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Abstract Fine-needle aspiration biopsy (FNAB) has

proved to be an excellent diagnostic tool in the initial

management of various lesions affecting endocrine

organs. Many studies have attested to its high sensitivity

and specificity in diagnosing endocrine tumors, especially

that of thyroid gland. However, as with other diagnostic

tests its effectiveness is highly dependent upon the exper-

tise of the operator performing the procedure, adequacy

of the specimen, and interpretation of the cytomorpholo-

gic features. This chapter will address both old and new of

the endocrine cytology: including brief description of

cytologic features and differential diagnosis of various

endocrine lesions and new techniques that have shown

promise in their diagnosis
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Introduction

During the past decade fine-needle aspiration (FNA) has

become an essential tool in the management of common

endocrine lesions. This chapter describes and illustrates

the cytomorphologic features of the lesions affecting

thyroid, parathyroid, pancreas, and adrenal. For the

common lesions such as thyroid the cytological features

are described and the differential diagnoses are discussed

in detail. The discussion also includes an assessment of

modern techniques such as immunohistochemistry and

molecular analyses with emphasis on their validity for

FNA samples as well as the pitfalls that are encountered

in their use.

Cytopathology of Thyroid Gland

Thyroid nodules are common; they are often seen in

women and a great majority are benign. Fine-needle

aspiration (FNA) is considered an essential tool in pro-

viding a rational approach to the clinical management of

these nodules. The results of FNA can determine whether

a thyroid nodule should be followed clinically or undergo

surgical removal [1, 2].

FNA Indications, Procedure, Specimen,
and Classification

A palpable thyroid nodule is a candidate for FNA and

further evaluation should be performed to determine if an

FNA is needed. Thyroid nodules measuring 1.0–1.5 cm in

dimension can be detected by palpation and are therefore

clinically significant. However, thyroid nodules even

though measuring >1.0 cm may not be readily palpated

due to their location in the thyroid gland [2]. These and

nodules measuring >1.0 cm are usually found during

radiologic evaluation of the head andneck for non-thyroidal

lesions. Thyroid nodules can be biopsied by palpation

and/or under ultrasound guidance; the latter is becoming

the method of choice since it provides precise information

regarding the location, size, and structure (solid vs. cystic)

of the nodule and is highly effective in getting an adequate

sample for cytologic interpretation [3].

Thyroid FNA specimens can be prepared by making

air-dried and alcohol fixed smears for staining with

Romanowsky (Diff-Quik1, Wright-Giemsa) and Papani-

colaou stains, respectively. The smears can be processed

alone or with a liquid-based preparation or cell block [1].

Liquid-based preparations can be utilized either alone or

as an adjunct to the smears [1].

The main purpose of the fine-needle aspiration (FNA) is

to provide a rational approach for the management of
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thyroid nodules anddetermine the correct surgical procedure

when surgery is needed. Similar to other clinical tests in

medicine, it is often expected that thyroid FNA results

should demonstrate high degree of sensitivity and specificity.

Therefore, it is prudent that thyroid FNA reporting should

be close to uniform among pathologists to pave the path for

rational management strategies and avoid confusion among

clinicians, thus leading to optimal care of thyroid nodules [4].

At present several classification schemes have been

proposed by various authors based on anecdotal/institu-

tional experiences and clinical organizations including

Papanicolaou Society, American Thyroid Association,

and American Association of Clinical Endocrinologist

[2, 4–6] (Table 1). Each of these reporting strategies claims

to increase the diagnostic accuracy resulting in highest

possible predictive value for a positive result.

It has been shown that the predictive value of a positive

result is highest with a reporting scheme using 4–5 cate-

gories. Thus, most studies favor a tiered system for classi-

fying thyroid FNA, based upon risk of malignancy for

each diagnostic category [7].

Thyroid FNA Diagnostic Categories Including
Cytomorphology of Various Thyroid Lesions

Benign

This category implies low risk of neoplasm/malignancy,

i.e.,>1%. It includes the diagnostic terms such as nodular

goiter, hyperplastic/adenomatoid nodule in goiter, and

chronic lymphocytic thyroiditis. Patients with a benign

nodule are usually followed by clinical and periodic ultra-

sound examination; some patients may undergo repeat

FNA due to enlargement of the nodule [2].

