner wall (Figs 3, 4). Calcification was not detected. In addition, rem-
nant thymic tissue was observed in the anterosuperior mediastinum (Fig 5).
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Pathologic Evaluation
The patient underwent a video-assisted thoracic
evaluation, which showed a 15-cm left-sided pa-
racardiac cyst. The lesion seemed to be attached
to the pericardium. Biopsy was performed, and
the specimen was removed en bloc by median
sternotomy 1 month later.

The tumor was oval with a smooth external
surface. The size was 9 cm. The cut surface was
grayish pink, and almost the entire tumor was
cystic with irregular nodules on the inner surface
(Fig 6). Histologic analysis of the resected speci-
men demonstrated a tumor completely encapsu-
lated by a fibrous capsule with calcium deposits.
It was composed of a mixture of epithelial cells in

a diffuse lymphocytic background with perivascu-
lar spaces (Fig 7). The epithelial cells were large,
with vesicular nuclei, small nucleoli, and indis-
tinct cytoplasmic processes. Their epithelial na-
ture was supported by positive cytokeratin immu-
nostaining. The lymphocytes had an active ap-
pearance, increased size, and a recognizable
chromatin pattern and demonstrated mitosis. On
the basis of these histologic findings, the cystic
mass was identified as a predominantly lympho-
cytic thymoma according to the traditional Ber-
natz classification or as a predominantly cortical
thymoma according to the Müller-Hermelink
classification.

Figures 1, 2. (1a) Posteroanterior chest radiograph
shows a well-defined soft-tissue mass with sharp and lobu-
lated borders at the left cardiophrenic angle. It is attached
to the left ventricle (silhouette sign), simulating left-sided
cardiac enlargement. These findings are compatible with
an extraparenchymal lesion. No calcifications or air-fluid
levels are seen. (1b) Lateral chest radiograph shows that
the soft-tissue mass is extraparenchymal and rounded and
is located in the anteroinferior mediastinum (projecting
over the cardiac silhouette). No infiltration of the adjacent
structures is seen. (2) Echocardiogram shows that the
mass is paracardiac and cystic. It has good through trans-
mission, and a nodule is attached to the posterolateral
wall.
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Figures 3–5. (3) Contrast-enhanced CT scan shows
that the mass is rounded and is located in the anteroin-
ferior mediastinum (left cardiophrenic angle); it mea-
sures 9 � 8.5 cm. The lesion has a predominant cystic
component with some peripheral nodular areas that
enhance. The left ventricle and the adjacent mediastinal
fat are not infiltrated. No peripheral or central calcifica-
tions are seen. (4) Contrast-enhanced CT scan shows
that the lesion is well defined and compresses the nor-
mal pulmonary parenchyma. No infiltration is evident.
(5) Contrast-enhanced CT scan shows a soft-tissue
mass in the anterosuperior mediastinum (arrowheads),
which corresponds to a thymic rest.

Figures 6, 7. (6) Photograph of the gross specimen shows the tumor encapsulated by a thick capsule. The inner
surface is irregular with excrescences and nodules of tumorous tissue. (7) Photomicrograph (original magnification,
�400; hematoxylin-eosin stain) shows many active, large lymphocytes with a recognizable nuclear chromatin. There
are also epithelial cells, which are polygonal with clear nuclei and small nucleoli.
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Discussion
Thymoma is a rare tumor entity. However, it is
the most common neoplasm of the anterosuperior
mediastinum and the most common primary tu-
mor of the thymus. Seventy percent of thymomas
are found in adults in the 5th and 6th decades of
life, being rare in children and young adults.
There is an approximately equal overall gender
ratio. The majority of thymomas are found in the
anterior mediastinum. Other locations may be the
neck and posterior mediastinum. Most of them
range from 5 to 10 cm in size.

