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Chapter 1
Overview

Guoping Cai and Adebowale J. Adeniran

The increasing use of minimally invasive procedures such as fine needle aspiration 
(FNA) and thin core needle biopsy has significantly improved patient’s experience 
of medical care by providing the choice of more tolerable but informative proce-
dures [1–3]. The material obtained from biopsies are not only for diagnostic pur-
pose but can also provide information for treatment decisions in the era of 
personalized medicine [4–7]. Historically, cytopathology practice has focused on 
diagnosis which is based on morphology with or without the addition of routine 
immunocytochemistry. With more recent advances in molecular pathology and the 
detection of molecular targets for therapeutic management, cytological samples 
have been put in the spotlight as they are suitable and sometimes the preferred mate-
rial for molecular testing [6, 8].

The expanded utilization of biopsied material in tailoring personalized therapy 
has heightened the importance of specimen acquisition and increased the need for 
obtaining adequate specimens. Rapid on-site evaluation (ROSE) is a laboratory ser-
vice to assess the cytomorphologic features of FNA smears or biopsy touch imprints, 
which is often performed by cytopathologists or experienced general pathologists in 
the biopsy suite and can provide real-time feedback and guidance to the biopsy 
operator through rapid cytological evaluation of biopsy material. ROSE has been 
repeatedly shown to improve diagnostic yield of biopsy procedure and help secure 
sufficient material for ancillary testing [5, 9–12].
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 Purposes of On-Site Evaluation

Rapid on-site evaluation (ROSE) is a central component of FNA biopsy procedure 
performed by pathologists and can also be carried out to assist imaging-guided FNA 
biopsy or small tissue biopsy. The true benefits of ROSE may vary in cases with or 
without imaging guidance, or with different imaging techniques, and may differ in 
different organ systems and different entities encountered [10, 13–15]. The scope of 
ROSE includes sampling adequacy assessment and proper specimen triage. ROSE 
also allows for a preliminary diagnosis so that additional material can be requested for 
ancillary studies such as flow cytometry, microbiology culture, and molecular tests.

 Sampling Adequacy Assessment

Assessment of specimen adequacy is a major task that is performed during 
ROSE. There are however no well-established numeric criteria to define an ade-
quate specimen in most organs and systems with thyroid being the only exception 
in which the adequacy is specifically defined [16]. In general, an adequate specimen 
is deemed sufficient to explain the underlying cause for the sampled lesion, the most 
common example being the presence of tumor cells in the FNA of a mass lesion. 
Identification of infectious microorganisms or granulomatous inflammation is more 
likely considered as adequate for nonneoplastic lesions although a tumor can coex-
ist with an inflammatory or infectious process.

Surely, it is more difficult to define adequacy for the cases with uncertain clinical 
impression. For example, mediastinal or hilar lymph node sampling is frequently 
performed to stage lung cancers, which may or may not be involved by metastatic 
tumor. There are a few reports suggesting minimal numbers of lymphocytes required 
for a negative diagnosis; however, there are no consensus opinions about the exact 
numbers needed [17–20]. To avoid a false-negative biopsy, multiple passes should 
always be attempted. Ultimately, clinical correlation is recommended to address the 
issue of possible false-negative diagnosis. In cases with clinical suspicion of malig-
nancy but negative cytology results, additional sampling including follow-up exci-
sional biopsy may be indicated.

In cases with malignant diagnoses, additional samples are often needed for ancil-
lary studies to support the diagnosis and further classification of tumors. In the era 
of precision and personalized medicine, molecular or biomarker testing has increas-
ingly been requested to be performed on biopsy material in order to customize ther-
apy for the individual patient [6–8]. Thus, the efforts should be focused on obtaining 
sufficient biopsy material. It should also be emphasized that as much material as 
possible should be preserved during ROSE, hence there is the need to balance the 
use of material for immediate diagnostic assessment with saving specimen for addi-
tional ancillary studies.

Besides cytopathologists or general pathologists, on-site adequacy assessment 
can be performed by certified cytotechnologists or trained physicians and similar 
efficacy can be achieved [10, 11, 21, 22].

