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Foreword

For me this has been an exciting and rewarding 50 years following and par-
ticipating in the saga of the gastro-entero-pancreatic (GEP) system as an
endocrine organ and contributing to the classification of neuroendocrine neo-
plasms (NENSs). I also went after the evolution of the classification and histo-
genesis of both follicular cell-derived and parafollicular C cell-derived
thyroid neoplasms (TNs), including recent findings that revise mammalian C
cell ontogeny and suggest that medullary thyroid carcinomas should be
reclassified to the family of NENs with endodermal ancestry (1). In my opin-
ion Professor Luca Giovanella’s project combining the study of biological
markers of TNs and NENs has several reasons: (1) TNs and GEP-pulmonary
NENSs represent the most frequent endocrine neoplasms; (2) The incidence of
both TNs and NENSs has been significantly increased in the last 40 years, due
in part to improved technology enabling early and even “over” diagnosis.
Meanwhile, many cases of TNs and NENs have a good prognosis and the
mortality rate has only minimally increased during the same period. (3) New
advances in molecular imaging and molecular methods have been improved
to better define TNs and NENs, and a number of studies demonstrating risk
stratification systems that can be changed over time allow for personalization
of diagnosis, initial treatment, and follow-up strategies. These systems are
also helpful to avoid overdiagnosis or overtreatment for tumors that are
indolent.

In the first chapter of this book Drs. Rossi and Fadda report the character-
istic morphological features of thyrocyte derived carcinomas and critically
examine the advantages and limits of immunohistochemical markers which
help in the definition of malignancy and prognosis of well-differentiated,
poorly differentiated, and undifferentiated carcinomas. Drs. La Rosa,
Bongiovanni, and Uccella review the current classification of both GEP and
pulmonary NENs; in addition they explore the entire spectrum of epithelial
proliferation, site-specific, prognostic, and predictive markers of NENs.
Successively, the definition and methodology for evaluation of blood or body
fluid biomarkers, including monoanalyte and multianalyte approaches, are
widely discussed by Dr. Holdenrieder. In the next chapter, Prof. Verburg
examines what is known about the diagnosis, clinical aspects, and therapy of
differentiated thyroid cancer (DTC).The following three contributions report
recent advances in the study of thyroid biomarkers detected and measured in
blood samples. The clinical utility of both thyroglobulin and thyroglobulin-
antibody measurements for patients with DTC is sharply outlined by Professor
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Foreword

Giovanella and coauthors. Dr. Durante and coauthors look at the feasibility of
liquid biopsy to guide thyroid cancer management. Drs. Winkens, Pachmann,
and Freesmeyer describe preliminary, encouraging experiences on circulating
tumor cells in patients with DTC, mainly oriented on the method for their
isolation. Medullary thyroid carcinoma (MTC) is considered for diagnostic,
therapeutic, and follow-up aspects by Prof. Alevizaki and coauthors; for the
value of calcitonin and CEA as accurate markers of response to treatment by
Prof. Costante and coauthors; and for the significance of procalcitonin as a
complement or possible substitute of calcitonin in the diagnosis and follow-
up of MTC by Dr. Trimboli and colleagues The clinical and pathological
features of aggressive variants of TC, poorly differentiated TC, and anaplastic
TC are reviewed by Dr. Salvadori and colleagues. The topic of de-differenti-
ation of both DTC and MTC and of related de-differentiation markers is
brightly addressed in the chapter by Prof. Giovanella and Drs. D’ Aurizio and
Tozzoli. The utility of measurements of thyroid/parathyroid markers on fine
needle washouts is highlighted by Dr. Trimboli and Prof. Giovanella that also
emphasize the necessity of standardization of these procedures. The three last
chapters cover the subjects of diagnosis and clinical management of neuroen-
docrine tumors (Prof. Ferone and colleagues), of their circulating markers
(Drs. Seregni and Lorenzoni), and related gene transcripts (Dr. Bodei and
coauthors).

On the whole this book brings together chapters written by distinguished
experts in their fields covering the wide range of biological markers relevant
to thyroid and neuroendocrine neoplasms and will be helpful to those who
want to have a comprehensive overview of a complex field.

