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BACKGROUND:  Thymic  atypical  carcinoid  has  high  recurrence  and  metastasis  rates  due  to  frequent  lymph
node metastases.  The  aim  of  the study  is to report  a  case  of  atypical  thymic  carcinoid  mimicking  a para-
ganglioma  and  to further  explain  the  benefits  of using  median  sternotomy  (MS) approach  even  in  thymic
epithelial  tumours  (TETs)  sized  less  than  5 cm.
CASE  PRESENTATION:  The  patient  was  a 59-year-old  asymptomatic  man.  During  a  medical  check-up,
positron  emission  tomography/computed  tomography  (PET/CT)  showed  a 4.5 cm-diameter  thymus  with
remarkable  uptake.  Thoracic  surgery  was  performed  to completely  remove  the  tumour  with  lymph  node
dissection using  MS  because  of possible  malignancy.  Although  MS  is  accepted  as  the  standard  approach
for  TETs,  minimally  invasive  thoracotomy  (MIT)  has emerged  over recent  decades.  Maintaining  surgical
safety  is priority;  MIT  is  generally  selected  in  <5-cm-diameter  tumours.  Here,  we considered  that  the

tumour  could  be  resected  using  MIT. However,  because  PET/CT  showed  marked  uptake,  we  selected  the
MS approach.  Thus,  MS  can be  applied  even  for  small-sized  TETs.
CONCLUSION:  Thymic  atypical  carcinoid  should  be considered  when  PET/CT  shows  high-uptake  tumours
in  the  anterior  mediastinum.  Clinicians  should  consider  using  the MS approach,  even  if the tumour  is
<5  cm.

©  2019  The  Author(s).  Published  by Elsevier  Ltd on behalf  of  IJS Publishing  Group  Ltd.  This  is  an  open
 artic
access

. Introduction

For thymic epithelial tumour (TET) resection, minimally inva-
ive thoracotomy (MIT) has been proposed as an alternative to
onventional open thoracotomy (OT) via median sternotomy (MS)
1]. Primary neuroendocrine tumours (NETs) of the mediastinum
re rare. Atypical thymic carcinoid belongs to the intermediate
rade of NETs. Overall 5- and 10-year survival rates are 56–77%
nd 30%, respectively [2]. Complete resection is the most effec-
ive treatment and an important prognostic factor [3]. Because
f the aggressive nature of thymic carcinoids and frequency of

ymph node metastasis, several reports have recommended com-
lete resection with lymph node dissection, although systemic

odal resection is yet to be standardised [4]. In general, to resect
ETs, MIT  or OT is selected based on tumour size reference that
uarantees an oncological safe tumour resection. In the present

Abbreviations: MS,  median sternotomy; TET, thymic epithelial tumour; PET/CT,
ositron emission tomography/computed tomography; MIT, minimally invasive
horacotomy; OT, open thoracotomy; NET, neuroendocrine tumour; CT, computed
omography; SUVmax, maximum standardised uptake value; HPFs, high-power
elds.
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ara Medical University School of Medicine, Kashihara, Nara 634-8521, Japan.
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case, considering the tumour size, its less invasive nature using
computed tomography (CT), and a diagnosis of non-myasthenic
thymoma, complete resection could have been performed using
MIT. However, positron emission tomography/CT (PET/CT) showed
marked uptake; therefore, we performed MS  for en bloc resection
with lymph node dissection. Here, we report a case of primary
atypical thymic carcinoid mimicking paraganglioma.

This work has been reported in line with SCARE criteria [5].

2. Case presentation

A 59-year-old man  was referred to our hospital for the appear-
ance of an abnormal shadow on a chest roentgenogram during
a medical check-up. He had no symptoms and no history of
neuroendocrine disorder. Physical and laboratory test findings
were normal. Chest CT showed a 4.5-cm-diameter thymic tumour
(Fig. 1). PET/CT showed that the mass had marked uptake of
18F-fluorodeoxyglucose, with early maximum standardised uptake
value (SUVmax) of 9.8 (Fig. 2A, B). The patient underwent total
thymectomy via MS.  The adhering left pleura with tumour inva-

sion was excised. The tumour was  limited to the thymus without
extension to the pericardia and left hilum. Radical en bloc resec-
tion and lymph node staging were performed. Operation time was
119 min, and blood loss volume was  40 mL.
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Fig. 1. (A, B) Chest computed tomography. A 4.5-cm-diameter thymic tumour.

Fig. 2. (A–C) Positron emission tomography/computed tomography. The thymic mass showing marked uptake of 18F-fluorodeoxyglucose; the early maximum standardised
uptake value (SUVmax) of the mass was 9.8.

