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Background : The clinicopathologic features of thymic epithelial tumors are inadequate as
predictors of the progression of these tumors because of their heterogeneous histology and
varied biological behavior. We attempted to detect the expression of tyrosine kinase recep-
tors and oncogenic markers to determine the correlation between these markers and the
WHO classification of the tumors. Methods : Forty-three surgically resected thymic epithelial
tumors (37 thymomas and 6 thymic carcinomas) were immunohistochemically assessed on
tissue arrays for c-KIT, her-2/neu, epidermal growth factor receptor (EGFR), p53. bcl-2 and
Ki-67. Results : The Ki-67 labeling index was significantly increased in thymic carcinoma (p<
0.05). The overexpression of p53 protein was observed exclusively in type B3 thymoma
(67%) and thymic carcinoma (83%). Bcl-2 was expressed in type A and AB thymomas as
well as in thymic carcinoma. C-KIT was only present in thymic carcinoma (p<0.05), whereas
the EGFR expression was significantly high in all types of thymomas, except for thymic carci-
nomas. Her-2/neu was not identified in any type of thymoma. Conclusions : This study sug-
gests that the Ki-67 LI, bcl-2, p53, c-KIT, and EGFR protein expression may be useful mark-
ers for the subclassification of thymic epithelial tumors according to WHO schema and WHO
classification correlated with the tumor staging. The overexpression of c-KIT in thymic carcino-
ma reveals that these patients would likely benefit from an anti-c-KIT treatment. 
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Thymic epithelial neoplasms are a histologically heteroge-
neous group of lesions that have been difficult to categorize by
the conventional morphology. In addition to the difficulties of
histologic characterization, these tumors have also presented
problems for predicting their clinical behavior, and there has
been much controversy concerning the pathologic classifica-
tion.1-5 These tumors were traditionally classified on the basis
of the histological assessment of the morphology of the neoplas-
tic cells and the relative amount of the non-neoplastic lympho-
cytic component. The World Health Organization (WHO) clas-
sification has been widely accepted since 1999 and it has been
shown to have prognostic significance.6 Despite the many ad-
vances for understanding these lesions, there is controversy about
the ability of the 1999 WHO classification of thymic epithelial
tumors to reflect or predict the biological behavior of these
tumors according to their morphologic appearance. The revised

WHO classification was introduced in 2004 and it essentially
retained the same criteria and terminology as in the original
proposal.7 The only significant changes were the exclusion of
the type C thymoma from the schema. In this latest version of
the WHO classification, the authors postulated a linear progres-
sion with regards to the malignancy of these tumors, with thy-
moma of types A, AB, B1, B2, B3 and thymic carcinoma repre-
senting the histologic subtypes that show an increasing order of
malignancy. The therapeutic strategies are increasingly recom-
mending to reduce in the percentage of non-resectable cases to
improve the long-term survival.8,9 The therapeutic implications
of the differential tyrosine kinase expression in thymic epithelial
tumors remain to be determined. There are scant studies that
have used immunohistochemical techniques for determining
the proliferative activity and oncogene markers for thymic epithe-
lial tumors, and the proliferative activity and oncogenic mark-
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ers have been widely investigated in a variety of tumors. Unfor-
tunately, no study has been done in this field for Korean patients.
Furthermore, the worldwide studies to establish a target-based
therapy for these tumors have rarely been evaluated and the
results remain a controversial subject. 

We performed an immunohistochemical study using the mon-
oclonal antibodies for Ki-67 antigen, p53 protein, bcl-2 pro-
tein, and tyrosine kinase receptors including epidermal growth
factor receptor (EGFR), c-KIT, and her-2/neu for 43 cases of
thymic epithelial tumors to assess the correlation between the
expression of these markers and the WHO subtypes, and their
prognostic significance, and also to determine the possible thera-
peutic implications. 

