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Neuroendocrine Tumors of the Thymus

Yao Shen and Song Zhang

The endocrine system is the collection of glands that produce
hormones which regulate metabolism, growth and develop-
ment, sexual function, tissue function, reproduction, sleep,
and mood, among other things. The endocrine system con-
sists of the pituitary gland, thyroid gland, parathyroid glands,
adrenal glands, pancreas, ovaries (in females), and testicles
(in males). In addition to endocrine glands, there are a large
number of scattered endocrine cells in many other organs,
which secreted hormone-like substances playing an impor-
tant role in regulating physiological activities. In 1969,
Pearse [1] named these endocrine cells with amine precursor
uptake and decarboxylation (APUD) cells because they can
synthesize and secrete amines, which are produced by decar-
boxylation of amine precursors (amino acids). With the con-
tinuous expansion of APUD cell types and distribution, it is
found that many neurons in the nervous system also synthe-
size and secrete the same amines and/or peptides as APUD
cells. Therefore, these neurons with secretory function
(secretory neurons) and APUD cells are collectively called
the diffuse neuroendocrine system (DNES). DNES is an
expansion on the basis of APUD and it combined the nervous
system and endocrine system as a whole body, which regu-
late and control the dynamic balance of the body’s physio-
logical activities.

Neuroendocrine tumors of the thymus were first described
by Rosai and Higain [2]. Although thymic tumors are the
most common cause of an anterior mediastinal mass, thymic
neuroendocrine tumors comprise only 4—7% of all anterior
mediastinal tumors and represent only 0.4% of all neuroen-
docrine tumors. According to the definition of WHO for thy-
mic tumor classification in 2004, thymic neuroendocrine
tumor is an epithelial tumor mainly or completely composed
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of neuroendocrine cells. It emphasized that tumor tissue is
mainly or completely composed of neuroendocrine cells,
mainly reflecting that the diagnosis should be differentiated
from thymic carcinoma containing scattered and clustered
neuroendocrine cells.

4.1 Classification

Thymic neuroendocrine tumors were commonly referred to
as thymic carcinoids in the past, but more and more studies
have shown that thymic neuroendocrine tumors are a group
of diseases with obvious differences in biological behavior,
pathological characteristics, clinical manifestations, and
prognosis. The WHO classified thymic neuroendocrine
tumors into four types: typical carcinoid, atypical carcinoid,
small-cell carcinoma (SCC), and large-cell neuroendocrine
carcinoma (LCNEC) according to tumor necrosis, differen-
tiation degree, and proliferation rate in 2004. The descriptive
terms “well-differentiated neuroendocrine carcinoma”
(referring to carcinoids) and “poorly differentiated neuroen-
docrine carcinoma” (referring to LCNEC and SCC) of the
2004 WHO Classification were abandoned in 2015, because
LCNEC and even SCC may be highly differentiated in terms
of neuroendocrine features. Following the strategy in the
lung, the 2015 WHO Classification criteria distinguished
typical and atypical carcinoids as low- and intermediate-
grade neuroendocrine tumors, respectively, from high-grade
neuroendocrine  carcinomas including LCNEC and
SCC. Unlike neuroendocrine tumors in the lung, which are
mainly typical carcinoid, the majority of thymic neuroendo-
crine tumors are atypical carcinoid.

4.2 Pathology

The thymic carcinoid demonstrated typical neuroendocrine

growth illustrated by a nested, organoid, trabecular, or
rosette-like architecture. Typical carcinoids with minimal
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cytologic atypias, disposed in organoid patterns (nests, rib-
bons, or festoons) with fewer than 2 mitoses/2 mm? and no
necrosis. Conversely, atypical carcinoids show the same
morphologic features of typical carcinoid, but with a greater
mitotic activity (2-10 mitoses/2 mm?) and necrosis or no
necrosis. The index may also fewer than 2 mitoses/2 mm?
combined necrosis. SCC is composed of cells with scant
cytoplasm, granular chromatin, inconspicuous nucleoli, and
a high mitotic rate (>10 mitoses/2 mm?). Combined SCC is
SCC combined with any thymoma or thymic carcinoma.
LCNEC consisting of large cells with cytologic neuroendo-
crine features and no small-cell features, arranged in nests or
trabeculae. Diffuse and abundant necrosis and a high number
of mitoses (>10 mitoses/2 mm?) are common. Combined
LCNEC is LCNEC combined with any thymoma or thymic
carcinoma.

Immunohistochemistry may assist to formulate an appro-
priate differential diagnosis. The WHO has defined neuroen-
docrine tumors as those with strong and diffuse expression,
usually more than one of the four neuroendocrine markers
chromogranin A, synaptophysin, CD56, and NSE in more
than 50% of tumor cells.

4.3  Clinical Features

Thymic neuroendocrine tumors usually occur in middle-
aged and elderly people, which mostly at the age of 40-60
years, and mostly in men, with a male-to-female ratio of
about 3:1. Most patients have mild symptoms, mainly as
chest tightness, chest pain, cough, or superior vena cava syn-
drome. A few patients (30%) are found accidentally during
physical examination. Some patients have systemic symp-
toms including anemia, weight loss, and fever. A few patients
see the doctor because of the neck, supraclavicular lymph
node metastasis, or distant metastasis.

