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Abstract Neuroendocrine tumors of the thyroid gland are
generally considered to derive from parafollicular endocrine
cells (C cells) and are generally referred to as medullary thy-
roid carcinomas (MTC). Calcitonin secretion is almost always
detected in MTC and a prerequisite for both clinical and path-
ological diagnosis. Thyroid neuroendocrine tumors without
any apparent calcitonin secretion reflect a diagnostic dilemma
because non-calcitonin-producing MTCs have virtually not
been characterized. Here, we report a case of primary thyroid
neuroendocrine tumors lacking calcitonin secretion or expres-
sion. The tumor cells expressed cytokeratins, chromogranin
A, and synaptophysin, all of which were consistent with epi-
thelial and neuroendocrine differentiation. Thyroid transcrip-
tion factor-1 paired box gene 8, and carcinoembryonic antigen

were also immunohistochemically detected, consistent with
its thyroid origin. However, the tumor was negative for calci-
tonin both by immunohistochemistry and in situ hybridiza-
tion, hence, not meeting the definition of MTC. Despite the
loss of calcitonin expression, immunoreactivity for the
calcitonin-gene-related peptide was detected in the tumor.
Somatic gene mutations of RET, H-RAS, K-RAS, or BRAF
were not detected in this case. A limited number of calcitonin
non-producing thyroid neuroendocrine tumors are available in
the scientific literature available in English, and its etiology
and clinical manifestations remain largely unknown. Our case,
along with the rare, previously reported cases, suggests that
calcitonin non-producing neuroendocrine tumors of the thy-
roid gland are most likely derived from C cells, but should be
differentiated from ordinary MTCs.
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Introduction

Thyroid neuroendocrine tumors present as medullary thyroid
carcinomas (MTC). An MTC is defined as a neuroendocrine
tumor derived from thyroid parafollicular cells, also called BC
cells.^ The clinical and pathological diagnosis of MTC re-
quires the evidence of the C cell origin of the tumor cells,
which is demonstrated by calcitonin production. Increased
plasma calcitonin concentration is a significant clinical finding
in MTC. Calcitonin immunoreactivity of the tumor cells fur-
ther confirms the diagnosis ofMTC; however, there have been
a number of reports on thyroid neuroendocrine neoplasms
morphologically identical to MTC for which there has been
no evidence of calcitonin production [1–4]. In some of these
previously reported cases, the term Batypical MTC^ was

* Atsuko Kasajima
kasajima@patholo2.med.tohoku.ac.jp

1 Department of Pathology, Tohoku University Hospital, Sendai, Japan
2 Department of Pathology, Clinical University Hospital, SERGAS,

Faculty of Medicine, University of Santiago de Compostela,
15705 Santiago de Compostela, Spain

3 Fundación Galega de Medicina Xenómica, Clinical University
Hospital, SERGAS, 15705 Santiago de Compostela, Spain

4 Department of Breast and Endocrine Surgery, Tohoku University
Hospital, Sendai, Japan

5 Department of Pathology, Sendai City Hospital, Sendai, Japan
6 Department of Human Pathology, University of Yamanashi,

Kofu, Japan
7 Department of Pathology, Tohoku University School of Medicine,

Sendai, Japan

Endocr Pathol (2016) 27:325–331
DOI 10.1007/s12022-016-9416-9

http://crossmark.crossref.org/dialog/?doi=10.1007/s12022-016-9416-9&domain=pdf


applied to neuroendocrine tumors without definitive evidence
of calcitonin production. Together with the expression of
TTF-1 and PAX8, the expression of the calcitonin gene-
related peptide (CGRP, which is encoded by an identical gene
of calcitonin and stores C cell secretory granules) is consid-
ered to be associated with its C cell tumor. Here, we report a
case of calcitonin non-producing primary thyroid neuroendo-
crine tumor. We assume this is a C cell-derived tumor because
of its CGRP expression. This type of tumor is indeed very
rare; however, primary calcitonin non-producing neuroendo-
crine tumors of the thyroid gland should be recognized as a
distinct tumor entity different from MTC since both clinical
and pathological characteristics do not meet the criteria of
MTC. We also reviewed the previously reported similar cases
for further discussion.

