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thymic tissue in the head and neck region, the
mediastinum, or pleura and lung.6,7 In contrast, the
heterogeneous group of thymic carcinomas exhibit
morphologies that are encountered also in organs other
than the thymus.

Recent genetic and molecular as well as clinical find-
ings have revealed major biologic differences between
the thymoma subtypes and were therefore implemented
in the revised WHO classification of 2004.8 In this ar-
ticle, we will review the most important modifications of
the 2004 WHO classification, their clinical implications,
and recent developments regarding potential novel
therapeutic approaches.

The 2004 WHO Classification of Thymomas and
Thymic Carcinomas: What’s New?

Genetic Findings in Thymomas and Thymic
Carcinomas

One of the most important modifications of the revised
WHO classification is the implementation of recurrent
genetic alterations that have been identified in thymo-
mas and thymic carcinomas. These alterations correlate
with the histological WHO subtype and the clinical
behavior. The most frequent genetic alterations in thy-
momas and thymic squamous cell carcinomas affect
chromosome 6q25.2–25.3,9 a region containing genes
such as MTLC,10 TIAM2,11 or GTF2H5.12 The identifi-
cation of a common genetic alteration across all
histologic tumor subtypes suggests the presence of a yet
undefined common tumor suppressor gene with rel-
evance for tumorigenesis in this region.

In type A thymomas, genetic alterations other than
on chromosome 6 are rare, in line with their clinically
benign behavior.9,13,14 In type AB thymoma, deletion of
chromosome 6 with or without formation of ring chro-
mosome 615 as well as complex multiple chromosomal
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Introduction

Thymomas and thymic carcinomas are rare tumors of
the thymic epithelium with a broad spectrum of differ-
ing morphological and clinical features. Since 1999, in-
creasing acceptance of the World Health Organization
(WHO) classification of thymic tumors1 has greatly
helped to improve the compatibility of international
studies, and it has been shown to be of prognostic sig-
nificance.2–5 The WHO classification of thymomas rests
on the histological assessment of the morphology of
the neoplastic epithelial cells (spindle, pump, etc.) and
the relative amount of a non-neoplastic lymphocytic
component. Thymomas of type A, AB, and B exhibit
organotypic (thymus-like) architectural features. These
tumors have not been observed in organs other than
the thymus, although they may arise from heterotopic
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aberrations16 have been identified in single cases. In a
series of 18 microdissected or short-term cultured type
AB thymomas studied by microsatellite analysis, Inoue
et al.9 found genetic alterations to be intermediate be-
tween those of type A and those of type B, that ap-
peared to be somewhat more closely related to type B,
as indicated by the finding of “B-type” losses of het-
erozygosity (LOH) of the APC locus at chromosome
5q21–22 in some type AB but not in type A thymomas.
Type A areas in type AB thymomas were genetically
distinct from type A thymoma. Interestingly, a few type
A and AB thymomas with a clinically benign course
may show genetic imbalances (e.g., on chromosome
8p11.21) that are associated with a poor prognosis if
encountered in type B2 and B3 thymomas or thymic
squamous cell carcinomas. This finding suggests the
presence of a so far unidentified tumor suppressor gene
preventing a clinically malignant behavior in spite of a
“high-risk” genetic imbalance in a subset of type A and
AB thymomas. There are no published data on the
cytogenetic findings in type B1 thymomas.

