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Thymic epithelial tumor is a distinctive pathologic entity exhibiting variable his-
tologic features and heterogeneous oncologic behavior. Among the various classi-
fication systems, that of the World Health Organization has been adopted because
of good correlation between histologic appearance and oncologic behavior.
Radiologically, a smooth contour and round shape are most suggestive of a type-A
tumor, whereas an irregular contour most strongly suggests type C. Pleural seed-
ing is rare in type-A and AB tumors; calcification is suggestive of type B. Type-C
tumors are significantly larger and more commonly associated with lym-
phadenopathy than type B3. At T2-weighted MR imaging, lobular internal archi-
tecture is more prominent in types B1, B2, and B3 tumors than in others.
However, imaging findings among the various types overlap to some extent, and
the ability of imaging studies to differentiate types AB, B1, B2, and B3 is limited.

I the thymic epithelium, show variable histologic features and heteroge-
neous oncologic behavior. Various systems of histologic classification of
these tumors have been implemented, leading to confusion regarding the nomencla-
ture employed (1). In an effort to establish a universal classification system which re-
flects the invasiveness and prognosis of thymic epithelial tumors, the World Health
Organization (WHO) proposed, in 1999, a consensus classification (2).
Although there is some degree of overlap among the various types of tumor includ-
ed in the new WHO classification, the CT and MR findings of thymic epithelial tumors
help differentiate their various subtypes (3 —5). The purpose of this pictorial review is

to describe, on the basis of the new WHO classification, the CT, MR and pathologic
findings of the various subtypes of thymic epithelial tumors.

hymic epithelial tumors (thymoma and thymic carcinoma), derived from

HISTOLOGICAL FEATURES AND PROGNOSIS

The histologic features of thymic epithelial tumors vary, their neoplastic epithelial
cells showing differing shapes and degrees of atypia. In addition, various degrees of
non-neoplastic lymphoid cells coexist with neoplastic epithelial cells within the tumors
(2,6). Numerous classification systems for thymic epithelial tumors have been pro-
posed but have fallen out of favor because the suggested morphologic types lacked
consistent prognostic significance. In the mid 1980s, Muller-Hermelink et al. (7) pro-
posed a new functional classification of thymomas based on their histologic and im-
muno-phenotypic resemblance to cortical or medullary areas of the thymus. The re-
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Imaging Findings of Thymic Epithelial Tumors Classified According to Newly Established WHO Scheme

Fig. 1. Histopathologic demonstration of World Health Organization classification of thymic epithelial tumors (original magnification, x<200;
hematoxylin-eosin staining).

A. Type A. The tumor consists of haphazardly distributed spindly epithelial tumor cells (arrows). There are few intermingled lymphocytes (ar-
rowheads).

B. Type AB. The tumor has two lobular components: a discrete type-A lobule (asterisk) and a sharply juxtaposed type-B lobule (star). The
former lobule comprises spindly cells with few lymphocytes, while the latter consists of ovoid epithelial cells admixed with numerous lympho-
cytes. In other cases, these two lobular components can be intricately admixed.

C. Type B1. The tumor consists mostly of a dense population of lymphocytes (mostly immature T cells) (arrows), and some epithelial tumor
cells with large nuclei of pale chromatin and small nucleoli (arrowheads). In this tumor, lymphocytes are more abundant than in other thymic
epithelial tumors.

D. Type B2. The tumor comprises a of nest of epithelial cells (arrowheads). Lymphocytes (arrows) are less abundant than in type B1.

E. Type B3. The tumor is composed predominantly of polygonal epithelial cells with nuclear atypia (arrows) and some prominent nucleoli (ar-
rowhead). Note that the nuclei of this type are not uniform and bland.

F. Type C. The tumor consists of a nest of squamous cell carcinoma cells (arrows) with severe nuclear atypia and mitotic figures.
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cently published WHO classification of thymomas adopted
the Muller-Hermelink classification, but used alpha-numer-
ic terms (3). The new system is based on the morphology
of epithelial cells as well as the lymphocyte-to-epithelial
cell ratio (Fig. 1): in thymomas are divided into two groups
(type A and B) depending on whether the neoplastic ep-
ithelial cells and their nuclei are spindle-or oval-shaped
(type A), or have a dendritic or epithelioid appearance
(type B) (Fig. 2); type AB tumors are those which combine
these two morphologies (Fig. 3). Type B tumors are further

divided into three subtypes according to the proportional
increase in their epithelial component and the emergence
of atypical neoplastic cells (Figs. 4 —6). All types of thymic
carcinomas are classified as type C (Figs. 7, 8). The rela-
tionship between the new WHO classification and previous
histologic classification systems is summarized in Table 1.
The WHO classification reflects the clinical features of
these tumors and correlates with prognosis. According to
Okumura et al. (8, 9), type-B2 and B3 tumors show aggres-
sive behavior compared with types A, AB, and B1 in terms

Table 1. Relationship of World Health Organization Classification System to Previous Histologic Classifications of Thymic