Carlo Capella

Department of Medicine and Surgery
University of Insubria,

Varese, Italy

Reference

1. Nilsson M, Williams D. On the origin of cells and derivation of thyroid cancer: C cell
story revisited. Eur Thyroid J. 2016; 5: 79-93



Preface

Thyroid and neuroendocrine tumors were traditionally considered rare but have
been increasing in incidence in the last two decades, mainly due to the wide use
of high-sensitive imaging procedures in daily life practice. Both tumor groups
encompass a wide spectrum of different diseases from slow-growing tumors to
highly aggressive and rapidly fatal cancers. A crucial step for the correct man-
agement of these diseases is the early diagnosis, the proper differential diagno-
sis, and an accurate disease staging and tumor characterization. Different
circulating biomarkers are representing a key factor to evaluate thyroid and
neuroendocrine tumors: Ideally diagnosis should be a staged process initiated
by the identification of individuals at risk, followed by the performance of a
targeted screen using an easily accessed sample (such as blood or urine), local-
ization of the lesions with molecular imaging and tumor biopsy to confirm the
diagnosis, assess activity, and select therapy. Our book aims to provide a gen-
eral background on thyroid and neuroendocrine tumor biomarkers, to describe
their current usage and limitations in current practice as well as contemporary
strategies under evaluation, including the identification of novel analytes, as
gene transcripts, microRNA, and circulating tumor cells, that identify disease.
We strongly believe that a multidisciplinary approach is needed for the proper
diagnosis and management of thyroid and neuroendocrine tumors in the clini-
cal practice. Accordingly, several highly qualified international experts were
involved as authors of different chapters, including experimental and clinical
endocrinologists, laboratory medicine physicians, nuclear medicine and molec-
ular imaging physicians, pathologists, and oncologists.

The first section discusses pathology and molecular pathology of thyroid
and neuroendocrine tumors and tumor markers biology and clinical applica-
tion. The remainder of the book focuses on applications of biochemical,
genomic, molecular, and cellular biomarkers of differentiated, medullary and
aggressive thyroid cancers and neuroendocrine tumors. To put biomarkers in
an appropriate clinical context any section is introduced by an overview pro-
vided by expert clinicians. I strongly hope that our work will be useful to
colleagues involved in the diagnosis and therapy of thyroid and neuroendo-
crine tumors at both the laboratory and clinical settings. Last but not least, I
would like to sincerely thank each of the authors for their invaluable collabo-
ration and the patients who have endured my requests.

Bellinzona, Switzerland Luca Giovanella, M.D., Ph.D., TP-UZH
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Pathology and Pathobiology



Pathology

and Immunohistochemistry
in Thyroid Tumors

Esther Diana Rossi and Guido Fadda

1.1 Introduction

Thyroid neoplasms represent the first endocrine
tumors with an incidence of 8.7 cases/100,000
people per year in Europe although its overall
mortality rate is less than 0.1% of all tumor
cases [1, 2].

The classification of thyroid neoplasms [3]
includes benign and malignant epithelial tumors,
the latter being derived either from the follicular
cells or from the parafollicular C cells. Papillary
thyroid carcinoma (PTC) is the most frequent
tumor type, accounting for almost 90% of all thy-
roid tumors, and usually it pursues a favorable
course characterized by frequent nodal spreading
though uncommon distant metastatic spread.
PTC encompasses two main tumor variants: clas-
sic and follicular. The former exhibits the distinc-
tive papillary structures from which the name
derives, while the histological hallmark of the lat-
ter is the predominant microfollicular pattern.
Regardless of the structure, the diagnosis of pap-
illary carcinoma relies upon the distinctive
nuclear features (clearing, elongation, and pseu-
doinclusions) which can be detected in all
histotypes.

E.D. Rossi ¢ G. Fadda, M.D., M.LA.C. (<))

Division of Anatomic Pathology and Histology,
Catholic University—Foundation “Agostino Gemelli”
School of Medicine and Hospital, Largo Francesco
Vito, 1, 00168 Rome, Italy

e-mail: guido.fadda@unicatt.it

© Springer International Publishing AG 2018

Some cases of PTC show an obvious infiltra-
tion of either the capsule or the adjacent vessels
which witnesses the malignant nature of the
tumor. However, some cases do not show aggres-
sive features so that the histological definition of
carcinoma can be questionable.