G. Cai and A. J. Adeniran
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 Specimen Triage

The lesions subjected to biopsy may comprise of a variety of entities, ranging from 
inflammation, infections, and benign tumors to malignant neoplasms. The malig-
nant neoplasms can be derived from diverse lineages of cells, including epithelial, 
hematopoietic, and mesenchymal tumors. To achieve a higher diagnostic yield, 
appropriate ancillary studies are crucial. During on-site evaluation, it is pivotal to 
recognize and classify the lesions into inflammation/infection, hematopoietic lesion 
and other tumors, and triage specimens accordingly (Fig. 1.1).

For a well-defined focal lesion by imaging studies, the possibility of an infec-
tious etiology should be raised if the specimen shows (1) significant amount of 
inflammatory cells, (2) presence of necrosis, and (3) absence of overt malignant 
cells. For such cases, part of the specimen should be saved in a sterile container 
and sent for microbiology culture studies. Since inflammation with or without 
necrosis can accompany malignant tumors, additional sampling with at least three 
passes is generally recommended to rule out the possibility of a coexisting 
malignancy.

Biopsy
Cytology

Neoplastic

Non-
hematopoietic

Saved in
Fixative

Saved in RPMI
Medium

Saved in Sterile
Container

Flow
Cytometry

Microbiology
Culture

Cell Block

Hematopoietic Inflammation
or Necrosis

No Necrosis &
Inflammation

Non-neoplastic

Fig. 1.1 Flowchart of specimen triage based on on-site cytological evaluation of biopsy 
specimens

1 Overview
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Lymphoproliferative disorders can present as focal lesions in patients with or 
without prior history of hematopoietic malignancy. The following cytomorphologic 
features are helpful for recognizing lymphoid lesions during on-site evaluation: (1) 
single-cell distribution, (2) nuclear streaming artifact, and (3) lymphoglandular 
bodies. If a lymphoid lesion is suspected, part of specimen should be saved in RPMI 
preservative and sent for flow cytometry analysis.

In addition to direct smears used for on-site evaluation, the specimen should be 
saved as much as possible, including the cases suspected for infections and lymphop-
roliferation disorders. It is advised that only a portion of aspirates should be used for 
direct smears. If the aspirates are all expelled onto the glass slide, using another slide 
to pick up part of specimens for smearing is recommended and the remainder should 
be saved. The tissue fragments or blood clots found on the glass slide can also be saved 
by picking them up with a needle or a toothpick. The remainder of the specimens are 
saved in fixatives and processed for a cell block. The cell block material can be used 
for additional studies such as special stain, immunocytochemistry, and molecular test-
ing. The results of these ancillary studies are crucial for substantiating diagnosis and/
or providing prognostic and therapeutic information for better management of patients.

Decision to appropriately triage specimens requires expertise and extensive experi-
ences, which might be best carried out by a cytopathologist or an experienced general 
pathologist or cytotechnologist. For indeterminate cases, part of the specimens should 
be sent for ancillary studies such as microbiology culture and flow cytometry analysis, 
even if those tests are eventually found to be unnecessary or noncontributory, as long 
as initial differential diagnosis includes the possibility of infections or lymphoprolif-
erative disorders.

 Preliminary Diagnosis

Based on the cytomorphologic analysis, a preliminary diagnosis can be rendered in 
most cases during on-site evaluation. Interpretation of cytomorphologic findings is 
critical in the process of specimen adequacy assessment and specimen triage 
determination.

Rendering a preliminary diagnosis can also help clinicians to manage patients in 
a timely manner. If a diagnosis of malignancy is provisionally rendered, additional 
biopsy procedures may be performed as such to determine nodal stage of the tumor 
or rule out a metastasis in a suspicious lesion in a nearby organ. In addition, imaging 
study-based metastasis work-up and oncologist counseling can also be initiated as 
early as possible. These measures may help ease the anxiety of patients when they 
are waiting for biopsy results and being offerred treatment options.