MATERIALS AND METHODS

Materials

A total of 43 cases that included 37 thymomas and 6 thymic
carcinoma samples were obtained from the Department of Pathol-
ogy at Yeungnam University Hospital from 1995 to 2006. For
each case, the hematoxylin-eosin-stained slides and the pathol-
ogy report were reviewed to determine the histologic subtype
acccording to the 1999 WHO classification with reference to
the revised schema.5,6 Briefly, the thymoma that showed spin-

dle/oval neoplastic epithelial cells and that lacked nuclear atyp-
ia were designated as type A. Moreover, type AB thymomas
were defined as tumors in which the foci have features of type
A mixed with type B (B1-like and rarely B2-like feature). Type
B1 thymoma was described as a tumor that resembles the nor-
mal functional thymus in that it combines large expanses hav-
ing a very similar appearance to normal thymic cortex blended
with areas that resemble thymic medulla. Type B2 thymoma
was a tumor in which the neoplastic epithelial component appears
as scattered large epithelial cells among a heavy population of
lymphocytes. Moreover, type B3 corresponded to tumors that
were predominantly composed of epithelial cells having a round
polygonal shape and no or mild cellular atypia. Type C (thymic
carcinoma in the new schema) was defined as a tumor that ex-
hibits clear-cut cytologic atypia and a set of cytoarchitectural
features that are no longer specific to thymus tissue (Fig. 1).
The tumors were also staged according to the system developed
by Masaoka et al.4 In addition, 10 resected thymus specimens
with no pathologic findings were evaluated as the normal con-
trol group. The specimens were all obtained by surgical resec-
tion and they were fixed in 10% formalin and then embedded
in paraffin wax. Follow-up data was available for 32 patients.
We evaluated the relationships between the histologic types
according to the WHO classification and the clinical data, includ-
ing the patients’ age, gender, the presence or absence of myas-
thenia gravis, the tumor size, and the Masaoka stage.

Fig. 1. Histologic features of the thymic epithelial tumors based on WHO classification (H&E stain).
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Tissue microarray (TMA)

TMA technique was used for the immunohistochemical anal-
ysis, and this allowed staining of a large numbers of specimens on
one slide. TMAs were prepared manually using a dermal punch
biopsy needle, which was reconstructed at our laboratory. The
details of the technique have been described previously. To account
for tumor heterogeniety, 2 to 3 cylindrical core biopsies (2.0 mm
in diameter) were carefully extracted from different sites of each
tumor to include all the histological patterns, and these cores were
arrayed in a recipient paraffin TMA block.

Immunohistochemistry

Tissue sections were mounted on poly-L-lysine coated slides
for immunohistochemical analysis with using the EnVision sys-
tem kit (DAKO, Carpinteria, CA, USA). The primary antibod-
ies used in this study included p53, K-67, Bcl-2, c-KIT, EGFR
and her-2/neu (Table 1). Briefly, after the standard de-paraffiniza-
tion, hydration and blocking of the endogenous peroxidase, the
TMA sections were subjected to microwave antigen retrieval
followed by incubation at 121℃ for 10 min. After rinsing the
TMA sections with normal goat serum for 6 min, all the pre-
diluted primary antibodies were applied for 60 min at room

temperature. The sections were then allowed to react with per-
oxidase conjugated streptoavidin for 45 min, followed by color
development with using diaminobenzidine, and counterstaining
was done with hematoxylin. The immuoreactivity was consid-
ered positive if more than 10% of the neoplastic cells showed a
nuclear (Ki-67, p53, bcl-2) or cytoplasmic/membranous (c-KIT,
her-2/neu, EGFR) staining pattern. The immunohistochemical
analysis for Ki-67 was expressed as a percentage of the positive
nuclear immunostained cells by counting 1,000 epithelial tumor
cells. Double immunostaining with rabbit antihuman Ki-67
antibody (LSAB kit) and mouse antihuman CK AE1/AE3
(APAAP kit) was also applied.

Statistical analysis

The correlation between the immunohistochemical results
and the WHO histologic type, the Masaokas’ stage, and the clin-
ical factors were estimated by 2 tests and Fisher’s exact tests.
Statistical significance was set at p-values <0.05. Moreover, the
immunohistochemical data was expressed as the total number
(or percentage) of cases showing positive staining. One-way
ANOVA was used to assess the significance of the differences of
the Ki-67 labeling index (LI) among the histological subtypes
and stages. The computation was achieved using the SPSS ver-

Antibody Pretreatment Dilution Reaction siteCompany

Ki-67 Citrate buffer 1:60 Zymed (SanFrancisco, CA, USA) Nuclear
34βE12 Pepsin+citrate 1:50 DAKO Cytomation (Carpinteria, CA, USA) Cytoplasmic
p53 Citrate buffer 1:200 Novo castra (Newcastle, UK) Nuclear
bcl-2 Citrate buffer 1:50 Zymed (SanFrancisco, CA, USA) Cytoplasmic
CK (AE1/AE3) Pepsin 1:50 DAKO Cytomation (Carpinteria, CA, USA) Cytoplasmic
c-KIT Citrate buffer 1:50 DAKO Japan (Kyoto, Japan) Cytoplasmic
her-2/neu Citrate buffer 1:100 Zymed (SanFrancisco, CA, USA) Membranous
EGFR Pepsin 1:100 Zymed (SanFrancisco, CA, USA) Cytoplasmic/membranous

