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The Webster Dictionary equates “rare” to “unusual” and “seldom occurring,” 
a practice that has been widely applied to medicine in general and pathology 
in particular, while acknowledging the fact that the two terms are not strictly 
synonymous.

At present, the term “rare” is generally preferred, as evidenced, for exam-
ple, by the existence of several active national and international “rare tumors 
networks.”

Alas, it is very difficult to define what a “rare” tumor is. To wit: Is carci-
noid tumor of the lung a rare tumor? What about a chondrosarcoma of bone 
in a 12-year-old boy? Or a histologically typical primary melanoma of 
gallbladder?

In order to be consistent with this approach, a proposal has been made of 
reverting these queries by establishing strict criteria in order to determine if 
the tumor being evaluated fulfills all those criteria or not.

The content and structure of the present book, written by well-recognized 
experts in the field, provides an authoritative view of the issue and of the 
evolution that has occurred in the identification and nomenclature of rare 
thyroid tumors during the past 20 years, as a result of the increased recogni-
tion of variants (and of variants of variants) of well-recognized entities, our 
changing views of their histogenesis, and the impact that sophisticated tech-
nologies have had in our understanding.

The present monograph by José Manuel Cameselle-Teijeiro and cowork-
ers can be viewed as complementary to the fourth edition of the WHO “blue 
book” on thyroid tumors, in the sense of expanding considerably on all those 
aspects of thyroid tumor pathology. In a way, it can be seen as a collection of 
extremely useful additions that for theoretical and practical reasons could not 
be dealt with enough detail into the “mother” publication, i.e., the WHO 
series on the subject.

� D. Juan Rosai 
Centro Consulenze Anatomia Patologica Oncologica 

Centro Diagnostico Italiano (CDI) 
Milano 

Italy

Foreword
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This book is primarily addressed to histopathologists and cytopathologists, as 
well as to pathology residents and clinicians (endocrinologists and surgeons, 
mainly) who have to deal with thyroid tumours and feel challenged by 
difficult cases.

Following the classic organization of thyroid tumour books, we describe 
and illustrate the pathology of rare or, at least, unusual thyroid tumours and 
tumour-like lesions, both benign and malignant, mostly epithelial and primary 
but also nonepithelial and secondary.

For the sake of simplicity, we start by the rare variants of papillary 
carcinoma and related tumours including, whenever appropriate, difficult dif-
ferential diagnostic problems. Afterwards, we continue with the rare variants 
of the major histotypes of thyroid carcinomas before addressing hereditary 
tumours and, finally, the abundant group of rare, and frequently peculiar, 
tumours and tumour-like lesions of the thyroid.

Besides discussing briefly, in a separate chapter, the therapeutic problems 
raised by such rare tumours, we emphasize the immunohistochemical features 
and the genetic data that should be used to identify each clinicopathological 
entity and thus contribute to improve the differential diagnosis from an 
anatomic pathology standpoint.

In selected cases, we also use the aforementioned molecular biomarkers to 
progress in the understanding of thyroid tumour pathogenesis, profiting from 
the fact that rare tumours, sporadic or familial, may be considered as a sort of 
experiments of nature that can provide interesting insights if appropriately 
studied. This scientific approach is however an exception since the book was 
conceived and produced to be as practical as possible for diagnostic 
purposes.

In order to achieve the maximum diagnostic usefulness, we did our best to 
illustrate the most important morphological features of the rare entities we 
have experience on and to organize, besides the general index, a separate 
index of the 64 entities (and variants) documented by 115 plates with 425 
photographs.

Preface
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We expect the book will be useful to the large spectrum of professionals 
and trainees we identified in the first paragraph of this Preface, as well as to 
the researchers interested in the area of thyroid oncology who feel challenged 
by the learning opportunities created through the study of the extraordinary 
set of rare “animals” herein presented.

Santiago de Compostela, Spain� José Manuel Cameselle-Teijeiro 

Porto, Portugal � Catarina Eloy 

Porto, Portugal � Manuel Sobrinho-Simões
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Introduction
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We think this is the right time to publish a book 
on rare tumours of the thyroid gland for a number 
of reasons.

The fourth edition of the WHO classification 
of thyroid tumours is scheduled to appear still in 

2017 [1], 13 years after the third edition. During 
this period, it was possible to evaluate the relative 
frequency of the so-called rare tumours of the 
thyroid, to identify some new ones and to incor-
porate in the description of most of them, addi-
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tional molecular data at both the 
immunohistochemical and the genetic level.

Next-generation sequencing (NGS) methods 
have expanded enormously the latter field (genetic 
alterations) and are forcing us to rethink the clas-
sification of tumours in the thyroid, as well as else-
where. The most impressive alteration in the 
evaluation of thyroid tumours after NGS regards 
the acknowledgement that the encapsulated follic-
ular variant of papillary carcinoma should be put 
together, follicular adenoma and follicular carci-
noma—the group of RAS-like tumours—rather 
than with the other subtypes of papillary carci-
noma that fit into the group of BRAF-like tumours 
[2, 3]. Besides demonstrating the importance of 
“old” morphologic features (architecture, desmo-
plasia, infiltrative or expanding growth pattern, 
encapsulation), the aforementioned findings raise 
one of the most interesting problems of today’s 
onco-pathology: How to incorporate into the clas-
sic morphologic classifications of tumours the 
molecular data? Such classifications predate the 
knowledge about the crucial role played by somatic 
mutations and other genetic alterations in tumour 
development. This new knowledge is changing 
tumour nosology and should be reflected in tumour 
classification whenever the molecular alterations 
provide meaningful information for diagnosis, 
prognosis and/or therapy selection purposes.

We have evolved from the sheer phenotype (e.g. 
oncocytic, oxyphilic or Hürthle cells) to the fine 
description (mitochondrion-rich cells) and from 
there to the present times in which we know the 
mutations of the nuclear genes encoding the mito-
chondrial proteins and the mutations of the mito-
chondrial OXPHOS genes that cause the oncocytic 
phenotype [4]. Furthermore, we know that the 
large majority of the oncocytic adenomas and car-
cinomas of the thyroid—which are not rare at all—
are sporadic and may be linked to mutations of 
mitochondrial complex I genes and to large dele-
tions of the mitochondrial DNA [5], whereas a lim-
ited number of oncocytic tumours are hereditary 
and are caused by germline mutations of nuclear 
genes [6]. The latter are associated with familial 
clustering of benign and/or malignant oncocytic 
tumours and are, indeed, rare tumours but will not 
be specifically addressed in this book because their 

phenotypes are similar to the common (and fre-
quent) oncocytic tumours of the thyroid.

Many hereditary thyroid carcinomas, namely, 
those of C-cell origin (medullary thyroid carcino-
mas—MTC) will not also be addressed because 
they usually present a quite variable but identifi-
able phenotype that is easily confirmed by calci-
tonin immunoreactivity (and are not that rare). 
The same does not hold true, however, for some 
peculiar and rare morphologic and/or immuno-
histochemical variants of medullary carcinoma 
(e.g. calcitonin-negative MTCs), nor to some 
hereditary, well-differentiated carcinomas occur-
ring in syndromic contexts (e.g. cribriform-
morular variant of papillary carcinoma).

The field of hereditary well-differentiated carci-
nomas other than MTC is very interesting both 
diagnostically and pathogenically. Besides the cases 
with a peculiar morphology—the cribriform-
morular carcinoma is a paradigm of this group—
there are a number of cases of benign and malignant 
well-differentiated epithelial tumours that do not 
have a peculiar morphology but are extremely 
important for understanding thyroid carcinogenesis. 
This holds true, for example, for tumours arising in 
the context of Cowden and DICER syndromes. 
Curiously, most if not all of such hereditary well-
differentiated carcinomas lack typical nuclear char-
acteristics of papillary or follicular carcinoma, and 
they do not also display the typical genetic altera-
tions of any of the two major types of carcinoma. 
This leads to the diagnosis of “Well differentiated 
carcinoma, not otherwise specified” concurring 
with the recently published results of Yoo et al. [7] 
that highlight the existence of a third molecular 
group of well-differentiated carcinoma—tumours 
that are not BRAF-like nor RAS-like.

Another issue we will try to address regards the 
peculiar morphology that some thyroid tumours 
display, not because of the neoplastic cells them-
selves, nor of their structural organization, but for 
the prominence of stromal elements, lymphocytes, 
macrophages and vessels. The exuberance and 
pattern of such host responses frequently give rise 
to rare morphologic entities that should be identi-
fied because they may be the consequence of a 
singular etiopathogenesis or many carry a special 
prognosis/therapy response. Like in the other his-

M. Sobrinho-Simões et al.
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totypes of thyroid tumours, the search for genetic 
and/or epigenetic alterations in these settings is a 
must, and we will try to do it along the book.

Summing up, besides illustrating the rare mor-
phology of tumours of the thyroid, we will also 
try to link their clinico-pathologic characteristics 
to molecular features (immunohistochemical and 
genetic alterations) in order to progress in the 
understanding of thyroid carcinogenesis.

For the sake of keeping the book as simple to 
use as possible, we decided to organize the chap-
ters following the major chapters of the WHO 
books.

The second chapter will focus on rare variants 
of papillary thyroid carcinoma (PTC) starting by 
the hobnail (micropapillary) variant of PTC, a 
recently described variant that combines a pecu-
liar morphology with quite specific molecular 
features and carries a guarded prognosis. Besides 
other rare (morphologic) variants, the chapter 
also includes some primary or metastatic tumours 
that raise difficult diagnostic problems either due 
to their awkward morphology or unexpected 
immunohistochemical features (e.g. mixed 
medullary-papillary carcinoma).

The third chapter is devoted to rare variants of 
follicular thyroid carcinoma (FTC) using, as a 
starting point, cases of Hürthle (oncocytic cell) 
carcinoma composed of clear cells and cases that 
do not display immunoreactivity for TG or TTF1. 
In the new WHO book (2017), the category of 
Hürthle cell (oncocytic) carcinoma, NOS, has 
been “rediscovered” paying a tribute to the 
unique clinical, macroscopic, histologic, ultra-
structural and molecular features of such tumours 
[1]. Besides other rare morphologic and/or 
molecular variants of FTC, the chapter includes 
also a number of diagnostically difficult follicu-
lar adenoma subtypes.

The fourth chapter uses a case of poorly dif-
ferentiated carcinoma (PDTC) to introduce the 
rare (and heterogeneous) group of small cell 
tumours of the thyroid, with an emphasis on the 
recently described CEFTE (carcinoma with 
Ewing family tumour elements) together with 
other rare histotypes that, at least superficially, fit 
into the area of poorly differentiated/undifferenti-
ated carcinomas. This heterogeneous group of 

tumours is used to highlight the crucial impor-
tance of immunohistochemistry in the differen-
tial diagnosis of tumours depicting a small cell 
phenotype, as well as in the precise diagnosis of 
thyroid lymphomas and rare flowers such as the 
atypical (calcitonin-negative) MTC.

The fifth chapter is headed by a case 
cribriform-morular variant of PTC as an exam-
ple of a rare form of PTC that is usually heredi-
tary but may also be sporadic. This case is used 
to discuss the differential diagnosis with other 
thyroid tumours and to present a number of 
other rare, hereditary, non-medullary tumours 
occurring either isolated or in a syndromic 
context.

The sixth chapter is entitled “Other rare 
tumours and tumour-like lesions” and includes a 
heterogeneous group of rare thyroid tumours 
(thymic origin, mesenchymal, etc.) and tumour-
like conditions. The chapter is headed by a series 
of tumour-like lesions that fit into the umbrella 
descriptive term of lesions originated from solid 
cell nests (SNC). Besides raising diagnostic 
problems, namely, when displaying a tumoural 
phenotype, such SCN lesions provide important 
clues for understanding the pathogenesis of some 
thyroid tumours.

In the last chapter, we briefly address the ther-
apeutic problems raised by some of the afore-
mentioned rare tumours.
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�Introduction

Papillary thyroid carcinoma (PTC) is a malignant 
epithelial tumour showing evidence of follicular 
cell differentiation and a set of distinctive nuclear 

features. Following the criteria of the last WHO 
classification, either papillae or invasion is 
required for a diagnosis of PTC [1]. Although the 
diagnosis of PTC is not usually problematic, 
numerous variants of PTC have been recognized, 
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sometimes raising diagnostic difficulties. In the 
follicular-patterned tumours with PTC nuclear 
features, the diagnosis is based primarily on the 
identification of invasion signs and will not be 
addressed in this book [1, 2]. It is particularly 
important to recognize those variants of PTC that 
are associated with clinical aggressiveness, as is 
the case with tall cell variant, columnar cell vari-
ant, the recently described hobnail (micropapil-
lary) variant of PTC and PTC displaying diffuse 
nuclear immunoreactivity for P53. Since the hob-
nail (micropapillary) variant of PTC is the rarest 
form of the aforementioned three morphologic 
variants and its diagnosis is more difficult, it will 
be specially addressed in this chapter, together 
with other (very) unusual forms of PTC.

�Hobnail (Micropapillary) Variant 
of Papillary Thyroid Carcinoma

Hobnail (micropapillary) variant of PTC has 
been recently defined in the WHO classification 
as a rare variant requiring more than 30% of 
cells with hobnail features [1]. Because hobnail 
histology is more prevalent than micropapillary 
features, and the hobnail features appear to be 
more important for the diagnosis and prognosis 
of these tumours, hobnail variant (HV) of PTC 
is the preferred designation [3]. The prevalence 
of HV of PTC ranges from 0.2 to 1.2% of all 
PTCs [3–5].

This aggressive tumour is characterized by an 
advanced stage at presentation, with more than 
half of cases diagnosed in stages III or IV [3, 4, 
6–8]. Regional lymph node metastases are pres-
ent in more than 70% of cases, and distant metas-
tases in about 30% of cases, mainly to the lung 
and bones [3–5, 7–10]. Extrathyroidal extension 
is seen in 70% and local tumour recurrence in 
about 25% of patients [3–8, 10]. The HV of PTC 
is prone to progression to undifferentiated carci-
noma, thus confirming its aggressiveness [8]. For 
treatment, see Chap. 7.

Macroscopically, these tumours are usually 
large, being multifocality detected in about half of 
the cases [3–12]. The HV of PTC is characterized 
histopathologically by a combination of hobnail 
and micropapillary patterns [1, 4, 13] (Fig. 2.1). 
The hobnail cell appearance exhibits a peculiar 
loss of polarity in which the tumour cells lining 
the papillary or follicular structures display a high 
nuclear/cytoplasmic ratio with the nuclei located 
in the middle or apex of the cytoplasm. In the 
micropapillary areas, the neoplastic cells are 
loosely arranged in small clusters lacking fibro-
vascular cores coexisting with micropapillary 
structures usually lined by cuboidal, flat or hob-
nail cells indicating loss of polarity and cohesive-
ness (Fig.  2.2). HV of PTC typically shows a 
variable combination of papillary and follicular 
growth patterns and many clusters of hobnail cells 
that often show moderate to rarely high nuclear 
pleomorphism (Fig. 2.3), prominent nucleoli and 

Fig. 2.1  Hobnail (micropapillary) variant of papillary 
thyroid carcinoma. This variant typically shows a variable 
combination of papillary (a), micropapillary (b) and fol-
licular growth pattern (c). Both the papillae and the folli-

cles are lined by hobnail cells with dark chromatin. 
Isolated nuclei with nuclear clarification and pseudoinclu-
sions can also be seen (arrows). In some cases, the cyto-
plasm is abundant and eosinophilic (c)

J.M. Cameselle-Teijeiro et al.
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Fig. 2.2  Hobnail (micropapillary) variant of papillary 
thyroid carcinoma. In this variant, hobnail cells are usu-
ally associated with a micropapillary pattern of growth 
evidencing a loss of polarity and cohesiveness (a, b). In 

contrast to what occurs in classic papillary carcinoma, 
nuclear p53 immunoexpression is usually found in this 
variant (c)

a

c d e

b

Fig. 2.3  Hobnail (micropapillary) variant of papillary 
thyroid carcinoma. This case showed in addition to papil-
lary areas with typical hobnail cells (a, b), tumour cells 

with nuclear pleomorphism (c) and solid growth pattern 
areas (d). Tumour cells showed positivity for thyroglobu-
lin (e) (Courtesy of Olga Prieto Gómez, Pontevedra, Spain)

2  Rare Papillary Thyroid Carcinomas
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dark chromatin [3, 8, 9]. Typical nuclear features 
of PTC are present but can be focal (Fig. 2.1). The 
cytoplasm is usually abundant and eosinophilic; 
there are cases with extensive clear cell change 
due to accumulation of glycogen [12] or with true 
Hürthle (oncocytic) cells by accumulation of 
abnormal mitochondria [14]. The typical areas of 
HV of PTC can be mixed with aggressive histo-
logic variants such as tall cell, columnar cell and/
or trabecular/solid variant in varying proportions 
[5, 7, 8] (Figs. 2.4 and 2.5).

Mitotic figures are more frequent than in con-
ventional PTC [3–6, 9, 10]. The Ki-67 index is 
about 5–10% [3, 7, 8]. Foci of necrosis were 

detected in about 5% of cases and lymphovascular 
invasion is seen in more than half of the cases. 
Some papillae may have stalks composed of loose 
myxoid stroma or may contain lymphocytes or 
foamy macrophages (Fig. 2.2). Psammoma bodies 
are rarely seen. Thyroiditis and nodular hyperpla-
sia in the remaining thyroid tissue have been 
described in some cases. Coexistence of small foci 
of undifferentiated carcinoma has been reported in 
two cases, and tumour progression from HV of 
PTC to undifferentiated carcinoma either in the 
tumour recurrence or in metastases can also been 
seen [4] (Fig. 2.6). Although hobnail features are 
more commonly observed in association with 

a

b c

Fig. 2.4  Hobnail (micropapillary) variant of papillary 
thyroid carcinoma. In the three microscopic photographs 
of this same case of hobnail variant of PTC, micropapil-
lary pattern of growth coexist with tall/columnar pattern, 

tumour cells showing tall, dense eosinophilic (oncocytic) 
cytoplasm with mild (tall cell like) or prominent nuclear 
stratification (columnar cell like) (a–c)

Fig. 2.6  Hobnail (micropapillary) variant of papillary 
thyroid carcinoma. In this case with typical morphology 
of hobnail variant in the primary thyroid tumour (a), liver 
metastasis showed two neoplastic components: columnar 
cell papillary thyroid carcinoma areas (b), positive for 

thyroglobulin (d), merging with solid areas composed of 
undifferentiated round cells (c) with negativity for thyro-
globulin but showing positivity for thyroid transcription 
factor (TTF-1) (e). See [9] for additional details

J.M. Cameselle-Teijeiro et al.
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a b

c d

Fig. 2.5  Tall and columnar cell variants of papillary thy-
roid carcinoma. Hobnail variant of papillary thyroid carci-
noma (PTC) can be mixed with other aggressive histologic 
variants such as tall cell and columnar cell variants in vary-
ing proportions. However, by definition, tall cell variant of 
PTC is made by cells that are two to three times taller than 
wide and which show abundant eosinophilic cytoplasm 
(oncocytic) (a, b). Typical nuclear features of papillary 
carcinoma are present, and nuclear pseudoinclusions are 
usually easily found (b). Since tall cell areas are frequently 
present in otherwise classic PTC, at least 30% of all 

tumour cells are reasonably required for the diagnosis of 
tall cell variant of PTC. Columnar cell variant of PTC is 
composed of columnar cells with marked pseudostratifica-
tion that, at variance with the tall cell variant, lack typical 
nuclear features of PTC (c, d). The neoplastic cells show 
occasional clear cytoplasm reminiscent of an endometrioid 
adenocarcinoma (d), and coexistence of round tubular fol-
licles with prominent nuclear pseudostratification may 
mimic an intestinal adenocarcinoma. Tall and columnar 
cell variants of PTC are both positive for thyroglobulin but 
lack hobnail features and micropapillary growth pattern

a b c d

e
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poorly differentiated thyroid carcinoma (PDTC) 
(22%) than with PTC [5] (1.3%), differential diag-
nosis between HV of PTC and PDTC should be 
made according to the Turin criteria [15] (see 
Chap. 4). Interestingly, numerous small papillary 
formations partially covered with hobnail cells are 
typically seen in the diffuse sclerosing variant of 
PTC, but in this variant, the papillae are located 
within intrathyroidal cleft-like spaces, associated 
with extensive squamous metaplasia, large number 
of psammoma bodies, lymphocytic thyroiditis and 
prominent fibrosis [1] (Fig. 2.7). Hobnail-like fea-
tures may also occur as degenerative changes in 
cystic areas, but in this setting, the lesions do not 
display an infiltrative component and lack typical 
nuclear features of PTC.

Tumour cells are immunoreactive for thyro-
globulin (Fig. 2.3), thyroid transcription factor-1 
(TTF-1), TTF2 (FOXE1), paired box-8 (PAX8), 
cytokeratins (CK) (CK AE1/3, CK 7, CK 19), 
epithelial membrane antigen (EMA), Hector 
Battifora mesothelial cell-1 (HBME-1), galectin-

3, cyclin D1, p27KIP1 and PTEN [3, 4, 6–10, 
13]. Interestingly, in some cases, displaying posi-
tivity for thyroglobulin in the primary tumour 
and lymph node metastases, there may be total or 
partial negativity in distant metastases [3, 8, 13] 
(Fig. 2.6). Tumour cells are negative for CK 20, 
thyroperoxidase, calcitonin, chromogranin A and 
synaptophysin. Strikingly, intense and diffuse 
nuclear p53 expression is detected in most cases 
[3, 6–8, 10, 13, 16] (Fig. 2.2).

