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Abstract: Thymic carcinoid is a rare but very aggressive neuroendocrine tumour derived from the

neuroendocrine system. Here we report a male patient with thymic atypical carcinoid. Though thymic

carcinoid is relatively common, the gene sequencing profile was performed and the gene sequencing result

indicated germline multiple endocrine neoplasia type 1 (MENT1) mutation and two somatic mutations

on MENI gene and no copy number variation or fusion events were detected. It is well-known that the

mutation of MENT is the typical manifestation of MENT1 syndrome, which is an autosome dominant disease

that includes varying combinations of more than 20 endocrine and non-endocrine tumors. In the English

literature, 7 cases of solitary thymic carcinoid harboring somatic variants in MEN1 are reported in the

absence of other organs involvement as MEN1 syndrome presents. We summarized the clinical features and

prognosis of this rare thymic tumor.
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Introduction

Thymic carcinoid refers to a neuroendocrine tumour arising
in the thymus, accounting for about 2-7% of anterior
mediastinal masses (1,2). Approximately 40% of patients have
Cushing syndrome as a result of adrenocorticotropic hormone
secretion by the tumour (1). Since the initial report of thymic
carcinoid by Rosai and Higa in 1972 (3), about 200 cases of
thymic carcinoid have been reported in English literature so
far. We describe a 62-year-old male patient with surgically
resected thymic carcinoid and mutations of MENI gene were
detected by next generation sequencing (NGS). Previous
evidence indicates that thymic carcinoids occur in 1-5% of
patients with multiple endocrine neoplasia type 1 (MENT)
syndrome and are a major cause of morbidity and mortality (4).
We did a literature review and analyzed the clinicopathologic
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characteristics of all thymic carcinoid patients with the initial
manifestation of MENT1 syndrome. All of thymic carcinoids
patients with somatic mutation of MENI gene had MENI1
syndrome. Considering none of other organs involved and a
negative family history of MEN1 syndrome, our patient could
not be diagnosed with MENT1 syndrome at this moment.
Based on the findings of our literature review, we proposed
that somatic mutation test of MENI gene and evaluation of
other organs are recommended for thymic carcinoid patients.
Moreover, close follow-up of thymic carcinoid patients with
somatic mutation of MENI gene is necessary and could help
detect disease recurrence and metastases early.

Case presentation

A 62-year-old male patient was admitted to the hospital
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Figure 1 CT images and pathological stainings. (A) Left: preoperative CT image. Arrow indicates that anterior mediastinum invades the

superior vena cava. Right: postoperative CT image. Arrow indicates artificial blood vessel reconstruction; (B) HE and IHC stainings. CT,

computed tomography; HE, hematoxylin and eosin; IHC, immunohistochemistry; CgA, chromogranin A.

because of chest discomfort in June 2015. An enhanced
chest computed tomography (CT) showed an anterior
mediastinum mass invading superior vena cava, approximately
6 cm x 5 cm x 2 cm in size (Figure 1A). Positron emission
tomography indicated the mass had an abnormal 18F-
fludeoxyglucose (FDG) uptake and a preliminary
diagnosis of malignant anterior mediastinum mass was
given. Physical examination, laboratory evaluation, and
radiological tests of other organs revealed no significant
abnormalities. A resection of mediastinum mass together
with systemic lymphadenectomy and artificial blood vessel
reconstruction was performed using a midline approach
through a sternotomy. Macroscopically, the mass was
5.5 cm x 4.5 cm x 2.2 cm with gray, soft and smooth
section. Microscopically, postoperative hematoxylin and
eosin (HE) staining showed thymic tissue, together with
2—4 nuclear mitosis per 10 HPF and focal necrosis. And
immunohistochemistry (IHC) staining was positive for
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chromogranin A (CgA), Syn, CD56, CK19 and negative
for CD5, CD117, $-100, CD99, CD20 with a Ki-67 index
of 15% (Figure 1B). Through HE and IHC stainings, the
diagnosis of thymic atypical carcinoid was established.
Postoperative CT showed clear lungs and artificial blood
vessels with smooth blood flow (Figure 1A4). The patient
recovered well and was discharged favorably. The patient
refused to receive any postoperative therapy except close
follow-up. Until 20 months postoperatively, the patient was
symptom-free and had no evidences of local and systematic
abnormalities.

To explore the underlying mechanisms, a genetic
mutation profiling of 295 cancer related genes was
performed by NGS (OncoScreenTM 295 genes, Burning
Rock Dx, Guangzhou, China, Figure SI). The gene
sequencing result indicated germline MENI mutation and
two somatic mutations on MENI gene (One nonsense
mutation in exon 10 with 45.6% frequency and one
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A Gene Mutation type Amino acid and base change Frequency (%)
Germline MEN1 Exon 10 T546A missense p. T546A 50.87
mutation c. 1636A>G
Somatic MEN1 Exon 10 G471* nonsense p. G471* 45.6
mutation c. 1411G>T
Somatic MEN1 Exon 6 L288P missense p. L288P 41.9
mutation c. 863T>C
B
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Figure 2 Gene mutation analysis. (A) NGS analysis detected germline and somatic MENI mutations; (B) MutationMap of MENT mutation

from TCGA database. NGS, next generation sequencing; MENT1, multiple endocrine neoplasia type 1; TCGA, the cancer genome atlas.

missense mutation in exon 6 with 41.9% frequency) and
no copy number variation or fusion events were detected
(Figure 24). We further point out somatic mutation locus
of our patient on MutationMap together with all MEN1
mutations from the cancer genome atlas (TTCGA) database
(Figure 2B). We also retrieved the clinicopathologic
characteristics of all thymic carcinoid patients with the
initial manifestation of MEN1 syndrome in previous
published literatures from PubMed.