Recent data showed that type B2 thymomas are ge-
netically related to type B3 thymomas, in line with the
frequent histologic observation of combinations of type
B2 and B3 areas in the same tumor.1,17 Specifically, type
B2 thymomas share recurrent genetic alterations at
chromosomes 5q21–22, 7p15, and 8p11 with a subset of
type B3 thymomas.9 Recurrent genetic alterations have
also been described for type B3 thymomas.18 The most
frequent recurrent gains of chromosomal material were
on chromosomes 1q (69%) and Xq (19%). One case
showed a high-level amplification of chromosomal band
8p12. The most frequent recurrent losses were observed
for the whole or parts of chromosome 6 (38%) and for
13q (31%). Together, these findings suggest that at least
some type B3 thymomas develop through progression
from type B2 tumors. In contrast, the combined losses
at chromosomal regions 5q21–22 (APC), 13q14.3 (RB),
and 17p13.1 (p53) were unique to a subset of more
invasive type B3 thymomas, thus indicating the exist-
ence of at least two major pathways in the tumorigen-
esis of type B3 thymoma (Fig. 1). The finding of a single
case of a B3 thymoma with LOH at 5q21–22 and
6q25.2–25.39 demonstrates that these pathways are not
mutually exclusive, as initially inferred.14 A third onco-
genic pathway may be through the development of
microsatellite instability, which has been described in
rare cases of type AB and B2 thymomas.9

Interestingly, a high incidence of thymomas has re-
cently been described in mice transgenic for the tran-
scription factor E2F2 (chromosome 1p36),19 which is a
critical member of the RB signaling pathway and is
involved in proliferation control.

Allelic imbalances at 8p11.21 and 16q22.1 (CDH1)
were found to be correlated with advanced tumor

stages, which is in line with observations in other ad-
vanced tumors, such as colorectal,20 breast,21 and pros-
tate22 cancer. Thymic squamous cell carcinomas (TSCC)
are the only subgroup of thymic carcinomas for which
genetic studies have been performed in larger series.18

Thymic squamous cell carcinomas frequently show
gains of chromosomes 1q, 17q, and 18 and losses of
chromosomes 3p, 6, 16q, and 17p. The shared genetic
abnormalities underline the close relationship between
type B3 thymomas and TSCCs and are also in good
agreement with the occasional observation of morpho-
logic transitions between the two tumor types.

In summary, the published genetic data support the
concept of the WHO classification and correlate with
the clinical features of the single entities. In detail, type
A thymomas constitute a relatively homogeneous group
with few genetic aberrations. While type AB thymomas
are more heterogeneous and at least in part related
more closely to type B than to type A thymomas, even
the presence of “high-risk” chromosomal alterations
usually does not convey a malignant phenotype to these
tumors. Furthermore, the genetic data support the mor-
phologic observation that type B thymomas form a
morphologic continuum, where at least some may

Fig. 1. Hypothetical oncogenic pathways in thymoma devel-
opment. Mutations at the chromosomal region 6q25 can be
found in all thymoma subtypes and thymic squamous cell
carcinomas (TSCC), thus suggesting that this region may har-
bor a “gatekeeper” tumor suppressor gene. In contrast, losses
of the APC gene at chromosome 5q21–22 have been mainly
identified in type B2 and B3 thymomas and only a few type
AB thymomas, which therefore seem more akin to type B
thymomas than to type A thymomas. Shared genetic alter-
ations at chromosomes 7p15 and 8p11 in type B2 and B3
thymomas suggest that at least some type B2 thymomas may
be precursor lesions of type B3 tumors, while alterations in the
RB and TP53 gene were found only in a subset of advanced
type B3 thymomas. A third, less common oncogenic pathway
may come from microsatellite instability, which has so far not
been described in TSCC
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progress to type B3 thymomas and eventually also to
thymic squamous cell carcinomas.

Changes in Terminology

One of the major formal modifications of the revised
WHO classification refers to the terminology of thymic
carcinomas. In the 1999 WHO classification, the term
“type C thymoma” was introduced to stress the thymic
epithelial origin of thymic carcinomas that did not in-
clude neuroendocrine neoplasms. In the current classifi-
cation, the term “type C thymoma” is no longer used,
since now all nonorganotypic malignant epithelial neo-
plasms other than germ cell tumors are designated thy-
mic carcinomas. The subtype of thymic carcinoma (e.g.,
squamous cell, mucoepidermoid, lymphoepithelioma-
like) must be further specified. In addition, thymic neu-
roendocrine tumors (NEC), except for paragangliomas,
are now included in the category of thymic carcinomas.
It should be noted that the presence of neuroendocrine
features (such as immunohistochemical expression
of chromogranin) in otherwise “conventional” non-
neuroendocrine carcinomas is a frequent observation23

and does not justify the classification of this tumor
under the NEC category proper.

