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RITICAL REVIEW

THYMIC CARCINOMA: STATE OF THE ART REVIEW

TONY Y. ENG, M.D.,* CLIFTON D. FULLER, B.S.,* JAISHREE JAGIRDAR, M.D.,†

YADVINDERA BAINS, M.D.,* AND CHARLES R. THOMAS, JR., M.D.*

Departments of *Radiation Oncology, and†Pathology, University of Texas Health Science Center at San Antonio,
San Antonio, TX

Thymic carcinoma is a rare neoplasm with distinct clinical and pathological characteristics. The prognosis is
often poor with an aggressive course that belies its numerical rarity. Potentially prognostic factors for survival
include histopathologic grade, clinical stage, and resectability of the tumor. Five-year survival rates for all
patients are approximately 30–50%, with a significant survival time differential between low-grade and high-
grade neoplasms. Owing to the paucity of cases, optimal management of thymic carcinoma has yet to be defined.
At present, a multimodality approach involving aggressive surgical resection, platinum-based combination
chemotherapeutic interventions, and radiotherapy represent the preferred therapeutic approach. Though our
knowledge remains somewhat speculative at present, several scientific, technological and therapeutic innovations
may have a potentially significant impact on the future of this disease. © 2004 Elsevier Inc.

Thymic carcinoma, Review, Mediastinum, Radiation therapy, Chemotherapy, Surgery.
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INTRODUCTION

hymic carcinoma is a rare carcinoma of the thymus ari
n the thymic epithelium with overt features of malignan
imilar to that of carcinoma arising in any other organ w
ropensity to capsular invasion and metastases. It is
onfused with thymoma, which by definition has an adm
ure of varying number of lymphocytes and epithelial c
hat lack cytologic features of overt malignancy(1). In
hymomas, there is a much lower incidence of metas
nd capsular invasion (invasive thymomas) than in thy
arcinoma, thus justifying the reason for separating the
hymic carcinomas represent less than 1% of thymic

ignancies(2), and often present with advanced disease
ave a 5-year survival of 30%–50%(3). Owing to the
aucity of cases, optimal management of thymic carcin
as yet to be defined. The purpose of this article is to re
ertinent developments in the diagnosis and managem

hymic carcinoma.

CLINICAL AND RADIOGRAPHIC
PRESENTATION

Most thymic carcinomas present initially with cou
hest pain, phrenic nerve palsy, or superior vena cava
rome(3, 4). Further exploration often reveals a mediast
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ass (4–8). Like thymoma, thymic carcinoma is mo
ommonly located in the anterosuperior mediastinum.
natomic location of origin of this malignant intrathora
ass is critical since it is possible that an occult non–sm

ell lung cancer (NSCLC) primary may directly extend i
he thymus gland(9). Associated paraneoplastic syndrom
an occasionally exist with well-differentiated lesions(4,
0, 11). At present, clinical features have not proven us
s prognostic indicators(12). Most variants of thymic ca
inoma are highly lethal with frequent metastases to
ional lymph nodes, bone, liver, and lung(4, 13, 14). These
ites may be the loci of original detection.
Radiographically, a mass is demonstrated in the ant
ediastinum in the majority of the patients with thym

arcinoma (Figs. 1 and 2). Approximately 80% of thes
atients have evidence of invasion of contiguous med
al structures, and 40% have radiologically apparent lym
denopathy(4, 15). As with thymomas, local metastas
ften involve the pleura and mediastinal nodes, and s

imes, cervical and axillary lymph nodes(15), while distan
etastases to the lungs, liver, brain and bone can b

erved. Radiographically, thymic carcinomas comm
ontain necrotic, cystic, or calcified features(16, 17). Inva-
ive tumor may show poorly defined margins and cont
us area with loss of surrounding fat plane. Gross inva
ay be seen as tumor infiltration of adjacent structu
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Fig. 1. Chest X-ray films show a large mediastinal mass. (a) Posteroanterior view. (b) Lateral view.

