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Differentiated thyroid cancer belongs to the small group of human
malignancies with very good prognosis. Excellent outcomes result from the
unique tumour biology and constantly improving treatment options. This
book was constructed as a concise clinical guide to the current management
of this tumour.

The authors come from 9 countries and 4 continents. The wide
geographical distribution and different clinical background of each
author result in a unique perspective on a clinical problem. As a rule, the
commentaries are written by specialists based in a country other than the
country of the author of the chapter.

Some topics are covered by more than one chapter. This is because we
believe that each part of the book should be “functionally” complete to avoid
browsing through the pages in search of information that should logically
appear also in the chapter the reader is currently reading.

We do hope that this book will help our readers to treat their patients
better. We will be more than happy to receive feedback (z5komoro@cyf-kr.
edu.pl). This way, the editors can also do better in the future.

Frederick L. Greene
Andrzej L. Komorowski
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Pathology of differentiated
thyroid cancers

Janusz Ry§ and Joanna Wysocka

This chapter discusses briefly the pathological aspects of differentiated
thyroid cancers. The authors explain the histological features of thyroid
cancers and possible approaches for making a firm diagnosis. The prognosis
of different subtypes of differentiated thyroid cancer is also discussed.

Thyroid cancers represent a heterogeneous group of neoplasms that
comprise ~1% of all human malignancies. They constitute the bulk of
cancers of the endocrine system and are responsible for the majority of
deaths associated with malignant endocrine neoplasms. On the basis of their
morphology, clinical features and molecular characteristics of the tumour
cells, these tumours have traditionally been divided into major categories of
well-differentiated (papillary or follicular), medullary, and undifferentiated
carcinomas. Almost 90% of all thyroid malignancies are well-differentiated
carcinomas (WDTC) that originate from the follicular epithelial cells and
possess the ability to produce and release thyroid hormones. This category
includes both papillary and follicular carcinomas. According to the WHO
classification, the Hiirthle-cell carcinoma is recognized as a variant of
follicular carcinoma.
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Most of the WDTCs behave like indolent tumours and have an excellent
prognosis; the 5-year survival rate of patients exceeds 90%.

Fine-needle aspiration biopsy (FNAB) is a basic, common test that is
considered the method of choice for diagnosis in the current recommendations
for management of thyroid nodules. It is a minimally invasive procedure
with enough sensitivity and specificity, which protects as many as 75% of
patients with clinically solitary nodules, thereby eliminating the need for
further tests and unnecessary surgical treatment.

To minimize any disparity in diagnoses by cytopathologists/pathologists

Table 2-1. The Bethesda System for Reporting Thyroid Cytopathology;
recommended diagnostic categories and risk of malignancy (accorjding to SZ Ali
‘and ES Cibas—medified)

Diagnostic categories of FNA of thyroid gland Risk of malignancy (%)

l.- Non-diagnostic or unsatisfactory

Il. Benign 0-3
— Consistent with a benign follicular nodule
(includes adenomatoid nodule, colloid nodule, etc.)
— Consistent with lymphocytic (Hashimoto) thyroiditis
in the proper clinical context
— Consistent with granulomatous (subacute) thyroiditis
= Others

lll. Atypia of undetermined significance or follicular lesion of 5-15
undetermined significance

IV. Follicular neoplasm or suspicious for a follicular neoplasm 15-30
— Specifying of oncocytic type of neoplasm is recommended

V. Suspicious for malignancy 60-75
— Suspicious for papillary carcinoma
— Suspicious for medullary carcinoma
— Suspicious for metastatic carcinoma
— Suspicious for lymphoma
V1. Malignant Q0799
— Papillary thyroid carcinoma
— Poorly differentiated carcinoma
= Medullary thyroid carcinoma
= Undifferentiated (anaplastic) carcinoma
- Squamous cell carcinoma
= Carcinoma with mixed features
= Metastatic carcinoma
= Non-Hodgkin lymphoma

FNA fine-needle aspiration

Ve i
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and clinicians, the Bethesda System for Reporting Thyroid Cytopathology
(BSRTC) recommends that each thyroid FNAB report should begin with
a general diagnostic category. The six BSRTC diagnostic categories are
depicted in Table 2-1. Adequate smears are divided into four groups: (i)
benign, (ii) undetermined, (iii) suspicious (groups IV-V, Table 2-1), and
(iv) malignant. The benign category includes a normal thyroid, nodular
goitre or hyperplastic/adenomatoid nodule, as well as lymphocytic or
granulomatous thyroiditis. The group of malignant smears includes papillary
carcinoma, medullary carcinoma, poorly differentiated and undifferentiated
carcinoma, lymphoma, and metastatic or secondary malignant neoplasm.
The suspicious category concerns mainly follicular neoplasms because
the.cytological features of follicular carcinoma and follicular adenoma are
undistinguishable. It also refers to oncocytic tumours (which are included
in the group of follicular neoplasms). This category applies also to smears
of papillary and medullary carcinomas and/or lymphomas, which lack the
specific cytological features required for diagnosing a malignant lesion.