Almost 50% of thymic neuroendocrine tumors are func-
tional and are associated with endocrinopathies, the most
common of which are Cushing’s syndrome (adrenocortico-
tropic hormone—ACTH-ectopic production), hypertrophic
osteoarthropathy, and acromegaly (growth hormone-
releasing hormone-GH-RH-hypersecretion). Multiple endo-
crine neoplasia-1(MEN1) syndrome (Wermer syndrome) is
seen in 19-25% of thymic neuroendocrine tumors; this
tumor represents the major cause of death in MEN-1 patients.

4.4 Radiographic Features

The imaging findings of thymic neuroendocrine tumor have
no characteristic changes, mainly in the anterior superior
mediastinum, but also occasionally in the middle mediasti-
num or the posterior mediastinum. When the lesions are
small, it is difficult to detect on X-ray. Most patients are not
detected until clinical symptoms appear when the tumor size
is generally larger. It is reported that the diameter of thymic
neuroendocrine tumor is 2-20 cm, with an average of 8 cm.
Moreover, patients with Cushing syndrome have smaller
lesions, ranging from 3 to 5 cm. CT shows a heterogeneous
or homogeneous mass, which can be round or oval. Unlike
thymic squamous cell carcinoma, 50% of cases have a clear
margin (Fig. 4.1). There are different forms of calcification
in 30% of the tumors, which can be characterized as dotted,
nodular, or linear (Fig. 4.2). Necrosis can be found on histo-
logical examination in 60-80% of tumors, which may be
related to rapid growth and insufficient blood supply
(Fig. 4.3). The contrast-enhanced scan shows mild to moder-
ate enhancement (Fig. 4.4), some of which can be a high
degree of enhancement (Fig. 4.5). Thymic neuroendocrine
tumor usually shows invasive growth along the large blood
vessel space, surrounding and invading the large blood ves-
sel of mediastinum such as the superior vena cava, brachio-

Fig.4.1 A 32-year-old man with thymic carcinoid, contrast-enhanced CT scan revealed an anterior mediastinal huge tumor with clear margin
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Fig. 4.2 A 42-year-old woman with thymic carcinoid, CT scan
revealed an anterior mediastinal huge tumor with calcification (red
arrow) and necrosis

Fig. 4.3 A 47-year-old man with thymic carcinoid, CT scan revealed
an anterior mediastinal huge tumor with necrosis (red arrow)

cephalic vein, pulmonary artery trunk, and ascending aorta.
Cancer embolism can found in the superior vena cava
(Fig. 4.6). Some tumors can directly invade the soft tissue
and bone of the anterior chest wall. Most patients may have
multiple lymph node metastases in mediastinum, hilum, and
supraclavicular. About 30% of patients have distant metasta-
sis including pelvic, liver, intrapulmonary, and extensive
bone metastases when they went to see the doctor. Osteogenic
or thoracic metastasis indicates this diagnosis (Fig. 4.7).
Some LCNEC and SCC cannot differentiate from thymic
carcinomas on imaging (Fig. 4.8).

4.5 Treatment

Surgery is the main curative-intent treatment, and the sur-
vival of patients with surgical resection is significantly better
than that of nonsurgical patients. Complete resection repre-
sents the most significantly favorable prognostic factor on
overall survival. Postoperative radiotherapy can lessen local
recurrence, especially for patients who cannot be completely
removed in the late stage of tumor, but it has no significant
effect on long-term survival. There is no evidence on whether
chemotherapy can be used after the operation, but the appro-
priate chemotherapy can be chosen according to the preop-
erative chemotherapy. Chemotherapy may then be an option
for aggressive disease, but somatostatin analogues and
everolimus are suitable as well.

The overall treatment effect of thymic neuroendocrine
tumor is poor. The 3-, 5-, and 10-year survival rates reported
in the literature are 50-66%, 33-53%, and 0—10%, respec-
tively. In some centers, the 5-year and 10-year survival rates
can reach about 80% and 60%. The main causes of treatment
failure are local recurrence and/or distant metastasis. The
incidence of local recurrence or distant metastasis can be as

Fig. 4.4 A 62-year-old man with thymic carcinoid, the unenhanced and contrast-enhanced CT attention was 40 HU and 72 HU, respectively
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Fig. 4.5 A 33-year-old woman with atypical thymic carcinoid, the unenhanced and contrast-enhanced CT attention was 48.9 HU and 109.9 HU,
respectively

Fig.4.6 A 54-year-old man with thymic carcinoid complained of facial swelling for 1 month. Tubular vascular shadow (red arrow) could be seen
in the tumor, the superior vena cava was invaded, and tumor thrombus (blue arrow) could be seen in it

Fig. 4.7 A 42-year-old woman with thymic carcinoid with thoracic spine metastasis (blue arrow), the tumor showed clear margin, necrosis, and
vascular shadow (red arrow)
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Fig. 4.8 A 39-year-old man with LCNEC. The tumor had irregular margin, uneven internal density, obvious necrosis, and invasion of the
pericardium

high as 20-80%. The treatment of recurrence largely depends
on its extent. Repeated resection may be considered for local
or regional recurrence. For systemic recurrences, manage-
ment relies on multiple treatments, including somatostatin
analogues, chemotherapy regimens, everolimus, and peptide
receptor radiotargeted therapy.