Epithelial Tumors

WHO Classification Muiler-Hermelink Classification Suster-Moran Classification
Type-A thymoma Medullary thymoma
Type-AB thymoma Mixed thymoma Thymoma

Type-B1 thymoma
Type-B2 thymoma
Type-B3 thymoma
Type-C thymoma (thymic carcinoma)

Predominantly cortical thymoma
Cortical thymoma
Well-differentiated thymic carcinoma
Malignant thymoma, category I

Atypical thymoma
Thymic carcinoma

Table 2. Summary of CT Findings of Thymic Epithelial Tumors

Size(mean +SD) (cm) Marginal Irregularity Mediastinal LN Ca* Contrast Enhancement
Type A 275104 - - + ++, homogeneous
Type AB 5.49 11.68 + il il + -+, homogeneous
Type B1 514 1211 + - ++ +, heterogeneous
Type B2 397 11.14 + - ++ +, heterogeneous
Type B3 5.13 13.06 + - ++ + +, heterogeneous
Type C 6.59 12.29 +++ +++ + + +, heterogeneous

Note.— = Sources from references 3 -5 and 10, Ca *“"=calcification, LN=lymphadenopathy, plus signs ( +) indicate relative frequency of each finding (+ =

low frequency, ++ + = high frequency). Empty cells () indicate no involvement.

Fig. 2. Type-A thymoma in a 51-year-old woman.
A. Enhanced 7.0-mme-collimation CT scan obtained at the level of the azygos arch demonstrates homogeneous enhancement.

B. Gross pathologic specimen shows that within a pyramid-shaped bilobal thymus, a thymoma (arrow) is present.

C. Photomicrograph (original magnification, x 1; hematoxylin-eosin staining) shows that the tumor is completely surrounded by a fibrous
capsule (arrows), which is not infiltrated by tumor cells.
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Imaging Findings of Thymic Epithelial Tumors Classified According to Newly Established WHO Scheme

Fig. 3. Type-AB thymoma in a 46-year-
old-man.

A. Enhanced 7.0-mm-collimation CT
scan obtained at the level of the azygos
arch reveals the presence of a round
mass in the right anterior mediastinum.
B. T1-weighted (TR/TE, 723/9) MR im-
age obtained at a similar level to A de-
picts an iso-intense mass.

C. Gd-enhanced T1-weighted MR im-
age demonstrates strong tumoral en-
hancement.

D. T2-weighted (TR/TE, 5700/89) MR
image shows a mass lesion with slightly
higher signal intensity than muscle.

A
Fig. 4. Type-B1 thymoma in a 48-year-old-man.

A. Enhanced 10-mm-collimation CT scan obtained at the level of the aortic arch depicts a well-enhanced homogeneous lobulated mass
in the left anterior mediastinum.

B. Gross pathologic specimen reveals the presence of well-formed lobules separated by dense fibrous septa (arrows).

C. Photomicrograph (original magnification, x 1; hematoxylin-eosin staining) depicts lobulated internal architecture separated by dense fi-
brous septa (arrows).
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of invasiveness, postoperative survival, and tumor recur-
rence. For type-A, AB, or B1 thymomas, there is more
likelihood of complete resection than for types B2 or B3.

CT Findings

According to Tomiyama et al. (4), smooth contours and a
round shape most strongly suggest a type-A tumor (Table
2) (Fig. 2); type-C tumors are significantly larger than types
A and B2 (Figs. 2, 5, 7, 8); irregular contours and mediasti-
nal lymphadenopathy are most suggestive of type C (Figs.
7, 8). Calcification is more frequently seen in type-B1, B2,
and B3 tumors than in type AB and type C (Fig. 6). A high
degree of homogeneous enhancement tends to indicate
type A or AB (Fig. 2); heterogeneous enhancement is seen

D ' E

Fig. 5. Type-B2 thymoma in a 35-year-old woman.

more often in types B3 and C (Fig. 8). Mediastinal lym-
phadenopathy is present in 43 % of type C tumors, 7% of
type AB, but not in other types of thymic epithelial tu-
mors. This feature has, however, been found to be of limit-
ed value in differentiating types AB, B1, B2, and B3.
According to Jung et al. (5), CT indicated that atypical
(type-B3) thymomas are significantly smaller (mean, 4.7
cm) than thymic carcinomas (type-C thymomas) (mean,
7.2 cm). Invasion of the great vessels, mediastinal lym-
phadenopathy, extrathymic metastases and phrenic nerve
palsy occur only in patients with type-C thymic carcinoma
(Figs. 7, 8). The frequencies with which necrosis, intratu-
moral calcification, pleural effusion, pleural implants, peri-
cardial effusion, and obliteration of the mediastinal fat

A. Enhanced 10-mm-collimation CT scan obtained at the level of the right interlobar pulmonary artery shows that in the anterior medi-

astinum, a slightly attenuated heterogeneous mass is present.

B. CT scan (10-mm collimation) obtained at the level of the suprahepatic inferior vena cava depicts a pleural mass lesion (arrows) with

low attenuation.

