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Abstract

Thymic neuroendocrine tumors associated with multiple endocrine neoplasia are only
defined as carcinoid and are not associated with large-cell neuroendocrine carcinoma
(LCNEC). We report the case of a multiple endocrine neoplasia type 1 patient with
atypical carcinoid tumors with elevated mitotic counts (AC-h), an intermediate condi-
tion between carcinoid and LCNEC. A 27-year-old man underwent surgery for an
anterior mediastinal mass and was diagnosed with thymic LCNEC. Fifteen years later,
a mass appeared at the same site, which was determined to be a postoperative recur-
rence based on the pathological results of a needle biopsy and the clinical course. The
patient’s disease remained stable for 10 months on anti-programmed death-ligand
1 antibody and platinum-containing chemotherapy. The needle biopsy specimen was
submitted for next-generation sequencing, which revealed a MENI gene mutation,
and after further examination, a diagnosis of multiple endocrine neoplasia type 1 was
made. A re-examination of the surgical specimen from 15 years prior showed that it
corresponded to AC-h. Although thymic AC-h is classified as thymic LCNEC accord-
ing to the current definition, our data suggests that a search for multiple endocrine
neoplasia is warranted in such patients.
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CASE REPORT

In the 2021 World Health Organization (WHO) classifica-
tion of thymic tumors, thymic neuroendocrine tumors
(TNET) are classified into four types: typical carcinoid, atypi-
cal carcinoid (AC), large-cell neuroendocrine carcinoma
(LCNEC), and small-cell carcinoma (SCC)." Recently, atypi-
cal carcinoid tumors with elevated mitotic counts (AC-h), an
intermediate condition between AC and LCNEC, have been
identified." > According to the current definition, TNET com-
plicated patients with multiple endocrine neoplasia (MEN) is
only carcinoid and is not associated with LCNEC."! Here, we
report a case of AC-h in a patient with MEN type 1.

A 27-year-old male presented to our clinic with a chest
X-ray showing an enlarged mediastinum. Computed tomog-
raphy (CT) showed a mass in the anterior mediastinum
(Figure 1(a)) with no evidence of distant or lymph node
metastasis, and surgery was performed. Pathological find-
ings comprised relatively homogeneous cells with weak aty-
pia (Figure 1(b),(c)), and immunostaining was positive for
chromogranin A and CD56 (Figure 1(d),(e)). Mitotic counts
exceeded 10 cells at 2 mm?® (Figure 1(b)) with necrosis
(Figure 1(c)) and a Ki-67 index of 25% (Figure 1(f)), and a
diagnosis of thymic LCNEC was made. The patient received
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Computed tomography (CT) performed 15 years prior showed a mass in the anterior mediastinum (a). Microscopic findings of the surgical

specimen from 15 years prior (hematoxylin-eosin staining and immunohistochemical findings, (b)-(f)). Hematoxylin-eosin staining findings comprised
relatively homogeneous cells with weak atypia (b), (c). Hematoxylin-eosin staining revealed >10 mitotic counts at 2 mm? (b) and necrosis (c).
Immunohistochemical staining was positive for chromogranin A (d) and CD56 (e). The Ki-67 index was 25% (f). CT images taken 9 years ago (6 years after
surgery) showed that the mass in the anterior mediastinum had disappeared (g). The magnification was 400x (b)-(f). HE, hematoxylin and eosin.

postoperative radiation (50 Gray/25 fractions) and four
courses of chemotherapy (cisplatin 80 mg/m? body surface
area and etoposide 100 mg/m*> body surface area). The
patient had no recurrence on CT for 6 years postoperatively
(Figure 1(g)) and was placed on an annual chest X-ray as
follow-up.

Fifteen years later, he was again diagnosed with medias-
tinal enlargement on a chest X-ray. CT showed a mass in
the anterior mediastinum (Figure 2(a)), and a CT-guided
needle biopsy was performed. Pathological findings com-
prised relatively homogeneous cells with weak atypia
(Figure 2(b),(c)), and immunostaining was positive for chro-
mogranin A and CD56 (Figure 2(d),(e)). Mitotic counts