In rare cases in which urgent care or treatment is needed, preliminary diagnosis 
can serve as a guide for empirical or more specific treatment regimens. Clinical sce-
narios such as opportunistic infections in an immunocompromised patient, symptom-
atic brain metastasis in patients with small cell carcinoma of the lung, and mediastinal 
high-grade lymphoma with respiratory distress may warrant intiating treatment as 
early as possible.

G. Cai and A. J. Adeniran
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In general, ROSE has a good correlation with final diagnosis [23–25]. Due to the 
potential impact on biopsy procedure and patient management, a preliminary diag-
nosis should be rendered with caution and with a more conservative approach [26]. 
Overinterpretation of the findings may lead to premature termination of the biopsy 
procedure, which often results in a repeat biopsy. An incorrect preliminary diagno-
sis may also cause unnecessary further work-up, inappropriate treatment, and 
patient’s stress. Because of the diagnostic challenges and ramifications as well as 
associated legal and/or regulatory issues, preliminary diagnosis should only be ren-
dered by experienced cytopathologists or general pathologists.

 Applications of Rapid On-Site Evaluation

Rapid on-site evaluation (ROSE) can help improve diagnostic yield of FNA or 
biopsy procedures. ROSE is time-consuming and requires expertise and resources. 
Each institution may have to set its own policy to implement ROSE service through 
which the benefits of ROSE can be maximized, but the practice of ROSE is eco-
nomically sounded.

 Superficial Versus Deep-Seated Lesions

ROSE is very important in modern patient care because immediate feedback is 
often required for oncologic specimens in order to aid biopsy procedure and clini-
cal management. ROSE is needed for FNAs performed on superficial lesions as 
well as deep-seated lesions. FNAs for superficial lesions are typically performed 
by radiologists and clinicians, under ultrasound guidance, while FNAs for deep-
seated lesions are usually performed by interventional radiologists under CT scan 
or MRI guidance. Some of the superficial lesions may be palpable and as such do 
not require imaging guidance. Superficial organs whose aspiration may require 
ROSE include but not limited to the thyroid, parathyroid, lymph nodes, salivary 
gland, and breast, while deep-seated lesions that often require ROSE are com-
monly found in the lung, mediastinum, liver, kidney, adrenal gland, pancreas, bone, 
and soft tissue.

Endoscopic ultrasound-guided FNA (EUS-FNA) is now a well-established diag-
nostic technique in the assessment of lesions in the gastrointestinal tract and adja-
cent organs [27, 28]. The majority of the procedures are aimed at the pancreas and 
intra-abdominal lymph nodes. Likewise, endobronchial ultrasound-guided FNA 
(EBUS-FNA) is a highly effective procedure used in the sampling of lung and medi-
astinal lesions [29]. This provides real-time images, which allows easy view and 
access when compared with conventional mediastinoscopy. This technique was first 
used in the diagnosis and staging of lung cancer but is now being used for the diag-
nosis of lymphoma and other malignant conditions as well as benign conditions 
such as sarcoidosis and infectious conditions. Whether or not EBUS is employed for 

1 Overview
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sampling a lesion depends on the size and location of the lesion. The accuracy and 
speed of EUS and EBUS is a direct reflection of ROSE, as pathologists are able to 
process and evaluate FNA samples and can request additional passes immediately if 
needed.

In case there are limited resources and also taking consideration of economic 
aspects, it is reasonable to take precedence of the deep-seated lesions over the 
superficial ones when providing ROSE service. The biopsies of deep-seated lesions 
often require more sophisticated imaging techniques such as CT and endoscopy, 
and longer procedure time, and are more costly. Also, the biopsies of deep-seated 
lesions may be associated with slightly higher risks of complications.

