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Abstract. Primary thymic atypical carcinoid (TAC) is a type 
of extremely rare neuroendocrine tumor. Approximately 
one‑third of patients with TAC tumors are asymptomatic, 
and no treatments of TAC have been rigorously tested in 
multicenter clinical trials. To date, there has been no previous 
case report of TACs with multiple skull metastases. The 
present report describes a case of a 56‑year‑old male patient 
with a primary TAC and multiple axial skeleton metastases, 
including multiple bilateral metastases to the parietal bones, 
outer wall of the orbital cavities, and the petrous apex, as well 
as metastases to the suprasellar region and the clivus. The 
histological examination confirmed the diagnosis of TAC. 
Single‑photon emission computed tomography, computed 
tomography and magnetic resonance imaging scans revealed 
multiple bone metastases. The patient refused chemotherapy 
and radiotherapy and only accepted alleviative treatment, and 
died 89 days after diagnosis. This type of cancer is highly 
malignant with an extremely short natural course and high 
disease‑related mortality. In addition, a review of the literature 
was performed to provide a reference for proper diagnosis and 
treatment of TACs.

Introduction

Carcinoids are carcinomas arising from the neuroendocrine 
system and are composed of cells that have features of 
both nerve cells and endocrine cells. Thymic carcinoids 
are exceedingly rare malignant tumors accounting for 
approximately 2 to 5% of all thymic tumors and 0.4% of all 
carcinoid tumors with an incidence rate of approximately 
0.2 per 1,000,000 population per year (1). This type of tumor 
occurs over a wide age range (median age, 54 years) and has a 
male predilection ratio of 3:1 (2).

According to the WHO classification, two main carcinoid 
subtypes have been established: Typical and atypical. 
The subtypes can be distinguished based on morphology, 
mitosis count and the presence or absence of necrosis  (3). 
Thymic atypical carcinoids (TACs) are considered to be 
well differentiated neuroendocrine carcinomas (4). The term 
‘atypical’ is applied to those tumors observed histologically 
to have carcinoid architecture, increased mitotic activity, and 
necrosis. Compared with typical carcinoids, primary TACs 
are rare and more aggressive, often connected with a poorer 
prognosis (5); the 5‑year survival rate of TAC is ~80%, while 
that of a typical carcinoid is 100% (6).

Although occurrences of TACs have been previously 
documented, a TAC with multiple skull metastases, including 
metastases to the wall of the orbital cavities, the suprasellar 
region, clivus, bilateral petrous apex and cervical vertebrae, 
has not been previously reported. This patient only survived 
89  days after being diagnosed, indicating the extreme 
malignancy of TACs.

Case report

A 54‑year‑old Chinese male was admitted to Wuhan Union 
Hospital in November, 2019 (P.R. China) with complaints of 
lower back pain for over 1 year, which had worsened since 
the previous week, and not accompanied by cough, fever, 
headache, expiratory dyspnea, thoracalgia, hoarseness or 
dysphagia. Physical examination revealed elevated blood pres‑
sure of 146/95 mmHg. No cutaneous masses or ulcerations 
were identified. The range of motion activity of his waist and 
legs was limited because of the stiffness of his lumbar verte‑
brae. Beyond that, the patient felt no numbness or pain in his 
legs and demonstrated grade 5 muscle strength. The patient 
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exhibited normal physiological reflexes, bowel movements and 
urine and had not lost or gained weight.

Initial laboratory findings showed elevated levels of 
serum carbohydrate antigen (CA)  125, CA  199, ferritin 
and neuron‑specific enolase (NSE), which were marked as 
tumor biomarkers (Table I). The levels of plasma D‑dimer 
and fibrinogen were also increased, suggesting increased 
blood viscosity (Table  I). No blood chemistry abnormali‑
ties including β‑2 microglobulin, lactate dehydrogenase and 
calcium concentrations were observed. In addition, the 
basal endocrinological examination revealed normal levels 
of serum cortisol, plasma adrenocorticotropic hormone 
(ACTH), follicle‑stimulating hormone, luteinizing hormone, 
thyrotropin, parathyroid hormone, renin activity, aldosterone, 
epinephrine, norepinephrine and dopamine. The HIV antibody 
tested negative.