F
m

655Thymic carcinoma ● T. Y. ENG et al.
ncluding pericardium and pleura, sometimes with pleural/
ericardial implantation or transdiaphragmatic extension.
omiyama et al. (18) also note a statistically significant
revalence of irregular contours compared with other thy-
ic neoplasms on computer tomography (CT). Other re-

earchers have observed a distinct magnetic resonance
MR) signal profile difference between thymoma and thy-
ic carcinoma (19, 20). Similarly several nuclear medicine

tudies relate the potential for differentiation of thymic
eoplasms based on positron emission tomography of 18-
s
c

e
s
e
s
i
p
E
h
s
f
t
p
(

ouro-deoxyglucose (FDG-PET) (21), as well as Thallium
ingle-photon emission computed tomography (SPECT) for
iagnosis and evaluation of therapeutic outcomes in thymic
arcinoma (17, 22). Several studies already have utilized
ET in the diagnosis of thymic carcinoma. For example,
dams et al. (23) and Kubota et al. (24) found FDG uptake

o be related to invasiveness of thymic carcinoma. This
aises the possibility of FDG-PET utilization for diagnosis,
reatment planning, and monitoring for recurrence, as FDG
ptake was notable for thymic carcinoma (21, 23, 24). Bone
cans have also been utilized to detect metastatic thymic
arcinoma progression (25).

MOLECULAR PATHOLOGY

The pathogenesis of thymic carcinoma has yet to be fully
lucidated; however, several studies have observed an as-
ociation with Epstein-Barr virus (EBV) within the lympho-
pithelioma-like subtype (26, 27). Thymic carcinomas have
hown increased expression of CD70, a surface marker that
s a member of the TNF superfamily found in other neo-
lastic diseases associated with EBV, despite the fact that
BV was not detected in samples themselves using in situ
ybridization (26–28). Consequently, CD70 positivity may
erve as a marker for thymic carcinoma, and has potential
or differentiation of thymic carcinoma from other medias-
inal neoplasms, rather than affirmation of a causative
athogenetic relationship between this disease and EBV
26). Other surface antigenic molecules have shown aber-
ig. 2. Computed tomography scan of the thorax shows a large
ediastinal mass extending to the left hemithorax.
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ant expression in thymic carcinoma, such as CD5 (which
as shown a correlation with morphologic features), and
D99 (29–31).
Thymic carcinoma has been associated with increased

xpression of epithelial membrane antigen, cytokeratin sub-
ypes, and p53 protein (32–37). The p53 protein is positive
n about three quarters (14 of 19) of thymic carcinoma
atients (37). However, p53 mutations are uncommon in
hymic carcinomas (World Health Organization [WHO]
ype C) and absent in thymomas (WHO classification type
, B1, 2, and 3) (38). The increased expression of p53 may
resent an associative index of aggressiveness in thymic
arcinoma as well as providing an immunohistochemical
echanism for distinguishing between thymic carcinoma

nd thymoma (39). The Indiana University group analyzed
he expression levels of the epidermal growth factor recep-
or (EGFR) in 6 patients with thymic carcinoma (40). They
oted positive staining with an anti-EGFR antibody in one
hird (2 of 6) of these cases. These results help validate prior
bservations of high EGFR expression in thymic neoplasms
41–43). Thus EGFR may serve as a future potential target
or immunotherapy of advanced thymic carcinomas. Tumor
nd serum vascular endothelial growth factor (VEG-F) and
asic fibroblast growth factor (bFGF) have been noted to be
levated as compared with both normal controls and thy-
oma patients (44, 45), and this presents an interesting

otential laboratory test for differentiating thymoma and
hymic carcinoma (45). Tomita et al. (44, 46) have also
oted a correlation between such growth factors, angiogen-
sis, and invasiveness in thymic carcinoma. The malignant
hange is commonly associated with increased expression
f epithelial membrane antigen, cytokeratin subtypes, or
53 protein, and loss of CD99� immature T lymphocytes,
nd is occasionally associated with loss of CD5 in tumor
ells (47, 48). Thymic carcinomas can be distinguished
rom lung carcinomas because by negative TTF-1 expres-
ion (32) and a distinctly different cytokeratin profile (49).