 Sensitivity and Specificity

When FNAs are performed without ROSE, the average nondiagnostic rate is reported 
to be 20%, whereas it is 2–10% when ROSE is available [30–34]. There have been 
reported high sensitivity, specificity, and positive/negative predictive values in differ-
ent organ sites when FNA findings have been correlated with histopathologic material 
and clinical follow-up [30, 31, 33, 35–40]. There are a number of issues that affect 
both sensitivity and specificity. One very important factor is the size of the lesion. 
Generally speaking, the smaller the size of the nodule, the higher the nondiagnostic 
rate and the lower the sensitivity of FNA [31]. ROSE tends to decrease the nondiag-
nostic rate by improving adequacy of the specimen, and in general, ROSE correlates 
well with final diagnosis [3, 5, 23, 40, 41]. However, there are other factors that are 
unrelated to the size of the lesion, which may affect sensitivity and specificity. A very 
classic example is the difficulty in differentiating well-differentiated hepatocellular 
carcinoma from benign reactive hepatocytes [38]. The very fact that the biopsy needle 
in most abdominal FNAs traverses the gut is a challenge as reactive cells in the gut 
can be misdiagnosed as well-differentiated adenocarcinoma. One other pitfall that 
may contribute to false-positive rates is the misdiagnosis of benign hepatocytes as 
oncocytic neoplasm in the biopsy of the right kidney [42]. Diagnosis of unusual neo-
plasms may also be challenging and can affect the sensitivity and specificity of FNA 
and ROSE. Another factor that may affect sensitivity and specificity is the fact that 
only air-dried smears stained with Diff-Quik stain are available at the time of ROSE.

Most simple cysts can be reliably diagnosed by imaging studies, in which ROSE 
has a very limited role in assisting the biopsy because the biopsy often yields very 
low cellularity. However, for cysts that display atypical radiologic features such as 
multilocularity, mural nodules, and irregularly thickened or calcified walls, the 
diagnosis is often much difficult and dependent on the areas of the cyst sampled. 
ROSE may offer some help in this setting. Overall, cystic lesions would still have 
relatively low sensitivity and specificity [43, 44].

The most common cause of false-negative interpretation in lymph node sampling 
is the presence of tingible-body macrophages [29]. Although a hallmark feature of 
reactive lymph node, this feature has also been seen to varying extent in mantle cell 
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lymphoma, marginal zone lymphoma, and Burkitt’s lymphoma. Many of these 
issues can be resolved when additional passes are obtained for ancillary studies such 
as immunocytochemical staining, flow cytometry, and molecular studies, ensuring 
that the final diagnosis is accurate and all-inclusive.

 Advent of Telecytopathology

ROSE has not been uniformly implemented among institutions across the country 
and around the world due to variations in resources as well as reimbursement of 
associated costs. Technological advances in imaging transmission platforms have 
made it feasible to remotely assess cytological specimens. The advent of telecyto-
pathology has added a new dimension to ROSE. Pathologists don’t have to be physi-
cally present at the biopsy site or travel to different locations for the procedures; 
hence the wait time at the site of evaluation and traveling time to various locations 
to perform ROSE are eliminated [45].
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Chapter 2
Facility, Equipment, Specimen 
Preparation, and Stains

Guoping Cai

 Facility, Equipment, and Supplies

 Facility

Fine needle aspiration (FNA) can be performed by palpation or under imaging guid-
ance. Common locations for performing rapid on-site evaluation (ROSE) include 
FNA clinic, physician’s office, ultrasound suite, computed tomography room, and 
bronchoscopy or endoscopy suite. ROSE may sometimes be performed in operating 
room. Depending on the frequency of service needs, there are several options for 
setting ROSE service. If there is a frequent need for ROSE service, a separate room 
adjacent to the biopsy suite or a designated area within the biopsy suite is preferred. 
A mobile station can be used as an alternative when the service is less frequently 
requested or requested only for rare occasions. Regardless which setting is chosen, 
the ultimate goal is to ensure the delivery of ROSE service in a timely manner.

 Microscope and Accessories

Microscope is essential for on-site cytological evaluation. Due to time constraint of 
the service, a fully functional, high-quality microscope is required to relay reliable 
results to the biopsy physician, which may have significant impact on the biopsy 
procedure. A two-headed microscope is preferred which allows, if needed, patholo-
gist to discuss the findings with the biopsy physician when reviewing the morphol-
ogy together. Alternatively, a camera or video camera can be attached to the 
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microscope, allowing the transfer of live images to the monitors. This setting also 
allows the biopsy physician to view live images without leaving the biopsy suite 
and/or allows pathologists to remotely evaluate the biopsy primarily or as a second 
opinion consultation [1–3]. Based on the need, image transfer can be accomplished 
via local cable connection or an internet-based approach.