TheFNA specimen from a goitrous nodule shows (depend-

ing upon the preparation method) copious watery colloid

in the background, small round to oval shaped follicular

cells with dark nuclei with even chromatin pattern

arranged in monolayer sheets, follicular groups, or as sin-

gle cells [8, 9]. Macrophages are usually present and their

number depends upon the presence or absence of degen-

erative changes or a cystic component in the nodule [9, 10].

The aspirates from a hyperplastic/adenomatoid nodule

tend to be more cellular and contain an admixture of

follicular cells and oncocytic cells arranged in monolayer

sheets in a background of watery colloid and macrophages

[9–11]. Hyperplastic nodules can also show a dominant

papillary growth pattern and give rise to well-formed

papillae in FNA specimens; however, most specimens

contain oncocytic follicular cells with round nuclei,

prominent nucleoli, and even chromatin pattern (Fig. 1).

The FNA specimens from a nodule arising in Graves’

disease (usually hypofunctioning nodules undergo FNA)

are usually cellular, show features similar to hyperplastic

goiter with minimal colloid and may contain few lympho-

cytes and oncocytic cells. Rarely the follicular cells may

display focal nuclear chromatin clearing and intranuclear

grooves; however, other major diagnostic nuclear features

of papillary carcinoma are not seen [12–15].

The FNA specimens from nodules arising in chronic lym-

phocytic thyroiditis contain oncocytes (Hürthle cells),

Table 1 Thyroid FNA classification schemes

Papanicolaou Society of
Cytopathology Task
Force on Standards of
Practice – 1997

1. Inadequate/unsatisfactory

2. Benign
3. Atypical cells present
4. Suspicious for malignancy
5. Malignant

American Thyroid
Association (2006)

1. Inadequate

2. Malignant
3. Indeterminate

& Suspect for neoplasia
& Suspect for carcinoma

4. Benign

American Association
of Clinical
Endocrinologists &
Associazione Medici
Endocrinologi – 2006

1. Benign

2. Malignant or suspicious
3. Follicular neoplasia
4. Non-diagnostic or ultrasound

Suspicious

NCI Thyroid FNA
Consensus Conference –
2007

1. Benign
2. Follicular lesion of undermined

significance.
3. Neoplasm (follicular or Hurthle)
4. Suspicious for malignancy
5. Malignant
6. Non-diagnostic

Fig. 1 Fine-needle aspiration smear of a hyperplastic nodule showing
follicular cells arranged in loosely cohesive group in the background
of watery colloid with a typical ‘‘chicken wire artifact’’ (Diff-Quik1

stain, 60�)
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follicular cells, lymphocytes, and few plasma cells in a back-

ground of scant colloid. The lymphocytes are usually seen

in the background, percolating between cell groups and

rarely as intact lymphoid follicle. The lymphocytes seen

within the cell groups can be crushed due to mechanical

force of smearing or centrifugation and lead to formation of

‘‘lymphocytic tangles.’’ The oncocytes may display nuclear

atypia and similarly follicular cells may show some chro-

matin clearing and intranuclear grooves. An extensive

lymphocytic infiltrate can appear monotonous and mista-

ken for malignant lymphoma arising in lymphocytic thyr-

oiditis [16–19]. Similarly, there may be a preponderance of

oncocytic cells, which can lead to a diagnosis of oncocytic

follicular neoplasm.

Follicular-Patterned Neoplasms

Thyroid (FNA) cannot distinguish between benign and

malignant non-papillary follicular and oncocytic follicu-

lar (Hürthle cell) lesions, since both benign andmalignant

neoplasms demonstrate similar cytomorphology [20].

Often these lesions are diagnosed as either follicular lesion

of undetermined significance, suspicious for follicular

neoplasm, or follicular neoplasm.