4.6 Prognosis

The prognosis of thymic neuroendocrine tumor is related to
histological grade, clinical stage, endocrine abnormality,
local recurrence, and metastasis. The prognosis of well-
differentiated subtypes is better than that of poorly differen-
tiated subtypes. Similar to thymoma, the later Masaoka
staging suggested the more aggressive and the worse prog-
nosis. The 5-year survival rate of patients with Cushing syn-
drome or MEN-1 is significantly lower than that of patients
without endocrine syndrome. Patients with thymic neuroen-
docrine tumor have a higher rate of lymph node metastasis
(62.3% vs. 33.5%) than patients with thymic carcinomas.
Lymph node metastasis is an independent prognostic factor
that significantly affecting survival time of patients.

4,7 Case Analysis

4.7.1 Casel

A 64-year-old man complained chest tightness for 1 week.
Chest CT: There was a large soft tissue mass in the ante-

rior mediastinum with a clear edge. The contrast-enhanced

scan showed slight uneven enhancement and patches of

enhanced vascular shadow in the lesion, and further enhance-
ment in the venous stage (Fig. 4.9).

[Diagnosis] Atypical thymic carcinoid

[Diagnosis basis] In this case, the superior vena cava is
invaded and moved outward (green arrow), suggesting that
the lesion originated from the mediastinum. The patient is an
elderly male, malignant germ cell tumor may be excluded.
Calcifications (red arrow) and large patchy necrosis with
unclear borders are seen in the lesion. Untreated lymphoma
calcification is rare, and the borders of lymphoma necrosis
areas are more clear, the above characteristics can exclude
the diagnosis of lymphoma. The lesion is located in the ante-
rior mediastinum, thymus-derived tumors need to be consid-
ered. Thymoma is rare in huge thymus soft tissue masses.
This case also has no common complications of thymoma,
such as myasthenia gravis, and does not support the diagno-
sis of thymoma. Thymic carcinoma is larger than thymoma,
and generally has a uniform soft tissue density. It is more
common than thymoma in low-density necrosis area, which
is not proportional to the size of the mass. Vascular invasion
in thymic carcinoma is common. Therefore, this diagnosis of
thymic carcinoma cannot be completely ruled out in this
case. In this case, the enhancement is obvious, the internal
lamellar low-density necrosis and linear vascular-like
enhancement (blue arrow) are characteristic of thymic carci-
noid. Combining calcification is seen in 30% of thymic car-
cinoids, so the diagnosis is considered first. Postoperative
pathology showed that the tumor cells were round/oval,
abundant in cytoplasm, and easy to see mitotic division.
Immunohistochemistry ~ demonstrated  positivity  for
CKpanSyn and CgA, and the staining index for Ki-67 was
about 20-30%. It is consistent with the diagnosis of atypical
thymic carcinoid (Fig. 4.10).



70

Y.Shen and S. Zhang

Fig. 4.9 Chest CT images of a 64-year-old man complained chest tightness for 1 week

[Analysis] Neuroendocrine tumors are uncommon types
of cancers, also known as APUD tumors, which become
increasingly prevalent. The majority of thymic neuroendo-
crine tumors are atypical thymic carcinoid accounting for
approximately 40-50% of all thymic neuroendocrine tumors.
Compared with typical carcinoid, atypical carcinoid usually
exhibits high levels of nuclear isoforms, higher mitotic activ-
ity, and central necrosis of the tumors. Atypical thymic carci-
noid tends to have an aggressive clinical course. These
neoplasms show local recurrence or distant metastasis in
20-30% of patients and reported overall 5- and 10-year sur-

vival rates are 56-77% and 30%, respectively. Atypical
thymic carcinoid has the following features: male predomi-
nance, patients older than 40 years, and rare patients with
myasthenia gravis. The symptoms were atypical, such as
cough, chest pain, phrenic nerve palsy, superior vein cava
syndrome, or an incidental finding.

Images of thymic carcinoids usually demonstrate a large
anterior mediastinal mass. Contrast-enhanced CT is the main
and efficient method used to discover and diagnose medias-
tinal mass. Thymic carcinoid was seen as an irregular soft-
tissue mediastinal mass with heterogeneous enhancement on
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Fig. 4.10 The pathological feature of atypical carcinoid of the
thymus

contrast-enhanced CT was reported by Restrepo et al. [3],
which may present with calcifications or invade surrounding
normal structures. A feature of thymic carcinoid was reported
by Rosado de Christenson et al. [4], that is, presence of sharp
margins, lobular contours, calcification, mediastinal inva-
sion, and distant metastases on CT imaging. Kan et al. [5]
reported that the marginal cystic/necrotic component and
hypervascular signs should be included as a characterization
for the diagnosis of atypical carcinoid tumors. Shimamoto
et al. [6] reported that thymic carcinoids tended to have a
high prevalence of large masses, irregular contours, hetero-
geneous intensity on T2 weighted images, heterogeneous
enhancement, and local invasion on CT and/or MRI. Necrotic
or cystic component is often seen in atypical carcinoid.
Radiologic features of thymic carcinoid mimic those of high-
risk thymomas and/or thymic carcinomas.

4.7.2 Case2

A 75-year-old man complained chest tightness, cough, and
expectoration for more than 1 year, aggravation with fever
for 2 weeks.

Chest CT: A large mass in the left middle mediastinum
with clear margin, compression, and displacement of the
heart and large vessels, and the contrast-enhanced scan
showed significant geographic pattern enhancement
(Fig. 4.11).