 Supplies

The supplies needed for on-site evaluation include needles, syringes, grass slides, 
staining reagents, and the containers with fixatives. Sterile containers may also need 
to be stocked for potential microbiology culture study. A temperature-adjustable 
electric heat plate should be equipped, which can help dry the slide quickly if the 
smears are thick and bloody.

 Fixatives

Specimen fixatives may include 95% ethanol, other ethanol-/methanol-based fixa-
tives, and 10% neutral buffered formalin solution. Some freshly prepared smear 
slides should be immediately fixated in 95% ethanol fixative for Papanicolaou stain-
ing later on. To achieve an optimal diagnostic yield, part of the aspirates should be 
saved for preparation of a cell block. The aspirates can be saved in formalin or etha-
nol-/methanol- based fixatives. The tissue or cellular material using ethanol-/
methanol- based fixatives may or may not be ideal for immunohistochemical analy-
sis since in most pathology labs, the test is optimized for formalin-fixed tissue 
including negative and positive controls [4–8]. However, ethanol-/methanol-fixated 
material is equivalent or superior to formalin-fixed tissue for molecular testing [9–
14]. In addition, some ethanol/methanol fixatives such as CytoRich fixative have the 
capability to lyse red blood cells, which will be ideal for bloody specimens.

Cell preservatives such as Roswell Park Memorial Institute (RPMI) medium 
should also be stocked in case there is a need to send fresh specimen for flow cytom-
etry analysis. RPMI solution should be kept in refrigerator until its use.

 Specimen Preparation

On-site cytological evaluation can be applied to a variety of specimens including fine 
needle aspirates, core needle biopsy tissue fragments, forceps biopsy tissue frag-
ments, and less frequently surgical excision/biopsy specimens. Among them, fine 
needle aspirates are the most common type of specimens submitted for on-site evalu-
ation, from which direct smears are often made. Other forms of preparations for on-
site evaluation include touch preparation and scrapping smear. During on- site 
evaluation, it is important to save adequate specimen for additional ancillary studies.
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 Smear Preparation

Direct smears are the primary preparations of fine needle aspiration biopsy. The 
aspirates obtained are expelled onto the glass slides usually by a syringe. In case the 
aspirates get clotted within the biopsy needle (often occurs when using longer 
biopsy needles during endoscopy- or bronchoscopy-guided biopsy), a stellate can 
be used to remove the aspirates. Smears are the preferred preparations for on-site 
evaluation because smearing process can make the cellular aspirates to be optimally 
distributed on slide. The organizational characteristics of cellular material on slide 
may offer cytomorphologic clues to determine the important issue with cell type. 
For example, the tumor cells of epithelial origin tend to cluster together, and differ-
ent epithelial tumors may display specific arrangements such as sheets, papillary 
architecture, and acinar formation. Hematopoietic tumors and melanomas, on the 
other hand, have a dispersed single-cell distribution. The presence of smearing arti-
facts such as nuclear streaming and lymphoglandular bodies may also aid in the 
diagnosis of lymphoproliferative disorders [15, 16].

 One-Slide Smearing Technique

This smearing technique can be used for slide preparation when the aspirates are 
scant. As illustrated in Fig.  2.1, the slide preparation consists of three steps: (1) 
expel the aspirates onto the slide at the spot above the middle portion; (2) place a 
second slide, the spreader slide, crosswise over the specimen slide; and (3) keep the 
specimen slide steady and pull gently the spreader slide back toward the end of the 
specimen slide. This smearing technique produces one single slide. The spreader 
slide often contains little or no cellular material and is discarded.

Fig. 2.1 On-slide smearing technique
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 Two-Slide Smearing Technique

This smearing technique can be used for slide preparation when there is a large amount 
of specimen. As illustrated in Fig. 2.2, the preparation consists of three steps: (1) expel 
the aspirates onto the slide at the spot slightly below the middle portion, (2) place a 
second slide inline over the specimen slide, and (3) pull gently the specimen slide and 
the second slide toward the opposite directions. This smearing technique produces two 
slides with similar amount of material. One slide can be air-dried, stained with Diff-
Quik stain, and used for on-site evaluation. The second slide should be immediately 
fixed in 95% of alcohol and saved for Papanicolaou or hematoxylin-eosin stain later on.

