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Case Study

A 63-year-old male presented for evaluation of primary hyperparathyroidism. He
had recurrent kidney stones for several years and was noted to have hypercalcemia
4 years prior. His presenting symptoms included fatigue and muscle pain. He had no
complaints of hoarseness, dysphagia, or difficulty breathing. He had no history of
radiation treatment to the head or neck. He had no family history of kidney stones.
Examination revealed a normal thyroid gland with no palpable mass. There was no
cervical or supraclavicular lymphadenopathy. His serum calcium and parathyroid
hormone levels were 10.7 mg/dL and 109 pg/mL, respectively. Ultrasonographic
examination revealed a thyroid with normal echotexture. The left thyroid lobe con-
tained a 1.2 cm heterogeneous cystic and solid nodule. Fine needle aspiration of the
left lobe cyst showed abundant colloid and macrophages and no follicular epithelial
cells. Patient was later scheduled for parathyroidectomy with intraoperative PTH
measurements and showed an uneventful postoperative course.

Discussion

The National Cancer Institute (NCI) Thyroid Fine Needle Aspiration State of the
Science Conference concluded that thyroid FNA specimens with abundant histio-
cytes and few to no follicular cells should be interpreted as “cyst fluid only,” under
the category of “nondiagnostic” [1, 2]. Numerous histiocytes can be seen in a vari-
ety of hyperplastic and neoplastic benign and malignant thyroid nodules undergoing
cystic degeneration. Typically, such cystic degeneration is seen on smears of fine
needle aspiration as numerous foamy macrophages, hemosiderin-laden macro-
phages, and scant colloid (Figs. 1.1, 1.2, 1.3, 1.4, 1.5, and 1.6). The frequent hemor-
rhage and cyst formation in benign colloid nodules most likely reflect a fundamental
difference in the organization of the vasculature of benign colloid nodules, when
compared to follicular neoplasms [3]. The rate of malignancy in thyroid cysts is low.

© Springer International Publishing Switzerland 2016 1
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Fig.1.1 Cystic
degeneration in a
hyperplastic nodule.
Numerous foamy
macrophages
(Papanicolaou stain,
X200)

Fig.1.2 Cystic
degeneration in a
hyperplastic nodule.
Numerous foamy
macrophages and scant
colloid (Papanicolaou
stain, X400)
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This rate increases with size and complexity. Given the extremely low potential of
malignancy in such FNA, it has been suggested that a diagnosis of “cyst fluid only”
is more informative than unsatisfactory, as this indicates that a cyst has been aspi-
rated even though the etiology is uncertain. An optional recommendation for
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Fig.1.3 Cystic
degeneration in a
hyperplastic nodule.
Hemosiderin-laden
macrophages
(Papanicolaou stain,
X400)

Fig.1.4 Cystic b LT
degeneration in a i 5
hyperplastic nodule. X : .
Hemosiderin-laden : i
macrophages (Diff-Quik

stain, X200) : L
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correlation with the cyst size and complexity and a disclaimer that a cystic carci-
noma cannot be entirely excluded may be added [4]. In such cases, the decision for
surgical intervention is based on factors such as clinical and imaging findings, cyst
recurrence after aspiration, surgeon’s judgment, and patient’s preference.

Thyroid cysts are mostly benign. However, cysts are well-known causes of false-
negative results. Risk factors for malignancy include large cysts (>3 cm), recurrent
cysts, cysts in young males, and history of radiation [5].

It is recommended that stringent criteria be used for the interpretation of cyst
fluid only. The use of this term should be restricted to cases that present with abun-
dant macrophages and/or pigmented macrophages and inadequate number of fol-
licular cells [1, 6].
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Fig.1.5 Abundant
macrophages in cystic
degeneration in a
hyperplastic nodule
(H&E stain, X200)

Fig.1.6 Abundant
macrophages and
granulation tissue in
cystic degeneration in a
hyperplastic nodule
(H&E stain, X200)

The amount of colloid and the number of macrophages are not predictive of a
malignant histologic outcome. The sole morphologic feature of malignancy is the
presence of atypical features in follicular epithelium [1]. This follicular epithelium
atypia can often be confused with atypia in cyst lining cells, which resemble classic
epithelial repair [7] (Figs. 1.7 and 1.8). Cases with the presence of atypical follicular
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Fig.1.7 Cyst lining cells . v % -
with reparative changes -
(Papanicolaou stain, X400) ‘ b

-t

ag
%
- o
Fig.1.8 Cyst lining cells B "
with reparative changes. .’ *
This may be confused with -
follicular epithelial cell .
atypia (Papanicolaou stain, -
X400)
-

epithelial cells even in the absence of adequate cellularity should be called atypical
or suspicious rather than nondiagnostic or cyst fluid only [1]. The majority of thy-
roid cysts are in fact pseudocysts because they lack an epithelial lining. These
pseudocysts result from degeneration in goiters. Large collections of colloid can
also form cystic colloid nodules or colloid cysts (Figs. 1.9, 1.10, 1.11, and 1.12).
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Fig.1.9 Abundant colloid
in a colloid cyst (Dift-Quik
stain, X100)

Fig.1.10 Abundant
colloid in a colloid cyst
(Diff-Quik stain, X200)

An interpretation of a colloid nodule in which there is abundant, thick colloid pres-
ent does not require a minimum number of follicular cells [8].

If macrophages only are present on a smear, it is imperative that other causes of
cystic neck mass such as branchial cleft cyst, epidermal inclusion cyst, lymphoepi-
thelial cyst, and thyroglossal duct cyst be excluded. Thyroglossal duct cyst is the
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Fig.1.11 Abundant
colloid in a colloid cyst
(Papanicolaou stain, X100)

Fig.1.12 Histologic
appearance of a colloid
cyst (H&E stain, X200)

P

most common congenital abnormality in the neck [9, 10]. It occurs in or near the
thyroid gland, and it can present as a solitary nodule. Histologically, it contains an
epithelial lining of squamous or pseudostratified ciliated columnar epithelium
(Fig. 1.13) and ectopic thyroid gland tissue, which is usually found in the duct wall.
The FNA specimen typically consists of cystic fluid containing macrophages,
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Fig.1.13 Thyroglossal
duct cyst is lined by
pseudostratified ciliated
columnar epithelium
(H&E stain, X200)

Fig.1.14 Thyroglossal
duct cyst, FNA. Foamy
macrophages,
lymphocytes, and cystic
debris (Papanicolaou
stain, X400)
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neutrophils, and scant epithelial cells in a mucoid or proteinaceous background [9]
(Fig. 1.14). Squamous cells are the most frequent epithelial cells seen, and ciliated
columnar cells are occasionally found [11]. Rare thyroid follicular cells may be
seen. The absence of epithelial cells may lead to underdiagnosis of this entity as the
macrophages and proteinaceous background are only interpreted as being
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Fig.1.15 Cluster of
atypical histiocytoid cells
including cells with
vacuolated cytoplasm
(Dift-Quik stain, X400)

Fig.1.16 Clusters of
atypical histiocytoid cells
including cells with
vacuolated cytoplasm and
enlarged, irregular nuclei
(Dift-Quik stain, X400)

al

consistent with cystic debris. It is essential that the correct diagnosis is made and the
lesion excised, as secondary carcinoma has been reported in the background of
thyroglossal duct cyst [9, 12].

Papillary carcinoma is the most common cystic thyroid cancer. Cells typically
have a histiocytoid appearance with vacuolated cytoplasm (Figs. 1.15 and 1.16) and
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usually have the typical nuclear features of papillary carcinoma. Follicular neo-
plasms such as follicular adenoma, follicular carcinoma, and Hiirthle cell neoplasms
can also be cystic [5, 13, 14]. Initially, the fluid is grossly bloody and appears red.
Later there is degeneration of the blood into a chocolate brown fluid containing
hemosiderin. It subsequently becomes green and turbid, and finally the fluid
becomes clear and yellow. The gross appearance of the cysts fluid is not helpful to
determine whether the lesion is malignant or not [5, 15-17]. Giant cells with foamy
cytoplasm are also relatively common. Inflammatory cells may also be present, so
also are cholesterol crystals and granular debris.

In patients with PTC, the presence of a cystic lymph node by ultrasonographic
examination is highly suggestive of locally metastatic disease. In our experience, a
cystic neck lymph node in a patient with a history of PTC even in the absence of
follicular epithelial cells by FNA is almost always metastatic disease. Confirmation
of metastatic PTC may sometimes be achieved with thyroglobulin aspirate from
cystic lymph nodes when cytologic findings are negative. Clinicians should strongly
consider surgical lymph node resection of cystic lymph nodes regardless of the
preoperative cytologic findings by FNA.

The measurement of thyroglobulin levels in the washout fluid from FNA
(FNA-Tg) is now widely used for the early detection of neck lymph node metastases
in patients with differentiated PTC [18, 19]. FNA-Tg is 100 % sensitive in detecting
lymph node metastasis in patients who have been treated previously, whereas cytol-
ogy alone is only 85 % sensitive [18]. It’s been found that FNA-Tg could contribute
to the diagnosis of the poor cellular material obtained from cystic metastasis [20].
Several studies have reported FNA-Tg to be more sensitive than FNA cytology for
detecting metastasis, and the sensitivity of FNA cytology is increased when com-
bined with FNA-Tg [18-22]. FNA-Tg in addition to cytology should be considered
the standard for investigating neck node metastasis in patients with thyroid malig-
nancy. Considering the high sensitivity and accuracy of the suggested FNA-Tg
threshold values, neck node dissection should be considered when FNA-Tg is
higher than the suggested threshold values, despite a negative cytology.
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Case Study

A 43-year-old male presented to his primary care physician for routine checkup and
was found to have a thyroid nodule on examination. He had no complaints of diffi-
culty swallowing or hoarseness. He had no symptoms of hyperthyroidism, no his-
tory of radiation to the neck, and no previous history of neck surgery. Patient had a
family history of thyroid cancer. Ultrasonographic studiesrevealeda3.2x 2.8 x2.5cm
nodule in the left lobe of the thyroid. In addition, there were scattered smaller nod-
ules in the same lobe. Fine needle aspiration cytology revealed a follicular lesion of
undetermined significance, as cells showed nuclei with chromatin clearing and min-
imal nuclear enlargement and elongation. FNA lavage fluid was sent for BRAF
mutation analysis, and BRAF gene V600E was not detected. Based on the size and
the family history, patient underwent a left thyroid lobectomy, which revealed a
3.5 cm, encapsulated follicular variant of papillary thyroid carcinoma. Tumor was
limited to the thyroid, and the margins were negative. He subsequently had a com-
pletion lobectomy, and the postoperative course was uneventful.

Discussion

The diagnosis category “follicular lesion of undetermined significance” is a contro-
versial category in thyroid fine needle aspiration (FNA), not only for its question-
able clinical utility but also for its existence as an expression of uncertainty [1, 2].
Various names have been used to describe lesions in this category, which include
atypical follicular lesion, atypical cellular lesion, and atypical epithelial cells.
Because of a lack of well-defined diagnostic criteria, the atypical category has poor
reproducibility and is associated with high interobserver variability [3, 4]. The 2007
National Cancer Institute State of the Science Conference discussed diagnostic ter-
minology and related diagnostic criteria. A category of follicular lesion of undeter-
mined significance (FLUS) or atypia of unknown significance (AUS) was proposed

© Springer International Publishing Switzerland 2016 13
A.J. Adeniran, D. Chhieng, Common Diagnostic Pitfalls
in Thyroid Cytopathology, DOI 10.1007/978-3-319-31602-4_2



14 2 Usefulness of Subclassification of Follicular Lesion of Undetermined Significance

for lesions that are characterized by too great a degree of architectural or cytologic
atypia for definitive assignment to the benign category but insufficient findings for
a diagnosis of follicular neoplasm or suspicious for carcinoma. The committee sug-
gested that this category was optional, and its usage should not exceed 7 % of thy-
roid FNA diagnoses [5, 6]. Specific morphologic criteria do not exist for this
category, but smears are characterized by relatively low cellularity, at least some
background colloid, and in many cases the presence of microfollicles according to
a multicenter study [5].

Several studies have documented that atypical cases with focal features of papil-
lary carcinoma have an elevated risk of malignancy when compared with other
“atypical” cases [7-9]. This has proven to be true in our experience [10]. Hence in
our laboratory, we routinely subclassify lesions in the FLUS category into two, and
we have defined uniform criteria for both subcategories. The first subcategory is for
cases that demonstrate low cellularity as well as a predominantly microfollicular
pattern and no or minimal colloid (Figs. 2.1, 2.2, 2.3, and 2.4). These features elicit
concern for a follicular neoplasm. The second subcategory is used for cases that
show nuclear atypia (Figs. 2.5, 2.6, 2.7, and 2.8), which elicit concern for a papillary
carcinoma. Little data exist in the published literature to support the recommenda-
tion that the category should not exceed 7 % of all thyroid FNA diagnoses; hence,
the frequency with which the FLUS terminology is used varies widely between
institutions. The wide range may be a direct result of the nonuniformity of the crite-
ria used in these various institutions. The risk of malignancy for all AUS cases,
including those patients with benign results in follow-up and in whom surgery was
not performed, presumably is up to 5-15 % [11]. The malignancy rates in recently

Fig.2.1 Low cellularity = -

with microfollicular . &5
architecture and the 2
absence of colloid

(Papanicolaou stain, X200)

R 3



Discussion 15

Fig.2.2 Aggregate of

microfollicles with scant

colloid (Papanicolaou s
stain, X400)

Fig.2.3 Cluster of
microfollicles. The cells
have round, uniform
nuclei, with no evidence of
nuclear atypia
(Papanicolaou stain, X600)

published studies using the Bethesda reporting system show a wide range of 648 %
of resected cases [12, 13] and 5-27 % of all cases [14, 15]. The results are some-
times confusing as the percentages may reflect all cases or only resected cases, and
the percentages may differ for malignancy rates and neoplastic rates [16].
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Fig.2.4 Low cellularity
with small cluster of
microfollicles
(Papanicolaou stain, X400)

Fig.2.5 Sheet of follicular
cells. The nuclei of the
cells are small and uniform
but show nuclear
membrane irregularity
(Papanicolaou stain, X400)

Although the findings of “atypical follicular cells” is separated from other “inde-
terminate” cases in thyroid FNA by the most recent Bethesda system for reporting
thyroid cytopathology [17], whether the overall risk of malignancy for this group of
patients is truly different than that of patients with other indeterminate diagnoses is
not clear. Other authors have suggested that the risk of malignancy for patients with
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Fig.2.6 Subset of cells in
an otherwise cystic
degeneration in a goiter.
The cells demonstrate
nuclear atypia, which
includes nuclear membrane
irregularity and rare
grooves (Papanicolaou
stain, X400)

Fig.2.7 Nuclear atypia.
Nuclei with powdery
chromatin and rare nuclear
grooves (Papanicolaou
stain, X600)
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a diagnosis of “atypical follicular cells” is similar to that of patients with diagnoses
of “suspicious for a follicular” or “Hiirthle cell neoplasms” [5, 10, 18]. These
authors have suggested that patients with these diagnoses should be grouped
together into one group with a similar risk of malignancy.
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Fig.2.8 Reactive atypia in
cystic degeneration of a
hyperplastic nodule. Cells
with nuclear enlargement,
nuclear membrane
irregularity, and occasional
small nucleoli
(Papanicolaou stain, X600)

Renshaw [9] found at least four groups of cases within the diagnosis of “atypical
follicular cells” that can be separated based on distinct cytologic criteria, and at least
two of these groups have significantly different risks of malignancy. These different
risks of malignancy may be important for both cytopathologists and clinicians. He
found that the risk of malignancy for atypical follicular cells subclassified as “rule
out papillary carcinoma” was significantly higher than the other atypical cells, while
the risk of “rule out Hiirthle cell neoplasm” was significantly lower than the other
cases of atypical follicular cells. In our experience, we have found two groups of
cases within the diagnosis of FLUS that can be separated based on distinct cytologic
criteria, and we have been able to prove that these two groups have significantly
different risks of malignancy [10].

While suggested follow-up of FLUS cases was re-aspiration, a good number of
indeterminate cases also have surgical exploration. While it is uncertain what clini-
cal or ultrasonographic features help in triage of patients for surgical exploration,
such factors such as family history of thyroid carcinoma, history of radiation expo-
sure, multiple nodules, a rapidly increasing size of nodules, nodules >4 cm in size,
and symptomatic nodules (e.g., those causing compression symptoms) certainly
play some role.

In a particular study, surgical resections and repeat FNAs following a FLUS
diagnosis revealed a benign diagnosis in up to two-thirds of patients [10]. The diag-
nosis of malignancy was disproportionately more in patients with smears showing
nuclear atypia. The majority (up to 83 %) of malignancies detected following a
FLUS cytologic diagnosis were papillary carcinoma. Follicular variant of papillary
thyroid carcinoma (PTC-FV) accounted for the majority of cases in this group. The
predominance of PTC-FV in patients with PTC is supported by previous reports that
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Fig.2.9 Follicular variant
of papillary thyroid
carcinoma. Cells show
nuclear membrane
irregularity and rare
grooves. Other nuclear
features of papillary
thyroid carcinoma are not
well developed (H&E
stain, X200)

Fig.2.10 Follicular
variant of papillary thyroid
carcinoma. Cells show
nuclear enlargement and
powdery chromatin. Other
nuclear features of
papillary thyroid
carcinoma are not well
developed (H&E stain,
X200)

the nuclear features in PTC-FV are less pronounced and typically observed only
focally. This is particularly true for chromatin clearing, nuclear grooves, and nuclear
inclusions (Figs. 2.9 and 2.10). This clearly indicates that the presence of nuclear
atypia is an independent risk factor for patients with FLUS FNAs. Kelman et al.
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[19] reported a similar finding. They noticed that up to 60 % of the indeterminate
thyroid nodules showing nuclear atypia on cytologic examination went on to
develop malignancy, whereas only 7 % of the nodules without nuclear atypia were
malignant. These observations prove that further subclassification of cases in this
category based on nuclear atypia may give an added predictive value.

In the last decade, investigators have increasingly studied the potential for clini-
cal, radiological, and molecular markers to predict nodule benignity or malignancy.
American Thyroid Association and European Thyroid Association have broadly
recommended partial or near total thyroidectomy for patients with indeterminate
nodule cytology [20]. Another group suggested clinical correlation and re-FNA
[21]. Patients diagnosed with AUS would undergo close follow-up with repeat
biopsy in 3—6 months [4]. Several investigators have documented that repeat FNA
is cost-effective for evaluating atypical thyroid smears [22, 23]. There is an increased
likelihood that subtle evidence of malignancy on the initial FNA may become obvi-
ous during the second FNA, and the exuberant reactive changes on the initial smear
may diminish after several months [1]. Currently, we believe that nodules with a
FLUS FNA diagnosis should be rebiopsied and not be surgically resected unless
other clinical and/or radiological risk factors exist. Given the often-borderline spec-
imen adequacy in the subcategory with low cellularity and microfollicular pattern,
we reason that a targeted, well-sampled re-FINA with a non-equivocal benign diag-
nosis is reassuring and hence should be followed up by conservative management.
However, those cases in the nuclear atypia subcategory need a more aggressive
follow-up, and the re-biopsy should be sooner than those in the first subcategory.
Patients in this subcategory with nuclear atypia may also undergo surgical resection
(hemithyroidectomy) especially if other risk factors coexist.

Given the very high specificity of BRAF V600E mutation as a marker for PTC
in thyroid nodules with an indeterminate diagnosis and the very high positive pre-
dictive value of PTC in thyroid nodules with an indeterminate diagnosis and with
positive BRAF mutation, BRAF mutation analysis has become a useful adjunct test
that helps to stratify cases in the FLUS category, thus allowing better planning of
surgical treatment. Patients with nodules that have a diagnosis of FLUS on FNA and
are positive for BRAF V60OE mutation would be strong candidates for total thyroid-
ectomy [24]. This eliminates the need for a second surgery in up to 40 % of patients
[25]. Patients with nodules that have a FLUS cytologic diagnosis and negative
BRAF mutation may be followed up conservatively with repeated FNAs in 6-12
months if there are no other concomitant risk factors. However, patients may be
considered for surgical exploration if there are other concomitant risk factors such
as a family history of thyroid carcinoma, a history of radiation exposure, rapidly
increasing size of nodules, nodules greater than 4 cm in size, and symptomatic nod-
ules. Since the cases in the nuclear atypia subcategory tend to have a higher risk of
malignancy, and given that the majority of the cases that harbor the BRAF mutation
are in this category, there should be a shorter follow-up with repeat FNA for the
cases with nuclear atypia that are negative for BRAF mutation.

Other test modalities have emerged in the management of thyroid lesions in the
indeterminate categories, and this is the future of management of thyroid nodules.
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There are tests utilizing gene expression or miRNA profiling to triage indeterminate
thyroid FNAs [26]. These tests have a high negative predictive value, similar to the
probability of malignancy for an initial benign diagnosis. There are other genetic
tests based on a comprehensive panel of point mutations and gene fusions occurring
in thyroid cancers. This analysis is performed on a proprietary sequencer using the
targeted ThyroSeq next-generation sequencing panel, which simultaneously tests
for point mutations in 13 genes and for 42 types of gene fusions that occur in thyroid
cancer [27]. This has led to increasing the sensitivity of cancer detection to 90 % and
a negative predictive value of 96 %. All these tests can be performed on FNA sam-
ples by using lavage fluid obtained from washing the needles after preparation of
direct smears.
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Case Study

This patient who was a 55-year-old female presented with incidental thyroid nod-
ules in both the isthmus and the left lobe of her thyroid gland during a routine ultra-
sound examination. She has been diagnosed with hyperthyroidism secondary to
Grave’s disease for approximately a year. She was otherwise completely asymptom-
atic with no signs and symptoms of hyperthyroidism except for an 8 1b weight loss
within a month. She did not complain of any hoarseness or voice changes and dif-
ficulty in swallowing or breathing. Her laboratory workup was significant for a low
TSH level (0.14 mIU/L) and elevated level of antibodies to thyroid peroxidase
(764 TU/ml) and TSH receptor (188 % above baseline). She did not have a history of
radiation to the head and neck area or a family history of thyroid cancer. Physical
examination of the neck revealed a 3 cm firm and fixed mass to the left of the mid-
line. There was no cervical adenopathy.

The thyroid ultrasound demonstrated an isthmus nodule 1.3x1.2x0.8 cm and a
left lower nodule 1.1x1.0x0.9 cm. No cervical lymphadenopathy was noted by
ultrasound. Fine-needle aspiration biopsy was performed on both nodules. The aspi-
rates of both nodules displayed similar findings. Both specimens were markedly
cellular and consisted of numerous crowded groups admixed with loosely cohesive
groups and single cells (Fig. 3.1). Individual cells appeared large and polygonal in
shape with abundant granular eosinophilic cytoplasm and distinct cell borders
(Fig. 3.2). The nuclei were enlarged with nuclear grooves and frequent intranuclear
inclusions (Fig. 3.3). The background showed a mixed lymphoid infiltrate and
bland-appearing Hiirthle cells (Fig. 3.4). The cytologic diagnosis was papillary thy-
roid carcinoma arising in a background of lymphocytic thyroiditis.

The patient underwent a total thyroidectomy and left central neck dissection. The
thyroid gland was of normal size and weight. Serial sectioning revealed two nod-
ules: a nodule in the isthmus, measuring 1.2x0.8 x0.8 cm, and a left middle nodule,
measuring 1.5x1.2x0.7 cm. The remaining thyroid gland appeared pale with vague
nodularity. Microscopic examination of both nodules demonstrated a neoplastic
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Fig.3.1 Thyroid FNA papillary thyroid carcinoma in a patient with treated Graves’ disease. The
aspirate is moderately cellular and consists of numerous large cellular clusters of varying sizes and
shapes (Diff-Quik stain, low power)

Fig.3.2 Thyroid FNA papillary thyroid carcinoma in a patient with treated Graves’ disease. The
follicular cells are arranged in loosely cohesive crowded groups (Diff-Quik stain, high power)

cellular population with predominant papillary growth pattern in a lymphocytic
stroma (Fig. 3.5). The papillae were lined by tall columnar cells with abundant
eosinophilic cytoplasm (Fig. 3.6). Nuclear evidence of papillary thyroid carcinoma,
such as nuclear grooves and inclusion, was readily apparent (Fig. 3.7). The
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Fig.3.3 Thyroid FNA papillary thyroid carcinoma in a patient with treated Graves’ disease. The
follicular cells possess moderate amount of cytoplasm with enlarged nuclei. Nuclear grooves and
intranuclear inclusions are readily apparent (Diff-Quik stain, high power)
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Fig. 3.4 Thyroid FNA papillary thyroid carcinoma in a patient with treated Graves’ disease. A
group of nonneoplastic Hiirthle cells admixed with scattered lymphocytes, indicating the presence
of lymphocytic thyroiditis in the background (Diff-Quik stain, high power)
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Fig.3.5 Papillary thyroid carcinoma, tall-cell variant. The 1.5 cm nodule in the left thyroid lobe
demonstrates a predominant papillary growth pattern (H&E, low power)

Fig. 3.6 Papillary thyroid carcinoma, tall-cell variant. The majority (>90 %) of the papillae are
lined by tall columnar cells with abundant eosinophilic cytoplasm. There is also a striking lympho-
cytic infiltrate in the fibrovascular core of the papillae (H&E, high power)

nonneoplastic thyroid parenchyma showed chronic lymphocytic thyroiditis with
extensive fibrosis (Figs. 3.8 and 3.9). The final diagnosis was papillary thyroid car-
cinoma, tall-cell variant. Three out of 13 lymph nodes were positive for metastatic
papillary thyroid carcinoma.
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Fig.3.7 Papillary thyroid carcinoma, tall-cell variant. The height of the columnar follicular cells
is at least twice their width. The nuclear features of the follicular cells include nuclear enlarge-
ment, powdery chromatin with clearing, nuclear grooves, and readily apparent intranuclear inclu-
sions (H&E, high power)

Fig.3.8 Background lymphocytic thyroiditis. The nonneoplastic thyroid parenchyma shows both
micro- and macro-follicular structures with an intense lymphoid infiltrate and formation of lym-
phoid aggregates (H&E, low power)
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Fig.3.9 Background lymphocytic thyroiditis. High magnification showing a lymphoplasmacytic
infiltrate among follicles lined by nonneoplastic Hiirthle cells (H&E, high power)

Discussion

Graves’ disease is an autoimmune disorder characterized by hyperthyroidism and a
diffuse toxic goiter. This disease is fairly common and is said to affect up to 2 % of
adult women in the USA. Management of patients with Graves’ disease aims to
maintain an euthyroid state through the lowering of thyroid hormone levels. The
latter can be achieved by antithyroid medication, radioactive iodine (**'I), and sur-
gery. ¥!I therapy leads to the destruction of thyroid cells and an associated reduction
of thyroid hormone output and is the preferred treatment of choice in the USA.

The typical presentation is a diffusely enlarged thyroid gland. However, it is not
infrequent to find nodular lesions in patients with Graves’ disease, especially in
patients with long-standing disease and/or post 31 therapy. The frequency of thy-
roid nodules detected in patients with Graves’ disease is approximately 15% by
palpation [1] but can be up to 35% by ultrasound examination [2—4]. Nodular
lesions in patients with Graves’ disease should be evaluated by fine-needle aspira-
tion (FNA) biopsy, similar to those without this disorder.

Cytomorphologic changes associated with 13! therapy in patients with Graves’
disease have been well described [5—8]. Some of these changes, which include
nuclear and cytoplasmic enlargement, anisonucleosis, hyperchromasia, pale chro-
matin and cytoplasmic vacuolation, can be seen in both the acute and chronic peri-
ods following *'T administration (Fig. 3.10). In addition, squamous and/or oncocytic
metaplasia and variable degree of nuclear changes including pale chromatin, nuclear
grooves, and rare nuclear inclusions have been described as part of late cytologic
changes post-3'T therapy (Figs. 3.11 and 3.12). Calcified debris and, rarely,
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Fig.3.10 Thyroid FNA atypia associated with treated Graves’ disease. Group of follicular cells
with mild nuclear crowding. Individual cells demonstrate both cytoplasmic and nuclear enlarge-
ment and considerable anisonucleosis (Diff-Quik stain, high power)

Fig. 3.11 Thyroid FNA atypia associated with treated Graves’ disease. Loosely cohesive and
single follicular cells with both cytoplasmic and nuclear enlargement. The cytoplasm is abundant
and granular and sometimes vacuolated. The nuclei demonstrate pale chromatin and infrequent
nuclear grooves (Diff-Quik stain, high power)
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Fig.3.12 Thyroid FNA atypia associated with treated Graves’ disease. Cohesive group of follicu-
lar cells with considerable crowding and overlapping. The follicular cells demonstrate powdery
chromatin and infrequent nuclear grooves (Papanicolaou stain, high power)

Fig. 3.13 Thyroid FNA atypia associated with treated Graves’ disease. Calcified debris, some-
times in the form of psammoma bodies, can be seen in patients with Graves’ disease treated with
radioactive iodide (Papanicolaou stain, high power)

psammoma bodies have been described [9] (Fig. 3.13). Based on the descriptions
from the literature, cytologic changes associated with post-13 therapy are variable
and nonspecific but can occasionally be confused with malignancy when the
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changes are significant. The cytologic clues to the benign nature of these nodules
include cohesive flat sheets and the presence of lymphocytes, histiocytes, colloid,
and cytoplasmic vacuoles [6]. However, the knowledge of a clinical history of
Graves’ disease treated with *'I is of paramount importance in minimizing overdi-
agnosis of malignancy.

Although there is not a well-documented causal relationship between '3'I ther-
apy and subsequent development of thyroid malignancies, many studies have
reported a higher incidence of thyroid malignancy in patients with Graves’ disease
than those without [1, 10, 11]. According to a population-based study, the authors
reported an incidence of thyroid carcinoma in patients with Graves’ disease of 4.92
per 1000 person-years, which was 1.37-fold higher than those without the disease
[10]. The reported incidence of papillary thyroid carcinoma in patients with
Graves’ disease ranged from 2 to 17 % [12—15]. The most common thyroid carci-
nomas arising in patients with Graves’ disease are papillary thyroid carcinomas,
with the majority of them being conventional type [11]. It is important to note that
the tall-cell variant of papillary thyroid carcinoma, which is associated with aggres-
sive clinical features and poor prognosis, has been found to have a higher preva-
lence in patients with Graves’ disease [11, 16]. One study showed that the
prevalence of tall-cell variant of papillary thyroid carcinoma accounted for 18 % of
papillary thyroid carcinoma in patients with Graves’ disease and only 6 % of those
without Graves’ disease [16]. As mentioned earlier, '*'I therapy can result in cyto-
logic atypia; therefore, it is equally important to avoid underdiagnosing malig-
nancy which might lead to a delay in diagnosis and treatment and, in turn, a
decrease in survival opportunity.
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Case Study

The patient was an 83-year-old woman who was recently diagnosed with a primary
lung adenocarcinoma of the right lower lobe. During her metastatic workup, her
PET scan revealed several mediastinal lymphadenopathies and a 4 cm left thyroid
nodule with substernal extension. Her complaint included intermittent difficulty in
swallowing and breathing. Physical examination was unremarkable except for a
palpable left thyroid nodule. There was no personal history of radiation to the neck
and no family history of thyroid cancer. Ultrasound examination showed a 3.8 cm
nodule in the left thyroid lobe and multiple sub-centimeter nodules in the right lobe.
There was no airway compression.

Fine needle aspiration biopsy of the left thyroid nodule was performed. The aspi-
rate was cellular and consisted of both loosely cohesive groups and three-dimensional
crowded clusters (Figs. 4.1 and 4.2). Individual follicular cells were predominantly
Hiirthle cells with moderate amount of granular cytoplasm (Fig. 4.3). The nuclei
appeared round to oval and were centrally or slightly eccentrically located; nuclear
enlargement and frequent prominent nucleoli were apparent (Figs. 4.4 and 4.5). No
evidence of nuclear features of papillary thyroid carcinoma was noted. There was
minimal amount of colloid in the background. The cytologic diagnosis was Hiirthle
cell neoplasm. FNA of mediastinal lymph nodes station 2R, 4R, 7, and 11L was
performed under endobronchoscopic ultrasound guidance. All mediastinal lymph
nodes demonstrated mixed lymphoid population consistent with benign lymph
node; there was no evidence of metastatic disease.

The patient underwent total thyroidectomy followed by mediastinoscopy. Gross
examination revealed an enlarged left thyroid lobe. Serial sectioning revealed a
3.9 cm dominant nodule in the left thyroid lobe; the cut surface appeared tan brown
with a hemorrhagic center. Several sub-centimeter nodules were also noted in the
right lobe. Microscopic examination revealed an encapsulated nodule composed of
a neoplastic proliferation of Hiirthle cells in both solid and microfollicular growth
pattern (Figs. 4.6 and 4.7). Individual cells demonstrated moderate to abundant
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Fig. 4.1 Thyroid FNA-Hiirthle cell neoplasm. The aspirate is markedly cellular and consists of
follicular cells singly and in groups. There is no colloid or lymphocytes in the background
(Papanicolaou stain, low power)

Fig.4.2 Thyroid FNA-Hiirthle cell neoplasm. Predominantly crowded clusters of follicular cells
are noted. No colloid is noted in the background (Diff-Quik stain, low power)

eosinophilic granular cytoplasm with round to oval nuclei, nuclear enlargement, and
prominent nucleoli (Fig. 4.8). Nuclear features of papillary thyroid carcinoma were
absent. Multiple foci of capsular invasion with mushroomlike growth pattern were
identified (Fig. 4.9); however, there was no evidence of vascular invasion. In
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Fig.4.3 Thyroid FNA-Hiirthle cell neoplasm. The follicular cells are arranged in crowded groups
and demonstrate moderate amount of granular cytoplasm (Diff-Quik stain, high power)

Fig. 4.4 Thyroid FNA-Hiirthle cell neoplasm. Loosely cohesive and single Hiirthle cells with
abundant granular cytoplasm. The nuclei are eccentrically placed and appear round to oval with
prominent nucleoli. Occasional binucleated Hiirthle cells are noted (Papanicolaou stain, high

power)
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Fig. 4.5 Thyroid FNA-Hiirthle cell neoplasm. This group of Hiirthle cells shows considerable
nuclear crowding and overlapping. There is also considerable nuclear pleomorphism with features
such as nuclear enlargement, anisonucleosis, and prominent macronucleoli (Papanicolaou stain,

high power)

Fig.4.6 Hiirthle cell carcinoma. The tumor is surrounded by a thick fibrous capsule and is com-
posed of neoplastic Hiirthle cells arranged in predominantly follicular pattern (H&E stain, low

power)
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Fig. 4.7 Hiirthle cell carcinoma. Follicles of varying sizes and shapes are noted. The neoplastic
cells are composed of entirely Hiirthle cells (H&E stain, low power)

Fig. 4.8 Hiirthle cell carcinoma. The neoplastic Hiirthle cells demonstrate abundant granular
eosinophilic cytoplasm, round to oval nuclei. Nuclear anisonucleosis, hyperchromasia, and promi-
nent nucleoli are noted (H&E stain, high power)

addition, there was no extrathyroidal extension. The remaining thyroid showed fea-
tures of multinodular goiter. The final diagnosis was Hiirthle cell carcinoma. Level
7 and 4R mediastinal lymph nodes were sampled via mediastinoscopy and found to
be negative for carcinoma.
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Fig.4.9 Hiirthle cell carcinoma. The tumor nodule (left lower half) invades the thick tumor cap-
sule separate from the main tumor (upper half), denoting capsular invasion (H&E stain, low power)

Discussion

Hiirthle cells, also called Askanazy cells, oxyphilic cells, and oncocytes, are altered
follicular cells. They are arranged in two-dimensional flat sheets, and are typically
described as large polygonal cells with abundant granular cytoplasm, enlarged
round to oval nucleus, and, sometimes, prominent nucleolus (Figs. 4.10 and 4.11).
They are frequently seen in reactive/hyperplastic conditions like lymphocytic or
Hashimoto’s thyroiditis, Graves’ disease, and multinodular goiter, where they are
considered metaplastic and nonneoplastic in nature. Not infrequently, Hiirthle cell
changes can be extensive, resulting in the formation of nodules that can be detect-
able on ultrasound. The challenge for cytologist is to distinguish these nonneoplas-
tic Hiirthle cell nodules from their neoplastic counterparts such as Hiirthle cell
adenomas and Hiirthle cell carcinoma. According to the World Health Organization
(WHO), Hiirthle cell adenoma and carcinoma are classified as variants of follicular
adenomas and carcinomas, respectively [1]. However, the Bethesda system for
reporting thyroid cytology (TBSRTC) distinguishes Hiirthle cell neoplasms from
follicular neoplasms because the cytology is strikingly different between the two
entities, and there is evidence suggesting that follicular and Hiirthle cell carcinomas
may be genetically different [2]. As a screening tool, thyroid FNA is highly sensi-
tive at detecting Hiirthle cell carcinomas. However, the specificity of thyroid FNA
in diagnosing Hiirthle cell carcinomas is fairly low because of the inability of cytol-
ogy to establish the presence of capsular and/or vascular invasion. Approximately
14-30 % of patients with a cytologic diagnosis of Hiirthle cell neoplasm are found
to have a Hiirthle cell carcinoma on subsequent surgical resection.
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Fig. 4.10 Thyroid FNA-Hiirthle cells. A two-dimensional sheet of Hiirthle cells with abundant
bluish gray granular cytoplasm. The nuclei are round to oval with mild anisonucleosis (Papanicolaou

stain, high power)

Fig.4.11 Thyroid
FNA-Hiirthle cells. A
two-dimensional sheet of
Hiirthle cells with
abundant bluish magenta
granular cytoplasm. The
nuclei are round to oval
and slightly eccentrically
located with mild
anisonucleosis (Diff-Quik
stain, high power)

Hiirthle cell adenomas are benign thyroid neoplasms and are composed entirely
or predominantly (>75 %) of Hiirthle cells. Their incidence is difficult to estimate
because they are often considered as a variant of follicular adenoma. Hiirthle cell
adenomas are usually solitary, but multiple and bilateral tumors have been reported
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Fig. 4.12 Hiirthle cell adenoma. A well-circumscribed neoplastic proliferation of Hiirthle cells
completely encapsulated by a thin fibrous capsule. The Hiirthle cells are arranged in follicles of
varying sizes and shapes (H&E stain, low power)

[3]. Histologically, Hiirthle cell adenomas are completely encapsulated by a capsule
of variable thickness (Fig. 4.12). The neoplastic Hiirthle cells demonstrate growth
patterns ranging from follicular, solid, trabecular, to occasional papillary (Figs. 4.13
and 4.14). Cystic changes have been described. Individual Hiirthle cells can display
significant nuclear pleomorphism including nuclear enlargement, anisonucleosis,
hyperchromasia, and binucleation (Fig. 4.15).