Clinical Summary

A mass was detected in the left lobe of the thyroid gland in a
48-year-old Japanese woman during a routine ultrasound ex-
am ina t i on . She had pa s t med i ca l h i s t o r i e s o f
cholecystolithiasis, anal prolapse, and uterine leiomyoma.
Her family history was not contributory. There was no evi-
dence of thyroid hormonal abnormalities (thyroglobulin,
28.5 ng/mL; free T3, 3.1 pg/mL; free T4, 1.07 ng/dL, hTSH,
1.3 μ IU/mL). Plasma calcitonin (29 pg/mL) and

carcinoembryonic antigen (CEA, 1.3 ng/mL) were within
the normal range. No metastases or masses were clinically
detected in other organs. Due to the discrepancies observed
between the serum calcitonin/CEA levels and cytological
findings described below, a left hemithyroidectomy with
lymph node dissection was selected for initial surgery. The
surgery was free of complications, and her postoperative
course was unremarkable.

Pathological Findings

Fine-Needle Aspiration Cytology Examination

Tumor cells displayed oval to round nuclei with coarse chro-
matin patterns. Nucleoli were indistinct. Mild to moderate cell
adhesion and thin-walled vessel structures were frequently
detected. The amyloid-like material was not detected. Based
on the characteristic cytological features of the tumor cells, a
diagnosis of MTC was strongly suspected (Fig. 1a).

Macroscopic and Microscopic Findings

Macroscopically, the tumor was well-demarcated,
28×18×18 mm in size, and its cut surface appeared gray to
slightly yellowish (Fig. 1b). Histologically, the tumor was
encapsulated and composed of polygonal- to spindle-shaped

Fig. 1 Representative
illustrations of tumor pathology. a
Fine-needle aspiration cytology.
Tumor cells were loosely
clustered. Oval to round nuclei
with coarse nuclear chromatin.
Nucleoli were indistinct. b A
macroscopic image of the tumor.
The tumor was well demarcated,
and its cut surface appeared gray
to slightly yellowish. c A
microscopic image of the tumor at
a low magnification. The tumor
was encapsulated and composed
of polygonal- to spindle-shaped
cells. Tumor cells were arranged
inmiddle-sized nests separated by
thin-walled blood vessels. d A
microscopic image of the tumor at
a high magnification. Tumor cell
nuclei were round to oval with
mild to moderate atypia, slightly
coarse chromatin pattern, and
inconspicuous nucleoli
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cells with indistinct cellular borders. The tumor cells were
arranged as mid-sized nests separated by thin-walled blood
vessels (Fig. 1c). The nuclei of the tumor cells were round to
oval, and the nuclear atypia was mild to moderate. A coarse
chromatin pattern and inconspicuous nucleoli suggested neu-
roendocrine differentiation of this particular tumor (Fig. 1d).
Amyloid deposition was not detected. Mitotic figures were
rarely identified; only one in 50 high-power fields. Necrosis
was not present. No foci of vascular invasion or capsular in-
vasion were detected. No foci of metastases were detected in
the dissected lymph nodes.

Immunohistochemistry

Immunohistochemical studies were performed on 3-μm-thick
paraffin-embedded sections (Table 1). Peroxidase-conjugated
avidin (Nichirei Bioscience, Tokyo, Japan) was employed for
the colorimetric reaction of the secondary antibody for
cytokeratins (CK) AE1/AE3, CK7, CK8, CK18, S100, para-
thyroid hormone (PTH), and Ki-67. EnVision system HRP
(Dako, Glostrup, Denmark) was used for thyroid transcription
factor-1 (TTF-1), thyroid transcription factor-2 (TTF-2,
FOXE1), paired box gene 8 (PAX8), CEA, chromogranin A,
synaptophysin, calcitonin, and CGRP. The antigen-antibody
complex was visualized by 3,3′-diaminobenzidine tetrachlo-
ride (DAB) for all antibodies. CKAE1/AE3, CK18,
chromogranin A, synaptophysin, and vimentin were seen dif-
fusely in the cytoplasm of the tumor cells (Fig. 2a, AE1/AE3;

Fig. 2b, chromogranin A). Diffuse nuclear expression of TTF-
1 and PAX8 was observed (Fig. 2c, TTF-1; Fig. 2d, PAX8).
No immunoreactivity was detected for CK7, CK8, CK19,
thyroglobulin, thyroperoxidase, HBME1, S100, or PTH.
TTF-2 was not detected in the nuclei but expressed in the
cytoplasm. CEAwas detected in a small portion of the tumor,
corresponding to less than 5 %. Calcitonin immunoreactivity
was not detected in any of the tumor cells (Fig. 2e). Despite its
lack of calcitonin immunoreactivity, CGRP immunoreactivity
was detected in approximately 70 % of the tumor cells
(Fig. 2f). Ki-67 labeling index was very low, 0.3 %.

mRNA In Situ Hybridization

mRNA in situ hybridization for calcitonin and thyroglobulin
was further performed on 3-μm-thick paraffin sections using
single-strand DNA commercial probes (CAM-0017,
Histosonda Calcitonin [Cenbimo, Lugo, Spain] and CAM-
0016, Histosonda Thyroglobulin [Cenbimo]), following the
manufacturer’s protocol. Tumor cells were negative for calci-
tonin and thyroglobulin mRNA (Fig. 3a, calcitonin; Fig. 3b,
thyroglobulin).