The field of epithelial tumors encompasses
also the follicular thyroid carcinoma (FTC),
which accounts for about 5% of all thyroid
malignant tumors. It is characterized by a fol-
licular pattern made up of follicular cells (thy-
rocytes) showing variably pleomorphic and
dark nuclei. The distinction between FTC and
its benign counterpart (follicular adenoma, FA)
relies upon the detection of histologic param-
eters of aggressiveness, notably capsular and
vascular invasion. If only one of such features is
observed in a follicular-patterned neoplasm, the
diagnosis of follicular carcinoma is warranted.
The same diagnostic parameters of malignant
evolution apply to tumors composed exclusively
by Hurthle (or oxyphilic or oncocytic) cell carci-
nomas (HCC) which represent hypoxic changes
of the thyrocytes. FTC and HCC are less likely to
metastasize to regional nodes rather than to dis-
tant sites such as lungs and bones.

Less frequent carcinomas arising in the thy-
roid gland are poorly differentiated (PDTC, also
called insular thyroid carcinoma) and undif-
ferentiated (anaplastic, ATC) carcinomas. They
represent no more than 3% of all thyroid tumors
and pursue a less favorable course than the pre-

L. Giovanella (ed.), Atlas of Thyroid and Neuroendocrine Tumor Markers,
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vious types. From the thyroid tissue, some other
tumors may arise which are not of follicular deri-
vation: the most important are medullary thyroid
carcinoma (MTC) and primary malignant non-
Hodgkin lymphoma (PML).

1.2  Immunochemistry

in Follicular-Derived Tumors

Immunohistochemistry (IHC) has been intro-
duced since the beginning of the 1970s in the rou-
tine pathology practice. It has been traditionally
used in thyroid pathology for the identification of
the cell origin in differentiated tumors arising in
the gland or metastasizing outside it, such as thy-
roglobulin, calcitonin, or parathyroid hormone
[4]. There are some tumor types which immuno-
phenotyping deserves a more detailed discussion.
Hyalinizing trabecular tumors (HTT) are uncom-
mon neoplasms sharing with PTC some clinical
and pathological features. In fact HTT exhibits a
trabecular pattern with hyalinization of the stroma
composed by thyrocytes showing nuclear pseu-
doinclusions resembling those of PTC, and in
some cases, RET/PTC rearrangements have been
identified [5, 6] . On the other hand, this tumor
generally pursues a benign course with uncom-
mon malignant forms [7]. Leonardo and coll. [8]
have proposed an immunohistochemical method
for differentiating HTT from PTC: the cytoplas-
mic expression of MIB-1 antibody, directed
toward the cell-cycle protein Ki-67, instead of the
usual nuclear expression of Ki-67 which is used
as proliferative index in many tumors. The
unusual experimental conditions (room tempera-
ture instead of 37 °C) and the strict histological
criteria for diagnosing pure forms have somewhat
hindered the diffusion of this diagnostic marker.
Hurthle cell tumors (or oxyphilic and onco-
cytic tumors, HCT) are usually included in the
category of FTC although they do not share all its
histological characteristics. Hurthle cells repre-
sent a different status of the follicular cells
induced by either local hypoxia or hormone with-
drawal: their morphology is quite distinctive as it
shows large pleomorphic nuclei and abundant
cytoplasms which, at the ultrastructural level, are