Analogous to neuroendocrine tumors of the lung and
other organs, thymic NEC are now divided into two
main groups: well-differentiated thymic neuroen-
docrine carcinomas (including typical carcinoid and
atypical carcinoid) and poorly differentiated thymic
neuroendocrine carcinomas (including large cell neu-
roendocrine carcinoma and small cell neuroendocrine
carcinoma). In contrast to thymomas and most other
thymic carcinomas, endocrine tumors show frequent
lymph node involvement with metastases to the medias-
tinal, cervical, and supraclavicular lymph nodes. Al-
though the prognosis of atypical carcinoid of the thymus
was initially reported to be poor,24 Goto et al. demon-
strated in a carefully performed recent clinicopatho-
logic study25 that the prognosis of thymic carcinoids as
defined by WHO criteria is actually even better than
that of pulmonary atypical carcinoids. However, studies
with more cases of NECs of the various histological
subtypes are needed to assess the prognostic signifi-
cance of the WHO criteria to classify NECs.

An important category now included in the histolo-
gical classification of thymic tumors is the group of
combined thymic epithelial tumors. Combined thymic
epithelial tumors are neoplasms with at least two dis-
tinct areas, each corresponding to one of the histologi-
cal thymoma and/or thymic carcinoma types, including
neuroendocrine carcinomas.

The most frequent combination is that of a type B2
and a type B3 component,3,5 followed by combinations
of a type B3 thymoma with a thymic squamous cell

carcinoma. The few available genetic data have sug-
gested a relationship between the different components
in such tumors. All other combinations (e.g., thymoma
plus one of the thymic carcinoma subtypes26 or neuro-
endocrine carcinoma plus non-neuroendocrine thymic
carcinoma) are exceptionally rare (<1%). Published
data on combined thymomas suggest that the most ag-
gressive component of a given tumor determines its
clinical outcome.5

New Entities

The new WHO classification describes a few new enti-
ties that are all quite rare. Most common among them is
the micronodular thymoma (MNT),27–29 that accounts
for 1%–5% of all thymomas. Virtually all cases re-
ported so far were encapsulated and completely resect-
able. With very few exceptions, MNT are not associated
with myasthenia gravis. Histologically, MNT are char-
acterized by multiple, discrete epithelial nodules sepa-
rated by an abundant B-cell-rich lymphocytic stroma
that usually contains prominent germinal centers. Ge-
netic data suggest that the epithelial component of
MNT may be related to type A thymoma (unpublished
observation).

Biphasic metaplastic thymoma is an exceedingly rare
entity occuring in adult patients with a male predomi-
nance.30–32 None of the patients on record had myasthe-
nia gravis or other paraneoplastic symptoms. The vast
majority ot tumors were well circumscribed and com-
pletely resectable, although occasional tumors may re-
cur and even metastasize. Previous designations for this
tumor type included “thymoma with pseudsarcomatous
stroma” and “low-grade metaplastic carcinoma”. Histo-
logically, the tumor is characterized by anastomosing
islands of epithelial cells intermingled with bland-
looking spindle cells. Due to their much better
prognosis, biphasic metaplastic thymomas should be
distinguished from thymic sarcomatoid carcinomas
(carcinosarcomas) which exhibit a clear-cut malignant
spindle cell component.