Hiirthle cell carcinomas are relatively uncommon, accounting for 2-3 % of all
thyroid malignancies and 20% of follicular carcinomas [3]. They are large and
bulky and frequently replace the entire lobe. Histologically, Hiirthle cell carcinomas
can be completely encapsulated with evidence of capsular and/or vascular invasion
(Figs. 4.16 and 4.17); however, widely invasive examples have also been described.
Increased mitotic activities and apparent nuclear pleomorphism, such as increased
N/C ratios, anisonucleosis, and prominent nucleoli, are frequently observed
(Fig. 4.18). The distinction between Hiirthle cell carcinoma and Hiirthle cell ade-
noma is entirely based on demonstrating invasive characteristics such as capsular
and/or vascular invasion, invasion of surrounding parenchyma, and metastatic
lesions. Other primary thyroid malignant neoplasms such as papillary carcinoma
and medullary carcinoma can also occasionally demonstrate diffuse Hiirthle cell
changes.

The primary goal of thyroid FNA in the management of Hiirthle cell nodules is
to separate those for which surgery is indicated, i.e., Hiirthle cell adenomas and
carcinomas, from those that can be managed conservatively, i.e., adenomatous



Discussion 41

Fig. 4.13 Hiirthle cell adenoma. Another example of Hiirthle cell adenoma that is surrounded
completely by a thick fibrous capsule and demonstrates a more solid growth pattern (H&E stain,
low power)

Fig.4.14 Hiirthle cell adenoma. High magnification shows that the follicles are lined by Hiirthle
cells with abundant granular cytoplasm. The nuclei are round and oval with considerable aniso-
nucleosis and prominent nucleoli (H&E stain, high power)
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Fig.4.15 Hiirthle cell adenoma. This Hiirthle cell adenoma is composed of solid proliferation of
Hiirthle cells with relatively less amount of granular cytoplasm, resulting in an increased nuclear
to cytoplasmic ratio. There are also considerable nuclear crowding, anisonucleosis. Prominent
nucleoli are frequent (H&E stain, high power)

Fig.4.16 Hiirthle cell carcinoma. Low magnification showing a mushroomlike outgrowth of the
tumor into the tumor capsule, i.e., capsular invasion (H&E, low power)
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Fig.4.17 Hurthle cell carcinoma. A tumor thrombus is noted in the lumen of a vessel within the
tumor capsule, denoting vascular invasion. The tumor thrombus is lined by small, spindle-shaped
endothelial cells (H&E stain, high power)

Fig.4.18 Hiirthle cell carcinoma. The neoplastic cells demonstrate abundant granular cytoplasm.
The nuclei are round to oval with nuclear enlargement, marked anisonucleosis, and prominent
nucleoli (H&E stain, high power)
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Fig. 4.19 Thyroid FNA-Hiirthle cell neoplasm. The aspirate is highly cellular and consists of
single and clusters of Hiirthle cells in a bloody background. Subsequent follow-up revealed a
Hiirthle cell carcinoma (Diff-Quik stain, low power)

nodules with oncocytic changes and Hashimoto’s thyroiditis. According to
TBSRTC, the former group of Hiirthle cell nodules would be classified under the
diagnostic category “follicular neoplasm, Hiirthle cell type” or “suspicious for a
follicular neoplasm, Hiirthle cell type” [2]. As mentioned earlier, the distinction
between Hiirthle cell adenomas and carcinomas is not possible on cytology because
of the inability of cytology to establish the presence of capsular and/or vascular
invasion. Therefore, rendering a diagnosis of Hiirthle cell neoplasm implies these
lesions should be excised to exclude a malignancy.

According to TBSRTC, the criteria for diagnosing “follicular neoplasm, Hiirthle
cell type” or “suspicious for a follicular neoplasm, Hiirthle cell type” are moder-
ately to markedly cellular aspirate that consists exclusively or predominantly
(>75 %) of Hiirthle cells with little or no colloid and lack of background lympho-
cytes [2] (Fig. 4.19). Hiirthle cells with nuclear features of papillary thyroid carci-
noma are excluded from this category. The Hiirthle cells characteristically
demonstrate abundant finely granular cytoplasm, which appears blue or bluish
magenta with Diff-Quik stain, green, orange, or bluish gray with Papanicolaou
stain, and pink with H&E stain (Figs. 4.20 and 4.21). Individual cells can be either
small with high N/C ratio (>50 %) (small cell dysplasia, Fig. 4.22) or large with at
least 2x variability in nuclear size (large cell dysplasia, Fig. 4.23) [4]. Other nuclear
atypia, such as nuclear crowding/overlapping, hyperchromasia, irregular nuclear
membrane, and prominent nucleoli, can be seen in some cases (Fig. 4.24). The typi-
cal arrangement is loosely cohesive/single-cell pattern but crowded, syncytial tissue
fragments can be seen sometimes (Figs. 4.25 and 4.26).
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Fig.4.20 Thyroid FNA-Hiirthle cell neoplasm. A large cluster of Hiirthle cells with considerable
crowding and overlapping. Individual cells have abundant granular cytoplasm and demonstrate
considerable anisonucleosis with more than 2x variability in sizes. Subsequent follow-up revealed
a Hiirthle cell carcinoma (Diff-Quik stain, high power)
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Fig. 4.21 Thyroid FNA-Hiirthle cell neoplasm. Loosely cohesive groups of Hiirthle cells with
abundant granular cytoplasm and centrally or eccentrically located nuclei. Subsequent follow-up
revealed a Hiirthle cell carcinoma (Papanicolaou stain, high power)
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Fig.4.22 Thyroid FNA-Hiirthle cell neoplasm (small cell dysplasia). Loosely cohesive groups of
Hiirthle cells with scanty to moderate amount of granular cytoplasm, resulting in increased nuclear
to cytoplasmic ratio. Nuclei are hyperchromatic and demonstrate mild degree of anisonucleosis.
Subsequent follow-up revealed a Hiirthle cell adenoma (Papanicolaou stain, high power)

Fig.4.23 Thyroid FNA-Hiirthle cell neoplasm (large cell dysplasia). Cohesive groups of Hiirthle
cells with moderate to abundant amount of cytoplasm. The nuclei demonstrate considerable aniso-
nucleosis with more than 2x variability in sizes. Subsequent follow-up revealed a Hiirthle cell

carcinoma (Diff-Quik stain, high power)
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Fig. 4.24 Thyroid FNA-Hiirthle cell neoplasm. A tightly cohesive group of Hiirthle cells with
considerable nuclear crowding and overlapping. The nuclei are large with prominent macronucle-
oli. Subsequent follow-up revealed a Hiirthle cell adenoma (Papanicolaou stain, high power)
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Fig.4.25 Thyroid FNA-Hiirthle cell neoplasm. This aspirate is cellular and consists of predomi-
nantly single Hiirthle cells. Subsequent follow-up revealed a Hiirthle cell adenoma (Papanicolaou
stain, low power)
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Fig.4.26 Thyroid FNA-Hiirthle cell neoplasm. This aspirate is cellular and consists of predomi-
nantly large syncytial tissue fragments of Hiirthle cells. Subsequent follow-up revealed a Hiirthle
cell adenoma (Papanicolaou stain, low power)

When all the cytologic criteria are present, the diagnosis of “follicular neoplasm,
Hiirthle cell type” or “suspicious for a follicular neoplasm, Hiirthle cell type” is
straightforward. However, when only some of the criteria are present, the diagnosis
can be challenging. One problematic scenario is the finding of sparsely cellular
specimens composed entirely of Hiirthle cells and little colloid (Fig. 4.27). Most
cytologists would agree that a diagnosis of “follicular lesion of undetermined sig-
nificance” (FLUS) would be more appropriate than a diagnosis of “follicular neo-
plasm, Hiirthle cell type” or “suspicious for a follicular neoplasm, Hiirthle cell
type.” A repeat biopsy would frequently offer a more definitive diagnosis since
many of these cases are due to poor sampling.

Another diagnostic challenge is the finding of a moderately to markedly cellular
aspirate consisting of a pure population of Hiirthle cells and a conspicuous amount
of colloid (Fig. 4.28). Most cytologists would prefer to interpret the sample as
benign, particularly in the absence of any cytologic and/or architectural atypia. A
variation of this scenario is the finding of a cellular aspirate of Hiirthle cells without
both architectural and cytologic atypia as well as little or no colloid (Figs. 4.29 and
4.30). Many cytologists would diagnose such sample as “follicular neoplasm,
Hiirthle cell type” or “suspicious for a follicular neoplasm, Hiirthle cell type.”
However, some cytologists advocate classifying such case as “benign” since recent
studies have shown that only very small percentages of aspirates with this presenta-
tion were found to be malignant on subsequent follow-up [4, 5].
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Fig.4.27 Thyroid FNA-follicular lesion of undetermined significance (FLUS). The aspirate is of
low cellularity and consists of scattered small groups of Hiirthle cells. No colloid is noted in the
background. Subsequent follow-up revealed a Hiirthle cell carcinoma (Papanicolaou stain, low

power)

Fig.4.28 Thyroid FNA-goiter. This aspirate is moderately cellular and consists of monolayer flat
sheets of predominantly Hiirthle cells in a background of abundant colloid (Papanicolaou stain,

low power)
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Fig.4.29 Thyroid FNA-Hiirthle cell neoplasm. Cellular aspirate with sheets of Hiirthle cells. No
colloid is noted in the background. Subsequent follow-up revealed a nodular goiter with adenoma-
tous hyperplasia (Diff-Quik stain, low power)

Fig.4.30 Thyroid FNA-Hiirthle cell neoplasm. High magnification shows a flat sheet of relatively
uniform Hiirthle cells without any significant cytologic atypia. Subsequent follow-up revealed a
nodular goiter with adenomatous hyperplasia (Diff-Quik stain, high power)
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Fig.4.31 Thyroid FNA-goiter. Monolayer sheets of Hiirthle cells with minimal cytologic atypia.
Features of small cell or large cell dysplasia are absent (Diff-Quik stain, high power)

Fig.4.32 Thyroid FNA-goiter. Monolayer sheet of Hiirthle cells with minimal cytologic atypia.
Features of small cell or large cell dysplasia are absent (Papanicolaou stain, high power)

Nonneoplastic nodules composed of entirely or predominantly Hiirthle cells can
occur in nodular goiters, Hashimoto’s thyroiditis, and sometimes Graves’ disease.
These nodules are indistinguishable from neoplastic Hiirthle cell nodules clinically
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Fig. 4.33 Thyroid FNA-medullary carcinoma. Cellular aspirate consisting of loosely cohesive
and single neoplastic cells. Individual cells have moderate amount of granular cytoplasm, eccentri-
cally located nuclei, resulting in a plasmacytoid appearance. Moderate degree of anisonucleosis is
noted (Diff-Quik stain, low power)

and radiologically. Hiirthle cells aspirated from these nonneoplastic Hiirthle cell
nodules tend to be cohesive and arranged in two-dimensional sheets with a honey-
comb appearance (Figs. 4.31 and 4.32). Hiirthle cells with features of small cell or
large cell dysplasia are usually not apparent. However, other nuclear atypia, such as
hyperchromasia, nuclear enlargement, and anisonucleosis, can be identified in some
nonneoplastic Hiirthle cell nodules and can be confused with their neoplastic coun-
terparts. Colloid and/or a mixed lymphoid population are frequently present, but
they are variable and can be inconspicuous. The finding of groups and tissue frag-
ments of regular type follicular cells that are often present in the background would
further support a nonneoplastic process.

The differential diagnosis of Hiirthle cell neoplasm includes other neoplasms
such as oncocytic and tall cell variant of papillary thyroid carcinoma, medullary
carcinoma, parathyroid adenoma, and metastatic renal cell carcinoma. Both Hiirthle
cell neoplasm and medullary carcinoma are characterized by a loosely cohesive/
single cell pattern of neoplastic cells with moderate to abundant amount of granular
cytoplasm and eccentrically located nuclei (Fig. 4.33). Nuclear atypia such as binu-
cleation and anisonucleosis can be seen in both tumors. One helpful feature is the
presence of a prominent central nucleolus, which is frequently present in Hiirthle
cell neoplasms but rarely in medullary thyroid carcinomas (Fig. 4.34). The finding
of “a conspicuous” population of spindle neoplastic cells would not favor a diagno-
sis of Hiirthle cell neoplasm (Fig. 4.35). Since the management of these two entities
is quite different, the use of immunocytochemical staining for calcitonin and



Discussion 53

Fig.4.34 Thyroid FNA-Hiirthle cell neoplasm. In contrast to medullary carcinoma, the presence
of prominent central nucleoli would favor a diagnosis of Hiirthle cell neoplasm (Papanicolaou
stain, high power)

Fig. 4.35 Thyroid FNA-medullary carcinoma. This aspirate consists of a mixture of epithelioid
and spindle-shaped cells. The latter would not favor a diagnosis of Hiirthle cell neoplasm. The
nuclei demonstrate the “salt and pepper” chromatin which is characteristic of medullary carcinoma
(Diff-Quik stain, low power)
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Fig.4.36 Thyroid FNA-papillary thyroid carcinoma, oncocytic variant. Mildly crowded sheets of
follicular cells with moderate amount of granular cytoplasm, resembling Hiirthle cells. Individual
cells show powdery chromatin, irregular nuclear membrane, nuclear grooves, and intranuclear
inclusions—changes typical of papillary thyroid carcinoma (Papanicolaou stain, high power)

thyroglobulin for the differential diagnosis is highly recommended when possible.
Alternatively, serum calcitonin level can be recommended to rule out a medullary
carcinoma when additional cytologic material is not available for ancillary studies
or when result of the immunohistochemical staining is noncontributory. Keep in
mind that thyroid transcription factor-1 (TTF-1) would not be helpful in the differ-
ential diagnosis since both tumors would demonstrate positive staining with
TTF-1.

Because the neoplastic cells of both oncocytic and tall cell variants of PTC have
abundant granular cytoplasm, they may be mistaken for Hiirthle cell neoplasms
(Fig. 4.36). Occasionally, papillae can be seen in Hiirthle cell neoplasms, making
the distinction from PTC more challenging (Fig. 4.37). The most salient feature
distinguishing Hiirthle cell neoplasms from PTC is the lack of classic nuclear fea-
tures diagnostic of PTC such as extensive nuclear grooves, pseudo-nuclear inclu-
sions, and pale chromatin. Additionally, the dispersed, isolated cell pattern of
Hiirthle cell neoplasm differs from the crowded, overlapping cellular groups found
in PTCs (Fig. 4.38).

Parathyroid adenomas with oncocytic features may be mistaken for a Hiirthle
cell neoplasm. The latter usually presents with loosely cohesive or isolated neoplas-
tic cells with much larger nuclei and prominent nucleoli when compared to parathy-
roid adenomas. Immunohistochemical stains for thyroglobulin/TTF-1 and
parathyroid hormone will separate these two entities. Alternatively, the aspirate can
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Fig. 4.37 Thyroid FNA-goiter. Cell block preparation showing papillae lined by oncocytic fol-
licular cells. Nuclear features of papillary thyroid carcinoma are not present (H&E stain, high

power)

Fig.4.38 Thyroid FNA-papillary thyroid carcinoma, oncocytic variant. Clusters of oncocytic fol-
licular cells with considerable overlapping and crowding. The latter is more frequently observed in
papillary thyroid carcinoma when compared to Hiirthle cell neoplasm (Papanicolaou stain, high

power)
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Fig.4.39 Thyroid FNA-metastatic renal cell carcinoma. A small cluster of neoplastic cells with
abundant granular cytoplasm. Multiple fine cytoplasmic vacuoles are also noted. Nuclei are mark-
edly enlarged (Diff-Quik stain, high power)

Fig.4.40 Thyroid FNA-metastatic renal cell carcinoma. A small cluster of neoplastic cells
with abundant cytoplasmic vacuoles, resulting in a “clear” cell appearance (Diff-Quik stain,
high power)

be submitted for parathyroid hormone level analysis when a parathyroid lesion is
suspected clinically or on imaging prior to FNA.

Metastatic renal cell carcinomas, especially those with a more granular cell pat-
tern (Fig. 4.39), should be included in the differential diagnosis of a Hiirthle cell
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neoplasm. A prior history of malignancy should alert the cytologists to the possibility
of a metastasis, although this is not always the case. The finding of neoplastic cells
with clear cell changes or vacuolated cytoplasm would favor a metastatic renal cell
carcinoma (Fig. 4.40). A panel of antibodies including TTF-1 and thyroglobulin
would be helpful in the differential diagnosis.
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Case Study

A 40-year-old female presented with a bilateral thyroid enlargement, which was
noted 3 years ago. She complained of hoarseness and difficulty in swallowing, but
she had no complaints of difficulty in breathing or compressive symptoms. She had
no symptoms of hyperthyroidism and no history of radiation to the head or neck.
Her past medical history was significant for primary hypothyroidism. She was on
synthroid, 0.88 mg/day. The patient was a known smoker, but she had no history of
alcohol intake and no recreational drug use. Her mother had a history of unspecified
thyroid disease while her sister had a history of papillary thyroid carcinoma. Her
thyroid function tests were as follows: TSH, 5.49 pU/mL,; total T3, 91 ng/dL; total
T4, 5.6 pg/dL; and free T4, 0.8 ng/dL. Ultrasonographic examination showed an
8.1x3.5%2.5 cm right thyroid lobe and a 7.7 x 3.4 x3.2 cm left thyroid lobe. There
were no discrete thyroid nodules. Fine needle aspiration of right thyroid demon-
strated follicular lesion of undetermined significance in a background of lympho-
cytic thyroiditis. Patient underwent total thyroidectomy, which revealed florid
Hashimoto thyroiditis. Her postoperative course was unremarkable.

Discussion

Chronic lymphocytic (Hashimoto) thyroiditis is a common autoimmune disease,
which is characterized by the destruction of thyroid follicles by marked lymphoid
infiltrate. This condition more commonly occurs in women, with a peak incidence
in the fourth and fifth decades of life, but affected individuals range from children
to older adults [1, 2]. Some individuals have a genetic predisposition to develop
Hashimoto thyroiditis. The susceptibility genes appear to include both immune
modifying genes, in particular HLA-DR and cytotoxic T lymphocyte factor 4
(CTLA-4) and thyroid-specific genes such as thyroglobulin [3, 4]. This condition is
generally thought to result from a complex interaction of these genes and
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Fig.5.1 Gross appearance of the thyroid. Uniform enlargement with pale cut surface and accentu-
ated lobular pattern

environmental factors. The diagnosis is usually established by a constellation of
clinical features and serologic test results. One or more of a variety of circulating
autoantibodies are identified in almost all patients, the most common of which are
anti-thyroglobulin and antithyroid peroxidase. Patients with Hashimoto thyroiditis
are at increased risk of developing malignant lymphoma [5-7], and this risk has
been estimated to be up to 80-fold.

Thyroid glands with Hashimoto thyroiditis typically show diffuse enlargement,
which is usually symmetrical, but some variation in the size of the lobes may be
seen, leading to asymmetrical and massive enlargement of the gland. The gland
feels firm and rubbery. The cut surface is usually paler than the normal red-brown
color, reflecting the infiltration by lymphocytes and loss of follicular tissue [8, 9]
(Fig. 5.1). Intense and patchy infiltration of the gland by lymphocytes and plasma
cells with formation of germinal centers is the most characteristic feature on histo-
logic examination (Fig. 5.2). The lymphoplasmacytic infiltration is diffuse but vari-
able in its intensity and effacement of the follicles [10, 11]. There is significant
variation in the lymphoid infiltrate from gland to gland and also in different areas of
the same gland. In extreme cases, it can be florid with markedly enlarged lymphoid
follicles containing large, expanded germinal centers (Figs. 5.3, 5.4, and 5.5).
Epithelial changes seen in Hashimoto thyroiditis include follicular atrophy and
Hiirthle cell metaplasia, which can be focal, diffuse, and sometimes extensive, with



Discussion 61

Fig.5.2 Histologic appearance of Hashimoto thyroiditis. Follicular atrophy and infiltration of the
gland by lymphocytes and plasma cells with formation of germinal centers (H&E stain, X100)

Fig.5.3 Focal involvement of the thyroid gland by Hashimoto thyroiditis (H&E stain, X40)

formation of nodules (Figs. 5.6 and 5.7). A number of histologic variants of
Hashimoto thyroiditis have been described. These include fibrous, fibrous atrophy,
hashitoxicosis, and juvenile variants [8]. The fibrous variant is characterized by
marked fibrosis, effacement of the follicular architecture, and marked follicular
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Fig. 5.5 Hashimoto thyroiditis demonstrating an enlarged lymphoid follicle containing large,
expanded germinal center (H&E stain, X200)

atrophy. The fibrous atrophy variant is histologically similar to the fibrous variant,
but the glands in fibrous atrophy tend to be much smaller. Hashitoxicosis is a variant
in which features of Hashimoto thyroiditis coexist with diffuse toxic hyperplasia of
Grave’s disease. The juvenile variant is an ill-defined form that occurs in younger
individuals and shows little or no follicular atrophy on histology.
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Fig. 5.6 Hashimoto thyroiditis with prominent Hiirthle cell metaplasia and lymphoid infiltrate
(H&E stain, X100)

Fig.5.7 Hashimoto thyroiditis showing a Hiirthle cell nodule with background lymphoid aggre-
gates (H&E stain, X100)

In patients with Hashimoto thyroiditis, fine needle aspiration (FNA) is not rou-
tinely performed. It is done only when there is a suspicious nodule, which raises the
possibility of a coexisting malignancy. The aspirates are usually very cellular and
usually characterized by a polymorphous population of lymphocytes, including
small lymphocytes, centrocytes, centroblasts, and dendritic cells. Germinal center
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Fig.5.8 Low-power image of FNA of Hashimoto thyroiditis showing a mixture of epithelial and
inflammatory cells (Diff-Quik stain, X100)

Fig.5.9 Higher magnification of Hiirthle cell fragments in a background of lymphoplasmacytic
cells (Diff-Quik stain, X200)

fragments containing dendritic cells as well as tingible body macrophages are also
present. Colloid is usually scant to absent. Normal follicular cells are scant or absent
and in most cases, only clusters of follicular cells with Hiirthle cell metaplasia are
seen (Figs. 5.8,5.9,5.10, 5.11, 5.12, and 5.13). Because of the intense lymphocytic
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Fig.5.10 FNA of Hashimoto thyroiditis. Cellular aspirate containing large numbers of epithelial
tissue fragments in a background of lymphoid cells (Diff-Quik stain, X100)

Fig.5.11 FNA of Hashimoto thyroiditis showing Hiirthle cell fragments and crushed, stretched-
out lymphocytes (lymphoid tangles) (Diff-Quik stain, X200)

infiltration, these cells have reactive nuclear changes such as chromatin clearing and
nuclear enlargement, and these features may lead to a misdiagnosis of papillary
thyroid carcinoma. Occasional multinucleated giant cells are seen, and this may
lead to confusion with subacute thyroiditis, but the multinucleated giant cells are
not as numerous as seen in subacute thyroiditis.
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Fig.5.12 FNA of Hashimoto thyroiditis showing Hiirthle cells with some cytologic atypia. Few
scattered lymphocytes are present, which favor the diagnosis of lymphocytic thyroiditis (Diff-Quik
stain, X400)

Fig.5.13 FNA of Hashimoto thyroiditis. Aggregate of tightly packed lymphoid cluster (right) and
Hiirthle cells (left) (Papanicolaou stain, X200)

The proportion of Hiirthle cells in Hashimoto thyroiditis varies widely from case
to case. In some cases, they are sparse or absent. However, in others, Hiirthle cells
may proliferate to form nonneoplastic Hiirthle cell nodules, and when they are biop-
sied, Hiirthle cells predominate the smears with little or no lymphoid infiltrate
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Fig. 5.14 FNA biopsy showing exclusive Hiirthle cell population. Biopsy was taken from a
Hiirthle cell nodule representing Hiirthle cell metaplasia in Hashimoto thyroiditis (Diff-Quik stain,
X100)

(Figs. 5.14 and 5.15). On cytologic preparations, this can be difficult or impossible
to distinguish from a Hiirthle cell neoplasm. The cells of Hiirthle cell neoplasm,
however, usually have more prominent nucleoli than those of Hashimoto thyroiditis,
and they usually do not have a prominent lymphoid infiltrate [12]. So, aspiration of
exclusive Hiirthle cells from a nodule in a background of what is otherwise
Hashimoto thyroiditis most likely represents Hiirthle cell hyperplasia rather than
Hiirthle cell neoplasm. However, in a small percentage of cases, the distinction may
be difficult, and definite classification may depend on histologic examination. Cases
may also be misdiagnosed as follicular neoplasm when the cells have a predomi-
nantly microfollicular pattern with paucity of background lymphocytes. The pres-
ence of scattered lymphocytes, even when few, should trigger a search for other
features of Hashimoto thyroiditis. However, when lymphocytes are absent, it is still
necessary to render a diagnosis of follicular neoplasm in order to avoid missing a
thyroid follicular neoplasm.

Another common pitfall in the cytologic interpretation of Hashimoto thyroiditis
is misdiagnosis as papillary thyroid carcinoma. Epithelial changes such as syncytial
tissue fragments of follicular epithelium with papillary-like architecture can often
be seen in Hashimoto thyroiditis. The Hiirthle cells or residual follicular cells of
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Fig. 5.15 Hashimoto thyroiditis demonstrating prominent nodule with Hiirthle cell metaplasia.
The surrounding lymphoid infiltrate is sparse. FNA biopsy of such an area is likely to show a pre-
dominant or exclusive Hiirthle cell population, causing diagnostic difficulties with Hiirthle cell
neoplasm (H&E stain, X200)

Hashimoto thyroiditis occasionally display chromatin clearing, nuclear enlarge-
ment, and rare nuclear grooves. When these are seen especially in the presence of
the papillary-like groups, they can lead to misdiagnosis of papillary thyroid carci-
noma. If the changes are focal and mild, they may be disregarded (Fig. 5.16).
However, a suspicious or malignant interpretation is warranted if the changes are
diffuse or associated with other nuclear features of papillary carcinoma (Fig. 5.17).

In the florid lymphoid phase of Hashimoto thyroiditis, fine needle aspiration
biopsy can yield an aspirate containing a dense population of lymphocytes that can
be easily mistaken for malignant lymphoma [13] (Fig. 5.18). Ancillary tests are
needed to differentiate one entity from the other, as cytologic features alone are not
sufficient to make this differentiation. Primary lymphomas of the thyroid are mainly
of two types: diffuse large B-cell lymphoma (DLBCL) and extranodal marginal
zone B-cell lymphoma of mucosa-associated lymphoid tissue (MALT lymphoma)
(Figs. 5.19 and 5.20). There may also be secondary involvement of the thyroid by
lymphoma from other sites. Please refer to Chap. 6 for a more comprehensive dis-
cussion on this.
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Fig.5.16 FNA of Hashimoto thyroiditis. Hiirthle cells show some nuclear atypia. The nuclei are
enlarged, and rare nuclear grooves are seen. There are lymphoid cells in the background. The
nuclear atypia is focal, and this is consistent with reactive nuclear changes seen in Hashimoto
thyroiditis (Papanicolaou stain, X400)

ML ST e
) *;-.4‘(\;; I‘(-WL, . A

Fig.5.17 Histologic appearance of Hashimoto thyroiditis showing nuclear atypia. The cells show
nuclear enlargement, nuclear grooves, and powdery chromatin. There is some crowding and over-
lapping. The changes seen here are widespread in this lesion, in which Hashimoto thyroiditis is
coexisting with follicular variant of papillary thyroid carcinoma (H&E stain, X400)
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Fig.5.18 FNA of Hashimoto thyroiditis. The aspirate is cellular, and it contains a dense mixed
population of lymphocytes that can be easily mistaken for malignant lymphoma (Diff-Quik stain,
X200)

Fig.5.19 FNA of diffuse large B-cell lymphoma of the thyroid. The aspirate is cellular, and it
shows pleomorphic cells with prominent nucleoli, atypical mitosis, and karyorrhectic debris
(Papanicolaou stain, X200)
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Fig.5.20 Polymorphous population of lymphoid cells in MALT lymphoma (H&E stain, X400)

Squamous metaplasia has been reported in Hashimoto thyroiditis. When the

squamous metaplasia is extensive, it may mimic squamous cell carcinoma or muco-
epidermoid carcinoma [14].
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Case Study

A 51-year-old female patient presented with a rapidly growing, painless left thyroid
nodule of 2 months duration. There was no history of hoarseness, dysphagia, or
dyspnea. Physical examination revealed an enlarged left lobe of the thyroid with a
firm, non-tender mass in the left lobe of the thyroid. There were no palpable cervical
lymph nodes. There was no family history of thyroid cancer. The patient was not a
known smoker and she had no history of excessive alcohol consumption. Thyroid
function test showed normal functioning of the thyroid except for high level of thy-
roid peroxidase antibody (anti-TPO). Ultrasonographic examination showed that
the left lobe of the thyroid was enlarged with heterogeneous hypoechoic mass mea-
suring 6.0x4.2x3.9 cm. Numerous diffuse hyperechoic areas were identified in all
the lobes. CT scan showed an enlarged thyroid gland, with a 6.0 cm irregularly
shaped mass with a poorly defined boundary in the left lobe of the thyroid. The mass
showed a lower density than the rest of the thyroid tissue. Fine-needle aspiration
biopsy yielded predominantly lymphocytes with rare groups of Hiirthle cells and
was thought to be atypical lymphoid proliferation in a background of Hashimoto
thyroiditis. However, because of the history of rapid enlargement of the mass, a
diagnostic thyroid lobectomy was performed. The sections revealed large pleomor-
phic cells with large nuclei, high N/C ratios and finely granular chromatin, high
mitotic activity, and abundant karyorrhectic debris. The background thyroid tissue
showed florid Hashimoto thyroiditis. The diagnosis of diffuse large B-cell lym-
phoma was confirmed by immunohistochemical stains and flow cytometry.

Discussion

Lymphocyte-only aspirates in the setting of a thyroid nodule can pose a significant
diagnostic challenge in the interpretation of thyroid fine-needle aspiration speci-
mens. While entities like lymphocytic thyroiditis and lymphoproliferative diseases
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(whether primary or secondary) involving the thyroid are well-known conditions
that may yield lymphocyte-only aspirates, other entities such as intrathyroidal
lymph node, intrathyroidal thymoma, and thyroglossal duct cyst should be included
in the differential diagnosis. It is critical that a constellation of clinical and radio-
logic findings should be taken into consideration before a definitive diagnosis is
rendered on thyroid aspirates with lymphocyte-only smears. Also, ancillary studies
should be used generously in applicable cases.

Ectopic lymphoid follicles have been described in different conditions and dif-
ferent organs in various locations. This includes thyroid in patients with Hashimoto’s
thyroiditis, salivary glands in patients with Sjogren’s syndrome, and thymus of
patients with myasthenia gravis [1-3]. The ectopic lymphoid follicles seen in auto-
immune thyroid diseases are regarded as analogs of follicular structures found in
secondary lymphoid tissues [4]. The presence of lymph node within the thyroid can
be explained as an aberrant heterotopic tissue. Histologically, well-defined lym-
phoid tissue with a well-defined capsule is seen. This lymphoid tissue is sometimes
embedded in mature fat [4] (Fig. 6.1). This aggregate of lymphoid tissue is localized
and not diffusely infiltrating and does not destroy the surrounding thyroid tissue.
These features favor an intrathyroidal lymph node over Hashimoto’s thyroiditis.
Cytologic preparations show a polymorphous population of lymphocytes (Fig. 6.2),
which can be confirmed by a mixed reactivity of the cells for CD3 and CD20 immu-
nohistochemical stains.

Hashimoto thyroiditis especially in the florid lymphoid phase usually presents as
lymphocyte-only aspirates [5]. During this phase, numerous hyperplastic lymphoid
follicles are seen throughout the gland, and they often replace the thyroid paren-
chyma (Fig. 6.3). Fine-needle aspiration biopsy taken during this time shows cells
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Fig.6.1 Intrathyroidal lymph node. Well-defined lymphoid tissue with a well-defined capsule is
seen. This lymphoid tissue is embedded in mature fat (H&E stain, X40)
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Fig. 6.2 Intrathyroidal lymph node showing polymorphous population of lymphocytes (Diff-Quik
stain, X400)

Fig. 6.3 Hashimoto thyroiditis. Hyperplastic lymphoid follicles and Hiirthle cells (H&E
stain, X40)
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Fig.6.4 Polymorphous population of lymphocytes in Hashimoto thyroiditis (Diff-Quik stain, X200)
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Fig.6.5 Heterogeneous cell population in Hashimoto thyroiditis (Papanicolaou stain, X400)

with cytology closely resembling an aspirate of a reactive lymph node. These
include small lymphocytes and large follicular center lymphocytes (Figs. 6.4, 6.5
and 6.6). Hiirthle cells or thyroid follicular cells are sparse and may be absent. The
major differential diagnosis is malignant lymphoma, and these two conditions often
coexist. The florid lymphoid phase of Hashimoto thyroiditis is more common in
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Fig. 6.6 Lymphocyte-only aspirate in Hashimoto thyroiditis. The cells have a polymorphous
appearance (Papanicolaou stain, X400)

younger patient, while malignant lymphoma more commonly occurs in older adults.
Flow cytometry is an important ancillary study, which helps to make a distinction
between benign lymphoid infiltrate and non-Hodgkin lymphoma. The cells in
benign lymphoid infiltrate of Hashimoto thyroiditis are polyclonal in origin, and
they show mixed population of B and T lymphocytes.

Lymphomas of the thyroid gland constitutes up to 5% of thyroid neoplasms.
They typically occur in middle- to older-aged women, almost always arise in a
background of Hashimoto thyroiditis and are of B-cell lineage [6]. The relative risk
of developing lymphoma in patients with Hashimoto thyroiditis is 67 to 80 times
higher than that in the general population [7]. Primary lymphomas of the thyroid
gland are mainly of two types: diffuse large B-cell lymphoma (DLBCL) and extra-
nodal marginal zone B-cell lymphoma of mucosa-associated lymphoid tissue
(MALT lymphoma). DLBCL accounts for 50-90 % of lymphomas in the thyroid,
while MALT lymphoma accounts for 10-30% [8—10]. Systemic lymphomas can
also involve the thyroid gland [7, 11]. Grossly, they are often large and bulky, may
involve one lobe or both lobes of the thyroid, or may present as a solitary nodule.
Cut surface is bulging and homogeneous and may have a pearly white to pink
appearance (Fig. 6.7). Areas of hemorrhage and necrosis may be seen [12]. Fine-
needle aspiration biopsy remains the most efficient method of screening selected
patients for lymphoma. It can be suggestive or diagnostic of lymphoma in a large
majority of cases. However, the cytologic diagnosis can be challenging especially
for low-grade lymphomas arising in the background of Hashimoto thyroiditis.
Lymphoma specimens are usually highly cellular.
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Fig.6.7 Cut surface of the thyroid showing diffuse involvement of the thyroid lobe by the tumor.
Necrosis is present

Fig. 6.8 Diffuse large B-cell lymphoma of the thyroid. Massive replacement of thyroid paren-
chyma by sheets of poorly differentiated lymphoid cells (H&E stain, X100)

Diffuse large B-cell lymphoma is a high-grade neoplasm, which shows massive
replacement of thyroid parenchyma by sheets of poorly differentiated lymphoid cells
(Fig. 6.8). Aspirates are usually cellular, and they typically show a homogeneous
population of poorly differentiated lymphoid cells that are typically larger than nor-
mal lymphocytes [12]. The cells are discrete and round, with scant, pale cytoplasm.
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Fig.6.9 Diffuse large B-cell lymphoma of the thyroid. Monomorphous population of large lym-
phoma cells. Cells are pleomorphic and they have prominent nucleoli (H&E stain, X400)

Fig.6.10 Lymphoma cells are large and monomorphous, with prominent nucleoli and open chro-
matin pattern. Atypical mitoses and karyorrhectic debris are present. Background is sclerotic
(H&E stain, X400)

The nuclei are large, with high N/C ratios and contain finely granular chromatin.
Nucleoli are always present and can be either large in a central position or small and
multiple in a marginal location. Mitotic activity is frequent. Karyorrhexis is a com-
mon feature of high-grade lymphoma (Figs. 6.9, 6.10, 6.11, 6.12, 6.13, and 6.14).
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Fig.6.11 FNA of diffuse large B-cell lymphoma of the thyroid. Monomorphous population of
poorly differentiated lymphoid cells (Papanicolaou stain, X400)

Fig.6.12 FNA of diffuse large B-cell lymphoma of the thyroid. Cells are pleomorphic and they
have prominent nucleoli. Atypical mitosis and karyorrhectic debris are present in the background
(Papanicolaou stain, X400)
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Fig.6.13 FNA of diffuse large B-cell lymphoma of the thyroid. Monomorphous population of
poorly differentiated lymphoid cells (Papanicolaou stain, X400)

Fig.6.14 FNA of diffuse large B-cell lymphoma of the thyroid. Pleomorphic cells with highly
atypical nuclear features (Papanicolaou stain, X1000)
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Fig.6.15 The malignant lymphoid cells show diffuse CD20 expression

This karyorrhectic debris can be mistaken for benign germinal center cells.
Lymphoglandular bodies are usually present and theses are only seen on Romanowsky-
stained preparations. Depending on the sampling, cytologic features of Hashimoto
thyroiditis may be present, either separately from lymphoma cells on the same smear
or on different smears representing different areas of the thyroid. Such a diverse pat-
tern is not uncommon and should not prevent one from rendering a diagnosis of
lymphoma. The large cells in DLBCL can be mistaken for anaplastic carcinoma or
metastatic carcinoma. Cytologic diagnosis can be confirmed by immunohistochemi-
cal stains. The cells are positive for CD20 and/or CD79a, but they are not reactive to
CDS5 and CD23 (Fig. 6.15). A negative cytokeratin stain is also helpful to distinguish
the large cells of DLBCL from anaplastic carcinoma or metaplastic carcinoma.
Flow cytometry is an important ancillary study, which confirms the immunohis-
tochemical stains and also demonstrates positive reactivity to light chain immuno-
globulins, either kappa or lambda, and establish the clonality. DLBCL can be
classified into germinal center B-cell (GCB) or non-GCB immunophenotype. The
former is positive for CD10 or BCL6 and has been reported to be associated with
better progression-free or overall survival. Distinguishing GCB versus non-GCB
DLBCL in the thyroid gland predicts response to therapy; a GCB immunopheno-
type is associated with a better progression-free and overall survival [13]. The
International Prognostic Index and the extent of the DLBCL involvement also affect
overall survival [11, 13]. In arecent study [14], it was shown that a subset of DLBCL
in the thyroid gland had BRAF (24 %) or NRAS (8 %) mutations. These mutations
were not detected in MALT lymphoma or follicular lymphoma involving the thy-
roid gland. Translocations of KMT2A (formerly known as MLL), a gene involved in



Discussion 83

Fig. 6.16 Lymphoepithelial lesions in MALT lymphoma. The thyroid parenchyma is diffusely
infiltrated by malignant lymphoid cells, forming lymphoepithelial lesions (H&E stain, X200)

epigenetic modification of DNA, have been described in primary DLBCL of the
thyroid gland and are associated with a better prognosis [15].