engulfed with mitochondria. This unique cyto-
plasmic composition is responsible of the granu-
lar oxyphilic staining of the cytoplasms of HC
and, at immunohistochemistry, of the mild non-
specific positivity of these cells for the majority
of the IHC reactions. Thus, the real positivity of
Hurthle cells should be assessed only in the pres-
ence of a strong expression in the majority of the
cellular component (like thyroglobulin usually
does) or when the antibody expression is mostly
at the nuclear level (like thyroid transcription
factor-1, TTF-1). The immunohistochemical
stainings which are helpful in the other differenti-
ated tumors (such as galectin-3, HBME-1, and
cytokeratin 19; see below) provide controversial
results in HCT and are regarded as unreliable to
discriminate benign from malignant neoplasms.
Some studies involving HCT have reported that
some proliferative markers such as Ki-67 and
cyclin D1 may be of help in this differential diag-
nosis [9]. A different approach to oncocytic
tumors has been studied by Gasparre and coll.
[10]. They have observed that the oncocytic
metaplasia, originated by a marked increase of
the mitochondrial component in the cytoplasm of
the follicular cells, is often associated to a non-
sense mutation of the ND-5 subunit of the respi-
ratory chain complex I of the mitochondria. The
expression of the human mitochondrial antibody
(HMA) against this subunit reveals the presence
of oncocytic cells, regardless of their malignant
nature, in every lesion in which they are present.
In this case, the HMA does not represent a marker
of malignancy, but, nonetheless, this is an impor-
tant parameter to take into account for a diagno-
sis of follicular-patterned neoplasm since
oncocytic cells may sometimes be misdiagnosed
as PTC cells. From a clinical viewpoint, the diag-
nosis of PTC does not need the presence of cap-
sular or vascular invasion unlike the oncocytic
carcinoma, which is diagnosed only when histo-
logical features of invasion are detected. Thus,
the expression of HMA in a wholly encapsulated
follicular neoplasm favors the diagnosis of
benign oncocytic adenoma, whereas its negativ-
ity suggests a papillary carcinoma.

Anaplastic thyroid carcinoma is made up of
highly undifferentiated cells which lose the dis-
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tinctive immunophenotype of thyroid carcinoma,
such as the expression of thyroglobulin (TGB)
and the thyroid transcription factor-1 (TTF-1)
(Figs. 1.1 and 1.2).

Thus, the diagnosis of ATC relies mainly on
the cellular morphology with the nonspecific
cytoplasm expression of low- and high-
molecular-weight cytokeratins [11]. Another

Fig. 1.1 The cytoplasmic
expression of thyroglobulin
in poorly differentiated thy-
roid carcinomas may result
focally (250x, ABC)

Fig.1.2 A papillary
thyroid carcinoma
showing a clear-cut
nuclear expression of
TTF-1 (125x, ABC)

important diagnostic marker is p53 which is often
overexpressed in the majority of nuclei of ATC
and represents an important marker for this tumor
since it is not present in differentiated and PDTC
[12] (Fig. 1.3).

Although the decreasing frequency of ATC
would not justify the introduction of specific anti-
bodies for the undifferentiated cells, a study [13]
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has focused on the expression of some cancer
stem cell markers (SOX-2, ABC, CXCR4, MRP-
1, and LRP antibodies) in this tumor in respect to
the differentiated carcinomas with the perspec-
tive of using these antibodies as prognostic or
predictive markers (see also below).

Immunomarkers
of Malignancy

1.3

One of the most puzzling problems in thyroid
histological diagnosis is the differentiation
between benign and malignant follicular-
patterned neoplasms [14]. The traditional identi-
fication of features of aggressiveness of the tumor
capsule and its surrounding structures (normal
parenchyma, vessels, skeletal muscle) is the piv-
otal criterion on which this distinction is founded.
Although some cases of papillary carcinoma do
not exhibit the abovementioned features, none-
theless the nuclear features of PTC warrant a
diagnosis of malignant tumor. However, a few
cases of encapsulated lesions exhibiting a follicu-
lar structure either do not show the nuclear hall-
mark of PTC in a large amount of cells or display
only focal nuclear clearing and irregularity which
cannot allow a reliable diagnosis of malignancy.