The diagnostic term follicular lesion of undetermined

significance represents a heterogeneous category, which

reflects the difficulty in the cytologic diagnosis of the

follicular lesions of thyroid. It includes cases in which

the cytomorphologic findings are not representative of a

benign lesion such as hyperplastic/adenomatoid nodule;

yet the degree of cellular or architectural atypia is not

sufficient to render the diagnosis of ‘‘follicular neoplasm’’

or ‘‘suspicious for follicular neoplasm/malignancy’’ that

cannot be classified as either benign or follicular neo-

plasm. Risk of malignancy for this diagnosis has been

reported as 10–15%, and it has been shown that these

patients can benefit from repeat FNA and correlation

with clinical and radiologic findings [1, 21].

The diagnostic terms follicular neoplasm/follicular neo-

plasm with oncocytic features (AKA Hürthle cell neo-

plasm)/suspicious for follicular neoplasm encompasses

both benign and malignant tumors; i.e., follicular ade-

noma and carcinoma, and oncocytic follicular adenoma

and carcinoma. The cytologic diagnosis of ‘‘neoplasm’’

reflects the limitations and is the ‘‘gray zone’’ of thyroid

cytology [22, 23]. The diagnosis of follicular carcinoma is

only possible by demonstration of capsular and/or vas-

cular invasion in histologic preparations, since the FNA

samples the center of the nodule and not the capsule, a

definitive diagnosis of the invasive nature of the lesion is

not possible. Several authors have shown that, at most,

only 20–30% of cases diagnosed as ‘‘follicular neoplasm’’

are diagnosed as malignant on histological examination

and the rest are either follicular adenomas or cellular

adenomatoid nodules, i.e., benign [21, 24].

The FNA of a follicular neoplasm is usually hypercel-

lular and show a monotonous population of either folli-

cular or oncocytic follicular cells with minimal or absent

background colloid. The cells can be seen as three dimen-

sional groups or microfollicles with prominent nuclear

overlapping and crowding [25] (Fig. 2). Random nuclear

atypia is also commonly observed in oncocytic follicular

(Hürthle cell) lesions; this can be seen in the form of

nuclear enlargement, multinucleation, cellular pleo-

morphism, and prominent nucleoli. Some authors have

reported the presence of intracytoplasmic lumens and

transgressing vessels in FNA specimens of neoplastic

oncocytic follicular (Hürthle cell) lesions [26].

Malignant

The well-differentiated thyroid carcinomas are the most

common form of malignant thyroid tumors that behave

in an indolent manner and have an excellent prognosis.

They commonly occur in young adults, whereas, the less

differentiated and anaplastic tumors of the thyroid are

prevalent in older age [27].

Papillary Thyroid Carcinoma (PTC) and Its
Variants

Papillary carcinoma is the most common (up to 80% of

all thyroid malignancies) form of thyroid malignancy in

non-endemic goiter regions [27].

Fig. 2 Fine-needle aspiration smear showing a monotonous popu-
lation of follicular cells arranged in microfollicles. This case was
diagnosed as follicular neoplasm and the subsequent surgical exci-
sion was diagnosed as follicular adenoma (Papanicolaou stain, 40�)
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The cytologic diagnosis of PTC is based on characteristic

nuclear morphology regardless of cytoplasmic features,

growth pattern, special stains, and immunohistochemical

markers. This holds true for a majority of cases of PTC;

however, some variants of PTC may be difficult to diag-

nose [28, 29]. The FNA specimen of PTC is usually cellular

and shows tumor cells arranged in papillary groups, three-

dimensional clusters, or as single cells in a background of

watery or thick ‘‘ropy’’ colloid, nuclear or calcified debris,

macrophages, and stromal fragments.

The individual tumor cells are enlarged, elongated, i.e.,

oval in shape with eosinophilic cytoplasm (cytoplasmic

eosinophilia is common in Romanowsky stained prepara-

tions but is usually indistinct in alcohol fixed Papanicolaou

stained preparations and liquid-based preparations) [8].

The nuclei show elongation, membrane thickening, chro-

matin clearing, grooves, and inclusions. The intranuclear

inclusionsmay be scarce inmonolayer preparations (Fig. 3).

The nucleoli are usually small and eccentric; however,

rare oncocytic variants of papillary thyroid carcinoma

can demonstrate prominent nucleoli/macronucleoli.