Hepatoid carcinoma. An exceptional tumor in the
thymus with features of a hepatoid carcinoma was re-
cently observed in a 78-year-old woman without an
extrathymic neoplasm.33 The tumor recurred locally 2
years after surgery and responded to radiotherapy.
Considering the female sex and the protracted clinical
course, the lack of a yolk sac component and absence of
a-fetoprotein in both the tumor and the patient’s serum,
a diagnosis of hepatoid carcinoma was considered more
likely than a monophasic hepatoid variant of a medias-
tinal yolk sac tumor.33,34

Carcinoma with t(15;19) translocation is a rare, ag-
gressive, and lethal carcinoma of unknown histogenesis
in the mediastinum35 and other midline organs of chil-
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dren or young adults. The tumor is defined by the spe-
cific t(15;19)(q13;p13.1) translocation, which generates
a 6.4-kb BRD4–NUT fusion oncogene. The oncogenic
mechanism is at least in part believed to result from
unscheduled expression of NUT (normally expressed
only in the testis) driven by the ubiquituously expressed
promoter of BRD4.36,37 The clinical course in all
published cases was extremely aggressive with survival
lasting only weeks.

Clinical Implications and Novel Therapeutic
Perspectives

The histological subtype of a thymoma as given in the
current WHO classification, together with Masaoka
tumor stage and resection status, provides the surgeon
with all information necessary to reliably predict the
clinical outcome of a thymoma patient.3–5,38,39 In our
view, histopathological examination is required to con-
firm all of these parameters. A complete surgical re-
moval of the primary tumor, whenever feasible, remains
the central therapeutic approach. More than 80% of the
patients with a type A, AB, or B1 thymoma can be
expected to present with a Masaoka stage I or II tumor
and will be amenable to complete thymoma resec-
tion.2,3,5 Based on retrospective analyses, it appears that
many of these patients can be cured by surgery and do
not require further adjuvant treatment. Very rare tumor
relapses and even fewer cases of metastatic disease have
been successfully treated by repeat surgery. There are
no published data on the effect of adjuvant or
neoadjuvant treatment in exceptional, anecdotic thy-
moma cases of these histotypes that are not amenable to
primary surgery.

In contrast, more than 80% of the more aggressive
type B2 or B3 thymomas and thymic squamous cell
carcinomas can be expected to show at least infiltration
of the mediastinal fat (tumor stage Masaoka II or
higher).2,3,5,40 In line with the observation of similar ge-
netic alterations in these “high-risk” tumors, the out-
come of stage-adopted type B2 and B3 thymomas and
thymic squamous cell carcinomas in our experience was
not significantly different,3,5 while other authors have
found prognostic differences.2,4,41

Although some authors have considered postopera-
tive radiotherapy in completely resected “high-risk”
thymomas in Masaoka stage II beneficial,42–44 it is clear
that the local recurrence rate is very low (<5%).45,46 Two
recent studies dealing specifically with this issue did not
find significant differences between treated and un-
treated patients.47,48 Stage III tumors, especially those
with pleura involvement, carry a high risk for relapses,
even after complete resection.5,38,42,49 Mediastinal irra-
diation radiotherapy alone appears to be insufficient to

reliably prevent tumor relapses, at least in patients
with pleural involvement.42 One study reported on a
significantly improved local control rate by postopera-
tive low dose hemithorax irradiation in addition to
mediastinal irradiation.50 Any incompletely resected
“high-risk” thymoma, irrespective of tumor stage, re-
quires multimodal adjuvant treatment including chemo-
therapy. Novel chemotherapeutic approaches include
carboplatin and paclitaxel alone (clinical phase II study;
ECOG-1C99, http://www.cancer.gov/clinicaltrials/
ECOG-1C99) or in combination with angiogenesis in-
hibitors, such as TNP-470.51

Neoadjuvant strategies are increasingly recom-
mended to decrease the percentage of non-resectable
cases and for improved long-term survival.52–55 Preop-
erative radiation therapy has recently been reported to
reduce pleural metastases.49