[Diagnosis] Thymic carcinoid

[Diagnosis basis] As an elderly male with lateral medias-
tinal tumors, thymic tumor is the first consideration. The
mass is so large that the possibility of thymus neuroendo-
crine tumor is high. The mass is oval, with a clear boundary.
The contrasted-enhanced scan is a high degree of enhance-

ment, and the necrosis and vascular shadow are obvious.
Thus, the possibility of thymic carcinoid is considered first.
The surgical specimen shows that the lesion originated from
mediastinum and the pathology is thymic carcinoid.
Immunohistochemistry demonstrated positivity for Syn,
CgA, NSE, CD56 and CK, and the staining index for Ki-67
was about 2%.

[Analysis] Thymic carcinoids are rare tumors that are his-
tologically closely related to neuroendocrine carcinomas of
other organ systems. In immunohistochemistry, the charac-
teristics of the tumors include consistent expression of pan-
cytokeratin, CAMS5.2, chromogranin A, synaptophysin,
neuron-specific enolase, and CD56. CgA is considered to be
the most reliable marker, while small- and large-cell carcino-
mas are usually weakly positive or negative. PAX8 was
found to label not only thymomas and thymic carcinomas
but also approximately one-third of thymic carcinoids,
whereas TTF-1 is only rarely expressed. Although TTF-1
negative and PAXS positive are more common in thymic car-
cinoids, immunohistochemical markers do not clearly differ-
entiate between thymic and primary neuroendocrine tumors
of lung. The survival rate for patients with thymic carcinoids
is significantly worse than patients with pulmonary
primaries.

Unlike thymoma, thymic carcinoid is not associated with
myasthenia gravis and pure red cell aplastic anemia.
However, compared with thymoma, it has more invasive
behaviors and distant metastasis is easy to occur with inva-
sion and metastasis in 20~50% of patients. The most com-
mon sites of metastasis are regional lymph nodes, lung, and
bone. Bone metastases often present as osteogenic bone
destruction, and bone scan shows multiple abnormal radio-
active concentrations, which is helpful for the diagnosis of
the disease.

The most effective treatment and an important prognostic
factor is complete resection. Due to the high rate of recur-
rence and metastasis of these tumors, lymph node sampling
should be performed during resection. Nodal staging may
help to guide adjuvant treatment. Systemic nodal dissection
or sampling is yet to be standardized. For patients with unre-
sectable or metastatic tumors, the recommendation is che-
motherapy with or without radiotherapy. However, its clinical
use is limited due to its toxic and side effects. For those who
have positive somatostatin receptor imaging, somatostatin
analogues (SSAs) may be an option. Targeted therapeutic
drugs, such as tyrosine kinase inhibitors (e.g., sunitinib) and
mTOR inhibitors (everolimus), may be beneficial in the
treatment of atypical thymic carcinoid, but neither has been
shown to achieve significant tumor shrinkage. In this case,
the edge of the tumor is clear and neat, and there is no adhe-
sion between the tumor and the surrounding structures dur-
ing the operation, so the tumor can be completely removed
with a good prognosis.
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Fig. 4.11 Chest CT images of a 75-year-old man complained chest tightness, cough, and expectoration for more than 1 year, aggravation with
fever for 2 weeks.
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4.7.3 Case3

A 46-year-old woman complained of obesity, darkening of the
skin, hair growth for 7 years, and aggravation for 6 months.
The patient’s appetite increased 7 years ago consciously and
the staple food was 1.2-1.5 kg a day. Her weight increased
30 kg within 2 months, accompanied with black and oily skin
and increased beard. Five years ago, the patient was admitted
to the hospital and found serum cortisol higher than normal
(the resultis unknown). Her blood pressure was 240/160 mmHg
and the glucose tolerance test showed hyperglycemia, and no
abnormality was found on the pituitary MRI. She took cypro-
heptadine two tablets at a time, three times a day; captopril one
tablet at a time, one time a day; metformin two tablets at a
time, three times a day. Her blood pressure was maintained at
about 140/90 mmHg and do not follow the blood glucose. She
stopped to take cyproheptadine after 2 years by herself. The
pituitary MR imaging was performed 3 years ago and still
found no abnormality. The patient’s weight kept increasing,
with gasping after activity, swollen legs, and streaming eyes
for nearly half a year. Ten days ago, the patient’s serum corti-
sol levels were found as 797 nmol/L and 679 nmol/L at 0800
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and 1600, respectively. She was diagnosed as
“Hypercortisolism and Diabetes mellitus” after the glucose
tolerance test. Metformin was given two tablets at a time, three
times a day; captopril was given one tablet at a time, one time
a day, but the symptoms did not improve significantly. Her
blood pressure was 160/113 mmHg and weighed 73 kg.
Physical examination revealed typical Cushingoid features,
such as moon face, central obesity, dark skin, multiple acne in
face and back skin, low hairline, thickened hair, and visible
beard. Serum adrenocorticotrophic hormone (ACTH) levels
were found as 95.66 pg/ml, 157.9 pg/ml, and 231.0 pg/ml at
00 00, 0800, and 1600, respectively. Both low- and high-dose
dexamethasone suppression tests were normal. B-ultrasound
showed enlargement of external muscles of both eyes.
Abdominal CT showed bilateral adrenal hyperplasia.

Chest CT: A soft tissue mass measured 5.8 cm x 3.0 cm
located in the anterior mediastinum, with spot or strip calci-
fications. The unenhanced and contrast-enhanced CT atten-
tions were 38 HU and 72 HU, respectively. The lesion
showed invasive growth with unclear demarcation with sur-
rounding tissues, and that bilaterally brachiocephalic veins
and superior vena cava were involved (Fig. 4.12).