Contrast‑enhanced computed tomography (CT) of the 
thorax revealed that after contrast agent was administered, a 
mildly enhanced soft tissue mass measuring 2.1x3.5x3.2 cm 
with a sharp border in the left upper mediastinum next to 
the ascending aorta was observed, with necrosis within it. 
Multiple ribs and thoracic vertebrae were damaged, but no 
enlarged lymph nodes or lung metastases were found (Fig. 1A). 
Contrast‑enhanced CT of the abdomen did not reveal any 
metastatic nodules in the liver, spleen or pancreas, nor did 
any enlarged lymph node in the retroperitoneum. However, 
multiple lumbar vertebrae damages were observed (Fig. 1B). 
Single‑photon emission computed tomography  (SPECT) 
revealed increased uptake of imaging agent in multiple bones, 
including bilateral rib bones, thoracic vertebrae, lumbar 
vertebrae as well as the skull, which indicated multiple bone 
metastases (Fig. 1C).

For diagnostic purposes, the patient underwent a 
CT‑guided, percutaneous tissue biopsy. High‑magnification 
optical microscopy showed a clustered growth pattern 
with 2  mitoses/10  high‑power fields  (HPFs) (Fig.  2). 
Immunohistochemically (Fig. 3), most tumor cells were posi‑
tive for pan‑cytokeratin (PCK), cytokeratin 8/18 (CK8/18), 
epithelial membrane antigen (EMA), cluster of differentia‑
tion 56 (CD56), and synaptophysin (Syn), and the cells had a 
Ki‑67 labeling index (LI) of 5%. The tissue was negative for 
chromogranin A, leukocyte common antigen (LCA), thyroid 
transcription factor‑1 (TTF‑1), S‑100 and CD99.

Four days after the biopsy, the patient complained of a 
headache, which was alleviated by mannitol and dexametha‑
sone. Contrast‑enhanced magnetic resonance imaging (MRI) 
(Fig. 1D) scans of the head revealed bilateral damage to the 
parietal bones, outer wall of the orbital cavities, and petrous 
apex, as well as damage to the suprasellar region, clivus, and 
cervical vertebrae. Damages were also exhibited on multiple 
cranial bones (Fig. 1E). However, no meningeal or paren‑
chymal metastases were observed.

The patient was admitted to the hospital with a pain score 
of 8‑9. During the hospitalization, the patient was first given 
200 mg celecoxib capsules (Celebrex) orally every 12 h, but his 
pain was not relived. Thus, the patient was instead given oxyco‑
done and acetaminophen tablets (Tylenol 1#) orally every 6 h; 
however, the pain was still unbearable. Finally, the patient's 
pain was controlled when 30 mg oxycodone hydrochloride 
prolonged‑release tablets (OxyContin) were administered 

orally every 12 h with 200 mg Celebrex capsules, and 7.5 mg 
dexamethasone pills were administered orally daily.

After the examinations were completed, the patient was 
diagnosed with stage IVb TAC according to Masaoka staging. 
Considering the lymphatic and extensive bone metastases, 
chemotherapy and radiotherapy were recommended to this 
patient. However, the patient refused to take any chemotherapy 
or radiotherapy and only received alleviative treatment until he 
died on February 20th, 2020, 89 days after he was diagnosed.

Discussion

Thymic neuroendocrine tumors (NETs) are rare tumors, 
In SEER database, the incidence of thymic NETs was 
0.02/100,000 population per year (7). Consequently, most data 
about thymic NETs are shown in case reports. The prevalence 
of thymic NETs is ~3% of the total number of NETs at all 
sites (8). Despite the benign behavior that the name suggests, 
thymic NETs are known to be more aggressive than NETs in 
other parts of the body, frequent metastases, and occurrence 
as a component of multiple endocrine neoplasia‑1 (MEN‑1) in 
~25% of cases (9).

Thymic NETs are derived from Kulchitsky cells, which exist 
in normal thymic tissue and are part of the amine precursor 

Table I. Laboratory findings at admission.

