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Abstract

Fine-needle aspiration (FNA) is among the first diagnostic tools used in the evaluation of thyroid
nodules. It has the ability to triage patients with benign and malignant lesions, thus defining the
optimum clinical and/or surgical management. The Bethesda System for Reporting Thyroid
Cytopathology has found worldwide acceptance. Thyroid FNA offers high positive predictive
value (97%-99%), with sensitivities and specificities of 65% to 99% and 72% to 100%,
respectively. Nonetheless, many potential diagnostic pitfalls exist that can lead to false-positive
and/or false-negative results. This article discusses several of the potential pitfalls in the cytologic
evaluation of thyroid lesions.
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OVERVIEW

Thyroid nodules are frequently detected in clinical practice, reflecting their prevalence in the
general population and especially among women.12 Fine-needle aspiration (FNA) is among
the first and most valuable diagnostic tools for the presurgical discrimination of benign and
malignant lesions. Although most thyroid nodules (90%-92%) are benign, the small subset
of malignant nodules needs to be presurgically identified for optimal management.3-6 The
diagnostic value and accuracy of FNA in the evaluation of thyroid nodules has been well
established in the literature.1~8 Thyroid FNA has shown a high positive predictive value for
identifying malignancy, ranging from 97% to 99% in the Bethesda System for Reporting
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Thyroid Cytopathology (TBSRTC) to 95% from the Royal College of Pathologists in the
British thyroid system.1® Using TBSRTC, Yang and colleagues? reported a sensitivity of
94% and specificity of 98.5% for malignancy, and sensitivity of 89.3% and specificity of
74% for identifying neoplastic disease.

Despite its overall success, FNA false-positive (FP) and/or false-negative (FN) results can
occur for a variety of reasons, often caused by the quality of the aspirated material (Table 1).
Yang and colleaguesi found an overall 15.3% discrepancy rate between cytologic and
histologic diagnoses, with FN results related mostly to issues of sample adequacy. Overall,
approximately 3.2% of patients with a benign FNA result have been shown to be FNs.
However, most studies only considered the FNA results of patients who proceeded to
surgery.19-21 FP results of thyroid FNA have a broad range of causes, but many are caused
by tumors that can show a range of cytomorphologic appearances that overlap with other
tumor subtypes. This overlap is seen in FNA of tumors such as medullary thyroid carcinoma
(MTC), anaplastic thyroid carcinoma (ATC), and in certain variants of papillary thyroid
carcinoma (PTC). This article discusses several of the important diagnostic pitfalls for a
range of diagnostic categories and tumor types that can be encountered in thyroid cytology
and that can lead to both FN and FP thyroid FNA results.

NONDIAGNOSTIC THYROID FINE-NEEDLE ASPIRATIONS

Thyroid specimens that are inadequate for cytologic interpretation are classified as
nondiagnostic (ND) in TBSRTC.1 Different factors can contribute to an ND result, such as
the inherent nature of the nodule (cystic vs solid vs fibrotic and calcified), as well as aspects
of the FNA procedure and operator experience. In order to reduce the rate of ND results, the
recommendation for these samples is to repeat the FNA under sonographic guidance
targeting cellular areas of the nodule. Using this approach, several studies have documented
a significant reduction (from 70% to 83%) in the ND rate.1422-25 TBSRTC reports a risk of
malignancy (ROM) of 5% to 10% for ND samples.! PTC has been reported as the most
frequent cause of an FN diagnosis in the ND category.22-25 One important caveat in the
evaluation of a thyroid FNA that might otherwise be interpreted as ND is that the presence
of cytologic atypia should be reported as atypia of undetermined significance(AUS) or
follicular lesion of undetermined significance (FLUS) even without the required minimal
number of follicular cells.t

CYSTIC THYROID LESIONS

Cystic or predominantly cystic thyroid nodules are reported in approximately 15% to 25% of
thyroid lesions and most are histologically benign.22-26 The microscopic findings include
foamy and hemosiderin-laden macrophages, scant colloid, and few follicular cells. On
occasion, cyst-lining cells can show atypical nuclear features that can mimic PTC (Fig. 1).
FNA of cystic thyroid nodules has been associated with both FN and FP results.