Fine needle aspiration biopsy (FNAB) is an 
effective method for diagnosing PTC, including 
HV cases [4, 8, 10–12]. In HV of PTC, the FNAB 
samples are typically highly cellular with little 
colloid and a bloody background. The tumour 
cells are organized in papillary-like, micropapil-
lary and/or discohesive cell clusters in variable 
proportions. The characteristic isolated cells are 
of small to medium size showing eccentric nuclei 
teardrop cytoplasm (hobnail appearance), the so-
called comet-like cells (Fig. 2.8). Syncytial cell 
clusters with apically placed nuclei may also 

a

c d e

b

Fig. 2.7  Diffuse sclerosing variant of papillary thyroid car-
cinoma. In this variant there is diffuse involvement of one 
lobe or of the entire gland characterized by dense sclerosis, 
numerous psammoma bodies, papillary structures, promi-

nent squamous metaplasia and background changes of 
chronic lymphocytic thyroiditis (a, b). Papillary formations 
partially lined by hobnail cells are typically seen (a). Tumour 
cells are positive for TTF1 (c), PAX8 (d) and p63 (e)

J.M. Cameselle-Teijeiro et al.
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appear. Typical pseudoinclusions or multiple 
soap-bubble-like intranuclear inclusions are 
commonly detected. Variable degrees of nuclear 
atypia, grooves, nuclear stratification and 
atypical mitoses can also be seen [4, 10, 11] 
(Fig.  2.9). Immunohistochemical positivity for 

thyroglobulin, TTF-1, HBME-1, E-cadherin and 
p53 can be detected in cytological samples [10].

In addition to the frequent immunohistochem-
ical positivity for p53 protein, BRAFV600E muta-
tion has been detected in about 70% cases of HV 
of PTC using both cytological or tissue samples 

a b c d

Fig. 2.8  Cytological specimens from hobnail variant of 
papillary thyroid carcinoma. Hobnail variant of PTC 
showing discohesive cells with loss of polarity and large 
nuclei (a). In this variant, samples from fine needle aspira-

tion biopsy characteristically show isolated cells with 
eccentric nuclei teardrop cytoplasm (hobnail appearance), 
the so-called comet-like cells (b–d)

a b

c d

Fig. 2.9  Cytological samples from hobnail variant of 
papillary thyroid carcinoma. In these samples from the 
case showed in Fig. 2.3, columnar cells with nuclear pseu-
doinclusions (a, Diff-Quik stain) and bubbled cytoplasm 

(b, Diff-Quik stain) are seen. A poorly differentiated com-
ponent, composed by aggregates of small cells with dark 
nuclei, is also detected ((c, d), Papanicolaou stain)

2  Rare Papillary Thyroid Carcinomas
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[4, 5, 7, 8, 10, 11, 13]. Concurrent BRAFV600E and 
TERT promoter mutations were found in one 
case with undifferentiated carcinoma areas in dis-
tant metastases [8], but no TERT promoter muta-
tions were identified in a series of ten cases of 
common HV of PTC [4]. RET/PTC1, but not 
RET/PTC3 rearrangements, have been detected 
in less than 20% of HV cases [7, 8, 13].

�Diffuse Sclerosing Variant 
of Papillary Thyroid Carcinoma

The diffuse sclerosing variant of PTC is more fre-
quent in female, young patients [1]. It is a PTC 
variant that diffusely involves one or both thyroid 
lobes, clinically mimicking Hashimoto thyroid-
itis [1, 2]. This variant is characterized by dense 
sclerotic stroma involving nests of solid, squa-
moid, spindled and papillary arranged cells 
(Fig. 2.7). The cells express focally thyroglobu-
lin, TTF-1, PAX8 and p63 (Fig. 2.7). Abundant 

psammoma bodies, lymphocytic infiltration and 
extensive lymph vessel invasion are also present. 
Lymph node and lung metastases are frequent 
and may be difficult to diagnose since they may 
be thyroglobulin (often) and TTF-1 (more rarely) 
negative. The disease-free survival rate is lower 
than that of patients with conventional PTC.

�Spindle Cell Variant of Papillary 
Thyroid Carcinoma

Spindle cell transformation or metaplasia has 
been so far demonstrated in the context of epithe-
lial benign and malignant conditions [1, 2, 17]. 
Rare cases of PTC show areas of spindle cell dif-
ferentiation that may represent more than 80% of 
the tumour [1, 17]. Microscopically, spindle 
tumour cells are arranged in bundles, frequently 
showing nuclear grooves and occasional, less fre-
quent, pseudoinclusions (Fig.  2.10). Follicular 
structures are usually seen in the periphery of the 

a

b c d

Fig. 2.10  Spindle cell variant of papillary thyroid carci-
noma. This variant is mainly composed of spindle cells 
arranged in bundles having a mesenchymal-like appear-
ance (a). The nuclei of the spindle cells are large, oval and 

grooved and displayed pseudoinclusions (a, b). Tumour 
cells are immunopositive for thyroglobulin (c) and kera-
tins (clone AE1/AE3) (d)

J.M. Cameselle-Teijeiro et al.



13

tumour. The spindle cells are actually epithelial in 
nature and follicular cell originated, as evidenced 
by their positivity, sometimes focal, for pan-kera-
tins and thyroglobulin, TTF-1 and PAX8 
(Fig.  2.10). The differential diagnosis of this 
tumour includes reactive processes and a variety 
of primary thyroid tumours and metastatic neo-
plasms (see spindle cell tumours in Chap. 6). In 
contrast to reactive changes occurring post FNAB, 
true spindle cell foci of PTC are not associated 
with haemorrhage, new capillary blood vessels or 
hemosiderin-laden macrophages. Distinguishing 
features from anaplastic carcinoma include the 
fact that the PTC spindle cells are bland without 
mitotic activity, pleomorphism and necrosis. 
Because spindle cell variant of PTC behaves simi-
larly to PTC lacking such features, it is important 
to separate this variant of PTC from aggressive 
spindle cell malignant neoplasms (see Chap. 6).

�Spindle Cell Papillary Carcinoma 
with Fasciitis-Like Stroma/
Fibromatosis

In rare cases, the stroma of PTC is so abundant and 
cellular as to resemble nodular fasciitis, fibromato-
sis and other proliferative myofibroblastic pro-
cesses [1, 2]. PTC with fasciitis-like stroma, also 
designated as PTC with fibromatosis-like stroma, 
is a biphasic tumour composed by a stromal benign 
component and PTC neoplastic foci [1]. The stro-

mal component may predominate obscuring the 
presence of PTC foci. The stromal cells are spin-
dled, bland looking and arranged in fascicles in a 
more or less collagen-rich background. This com-
ponent, thought to be representative of a myofibro-
blastic population, expresses nuclear beta-catenin 
and cytoplasmic smooth muscle actin and does not 
express cytokeratins nor TTF-1 [18]. The PTC foci 
disclose the typical nuclear features and the 
respective immunohistochemical profile. The rec-
ognition of this malignant component, with the 
eventual aid of cytokeratins staining to highlight 
the epithelial cells, will allow the differential diag-
nosis with other stromal-rich lesions of the thy-
roid, namely, end-stage/fibrous variant of 
Hashimoto thyroiditis, IgG4-associated/Riedel 
thyroiditis, multifocal fibrosing thyroiditis and 
solitary fibrous tumour (see Chap. 6). The distinc-
tion between PTC with fasciitis-like stroma and 
paucicellular variant of anaplastic carcinoma is not 
difficult since the latter presents as (very) large 
tumour with atypical, often bizarre, cells through-
out its extension (see Chap. 6). The overall and 
recurrence-free survival for patients with PTC 
with fasciitis-like stroma/fibromatosis may be 
lower than for other PTC variants.

The case illustrated in Fig. 2.11 is a PTC with 
fasciitis-like stroma diagnosed in a 68-year-old 
female patient submitted to total thyroidectomy due 
to nodular adenomatous goitre. The macroscopic 
examination disclosed a poorly circumscribed nod-
ule in the isthmus with microscopic predominance 

a b

Fig. 2.11  Spindle cell papillary carcinoma with fasciitis-
like stroma. Macroscopic features of the tumour (arrow) 
(a). There is abundant sclerotic stroma without atypical 
nuclei (b). Scattered foci of epithelial cells are arranged in 

trabeculae or small follicles (c). Papillary thyroid carci-
noma nuclear features can be seen in the epithelial foci (d) 
(Courtesy of Eva Sigstad and Krystyna Kotanska-Grøholt, 
Oslo, Norway)
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of a cellular bland stroma component with occa-
sional lymphoid aggregates and scarce PTC foci.

�Angiomatoid Variant of Papillary 
Thyroid Carcinoma

The angiomatoid variant of PTC that develops in 
the context of Hashimoto thyroiditis can be con-
fused with a vascular tumour if the characteristic 

nuclear features of PTC in the cells lining the 
vascular-like spaces are not searched at high 
magnification [19]. Such vascular-like spaces can 
display a prominent anastomosing pattern; are 
lined by TTF-1, PAX-8 and thyroglobulin posi-
tive; are cuboidal to flat cells; and are surrounded 
by a collagenous to myxoid stroma.

The case illustrated in Figs. 2.12 and 2.13 is 
from a 56-year-old woman with clinical and 
cytological diagnosis of Hashimoto thyroiditis 

c d

Fig. 2.11  (continued)

a

b c d

Fig. 2.12  Angiomatoid variant of papillary thyroid carci-
noma. The vascular-like pattern of the tumour (a) in a 
background of Hashimoto-type thyroiditis (b) and the 

typical PTC nuclear features (c), including nuclear pseu-
doinclusions (d), can be seen in this angiomatous variant 
of PTC (Courtesy of Alexandra Betts, Malta)

J.M. Cameselle-Teijeiro et al.
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(thyroid peroxidase antibodies >1000  IU/ml) 
who presented with a painless nodule in the left 
lobe measuring 25 mm in its largest dimension, 
documented in the neck ultrasound. This nodule 
was “cold” at scintigraphy. Macroscopically, the 
thyroid had a pale, vaguely nodular appearance. 
An encapsulated nodule measuring 
25 × 25 × 17 mm was present in the upper half of 
the left lobe. This nodule had a solid, brownish, 
variegated cut surface. At histological examina-
tion, there were lesions consistent with 
Hashimoto-type thyroiditis and a well-
circumscribed nodule surrounded by an irregular 
capsule (Fig. 2.12). The nodule had an angioma-
toid appearance caused by irregularly shaped 
spaces filled with red blood cells. The lining of 
the spaces and some solid/trabecular areas inter-
mingled with the spaces were composed by cells 
with clear and irregularly shaped nuclei, some 
with pseudoinclusions. There were no signs of 
vascular invasion. The neoplastic cells in the nod-

ule expressed TTF-1, PAX8, thyroglobulin and 
cytokeratins (Fig. 2.13). Calcitonin, CD31, CD34 
and D2-40 were not expressed in the neoplastic 
cells. CD31 and CD34 highlighted a prominent 
vascular network in the nodule. BRAF and N-RAS 
mutations were not detected.

�Thyroglobulin-Negative Papillary 
Thyroid Carcinoma

PTC without thyroglobulin expression represents 
the type of tumour that is difficult to say if it is 
rare or if it is common but has been passed by 
undetected. In cases with less typical PTC cells, 
as occurs in the spindle cell variant, the solid 
variant or in the solid areas of the diffuse scleros-
ing variant of PTC, thyroglobulin can be 
expressed only focally [1, 2]. Cases of PTC that 
are completely negative for thyroglobulin in the 
setting of a normally stained remaining thyroid 

a b c

d e f

Fig. 2.13  Immunohistochemical profile of the cells that 
line the vascular-like spaces in the angiomatous variant of 
papillary carcinoma. The tumour cells express thyroglob-
ulin (a), TTF-1 (b) and PAX8 (c), while the vascular 

markers CD31 (d) and CD34 (e) are not expressed. The 
Ki-67 labelling index is very low fitting with the low-
grade features of the tumour (f)

2  Rare Papillary Thyroid Carcinomas



16

tissue may represent situations with underlying 
somatic mutations of the thyroglobulin gene or 
other genes codifying proteins engaged in the 
production of thyroglobulin. The search for other 
products of the follicular cell metabolism, such 
as thyroperoxidase and T4, can help in the identi-
fication of the follicular cell differentiation, thus 
ruling out a C-cell differentiation. One can also 
search for the presence of thyroglobulin mRNA 
using FISH. It is very important to exclude a lack 
of thyroglobulin expression due to poor fixation 
or other pre-analytical limitations. The case of 
thyroglobulin-negative PTC illustrated in 
Fig. 2.14 is from a 2-year-old boy with a 1.5 cm 
nodule in the thyroid, well circumscribed, with a 
predominantly solid growth pattern that did not 
disclose infiltrative growth nor vascular invasion. 
The nuclei of the neoplastic cells were clear and 
irregularly shaped, typical of PTC. The neoplas-
tic cells in the nodule did not express thyroglobu-
lin nor thyroperoxidase and expressed vimentin, 
TTF-1 and T4 (Fig.  2.14). Calcitonin was not 
expressed in the neoplastic cells.

Taking into consideration that the follow-up of 
patients with PTC is mainly based on serum thyro-
globulin measurements, this variant raises impor-
tant questions from the clinical standpoint. The 
identification of this variant in the original pathol-
ogy report should prompt physicians to perform 
more frequent imaging procedures, because serum 
thyroglobulin may not be a reliable tumour marker 
in this setting. On the other hand, if during the 
follow-up of patients with differentiated thyroid 
carcinomas physicians face the rare occurrence of 
disease persistence/recurrence with undetectable 
serum thyroglobulin levels, the hypothesis of a 
thyroglobulin-negative variant should be sought.

�Papillary Thyroid Carcinomas 
with Unusual Immunohistochemical 
Reactivity

Rare cases of PTC, particularly its columnar cell 
variant, as well as the morular structures of the 
cribriform-morular variant of PTC (see Chap. 5), 

a b c

d e f

Fig. 2.14  Thyroglobulin-negative papillary thyroid car-
cinoma. This image shows a PTC with solid pattern (a) 
disclosing the typical nuclear features (b) and without 

reactivity for thyroglobulin (c) and thyroperoxidase (d). 
Tumour cells are positive for TTF-1 (e) and T4 (f)

J.M. Cameselle-Teijeiro et al.
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can show aberrant nuclear CDX2 expression, an 
intestine-specific homeobox gene transcription 
factor [20–23]. Besides, there are rare cases of 
PTC with positivity for CA19.9  in the primary 
and/or metastatic foci, as well as cases of PTC 
with anaplastic transformation also reported as 
having CA 19.9 positivity [24, 25]. In Fig. 2.15, 
we illustrate a case of PTC with marked nuclear 
stratification (columnar cell variant) and positiv-
ity for both CDX2 and CA19.9.

Another interesting finding regards the co-
expression of thyroglobulin and p53 in some 
cases (less than 3%) of PTC that usually display 

dark pseudostratified nuclei and are thought to 
carry a guarded prognosis [26–28]. Some aggres-
sive forms of PTC such as tall cell, columnar cell 
and hobnail variant of PTC, as well as rare cases 
of mixed columnar cell and tall cell variant of 
PTC, (poorly differentiated) cribriform-morular 
variant of PTC and squamous cell carcinoma 
associated with tall cell variant of PTC, exhibit a 
higher rate of p53 immunopositivity than com-
mon PTC [3, 8, 13, 20, 23, 29–31]. The case 
illustrated in Fig.  2.16 (courtesy of Abir Al 
Ghuzlan, Villejuif, France) is a partially encapsu-
lated classic PTC occurring in a 22-year-old 

a b c

Fig. 2.15  Papillary thyroid carcinoma with unusual immunohistochemical features. This case of columnar cell variant 
of PTC (a) showed diffuse positivity for CDX2 (b) and CA19.9 (c)

a b

Fig. 2.16  p53 positivity in classic papillary thyroid car-
cinoma (PTC) with columnar cell carcinoma features. 
Partially encapsulated classic PTC (a) with papillary 

architecture (b, c) and columnar cell features (c). Intense, 
diffuse immunoexpression for p53 was encountered (d)
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woman that displayed foci with columnar cell 
carcinoma features (pseudostratification of the 
neoplastic cells and crowding of the nuclei) and 
intense nuclear immunoexpression for p53. 
Staging, including the presence of capsular and, 
mainly, vascular invasion, remains, nevertheless, 
the most important prognostic factor [16].

�Mucoepidermoid Carcinoma (MEC) 
of the Thyroid

MEC is a malignant epithelial neoplasm charac-
terized by a combination of squamous and muci-
nous components [1, 2]. Figure 2.17 shows the 
typical features of MEC, demonstrating inter-

c d

Fig. 2.16  (continued)

a

c d e

b

Fig. 2.17  Mucoepidermoid carcinoma of the thyroid. 
The tumour is composed of epithelial nests showing epi-
dermoid and mucinous components surrounded by a 
fibrotic stroma (a, b). Mucinous material positive for 

Alcian blue stain (c) and Mayer’s mucicarmine (d) can be 
seen in the glandular lumina. Positivity for p63 can also be 
seen in epidermoid and ductal cells (e)

J.M. Cameselle-Teijeiro et al.
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twined nests of epidermoid cells and mucinous 
components in a fibrotic stroma. The epidermoid 
component is arranged in sheets usually with 
keratin pearl formation, whereas the cuboidal, 
goblet-like mucous cells line ducts or glandular 
spaces. Hyaline bodies (PAS-positive droplets) 
resembling colloid may appear in the mucocyte 
cytoplasm. A cribriform-like pattern with elon-
gated lumina containing colloid-like material and 
papillary infoldings can be seen. Ciliated cells 
are sometimes present. Mucin can be intra- and/
or extracellular. The tumour cells have medium-
sized nuclei with rather pale chromatin resem-
bling PTC nuclei. Nuclear grooves and 
pseudoinclusions can be seen, and psammoma 
bodies occasionally occur. Mitotic figures are 

rare as are foci of necrosis. PTC (classic, follicu-
lar variant or tall cell variant) has been found 
associated with MEC (Fig.  2.18). In some rare 
cases of MEC (with or without PTC), there is 
merging with undifferentiated (anaplastic) areas 
(Fig.  2.18) or coexisting poorly differentiated 
(insular) transformation. Areas with follicular 
carcinoma or Hürthle cell carcinoma are much 
less common. Lymphocytic (Hashimoto) thy-
roiditis is frequently associated. Most MECs are 
focally positive for thyroglobulin, PAX8 and 
TTF-1, with positivity for p63 in epidermoid foci 
and ductal basal cells (Fig. 2.17). The main dif-
ferences between MEC and sclerosing mucoepi-
dermoid carcinoma with eosinophilia (SMECE) 
are summarized in Table 2.1.

a

b

Fig. 2.18  Mucoepider
moid carcinoma of the 
thyroid. In this case, 
mucoepidermoid 
carcinoma (at left) is 
associated with PTC (at 
right) (a). In the picture 
below, mucoepidermoid 
carcinomas (at left) with 
anaplastic 
transformation (at right) 
is seen (b)
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�Sclerosing Mucoepidermoid 
Carcinoma with Eosinophilia (SMECE)

A case of SMECE from a 13-year-old female 
with no history of radiation exposure and a pain-
less cervical nodule with 4 months of evolution is 
illustrated in Fig. 2.19. The thyroid function tests 
were normal and anti-thyroglobulin and anti-
microsomal antibodies were detected in the 
serum. The ultrasound showed a solid, hypoecho-
genic nodule, with microcalcifications in the left 
lobe. The patient underwent FNAB of the nodule 
and a diagnosis of follicular tumour was made. 
The total thyroidectomy specimen disclosed a 
2.5 cm well-circumscribed, whitish and firm nod-
ule that by light microscopy was a nonencapsu-
lated tumour composed by anastomosing clusters 
of squamoid cells mixed in a sclerotic back-
ground with abundant lymphocytic infiltration 
and eosinophils (Fig.  2.19). The tumour cells 

Table 2.1  Main clinical, pathological and immunohisto-
chemical features of mucoepidermoid carcinoma (MEC) 
and sclerosing mucoepidermoid carcinoma with eosino-
philia (SMECE)

MEC SMECE

Age (years) Median 47 
(range: 
10–91)

Median 55 
(range: 32–89)

Gender distribution 
(F:M)

2:1 7:1

Extrathyroidal extension ≈25% ≈40%
Cervical lymph node 
metastases

≈40% ≈35%

Distant metastases <10% ≈22%
Perineural invasion Rare Common
Lymphocytic thyroiditis 
or Hashimoto thyroiditis

≈40% Common

Association with PTC ≈50% Rare
Thyroglobulin positivity Usually 

positive
Usually 
negative

TTF-1 positivity Usually 
positive

≈50%

aa bb

cc dd

Fig. 2.19  Sclerosing mucoepidermoid carcinoma with 
eosinophilia (SMECE). This is a case of SMECE coexist-
ing with exuberant lymphocytic Hashimoto-type thyroid-
itis (a). The tumour discloses nests of squamoid cells  

(b, c) that express p63 (b, inset) that are surrounded by a 
prominent collagenous stroma rich in lymphocytes and 
eosinophils (d)
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showed squamoid differentiation and occasional 
intracellular accumulation of mucin. 
Thyroglobulin was not detected in the neoplastic 
cells as it often occurs (see Table 2.1). Vascular 
invasion and foci of necrosis were present. No 
mutations were detected in BRAF or (K-, N-, H-) 
RAS genes nor RET/PTC or PAX8/PPARgamma 
rearrangements. SMECE is a low-grade tumour 
that may coexist with PTC and must be distin-
guished from PTC with squamous cell metapla-
sia [1, 2, 32] (Fig. 2.20).