In the case of thyroid cancer, the sensitivity and specificity of FNAB
ranges from 65% to 98% and from 72% to 100%, respectively. The rate of
false-negative results is estimated to vary from 1% to 11% and the false-
positive results from 0% to 7%.

Papillary thyroid carcinoma (PTC) presents characteristic cytological features
that can be recognized easily in aspirates. Typical aspirates from PTC
contain an abundance of cells that may be grouped in three-dimensional
clusters (Fig. 2-1) and syncytial-like flat sheets (‘monolayers’) or formed
papillary arrangements. Crowding, overlapping and molding of the cancer
cells are important features that distinguish them from benign follicular
cells (Figs 2-2 and 2-3). However, the defining and diagnostic features of
PTC are seen in the nuclei of the cancer cells. They are typically enlarged
and  contain  dusty-to-powdery Table 2-2. Principal nuclear features of

chromatin  (so-called  ‘ground- papillary carcinoma

glass nuclei’). Furthermore, the )
nuclear membrane has character-

Nuclear enlargement
- Nuclear crowding and overlapping

2

3. Chromatin clearing
intranuclear PSCUdOinClUSiOﬂS and 4. Irregularity of nuclear contours

5

6

grooves (Table 2-2 and Figs. 2-4,
2-5). Other typical features of PTC

. Intranuclear pseudoinclusions

. Intranuclear greoves
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Fig. 2-1. Papillary thyroid carcinoma. Three-dimensional clusters of neoplastic cells
(smear, HE stain)

Fig. 2-2. Papillary thyroid carcinoma. Monolayer sheet of neoplastic cells with syncytial-like
appearance. Notice the clearing of nuclear chromatin as well as crowding, overlapping, and
molding of the cancer cells typical for papillary carcinoma (smear, HE stain)

i Hronl ul .

Fig. 2-3. Papillary thyroid carcinoma. Papillary-like arrangements of cancer cells
(smear, HE stain)
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Fig. 2-4. Pa lary rold Inonlranuclea eudo n ' arrow)
(smear, HE stain)

are multinucleated cells and bodies (rounded and lamellated calcifications).
Additionally, specimens also contain droplets of ropy (or ‘chewing gum)
colloid. :

In selected cases, the cytological picture of PT'C may be confused with
aspirates from papillary structures of Grave disease or papillary hyperplastic
nodules. The differential diagnosis must also include hyalinized trabecular
adenoma—the rare tumour of follicular cell origin characterized by trabecular
growth, marked hyalinization and nuclear changes imitating completely
those of PTC (nuclear inclusions and grooves, psammoma bodies).

Cytological aspirates from the follicular variant of PT'C may be sometimes
confused with smears from follicular neoplasms. This is because some features
may be absent, such as papillary arrangements of cells, multinucleated giant




10 4 JANUSZ RYS, JOANNA WYSOCKA

cells and psammoma bodies. Instead of papillary structures, the tumour cells
form syncytial-like sheets and dispersed multifollicular clusters. However,
the nuclear features of the cancer cells are typical of PTC.

Contrary to PTC, cytological diagnosis of follicular thyroid carcinoma
(FTC) is more difficult or even impossible because of microscopic similarities
in aspirates from FTC and adenoma. Smears of both FTC and follicular
adenoma usually contain numerous clusters of glandular cells, often arranged
in ring-like (follicular) or rosette-like acinar structures (Figs 2-6, 2-7 and
2-8). Some of them contain inspissated colloid. Single follicular cells
and nuclei stripped of cytoplasm are also visible. The presence of nuclear
atypia does not reflect the malignant behaviour of tumours. Hence, the
diagnosis of malignancy of a follicular tumour depends on the histological
features of the neoplasm—capsular and/or vascular invasion (see section on
Follicular carcinoma). It is for this reason that the cytological diagnosis of
follicular neoplasm’ requires an obligatory surgical excision and microscopic
examination of the tumour. |

* In the case of oncocytic thyroid tumours (Hiirthle-cell lesions), the
cytological analysis of smears also does not distinguish benign from
malignant lesions. For a definitive diagnosis, a histological examination
is required that can demonstrate capsular and/or vascular invasion. The
cytological features of oncocytic tumours are similar to those of follicular

Fig. 2-6. Follicular thyroid neoplasm. Numerous clusters of glandular cells (smear, HE stain)

-
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Fig. 2-7. Follicular thyroid neoplasm. Glandular cells arranged in ring-like (follicular)
. structures (smear, HE stain)

Fig.2-8. Follicular thyroid neoplasm. Glandular cells arranged in ring-like (follicular) structures.
Some of them contain inspissated colloid (smear, HE stain)

neoplasms. However, Hiirthle cells are characterized by deeply eosinophilic
and granular cytoplasm, and round, large, hyperchromatic nuclei with
prominent nucleoli.