Gene Mutation Analysis

For molecular analysis, genomic DNAwas extracted from the
paraffin-embedded tumor tissue using the QIAamp DNA
Mini Kit (QIAGEN, Hilden, Germany), following the

Table 1 Characteristics of the
primary antibodies employed in
this study

Antibody Clone Source Dilution Pretreatment

Calcitonin Polyclonal DAKO (Glostrup, Denmark) Ready to use High pH

CGRP 4901 Abcam (Cambridge, UK) 1:500 None

CKAE1/AE3 AE1 and AE3 DAKO (Glostrup, Denmark) 1:300 Microwave

CK7 LP5K DAKO (Glostrup, Denmark) 1:500 None

CK8 TS1 Novocastra (Wetzler, Germany) 1:100 None

CK18 DC-10 Novocastra (Wetzler, Germany) 1:40 None

TTF-1 TTF-1 Novocastra (Wetzler, Germany) 1:100 Low pH

TTF-2 (FOXE1) Polyclonal Abcam (Cambridge, UK) 1:200 None

PAX8 Polyclonal Proteintech (Chicago, IL, USA) Ready to use None

Thyroglobulin Polyclonal DAKO (Glostrup, Denmark) 1:2500 Low pH

Thyroperoxidase MoAb47 DAKO (Glostrup, Denmark) 1:50 High pH

HBME1 MBME1 DAKO (Glostrup, Denmark) 1:200 None

Vimentin V9 DAKO (Glostrup, Denmark) 1:500 Microwave

CEA II-7 Abcam (Cambridge, UK) Ready to use None

Chromogranin A Dak-A3 DAKO (Glostrup, Denmark) 1:100 High pH

Synaptophysin Dak-Dynap DAKO (Glostrup, Denmark) 1:50 High pH

S100 15EZE2 Biogenex (Fremont, CA, USA) 1:10 Microwave

PTH Mouse Abcam (Cambridge, UK) 1:100 None

Ki-67 MIB1 DAKO (Glostrup, Denmark) 1:200 Autoclave

CGRP calcitonin-gene related peptide, TTF-1 thyroid transcription factor-1, TTF-2 thyroid transcription factor 2,
PAX8 paired box gene 8, CEA carcinoembryonic antigen, PTH parathyroid hormone
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manufacturer’s instructions. Specific polymerase chain reac-
tion (PCR) amplification of exons 8, 10, 11, 13, 14, 15, and 16
of RET protooncogene followed by direct Sanger sequencing
was performed, the mutations in these exons accounting for
about 95% of RETmutations in familial MTC. Due to the fact
that H-RAS (codons 12, 13, and 61) and K-RAS (codon 61)
gene mutations were identified in RET-negative sporadic MT
[5], we investigated H-RAS (codons 12, 13, 58, 59, 61, 117,
and 146) and K-RAS (codons 12, 13, 58, 59, 61, 117, 118, and
146) somatic mutations using pyrosequencing (PyroMark
Q24 System, QIAGEN, Germany). We also used a real-time
PCR technology system (Cobas 4800 System, v2.0; Roche
Diagnostics, San Cugat del Vallés, Spain) for the detection
of the V600E (1799 T>A) BRAF gene mutation (Cobas
4800 BRAF V600 Mutation Test, Roche Diagnostics) be-
cause of their prevalence in the frame of thyroid tumors. No
RET, H-RAS, K-RAS, or BRAF gene somatic mutations were
detected.