�Tumour-in-Tumour of the Thyroid 
with Neoplastic Solid Cell Nest Features

Tumour-in-tumour phenomena can occur in the 
thyroid mainly reflecting the occurrence of 
metastases into follicular adenoma and/or into 
follicular variant of PTC [33]. In other situations, 
the different components of the tumour that 
assumes a biphasic or multiphasic growth pattern 
originate from the thyroid [34]. This is the case of 
a singular tumour-in-tumour of the thyroid with 
neoplastic solid cell nest features illustrated in 
Figs. 2.21 and 2.22. It is a tumour in a 70-year-
old male submitted to surgery due to non-toxic 

nodular goitre and normal thyroid function tests. 
Extensive investigation of primary tumours 
located in other organs was performed and noth-
ing was found. The surgical specimen presented 
an encapsulated nodule in the upper pole of the 
right lobe with a tumour-in-tumour features and 
without signs of capsular or vascular invasion. 
There was an adenoma at the periphery of the 
tumour beneath the capsule. The second layer 
had the appearance of follicular variant of PTC 
and the central lesion, which constituted the core 
of the nodule, presented a solid pattern of growth 
(Fig. 2.19). This central lesion was composed of 
monotonous epithelioid cells with oval nuclei 
and eosinophilic cytoplasm that exhibited a pali-
sade organization at the periphery, as it is fre-
quently observed in solid cell nest component 
(Fig.  2.21). The central lesion did not express 
TTF-1, calcitonin or thyroglobulin and expressed 
p63, as also did the main cells of the solid cell 
nests (Fig. 2.22). Mutations of BRAF and N-RAS 
were searched, and a Q61R N-RAS mutation in 
exon 2 was detected both in the follicular variant 
of PTC and in the central lesion, supporting the 
assumption that both represent the same clonal 
proliferation. No mutations were identified in the 
BRAF gene.

a

b

Fig. 2.20  Sclerosing 
mucoepidermoid 
carcinoma with 
eosinophilia (SMECE). 
SMECE is a low-grade 
tumour that may coexist 
with PTC and must be 
distinguished from both 
PTC with squamous cell 
metaplasia (a) and from 
the highly aggressive 
primary or metastatic 
squamous cell 
carcinoma (b)
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a b c

Fig. 2.22  Tumour-in-tumour of the thyroid with neo-
plastic solid cell nest features. This is the same case as 
Fig. 2.21. The nuclei of the basaloid cells of the inner core 
component expressed p63 (a) and did not express TTF-1 

(b), at variance with the PTC external component. 
Thyroglobulin was not detected in the basaloid cells of the 
inner core component even using an in situ hybridization 
technique (c) (See the text for details)

a bFig. 2.21  Tumour-in-
tumour of the thyroid 
with neoplastic solid cell 
nest features. The 
biphasic pattern of 
growth of a tumour-in-
tumour composed by an 
external layer beneath 
the capsule with features 
of follicular variant of 
PTC (asterisk) and an 
inner core with basaloid 
features resembling a 
solid cell nest: 
tumour-in-tumour of the 
thyroid with neoplastic 
solid cell nest features 
(a, b) (See the text for 
details)
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�Tumour-in-Tumour Phenomenon 
Due to Metastatic Disease

To illustrate the tumour-in-tumour phenomenon 
due to metastatic disease, we selected the case of a 
51-year-old female with the diagnosis of invasive 
breast carcinoma with no special type, diagnosed 3 
years before. The present thyroidectomy was due 
to a thyroid nodule (Fig.  2.23). A diagnosis of 
metastasis of invasive breast carcinoma into a fol-
licular variant of PTC was made. The identifica-
tion of the breast carcinoma metastatic area was 
not difficult as the metastatic nests were clearly 
demarcated from the pre-existing tumour and the 
clinical context was known. In other cases, the 
metastasis may be interpreted just as a peculiar 
clone of the pre-existent tumour/lesion and pass by 
unnoticed. In cases of biphasic or multiphasic thy-
roid nodules occurring in patients with previous 
history of cancer elsewhere, immunohistochemi-
cal testing for thyroglobulin is mandatory [33].

�Mixed Medullary-Papillary 
Carcinoma

Figure 2.24 illustrates a case of mixed 
medullary-papillary carcinoma. Mixed medul-
lary and follicular cell carcinoma is a primary 

malignant epithelial neoplasm of the thyroid 
showing morphological and immunophenotypi-
cal evidence of the coexistence of follicular and 
parafollicular cell-derived tumour populations 
within the same lesion [1, 2]. Immunohisto
chemistry is mandatory to prove the dual para-
follicular (calcitonin positive) and follicular 
(thyroglobulin positive) cell differentiation. 
Thyroglobulin staining should be interpreted 
with caution due to the easy local diffusion and/
or potential adsorption by medullary carcinoma 
cells.

a bFig. 2.23  Tumour-in-
tumour phenomenon due 
to metastatic disease. 
Metastasis of invasive 
breast carcinoma (white 
star) into a follicular 
variant of PTC (black 
asterisk) (a, b)

Fig. 2.24  Mixed medullary-papillary carcinoma. This 
tumour disclosed follicular structures that expressed thy-
roglobulin (white arrow) contiguous to solid nests of cells 
that expressed calcitonin (black arrow)
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�Introduction

The follicular thyroid tumours are usually easily 
identifiable in practice and their difficulty lies basi-
cally in the correct classification as benign or malig-

nant tumours according to the identification of their 
infiltrative and/or angioinvasive character [1, 2]. 
This chapter addresses some rare follicular neo-
plasms in which diagnosis can be problematic for 
several reasons. In some cases, such difficulties are 
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due to the existence of clear or mucinous cells that 
raises problems for the differential diagnosis with 
metastatic carcinomas, in other cases due to the lack 
of thyroid markers (e.g. oncocytic carcinoma nega-
tive for TTF-1 and thyroglobulin), the presence of 
unusual morphological patterns of growth (e.g. 
paraganglioma-like or glomeruloid) or even because 
the neoplasm appears to be hyperfunctioning in 
contrast to the well-established knowledge that hot 
tumours are, in principle, benign.

�Oncocytic (Hürthle Cell, Oxyphilic) 
Tumours and Oncocytic Tumours 
with Clear Cells

Hürthle cell tumours are neoplasms composed of 
oncocytic cells which are usually encapsulated 
[1]. These tumours are called adenomas when 

they are not invasive and carcinomas if there is 
evidence of capsular and/or vascular invasion; 
the last edition of the WHO book (2017) stratifies 
Hürthle cell carcinoma, like follicular carcinoma 
(FTC) composed of common follicular cells, in 
three levels of invasiveness: minimally invasive 
(only capsular invasion); encapsulated, angioin-
vasive; and widely invasive [1]. For therapeutic 
purposes, “encapsulated, angioinvasive” carcino-
mas should be treated as widely invasive carcino-
mas (please read: total thyroidectomy and 
radioactive iodine). Tumours with a lower pro-
portion of Hürthle cells have been designated as 
follicular neoplasms with Hürthle cell features 
[3]. Oncocytic tumours (see Chap. 1) are charac-
terized by cells with abundant cytoplasm packed 
with eosinophilic granules (mitochondria), large 
centrally placed nuclei and prominent nuclei 
(Fig. 3.1). Although neoplastic C-cells may also 

a b

c d

Fig. 3.1  Oncocytic (Hürthle cell, oxyphilic) tumour with 
clear cell features. Benign (a) and malignant oncocytic fol-
licular tumours have abundant granular eosinophilic cyto-
plasm due to the accumulation of innumerable abnormal 
mitochondria (b). Widely invasive biphasic oncocytic clear 

cell carcinoma (c) in which the lower half of the cytoplasm 
of tumours cells is oncocytic, whereas the upper half is 
clear, as a consequence of the swelling of the abundant, 
mitochondria (d) (Electron micrographs: courtesy of 
Andrés Beiras Iglesias, Santiago de Compostela, Spain)
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have oncocytic changes, the term oncocyte, when 
applied to the thyroid without a qualifier, refers to 
a variant of follicular cell [1]. Follicular onco-
cytic tumours are not uncommon and per se do 
not constitute a rare entity. Less frequently, 
benign and malignant Hürthle cell tumours can 
undergo secondary clear cell changes due to 
mitochondrial swelling (oncocytic clear cell 
tumours) [2]. Even rarer are the biphasic onco-
cytic clear cell tumours, in which the lower half 
of the cytoplasm is oncocytic while the upper 
half is clear [4] (Fig. 3.1).

�Oncocytic (Hürthle Cell, Oxyphilic) 
Carcinoma Negative for TTF-1 
and Thyroglobulin

A few cases of benign and malignant oncocytic 
tumours negative for TTF-1 and thyroglobulin 
have been described [5]. The case we selected is 

from a 76-year-old female with a history of long-
standing goitre that has started growing fast caus-
ing slight dysphagia and apparently invading the 
local structures of the neck. Total thyroidectomy 
and left lymphadenectomy were performed 
(Courtesy of Ligia Castro, Coimbra, Portugal).

The left lobe was almost totally occupied by 
a large, poorly circumscribed tumour that 
invaded the anterior and posterior margins of 
the specimen (Fig.  3.2). The tumour is com-
posed of cells organized in a solid-patterned 
fashion. The cells have abundant cytoplasm at 
variance with the small size of the normal fol-
licular cells; mitoses are scarce. Despite the 
papillary areas, the nuclei are not PTC type 
(Fig.  3.3). Angio- and perineural invasion as 
well as prominent lymphoid infiltration are 
present. Neither necrotic foci nor node metas-
tases were observed.

The neoplastic cells are negative for TTF1 
and thyroglobulin (Fig.  3.4). Succinate dehy-

a

b c

Fig. 3.2  Oncocytic (Hürthle cell, oxyphilic) carcinoma negative for TTF-1 and thyroglobulin. Multinodular lesion 
with a central fibro-calcified nodule (a, b) and with lymphoid infiltrate (c)
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a b

c d

Fig. 3.3  Oncocytic (Hürthle cell, oxyphilic) carcinoma 
negative for TTF-1 and thyroglobulin. Tumour cells 
infiltrating skeletal perithyroid muscle (a). Marked lym-
phocytic infiltration (b) Hürthle cells with abundant 

finely granular cytoplasm and round to oval nuclei with 
prominent nucleoli (c, d). Scattered cells with irregular 
nuclei are not sufficient for the diagnosis of papillary 
carcinoma (d)

a b

Fig. 3.4  Oncocytic (Hürthle cell, oxyphilic) carcinoma 
negative for TTF-1 and thyroglobulin. Tumor cells do not 
show reactivity for TTF-1 (a, c) and thyroglobulin (b) 

(positive internal control at the periphery). Normal folli-
cles are positive for thyroglobulin and tumor cells disclose 
a strong positivity for SDHA (mitochondrial marker) (d)

J.M. Cameselle-Teijeiro et al.



31

c d

Fig. 3.4  (continued)

drogenase subunit A protein (SDHA), a mito-
chondrial marker, is strong and diffusely 
positive (Fig. 3.4). The most curious feature of 
the tumour regards the absence of immunoreac-
tivity for TTF1, thyroglobulin and calcitonin. 
These unexpected negative findings prompted 
us to explore the possibility of a metastatic car-
cinoma that we have ruled out after an exhaus-
tive imagiological search as well as a detailed 
and thorough immunohistochemical study. The 
carcinoma was classified as widely invasive 
because there was invasion of the perithyroid 
tissues and evidence of a central fibro-calcified 
nodule probably representing the original 
tumour. At variance with common FTCs in 
which it is usually easy to separate encapsulated 
from widely invasive neoplasms, Hürthle cell 
carcinomas tend to display a multinodular 
growth pattern without exhibiting an obvious 
centrally located tumour.

From the clinical standpoint, oncocytic carci-
nomas negative for thyroglobulin may preclude 
the use of serum thyroglobulin as a reliable tumour 
marker during the follow-up of patients harbour-
ing these tumours (see Chap. 2, “Thyroglobulin 
Negative PTC”). This case has a number of nega-

tive prognostic parameters: incompleteness of sur-
gery, old age of the patient, large size, extrathyroid 
extension of the tumour and signs of lymphovas-
cular invasion. Molecular data provided no addi-
tional information regarding prognosis. The 
patient was treated with high doses of radioactive 
iodine and is alive and well 3 years after the 
diagnosis.

�Oncocytic (Hürthle Cell) Tumour 
with Non-specific Immunoreactivity

Special care is required in interpreting the results 
of immunohistochemical analysis of oncocytic 
cell tumours to avoid false-positive results. 
Oncocytic cells frequently show non-specific 
immunoreactivity of the cytoplasm with various 
antibodies because of high endogenous biotin 
activity, which may be further enhanced by anti-
gen retrieval procedures [6]. It manifests as 
coarsely granular staining limited to the cyto-
plasm that should not be confused with true pos-
itivity (Fig.  3.5). This false reactivity may be 
prevented in many, but not all cases, by endoge-
nous biotin blocking procedures.
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�Lipid-Rich Follicular Tumours

Single cases of benign and malignant follicular 
neoplasm with intracytoplasmic accumulation of 
lipid droplets have been documented [7, 8]. In 
these tumours, the cytoplasm of the vast majority 
of cells has a characteristic clear, microvesicular, 
foamy appearance (Fig.  3.6). Focally, a signet 
ring cell appearance can also be seen. These neo-
plasms should not be confused with adenolipoma, 
in which island of mature adipose tissue is mixed 
with the neoplastic epithelial cells (see Chap. 5, 
“PTEN Hamartoma Tumour Syndrome”).

A lipid-rich follicular carcinoma has been 
described in a 41-year-old woman with McCune-
Albright syndrome [8]; the tumour showed 90% 
of clear cells with capsular and vascular invasion, 
and immunohistochemistry demonstrated thyro-

globulin positivity in the non-clear neoplastic 
cells, whereas most of the clear cells were 
negative.

The case illustrated in Fig. 3.6 is an angioinva-
sive lipid-rich follicular carcinoma displaying a 
solid pattern of growth, clear cells and diffuse 
immunoexpression for thyroglobulin, TTF-1 and 
PAX8, as well as numerous lipid vacuoles at the 
ultrastructural level.

In addition to lipid accumulation, there are sev-
eral other mechanisms by which follicular thyroid 
cells acquire a clear cytoplasmic appearance when 
examined in haematoxylin and eosin-stained sec-
tions. Clear cell follicular tumours (Fig. 3.7) can 
also be the result of mitochondrial swelling (e.g. 
oncocytic tumours; see above); dilation of secre-
tory vesicles, the endoplasmic reticulum or Golgi 
apparatus; and accumulation of glycogen (PAS 

a b

c d

Fig. 3.5  Oncocytic (Hürthle cell) tumour with non-
specific immunoreactivity for chromogranin. Oncocytic 
cells are prone to non-specific staining of the cytoplasm 
with various antibodies due to their high endogenous 
activity. It manifests as coarsely granular staining limited 
to the cytoplasm. In this oncocytic adenomatoid thyroid 
nodule (a, b) presented in a 46-year-old woman, false 

cytoplasmic immunostaining for chromogranin was 
observed (c). Negativity for calcitonin, calcitonin gene-
related peptide, carcinoembryonic antigen, synaptophysin 
and CK20, with positivity for thyroglobulin, thyroperoxi-
dase (d), TTF-1,and CK7 was found in the same tumour 
cells. mRNA in situ hybridization for thyroglobulin was 
also positive
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a b

c d e

Fig. 3.6  Lipid-rich follicular carcinoma. This well-
circumscribed angioinvasive carcinoma shows prominent 
cytoplasmic clear (foamy) cell features (a, b) and diffuse 
positivity for thyroglobulin (c) and TTF-1 (d). The ultra-

structural study evidenced numerous intracytoplasmic 
lipid vacuoles (e) (Electron micrograph: courtesy of 
Andrés Beiras Iglesias, Santiago de Compostela, Spain)

a cb

Fig. 3.7  Clear cell thyroid tumours. Benign and malig-
nant follicular tumours with clear cells (a) should be dis-
tinguished from metastatic carcinoma, particularly from 
the kidney (b), and from parathyroid tissue (c). 

Thyroglobulin and TTF-1 are negative in renal cell carci-
noma (b) and parathyroid tissue (c). In this intrathyroidal 
parathyroid adenoma, strong positivity for PTH can be 
observed (c, inset)

positive and diastase sensitive), thyroglobulin or 
mucin [1, 2]. Follicular tumours composed of clear 
cells should be distinguished from metastatic carci-
noma, particularly from the kidney (Fig. 3.7), from 

clear cell papillary and medullary carcinoma and 
from normal or tumoural parathyroid tissues 
(Fig. 3.7). Thyroglobulin and TTF-1 immunoreac-
tivity is helpful for distinguishing clear cell follicular 
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tumours from renal cell carcinoma, medullary 
thyroid carcinoma and parathyroid tissue. PTC is 
ruled out by the absence of characteristic nuclear 
features.

�Follicular Tumours  
with Signet Ring Cells

In routine sections, this variant of follicular cell 
tumour is characterized by cells with large intra-
cytoplasmic vacuoles that displace and compress 
the nucleus to the side [1, 2] (Fig. 3.8). Usually, 
signet ring cells alternate with others having more 
conventional features, contain large cytoplasmic 

vacuoles lined by microvilli and are strongly reac-
tive for thyroglobulin [9] (Fig.  3.8). Less com-
monly, they may also be positive for mucin stains, 
a fact that has led to the designations of signet ring 
cell mucinous adenoma and mucin-producing 
microfollicular adenoma. In rare cases, large 
intracytoplasmic lipid vacuoles can also produce 
a signet ring cell appearance. The presence of sig-
net ring cells is not a feature of malignancy by 
itself. The diagnosis of follicular carcinoma rests 
on the identification of capsular and/or vascular 
invasion. Signet ring carcinoma may be mistaken 
for metastatic carcinoma from the breast or stom-
ach, which can be excluded by their negativity for 
thyroglobulin and TTF-1.

a b

c d

Fig. 3.8  Follicular tumours with signet ring cells. The 
cells in both adenomas (a, b) reveal large cytoplasmic 
vacuoles that displace the nuclei laterally, leading to a 
signet ring configuration. Signet ring cells alternate 

with follicular structures (c). Cytoplasmic vacuoles, 
whether small or large, are strongly immunoreactive for 
thyroglobulin (d)
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�Atypical Adenoma  
(Including Spindle Cell Adenoma)

Some pathologists use the wastebasket term of 
atypical adenoma to designate any follicular ade-
noma that looks peculiar or worrisome due to the 
presence of nuclear atypia (Fig. 3.9), high cellular-
ity (cellular or hypercellular adenoma), spindle 
cells (spindle cell adenoma) (Fig. 3.9), a thick cap-
sule, mitotic activity or necrosis without capsular 
or vascular invasion [1, 2]. In some adenomas, scat-
tered huge, irregular and hyperchromatic nuclei 
tend to occur in cluster (adenoma with bizarre 
nuclei). The bizarre appearance of such nuclei is 
likely due to cell degeneration, the so-called endo-

crine atypia, and should not be taken, by itself, as a 
sign of malignancy. These worrisome features 
force us to make a meticulous examination of the 
entire capsule. If there is no invasion, the tumour is 
clinically benign and the term atypical follicular 
adenoma is not appropriate.

Some adenomas are predominantly composed 
of spindle cells (spindle cell adenoma) that show 
positivity for thyroglobulin and TTF-1 [10, 11]. 
The differential diagnosis in this setting includes 
spindle epithelial tumour with thymus-like ele-
ments (SETTLE); spindle cell variant of papil-
lary, medullary and anaplastic thyroid carcinoma; 
and solitary fibrous tumour, as well as other mes-
enchymal lesions (see Chap. 6).

a b

c

Fig. 3.9  Atypical adenoma (including spindle cell ade-
noma). Atypical adenoma is a vague and imprecise designa-
tion used to refer to any follicular adenoma that looks peculiar 
or worrisome due to the presence of spindle cells (a), nuclear 
atypia (b, c), a thick capsule, mitotic activity or necrosis with-

out capsular or vascular invasion. The follicular nature of 
spindle cell adenoma (a, b) can be confirmed by its immuno-
reactivity for thyroglobulin and TTF-1. Tumour cells with 
giant nuclei (bizarre nuclei) (b, c) are not a sign of malig-
nancy, indicating probably a degenerative phenomenon
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a b

Fig. 3.10  Meningioma-like follicular adenoma. Spindle cells and a whorled pattern of growth are characteristic of this 
type of benign follicular cell tumour (a, b)

�Meningioma-Like Follicular 
Adenoma

The spindle cell phenotype can also appear as the 
meningioma-like tumour of the thyroid or 
meningioma-like follicular adenoma [12] that is 
considered another morphological variant of fol-
licular adenoma (Fig. 3.10).