Intranuclear grooves and inclusions can be seen in other

benign and malignant conditions of thyroid [30, 31].

The FNA specimens from a follicular variant of papil-

lary carcinoma (FVPTC) show enlarged follicular cells

arranged in monolayer sheets and follicular groups in a

background of thin and thick colloid. The individual

tumor cells show nuclear elongation, chromatin clearing,

and thick nuclearmembranes; however, nuclear grooves and

inclusions are rare. Thus, a majority of cytologic samples

of FVPTC are diagnosed as suspicious for PTC [32].

The cytologic samples from tall cell variant of papillary

carcinoma contain elongated cells with sharp cytoplasmic

borders, granular eosinophilic cytoplasm, and variably

sized nuclei with nuclear features of papillary carcinoma

[33]. It has been shown that intranuclear grooves are

readily found in specimens from this tumor; characteristic

‘‘soap bubble’’ like inclusions has been reported in this

variant of papillary carcinoma [33].

Medullary Thyroid Carcinoma

Medullary thyroid carcinoma (MTC) originates from C

cells of the thyroid and constitutes about 10% of all

malignant thyroid tumors. This tumor also shows multi-

ple growth patterns and variable cytomorphology [34].

Thus FNA specimens fromMTCdisplay a spectrum of

morphologic patterns. They tend to be cellular and com-

prised of round-to-oval cells arrangedmostly as single cells

or loosely cohesive groups. The cytoplasm of the tumor

cells shows distinct granules (calcitonin granules highlighted

by immunostains) with eccentric nuclei, i.e., ‘‘plasma cell

like/plasmacytoid’’ appearance to the tumor cells (Fig. 4).

The nuclear chromatin is similar to that seen in other

neuroendocrine tumors, i.e., ‘‘salt and pepper type.’’ Intra-

nuclear inclusions and multinucleated cells have been

reported, thus this tumor being a great mimicker of

other tumors of thyroid. The tumor cells can also assume

a ‘‘spindle shape’’ and appear mesenchymal in origin.

Amyloid may be observed as acellular material alone or

in close association with tumor cells and can be distin-

guished from the thick colloid of papillary carcinoma by

performing a Congo red stain. The diagnosis of MTC can

Fig. 3 A case of papillary thyroid carcinoma demonstrating typical
nuclear features – nuclear elongation, chromatin clearing, intranuc-
lear grooves and inclusions (Papanicolaou stained Thin-Prep pre-
paration, 60�)

Fig. 4 A case of medullary carcinoma showing plasmacytoid cells
with granular cytoplasm (Diff-Quik1 stain, 60�)
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be confirmed by performing immunostains for calcitonin

and thyroglobulin [35, 36]. In a limited cellularity specimen

it is advisable to recommend serum calcitonin levels to

confirm the diagnosis of medullary carcinoma determina-

tion rather than performing immunostains [2, 6].

Anaplastic Carcinoma

Anaplastic carcinoma of the thyroid is one of the most

clinically aggressive and fatal human tumors. The aspi-

rates from anaplastic carcinoma usually do not pose any

diagnostic difficulties; they can be readily classified as

malignant due to extreme cellular pleomorphism, necro-

sis, and obvious malignant features [37].

Role of Special Studies in the Diagnosis
of Thyroid Tumors in Cytologic Specimens

Immunohistochemistry

All follicular derived thyroid lesions, i.e., benign and

malignant, express transcription factor (TTF-1) and thyr-

oglobulin. This immunopanel is helpful in differentiating

primary vs. secondary tumors of the thyroid [38]. The

diagnosis of medullary carcinoma can be established in

FNA specimens by performing immunostains for calcitonin

and calcitonin gene related peptide (CGRP). Medullary

carcinoma also stains positive for monoclonal carcinoem-

bryonic antigen (CEA), chromogranin, synaptophysin,

and TTF-1 [35, 39].