The frozen section procedure is a popular and very important diagnostic
method in oncological surgery; it often decreases the extent of the surgery
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and establishes an initial morphological diagnosis (‘benign tumour’ versus
‘malignant tumour’) during the operation. However, in the context of
thyroid surgery, a practical application of this method is very limited. First,
so-called ‘freezing artefacts’ are seen in the slides. These artificial changes
in the microscopic appearance of the cells make the assessment of nuclear
features impossible. Essentially, it hinders the diagnosis of PTC. Although
this limitation can be excluded by the use of touch imprints (cytological
preparations taken directly from the fresh specimen), the diagnostic
(cytological) criteria employed here are the same as those for FNAB.

The second important issue is difficulties in differentiating between
benign and malignant follicular neoplasms, as well as Hiirthle-cell lesions.
In these cases, a diagnosis of malignancy depends mainly on the findings of
capsular and/or vascular invasion. It requires evaluation of the whole tumour
capsule with extensive sampling of the specimen, which is impossible with
the frozen section procedure. This limitation often is called a ‘sampling
error’ because it is associated with an inadequate number of slices available
during this rapid pathological examination.

. To summarize, most authors do not recommend the use of the frozen
section procedure during thyroid surgery. -

Papillary carcinoma

Papillary thyroid carcinoma (PTC) accounts for 80%-85% of all cases of
malignant epithelial tumours of the thyroid. Most PTCs occur in adults
(20-50 years of age), especially among women (female-to-male ratio 4:1).
PTC also represents the most common paediatric malignancy of the
thyroid gland. Multifocality is a frequent finding in these neoplasms; this
phenomenon may be associated with intraglandular metastases but data
from studies of the clonal rearrangements or X chromosome inactivation
patterns support somewhat the simultaneous growth of multiple primary
tumours in most patients.

Pathogenesis. Various environmental, hormonal and genetic factors play a
role in the development of PTC. The link to radiation of the thyroid gland
(derived from either external or internal sources, e.g. exposure to radioactive
iodine) is well documented. The carcinogenic effect of radiation is seen
particularly in young children. A clear increase in the incidence of thyroid
cancer in children has been noted in Belarus after the Chernobyl disaster
in 1986 (100-fold higher compared with the worldwide incidence). PTC

$i
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is also considered to be associated with substantial dietary iodine intake.
This type of thyroid carcinoma is three times more common in women
compared to men, which suggests a hormonal influence on the pathogenesis
of PTC. The rearrangements of the RET gene, leading to the formation
of various types of RET/PTC oncogenes, is believed to be specific to PTC.
The second most popular genetic change in PTC is point mutations of the

" BRAF and RAS genes.

Gross examination. PTCs present a variety of macroscopic patterns.
However, most of them are grey—white masses with irregular or sharply
circumscribed margins. Sometimes, calcifications can be noticed on gross
examination within the tumours. PTC can present as a solid and/or cystic
tumour; entirely cystic papillary carcinomas are rare. The size of the tumour
ranges from a tiny nodule (<1 mm) to a mass that is several centimetres in
diameter. PTC can even involve the whole lobe of the thyroid gland and
infiltrate into fat, skeletal muscle and adjacent organs (oesophagus, larynx
and trachea). On the contrary, when the carcinoma’s dimension is <1 cm
in diameter, it is called a ‘papillary microcarcinoma’ (see later part of this
section).

Microscopic examination. The WHO classification of thyroid tumours
specifies 16 histological types of PTC (including classic/conventional
variants) (Fig. 2-9). The histological division is based on the growth pattern,

Fig. 2-9. Papillary thyroid carcinoma. A-C: Classic type with the branching papillae covered
by cells with characteristic ‘ground glass' nuclei (red arrow on Fig. C) and microcalcifications
(asterisks).