As the name suggests, the meningioma-like 
follicular adenoma is an encapsulated tumour that 
can be potentially confused with primary (of the 
neck) or metastatic transitional meningioma or 
with other rare spindle cell tumours such as the 
spindle cell variants of PTC and MTC, the spindle 
cell tumour with thymus-like elements (SETTLE) 
or solitary fibrous tumour. The characteristic 
arrangement of bland-looking spindle to ovoid 
cells in a whorled pattern around blood vessels 
(Fig.  3.10) may also give the impression one is 
dealing with vascular tumours of the pericytic 
type. The immunohistochemical staining of the 
tumour cells for TTF-1 and thyroglobulin, and the 
coexistence of spindle cells with well-differentiated 
follicles, favours the interpretation that the menin-
gioma-like tumour of the thyroid is a morphologi-
cal variation of the spindle cell metaplasia 
occurring occasionally in follicular adenomas.

�Pericytic-Like Follicular  
Adenoma

We proposed the descriptive designation of 
pericytic follicular adenoma for the tumour 
illustrated in Figs  3.11 and 3.12. It was an 
encapsulated nodule presented in the thyroid 
of a 45-year-old woman. Microscopically, the 
majority of tumour cells are spindle shaped 
and concentrically arranged around small- and 
medium-sized vessels in a pericytic-like form. 
Isolated follicular cells and follicles were also 
observed in small groups and/or scattered 
between spindle cells as a minor component of 
the tumour (Fig. 3.11). The nuclei were bland 
and oval with no significant mitotic activity 
(Fig.  3.12). There was no necrosis, capsular 
invasion or angioinvasion. Tumour cells dis-
closed immunopositivity for thyroglobulin, 
thyroperoxidase, TTF-1, pankeratins (clone 
AE1/AE3) and vimentin and negativity for 
calcitonin, CD31 and CD34 (Fig.  3.12). 
Collagen IV immunostaining highlighted the 
peculiar whorl-like arrangement of follicular 
cells around blood vessels (Fig.  3.12). The 
patient was alive and well 10 years after 
thyroidectomy.
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a

b c

Fig. 3.11  Pericytic-like follicular adenoma. This benign 
lesion is microscopically characterized by a proliferation 
of spindle, follicular cells concentrically arranged around 

small and medium-sized vessels in a pericytic-like form 
(a–c). Scattered follicles between spindle cells can also be 
seen (b, c)

a

c d e

b

Fig. 3.12  Pericytic-like follicular adenoma. Tumour 
cells concentrically arranged around vessels in a pericytic-
like fashion (a) are positive for thyroglobulin (b) and thy-

roperoxidase (c) and negative for CD34 and CD31 (d). 
Immunostaining for collagen IV highlights the concentric 
arrangement of tumour cells (e)
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�Hyalinizing Trabecular Neoplasms

Rare tumours morphologically indistinguish-
able from hyalinizing trabecular adenoma 
(HTA) may show infiltration, vascular invasion 
and/or metastasis [1, 13, 14]. Hyalinizing tra-
becular tumours are almost always benign neo-
plasms (Fig.  3.13), but due to their nuclear 
characteristics, they should be distinguished 
from a trabecular/solid variant of PTC, as well 
as from paraganglioma and paraganglioma-like 

variant of MTC (Fig.  3.14), because of their 
growth pattern. It is interesting to stress that, 
since desmoplasia is a reliable indicator of met-
astatic potential in MTC [15], paraganglioma-
like variant of MTC and all MTCs lacking 
desmoplasia carry a better clinical behaviour 
than those associated with a desmoplastic stro-
mal reaction. The prognostic importance of 
these microscopic features, however, is obscured 
by staging that remains the crucial key for 
prognosis.

a b

c d e

Fig. 3.13  Hyalinizing trabecular adenoma (paraganglioma-
like adenoma). Hyalinizing trabecular tumour (HTT) is a 
follicular-derived neoplasm composed of large trabeculae 
of elongated or polygonal cells admixed with variable 
amounts of intratrabecular and intertrabecular hyaline 
material. Some of the tumour cells are arranged in compact 
clusters reminiscent of the “Zellballen” of paraganglioma, 
hence the alternative designation of this adenoma variant as 

paraganglioma-like (a–c). The nuclei are round, oval or 
elongated, sometimes showing grooves, pseudoinclusions 
and perinuclear vacuoles (b, c). In almost all cases, the so-
called cytoplasmic yellow bodies can be seen (arrows) (c). 
Intraluminal and cytoplasmic positivity for thyroglobulin 
(d), and a very peculiar positivity of the cell membrane and 
cytoplasm of tumour cells with MIB1 (Ki-67) clone, is usu-
ally (but not always) seen (e)
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�Follicular Tumours with Glomeruloid 
Pattern of Growth

Some years ago, our group described a rare malig-
nant thyroid tumour with an unusual glomeruloid 
pattern of growth [16]. The patient, a 56-year-old 
woman, presented with a right thyroid nodule of 

unknown duration. The widely infiltrating, angioin-
vasive tumour, 5 cm in diameter, exhibited a pecu-
liar architectural growth pattern showing follicles 
with round to oval epithelial tufts growing within, 
often supported by a fibrovascular core mimicking 
the renal glomerulus (Fig. 3.15). Tubular or elon-
gated follicles lacked colloid and were lined by 

a b c

Fig. 3.14  Paraganglioma-like variant of medullary thy-
roid carcinoma. Occasional medullary thyroid carcinomas 
(MTCs) are encapsulated or well delimited and arranged 
in a broad trabecular pattern with an amyloid-negative 
hyalinized stroma, resembling hyalinizing trabecular ade-
noma (paraganglioma-like thyroid adenoma) (a). The 

cytoplasm is finely granular and the nuclei have coarse 
chromatin with inconspicuous nucleoli (b). Tumour cells 
in this variant of MTC are positive for calcitonin (c) and 
negative for thyroglobulin. Interestingly, this type of MTC 
lacking interstitial fibrosis has a better prognosis than 
those with desmoplastic stromal reaction

a

b c d

Fig. 3.15  Glomeruloid variant of follicular carcinoma. The tumour has a peculiar growth pattern with glomeruloid 
features (a, c, d) and vascular invasion (b)
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pseudostratified tall, columnar cells with clear cyto-
plasm. Nuclei were round to oval, with evenly dis-
tributed, slightly coarse chromatin. Neoplastic cells 
were positive for TTF-1, thyroglobulin, thyroper-
oxidase, CK18, Hector Battifora mesothelial cell 1 
(HBME1) and vimentin (Fig. 3.16). Scattered cells 
positive for S100 and Wilms tumour 1 (WT1) were 
also detected. There were N-RAS mutation and 
PAX8-PPAR gamma rearrangement, but no muta-
tions were found in BRAF or APC genes, nor were 
RET/PTC rearrangements detected. Because of the 
characteristic histologic features, we proposed 
naming this tumour follicular thyroid carcinoma 
with an unusual glomeruloid pattern of growth. 
More recently, a glomeruloid follicular thyroid ade-
noma [17] has also been reported.

�Mucinous Carcinoma

Mucinous carcinoma (MC) is a rare malignant epi-
thelial neoplasm characterized by clusters of neo-
plastic cells surrounded by extensive extracellular 

mucin deposition [1, 2] (Fig.  3.17). Postulated 
sources for MC include metaplastic follicles and 
ultimobranchial body remnants (solid cell nests) 
(see Chap. 6). Microscopic features of MC are iden-
tical to that of mucinous (colloid) carcinoma of other 
sites. By definition, features typical of other types of 
thyroid carcinoma should not be present. Focal areas 
of squamous differentiation may be detected. Mitotic 
figures are present but usually not numerous. MC 
frequently shows capsular invasion and angioinva-
sion. The mucinous material stains positively with 
the iron diamine method, mucicarmin, Alcian blue 
and PAS before and after diastase digestion 
(Fig. 3.17). The tumour cells are focally positive for 
thyroglobulin (Fig. 3.17), TTF-1, PAX8 and several 
mucins (MUC1, MUC2, MUC3 and MUC4) and 
negative for calcitonin and CGRP. MC of the thyroid 
should be distinguished from rare mucinous follicu-
lar adenoma [9, 18]; papillary (Fig. 3.18), follicular 
(Fig. 3.19) and medullary carcinoma; mucoepider-
moid carcinoma and sclerosing mucoepidermoid 
carcinoma with eosinophilia of the thyroid (see 
Chap. 2); and metastatic mucinous carcinomas.

a b c
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Fig. 3.16  Glomeruloid variant of follicular carcinoma. 
The glomeruloid structures have a layer of “visceral” epi-
thelium covering the epithelial tuft sometimes with a vas-

cular core (a–c). Tumour cells are negative for CK7 (d) 
and immunoreactive for CK18, thyroglobulin (e) and 
TTF-1 (f)
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Fig. 3.17  Mucinous carcinoma (MC). MC contains 
pools of abundant mucoid material surrounding collec-
tions of epithelial neoplastic cells (a, b). The mucinous 

material stains positively with mucicarmin (c) and tumor 
cells are focally immunoreactive for thyroglobulin (d)

a b c

Fig. 3.18  Mucinous variant of papillary thyroid carci-
noma (PTC). This tumour occurred in the thyroid isthmus 
of a 68-year-old woman with multinodular goitre (68 g). 
The neoplasia was well circumscribed and measured 
15 mm in diameter. Histologically, it consisted of tumour 
cells arranged in a ribbon, trabecular or follicular pattern 
(a–d) with abundant mucoid stroma positively stained with 
Alcian blue (e) and mucicarmin. Most of the nuclei are 

large, oval and irregularly contoured with frequent intra-
nuclear pseudoinclusions (c–e). Tumour cells were immu-
noreactive for CK7, CK19, TTF-1, galectin-3 and p63 with 
focal positivity for thyroglobulin (f) and thyroperoxidase. 
The Ki-67 index was less than 2%. No BRAF mutation was 
detected. The set of pathologic characteristics is consistent 
with a rare mucinous variant of PTC (Courtesy of José 
Mari Arrinda Yeregui, Hondarribia, Spain)
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Fig. 3.18  (continued)

a

c d e
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Fig. 3.19  Mucinous variant of oncocytic follicular carci-
noma. This tumour presented as a fleshy, partially cystic 
nodule in the right thyroid lobe of a 51-year-old woman 
with Graves’ disease. The neoplasia was encapsulated and 
measured 30 mm in diameter. Histologically, it consisted 
of oncocytic cells arranged in a follicular pattern (a–c) 

floating in abundant mucoid stroma positively stained 
with mucicarmin (d). Foci of capsular invasion but not 
vascular invasion were observed. Tumour cells were 
immunoreactive for CK7, TTF-1, thyroglobulin (e) and 
thyroperoxidase and negative for calcitonin

�Hyperfunctioning (Hot) Follicular 
Thyroid Carcinoma

Hyperfunctioning nodules are almost always 
benign [1, 2]. Hyperfunctioning follicular adeno-
mas are related to mutations in the TSH receptor 

(TSHR) gene (about 60%) and less frequently in 
the adenylate cyclase-stimulating G alpha protein 
(GNAS1) gene that activates the cAMP cascade 
(less than 5%) [19]. Follicular carcinomas (FTCs) 
usually concentrate radioiodine or other tracer 
less avidly than adjacent thyroid parenchyma. 
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Hyperfunctioning (hot, toxic) follicular carcino-
mas of both conventional and oncocytic type are 
exceedingly rare. As in benign autonomously 
functioning thyroid nodules, mutations in either 
the TSHR gene or the GNAS1 gene have been 
detected in a small number of thyroid carcinomas, 
with a handful of those being autonomously 
hyperfunctioning thyroid carcinomas. Most cases 
carry mutations in the TSHR gene pathway. 
Concurrent mutations in RAS and TSHR genes 
have been detected in a case of hyperfunctioning 
differentiated thyroid carcinoma. A case of auton-
omously hyperfunctioning FTC harbouring a 
somatic TSHR-activating mutation and a PAX8-
PPAR gamma rearrangement was described by 
our group [20] (Fig.  3.20). Distant metastases 

may preserve the hyperfunction. Due to the rarity 
of these cases, the microscopic features of hyper-
functioning FTCs are not well characterized.
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�Introduction

Small cell tumours constitute a heterogeneous 
group of tumours that are difficult to distinguish 
from each other and for which there is no strict clas-

sification. In the setting of a tumour with a small 
cell phenotype in the thyroid, the first approach is to 
separate lymphomas from the other small cell 
tumours with the help of routine immunohisto-
chemistry; afterwards, if the small cell tumour is 
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not a lymphoma, one has to try to separate a pri-
mary from a metastatic neoplasm. The distinction 
between primary and metastatic tumours may 
require a solid collaboration with the clinical team, 
a broad panel of immunohistochemical and, some-
times, molecular tests, and often the second opinion 
of an experienced pathologist.

Poorly differentiated carcinoma (PDTC); the 
small cell variant of medullary carcinoma (MTC), 
including some atypical forms of MTC with a 
small cell component; and lymphoma are the most 
frequent thyroid tumour histotypes displaying a 
small cell phenotype. The other tumours that may 
present a small cell phenotype encompass squa-
mous cell carcinoma, carcinoma showing thymus-
like elements (CASTLE), primary small cell 
neuroendocrine carcinoma [1], primary extraskel-
etal Ewing family tumours (PEEFTs) [2, 3] and 
small cell secondary neoplasms, as well as some 
extremely rare primary tumours such as neuro-
blastoma [4], basaloid neoplasm with solid cell 
nest features [5] (see Chap. 2) and the recently 
described “primary carcinomas of the thyroid with 
Ewing family tumour elements” (CEFTE) [6].

�Poorly Differentiated Carcinoma

Poorly differentiated thyroid carcinoma (PDTC) is 
not that rare and is morphologically defined by the 
Turin criteria [7–10]. Microscopically, PDTC usu-
ally discloses a thick capsule with impressive 
images of capsular and vascular invasion (Fig. 4.1). 
It is a tumour with solid/trabecular, microfollicular 
and/or the classic insular growth pattern (Fig. 4.2), 
with a mitotic index usually higher than 3 mitoses 
per 10 high-power fields, displaying foci of necro-
sis. PDTC can be difficult to distinguish from 
widely invasive follicular carcinoma with a pre-
dominant trabecular growth pattern as both lack the 
typical PTC-like nuclei. This distinction is not 
important in clinical terms as the treatment and 
prognosis of PDTC and those of widely invasive 
follicular carcinoma are similar. The nuclei of 
PDTC are either of the so-called “intermediate-
type” or convoluted/raisin-like nuclei. In the latter 
situation, PDTC can present as a small cell tumour. 
The nuclear features of PDTC must be distin-
guished from those of the solid variant of PTC 
occurring mainly in young patients, as these two 

a

b c

Fig. 4.1  Poorly differentiated thyroid carcinoma 
(PDTC). This case of PDTC discloses solid growth pat-
tern, foci of necrosis and invasion of the capsule (a), as 

well as invasion of one large vessel of the capsule (b). The 
nested pattern is highlighted by artefactual retraction 
spaces that some PDTC can present (c)
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entities are different concerning treatment and 
prognosis. The finding of an insular growth pattern, 
limited evidence of follicular cell differentiation 
(Fig. 4.2), p53 nuclear expression and high Ki-67 
labelling index favour the diagnosis of PDTC.

The case depicted in Fig. 4.1 is a small cell PDTC 
diagnosed in a 53-year-old female. The nodule had 
6 cm in largest dimension. Two years after the diag-
nosis, the patient developed bone metastases and 
refractoriness to radioactive iodine treatment.

�Small Cell Variant of Medullary 
Thyroid Carcinoma

MTC is a thyroid tumour histotype that can pres-
ent multiple aspects [8, 9], mimicking the most 
frequent follicular cell-derived tumours, as well 
as some rare entities such as vascular tumours and 

melanoma. The small cell phenotype of MTC is 
made by neoplastic C cells and frequently raises 
problems regarding the distinction from other 
tumours with small cell phenotype (Fig. 4.3). The 
immunoexpression of calcitonin is the key diag-
nostic feature. If calcitonin expression is not 
detected, one may be facing an atypical form of 
MTC (see below) or another small cell tumour 
with or without neuroendocrine features, includ-
ing paraganglioma and metastatic carcinoma 
from elsewhere. Calcitonin and TTF-1 expression 
can be observed also in neuroendocrine carcino-
mas of the lung metastasizing to the thyroid.

The case illustrated here (Fig. 4.3) was from a 
44-year-old male with a large thyroid nodule that 
was diagnosed as a small cell variant of MTC. The 
patient developed lymph node and lung metasta-
ses and died of the disease soon after the initial 
diagnosis.

a

b c d

Fig. 4.2  Poorly differentiated thyroid carcinoma (insular 
carcinoma). This PDTC display a predominant growth 
pattern in solid nests (insular type) (a). There is tumour 
necrosis accompanied by preservation of the tumour cells 
surrounding the vessels resulting in a so-called perithelio-

matous appearance (b). Immunohistochemically, PDTC 
show a characteristic pattern of microfollicular/paranu-
clear dot-like staining for thyroglobulin (c) and expresses 
TTF-1 (d), TTF-2, PAX8 and BCL2. Focal expression of 
p53 is also frequently observed

4  Small Cell Tumours
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�Calcitonin-Negative (Atypical) 
Medullary Thyroid Carcinoma

In the thyroid gland, primary neuroendocrine 
tumours encompass MTC and, rarely, other 
tumours such as paragangliomas. MTCs are 

derived from C cells and express calcitonin and 
neuroendocrine tumours markers. Some reports 
have documented thyroid neuroendocrine dis-
playing little, or no expression, of calcitonin 
that raise difficult diagnostic problems [10, 
11]. Figures 4.4 and 4.5 illustrate two cases of 

a b

Fig. 4.3  Small cell variant of medullary thyroid carcinoma (MTC). Small cell variant of MTC disclosing a solid 
growth pattern around pre-existing benign follicles (a) and expressing calcitonin (b)

a b

c d

Fig. 4.4  Calcitonin negative (atypical) medullary thyroid 
carcinoma (MTC). The tumour was encapsulated and com-
posed of neoplastic cells arranged in middle-sized nests 
separated by thin-walled blood vessels (a). Tumour cells are 
round to oval with mild to moderate atypia and have nuclei 

with slightly coarse chromatin and inconspicuous nucleoli 
(b). No immunoreaction for thyroglobulin and calcitonin 
was detected in any tumour cell. Positivity was found for 
chromogranin A (c), synaptophysin, TTF-1, PAX8, cyto-
keratins and calcitonin gene-related peptide (CGRP) (d)
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a b

c d

Fig. 4.5  Calcitonin negative (atypical) medullary thyroid 
carcinoma (MTC). This is a well-circumscribed, angioin-
vasive tumour without extrathyroid extension (a). There 
were fewer than 1 mitotic figure per 10 high-power fields, 
and no foci of necrosis (b). The tumour cells were positive 

for chromogranin A (c), synaptophysin, CD56, TTF-1, 
PAX8, cytokeratins and CGRP (d) and were negative for 
calcitonin, CEA and thyroglobulin. The patient remains 
free of disease 18  months after left lobectomy plus 
isthmectomy

C-cell-derived calcitonin-free neuroendocrine 
carcinoma of the thyroid. These cases presented 
in a 48-year-old woman and in a 76-year-old 
man, respectively, with no family history of 
MTC. In both cases, the tumours were solid and 
well circumscribed, measuring 28 and 60 mm in 
largest diameter. Histopathologically, the neo-
plastic cells formed solid nests surrounded by 
thin fibrovascular septa with an organoid 
(“Zellballen”) pattern resembling the aspect of 
paraganglioma-like MTC. The immunohisto-
chemical findings were similar in both cases. 
The tumour cells showed reactivity for chromo-
granin A, synaptophysin, TTF-1, PAX8, cyto-
keratins (clone AE1/AE3, CK7, CK8 and CK18) 
and calcitonin gene-related peptide (CGRP) and 
negativity for calcitonin, CEA, TTF-2 (FOXE1), 
thyroperoxidase and thyroglobulin. In situ 
hybridization showed that the neoplastic cells 
lacked calcitonin and thyroglobulin mRNA 
expression. Genetic analysis did not disclose any 

RET mutation. CGRP is a member of the calcito-
nin family of neuropeptides, which is generated 
as a consequence of tissue-specific mRNA alter-
native splicing of the CALCA gene-encoding 
calcitonin, CGRP and catakalcin (procalcitonin). 
CGRP is also produced in other organs; there-
fore, CGPR expression alone does not necessar-
ily indicate the C-cell origin of the tumour cells. 
However, together with the expression of TTF-1 
and PAX8, and despite the loss of calcitonin 
expression, the positivity for CGRP pointed to 
the C-cell origin of the two tumours leading to a 
diagnosis of calcitonin-negative MTC.

In the follow-up of patients with MTC, serum 
calcitonin level is a crucial tumour marker. The 
lack of calcitonin expression in MTC raises a 
problem similar to the absence of thyroglobulin 
expression in differentiated thyroid carcinomas: 
the marker (calcitonin) may not represent the 
tumour burden and may not be useful for the 
follow-up.