Parameters	 Value	 Normal range

Serum tumor marker		
  AFP, µg/l	 0.03	 0.89‑8.78
  CEA, µg/l	 3.34	 <5.0
  CA125, U/ml	 78.93a	 <35.0
  CA19‑9, U/ml	 120.55a	 <37.0
  CA15‑3, U/ml	 15.34	 <31.3
  FERR, µg/l	 767.11a	 21.8‑275
  fPSA, µg/l	 0.04	 <0.93
  PSA, µg/l	 0.02	 <4.00
  SCC, ng/ml	 1.3	 <1.5
  CYFRA21‑1, ng/ml	 1.2	 <2.5
  NSE, µg/l	 34.55a	 <16.3
Blood coagulation function		
  TT, sec	 19.1	 14.0‑21.0
  FIB, g/l	 7.14a	 2.0‑4.0
  APTT, sec	 36.7	 28.0‑43.5
  INR	 1.07	 0.80‑1.31
  PT, sec	 13.7	 11.0‑16.0
  D‑D, mg/l	 3.03a	 <0.5

aSignificantly elevated. AFP, α fetoprotein; CEA, carcino‑embryonic 
antigen; CA125, carbohydrate antigen 125; CA19‑9, carbohydrate 
antigen 19‑9; CA15‑3, carbohydrate antigen 15‑3; FERR, ferritin; 
fPSA, free prostatic‑specific antigen; PSA, prostatic‑specific 
antigen; SCC, squamous cell carcinoma antigen; CYFRA21‑1, 
cytokerantin-19‑fragment; NSE, neuronspecific enolase; TT, thrombin 
time; FIB, fibrinogen; APTT, activated partial thromboplastin 
time; INR, international normalized ratio; PT, prothrombin time; 
D‑D, d‑dimer.
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uptake and decarboxylation (APUD) system. These cells origi‑
nate from neural crest cells, are readily stained with silver and 
are one source of foregut carcinoids (10). Thymic NETs can be 
categorized as typical carcinoids, atypical carcinoids, large cell 
neuroendocrine carcinomas, and small cell neuroendocrine 
carcinomas according to the WHO guidelines for bronchopul‑
monary NETs and thymic NETs (4), and can be further defined 
as well or poorly differentiated, or as type G1‑4, based on the 
observed mitosis and Ki‑67 LI. The European Society for 

Medical Oncology (ESMO) clinical practice guidelines define 
typical carcinoids as low‑grade while atypical carcinoids as 
intermediate‑grade tumors featuring greater mitotic activity 
than typical carcinoids (2‑9/10 HPFs vs. <2/10 HPFs), as well 
as focal and discrete necrosis (8). Atypical carcinoids account 
for 4.6% of all thymic tumors (11). Compared with lower‑grade 
tumors, the malignant behavior of higher‑grade tumors is 
more aggressive. Atypical carcinoid tumors of the lung and 
thymus show a 5‑year survival rate ranging from 56 to 78%, 

Figure 1. Typical diagnostic imaging examinations of the patient during hospitalization. (A) Contrast‑enhanced thoracic CT revealing a mediastinal tumor 
(white arrowhead). (B) Contrast‑enhanced abdominal CT revealing vertebral bone metastasis and damage (white arrowhead). (C) Bone single photon emission 
computed tomography revealing multiple metastases to the rib bones, thoracic vertebrae, lumbar vertebrae and skull (black arrowhead). (D) Contrast‑enhanced 
head MRI scan revealing bilateral damage to the parietal bones, outer wall of the orbital cavities, and petrous apex, as well as damage to the suprasellar region, 
clivus, and cervical vertebrae (white arrowhead). (E) Contrast‑enhanced head MRI scan revealing damage to multiple cranial bones (white arrowhead). CT, 
computed tomography; MRI, magnetic resonance imaging.
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while low‑grade typical carcinoids show a 97‑100% survival 
rate (12,13).