D: Follicular variant built of ring-like structures. The diagnosis is based on nuclear features of
the cancer cell. Notice nuclear pseudoinclusion (red arrow) typical for papillary carcinoma
(histological slide, HE stain)
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Table 2-3. Histological variants of papillary thyroid carcinoma (PTC) and their
~ different prognoses. (Note the types with an unfavourable prognosis.)

Variants of PTC Prognosis

Classic Good

Macrofollicular Similar to other follicular variants, with lymph node
metastases present in ~20% and distant metastases in 7%
of cases

Clear cell Not known

Tall cell Poor

WIih fasciitis-like stroma

With squamous cell or Poor
mucoepidermoid carcinoma

Combined papillary and Not known
medullary carcinoma

* It is a special variant of PTC built exclusively or predominantly of follicular growth patterns.
The differential diagnosis from follicular carcinoma is based on the typical nuclear features of
follicular PTC, which are similar to those observed in a classical variant of papillary carcinoma.
**Although some studies have revealed a slightly higher recurrence and mortality asseciated
with the solid variant, most reports have shown a prognesis similar to that of classic papillary
carcinoma. FAP familial adenomatous polyposis

cytological features of tumour cells, and the type of tumour stroma. All
papillary carcinomas present with the typical nuclear features (Table 2-2)
that are required for diagnosing PTC. Histological subtypes of PTC are
listed in Table 2-3; they differ either morphologically or clinically. Some of
them may have an aggressive clinical course.

. The most frequent type of PTC is the classic variant, which presents
a typical papillary architecture. The papillae consist of a fibrovascular core
and usually demonstrate complex branching (Figs 2-10 and 2-11). Apart
from the papillary structures, psammoma bodies and multinucleated cells
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Fig 2-10. Papillary thyrold carcinoma. Classic Flg 2-11. Papillary thyrold carclnorna Glassic
type with typical papillary arrangements type with typical papillary arrangements
(histological slide, HE stain) (histological slide, HE stain)

can be observed.

A special variant of PTC, which requires a separate description because
of its clinical importance, is a papillary microcarcinoma. This term is
reserved for an incidentally found neoplasm measuring <10 mm in diameter.
Typically, this type of PTC is characterized by a benign clinical course;
however, in children it can behave more aggressively.

Irrespective of the size of the tumour, <11% of papillary microcarcinomas
can be lymph node positive (according to other authors this rate is even
higher and reaches 14%-44%). Ito and Miyauchi distinguish the selected
clinico-morphological (high-risk) features of papillary microcarcinoma,
which identify patients who need immediate surgical treatment. These
features include the following: tumours located near the trachea or on the
dorsal surface of the thyroid (these carcinomas show dorsal extension and
invade the adjacent organs), features of a high-grade tumour in cytological
material (from an FNAB), presence of regional lymph node or distant
metastasis, increase in the size of tumour, and/or appearance of node
metastasis. Patients with such tumours should undergo surgery.

Prognosis. Most PTCs are characterized by an excellent prognosis—the
10-year survival rate is >90%; in the case of young patients it can even be
>98%.

Follicular carcinoma

By definition it is a malignant epithelial tumour which shows a follicular
differentiation (follicle formation) and lack of the characteristic nuclear
features of papillary carcinoma. FTC accounts for 10%-15% of thyroid
malignancies. It is more common in women and usually occurs in patients

who are older than those with PTC. This kind of neoplasm has a much
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Table 2-4. Histological variants of follicular thyroid carcinoma (FTC) and their
different prognoses. Note the types with an unfavourable prognosis (based on
Nikiforov ef al.).

Variants of follicular carcinoma Prognosis

Encapsulated FTC with microscopic capsular Very low probability (<5% of cases) of
invasion (no vascular invasion is present) metastases, recurrence or tumour-associated
minimally invasive follicular carcinoma mortality

Widely invasive follicular carcinoma Metastases, recurrences or tumour-
associated mortality in 50%~55% of cases
15F

Clear cell

FTC with signet-ring cells Not known

lower frequency of lymph node metastasis compared with PTC (<5%), but
distant metastases (mainly‘to the lung and bone) are more often present at
the time of diagnosis (from 20% to 33%, according to different authors).

FPathogenesis. Environmental and genetic factors affect the development
of FTC, which is associated with dietary iodine deficiency. In this type
of tumour, R4S mutations and PAX§-PPARy (peroxisome proliferator-
activated receptor-gamma) rearrangement often can be observed.

Gross examination. Usually follicular carcinomas are encapsulated solid
tumours and their size is >1 cm. The colour of the neoplasm on cross-
section varies from grey—tan to brown. In the case of widely invasive tumours,
involvement of the tumour capsule can be easily seen or the capsule is
altogether absent, whereas the appearance of minimally invasive carcinomas
is practically identical with this type of follicular adenoma.