The cells of MALT lymphoma infiltrate the follicular epithelium, forming
“MALT balls” characterized by round aggregates of marginal zone cells filling
and expanding the lumina of thyroid follicles [8]. Follicular colonization is more
prominent, imparting a nodular architecture that can mimic the pattern of follicu-
lar lymphoma. Usually the smears show heterogeneous population of numerous
small lymphocytes, centrocyte-like cells, monocytoid B cells, plasma cells, trans-
formed lymphocytes, and prominent lymphoepithelial lesions (Figs. 6.16 and
6.17). This entity can be very difficult to differentiate from the florid lymphoid
phase of Hashimoto thyroiditis, and the two diseases can coexist [5]. Hence, a
high index of suspicion in cases of severe Hashimoto thyroiditis is needed to
avoid missing concurrent MALT lymphoma. Factors favoring MALT lymphoma
include obliteration of thyroid parenchyma by a lymphoid infiltrate, interfollicu-
lar lymphoma cells with morphology and immunophenotype of marginal zone B
cells, follicular colonization by lymphoma cells with marginal zone B cells, and
monotypic expression of immunoglobulin light chains. Lymphoepithelial lesions
in Hashimoto thyroiditis contain a higher number of T cells compared with those
in MALT lymphoma. About half of MALT lymphomas involving the thyroid
gland have been reported to be associated with t(3;14)(p14;q32)/FOXP1-IGH [8].
MALT lymphoma can mimic plasmacytoma when it presents with extensive
plasma cell differentiation. However, the lymphoma cells within the thyroid fol-
licles do not show exuberant plasmacytic differentiation, a clue that helps to dif-
ferentiate MALT lymphoma from plasmacytoma [8].
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Fig.6.17 Polymorphous population of cells in MALT lymphoma (H&E stain, X400)

Fig.6.18 Prominent follicular pattern in follicular lymphoma of the thyroid (H&E stain, X400)

Follicular lymphoma can also involve the thyroid gland, with most patients hav-
ing evidence of systemic lymphoma or involvement of regional lymph nodes. This
is particularly true for patients with low-grade follicular lymphoma [8, 16].
Follicular lymphomas have predominantly follicular pattern (Fig. 6.18). Neoplastic
follicles are often poorly defined and often lack mantle zones. Follicular lymphoma
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Fig.6.19 BCL2 expression in follicular lymphoma of the thyroid

involving the thyroid gland can be associated with concurrent Hashimoto thyroiditis
and lymphoepithelial lesions. Although follicular lymphomas are generally positive
for BCL2 (Fig. 6.19), follicular lymphomas of the thyroid gland, particularly grade
3, can lack expression of CD10 or BCL2, and these tumors also can be negative for
t(14;18)(q32;q21)/IGH-BCL2 [8].

Primary Hodgkin lymphoma is extremely rare, and most cases involving the thy-
roid have been found to be a secondary involvement [12, 17]. Nodular sclerosing
variant is the commonest type. Reed-Sternberg cells or any of its variants are seen
on the smears. Cells similar to Reed-Sternberg cells or any of the variants can occur
in non-Hodgkin lymphoma as well as in reactive lymphoid proliferations, and this
is a common source of diagnostic dilemma. Reed-Sternberg cells are typically posi-
tive for CD30 and CD15. The degree of sclerosis can be extensive and this can lead
to a misdiagnosis of Riedel thyroiditis or fibrosclerosing variant of Hashimoto thy-
roiditis. Identification of Reed-Sternberg cells is required for diagnosis [8].

Small lymphocytic lymphoma is one of the rarest subtypes of lymphoma that can
involve the thyroid gland. Diagnosis of this entity is difficult, particularly before the
recognition of systemic involvement [6]. Cytological examination reveals a pre-
dominant cell population of small- to medium-sized cells revealing paracentral to
eccentric nuclei with clockface chromatin and abundant sky-blue cytoplasm.
Immunohistochemical stains are very helpful in the diagnosis of small lymphocytic
lymphoma. The CD20+ neoplastic cells typically co-express CD5 and CD23.
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Fig.6.20 Intrathyroidal thymic tissue (H&E stain, X20)

Given the limitations of establishing a lymphoma diagnosis with only cytomor-
phology, morphological evaluation is commonly augmented with flow cytometry or
immunohistochemistry in the diagnostic workup of lymphocyte-rich or lymphocyte-
only fine-needle aspirates from the thyroid showing atypical lymphoid populations.
In two studies, morphology in conjunction with flow cytometry or immunohisto-
chemistry had a positive predictive value of 90 % [18, 19].

Ectopic thymic tissue can be found within thyroid parenchyma (Fig. 6.20) and
may rarely become hyperplastic or neoplastic. Ectopic thymoma is an unusual find-
ing in the thyroid [20]. Because of the rarity of this lesion, it is often misdiagnosed
as Hashimoto’s thyroiditis or malignant lymphoma of the thyroid. The histologic
appearance is similar to that of mediastinal thymoma. Cytology reveals abundant
small lymphocytes with hyperchromatic nuclei and frequent appearance of clumped
chromatin. When the epithelial component is sampled, the cells may be interpreted
as thyroid follicular cells and may lead to a misdiagnosis of lymphocytic
thyroiditis.

Thyroglossal duct cyst can show extensive lymphoid tissue with prominent ger-
minal centers in the wall of the cyst. If the germinal center is sampled, the cells can
be mistaken for cells of malignant lymphoma as they show a large population of
lymphoid cells with focal aggregates of immature forms. Flow cytometry is helpful
in such cases as the cells are typically polyclonal B-cell population.
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Case Study
Case 1

The first patient was a 34-year-old female who presented with a 2.5 cm right thyroid
nodule detected during a routine physical examination by her family physician. She
complained of hoarseness and some difficulty in breathing but no difficulty in swal-
lowing. She had no symptoms of hyperthyroidism and had no history of radiation to
the head and neck area. However, there was a family history of thyroid cancer; her
maternal first cousin was diagnosed with thyroid cancer at age 17. Physical exami-
nation revealed a smooth, mobile right thyroid nodule measuring 2.5 cm; no pal-
pable nodules were noted in the left thyroid lobe. The thyroid function test was
within normal limits. Ultrasound examination revealed a 2.5 cm solitary nodule in
the right thyroid lobe; the remaining thyroid gland appeared unremarkable. No cer-
vical lymphadenopathy was noted.

Fine needle aspiration biopsy of the right thyroid nodule was performed under
ultrasound guidance. The aspirate was of low cellularity and consisted of both
micro- and macro-follicles. Hurthle cell changes were noted in some follicular cells
(Fig. 7.1). Individual cells showed nuclear enlargement, elongation, powdery chro-
matin, and rare nuclear groove (Figs. 7.2 and 7.3). Scattered lymphocytes were
noted but Colloid was absent (Fig. 7.4). The cytologic diagnosis was follicular
lesion of undetermined significance (FLUS) with nuclear atypia. Reflex molecular
testing based on the Afirma Gene Expression Classifier platform was performed.
The result was suspicious.

The patient underwent a total thyroidectomy. Serial section revealed a solitary,
well-circumscribed nodule in the right thyroid lobe, measuring 1.4 cm. The remaining
thyroid parenchyma appeared normal grossly. Microscopically, the right nodule
appeared partially surrounded with a thin capsule with foci of hemorrhage and fibrosis.
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Fig. 7.1 Thyroid FNA-FLUS with nuclear atypia. A small cluster of follicular cells showing
Hurthle cell changes (Papanicolaou stain, high power)

Fig.7.2 Thyroid FNA-FLUS with nuclear atypia. A small group of follicular cells with nuclear
crowding and overlapping. Nuclear enlargement, elongation, and rare nuclear grooves are noted
(Papanicolaou stain, high power)

The follicular cells are arranged in both micro- and macro-follicular pattern and
appeared flat or cuboidal without any nuclear features of papillary thyroid
carcinoma (Figs. 7.5 and 7.6). Scattered lymphoid aggregates were identified.
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Fig. 7.3 Thyroid FNA-FLUS with nuclear atypia. A loosely cohesive group of follicular cells.
Individual cells show moderate amount of granular cytoplasm, nuclear enlargement, elongation,
and occasional nuclear grooves (Papanicolaou stain, high power)

Fig.7.4 Thyroid FNA-FLUS with nuclear atypia. A small cluster of follicular cells admixed with
lymphocytes (direct smear, Papanicolaou stain, high power)

Rare groups of follicular cells showed scattered nuclear grooves (Fig. 7.7). The
histologic diagnosis is adenomatous hyperplastic nodule in a background of mild
lymphocytic thyroiditis.
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Fig. 7.5 Goiter. Low power showing both micro- and macro-follicular architecture with fibrosis
and scattered lymphoid aggregates (H&E, low power)

Fig.7.6 Goiter. Each follicle is lined by flat or cuboidal follicular cells with regular nuclei and no
nuclear evidence of papillary thyroid carcinoma (H&E, high power)
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Fig. 7.7 Goiter. A lymphoid aggregate consists of a polymorphous population of lymphocytes.
Adjacent follicular cells show mild nuclear enlargement and occasional nuclear grooves (H&E,
high power)

Case 2

The second patient was a 62-year-old female with a history of cutaneous T-cell lym-
phoma. She presented to her endocrinologist for the evaluation of thyroid nodules,
which was discovered by imaging and with an “inconclusive” cytologic diagnosis 4
years prior. She did not seek follow-up for her thyroid problem until the time of pre-
sentation. She denied any symptoms of hyperthyroidism. She did not complain of
any pressure symptoms. Her physical examination was unremarkable without any
palpable mass in the cervical region. Her thyroid function was within normal limits.

Ultrasound examination revealed a total of ten nodules within the thyroid gland,
which were present 4 years prior. The dominant nodule was located in the right
upper lobe, measuring 1.7 cm in greatest dimensions with increased vascularity
within the nodule by color Doppler. The remaining nodules ranged from 3 to 5 mm
and were distributed throughout both thyroid lobes.

Fine needle aspiration biopsy was performed on the 1.7 cm dominant nodule.
The aspirate was scantly cellular and consisted of clusters of follicular cells with
mild nuclear crowding (Fig. 7.8). Individual cells showed nuclear enlargement and
scattered nuclear inclusion and ill-defined intranuclear inclusion (Figs. 7.9 and
7.10). Abundant macrophages were noted in the background. The cytologic diagno-
sis was FLUS with nuclear atypia. Reflex molecular testing based on the Afirma
Gene Expression Classifier platform was performed. The result was suspicious.

The patientunderwentrightlobectomy. Serial resectionrevealeda1.3x 1.0x0.8cm
well-circumscribed nodule with a tan-yellow cut surface. The remaining thyroid
parenchyma was unremarkable. Histologic section of the nodule revealed a partially
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Fig.7.8 Thyroid FNA-FLUS with nuclear atypia. A small cluster of follicular cells with nuclear
overlapping and crowding adjacent to a group of macrophages with abundant foamy/granular cyto-
plasm (Papanicolaou stain, high power)

o}

Fig.7.9 Thyroid FNA-FLUS with nuclear atypia. A small cluster of follicular cells with nuclear crowd-
ing and overlapping. A poorly defined intranuclear inclusion is noted (Papanicolaou stain, high power)

encapsulated papillary thyroid carcinoma, classic variant (Figs. 7.11,7.12, and 7.13).
A week later, the patient underwent a completion thyroidectomy which revealed
chronic lymphocytic thyroiditis with no evidence of malignancy.
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Fig.7.10 Thyroid FNA-FLUS with nuclear atypia. Another cluster of follicular cells with nuclear
crowding and overlapping. The nuclei appear enlarged with occasional nuclear grooves
(Papanicolaou stain, high power)

Fig.7.11 Papillary thyroid carcinoma. A well-circumscribed nodule surrounded by a thin capsule.
The neoplastic follicular cells are arranged predominantly in a papillary pattern (H&E, low power)
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Fig.7.12 Papillary thyroid carcinoma. Higher magnification showing a complex papillary growth
pattern with fibrovascular cores (H&E, high power)

Fig.7.13 Papillary thyroid carcinoma. Individual follicular cells show moderate amount of eosin-
ophilic cytoplasm, nuclear enlargement, nuclear clearing, powdery chromatin, and frequent
nuclear grooves. Intranuclear inclusions are not identified (H&E, high power)
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Discussion
Molecular Pathway of Thyroid Carcinogenesis

The rising incidence of thyroid cancer over the past decades is accompanied by a
better understanding of the molecular pathways of thyroid carcinogenesis [1]. The
pathogenesis of papillary thyroid carcinoma is closely associated with mitogen-
activated protein kinase (MAPK) pathway [2]. Point mutations involving BRAF and
RAS, which are loci along the MAPK pathway, account for the majority of PTC [2].
They are followed closely by molecular arrangements such as RET/PTC [2].
Approximately, 70-80 % of papillary thyroid cancers harbor one of these molecular
alterations, which tend to be mutually exclusive [1, 2]. In addition, three-quarters of
follicular cancers demonstrate either RAS mutations or the PAX8/PPARY rearrange-
ment [3, 4]. Mutations involved with the more aggressive variants of thyroid cancers
include PI3K/AKT pathway or the TP53 and CTNNBI genes [5, 6]. Point mutations
in the RET gene are found in both familial and sporadic medullary thyroid cancers
[7]. Table 7.1 summarizes the common molecular alterations in papillary thyroid
carcinomas and follicular-derived neoplasms. Up to 30 % of papillary thyroid carci-
nomas and up to 30 % of follicular thyroid carcinomas do not demonstrate any of
the molecular alterations described above. In addition, RAS and, to a lesser extent,
PAX8/PPARY, can be demonstrated in 15-20 % and 2-10 % of follicular adenoma,
respectively [8, 9].

Limitations of Cytology
Although thyroid nodules are common findings among adult population, only 5%

are malignant. FNA is the diagnostic choice in the preoperative evaluation of
patients with thyroid nodules. FNA, being highly accurate and reliable, is able to

Table 7.1 Molecular alteration in both papillary thyroid carcinomas and follicular-derived neoplasms

Molecular alterations Type of thyroid tumors Estimated frequency (%)
BRAFV$E PTC, NOS 45
PTC, FV 5
PTC, Tall cell 80-100
Anaplastic thyroid carcinoma 25
RAS Follicular adenoma 20-25
Follicular carcinoma 3045
PTC, FV 30-45
Poorly differentiated thyroid carcinoma | 2040
Anaplastic thyroid carcinoma 2040
RET/PTC PTC, NOS 25-30
PAXS8/PPARY Follicular carcinoma 35

Follicular adenoma 2-10
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classify about 70-80% of thyroid nodules as definitively benign or malignant.
However, FNA cannot reliably rule out a malignancy in about 20-35 % of nodules
resulting in an equivocal cytologic diagnosis, i.e., FLUS/AUS, follicular neoplasm,
or suspicious for malignancy. According to the Bethesda System of Reporting
Thyroid Cytology (TBSRTC), each of these equivocal categories is associated with
an estimate risk of malignancy of 10-15 % for FLUS/AUS, 20-30 % for follicular
neoplasm, and 60-75 % for suspicious for malignancy [10]. Diagnostic lobectomy
to establish a histologic diagnosis is often warranted for patients with a cytologic
diagnosis of follicular neoplasm or suspicious for malignancy as well as those with
a cytologic diagnosis of FLUS/AUS and clinical and/or ultrasonographic risk fac-
tors. However, only 10-40% of the surgically resected nodules are proven to be
malignant, resulting in unnecessary surgery in over 60% of this subgroup of
patients. Furthermore, in those with a malignant outcome, a second surgery is often
required to “complete” the thyroidectomy. To minimize both unnecessary surgery
and two-step surgeries, a better preoperative diagnostic approach to triage patients
with equivocal cytologic diagnoses would be ideal. With a better understanding of
the molecular basis of thyroid carcinogenesis, various novel diagnostic tests based
on the detection of molecular biomarkers have been developed to improve the diag-
nostic accuracy of thyroid FNA.

Currently Available Molecular Testing for Routine Clinical Use

The currently available molecular testing available for thyroid FNA can be classi-
fied into those involved somatic mutation markers and those involving gene expres-
sion classifiers. The latter approach is also referred to as a “rule-out” test because
these tests reliably identify nodules that are benign but not malignant nodules. On
the other hand, molecular tests detecting one or more somatic mutation markers are
referred to as “rule-in” tests because these tests accurately identify malignant nod-
ules but do not predict benignancy.

Detection of Somatic Mutations

BRAF gene mutations have been reported in 50-80 % of papillary thyroid carci-
noma, the most prevalent genetic alteration encountered in papillary thyroid carci-
noma [11, 12]. The most frequent BRAF genetic alteration is a point mutation which
results in the production of glutamate instead of valine (V600E) [13]. Although it
has been reported in tumors of other organs, [14] BRAF mutation involving V600E
is highly specific for papillary thyroid carcinoma among other primary thyroid neo-
plasms and has not been observed in benign thyroid lesions [4, 15, 16]. It is not
surprising that this specificity has been evaluated in studies using preoperative FNA
samples [17, 18]. According to a meta-analysis based on mostly prospective studies
that included more than 5000 thyroid FNA samples tested for BRAFYS®E, the risk of
malignancy is over 99 % when a thyroid FNA is tested positive for this mutation [9].



Discussion 99

It has been demonstrated that combining morphologic and BRAF mutation analysis
improved preoperative identification of PTC by 20-25 % [17, 19, 20]. Patients with
nodules that have an equivocal cytologic diagnosis, i.e., FLUS/AUS, or suspicious
for malignancy, and are tested positive for BRAF mutation would be strong candi-
dates for total thyroidectomy, eliminating the need of a second surgery [17]. Despite
high specificity for papillary thyroid carcinoma, molecular testing for BRAF muta-
tion alone has low sensitivity. Furthermore, BRAF mutation is not indicated for
cases classified as follicular neoplasm or suspicious for follicular neoplasm, since
the majority of the malignancies following such a diagnosis are either follicular
variant of papillary thyroid carcinoma or, to a lesser extent, follicular carcinoma,
both of which rarely demonstrate BRAF mutation. One advantage is that BRAF test-
ing can be performed using routinely collected cytologic preparations including
scrapings of cellular materials from previously stained FNA smears, sections from
formalin-fixed, paraffin-embedded cell block, or preferably, residual lavage fluid
obtained from washing the needles.

In view of the limited sensitivity of testing for BRAF mutation alone, many recom-
mend the use of a panel of molecular mutation markers, which include BRAF and
RAS point mutations as well as RET/PTC and PAXS8/PPARy rearrangements [6, 21,
22]. Several studies have demonstrated a higher sensitivity for detecting malignant
samples when using such a panel of molecular markers [6, 21-24]. The detection of
any mutations is highly predictive for malignancy in samples with an equivocal cyto-
logic diagnosis, i.e., FLUS/AUS, follicular neoplasm, or suspicious for malignancy.
Overall, the risk of malignancy in mutation-positive cytologic samples is 88 % for
FLUS/AUS, 87 % for follicular neoplasm, and 95 % for suspicious for malignancy
[25]. When considering individual molecular mutation markers, the detection of
BRAF mutation, RET/PTC or PAX8/PPARy rearrangements, correlates with a malig-
nant outcome in almost 100 % of cases [6, 21, 22] and therefore provides a strong
indication for total thyroidectomy (Fig. 7.14). This would avoid the need for repeat
FNA and/or a two-step surgery, i.e., a diagnostic lobectomy followed by completion
thyroidectomy when the outcome is malignant. On the other hand, the presence of
RAS mutations correlates with a malignant outcome only in 74-87 % of cases [6, 21,
22]. Almost all of the remaining nodules that were tested positive for RAS mutations
are follicular adenoma. Some have argued that follicular adenoma with RAS muta-
tions may be premalignant and, therefore would be likely to benefit from surgical
resection to prevent potential malignant transformation in the future [26, 27].

Although a negative result with this mutational molecular panel significantly
decreases the risk of cancer in all equivocal diagnostic categories, it does not elimi-
nate it completely. For example, one study has demonstrated that a negative molecu-
lar test result decreases the risk of malignancy from 27 to 14 % in cases diagnosed
as follicular neoplasm and from 54 to 28 % in cases diagnosed as suspicious for
malignancy [21]. A review of four studies combining all four mutation markers into
a single panel demonstrated a sensitivity of 64 %, implying a failure of 36 % to
identify thyroid cancers [28]. As a result, diagnostic lobectomy is still warranted in
patients with a cytologic diagnosis of follicular neoplasm or suspicious for malig-
nancy but tested negative for the mutational molecular panel [29].
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Fig.7.14 Management algorithm of equivocal thyroid FNA based on a somatic mutation panel

For patients with a cytologic diagnosis of FLUS/AUS, the risk of malignancy
ranges from 5 to 15 % and the current recommendation is to undergo repeat FNA
within 6 months [10]. According to a study prospectively analyzing over 1000 cyto-
logically indeterminate samples, the authors reported that the risk of malignancy
decreases to 6 % for nodules with FLUS/AUS cytologic diagnosis that tested nega-
tive for mutation markers [21]. These authors stated that such a low posttest risk of
malignancy for these nodules, which is comparable to those with a negative cytol-
ogy, allows the clinicians the option to follow the patients conservatively with
annual ultrasound instead of repeat FNA and/or diagnostic lobectomy [29]. It is
important to recognize that the risk of malignancy in mutation negative nodules
with equivocal cytologic diagnosis and the test negative predictive value may vary
depending on the overall prevalence of cancers in the patient population. For exam-
ple, with a 14 % prevalence of malignancy in the patient population, the test nega-
tive predictive value was 94 %; however, the test negative predictive value would
decrease to 89 % when applied to a 24 % prevalence of malignancy seen in a large,
multicenter, prospective, and blind study [30]. Furthermore, testing using this panel
of molecular mutation markers can only correctly clarify a subgroup of equivocal
FNAs [28]. As a result, approximately 80 % of patients with benign nodules and an
equivocal cytologic diagnosis would be subjected to unnecessary diagnostic lobec-
tomy and 40 % of patients with malignant but mutation-negative nodules would
require a two-step surgery [31].
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Somatic mutational testing should not be done on patients with known thyroid
malignancy, known nodal and/or distant metastases, malignant or benign FNA
results, or functional nodules. Furthermore, it should not be done on patients with
clinical indications or strong personal preference for a total thyroidectomy. In addi-
tion to collecting samples for cytologic evaluation, two additional passes are
required and to be placed in a separate fixative tube for each nodule for molecular
testing. Most vendors would advocate routine collection of additional samples for
molecular testing on every thyroid nodule biopsied. However, 75-85% of these
efforts would have been wasted since only 15-25 % of the thyroid FNA is classified
as equivocal. In addition, multiple passes, especially in patients with more than one
nodule, would expose the patients to increased discomforts and risks involved with
the procedure.

Gene Expression Classifiers

The approach based on the detection of somatic mutation aims to reliably identify,
i.e., rule in, thyroid cancer in patients with equivocal thyroid FNAs. An alternative
approach is to reliably identify benign nodules in patients with equivocal thyroid
FNAzs, i.e., to rule out malignancy with the goal to minimize the number of diagnos-
tic lobectomy. The Afirma GEC, based on the measurement of mRNA expression,
was developed to rule out cancers among those with indeterminate cytology. This
test is based on the expression analysis of 142 genes and uses a proprietary algo-
rithm to classify the nodules into benign or suspicious groups [30]. The analysis
proceeds in a stepwise fashion, first applying 6 cassettes before applying the final
benign versus malignant classifier. The first 6 cassettes differentiate specific rare
neoplasm subtypes, which include malignant melanoma, renal cell carcinoma,
breast carcinoma, parathyroid tissue, and medullary thyroid carcinoma, and act as
filters that stop further analysis if any cassette returns a “suspicious” result. If none
of these cassettes are triggered, the GEC will proceed to evaluate the expression of
142 genes using a proprietary algorithm to classify indeterminate thyroid nodule
FNAs as either “benign” or “suspicious.”

According to the initial validation study conducted by the vendor, which was
based on the analysis of 256 equivocal thyroid FNAs with subsequent histologic
follow up, the negative predictive values of GEC were 95, 94, and 85 % for the nod-
ules with FLUS/AUS, follicular neoplasm/suspicious for follicular neoplasm, and
suspicious for malignancy diagnosis, respectively [30]. Subsequent independent,
retrospective studies from both academic- and community-based practices also
demonstrated that the negative predictive values of GEC ranged between 95 and
100 % [32-34]. Therefore, the risk of malignancy for a nodule with either FLUS/
AUS or follicular neoplasm/suspicious for follicular neoplasm diagnosis but a
benign GEC result is about 5-6 %, which is comparable to the risk of malignancy
(6-8 %) for a thyroid nodule with a benign cytologic diagnosis. Alexander et al.
recommended that nodules with an equivocal diagnosis and a benign GEC result
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Fig. 7.15 Management algorithm of equivocal thyroid FNA based on a gene expression
classifier

could be managed conservatively by observation and periodic ultrasound imaging
and thus avoid a diagnostic lobectomy [30] (Fig. 7.15).

It is important to recognize that the pretest risk of malignancy profoundly impacts
the test reliability. For Afirma GEC, a pretest risk of malignancy of <23 % is required
to achieve a negative predictive value of >95 % and posttest risk of malignancy of
<5% [35]. In the initial validation study of Afirma GEC, the authors reported a
pretest risk of malignancy of <23 % for a diagnosis of FLUS/AUS, a negative pre-
dictive value of >95 % with Afirma GEC, and a posttest risk of malignancy of <5 %.
However, in the literature, the reported risks of malignancy for FLUS/AUS are
widely variable, ranging from 6 to 62 % [36, 37]. Thus for a laboratory with a pre-
test risk of malignancy >23 % for FLUS/AUS, the negative predictive value of the
Afirma GEC would drop below 95 % [35]. This illustrates the importance of know-
ing the pretest risk of malignancy for FLUS/AUS of the laboratory to which the
clinicians submit their patients’ samples in order to determine whether Afirma GEC
can achieve similar performance as those reported by Alexander et al. [30]. Similar
calculations could also be made for both follicular neoplasm/suspicious for follicu-
lar neoplasm and suspicious for malignant cells category with poorer results for the
Afirma GEC, since higher risks of malignancy have been reported for both catego-
ries when compared to that of FLUS/AUS [10].

The initial validation data of Afirma GEC reported that 53 % of equivocal FNAs
were classified by GEC as benign and a malignancy rate of 39 % for suspicious
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Table 7.2 Contraindications for the use of Afirma gene expression classifier (GEC)

1. A concomitant positive FNA diagnosis of papillary thyroid carcinoma in other nodule(s)

2. Known nodal and/or distant metastases

3. Nodules larger than 4-5 cm because of potential sampling errors

4. Nodules with local or compressive symptoms

5. Nodules with suspicious clinical and/or US findings

6. Patients younger than 21 years old—Afirma GEC has not been validated for this subset of patients
7. Patients who prefer surgery regardless of the Afirma GEC results

GEC results [30]. However, subsequent and independent studies observed substan-
tially lower percentages (26—34 %) of equivocal FNAs classified by GEC as benign
and a much lower malignancy rate of 13 % of equivocal FNAs classified by GEC as
suspicious [32, 33]. This would lower the positive predictive value of the Afirma
GEC from 47 to 13 % [30, 32]. Furthermore, the reduction of diagnostic surgeries
performed on patients with equivocal cytologic diagnosis would be only 41 %,
rather than 75 % as reported in the initial validation study [30]. As a result, it calls
into question the results of cost-saving analysis for the Afirma GEC, which claimed
that the Afirma GEC modestly improved quality of life while reducing direct health-
care costs by $4653 per 5-year episode of care based on a projected 14 % rate of
operation on GEC benign thyroid nodules [38].

Table 7.2 lists the contraindications to Afirma GEC testing. In general, it should
not be indicated for nodules that should be managed surgically since Afirma GEC,
as a rule-out test, is only beneficial for patients with benign test results and desire to
avoid surgery. Similar to mutational testing, the vendor advocates the collection and
placement of additional specimens in separate fixative tubes for molecular testing at
the time of initial FNA, requiring additional passes. Alternatively, a repeat FNA for
molecular testing and cytologic evaluation can be performed after an initial equivo-
cal cytologic diagnosis; Afirma GEC testing may be helpful as a reassurance and
avoid surgical intervention. Conservatively, especially in patients who are not suit-
able surgical candidates.

At present, the decision to perform Afirma GEC testing is based on the in-house
cytologic evaluation of the FNAs with the exception of a few selected academic
centers, which are allowed to send samples for Afirma testing only. This arrange-
ment may undermine the collaborations between the institutional endocrinologists,
endocrine surgeons, and cytopathologists. In addition, there is a small but substan-
tial (14—17 %) percentage of discordant cases in regard to the cytologic classifica-
tions between Veracyte and the institutions. As a result, preoperative review of the
thyroid FNAs by the institutional cytopathologists is highly recommended.
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Beyond the Horizon

MicroRNAs (miRNAS)

MicroRNAs are small RNA sequences (19-25 nucleotides) that function to regulate
the expression of genes. Several studies have identified differential expression of
several miRNA expressions in thyroid cancers when compared with benign thyroid
tissues [39—41]. It has been shown that there are strong differential expressions of
miR-221, miR-222, and miR-19 between FNAs of papillary thyroid carcinoma and
benign thyroid tissue [41]. However, this approach has yet to be tested on equivocal
FNAs in a large, prospective, blinded, multicenter study [42, 43]. In addition, dis-
crepant results are observed in regard to which miRNAs are differentially expressed
between follicular carcinomas, follicular adenomas, and adenomatous nodules
[43-45].

Next-Generation Sequencing

In the last decade, a new technology called next-generation sequencing (NGS) has
emerged. This technology allows the simultaneous sequencing of large panels of
genes, i.e., targeted sequencing, using very small amount of nucleic acid, with high
sensitivity and in a cost-effective manner compared to traditional Sanger sequenc-
ing- and PCR-based methods. In a recent study evaluating 228 thyroid neoplastic
and nonneoplastic specimens using NGS, the authors demonstrated 115 mutations,
including 110 (75.8 %) mutations in 145 cancer samples and 5 (6.0 %) mutations in
83 benign nodules [46]. In another study, the same group of researchers applied
NGS assay to 143 thyroid FNA samples with the cytologic diagnosis of follicular
neoplasm/suspicious for follicular neoplasm [47]. Analysis was performed using
the target ThyroSeq v2 NGS panel, which simultaneously tests for point mutation in
13 genes and for 42 types of gen fusions that occur in thyroid cancers. With a cancer
prevalence of 27 %, the sensitivity and specificity of NGS assay was 90 and 93 %
and the positive and negative predictive value was 83 and 96 %, respectively. The
authors claimed that despite a significant increase in the negative predictive value as
a result of the addition of a large number of additional genetic markers, the positive
predictive value of the ThyroSeq v2 NGS panel was comparable to the 86 % reported
for the prior 7-oncogene panel assay [47]. Another smaller, retrospective study
based on a cohort of 34 indeterminate thyroid FNA samples demonstrated that 5 out
of 7 mutation-positive FNA samples had a malignant diagnosis after surgery but
only an 8 % cancer risk for nodules with a negative molecular test [48]. These stud-
ies highlight the potential benefits of molecular screening by NGS for the manage-
ment of patients with equivocal thyroid FNA.

Prognostic Assessment

In addition to improving the diagnostic accuracy of thyroid FNA, molecular testing,
particularly BRAF mutation analysis, may be able to provide significant prognostic
and therapeutic information preoperatively. Across several studies, a strong associa-
tion between the presence of BRAFYS®® mutation and negative prognostic clinico-
pathologic features of papillary thyroid carcinoma such as extrathyroidal extension,
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lymph node metastases, advanced tumor stages, tumor recurrence, and tumor-
related mortality [12, 49, 50]. However, inconsistent study results have delayed a
definitive conclusion on the prognostic role of this particular mutation. One recent
study showed that patients tested positive for BRAF mutation demonstrated a sig-
nificant positive association with extrathyroidal extension and nodal metastases, but
the associations were not significant in a multivariate analysis [51]. It appears that
additional, preferably prospective, studies would be warranted to determine whether
knowledge of BRAF mutation status can improve outcomes when incorporated into
clinical decision making. Given the costs and the potential for significant psycho-
logical and emotional harm related to the anxiety that may accompany BRAF muta-
tion testing, it is safe to conclude that there is insufficient evidence to support
widespread use of BRAF mutation testing for patients with PTC at this time.
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Case Study

A 47-year-old female presented for a workup of possible hyperparathyroidism
following repeated bouts of renal calculi. Her calcium levels were found to be high.
She had no complaints of hoarseness and no difficulty breathing. Her calcium
workup included an ultrasound, which revealed a 2.3 cm complex cystic nodule in
the lower pole of the right thyroid lobe. Fine needle aspiration revealed syncytial
tissue fragments with cells showing histiocytoid appearance and having the typical
nuclear features of papillary thyroid carcinoma. Histological examination revealed
2.1 cm partially ossified cystic papillary carcinoma in the lower pole of the right
thyroid lobe. All ten lymph nodes excised from the right central neck compartment
were negative for carcinoma. In addition, the patient also had a 1.5 cm right inferior
parathyroid adenoma resected. Postoperative course was uneventful.

Discussion

Cystic change/degeneration can be seen in 15-37 % of thyroid nodules [1-6]. In
contrast to true simple cysts of the thyroid, most thyroid cysts resulting from degen-
erative changes lack a complete or well-developed epithelial lining [7]. Most cystic
thyroid nodules are benign; however, a good number of them can be malignant.
Cystic change is more commonly seen in papillary thyroid carcinoma in compari-
son to other malignant neoplasms of the thyroid. Up to 10-16% of PTC can be
cystic [3, 7]. The tumor can be purely or partially cystic, unilocular or multilocular,
thin walled or thick walled, and may contain residual tumor in the wall. Certain
features of the patients’ clinical presentation may raise suspicion for malignancy.
These features include extremes of age, male sex, family history of thyroid cancer,
history of head and neck irradiation, as well as signs of invasiveness such as hoarse-
ness, obstruction, and lymphadenopathy [8].
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The histologic appearance of cystic PTC is unique. Typically they show papillary
fronds, which project into the cystic cavity (Figs. 8.1, 8.2, 8.3, 8.4, and 8.5). The
cystic cavity can be filled with old and new blood, cellular and calcific debris and
detached papillary fronds [9]. Macrophages can be seen in variable numbers with or
without hemosiderin-laden pigments (Fig. 8.6); the amount of macrophages in a
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Fig.8.2 Histologic section of a cystic papillary carcinoma with detached papillae. (H&E stain, 20x)
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Fig.8.3 Histologic section of a cystic papillary carcinoma with detached papillae. (H&E stain, 100x)

Fig. 8.4 Histologic section of a cystic papillary carcinoma with papillary projections into the
lumen. (H&E stain, 40x)

given FNA specimen of PTC is proportional to the cystic component of the tumor.
Most patients with cystic PTC have lesions yielding bloody or brown fluid, but clear,
yellow fluid can also be aspirated in rare cases [1]. Hemorrhagic or chocolate-colored
fluid is usually believed to be more predictive of malignancy, based on the idea that
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Fig. 8.5 Histologic section of a cystic papillary carcinoma with a detached papilla showing the
typical nuclear features of papillary carcinoma. (H&E stain, 400x)

Fig. 8.6 Histologic section of a cystic papillary carcinoma filled with blood, hemosiderin-laden
macrophages and cellular debris. (H&E stain, 200x)

a tumor may outgrow its blood supply, undergoing infarction and cavitation, which
suggests that the fluid is formed from follicular destruction [4, 5].

There is a high percentage of false-negative result in the evaluation of cystic
PTC. This is partly due to sampling error because of the cystic nature of the lesion
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Fig. 8.7 FNA of cystic papillary carcinoma. Syncytial tissue fragments with scalloped borders.
There is nuclear enlargement. Rare intranuclear inclusions are present. (Papanicolaou stain, 200x)

and also partly due to cytologic diagnostic errors in the interpretation of the smears
due to scant cellularity and degenerative changes in the specimen, which can mask
the diagnostic criteria of malignant cells [1, 10]. Systematic examination of cyto-
logic specimens of cystic thyroid nodules is recommended in order to rule out cystic
carcinoma and avoid false-negative diagnostic errors [11].