Several novel therapeutic approaches have emerged
that may be beneficial at least in defined subset of
patients. Among these, therapy with the somatostatin
(SST) analog octreotide is the most promising.56 Soma-
tostatin is a peptide hormone that normally suppresses
growth hormone (GH), thyrotropin (TSH), insulin, and
gut hormone release, as well as affecting gastrointesti-
nal function.57 It achieves these pleiotropic effects by
binding somatostatin receptors (SSTR), a family of five
G-protein-coupled membrane receptors. In thymomas
with a high uptake of octreotide on scintigraphy, SST
analogs are a therapeutic option even for advanced
chemorefractory patients not considered eligible for
additional conventional chemotherapy or debulking
surgery.56 A recent clinical phase II trial reported on an
overall response rate of 30% and a 2-year survival rate
of 75% for advanced thymomas treated either with
octreotide alone or in combination with prednisone.58

However, in this preliminary study, octreotide appeared
to be ineffective in thymic carcinomas.

Another fascinating new perspective comes from re-
cent observations dealing with growth factor receptors
with receptor tyrosine kinase activity, such as c-KIT and
the epidermal growth factor receptor (EGFR). A prob-
lem common to these receptors is the fact that down-
stream target molecules can apparently be activated
independently of the receptor and can thus evade phar-
macologic receptor blockade. For example, preclinical
models suggest that cells with mutant PTEN phos-
phatase resulting in EGFR-independent activation of
the Akt pathway are resistant to inhibitors of the recep-
tor tyrosine kinase activity.59

Upon ligand binding, the stem cell factor receptor
KIT activates downstream targets such as PI3K, JAKs,
and STATs. Thymic carcinomas have recently been re-
ported to show a high frequency of KIT overexpression
on immunohistochemistry,60,61 and treatment with KIT-
receptor antagonists (e.g., Imatinib, STI571) is thus a
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potentially interesting treatment option for these pa-
tients. Recently, a case report on a partial remission
induced by monotherapy with Imatinib in a patient with
metastatic thymic carcinoma with an activating KIT-
mutation was published.62 However, according to the
experience in other malignancies, objective therapeutic
responses with Imatinib should be expected only in
cases with activating KIT mutations.63 Although the
exact prevalence of thymic carcinomas with mutated
KIT is at present unknown, it is presumably rather low
(our own unpublished observations).

The EGFR is a member of transmembrane protein
kinase receptors known as the erbB or HER receptor
family.64 Upon activation, EGFR phosphorylates and
activates other intracellular proteins that play a role
in proliferation, apoptosis, and angiogenesis.65 Mecha-
nisms involved in the activation of the ErbB receptors
include: (1) receptor overexpression,66 (2) mutant re-
ceptors resulting in ligand-independent activation,67 (3)
autocrine activation by overproduction of ligand,68 or
(4) ligand-independent activation through other recep-
tor systems such as the urokinase plasminogen recep-
tor.69 EGFR overexpression occurs in a broad spectrum
of somatic malignancies including thymomas.60,70–72 In
many solid tumors, EGFR overexpression correlates
with an advanced tumor stage, less differentiated histol-
ogy, and other adverse prognostic markers. However,
several trials have failed to identify significant correla-
tions between the immunohistochemical EGFR expres-
sion and pharmacologic response of a given tumor.73,74

To date there are no published data on thymoma pa-
tients treated with EGFR antagonists.

Although several strategies to target the EGFR have
been elaborated, only monoclonal antibodies and re-
ceptor tyrosine kinase (RTK) inhibitors have been
evaluated in clinical phase III trials.75–78 One advantage
of RTK inhibitors is the fact that they are also active
against mutated forms of the EGFR, while antibodies
require an intact EGFR ligand-binding domain. Pre-
liminary results of clinical trials suggest different dis-
ease-specific activities for each class of agents.79 Clearly,
more research will be needed to better establish predic-
tors of the pharmacologic reseponse in the respective
tumor types.

In summary, the therapeutic results of advanced thy-
momas and thymic carcinomas are still unsatisfactory,
although encouraging findings have been reported for
modern multimodality treatments. Future directions
may include “tumor-specific” approaches in selected
patient subgroups.
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