Microscopic examination. The morphology of FTC is variable and includes
tumours with follicles filled with colloid, and neoplasms that have solid and
trabecular growth patterns (Fig. 2-12). However, the criteria for malignancy
depend on the presence of vascular and/or capsular invasion; features of
tumours, such as architecture or cytological atypia, are not essential for
diagnosis. Generally, FTC is divided into two main groups according to the
extent of tumour invasiveness—minimally invasive (with limited infiltration
of the tumour capsule or through the tumour capsule and/or vascular
invasion; [Fig. 2-13]) and widely invasive follicular carcinoma (Fig. 2-14).
The latter category includes carcinoma with distinct and wide infiltration
of thyroid tissue and/or blood vessels (Table 2-4). Because of the many
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Fig. 2-12. Follicular thyroid carcinoma. Neoplastic glandular cells forming the follicles filled with
colloid or the solid and trabecular patterns. Numerous mitotic figures (red arrows)
' ' (histological slide, HE stain)

Fig. 2-13. Minimally invasive follicular thyroid  Fig. 2-14. Widely invasive follicular thyroid
carcinoma. Notice the infiltration of normal carcinoma. Distinct and wide infiltration of
thyroid tissue outside the tumour capsule thyroid tissue (histological slide, HE stain)

(histological slide, HE stain)

opinions regarding this issue, the WHO classification has defined the
term ‘capsular invasion’ and ‘vascular invasion’. A ‘capsular invasion’ should
be recognized only when tumour cells penetrate through the capsule and
this cannot be linked with the site of a previous FNAB. ‘Vascular invasion’
means the presence of intravascular tumour cells covered by endothelium
or associated with a thrombus; it refers only to the vessels within or beyond
the capsule. Some authors also use the term ‘grossly encapsulated angio-
invasive follicular carcinoma’ to describe a tumour in which both capsular
and vascular invasion is present (as opposed to minimally invasive carcinoma
with only capsular invasion).
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The important issue is differentiation between minimally invasive
FTC and follicular adenoma and nodular goitre. Therefore, a diagnosis
of this type of carcinoma can be made only after a thorough microscopic
examination of the tumour,

. The two histological variants of FTC according to the WHO classification
~ are oncocytic and clear-cell types. Oncocytic follicular carcinoma is also
called oxyphil or Hiirthle-cell carcinoma and is discussed below.

Prognosis. In the case of FTC, the 10-year survival rate varies from 70%
to 95% and for PTC it is a little lower. Prognostic factors that are related to
an unfavourable prognosis include age >45 years, oncocytic variant of FTC,
neoplasmatic infiltration beyond the thyroid, tumour size >4 cm, and the
presence of distant metastases.

Huirthle-cell carcinoma

The WHO classification lists Hiirthle-cell carcinoma as a variant of FTC,
but many authors think that it is a separate pathological entity characterized
by a distinct microscopic appearance and clinical behaviour. The oncocytic
variant of follicular carcinoma comprises ~5% of malignant thyroid tumours
and, in contrast to F'TC, the frequency of nodal metastases in this neoplasm
is ~30%.

Pathogenesis. There is no evidence that the pathogenesis of Hiirthle-cell
carcinoma is different from conventional FTC, although H-ras mutations
are found more frequently in this type of tumour than in FTC.

Gross examination. Macroscopically, Hiirthle-cell tumours are character-
istically brown-mahogany in colour (different from other thyroid tumours)
and are encapsulated. The morphological changes within the tumour, such
a haemorrhage, cystic areas, infarction, fibrosis and cellular atypia, can be
associated, but not exclusively, with a previous FNAB. These changes can
also develop independently.

Microscopic examination. 'The tumour comprises oncocytic cells, which
are the only or the main (at least 75%) component of the neoplasm. The
architecture of this carcinoma can be varied—follicular or solid/trabecular
growth patterns. The Hiirthle cells have deeply eosinophilic and granular
cytoplasm; their nuclei are round and hyperchromatic with prominent
nucleoli. Similar to FTC, the differentiation between Hiirthle-cell adenoma
and carcinoma is based on the same criteria of capsular and/or vascular
invasion (see above). The malignant tumours are divided into minimally
invasive and widely invasive variants.

Prognosis. Patients with Hiirthle-cell carcinoma are considered to have
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a worse prognosis than patients with FTC and PTC. The frequency of
lymph node metastases, as well as distant metastases, is higher than in non-
Hiirthle follicular carcinoma. The lower uptake of radioactive iodine makes
treatment of the oncocytic variant of FTC more problematic.
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