The introduction of the markers of malignancy,
which may distinguish malignant from benign
lesions irrespective of the histological features of
carcinomatous transformation (especially capsu-
lar or vascular invasion), has represented a pillar
of the morphologic diagnostics of thyroid cancer
[15]. HBME-1 (Hector Battifora mesothelial-1)
antigen, originally produced for being applied in
the discrimination between mesothelioma and
adenocarcinoma of the lung, has been one of the
first antibodies to be used for the diagnosis of
thyroid carcinoma [16]. Since then more than 20
antibodies have been tested with the perspective
of overlooking the problem of the nuclear fea-
tures of the thyrocytes. A meta-analysis by
Correia Rodrigues and coll. [17] has evaluated
the clinical results of 25 antibodies which have
been tested in about 100 different studies on thy-
roid FNA, and similar findings were registered by
Griffith and coworkers [15]. The most studied
markers of malignancy are HBME-1, galectin-3,
and cytokeratin 19. Apart from HBME-1, whose
epitope in the microvilli of the mesothelial is still
unknown, the others are well-characterized
molecules: for example, galectin-3 is a member
of the lectin family molecules which recognize
and binds beta-galactoside residues in glycopro-
teins and glycolipids which have extensively
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been studied in histological and cytological sam-
ples [18-20]. Cytokeratin 19 is a low-molecular-
weight intermediate filament of the cytoplasm
which has also been extensively studied [21, 22].

Each of the abovementioned antibodies exhib-
its a characteristic expression pattern which may
be helpful in some diagnostic settings. HBME-1
membranous staining is specific for the malig-
nant thyrocytes and is often useful in identifying
microcarcinomas as small as a few millimeters
which are hardly detectable during t4e usual his-
tological examination (Fig. 1.4).

Galectin-3 shows a strong cytoplasmic posi-
tivity which highlights the largest lesions as com-
pared to the HBME-1 expression but may be
detected in nonmalignant cells with clear cyto-
plasms: it also marks the wall of small vessels
which can be used as internal positive controls.
Cytokeratin 19 exhibits a strong cytoplasmic
expression which emphasizes the presence of the
neoplastic cells although the same staining may
be detected also in benign thyrocytes [22]. Many
studies have been undertaken concerning the reli-
ability of each one of these antibodies in distin-
guishing benign from malignant neoplasms on
both  histological formalin-fixed paraffin-
embedded (FFPE) sections and fine-needle aspi-
ration biopsy material. The unanimous conclusion

Fig. 1.4 The follicular |-
variant of papillary thyroid
carcinoma shows a marked
membranous positivity for
HBME-1 (125x, ABC)

has been that no single antibody achieves such a
high accuracy for being used in this crucial diag-
nostic task. Thus, the best combination of these
antibodies, and others that will be mentioned
below, has been investigated with the aim of har-
monizing the high positive predictive value
(PPV) of cytokeratin 19 and HBME-1 with the
high negative predictive value (NPV) of galectin-
3. According to the review of Griffith and coll.
[15], the best results on FFPE sections were
obtained with the panel made up of cytokeratin
19, galectin-3, and HBME-1 with different com-
binations of two of them. De Matos and coll.
[23], in their large series of thyroid neoplasms,
reported a good sensitivity (SE, 84-96.5%) and
diagnostic accuracy (DA, 84.9%) for the combi-
nation of the three markers in the diagnosis of
PTC, whereas the same parameters resulted sig-
nificantly lower for FTC (63.1%). Similar results
were obtained by Park and coll. [24],
Scognamiglio and coll. [25], and Rossi and coll.
[26] using different combinations of the above-
mentioned antibodies: they reported a diagnostic
accuracy higher than 90%. Indeed, a recent paper
by Nechifor-Boila and coll. [27] has investigated
the accuracy of a panel made up of four antibod-
ies (HBME-1, galectin-3, CK19, and CD56) in
providing the correct discrimination between a
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malignant and a benign follicular neoplasm.
Their results do not support the use of a combina-
tion of more than three antibodies especially
when the diagnosis concerns the follicular vari-
ant of PTC. In the review by Correia Rodrigues
and coll. [17], galectin-3 has proven to be the
most reliable and effective malignancy marker in
both FFPE and cytological materials followed by
HBME-1, thyroid peroxidase (TPO), and cyto-
keratin 19. These authors, evaluating a great
amount of studies, concluded that although
galectin-3 shows on average a positive predictive
value (PPV) and negative predictive value (NPV)
of, respectively, 84.1% and 81% and a DA of
about 83%, these results were not sufficient for
recommending the use of this antibody alone for
the differential diagnosis between malignant and
benign differentiated neoplasms. Nonetheless, in
the field of thyroid cytology, galectin-3, espe-
cially in combination with HBME-1, may be
helpful in identifying neoplastic and malignant
lesions in the indeterminate cytological catego-
ries which represent a clinical problem [28-30].