Table 1. Antibodies used for the examination of thymoma markers in this study

Type A (n=5) Type AB (n=9) Type B1 (n=6) Type B2 (n=11) Type B3 (n=6) Type C* (n=6) p-value

Age (average) 59.5 50.3 63 46.2 57 46.8
Myasthenia gravis 0 1 (11%) 3 (50%) 7 (64%) 4 (67%) 1 (17%) <0.05
Tumor size  (cm) 6.9 7.7 7.1 4.8 5.7 6.2
Masaoka stage <0.05

I 4 (80%) 6 (67%) 2 (33%) 4 (36%) 0 0
II 1 (20%) 3 (33%) 4 (67%) 6 (55%) 4 (67%) 2 (33%)
III 0 0 0 0 2 (33%) 4 (67%)
IV 0 0 0 1 (9%) 0 0

Table 2. Correlation between clinicopathologic features and WHO classification of thymic epithelial tumors

*, Type C represents thymic carcinoma (2004 revised WHO classification).

EGFR, epidermal growth factor receptor.



sion 12.0 software program (Chicago, IL, USA).

RESULTS

Correlation of the histological subtypes with the clinical
parameters and stages 

The study subjects consisted of 29 men and 14 women, who
ranged in age from 21 to 76 (mean age 52) years. The mean
tumor specimen size was 7.8 cm (range 1.5 to 13.0 cm) and the
mean follow-up time was 53 months (range 10 to 65 months),
and one of the patients died of disease. There were 16 specimens
(37%) associated with myasthenia gravis. Further, most of the
type A thymomas (80%) were encapsulated (stage I). In contrast,

61% of the type B specimens were stage II and 67% of the thymic
carcinomas were stage III. Significant correlations were found
between the WHO subtypes and the Masaoka stage (p<0.05),
whereas no significant differences were observed between the
histologic subtypes and the clinical parameters (age, gender,
tumor size and survival). Myasthenia gravis was correlated with
type B thymoma (57%) and this was significantly different
compared to the other types (p<0.05). The relationships between
the histologic subtype, the clinical features and the stage are
shown in Table 2. 

Ki-67 labeling index

The immunohistochemical profiles are summarized in Table 3
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Number
of cases

Ki-67 LI p
p53 posi-
tivity (%)

p
Bcl-2 posi-
tivity (%)

p

WHO type
A 5 4.0±3.5 2 (40) 2 (25)
AB 9 2.2±1.8 3 (33) 1 (11)
B1 6 1.5±1.0 0 (0) 0 (0)
B2 11 3.5±2.3 3 (27) 0 (0)
B3 6 4.2±4.0 4 (67) <0.05 0 (0)
C* 6 23.5±17.5 <0.05 5 (83) <0.05 4 (67) <0.05

Total 43 7.44±5.5 17(40) 7 (16)

*, Type C represents thymic carcinoma (2004 revised WHO classification).

Table 3. Immunohistochemical profiles in thymic epithelial tumors

Number
of cases

c-KIT 
positivity

(%)
p

EGFR
positivity

(%)
p

Her2/neu
positivity

(%)

WHO type
A 5 0 (0) 5 (100) 0 (0)
AB 9 0 (0) 9 (100) 0 (0)
B1 6 0 (0) 3 (50) 0 (0)
B2 11 0 (0) 8 (73) 0 (0)
B3 6 0 (0) 4 (67) 0 (0)
C* 6 3 (50) <0.05 1 (17) <0.05 0 (0)

Total 43 3 (7) 30 (70) 0 (0)

Table 4. Immunohistochemical profiles of tyrosine kinase recep-
tors in thymic epithelial tumors

Fig. 2. Nuclear Ki-67 positive cells against cytoplasmic staining by cytokeratin on double immunostaining are clearly evident. The Ki-67
labeling index is markedly increased in the thymic carcinoma compared to type B thymoma, whereas it is hardly seen in type A thymoma
(Ki-67 immunohistochemistry).