Discussion

An elevated plasma calcitonin level is regarded as a highly
sensitive and specific indication of underlying MTC, but its
diagnostic relevance is limited in a subset of MTC [6] and
related conditions, such as small-sized MTC or cases of C cell
hyperplasia [7]. Therefore, detection of calcitonin expression
in tumor cells is generally required for the diagnosis of MTC
[8]. Schmid et al. previously studied 142 cases of primary
thyroid neuroendocrine tumors; in three cases (2.1 %), calci-
tonin immunoreactivity was detected only in very few tumor
cells, and in one case (0.7 %), calcitonin expression was ab-
sent [1]. The authors referred to these exceptional cases as
Batypical MTC.^ However, due to insufficient evidence of
their C cell origin or calcitonin production, these cases—es-
pecially the last case in the series completely lacking calcito-
nin production—do not necessarily meet the criteria of MTC.
To the best of our knowledge, primary thyroid neuroendocrine

Fig. 2 Immunohistochemical
features of the tumor cells. a
CKAE1/AE3, diffuse
immunoreaction toward pan-
cytokeratin. b chromogranin A,
diffuse and strong expression of
chromogranin A. c TTF-1,
nuclear immunoreactivity of
thyroid transcription factor 1. d
PAX8, paired box gene 8. e
calcitonin, no immunoreactivity
of calcitonin was detected in any
of the tumor cells. A case of
medullary carcinoma as a positive
control (inset image). f CGRP, the
calcitonin-gene-related peptide
was expressed in approximately
70 % of tumor cells

328 Endocr Pathol (2016) 27:325–331



tumors characterized by a complete lack of calcitonin produc-
tion, both clinically and histopathologically, are extremely
rare and so far reported only in four cases in the scientific
literature available in English [1–4] (Table 2). The present
case, along with a case reported by Nakazawa et al., lacked
calcitonin expression as evidenced by both immunohisto-
chemistry and mRNA in situ hybridization but exhibited
CGRP in the tumor cells [4] (Table 2). CGRP, expressed both
in MTC and in non-neoplastic C cells, is a member of the
calcitonin family of neuropeptides, which is generated from
the alternative RNA splicing of the CALCA gene [4, 9].
CGRP is also produced in other organs; therefore, CGPR ex-
pression alone does not necessarily indicate the origin of the
tumor cells [10]. However, together with the expression of
cytokeratin, TTF-1, and PAX-8, the presence of CGRP ex-
pression is consistent with C cell origin [4]. On the other hand,
the cases studied by Schmid et al. and Sobol et al. did not
appear to express CGRP [1, 2], and CGRP was not tested
for in a case reported by Chernyavsky et al. [3].

TTF-1 is a transcriptional factor mainly regulating thyroid-
specific gene expression in the thyroid gland, including thy-
roglobulin and thyroperoxidase [11]. TTF-1 mRNAwas also
identified in C cells with a critical role with regard to regulat-
ing extracellular Ca2+ homeostasis [12]. MTC as well as non-
neoplastic C cells express TTF-1 [11]. TTF-1 expression in

the current case suggested thyroid origin and is a common
feature of MTC. TTF-1 expression in a calcitonin non-
producing neuroendocrine tumor of the thyroid gland was also
reported by Nakazawa et al. [4]. PAX8 and TTF-2 are also
other important transcription factors maintaining thyroid dif-
ferentiation in the embryonic stage [13]. PAX8 and TTF-2 are
diffusely expressed in most cases of papillary carcinoma and
follicular neoplasms in the thyroid, but their expressions in
MTC and C cell hyperplasia vary, being rather indistinct [14].

An increased level of plasma CEA is useful for detection
and post-surgical follow-up of MTC. In the current case, plas-
ma CEAwas not increased, but its immunoreactivity was fo-
cally detected. The CEA expression of calcitonin non-
producing neuroendocrine tumors varied among the previous-
ly reported cases (Table 2). In addition, there was no correla-
tion between CEA production and tumor progression in these
cases, while, in MTC, CEA production is generally increased
in progressive diseases [15].

Some other tumors should be considered as a differential
diagnosis of calcitonin non-producing neuroendocrine tu-
mors. In particular, thyroid primary paraganglioma, although
extremely rare, could be an important differential diagnosis
because its morphology is similar to calcitonin non-
producing neuroendocrine tumor of the thyroid gland, exem-
plified by the solid nesting or organoid patterns with capillary
vessel networks. Both tumors do not produce calcitonin; how-
ever, paraganglioma differs from calcitonin non-producing
neuroendocrine tumor in terms of the absence of cytokeratin,
TTF-1, and thyroglobulin [16]. The other differential diagno-
sis of calcitonin non-producing neuroendocrine tumor of the
thyroid gland is metastatic neuroendocrine neoplasm originat-
ing from other organs. Approximately 30 cases of such neo-
plasms have been reported [17–20]. Neuroendocrine neo-
plasms originating from bronchopulmonary neuroendocrine
tumors, e.g., typical and atypical carcinoids or small-cell car-
cinomas, express TTF-1, but not thyroglobulin. However,
among the cases reported as calcitonin non-producing neuro-
endocrine tumor in the thyroid, expression of TTF-1 and thy-
roglobulin was not necessarily reported in all the cases. In
addition, calcitonin production is not necessarily a specific
feature of MTC; it has also been identified in a minor popu-
lation of neuroendocrine tumors observed in other sites [21].
In addition, pancreatic neuroendocrine tumors metastasizing
to the thyroid gland could potentially express PAX-8 [18, 22].
Therefore, radiological examination with a view to identifying
the possibility of metastatic disease is very important when
establishing the diagnosis of calcitonin non-producing neuro-
endocrine tumor of the thyroid gland.