C. T1-weighted MR image obtained at a similar level to A shows a mass lesion with high-signal intensity.
D. T2-weighted image depicts a slightly heterogeneous high-signal lesion.
E. Photomicrograph (original magnification, x 1; hematoxylin-eosin staining) shows an invasive tumor bud (arrowheads) penetrating the

capsule where there is no fibrous sleeve.
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Fig. 6. Type-B3 thymoma in a 50-year-old man with chest
pain.

A, B. Enhanced 7.0-mme-collimation CT scans obtained at
the levels of the aortic arch (A) and main bronchi (B) depict
a partly lobulated and irregularly-marginated mass in the
anterior mediastinum. There is invasion of mediastinal fat
and adjacent lung. Note the presence of nodular calcifica-
tion (arrow) within the mass lesion depicted in A.

C. T1-weighted MR image obtained at the level of the aortic
arch reveals the presence of a mass lesion with slightly
high signal intensity.

D. T2-weighted MR image depicts a lesion of higher signal

. intensity, broadly attached to the aorta. Note the lobulated

internal architecture, separated by low-signal intensity septa
(arrows).

E. Gross specimen shows pericardial, pleural, aortic, and
lung parenchymal involvement (arrowheads). At the cut sur-
face, partially lobulated internal architecture is noted, with
thick fibrous septa (arrows).

F. Photomicrograph (original magnification, x 1; hema-
toxylin-eosin staining) discloses no intact capsule (arrows),
with lobules of polygonal epithelial cells showing mild nu-
clear atypia.
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plane arise are not significantly different between the two
types. Do et al. (10) reported that mediastinal lym-
phadenopathy was present in 40% of thymic carcinomas
(type-C thymoma) and 8% of invasive thymomas. With re-
gard to the latter, they did not, however, classify the
histopathologic types. Pleural seeding is seen in type-B and
C tumors (Figs. 5, 8), but not in type A or AB (5, 10).

MR Findings

At T1-weighted MR imaging, types-A, AB, and B1 thy-
momas show signal intensity similar to (11) or slightly
higher than that of muscle (12-15), while T2-weighted
imaging demonstrates signal intensity higher than that of
muscle but similar to that of fatty tissue. At Gd-DTPA-en-
hanced MR imaging, homogeneous and moderate enhance-

ment is observed (Fig. 3). T1-and T2-weighted imaging
both demonstrate that the signal intensity of type-B2 and
B3 thymomas is the same as that of types A, AB, and B1
(14-17). At T2-weighted imaging, however, most B2 and
B3 thymomas manifest inhomogeneous signal intensities
with scattered high-intensity areas, shown at pathologic ex-
amination to correspond to cystic spaces with or without
hemorrhage (14) (Figs. 5, 6). In a study by Sakai et al. (14),
T2-weighted imaging indicated that six of 12 invasive thy-
momas (probably type B2 or B3 according to the WHO
classification) had lobular internal architecture, with 1- to
2-mm-thick low-intensity lines (Fig. 6); for the five benign
thymomas (probably WHO-type A, AB or B1), this was
not, however, the case (Fig. 3). Pathologic examination
showed that the lobular internal architecture consisted of

Fig. 7. Type-C thymic carcinoma in a 30-year-old woman with chest pain.

A, B. Enhanced 7.0-mm-collimation CT scans obtained at the levels of the aortic arch (A) and main bronchi (B) show a heterogeneously
enhancing mass with irregular contour. Also note that the tumor has invaded mediastinal fat (arrows) and the left upper lobe.

C. Gross pathologic specimen demonstrates the invasion of mediastinal fal (arrows) by an irregular mass.

D. Photomicrograph (original magnification, x 1; hematoxylin-eosin staining) depicts a mass with jigsaw puzzle-like lobules separated by
dense fibrous septa. It proved to be type-C thymic carcinoma, with keratinizing squamous cell carcinoma as the main component.
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Fig. 8. Type-C thymic carcinoma in a 53-year-old man with chest pain.

A. Enhanced 7.0-mm-collimation CT scan obtained at the level of the left innominate vein shows that the anterior mediastinum contains
a heterogeneously enhancing irregular mass. Also note nodular pleural thickening (arrowheads) in both hemithoraces, representing
pleural seeding.

B. Lung window image obtained at the level of the bronchus intermedius demonstrates the presence of small nodules (arrowheads)
along major and minor fissures. Also note the presence of pulmonary nodules in the right upper lobe (arrows), representing hematoge-

neous metastasis.

round or irregular areas containing tumor cells separated
by relatively thick fibrous septa (Fig. 6). Unlike type-A,
AB, B1, B2, and B3 tumors, thymic carcinomas (Type C)
show relatively low signal intensity at both T1- and T2-
weighted MR imaging (15), appearing as slightly inhomo-
geneous lesions.

SUMMARY

The histologic appearance of thymic epithelial tumors, as
described in the new WHO classification system, reflects
the oncologic behavior of thymomas and thymic carcino-
mas. An awareness of the various CT and MR findings of
the different types of thymic epithelial tumors, as reflected
in the WHO histologic classification, may be helpful in clin-
ical practice for the assessment and treatment of patients
with thymoma and thymic carcinomas.
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