The ROM is generally low for thyroid nodules, with low suspicion ultrasonography pattern
that is less than 2—3 cm in size.26 The ROM, particularly for PTC, increases with larger and
more complex cysts.! Jaragh and colleagues?’ analyzed 76 cyst fluid-only FNA cases,
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concluding that the only morphologic feature predictive of malignancy was the presence of
follicular epithelium with atypical features. However, some atypical cells in benign cystic
lesions can be derived from cyst-lining cells as epithelial repair.2829 Specific
cytomorphologic features are associated with cyst-lining cells including (1) well-defined
cellular borders, (2) dense granular cytoplasm, (3) enlarged nuclei with regular nuclear
borders, and (4) occasional pale nuclei. A diagnosis of AUS/FLUS is considered more
appropriate for these cases.

In rare instances, squamous cells can be encountered in cystic thyroid FNAs, where they can
be a diagnostic pitfall.28-33 Their presence has been associated with a variety of different
entities, including benign lymphoepithelial cysts, epidermoid cyst, thyroglossal duct
remnants, and squamous metaplasia in long-standing Hashimoto thyroiditis (HT). Much less
often, squamous cells reflect a malignant lesion such as PTC, ATC, primary or metastatic
squamous carcinoma, mucoepidermoid carcinoma, or carcinoma with thymuslike
differentiation. Gage and colleagues?® analyzed a series of 15 thyroid lesions with a
predominance of squamous cells, and suggested the presence of 3 main cytologic patterns:
benign, mixed cellularity, and malignant. Most commonly, detection of abundant anucleated
and bland squamous cells plus background lymphocytes was compatible with a benign
lesion. In some cases, the squamous cells represented reactive squamous metaplasia in HT,
whereas malignant lesions were usually easily recognized.32

GRAVES DISEASE

Graves disease (GD) is a common endocrine disorder that can pose diagnostic issues
because of cellular changes overlapping with the nuclear features of PTC.1:34.35

GD is among the most frequent causes of hyperthyroidism, with a prevalence of palpable
thyroid nodules 3-fold higher than in the general population, and FNA of these nodules can
represent a significant diagnostic dilemma. Despite the low ROM (between 1.9% and 2.5%),
the cytomorphologic changes in GD, especially after treatment, can be misinterpreted as
PTC.34:35 Cytologic features found in aspiration of GD include scattered follicular cell
pleomorphism, fire-flare cells, Hurthle cell changes, and background lymphocytes. Because
of the nonspecific nature of these findings, clinical correlation is essential to avoid an FP
diagnosis. Treatment of GD with radioactive iodine is well known to cause significant
follicular cell atypia, including nuclear and cellular enlargement, anisonucleosis, coarse
chromatin, hyperchromasia, and cytoplasmic vacuolization. To avoid an FP diagnosis, it is
helpful to note that these samples lack the fine powdery chromatin typically seen in PTC. In
the attempt to differentiate GD from PTC, Anderson and colleagues3* evaluated 11
cytomorphologic features in FNA cases of GD and PTC in GD. They concluded that only 4
of these features were predictive of PTC in GD, and all were based on nuclear

characteristics, including oval nuclear shape, pale chromatin, and distinct eccentric nucleoli.
32
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INFLAMMATORY LESIONS
LYMPHOCYTIC THYROIDITIS

The term lymphocytic thyroiditis (LT) encompasses a variety of conditions ranging from
chronic lymphocytic thyroiditis (HT) to subacute lymphocytic thyroiditis (postpartum and
silent thyroiditis) and focal (silent) thyroiditis.! Other entities with LT include GD, nodular
goiter, and immunoglobulin G4 thyroiditis.! HT represents both the most common form of
autoimmune thyroiditis and the most common cause of hypothyroidism. It typically affects
middle-aged women as a diffuse heterogeneous enlargement of the thyroid, but frequently
the enlargement is localized as a pseudonodule (from 26% to 80% of cases) and raises
suspicion of a neoplastic nodule.36-39 HT is recognized as a multifaceted disease with an
initial phase of hyperthyroidism followed by a chronic phase of hypothyroidism. In the
initial phase of HT, there is antibody-mediated destruction of follicular structures with
lymphocytic infiltration. The chronic phase shows the presence of atrophic follicles and
fibrotic parenchyma. Depending on the stage of the disease, FNA specimens can result in a
range of diagnostic pitfalls.37-3 For instance, the prevalence of either the lymphoid or the
oncocytic component may raise the possibility of lymphoma or a Hirthle cell neoplasm,
respectively. The early phase of hyperthyroidism is characterized by a population of
oncocytic cells arranged in flat sheets or as isolated cells. In some cases, the oncocytic cells
show nuclear enlargement, grooves, and chromatin clearing, suggesting PTC (Fig. 2). FNA
samples with a prominent population of lymphoid cells where lymphoma is a concern can be
evaluated by flow cytometry.38:39