No association with hereditary neoplastic syndromes
such as multiple endocrine neoplasia type 2A (MEN2A)
has been reported in any of these cases. C cell hyper-
plasia, which is considered a precursor condition of
MTC and associated with MEN2A, was not detected

Fig. 3 mRNA in situ hybridization. Tumor cells were negative for
calcitonin and for thyroglobulin. a calcitonin, b thyroglobulin. A case
of medullary thyroid carcinoma shown as a positive control (inset
image in Fig. 3a). Follicular epithelial cells were positive for
thyroglobulin (Fig. 3b)
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in the surrounding thyroid tissues. Molecular analyses
did not divulge any somatic mutations frequently iden-
tified in cases of familial MTC or in RET-negative spo-
radic MTCs.

The prognosis of calcitonin non-producing neuroen-
docrine tumor of the thyroid gland remains unclear.
The clinical course was indolent in three cases among
those reported in the literature. These tumors exhibited
Bwell-differentiated^ morphology with low Ki-67 label-
ing index [4] equivalent to G1 of gastroenteropancreatic
neuroendocrine tumors [23]. One patient reported by

Sobol et al. died 23 months after the initial diagnosis
due to multiple metastases. Further information is re-
quired to clarify the clinical course of this rare tumor.

In summary, we report a rare calcitonin non-producing
neuroendocrine tumor of the thyroid gland. The expres-
sions of TTF-1 and PAX8 were consistent with its thy-
roid origin, and the observation of CGPR expression fur-
ther suggested its C cell derivation. Despite the shared
origin, we propose that this condition is distinct from
MTC since the clinical and pathological findings differ
from the characteristic features of MTC.

Table 2 A summary of clinical and pathological features of calcitonin-negative primary neuroendocrine tumor of the thyroid gland; the current case
and a review of the previous cases

The present case Nakazawa
et al.

Chernyavsky
et al.

Schmid
et al.

Sobol
et al.

Clinical features Age 48 76 30 37 82

Sex Female Male Female Male Female

Size 3 cm 6 cm 2 cm ND 3 cm

Hereditary syndrome − − − − −
LN metastasis − − − ND +

Distant metastasis − − − ND +

Histological
features

Amyloid deposition − − − − ND

Capsular invasion − − − + ND

Lymphovascular invasion − + − + ND

C cell hyperplasia − − − − ND

Mitosis <1/10 HFPs <1/10 HFPs None ND ND

Necrosis − − − ND ND

IHC Pan-cytokeratin + (CK AE1/AE3) + (CK AE1/AE3) + ND −
CK7 − ND ND + ND

CK8 − ND + + ND

CK18 + ND + −∼+ ND

Chromogranin A + + + + +

Synaptophysin + + + + +

Calcitonin − − − − −
CGRP + + ND + (a few cells) −
TTF-1 + + ND ND ND

TTF-2 (FOXE1) − (nuclear), +
(cytoplasmic)

− (nuclear), +
(cytoplasmic)

ND ND ND

PAX8 + + ND ND ND

Thyroglobulin − − + − −
Thyroperoxidase − − ND ND ND

CEA + (focal) − + − + (weak)

Ki-67 0.3 % <2 % ND ND ND

ISH Calcitonin − − ND − ND

Thyroglobulin − − ND ND ND

Gene mutations RET gene mutation − − − ND ND

H-RAS, K-RAS, BRAF gene
mutation

− ND − ND ND

LN metastasis, lymph node metastasis, IHC immunohistochemistry, ISH in situ hybridization, TTF-1 thyroid transcription factor-1, TTF-2 thyroid
transcription factor-2, PAX8 paired box gene 8, CEA carcinoembryonic antigen, CGRP calcitonin gene-related peptide, HPF high-power field, ND
not determined or not described
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