Among the antibodies which have been tested
as malignancy markers in thyroid differentiated
tumors, TPO, CD57, CD44v6, and Rb-1 [27, 31,
32] have also been proven to be effective in iden-
tifying malignant neoplasms irrespective of the
presence of either capsular or vascular invasion,
although the results are controversial because of
the poor reproducibility of some experiments
(TPO and Rb1).

Eventually, there are some recently investi-
gated markers of malignancy which have revealed
a good accuracy in identifying the malignant cells
of a follicular-patterned neoplasm. FGFR-2 is an
isoform of the fibroblast growth factor receptor
family which is underexpressed in PTC and FA
but exhibits a strong cytoplasmic positivity in nor-
mal and hyperplastic thyrocytes [33]. The retinoic
acid receptors (RARs) and the retinoid X recep-
tors (RXRs), including isoforms A and B, have
shown good sensitivity (RARs) and specificity
(RXRs) in PTCs. It is remarkable that the expres-
sion of these antibodies is different in malignant
and benign cells: the latter present a strong nuclear
expression, whereas the former are identified by a
marked cytoplasmic staining [34].

The malignancy markers have been also stud-
ied in thyroid tumors different than PTC and FTC
[35]. In these instances, the IHC does not focus
on the identification of malignant cells, since the
histological hallmarks of malignancy are usually
well detectable, but on the correct recognition of
the poorly differentiated component which can
be important for the prognosis and the treatment
of the tumor.

1.4  Prognostic and Predictive

Markers

The immunohistochemical expression of anti-
bodies which may either anticipate the degree of
aggressiveness or predict the clinical course of a
malignant tumor has since long been investi-
gated. Traditional proliferative markers such as
Ki-67, p27/kipl, and cyclins D1 and E have been
tested first in the differential diagnosis of malig-
nant versus benign differentiated tumors and then
as prognostic parameters in the same neoplastic
category with controversial results [36-38].

In this setting, the paper by Wang and coll.
[39] has underlined that a score based on the
expression of the connective tissue growth factor
(CTGF, also known as CCN2) may predict with
high statistical significance the possibility of a
high tumor stage at diagnosis and the likelihood
of regional nodal metastases. Similar results
were reported by Saffar and coll. [40] who tested
MMP2 (matrix metalloprotease 2) and CCP3
(caspase-3) in PTC. MMP2 did not show a sig-
nificant correlation with necrosis or extrathyroid
invasion but was significantly associated with a
higher likelihood of lymphatic spread, whereas
CCP3 showed a specular correlation with the
same prognostic parameters. The authors sug-
gest the combined use of both antibodies for
assessing the aggressiveness of PTC for thera-
peutic purposes. The expression of NCAM
(CD56) and OCIAD-1 in thyroid differentiated
tumors is associated with a lower aggressive-
ness, whereas a decreased or absent positivity in
the neoplastic cells may be predictive of nodal or
distant metastatic spread: it is noteworthy that in
a few cases the metastatic thyrocytes retrieve the
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expression of CD56 [41]. In our paper, CD56
was negative in 96% of the PM, while 68.5% of
the BNs showed cytoplasm positivity for this
marker, with an overall high sensitivity (96%)
but lower specificity (69%). In specific, our 96%
of the PMs did not show any follicular cell with
CD56 expression [42].

More interesting are the recent investigations
leading to the application of prognostic markers
to less differentiated and undifferentiated tumors,
especially ATC, for which new pharmacological
treatment (sorafenib, axitinib, withaferin A) with
monoclonal antibodies directed against the
growth factor receptors of the neoplastic cells has
been recently introduced [43, 44]. In this setting,
the expression of cancer stem cell markers, which
have been mentioned in the previous paragraph
[13], has been reported as associated with a worst
prognostic course of the tumor, and it might be
evaluated in patients who are candidate for target
therapies.

PDTC is an uncommon finding in routine
practice, and it is usually observed as a pattern
in the context of a differentiated carcinoma.
Nevertheless, many authors have reported a
decrease of the disease-free interval and of the
overall survival in tumo