A recent study by Yi and colleagues*® showed a higher prevalence of thyroiditis among
patients with FP results than among those with PTC. Among 48 patients with FP results,
thyroiditis was diagnosed in 54.2% (26 cases), whereas the rate of thyroiditis was only 9.4%
in patients with PTC. A key point is that, in the presence of a lymphocytic background, a
definitive diagnosis of PTC should be made only when well-developed classic features of
PTC are present.

A unique entity in patients with HT is the Warthin-like variant of PTC, which mimics the
mixture of oncocytes and lymphocytes of HT® (Fig. 3). However, a careful evaluation of the
cytologic features can resolve the dilemma. The Warthin-like variant of PTC has more
pleomorphic and irregular nuclear membranes, nuclear pseudoinclusions, and less prominent
nucleoli than the oncocytes of HT. In addition, the Warthin-like variant of PTC shows
permeating lymphocytes and plasma cells.

GRANULOMATOUS THYROIDITIS

Granulomatous (de Quervain) thyroiditis (GT) is a self-limiting inflammatory process of the
thyroid that is usually diagnosed clinically in patients with neck and ear pain and tenderness
occurring a few weeks after a viral upper respiratory tract infection.*0-45 In rare cases, FNA
is performed for nodular swelling that raises the possibility of a neoplastic condition. The
cytologic features are variable and depend on the stage of disease. The initial stage shows
neutrophils and eosinophils resembling an acute thyroiditis; the later stages show
hypocellularity with giant cells, epithelioid cells, lymphocytes, macrophages, and scant
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degenerated follicular cells. In the involutional stage, there might only be giant cells and
inflammatory cells. In the presence of granulomas, other entities, including sarcoidosis and
infections, should be considered. Solano and colleagues*? retrospectively analyzed 36 cases
of GT to reassess the clinical and cytologic findings characteristic of GT: presence of
follicular cells with intravacuolar granules and/or plump transformed follicular cells;
epithelioid granulomas; multinucleated giant cells; an acute and chronic inflammatory
background; absence of fire-flare cells, hypertrophic follicular cells, oncocytic cells, and
transformed lymphocytes. Based on these findings, selected features of GT can mimic a
variety of entities, such as hemorrhage and infarction in a nodular goiter, and final stages of
HT.

INDETERMINATE FOLLICULAR-PATTERNED LESIONS

ATYPIA OF UNDETERMINED SIGNIFICANCE/FOLLICULAR LESION OF UNDETERMINED
SIGNIFICANCE AND FOLLICULAR NEOPLASM/SUSPICIOUS FOR FOLLICULAR

NEOPLASM

One of the most important challenges in thyroid cytology is represented by the so-called
gray zone of indeterminate thyroid FNA lesions. Despite most thyroid lesions being
correctly classified as either benign (70%—75%) or malignant (5%-10%), the remaining
nodules (20%—-25%) belong to indeterminate categories.*6-55 The interpretation of
follicular-patterned lesions is challenging and difficulties and limitations in discriminating
whether these nodules are benign or malignant entities can result in unnecessary surgical
resections (lobectomy or total thyroidectomy) and increased health care costs.6:54-65

The atypia in AUS/FLUS includes a range of nuclear and/or architectural changes.1:66.67
Both nuclear and architectural patterns can result in diagnostic pitfalls even though most of
these findings are caused by benign conditions such as hyperplastic-adenomatous nodules,
toxic adenomas, and chronic LT. Two benign instances in which AUS/FLUS diagnosis can
be avoided are the presence of few oncocytic cells and/or cyst-lining cells with mild atypia
mixed with benign follicular cells, and the presence of papillary structures without any
nuclear features of PTC.

Intrathyroidal parathyroid adenomas are often misclassified as suspicious for follicular
neoplasm (SFN). Such aspirates can show a microfollicular pattern.68-70 The
ultrasonography detection of a posterior nodule, small hyperchromatic nuclei, scant
cytoplasm, and crowded trabecular clusters without colloid can be a subtle clue for the
diagnosis. The application of ancillary techniques in such instances, including immunostains
for parathyroid hormone (PTH) and/or molecular analysis by Afirma or Thyroseqv 3, can
recognize the expression profile supporting the diagnosis of a PTH lesion1117.7-77 (Fig. 4).