The tissue fragments seen in cystic PTC tend to exhibit scalloped borders (Figs. 8.7
and 8.8), and they arrange themselves in a cartwheel pattern with nuclei at the outside
perimeter [9]. Some cytologic features have been found to be useful in the differential
diagnosis between cystic PTC and cystic degeneration in a benign hyperplastic nodule
(goiter). These cytologic features include three-dimensional fragments, anisonucleo-
sis, nuclear bars, nuclear crowding, nuclear enlargement, intranuclear inclusions,
metaplastic cytoplasm, cytoplasmic vacuoles, and autolysis, all of which are more
commonly seen in cystic PTC [12—14] (Figs. 8.9 and 8.10). The cytoplasmic vacuoles
can be small, multiple, or large, occupying the entire cell and displacing the nucleus
to the periphery. The characteristic fine, powdery chromatin of PTC may not be
present because the chromatin has a tendency to stain intensely due to degeneration.
The repair-like spindled cytomorphologic features present in the majority of benign
cysts are not seen [7]. Colloid is absent from aspirates of cystic PTC. The presence of
psammoma bodies favors cystic PTC. However, dystrophic calcifications can mimic
psammoma bodies, so the presence of naked calcifications without any of the nuclear
features of PTC is of no diagnostic significance other than the need for careful exami-
nation of all the smears when they are encountered. The combination of macrophages,
hemosiderin, cellular debris, and old blood in the background may, however, obscure
distinction between PTC and cystic goiters [8].
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Fig. 8.8 Syncytial tissue fragments of follicular cells with scalloped borders. Rare intranuclear
inclusion is present. (Papanicolaou stain, 200x)

Fig.8.9 FNA of cystic papillary carcinoma. Papillary cluster of cells in a cystic background. The
cells are crowded. Nuclear features of papillary carcinoma such as nuclear enlargement and
nuclear grooves are present. (Papanicolaou stain, 200x)

The atypical histiocytoid cells which have been described in smears of cystic PTC
[11, 14] have abundant vacuolated cytoplasm, nuclear pleomorphism, and nucleoli.
They are larger and more atypical than benign histiocytes. They may also have rare
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Fig.8.10 FNA of cystic papillary carcinoma. Papillary cluster of cells in a cystic background.
Nuclear features of papillary carcinoma such as nuclear enlargement, nuclear contour irregularity,
nuclear grooves and intranuclear inclusions are present. (Papanicolaou stain, 200x)
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Fig.8.11 Syncytial tissue fragments with cells showing bubbly vacuolated cytoplasm. The nuclei

are larger than those of the surrounding histiocytes. A rare intranuclear inclusion is present.
(Papanicolaou stain, 200x)
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Fig. 8.12 Syncytial tissue fragments with well-defined borders. The cells have nuclei that are
larger than those of surrounding histiocytes; and nuclear features of papillary carcinoma are pres-
ent. The cytoplasm is vacuolated. (Papanicolaou stain, 200x)
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Fig.8.13 Syncytial tissue fragments with scalloped borders. The cells have bubbly vacuolated
cytoplasm. (Papanicolaou stain, 200x)
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Fig.8.14 Syncytial tissue fragments with histiocytoid cells. The cells have abundant vacuolated
cytoplasm and nuclear features of papillary carcinoma. (Papanicolaou stain, 200x)

Fig. 8.15 Syncytial tissue fragments with cells showing nuclear pleomorphism and abundant
vacuolated cytoplasm. (Diff-Quik stain, 200x)

grooves and rare pseudoinclusions [15] (Figs. 8.11, 8.12, 8.13, 8.14, 8.15, 8.16, and
8.17). Aspirations from cystic degeneration in goiters may show fragments of cells
with foamy cytoplasm and enlarged nuclei with nuclear features similar to the histio-
cytoid cells seen in cystic PTC, and it may be difficult to distinguish one from the
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Fig. 8.16 Syncytial tissue fragments with cells showing nuclear pleomorphism and abundant
vacuolated cytoplasm. (Diff-Quik stain, 400x)

L J
Fig.8.17 Syncytial tissue fragments with scalloped borders and cells showing abundant vacuolated
cytoplasm. Nuclei are larger than those of surrounding histiocytes. (Papanicolaou stain, 200x)

other (Fig. 8.18). Positive immunoreactivity with CD68 and negative with cytokera-
tin will confirm that these cells are histiocytes/macrophages, which are commonly
encountered in FNA specimens of thyroid, and their number is dependent on the
cystic component of the thyroid nodule [16]. In order to avoid a false-negative
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Fig.8.18 Aggregate of histiocytes in cystic degeneration in a goiter. The nuclei of histiocytes are
smaller than in cystic papillary carcinoma. (Diff-Quik stain, 200x)

diagnosis in cystic PTC, a careful search for the nuclear features is essential because
degenerating single or clustered malignant cells may appear histiocytic [17].
However, nuclei of degenerating tumor cells appear larger and more plump than
those seen in histiocytes, with a moderately high nuclear to cytoplasmic ratio and
denser cytoplasm with well-defined or scalloped borders [16].

In the absence of adequate number of follicular cells or when there are over-
whelming degenerative changes, a repeat biopsy is recommended [18]. One way to
reduce the incidence of re-biopsy is to have adequacy assessment at the time when
the FNA biopsy is performed. The instant feedback decreases the rate of insufficient
material for diagnosis.

If the lesion is a complex cyst, it is important to note that after the cystic compo-
nent has been drained, the solid component should be adequately sampled if a resid-
ual mass persists after aspiration. In specimens with equivocal diagnosis, one
important feature that determines whether or not the nodule should be surgically
excised is fluid re-accumulation and the rate of accumulation of the fluid in the cyst.
There is hardly ever any re-accumulation of fluid in benign cysts, whereas the fluid
in malignant cysts rapidly re-accumulates. Ancillary immunohistochemical markers
such as cytokeratin-19 and galectin-3 may be useful in challenging specimens.
However, the hypocellularity of most thyroid cyst aspiration specimens would most
likely limit or preclude the application of these ancillary tests [7].

We routinely send cystic thyroid nodules with indeterminate diagnosis for BRAF
V600E mutation analysis. Given the very high specificity of BRAF V60OE mutation
as a marker for PTC in thyroid nodules with an indeterminate diagnosis and the very
high positive predictive value of PTC in thyroid nodules with an indeterminate
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diagnosis and with positive BRAF mutation, BRAF mutation analysis has become a
useful adjunct test that helps to stratify these, thus allowing better planning of surgi-
cal treatment. Patients with nodules that have an indeterminate diagnosis on FNA
and are positive for BRAF V60OE mutation would be strong candidates for total
thyroidectomy. We also sometimes send cases for tests that utilize gene expression
or miRNA profiling as well as other genetic tests based on a comprehensive panel
of point mutations and gene fusions occurring in thyroid cancers, most notably the
ThyroSeq next-generation sequencing panel.
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Case Study

The patient was a 54-year-old female who presented with neck pressure and chronic
cough. She had a past history of allergies and angioedema. The patient had no his-
tory of dysphagia or hoarseness and no palpitations, tremors, or heat intolerance. On
examination, she was found to have a palpable thyroid nodule. Ultrasonographic
examination revealed a 2.2 x 1.7 x 1.7 cm nodule in the right lobe of the thyroid with
macrocalcifications at the inferior portion. In addition, there were scattered smaller
nodules bilaterally. Fine needle aspiration cytology showed a cellular specimen
with microfollicles, macrofollicles, and few groups with crowding and overlapping.
A small subset showed nuclei with enlargement, elongation, and powdery chroma-
tin. This was signed out as follicular lesion of undetermined significance. BRAF
gene V60OE was not detected. A right level 3 lymph node that was biopsied at the
same time showed a polymorphous population of lymphocytes with no evidence of
metastatic carcinoma. The patient underwent a right thyroid lobectomy, which
revealed a 1.8 cm, totally encapsulated follicular variant of papillary thyroid carci-
noma. The tumor was limited to the thyroid and the margins were negative. She had
a completion thyroidectomy a month after the initial surgery and the postoperative
course was uneventful.

Discussion

Several histologic variants of papillary thyroid carcinoma (PTC) have been
described, and some are known to have prognostic significance [1]. The follicular
variant of PTC (FVPTC) is the most common variant after classic PTC, making up
10-15% of all PTC [2, 3]. The biologic behavior of FVPTC has been likened to that
of classic variant of PTC, as it has been found that local and distant metastases of
FVPTC do not occur more often than do those of classic PTC [4]. The tumor is usu-
ally circumscribed and encapsulated, which can be complete or partial (Fig. 9.1).
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Fig. 9.1 Follicular variant of papillary thyroid carcinoma. Low-power view showing a thickly
encapsulated follicular patterned lesion (H&E stain, X100)

However, tumors can also be nonencapsulated and infiltrative. They vary in size and
range from microcarcinomas to very large tumors. Histologically, the tumor is char-
acterized by exclusively follicular growth pattern. The follicles vary in size and
shape from round to elongated and these follicles are distended with colloid. The
lining epithelium may show infolding, but papillae are totally absent or very scanty
and poorly developed (Fig. 9.2).

The diagnosis of FVPTC is made by finding the typical nuclear features, which
are seen in classic PTC (Fig. 9.3). In theory the rate and ease of diagnosis of FVPTC
should be similar to classic PTC since the diagnostic criteria are identical. However
cytological diagnosis of FVPTC is challenging and poses a diagnostic problem for
the following reasons: (1) nuclear features of PTC are less obvious and focal, (2)
absence of papillary groups or large syncytial sheets, and (3) predominance of fol-
licular architecture with rare nuclear alteration and presence of variable colloid com-
ponent [5—7]. Another important reason for the difficulty on cytomorphology is the
overlap in histologic appearance between FVPTC and other lesions in the follicular
neoplasm category, namely, follicular adenoma, follicular carcinoma, and benign
nonneoplastic follicular lesions [8—10]. For these reasons, it is not uncommon for
the diagnosis of FVPTC to be missed on fine needle aspiration. Hence there is a
varied interobserver reproducibility even among experienced thyroid pathologists
[4, 11-14]. Fine needle aspiration smears are usually cellular (Figs. 9.4 and 9.5) but



Fig.9.3 The follicular variant of papillary thyroid carcinoma on histologic section shows follicles
lined by nuclei otherwise classic for papillary carcinoma (H&E stain, X200)
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Fig. 9.4 Follicular variant of papillary thyroid carcinoma. There is hypercellularity and the fol-
licular pattern is striking (Diff-Quik stain, X100)

Fig.9.5 Hypercellularity and striking follicular pattern (Papanicolaou stain, X100)
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Fig.9.6 Microfollicles in thyroid FNA smear of follicular variant of papillary carcinoma (Diff-Quik
stain, X400)

may be scanty in the presence of desmoplastic stroma. The follicular cells are small
to moderately enlarged, arranged in loosely cohesive groups and in syncytial tissue
fragments, with and without a follicular pattern (Figs. 9.6, 9.7, 9.8, 9.9, and 9.10).
When the predominant architecture is the presence of syncytial tissue fragments,
especially in a background of colloid, the lesion can be misdiagnosed as nodular
goiter. The cells are usually enlarged, with round to ovoid nuclei, pale powdery
chromatin, micronucleoli, grooves, and intranuclear inclusion [15] (Figs. 9.11,9.12,
9.13,9.14,9.15,9.16,9.17, and 9.18). It’s been determined that these tumors exhibit
at least four of six characteristic nuclear features, which should be sufficient for the
diagnosis, but these features are less pronounced and typically observed only
focally. This is particularly true for chromatin clearing and nuclear grooves, which
are significantly less prevalent [16]. Cytoplasm is scant or barely visible and the cell
borders are poorly defined. Cells with abundant, finely granular cytoplasm, reminis-
cent of Hiirthle cells, occur in some cases, and these Hiirthle cells may provide a
clue to the diagnosis of FVPTC [17, 18]. The colloid within the follicle is usually
thick and has a bubblegum appearance and may present as balls or blobs and may
show peripheral scalloping, which provides a clue to the diagnosis [19, 20].
Background colloid ranges from scant to abundant and the amount correlates with
follicle size [21, 22]. When colloid is abundant, the lesion can be mistaken for a



Fig.9.7 Monolayered sheets of follicular cells and dense colloid globules (Diff-Quik stain, X400)

Fig.9.8 Syncytial tissue fragments with vague follicular pattern. The nuclei have fine, powdery
chromatin and micronucleoli (Papanicolaou stain, X600)



Fig. 9.9 Monolayered sheets of follicular cells. Nuclear grooves are readily appreciated
(Papanicolaou stain, X600)
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Fig.9.10 Architectural arrangement of cells in the follicular variant of papillary carcinoma includes
microfollicles, macrofollicles, and monolayered epithelial sheets (Papanicolaou stain, X200)
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Fig.9.11 Discrete follicles lined by follicular cells that are enlarged, show nuclear clearing and
grooves (Papanicolaou stain, X400)

Fig.9.12 Monotonous population of follicular cells arranged in cohesive follicular groups with
nuclear overlapping and crowding (Papanicolaou stain, X600)



Fig.9.13 Enlarged follicular cells in a loosely cohesive group (Papanicolaou stain, X600)

Fig. 9.14 Tumor cells show fine chromatin, irregular nuclear contour, and nuclear grooves
(Papanicolaou stain, X600)



Fig.9.15 Follicular variant of papillary carcinoma showing microfollicles and enlarged nuclei with pale
chromatin and thick colloid. The nuclear changes seen here are very focal (Papanicolaou stain, X600)
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Fig.9.16 Nuclei of cells in follicular variant of papillary carcinoma showing powdery chromatin
(Papanicolaou stain, X600)



Fig. 9.17 Oval nuclei with nuclear grooves seen in follicular variant of papillary carcinoma
(Papanicolaou stain, X600)
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Fig.9.18 Powdery chromatin, nuclear grooves, and nuclear enlargement are characteristic findings
in follicular variant of papillary carcinoma (Papanicolaou stain, X600)
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benign colloid nodule. The presence of metachromatic hyaline globules, which are
formed from basement membrane-like material, can give the tumor an adenoid cystic
pattern [23, 24]. Interfollicular stromal psammoma bodies and multinucleated
foreign body-type giant cells are helpful when present, but they are usually scant or
absent altogether [15].

The most common diagnostic dilemmas in FVPTC are mistaking it for either
goiter or follicular neoplasm. This is due to the fact that there is an overlapping
diagnostic criteria for follicular lesions in general and also the paucity of diagnostic
features of PTC in this variant, either because they are poorly developed or present
only focally. Cases that are highly cellular with microfollicles and scant colloid
mimic follicular neoplasm, while those with abundant colloid and few cells mimic
goiters. The key to diagnosis is the presence of nuclear features of PTC. These
nuclear features are absent in follicular neoplasms, where nuclei tend to be round,
with coarser, darker chromatin [25]. Sampling variation can occur in FNA biopsy as
the characteristic nuclear features of PTC tend to be more prominent in the subcap-
sular region of the tumor [26]. Because of the tendency to overdiagnose FVPTC on
histology, strict criteria have been proposed for the histologic diagnosis [27]: (1)
Nuclei are ovoid rather than round. (2) Nuclei are crowded, often manifesting as
lack of polarization in the cells that line a follicle. (3) Nuclei show a clear or pale
chromatin pattern, or they exhibit prominent grooving. (4) Psammoma bodies are
present. If one or more of these four features are lacking, four or more of the following
secondary features have to be present for a diagnosis of FVPTC to be made: (1) the
presence of abortive papillae, (2) predominantly elongated or irregularly shaped
follicles, (3) dark-staining colloid, (4) the presence of rare nuclear pseudoinclusions,
and (5) multinucleated histiocytes in the lumina of follicles.

Some immunohistochemical markers have been reported to be more commonly
expressed in PTC than in benign thyroid lesions. These include high molecular
weight cytokeratin, cytokeratin 19 (CK19), vimentin, HBME], galectin-3, CD57,
CD15, and CD44. However, these markers are not sufficiently discriminatory to aid
in the diagnosis of problematic cases [28]. CK19 is usually positive in PTC (includ-
ing FVPTC) and is usually negative or focally positive in goiter and other benign
lesions; however inflamed tissue may stain intensely [29, 30]. HBME1 marks
PTC (Fig. 9.19) but can also be positive in some nodular goiters and follicular
adenomas. Galectin-3 is usually positive in PTC (Fig. 9.20) but also marks many
benign lesions [31].

Follicular variant of papillary carcinoma has a high prevalence of RAS muta-
tions and a low prevalence of BRAF mutations and RET/PTC rearrangements.
This genotype is closer to the follicular thyroid tumors rather than to classic PTCs,
suggesting that this variant of PTC may occupy, at least biologically, an intermedi-
ate position between thyroid follicular neoplasms and classic PTCs. This possibility
is further supported by demonstrations that both the global pattern of chromosomal
aberrations and gene expression profile of FVPTC have substantial differences from
the classic PTC and in some instances are more similar to thyroid follicular tumors
[16, 32, 33]. Tumors with RAS mutations also demonstrate the lowest prevalence of
lymph node metastases and extrathyroidal extension. Their stage at presentation is
intermediate between more advanced in BRAF-positive tumors and mostly early
stages of tumors harboring RET/PTC [16].



Fig.9.20 The neoplastic cells are immunoreactive with galectin-3
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Fine needle aspiration biopsy is very sensitive for the diagnosis of the conven-
tional PTC. On the contrary, reported sensitivity of FNA in FVPTC is significantly
low [34-37]. Most of the studies have reported sensitivities ranging from 9 to 37 %
[2, 9, 34-37]. Given this low sensitivity, FVPTC poses a significant diagnostic chal-
lenge. The diagnostic dilemma in the preoperative detection of FVPTC is not only
in enhancing the specificity of preoperative diagnosis but also to simultaneously
increase the sensitivity of detection so that patients with malignancy are discovered
soon enough to allow effective therapy.

In a recent study, the definitive preoperative diagnosis was 27 % with a diagnos-
tic accuracy of 38 % [38]. The diagnostic accuracy rate included both diagnostic
categories of positive for PTC and suspicious for PTC. Diagnostic accuracy as used
in the study was to point out the exact nature of the nodule that required immediate
attention. Many studies have shown that precise recognition of FVPTC is low due
to the rarity of the nuclear features, which are necessary to making a definitive diag-
nosis. Separate studies have concluded that majority of the cytology specimens
from patients with FVPTC were interpreted as suspicious for malignant lesion or
follicular neoplasm [18, 39].

Up to 23 % of FVPTC are usually diagnosed as follicular neoplasm on thyroid
FNA, which should trigger immediate surgical intervention (lobectomy) according
to the thyroid cancer guidelines [38, 40]. For follicular neoplasms, most investiga-
tors believe that intraoperative evaluation does not provide accurate definitive diag-
nosis, and a thyroid lobectomy is the standard initial surgical intervention [2]. One
way to ensure that FVPTC cases which have been diagnosed as follicular neoplasm
on FNA get proper attention is to further subclassify the follicular neoplasm cate-
gory into three subcategories: (1) microfollicular patterned neoplasm, (2) follicular
lesion with some features suggestive of but not diagnostic of FVPTC, and (3)
Hiirthle cell neoplasm. The second subcategory of follicular neoplasm consists of
cases that exhibit enough atypical nuclear features which are beyond the AUS/FLUS
diagnostic category but not enough to place them in the suspicious for PTC category.
In our experience there are a number of cases in which some nuclear features of PTC
(most commonly nuclear clearing and rare grooves) are present. The frequency of
these nuclear features varies from case to case but generally not enough nuclear
changes to place them in the suspicious for PTC category. Our experience has been
that the subcategory of follicular lesion with some features suggestive of but not
diagnostic for FVPTC allows the pathologist to characterize follicular lesion one
step further and gives more information to the clinician as to the level of concern that
the lesions in this subcategory elicit. It is to ensure that patients with lesions in this
subcategory of follicular neoplasm are ultimately referred for surgical consultation.
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Case Study

A 33-year-old woman was found to have bilateral thyroid nodules by CT scan dur-
ing the workup after a motor vehicle accident. Otherwise, she was asymptomatic
and had no complaints of hoarseness, difficulty in breathing, and swallowing. She
was euthyroid. She had no history of radiation to the head and neck and no family
history of thyroid cancer. Physical examination was negative. Ultrasound examina-
tion revealed multiple thyroid nodules in both lobes. The two right nodules mea-
sured 2 and 1.3 cm, respectively. The left nodule measured 1 cm in greatest
dimension.

Fine needle aspiration biopsy was performed on all three nodules. The aspirate
from the left nodule consisted of cohesive groups of follicular cells with consider-
able crowding and overlapping (Fig. 10.1). Individual tumor cells appeared oval to
columnar with variable amount of cytoplasm (Fig. 10.2). Nuclear clearing and
grooves as well as nuclear inclusions were readily apparent (Figs. 10.3 and 10.4).
The cytologic diagnosis was papillary thyroid carcinoma. Both nodules in the
right lobes demonstrated cytologic findings of hyperplastic nodule with cystic
degeneration.

The patient underwent total thyroidectomy and left central lymph node dissec-
tion. Serial sectioning revealed a single, well-circumscribed, 1 cm nodule in the left
thyroid lobe with a solid, tan cut surface. Two well-circumscribed, homogenous
nodules were noted in the right thyroid lobe, measuring 1.2 and 1 cm, respectively.
Histology of the left thyroid nodule showed a predominantly papillary pattern
(Fig. 10.5). The papillae contained fibrovascular cores and were lined by tall colum-
nar follicular cells (Fig. 10.6). The latter demonstrated moderate amount of eosino-
philic cytoplasm, and oval to elongated nuclei with nuclear grooves, irregular
nuclear membranes, nuclear clearing, and intranuclear inclusions were identified.
The neoplastic follicular cells demonstrated diffuse and intense nuclear staining
pattern with p-catenin (Fig. 10.7), estrogen receptor, and PAX 8. They were nega-
tive for thyroglobulin. Based on the histologic and immunophenotypic findings, a
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Fig.10.1 Thyroid FNA-cribriform-morular variant of PTC. Large tissue fragment with consider-
able crowding and overlapping. Slit-like spaces are noted within the cluster (Diff-Quik stain,
low power)

Fig.10.2 Thyroid FNA-cribriform-morular variant of PTC. Individual tumor cells appear oval to
columnar with variable amount of cytoplasm (Diff-Quik stain, high power)
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Fig. 10.3 Thyroid FNA-cribriform-morular variant of PTC. A crowded group of follicular cells
with slit-like spaces. The follicular cells have powdery chromatin and small nucleoli (Papanicolaou
stain, high power)

Fig. 10.4 Thyroid FNA-cribriform-morular variant of PTC. Nuclear clearing is a characteristic
feature of this variant (Papanicolaou stain, high power)
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Fig.10.5 Cribriform-morular variant of PTC. The tumor demonstrates a predominantly papillary
architecture with fibrovascular cores (H&E stain, low power)

Fig. 10.6 Cribriform-morular variant of PTC. The papillae are lined by tall columnar follicular
cells. The nuclei appear oval to elongated with nuclear grooves, nuclear clearing, and intranuclear
inclusions (H&E stain, high power)
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Fig. 10.7 Cribriform-morular variant of PTC. The tumor cells demonstrate intense and diffuse
nuclear and cytoplasmic staining with f-catenin (H&E stain, high power)

diagnosis of papillary thyroid carcinoma, cribriform-morular variant was rendered
despite the absence of morular (squamous) metaplasia. Both right thyroid nodules
were found to be hyperplastic adenomatous nodules.

Discussion

A number of histologic variants of papillary thyroid carcinoma (PTC) have been
recognized (Table 10.1). Variants of PTC account for approximately 15-25 % of all
cases of papillary carcinoma. The classification of these variants is based on the
architectural (growth) patterns, the cell types, and the stromal reaction. Some vari-
ants, such as the follicular and cystic variants, have little implications on prognosis,
but may present diagnostic challenges. On the other hand, certain variants, such as
tall cell and diffuse sclerosing variants, are known to behave more aggressively and
carry worse prognosis than the conventional variant of PTC.

The common denominator for all the variants is the presence of nuclear features
of PTC, characterized by nuclear crowding/overlapping, nuclear enlargement, pow-
dery chromatin, nuclear clearing, nuclear grooves, and intranuclear cytoplasmic
inclusions. These nuclear features allow the correct identification of PTC both his-
tologically and cytologically. Some of the architectural patterns such as encapsula-
tion and tumor size are readily recognized histologically; however, their cytologic
identification is generally not possible. In addition, it is quite common to see mul-
tiple growth patterns and/or cell types as well as varying degrees of nuclear atypia
within a given PTC. Depending on the areas sampled, the cytology may not be
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Table 10.1 Histologic e Conventional
variants of papillary thyroid

. ¢ Follicular
carcinoma

* Macrofollicular

* Oncocytic

* Clear cell

* Papillary thyroid carcinoma with nodular fasciitis-like stroma
* Warthin-like

¢ Diffuse sclerosing

* Columnar cell

e Tall cell

* Cribriform morular

* Solid

* Encapsulated

 Papillary micro-carcinoma

representative of the major morphologic pattern. More importantly, a definitive
cytologic diagnosis of PTC may not be always possible if the typical nuclear changes
of PTC were subtle or not readily apparent. The potential benefit of recognizing
certain variants, namely, those with more aggressive clinical course, may help the
clinicians to plan for more aggressive treatment, such as initial radical surgery with
systematic central neck dissection. In this chapter, we would discuss selected vari-
ants of PTC that may pose diagnostic challenges and/or prognostic implications.
Both follicular and cystic variants of PTC will be discussed in separate chapters.

Oncocytic Variant and Clear Cell Changes

Oncocytic variant of PTC accounts for 3.5-11 % of all PTC and behaves clinically
and biologically similar to conventional PTC [1, 2] (Fig. 10.8). Aspirates from
oncocytic variant of PTC are cellular and composed of predominantly polygonal
cells with abundant granular eosinophilic cytoplasm [3]. The neoplastic cells can be
arranged in papillary clusters, loosely cohesive tissue fragments, microfollicles, or
single-cell pattern (Figs. 10.9 and 10.10). The nuclei demonstrate conventional PTC
nuclear features, which distinguish it from Hurthle cell neoplasms and other onco-
cytic neoplasms (Fig. 10.11). However, there exist a small number of tumors in
which the distinction between oncocytic variant of PTC and Hurthle cell lesions is
not possible [4]. The presence of pale chromatin and nuclear grooves is well recog-
nized in Hurthle cells in the absence of PTC [5] (Fig. 10.12). On the other hand,
aspirates from oncocytic PTC with cystic changes may contain neoplastic cells that
may be mistaken as repair or cyst-lining cells, resulting in a false-negative interpre-
tation [4] (Fig. 10.13).
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Fig. 10.8 Oncocytic variant of PTC. The tumor is composed of predominantly oncocytic cells
with abundant eosinophilic, granular cytoplasm. Nuclear features such as powdery chromatin,
nuclear grooves, and intranuclear inclusions are noted (H&E stain, high power)

Fig. 10.9 Thyroid FNA-oncocytic variant of PTC. Large tissue fragments composed entirely
Hurthle cells (Diff-Quik stain, low power)
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Fig.10.10 Thyroid FNA-oncocytic variant of PTC. Predominantly loosely cohesive groups and
single Hurthle cells are noted in this example (Diff-Quik stain, low power)

w ¥

Fig. 10.11 Thyroid FNA-oncocytic variant of PTC. Individual Hurthle cells show abundant
granular cytoplasm. Nuclear inclusions are frequently noted (Diff-Quik stain, high power)
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Fig.10.12 Thyroid FNA-Hurthle cell neoplasm. The lack of nuclear features of papillary thyroid
carcinoma would favor a Hurthle cell neoplasm. Subsequent follow-up reveals a hyperplastic
adenomatous nodule of Hurthle cells (Diff-Quik stain, high power)
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Fig.10.13 Thyroid FNA-oncocytic variant of PTC with cystic degeneration. Neoplastic Hurthle
cells can be mistaken for cyst-lining cells, especially when the nuclear features of papillary thyroid
carcinoma are not readily apparent. This may result in a false-negative diagnosis (Papanicolaou
stain, high power)
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Fig. 10.14 Papillary thyroid carcinoma with clear cell changes. The neoplastic follicular cells
lining the papillae show marked clear cell changes (H&E stain, high power)

Clear cell changes have been described in conventional, oncocytic, and other
variants of PTC [6-8]. In some of these tumors, both oncocytic and clear cell
changes are noted. The clear cytoplasm is a result of either glycogen accumulation
of vesicular formation [8] (Fig. 10.14). Cytologically, neoplastic cells with clear
cell changes demonstrate pale or vacuolated cytoplasm (Fig. 10.15). Not infre-
quently, they can appear as naked nuclei devoid of cytoplasm. The differential diag-
nosis would include medullary carcinoma and metastatic renal cell carcinoma
(Fig. 10.16).

Warthin-Like Variant

This uncommon variant is characterized by oncocytic neoplastic cells arranged in
papillary formation with a striking lymphoplasmacytic infiltration of the fibrovascu-
lar stalks and stroma, resembling a Warthin’s tumor of the salivary gland [9]
(Figs. 10.17 and 10.18). The tumors often arise in a background of florid lympho-
cytic thyroiditis. On low magnification, the aspirates demonstrate clusters of Hurthle
cells in a lymphoid background, resembling that of a Hashimoto’s thyroiditis [10—
13] (Figs. 10.19 and 10.20). Papillary structures containing lymphocytes and plasma
cells can be occasionally seen. Prominent cystic changes have been described in
some of these tumors [13]. In addition to the finding of readily recognizable nuclear
features of conventional PTC (Fig. 10.21), prominent nucleoli are also evident in
the neoplastic Hurthle cells (Fig. 10.22).
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Fig.10.15 Thyroid FNA-papillary thyroid carcinoma with clear cell changes. The follicular cells
demonstrate abundant pale or vacuolated cytoplasm (Diff-Quik stain, high power)

Fig. 10.16 Thyroid FNA-metastatic renal cell carcinoma. A cohesive cluster of neoplastic cells
with vacuolated/clear cytoplasm. The nuclei usually demonstrate substantial pleomorphism
(Diff-Quik stain, high power)
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Fig. 10.17 Warthin-like variant of PTC. A cystic tumor consisting of numerous papillae with a
striking lymphoid stroma (H&E stain, low power)

Fig.10.18 Warthin-like variant of PTC. The tumor cells are Hurthle cells with nuclear features of
PTC. The stroma consists of an intense lymphoplasmacytic infiltrate (H&E stain, high power)
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Fig. 10.19 Thyroid FNA-Warthin-like variant of PTC. The cellular aspirate demonstrates abun-
dant Hurthle cells in a polymorphous lymphoid background (Diff-Quik stain, low power)

Fig.10.20 Thyroid FNA-Warthin-like variant of PTC. Higher magnification showing clusters of
Hurthle cells infiltrated by lymphocytes, resembling Hashimoto’s thyroiditis (Diff-Quik stain, high
power)
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Fig. 10.21 Thyroid FNA-Warthin-like variant of PTC. Individual Hurthle cells have abundant
granular cytoplasm and round to oval nuclei. An intranuclear inclusion is noted (Diff-Quik stain,
high power)

- a

Fig. 10.22 Thyroid FNA-Warthin-like variant of PTC. Loosely cohesive group of Hurthle cells
admixed with lymphocytes. The Hurthle cells show powdery chromatin, small nucleoli, and occa-
sional intranuclear inclusion (Papanicolaou stain, high power)
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Fig. 10.23 Thyroid FNA-Hurthle cell neoplasm. The aspirate is composed of predominantly
Hurthle cells without any nuclear features of PTC. No lymphocytes are noted in the background
(Papanicolaou stain, high power)

The differential diagnosis includes other thyroid malignancies with different
degrees of oncocytic metaplasia such as oncocytic and tall cell variants of PTC and
Hurthle cell carcinoma. The latter usually lack lymphoplasmacytic infiltrate
(Fig. 10.23). In addition, the presence of tall columnar cells would favor tall cell
variant (Fig. 10.24). The differential diagnosis should also include conventional
PTC arising in the background of lymphocytic thyroiditis. The finding of two cell
populations, namely, neoplastic “non-Hurthle” follicular cells with nuclear features
of PTC and a background population of Hurthle cells, would favor a conventional
PTC with background Hashimoto’s thyroiditis (Fig. 10.25). False-negative cases
have also been reported; cases of Warthin-like variant PTC were underdiagnosed as
“lymphocytic thyroiditis” on FNA [13] (Fig. 10.26). The combination of prominent
cystic changes and lymphoid infiltrates can be mistaken for a benign lymphoepithe-
lial cyst, which is lined by flattened squamous or bronchial-type epithelium and
lacks a papillary growth pattern.

Papillary Thyroid Carcinoma with Nodular Fasciitis-Like Stroma

This variant of PTC is characterized by a prominent stromal proliferation with spin-
dle cells arranged in fascicles, vascular proliferation, and a lymphohistiocytic infil-
trate, resembling granulation tissue or nodular fasciitis [14]. Individual stromal
spindle cells have plump nuclei with finely granular chromatin and distinct nucleoli.
Because of the prominence of the stromal proliferation within the tumors, some
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Fig.10.24 Thyroid FNA-tall cell variant of PTC. The finding of tall columnar follicular cells and
a lack of lymphoid background would favor a PTC of tall cell variant rather than Warthin-like vari-
ant (Papanicolaou stain, high power)

Fig.10.25 Thyroid FNA-classic variant of PTC with or without a background of thyroiditis. Two
different types of follicular cells are noted: clusters of non-oncocytic follicular cells and Hurthle
cells with nuclear features of PTC (Papanicolaou stain, high power)
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Fig. 10.26 Thyroid FNA-Warthin-like variant of PTC. Hurthle cells admixed with a polymor-
phous population of lymphocytes. This finding may be mistaken for a Hashimoto’s thyroiditis
when the nuclear features of PTC are not readily apparent (Papanicolaou stain, high power)

authors experienced difficulties in aspirating the tumor, resulting in paucicellular
specimen with minimal epithelial component [15, 16]. On the other hand, some
authors have misinterpreted the entity as spindle cell neoplasms, such as sarcoma,
because of the prominence of the spindle cell component [17].

Macrofollicular Variant

It is a very uncommon histologic subtype of PTC and thought to have a better
prognosis than conventional PTC due to its lower incidence of nodal metastases
[18]. It is usually encapsulated and characterized histologically by a predominant
macrofollicular growth pattern (over 50 % of the tumor) [18]. These macrofolli-
cles, measuring more than 250 pum across, are lined by large cuboidal cells with
ground-glass chromatin pattern, cuboidal cells with more stippled chromatin, and/
or small hyperchromatic cells; nuclear grooves are only noted in cells with ground-
glass chromatin pattern.

The cytologic presentation of macrofollicular variant can be quite heterogeneous
[19-24]. For example, the cellularity can range from scant to moderate to marked.
Similarly, the amount and texture of colloid is quite variable, ranging from abundant
to small amount and from watery to dense with more than three-quarters of the case
showing moderate to abundant thin watery colloid (Fig. 10.27). The follicular cells
often arrange in monolayer sheets with minimal overlapping and crowding
(Fig. 10.28). One feature that was frequently described in the literature is the absence
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Fig. 10.27 Thyroid FNA-macrofollicular variant of PTC. The aspirate is of low cellularity with
abundant watery colloid and occasional sheet of follicular cells (Diff-Quik stain, low power)

Fig. 10.28 Thyroid FNA-macrofollicular variant of PTC. The follicular cells arrange in mono-
layer sheets with minimal overlapping and crowding. Individual cells have round to oval nuclei.
Nuclear features of PTC are not readily apparent (Diff-Quik stain, high power)
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of widespread characteristic features of conventional PTC. The common nuclear
findings are presence of round/oval nuclei, small indistinct to conspicuous nucleoli,
chromatin clearing, mild nuclear overlapping, and infrequent nuclear grooves [24].
Moreover, less than half of the cases demonstrate intranuclear inclusions, which
range from rare to few. Given the variability in the cellularity, the abundance of col-
loid, and the subtlety of the nuclear features, it is not surprising that a definitive
diagnosis of PTC may be difficult to achieve with this variant of PTC and contribute
to the occasional false-negative diagnosis on FNA. Therefore, it may be prudent to
render a diagnosis of FLUS/AUS when subtle nuclear atypia is noted in a back-
ground of abundant colloid so that appropriate patient management may be done.

Diffuse Sclerosing Variant

This variant accounts for between 0.1 and 5 % of all PTCs and is more frequently
seen in young women with mean age ranged from 20 to 35 years [25-27]. It is con-
sidered to have an unfavorable prognosis with higher incidence of extrathyroidal
extension and cervical nodal as well as pulmonary metastases in comparison with
conventional PTC [27, 28]. Histologically, this variant is characterized by diffuse
involvement of one or both lobes rather than a dominant nodule, dense sclerosis
with broad bands of collagenous tissue, extensive squamous metaplasia, numerous
psammoma bodies, and marked lymphocytic infiltrates in addition to the typical
features of PTC (Figs. 10.29, 10.30, and 10.31). Because of the diffuse and often

Fig. 10.29 Diffuse sclerosing variant of PTC. Low magnification showing irregular nests of
tumor cells separated by broad collagenous fibrous stroma (H&E stain, low power)
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Fig. 10.30 Diffuse sclerosing variant of PTC. The follicular cells have abundant dense eosino-
philic cytoplasm, resembling squamous cells. There is also a lymphocytic infiltrate within the nest
of tumor cells and the collagenous stroma (H&E stain, high power)

Fig. 10.31 Diffuse sclerosing variant of PTC. The nuclei of the follicular cells are oval to elon-
gated with irregular nuclear borders, powdery chromatin, and nuclear grooves. There is an intense
lymphoplasmacytic infiltrate adjacent to the follicular cells (H&E stain, high power)
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bilateral involvement of the thyroid gland and the presence of marked lymphocytic
infiltrates, diagnosis is often delayed because it shares similar clinical and ultraso-
nographic findings to lymphocytic thyroiditis [27, 29, 30].