Atypical carcinoid tumor is highly malignant and invasive 
without specific clinical manifestations. Since approximately 
one‑third of patients have no obvious early symptoms and are 
often identified during routine health examination due to the 
discovery of an anterior mediastinal mass, many TAC patients 
already have metastases when they are diagnosed (9). Growth 
of the tumor mass can cause chest pain, cough or dyspnea. 
Patients can also be admitted with symptoms related to endo‑
crine abnormalities (14). However, MEN‑1‑related TACs have 
been reported and are typically not accompanied by carcinoid 
syndromes (e.g., erythema, diarrhea, and elevated 5‑hydroxy‑
indole acetic acid), and this lack of hormonal activity probably 
contributes to their late diagnosis  (15). In this case, this 
patient did not exhibit typical signs and symptoms indicating 
TAC because the size of the tumor in this case was relatively 
small and was not accompanied by endocrine abnormalities. 
As there were already severe damage to multiple bones at 
the time of the diagnosis, the patient had missed the optimal 

treatment stage. This case suggests the importance of routine 
chest X‑rays or low‑dose CT examinations for the early diag‑
nosis and treatment of this disease.

Contrast‑enhanced CT scanning is the initial imaging 
modality of choice for this disease, which can accurately show 
the location, size, density and shape of a tumor. This technique 
can also clearly illustrate the surroundings of the tumor, such 
as the relationship between the tumor and pericardium, great 
vessels and chest wall. Most thymic carcinoids are anterior 
mediastinal masses with an average diameter of approximately 
8 cm (11). The tumors appear as irregular masses of uniform 
density in CT scans and show moderate to high, inhomoge‑
neous enhancement when contrast agents are administered. 
These tumors can invade the surrounding pericardium and 
large vascular structures and can form mediastinal lymph 
node metastases (10,16). With the widespread use of positron 
emission and computed tomography (PET/CT), the diagnosis 
and staging of TACs has increasingly improved. Recent studies 
have shown strong value of PET/CT for the assessment of 
intermediate‑ and high‑grade NETs and may have prognostic 

Figure 3. Immunoreactivity of the carcinoid cells for (A) pan‑cytokeratin, (B) cytokeratin 8/18, (C) epithelial membrane antigen, (D) CD56, (E) Synaptophysin 
(Syn) and (F) Ki67. Magnification, x400.

Figure 2. Histological appearance of the atypical thymic carcinoid. (A) Hematoxylin‑eosin staining revealing two mitoses per high‑power field (black box). 
(B) Hematoxylin‑eosin staining revealing clustered growth pattern (black box). Magnification, x400.
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value  (17,18). Because TACs exhibit high glucose uptake, 
metastases can be more accurately detected, including those 
to the lymph nodes and bones. At present, the body bone scan 
(as SPECT scanning) is not recommended in the guideline 
of thymic endocrine tumor. However, bone metastasis may 
be involved in the relapse and prognosis of TAC patients. A 
case report reported that a male TAC patient was diagnosed 
with bone metastasis 5 months after the second operation (19), 
suggesting that bone metastasis may occur at various stages 
and be relatively hard to discover. In our case, the patient 
didn't show any relative symptom indicating bone metastasis 
at admission, which reminds us that the full body bone scan 
should be considered to newly diagnosed TAC patients even 
without any symptom indicating bone metastasis.

CT‑guided core needle biopsy is crucial because the diag‑
nosis of TACs mainly relies on pathological examination. Upon 
observation, Thymic carcinoids tumor cells are round or oval 
and have large nuclei and finely punctate chromatin; mitosis is 
also visible. The cells form nests or trabecular arrangements 
and are distinct from fibrous tissue and blood vessels when 
observed using light microscopy. Immunohistochemistry is 
the basic tool used to diagnose carcinoids. The most commonly 
used markers for NETs are chromogranin, Syn, NSE and 
CD56. In addition, EMA, CK5/6, Ki‑67, and mitotic rate are 
also markers frequently assessed (4).

Atypical and typical carcinoids have similar immunohis‑
tochemistry factors. However, high mitotic counts, nucleus 
polymorphisms, hyperpigmentation, disordered cell arrange‑
ment, focal necrosis and calcification are more common in 
atypical carcinoids. In our case, the immunohistochemistry 
results revealed that EMA, Syn, chromogranin, and CD56 
were strongly positive, indicating this tumor had an endocrine 
phenotype, However, this patient did not present with any 
symptom or sign of cryptorrhea at admission, and the main 
characteristic of this case was severe damage to multiple 
bones. The relationship between the observed bone damage 
and the pathological characteristics remains to be explored.