ONCOCYTIC/HURTHLE CELL NEOPLASM

Since the introduction of the term Hurthle cells to define thyroid follicular cells with
abundant granular mitochondria-rich cytoplasm, their presence has been noticed in several
conditions (Fig. 5),”8-83 including adenomatous/hyperplastic nodules, chronic lymphocytic
(Hashimoto) thyroiditis, multinodular goiter, but also Hurthle cell adenoma and carcinoma.
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80-82 A common diagnostic pitfall is misinterpreting the presence of a population of Hirthle
cells in sheets admixed with background colloid with or without sheets of nononcocytic
follicular cells’8-84 as Hurthle cell neoplasm (HCN). As a general guideline, the presence of
a mixture of Hirthle and non-Hrthle cells especially is more consistent with a benign
nodule.

Most chronic LT cases can be recognized because of the predominance of lymphocytes
compared with Hirthle cells. In difficult and controversial cases, mostly when the
lymphocytic component is scant, a clue to the correct interpretation is based on finding
oncocytic cells organized in small clusters of 3 to 10 cells with large nuclei, with or without
glassy chromatin and with nuclear features that may raise concern for PTC. A high threshold
should be maintained when background lymphocytes are present.84 However, in some cases
the differential diagnosis between follicular neoplasm, Hirthle cell type (FNHCT) and the
oncocytic variant of PTC is especially challenging and it may not be possible to distinguish
between them. In some cases, the morphologic features of FNHCT resemble those of MTC.
MTC are frequently composed of dispersed cells with eccentric nuclei and abundant dense
granular cytoplasm.”®-87 A subtle clue is that MTC nuclei do not show the widespread
presence of prominent nucleoli characteristic of Hurthle cells. The application of an
immunohistochemistry (IHC) panel, including thyroglobulin, calcitonin, carcinoembryonic
antigen (CEA), and chromogranin can be useful. In addition, serum calcitonin levels are
normal in cases of FNHCT.

The possibility of an intrathyroidal oncocytic parathyroid nodule (including both adenomas
and carcinomas) represents another important cytologic pitfall.6%:88 However, in contrast
with FNHCT, oncocytic parathyroid samples are characterized by a monomorphic
population of cells, with small round nuclei, and a more condensed chromatin pattern than in
medullary carcinoma. A specific immunoprofile showing positivity for PTH, while being
negative for thyroglobulin, calcitonin, and TTF-1, supports the diagnosis of a parathyroid
neoplasm.

PAPILLARY THYROID CARCINOMA

PTC is the most common malignant tumor of the thyroid gland, with most having an
indolent clinical course.89-%4 When the classic nuclear features are present, they are specific
for a diagnosis of PTC; however, when the cytologic features are limited, they can lead to
diagnostic pitfalls, including both FP and FN results. Intranuclear cytoplasmic
pseudoinclusions (INCIs) are seen in 50% to 100% of aspirates of PTC, depending on the
specific PTC variant; however, INCIs are also found in several other benign and malignant
entities, including MTC, poorly differentiated thyroid carcinoma (PDTC), ATC, hyalinizing
trabecular tumor (HTT), noninvasive follicular thyroid neoplasm with papillarylike nuclear
features (NIFTPs), and rarely benign nodules. For a definitive diagnosis of PTC, INClIs
should always be interpreted in the context of other architectural and cellular features.!

Another characteristic morphologic feature of PTC is the longitudinal nuclear groove that is
often seen in other entities such as oncocytic neoplasms, NIFTP, and some follicular
adenomas. Even though most PTCs show scant colloid, occasional cases can have abundant
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colloid that can be misinterpreted as a benign thyroid nodule. Once again, careful evaluation
of the combination of cellular and nuclear features is essential for making the correct
interpretation.

One of the most challenging and common causes of an FP diagnosis of PTC is HTT.95.96
This rare tumor of follicular cell origin is characterized by trabecular growth, marked
stromal hyalinization, and nuclear changes of PTC. Most HTTs are cytologically
misinterpreted as PTC or suspicious for malignancy. However, the absence of papillary
architecture, and elongated epithelial cells together with acellular stromal hyaline material
are subtle microscopic clues of HTT. Ancillary studies that support the diagnosis of HTT
include cytoplasmic positivity for MIB-1 and the lack of BRAFV600F mutation.