The use of various immunohistochemical markers in

cytologic samples to differentiate papillary carcinoma

from other follicular derived lesions of the thyroid have

been explored by many authors. The immunopanel com-

prising of cytokeratin-19, HBME-1, and Galectin-3 have

shown acceptable sensitivity and specificity, however, one

must be aware of the fact that benign thyroid epithelium

in chronic lymphocytic thyroiditis and post-FNA reactive

foci can stain positive for both CK-19 and Galectin-3.

This can lead to false positive diagnosis of malignancy

[40–42]. Therefore, results of these stains must always

be interpreted with care and correlated with the basic

cytomorphology.

Molecular Genetics/Diagnosis

In the past decade much has been published on the role of

various biologic events and genetic determinants in the

pathogenesis of various thyroid tumors.

RET/PTC: Rearrangements of RET gene, known as

RET/PTC have been identified in papillary carcinoma of

thyroid [43]. RET/PTC 1 and 3 are the most common

forms that occur in sporadic papillary carcinoma [44].

The prevalence of RET/PTC in papillary carcinoma

varies significantly among various geographic regions [43,

45, 46]. Several authors have investigated the expression

of RET/PTC rearrangements in thyroid aspirates to

establish the diagnosis of papillary thyroid carcinoma

[47, 48]; however, RET/PTC expression can also occur

in some benign lesions, including hyalinizing trabecular

neoplasm [49], chronic lymphocytic thyroiditis [50], hyper-

plastic nodules, and follicular adenoma [51, 52]. Thus,

employing only RET/PTC analysis of FNA specimen to

establish the diagnosis of PTC does not appear to be

reliable.

BRAF: BRAF activating mutations in thyroid cancer

are almost exclusively the BRAF V600E mutation, and

have been found in 29–69% of papillary thyroid cancers,

13% of poorly differentiated cancers, and 10% of ana-

plastic cancers [53, 54, 55]. These mutations are indepen-

dent of RET/PTC translocations or RAS mutations.

BRAF mutational analysis of FNA samples has been

shown to be of value in the diagnosis of papillary thyroid

carcinoma. Some authors have suggested that since

BRAF mutations, RET/PTC rearrangements, and RAS

mutations are independent of each other, it may be

helpful to analyze multiple markers in a given thyroid

FNA specimen to establish the diagnosis of PTC [48].

DNA Microarray Analysis: Recently DNA microar-

ray analysis of the thyroid FNA samples has been shown

to successfully distinguish between the majority of

benign and malignant thyroid lesions. It has been

shown that based on these analyses FNA cohort could

be separated into three clusters: malignant, benign,

and indeterminate by unsupervised hierarchical cluster

analysis [56].

Cytopathology of Parathyroid Gland

Most parathyroid lesions are not palpable; it is unusual to

directly biopsy by FNA a parathyroid tumor. However,

on occasion, parathyroid lesions present clinically as thyr-

oid nodules or are large enough to be clinically evident. In

such cases, anFNAmay sample a proliferative parathyroid

lesion [57]. With the advent of the image-guided fine-

needle aspiration technique the number of FNA of neck

masses is increasing, and so is the number of aspirated

normal and/or neoplastic parathyroid tissue [57, 58].

Various studies have emphasized upon the difficulties

in differentiating the parathyroid lesions from the
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neoplastic and non-neoplastic diseases of the thyroid in

cytology specimens [59, 60]. The possibility of the ectopic

location of parathyroid gland, including intrathyroidal

location, clinical similarity between the parathyroid and

thyroid lesions, overlap in their cytomorphology, and

coexistence of pathology in both glands undoubtedly

contribute to the misinterpretation of the fine needle

aspirates [61]. Parathyroid lesions in the fine needle aspi-

rates are most commonly confused with the thyroid neo-

plasms, papillary, follicular or Hürthle cell, adenomatoid

thyroid nodules, or with lymphocytic thyroiditis. This is

due to the presence of tissue fragments with papillary

architecture, epithelial cells arranged in microfollicular

pattern, colloid like material in the background, and due

to the presence of oxyphil cells and naked nuclei of chief

cells resembling Hürthle cells and lymphocytes, respec-

tively [61, 62].