Type B3Type A Type C



and 4. Most of the cells with nuclear Ki-67 staining were T lym-
phocytes however in most cases, some larger epithelial cells were
also positive. The double immunostaining for Ki-67 and cytok-
eratin greatly aided the localization of epithelial cells by high-
lighting these cells with a rim of immunopositive cytoplasm.
Despite this, interpretation was still difficult and especially in
type B1 thymoma, due to heavily intermixed lymphocytes. The
Ki-67 LI was significantly higher in the thymic carcinomas com-
pared to the other histological types (p<0.05) (Fig. 2). Never-

theless, there was no significant differences of the Ki-67 LI among
the histological subtypes and stages of thymomas, although a
trend for an increased Ki-67 expression in the type B3 thymo-
ma was observed. Type A and AB thymomas showed low Ki-67
LI (4.0% and 2.2% respectively). Moreover, there was no corre-
lation between the Ki-67 staining and myasthenia gravis or the
tumor size. In general, according to the WHO classification,
no significant differences were observed for the Ki-67 expres-
sion in the thymomas, except for the thymic carcinoma cases.
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Fig. 3. Most of thymic carcinomas and type B3 thymoma show p53 overexpression. In addition, there is a notable immunoreactivity in
type A thymoma (p53 immunohistochemistry).

Type A Type B3 Type C

Fig. 4. There is a positivity for bcl-2 in type A thymoma as well as thymic carcinoma with exceptional negativity in type B thymoma (bcl-2
immunohistochemistry).

Type A Type B3 Type C



p53 immunohistochemical findings

The overexpression of p53 protein was observed in 15 cases
(35%) of the 43 cases that were studied, although the staining
reaction was weak in intensity. Four of the 6 type B3 thymo-
mas (67%) and 4 of the 5 thymic carcinomas (83%) showed
p53 overexpression, while the type B1 thymomas didn’t show
a p53 protein expression (Fig. 3). The expression of p53 protein
correlated with the histologic type and stage, but there were no

significant differences present. The p53-positive tumors revealed
a trend towards a higher Ki-67 LI compared to the p53-nega-
tive tumors. We found significant correlations between the p53
protein expression, and the Ki-67 LI and stage for both type
B3 and thymic carcinoma (p<0.05). In contrast, no correlation
was observed with the patients’ age, the tumor size, and myas-
thenia gravis. 

 282 Mi Jin Kim

Fig. 5. The thymic carcinomas show strong immunostaining for c-KIT, but a loss for EGFR. The reverse pattern is observed in thymoma
(c-KIT (A) and EGFR (B) immunohistochemistry).

A

Type B3 Type C

Type A Type B2

B

Type B3 Type C



Bcl-2 immunohistochemical findings

A bcl-2 expression was observed in two cases of type A (25%),
one case of AB (11%), and 4 cases of thymic carcinomas (67%).
All of the type B cases showed no bcl-2 immunoexpression. The
thymic carcinomas strongly expressed bcl-2 with significant
differences (p<0.05) (Fig. 4). The type A and AB thymomas
showed weak cytoplasmic immunoreactivity, with no statistical
difference between them. 

Tyrosine kinase receptor immunohistochemical findings

Positive staining for c-KIT was present in 3 cases (50%) of
thymic carcinoma only. The other types of thymoma and the
non-neoplastic thymus glands were negative for c-KIT. More-
over, no thymic epithelial tumors showed positivity for her-2/
neu immunoexpression. EGFR protein overexpression was ob-
served in 30 specimens (70%), with a significantly low expres-
sion in the thymic carcinoma (17%) (p<0.05). These results sug-
gest that thymic carcinomas have a tendency to be EGFR (-)/c-
KIT (+), while the reverse pattern was observed in thymoma
(Fig. 5). No correlation was observed between these proteins
and the clinical parameters. 