All reported cases of diffuse sclerosing variant of PTC evaluated by FNA pre-
sented the classical nuclear features of PTC; therefore, allowing a definitive diagno-
sis of PTC [31-35] (Fig. 10.32). Certain histologic feature, namely, dense sclerosis
with broad bands of fibrous tissue, is seldom observed in FNA from diffuse scleros-
ing variant of PTC (Fig. 10.33). Other histologic features, such as the presence of
numerous psammoma bodies (Fig. 10.34), metaplastic squamous epithelium
(Fig. 10.35), and marked lymphocytic infiltrates (Fig. 10.36), have been described in
most of the reported cases. However, these findings are not entirely specific for the
diffuse sclerosing variant of PTC but can be seen in conventional and other variants
of PTC singly or in various combinations. Therefore, it may not be possible to
recognize this variant based on cytology alone. However, the finding of quantity and
the wide distribution of these features and the clinical setting of diffuse thyroid
enlargement in young women would suggest the diagnosis of a diffuse sclerosing
variant. Recently, Takagi et al. described the findings of three-dimensional cell balls,
frequently admixed with lymphocytes, in over 90 % of the 20 aspirates of diffuse scle-
rosing variant [35] (Fig. 10.37). The authors asserted that a diagnosis of diffuse scle-
rosing variant of PTC should be suspected when these balls, which are rare findings
in FNA cytology of thyroid, are noted in combination with other findings. Occasionally,
the marked lymphocytic infiltrates can obscure the neoplastic follicular cells,
mimicking a lymphocytic thyroiditis and resulting in a false-negative diagnosis.

Fig.10.32 Thyroid FNA-diffuse sclerosing variant of PTC. The group demonstrates considerable
nuclear crowding and overlapping. The nuclei are enlarged with irregular nuclear borders, pow-
dery chromatin, and nuclear grooves (Papanicolaou stain, low power)
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Fig.10.33 Thyroid FNA-diffuse sclerosing variant of PTC. A dense fibrous stromal fragment is
noted. However, it is not a common finding (Papanicolaou stain, low power)

Fig.10.34 Thyroid FNA-diffuse sclerosing variant of PTC. Calcified debris with concentric lam-
ina, i.e., psammoma bodies, are identified adjacent to crowded clusters of follicular cells
(Papanicolaou stain, high power)
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Fig.10.35 Thyroid FNA-diffuse sclerosing variant of PTC. Balls of follicular cells with abundant
dense opaque cytoplasm most likely represent squamous metaplasia (Papanicolaou stain, high
power)

Fig.10.36 Thyroid FNA-diffuse sclerosing variant of PTC. A conspicuous lymphoid background
is noted among clusters and syncytial fragments of follicular cells (Diff-Quik stain, low power)
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Fig.10.37 Thyroid FNA-diffuse sclerosing variant of PTC. Three-dimensional cell balls consist-
ing of follicular cells admixed with lymphocytes (Diff-Quik stain, high power)

Solid Variant

The solid variant comprises about 3 % of all PTCs [36, 37]. Patients with solid variant
of PTC have a less favorable prognosis with a higher incidence of distant metastases
than those with conventional PTC but much better prognosis than those with poorly
differentiated thyroid carcinoma [38]. It affects most commonly adolescents and
young adults as well as individuals with a history of radiation exposure. The histo-
logic criteria for classifying a PTC solid variant include predominantly (>70 %)
solid growth pattern of primary tumor, presence of typical cytologic and nuclear
features of typical PTC, and absence of tumor necrosis [38] (Figs. 10.38 and 10.39).

The cytologic presentation of solid variant of PTC consists of three different
patterns: cohesive syncytial-type tissue fragments, a microfollicular/trabecular
pattern, and a dyshesive single-cell pattern [26, 39, 40] (Fig. 10.40). The nuclear
features of the neoplastic cells are quite variable, ranging from cases demonstrating
typical nuclear features of conventional PTC to cases with absence of PTC nuclear
features. As a result, rendering a definitive diagnosis of PTC preoperatively may be
challenging in some cases of solid variant of PTC (Fig. 10.41). Attempts to corre-
late the cytologic pattern with surgical pathology revealed that the single-cell pat-
tern tended to be associated with infiltrative growth pattern, whereas the other two
patterns were more likely to be associated with encapsulated tumors or those with
pushing borders [40].
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Fig.10.38 Solid variant of PTC. Irregular islands of follicular cells in a solid growth pattern. No
papillary or follicular structures are present (H&E stain, low power)

Fig.10.39 Solid variant of PTC. The tumor cells have abundant pale cytoplasm and well-defined
cytoplasmic borders. Individual nuclei demonstrate powdery chromatin and nuclear grooves (H&E
stain, high power)
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Fig.10.40 Thyroid FNA-solid variant of PTC. The aspirate is cellular and consists of large tissue
fragments, small clusters, and single cells (Diff-Quik stain, low power)

B 000

Fig. 10.41 Thyroid FNA-solid variant of PTC. Individual cells show considerable nuclear
enlargement, scant to moderate amount of cytoplasm, and increased nuclear to cytoplasmic ratio.
There is considerable nuclear crowding and overlapping (Diff-Quik stain, high power)
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Fig. 10.42 Thyroid FNA-poorly differentiated thyroid carcinoma. The aspirate is cellular and
demonstrates large tissue fragments and small loosely cohesive clusters of cells with increased
nuclear to cytoplasmic ratio (Diff-Quik stain, low power)

Because of the absence of papillary structures and less developed nuclear fea-
tures of PTC, the differential diagnosis would include a wide variety of thyroid
malignancies. For aspirates with follicular pattern, the differential diagnosis would
be follicular neoplasm and follicular variant of PTC. When presented with a cohe-
sive, syncytial tissue pattern, solid variant of PTC should be differentiated from
poorly differentiated thyroid carcinoma (Fig. 10.42). The finding of nuclear features
of PTC and the absence of tumor necrosis favor the former. The differential diagno-
sis of medullary thyroid carcinoma should be considered when presented with a
loosely cohesive/single-cell pattern (Fig. 10.43). The distinction lies in the nuclear
features. Although pseudonuclear inclusions may be observed in medullary thyroid
carcinoma, nuclear chromatin clearing and nuclear grooves are infrequent, and the
nuclei of medullary thyroid carcinoma usually demonstrate a ‘“salt-and-pepper”
chromatin pattern (Fig. 10.44). Furthermore, the tumor cells of medullary thyroid
carcinoma react positively with calcitonin but negatively with thyroglobulin.

Tall Cell Variant

This variant is the most common form of PTC with aggressive clinical behavior;
patients with tall cell variant of PTC have a higher incidence of extrathyroidal
extension, vascular invasion, local recurrence, and distant metastases when com-
pared to those with conventional PTC [41, 42]. The incidence of tall cell variant of
PTC ranges from 4 to 17% [41, 43]. Histologically, it is characterized by tall



164 10 Variants of Papillary Thyroid Carcinoma

Fig.10.43 Thyroid FNA-medullary thyroid carcinoma. The aspirate demonstrates loosely cohe-
sive clusters with abundant single cells in the background (Diff-Quik stain, low power)

Fig. 10.44 Thyroid FNA-medullary thyroid carcinoma. The neoplastic cells are relatively small
and uniform with finely granular cytoplasm (Diff-Quik stain, low power)

neoplastic cells whose height is at least twice their width; in addition, the tall cell
components comprise at least 30 % of the tumor cell population [41, 44] (Fig. 10.45).
Individual neoplastic cells demonstrate abundant eosinophilic cytoplasm and
nuclear features similar to those of conventional PTC (Fig. 10.46).
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Fig. 10.45 Tall cell variant of PTC. Tumor with a predominantly papillary architecture lined by
tall columnar cells and lymphoid background (H&E, low power)

Fig.10.46 Tall cell variant of PTC. High magnification shows the follicular cells are tall columnar
whose height is at least twice their width. Nuclear features of PTC are readily apparent (H&E, x400)

Cytologic features of tall cell variant include large elongated/tall cells with a
large amount of eosinophilic or cyanophilic cytoplasm, indistinct cell borders,
basally located nuclei, and readily recognized nuclear features of PTC [43, 45-47]
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Fig. 10.47 Thyroid FNA-tall cell variant of PTC. A sheet of follicular cells composed of both
polygonal and tall columnar follicular cells. Nuclear crowding and irregular nuclear contours are
noted (Papanicolaou stain, high power)

Fig.10.48 Thyroid FNA-tall cell variant of PTC. A small group of tall columnar follicular cells
whose height is at least twice their width (Diff-Quik stain, high power)
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Fig.10.49 Thyroid FNA-tall cell variant of PTC. Nuclear features in form of nuclear enlargement
and nuclear inclusions are readily apparent (Diff-Quik stain, high power)

(Figs. 10.47, 10.48, and 10.49). Because of the latter, a cytologic diagnosis of PTC
is usually quite straightforward for tall cell variant of PTC. However, the tall cell
features may not be as prominent in cytologic preparations as they are in histologic
sections. Instead, the neoplastic “tall” cells frequently appear as large polygonal
cells with abundant granular eosinophilic cytoplasm and indistinct cell borders,
resembling Hurthle cells [46] (Figs. 10.50 and 10.51). According to one study, six
reviewers were only able to correctly diagnose 30—40 % of tall cell variant of PTC in
a randomized study of ten cases of tall cell variant and ten cases of conventional PTC
[46]. Other cytologic findings that suggest the presence of tall cell feature includes
small and multiple “soap-bubble”-type intranuclear pseudoinclusions and the pres-
ence of tall, columnar cells with cytoplasmic tail (tadpole-like) [46, 47] (Fig. 10.52).
The differential diagnosis of tall cell variant includes lesions with abundant
eosinophilic cytoplasm such as Hurthle cell neoplasm, oncocytic variant of PTC,
and Warthin-like variant of PTC. The lack of typical nuclear features of PTC and the
presence of prominent central nucleoli would favor a diagnosis of Hurthle cell neo-
plasm (Fig. 10.53). The presence of marked lymphoid infiltrate would favor a diag-
nosis of Warthin-like variant of PTC (Fig. 10.54); however, rare cases of tall cell
variant of PTC with extensive lymphocyte infiltration have been reported [48]. It
may be difficult if not impossible to distinguish from oncocytic variant and conven-
tional PTC if the tall, columnar neoplastic cells are not apparent (Fig. 10.55). Given
the potential sampling error and overlapping cytologic finding with other thyroid
lesions, taking a conservative approach by including a qualifier “papillary thyroid
carcinoma with features suggestive of tall cell variant” when less than 50 % of the
neoplastic cells demonstrate unequivocal cytology features of tall cell variant of



168 10 Variants of Papillary Thyroid Carcinoma

Fig.10.50 Thyroid FNA-tall cell variant of PTC. In many instances, the neoplastic follicular cells
appear as large polygonal cells with abundant granular cytoplasm and indistinct cell borders,
resembling Hurthle cells (Diff-Quik stain, high power)

Fig. 10.51 Thyroid FNA-tall cell variant of PTC. The neoplastic follicular cells often appear as
large polygonal cells with abundant granular cytoplasm, resembling Hurthle cells. Tall columnar
cells may not be noted (Papanicolaou stain, high power)



Discussion 169

Fig.10.52 Thyroid FNA-tall cell variant of PTC. These tall columnar neoplastic follicular cells
show moderate amount of cytoplasm with a taper end, resembling a tadpole (Papanicolaou stain,
high power)

o

Fig.10.53 Thyroid FNA-Hurthle cell neoplasm. The presence of abundant Hurthle cells without
any nuclear features of PTC should be diagnosed as Hurthle cell neoplasm. This lesion was found
to be a Hurthle cell carcinoma on subsequent follow-up (Papanicolaou stain, high power)
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Fig. 10.54 Thyroid FNA-Warthin-like variant of PTC. Oncocytic cells admixed with a lymphoid
background. The distinction between Warthin-like variant of PTC and tall cell variant of PTC with
a lymphoid background may be difficult (Papanicolaou stain, high power)

- ™

Fig.10.55 Thyroid FNA-oncocytic variant of PTC. Aspirate of tall cell variant of PTC with pre-
dominance of polygonal cells may resemble that of an oncocytic variant of PTC (Diff-Quik stain,
high power)
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PTC is recommended [46]. A definitive diagnosis of tall cell variant of PTC should
be deferred to surgically resected specimens.

Columnar Cell Variant

This variant is rare and exhibits aggressive behavior with frequent invasion of sur-
rounding soft tissue and even distant metastasis [49]. Histology reveals papillary
fronds and follicles lined by pseudostratified columnar cells with hyperchromatic
nuclei and pale cytoplasm with or without vacuolation [49] (Fig. 10.56). The neoplas-
tic cells are columnar in shape but lack abundant eosinophilic cytoplasm; further-
more, the nuclei do not necessarily demonstrate the typical nuclear features of PTC
(Fig. 10.57). Pseudostratification of nuclei is a prominent cytologic feature, resem-
bling cells from a colonic adenoma, and has been described in all the published cases
of FNA-columnar cell variant of PTC [28, 50-53] (Fig. 10.58). The columnar cells
can arrange in large tissue fragments, papillary structures, microfollicles, monolayer
sheets, and singly in various combinations (Fig. 10.59). Hyperchromatic nuclei are
frequently noted, but typical nuclear features of PTC are only focally present or alto-
gether absent (Fig. 10.60). As a result, a definitive diagnosis of PTC was not rendered
in more than half of the reported cases of FNA [50, 52, 53]. The main differential
diagnosis is tall cell variant, which lacks the feature of pseudostratification and dem-
onstrates columnar and polygonal cells with abundant eosinophilic cytoplasm and

Fig.10.56 Columnar cell variant of PTC. The tumor consists of predominantly papillary fronds
lined by columnar cells with hyperchromatic nuclei and scant pale cytoplasm. No colloid is noted
in the background (H&E stain, low power)
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Fig. 10.57 Columnar cell variant of PTC. Higher magnification shows the lining cells are tall
columnar with scant amount of pale cytoplasm. The nuclei are elongated and hyperchromatic with
chromatin clearing. Nuclear grooves and inclusions are not identified (H&E stain, high power)

Fig.10.58 Thyroid FNA-columnar variant of PTC. The aspirate is highly cellular and consists of
large tissue fragments, loosely cohesive groups, and single cells (Diff-Quik stain, low power)
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Fig.10.59 Thyroid FNA-columnar cell variant of PTC. A strip of follicular cells with pseudostrati-
fication. Individual cells demonstrate scant amount of cytoplasm, resulting in high nuclear to cyto-
plasmic ratio. Majority of the cells have round to oval nuclei; the remaining cells have elongated

nuclei (Diff-Quik stain, high power)

L

Fig.10.60 Thyroid FNA-columnar cell variant of PTC. A hyperchromatic, crowded group of fol-
licular cells with scant cytoplasm and high nuclear to cytoplasmic ratio. Individual nuclei range
from round to oval to elongated with powdery chromatin. Nuclear grooves and inclusions are not

identified (Papanicolaou stain, high power)
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readily recognizable nuclear features of PTC. The neoplastic cells of columnar cell
variant of PTC have also been mistaken as bronchial epithelial cells inadvertently
aspirated from the larynx while performing a thyroid FNA [52]. The presence of
terminal bars/cilia would favor bronchial epithelial cells.

Cribriform-Morular Variant

This rare variant typically occurs in patients with familial adenomatous polyposis
(FAP) [54]. In this setting, the patients are usually young females and present with
multifocal disease. However, sporadic cases with single tumor focus have also been
reported [55, 56]. It is characterized by papillary structures lined by tall columnar
cells; cribriform pattern without colloid, solid and spindle cell areas; and squamous
morules (Fig. 10.61). Focally, individual tumor cells demonstrate nuclear clearing
and grooves (Fig. 10.62). The cytology more or less recapitulates the histology. The
cribriform structures are represented by slit-like empty spaces among cell clusters
and bars anastomosing cell clusters (Fig. 10.63). Morules are composed of spindle
and oval tumor cells with abundant dense cytoplasm, mimicking squamous meta-
plasia (Fig. 10.64). Individual neoplastic follicular cells often appear as tall colum-
nar and spindle-shaped cells. Nuclear clearing is usually less apparent on cytologic

Fig. 10.61 Cribriform-morular variant of PTC. A tumor with both papillary and cribriform
growth pattern (H&E stain, low power)
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Fig.10.62 Cribriform-morular variant of PTC. The tumor cells are columnar shaped with abun-
dant eosinophilic cytoplasm. The nuclei demonstrate characteristic nuclear clearing and inclusions
(H&E stain, high power)

Fig.10.63 Thyroid FNA-cribriform-morular variant of PTC. Large tissue fragment with consid-
erable crowding and overlapping. Slit-like spaces are noted within the cluster (Diff-Quik stain, low
power)
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Fig. 10.64 Thyroid FNA-cribriform-morular variant of PTC. A tight group of oval cells with
abundant dense opaque cytoplasm, most likely derived from a squamous morule (Diff-Quik stain,
high power)

Fig. 10.65 Thyroid FNA-cribriform-morular variant of PTC. The nuclei of the follicular cells
often demonstrate prominent nuclear clearing with peripheral nuclear membrane thickening
(Papanicolaou stain, high power)
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preparation and appears as pale-staining area occupying most of nuclei with periph-
eral condensed chromatin (Fig. 10.65). It differs from intranuclear inclusions by a
lack of cytoplasmic staining and the sharp circumscription of the nuclear mem-
brane. Intranuclear inclusions can also be seen but are less frequent. The demonstra-
tion of positive nuclear staining with antibody against B-catenin is useful in
confirming the diagnosis of cribriform-morular variant.

About one-third of cribriform-morular variant of PTC are diagnosed simultane-
ously with FAP; and the thyroid carcinoma is diagnosed first in one-third of the
cases and later in about one-third of the cases. Over 95 % of the thyroid carcinomas
associated with FAP are papillary carcinoma, particularly the cribriform-morular
type. FAP is an autosomal dominant disease and caused by a germ line mutation of
the APC gene, which is located on the long arm of chromosome 5 (5q21-22) and is
known to be a tumor suppressor gene. FAP is characterized by the development of
multicentric colorectal adenomatous polyps, which can undergo malignant transfor-
mation. Because of these findings, the finding of cribriform-morular variant PTC
raises the possibility of an accompanying FAP, and the patients should undergo a
comprehensive investigation including a colonoscopy and genetic testing.
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Case Study

A 50-year-old female who presented to her primary care physician and was found
to have a thyroid nodule on routine screening examination. She had no complaints
of hoarseness, difficulty swallowing, or difficulty breathing. She had no symptoms
of hyperthyroidism, no history of radiation to the neck or face, and no previous his-
tory of neck surgery. Patient reported that she had never smoked, never used smoke-
less tobacco, was not a drinker, and never used illicit drugs. There was no family
history of thyroid cancer or adrenal problems.

Ultrasonographic examination revealed a 3.5x2.5x2.5 cm nodule in the right
lobe. The nodule had internal hyperechoic foci and a hypoechoic halo and vascular-
ity. Multiple prominent abnormal appearing lymph nodes with loss of fatty hilum
and some calcifications were noted within the right neck. Fine-needle aspiration
biopsy of the thyroid performed at the time of ultrasonographic examination yielded
a highly cellular specimen showing clusters of cells and single cells in the absence
of colloid. Individual cells showed plasmacytoid appearance with high nuclear-to-
cytoplasmic ratio. Nuclear changes were present that included nuclear enlargement
and “salt and pepper” chromatin. Lymph nodes from right level 4 showed cells with
a similar appearance. Immunohistochemical stains were performed on both speci-
mens with appropriate controls, and the cells were positive for calcitonin while
negative for thyroglobulin. The immunohistochemical profile was consistent with
medullary carcinoma. Serum calcitonin level was 3655 pg/mL, and the serum CEA
level was 79.80 ng/mL. Calcium was normal. Patient underwent total thyroidec-
tomy with bilateral central neck dissection and right modified radical neck dissec-
tion. There was a 5.0-cm encapsulated, tan-yellow mass, with focal hemorrhagic
areas and evidence of microcystic changes. The histology was confirmed to be med-
ullary carcinoma, with evidence of lymphovascular invasion, and 17 of 42 lymph
nodes were positive for metastatic carcinoma. She was screened for RET mutation
and was negative. She was also screened for pheochromocytoma by 24-h urine and
had a negative result. Her 2 weeks postoperative calcitonin level was down to
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122 pg/mL and CEA down to 12.40 ng/mL. By 2 months, calcitonin was down to
74 pg/mL and CEA was 5.09 ng/mL. Neck mapping ultrasound scan done 6 months
after surgery was negative. The patient was put on lifelong surveillance with calci-
tonin levels as well as lifelong thyroid replacement therapy.

Discussion

Medullary carcinoma comprises 5-10 % of all thyroid malignancies [1, 2], and it
arises from the calcitonin-producing parafollicular C cells. It is caused by mutations
in the RET proto-oncogene. Clinically, it occurs in two forms—familial and spo-
radic. The familial form is transmitted as an autosomal dominant trait, and it
includes three types: multiple endocrine neoplasia type 2A (MEN 2A), MEN 2B,
and non-MEN familial type. MEN 2A and MEN 2B types are more common in
males, and they occur at a younger age, while the non-MEN familial type is slightly
more common in women. The non-MEN familial form of medullary carcinoma
accounts for about 35 % of hereditary cases [3]. The sporadic form of medullary
carcinoma occurs more commonly in women, with a mean age of 50 years [4].
Medullary carcinoma demonstrates variable behavior from indolent disease to
highly aggressive, progressive disease [5]. It mostly progresses in an indolent fash-
ion and has a 15-year survival rate of 85 %, but it has a tendency to spread to locore-
gional lymph nodes early, making surgical cure difficult [6]. Total thyroidectomy
and lymphadenectomy result in biochemical cure only 40 % of the time [6, 7]. Even
when a biochemical cure is achieved, approximately 9% of patients will later
develop recurrent disease [7].

The main secretory product of the C cells is the hormone calcitonin, which serves
as a useful sensitive marker for the presence of medullary carcinoma [8, 9], although
a rare case of medullary carcinoma with undetectable preoperative serum calcitonin
has been reported [10]. The secretion of calcitonin can be used to confirm the diagno-
sis [11], indicate treatment efficacy, [12], and monitor for disease progression or
recurrence [13]. Medullary carcinomas typically present as hypofunctioning cold
nodules. Plain X-rays of the neck may show dense calcifications. Ultrasonographic
examination shows hypoechoic mass [14]. Tumor is usually located in the lateral
thyroid, near the upper pole, where C cell concentration is highest. Sporadic forms of
medullary carcinoma are typically unilateral, while heritable forms are most often
bilateral and multicentric [15]. Tumor is usually well-defined, non-encapsulated nod-
ule with size variability, which may range from less than 1 cm to several centimeters
and may replace the entire lobe (Figs. 11.1 and 11.2). Its cut surface is tan-white to
gray or pink, usually flat. The consistency varies from soft to firm to gritty and without
areas of hemorrhage and necrosis. Calcification may be present [14]. Medullary
carcinoma is most commonly diagnosed by fine-needle aspiration (FNA) of a new
thyroid nodule, with a sensitivity of 60-90 % [8, 16, 17]. FNA cannot always distin-
guish medullary carcinoma based on cytology alone, so immunohistochemical staining
for calcitonin, chromogranin A, or carcinoembryonic antigen can increase accuracy
[18]. Recent small studies have shown improved sensitivity with calcitonin measure-
ment in FNA washout fluid with as high as 100 % accuracy [19, 20].
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Fig.11.1 A gross
photograph of medullary
thyroid carcinoma showing
a well-circumscribed
tumor

Fig.11.2 A gross
photograph of medullary
thyroid carcinoma showing
diffuse infiltration of the
thyroid tissue and
replacing the entire lobe

The histologic spectrum of medullary carcinoma is extremely wide and varies
from tumor to tumor and within the same tumor, often mimicking other types of
follicular-derived tumors such as papillary, follicular, insular, Hiirthle cell, or ana-
plastic carcinomas [4, 14, 21-23]. Tumor cells are arranged in sheets, nests, or rib-
bons and can be polygonal, round, spindle shaped, or plasmacytoid (Figs. 11.3,
11.4, 11.5, 11.6, and 11.7). Nuclei are round or oval, and nucleoli are usually not
prominent. Intranuclear pseudoinclusions, which are indistinguishable from those
seen in papillary carcinomas, are seen. In rare cases, cells can be markedly enlarged
and pleomorphic. Amyloid deposits are seen in 80 % of cases and can be confirmed
with the Congo red stain [14] (Figs. 11.8 and 11.9).

There is a broad spectrum of cytopathologic features in medullary carcinoma,
depending on the histomorphology. It is monomorphic if only one pattern is evident
and polymorphic if a combination of different morphologic patterns is seen [14].



Fig.11.3 Medullary carcinoma showing a lobular pattern. The lobules vary in size, separated by
bands of fibrous tissue (H&E stain, X200)

Fig.11.4 Solid growth pattern of medullary carcinoma (H&E stain, X200)



Fig. 11.5 Medullary carcinoma with a spindle cell pattern. The spindle cells from large nests,
separated by fibrous tissue septa (H&E stain, X100)

Fig.11.6 Medullary carcinoma with a spindle cell pattern (H&E stain, X200)



Fig. 11.7 Medullary carcinoma with spindle cell appearance and cytoplasmic clearing (H&E
stain, X200)

Fig.11.8 Medullary carcinoma with amyloid in the stroma (H&E stain, X200)
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Fig.11.9 Congo red stain highlights amyloid deposition

The aspirates are usually highly cellular; however, scant cellularity is encountered
with carcinomas containing extensive amyloid deposits and calcification. Because
of its diverse cytologic presentations with different cellular morphologies, medul-
lary carcinoma can simulate other neoplastic processes including anaplastic carci-
noma, malignant lymphoma, carcinoid tumor, plasmacytoma, malignant melanoma,
and soft tissue neoplasms. Tumor cells are predominantly single cells but can also
be seen as sheets, loose clusters, syncytia, rosettes, cords, and papillae [17, 24-26]
(Figs. 11.10, 11.11, 11.12, 11.13, and 11.14). The cells are usually uniform in size
and shape but occasionally can present as large pleomorphic cells. Cytoplasm is
moderate to abundant and finely granular. Nuclei are eccentrically placed, giving
the cells a plasmacytoid appearance, and binucleation and multinucleation are com-
mon (Figs. 11.15, 11.16, and 11.17). Nuclei have a coarsely granular chromatin
texture and inconspicuous nucleoli, thereby giving the so-called “salt and pepper”
appearance (Fig. 11.18). Intranuclear inclusions may be found in up to half of cases
[27]. Ultrastructurally, the tumor cells contain membrane-bound secretory granules,
the sites of storage of calcitonin, and other peptides [28]. One cell-type appearance
may predominate, but cells can occur in any combination. Amyloid is present in
most cases and can be very similar in appearance to colloid (Fig. 11.19). However,
it can be distinguished with the aid of Congo red stain, which shows apple-green
birefringence on polarized light.



wse 8
0‘,‘3 4
> .-

g 3
. e 3% ‘
Bal

e .

S :

Fig. 11.10 FNA of medullary carcinoma showing loosely cohesive cells and single cells. The
cells are round and cuboidal. There is moderate amount of cytoplasm. Individual cells have eccen-
trically placed nuclei (Papanicolaou stain, X400)
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Fig.11.11 Medullary carcinoma showing loosely cohesive tissue fragments. The cells are round
and monomorphic with eccentric bland nuclei (Papanicolaou stain, X200)
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Fig.11.12 The medullary carcinoma cells in this aspirate are compactly arranged in tissue frag-
ments (Papanicolaou stain, X400)
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Fig. 11.13 Medullary carcinoma showing dispersed single cells with plasmacytoid appearance
(Papanicolaou stain, X200)




Fig. 11.14 The presence of syncytial tissue fragment in medullary carcinoma (Papanicolaou
stain, X400)
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Fig.11.15 Medullary carcinoma with eccentrically placed nuclei, giving the cells a plasmacytoid
appearance. Intranuclear pseudoinclusion is often present (Papanicolaou stain, X400)



Fig.11.16 Medullary carcinoma with dispersed single cells showing a plasmacytoid appearance
(Papanicolaou stain, X400)

Fig. 11.17 Binucleation and multinucleation are common features in medullary carcinoma
(Papanicolaou stain, X400)



Fig.11.18 Nuclei have a coarsely granular chromatin texture and inconspicuous nucleoli, thereby
giving the so-called “salt and pepper” appearance (Papanicolaou stain, X400)
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Fig. 11.19 Dense acellular material in FNA of medullary carcinoma, representing amyloid
(Papanicolaou stain, X200)
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Fig.11.20 Medullary carcinoma showing nests with a predominantly, uniform cuboidal cell pat-
tern (H&E stain, X200)

Numerous cytoarchitectural variants of medullary carcinoma are now well rec-
ognized [21,23,29-32], although most tumors have admixtures of them (Figs. 11.20,
11.21, 11.22 and 11.23). The different subtypes do not have an important impact on
prognosis, but their recognition is important to avoid confusion with other tumor
types. The presence of papillary structures in medullary carcinoma can mimic papil-
lary carcinoma (PTC) especially when intranuclear inclusions and psammoma bod-
ies are present [33, 34] (Fig. 11.24). Amyloid may also be confused with the thick
“chewing-gum-like” colloid of PTC [33]. Some variants of PTC such as the colum-
nar or the oncocytic variant, in which the typical nuclear features of PTC are not
well developed, may also enter into the differential diagnosis. The presence of pap-
illary structures or even of true papillae with fibrovascular cores is not specific for
PTC as it may also be found in the papillary or pseudopapillary variant of medullary
carcinoma [17, 33, 35]. On rare occasion, PTC and medullary carcinoma may coex-
ist in the same gland [36].

Tumor cell arrangement as rosettes and microfollicles can mimic a follicular
neoplasm [17, 37] (Figs. 11.25, 11.26, and 11.27). In a study by Bose et al. [38], a
microfollicular pattern was present in 13 of 38 cases (34.2 %) of medullary carci-
noma. This pattern may even be prominent in some cases [17]. Conversely, in some
follicular neoplasms, cell dissociation and the presence of polymorphic cells may
occur, resembling medullary carcinoma.



Fig.11.21 Medullary carcinoma showing a mixture of solid and pseudo-glandular growth patterns.
The cells are small and round. This appearance is reminiscent of carcinoid tumors (Papanicolaou
stain, X200)
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Fig.11.22 The presence of prominent basement membrane-like material in medullary carcinoma
(Papanicolaou stain, X200)



Fig. 11.23 Small nests, cords, and ribbon-like growth patterns in medullary carcinoma
(Papanicolaou stain, X200)

Fig. 11.24 The presence of Psammoma bodies is a common finding in medullary carcinoma
(Papanicolaou stain, X200)



Fig. 11.25 Hypercellular specimen with numerous rosettes and small follicles in the absence of
colloid. This pattern may be mistaken for a follicular neoplasm (Papanicolaou stain, X100)

Fig. 11.26 Tumor cell arrangement as prominent follicles can mimic a follicular neoplasm
(H&E stain, X100)
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Fig. 11.27 Another image showing prominent follicular growth pattern in medullary carcinoma
(H&E stain, X200)

Dispersed single cell pattern can mimic a lymphoma and can also mimic a plas-
macytoma when the dispersed single cells have prominent plasmacytoid appear-
ance. In primary thyroid plasmacytoma, discohesive plasmacytoid cells and
amyloid/amyloid-like materials, which are major features of medullary carcinoma,
may all be seen. However, the tumor cells of medullary carcinoma are generally
larger than plasma cells [39] (Figs. 11.28 and 11.29).

Medullary carcinoma with a pure or predominant spindle cell component can
mimic spindle cell sarcoma, melanoma, or sarcomatoid carcinoma [40]. Spindle or
bizarre cells can mimic a sarcoma or anaplastic carcinoma. The spindle-type cells
in medullary carcinoma when present singly and in loose clusters can also be mis-
interpreted in FNA samples as anaplastic carcinoma; however, it lacks the nuclear
pleomorphism, mitotic activity, and necrosis of the latter.

Dispersed single polygonal cells with abundant granular cytoplasm are com-
monly seen in regular medullary carcinoma. However, oncocytic medullary carci-
noma is dominated by tumor cells that look like Hiirthle cells and can be confused
with Hiirthle cell neoplasm [41] (Figs. 11.30, 11.31, 11.32, and 11.33). As such,
medullary carcinoma should be considered in the differential diagnosis of any thy-
roid Hiirthle cell neoplasm. Cytologic features favoring medullary carcinoma
include the paucity of macronucleoli and the presence of amyloid. Similar to



Fig.11.28 Plasmacytoma is a major differential diagnosis. However, as seen here, cells of medul-
lary carcinoma are generally larger than plasma cells (Diff-Quik stain, X200)

L

Fig. 11.29 Tumor cells in medullary carcinoma are generally larger than plasma cells
(Papanicolaou stain, X400)
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Fig. 11.30 Tumor cells that look like Hiirthle cells and arranged as microfollicles dominate
oncocytic medullary carcinoma. This can be confused with Hiirthle cell neoplasm (Papanicolaou
stain, X100)

Fig. 11.31 Oncocytic cells arranged as small follicles may be confused with Hiirthle cell
neoplasm (Diff-Quik stain, X400)



Fig.11.32 Large polygonal cells with abundant oncocytic cytoplasm bear a morphologic resem-
blance to Hiirthle cell neoplasm (H&E stain, X200)

Fig. 11.33 Solid growth pattern with oncocytic neoplasm in oncocytic medullary carcinoma
(H&E stain, X200)
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medullary carcinoma, Hiirthle cell neoplasms often present as hypercellular, disco-
hesive single cells with eccentric nuclei (plasmacytoid cells), and granular cyto-
plasm [26, 42]. However, rather than a salt-and-pepper chromatin, most cells of a
Hiirthle cell neoplasm have a prominent red macronucleolus. In contrast, macro-
nucleoli are identified only in a minority of cells in typical medullary carcinoma
[17, 40]. However, as mentioned previously, an oncocytic variant of medullary car-
cinoma has been recognized where most tumor cells may be of the oncocytic type
[33, 41]. Therefore, in difficult cases, immunocytochemistry with calcitonin, CEA,
and thyroglobulin will solve the diagnostic dilemma (Figs. 11.34, 11.35, and 11.36).

The small cell variant of medullary carcinoma is a very unusual tumor, which
behaves more aggressively than typical medullary carcinoma [4]. It may be impos-
sible on morphologic examination to distinguish this variant from metastatic small
cell carcinoma of the lung or of another site (e.g., bladder). Other small cell tumors
such as lymphoma, neuroblastoma, and primitive neuroectodermal tumor also enter
into the differential diagnosis [43, 44]. Moreover, amyloid may be absent, and
immunoreactivity for calcitonin can be negative in this variant [4, 45], which is why
some authors may arguably consider it as a primary small cell carcinoma of the
thyroid or as an undifferentiated form of medullary carcinoma [46, 47]. However,

Fig.11.34 Medullary carcinoma demonstrating strong and diffuse positive reactivity with calci-
tonin stain



Fig.11.35 Medullary carcinoma demonstrating strong and diffuse positive reactivity with poly-
clonal CEA stain

Fig.11.36 Medullary carcinoma demonstrating negative reactivity with thyroglobulin stain
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Fig.11.37 Medullary carcinoma demonstrating strong and diffuse positive reactivity with chro-
mogranin stain

CEA will often be positive as in other types of medullary carcinoma (88—100 % of
cases) [4]. Positivity for CEA supports a diagnosis of medullary carcinoma even in
the absence of calcitonin and other neuroendocrine marker immunoreactivity in the
setting of MEN2. Consequently, a panel of antibodies consisting of calcitonin, CEA,
PAX-8, chromogranin (Fig. 11.37), cytokeratin, and leukocyte common antigen is
useful for the correct diagnosis. Thyroid transcription factor 1 (TTF-1) is not helpful as
it will often also be positive in metastatic small cell carcinoma from the lung or from
other sites. Diagnosis of the small cell variant of medullary carcinoma should be made
with caution, particularly when tumor cells do not express calcitonin [46]. Some tumors
initially interpreted as small cell variants of medullary carcinoma proved to be exam-
ples of metastatic neuroendocrine carcinomas to the thyroid, after follow-up [47, 48].
In difficult cases, the distinction may rely only on the clinical history.

Poorly differentiated carcinoma, especially the insular type, may be extremely
difficult to distinguish from medullary carcinoma. Sometimes, a more differentiated
component with microfollicles and colloid will also be present. Immunocytochemistry
will also be very helpful in this differential diagnosis. The pigmented variant of
medullary carcinoma and the clear cell variant of medullary carcinoma can mimic
melanoma or renal clear cell carcinoma (Fig. 11.38), respectively. Clinical correlation
and immunocytochemistry are crucial in avoiding pitfalls in these situations.
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Fig. 11.38 Medullary carcinoma with cells showing prominent clearing of the cytoplasm. This
can mimic clear cell renal cell carcinoma and other tumors with clear cell features (H&E, X200)

The most useful marker for the diagnosis of medullary carcinoma is calcitonin,
with a reported sensitivity of 74—100% on cytology [17, 49]. Sporadic cases of
medullary carcinoma may be less frequently immunoreactive (74—79 %) than famil-
ial cases (100 %) [38, 50]. Although calcitonin is also the most specific marker for
medullary carcinoma, a nonspecific reaction of the antibodies can occur with onco-
cytic neoplasms, possibly leading to a misdiagnosis of medullary carcinoma.
However, if immunochemistry for thyroglobulin is performed, medullary carcinoma
cells should be negative in contrast to follicular cell-derived oncocytic neoplasms.
CEA is also very sensitive (80—100 %) for medullary carcinoma but is less specific
than calcitonin. Multiple immunohistochemical stains can usually be performed
whenever there is enough cell block material following an FNA. However, more
often than not, cell block is infrequently made, and most centers rely on direct
smears and thin prep material for the interpretation of thyroid FNA. When medullary
carcinoma is suspected in such cases, it is usually prudent to make additional thin
prep slides, and limited immunohistochemical stains (most importantly, calcitonin)
can be performed on such (Fig. 11.39). Very rarely, original smears may have to be
destained for calcitonin stain to be performed. When none of these is possible, it is
expedient to suspect medullary carcinoma and append a note in the diagnosis to state
that the patient will benefit from serum calcitonin assay.
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Fig.11.39 The cells show strong reactivity with calcitonin stain performed on ThinPrep material
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Case Study

An 85-year-old white female was noted to have a right thyroid nodule on routine
medical examination. She had no history of hoarseness, difficulty in swallowing, or
difficulty in breathing and no symptoms of hyperthyroidism. She had no history of
radiation to the neck or face and no history of neck surgery. Patient had a past medi-
cal history of hypertension and stage 3 kidney failure with hyperkalemia. Patient
had never smoked and had no family history of thyroid cancer. Physical examina-
tion revealed a low thyroid, with a smooth, mobile nodule in the right lobe. There
was no palpable cervical lymphadenopathy. Thyroid ultrasonographic evaluation
showed a 2.7x2.0x 1.9 cm hypoechoic nodule in the right lobe. The nodule was
well defined and had grade III intranodular vascularity, and there were some calci-
fications within the nodule. Fine needle aspiration cytology of the right thyroid
showed scant follicular cells with nuclear enlargement and rare intranuclear inclu-
sions and was read as suspicious for papillary thyroid carcinoma. Patient subse-
quently had a right thyroid lobectomy. The lobe showed a 3.0 cm well-circumscribed
nodule. Tumor cells had oval, enlarged nuclei with abundant nuclear grooves and
were arranged in nests and trabeculae surrounded by hyalinized stroma. The tumor
showed numerous intranuclear inclusions and intracytoplasmic yellow bodies and
showed strong membranous staining for MIB-1. Features were characteristic of
hyalinizing trabecular tumor. Postoperative course was unremarkable.