Although the literature dealing with the parathyroid

FNA is sparse, most authors emphasize that there is no

single diagnostic criterion that helps to reliably differenti-

ate parathyroid lesions from those of thyroid, but rather a

combination of cytomorphologic features should be used.

Most helpful might be the presence in the parathyroid

aspirates of three-dimensional fragments, naked nuclei

admixed with cohesive cell clusters, (Fig. 5) nuclear

overlapping, nuclear molding, and presence of mast cells

[62]. In addition to cytomorphology, immunoperoxidase

staining for the parathyroid hormone and thyroglobulin,

chromogranin, and assays of PTH level of the aspirated

fluid have shown to be of value in the cytologic diagnosis

of parathyroid lesions [60, 62].

Cytopathology of Adrenal Gland

Fine-needle aspiration (FNA) is considered bymany as the

procedure of choice in the diagnosis of adrenal gland

lesions [63, 64]. The possible causes for performing adrenal

gland FNA include adrenal mass incidentally found on

abdominal imaging, adrenal mass responsible for patients

symptoms and altered adrenal function and adrenal mass

encountered during the staging workup in a patient with

known history of malignancy. However, the most impor-

tant reason for performing adrenal FNA is to distinguish

between primary and metastatic adrenal tumors [63, 64].

Benign adrenal cortical nodules are common and

account for approximately 33% of adrenal lesions under-

going FNA. Though size is an important criterion for

distinguishing between benign and malignant adrenal

cortical nodules, one must be aware of the fact that meta-

static nodules can also measure 1 cm or less [63, 65]. The

most important criterion in making a diagnosis of neo-

plasm of adrenocortical origin is to be 100% sure that the

FNA needle is within the nodule, since by morphology

normal adrenocortical tissue is indistinguishable from the

adrenocortical adenoma or adrenocortical tumors of

undermined malignant potential [64]. The FNA speci-

mens from adrenal tumors are usually cellular and show

tumor cells in a lipid rich background (best seen in Diff-

Quik stained slides). The individual cells display central

or eccentrically placed nuclei with evenly dispersed chro-

matin and small nucleoli (Fig. 6). The cytoplasm is usually

foamy and ill defined and amajority of cells can appear as

stripped nuclei. The cells can occur as large cohesive

fragments or singly scattered cells; some specimen can

Fig. 5 Fine-needle aspiration of a parathyroid lesion demonstrat-
ing a monotonous population of cells arranged in cohesive group;
notice the sharp cytoplasmic borders and clear cytoplasm. The PTH
analysis of the aspirate confirmed the parathyroid origin. (Papani-
colaou stained ThinPrep preparation, 60�)

Fig. 6 Fine-needle aspiration of an adrenal cortical adenoma show-
ing adrenal cortical cells with granular cytoplasm, round nuclei with
prominent nucleoli (Papanicolaou stained Millipore1 filter pre-
paration, 60�)
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show mostly singly scattered cells which can occur as a

function of smearing technique or in large adrenal tumors

with necrosis [63, 65, 66].

The differential diagnosis of FNA specimens from adre-

nocortical tumors includes renal cell carcinoma and meta-

static mucinous adenocarcinoma. It is a challenge in cytol-

ogy practice to differentiate between aspirates from renal

cell carcinoma and adrenocortical tumors. Specimens from

renal cell carcinoma usually lack lipid-rich background;

however, in our practice, it is important to obtain enough

material for immunostains to differentiate between these

two entities. The aspirates from metastatic adenocarci-

noma are mainly comprised of large cohesive fragments

of tumor cells with marked nuclear pleomorphism with

background necrosis [67, 68]. Mucicarmine stain can be

helpful in the diagnosis of adenocarcinoma. Immunostains

for CK-20, CK-7, CEA, EMA, Inhibin, and Calretinin,

can be helpful in differentiating between primary adreno-

cortical tumors and metastatic adenocarcinoma [69, 70].

Rarely one may also encounter normal hepatocytes in

FNA samples of right adrenal gland. Before making the

diagnosis of accidental aspiration of normal liver, it is

important to know that some adrenal tumors can show

prominent oncocytic features. Normal hepatocytes are

usually polygonal in shape with distinct cell borders,

granular cytoplasm, and prominent nucleoli [70, 71].