4  Small Cell Tumours
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�Thyroid Lymphoma

Lymphomas of the thyroid, including MALT-type 
B-cell lymphoma, T-cell lymphoma and follicular 
lymphoma, disclose also a small cell phenotype but 
are less frequent than the diffuse large B-cell lym-
phoma composed of larger lymphoid cells. 
Lymphomas may involve the thyroid as part of a 
systemic disease or, rarely, as a primary disease 
originating in the thyroid (primary lymphoma) 
[12]. Many patients are elderly women that com-
plain of a rapidly growing mass and compressive 
symptom, simulating an anaplastic thyroid carci-
noma. The histological features of each lymphoma 
type in the thyroid are similar to those of corre-
sponding lymphomas in other locations. The over-
all destruction of the thyroid architecture and the 
prominent lymphoepithelial lesions, together with 
the coexistence of plasma cell differentiation, are 
morphological clues that favour the diagnosis of 
MALT-type B-cell lymphoma against the alterna-
tive diagnosis of florid Hashimoto thyroiditis 
(Figs. 4.6, 4.7 and 4.8). In most cases, the diagnosis 
of lymphoma involving the thyroid can be made by 
FNAB and flow cytometry. The case illustrated in 
Fig.  4.5 is from a 58-year-old female with an 
enlarged thyroid without nodules and a diagnosis 

of MALT-type B-cell lymphoma primary of the 
thyroid. No other foci of lymphoma were found in 
the patient.

�Metastatic Small Cell Carcinoma

Secondary tumours of the thyroid are those 
resulting from the spread of a primary tumour at 
a distant location or those resulting from the 
direct extension of tumours arising in structures 
contiguous to the gland [9, 10]. Metastases to the 
thyroid are detected in up to one fourth of autop-
sies of elderly euthyroid patients with 
disseminated malignancies. The most common 
primary carcinoma sites giving rise to metastases 
in the thyroid are the kidney, lung, breast and 
oesophagus, but in the large majority of cases, the 
metastases do not display as a small cell 
phenotype.

Two patterns of growth can be observed in the 
metastases to the thyroid: an interstitial infiltra-
tion pattern that surrounds the follicles and a 
nodular pattern that can mimic a primary tumour. 
Figure 4.9 illustrates a case of metastatic invasive 
breast carcinoma disclosing an interstitial infil-
tration of the thyroid.

a b

Fig. 4.6  Primary 
MALT-type B-cell 
lymphoma of the 
thyroid. The tumour 
discloses an extensive 
effacement of the 
thyroid architecture due 
to a diffuse proliferation 
of small lymphoid cells 
(a) and lymphoepithelial 
images that consist in 
the permeation by 
neoplastic B-cell 
lymphocytes of the 
epithelial cell nests that 
remain from the original 
thyroid tissue (b)
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In Fig. 4.10, we present a case of a metastatic 
Merkel cell carcinoma with a small cell pheno-
type and a nodular pattern that might have create 
a big problem if the primary tumour was not 
known. It was a 56-year-old female with a clini-
cal history of Merkel cell carcinoma of the left 
leg diagnosed 3  years before. The thyroid 
ultrasound, performed under surveillance of a 
long-standing nodular goitre, showed a multinod-
ular thyroid. The patient was treated with sur-
gery, and in the surgical specimen, the largest 
nodule measured 6.5  cm and was well-circum-
scribed, whitish and firm. The histological exam-
ination showed a tumour invading a thick capsule 
and displaying a solid pattern of growth and 
extensive areas of necrosis (Fig.  4.10). 

Immunohistochemistry disclosed a perinuclear 
dot-like staining for keratins CAM5.2 and CK20 
and diffuse and strong expression for chromo-
granin A and synaptophysin (Fig.  4.10). 
Expression for CK7, TTF-1, thyroglobulin and 
calcitonin was absent.

The absence of thyroglobulin expression in 
some primary thyroid tumours, as well as the 
expression of thyroglobulin in entrapped folli-
cles that may diffuse into the adjacent structures 
and be absorbed by metastatic cells, constitutes 
two well-known pitfalls. The expression of 
TTF-1 expression can also be observed in a sub-
set of metastatic lung carcinomas that may be 
difficult to separate from primary thyroid 
tumours.

a

b c

Fig. 4.7  Marginal zone B-cell lymphoma of mucosa-
associated lymphoid tissue (MALT) of the thyroid. This 
case presented in a 73-year-old woman with a history of 
lymphocytic thyroiditis and rapid enlargement of the thy-
roid. There was an extensive infiltration of the thyroid 
parenchyma by sheets of small lymphoid cells, centrocyte-

like cells, monocytoid cells and plasma cells, often with 
interspersed reactive lymphoid follicles (a). Malignant 
cells tended to infiltrate and expand thyroid follicles form-
ing lymphoepithelial lesions. The plasmacytoid nature of 
the infiltrate and the packing of follicles by the tumour 
cells are important diagnostic clues (a–c)

4  Small Cell Tumours
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a b

Fig. 4.9  Metastatic 
breast carcinoma. 
Metastatic invasive 
breast carcinoma 
displaying an interstitial 
infiltration of the thyroid 
(a) and positivity for 
oestrogen receptors (b)

a b

c

Fig. 4.8  Lymphoepithelial lesions in marginal zone 
B-cell lymphoma of mucosa-associated lymphoid tissue 
(MALT) of the thyroid. Same case as Fig. 4.7. Two main 
forms of lymphoepithelial lesions can be seen. In one, 
neoplastic cells invade the follicular epithelium but not 
the colloid. In the other form, lymphoma cells invade into 

the colloid portion of the follicle, leaving the epithelium 
relatively well preserved (a–c). The neoplastic cells are 
positive for CD20, including those located within the 
entrapped follicles (b). Immunostaining for keratin (clone 
AE1/AE3) illustrates the entrapment and distortion of the 
epithelial follicular cells by the lymphoma cells (c)

C. Eloy et al.
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�Carcinoma of the Thyroid 
with Ewing Family Tumour 
Elements (CEFTE)

The existence of true small cell primary thyroid 
tumours, with or without neuroendocrine fea-
tures, has been a matter of debate for many years. 
After the first description in the pre-
immunohistochemistry era by Meissner and 
Lahey and until the 1980s, the small cell carci-
noma of the thyroid was considered a morpho-
logical variant of anaplastic carcinoma. Later on, 
immunohistochemical studies provided evidence 
that allowed to identify, within the umbrella 
descriptive group of small cells tumours of the 
thyroid, lymphomas and MTC and PDTC com-
posed of small cells.

In 2011 [13], our group reported a non-
endocrine small cell carcinoma primary of the 
thyroid with basaloid pattern and vascular inva-

sion (Fig. 4.11). An extensive clinical search did 
not reveal any other tumour elsewhere. The case 
was from a 42-year-old woman with an unencap-
sulated tumour that displayed a nesting growth 
pattern consisting of well-defined, variable-sized 
insulae, as well as trabeculae and solid areas, 
composed of small (basaloid) cells with regular, 
round nuclei and scanty cytoplasm with ill-
defined boundaries (Fig.  4.11). Additionally, 
epidermoid-like areas coexisted with neoplastic 
follicular cell foci with PTC-like nuclear features 
(Fig. 4.11). The small cells disclosed strong and 
diffuse immunoreactivity for p63, CK19, 
CK8/18, CKs AE1/AE3 and CKs CAM5.2 
(Fig. 4.12).

Immunoreactivity for TTF-1, thyroglobulin, 
calcitonin, CK5, CK7, actin, chromogranin A, 
synaptophysin, NSE, GCDFP-15, HMB-45 and 
S100 protein was not detected. Later on, during 
the study of a second case with similar features, 

a b

c d

Fig. 4.10  Metastatic Merkel cell carcinoma. Metastasis 
of Merkel cell carcinoma of the skin to the thyroid dis-
playing a solid growth pattern and a small cell phenotype 
(a). The neoplastic small cells disclose abundant mitotic 

figures (b) and express dot-like CK20 (c) and cytoplas-
matic chromogranin (d) (Courtesy of António Polónia, 
Porto, Portugal)
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a b

c d

Fig. 4.11  Carcinoma of the thyroid with Ewing family 
tumour elements (CEFTE). Please notice the expansive 
growth pattern (a) and the infiltrative invasive front (b) of 

the first reported case of CEFTE that also disclosed 
vascular invasion (b, inset). Tumour cells showed a solid/
trabecular (c) and nested growth pattern (d)

a b

c

Fig. 4.12  Carcinoma of the thyroid with Ewing family 
tumour elements (CEFTE). The small cell component is 
characterized by cells with scant cytoplasm, monotonous, 
roundish nuclei with low mitotic index and foci of necro-

sis (a). The small cell component coexists with PTC foci 
(disclosing a follicular organization and typical PTC-like 
nuclei) and squamoid nests (b, c)
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the expression CD99, together with the presence 
of EWSR1/FLI1 rearrangement, was detected in 
this and in the previous case [14, 15]. Both patients 
are alive and well after more than 6 years of fol-
low-up after being treated with total thyroidec-
tomy and, in the second case, followed by 
radioactive iodine. In summary, CEFTE is a spe-
cial type of small cell thyroid carcinoma with pri-
mary extraskeletal Ewing family tumour features, 
foci of papillary thyroid carcinoma and apparently 
good prognosis. There is another case of CEFTE 
with neuroendocrine differentiation (Fig. 4.13), a 
feature that can also be detected in primary 
extraskeletal Ewing family tumour (PEEFT).

The distinction between CEFTE and typical 
PEEFT is difficult and uses mainly the absence of 
vimentin expression, the prominent epithelial dif-
ferentiation, the coexistence of PTC foci 
(Fig.  4.14) and the favourable prognosis of the 
former in comparison with PEEDT.

CEFTE is a small cell tumour with uncertain 
histogenesis. Based upon the morphological and 
immunohistochemical features of the neoplastic 
cells, two putative histogeneses have been 
advanced [6, 15]:

•	 From PTC cells that “dedifferentiate” acquir-
ing the EWSR1-FLI1 rearrangement and loos-
ing thyroid differentiation (negativity for 
TTF-1 and thyroglobulin), taking in consider-
ation the close topographical relationship 
between CEFTE and PTC foci

•	 From main cells of solid cell nests (SCN), taking 
in consideration the diffuse expression of p63

Recently, a study of our group has shown that 
EWSR1 rearrangements are frequently detected 
in PTC and not detected in SCN, favouring the 
interpretation that CEFTE probably arises from 
“dedifferentiation” of PTC [16] .

a b c

d e f

Fig. 4.13  Immunohistochemical features of a case of CEFTE. The small cells express CAM5.2 (a), p63 (b) and CD99 
(c), while the PTC cells express CK7 (d), thyroglobulin (e) and TTF-1 (f)
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�Introduction

Approximately 3–9% of non-medullary thyroid 
carcinomas occur on a familial basis [1]. About 
5% of these tumours are syndromic, whereas the 
remaining 95% of all cases of familial non-

medullary thyroid carcinomas (FNMTCs) are 
non-syndromic with less well-defined genetic 
susceptibility [1].

The genetic details of non-syndromic 
FNMTC are summarized in Table 5.1, including 
the HABP2 gene whose role in familial PTC has 
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recently been questioned [1–3]. Usually there is 
a family history of thyroid nodules, and although 
the histology of non-syndromic FNMTC is not 
different from that of sporadic tumours, most 
cases are PTCs characterized by an early onset, 
increased multifocality and bilaterality and 
association with multinodular goitre and/or fol-
licular adenoma(s) [1, 3]. At variance with this, 

the syndromic FNMTCs have well-defined 
driver germline mutations including familial 
adenomatous polyposis (FAP), DICER1 syn-
drome, Werner syndrome, Carney complex type 
1 and PTEN hamartoma tumour syndrome 
(PHTS) which includes Cowden syndrome and 
Bannayan-Riley-Ruvalcaba syndrome (BRRS) 
(Table 5.2).

Table 5.1  Non-syndromic familial non-medullary thyroid carcinomas

Chromosomal location Gene Thyroid tumour/s Additional lesions

19p13.11 GRIM-19 (NDUFA13) Multifocal Hürthle cell 
(oncocytic) adenoma, PTC 
and/or FTC

19p13.2 TCO (unknown) Multifocal Hürthle cell 
(oncocytic) adenoma, PTC 
and/or FTC

1q21 PTCPRN (fPTC/PRN1) 
(unknown)

PTC Papillary renal neoplasia

9q22.33 FOXE1 (TTF-2) PTC
9q34.13 TTF-1 (NKX2-1) MNG, PTC
12q14.2 SRGAP1 PTC
10q25.3 HABP2 PTC
8p23.1-p22 Unknown MNG, follicular adenoma, 

PTC
2q21 NMTC1 (unknown) PTC (classical and follicular 

variant)
6q22 Unknown PTC
8q24 Unknown PTC

PTC papillary thyroid carcinoma, FTC follicular thyroid carcinoma, MNG multinodular goitre

Table 5.2  Syndromic familial non-medullary thyroid carcinomas

Syndrome Gene and location Thyroid tumour/s Main additional lesions
Familial 
adenomatous 
polyposis

APC
5q22.2

Cribriform-morular 
variant of PTC

Multiple colonic adenomatous polyps, colorectal 
cancer, desmoid tumours and osteomas (Gardner 
syndrome), medulloblastoma (Turcot syndrome), 
hepatoblastoma, congenital hypertrophy of the 
retinal epithelium

PTEN 
hamartoma 
tumour  
syndrome 
(Cowden 
syndrome and 
Bannayan-Riley-
Ruvalcaba 
syndrome)

PTEN
10q23.31

MNG, multiple 
adenomatous nodules 
(“microadenomas”), 
follicular adenoma, 
lipoadenoma, PTC, FTC, 
lymphocytic thyroiditis, 
foci of adipose 
infiltration, C-cell 
hyperplasia

Fibrocystic breast disease, breast hamartoma, 
breast cancer, trichilemmomas, keratosis, oral 
papillomas, cutaneous papules, pigmentation of 
penis, endometrial carcinoma, upper and lower 
gastrointestinal (hyperplastic, adenomatous, 
hamartomatous, lipomatous, ganglioneuromatous 
and inflammatory) polyps and cancer, 
macrocephaly, Lhermitte-Duclos disease, mental 
retardation, autism, renal carcinoma, glycogenic 
acanthosis, storiform collagenoma, lipomas
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Due to its rarity and importance for the 
understanding of thyroid carcinogenesis, this 
chapter focuses on the characteristics of 
cribriform-morular variant of PTC which is usu-
ally associated with FAP but can also be spo-
radic, as well as on tumours arising in the 
context of PHTS and DICER1 syndrome. The 
peculiar morphological and immunohistochem-
ical characteristics of some of such thyroid 
tumours allow pathologists to play a crucial role 
in the recognition of the respective hereditary 
conditions.

�Cribriform-Morular Variant 
of Papillary Thyroid Carcinoma

Cribriform-morular variant (CMV) of papillary 
thyroid carcinoma (PTC) is the peculiar form of 
thyroid carcinoma associated with familial ade-
nomatous polyposis (FAP) that can also occur as 
a sporadic tumour [3–5]. The name “cribriform-
morular variant” of PTC was coined by our group 
in 1999 to describe the sporadic morphological 
counterpart of FAP-associated familial non-
medullary thyroid carcinoma [5]. About 60% of 
the cases are associated with FAP, and in these 
cases, the diagnosis of thyroid carcinoma 

precedes that of FAP in up to 40%. CMV is a 
tumour with a striking prevalence in women 
(female-to-male ratio of 61:1) in contrast to a 
female-to-male ratio of colonic tumours of about 
1:1 in FAP. The mean age of primary diagnosis is 
26.5 years (median 26, range 8–61 years) with no 
significant difference between FAP-associated 
and sporadic CMV of PTC [6].

Most tumours are well-circumscribed or 
encapsulated, white to tan, fleshy and solid, 
although cystic areas can be seen in some cases. 
In FAP patients, the tumours are more often 
multifocal and/or bilateral than in the sporadic 
cases (63% versus 13%) (Fig. 5.1).

CMV of PTC is usually encapsulated or well 
circumscribed and partially divided in lobules by 
sclerotic septa. It is characterized by a blending of 
cribriform, follicular, papillary, trabecular and 
solid patterns of growth, with morular (squamoid) 
structures [4, 5] (Figs. 5.2, 5.3 and 5.4). Cribriform 
areas are formed by anastomosing bars and arches 
of cells in the absence of fibrovascular stroma and 
typically merge with small tubular follicles. Both 
large follicles (cribriform pattern) and tubular 
structures are frequently devoid of colloid or may 
contain foamy and/or multinucleated histiocytes. 
Nonarbourizing papillary and pseudopapillary ele-
ments are usually focal and lined by columnar 

Syndrome Gene and location Thyroid tumour/s Main additional lesions
DICER1 
syndrome

DICER1
14q32.13

MNG, differentiated 
thyroid carcinoma

Pleuropulmonary blastoma, cystic nephroma, 
ovarian Sertoli-Leydig cell tumours, 
gynandroblastoma, juvenile granulosa cell 
tumours, pituitary blastoma with infant Cushing 
disease, nasal chondromesenchymal hamartoma, 
ciliary body medulloepithelioma, embryonal 
rhabdomyosarcoma of the cervix, anaplastic 
sarcoma of kidney

Werner syndrome 
(adult progeria)

WRN
8p12

PTC, FTC, 
undifferentiated 
(anaplastic) carcinoma

Prematurely aged facies, scleroderma-like skin 
changes, cataracts, premature arteriosclerosis, 
type 2 diabetes, osteosarcoma, soft tissue 
sarcomas, melanoma, meningioma, myeloid 
disorders

Carney complex 
type 1

PRKAR1A
17q24.2

Follicular adenoma, PTC Skin and mucosal pigmentary abnormalities 
(blue nevi), atrial myxoma, mucocutaneous 
myxomas, pigmented nodular adrenocortical 
disease, large-cell calcifying Sertoli cell tumour, 
psammomatous melanotic schwannomas, 
pituitary adenomas

PTC papillary thyroid carcinoma, FTC follicular thyroid carcinoma, MNG multinodular goitre

Table 5.2  (continued)
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aa

bb cc

Fig. 5.1  Familial adenomatous polyposis (FAP)-
associated cribriform-morular variant (CMV) of papillary 
thyroid carcinoma (PTC). CMV is characterized by a 
combination of cribriform pattern of growth and morular 
(arrow) structures (a). FAP-associated CMV of PTC is 
often multiple and bilateral (b). In these patients, the 
germline mutations usually occur in exon 15 before codon 

1220; curiously, the same codons are implicated in the 
development of thyroid carcinoma and congenital hyper-
trophy of the retinal pigment epithelium (CHRPE). 
Fundoscopy showing CHRPE (arrow) is therefore a good 
way to confirm the hereditary nature of the CMV of PTC 
before the genetic study (c, courtesy of Rosario Touriño 
Peralba, Santiago de Compostela, Spain)

a b

Fig. 5.2  Cribriform-morular variant (CMV) of papil-
lary thyroid carcinoma (PTC). This sporadic case is from 
a 31-year-old female. CMV of PTC is usually well cir-
cumscribed and partially divided in lobules by sclerotic 
septa (a). It is microscopically characterized by an intri-

cate blending (a) of cribriform, follicular, papillary (b) 
and solid (c) patterns of growth, with morular (squa-
moid) structures (d). Colloid is rarely seen in the follicu-
lar lumina
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cells. Areas with trabecular arrangement of plump 
spindle cells with the nuclei aligned perpendicular 
to the long axis are reminiscent of the so-called 
hyalinizing trabecular tumour (Fig.  5.4). The 

tumour cells are cuboidal or tall, with frequent 
nuclear pseudostratification and abundant ampho-
philic to oxyphilic cytoplasm. The nuclei are usu-
ally hyperchromatic, variably displaying the 

c d

Fig. 5.2  (continued)

a b

c

Fig. 5.3  Cribriform-morular variant (CMV) of papillary 
thyroid carcinoma (PTC). Familial adenomatous 
polyposis-associated case of CMV of PTC observed in a 
29-year-old female. The tumour showed the typical 
admixture of solid (a), cribriform (b) and follicular archi-

tecture (c), as well as morular structures (a). The nuclei of 
tumour cells are not particularly clear but show a round to 
oval shape with prominent grooving (a–c) and pseudoin-
clusions. In the morular structure shown in (a), numerous 
biotin-rich, optically clear nuclei can be identified
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nuclear features of classic PTC. In the solid areas, 
tumour cells become oval to plump and spindly 
and commonly show nodular whorls resembling 
squamoid nests (morules). Morules lack keratini-
zation and show scattered or groups of cells with 
peculiar nuclear clearing, characterized by replace-
ment of the chromatin by a homogeneous, light 
eosinophilic material throughout the entire nucleus 
(Fig.  5.5). These morules are also seen inter-
spersed among the other trabecular and cribriform 
areas, but they can be difficult to find in some 
cases. Alcian blue (pH 2.5) and Mayer’s mucicar-
mine stains are negative. Psammoma bodies are 
rarely found [7]. Foci of necrosis can be seen, and 
capsular and vascular invasion were reported in 
about 40% and 30% of cases, respectively [4–10].

Additional areas with an adamantinous-like pat-
tern of growth, atypical mitotic figures and hyaline 
globules (thanatosomes) were detected in one case 
with neuroendocrine differentiation and aggressive 
behaviour [6]. Another rare case of CMV of PTC 
combining an adenoid cystic carcinoma-like growth 

pattern due to deposition of basement membrane-
like material has also been reported [11].