Table 1. Comparison of different c

WHO type Clinicopathologic classification

A Benign thymoma*
AB
B1 Malignant thymomas, category I
B2
B3
C Malignant thymomas, category II

The WHO classification is compared with the cli
histogenetic classification of Müller-Hermelink and cow
subtypes follows the WHO proposal.

* The benign category is modified according to the p
irrespective of invasiveness. Originally, all encapsulated
histology.
HISTOPATHOLOGY AND STAGING

The histologic classification of thymic lesions is impor-
ant for prognosis (7, 8). Currently, thymic carcinomas are
lassified as Type C in the consensus WHO classification of
uman thymic epithelial neoplasms (see Table 1) (50). This
lassification allows reproducible definition of thymic car-
inoma based on morphologic features, an important step
oward standardization of nomenclature and taxonomy (51).

separate system, the Marino, Kirchner, and Muller-Herm-
ink system designates two malignant subtypes of thymic
pithelial tumor based on histology, atypical type and cy-
ologically malignant type, a well-differentiated and high-
rade thymic carcinoma, respectively (52–56). Both the
HO and Muller-Hermlink systems demonstrate prognos-

ic correlation (56–57). However, there continues to be
ebate about the optimum method of classification, and the
esirability of relying on staging rather than cytological
yping for prognostic assessment (1, 58, 59).

Figures 3a and 3b show the gross and histologic appear-
nce of thymic carcinoma. The majority of thymic carcino-
as are histologically undifferentiated, with a high degree

f anaplasia, cell atypia, and increased proliferative activity,
acking the histologic features of a normal thymus; the
emaining may be adenocarcinomatous, sarcomatous, squa-
ous, basaloid, mucoepidermoid, or lymphoepithelial-like

istologically (60). Telomerase activity appears to correlate
ith tumor stage (61). As the histologic grade remains the
est prognostic indicator, the revised histologic classifica-
ion of thymic carcinoma proposed by Levine and Rosai
62) broadly divides malignant thymic carcinomas into low
nd high-grade lesions. Low-grade tumors include well-
ifferentiated squamous cell carcinoma, metaplastic, muco-
pidermoid and basaloid carcinoma; high-grade neoplasms
nclude lymphoepithelioma-like carcinoma, small cell, un-
ifferentiated, sarcomatoid, and clear cell carcinomas (62–
8). Tumors in the low-grade histologic group are charac-
erized by relatively favorable clinical courses and a low

ations of thymic epithelial tumors

Histogenetic classification

Medullary thymoma
Mixed thymoma
Predominantly cortical thymoma
Cortical thymoma
Well-differentiated thymic carcinoma
Epidermoid keratinizing (squamous cell) carcinoma
Epidermoid nonkeratinizing carcinoma
Lymphoepithelioma-like carcinoma
Sarcomatoid carcinoma (carcinosarcoma)
Clear cell carcinoma

thologic classification of Levine and Rosai and the
. The terminology of the category II thymic carcinoma

te that type A and AB thymomas are clinically benign
omas were considered to be benign irrespective of their
lassific

nicopa
orkers

ostula
thym
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Fig. 3. (a) Gross specimen of thymic carcinoma with an invasive irregular growth appearance. (b) This photomicrograph
shows an invasive (black arrows) squamous cell carcinoma arising in the thymus. Note the broad fibrous septum separating
nests of tumor cells containing lymphocytes typical for a thymic lesion (hematoxylin and eosin stain, �100 field). The inset
shows cytologic atypia, large hyperchromatic nuclei, and mitoses (arrows) in this high-power field (�400).



Table 2. Some recent thymic carcinoma treatment results

Authors, year (ref)
No. of
patients

Surgical category and
adjuvant therapy No. (%) XRT dose Chemotherapy Local control

5-Year overall
survival

Median
survival Comments

Blumberg 1998 (76) 43 All �/� chemo/XRT 43 (100) Adria 65% (35% 10 y) Masaoka stage was not
prognostic but
invasion of
innominate vessel
was.

Complete resection 29 (67) Cytoxan 52% (15/29) 68%
Incomplete

resection
14 (33) CDDP & others 62%

Chang 1992 (73) 16 All �/� chemo/XRT 16 (100) CDDP 77% 31% 30 mo Better survival was
seen with squamous
type.