The genetic basis of thymoma oncogenesis has
been investigated in spontaneous, transgenetic,
and knock-out animal models. Genes that have
been implicated are viral oncogenes (SV 40 large
T), D-type cyclins, the cyclin-dependent kinase
inhibitor p27, or other less well characterized
genes defined by insertional mutagenesis. Only a
few cases of aberrant karyotypes have been re-
ported in the literature. These were either com-
plex chromosome aberrations or single unique
abnormalities like the translocations t(15;22)
(p11;q11) and t(14;20)(q24;p13) or a ring chro-
mosome 6 (1,2).

The histologic classification of thymic epithe-
lial tumors and its relationship with prognosis still
remains controversial. Several classifications,
based on different pathologic criteria, have been
proposed over the past 40 years. The oldest one
was proposed by Bernatz et al (3). Thymomas
were classified on the basis of the lymphocyte-to–
epithelial cell ratio and the shape of epithelial cells
into four subtypes: predominantly spindle cell (if
more than two-thirds of the epithelial cells are
fusiform), predominantly lymphocytic (if more
than two-thirds of the cells are lymphocytes), pre-
dominantly mixed (if epithelial cells and lympho-
cytes are present in approximately equal num-
bers), and predominantly epithelial (if more than
two-thirds of the cells are polygonal cells) (4,5).
On the basis of this system, some studies have
indicated that epithelial and mixed (lymphocytic-
epithelial) thymomas are biologically more ag-
gressive than lymphocytic and spindle cell neo-
plasms. In fact, spindle cell thymomas seem to
carry the best prognosis with no tumor-related
death; in contrast, lymphocytic and mixed thymo-
mas seem to be associated with an intermediate

prognosis, whereas epithelial tumors seem to have
a dismal prognosis (6). It has also been noted that
myasthenia gravis and some other disorders are
more likely to accompany epithelial and mixed
lesions rather than spindle cell thymomas (5).
However, many investigators consider that this
histologic classification has failed to reveal the
relationship between the pathologic types and the
clinical behaviors (7,8). For this reason, some
other classifications have been developed.

Marino and Müller-Hermelink (9) and Müller-
Hermelink et al (10,11) proposed one of the most
widely accepted classifications, based on histo-
logic resemblance to the cortex or medulla of the
normal thymus. According to that criterion, thy-
momas were classified into six categories (from
well-differentiated to poorly differentiated tu-
mors): medullary thymomas, mixed thymomas,
predominantly cortical (organoid) thymomas,
cortical thymomas, well-differentiated thymic
carcinoma, and high-grade thymic carcinoma.
Some trials revealed that medullary and mixed
thymomas were benign tumors with no risk of
recurrence, even when capsular invasion was
present. Predominantly cortical and cortical thy-
momas showed intermediate invasiveness and a
low, but significant, risk of late relapse, even with
minimal invasion. Well-differentiated thymic car-
cinoma was always invasive and had a signifi-
cantly increased risk of relapse and death, even
for stage II patients (12). Compared with the pre-
vious results, this system would have prognostic
significance, independent of tumor stage. In-
creased association with myasthenia gravis has
also been reported with predominantly cortical
thymomas, cortical thymomas, and well-differen-
tiated thymic carcinoma (11). However, there
have been criticisms of this classification because
of the confusing nomenclature and the lack of
consensus (13).

To produce universal agreement, in 1999 the
International Committee of the World Health
Organization established a new system based on
the morphology of the epithelial cells as well as
the lymphocyte-to–epithelial cell ratio. Six cat-
egories of thymomas divided into two subtypes
were defined: unique thymic tumors (types A,
AB, B1, B2, and B3) and malignant thymomas
(type C) (4). In summary, the World Health Or-
ganization classification tries to reflect both the
clinical and the functional features of thymic epi-
thelial tumors (13).
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On the other hand, correlation between histo-
logic subtypes and radiographic appearance has
not been demonstrated by any study and no his-
tologic subtypes of thymoma seem to be more
strongly associated with additional neoplasms
(14).