FOLLICULAR VARIANT OF PAPILLARY THYROID CARCINOMA AND
NONINVASIVE FOLLICULAR THYROID NEOPLASM WITH PAPILLARYLIKE
NUCLEAR FEATURES

The follicular variant of PTC (FVPTC) is completely or almost completely composed of a
follicular architecture with atypical nuclear features of PTC.89-93 FVPTC is the most
common variant of PTC, accounting for 15% to 30% of them and including 3 different
subtypes: (1) infiltrative FVPTC (I-FVPTC); (2) encapsulated FVPTC (E-FVPTC), and (3)
noninvasive encapsulated FVPTC (NI-EFVPTC).57-65 Although I-FVPTC frequently
metastasizes to cervical lymph nodes similar to classic PTC, E-FVPTC behaves in indolent
fashion, especially when there is no capsular or vascular invasion (NI-EFVPTC). The
Endocrine Pathology Society working group (ESP-WG) reviewed a large series (n = 268) of
NI-EFVPTCs and concluded that the absence of invasion was associated with an indolent
biological behavior, similar to follicular adenomas, even when patients were treated
conservatively with thyroid lobectomy without radioactive iodine therapy.89 Thus, the ESP-
WG introduced the new diagnostic term for NI-FVPTC:NIFTP.60

Distinguishing between these 3 follicular-patterned subtypes is not possible by FNA.57-65
For this reason, a distinction between NIFTP and the other follicular-patterned neoplasms is
problematic. Since the introduction of NIFTP, several studies have provided insight to the
impact of this new terminology on the interpretation of thyroid lesions.>’—6° If NIFTP was
classified as a nonmalignant lesion, the ROM in each diagnostic category of TBSRTC would
be reduced, particularly for nodules classified as indeterminate.>’-%5 Most NIFTP cases are
classified in TBSRTC categories Il1, 1V, and V (Fig. 6). Most importantly, to avoid the
diagnostic pitfall of interpreting NIFTP as PTC by FNA, cases that are follicular patterned
but lack papillary structures should not be diagnosed as malignant.

MEDULLARY THYROID CARCINOMA

MTC accounts for 1% to 2% of thyroid cancers in the United States,?’~101 and the FNA
diagnosis of MTC can be challenging because of its many different cytomorphologic
appearances. A recent meta-analysis from Trimboli and colleagues?98.102 highlights the low
sensitivity (56%) of FNA for diagnosing MTC. In some instances, the features of MTC,
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including loose clusters of cells showing round, polygonal, spindled, and plasmacytoid
features, could be misdiagnosed as pattern of follicular neoplasm (Fig. 7). However, one of
the most common pitfalls is mistaking MTC for an oncocytic (Hirthle cell) neoplasm.
Although both entities can show cells with abundant granular oncocytic cytoplasm, MTC
tends to lack the prominent nucleolus in most cells and has a more delicate salt-and-pepper
chromatin than cells of oncocytic follicular neoplasm. As mentioned previously, intranuclear
pseudoinclusions occur occasionally in MTC and can raise a differential diagnosis of PTC.
However, careful attention to the nuclear qualities such as extensive nuclear grooves, oval
shape, and powdery chromatin is needed, because they support a diagnosis of PTC. Another
pitfall is that amyloid, identified in one-third of MTCs, can be indistinguishable from
colloid, and it is also present in amyloid goiter. For FNA cases in which MTC is part of the
differential diagnosis, application of an IHC panel, showing positive staining for
synaptophysin, CEA, and calcitonin, or demonstration of an increased serum calcitonin
level, can lead to the correct diagnosis.97-101

POORLY DIFFERENTIATED THYROID CARCINOMA

Poorly differentiated carcinoma (PDC) is a thyroid carcinoma composed of follicular cells
organized in an insular, solid, or trabecular growth pattern.103-111 Cytologically, PDCs are
difficult to recognize prospectively unless the case is associated with apoptosis, mitotic
activity, and necrosis. The morphologic features of PDC overlap with those of follicular
neoplasms; therefore, most of these cases are classified by FNA as SFN/FN. Nonetheless,
insular and/or trabecular clusters of monomorphic atypical follicular cells with increased
nuclear/cytoplasm ratio in a necrotic background might suggest a diagnosis of suspicious for
malignancy not otherwise specified. Possible pitfalls include MTC, possible metastatic
tumors, and lymphoproliferative disorders. The diagnosis of lymphoproliferative disorders is
an important pitfall for those cases with predominance of isolated cells.105-111