Fig.4.12 Chest CT images of a 46-year-old woman
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[Diagnosis] Atypical thymic carcinoid with ectopic
ACTH syndrome

[Diagnostic basis] This patient has a history of hypergly-
cemia, hypertension, and obesity for 7 years. Both cortisol
and ACTH increase and the circadian rhythm disappears.
The low- and high-dosed examethasone suppression tests are
both negative. Physical examination shows a typical Cushing
syndrome. Pituitary and adrenal diseases are excluded and
ectopic ACTH syndrome is considered first. The patient is a
middle-aged woman with lateral mediastinal mass so that
thymic tumor is considered firstly. Its internal density is not
uniform and this is some spot or strip calcifications (blue
arrow). The contrast-enhanced scan shows moderate
enhancement and obvious vascular invasion (red arrow). The
tumor thrombus in the superior vena cava is formed. So, the
atypical thymic carcinoid is considered firstly. Transthoracic
tri-cut biopsy was performed, and pathological examination
revealed atypical thymic carcinoid.

[Analysis] Cushing’s syndrome (CS) is a set of clinical
symptoms that occur as a result of hypercortisolemia. An
excessive concentration of cortisol in the body can have
either exogenous or endogenous (adrenals, pituitary, ectopic)
etiology. In most cases, its origin is iatrogenic. The incidence
of endogenous CS varies from 0.2 to 5 cases in a million of
the population in a year, with a median age of onset around
41.4 years and a female preponderance in a 3:1 ratio. There
are two forms of endogenous CS: excessive secretion of
ACTH causing ACTH-dependent, and ACTH-independent,
caused by autonomous hyperactivity of the adrenal cortex.
Compared with ectopic ACTH syndrome (EAS), Cushing
disease (CD) caused by an ACTH-secreting pituitary ade-
noma is more common, while corticotropin-releasing
hormone-producing tumors causing CS are exceedingly rare
(<1%).

The first descriptions of CS concerning ACTH-secreting
tumors not located in the pituitary gland come from 1928.
The term of EAS was first proposed by Liddle in 1963 [7].
The most common cause of EAS is small cell lung cancer
(45%), followed by thymic (15%), bronchial (15%), and
pancreatic neuroendocrine tumors (10%). EAS from thymic
neuroendocrine tumors is seen in 40-50% of hormonally
active thymic neuroendocrine tumors. A meta-analyses of
EAS cases reported in the literature have shown that males
had a clear advantage and appeared earlier in the second and
third decades of life. The intensity of symptoms in patients
with ectopic ACTH-producing tumors depends on the serum
cortisol levels and the growth rate of the tumor. EAS from
thymic neuroendocrine tumors has a worse outcome than
that of biochemically inactive thymic tumors, which may be
due to its inherent aggressiveness coupled with the devastat-
ing metabolic derangements resulting from CS.

Due to the lack of specific CT manifestations of thymic
carcinoid, it is necessary to closely combine the clinical data.

When the anterior mediastinal lesions are complicated with
endocrine symptoms, the diagnosis of thymic carcinoid
ought to be considered first; when there is a definite clinical
manifestation of Cushing syndrome without pituitary tumor
or adrenal adenoma, or with pituitary tumor combined with
adrenal hyperplasia, chest CT scan should be performed to
find tumors less than 1 cm in diameter.

In a series of 74 cases studied by Wick et al. [8], the thy-
mic neuroendocrine tumors associated with CS had a higher
10-year mortality rate (65%) than those without endocrinop-
athy (29%) or those with multiple endocrine neoplasia
(50%). Neary et al. [9] studied 12 cases (eight males and four
females) diagnosed between 1986 and 2010 with CS and
thymic neuroendocrine tumors who underwent surgical
resection. Eleven of Twelve patients presented have classic
features of CS at a median age of 21 years (range, 7-51). All
patients underwent thymectomy. Among them, 9 of 10
tumors exhibited positive ACTH immunochemistry. Median
tumor diameter was 5 cm (range, 1-11.5). Six patients
recurred 20-28 months after surgery with metastases to
mediastinal lymph nodes (n = 5), bone (n = 5), liver (n = 1),
parotid gland (n = 1), and breast (n = 1). Four of five patients
treated with radiation therapy also received chemotherapy.
All recurrent patients received ketoconazole; four later
underwent bilateral adrenalectomy. Six recurrent patients
died 22-90 months (median, 57) after thymectomy. At last
review, six patients were alive 14-90 months (median, 49)
after thymectomy. Thus, thymic ACTH-producing neuroen-
docrine tumor is an aggressive disease that should be consid-
ered in CS with ectopic ACTH secretion, particularly in
younger patients.

Treatment options for thymic carcinoids are surgical exci-
sion, chemotherapy, somatostatin receptor analogs, and
radiotherapy. Due to the aggressivity of atypical carcinoid,
lesions are usually diffuse and multifocal; therefore, only a
limited number of patients can achieve the surgical cure.
Although different chemotherapy regimens are recom-
mended, the success rate is <30%. Ose et al. [10] retrospec-
tively examined 30 patients with thymic neuroendocrine
tumor, 5- and 10-year survival was determined as 77% and
35%, whereas relapse-free survival was 48% and 29%, and
cancer-specific survival was 90% and 48%, respectively. The
overall survival rate of patients who received macroscopic
complete resection was significantly higher. As for relapse-
free survival patients, TNM Stage I or II and received adju-
vant therapy patients showed good survival rates.