Other authors believe that histologic categori-
zation alone is insufficient to adequately predict
biologic behavior and serve as a guide for therapy
of patients with primary thymic epithelial neo-
plasms (15). In contrast, investigators have no
doubts about the crucial role that the degree of
invasion of surrounding tissues (staging) and the
extent of the surgical procedure (complete or par-
tial resection) play as prognostic factors. Finally,
one study suggests that analysis of DNA may cor-
relate the ploidy status with the invasiveness or
stage of the tumor. Patients with diploid thymo-
mas would have a significantly better prognosis
than those with aneuploid types (16).

Twenty percent to 50% of thymomas are
asymptomatic. The frequency of thoracic symp-
toms is related to compression or invasion of ad-
jacent mediastinal structures. Compression of the
trachea, recurrent laryngeal nerve, or esophagus
may produce cough, dyspnea, chest pain, respira-
tory infection, hoarseness, or dysphagia. Invasion
of the adjacent cardiovascular structures may pro-
duce superior vena cava syndrome. Rarely, sud-
den cardiac death, which is thought to be second-
ary to right atrial compression by the tumor, may
occur (17).

Thymomas can also be related to associated
autoimmune and paraneoplastic phenomena,
such as pure red cell aplasia (50% of patients with
red cell aplasia will have thymoma and 5% of pa-
tients with thymoma will have red cell aplasia),
hypogammaglobulinemia (10% of patients with
thymoma will have hypogammaglobulinemia and
5% of patients with hypogammaglobulinemia will
have thymoma), endocrine disorders, cutaneous
disorders, and connective tissue disorders. Evi-
dence linking thymoma with other second malig-
nancies (of the rectum, thyroid, breast, and lung)
has been provided by the clinical literature (14).
Distant metastases are uncommon at initial pre-
sentation. However, when present, the most
metastatic site is the pleura, with involvement of
the kidney, bone, liver, and brain infrequently
seen (18).

There is a clear link between thymoma and
myasthenia gravis. Myasthenia gravis is an

acquired disorder that is associated with an anti-
body-mediated autoimmune response against
nicotinic acetylcholine receptors. This neurologic
disorder is characterized by weakness and fatiga-
bility of skeletal muscles and may manifest clini-
cally as generalized or ocular disease. Thymic ab-
normalities are found in approximately 90% of
patients with myasthenia gravis. The most com-
mon associated thymic abnormality is follicular
thymic hyperplasia, seen in approximately 65% of
patients with myasthenia gravis (17). Thymoma is
seen in approximately 10%–15% of patients with
this disease (17). One-third of patients with thy-
moma have myasthenia gravis (17). These condi-
tions are not necessarily synchronous. Myasthenia
gravis may be diagnosed before or after discovery
of a thymoma, or it may appear after surgery.

The most frequent radiographic appearance of
thymoma is a soft-tissue mass in the anterior me-
diastinum, ranging from small to large and result-
ing in smoothly marginated, often lobulated bor-
ders against the adjacent lung. Possible locations
are adjacent to the junction of the great vessels
and the pericardium, less commonly the cardio-
phrenic angle or the adjacent cardiac border, and
rarely the neck or other mediastinal compart-
ments (17). On lateral projections, thymoma may
be visible as a rounded soft-tissue opacity in the
retrosternal clear space or in another anterior me-
diastinal location (17). Areas of calcification may
be detected on plain radiographs (17,18). The
pattern of calcification is commonly linear, thin,
and peripheral, corresponding to calcium deposits
in the tumor capsule (17). Invasive thymomas
may demonstrate an irregular interface with the
adjacent lung, suggesting invasion, but this may
not always be seen on plain radiographs (17).
Rarely, thymoma may manifest as predominantly
pleural disease, which is usually unilateral and
demonstrates nonspecific radiographic patterns
such as pleural thickening, pleural masses, or dif-
fuse, nodular, circumferential pleural thickening
that encases the ipsilateral lung. In fact, the latter
presentation may mimic the appearance of diffuse
malignant mesothelioma or metastatic adenocar-
cinoma (17).