Discussion

MENI gene mutations can be identified in 70-95% of
MENI1 patients. MEN1 follows Knudson’s “two-hit” model
for tumor suppressor gene carcinogenesis. The first hit is
a heterozygous MENI germline mutation, and the second
hit is a MENI somatic mutation and gives cells the survival
advantage needed for tumor development (5). The thymic
carcinoid of our case might be caused by the twice mutations
on MENI gene according to Knudson’s “two-hit” model.
Carcinoid tumors are estimated to occur in about 10%
of MENI patients, and thymic carcinoids were reported
be more aggressive with a poor prognosis of 10-year
overall survival rate about 25-36% in the literature (4).
Thymic carcinoids are more prevalent in males than in
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females and most patients are clinically silent.

In literature, we found six patients exhibited thymic
carcinoid as the initial manifestation of MENT1 syndrome
(4,6-10). We summarized the clinical features of these cases
(Table 1). We confirmed that a higher percentage of thymic
carcinoids can occur in men which might the effect of sex
hormone promoting the proliferation and maturation of
thymocyte in MEN1 syndrome (7able 1) (11). The age of
patients was young, ranging from 23 to 53 with a median
age is 36.5, which might indicate the aggressive nature of
disease. Gibril er 4l. reported that about 1/3 MENI1 related
thymic carcinoid patients were asymptomatic or only
have non-specific symptoms when they had already local
invasion or metastases at the time of initial diagnosis (12).
The mutations of MENI are also listed in the 7able 1. The
types of mutations include duplication, insertion, deletion,
frameshift and nonsense mutation, which occur in exon 2,
3,5, 9 and 10. Among all the mutations, the mutations in
exonl0 occur three times which is the same for our case.

Although MENT related thymic carcinoid patients only
account for less than 5 percentage of all the MENT patients,
they were associated with an increased mortality and a
poorer prognosis due to the more aggressive nature and
potential for metastasis (13-15). Early and correct diagnosis
is particularly important for thymic carcinoid patients with
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Table 1 Literature review of patients with thymic carcinoid as the initial manifestation of MEN1 syndrome

. Type of MEN1 Other organs  Family history = MEN1 syndrome  Follow-up
Reference Age/sex Smoking mutation involvement of MEN1 diagnosis (months) Status
Christakis 23/M No Duplication and None NK Yes 84 Dead
etal. (4) insertion mutation
of exons 9, 10
Hasani-Ranjbar  29/M No Deletion mutation PH/PA Yes Yes 24 Alive
et al. (6) exon 10
Kikuchietal. (7) 53/M NK Deletion mutation Parathyroid No Yes 36 Alive
exon 5 tumor/PET
Ghazi et al. (8) 44/M NK Frameshift mutation PA/PH Yes Yes 49 Dead
exon 10
Ferolla et al. (9) 47/M Yes Frameshift mutation PH Yes Yes 36 Dead
exon 2
Boix et al. (10) 25/F NK Nonsense mutation None Yes Yes 111 Dead

exon 3

M, male; F, female; NK, not known; PH, parathyroid hyperplasia; PA, pituitary adenoma; PET, pancreatic endocrine tumor; MEN1, multiple

endocrine neoplasia type 1.

MENT syndrome. In our case, the patient was diagnosed
as thymic atypical carcinoid with mutation of MENI gene.
But he had none of other organs involvement at the time of
diagnosis and a negative family history of MEN1 syndrome.
However, based on the findings of our literature review,
we have to bear in mind that this thymic carcinoid patient
with MENI somatic mutation might develop metachronous
neoplasias.

Therefore, we proposed that gene mutation test of
MENT and evaluation of other organs are recommended
for thymic carcinoid patients. Moreover, close follow-up of
thymic carcinoid patients with somatic mutation of MEN1
gene is necessary and could help detect disease recurrence
and metastases early.

Conclusions

Thymic carcinoid patients with MENI gene mutation are
rare. Literature review shows that a much higher percentage
of MENI gene mutation related thymic carcinoids can
occur in men and develop synchronous or metachronous
neoplasia in other organs. Therefore, for patients with
thymic carcinoid, testing of MENI gene mutation is
recommended. In addition, systematic evaluations and close
follow-up are necessary for the thymic carcinoid patients
with MENI mutation because of the highly possible
involvement of other organs and development of MENI1
syndrome.
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Figure S1 Next generation sequencing on the mutations of 295 tumor-related genes.