Tumour cells may be focally positive or totally 
negative for thyroglobulin, but they are consis-
tently positive for thyroid transcription factor-1 
(TTF-1) and consistently negative for calcitonin 
and CK20 and always show strong nuclear and 
cytoplasmic reactivity for β-catenin [4–21] 
(Fig. 5.5). A rare case with tumour cells positive 
for TTF-1 and also positive for chromogranin and 
synaptophysin in 40% of the tumour mass but neg-
ative for thyroglobulin and calcitonin was reported 
by our group [6]. CMV of PTC is characteristi-
cally positive for oestrogen receptors α and β and 
progesterone receptor and can show focal positiv-
ity for androgen receptor; these features seem to 
be the result of crosstalk between WNT/β-catenin 
and oestrogen signalling pathways and are proba-
bly related to their female predominance (Fig. 5.6). 
The proliferative (Ki-67) index is generally less 
than 5% but can reach up to 60% in aggressive 
(poorly differentiated) tumours [6, 9]. A rare case 

a b

c d

Fig. 5.4  Cribriform-morular variant (CMV) of papillary 
thyroid carcinoma (PTC). CMV of PTC may show a 
highly variable combination of cribriform, papillary, 
solid, trabecular and morular growth patterns (a–d). In 

some cases the cribriform growth pattern may mimic 
mammary cribriform carcinoma (b). A trabecular pattern 
reminiscent of hyalinizing trabecular adenoma of the thy-
roid can also be seen (d)

J.M. Cameselle-Teijeiro et al.
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a b

c

Fig. 5.5  Immunohistochemical features of the 
cribriform-morular variant (CMV) of papillary thyroid 
carcinoma (PTC). Beta-catenin is the hallmark of the 
CMV of PTC.  Immunohistochemistry demonstrates a 
change in beta-catenin expression from the membranous 

pattern found in normal follicular cells (inset) to the cyto-
plasmic and nuclear staining in tumour cells of CMV of 
PTC (a). Neoplastic cells may be totally negative for thy-
roglobulin (b), but they are consistently positive for 
TTF-1 (c)

a b

c d

Fig. 5.6  Immunohistochemical features of the 
cribriform-morular variant (CMV) of papillary thyroid 
carcinoma (PTC). Tumour cells in CMV of PTC are posi-
tive for oestrogen (a) and progesterone receptors (b), but 

these immunomarkers are negative in the morular compo-
nent. The morular structures are selectively stained for 
CD10 (c) and CDX2 (d)
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with positivity for β-human chorionic gonadotro-
pin has been reported [19]. No reactivity was 
found for carcinoembryonic antigen (CEA), 
CA125, epidermal growth factor receptor, Wilms 
tumour protein (WT1), c-kit (CD117), p63 or 
calretinin.

The morular component of CMV has a distinc-
tive immunohistochemical profile with positivity 
for β-catenin, CKs AE1/AE3, E-cadherin, bcl-2, 
cyclin D1, CA19.9 and galectin-3, as well as neg-
ativity for TTF-1, thyroglobulin, calcitonin, 
vimentin CEA, CK7, CK20, CK 34βE12 and 
CA125. The characteristic optically clear nuclei 
contain biotin; due to their high endogenous bio-
tin content, false-positive reactions in the nuclei 
of morular cells are highly probable whenever 
using immunohistochemical systems containing 
(strep) avidin [5]. CD10 is a useful tool in identi-
fying morules not only in the CMV of PTC but 
also in all biotin-rich optically clear nuclei family 

tumours [22], all of them sharing alterations in the 
WNT/β-catenin signalling pathway (Fig.  5.6). 
Interestingly, CDX2, an intestine-specific homeo-
box gene transcription factor, is also selectively 
expressed in the CMV morules [23] (Fig. 5.6).

In contrast to morular structures, the true foci 
of squamous metaplasia lack nuclear staining for 
β-catenin, are negative for Bcl-2 and show 
numerous S100 protein-positive dendritic cells, 
especially at the periphery [14] (Fig. 5.7).

The peculiar cribriform pattern of growth 
along with the positivity for oestrogen and pro-
gesterone receptors, as well as the tubulo-
glandular pattern of the CMV of PTC, can mimic 
metastatic carcinoma from the breast and colon, 
but positivity for TTF-1, which is always positive 
in CMV of PTC, can help in the differential diag-
nosis. Columnar cell variant of PTC shows sig-
nificant morphologic overlap with the CMV of 
PTC (nuclear pseudostratification, solid areas 

a b

c d

Fig. 5.7  Morules and squamous metaplasia in papillary 
thyroid carcinoma (PTC). In this figure, a case of CMV of 
PTC (a) is compared with a classic PTC with squamous 
metaplasia (b). While in CMV both the nucleus and cyto-

plasm of all tumour cells are strongly stained for beta-
catenin (c), there is only a limited staining, with membrane 
pattern, in classic PTC cells (d)

J.M. Cameselle-Teijeiro et al.
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and elongated, empty follicles resembling tubular 
glands); however, tumour cells in the columnar 
cell variant have nuclear hyperchromasia, may 
contain supranuclear and subnuclear cytoplasmic 
vacuoles reminiscent of those of early secretory 
endometrium and are positive for thyroglobulin.

Fine needle aspiration biopsy (FNAB) is an 
effective method for diagnosing thyroid malig-
nancy and is even able to make a diagnosis of 
CMV of PTC [8, 10, 12, 17–19, 21, 24–26] 
(Figs.  5.8 and 5.9). The smears are typically 
hypercellular, disclosing cohesive papillary 
fragments lined by epithelial cells with nuclear 
stratification and nucleomegaly as well as solid 
flat monolayers. Tumour cells are usually tall 
and columnar with obscure ground-glass nuclei 
and abundant spindle cytoplasm with distinct 
cell borders (Fig. 5.8). Typical nuclear features 
of classic PTC are commonly seen, but promi-
nent nucleoli are absent (Fig. 5.9). Frequent aci-

nar/cribriform formations devoid of colloid and 
less common dense cellular (squamoid) morules 
composed of epithelial cells in a tightly haphaz-
ard or whorly arrangement can be seen (Figs. 5.8 
and 5.9). The background is generally clean 
with no multinucleated giant cells, lymphocytes 
or colloid. Although the detection of cribriform 
fragments, cellular morules and columnar cells 
in cytological samples is highly indicative of 
CMV of PTC, there is much overlap between 
the architectural and nuclear features of conven-
tional PTC and CMV of PTC. Positive nuclear 
β-catenin immunostaining plays a definitive role 
for diagnosing a CMV of PTC [17, 24, 25].

In more than 90% of FAP-associated thyroid 
carcinomas, the tumours have a typical CMV his-
tology. Therefore, clinicians should be alerted to 
the possibility of FAP whenever a diagnosis of 
CMV of PTC is made, namely, when there is not 
a familiar setting.

a b

Fig. 5.8  Cytologic features of the cribriform-morular 
variant (CMV) of papillary thyroid carcinoma (PTC). 
Papillary arrangement with tall, columnar cells at the 
periphery (arrow) (a, Diff-Quik stain). Sheet of cells with 
morular arrangement (b, Diff-Quik stain). This case of 

CMV of PTC is from a 20-year-old woman with a multi-
centric, bilateral tumour (T3N0M0) with familial history 
of adenomatous polyposis. Total thyroidectomy was per-
formed. The patient has no evidence of disease at 
84 months of follow-up
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CMV of PTC is the typical thyroid tumour 
occurring in FAP, an autosomal dominant dis-
order caused by a germline mutation in the 
adenomatous polyposis coli (APC) gene, 
which is located on 5q21–22. APC gene 
encodes the tumour suppressor APC protein 
that acts as an antagonist of the WNT/β-
catenin signalling pathway. Overall, somatic 
mutation of the APC gene appears in more 
than 30% of the sporadic CMV of PTC exam-
ined. Additional somatic APC mutation have 
been detected in 50% of the tumours of patients 
with germinal APC mutation. (“Second hit” of 
the Knudson’s two hit model) [27] (Table 5.3).

Whether this neoplasm is just another variant 
of PTC or rather a distinct category of thyroid 
carcinoma is controversial. Although this rare 
tumour shares some characteristics with classical 

PTC, we, like others, tend to consider that it may 
be a form of thyroid carcinoma distinct from con-
ventional papillary and follicular carcinoma, 
with a peculiar primitive endodermal (intestinal-
like) phenotype and permanent activation of the 
wingless (WNT/β-catenin) signalling pathway. 
This assumption fits with the recently discovered 
position of CMV in the group of non-BRAF-non-
RAS subtype of the new molecular classification 
of thyroid tumours [34].

Because the CMV of PTC frequently does not 
express thyroglobulin, the use of serum thyro-
globulin as a tumour marker in the follow-up of 
patients may be unreliable [10] (see Chap. 2—
Thyroglobulin Negative PTC—and Chap. 3, 
Oncocytic Carcinoma Negative for TTF-1 and 
Thyroglobulin).

a b

c d

Fig. 5.9  Cytologic features of the cribriform-morular 
variant of papillary thyroid carcinoma. Nuclear groves 
and pseudoinclusions (a). Cluster with hyaline material 

(b). Morular structure (c). Tall, columnar cells (d). Same 
case as in Fig. 5.8 (Diff-Quik stain)

J.M. Cameselle-Teijeiro et al.
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�PTEN Hamartoma Tumour 
Syndrome (PHTS)

PHTS is a rare autosomal dominant spectrum of 
disorders secondary to germline-inactivating 
mutations in the PTEN tumour suppressor gene. 
PHTS includes several clinical syndromes such as 
Cowden syndrome (CS), presenting in adulthood, 
Bannayan-Riley-Ruvalcaba syndrome (BRRS) in 
children, Lhermitte-Duclos disease in adult and 
autism spectrum alterations associated with mac-
rocephaly [35–42]. Individuals with PHTS have 
an increased risk for carcinomas of the thyroid, 
breast, endometrium, colorectum, kidney and mel-
anoma, as well as for benign lesions (Table 5.2).

About 14% of patients with PHTS have thyroid 
cancer, while in patients with germline PTEN muta-
tion and thyroid pathology, such incidence raises to 
75% [36, 37, 39]. The main subtypes of thyroid car-

cinoma in PHTS are PTC (60–80%), FTC (14–
45%) and undifferentiated (anaplastic) carcinoma 
(6%) [36, 37]. Abnormal distribution of C cells and/
or C-cell hyperplasia but not medullary carcinoma 
was detected in some of these patients [35, 37, 43]. 
In the thyroid of children and adults with PHTS, the 
combination of multiple and bilateral cellular fol-
licular adenomas, adenomatous nodules and multi-
ple tiny foci of follicular cell proliferations 
composed of small follicles (the so-called microad-
enomas) is characteristic, in a background of lym-
phocytic thyroiditis. The presence of foci of adipose 
infiltration in the parenchyma and/or within the 
adenoma(s) (adenolipomas) is also characteristic, 
especially when detected in children and young 
adults (Fig. 5.10). Oxyphilic (Hürthle cell) and clear 
cell changes, as well as tumours with features of 
hyalinizing trabecular adenoma (tumour), occur 
occasionally [35, 36].

a b

c d

Fig. 5.10  Thyroid pathology in PTEN hamartoma 
tumour syndrome. Thyroid gland of patients with PTEN 
hamartoma tumour syndrome (Cowden syndrome and 
Bannayan-Riley-Ruvalcaba syndrome) typically shows 
multiple and bilateral follicular adenomas, hyperplastic 

nodules (a) and tiny adenomatous nodules (so-called 
microadenomas) (b). The presence of foci of adipose infil-
tration in the parenchyma (c) and increased risk for fol-
licular carcinoma and papillary thyroid carcinoma (d) is 
also characteristic
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a b

c d

Fig. 5.11  Thyroid pathology in PTEN hamartoma 
tumour syndrome. In these patients, the presence of mul-
tiple and bilateral nodules (a) is characteristic . Most of 

the benign (b) and malignant tumours, including tiny 
adenomatous nodules (so-called microadenomas) (c, d), 
are negative for PTEN protein

All the aforementioned follicular cell tumours 
are positive for thyroglobulin and negative for cal-
citonin. Immunohistochemical staining for PTEN 
may help in the identification of patients with 
PHTS [36, 44]. Loss of PTEN immunoexpression 
in adenomatous thyroid nodules, whether in all 
the nodules or just in a subset, is both sensitive 
and specific for PHTS [44] (Fig. 5.11).

There is no correlation between the specific 
PTEN germline mutations and the pathologic 
findings in either Cowden (Figs. 5.12 and 5.13) 
or Bannayan-Riley-Ruvalcaba syndrome [37, 

39] (Figs.  5.14, 5.15 and 5.16). Patients with 
PHTS can develop thyroid nodules and thyroid 
cancer in early childhood [39]. Because early 
detection improves the outcome of thyroid can-
cer, ultrasound surveillance for all patients upon 
the confirmation of a germline PTEN mutation 
seems appropriate, regardless of the age. 
Although the tumours are usually benign and 
well circumscribed, total thyroidectomy should 
be recommended due to their multicentricity, 
increased risk of recurrence and progression to 
carcinoma.
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a b

c d

Fig. 5.13  Thyroid pathology in Cowden syndrome. All 
adenomas and adenomatous nodules (a) were negative for 
PTEN protein in the immunohistochemical study (b). The 
cellular smears on fine needle aspiration biopsy are com-

posed of uniform follicular cells with follicular pattern, no 
pleomorphism and sparse colloid, compatible with follic-
ular lesion or follicular neoplasia (c, d)

a b

c d

Fig. 5.12  Thyroid pathology in Cowden syndrome. Total 
thyroidectomy specimen typically shows multiple and 
bilateral, both encapsulated and well-circumscribed nod-
ules (a). Microscopic examination shows a characteristic 

combination of multiple follicular adenomas (b), adenoli-
pomas (c), adenomatous nodules and tiny foci of follicular 
cell proliferation (the so-called microadenomas) (d), in a 
background of lymphocytic thyroiditis
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a b

c d

Fig. 5.14  Thyroid pathology in Bannayan-Riley-
Ruvalcaba syndrome. Total thyroidectomy specimen of a 
14-year-old boy with Bannayan-Riley-Ruvalcaba syn-
drome typically showing several nodules in both lobes (a). 

Microscopic examination showed multiple hyperplastic 
nodules (b) and adenomas (c). The immunohistochemical 
study was negative for the PTEN protein in the hyperplas-
tic nodules and follicular adenomas (d)

a b

c

Fig. 5.15  Thyroid pathology in Bannayan-Riley-
Ruvalcaba syndrome. Characteristic loss of PTEN protein 
immunoexpression in a hyperplastic adenomatous nodule 
(a) and in one macrofollicular adenoma (b) in the thyroid 
of a boy with Bannayan-Riley-Ruvalcaba syndrome (same 

case as in Fig. 5.14); normal follicular cells and endothelial 
cells (internal positive control) are positive for PTEN (a, 
b). C-cell hyperplasia was demonstrated by the immuno-
histochemical search for calcitonin (c), and one intrathy-
roidal parathyroid gland (asterisk) was also found (c)
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�DICER1 Syndrome

The case we selected (courtesy of Dr. Irene Gullo, 
Porto, Portugal) highlights the problems raised 
by DICER1 syndrome thyroid tumours [45–50], 
as well as by most hereditary thyroid neoplasms 
and thyroid neoplasms with familial clustering.

It was a multinodular lesion in a 12-year-old 
girl who had had a botryoid-type embryonal 
rhabdomyosarcoma of the cervix at the age of 7. 
The patient was treated with surgery and adju-
vant chemotherapy and 5 years later developed a 
bilateral multinodular enlarged thyroid gland. 
The diagnosis of FNAB of the two largest nod-
ules was benign (Bethesda II) and follicular neo-
plasm (Bethesda IV). The patient was submitted 
to total thyroidectomy (61  g). On cut surface, 
multiple and heterogeneous nodules were 
identified (Fig. 5.17).

The nodules were mostly well circumscribed 
and, occasionally, encapsulated, displaying the 
morphologic characteristics of adenomas/adeno-
matous nodules (Figs. 5.18 and 5.19). In one of 
the nodules with a thicker, although incompletely 
formed, capsule, there were signs of angioinva-
sion (Fig. 5.20). The nuclei of the neoplastic cells 
of this nodule were larger and more irregular than 
follicular cell nuclei, but they did not exhibit the 
typical features of PTC nuclei. This type of 
“quasi-PTC-like” nuclei is often designated as 
intermediate-type nuclei (Fig. 5.20). In this case, 
putting the microfollicular architecture and the 
intermediate-type nuclei together with the inva-
sion of a large vessel in the capsule, a diagnosis 
of “Well circumscribed, partly encapsulated, 
1.4  cm well differentiated thyroid carcinoma 
(WDTC), not otherwise specified (NOS) and 
with angioinvasion” was made.

a b

c d

Fig. 5.16  Cytopathology features in Bannayan-Riley-
Ruvalcaba syndrome. The thyroid cytologic smears of a 
dominant nodule in a patient with Bannayan-Riley-
Ruvalcaba syndrome (same case as in Figs. 5.14 and 5.15) 

showed abundant colloid and sheets of follicular cells 
with some microfollicles (a–c). Histological examination 
revealed a follicular adenoma (d)
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a b

Fig. 5.17  DICER1 syndrome. Total thyroidectomy specimen showing multiple and bilateral heterogeneous nodules, 
many of them displaying a well-formed capsule

a

b

Fig. 5.18  DICER1 syndrome. Microscopic appearance of adenomas/adenomatous nodules with regular nuclei and 
frequent mitoses (arrows) (a, b)
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a b

Fig. 5.19  DICER1 syndrome. One adenomatous nodule displaying papillary hyperplasia at the microscopic level (a, b). 
The higher magnification also showed the lack of typical features of papillary thyroid carcinoma (inset) (b)

a b

Fig. 5.20  DICER1 syndrome. Well-differentiated thy-
roid carcinoma, not otherwise specified (NOS) (a). Partly 
encapsulated follicular patterned tumour with question-
able capsular invasion and intermediate nuclei (a). Nuclei 

are larger, clearer and more irregular than those of follicu-
lar cells (PTC like) (a, inset). Well-differentiated thyroid 
carcinoma, NOS, with vascular invasion (b)

J.M. Cameselle-Teijeiro et al.
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We considered the association of botryoid 
rhabdomyosarcoma and multinodular goitre in a 
young girl highly suggestive of DICER1 syn-
drome. The genetic testing, performed in this 
case, confirmed the presence of a germline patho-
genic (nonsense) DICER1 mutation (p.
Arg1060Ilefs*7). Familial multinodular goitre is 
the most frequent manifestation of germline 
DICER1 mutation in the thyroid gland. Despite 
being usually considered as “rare”, the occur-
rence of well-differentiated thyroid carcinoma is 
emerging as a not so rare phenotype.

Ten cases of thyroid malignant neoplasms 
have been reported previously in the context of 
germline DICER1 mutations: three cases of FTC 
and seven PTC. Curiously, there was a description 
of a case of FTC that, when revisited by other 
authors, was reclassified as PTC [46], underlying 
the difficulty of diagnosing DICER1 thyroid 
tumours using the classic dual classification. Our 
specimen showed morphological features that did 
not match follicular carcinoma nor papillary 
carcinoma; hence, we preferred the term “well-
differentiated thyroid carcinoma, NOS”. 

The distinctive morphologic appearance of 
these tumours also corresponds to distinctive 
molecular alterations. As reported by several 
authors, we did not find any of the molecular alter-
ations that are characteristically associated to FCT 
or PTC (BRAFV600, NRAS61, HRAS12/61, TERT 
promoter mutations and PAX8/PPARγ, RET/PTC1 
and RET/PTC3 rearrangements). Furthermore, it 
is worthy to mention that in the recently proposed 
three-tiered molecular classification (including 
BRAF-like, RAS-like and non-BRAF-non-RAS 
tumours), DICER1 is one of the driver genes defin-
ing the novel non-BRAF-non-RAS molecular sub-
group. It looks like that thyroid carcinomas arising 
in the background of DICER1 syndrome may 
reflect a carcinogenic process different from the 
classical pathways towards PTC or FTC.

Unfortunately, the cytological and histological 
characteristics of the tumours arising in the con-
text of DICER1 syndrome, like in the large 
majority of hereditary non-medullary thyroid 
tumours—the exception is the CMV of PTC—are 
unspecific, regardless of being benign (adenomas/
adenomatous nodules) or malignant (FTC, PTC or 
WDTC, NOS). In these cases, it is the clinico-

pathological context (familial history, more or less 
typical syndromic associations, age of the patients 
and bilaterally/multicentricity) that raises the pos-
sibility of a hereditary condition and leads to the 
search of the appropriate genetic alteration(s).
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�Introduction

In this chapter, we describe peculiar thyroid 
structures of supposed branchial origin such as 
the so-called solid cell nests (SCNs) and other 
related lesions, as well as a number of rare 

tumours and tumour-like lesions with branchial 
pouch or thymic derivation. The knowledge of 
SCNs and this heterogeneous group of tumours is 
important not only for diagnostic purposes but 
also for understanding the strange phenotype of 
such lesions within the thyroid gland. Rare 
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benign and malignant mesenchymal thyroid 
neoplasms and tumour-like conditions are also 
addressed.

�Solid Cell Nests (SCNs) and Related 
Lesions

SCNs are considered remnants of the ultimobran-
chial body (UB) that appear in the interfollicular 
space as clusters of squamoid cells designated as 
main cells, with a minor proportion of C cells 
[1–5]. Most SCNs measure 0.1  cm in diameter 
but occasionally can achieve 2 mm or more. They 
are present in 3% of routinely examined thyroid 
glands and in more than 60% of thyroid glands 
when blocked serially at 2–3  mm. Sometimes, 
SCNs are totally cystic while in other cases SCNs 
combine solid, cystic and/or papillary architec-
ture (Fig. 6.1). The main cells of SCNs are polyg-
onal to ovoid, with round to oval nuclei with 

nuclear grooving and frequent overlapping that 
mimic the nuclei of PTC. Intranuclear pseudoin-
clusions, however, are very rare in SCNs, whose 
cells, compared to PTC, are negative for thyro-
globulin and TTF-1 (Fig. 6.2). SCNs may show 
mixed follicles composed of follicular cells along 
with main SCN cells, columnar cells, ciliated 
cells and/or squamous cells (Fig.  6.3). Alcian 
blue positive mucinous material may be seen in 
microcysts or in some cells of SCNs. (Fig. 6.4). 
Oncocytic (Hürthle cell) transformation was 
observed in main cells of rare SCNs [6] (Fig. 6.5). 
Scattered T-lymphocytes positive for CD5 are 
commonly associated with SCNs, probably due 
to a common embryologic origin of SCNs and 
thymus (Fig. 6.5).

