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Abstract Thymic tumors represent 0.2–1.5 % of all ma-
lignancies with an incidence of 0.15 per 100,000 popu-
lation. Thymic tumors are most common tumors of the
anterior mediastinum accounting for 20 % of all medias-
tinal tumors and 50 % of all anterior mediastinal tumors.
Over 90 % of all thymic tumors occur in anterior medi-
astinum, remainder occurring in neck or other mediastinal
areas especially aortopulmonary window and retro cardi-
ac area which are common sites for ectopic thymic
tissues and possible explanation for failure in some cases
of simple thymectomy to improve Myasthenia Grav-
is(MG). The aim of this review is to discuss histologic
classification, diagnostic features, evaluation, management
and prognosis of thymic tumors.
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Introduction

The word thymus is derived from Greek word thumos
meaning heart or soul possibly because of its location or
else comes from the herb thyme to which it resembles [1].
The thymus is a specialized pinkish grey colored soft lobu-
lated organ located anatomically in anterior superior medi-
astinum in front of heart and behind sternum. It is a central
lymphoid organ functioning in T lymphocyte maturation
which are critical cells of adaptive immune system [2, 3].
It develops from third pharyngeal pouch along with para-
thyroid gland, grows during infancy, reaches maximum

weight by puberty, following which it involutes eventually
leading to a scattered lymphocytes present within adipose
tissue.

Thymic tumors represent 0.2–1.5 % of all malignancies
with an incidence of 0.15 per 100,000 population [4]. Thy-
mic tumors are most common tumors of the anterior medi-
astinum accounting for 20 % of all mediastinal tumors and
50 % of all anterior mediastinal tumors [5]. Over 90 % of all
thymic tumors occur in anterior mediastinum, remainder
occurring in neck or other mediastinal areas especially aor-
topulmonary window and retro cardiac area which are
common sites for ectopic thymic tissues and possible expla-
nation for failure in some cases of simple thymectomy to
improve Myasthenia Gravis(MG).

The aim of this review is to discuss histologic clas-
sification, diagnostic features, evaluation, management
and prognosis of thymic tumors.

Pathology

Thymus is composed of thymocytes, lymphocytes and
epithelial stroma. Six types of epithelial cells have been
identified in mature thymus, four exist in cortical region
and two in medullary region. Type six forms Hassalls
corpuscles that are characteristic of thymus [6].

Although lymphomas, neuroendocrine tumors(NET) and
germ cell tumors all may arise within the thymus, only
thymomas, thymic carcinomas and thymolipomas arise from
true thymic elements. The normal contour of thymus is
biconcave or flat but the diseased thymus displays a more
convex margin.

Thymomas grossly are lobulated, firm, tan pink to gray
tumors that may contain cystic spaces, calcification or hem-
orrhage. They may be encapsulated, adherent to surrounding
structures or frankly invasive. Microscopically thymomas
arise from thymic epithelial cells although thymocytes or
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lymphocytes may predominate histologically. True thymo-
mas contain cytologically bland cells and should be distin-
guished from thymic carcinomas.

Like thymoma, thymic carcinoma is an epithelial tumor
but cytologically exhibit malignant features. Extensive local
invasion and distant metastases are common. Low grade
tumors(LGT) include squamous cell carcinoma, mucoepi-
dermoid carcinoma, basaloid carcinoma. High grade
tumors(HGT) include lymphoepithelial like carcinoma,
small cell carcinoma, undifferentiated, sarcomtoid and clear
cell carcinoma [7]. LGT have a more favourable clinical
course (Median Survival(MS) 24.4 months to >6.6 years)
when compared with HGT(MS 11.3–15 months) [8].

NETs are often macroscopically large, encapsulated
masses. A characteristic feature of these tumors is the pres-
ence of nests of tumor cells that are detached from the
surrounding stroma and contain areas of necrosis. They
usually show cytologic and architectural features of neuro-
endocrine differentiation and hence can be positive for
CD56,Neuron Specific Enolase(NSE),Chromogranin, So-
matostatin and Synaptophysin [9].