Complete resection 5 Adria
Incomplete

resection
9

Biopsy 2
Hsu 2002 (80) 26 All �/� XRT 26 (100) 40–70 Gy None 91% (overall) 77% Masaoka stage was

prognostic. Very
good local control
was observed with
surgery � XRT

Complete resection 17 (65.3) 82%
Subtotal resection 9 (34.7) 66%

Kondo 2003 (93) 186 All �/� chemo/XRT 186 (100) 50.5% Largest number of
patients gathered
from multiple
institutions in Japan.

Complete resection 92 (50.6) 49% (after
total
resection)

66.9%
Subtotal resection 37 (20.3) 30.1%
Inoperable (chemo,

XRT, or both)
53 (29.1) 24.2%

Subgroups

Total resection was the
most important
factor in survival.Complete resection

alone
24 72.2%

Complete resection
� XRT

33 73.6%

Complete resection
� chemo/XRT

24 46.6%

Complete resection
� chemo

12 81.5%

Liu 2002 (107) 38 All �/� chemo/XRT 38 (100) 27% 24 mo Grade, stage and
resectability were
predictors of
survival.

Complete resection 8 (21) 35 mo
“Debulking” 7 (18) 25 mo
Partial/biopsy 23 (61) 17.4

moSubgroups

Partial/biopsy �
XRT

6 14 mo

Partial/biopsy �
chemo

3 21.4
mo

Partial/biopsy �
chemo XRT

8 17.3
mo

Partial/biopsy only 4 4.1 mo
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Table 2. Some recent thymic carcinoma treatment results (continued)

Authors, year (ref)
No. of
patients

Surgical category and
adjuvant therapy No. (%) XRT dose Chemotherapy Local control

5-Year overall
survival

Median
survival Comments

Lucchi 2001 (95) 13 All �/� chemo/XRT 13 (100) 45–60 Gy CDDP 61% (mean f/u
53 mo)

38 mo 100% objective tumor
response was noted

with induction
chemo, but small

study

Complete resection 6 (46) VP-16
Partial resection 7 (54) Epirubicin

Mayer 1999 (82) 6 All �/� XRT 6 (100) Mean 50
Gy

None 22.2% (5-y
DSS)

Poor outcome, small
number of patients.Complete resection 1 (17)

Partial resection 1 (17)
Biopsy 4 (66)

Nakamura 2000 (89) 10 Unresectable (chemo
�/� XRT)

10 (100) 6–56 Gy Platinum based 0% 0% 11 mo Poor survival for
unresectable disease.

Median chemo
response was only 6

months.
Ogawa 2002 (69) 40 All �/� chemo/XRT 40 (100) 10–70 Gy

(mean
50 Gy)

Adria 100%
(complete

resection �
XRT)

38% (10-y �
28%)

Long-term study.
Complete resection 16 (40) Vincristine Better survival and

local control were
noted with complete

resection � XRT
(12/16 vs. 1/24)

Incomplete
resection

11 (27.5) Cytoxan

No surgery 13 (32.5)

Abbreviations: XRT � radiation therapy; chemo � chemotherapy; Adria � Adriamycin; CDDP � cisPlatinum; f/u � follow up; DSS � disease-specific survival.
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ncidence of local recurrence and metastasis (63, 69–70).
uster and Rosai (62) reported no tumor-related deaths after
mean follow-up period of 6.6 years in this group. Others

eport median survivals of 25.4 months in the low-grade
istology group compared with a median survival of 11.3
onths in the high-grade histology group (71). In their

eport, Suster and Rosai (62) describe high-grade tumors as
ggressive, with frequent metastases and recurrences, and a

ig. 4. Postoperative chest X-ray film shows resolution of the
ediastinal mass.

ig. 5. Adjuvant radiation therapy field with custom block (blue
ine) covers the tumor bed and mediastinum (yellow).
edian survival of 15 months, a characterization confirmed
y other studies (72–74). Several studies utilized the
asaoka clinical staging system for thymoma when classi-

ying thymic carcinoma (38, 74, 75). Its prognostic signif-
cance in thymic carcinoma is debatable (12, 56, 76), how-
ver, and others have advocated adoption of a tumor-node-
etastasis (TNM) classification system (77–79).