4.7.4 Case4

A 47-year-old man complained of fatigue, dizziness, central
obesity for more than 2 months. He went to the hospital half
a month ago. Chest CT showed anterior mediastinal soft tis-
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sue mass. Adrenal CT showed bilateral adrenal hyperplasia.
Serum cortisol levels were found at 1306 nmol/LL and 1524
nmol/L at 0800 and 1600. The level of aldosterone was 216
pg/ml, the level of angiotensin II was 157 pg/ml, and the
level of renin was 0.5 ng/L. The high-dose dexamethasone
suppression test was unable to suppress serum cortisol lev-
els. He was hospitalized for further treatment. His blood
pressure was 149/66 mmHg. Physical examination revealed
typical Cushingoid features, such as full moon face, central
obesity, and slight pitting edema of lower limbs. Serum glu-
cose was 8.04 mmol/L, serum potassium was 2.8
mmol/L. Serum cortisol levels were found as 1388 nmol/L,
1930.8 nmol/L, and 1511 nmol/L at 1600, 00 00, and 0800,
respectively. Serum aldosterone was 904.3 pg/ml. Serum
corticotropin levels were found as 113.0 pg/ml, 63.80 pg/ml,
and 209.3 pg/ml at 1600, 00 00, and 0800, respectively. No
significant abnormality was found on MRI in the sellar
region. Abdominal CT showed bilateral adrenal
hyperplasia.

Chest CT: There is nearly circular soft tissue density nod-
ular with a clear boundary in the left anterior mediastinum,
without obviously enlarged lymph nodes in mediastinum
(Fig. 4.13).

[Diagnosis] Thymic carcinoid with ectopic ACTH
syndrome

[Diagnostic basis] Intraoperatively, obvious hyperplasia
was observed in both the left and right thymus lobes, and a
2 cm x 1.5 cm x 2 cm tumor was found in the left upper lobe
of the thymus gland. The thymus tumor was resected com-
pletely. Pathology was thymic carcinoid with incomplete
capsule. Immunohistochemistry demonstrated positivity for
CK (partial), Syn, CgA, NSE, and ACTH, and the staining
index for Ki-67 was <1%. The blood cortisol and corticotro-
pin were normal (454.80 nmol/L, 41.58 pg/ml) and potas-
sium was also normal (4.6 mmol/L) at 10 days after
surgery.

-

Fig.4.13 Chest CT images of a 47-year-old man

75

[Analysis] EAS is usually associated with typical carci-
noids or small cell lung cancers, while it has been observed
with other tumors including medullary thyroid carcinomas,
pheochromocytomas, pancreatic islet cell tumors, and pros-
tate carcinomas. In contrast to EAS caused by SCLC with its
rapid onset and progression, slowly growing, small neuroen-
docrine tumors causing EAS is often difficult to distinguish
from Cushing’s disease (CD) based on their clinical, endo-
crine, and biochemical features. Thymic neuroendocrine
tumors causing EAS occurs at any age (4—64 years, mostly
between 20 and 40 years old). The most common manifesta-
tions include Cushingoid features indistinguishable from
CD, but hypertension, severe hypokalemia, and edema are
more frequent than CD.

Investigation of EAS begins with clinical suspicion con-
firmed with biochemical evidence of hypercortisolism and
elevated ACTH, followed by localization of the source: pitu-
itary or ectopic. Various case series have confirmed that an
ACTH level >200pg/mL suggests EAS over CD. Imaging
studies are used to visualize the extent of tumor and assess
metastatic disease.

Thymic carcinoid with Cushing syndrome has smaller
lesions, which is consistent with this case. EAS is a clinical
syndrome caused by tumor cells outside the pituitary secret-
ing a large amount of ACTH, causing adrenal hyperplasia and
releasing a large amount of cortisol. It is a kind of heterolo-
gous endocrine syndrome, which can appear in the early stage
of the tumor even before the tumor symptoms and can also
appear in the late stage of the tumor. In general, the hormone
secretion of tumor is not regulated by internal factors, nor is it
inhibited by exogenous hormones. Hormone levels can drop
after effective treatment. The dexamethasone test fails to
improve the symptoms and signs in patients of thymic carci-
noid with EAS. Patients will have hypokalemia and meta-
bolic diabetes. The imaging examination indicates that the
adrenal glands are significantly enlarged and the symptoms
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cannot significantly be relieved even the adrenal gland is
removed by surgery. Severe hypokalemia can lead to arrhyth-
mia or even threat to life. Blood cortisol and ACTH levels
decrease rapidly after the operation, and the short-term effect
of the operation is obvious. Active potassium supplementa-
tion before surgery and hormone replacement after surgery
can help patients to pass the perioperative period safely.

4.7.5 Case5

A 46-year-old man complained of chest tightness for 2
months and eyelid edema for 1 week. Serum NSE was
99.89 ng/ml (normal 0~20.5).

Chest CT: A soft tissue mass of anterior mediastinum
with mild enhancement (Fig. 4.14).