ANAPLASTIC THYROID CARCINOMA AND METASTATIC TUMORS

ATC is an aggressive thyroid carcinoma, easily recognized in cytologic samples as a high-
grade malignancy. Tumor cells are pleomorphic and can include both epithelioid and spindle
features (Fig. 8).112-118 The cytomorphologic findings combined with characteristic clinical
features, including the presence of a rapidly growing mass in a hard nodular thyroid gland,
with infiltration into surrounding extrathyroid soft tissue, lead to the correct diagnosis. Given
its high-grade undifferentiated appearance, the differential diagnosis includes metastatic
malignant tumors, sarcoma, PDC, MTC, and lymphoma. The most common diagnostic
pitfall is metastatic tumors, such as melanoma, sarcomatoid renal carcinoma, squamous cell
carcinoma, and poorly differentiated adenocarcinoma of the lung.119-123 |HC studies,
including PAX-8 and keratin, are useful when combined with clinical and radiological
evidence of a tumor centered in the thyroid gland. Most anaplastic carcinoma are negative
for TTF-1 and thyroglobulin, and a subset are negative for keratins. The possibility of a
metastatic thyroid tumor should be considered, especially for those patients with a previous
history of malignant extrathyroidal neoplasm (Fig. 9).
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The main goal of thyroid FNA is to triage patients with nodules having a high ROM for
surgery while avoiding unnecessary surgical procedures for others. The evaluation of
patients with thyroid nodules should be based on a combination of the clinical, radiological,
and cytomorphologic findings. Nonetheless, thyroid FNA is challenging and there are many
potential diagnostic pitfalls, several of which are discussed in this article. An awareness of
these potential diagnostic pitfalls combined with careful attention to cytologic and clinical
features, along with judicious use of ancillary studies, can help to reduce errors and lead to
more accurate FNA interpretations and improved patient care.
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Fig. 1.
FNA of cystic thyroid nodule. Rare groups of follicular cells with nuclear atypia are present.

These atypical cyst-lining cells can mimic PTC (Papanicolaou stain, original magnification
x600).
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Fig. 2.
FNA of chronic LT. The follicular cells are cohesive and have moderate amounts of

oncocytic cytoplasm and mild nuclearatypia (Papanicolaou stain, original magnification
x600).
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Fig. 3.

FNA of Warthin-like variant of PTC. Cells have oncocytic features and nuclear atypia in a
background of chronic inflammation (Diff-Quik stain, original magnification x600).
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Fig. 4.
FNA of parathyroid adenoma. Cells are cohesive and have small amounts of eosinophilic

cytoplasm and uniform round dark nuclei. The microscopic features overlap with those of a
follicular neoplasm (Papanicolaou stain, original magnification x400).
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Fig. 5.
FNA of Hurthle cell neoplasm. Hirthle cells in sheets, small clusters, and single cells. The

dispersed cells often have eccentrically placed nuclei with prominent nucleoli, but the nuclei
lack the salt- and-pepper chromatin of MTC (Papanicolaou stain, original magnification
x400).
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Fig. 6.
FNA of NIFTP. Epithelial cells show a follicular architectural arrangement with rare grooves

and elongation. The diagnosis on the original cytology was follicular neoplasm (Bethesda
category 1V) (Papanicolaou stain, original magnification x600).
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Fig. 7.
FNA of MTC. (A) Loose clusters and single cells with eccentrically placed nuclei (Diff-

Quik stain, original magnification x200). (B) The tumor shows spindling with a
pseudopapillary appearance, nuclear elongation, and rare grooves. Single cells are also
present in the background (Papanicolaou stain, original magnification x400). (C) Tumor
cells are immunochemically positive for calcitonin. (Avidin-Biotin complex method, original
magnification x400).
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Fig. 8.
FNA of ATC showing a dispersed population of markedly atypical cells (Diff-Quik stain,

original magnification x600).
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Fig. 9.
FNA of metastatic melanoma to the thyroid. (A) Infiltrating single cells of melanoma are

seen in the background of nonneoplastic follicular cells (Papanicolaou stain, original
magnification x400). (B) Melan A immunochemical stain highlighting the tumor cells; the
background normal follicular cells are negative. (Original magnification x400).
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