TREATMENT

The optimal treatment of thymic carcinoma remains un-
efined, owing to the paucity of cases. The challenge of
btaining a firm histologic diagnosis of (nonthymoma) thy-
ic carcinoma is not uncommon before therapeutic inter-

ention. At present, the favorable outcomes for intramedi-
stinal disease may be maximized through an aggressive
ultimodality approach including surgical resection, radio-

herapy, and cisplatinum-based chemotherapy (80–81). En-
ry onto prospective protocols, if available, would be pre-
erred. Otherwise, for patients with clinically resectable
isease, surgical extirpation is the preferred initial therapeu-
ic intervention. For clinically borderline or frankly unre-
ectable lesions, neoadjuvant (preoperative) chemotherapy
r thoracic radiotherapy, or both, is reasonable (71, 82).
ome recent treatment results are summarized in Table 2
Although a complete resection should be attempted

henever possible, invasion of mediastinal structures is
ommon and may make debulking or biopsy alone the only
easonable surgical option. Because of its location, the
urgical technique is similar to resection of an invasive
hymoma (83). A complete median sternotomy with wide
pening of both pleural cavities is needed to perform as
omplete tumor resection as possible. Median sternotomy is
ell tolerated by most patients. Once a median sternotomy

s performed, the extent of tumor can be more accurately
valuated as successful surgical treatment of thymic carci-
oma is dependent on completeness of resection. Resection
f an involved phrenic nerve is controversial. Some sur-
eons would leave the involved nerve intact to avoid para-
yzing the hemidiaphragm, and treat the residual disease
ith adjuvant postoperative radiotherapy. However, if both
erves are involved, most surgeons would agree that both be
eft intact. In those cases in which a complete resection is
ot possible, a “debulking” operation should be considered
s good long-term results can still be achieved when surgery
s followed by the addition of postoperative radiation ther-
py. Clips to assist the radiation oncologist in treatment plan-
ing should be placed close to areas of questionable margin or
esidual disease. If the thymic tumor is invasive into local
tructures, the surgeon must decide intraoperatively whether to
ttempt en bloc resections of adjacent tissue involved with
umor. Complete resection of locally advanced disease requir-
ng en bloc resection of the aortic arch and anterior wall of the
ain pulmonary artery followed by vascular reconstruction,

uperior vena cava or innominate vein, or both, can be per-
ormed by experienced oncologic surgeons.

In most published studies, surgery has been followed by
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djuvant radiation therapy (80). A prescriptive dose range
as yet to be identified, with most studies using 40–70 Gy
ith standard fractionation scheme (1.8–2.0 Gy/fraction).
lthough a statistically significant survival advantage has
ot been demonstrated, there is a tendency toward improved
urvival. A recent analysis noted a 9.5-month median sur-
ival after resection and postoperative external beam radi-
tion therapy (EBRT) (84). Figure 4 shows radiographic
esolution of an anterior mediastinal tumor mass after sur-
ery, and Fig. 5 demonstrates a conventional postoperative
adiation therapy field to cover the tumor bed.

Chemotherapy is also commonly utilized. Most regimens
sed are similar to those used to treat thymoma and include
isplatin (85–86). The success with any particular regimen
s difficult to assess because of the small numbers of pa-
ients treated, but a significant beneficial effect has been
uggested in several studies (85–88). Others report occa-
ional complete responses to chemotherapy (78), though the
utcomes from chemotherapy alone are often dismal (89).
ombinations of doxorubicin, cyclophosphamide, and vin-
ristine have also shown favorable responses in several
tudies (86–87), as have the combination of 5-fluorouracil
5-FU) and leukovorin. Etoposide, ifosfamide, and cisplatin
VIP) was utilized in a prospective North American Inter-
roup trial (90). There was a 25% (2 of 8 patients) partial
esponse rate. The 1-year and 2-year survival rates were
5% and 50%, respectively. Kitami et al. (91) observed a
eries of postoperative patients who responded to a combi-
ation of adriamycin, nedaplatin, cyclophosphamide, and
incristine, noting minimal benefit for using CHOP-E or
VB, with 4/4 and 0/3 response rates, respectively. Most
tudies involved a small number of patients, and there are no
efinitive statements that may be made as yet on the role of
hemotherapy in metastatic thymic carcinoma (88, 92).