DISCUSSION

Thymic epithelial tumors have long been known for their
heterogeneous histology and wide-ranging biological behavior.
Many clinicopathological features including the tumor stage,
patient age, tumor size and the histological classification have
been reported as independent prognostic factors by different
reports,10 but only the tumor stage is universally accepted as an
indisputable prognosticator.11-13 In addition to those factors, the
proliferative fractions, protooncogenes and the tyrosine kinase
family have also gained the attention of some investigators.14,15

The results of this analysis showed a statistically significant
correlation of the WHO classification with the tumor stage,
but not with tumor size, the patients’ gender, age, myasthenia
gravis and the outcome. The incidence of myasthenia gravis in
this study was similar to that of the previous reports12,16 which
found that about 30 to 45% of patients with thymoma develop
this disease. In this study, myasthenia gravis was significantly
related to the type B thymomas. Moreover, most of the thymo-
ma with myasthenia gravis showed lymphoid follicles in the
adjacent thymic tissue or within the thymoma, the same as was

observed in the other studies.17 Although a lower survival has
been reported for myasthenic patients in the older literature,11,12

recent studies have shown that mortality, the recurrence rate
and overall survival are not affected by the disease and myas-
thenic patients even show a somewhat better prognosis than do
the non-myasthenic patients. The present study demonstrated
that this disease was not correlated with the tumor stage and
survival, and this supports the studies of the most recent series12,13

that concluded that the presence or absence of myasthenia gravis
in patients with thymoma is no longer of prognostic significance. 

Ki-67 immunostaining has been widely investigated in a vari-
ety of tumors, but rarely in thymoma. The problem with this
staining method is the interference of interpretation caused by
the lymphocytes that are present in thymoma. The epithelial
Ki-67 expression was more readily discerned by double stain-
ing for Ki-67 and cytokeratin. In this study, a higher cell pro-
liferation rate was found in the cases of thymic carcinoma, and
this was also significantly different than that in the thymoma.
This result suggests that thymic carcinoma is a distinct catego-
ry and it seems to give some validity to the eliminating type C
thymoma in the most recent version of the 2004 WHO classi-
fication. Therefore, the Ki-67 LI represents a reliable parameter
for diagnosing thymic carcinoma. In contrast to previous stud-
ies,15,18 there was no statistically significant correlation between
the Ki-67 LI and the subtypes of thymoma. In addition, Ki-67
expression did not correlate with myasthenia gravis or the tumor
size. Thymic carcinoma also showed a significant relationship
between the Ki-67 LI and both p53 and bcl-2 overexpression. 

Bcl-2 blocks programmed cell death without affecting cellu-
lar proliferation17 and a bcl-2 expression has been detected in
leukemia, breast cancer, and non-small cell lung carcinomas
where it has been associated with a more favorable clinical out-
come. In the normal thymus, bcl-2 is known to be primarily
localized in the lymphocytes of the medulla and to a lesser degree
in the cortex, but not in epithelial cells.19 The results of this
study corroborated with the previous studies that reported that
bcl-2 protein was expressed in the medullary type thymoma
(type A and AB and thymic carcinoma), but not in type B thy-
moma. Moreover, the strong reactivity of bcl-2 immunostain-
ing in thymic carcinoma in this study is also in agreement with
previous studies,20 whereas Salakou et al. has reported that the
bcl-2 expression was higher in thymoma as compared to thymic
carcinoma.16 However, the results of this study were not consis-
tent with those of an earlier study21 suggesting that bcl-2 and
p53 proteins are frequently co-expressed in thymomas. Further-
more, the bcl-2 immunostaining pattern in our present study
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would appear to validate the concept that WHO B3 thymoma
is more likely to belong to the thymoma class than the thymic
carcinoma category.

The expression of p53 protein is often greatly increased when
the gene is mutated in tumors, although increased p53 immunos-
taining cannot necessarily be equated with the presence of a
mutation. Consistent with previous studies,21,22 this study demon-
strated that the overexpression of p53 protein was observed in
type B3 thymoma and thymic carcinoma. However, it is pre-
sumed that the Ki-67 expression is more helpful than p53 pro-
tein for the discrimination of these two lesions. An important
finding of this study is that a p53 expression can also be found
in type A thymoma with high percentages. These findings are
very interesting, but no other recent study has observed a high
p53 protein expression in type A thymoma. The overexpres-
sion of p53 and bcl-2 in type A thymoma suggests that type A
is another distinct group in the thymic epithleial tumors as is
the case for thymic carcinoma. Moreover, the patient that died
of disease had type A thymoma. A subsequent evaluation in a
larger series of patients will disclose the nature of medullary-type
thymomas, although it is currently believed that these thymo-
mas behave as benign tumors. This study highlights the corre-
lation of the p53 protein expression with the histological sub-
type and stage in thymic epithelial tumors, and the results are
consistent with other studies.22 P53 and bcl-2 are co-expressed
in the majority of the medullary-type thymic epithelial tumors
and these proteins are more implicated in the development of
thymic carcinoma than thymoma. Therefore, the bcl-2 and p53
protein expressions may be useful as markers in the differentia-
tion of thymoma from thymic carcinoma. The high level of the
p53 expression in thymic carcinomas has potential value for
making the differential diagnosis and predicting tumor aggres-
siveness. 