Dense‑core granules could be observed in the cytoplasm 
by electron microscopy. These neurosecretory granules 
participate in ectopic hormone secretion that leads to endo‑
crine abnormalities, the most common being Cushing's 
syndrome  (14). Although this patient described did not 
exhibit symptoms of endocrine abnormalities or changes in 
hematology upon admission, his prognosis was still extremely 
poor.

So far, there are few reports of genomic tests for TAC, 
but a recent study shows that the average copy number 
instability (CNI) score of TAC patients is higher than that of 
patients with thymic typical carcinoid, indicating that TAC 
has a higher degree of genomic instability. What's more, the 
study presented two cases whose primary and metastatic foci 
were classified differently according to the WHO classifica‑
tion, which revealed gene alterations during the metastatic 
process (20). In this regard, genetic factors may be involved 
in the process of metastasis to specific organs such as multiple 
bones in our case.

The diagnosis of TACs is implied by excluding other 
diagnoses. Thymic carcinoids need to be differentiated from 
numerous other types of mediastinal tumors, such as thymoma, 
thymic carcinoma, lymphoma, and germ cell tumors, as well 

as other NETs. Thymic carcinoids also need to be differenti‑
ated from other metastatic malignancies, such as small‑cell 
lung cancer.

Complete surgical resection is strongly recommended for 
localized thymic carcinoids, according to the newest version 
of the National Comprehensive Cancer Network (NCCN) 
guidelines. The treatment guidelines include complete resec‑
tion of the tumor and sweeping of the peripheral adipose 
tissue, as well as selective sweeping of the surrounding 
lymph nodes. For incompletely resected tumors, postopera‑
tive adjuvant chemotherapy or radiotherapy is recommended. 
However, no large‑scale clinical trials have confirmed the 
effectiveness of this approach. For locoregional, unresectable 
disease or distant metastases, the complete surgical resection 
of the primary mass and metastases remains the first choice. 
Once surgery is no longer an option, ablative therapy is recom‑
mended. Systemic chemotherapy has been described in case 
reports, most frequently using temozolomide (21). At present, 
a phase 2 clinical trial aimed to assess the efficacy and safety 
of long‑acting pasireotide and everolimus, given alone or in 
combination, in patients with advanced carcinoids of the lung 
or thymus is ongoing, which is the first prospective, randomized 
clinical trial focusing on this specific patient group (22).

Generally, the prognosis of thymic carcinoids is believed to 
be related to tumor volume, infiltration depth, growth site, and 
whether the tumor is accompanied by the carcinoid syndrome. 
Previous reports have indicated that a high mitotic count can 
be considered the most important determinant of poor prog‑
nosis for atypical carcinoids (23). But in our reported case, 
the mitotic rate was 2/HPF, and Ki‑67 remained at 5%. These 
results indicated that this tumor had a relatively slow growth 
rate. The carcinoid was highly neuroendocrine in nature but 
exhibited relatively low mitosis. The malignant behavior of the 
TAC reported here did not match its growth speed. Thus, it is 
not appropriate to use the mitotic rate and Ki‑67 as indicators 
of malignancy on this type of tumor.

Regardless of whether endocrine abnormalities are present, 
once TAC patients lose the opportunity for complete tumor 
resection, the overall survival time dramatically decreases. 
Compared with patients who had resectable tumors, this 
patient had a very short survival time.

This patient was admitted with lumbar back pain. The 
contrast‑enhanced chest CT revealed a tumor located in the 
left of the anterior superior septum; the longest diameter of 
the tumor was 3.5 cm. There were no metastases to any lymph 
nodes or solid organs. CT, SPECT and MRI scan all confirmed 
damage to multiple bones of the spine, ribs, pelvis and skull. 
Bone metastasis may occur in TAC cases, but skull metastasis 
is rare. This is the first reported case of TAC without osteo‑
dynia as the initial symptom with damage to multiple axial 
bones, including metastases to the sacroiliac joint, acetabulum 
joint and pubis. Consequently, examination of bones is 
strongly recommended in this disease, even when there are no 
metastases to other organs.

It is the first report about primary TAC which had metas‑
tases to the parietal bones, outer wall of the orbital cavities, 
petrous apex, suprasellar region and the clivus. In conclusion, 
more clinical evidence is urgently needed to support the devel‑
opment of more accurate and effective means of diagnosing 
and treating TAC.
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