were one at 2 mm? (Figure 2(b)), no necrosis was observed
(Figure 2(c)), and the Ki-67 index was 13% (Figure 2(f)),
indicating thymic carcinoid pathology. However, because
the needle biopsy specimen may not reflect the whole tumor
and the mass occurred at the same site as 15 years ago, we
concluded that it was a postoperative recurrence of thymic
LCNEC. Radical resection was difficult because of the spread
of the mass, and re-radiation was also difficult because of
the patient’s history of radiation. The patient was treated
with first-line cisplatin (80 mg/m? body surface area), etopo-
side (100 mg/m> body surface area), and durvalumab
(1500 mg/body) for four courses, followed by durvalumab
maintenance therapy, as in extensive-stage lung SCC.
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FIGURE 2 Computed tomography (CT) taken for the current case again showed a mass in the anterior mediastinum (a). Microscopic findings of this
case’s needle biopsy specimen (hematoxylin-eosin staining and immunohistochemical findings, (b)-(f)). Hematoxylin-eosin staining findings comprised
relatively homogeneous cells with weak atypia (b), (c). Hematoxylin-eosin staining showed one mitotic count at 2 mm? (b) and no necrosis (c).
Immunohistochemical staining was positive for chromogranin A (d) and CD56 (e). The Ki-67 index was 13% (f). CT demonstrating the best response to
first-line chemotherapy showing shrinkage within the stable disease range (g). The magnification was 400x (b)-(f). HE, hematoxylin and eosin.

Thymic LCNEC is rare cancer, and a needle biopsy spec-
imen was submitted to FoundationOne CDx (Foundation
Medicine) for next-generation sequencing, which showed
MENI and CCCTC-binding factor gene mutations was
found. A blood test for the MENI gene revealed the same
variant. After careful examination, the patient had primary
hyperparathyroidism and was diagnosed with MEN type
1. The TNETSs 15 years prior and in this case were deter-
mined to have occurred based on MEN type 1. It was diffi-
cult to determine whether the current TNET was a
postoperative recurrence or a new occurrence. The patient
has maintained tumor shrinkage in a stable disease range for
10 months in response to first-line chemotherapy (Figure 2
(g)), and is scheduled to continue durvalumab until the dis-
ease progresses.

DISCUSSION

TNETs are rare diseases, accounting for ~5% of all medias-
tinal and thymic tumors and 0.4% of all neuroendocrine
tumors.* ™ In the 2021 WHO classification of thymic
tumors, TNETs are classified into four types: low-grade typi-
cal carcinoid, intermediate-grade AC, high-grade LCNEC,
and SCC." They are classified according to morphological
characteristics, mitotic counts, and necrosis and the Ki-67
index is also used as a reference.

Recently, the existence of AC-h with carcinoid morpho-
logical features and elevated mitotic counts and Ki-67 index
has been reported.' > Under the current definition, thymic
AC-h is classified as a thymic LCNEC, but may be added as
a new group of TNETSs in the future.' Immunohistochemical
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FIGURE 3
receptor 2a (a) and RB transcriptional corepressor 1 (b) and negative for tumor protein p53 (c). Microscopic findings of this case’s needle biopsy specimen
(d)-(f). Immunohistochemical staining was positive for somatostatin receptor 2a (d) and RB transcriptional corepressor 1 (e) and negative for tumor protein
p53 (f). The magnification was 400x (a)—(f). P53, tumor protein p53; RB, RB transcriptional corepressor 1; SSTR2A, somatostatin receptor 2a.

markers that distinguish thymic AC-h from thymic LCNEC
include chromogranin A, somatostatin receptor 2a
(SSTR2A), RB transcriptional corepressor 1 (RB), and
tumor protein p53 (P53)." By the current definition, the
surgical specimens from 15 years ago are now classified as
thymic LCNEC, but are positive for chromogranin A,
SSTR2A, RB, and P53 negative (Figure 1(d) and Figure 3
(a)-(c)), which were considered to correspond to thymic
AC-h. The same findings were observed in the needle
biopsy specimen from the current tumor (Figure 2(d) and
Figure 3(d)-(f)). According to the current definition,
TNET complicated patients with MEN are only carcinoid
and are not associated with LCNEC." However, when thy-
mic AC-h is diagnosed, as in this case, searching for MEN
is necessary.

A treatment option for advanced or unresectable thymic
carcinoid is everolimus, a mammalian target of rapamycin
inhibitor.”® However, there are few studies with a high level
of evidence for the treatment of thymic LCNEC, and the
treatment is similar to that for lung SCC.”"'" The patient
underwent anti-programmed death-ligand 1 antibody and
platinum-containing chemotherapy according to the recom-
mendations for extensive-stage lung SCC,'*" and has main-
tained stable disease for about 10 months.

In this case, TNET occurred 15 years after thymic AC-h
surgery, and close examination revealed MEN type 1. Immu-
nostaining for chromogranin A, SSTR2A, RB, and P53
should be performed to differentiate thymic AC-h from thy-
mic LCNEC. MEN should be investigated when thymic
AC-h is diagnosed, using next-generation sequencing and
other methods. Therefore, further studies are needed to
determine whether everolimus or anti-programmed death-
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Microscopic findings of the surgical specimen from 15 years prior (a)-(c). Immunohistochemical staining was positive for somatostatin

ligand 1 antibody and platinum-containing chemotherapy
should be preferred for thymic AC-h.
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