Discussion

Hyalinizing trabecular tumor of the thyroid gland is a rare neoplasm of follicular
origin that is characterized by an encapsulated nodule, a prominent trabecular
growth pattern, and stromal hyalinization [1]. It is thought to be a rare variant of
follicular adenoma, and it is also known as paraganglioma-like adenoma of the thy-
roid. The tumor has a predilection for women and the average age is in the 4th
decade, but a wide age range has been reported [1, 2]. In previous reports,

© Springer International Publishing Switzerland 2016 209
A.J. Adeniran, D. Chhieng, Common Diagnostic Pitfalls
in Thyroid Cytopathology, DOI 10.1007/978-3-319-31602-4_12



210 12 Hyalinizing Trabecular Tumor

hyalinizing trabecular tumor was frequently associated with other abnormalities in
the thyroid gland, most commonly lymphocytic thyroiditis, but was also seen
together with papillary and follicular neoplasms as well as multinodular goiter [3,
4]. This tumor typically behaves in a benign fashion but malignant cases have been
reported [5, 6]. There is a suggestion that there is a possibility that these malignant
cases represent misdiagnosis of thyroid carcinoma with a focal hyalinized or tra-
becular growth pattern [7]. There has been significant debate on the most appropri-
ate terminology for these tumors since their original description as hyalinizing
trabecular adenomas in 1987 [1]. Due to the concern of a possible relationship with
papillary thyroid carcinoma and case reports of malignant variants, the term “hya-
linizing trabecular tumors” was proposed and is currently the classification accepted
by the World Health Organization [8]. The possibility that hyalinizing trabecular
tumors represent a variant of papillary thyroid carcinoma has been considered given
that the tumors frequently coexist, and they share similar morphologic and nuclear
features such as clearing, enlargement, elongation, grooves and inclusions, and the
presence of occasional psammoma bodies. The fact that RET/PTC rearrangements
have been detected in some tumors [9] and some show variable expression of galec-
tin-3 [10] also adds credence to the suggestion that this tumor may represent a vari-
ant of papillary thyroid carcinoma. It has been previously reported [11] that the
RET/PTC gene rearrangements found in hyalinizing trabecular tumors confirmed
the “long-standing suspicion” that these tumors are in fact a variant of papillary
thyroid carcinoma. However, on further genetic analysis, hyalinizing trabecular
tumors have since been shown to be a discrete entity from papillary thyroid carci-
noma with an absence of BRAF mutations [9], differential expression of miRNAs
[12], and unique staining patterns for molecular markers including CD56 and
MIB-1 [13, 14].

On gross examination, hyalinizing trabecular tumors are usually well circum-
scribed or encapsulated. Their color typically ranges from yellow to tan to gray
pink, with a granular texture [15, 16] (Fig. 12.1). In comparison, papillary thyroid
carcinomas are typically gray-white and lack a capsule. The histological sections
show encapsulated tumor and the neoplastic cells are oval and polygonal to elon-
gated, and spindle cells are arranged as solid nests or in a trabecular or alveolar
growth pattern separated by variable dense hyaline stroma [4] (Figs. 12.2, 12.3,
12.4, and 12.5). The trabeculae are two- to three-cell-layer thick. The neoplastic
cells adjacent to the stroma are often mummified, and those within the trabeculae
form a pseudofollicular pattern, with or without colloid [2]. Elongated neoplastic
cells may also align with their bases inserted vertically into the capillaries of the
delicate fibrovascular stroma [17]. The cell nuclei often have perinuclear clearing,
nuclear grooves, and nuclear inclusions similar to papillary thyroid carcinoma
(Fig. 12.6). Cytoplasm is usually abundant and homogeneous, although it can be
granular or vacuolar. Cytoplasmic hyaline bodies are characteristic, but these can
also be seen in other thyroid neoplasms. Yellow cytoplasmic inclusions called “yel-
low bodies” are a distinctive feature unique from papillary thyroid carcinomas and
represent lysosomes [18] (Fig. 12.7). Calcifications and psammoma bodies can be
seen interspersed throughout the stroma [15]. Hyaline material is present
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Fig. 12.1 Hyalinizing trabecular tumor. Thyroidectomy showing a large, discrete, encapsulated,
well-circumscribed tan-yellow nodule

Fig. 12.2 Hyalinizing trabecular tumor. Histologic section showing trabecular growth pattern
(H&E stain, X200)



Fig. 12.3 Dense hyalinizing stroma separating the nests and trabeculae of neoplastic follicular
cells (H&E stain, X200)

Fig.12.4 Solid nests of tumor cells (H&E stain, X100)



Fig. 12.6 Nuclear features in hyalinizing trabecular tumor—perinuclear clearing, nuclear grooves,
and numerous intranuclear inclusions (H&E stain, 400)
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Fig. 12.7 The cytoplasm of many of the cells contains a pale yellow, spherical, refractile inclu-
sion (yellow bodies) (H&E stain, X400)

extensively in both intracellular and extracellular locations. The hyaline material is
finely fibrillar with fringed edges and forms irregular lumpy deposits. It can be mis-
taken for dense colloid or amyloid.

The characteristic FNA cytological findings of hyalinizing trabecular tumor are
cellular arrangement of syncytial tissue fragments and cohesive aggregates oriented
radially around hyaline material, in a bloody background (Figs. 12.8, 12.9, and
12.10). Cells are oval to spindled, with low nuclear-cytoplasmic ratio, fine chroma-
tin, perinuclear clearing, abundant intranuclear inclusions, nuclear grooves, and
occasional cytoplasmic yellow bodies [14, 19, 20] (Figs. 12.11, 12.12, 12.13, 12.14,
and 12.15). There is a background of hyaline material (Figs. 12.16 and 12.17).
Nuclear crowding and overlapping, papillary architecture, and microfollicular pat-
tern are not typically seen. Of the two stains commonly used in cytology, the
Papanicolaou stain is the more useful in cytodiagnosis of hyalinizing trabecular
tumor because it reveals superior nuclear detail. The hyaline material, however, is
more easily visualized with the Diff-Quik method because it is stained pink (meta-
chromatic) against a blue background. The cytoplasmic yellow bodies are also more
easily identified with the Diff-Quik stain. The Papanicolaou stain is superior in dis-
playing the nuclear grooves, cytoplasmic invaginations, and nuclear overlapping.
Thus, the two stains reveal different features of the tumor and are complementary.
Ideally, both should be performed on all thyroid FNA biopsies [14].



Fig. 12,9 Low-power view showing anastomosing trabeculae. Hyaline stroma is seen between
the follicular cells (Papanicolaou stain, X100)



Fig.12.10 Syncytial fragments of follicular cells with trabecular pattern (Papanicolaou stain, X400)

——

Fig. 12.11 Syncytial fragments of follicular cells with trabecular pattern. Scattered nuclear
grooves are present. The cytoplasm is abundant and granular (Papanicolaou stain, X600)



Fig.12.12 Syncytial fragments of follicular cells. Cells with fine chromatin, nuclear grooves, and
intranuclear inclusions (Papanicolaou stain, X600)

Fig.12.13 Cells showing nuclei with powdery chromatin and nuclear grooves. The cytoplasm is
abundant and granular (Papanicolaou stain, X600)



Fig.12.14 Syncytial fragments of follicular cells with trabecular pattern. The cells show intracy-
toplasmic “yellow bodies” (Papanicolaou stain, X600)

s A

Fig.12.15 Syncytial fragments of follicular cells with trabecular pattern. The cells show intracyto-
plasmic “yellow bodies.” Hyaline stroma is seen in the right upper corner of the image (Papanicolaou
stain, X400)



Fig.12.16 Hyaline stroma is seen between the follicular cells (Papanicolaou stain, X400)

Fig.12.17 Hyaline stroma (Papanicolaou stain, X400)
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Hyalinizing trabecular tumors are frequently mistaken for papillary carcinoma,
medullary carcinoma, or paraganglioma. Shared nuclear features between papillary
carcinoma and hyalinizing trabecular tumor include nuclear groove and intranu-
clear inclusion. Of these features, intranuclear inclusion is mainly responsible for
misdiagnosis, but true papillae, multinucleated giant cells, and bubblegum colloid
are not present in hyalinizing trabecular tumor. Changes that have been reported to
be more prevalent in hyalinizing trabecular tumor than in papillary cancer, and
therefore can be helpful in establishing the diagnosis, include pronounced accumu-
lation of basement membrane material giving rise to characteristic stromal deposits
seen in fine needle aspirates [21, 22] and the presence of cytoplasmic yellow bodies
[18]. Indeed, because of similar nuclear features and the presence of psammoma
bodies, hyalinizing trabecular tumor is considered a subtype of papillary carcinoma,
which is supported by the presence of the RET/PTC oncogene translocation (com-
monly found in papillary carcinoma) in some cases of hyalinizing trabecular tumor
[9, 11]. However, the RET/PTC translocation is not specific for papillary carcinoma
and has been found in several thyroid conditions, including Hashimoto’s thyroiditis
[23]. Furthermore, hyalinizing trabecular tumor is not associated with the BRAF
mutation that frequently occurs in papillary carcinoma [9, 24, 25].

Immunohistochemically, like papillary carcinoma, hyalinizing trabecular tumor
expresses thyroglobulin and TTF-1 (Fig. 12.18). Hyalinizing trabecular tumor can

Fig.12.18 Thyroglobulin immunoreactivity in hyalinizing trabecular tumor
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Fig. 12.19 Hyalinizing trabecular tumor characteristically shows strong membranous staining
for MIB-1

be distinguished reliably from other thyroid neoplasms by MIB-1 staining.
Hyalinizing trabecular tumor characteristically shows strong membranous staining
for MIB-1, which is not observed in any other thyroid neoplasm [14, 26, 27]
(Fig. 12.19). Other immunohistochemical markers, such as chromogranin A and
galectin-3, are known to be useful diagnostic markers in medullary carcinoma or
papillary carcinoma and have been reported to be positive in some hyalinizing tra-
becular tumor cases, which raises the possibility of diagnostic confusion [10, 28].
Therefore, preoperative MIB-1 staining in cell block material may be useful in
cases suspicious for hyalinizing trabecular tumor. In a recent and detailed analysis
of the expression of different cytokeratins in hyalinizing trabecular tumors and pap-
illary carcinomas, evidence was found that the two lesions express distinct and
different cytokeratin patterns [29]. For example, high molecular weight cytokeratin
is expressed in papillary carcinoma but not in hyalinizing trabecular tumor. In addi-
tion, cytokeratin 19 is strongly expressed in papillary carcinoma, whereas it is
weakly or not expressed in hyalinizing trabecular tumor [29]. Also, hyalinizing
trabecular tumor is mostly negative or only weakly positive for galectin-3 and
HBME-1, whereas most papillary thyroid cancers show strong staining for these
markers [10, 30, 31].
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Hyalinizing trabecular tumor can also pose diagnostic difficulties in the differen-
tiation from medullary carcinoma. The presence of elongated and spindled cell
forms, dispersed cellularity, and hyaline acellular material in the aspirates of some
of these lesions can lead to the misdiagnosis of medullary carcinoma [32]. The pres-
ence of amorphous hyaline material in the aspirate may suggest amyloid. Because
the histological changes seen in hyalinizing trabecular tumors can be misinterpreted
as medullary carcinoma, additional diagnostic features that differentiate the lesions
are important [4]. The confusion with medullary carcinoma has arisen because of
two findings in hyalinizing trabecular tumor: the shape of the nucleus (oval or spin-
dle in both) and the presence of the hyaline material. Cytologically, medullary car-
cinoma can be distinguished from hyalinizing trabecular tumor by background,
architectural arrangement of the cells, and nuclear chromatin pattern. Amyloid, hya-
line, and colloid may closely resemble each other in FNA preparations. Medullary
carcinoma is excluded if the lesion is positive for thyroglobulin and negative for
calcitonin and other neuroendocrine markers on immunohistochemistry. Both hya-
linizing trabecular tumor and medullary carcinoma are often positive for Congo red
and other amyloid markers, illustrating why the differential diagnosis between the
two lesions is sometimes difficult [4].

Intrathyroidal paraganglioma may be considered in the diagnosis but it is very
rare. This occurs when a small, solid, alveolar pattern of tumor growth and vascular-
ity coincide and dominate. The alveolar groupings of the cells simulate the “zellbal-
len” pattern, and the vascular component completes a picture mimicking
paraganglioma. However, in paraganglioma, the cell clusters do not have lumens,
colloid is not present, and the nuclei are not spindle shaped [1]. Neuroendocrine
differentiation has been reported in some cases of hyalinizing trabecular tumor, and
it is this expression of markers such as chromogranin and neuron-specific enolase
that makes the distinction from paraganglioma difficult [31]. Immunoreactivity for
thyroglobulin and TTF-1 excludes paraganglioma.

Hiirthle cell neoplasm is in the differential diagnosis of hyalinizing trabecular
tumor because both neoplasms have polygonal, large cells with abundant granular
cytoplasm and eccentric nuclei, although in the former, the cytoplasmic granularity
and eosinophilia are striking. Detection of hyaline material in hyalinizing trabecular
tumor helps in the diagnosis [14].
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Case Study

A 60-year-old woman presented with symptoms of hoarseness and discomfort in
swallowing. She had a history of hyperthyroidism, which was treated with radioac-
tive iodine 20+ years ago. She did not have any history of radiation to the head and
neck area or family history of thyroid cancer. Physical examination revealed an
enlarged palpable left thyroid lobe. There were no signs of hyperthyroidism.
Ultrasound examination revealed a left nodule, measuring 5 cm and occupying
almost the entire left thyroid lobe. A smaller, heterogeneous nodule, measuring
1.1 cm was also noted in right thyroid lobe.

A fine-needle aspiration was performed on the left thyroid nodule. The aspirate
was cellular and consisted of follicular cells arranged as numerous microfollicular
structures (Figs. 13.1 and 13.2). Individual follicular cells were of small to medium
size with scant to moderate amount of cytoplasm (Fig. 13.3). No nuclear features of
papillary thyroid carcinoma were noted. Rare mitotic figures were identified
(Fig. 13.4). No colloid or macrophages were identified in the background. The cytologic
diagnosis was follicular neoplasm.

The patient underwent a total thyroidectomy. Serial resection revealed a 4.5 cm
thyroid nodule with a hemorrhagic center in the left thyroid lobe. The tumor con-
sisted of follicular cells arranged in both trabecular and insular patterns separated
by thin fibrovascular stroma (Fig. 13.5). Follicular structures were noted within the
nests of tumor cells (Fig. 13.6). Individual tumor cells appeared small and relatively
uniform with hyperchromatic, convoluted nuclei and indistinct nucleoli (Fig. 13.7).
Nuclear features typical of papillary thyroid carcinoma were not apparent. Increased
mitotic figures (more than 3 per 10 high-power field) were noted. No necrosis was
found. A small focus of extrathyroidal extension was identified. The non-neoplastic
thyroid showed florid Hashimoto’s thyroiditis. The histologic diagnosis was poorly
differentiated thyroid carcinoma.
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Fig.13.1 Thyroid FNA-poorly differentiated thyroid carcinoma. The aspirate is cellular and con-
sists of numerous small clusters and scattered single cells. There is no colloid in the background
(Papanicolaou stain, low power)

Fig.13.2 Thyroid FNA-poorly differentiated thyroid carcinoma. High magnification reveals that
the clusters are mostly microfollicles without luminal formation (Papanicolaou stain, high power)
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Fig. 13.3 Thyroid FNA-poorly differentiated thyroid carcinoma. The microfollicles consist of
small- to medium-sized follicular cells with scant to moderate amount of cytoplasm (Papanicolaou
stain, high power)

Fig.13.4 Thyroid FNA-poorly differentiated thyroid carcinoma. The nuclei of the follicular cells
vary from oval to angulated. The chromatin appears coarsely granular with small indistinct nucle-
oli. Rare mitotic figure is present. Nuclear features of papillary thyroid carcinoma are not identified
(Papanicolaou stain, high power)
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Fig.13.5 Poorly differentiated thyroid carcinoma. A partially encapsulated tumor consists of fol-
licular cells arranged in both trabecular and insular growth pattern separated by stroma (H&E
stain, low power)

Fig.13.6 Poorly differentiated thyroid carcinoma. Higher magnification reveals irregular nests of
follicular cells separated by fibrovascular stroma. Microfollicular structures are noted within the
nests (H&E stain, high power)
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Fig.13.7 Poorly differentiated thyroid carcinoma. Individual follicular cells demonstrate moder-
ate amount of pale cytoplasm and well-defined cytoplasmic borders. The nuclei appear round to
oval to slightly angulated and contain coarsely granular chromatin. Nuclear grooves and nuclear
inclusions are not present (H&E stain, high power)

Discussion

Poorly differentiated thyroid carcinoma, a follicular cell-derived malignancy,
accounts for 4-7 % of all thyroid cancers [1]. It occupies an intermediate position
between well-differentiated and anaplastic thyroid carcinoma in regard to morphol-
ogy and biologic behavior. It is also known as “insular” carcinoma because of its
growth pattern of solid clusters or nests of cells reminiscent of a carcinoid tumor. It
may arise de novo or be associated with a well-differentiated thyroid carcinoma.
Clinically, it usually occurs in older individuals and frequently presents at an
advanced stage with extra-thyroidal extension as well as metastases to regional
lymph nodes, lung, and bones.

Histologically, the insular growth pattern is readily recognized at low magnifica-
tion and is characterized by well-defined nests of tumor cells surrounded by fibro-
vascular septa of variable thickness (Fig. 13.8). Follicular structures are sometimes
noted within the tumor nests (Fig. 13.9). Individual tumor cells appear small and
relatively uniform with hyperchromatic, convoluted nuclei, and indistinct nucleoli
(Fig. 13.10). Nuclear features typical of papillary thyroid carcinoma are usually not
apparent. Mitotic figures and necrosis are common findings (Fig. 13.11). Other
growth patterns, including trabecular and solid patterns, are also recognized and
often coexist with the insular growth pattern [2].
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Fig. 13.8 Poorly differentiated thyroid carcinoma. A solid proliferation of neoplastic follicular
cells in an insular pattern separated by very thin fibrovascular stroma (H&E stain, low power)

Fig.13.9 Poorly differentiated thyroid carcinoma. Higher magnification reveals irregular nests of
follicular cells separated by very thin fibrovascular stroma. Microfollicular structures with or with-
out colloid are noted within the nests (H&E stain, high power)
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Fig. 13.10 Poorly differentiated thyroid carcinoma. Individual follicular cells demonstrate
moderate amount of granular cytoplasm. The nuclei appear round to oval to slightly angulated and
contain coarsely granular chromatin. Nuclear features of papillary thyroid carcinoma such as
nuclear grooves and nuclear inclusions are not present (H&E stain, high power)

Fig.13.11 Poorly differentiated thyroid carcinoma. Large area of tumor necrosis can be seen in
about one-third of the tumors (H&E stain, low power)



232 13 Poorly Differentiated Thyroid Carcinoma

Fig. 13.12 Thyroid FNA-poorly differentiated thyroid carcinoma. Cellular aspirate with no
colloid in the background. The follicular cells are arranged in loosely cohesive irregular clusters
(Papanicolaou stain, low power)

Few studies have described the cytology of poorly differentiated thyroid carcinoma
[2-5]. The aspirates are usually highly cellular with scant colloid (Fig. 13.12). The
tumor cells arrange in loosely cohesive clusters with overlapping and crowding
(Fig. 13.13). Variable number of single isolated cells is often noted in the back-
ground. Microfollicular structures with or without intraluminal colloid have been
described (Fig. 13.14). The tumor cells consist of small- to medium-sized cells with
scant cytoplasm, round nuclei, granular chromatin, indistinct nucleoli, and high
nuclear-to-cytoplasmic ratio; resulting in a relatively monomorphic appearance
(Fig. 13.15). Nuclear grooves and inclusions are infrequent and limited to a small
proportion of the tumor cells [4]. Occasional bi/multinucleation, nucleomegaly, and
mitotic figures have been noted but marked pleomorphism is not present (Fig. 13.16).
Necrosis is observed in less than one-third of the reported cases [2, 4]. The latter
may be explained by the fact that the necrotic areas are small in poorly differenti-
ated thyroid carcinoma and may not be present in cytology due to sampling error.
The identification of mitotic figures and/or necrosis facilitates the diagnosis of
poorly differential thyroid carcinoma.

Cytologically, the differential diagnosis of poorly differentiated thyroid carci-
noma includes follicular neoplasm, follicular variant of papillary thyroid carcinoma,
and neoplasms composed of small malignant cells such as medullary thyroid carci-
noma and metastases such as small-cell carcinoma. Both reactive and neoplastic
lymphoid lesions should also be considered in the differential diagnosis. It has been
reported that a significant number of poorly differentiated thyroid carcinoma with
and without nuclear grooving and overlapping have been misclassified as follicular
variant of papillary thyroid carcinoma and follicular neoplasm on FNA, respectively,
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Fig.13.13 Thyroid FNA-poorly differentiated thyroid carcinoma. The follicular cells are arranged
haphazardly with mild nuclear crowding and overlapping. Microfollicular formation is also noted
(Papanicolaou stain, high power)

Fig.13.14 Thyroid FNA-poorly differentiated thyroid carcinoma. In this example, the microfol-
licular structure is prominent (H&E stain, high power)
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Fig.13.15 Thyroid FNA-poorly differentiated thyroid carcinoma. The cytoplasm is scant to moderate.
The nuclei vary from oval to angulated. The chromatin appears coarsely granular with small nucleoli.
Nuclear features of papillary thyroid carcinoma are not identified (Papanicolaou stain, high power)

Fig. 13.16 Thyroid FNA-poorly differentiated thyroid carcinoma. The follicular cells demonstrate
mild-to-moderate nuclear anisonucleosis. Rare mitotic figure is present (Papanicolaou stain, high power)

because of the presence of microfollicular structures (Figs. 13.17 and 13.18) [2, 4].
Helpful features that favor a poorly differentiated thyroid carcinoma over the other
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Fig.13.17 Thyroid FNA-follicular neoplasm. Numerous microfollicles are noted with no colloid
in the background. The follicular cells are uniform without any significant cytologic atypia.
Subsequent follow-up reveals a follicular adenoma (Diff-Quik stain, low power)

-

Fig. 13.18 Thyroid FNA-follicular variant of papillary thyroid carcinoma. Crowded clusters of
follicular with ill-defined microfollicular structures. Individual cells show powdery chromatin and
infrequent nuclear grooves (Papanicolaou stain, high power)

two entities are the presence of marked nuclear overlapping and crowding, mitotic
figures, and necrosis [4].



236 13 Poorly Differentiated Thyroid Carcinoma

@ ¢ ¢
2%°% e e
ST
o’ s .o pe
> Jon #
., ."o'. e
o - »
- @ Vo
:: -

Fig.13.19 Thyroid FNA-medullary thyroid carcinoma. The predominantly small-cell pattern of
medullary carcinoma should be considered in the differentiated diagnosis. The loosely cohesive
pattern and the finding of “salt-and-pepper” chromatin would favor a medullary thyroid carcinoma
(Papanicolaou stain, high power)

Cases of poorly differentiated thyroid carcinoma with a conspicuous single-cell
pattern may be difficult to differentiate from medullary thyroid carcinoma, espe-
cially the small-cell variant, on morphology alone. Both bi/multinucleated tumor
cells and nucleomegaly can be found in both entities (Fig. 13.19). The finding of
colloid in poorly differentiated thyroid carcinoma can be mistaken for amyloid in
medullary thyroid carcinoma on Diff-Quik stain. However, the chromatin pattern of
medullary thyroid carcinoma is typically described as “salt and pepper” rather than
coarsely granular. Mitotic figures and/or necrosis are generally not observed with
medullary thyroid carcinoma. Positive immunocytochemical staining with calcito-
nin and elevated serum calcitonin level will be noted with medullary thyroid carci-
noma but not poorly differentiated thyroid carcinoma.

The common features shared between poorly differentiated thyroid carcinomas
and metastatic small-cell carcinomas include small cell size, frequent mitoses, and
necrosis (Fig. 13.20). Furthermore, both entities are TTF-1 and cytokeratin positive.
However, small-cell carcinomas usually demonstrate marked nuclear pleomorphism
with nuclear molding while the tumor cells of poorly differentiated thyroid carcino-
mas appear monomorphic with round and relatively uniform nuclei. In addition, thy-
roglobulin is strongly expressed by poorly differentiated thyroid carcinoma but not
metastatic small-cell carcinoma. Without immunostains such as thyroglobulin and
lymphoid markers, poorly differentiated thyroid carcinoma can also be mistaken for
a low-grade lymphoproliferative process because of the loosely cohesive small-cell
pattern (Fig. 13.21). The finding of lymphoglandular bodies would favor the latter.
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Fig. 13.20 Thyroid FNA-metastatic small-cell lung carcinoma. Crowded cohesive group of
relatively small neoplastic cells with high nuclear-to-cytoplasmic ratio. Compared to poorly
differentiated thyroid carcinoma, the neoplastic cells of small-cell carcinoma demonstrate more
significant nuclear atypia with nuclear molding as well as frequent apoptotic and mitotic figures
(Papanicolaou stain, high power)

: -9 3
Fig. 13.21 Thyroid FNA-follicular center cell lymphoma, Grade I. The small-cell pattern of a
low-grade B-cell lymphoma should be considered in the differential diagnosis. The presence of
lymphoglandular bodies should favor a lymphoid lesion. Immunophenotyping would demonstrate
a monoclonal B-cell population (Diff-Quik stain, high power)
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Case Study

A 34-year-old male presented with a 2-month history of left neck pain and fullness,
which worsened with lying supine. The patient also complained of voice fatigue and
mild difficulty in swallowing but there was no hoarseness. There was no history of
radiation to the head and neck region. He was a nonsmoker and social drinker.
Family history included possible thyroid cancer in his mother. Physical examination
revealed a well-developed male in no apparent distress. Significant findings included
enlarged thyroid gland with bilateral tenderness upon palpation. There was no
palpable cervical adenopathy.

Ultrasonographic examination revealed an enlarged left thyroid gland, which
consisted of a left thyroid nodule, measuring at least 4 cm in greatest dimension.
No enlarged lymph nodes were identified. Thyroid function test and serum calcitonin
level were within normal limits. Fiber-optic laryngoscopy revealed bilateral mobile
vocal cords and patent airway.

A fine-needle aspiration biopsy of the left thyroid nodule was preformed. The
aspirate was moderately cellular (Fig. 14.1) and demonstrated two cellular compo-
nents (Fig. 14.2). The first component consisted of three-dimensional cohesive
groups of follicular cells with scant to moderate amount of cytoplasm and high
nuclear-to-cytoplasmic ratio. Ill-defined follicular structures were noted. The nuclei
were oval/round and relatively uniform with inconspicuous nucleoli (Figs. 14.3 and
14.4). The second cellular component consisted of predominantly single- or three-
dimensional crowded groups of large, pleomorphic neoplastic cells (Figs. 14.5 and
14.6). Individual cells demonstrated moderate to abundant amount of cytoplasm,
oval- to spindle-shaped nuclei, and irregular nuclear contours. Bi- or multi-nucleated
forms were common. Other findings included osteoclastic-like multinucleated giant
cells (Fig. 14.7) and conspicuous metachromatic extracellular material intermixed
with loosely cohesive groups of large, pleomorphic neoplastic cells (Fig. 14.8).
The cytologic impression was that of a poorly differentiated malignant neoplasm;
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Fig.14.1 Thyroid FNA-anaplastic thyroid carcinoma. The aspirate is markedly cellular and con-
sists of tissue fragments, loosely cohesive groups, and single cells (Diff-Quik stain, low power)
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Fig.14.2 Thyroid FNA-anaplastic thyroid carcinoma. The aspirate consists of two cellular com-

ponents: large, pleomorphic neoplastic cells and smaller, relatively uniform follicular cells (Diff-
Quik stain, high power)

.
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Fig.14.3 Thyroid FNA-anaplastic thyroid carcinoma. Three-dimensional cohesive groups of fol-
licular cells with scant to moderate amount of cytoplasm, high nuclear-to-cytoplasmic ratio, oval/
round nuclei, and inconspicuous nucleoli (Diff-Quik stain, high power)

Fig. 14.4 Thyroid FNA-anaplastic thyroid carcinoma. Ill-defined follicular structures are also
noted (Diff-Quik stain, high power)



242 14 Anaplastic Thyroid Carcinoma

—~1

- [ Q—

Fig. 14.5 Thyroid FNA-anaplastic thyroid carcinoma. Large, irregular tissue fragments consist-
ing of pleomorphic epithelioid and spindle neoplastic cells (Diff-Quik stain, high power)

Fig. 14.6 Thyroid FNA-anaplastic thyroid carcinoma. Single, loosely cohesive, large, pleomor-
phic epithelioid and spindle neoplastic cells with moderate to abundant amount of cytoplasm and
irregular nuclei (Diff-Quik stain, high power)
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Fig.14.7 Thyroid FNA-anaplastic thyroid carcinoma. Osteoclast-like multinucleated giant cells
are frequently noted (Diff-Quik stain, high power)

Fig. 14.8 Thyroid FNA-anaplastic thyroid carcinoma. Metachromatic extracellular material
admixed with pleomorphic epithelioid and spindle neoplastic cells (Diff-Quik stain, high power)



244 14 Anaplastic Thyroid Carcinoma

the differential diagnosis included anaplastic thyroid carcinoma, metastatic carcinoma,
melanoma, and sarcoma. No additional material was available for ancillary study.

The patient underwent total thyroidectomy and left central neck dissection.
Grossly, the left thyroid lobe was markedly enlarged, measuring 9x8x5 cm. The
thyroid capsule was grossly intact. Serial sectioning revealed a multi-lobulated
encapsulated mass in the left lobe, measuring 8 x8 x5 cm and replacing almost the
entire left lobe. The cut surface appeared variegated with tan-grey areas admixed
with pale yellow and hemorrhagic areas. The right thyroid lobe appeared grossly
normal. Microscopic sections of the left thyroid mass revealed an encapsulated
tumor with extensive capsular invasion. The majority of tumor (>90 %) consisted of
large, pleomorphic epithelioid and spindle neoplastic cells in solid growth pattern
(Fig. 14.9). Individual neoplastic cells demonstrated moderate to abundant amount
of eosinophilic cytoplasm, oval/round to spindle-shaped nuclei, and prominent
nucleoli (Figs. 14.10 and 14.11). Bi- or multi-nucleated forms as well as osteoclastic-
like giant cells were frequently noted (Fig. 14.12). Osteoid production was noted in
some area as well as areas of necrosis (Fig. 14.13). In addition to the anaplastic
component, a small portion of the tumor (<10 %) consisted of smaller, relatively
uniform neoplastic cells in a predominantly microfollicular pattern. No nuclear fea-
tures of papillary thyroid carcinoma were identified. These findings were consistent
with the remnant of a follicular carcinoma (Figs. 14.14 and 14.15). The tumor cells
of the anaplastic component were negative for pan-cytokeratin, TTF-1, and PAXS;
on the contrary, the tumor cells of the follicular carcinoma reacted strongly with
pan-cytokeratin, TTF-1, and PAXS. Extensive vascular invasion was noted. However,
all five lymph nodes were negative for metastatic disease. The final diagnosis was
anaplastic thyroid carcinoma arising from a follicular thyroid carcinoma.

Fig.14.9 Anaplastic thyroid carcinoma arising from a follicular carcinoma. The larger portion of
the tumor consists of neoplastic cells in solid growth pattern (H&E, low power)
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Fig.14.10 Anaplastic thyroid carcinoma arising from a follicular carcinoma. The neoplastic cells
consist of a mixture of large, pleomorphic spindle and epithelioid forms with little intervening
stroma (H&E, low power)

Fig. 14.11 Anaplastic thyroid carcinoma arising from a follicular carcinoma. Individual neoplastic
cells demonstrate moderate amount of eosinophilic cytoplasm and oval to elongated nuclei with
vesicular chromatin, prominent nucleoli, and thick, irregular nuclear membranes (H&E, low power)
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Fig.14.12 Anaplastic thyroid carcinoma arising from a follicular carcinoma. Pleomorphic multi-
nucleated and osteoclastic-like giant cells are frequently noted. In addition, abnormal mitotic fig-
ures are readily apparent (H&E, low power)

Fig.14.13 Anaplastic thyroid carcinoma arising from a follicular carcinoma. Abundant eosin-
ophilic, extracellular material consistent with osteoid is admixed with neoplastic cells (H&E,
high power)
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Fig. 14.14 Anaplastic thyroid carcinoma arising from a follicular carcinoma. A small portion of
tumor demonstrates predominantly a follicular growth pattern (H&E, low power)

Fig. 14.15 Anaplastic thyroid carcinoma arising from a follicular carcinoma. The follicles are
lined by cuboidal follicular cells with smaller, relatively uniform nuclei. Evidences of nuclear
features of papillary thyroid carcinoma are not identified (H&E, high power)
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Discussion

Anaplastic thyroid carcinoma is the most aggressive form of primary thyroid malig-
nancy, with a median survival of less than 6 months following the initial diagnosis
[1]. It is uncommon and accounts for less than 3% of all thyroid malignancies;
however, it contributes up to 50 % of the annual mortality secondary to thyroid can-
cer [2]. Unlike patients with other primary thyroid malignancies, who often benefit
from complete surgical resection, the best survival results are observed in inopera-
ble patients who received primary chemotherapy and radiation therapy rather than
primary surgical resection [3, 4]. Therefore, an accurate preoperative diagnosis of
anaplastic thyroid carcinoma would be helpful to avoid unnecessary surgery and
allow the patients proceed directly to more optimal nonsurgical therapy [5].

Clinically, almost all patients with anaplastic thyroid carcinoma are elderly and
present with a rapidly enlarging, painful neck mass with or without pressure symp-
toms such as hoarseness, dysphagia, and dyspnea. Physical examination reveals a
fixed and hard thyroid gland. Cervical nodal and/or distant metastases are noted in
at least 40 % of patients at the time of presentation. The frequent ultrasonographic
findings of anaplastic thyroid carcinoma include a solitary mass, marked hypoecho-
genicity, irregular margins, and internal calcification; these findings are nonspecific
and can be seen in other aggressive forms of thyroid cancers [6]. When an anaplastic
thyroid carcinoma is suspected clinically and/or ultrasonographically, tissue confir-
mation by FNA is often required to establish a definitive diagnosis and to guide
subsequent clinical management.

Histologically, anaplastic thyroid carcinomas are composed of a mixture of
markedly atypical/pleomorphic spindle, epithelioid, and giant cells with consider-
able variations in both the proportions and distributions of these cellular compo-
nents from tumors to tumors (Fig. 14.16). The epithelioid component often exhibits
squamoid features, resembling the cells of non-keratinizing, poorly differentiated
squamous cell carcinomas. The giant cells may contain single or multiple, pleomor-
phic nuclei; occasional osteoclast-like giant cells are also noted (Fig. 14.17). Spindle
cells can be arranged in fascicles or a storiform pattern and can result in a sarcoma-
toid appearance when it is the predominant or exclusive component (Fig. 14.18).
Hemorrhage, necrosis, and inflammatory infiltrate may be seen with all cell patterns
(Fig. 14.19). In up to 70 % of anaplastic thyroid carcinomas, there is evidence of a
pre-existing well-differentiated thyroid carcinoma, either papillary or follicular [7].