Ultrastructurally, the main cells of SCNs have 
many desmosomes and hemidesmosomes at the 
cell surface. Filaments are the only cytoplasmic 
evident organelles while other are poorly devel-
oped, as it happens in stem cells. Main cells are 

a b

c

Fig. 6.1  Solid cell nests (SCNs) of the human thyroid. 
SCNs appear as cellular clusters with a lobulated configu-
ration within the interstitium of the thyroid gland (a–c). 
They are usually solid squamoid nests (a) mainly com-

posed of main cells with a minor proportion of C cells. 
Sometimes, however, SCNs are totally cystic (b) or com-
bine solid, cystic and/or papillary architecture (c)
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a b

c

Fig. 6.2  Nuclear features in solid cell nests (SCNs). The 
nuclei of main cells of SCNs are round to oval with groov-
ing and frequent overlapping (a), but intranuclear pseu-
doinclusions are very rare (b). Although these vestigial 

structures can be misinterpreted as papillary thyroid 
microcarcinoma, they are negative for thyroglobulin (c) 
and thyroid transcription factor-1 (TTF-1)

a b

c

Fig. 6.3  Mixed follicles and ciliated cells in solid cell 
nests (SCNs). Occasional SCNs are connected to thyroid 
follicular cells to form mixed follicles (asterisk) (a). 

Approximately 20 percent of the cystic structures in SCNs 
are lined by ciliated columnar cells (b, c)
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a b

Fig. 6.4  Thyroid follicles with mucins in solid cell nests 
(SCNs). The SCNs may contain isolated cells (arrow-
head) and small cysts with intraluminal accumulation of 
acidic mucins demonstrable with the Alcian blue stain (a, 
b). In the human thyroid gland, follicles with acid mucins 
(arrow) are almost always confined to the sections that 
also contain SCNs (b). A mixed follicle containing acidic 

mucins and colloid (asterisks) can be spotted easily in the 
upper part of the photograph because of the positivity of 
main cells for keratins (clone 34βE12) (b). It has been 
suggested that the histogenesis of some mucin-producing 
thyroid tumours could be linked to “ultimobranchial” thy-
roid follicles with acid mucins

a b

Fig. 6.5  Oncocytic change and lymphocytic infiltration 
in solid cell nests (SCNs). It has been reported the exis-
tence of rare cases of main cell of SCNs with oncocytic 
(Hürthle cell) changes (a). This finding indicates that 
SCNs may acquire mitochondrial alterations similar to 

those seen in follicular and C cells, as well as in their 
respective tumours (a). A variable proportion of scattered 
T-lymphocytes positive for CD5 (inset) are usually associ-
ated with SCNs, probably due to a common embryologic 
origin of SCNs and thymus (b)
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positive for high and low molecular weight 
keratins, p63, p40, galectin-3, Bcl-2 and carcino-
embryonic antigen (CEA) (Fig.  6.6), and nega-
tive for TTF-1, PAX8, thyroglobulin, calcitonin, 
chromogranin and synaptophysin. Calcitonin and 
neuroendocrine pan-markers are only positive in 
the associated C cells (Fig. 6.7).

SCNs are thought to be remnants of the fifth 
branchial arch (UB) [1, 2]. The UB origin of SCNs 
is supported by similarities with the UB of mam-
mals, its relation with C cells (Fig. 6.8), production 
of mucins [7], association with branchial-like cysts 
(Figs. 6.9 and 6.10), presence in some piriform sinus 
fistula as well as the occurrence of SCNs along with 
thymic, parathyroid, adipose, fibrous, cartilaginous 
and salivary gland-type tissues (Fig. 6.11).

In contrast to foci of squamous metaplasia 
which are generally associated with inflamma-
tory or reparative phenomena, SCNs usually 
appear in normal thyroid tissue accompanied by 

C cells (Fig.  6.12). Squamoid cell nests of 
Hashimoto’s thyroiditis [8] share some nuclear 
features with PTC, but they are neither neoplastic 
structures nor true SCNs. Such squamoid cell 
nests are usually smaller than SCNs and display 
floret-like features, surrounded by a collection of 
lymphocytes, having weak TTF-1 positivity and 
negativity for HBME-1 and galectin-3 and lack-
ing associated C cells [8] (Fig. 6.13). The squa-
moid cell nests of Hashimoto’s thyroiditis seem 
to represent ductal metaplasia, a type of phylo-
genic regression to an exocrine structure, second-
ary to chronic injury [9]. Rare cases of 
Hashimoto’s thyroiditis massive squamous meta-
plasia of follicular cells [10] and multiple bran-
chial cleft-like cysts (cystic variant of Hashimoto’s 
thyroiditis) [11] may occur (Fig. 6.14). True iso-
lated intrathyroid branchial cysts have also been 
reported (Fig. 6.10). In comparison to branchial 
derived cysts, true keratinizing cysts similar to 

a b

c d

Fig. 6.6  Immunohistochemical features of solid cell 
nests (SCNs). Main cells of human SCNs have strong 
cytoplasmic positivity for cytokeratin 19 (a) and BCL-2 

protein (b). They are also immunoreactive for p63 (c) and 
carcinoembryonic antigen (CEA) (d)
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a b

c d

Fig. 6.7  Immunohistochemical features of solid cell 
nests (SCNs). SCNs show negativity for thyroglobulin by 
immunohistochemistry (a) and in situ hybridization 

(mRNA) (b). TTF-1 is also negative in main cells of SCNs 
(c). Positivity for calcitonin is limited to the C cells usu-
ally associated to the SCNs (d)

a b

Fig. 6.8  Solid cell nests in a patient with multiple endo-
crine neoplasia type 2A (MEN 2A). In this case associated 
to MEN 2A, calcitonin staining showed a very high num-
ber of C cells associated with SCNs (a, b). Primary C-cell 
hyperplasia is associated with heritable forms of medul-

lary thyroid carcinoma. In fact, there is evidence to sup-
port the view that primary C-cell hyperplasia in patients 
with MEN2 syndromes and in some sporadic 
microcarcinomas represents a thyroid intraepithelial 
neoplasia of C cells
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a b

Fig. 6.9  C cells in solid cell nests (SCNs) and branchial-
like cysts. Numerous C cells stained for calcitonin are 
associated with SCNs adjacent to the ectopic (intrathy-
roidal) parathyroid tissue (asterisk) (a). SCNs accompa-

nied by numerous calcitonin-positive C cells (inset) are 
seen on the wall of this case of intrathyroidal 
branchial-type cyst (b)

d

a

c

b

Fig. 6.10  Intrathyroidal branchial cleft cyst. Lymphoid 
aggregates (a), solid cell nests (b) and salivary gland-type 
tissue (c) were found in the wall of a branchial cleft cyst 

occurring in the right thyroid lobe of a children. The wall 
of the cyst was lined by stratified squamous (a, c) and cili-
ated respiratory (b, d) epithelium
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a b

c

Fig. 6.11  Solid cell nests (SCNs) with intrathyroidal 
parathyroid, cartilage and salivary gland tissue. The pres-
ence of tissues of the branchial apparatus such as parathy-

roid tissue (a), islands of cartilage (a, b) and salivary 
gland-type tissue (c) around SCNs supports the assump-
tion of a branchial origin for SCNs

a b

c d

Fig. 6.12  Solid cell nests (SCNs) and squamous meta-
plasia. SCNs usually appear in normal thyroid tissue, 
sometimes accompanied by scattered lymphocytes (a). In 
contrast, nests of squamous metaplasia of follicular cells 

usually appears in a stroma with oedema, fibrin, dense 
mixed inflammatory infiltrate with abundant histiocytes 
and variable fibrosis (b–d)

J.M. Cameselle-Teijeiro et al.



87

a b

c d

Fig. 6.13  Ductal metaplasia in chronic lymphocytic thy-
roiditis. Compared to branchial-derived SCNs, the cell 
nests that occur in thyroiditis are usually smaller squa-
moid nests of cells with “floret-like” features, surrounded 
by a collection of lymphocytes and lacking associated C 
cells (a–d). These squamoid nests of Hashimoto’s thy-
roiditis are considered to represent ductal metaplasia, sec-
ondary to chronic injury. Ductal metaplasia cells are 

strongly positive for p63, stain weakly for TTF-1 and are 
negative for thyroglobulin, HBME-1 and calcitonin. 
These immunophenotypic features can be used to distin-
guish ductal metaplasia from papillary thyroid microcar-
cinomas (strongly positive for thyroglobulin, TTF-1 and 
HBME-1 and variably positive for p63) associated with 
Hashimoto’s thyroiditis

a b

Fig. 6.14  Cystic variant of chronic lymphocytic 
(Hashimoto) thyroiditis. Rare cases of chronic lympho-
cytic thyroiditis show numerous cystic formations some 
of which are evident in macroscopic examination (a). In 
this case of a 50-year-old woman, microscopic examina-
tion revealed several branchial cleft-like cysts containing 

dense eosinophilic material with cholesterin clefts and 
lymphocytes. The cysts were lined by stratified epithelium 
of variable thickness. In the stroma, areas of diffuse lym-
phoplasmacytic infiltration, germinal centres and onco-
cytic metaplasia alternated with marked fibrosis, follicular 
atrophy and squamous metaplasia (b–d)
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epidermoid type inclusion cyst are extremely rare 
in the thyroid (Fig. 6.15).

It is possible that mixed follicles [12] may repre-
sent a phenomenon of asymmetric division 
(Fig. 6.16). We found positivity for CD133 in SCNs 
and in some follicles in the vicinity of a case of 
SCNs (unpublished observations) (Fig. 6.16). OCT4 
protein expression, however, was only detected in a 
few cases of SCNs [13]; further research is therefore 
required to confirm their stem cell role.

One hyperplastic (giant) SCN case has been 
described [14]. Although no BRAF gene muta-
tions are found in normal SCNs, BRAFV600E muta-
tion has been reported in a case of diffuse and 
bilateral SCN hyperplasia with a contiguous pap-
illary microcarcinoma also having the same 
BRAFV600E mutation [15]. In this case, two PTCs 

and the SCNs associated with the first micro-
PTC showed the same BRAF mutation, while the 
follicular adenoma, the normal follicular cells 
and three other samples of SCNs showed no 
mutation. These findings support the assumption 
that SCN hyperplasia may be a precursor lesion 
of PTC [15]. In a similar way, our group reported 
in the centre of a follicular variant of PTC a sec-
ond neoplastic lesion featuring a SCN-like 
appearance sharing a Q61R mutation in the 
N-RAS gene with the follicular variant of PTC 
[16]; this finding supports also a histogenetic rela-
tionship between these two lesions (see Chap. 2). 
Other studies have also supported a histogenetic 
link between SCNs and PTC, as well as with scle-
rosing mucoepidermoid carcinoma [4, 8]. A case 
of papillary thyroid microcarcinoma coexisting 

c d

Fig. 6.14  (continued)

a b

Fig. 6.15  Keratinous (epidermoid type) cyst. Keratinous 
cyst located on the surface of the gland surrounded by 
fibrous tissue of the capsule (a). This cyst is similar to an 
epidermoid type inclusion cyst; it is lined by cornified epi-
thelium, has a distinct granular layer and contains lamel-

lated keratin (b). Since the patient had a previous fine 
needle aspiration biopsy (FNAB), it is tempting to pro-
pose that the cyst has resulted from traumatic inclusion of 
epidermis secondary to the FNAB
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in intimate relationship with SCNs is illustrated 
in Fig. 6.17.

An additional relationship between SCNs and 
carcinoma showing thymus-like differentiation of 
the thyroid (CASTLE) has recently been reported 

[17]. Regardless of whether or not the main cells 
of SCNs serve as neoplastic stem cells, the broad 
spectrum of differentiation of SCNs may explain 
conceptually the existence of primary thyroid 
tumours with “aberrant” phenotypes.

a b

Fig. 6.16  Stem cell features in solid cell nests (SCNs). 
Main cells of the SCNs apparently harbour the minimal 
properties of a stem cell phenotype (telomerase activity 
and differentiation to one or more than one type of spe-
cialized cells) and may thus represent a pool of stem cells 

of the adult thyroid. In SCNs, the follicles (asterisk) lined 
by main cells and follicular epithelium positive for thyro-
peroxidase (mixed follicles) could represent the so-called 
asymmetric division of stem cells (a). CD133, thought to 
be a stem cell marker, is also positive in SCNs (b)

a b

c

Fig. 6.17  Solid cell nests (SCNs) and papillary thyroid 
carcinoma. This figure illustrates a case of papillary thy-
roid microcarcinoma coexisting in intimate relationship 

with SCNs (a–c). In comparison to SCNs, the papillary 
microcarcinoma shows a pattern of microfollicular growth 
and larger nuclei with clearer chromatin
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A case of thyroid-type SCNs associated with 
struma ovarii has been reported supporting a his-
togenetic link between the main cells of SCNs 
and thyroid tissue [18]. Cystic tumour of the 
atrioventricular node of the heart [19] and the so-
called complex choristoma of the gyrus rectus in 
central nervous system [20] are two intriguing 
lesions, morphologically and immunophenotypi-
cally equivalent to SCNs of the thyroid.

�Spindle Epithelial Tumour 
with Thymus-Like Differentiation 
(SETTLE)

SETTLE is a rare, malignant tumour of the thy-
roid characterized by a lobulated architecture 
and biphasic cellular composition featuring 
spindly epithelial cells that merge into glandular 
structures [5, 21–23] (Figs. 6.18, 6.19, 6.20 and 

6.21). It is thought that this tumour is derived 
from the branchial pouches or thymic remnants 
and shows primitive thymic differentiation [22]. 
It occurs predominantly in euthyroid children 
and young adults. SETTLE are usually limited 
by a continuous capsule with fibrous septa 
although they may also have an infiltrative 
growth pattern. Vascular invasion is rarely 
observed. The spindle cells are usually bland, 
and the epithelial (or epithelioid) cells may form 
tubules, small papillae, trabeculae or squamoid 
nests (Figs.  6.18, 6.19 and 6.20). Occasional 
cases comprise almost exclusively spindly cells 
or glandular structures, the so-called monopha-
sic variant of SETTLE. The epithelial cells are 
cuboidal to columnar and are sometimes muci-
nous or ciliated (Figs. 6.20 and 6.21). The spin-
dle cell component expresses low and high 
molecular weight cytokeratins, CK5, p63, 
vimentin and, often, CD99, while the epithelioid 

a

b c

Fig. 6.18  Spindle epithelial tumour with thymus-like dif-
ferentiation (SETTLE). Biphasic pattern of SETTLE 
including a bland spindle cell component (a) and an epi-

thelial component that may disclose glandular structures 
with mucin cysts (b) and squamoid nests (c)
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a b

c d

Fig. 6.19  Immunohistochemical features of SETTLE. The bland spindle cell component of SETTLE does not express 
thyroglobulin (a) and expresses p63 (b), pankeratins (clone AE1/AE3) (c) and Bcl-2 (d)

a

c

b

Fig. 6.20  SETTLE. This neoplasm is characterized by a 
lobulated architecture (a) and biphasic cellular composi-
tion featuring spindly epithelial cells that merge into glan-

dular (b) and squamous (c) epithelium. The hypercellular 
and monotonous quality of the spindle cell component 
may lead to a misdiagnosis of synovial sarcoma
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component usually lacks vimentin and CD99 
expression (Fig.  6.19). Thyroglobulin, calcito-
nin, TTF-1, carcinoembryonic antigen, CD5 and 
CD34 are usually negative in both components. 
The differential diagnosis of SETTLE includes 
spindle cell variant of follicular adenoma (Fig. 
3.9), spindle cell variant of PTC (Fig. 2.10) and 
spindle cell variant of MTC, ectopic thymoma, 
solitary fibrous tumour (Figs. 6.25 and 6.26) and 
synovial sarcoma. The distinction between 
SETTLE and synovial sarcoma may be achieved 
only after the exclusion of the t(X,18) rearrange-
ment typical of synovial sarcoma.

The case illustrated in Figs. 6.18 and 6.19 is 
from a 13-year-old male child who had a 3 cm 
nodule in the thyroid (courtesy of Daniella 
Vieira, Florianopolis, Brazil). The nodule was 
whitish and firm. Microscopically, the tumour 
had a thick and calcified capsule without signs of 
invasion. It was a biphasic tumour composed of 
a spindle cell component and an epithelioid 
component.

�Carcinoma Showing Thymus-Like 
Differentiation (CASTLE)

Intrathyroid epithelial thymoma (ITET)/carcinoma 
showing thymus-like differentiation (CASTLE) is 
a rare malignant epithelial tumour of the thyroid dis-
playing thymic epithelial differentiation [5, 21, 24]. 
It is thought to represent the malignant counterpart 
of an ectopic thymoma of the thyroid gland or rem-
nants of the branchial pouches that differentiate 
along the thymic line [22]. CASTLE usually 
develops in the lower poles of the thyroid. It is a 
solid, well circumscribed and slightly lobulated, 
not encapsulated tumour (Fig.  6.22, courtesy of 
Jesús Alberto Veiga Barreiro, A Coruña, Spain). 
Microscopically, CASTLE is basically a squa-
mous cell carcinoma with lymphocyte-rich stroma 
characterized by a lobulated pattern of growth, 
evident perivascular spaces, low mitotic count and 
immunopositivity for CD5, c-kit (CD117), PAX8, 
Bcl-2, EGFR, GLUT-1, p63 and p53 (Fig. 6.23). 
The tumour cells have large vesicular nuclei, 

a b

c d

Fig. 6.21  SETTLE. The spindle cells often assume a reticulated appearance (a, b). Spindle cells, sclerotic bands and 
mucinous glands are typical features of SETTLE (c). The tumour is highly cellular with fascicular arrangement (d)
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a b

c d

Fig. 6.22  Carcinoma showing thymus-like differentia-
tion (CASTLE). The tumour cell nests, separated from 
each other by collagenous bands infiltrated by lympho-
cytes and plasma cells, are similar to those seen in conven-

tional thymic carcinoma of mediastinum (a–d). Foci of 
squamous differentiation with structures reminiscent of 
Hassall’s corpuscles may be seen (d)

a b

c d

Fig. 6.23  CASTLE. The tumour cells are squamoid and 
syncytial, with pale to eosinophilic cytoplasm (a, b). The 
nuclear chromatin is vesicular with small but easily iden-

tifiable nucleoli (a). The tumour may invade the parathy-
roid at advanced stages (b). The tumour cells are typically 
immunoreactive for p63 (c) and CD5 (d)
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prominent nucleoli, fairly abundant cytoplasm 
and indistinct cell borders (Fig.  6.23). They are 
negative for thyroglobulin, TTF-1, calcitonin, 
chromogranin A, synaptophysin and leucocyte 
common antigen (CD45RB). The Ki-67 labelling 
index is lower (about 10–30%). Because of the 
better prognosis of CASTLE, it is important to 
separate it from undifferentiated (anaplastic) car-
cinoma (remarkable pleomorphism, atypical 
mitoses, necrosis, Ki-67 index >50% and promi-
nent invasiveness) and from primary [25] or meta-
static squamous cell carcinoma (more 
keratinization, Ki-67 index > 50% and negativity 
for CD5) (Fig.  6.24). Lymphoepithelial carci-
noma is strongly associated with Epstein-Barr 
virus (EBV), whereas CASTLE is negative for 
EBV-encoded RNA (EBER). Follicular dendritic 
sarcoma may have a lobulated pattern of growth, 
but it is negative for keratins and CD5.