Fig. 3. Histological findings. (A, B) Microscopic view showing that the tumour comprises spindle-shaped cells with eosinophilic cytoplasm. (Hematoxylin and eosin: A; ×10,
B;  ×40).
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ig. 4. Immunohistochemical findings. The tumour cells stained positively for (A) 

D)  S100 protein. The immunoprofile supports a diagnosis of atypical carcinoid. [(A

Histologic examination revealed that the tumour comprised
pindle-shaped cells with a pale eosinophilic cytoplasm. Necro-
is was absent, and mitotic figures were 7 per 10 high-power
elds (10 HPFs). The MIB-1 index was 8.5%. Fat tissue and vascu-

ar invasion was frequently observed. Initially, histopathological
iagnosis was type A thymoma with atypical features (Fig. 3A,
). Immunohistochemical staining revealed cytokeratin (AE1/AE3),
K19, CD56, synaptophysin, chromogranin, and c-kit positivity and
K7 and CK20 negativity of the tumour cells. Tumour cells arranged

n the nests so-called zellballen surrounded by thin fibrovascular
troma and sustentacular cells highlighted by immunostaining for
100 protein (Fig. 4). As the marker of neuroendocrine tumours
nd S100 protein were positive, differential diagnoses were carci-
oid and paraganglioma. However, paraganglioma was ruled out
ecause this tumour revealed positivity for cytokeratin and CK19.
lthough devoid of necrotic areas, mitotic rate was  within 2–10
er 10 HPFs, the definitive diagnosis was atypical carcinoid of the
hymus according to WHO  classification of thymic neuroendocrine
umours [2]. There was no lymph node metastasis. The postsurgi-
al course was uneventful, and he was discharged on postoperative
ay 8. Postoperative radiotherapy was not performed.

. Discussion

Preoperative diagnosis of TETs is challenging. Although CT and
agnetic resonance imaging can provide detailed information on
asses, including their size, relationship to the surrounding struc-

ures, and tissue characteristics, the diagnosis relies mainly on
athological examination. Obtaining a pathological diagnosis of
ETs, in addition to the clinical diagnosis, is not always easy,

ecause this is not always technically possible and is invasive.

The National Comprehensive Cancer Network guideline [6] has
uggested complete TET excision to be performed without preop-
rative biopsy when resectable. Complete resection is the most
E3, (B) CK19, and (C) synaptophysin. The sustentacular cells stained positively for
munohistochemical staining, ×40].

important factor influencing a favourable outcome [3]. Although
tumour excision with total thymectomy is the mainstay of treat-
ment, optimal mode of resection of each TET remains controversial
[7].

Regarding thymic carcinoids, nodal sampling should be per-
formed during their resection because of the aggressive nature of
these tumours that have high recurrence and metastasis rates due
to frequent lymph node metastases [3,4]. In addition, nodal staging
may  help to guide adjuvant treatment; however, systemic nodal
dissection or sampling is yet to be standardised [4].

Thymectomy is the most commonly indicated for TETs. For com-
plete resection of TETs, MS  has long been the accepted standard
approach [1]. During the past two  decades, MIT  has been proposed
as an alternative to conventional OT via MS [1]. MIT  guarantees
oncological outcomes and is less invasive for patients with TETs.
However, concerns regarding the chances of tumour capsule rup-
ture and risk of pleural dissemination using the MIT  approach have
been raised. Most investigators accept that MIT  is technically safe
and feasible for TETs with diameters <5 cm [7]. During the last
decade, MIT, including robotic thymectomy, tends to be increasing
in proposal for larger tumour and more advanced stage patients
[1,8]. Several reports suggested that size of thymoma was not an
important consideration in the decision to proceed with MIT  [1,8].
Burt et al. [1] reported that surgical approach, whether MIT  or
OT, was  not associated with completeness of resection. Actually,
if initial attempts at MIT  lead to a surgical resection of TET, the sur-
geon might deem to resect TET completely even though he could
not have completely resected pathologically. Interestingly, Friedant
et al. [9] reported that the rate of conversion to OT was only 2.4%.
However, patients in whom invasion of mediastinal structure is
highly suspected are better served by OT. Recently, PET/CT find-

ings provided useful information for the differential diagnosis of
TETs by using the correlation between malignancy and SUVmax
[10].
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In this case, CT showed that tumour was not invasive and tumour
ize was 4.5 cm (<5 cm), whereas PET/CT showed that the tumour
ad a marked uptake. The preoperative diagnosis was thymoma
ith a high malignant potential; therefore, we performed thymec-

omy via MS.  En bloc complete resection was performed without
umour capsule injury during the intervention. Fortunately, there
as no lymph node metastasis. If we had selected the MIT  approach,
e might have injured the tumour capsule and disseminated the

umour; moreover, lymph node dissection could have been unsat-
sfactory.

For the definitive diagnosis of TETs, histological examina-
ion remains the mainstay. Paraganglioma and atypical carcinoid
umour are similar-appearing NETs. Paraganglioma is typically
enign. S100 protein is important for visualising paraganglioma
ustentacular cells [11]. However, Gesney et al. [12] reported that
100-positive sustentacular cells were often found in a proportion
f carcinoid tumours. In this case, thymic atypical carcinoid sus-
entacular cells were S100 positive. Therefore, an atypical carcinoid

ight be misdiagnosed as a paraganglioma. Finally, the pathologi-
al diagnosis was atypical thymic carcinoid because of cytokeratin
ositivity. Although we performed complete tumour resection and
onfirmed the absence of lymph node metastasis, we followed up
he patient carefully because of possible malignancy.

. Conclusions

Thymic atypical carcinoid should be considered when PET/CT
hows high-uptake tumours in the anterior mediastinum. Clini-
ians should consider using the MS  approach, even if the tumour is
5 cm.
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