The cellularity and the cytologic presentations of anaplastic thyroid carcinoma
are variable depending on the histologic type and the extent of tumor necrosis [8—10].
For example, tumors with a predominant spindle cell pattern with sclerosis tend to
be paucicellular (Fig. 14.20) whereas tumors with giant and epithelioid cells often
yield highly cellular aspirates (Fig. 14.21). Tumors with extensive hemorrhage,
inflammatory infiltrate, or necrosis may obscure the malignant cells and yield unsat-
isfactory samples (Fig. 14.22). The malignant cells are often present singly, as
loosely cohesive groups, or infrequently as syncytial tissue fragments. Individual
cells vary in size and shape from small to giant forms and from round/oval to polyg-
onal, to spindle, to various bizarre shapes (Figs. 14.23 and 14.24). The nuclei are
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Fig. 14.16 Anaplastic thyroid carcinoma. It is typically characterized by a mixture of markedly
atypical/pleomorphic spindle, epithelioid, and giant cells with considerable variation in both pro-
portions and distributions (H&E, low power)

Fig.14.17 Anaplastic thyroid carcinoma. Individual neoplastic cells show marked pleomorphism
with nuclear enlargement, anisonucleosis, prominent nucleoli, multinucleation, and increased
nuclear/cytoplasmic ratio (H&E, high power)
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Fig. 14.18 Anaplastic thyroid carcinoma. This tumor consists of predominantly neoplastic spindle
cells arranged in fascicles, resembling a high-grade sarcoma. Individual tumor cells have abundant
eosinophilic cytoplasm, elongated nuclei with vesicular chromatin, prominent, sometimes multiple,
nucleoli (H&E, high power)

Fig. 14.19 Anaplastic thyroid carcinoma. Areas of necrosis are frequently noted (H&E, low
power)
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Fig. 14.20 Thyroid FNA-anaplastic thyroid carcinoma. Paucicellular specimen with scattered
atypical spindle-shaped neoplastic cells (Diff Quik stain, low power)
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Fig. 14.21 Thyroid FNA-anaplastic thyroid carcinoma. Markedly cellular specimen with pre-
dominantly epithelioid neoplastic cells (Diff Quik stain, high power)
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Fig. 14.22 Thyroid FNA-anaplastic thyroid carcinoma. Extensive necrosis with inflammatory
and cellular debris. Neoplastic cells are not readily apparent (Papanicolaou stain, low power)

Fig.14.23 Thyroid FNA-anaplastic thyroid carcinoma. Predominantly loosely cohesive epitheli-
oid cells. Marked anisonucleosis is apparent (Papanicolaou stain, high power)
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Fig. 14.24 Thyroid FNA-anaplastic thyroid carcinoma. Crowded cluster of spindle-shaped neo-
plastic cells with moderate amount of cytoplasm and elongated nuclei (Diff-Quik stain, high power)

large with irregular nuclear membranes, coarsely granular chromatin, prominent
nucleoli, and frequent intranuclear inclusions. Binucleated or multinucleated forms
as well as normal and abnormal mitotic figures are common findings (Fig. 14.25).
The cytoplasm appears pale to dense, and sometime clear. Emperipolesis may be
seen in neoplastic giant cells. Keratinization may be focally evident in squamous-
type neoplastic cells. In well-sampled cases, cytologic evidence of a well-differen-
tiated thyroid carcinoma (papillary or follicular) may be found (Fig. 14.26).

Given the cytologic presentation along with adequate cellularity, the cytologic
diagnosis of anaplastic carcinoma is usually quite straightforward with a diagnostic
accuracy in the range of 85-90 % [8]. False-negative diagnoses have been reported
and are attributed to one of the following factors: (1) paucicellular samples from spin-
dle cell variant containing excessive collagenous stroma; (2) obscuring inflammatory
and cellular debris from tumors with extensive necrosis (Fig. 14.27); or (3) predomi-
nantly neutrophilic infiltrate masquerading as abscess (Fig. 14.28) [6, 8, 9]. In addition,
cases of anaplastic thyroid carcinoma have been underdiagnosed as well-differenti-
ated thyroid carcinoma or even follicular neoplasm due to sampling error since a
substantial percentage of anaplastic thyroid carcinomas consists of foci of well-differ-
entiated thyroid carcinoma. Some benign conditions such as abscess, Riedel’s and
subacute thyroiditis with granulomatous inflammation (Fig. 14.29), cyst-lining cells
from cystic degeneration in nodular goiters (Fig. 14.30), or radiation-induced changes
(Fig. 14.31) may present with markedly atypical non-neoplastic histiocytic and/or
stromal cells that can be misinterpreted as anaplastic thyroid carcinoma. In these
conditions, the atypical cells are often sparse. Furthermore, a diagnosis of anaplastic
thyroid carcinoma should be made cautiously if the patient’s demographics and/or
clinical presentation do not fit those of anaplastic thyroid carcinoma.
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Fig. 14.25 Thyroid FNA-anaplastic thyroid carcinoma. Binucleated and multinucleated giant
cells are present. Some tumor cells possess abundant dense cytoplasm and eccentrically located
nuclei, resulting in a plasmacytoid/rhabdoid appearance (Papanicolaou stain, high power)

Fig. 14.26 Thyroid FNA-anaplastic thyroid carcinoma. Two cellular components are noted. In
addition to the loosely cohesive pleomorphic spindle-shaped cells, a cluster of smaller, relatively
uniform neoplastic follicular cells are also noted. The latter denote remnant of a well-differentiated
thyroid carcinoma (Diff-Quik stain, high power)
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Fig. 14.27 Thyroid FNA-anaplastic thyroid carcinoma. Some aspirates consist of extensive
necrosis with inflammatory and cellular debris, obscuring the underlying neoplastic cells
(Papanicolaou stain, low power)
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Fig.14.28 Thyroid FNA-anaplastic thyroid carcinoma. Some aspirates consist of predominantly
neutrophilc infiltrate, which can be confused with abscess (Papanicolaou stain, high power)
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Fig.14.29 Thyroid FNA-subacute thyroiditis. The finding of aggregate of epithelioid histiocytes
consistent with non-necrotizing granuloma is characteristic of subacute thyroiditis. Epithelioid
histiocytes can display considerable atypia, which can be mistaken for a malignancy. The presence
of abundant cytoplasm, “carrot-shaped” nuclei, and mature lymphocytes favor a benign process
(Papanicolaou stain, high power)

Fig. 14.30 Thyroid FNA-cystic degeneration in nodular goiter. Aggregates of mildly atypical
spindle-shaped cells derived from cyst-lining cells. Nuclear enlargement and prominent nucleoli
can be noted and be mistaken for a neoplasm (Papanicolaou stain, high power)
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Fig.14.31 Thyroid FNA-atypia in patient with Graves’ disease status posttreatment with radioac-

tive iodine. Scattered follicular cells with cytoplasmic and nuclear enlargement, resulting in nor-
mal nuclear-to-cytoplasmic ratio (Diff Quik stain, high power)

Because of its diverse cytologic presentations with different cellular morpholo-
gies, anaplastic thyroid carcinoma can simulate other neoplastic processes includ-
ing medullary carcinoma, metastatic tumors, lymphoma, and sarcoma. Cytologic
features that are shared by both medullary carcinoma and anaplastic thyroid carci-
noma include hypercellularity, a dispersed single-cell pattern, spindle cell mor-
phology, and nuclear pleomorphism (Figs. 14.32 and 14.33). The finding of the
typical “salt-and-pepper” chromatin and relative uniformity of the majority of the
neoplastic cells would favor a medullary carcinoma (Fig. 14.34). Metastatic tumors
should always be considered in the differential diagnosis, especially in patients
with a clinical history of non-thyroid cancer. For example, metastatic melanomas
often present with single, pleomorphic cells with or without cytoplasmic melanin
pigments (Fig. 14.35). Metastatic poorly differentiated squamous cell carcinoma
from the head and neck region and upper aerodigestive tract can be difficult to dis-
tinguish from anaplastic thyroid carcinoma with a predominant squamous compo-
nent (Fig. 14.36). Metastatic carcinoma from other sites should be considered
especially in patients with a prior history of non-thyroidal malignancy (Fig. 14.37).
Anaplastic thyroid carcinoma can also be confused with high-grade large lym-
phoma such as diffuse large cell non-Hodgkin’s lymphoma, anaplastic large-cell
lymphoma, and Hodgkin’s lymphoma because of the dispersed, single-cell pattern
and the finding of occasional pleomorphic giant cells (Fig. 14.38). Anaplastic thy-
roid carcinomas with a spindle cell pattern can simulate a mesenchymal malig-
nancy, both primary and secondary.
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Fig.14.32 Thyroid FNA-medullary carcinoma. Loosely cohesive epithelioid cells with eccentri-
cally located, round to oval nuclei. Binucleated and multinucleated giant cells can be present (Diff-
Quik stain, high power)

Fig.14.33 Thyroid FNA-medullary carcinoma. Loosely cohesive spindle-shaped and epithelioid
cells are typical finding of medullary carcinoma (Diff-Quik stain, high power)
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Fig. 14.34 Thyroid FNA-medullary carcinoma. The finding of “salt-pepper” chromatin favors a
diagnosis of medullary carcinoma (Papanicolaou stain, high power)

Fig.14.35 Thyroid FNA-metastatic melanoma. Predominantly single epithelioid cells with plas-
macytoid appearance. Prominent nucleoli and multinucleation are frequent findings. Cytoplasmic
pigment is noted in occasional neoplastic cells (Papanicolaou stain, high power)
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Fig.14.36 Thyroid FNA-metastatic squamous cell carcinoma. Cohesive crowded group of atypi-
cal, non-keratinizing squamous cells with spindle-shaped cells. The patient had a history of laryn-
geal squamous cell carcinoma status post-laryngectomy (Papanicolaou stain, high power)

Fig.14.37 Thyroid FNA-metastatic adenocarcinoma from breast. Single and cohesive groups of
markedly atypical epithelioid and spindle-shaped neoplastic cells. The patient had a stage IV
breast carcinoma with widespread metastases (Diff-Quik stain, high power)
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Fig.14.38 Thyroid FNA-large B-cell non-Hodgkin’s lymphoma. Predominantly single cells with
scantamount of non-descript cytoplasm, round-to-oval nuclei, and coarse chromatin. Corresponding
flow cytometry revealed a monoclonal B-cell population with kappa light chain restriction
(Papanicolaou stain, high power)

Immunocytochemistry can be helpful in the differential diagnosis of anaplastic
thyroid carcinoma. Cytokeratin is the most useful marker in establishing the epi-
thelial nature of the neoplasm since it is consistently positive in anaplastic thyroid
carcinomas. Anaplastic thyroid carcinomas are nonreactive to calcitonin, Melan-A,
and leukocyte common antigen (LCA), thus excluding medullary carcinoma, mel-
anoma, and lymphoma. Differential diagnosis from metastatic carcinoma can be
challenging since the majority of anaplastic thyroid carcinomas are negative for
thyroglobulin (up to 60 %) and thyroid transcription factor-1 (TTF-1; up to 80 %)
[8, 11]. More recently, it has been demonstrated that PAXS, which is associated
with thyroid organogenesis, was found to be consistently expressed in 80 % of
anaplastic thyroid carcinoma in tissue sections [11]. Unfortunately, the results
with cytology preparations were mixed. Rivera et al. did not observe any reactivity
to PAX8 in their five cases of anaplastic thyroid carcinoma [12] whereas Bellevicine
et al. reported PAXS8 positivity in their three cases of anaplastic thyroid carcinoma
including one with a spindle cell pattern [13]. Thus, the jury is still out in regard
to the usefulness of PAX8 in the cytologic differential diagnosis of anaplastic
thyroid carcinoma. It is important to note that all three markers, thyroglobulin,
TTF-1, and PAXS, are positive with well-differentiated primary thyroid carcinomas,
both papillary and follicular.
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Case Study

A 65-year-old female with a history significant for morbid obesity, hypertension,
and ductal breast carcinoma presented with 1-year history of swelling in the neck,
voice fatigue, and mild difficulty in swallowing. There was no history of radiation
to the head and neck region. She reported that she had never smoked, never used
smokeless tobacco, never used illicit drugs and was not a drinker. Her family history
included breast and ovarian cancer in her mother, and diabetes in her father. There
was no history of thyroid disease. Physical examination revealed a well-developed
female who was not in any obvious distress. Examination of the neck revealed dif-
fusely enlarged thyroid gland. There was no cervical adenopathy. Ultrasonographic
examination revealed that the right lobe of the thyroid gland was enlarged and
replaced by an isoechoic nodule that measured approximately 4.1x3.7x3.5 cm.
However, the exact measurement was more as some aspect of this nodule was sub-
sternal and not accessible via ultrasound. The nodule was complex, cystic without
internal calcifications. The left lobe of the thyroid gland was also significantly
enlarged and substernal. Approximate measurement of the left lobe was
3.9%x3.6x3.5 cm. This lobe was heterogeneous in appearance, and contained a
3.0x3.0x 1.5 cm iso/hyperechoic nodule in the mid-pole. There were no internal
calcifications. An assessment of multinodular goiter was made. Fine-needle aspira-
tion biopsy of both thyroid lobes yielded a moderately cellular specimen showing
mixed micro- and macrofollicular hyperplasia in a background of abundant colloid,
consistent with multinodular goiter. Over the next several months, the neck swelling
increased in size and her difficulty in swallowing and other compressive symptoms
worsened. Computed tomography scan showed that the thyroid gland was enlarged
and heterogeneous, measuring 9.9 x 7.1 x 5.4 cm on the left and 9.5x6.7x3.7 cm on
the right. The thyroid gland was well marginated and mildly displaced the esopha-
gus and trachea posteriorly and to the right with greater than 50 % reduction in the
cross-sectional area of the trachea. There was mild splaying of the common carotid
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arteries and internal jugular veins. She was scheduled to undergo resection of her
goiter when she developed a seizure the night before her operation, prompting
work-up which revealed brain metastasis from her known breast cancer. A repeat
FNA on the right lobe of the thyroid done around the same time showed hypercel-
lular specimen with cohesive sheets of malignant cells. The nuclei were enlarged
and variably hyperchromatic, and also varied in size and shape. Nucleoli were large
and prominent, and irregularly shaped. After she was stabilized, she underwent total
thyroidectomy to relieve the compressive symptoms and metastatic breast carci-
noma was confirmed by histology. She also underwent radiation therapy to treat her
brain metastasis.

Discussion

Secondary neoplasms of the thyroid gland, are uncommon. The incidence has been
reported to be between 0.1 and 3 % [1-3], but they have been reported as incidental
findings in autopsy studies with a frequency of 4.4-24 % in patients with a known
primary cancer or widespread malignancy [4, 5]. This incidence may actually be
increasing as a result of increased surveillance over the last few decades by imag-
ing studies, including ultrasound and ultrasound-guided FNA biopsy [2, 6]. In con-
trast to primary tumors of the thyroid, metastatic tumors occur in a nearly equal sex
distribution and are significantly older than the average population that presents
with a thyroid nodule [1, 2, 5, 7]. Therefore, the increased likelihood of a possible
secondary tumor should be considered when interpreting FNA biopsy of thyroid
lesions in patients above the age of 50 years. Clinically, they can be indistinguish-
able from primary thyroid tumors [8—10]. Metastatic neoplasms can present as a
solitary “cold” nodule, and sometimes as a functioning nodule [11], and may also
present as numerous, small, discrete nodules, or diffuse involvement, which may
be variably symptomatic [12]. They can present with features of hyperthyroidism,
and they can also simulate acute or chronic thyroiditis, including elevated antithy-
roid antibody titers [13—15]. A thyroid nodule may be the first sign of metastasis in
a patient with known cancer and rarely is the presenting finding of an unknown
primary tumor [2, 16, 17]. The possibility of metastasis should always be consid-
ered whenever a patient presents with a thyroid nodule and they have a history of
malignancy elsewhere in the body or when the cytologic picture is not consistent
with or suggestive of common thyroid neoplasms. However, in 25-50 % of cases,
there is no previous history of malignancy, and the thyroid metastasis is the first
manifestation of an occult malignancy [17, 18]. The most common primary sites of
metastasis to the thyroid are kidney, lung, breast, gastrointestinal tract, especially
colon, melanoma, and malignant lymphoma [1, 7, 19]. However, other sites such
as soft tissue, genital, and urothelial malignancies have also been reported [20, 21].
The thyroid gland may also be involved by direct extension from malignancies of
the head and neck region, including laryngeal, oro-pharyngeal, and esophageal
carcinomas [12, 22]. Very rarely, an extrathyroidal tumor can metastasize to a pri-
mary thyroid tumor [1, 23, 24].
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Over the past few decades, fine-needle aspiration biopsy has emerged as the
leading test for the evaluation of thyroid nodules [25-27]. The FNA biopsy is sensi-
tive, but may not be specific for secondary malignancy, because metastatic tumors
can mimic primary thyroid tumors cytologically [28, 29]. The accuracy of FNA
biopsy in the diagnosis of metastatic tumors to the thyroid has been reported to be
between 74 and 87 % [7]. The high accuracy may be attributed to the obvious malig-
nant features especially in patients with prior diagnosis of malignancy in other sites
[1]. It is important to distinguish secondary thyroid tumors from the primary tumors
because patients who have metastasis to the thyroid have a poor prognosis in gen-
eral, and most die shortly after the confirmation of distant metastasis [2—4, 28].

The cytologic pattern of a metastatic tumor depends upon the manner of thyroid
involvement by the secondary neoplasm, and on the histologic type of the tumor as
well as their stage of differentiation [30]. Although the cytological features of
metastasis are distinct and clearly different from what is otherwise expected in pri-
mary tumors, there can be an admixture of atypical follicular cells, which can be
misinterpreted as primary follicular neoplasm [1].

Renal cell carcinomas (RCCs) are the most common secondary malignant tumors
involving the thyroid. The neoplastic cells are polygonal or elongated with clear
cytoplasm, distinct cytoplasmic membranes, and small compact eccentric nuclei
(Figs. 15.1-15.4). Nuclear pleomorphism is minimal to nonexistent. Although clear
cell features are the dominant findings, cells with slightly eosinophilic cytoplasm can
be present [31]. The cytologic features of thyroid papillary carcinoma such as nuclear
enlargement, nuclear contour irregularity, dispersed to optically clear-appearing
nuclear chromatin, crowding or overlapping nuclei, nuclear grooves, and nuclear

Fig.15.1 FNA of metastatic clear cell renal cell carcinoma (RCC) to the thyroid. The clear cells
of RCC have abundant, fragile, finely vacuolated cytoplasm (Diff-Quik stain, X200)
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Fig. 15.2 FNA of metastatic clear cell RCC to the thyroid. The neoplastic cells are polygonal
with clear cytoplasm, distinct cytoplasmic membranes, and small compact eccentric nuclei
(Papanicolaou stain, X400)
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Fig.15.3 Cell block material from the FNA of clear cell RCC (H&E stain, X200)

inclusions are not identified. A common pitfall is differentiating between metastatic
clear cell RCC and dominant clear cell component within a primary thyroid follicular
neoplasm (Fig. 15.5). Ancillary markers can be used effectively, as RCCs typically
are immunoreactive for RCC, CAIX (Fig. 15.6), and CD10 (Fig. 15.7), while



Fig. 15.4 Compact nests of neoplastic cells in metastatic clear cell RCC with adjacent normal
thyroid follicles (H&E stain, X100)

Fig.15.5 Clear cell change in follicular adenoma of the thyroid with adjacent normal thyroid fol-
licles (H&E stain, X100)
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Fig. 15.6 Metastatic clear cell RCC to the thyroid. CAIX stain showing a membranous staining
pattern

Fig. 15.7 Metastatic clear cell RCC to the thyroid. CD10 stain showing a membranous staining
pattern
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Fig.15.8 TTF-1 stain is negative in the cells of clear cell RCC while positive in adjacent normal
thyroid follicles

negative for thyroglobulin and TTF-1 (Figs. 15.8 and 15.9) [1, 32, 33]. Metastatic
clear cell RCC with granular cell features can be difficult to distinguish from primary
Hiirthle cell tumor. PAX-8 is not a useful marker for distinguishing between them
because it is expressed in both [34].

Metastases from breast or lung carcinomas may be very difficult to distinguish
from primary thyroid neoplasms. Single-file pattern of cells and intracytoplasmic
lumina suggest breast origin (Figs. 15.10-15.15) [17]. Ancillary studies are helpful
in making a diagnosis of metastatic breast carcinoma. Positive markers in breast
carcinoma include GATA-3 (Fig. 15.16), GCDFP-15, and mammaglobin (Fig. 15.17)
and these markers are usually negative in the thyroid. TTF-1 and thyroglobulin are
usually positive in primary thyroid tumors of follicular origin while they are nega-
tive in breast tumors (Fig. 15.18). For metastatic lung adenocarcinoma, the atypical
cells are usually arranged in three-dimensional clusters, gland-forming clusters, or
as single atypical glands. Scant colloid and few benign-looking follicular epithelial
cells may be present in the background (Figs. 15.19 and 15.20). Intranuclear cyto-
plasmic inclusions may be identified and this may lead to erroneous diagnosis of
papillary thyroid carcinoma (PTC) [35]. The interpretation of malignancy is usually
straightforward, but these morphological features may be insufficient to establish
the primary site, given the microscopic overlap between well-differentiated lung



Fig. 15.9 Positive TTF-1 stain in follicular adenoma with clear cell change. This confirms the
primary thyroid origin of the cells in this neoplasm

Fig. 15.10 Metastatic ductal carcinoma of the breast to the thyroid. Cluster of malignant ductal
cells with scattered single cells in the background (Papanicolaou stain, X400)
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Fig. 15.11 Metastatic ductal carcinoma of the breast to the thyroid. Cluster of malignant ductal
cells with rare intracytoplasmic vacuole (Papanicolaou stain, X400)

Fig. 15.12 Metastatic ductal carcinoma of the breast to the thyroid. Cluster of malignant ductal
cells with focal calcification. This calcification may be confused with psammoma body that is
typically seen in papillary thyroid carcinoma (Papanicolaou stain, X400)



Fig.15.13 Cell block material from metastatic breast ductal carcinoma to the thyroid. Cells show
apocrine change (H&E stain, X200)

Fig.15.14 Cell block material from metastatic breast ductal carcinoma to the thyroid. Individual
cells show plasmacytoid features (H&E stain, X200)



Fig. 15.15 Metastatic ductal carcinoma of the breast to the thyroid. Infiltrating ductal cells with
adjacent normal thyroid follicles (H&E stain, X100)

Fig. 15.16 Neoplastic cells showing strong and diffuse nuclear positivity for GATA-3 stain in
metastatic ductal carcinoma of the breast to the thyroid



Fig. 15.17 Neoplastic cells showing cytoplasmic staining for mammaglobin, consistent with
breast origin

Fig. 15.18 TTF-1 stain is negative in the cells of metastatic breast carcinoma while positive in
adjacent normal thyroid follicles
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Fig.15.19 Metastatic lung adenocarcinoma to the thyroid. Three-dimensional cluster of neoplas-
tic cells in a background of goiter. There is a second population of cells with the appearance of
normal follicular cells and a cystic background (Papanicolaou stain, X400)
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Fig.15.20 Metastatic lung adenocarcinoma to the thyroid. Cluster of neoplastic cells in a necrotic
background (Papanicolaou stain, X400)
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Fig.15.21 Metastatic lung adenocarcinoma to the thyroid. These neoplastic cells are positive for
napsin A

adenocarcinoma with mixed papillary and acinar features and follicular patterned
PTC. Ancillary studies should help in arriving at the diagnosis. TTF-1 is of no use
in differentiating between primary thyroid neoplasms and metastasis from the lung
since TTF-1 is expressed in both. Thyroglobulin and PAX-8 are more useful as
markers of thyroid differentiation while napsin A is typically positive in lung adeno-
carcinomas (Fig. 15.21).

Squamous cell carcinoma of the thyroid usually represents direct extension from
esophageal or laryngeal primary tumors. While keratinization is a feature of squa-
mous cell carcinoma (Figs. 15.22 and 15.23), it is worthy of note that keratinization
may be seen in papillary thyroid carcinoma. Benign squamous metaplasia is also
commonly seen in the thyroid; hence keratinization is not an absolute proof against
primary thyroid tumors [36].

In malignant melanoma, the individual tumor cells display ill-defined cytoplasm
and oval nuclei, with finely granular, optically clear chromatin. Poorly formed
nuclear grooves and intranuclear cytoplasmic inclusions may be present in a few
cells (Fig. 15.24) [37] and this may be a major pitfall in misdiagnosis as PTC. Often,
intracytoplasmic brownish pigment granules are identified (Fig. 15.25). While this
is pathognomonic of metastatic melanoma especially when a prior diagnosis of
melanoma is available, one must be careful not to dismiss this as hemosiderin pig-
ment within macrophages. Melanoma is typically positive for melan-A and HMB-
45 stains.
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Fig. 15.22 Metastatic squamous cell carcinoma to the thyroid. Sheets of keratinized squamous
cells in a necrotic background (Papanicolaou stain, X200)

Fig. 15.23 Metastatic squamous cell carcinoma to the thyroid. The neoplastic squamous cells
often appear very bland (Papanicolaou stain, X200)
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Fig. 15.24 Metastatic melanoma to the thyroid. Cells with poorly formed nuclear grooves and intranu-
clear cytoplasmic inclusions. This is a potential pitfall in misdiagnosis as PTC (Papanicolaou stain, X400)
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Fig. 15.25 Metastatic melanoma to the thyroid. Cells showing intracytoplasmic brownish
pigment granules, consistent with melanin (Papanicolaou stain, X400)
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Soft-tissue sarcomas involving the thyroid are very rare; hence a primary spindle

cell-type anaplastic carcinoma and other entities such as spindle epithelial tumors
with thymus-like differentiation must be ruled out.
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Case Study

Patient was a 41-year-old woman status post-total thyroidectomy and central lymph
node dissection for a 2.1 cm conventional papillary thyroid carcinoma 1 year prior.
There was no evidence of lymphovascular invasion. Three lymph nodes were sam-
pled and were negative for metastases. After achieving a TSH level of 33, a thyro-
globulin level of 0.6 ng/ml, and an anti-thyroglobulin antibody level at 64 TU/ml
with TSH suppression therapy, she received 32 mCi of I-31. Her post-therapy scan
showed 2 foci of uptake in the thyroid bed consistent with residual thyroid tissue.
She continued her TSH suppression therapy.

At her 1-year follow-up post-surgery (or 4 months after post-therapy scan), her
work-up showed a thyroglobulin level of 1.4 ng/ml and an anti-thyroglobulin anti-
body level of 2.6 IU/ml. Physical examination did not reveal any palpable cervical
or supraclavicular adenopathies. Ultrasound examination showed a suspicious-
appearing sub-centimeter lymph node in left level 4. FNA and thyroglobulin assay
of the L4 lymph node were performed under ultrasound guidance.

Cytology of the L4 lymph node showed abundant hemosiderin laden macro-
phages in a background of scattered lymphocytes (Fig. 16.1). No follicular cells
were present for evaluation (Fig. 16.2). The cytologic impression was cystic lesion
with the comment that a metastatic lesion could not be ruled out in view of the
patient’s prior history of papillary thyroid carcinoma. The thyroglobulin level of the
aspirate was reported to be over 30,000 ng/ml (normal level < 1 ng/ml) using chemi-
luminescent method. Based on the thyroglobulin level and the cytologic findings,
the patient was presumed to have metastatic papillary thyroid carcinoma involving
the left level 4 lymph node.

The patient underwent left central neck dissection and modified radical neck dis-
section of levels II, III, IV, and V. Histologic section of the level IV lymph node
showed a cystic structure with a thick fibrous wall (Fig. 16.3). The cyst was lined by
neoplastic cells with abundant eosinophilic cytoplasm and enlarged, nuclei (Fig. 16.4).
Nuclei showed powdery chromatin, nuclear clearing, and nuclear grooves (Fig. 16.5).

© Springer International Publishing Switzerland 2016 281
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Fig. 16.1 L4 lymph node FNA-cystic lesion. The aspirate is of low cellular and consists of
scattered macrophages and scattered lymphocytes (Papanicolaou stain, low power)
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Fig. 16.2 L4 lymph node FNA-cystic lesion. Macrophages with abundant foamy cytoplasm
arranged in small groups or singly. Lymphocytes are also noted (Papanicolaou stain, low power)
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Fig. 16.3 Metastatic PTC, level 4 lymph node. The lymph node is replaced by a cystic structure
composed of thick fibrous wall and scattered lymphoid aggregates (H&E, low power)

Fig. 16.4 Metastatic PTC, level 4 lymph node. The lining of the cystic structure consists of neo-
plastic follicular cells with abundant granular eosinophilic cytoplasm and enlarged nuclei.
Multinucleated giant cells are also noted (H&E, high power)
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Fig. 16.5 Metastatic PTC, level 4 lymph node. The nuclei of neoplastic cells show powdery
chromatin, nuclear clearing, and nuclear grooves (H&E, high power)

Eight out of 42 lymph nodes were found to have metastatic papillary thyroid
carcinoma involving other levels except level V. The largest lymph node measured
2 cm. No extranodal extension was noted. She was given I-131 therapy at a dose of
152 mCi along with thyrogen stimulation postoperatively.

Discussion

Involvement of cervical lymph nodes by metastatic disease is reported in 20-50 %
of patients with differentiated thyroid cancer, especially in those with papillary
thyroid carcinoma (PTC) [1, 2]. Ultrasound is superior to CT scan in identifying the
presence of abnormal cervical lymph nodes. It allows for the preoperative detection
of non-palpable cervical lymph node metastasis in patients with FNA-proven or
-suspected thyroid cancer and may potentially alter the extent and approach of sur-
gery in these patients [3-5]. Hypoechogenicity, loss of fatty hilum, cystic change,
calcification, round shape, and abnormal vascular pattern are typical ultrasono-
graphic features associated with metastatic lymph nodes [6, 7]. Although ultrasound
examination is very accurate in identifying suspicious lymph nodes, these ultraso-
nographic features, such as loss of fatty hilum, are not pathognomonic and can also
be seen in reactive lymphadenopathy.

Fine-needle aspiration biopsy (FNA) is usually required to confirm or rule out
metastasis because reactive lymphadenopathy is common in the neck region.
According to American Thyroid Association (ATA) guidelines, ultrasound-guided
FNA is the most accurate and cost-effective method for evaluating enlarged cervical
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Fig. 16.6 Lymph node FNA-metastatic PTC. This aspirate consists predominantly of sheets of
neoplastic follicular cells with indistinct cell borders, nuclear enlargement, powdery chromatin,
nuclear grooves, and infrequent nuclear inclusions (Papanicolaou stain, high power)

lymph nodes in patients with FNA-proven or -suspected thyroid cancer [8].
Cytologic features of metastatic PTC in cervical lymph nodes are similar to those of
primary PTC. Some authors have observed a significantly higher percentage of cell
sheets with indistinct cell borders [9] (Fig. 16.6). In addition, there is a higher fre-
quency of cystic change due to degeneration in nodal metastases when compared to
primary tumors [9, 10]. For example, one study reported that the incidences of cys-
tic change were 52.5 % (9.1 % with marked cystic change) and 74.5 % (24.5 % with
marked cystic changed) in primary PTC and nodal metastases [10]. The presence of
foamy macrophages was also significantly more frequent in the metastatic nodes
than in the primary tumor (51.1 % vs. 26.3 %) [9]. Grossly, aspiration of PTC meta-
static nodes with cystic change usually produces chocolate-brown fluid.

Although ultrasound-guided FNA is highly accurate in diagnosing nodal metas-
tases of differentiated thyroid cancers, it is operator dependent; therefore, the diag-
nostic accuracy can vary according to the ability of the operator or pathologist.
False-positive rate in diagnosing nodal metastasis by FNA is uncommon, ranging
from 0.09 to 1.7% [11, 12]. On the other hand, small lymph nodes are technically
difficult to biopsy and poor epithelial cellularity may be encountered in larger
lymph nodes with cystic changes. These contribute to the relatively high false-
negative rate of 6-8 % [13, 14]; in one study, the authors reported a false-negative
rate of 44.6 % [15].

Thyroglobulin (Tg) assay in the needle rinse has been reported to increase the
sensitivity of FNA in diagnosing nodal metastases from a differentiated thyroid
carcinoma [13, 16-20]. The rationale is that Tg is produced only by follicular cells,
and its detection in non-thyroidal tissues, such as lymph nodes, allows the diagnosis
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of metastases of differentiated thyroid carcinoma [21]. Tg assay is recommended by
the revised American Thyroid Association (ATA) guidelines for the follow-up of
patients with differentiated thyroid carcinoma [8] and is cited by ATA consensus
review regarding the anatomy, terminology, and rationale for lateral neck dissection
in differentiated thyroid carcinoma [22].

Tg assay of lymph node aspirates has been shown to be a fairly accurate tool to
detect cervical nodal metastases from differentiated thyroid carcinoma. According
to a meta-analysis of 24 studies and 2865 suspicious lymph nodes from patients
during diagnostic work-up of thyroid nodules or follow-up of thyroid cancer, both
the sensitivity and specificity of Tg assay were 95.0 % with a positive and negative
likelihood ratio of 16 and 0.1, respectively [18]. One advantage of Tg assay of FNA
is the ability to use the same needle and syringe for collecting samples for Tg assay
after preparation of cytology smears; that is, no separate dedicated needle pass is
needed. Tg assay of lymph node aspirates can be performed preoperatively or post-
operatively, i.e., with or without the presence of thyroid gland. Tg levels of the
lymph node aspirates may be higher in patients with thyroid gland when compared
to those without; this may be a source of bias [18]. The sensitivity and specificity of
Tg assay in patients without a thyroid gland are 97 and 94 %, which are higher than
those with a thyroid gland (sensitivity 86 % and specificity 90 %) [18].

Despite its accuracy, some areas of uncertainty persist such as the collecting pro-
tocol and the cutoff values. Although various solutions such as Hanks’ balance solu-
tion, PBS, and Tg-free solution shipped with measurement kit have been used for
rinsing the needles, the most practical and widely employed solution for the needle
wash is normal saline solution, which has been shown to have no matrix effect [23].

The volumes of solution used ranged from 0.125 to 3 ml with the majority of
studies reported using 1 ml [18]. It should be kept in mind that Tg assay of FNA is
not a concentration measure, but reflects the dilution of the Tg left in the needles in
the arbitrarily selected volume of washout fluid. Although most laboratories have
chosen to express Tg in aspirate in nanograms per milliliter (ng/mL), the most
correct way to express is to use nanograms per FNA unit [24].

There is no established consensus on the cutoff value for Tg assay in FNA.
The largest published study reported an optimal cutoff of 1 ng/ml with a sensitivity
and specificity of 95% and 91 %, respectively [25]. However, various studies have
used cutoff values ranging from 0.2 to 50 ng/ml. Some authors set the threshold to the
mean value +2 SD for the negative patients, and others used the highest Tg levels
detected in patients with reactive lymph node. Some studies advocated the use of
cutoff values equal to serum Tg concentration; the potential benefit of this approach is
improved diagnostic accuracy (sensitivity 97 % and specificity 95 %) in the presence
of detectable serum Tg, such as before thyroidectomy or in the presence of distant
metastasis. However, it requires the collection of a serum sample at the time of FNA.

Anti-Tg antibodies can be detected in 15-30 % of patients with thyroid cancer.
Although the presence of anti-Tg antibodies affects the detection of serum Tg by
immunometric assays, it did not appear that the Tg assay of FNA would be signifi-
cantly affected by the presence of serum anti-Tg antibodies [26, 27]. One likely
plausible explanation is that the exceedingly elevated thyroglobulin concentration
in positive nodal aspirates is able to saturate all Tg antibody-binding sites.
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Rare false-positive and -negative cases have been reported [18]. The majority of
these false-positive cases were from FNA of level VI lymph nodes, which are
located in the central lower neck area. In this area, it may be difficult to distinguish
aspirates from nodal aspirates from those with inadvertently aspirated thyroid tissue
[28]. Another possible cause of false positives may be the matrix effects as a result
of the presence of components in the solution for rinsing the needles [23, 29]. False-
negative cases are usually due to aspirates from nodal metastases of poorly differen-
tiated thyroid carcinoma or medullary carcinoma [27, 30].

Tg assay of FNA from cervical lymph nodes has high sensitivity and specificity
in the detection of nodal metastases from differentiated thyroid carcinoma. However,
Tg assay of FNA should not replace cytologic evaluation because of the possibility
of both false-positive and -negative results. In addition, standardization in terms of
sample collection and analysis is still lacking.
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Case Study

A 19-year-old Caucasian male presented to an outside institution with 1-year history of
a palpable left supraclavicular mass. He noticed that the mass had been increasing in
size for the past 6 months before presentation. He also complained of dysphagia but
had no complaints of hoarseness and difficulty in breathing. An FNA of the supracla-
vicular mass was preformed and revealed metastatic papillary thyroid carcinoma which
was confirmed by positive reactivity with CK7, thyroglobulin, and TTF-1 but negative
for CK20. The patient was then referred to our institution for further management.

He had no symptoms of hyperthyroidism. He had a history of intrauterine radia-
tion exposure since his mother worked at a nuclear plant when she was pregnant
with the patient. He had no family history of thyroid cancer. Physical examination
was within normal limit except for palpable left cervical lymph nodes in the anterior
and supraclavicular regions. The thyroid gland was smooth, mobile, and devoid of
any palpable nodules. The thyroid function test was within normal limits.

Ultrasound of the neck showed a questionable 1 cm left thyroid nodule with an
area of calcification. In addition, there were also enlarged abnormal lymph nodes in
left level IV and right level II. Fine needle aspiration biopsy was performed on the
left thyroid nodule, left level IV, and right level I lymph nodes. The FNA of the left
thyroid nodule demonstrated marked cellularity with tumor cells arranged in papil-
lae and crowded groups (Figs. 17.1 and 17.2). Individual cells demonstrate nuclear
enlargement, nuclear grooves, and intranuclear inclusions (Fig. 17.3). The diagno-
sis was papillary thyroid carcinoma. Not surprisingly, the FNAs from both left and
right lymph nodes were positive for metastatic papillary thyroid carcinoma
(Figs. 17.4 and 17.5).