Fig.4.14 Chest CT images of a 46-year-old man complained of chest tightness for 2 months and eyelid edema for 1 week
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[Diagnose] Small-cell carcinoma of the thymus

[Diagnose basis] A middle-aged man with a soft tissue
mass in the anterior mediastinum, a thymic tumor is first con-
sidered. The superior vena cava is involved and displaced
(blue arrow), vascular shadow can be seen in the mass (red
arrow), mediastinal lymph nodes show enlargement and
fusion (green arrow). Combined with a significant increase in
NSE, support the diagnosis of small-cell carcinoma of the
thymus. Puncture pathology showed that the cancer cells
were arranged in nests. Immunohistochemistry demonstrated
positivity for CK, CK19, CD117, CgA, and Syn, and negativ-
ity for CK5/6, CD20, TdT, and CDS5, and the staining index
for Ki-67 was 60%. Pathology combined with immunohisto-
chemistry, small-cell carcinoma of the thymus is considered.

[Analysis] Small-cell carcinoma (SCC) of the thymus is
high-grade tumors with small cell morphology (scant cyto-
plasm, often fusiform tumor cells with ill-defined cell mem-
branes, and nuclei with “pepper and salt-chromatin” without
prominent nucleoli). Crush artifacts, high mitotic count, and
extensive necrosis are characteristic findings. The majority
of SCC originates in the lung, and those originating from
extrapulmonary organs are rare, accounting for only 2.5-4%
of SCC. SCC accounts for only about 10% of all thymic neu-
roendocrine tumors with an estimated incidence of 1 per 50
million inhabitants. Immunohistochemical markers are
important for the diagnosis of SCC of the thymus. Most but
not all tumors show keratin expression. Expression of neuro-
endocrine markers is common, but not required for the diag-
nosis. Similar to SCC in other (extrapulmonary) organs, the
detection of TTF-1 cannot prove to be a primary tumor of the
lung, but should always prompt close correlation with clini-
cal findings. The genetic characteristics of thymic SCC and
pulmonary SCC are not significantly different.
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Nearly half of the patients have no symptoms before the
surgery, most of which are discovered accidentally during
chest examinations. A small number of patients only have
anterior chest pain, cough, hemoptysis, shortness of breath,
and other nonspecific symptoms. At the time of diagnosis,
most tumors are in an advanced stage with infiltration of
neighboring organs, such as pericardium or lungs, or with
distant metastases to the lung, brain, liver, or bone. A few
patients may be associated with abnormal endocrine symp-
toms, mainly Cushing syndrome, which is related to ectopic
secretion of ACTH by tumor cells.

The imaging findings of SCC of the thymus have no spec-
ificity. CT can clearly show the soft tissue mass of the ante-
rior mediastinum. Due to the invasive growth of the tumor,
the majority of the boundary is unclear, and the low-density
fat gap between the tumor and the surrounding structure dis-
appears. There is an uneven enhancement and the superior
vena cava and trachea are often compressed and deformed.
The tumor may surround the large blood vessels in the late
stage of disease. In addition, mediastinal lymph nodes
enlargement often can be seen, which is most common in
mediastinal tumors with small-cell carcinoma and lym-
phoma (Fig. 4.15). MRI can help determine whether a tumor
has invaded surrounding tissue.

4.7.6 Case6

A 55-year-old man with postoperative colon cancer for more
than 3 years. Physical examination showed the mediastinum
occupation for more than 2 years. The patient has undergone
radical ileocecal tumor resection for “intussusception” 3
years ago and the postoperative pathology showed moder-

Fig.4.15 A 57-year-old man with small-cell carcinoma of the thymus, showing intravascular tumor shadow (red arrow), mediastinal lymphade-

nopathy (blue arrow), and left phrenic nerve paralysis (green arrow)
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ately differentiated adenocarcinoma, invading the whole
layer. The patient undergoes adjuvant chemotherapy for 3
cycles and having good postoperative recovery. CT examina-
tion on April 17, 2013, showed a nodule with rich blood sup-
ply in the anterior mediastinum. No treatment is given. CT
examination on October 21, 2015, showed that the volume of
the anterior mediastinal tumor increased significantly com-
pared with that of 2013. The patient had hypertension for 20
years and diabetic for 10 years. He had a 3-year history of

abdominal lipoma resection and an 1-year history of lipoma
resection in the buttock.

Chest and abdomen CT: A oval soft tissue mass with clear
boundary in the left anterior mediastinum, the unenhanced
and contrast-enhanced CT attention was 35HUand 66HU,
respectively (Fig. 4.16).

[Diagnosis] Thymic carcinoid with MEN1

[Diagnostic basis] A middle-aged male with oval soft tis-
sue mass in the left anterior mediastinum, contrast-enhanced

Fig.4.16 Chest CT images of a 55-year-old man with postoperative colon cancer for more than 3 years
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scan with moderate enhancement, the tumor vessels (red
arrows) are clearly seen, thymic carcinoid is first considered.
The patient has a history of lipoma resection in the abdomi-
nal wall and buttock. The neck CT shows parathyroid ade-
noma (green arrows), abdominal CT shows pancreatic
neuroendocrine tumor (white arrows), and bilateral adrenal
pheochromocytoma (yellow arrows), all of them support the
diagnosis of thymic carcinoid with MEN-1. The mediastinal
tumor was surgically removed, with a size of 8.5 cmx7
cmx5.5 cm and partial capsule attached to the surface. The
cut surface was sallow and gray-red with coarse quality and
bleeding. Pathology showed neuroendocrine carcinoma
(atypical carcinoid), infiltrating the capsule and reaching the
surrounding adipose tissue. Immunohistochemistry demon-
strated positivity for CKpan, Syn and CD56, and negativity
for CgA and CK5/6. The staining index for Ki-67 was
20-30%.