Currently term non-invasive and invasive are preferred
over benign or malignant designation.

Histological Classification

To unify the pathology of thymic neoplasms in view of
histologic variability and intratumoral heterogeneity, the
WHO in 1999 proposed a histological classification
system which was revised in 2004 (Tables 1 and 2). It
is based on histological assessment of the morphology
of the neoplastic epithelial cells and the non-neoplastic
lymphocytic component [10, 11].

The WHO classification has prognostic significance.
WHO Type A-B2 tumors are more likely to present
with locoregional disease than WHO Type B3-C [12].
The histology can help predict resectability. WHO Type
A tumors are mostly non-invasive hence completely
resectabe as compared with WHO Type B tumors.

Clinical Features

Sex distribution in thymomas is roughly equal though
SEER data suggests a male predominance. Peak age of
onset in thymomas with MG is 4th to 5th decade and
without MG peaks in 7th or 8th decade [13, 14]. Nearly
one half patients are asymptomatic and incidentally dis-
covered on routine examination or investigation. In
symptomatic patients,50 % are related to paraneoplastic
syndromes(PNS) predominantly MG,40 % present with
pain and pressure symptoms and rest have generalized
symptoms such as weight loss or tiredness [15].

Thymic carcinoma which comprises 1 % of thymic
malignancies have a male predominance with mean age
at diagnosis being 47–60 years [16]. In comparison to
thymomas being indolent, thymic carcinomas have high
malignant potential and can be aggressive with poor
prognosis. Initial presentation is usually with cough,
chest pain, phrenic nerve palsy, SVC syndrome or as
an incidental finding [17]. Local invasion of contiguous
mediastinal structures is present in upto 80 % at the
time of diagnosis. Metastases or lymph node spread is
present in 40 % at presentation. The usual sites for
metastases are bones, lungs, pleura and liver.

NETs account for <5 % of all mediastinal neoplasms
with mean age of 54 years(range 15–100 years) and
male predilection [18]. One third cases are incidentally
diagnosed and rest have symptoms secondary to PNS.
Metastases are reported to occur in 20–30 % of cases
affecting liver, lung, pleura and bones. Patients can also
present with pressure symptoms.

Paraneoplastic Syndromes (PNS)

Thymomas are associated with several PNS. Approxi-
mately 30 % of thymomas develop MG while as 10–
12 % patients with MG have thymomas [19]. MG is
characterized by development of autoimmune antibodies
to acetylcholine receptors on the postsynaptic neuromus-
cular junction. Symptoms at presentation include blurred
vision, dysphagia and muscle weakness. Pure red cell
aplasia(PRCA) is the second most common PNS.30–
50 % patients with PRCA have associated thymomas.
Examination of bone marrow reveals an absence of
erythroid precursors and in 30 % decrease in platelets

Table 1 WHO classification for thymic tumors

Tumor
type

Clinicopathological
classification

Description

A benign Medullary, spindle cell thymoma

B1 Category 1 malignant Cortical, lymphocyte rich

B2 cortical

B3 Well differentiated thymic
carcinoma, atypical thymoma

AB Mixed thymoma

C Category 2 malignant Thymic carcinoma

Table 2 Histologic classification of thymic NETs

Grade Mitosis/10HPF Atypia Other features

Low <3 minimal Small foci of necrosis

Intermediate 4–9 cytoplasmic Increased necrosis

High 10 or more nuclear Extensive necrosis
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and leucocyte. Hypogammaglobulinemia is reported in 3–6 %
cases and manifests itself as combined deficiency of both T
and B lymphocyte leading to increased risk of infections.
Other paraneoplastic conditions associated include rheuma-
toid arthritis, thyroiditis, SLE, ulcerative colitis, acute pericar-
ditis, myocarditis, cushings syndrome, sensory motor
neuropathy and hemolytic anemias [20]. PNS are uncommon
in thymic carcinoma having no association with MG. How-
ever in well differentiated thymic carcinoma (WDTC), PNSs
have been described. About one third patients in NETs are
associated with Cushings Syndrome, MEN-1. Unlike carci-
noids of GIT, NETs are rarely associated with carcinoid syn-
drome. Lambert Eaton Syndrome, peripheral neuropathy and
proximal myopathy are also associated with NETs.