CT is the modality of choice because it is more
sensitive than chest radiography in detection of
small thymomas (25% of thymomas are not seen
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on chest radiographs) (19) and also in demonstra-
tion of tumor infiltration of the surrounding me-
diastinal fat, vascular structures, and adjacent
lung (invasive thymoma). Furthermore, CT is an
excellent modality for evaluation of pleural and
extrapleural seeding by the tumor. On CT scans,
thymomas are generally seen as homogeneous,
oval, rounded or lobulated soft-tissue masses. In
most cases, the contour of the mass is smooth and
well defined, and it usually grows asymmetrically
to one side of the anterior mediastinum. The
mass may be partially or completely outlined by
fat or may completely replace the anterior medi-
astinal fat. However, the absence of fat planes
between the mass and mediastinal structures does
not necessarily denote invasion (17). Irregular
borders between the mass and the adjacent lung
suggest invasion (17). After intravenous adminis-
tration of contrast material, the tumor enhances
homogeneously; however, areas of decreased at-
tenuation may be present and correspond to cys-
tic changes or foci of hemorrhage and necrosis.
Nodules may arise from the inner wall of a cystic
thymoma (ultrasonography [US] is particularly
useful in this case). Calcification, even if subtle,
can be easily detected with CT (17).

Chen and colleagues (20) demonstrated that
CT has a sensitivity of 91% and a specificity of
97% for diagnosis of a thymic mass. The main
difficulty for radiologists is to differentiate be-
tween hyperplasia and thymoma. Lymphoid fol-
licular hyperplasia is a histologic diagnosis that
generally does not produce growth of the thymic
gland or may manifest as diffuse enlargement or a
focal mass at CT (21), which does not permit
radiographic differentiation from thymoma. This
becomes more complicated because younger pa-
tients (�25 years of age) may have residual thy-
mic tissue. However, thymomas are very infre-
quent in this group. With increasing age, the thy-
mus undergoes fatty involution, which makes
diagnosis of thymoma easier in patients over 40
years of age. Preoperative differentiation between
thymoma and hyperplasia or between recurrent
thymoma versus scar tissue can be facilitated by
somatostatin receptor scintigraphy with the soma-
tostatin analog indium-111 (DTP-D-Phe 1)-oc-
treotide (22). Furthermore, thallium-201 scintig-
raphy allows distinction between normal thymus,
lymphoid follicular hyperplasia, and thymoma in
patients with myasthenia gravis. Normal thymus
shows no increase in thallium uptake on either
early or delayed images, whereas lymphoid fol-
licular hyperplasia shows moderate thallium up-

take on only delayed images and thymoma shows
significant (moderate to strong) thallium uptake
on both early and delayed images (23). In addi-
tion, technetium-99m tetrofosmin planar and
single photon emission CT images might be use-
ful for detection of malignant thymoma by show-
ing substantial activity in the primary tumor and
metastatic lesions (24).

Magnetic resonance imaging does not add
clinically important information to the results of
CT in examination of the thymus (23). However,
multiplanar imaging may be useful in cases in
which the CT appearance is equivocal and is an
excellent noninvasive method of evaluating pos-
sible vascular involvement by thymoma without
the need for intravenous contrast medium (17,
25). Thymomas are isointense relative to skeletal
muscle on T1-weighted images and have in-
creased signal intensity (approaching that of fat)
on T2-weighted images (17). Cystic areas are
seen as low signal intensity on T1-weighted im-
ages and high signal intensity on T2-weighted
images.

The differential diagnosis may include lym-
phoma (an ill-defined lobulated mass with associ-
ated regional or distant lymphadenopathy). Flow
cytometry is useful in distinguishing lymphoma
from thymoma (18), neuroendocrine tumors,
lymphangioma and hemangioma (cystic lym-
phangiomas have cystic or solid areas), thymoli-
poma (CT shows dense fat with homogeneous
areas without compression or invasion of adjacent
structures), lymphoid follicular hyperplasia (most
hyperplastic glands are usually normal in size and
have the same signal intensity as normal glands),
benign germ cell tumors (sharply defined masses
with cystic areas and mixed areas of calcification
and fat) (18), and nonseminomatous germ cell
tumors (large poorly defined masses with zones of
hemorrhage and necrosis) (18). The majority of
these patients have elevated serum levels of tumor
markers (�–human chorionic gonadotropin or
�-fetoprotein), which are diagnostic of these tu-
mors. In our case, because the mass was located
in the cardiophrenic angle, pericardial cyst was
included in the list of differential diagnoses (this
congenital malformation does not demonstrate
solid nodules at CT or US and is more frequent
on the right side).