A numerically large, comparative study of treatment of
hymic carcinoma was recently published by Kondo et al.
93), who presented multi-institutional retrospective out-
ome data from 186 cases. This study failed to detect a
urvival benefit in thymic carcinoma for subtotal resection
or any statistically significant survival augmentation from
he addition of adjuvant radiation to surgical resection,
hough the authors stipulate that no definitive conclusions
ould be made regarding the role of adjuvant radiotherapy
n thymic carcinoma due to sample size limitations. The
-year survival rates for patients with totally resected thy-
ic carcinoma receiving chemotherapy, radiochemo-

herapy, radiotherapy alone, and no adjuvant treatment were
1.5%, 46.6%, 73.6%, and 72.2%, respectively. Significant
ifferentials in survival in the treatment subcategories may
e attributable to the heterogenous treatment regimens,
ose, and scheduling within their dataset, necessitating
arge-scale prospective randomized trials to illuminate the
ole of chemotherapy (and radiation therapy) in manage-
ent of thymic carcinoma. The results from this study call

nto question conventional thinking regarding the efficacy
f an aggressive multimodality approach including debulk-
ng, radiotherapy, and cisplatinum-based chemotherapy (69,
4–95). While other studies support the addition of adju-
ant radiation and chemotherapy, optimum treatment regi-
ens will only be delineated through the implementation of
ulti-institution randomized prospective trials.
For carefully selected patients with clearly resectable,

ell-defined disease, complete surgical extirpation is the
referred initial therapeutic intervention (93, 96). For clin-
cally borderline or frankly unresectable lesions, neoadju-
ant (preoperative) chemotherapy or thoracic radiotherapy,
r both, is reasonable (80, 82, 84, 97).

CONCLUSION

Thymic carcinoma is a rare thymic neoplasm with an
ggressive course that belies its numerical rarity. Potentially
rognostic factors for survival include histopathologic
rade, clinical stage and resectability of the tumor. Five-
ear survival rates for all patients are approximately 38–
0%, with a significant survival time differential between
ow- and high-grade neoplasms (3, 58, 69, 98). Also, staging
s prognostic, with early-stage patients exhibiting markedly
etter survival (80). Optimum treatment protocols for this
umor remain unresolved, although at present, a multimo-
ality approach involving aggressive surgical resection,
latinum-based combination chemotherapeutic interven-
ions, and radiotherapy represents the preferred therapeutic
pproach (69, 81, 94, 99, 100). Although our knowledge
emains somewhat speculative at present, several scientific,
echnologic, and therapeutic innovations may have a poten-
ially significant impact on the future of this disease.

The continued advancement of genomic and histopatho-
ogical elucidation of the nature of thymic carcinoma, as
ell as other thymic neoplasms, is likely to present a clearer
icture of this pathologic entity and it’s clinical course (44,
6, 101), and codify current nomenclature and descriptive
ategorizations regarding this disease. The implementation
f WHO classification system has proved to be helpful in
he conceptual definition of thymic neoplasms, and similar
teps toward a universal epistemology of thymic carcinoma
ay prove beneficial. As groups explore better delineation of

he prognostic capability of current staging systems, our ability
o assist patients is greatly improved (7, 38, 57, 58, 98).
ikewise, intergroup analysis and data pooling are able to
nhance our knowledge of specific treatment regimens (90).

As new technologic approaches become available, their
mplementation may prove useful for thymic carcinoma.
lready, advances in functional thymic imaging allow vi-

ualization of novel anatomic, metabolic, and molecular
spects of thymic carcinoma (17, 102–105), allowing po-
entially more accurate diagnosis and staging. Similarly,
ew therapeutic techniques may prove to be of value. Re-
orts of radiosurgical treatment of thymic neoplasms have
een reported in the literature (106). Given the purported
orrelation between dose and local control, extracranial
onformal therapies such as intensity-modulated radiation
herapy or intensity-modulated radiosurgery may find utility
n the treatment of thymic carcinoma.
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