Staging of Thymic Tumors

The Masaoka Staging System is the most commonly
used to assess stage (Table 3). It was originally designed
in 1981 and several modifications to this have been
offered, but proved to be of no significant advantage
over original [21, 22]. It assesses the degree of invasion
of capsule and surrounding structures. A WHO Staging
System using the TNM Classification has been pub-
lished in 1994.

Investigations

Blood Tests

It includes complete hemogram, tumor markers like
Beta HCG, AFP to rule out GCTs;T3,T4,TSH as clini-
cally indicated to rule out mediastinal goitre; gamma-
globulins; ACTH, ADH in NETs. To rule out MG,
serum antiacetylcholine receptor antibody levels mea-
sured to avoid respiratory failure during surgery.

Imaging

It includes Chest X Ray-PA & lateral view which may show
mediastinal mass & in 15 % may show calcification. Con-
trast enhanced CT chest is done to delinate local extent,
nodal involvement & metastases. MRI is more sensitive in
defining tumor contour, capsule invasion, intratumoral sig-
nals & vascular involvement.

Nuclear Medicine Imaging

The role of PET/CT in diagnosis, treatment planning,
recurrences has been highlighted by various studies &
has gained acceptance [23]. The role of somatostatin
receptor scintigraphy has been studied in NETs. Gallium
67 is taken by lymphomas & can help in differential
diagnosis.

Biopsy

NCCN guidelines recommend CT guided FNAC or trucut
biopsy for tissue diagnosis in locally advanced or unresect-
able tumours avoiding transpleural approach.

Management

Thymic tumours require a multidisciplinary team approach
involving thoracic surgeons, radiation and medical oncolo-
gists, diagnostic imaging specialists, pulmonologists to de-
termine optimal plan of treatment.

The NCCN guidelines [24] from treatment point of
view has divided thymic tumors into three categories-
localised/resectable, locally advanced/unresectable and
metastatic groups. Determination of resectability must be
done by experienced thoracic surgeons. Surgical resection
(total thymectomy and complete excision of tumour) is
appropriate in resectable tumours. Patients with R0 resec-
tion in thymomas with no capsule invasion (CI) are candi-
dates to be kept under surveillance. If RO resection with CI
or thyroid carcinoma, postoperative radiotherapy (PORT) is
considered. If R1 resection in thymomas, PORT is given and
if R1 resection in thymic carcinomas, PORT and chemother-
apy should be considered. In R2 resection, PORT and che-
motherapy is considered.

Role of Surgery

Complete surgical resection is the mainstay of therapy
& is the most important predictor of long term survival.
Although median sternotomy is the most commonly
used approach, bilateral anterolateral thoracotomies with
transverse sternotomy or clam shell procedure is pre-
ffered with advanced or laterally displaced large tumors.

Table 3 Masaoka staging system [10]

Stage Criteria Complete
resection(%)

5-year
survival(%)

I Encapsulated tumour 100 100

IIA Microscopic capsular invasion 100 98

IIB Macroscopic invasion into
fatty tissue

III Invasion into great vessels,
pericardium, lung

85 89

IVA Pleural and/or pericardial
dissemination

42 71

IVB Lymphatic or hematogenous
mets

52
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VATS & Robotic Assisted Surgery have been used with
acceptable outcomes but long term results are not avail-
able [25].