There have been few reports describing the FNA

cytology of pheochromocytoma. The cytology specimens

are usually cellular and show many single cells and few

tissue fragments. The latter may consist of a capillary rich

stroma. The tumor cell cytoplasm is usually fragile lead-

ing to abundant bare nuclei; if present, the cytoplasm can

show metachromatic granules, especially in Diff-Quik

stained smears. Nuclear pleomorphism is readily evident

(Fig. 7); usually the nuclei show salt and pepper chromatin

with occasional intranuclear inclusions. In some cases one

may also observe a variable number of ganglion-like cells

[72, 73].

Cytopathology of Pancreatic Neuroendocrine
Tumors

Pancreatic endocrine tumors (PET) account for approxi-

mately 1–2% of all neoplasms in the pancreas [74]. They

maymanifest clinically as functional tumors elaborating a

variety of hormones or be nonfunctional. The nonfunc-

tional tumors are detected as incidental findings on

abdominal imaging or the patient may present with liver

metastasis. The pancreas and the liver are amenable to

percutaneous CT-guided fine-needle aspiration and fine-

needle is often the first diagnostic test in an attempt to

ascertain the nature of a pancreatic mass. More recently,

endoscopic ultrasound-guided fine-needle aspiration

(EUS FNA) has largely replaced percutaneous FNA

due to the added advantage of visualizing peripancreatic

lymph nodes and the liver and obtaining aspiration biop-

sies in a single procedure, thus staging the patient with a

suspected pancreatic neoplasm [74–76].

Cytomorphologic Characteristics of PET

The cytomorphologic characteristics of PET are not dis-

similar to the carcinoid tumors found elsewhere in the

body [75–78]. Aspirates are generally cellular, with the

tumor cells dispersed singly as well as forming cohesive

groups or rosette-like structures (Fig. 8). The nuclear

features are typical of a neuroendocrine tumor, with

eccentrically placed nuclei imparting a plasmacytoid

appearance to the tumor cells with salt and pepper chro-

matin (Fig. 9). Cystic degeneration has been reported in

less than 2% of all PET [79]. Oncocytic metaplasia [80],

clear cell change in the cytoplasm of the tumor cells

mimicking a metastatic clear cell carcinoma, has also

been reported [81, 82].

Ancillary Studies in the Diagnosis of PET

Immunohistochemical markers of neuroendocrine differ-

entiation (synaptophysin, chromogranin-A, and CD56)

Fig. 7 Fine-needle aspiration specimen of a pheochromocytoma
containing tumor cell displaying marked nuclear pleomorphism
(Papanicolaou stained Millipore1 filter preparation, 100�)
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may be utilized on cell block material to confirm the

diagnosis [75, 77, 83]. Two tumors that can be confused

with PET on cytologic material include solid pseudo-

papillary tumor and acinar cell carcinoma of the pan-

creas. The former is characterized by the presence of

tumor cells arranged in papillary fragments with fibro-

vascular cores. These tumors lack cytokeratin expression

and stain strongly for ß-catenin, whereas PET shows

diffuse and strong cytokeratin expression and stain nega-

tive for ß-catenin. Synaptophysin can be focally expressed

in solid pseudopapillary tumor of the pancreas. Various

authors have reported considerable overlap between

immunohistochemical profile of PET and acinar cell

carcinoma. Moreover, mixed acinar endocrine tumors of

the pancreas make the differential diagnosis even more

complicated. Skacel et al. [84] utilized a panel of

immunohistochemical stains including synaptophysin,

chromogranin-A, chymotrypsin, and a-1 antitrypsin to

distinguish acinar cell from PET and concluded that the

specificity of the neuroendocrine markers for PET and

that of enzymatic markers for acinar cell carcinoma was

too low to permit accurate classification using immuno-

histochemistry. One notable exception was the absence of

chromogranin expression in acinar cell carcinoma and the

expression of the same in about 60%of PET. Thus, caution

should be exercised in distinguishing acinar cell carcinoma

from PET in a limited cytology specimen [84, 85].
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