The proper therapeutic strategy for these tumors is contro-
versial. Surgical resection is the preferred therapeutic option for
all types of thymomas, although several small studies have sug-
gested a positive effect for radiotherapy.23 Furthermore, larger
retrospective studies have shown that adjuvant radiotherapy has
no impact on survival.24 Additional promising new therapies
for neoplasia include the tyrosine kinase receptor antagonists.
The tyrosine kinase oncogenes present an appealing anti-tumor
drug target since they play an integral role in a variety of cellu-
lar responses including cell proliferation, differentiation, migra-
tion, neovascularization and apoptosis.25 The commercially avail-
able anti-neoplastic agents directed against tyrosine kinase recep-
tors include trastuzumab (Herceptin, Genentech), imatinib

mesylate (Gleevec, Novartis) and gefitinib (Irresa, AstraZeneca).   
KIT is a transmembrane tyrosine kinase receptor protein en-

coded by the proto-oncogene c-KIT and it is immunologically
identified by the c-KIT (CD117) antigen epitope. The overex-
pression of c-KIT is observed in a spectrum of human solid
tumors, and chiefly gastrointestinal stromal tumors, mast cell
neoplasms, melanomas, germ cell tumors and breast tumors, as
well as myeolproliferative disorders. However, only a few stud-
ies have evaluated its expression in thymic epithelial tumors.8

This study demonstrated that most thymic carcinomas were
positive for c-KIT, while all of the thymomas were negative
regardless of the histologic subtype. The overall prevalence of a
c-KIT expresssion in this study is similar to that in Henley’s
study8 and that study suggested that KIT is involved in the
pathogenesis of thymic carcinomas. The overexpression of c-KIT
in thymic carcinomas could be a useful immunohistochemical
marker for the diagnosis of thymic carcinoma. It was evident in
the study by Longley26 that the mutation of the KIT gene is
encountered in thymic carcinoma. Further investigations should
address the role of KIT in the oncogenesis of thymic epithelial
tumors, as well as establishing target-based therapy at the genet-
ic level.  

EGFR has been implicated in the pathobiology of lung, head
and neck, and breast tumors.27 The prognostic significance of a
EGFR expression in various malignancies is controversial; how-
ever, most reports have indicated that EGFR overexpression is
associated with a poor prognosis.28 Little research exists about
the role of EGFR in thymomas. In accordance with the previ-
ous studies, EGFR overexpression as detected by immunohis-
tochemistry, was 79% as comparable to other reports where it
ranged from 43% to 100%, and it was more frequent in thymo-
mas than thymic carcinomas. However, at the molecular level,
as detected by either by FISH analysis or by aberrant methyla-
tion study, thymic carcinomas more often showed EGFR ampli-
fication or mutation than did thymomas.29 The discordance
between the results of immunohistochemistry and the molecu-
lar study in EGFR subjects needs to be resolved by future stud-
ies. Based on the absence of a her-2/neu expression of our study,
the results differ from those of other studies.30 However, their
immunohistochemical findings for her-2/neu were not support-
ed by the FISH analysis, which showed no evidence of gene am-
plification. Therefore, we currently consider it unlikely that
patients with thymic epithelial tumors would benefit from the
anti-her-2/neu treatment (trastuzumab).

In summary, this study suggest that the expression of Ki-67
LI, bcl-2, p53, c-KIT, and EGFR may be useful as markers for
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differentiating thymic epithelial tumors according to the WHO
classification and this classification system was correlated with
stage. Almost all the thymic carcinomas expressed a high level
of these proteins, supporting that thymic carcinoma is not a sub-
type of thymoma as reported in the new 2004 WHO proposal.
The result of our immunohistochemical study, it seems that the
results may not correlate with the morphological subclassifica-
tion of thymoma, but they are valuable to discriminate thymo-
ma from thymic carcinoma, although this is a small study. Based
on the overexpression of the c-KIT in thymic carcinoma, these
patients would probably benefit from anti-cKIT treatment.
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