Goal of surgery is complete excision of the lesion with
total thymectomy and complete resection of contiguous and
noncontiguous disease. Complete resection(CR) may re-
quire the resection of adjacent structures including pericar-
dium, phrenic nerve.pleura.lung and even major vascular
structures. Extended thymectomy involves excision of all
tissues anterior to pericardium from diaphragm to neck and
laterally from one phrenic nerve to the other. During thy-
mectomy, the pleural surfaces should be examined for me-
tastases. CR is reported to be 100 % in stage I tumors. The
success rate falls with higher stages (Table 1). CR is the
most important prognostic factor since patients with stage
III disease can have a similar survival rate if complete
resection is feasible. The histology also can help predict
resectability as WHO type B being invasive have less
chance of CR compared with WHO type A [10].

Role of debulking or subtotal resection is controversial
with conflicting datas in favour and against [26, 27]. Partial
resection has been argued to provide better survival than a
simple biopsy in unresectable cases [28].

Role of Radiotherapy

Radiotherapy is indicated in incompletely resected, locally
advanced, unresectable, recurrent thymic tumors. In stage 1
tumors with CR, adding RT has not shown any added
advantage [29]. PORT is indicated in stage II, III invasive
disease as it decreases recurrence rates after CR from 28 %
to 5 % [30]. Pollack reported an increase in 5 year disease
free survival for stage II to stage IVA from 18 % to 62 %
[31]. For advanced disease, chemotherapy with RT is rec-
ommended. CT based planning & 3D conformal technique
(IMRT) to reduce normal tissue damage is required. A
definitive dose of 60–70 Gy is given to patients with unre-
sectable disease. For adjuvant treatment, a total dose of 45–
50 Gy is used for clear or close margins;54 Gy for micro-
scopically positive resection margin. In patients with gross
residual disease, a total dose of 60 Gy(1.8 to 2 Gy/fraction
per day) is recommended. Extensive elective nodal irradia-
tion is not recommended as thymomas do not commonly
metastasise to regional lymph nodes.

Role of Chemotherapy

Combination chemotherapy have shown good response rates
& have been used in both adjuvant & neoadjuvant settings in
treatment of advanced invasive, metastastatic & recurrent
thymic tumors. Although 6 different combination regimens
are provided, cisplatin/doxorubicin based regimens seem to
yield the best outcome. Following neoadjuvant therapy

complete surgical resection should be attempted where ever
feasible and limited pleural metastases can be resected indi-
vidually, whilst those with extensive pleural diseases may
require chemotherapy or combination of chemotherapy and
radio therapy.

Somatostatin Analogues

The high expression of somatostatin receptors by thymomas
and their avid uptake of radiolabelled octreotide led to the
possible therapeutic option of octreotide with predisolone
and can lead to objective response [32]. Its role in thymic
carcinomas has not been evaluated specifically and role in
NETs has been reported in small series & case reports.

Molecular Targetted Therapy

A number of molecular targets have been identified in
thymic tissues. These are EGFR expression in 80 % thymo-
mas and 50 % thymic carcinomas, c-kit in 73 % thymic
cancers & 5 % thymomas. Gefitinib, cetuximab, dasatinib
are being evaluated and case reports and small series have
shown some therapeutic benefit [33].

Follow Up

Follow up comprises of clinical examination, CT scanning,
blood tests and nuclear imaging including PET/CT or
octreotide scan on 6 monthly basis and continued for at
least 10 years since late metastases have been reported upto
this time following initial surgery(36).

Prognostic Factors

Positive prognostic markers include low grade tumors,
low mitotic activity, no capsular invasion, no metastatic
spread or lymph node involvement and complete resect-
ability of the tumour at surgery. Poor prognostic factors
include presence of associated endocrinopathies, incom-
plete resection of tumor, high grade tumors. The prog-
nosis in patients with primary thymic NETs remains
poor due to aggressive nature and high incidence of
recurrence following surgery.

Conclusion

Tumors of thymus are heterogenous group of tumors rang-
ing from relatively benign thymomas to highly aggressive
carcinomas. Surgery continues to be the mainstay of treat-
ment and complete resection of the tumour remains the most
important prognostic factor. Multimodality therapy seems
an appropriate approach to stage III and IV thymomas.
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Thymic NETs follow an aggressive clinical course. Novel
therapeutic approaches are being evaluated.
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