[Analysis] Multiple endocrine neoplasia type 1 (MEN1)
is an autosomal dominant tumor syndrome arising from an
inactivating mutation on a tumor suppressor gene located on
chromosome 11q13. If an individual has two or more pri-
mary MEN-associated endocrine tumors (parathyroid ade-
noma/hyperplasia, gastroenteropancreatic  tumor, and
pituitary  adenoma), MENI can be diagnosed.
Hyperparathyroidism is most common and the incidence rate
reaches 90%; pancreatic neuroendocrine tumor occurs in
60% and pituitary adenoma in 40% cases. In addition to
these most common findings, the MEN1 patient may also
develop other endocrine and nonendocrine tumors like carci-
noid tumors of the thymus, bronchus, or stomach, cutaneous
tumors, adrenocortical tumor, central nervous system tumors,
lipoma, leiomyoma, collagenoma, and angiofibroma. The
mutation site of the gene is not unique. Therefore, since the
MEN-1 gene was first cloned in 1997, various patterns of
mutation have been reported. Familial MEN-1 can be diag-
nosed if at least one first-degree relative also has one of the
parathyroid adenoma, gastric, pancreatic and intestinal
tumors, and pituitary tumors. Sporadic MEN-1 can be diag-
nosed if there is no family history. Carrying out the MEN1
gene test in an index case can confirm the diagnosis and
allow early detection of asymptomatic mutation carriers,
before MEN1-associated tumor can be detected. However,
about 20% of MEN1 kindred have no mutation in the MEN1
gene. Unfortunately, there is no genotypic—phenotypic cor-
relation in MEN1, which leads to different manifestations,

even among family members, but nonsense and splicing
mutations are associated with more aggressive neuroendo-
crine tumors. In this case, there are lipoma, parathyroid ade-
noma, pancreatic neuroendocrine tumor, and bilateral
adrenal pheochromocytoma, in which gene sequencing
shows a compound heterozygous mutation in exon 10 of the
MENTI1 gene. Therefore, it is diagnosed as MEN1.

There are 3—-8% of MEN-1 patients involved with thymic
neuroendocrine tumor. However, some studies found that
thymic neuroendocrine tumors accounted for about 20% of
the total deaths in patients with MEN1. Endocrine pancreatic
tumor and thymic carcinoid are the two major causes of
death in MEN1 patients. Chest screening by CT or MRI is
strongly recommended for MEN patients because their thy-
mic carcinoids are associated with a poor prognosis. The
general principle of MENI1 treatment is surgical resection of
the lesion, supplemented by medical treatment.

References

1. Pearse AG. The cytochemistry and ultrastructure of polypeptide
hormone-producing cells of the APUD series and the embryo-
logic, physiologic and pathologic implications of the concept. J
Histochem Cytochem. 1969;17:303-13.

2. Rosai J, Higa E. Mediastinal endocrine neoplasm, of probable thy-
mic origin, related to carcinoid tumor. Clinicopathologic study of 8
cases. Cancer. 1972;29:1061-74.

3. Restrepo CS, Pandit M, Rojas IC, et al. Imaging findings of expans-
ile lesions of the thymus. CurrProblDiagn Radiol. 2005;34:22-34.

4. Rosado de Christenson ML, Abbott GF, Kirejczyk WM,
et al. Thoracic carcinoids: radiologic-pathologic correlation.
Radiographics. 1999;19:707-36.

5. Kan X, Wang P, Gong Z, et al. Investigation on computed tomogra-
phy features of primary thymic atypical carcinoid tumors. J] Comput
Assist Tomogr. 2017;41:990-4.

6. Shimamoto A, Ashizawa K, Kido Y, et al. CT and MRI findings of
thymic carcinoid. Br J Radiol. 2017;90:20150341.

7. Liddle GW, Island DP, Ney RL, et al. Nonpituitary neoplasms and
Cushing’s syndrome. Ectopic ‘adrenocorticotropin’ produced by
nonpituitary neoplasms as a cause of Cushing’s syndrome. Arch Int
Medi. 1963;111:471-5.

8. Wick MR, Scott RE, Li CY, et al. Carcinoid tumor of the thymus. A
clinicopathologic report of seven cases with a review of the litera-
ture. Mayo Clin Proc. 1980;55:246-54.

9. Neary NM, Lopez-Chavez A, Abel BS, et al. Neuroendocrine
ACTH-producing tumor of the thymus--experience with 12 patients
over 25 years. J Clin Endocrinol Metab. 2012;97:2223-30.

10. Ose N, Maeda H, Inoue M, et al. Results of treatment for thymic
neuroendocrine tumours: multicentre clinicopathological study.
Interact Cardiovasc Thorac SurAjn. 2018;26:18-24.



	4: Neuroendocrine Tumors of the Thymus
	4.1	 Classification
	4.2	 Pathology
	4.3	 Clinical Features
	4.4	 Radiographic Features
	4.5	 Treatment
	4.6	 Prognosis
	4.7	 Case Analysis
	4.7.1	 Case 1
	4.7.2	 Case 2
	4.7.3	 Case 3
	4.7.4	 Case 4
	4.7.5	 Case 5
	4.7.6	 Case 6

	References