Staging of thymoma is based on the presence
or absence of an intact tumor capsule (17). The
staging system proposed by Masaoka et al (26)
has been widely adopted. Stage is an independent
predictor of recurrence and long-term survival
(18). The Masaoka system is postsurgical because
invasion of the capsule is reliably diagnosed only
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by pathologic examination (18). In this staging
system, stage I thymomas do not demonstrate
capsular invasion. Stage II lesions show micro-
scopic invasion of the capsule, mediastinal fat, or
surrounding pleura. Stage III tumors invade sur-
rounding organs and structures such as the lung,
pericardium, superior vena cava, and aorta. Stage
IVa involves pleural or pericardial dissemination.
State IVb involves lymphogenous or hematoge-
nous metastases.

The method of choice for treating thymomas is
complete surgical resection, which almost always
consists of a median sternotomy (16). The surgi-
cal procedure may involve removal of the tumor
itself or complete excision of the tumor and adja-
cent uninvolved thymus gland (17). Extended
thymectomy (en bloc removal of the thymus and
neighboring adipose tissues) has been used to
prevent recurrences (thymoma seems to have
multiple origins) (5,6) and in the treatment of
myasthenia gravis with or without associated thy-
moma. Patients with myasthenia gravis should be
in excellent physiologic condition before under-
going surgery (18). Some studies have reported
that myasthenia gravis demonstrates a better re-
sponse to thymectomy when lymphoid follicular
hyperplasia rather than thymoma is found at mi-
croscopic examination (27).

In stage I (encapsulated thymomas), authors
recommend complete removal alone (18) without
radiation therapy or any other adjuvant treatment
because local recurrence is exceptional after com-
plete excision (6). After surgery, radiation therapy
is recommended to reduce the risk of recurrences
(27) in patients with invasive thymomas irrespec-
tive of surgical extent (complete or incomplete

excision); doses of 40–60 Gy are used. In stage II
(invasive disease), radiation therapy should be
strongly considered in all patients with completely
resected thymomas when tumor extension be-
yond the capsule is documented at pathologic
analysis (18). In stages III and IVa (locally ad-
vanced disease or unresectable disease), radical
postoperative radiation therapy may control re-
sidual disease and provide long-term disease-free
survival in a subset of patients after incomplete
resections (18). Tc-99m sestamibi scintigraphy is
an effective method of predicting the response
after radiation therapy (28).

Patients with invasive thymomas who develop
metastases and all patients with stage IV disease
are potential candidates for chemotherapy (18).
In these cases, some authors have suggested a
multimodality approach consisting of induction
chemotherapy, surgical resection, postoperative
radiation therapy, and consolidation chemo-
therapy to attain a prolonged disease-free survival
(29). This strategy may cure locally advanced un-
resectable malignant thymomas (29).

Chemotherapy in which cisplatin is the corner-
stone has an overall response rate of 40%–90%
(30). Other new therapeutic strategies such as
nonradioactive somatostatin and somatostatin
analogs have been used in malignant thymomas,
particularly for some of those refractory to con-
ventional adjuvant therapies. Both partial and
complete remissions have been reported (4).

In our case, the patient underwent surgery,
which resulted in complete removal of the mass
(Fig 8). Neither postoperative radiation therapy

Figure 8. Frontal (a) and lateral (b) postoperative radiographs show complete resolution of the mass.
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nor chemotherapy was necessary because the tu-
mor was encapsulated (stage I). Two years after
the surgery, the patient has not experienced re-
currences or associated autoimmune disease.

Acknowledgment: We thank J. L. Afonso Martin,
MD, for providing gross pathologic and histologic im-
ages.
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