�Solitary Fibrous Tumour

Solitary fibrous tumour (SFT) of the thyroid 
[5, 21] is a mesenchymal neoplasm indistin-
guishable from pleural and other extrapleural 
SFTs. Most tumours present as a well-circum-
scribed, usually unencapsulated mass. At the 
microscopic level, typical features include a hae-
mangiopericytic or desmoid-like arrangement of 

spindle bland cells, alternation of hypercellular 
and hypocellular (keloid-like collagen) areas, 
branching and haemangiopericytoma-like ves-
sels (Fig. 6.25). Myxoid change and inflamma-
tory cells, namely, mast cells, can be seen. 
Cystic changes are rare. A lipomatous (adipo-
cytic) variant of SFT has been reported [26] 
(Fig. 6.26). The neoplastic cells are immunore-
active for CD34, CD99, BCL-2, vimentin and 
STAT6 (Fig. 6.26), whereas S100 protein may 
highlight the lipomatous foci. Positivity for fac-
tor XIIIa, progesterone and oestrogen receptors 
was also detected in some SFTs. The neoplastic 
cells are negative for cytokeratins, desmin, 
CD31, FVIII-Ag, CD117, TTF-1, thyroglobulin 
and calcitonin. The behaviour is generally 
benign, but exceptional cases showing unequiv-
ocal signs of clinical aggressiveness and 
displaying histopathological features of malig-
nancy (numerous mitoses and marked cellular 
atypia) have been reported. The differential 
diagnosis includes all spindle cell mesenchy-
mal tumours, post-FNAB spindle cell nodules 
(Fig.  6.27), follicular adenoma (Fig. 3.9) and 
adenomatous goitre with spindle cell features, 
Riedel thyroiditis [27] (Fig. 6.28), spindle cell 
variant of MTC, spindle cell and paucicellular 
variants of undifferentiated (anaplastic) carci-
noma (Fig.  6.29) and SETTLE (Figs.  6.18, 
6.19, 6.20 and 6.21).

a b c

Fig. 6.24  Squamous cell carcinoma. Photomicrographs 
of SCCs primary of the thyroid (a), from larynx (b) and 
metastatic from lung (c). By definition, SCC of the thy-
roid should be composed predominantly, or entirely, of 
tumour cells with squamous differentiation. PAX8 stain-
ing may help for distinguishing between primary thyroid 
SCC and invasion or metastasis from extrathyroidal 

SCC.  CASTLE must be distinguished from squamous 
metaplasia arising in benign thyroid lesions (e.g. chronic 
lymphocytic thyroiditis), squamoid variant of undifferen-
tiated (anaplastic) carcinoma, primary SCC and SCC of 
other sites. Compared to CASTLE, squamous cell carci-
nomas have more obvious keratinization, higher prolifera-
tive activity and negativity for CD5
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a

b c

Fig. 6.25  Solitary fibrous tumour (SFT). SFT displays 
typically a hemangiopericytomatous pattern of growth 
displaying monotonous, bland, spindle-shaped cells (a, b) 

that alternate with hypocellular areas with increased 
keloid-like collagen deposition (c). These tumours are 
usually benign with no atypia, mitotic figures or necrosis

a

c d e

b

Fig. 6.26  SFT and lipomatous (adipocytic) variant of 
SFT. SFT may show areas of haemangiopericytoma-like 
(a), adipocytic (b), fascicular, storiform, keloid-like and 

myxoid (c) growth pattern. Tumour cells are characteristi-
cally immunoreactive for CD34 (d) and STAT6 (e) and 
negative for epithelial and thyroid markers
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a b

Fig. 6.27  Fibroblastic proliferation post-FNAB. Following 
FNAB, the thyroid tissue appearance is similar to that of a 
healing wound (a, b). There is reactive fibroblastic prolif-
eration, fibrin and new capillary blood vessels, followed 
by maturation of the fibrous tissue, areas of old haemor-

rhage and foci of squamous metaplasia of entrapped or 
adjacent epithelium. In this case, numerous hemosid-
erin-laden macrophages are typically present, support-
ing a reparative response to needle trauma with 
haemorrhage (b)

a b

c d

Fig. 6.28  Invasive fibrous (Riedel) thyroiditis. Riedel 
thyroiditis (RT) typically shows an extensive storiform 
fibrosis with almost complete atrophy of the follicles (a) 
and prominent inflammatory cells (plasma cells, lympho-
cytes and eosinophils) (b). Obliterative phlebitis (c) and 

extrathyroidal fibrosis with involvement of the parathy-
roid glands (d) and/or recurrent laryngeal nerves are char-
acteristic. Recent studies include RT within the spectrum 
of IgG4-related thyroid disease

J.M. Cameselle-Teijeiro et al.
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a b

c d

Fig. 6.29  Spindle cell and paucicellular variants of 
undifferentiated (anaplastic) carcinoma. Undifferentiated 
carcinoma (UC) is a highly aggressive thyroid malignancy 
formed by undifferentiated follicular thyroid cells typi-
cally showing necrosis, high mitotic activity and widely 
invasive growth. UC is broadly categorized into three 
main patterns (spindle cell, pleomorphic giant cell and 
squamoid cell) that occur singly or in any combination. 

Spindle cell is the most common histologic pattern (a, b). 
Paucicellular variant of UC is characterized by a dense 
fibrohyaline stroma with only scattered atypical spindle 
tumour cells (c, d). Heavy hyaline background in paucic-
ellular variant of UC is probably secondary to extensive 
infarction due to vessel wall infiltration (asterisk) (d). 
These features could lead to an erroneous diagnosis of 
Riedel’s thyroiditis

�Florid Papillary Endothelial 
Proliferation

Papillary endothelial hyperplasia occurring 
within or around the capsule of thyroid neo-
plasms is rare [5, 28]. Such Masson-like lesions, 
which have been attributed to FNAB-induced 
injury and thrombosis, can mimic tumour angio-
invasion or vascular neoplasms. Intravascular 
endothelial hyperplasia is associated with thyroid 
carcinoma but can also be seen in follicular ade-
nomas with a lower frequency. This intravascular 

endothelial hyperplasia with a papillary configu-
ration and/or with a Kaposi-like appearance 
should not be considered true vascular invasion 
(Fig.  6.30). The vessels within the papillary 
fronds are positive for CD31, CD34 and D2-40. 
In contrast to Masson’s lesions that develop 
within blood vessels as a result of thrombosis, 
pericapsular papillary endothelial hyperplasia 
associated with thyroid neoplasms develops 
within lymphatics, possibly related to lymphan-
giogenic factors secreted by the thyroid neoplas-
tic cells.
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�Spindle Cell Haemangioma

Spindle cell haemangioma (SCH) can exception-
ally occur in the thyroid or involve the gland from 
a starting point located in the neck [29]. The mor-
phological and immunohistochemical features of 
SCH of the thyroid are the same as those reported 
for other organs (Fig. 6.31). The major difficul-
ties in the diagnosis of thyroid SCH include the 
difficult preoperative diagnosis by FNAB due to 
haemorrhage and the differential diagnosis with 
other spindle cell lesions in this location. The 
SCH of the thyroid with scant vascular spaces 
can be confused with the spindle cell variant of 
follicular cell tumours, such as follicular ade-

noma and PTC, angiomatoid variant of PTC, 
spindle cell variant of MTC, SETTLE and soli-
tary fibrous tumour, among others. The distinction 
between solitary fibrous tumour and SCH can be 
hard as both express CD34 and vimentin but only 
solitary fibrous expresses CD99. After the confir-
mation that the spindle cells of this type of 
tumour have vascular differentiation, the differ-
ential diagnosis is with the malignant counter-
parts of spindle cells haemangioma, namely, 
angiosarcoma, and with exuberant reactive vas-
cular proliferations. Angiosarcoma is a high-
grade tumour composed of atypical cells that 
disclose mitotic figures at variance with the bland 
looking and resting cells of SCH.

a b

c d

Fig. 6.30  Florid endothelial proliferation. Intravascular 
endothelial hyperplasia is associated with benign and 
malignant thyroid neoplasms. This type of hyperplasia 
may have a papillary configuration and/or a Kaposi-like 
appearance and should not be considered true vascular 

invasion (a). Higher magnification demonstrates the lack 
of bizarre cells and atypical mitoses (b). The vessels 
within the papillary fronds are positive for smooth muscle 
actin (c), CD31, CD34 (d) and D2-40

J.M. Cameselle-Teijeiro et al.
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�Kaposi Sarcoma

Kaposi sarcoma (KS) is a locally aggressive endo-
thelial tumour or tumour-like lesion that usually 
occurs as cutaneous lesions in the form of multi-

ples patches, plaques or nodules but may also 
involve different mucosal sites, lymph nodes and 
visceral organs. Involvement of the thyroid has 
been reported in very rare cases of HIV-positive 
and HIV-negative patients [30, 31] (Fig. 6.32). 

a b

c d

Fig. 6.31  Spindle cell haemangioma (SCH). This SCH 
of a 67-year-old female presented as a 34 mm nodule in 
the left lobe and isthmus of the thyroid. Preoperative 
FNAB was non-diagnostic due to abundant haemorrhage. 

The nodule was composed by solid spindle cell areas 
(a, b) and vascular spaces of the capillary and cavern-
ous type (c) without atypical features of the lining cells. 
The spindle cells expressed CD31(d) and CD34

a b

Fig. 6.32  Kaposi sarcoma (KS). This case of KS affecting 
the thyroid gland has been found at autopsy of an 82-year-
old male with skin and visceral KS involvement. 

Cytologically bland spindle cells are associated with nar-
row vascular spaces (a). Notice the numerous erythrocytes 
(b). Nuclear positivity for HHV8 was also found (b, inset)
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In a thyroid KS case, the smears of FNAB were 
composed of spindle and plasmocytoid cells, rais-
ing the possibility of MTC. KS is histologically 
composed of cellular bundles and fascicles of 
spindle cells as well as slit- and sieve-like vas-
cular spaces. Extravascular erythrocytes and 
siderophages are numerous and hyaline glob-
ules are also frequently observed (Fig. 6.32). 
The lining cells of vessels and spindle cells are 
positive for endothelial markers (CD31, CD34 
and ERG), as well as for lymphatic markers 
such as podoplanin (D2-40). KS is also posi-
tive for human herpes virus 8 (HHV8) 
(Fig. 6.32).

�Epithelioid Haemangioendothelioma

Epithelioid haemangioendothelioma (EH) is a 
malignant angiocentric vascular neoplasm com-
posed of cords of epithelioid endothelial cells in a 
distinctive myxo-hyaline stroma. Thyroid EHs are 
malignant tumours that occur in a setting similar to 
that reported for angiosarcomas [36]. EHs are 
characterized by an epithelioid and spindle endo-
thelial cell proliferation in a background of a chon-
dromyxoid stroma. The tumour cells are atypical 
and disclose intracytoplasmatic lumina filled with 
red blood cells (Fig.  6.33). The immunohisto-
chemical profile of angiosarcoma and EH is 
similar.

a b

Fig. 6.33  Epithelioid haemangioendothelioma. This 
malignant vascular neoplasm (a, b) is characterized by an 
epithelioid proliferation in a background of 

chondromyxoid-collagenous stroma. The epithelioid cells 
are atypical, have mitotic figures and disclose 
intracytoplasmatic lumina filled with red blood cells

J.M. Cameselle-Teijeiro et al.
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�Angiosarcoma

Thyroid angiosarcoma is a malignant primary 
thyroid tumour showing evidence of endothelial 
cell differentiation [5, 21, 32]. It manifests usu-
ally as cold masses in elderly women with long-
standing nodular goitre. The majority of 
angiosarcomas of the thyroid have been reported 
from European Alpine regions, linked to dietary 
iodine deficiency, but they can also occur outside 
those regions. Angiosarcoma usually presents as 
a painful, largely invasive and rapidly growing 
mass that causes pressure symptoms or as a meta-
static disease. Thyroid angiosarcomas are similar 
microscopically to angiosarcomas of deep soft 
tissues (Figs. 6.34, 6.35 and 6.36). The immuno-
histochemical profile of thyroid angiosarcoma 

cells includes the expression of vascular markers 
such as CD31, ERG, CD34, FLI-1 and factor 
VIII and the expression of low molecular weight 
cytokeratins (Figs.  6.34 and 6.36). The expres-
sion of cytokeratins can be exuberant and often 
more extensive than the one observed in 
ATC. Differential diagnosis between angiosarco-
mas and ATC with angiomatoid features can be 
difficult, but immunohistochemical stains for 
endothelial markers usually solve the diagnostic 
dilemma. In the post-FNAB setting, a peculiar 
endothelial hyperplasia termed “worrisome alter-
ations following fine needle aspiration of the thy-
roid” (WHAFFT) [33] may mimic malignancy, 
but this reactive lesion is well delimited, lacks 
cytologic atypia and lacks freely anastomosing 
vessels.

a b

c d

Fig. 6.34  Angiosarcoma. In this case of an 85-year-old 
man, the cut surface of the thyroidectomy specimen 
showed a tumour with cystic, haemorrhagic and necrotic 
areas (a). Microscopically, there was a sheet-like tumour 

cell growth mimicking undifferentiated carcinoma (b) and 
anastomosing channels containing papillary fronds lined 
by endothelial cells (c, d). The tumour cells had an epithe-
lioid appearance with prominent nucleoli (c, d)
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a b

c d

Fig. 6.36  Immunophenotype of angiosarcoma. Thyroid 
angiosarcomas (a–d) express the typical vascular mark-
ers: factor VIII related antigen, Ulex europaeus lectin 
receptors, CD34, FLI-1, CD31 (b) and ERG (c). Out of 
these markers, CD31, FLI-1 and ERG are regarded nowa-

days as the most useful for the immunohistochemical 
detection of endothelial differentiation. Angiosarcomas 
are also immunoreactive for pankeratins AE1/AE3 (d) 
and negative for thyroglobulin and TTF-1

a b

Fig. 6.35  Angiosarcoma. The anastomosing abnormal 
vascular channels (a) and the epithelioid solid pattern (b) 
of angiosarcoma of the thyroid are made of atypical cells 

displaying mitotic figures. The neoplastic cells are also 
positive for pankeratins with the clone AE1/AE3 (inset)

J.M. Cameselle-Teijeiro et al.
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�Diffuse Lipomatosis

Diffuse lipomatosis (DL) of the thyroid is a rare 
condition characterized by diffuse infiltration of 
an otherwise normal thyroid by mature adipose 
tissue without evidence of encapsulation [34, 35] 
(Fig. 6.37). It presents as a diffuse or nodular goi-
tre, with or without compressive symptoms. The 
patients may be euthyroid, hypothyroid or 
hyperthyroid. Thyroid DL must be distinguished 
from other lesions with adipose tissue content of 
the thyroid or of the neck, namely, adenolipoma, 
amyloid goitre, stromal adipose metaplasia, PTC 
with adipose stromal accumulation, benign and 
malignant adipocytic tumours and parathyroid 
tumours with adipose stroma. The infiltration of 
the neck by adipose tissue can also occur in mul-
tiple symmetric lipomatosis that can be associ-
ated with mitochondrial DNA mutations. The 
preoperative diagnosis by FNAB of this entity is 
difficult and may be helped by core needle biopsy.

The case illustrated in Fig.  6.36 presented a 
47-year-old male with hypothyroidism and a slow-
growing mass in the right region of the neck. 
Ultrasound examination disclosed a hypoechoic and 
heterogeneous mass in the right thyroid region that 
measured 15 × 6.5 × 4.9 cm. FNABs were repeat-
edly performed and were inconclusive. The patient 
underwent excision of the mass that weighted 250 g 
(Fig. 6.37). Histologically, the mass was composed 
by thyroid parenchyma composed by atrophic folli-
cles extensively infiltrated by mature adipose cells 
without atypia. The immunohistochemical study of 
the expression of succinate dehydrogenase A 
(SDHA) highlighted the mitochondrial content in 
follicular cells while the study of succinate dehydro-
genase B (SDHB) revealed loss of expression of this 
protein (Fig.  6.37). A large SDHB deletion was 
detected suggesting that the mitochondrial DNA 
alterations may be implicated in the genesis of dif-
fuse lipomatosis of the thyroid, as it is in multiple 
symmetric lipomatosis of the neck.

a b

c d

Fig. 6.37  Diffuse lipomatosis. Yellowish aspect of the 
specimen in a case of diffuse lipomatosis of the thyroid 
(a). Microscopically, the thyroid tissue was substituted by 
abundant mature adipose tissue (b). Expression of succi-

nate dehydrogenase A (SDHA) protein was preserved (c) 
indicating the presence of a mitochondrial complex II 
whereas SDHB was not expressed (d) indicating a proba-
ble genetic alteration in this complex. See text
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�Introduction

Taking care of patients with rare tumours of 
the thyroid gland is a clinical challenge. Some 
of the variants discussed in this book are known 
to be associated with a guarded prognosis, 
namely, with increased recurrence rate and 

disease-specific mortality. Nonetheless, the 
small number of cases precludes the design of 
clinical trials to assess if a specific therapeutic 
strategy is valuable for those patients. The 
clinical challenge increases when physicians 
treat patients with tumours that are considered 
to be ‘the rarest of the rare’, a situation in 
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which much of the evidence comes from anec-
dotal case reports.

In general, the treatment of patients with rare 
thyroid tumours follows the same principles used 
to guide the treatment of all the patients with thy-
roid cancer. For follicular cell-derived thyroid 
carcinomas, surgery, radioiodine and suppressive 
levothyroxine treatment are the cornerstones of 
the therapeutic approach [1–4]. For C cell-
derived thyroid carcinomas, surgery and replace-
ment levothyroxine treatment are the usual initial 
approach [5]. In selected cases of both follicular 
cell-derived and C cell-derived carcinomas, 
external beam irradiation and chemotherapy may 
also play a role. In recent years, the use of tyro-
sine kinase inhibitors to treat progressive, 
radioiodine-refractory differentiated thyroid 
tumours has been increasing, and they are now 
recommended as a preferential option to treat 
patients with diffuse and progressive disease. 
Tyrosine kinase inhibitors have also been 
approved for the treatment of patients with pro-
gressive medullary thyroid carcinoma.

In this context, clinical guidelines and recom-
mendations from different scientific societies 
advocate that the initial treatment should be 
based on a risk stratification that takes into con-
sideration clinical, biochemical, histologic and 
radiologic factors. More recently, molecular 
alterations of tumours were added to refine risk 
assessment. Patients with a higher risk of recur-
rence or disease-specific mortality should be sub-
mitted to more aggressive treatments, including 
extensive surgery, postsurgical radioiodine treat-
ment with higher activities and suppressive TSH 
treatment with levothyroxine. Some of the vari-
ants discussed in this book have been recognized 
as important determinants of risk and incorpo-
rated in clinical recommendations. In this chap-
ter, from the previously discussed rare tumours, 
we will highlight those that have already been 
incorporated in clinical recommendations, as 
well as those that should be submitted to a spe-
cific treatment.

�Hobnail Variant of Papillary Thyroid 
Carcinoma

The hobnail variant of papillary thyroid carci-
noma (PTC) is associated with aggressive clini-
cal behaviour, including increase in disease 
recurrence and more frequent local (70%) and 
distant (30%) metastases [6, 7]. The 2015 
American Thyroid Association (ATA) guidelines 
include the hobnail variant of PTC in the inter-
mediate risk of recurrence category and recom-
mend that patients harbouring these tumours 
have a favoured indication for postsurgical radio-
iodine treatment. It is also suggested that higher 
activities of radioiodine should be used to treat 
these patients. After the initial treatment approach 
(surgery plus radioiodine), a close follow-up of 
patients with the hobnail variant of PTC is rec-
ommended, even if they are considered to be 
disease-free.

�Diffuse Sclerosing Variant 
of Papillary Thyroid Carcinoma

This variant is characterized by a higher rate of 
local and distant metastases and a lower disease-
free survival than classic PTC [8]. However, 
since this variant is mainly found in younger 
patients in whom response to treatment is high, 
the overall mortality is low, with a disease-
specific survival of approximately 93% at 
10 years of follow-up [9]. Patients with the dif-
fuse sclerosing variant of PTC are included in the 
intermediate risk category of the ATA [1]; post-
surgical radioiodine treatment is generally 
favoured in this group.

�Oncocytic (Hürthle Cell) Carcinoma

It is possible that oncocytic carcinomas have a 
higher rate of recurrence and disease-specific 
mortality, but this issue is currently under debate 
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[10]. A possible explanation for the poorer out-
come of patients with oncocytic carcinoma may 
be its lower ability to uptake radioiodine. From 
the biologic standpoint, it is now recognized that 
oncocytic carcinoma are distinct from other thy-
roid tumours because they harbour specific 
molecular alterations [11].

�Cribriform-Morular Variant 
of Papillary Thyroid Carcinoma

Contrary to the aforementioned variants, the 
CMV of PTC seems to have a less aggressive 
behaviour than conventional PTC, being associ-
ated with a lower frequency of both local and dis-
tant metastases [12]. In accordance, the overall 
outcome is better, with lower rates of recurrence 
and disease-specific mortality. As discussed in 
Chap. 5, the CMV of PTC seems to be a distinct 
entity within the spectrum of thyroid carcinomas, 
with specific characteristics like the permanent 
activation of the WNT signalling pathway and 
high expression of oestrogen and progesterone 
receptors. In the future, the latter may be the tar-
get of therapies to be used in cases that are unre-
sponsive to conventional therapy (surgery with or 
without radioiodine).

�PTC with TERT Promoter Mutations 
(with or Without BRAF Mutations)

PTC harbouring TERT promoter (TERTp) muta-
tions have been associated with aggressive clinic-
pathologic features, namely, larger size, older 
patients and distant metastases [13–15]. Of note, 
the relationship with distant metastases has been 
reproductively reported in the literature [16]. 
TERTp mutations have also been associated with 
disease persistence and increased disease-specific 
mortality. There is also evidence that tumours har-
bouring these mutations may be less responsive to 
radioiodine [17]. In some series, the prognosis of 

patients with tumours harbouring both TERTp 
and BRAF mutations was even worse than the 
prognosis of patients with a single-mutated 
tumour [18].

�Poorly Differentiated Thyroid 
Carcinomas

The prognosis of poorly differentiated thyroid car-
cinomas is guarded, with a 10  years disease-
specific survival rate of less than 50% [19, 20]. 
This is a heterogeneous group of tumours that gen-
erally occur in older people, progress rapidly and 
frequently present with local and distant metasta-
ses. Poorly differentiated thyroid carcinomas are 
usually radioiodine refractory. The treatment of 
these patients must be individually tailored to 
address patient’s characteristics and may include a 
combination of treatment modalities, including 
surgery, radioiodine (when responsive), external 
beam irradiation and tyrosine kinase inhibitors.
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