The patient then underwent total thyroidectomy and central and bilateral modified
radical neck dissection. Histologically, the thyroid gland revealed a multifocal papil-
lary thyroid carcinoma (Figs. 17.6 and 17.7) involving the left lobe with extensive
extrathyroidal extension (Fig. 17.8) and vascular invasion (Fig. 17.9) involving both
lobes. A total of 18 out of 56 lymph nodes were positive for metastatic carcinoma.
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Fig. 17.1 Left thyroid FNA-positive for PTC. The aspirate is markedly cellular and consists of
numerous large and small sheets and clusters of follicular cells. No colloid is noted in the back-
ground (Diff Quik stain, low power)

Fig.17.2 Left thyroid FNA-positive for PTC. A large cluster of follicular cells arranged in com-
plex papillary architecture (Diff Quik stain, high power)
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Fig. 17.3 Left thyroid FNA-positive for PTC. Individual cells show nuclear overlapping and
crowding, nuclear enlargement, nuclear grooves, and occasional nuclear inclusions. There is also
moderate amount of dense cytoplasm (Diff Quik stain, high power)
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Fig. 17.4 L4 lymph node FNA-positive for metastatic PTC. Rare cohesive clusters of follicular
cells in a background of mixed lymphoid population (Diff Quik stain, low power)
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Fig.17.5 L4 lymph node FNA-positive for metastatic PTC. Rare cohesive clusters of follicular
cells in a background of mixed lymphoid population (Diff Quik stain, low power)

Fig.17.6 Papillary thyroid carcinoma, left thyroid lobe. The tumor is composed of complex pap-
illary fronds separated by thick fibrous stroma (H&E, low power)
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Fig.17.7 Papillary thyroid carcinoma, left thyroid lobe. The papillae are lined by cuboidal to low
columnar follicular cells with nuclear clearing, powdery chromatin, and nuclear grooves. Nuclear
overlapping and crowding are apparent (H&E, high power)

Fig.17.8 Papillary thyroid carcinoma with extrathyroidal extension, left thyroid lobe. Islands of
neoplastic follicular cells arranged in follicles and papillae infiltrating the perithyroidal adipose
tissue. Intense lymphoid infiltrate and desmoplastic reaction are noted (H&E, low power)
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Fig. 17.9 Papillary thyroid carcinoma with vascular invasion, left thyroid lobe. A small vessel
contains a cluster of follicular cells with abundant eosinophilic cytoplasm. Nuclei show powdery
chromatin, nuclear clearing, and nuclear grooves (H&E, high power)

Discussion

Among the pediatric and adolescent population, thyroid nodules are infrequent with
an incidence of 1-2 % [1-3]. However, the risk of malignancy of thyroid nodules in
this subgroup of patients is much higher, ranging from 14 to 40 %, when compared
to that of adult population [3-5]. Until recently, many have advocated surgical resec-
tion, rather than triaging by FNA, as the initial management of choice in view of the
high malignancy risk in pediatric and adolescent population [6]. One plausible expla-
nation is the rarity of literature on pediatric thyroid FNA. In addition, these reports
are often in disagreement with each other. On one hand, many authors have reported
high sensitivity and specificity of FNA in differentiating between benign and malig-
nant thyroid nodules in pediatric population, recommending the avoidance of sur-
gery for those with benign cytologic interpretations [7—11]. On the other hand, other
studies have shown that the performance of thyroid FNA was inferior in pediatric popu-
lation when compared to that of adult population; as a result, surgery would still be
required to rule out a malignancy even with a benign cytologic interpretation [12, 13].

The cytology of various thyroid lesions is similar to that of adults. Hence, many
challenges encountered in pediatric population are similar to those in the adult
populations. Some of these challenges have been addressed in other chapters.

The recent introduction of the Bethesda System for Reporting Thyroid
Cytopathology (TBSRTC) has provided a standardized reporting scheme for
reporting thyroid FNA cytology as well as the estimated risk of malignancy for
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Table 17.1 Frequency of distribution of various diagnostic categories based on data from the
institution of one of the coauthors (unpublished data)

Patients 21 years | General Ranges reported
Cytologic diagnostic category | or younger (%) population (%) | in the literature
Nondiagnostic 54 8.7 1.8-23.6% (12.9 %)
Negative for malignancy 65.1 73.6 54.0-73.8 % (63.1 %)
FLUS/AUS 6.3 5.6 3.0-18.0% (9.9 %)
Follicular neoplasm 4.2 4.5 1.2-9.7% (4.9 %)
Suspicious for malignancy 54 2.0 1.3-6.2% (2.3 %)
Positive for malignancy 13.6 5.6 2.0-7.0% (5.0 %)

Table 17.2 Histologic outcomes of various diagnostic categories based on data from the institu-
tion of one of the coauthors (unpublished data)

Histologic outcomes
Cytologic diagnostic categories Malignant (%) | Neoplastic (%) Non-neoplastic (%)

Nondiagnostic 333 0.0 66.7
Negative for malignancy 8.3 8.3 83.4
FLUS/AUS 45.5 18.2 36.4
Follicular neoplasm 35.7 42.9 21.4
Suspicious for malignancy 94.1 0.0 5.9
Positive for malignancy 100.0 0.0 0.0

each diagnostic category [14]. Table 17.1 shows the frequency of distribution of
each diagnostic category among patients 21 years old or younger at the institution
of one of the coauthors based on a cohort of 332 thyroid FNA between 2008 and
2013 using TBSRTC (unpublished data). The percentage of thyroid FNA classified
as “positive” and “suspicious” for malignancy are significantly much higher in the
pediatric population when compared to the general population. Interestingly, there
are no statistically significant differences in the percentages of thyroid FNA classi-
fied as “FLUS” or “follicular neoplasm” between the pediatric and general
populations.

There is little literature on the performance of TBSTRC in the pediatric popula-
tion. Table 17.2 summarizes the cytologic-histologic correlation based on 109 thy-
roid FNA in the pediatric population between 2008 and 2013 (unpublished data).
Based on the data from the institution of one of the authors, the sensitivity and
specificity of thyroid FNA using the TBSTRC were 97 % and 96 %, respectively,
whereas a diagnosis of either “suspicious” or “positive” for malignancy was consid-
ered positive and cases classified as “FLUS” and “follicular neoplasm” were
excluded from the calculation. According to a meta-analysis of 12 articles on pedi-
atrics thyroid FNA, the sensitivities and the specificities ranged from 64 to 100 %
and from 57 to 97 %, respectively, with the pooled estimate sensitivity of 94 % and
specificity of 81 % [6].
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The majority of the malignancies encountered in the pediatric population are
papillary thyroid carcinoma [7, 10, 15]. Cases of medullary carcinoma are also
observed occasionally. However, the incidence of follicular or Hurthle cell carci-
noma is extremely rare.

About one third of patients with a cytologic diagnosis of “follicular neoplasm”
are found to harbor a malignant thyroid nodule; all are papillary thyroid carcinoma,
follicular variant. Even on retrospective review, nuclear features that characterize
papillary thyroid carcinoma are either nondetectable or very subtle.

Based on the data from the institution of one of the authors, the percentage of
equivocal thyroid FNAs, i.e., cases with the cytologic diagnosis of FLUS/AUS and
follicular neoplasm, is about 10.5 %, which is comparable to that observed in the
general population (unpublished data). However, other authors in the literature have
reported a much higher percentage of equivocal thyroid FNAs (35 %) in their pediat-
ric population [4]. These authors have attributed their higher frequency of the FLUS/
AUS category partly to the reluctance to diagnose malignancy in a young patient and
partly to the low cellularity secondary to difficulty in sampling of these lesions.

According to TBSRTC, the estimated malignancy rate for FLUS/AUS category
and follicular neoplasm is about 10—15 % and 25-45 %, respectively, for the general
population [14]. Some have reported higher malignancy rates for both categories in
pediatric population [15]. Regardless, a diagnostic thyroid lobectomy may be war-
ranted to rule out a malignancy when other clinical and/or ultrasonographic risk
factors are also present. However, this approach is invasive and has a high risk of
complications including recurrent laryngeal nerve injury and anesthesia complica-
tions. Furthermore, if lobectomy is found to harbor a malignancy, the patient would
have to undergo a completion thyroidectomy, in turn, placing the patient under the
same risks a second time.

Although there is plenty of literature on the use of molecular testing in triaging
adult patients with equivocal thyroid FNA, there are only a few studies examining
this subject in the pediatric population. Using mutational analysis that is known to
be associated with papillary thyroid carcinomas (BRAF, RAS, RET/PTC, PAXS/
PPARY), Buryk et al. have demonstrated that molecular testing can improve positive
predictive value of FNA to nearly 100 % and minimize unnecessary second proce-
dures [16]. One major limitation of this approach is that a malignancy cannot be
ruled out based on a negative molecular testing since not all malignant thyroid
lesions, including a substantial number of papillary thyroid carcinomas, would
demonstrate any of these mutations. Currently, there is no data on the use of Afirma
for the triaging of equivocal thyroid FNA in pediatric patients; as a result the use of
Afirma as a triaging tool is not indicated in pediatric patients.
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Case Study

A 44-year-old woman was initially noted to have several thyroid nodules detected
by ultrasound 7 year ago during her workup for infertility. No biopsy was performed
at that time because of the small size of the nodules. Her latest follow-up ultrasound
revealed an ill-defined 6 mm left thyroid nodule, which had grown in size, as well
as a left inferior cervical mass at level IV measuring 1 cm. She had no complaints
of hoarseness or difficulty in swallowing and breathing. She had no symptoms of
hyperthyroidism. She had no history of radiation to the head and neck area and no
family history of thyroid cancer. Physical examination was unremarkable. No other
cervical lymphadenopathy was identified on imaging.

Fine needle aspiration biopsy was performed for the left thyroid nodule and the
left inferior cervical mass. The cytology of the left thyroid nodule was consistent
with that of a papillary thyroid carcinoma (Figs. 18.1 and 18.2). On the other hand,
the aspirate from left inferior cervical mass was of low cellularity and consisted of
abundant colloid and a few small clusters of benign-appearing follicular cells
(Figs. 18.3 and 18.4). Nuclear features of papillary thyroid carcinoma were not
identified. The cytologic findings of the left inferior cervical mass resembled that of
a goiter, suggestive of ectopic thyroid tissue.

The patient subsequently underwent total thyroidectomy, left central neck
dissection, and excisional biopsy of left inferior cervical mass. The total thyroid-
ectomy revealed a conventional papillary thyroid carcinoma, measuring 0.4 cm
(Figs. 18.5 and 18.6). Twelve lymph nodes were identified which were all nega-
tive for malignancy. The histology of the left inferior neck mass demonstrated
both macro- and micro-follicles of varying sizes, which were lined by flattened or
cuboidal follicular cells (Figs. 18.7 and 18.8). Fibrosis with lymphocytic infil-
trates was noted. The findings were that of a benign goiter, consistent with ectopic
thyroid tissue.
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Fig 18.1 Thyroid FNA-papillary thyroid carcinoma. The aspirate is markedly cellular and con-
sists of numerous large tissue fragments. Colloid is scant (Papanicolaou stain, low power)

Fig 18.2 Papillary thyroid carcinoma, thyroid FNA. Irregular tissue fragments with nuclear
crowding and overlapping. Individual cells appear oval to elongate with nuclear enlargement, pow-
dery chromatin, and nuclear grooves (Papanicolaou stain, high power)
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Fig 18.3 Left level IV mass FNA-benign thyroid tissue. The specimen is of low cellularity and
consists of abundant colloid. Follicular cells are scant (Diff-Quik stain, low power)

Fig 18.4 Left level IV mass FNA-benign thyroid tissue. High magnification shows several small
clusters of benign-appearing follicular cells. Nuclear features characteristic of papillary thyroid
carcinoma are absent (Diff-Quik stain, low power)
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Fig 18.5 Papillary thyroid carcinoma. Partially encapsulated thyroid nodule with a predominant
papillary growth pattern. Fibrovascular cores are noted in some of the papillae (H&E, x40)

Fig 18.6 Papillary thyroid carcinoma. Papillae with fibrovascular cores are lined by follicular
cells with nuclear considerable crowding. The follicular cells show nuclear clearing, powdery
chromatin, and nuclear grooves (H&E, x400)
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Fig 18.7 Ectopic thyroid tissue with goiter. Thyroid follicles of varying sizes are noted with
fibrosis and scattered lymphocytic infiltrate (H&E, x400)

Fig 18.8 Ectopic thyroid tissue with goiter. The thyroid follicles are lined by cuboidal and flat
follicular cells with round to oval nuclei and fine granular chromatin. The follicles are separated by
fibrous stroma (H&E, x400)
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Discussion

The finding of thyroid tissue in the aspirates of a neck mass unconnected to the thyroid
gland would, in no doubt, create a diagnostic challenge from a cytologic point of view.
The cytologist is faced with two options: whether the aspirate represents a metastatic
thyroid malignancy to the cervical node or ectopic thyroid tissue/benign thyroid inclu-
sions in cervical lymph nodes. This diagnostic dilemma would be further complicated
when the patient also has a known history of thyroid malignancy.

Ectopic thyroid tissue, a well-known developmental abnormality, refers to the
presence of thyroid tissue in the neck, which is distinct from and without any con-
nection to the thyroid gland. It is often attributed to the abnormal migration of the
thyroid gland during embryogenesis, and therefore, is generally located in the mid-
line region. The occurrence of ectopic thyroid tissue occurring in the lateral and
submandibular area is rare [1]. The histology of the ectopic thyroid tissue ranges
from normal to various non-neoplastic processes such as atrophy, adenomatous
hyperplasia, lymphocytic thyroiditis, and rarely, malignant transformation.

Benign thyroid inclusions may rarely be found in the lateral neck nodes. Some
authors have considered that all thyroid tissues found in the lateral cervical nodes
represent nodal metastases from a primary thyroid carcinoma, irrespective of its
histological aspect [2, 3]. Others have accepted the existence of benign thyroid tis-
sue inclusions in cervical lymph nodes [4, 5]. However, the criteria for defining
“benign thyroid inclusions” are very stringent; Table 18.1 lists the clinicopathologic
features of benign thyroid inclusions in cervical lymph nodes [6].

If the histologic distinction between a metastatic thyroid malignancy to the cer-
vical node and ectopic thyroid tissue/benign thyroid inclusion in lateral neck nodes

Table 18.1 Clinicopathologic *  Microscopic focus: occupying one-third or
features of benign thyroid less of the node

inclusion in cervical lymph node « Limited to one lymph node

* Lymph node located medial to jugular vein
¢ Intracapsular or immediately subcapsular

¢ Uncrowded, normal appearing follicles

¢ Normal nuclei size

e Lack nuclear features of papillary
carcinoma

* Absence of psammoma bodies
¢ Absence of stromal reaction

* Absence of staining for galectin-3 or
HBME-1

¢ Absence of BRAF, RET/PTC, or RAS
mutations
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Fig 18.9 Ectopic thyroid FNA-lymphocytic thyroiditis. The aspirate is cellular and composed of
a polymorphous population of lymphocytes (Diff-Quik stain, low power)

can be difficult, attempts to differentiate these entities cytologically would be even
more challenging. The finding of cytologically benign-appearing follicular cells
with or without colloid does not necessarily imply a benign process since the pat-
tern of growth of certain thyroid carcinomas can be so well differentiated as to
simulate non-neoplastic thyroid tissue. On the other hand, the presence of cyto-
logic and/or architectural atypia in follicular cells, even if accompanied by a lym-
phoid background, does not always indicate a metastatic thyroid carcinoma [7].
Similarly, the presence or absence of a lymphoid background would not provide
any helpful clues as to whether the target is a lymph node or not since ectopic thy-
roid tissue can be involved by lymphocytic or Hashimoto’s thyroiditis [8]
(Figs. 18.9 and 18.10) whereas the entire lymph node can be replaced by meta-
static disease (Fig. 18.11). In these instances, it is best to avoid making a definitive
diagnosis of “metastatic thyroid carcinoma.” A sounder, more conservative
approach would be to include ectopic thyroid tissue or nodal benign thyroid inclu-
sion in the list of differential diagnosis and to propose surgical excision for further
histologic correlation. However, there are a few cytologic features, when present,
that are diagnostic of metastases; they include psammoma bodies and unequivocal
nuclear features characteristic of papillary thyroid carcinoma.
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Fig 18.10 Ectopic thyroid FNA-lymphocytic thyroiditis. High magnification shows scattered fol-
licular cells with Hurthle cell changes are noted. Subsequent follow-up shows ectopic thyroid tis-
sue with florid lymphocytic thyroiditis (Diff-Quik stain, high power)

Fig 18.11 Left level IV lymph node-metastatic papillary thyroid carcinoma. The aspirate shows
predominantly neoplastic follicular cells in numerous tissue fragments admixed with scattered
lymphocytes. Histologic follow-up reveals metastatic PTC completely replacing the lymph node

(Diff-Quik stain, low power)
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Case Study

A T72-year-old male who presented with sudden onset severe right flank pain, which
was colicky in nature and radiated to the inner right thigh. The patient has had three
previous episodes of kidney stones. He also had a history of gastroesophageal reflux
disease, but no pancreatitis or ulcers. His memory and concentration were poor.
Although he was in a good mood at the time of presentation, he had a history of
depression. The patient had no bone pain or recent fractures and no complaint of
hoarseness, difficulty swallowing, or difficulty breathing. He had a 26-pack year
smoking history but quit smoking about 13 years ago. The patient’s father had a
history of kidney stones but no history of hypercalcemia or parathyroid surgery in
the family. Examination of the neck revealed a normal thyroid gland without pal-
pable masses. There was no cervical or supraclavicular lymphadenopathy. He had a
calcium level of 11.3 mg/dL and a parathyroid hormone (PTH) value of 132 pg/mL.
24 h urinary calcium was 232 mg. Ultrasonographic examination showed a normal
thyroid gland. There was a 1.5 cm hypoechoic density posterior-inferior to the right
thyroid lobe and a 2.9 cm hypoechoic density posterior-inferior to the left thyroid
lobe. Sestamibi scan showed bilateral uptake consistent with bilateral enlarged
parathyroid glands. Fine needle aspiration was done and it revealed clusters of bland
epithelial cells with oncocytic features. PTH stain was positive on cells in additional
ThinPrep material. The patient underwent bilateral neck exploration and subtotal
parathyroidectomy with intraoperative PTH measurements. Double parathyroid
adenomas were removed. Baseline PTH measurement prior to surgical manipula-
tion was 128 pg/mL while it was 45 pg/mL at 45 min following resection. The right
inferior parathyroid gland weighed 341 mg, very cellular, and was composed pre-
dominantly of oxyphil cells with clusters of chief cells. The left inferior gland
weighed 1779 mg and was similar in morphologic appearance to the right gland.
The patient did well postoperatively. He had no symptoms of hypocalcemia.
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Discussion

Fine needle aspiration biopsy is not routinely performed in the assessment of para-
thyroid gland lesions; hence, information on the cytopathologic findings is limited.
A common pitfall in the diagnosis of thyroid nodules is the inadvertent sampling of
parathyroid tissue, which may be difficult to distinguish from thyroid tissue on FNA
due to similar cytologic features [1, 2]. Parathyroid cells are usually loosely clus-
tered into small groups, often with a syncytial arrangement forming branching,
loose, two-dimensional clusters (Figs. 19.1, 19.2, and 19.3). Microfollicular archi-
tecture is prevalent on ThinPrep preparations and this may contribute to overinter-
pretation of parathyroid tissue as follicular neoplasm of the thyroid [3] (Figs. 19.4
and 19.5). They may also be present as single cells. Naked nuclei are usually pres-
ent, especially in smears (Fig. 19.6). Hemosiderin-laden macrophages may be pres-
ent. Parathyroid cells on ThinPrep preparations show round, centrally placed nuclei
with stippled nuclear chromatin. The nuclei often appear smaller and darker on
ThinPrep preparations than on corresponding FNA smears. The cytoplasm is scant
to moderate (Figs. 19.7, 19.8, 19.9, 19.10, 19.11, 19.12, and 19.13). In cases with
oncocytic differentiation, the cytoplasm has a granular appearance with increased
density [3]. Absence of colloid is a helpful hint in parathyroid aspirates; however
colloid-like material can be produced by hyperplastic parathyroid glands and can be
confused with true colloid [3, 4]. Also, true colloid can be accidentally picked up as
the needle crosses thyroid tissue on its way to parathyroid tissue sampling.
Aspirate of parathyroid adenoma may be misdiagnosed as papillary thyroid car-
cinoma. This is because parathyroid adenoma can present a wide spectrum of cyto-
logic features with several characteristics that are not seen in normal parathyroid

Fig. 19.1 Cellular parathyroid aspirate showing a flat sheet of cells with small, round nuclei
(Papanicolaou stain, X400)
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Fig. 19.2 Syncytial tissue fragment. Nuclei are small, dark, round, and uniform. Cytoplasm is
lacy in appearance (Papanicolaou stain, X400)
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Fig. 19.3 Flat sheet of parathyroid cells demonstrating small, round nuclei with lacy cytoplasm
(Papanicolaou stain, X600)
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Fig.19.4 Microfollicular arrangement of parathyroid cells (Diff-Quik stain, X400)

Fig. 19.5 Small follicle-like formations showing cells with small, uniform, round to oval nuclei
(Papanicolaou stain, X400)
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Fig.19.6 Normal parathyroid gland showing predominantly chief cells and few clusters of oxy-
phil cells (H&E stain, X200)

Fig. 19.7 Flat sheet of parathyroid cells. Scattered naked nuclei are also present on the smear
(Papanicolaou stain, X600)
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Fig. 19.8 Parathyroid cells demonstrating small, round nuclei with lacy cytoplasm (Papanicolaou
stain, X600)
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Fig.19.9 Small, round nuclei with stippled nuclear chromatin (Papanicolaou stain, X600)

tissue, notably branching tissue fragments of epithelial cells with a papillary-like
architecture (Fig. 19.14). The presence of this papillary-like architecture alone is
not a diagnostic feature of PTC unless it is accompanied by the typical nuclear fea-
tures such as nuclear enlargement, nuclear crowding/overlapping, nuclear contour
irregularity, powdery chromatin, nuclear grooves, and intranuclear inclusions.
When the diagnosis is in doubt, parathyroid hormone immunostain should be
performed and positive PTH stain will confirm parathyroid origin [5] (Fig. 19.15).
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Fig. 19.10 Cluster of parathyroid cells showing small, round, dark nuclei (Papanicolaou
stain, X400)
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Fig.19.11 Small follicle-like formations with parathyroid cells showing stippled nuclear chromatin
(Diff-Quik stain, X400)
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Fig. 19.12 Microfollicular pattern. Cells with stippled nuclear chromatin (Papanicolaou
stain, X400)

Fig. 19.13 Loose tissue fragments and microfollicles, showing small, round, dark nuclei
(Papanicolaou stain, X400)
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Fig. 19.14 Parathyroid cells arranged in small papillary clusters. The cells are small and the
nuclei are round and uniform. There are no nuclear features of papillary thyroid carcinoma
(Diff-Quik stain, X400)

Fig.19.15 Immunohistochemistry stain for parathyroid hormone is positive
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Because colloid is usually scant to absent in follicular neoplasms of the thyroid, the
differentiation between follicular neoplasm and cellular parathyroid tissue is extremely
difficult. This diagnostic dilemma may be solved by PTH and/or thyroglobulin immu-
nostains. The small size of parathyroid cells and their presentation in tight, three-
dimensional clusters resembles the cytologic pattern of insular carcinoma of the
thyroid and is a potential diagnostic pitfall. Immunoreactivity to parathyroid hormone
will confirm the origin of the cells. Parathyroid cells also contain glycogen and argyr-
ophil granules that can be demonstrated by PAS and silver stain, respectively.

In oncocytic parathyroid adenoma, the cells can be confused with Hiirthle cell
associated lesions of the thyroid such as Hiirthle cell neoplasm, adenomatous hyper-
plasia with Hiirthle cell changes, or chronic lymphocytic thyroiditis [6, 7] (Fig. 19.16).
This is partly because oncocytic parathyroid adenoma may have follicular structures
and can also have colloid-like material in the background. The presence of oncocytic
cells and naked nuclei of chief cells in parathyroid cytologic specimens can mimic
Hiirthle cells and lymphocytes, respectively, and may lead to a misdiagnosis of lym-
phocytic thyroiditis [8, 9]. There are some cytomorphologic features that are helpful
to differentiate between oncocytic parathyroid and Hiirthle cell neoplasm. Parathyroid
cells are smaller and have pale scant cytoplasm in combination with the highly eosin-
ophilic cytoplasm. The cell borders are poorly defined. The nuclei of the parathyroid
cells are usually round to oval with stippled chromatin or salt and pepper appearance
and may sometimes have small nucleoli (Figs. 19.17 and 19.18). Numerous naked

Fig.19.16 Parathyroid adenoma with oxyphil cells (H&E stain, X200)
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Fig.19.17 Oncocytic parathyroid adenoma cells may mimic Hiirthle cell neoplasm in the thyroid.
Parathyroid cells are smaller and the cell borders are poorly defined. The nuclei are usually round
to oval with stippled chromatin or salt and pepper appearance and may sometimes have small
nucleoli (Papanicolaou stain, X600)

Fig. 19.18 Sheets of oncocytic cells in oncocytic parathyroid adenoma. The nuclei are smaller
than thyroid follicular cell nuclei, and they are round to oval. Cytoplasm is abundant and granular
(Papanicolaou stain, X400)

nuclei, approximately the size of erythrocytes, in the background of the smear favor
a parathyroid lesion [6]. Hiirthle cell neoplasms of the thyroid have much larger and
more prominent nucleoli, and the cells tend to be more discohesive [10].
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Although some studies have suggested that there are subtle differences in the
cytology of parathyroid hyperplasia and adenoma [11], others have found no differ-
ence between the cytologic features [3, 12]. Cytologic features can be helpful in
identifying a parathyroid origin of cells, but it is difficult to make a distinction
between normal parathyroid gland and hyperplasia, adenoma, or carcinoma [1].

In addition to pathologic features, clinical features and radiologic appearance of
the lesion are also helpful to differentiate between thyroid and parathyroid tissue. In
parathyroid adenomas, clinical information of hyperparathyroidism and the associ-
ated features is important and will alert one to the possibility of a parathyroid lesion.
A clinical history of hyperparathyroidism and/or an elevated FNA PTH level will
help in guiding the cytopathologist to making the correct diagnosis. However,
knowledge of the cytomorphologic features is useful in confirming the clinical impres-
sion and may be very critical to making the correct diagnosis in cases where the clini-
cal history is not provided. Normal parathyroid glands are seldom seen during
ultrasonographic examination of patients with thyroid nodules. Enlarged parathyroid
glands appear as ovoid mass with homogeneously hypoechoic echogenicity in relation
to the thyroid gland [6, 13]. Doppler images help to distinguish parathyroid glands
from thyroid nodules. Parathyroid glands typically have a peripheral rim of vascularity
and asymmetrically increased blood flow compared to the thyroid [14].

A panel of immunohistochemical studies, which include parathyroid hormone
(PTH), thyroglobulin, thyroid transcription factor (TTF-1), and neuroendocrine
markers, notably chromogranin, is usually employed in the diagnosis of difficult
cases. Typically, parathyroid cells stain positive for PTH and chromogranin, and
negative for thyroglobulin and TTF-1 while thyroid follicular cells are positive for
thyroglobulin and TTF-1 and negative for PTH and chromogranin. In cases with a
hypocellular cell block or when there is inability to perform immunohistochemistry
on cytology slides, the diagnosis has to be made on cytologic features alone.
Analyses of the PTH level of the washouts of FNA might also be helpful [15, 16].
FNA PTH levels are highly sensitive and specific in the identification of parathyroid
tissue sampling on FNA [17].

In addition to thyroid follicular cells, medullary thyroid carcinoma is also included
in the differential diagnosis of parathyroid cells [18]. Medullary thyroid carcinoma
and parathyroid lesions share the same features of stippled nuclear chromatin, round
to oval cells, loose clusters, and single cells. The concurrent presence of spindle and
oval cells with a granular cytoplasm and an absence of naked nuclei favor medullary
thyroid carcinoma. Immunohistochemical stains for PTH and calcitonin are helpful
in differentiating between medullary carcinoma and parathyroid lesions.
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Case Study

A 75-year-old patient with a history of papillary thyroid carcinoma (PTC), status
post total thyroidectomy, and central lymph node dissection. Postoperatively she
received radioactive iodine. She has had regular follow-up ultrasound examination
of the neck region. Her baseline thyroglobulin level on levothyroxine suppression
was initially normal but slowly increased over the past 2 years to a level of 4.2 ng/
mL. Six years after the initial surgery, she had a thyrogen-stimulated whole body
scan, which demonstrated no significant iodine avid neoplasia. However, her thyro-
globulin level was 11.47 ng/mL, suggesting some residual disease. The patient had
some discomfort in the right paratracheal region, but had no hoarseness or difficulty
swallowing. On examination the neck was supple without any palpable masses.
Ultrasound revealed a 1.2 cm nodule in the thyroid bed and FNA of the nodule
showed recurrent PTC. The patient underwent reoperative right central neck dissec-
tion and right modified central neck dissection with intraoperative ultrasound.
Recurrent PTC was confirmed in the soft tissue from the thyroid bed. Lymph nodes
were negative for metastatic carcinoma. Her postoperative course was uneventful.

Discussion

Differentiated thyroid carcinomas are usually treated with total thyroidectomy, fol-
lowed by cervical lymph node dissection when there is either evidence of tumor
involving the lymph nodes at the time of initial diagnosis or a high likelihood of
lymph node metastasis. After the initial surgery, radioactive iodine therapy is often
given to ablate any residual thyroid tissue in cases of papillary and follicular carci-
nomas [1]. Up to 15-30 % of patients treated surgically have recurrent and/or persis-
tent tumor in the postsurgical thyroid bed [2, 3]. Postsurgical surveillance for
persistent and recurrent disease is a major component in the long-term management
of these patients. Iodine-131 whole body scan, serial serum thyroglobulin testing,
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and measurement of stimulated thyroglobulin levels have all been used as surveil-
lance tools for the detection of recurrent thyroid carcinoma [4]. Although thyro-
globulin is a sensitive marker for the detection of recurrent and metastatic
differentiated thyroid carcinoma of follicular origin, thyroglobulin levels may not be
elevated in patients with recurrent or metastatic papillary and follicular carcinomas
because of the following reasons: (1) The tumor may produce anomalous thyro-
globulin that is not recognized by the antibody used in the detection system [5]; (2)
The patient may develop antithyroglobulin antibodies [6]; (3) The tumor cells may
dedifferentiate and lose the ability to produce thyroglobulin [6]; (4) Small recurrent
or metastatic tumors may produce undetectable amounts of thyroglobulin [1].
Following total thyroidectomy in patients with thyroid cancer, the current standard
of care is for new lesions within the thyroid bed to be evaluated by ultrasound-guided
FNA to determine if the new lesion is due to either residual hyperplastic thyroid tis-
sue or recurrent thyroid cancer [7—-10]. Disease free, postoperative thyroid bed should
have a uniform echogenic texture on ultrasound examination. Any hypoechoic mass
is suspicious for recurrence [11]; however, a distinction between recurrent tumor and
its benign mimics is not always possible with imaging techniques [12]. Although
thyroid bed recurrences can occur in isolation, they are more likely to be associated
with metastases to the lymph nodes in the neck, elevation of thyroglobulin or calcito-
nin levels, or positive radioactive iodine scan of the thyroid region [1]. The sensitivity
of ultrasound-guided FNA for detecting recurrent carcinoma in the thyroid bed of
sonographically indeterminate lesions after thyroidectomy is 100 % and the overall
specificity is 85.7% [1]. Based on information from the aspirate sample, decisions
are made to either treat the patient with definitive therapy for recurrent cancer or
manage conservatively otherwise [7, 10]. It has been shown that the likelihood of a
positive FNA from the thyroid bed is directly correlated with serum thyroglobulin,
multifocal disease, extrathyroidal extension, and number of positive lymph nodes or
metastasis to any site while factors such as patient age, gender, and margin status at
the time of initial thyroidectomy have been found to have no impact on tumor recur-
rence [7]. A nondiagnostic reading is an infrequent occurrence in the FNA of thyroid
bed and the rate is similar to the nondiagnostic rate reported with FNAs from native
thyroid nodules [13]. In these cases, the lesion most likely represents previous surgi-
cal scarring or granulation tissue [1, 14]. The FNA sampling issue also affects inter-
pretation of thyroid bed lesions. Low specimen cellularity with scant characteristic
tumor cells may prevent an accuracy interpretation [15]. The risk of a nondiagnostic
FNA is inversely proportional to the size of the nodule [7]. The negative predictive
value of FNA in thyroid bed evaluation following thyroidectomy is in the order of
88.4 % [7]. However, considering the fact that most patients do not have tissue fol-
low-up following a negative FNA diagnosis, the actual value might be much lower.
Treatment of patients with recurrent thyroid carcinoma is diverse, with some
recommending neck dissection as a possible treatment option [10], whereas others
recommend close clinical observation based on the clinical picture of tumor size
and burden [8]. Percutaneous ethanol injection is a newer procedure, which is gain-
ing popularity as it has a very favorable risk-benefit ratio. However, the average time
between thyroidectomy and tumor bed recurrence is usually long, which reiterates
the indolent course of thyroid neoplasms and perhaps reinforces the need for an
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Fig. 20.1 Smear of the thyroid bed lesion fine needle aspirate from a patient with a history of
papillary thyroid carcinoma shows groups of atypical follicular cells with elongated nuclei, fine
chromatin, nuclear grooves, and intranuclear inclusions (Diff-Quik stain, X400)

individualized treatment, in which the risks and benefits of various options are
considered and potential treatment-related comorbidities are minimized.

The cytologic smears of recurrent papillary carcinoma are usually cellular and
the typical nuclear features of papillary carcinoma are frequently present (Figs. 20.1,
20.2, and 20.3). In medullary carcinoma, the cytologic features may be heteroge-
neous. Cells can be dispersed singly with plasmacytoid appearance and occasional
binucleation of individual cells and they typically have the so-called salt and pepper
chromatin appearance (Figs. 20.4 and 20.5). Tumor cells can also have spindled
appearance (Fig. 20.6). Immunohistochemical staining for calcitonin and neuroen-
docrine markers such as chromogranin are helpful in establishing the diagnosis of
recurrent medullary carcinoma (Fig. 20.7).

In recurrent follicular carcinoma, the aspirates are cellular with uniform follicu-
lar cells forming microfollicles [15]. In recurrent Hiirthle cell carcinoma, the aspi-
rates show tumor cells with granular, eosinophilic cytoplasm and a large nucleus
with prominent nucleolus in single cells or loosely arranged follicular patterns.
These features are usually similar to those seen in the tumor cells from the patients’
prior thyroidectomy specimens [1].

Direct extension of squamous cell carcinoma of the head and neck region to the
thyroid bed is common, and this diagnosis should be entertained when the thyroid
bed FNA shows a malignant neoplasm with squamous features (Figs. 20.8 and 20.9).



Fig.20.2 High power image showing the typical nuclear features of papillary thyroid carcinoma
(Papanicolaou stain, X1000)

Fig.20.3 Papillary thyroid carcinoma invading the soft tissue of the thyroid bed (H&E stain, X200)



Fig.20.4 Tumor cells from recurrent medullary carcinoma (Diff-Quik stain, X400)

Fig.20.5 Individual cells show typical neuroendocrine nuclear features (Papanicolaou stain, X1000)



Fig.20.7 Calcitonin stain performed on a de-stained Papanicolaou-stained slide showing a positive
staining pattern



Fig.20.8 Direct extension of squamous cell carcinoma into the thyroid bed. Highly atypical squa-
mous cells in a necrotic background (Papanicolaou stain, X400)

Fig.20.9 Infiltrating squamous cell carcinoma in the soft tissue of the thyroid bed (H&E stain, X200)



Fig. 20.10 Metastatic adenocarcinoma from the upper gastrointestinal tract to the thyroid bed.
The malignant cells are glandular in appearance (Diff-Quik stain, X400)

Metastatic malignant neoplasms from distant sites to the thyroid bed should also be
considered, and immunohistochemical stains are helpful to determine the site of
origin (Figs. 20.10, 20.11 and 20.12).

It should be noted that not all masses in the thyroid bed are neoplastic. Benign
entities may include hyperplasia of residual normal thyroid, normal parathyroid
gland, benign lymph nodes, and benign reparative changes such as fibrosis and
suture granulomas. Smears of residual hyperplastic thyroid tissue usually show thy-
roid follicular cells in a micro- and macrofollicular pattern with varying amounts of
colloid in the background without the nuclear features of papillary carcinoma
(Figs. 20.13, 20.14, and 20.15). The presence of Hiirthle cells and lymphocytes in
the thyroid bed can be problematic as it is often difficult to determine if this is
Hashimoto’s thyroiditis or tumor within a lymph node in the central neck compart-
ment. In such scenarios, history of background Hashimoto’s thyroiditis in the prior
thyroidectomy specimen is helpful. Also, a comparison should be made between the
Hiirthle cells and the prior tumor cells. Another diagnostic pitfall is interpretation of
therapy-induced atypical cellular changes as a neoplastic process. Benign enlarged
lymph nodes can also be seen in the thyroid bed and this is characterized by a mixed
population of lymphocytes (Figs. 20.16, 20.17, and 20.18).

Aspiration of benign parathyroid tissue in the thyroid bed may yield highly cel-
lular smears with cells arranged in a microfollicular pattern that may be interpreted
as recurrent follicular carcinoma [1, 16]. The cells of the parathyroid gland are
usually smaller compared to follicular epithelial cells (Figs. 20.19 and 20.20).



Fig.20.11 Metastatic intestinal-type adenocarcinoma in the soft tissue of the thyroid bed (H&E
stain, X200)

Fig.20.12 TTF-1 stain is negative in the cells of metastatic adenocarcinoma, confirming that the
tumor is not of thyroid origin



Fig.20.13 Residual hyperplastic thyroid tissue in the thyroid bed showing thyroid follicular cells
in a background of abundant colloid (Papanicolaou stain, X400)

Fig. 20.14 Residual hyperplastic thyroid tissue showing rare group of Hiirthle cells in a back-
ground of abundant colloid (Papanicolaou stain, X200)



Fig. 20.15 Cystic degeneration with abundant macrophages is a common finding in residual
hyperplastic thyroid tissue (Papanicolaou stain, X400)
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Fig.20.16 Lymph node sampling in the thyroid bed showing a polymorphous population of small
lymphocytes (Papanicolaou stain, X400)



Fig. 20.17 Mixed population of lymphocytes consistent with reactive lymph node sampling
(Papanicolaou stain, X1000)

Fig.20.18 The presence of lymphoid tangles may be the only indication of lymph node sampling
(Papanicolaou stain, X200)



Fig.20.19 Hypercellular parathyroid tissue in the thyroid bed (Papanicolaou stain, X200)

Fig.20.20 Parathyroid gland cells are arranged as an aggregate of microfollicles. The cells are
smaller than the normal thyroid follicular cells (Papanicolaou stain, X400)
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Fig.20.21 Cells are positive for parathyroid hormone stain

In difficult cases, additional ThinPrep material should be obtained for thyroglobulin
and parathyroid hormone (PTH) stains, as staining for PTH helps to confirm the
diagnosis of normal parathyroid tissue (Fig. 20.21) [16]. Chemical analysis of the
needle rinse solution for PTH can also be helpful in this instance [17].
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