 Tips for Smearing Techniques

Timing is an important factor for the production of high-quality direct smears. How 
quickly should you start the smearing process after placing the second slide over the 
specimen slide depends upon the texture of aspirates. If the aspirates are thick, you 
should wait for a while before starting the smearing step so that the aspirates can 
spread out slightly by capillary action. By this way, the prepared smears are not too 
thick to be used for cytological evaluation. If the aspirates are watery, you have to 
act quickly and start the smearing step right after placing two slides over together. 
Otherwise, you will not be able to move the slides because too much tension force 
is formed between the slides.

Fig. 2.2 Two-slide smearing technique
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During the preparation of smearing slides, it is important to keep the smearing 
slide and the specimen slide parallel, which helps minimize the damage to the cells. 
Also, no additional force should be applied to the slides except for the force to gen-
tly pull the slides. The tension forces the aspirate creates in between two slides 
should be sufficient to spread out the aspirates.

 Touch Preparation or Imprint

Touch preparation is primarily used for on-site evaluation of tissue obtained by core 
needle biopsy or forceps biopsy [17]. To prepare a touch preparation, the obtained 
tissue fragments are placed on the glass slide (Fig. 2.3). Then, a needle or toothpick 
is used to gently roll or flip the tissue over repeatedly toward close to the end of the 
slide. After preparation of the slide, the tissue fragments should be saved in formalin 
fixative and submitted for histopathological evaluation. Forceps should not be used 
to handle tissue becuase it may cause damage to the tissue. The rolling or flapping 

Fig. 2.3 Touch preparation of core biopsy tissue
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process should be carried out with extreme caution. A recent study has shown that 
vigorous touch preparation might cause significant damage to tissue or loss of diag-
nostic material, which could lead to failure to render diagnosis and perform molecu-
lar testing [18].

During intraoperative consultation, touch imprint can be made from surgically 
removed tissue such as sentinel lymph node. Cytopathological evaluation of touch 
imprint can be used as a solely diagnostic evaluation or as an adjunction to frozen 
section [19–21].

It should be kept in mind that touch imprints are different from smears because 
no tension force is applied to cellular material when preparing touch preparations. 
Thus, touch imprints are not optimal to assess the cohesiveness of cells of interest 
and less reliable to classify cell types based on the organizational architectures seen 
on touch imprints.

 Scrapping Smear

During intraoperative consultation, surgically removed specimens, if sizable, can 
also be used to prepare a scrapping smear for cytological evaluation [22, 23]. To 
make a scrapping smear, the specimens are sliced to reveal the lesion of interest. A 
scalpel blade is then used to collect superficial tissue fragments of the lesion by 
gently moving the blade back and forth along the cut surface of the lesion. The tis-
sue fragments collected are transferred onto a glass slide. The one-slide smearing 
technique is often used to make a smear.

Similar to direct smears made from fine needle aspirates, scrapping smears pro-
vide, in addition to cell morphology, the information about cohesiveness of the 
cells. The organizational architectures of cell arrangement and smearing artifacts 
seen on scrapping smears may also provide diagnostic clues. Thus, scrapping 
smears are particularly useful and may be superior to touch imprints in cases such 
as tumors of an unknown cell lineage.

 Stains Suitable for On-Site Evaluation

On-site cytological evaluation is time-sensitive and the staining process should be 
completed with a short period of time. Therefore, time is the most important issue 
for choosing appropriate staining reagents. Other factors to be considered include 
the preservation of cytomorphology and complexity of staining process. Whether 
staining reagents contain hazardous material should also be taken into consider-
ation unless the staining process is performed in an environmentally safe setting 
such as in frozen section room. Selection of a specific staining protocol for labo-
ratory use ultimately depends on the resources, experiences, and personal 
preferences.
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 Diff-Quik Stain

Diff-Quik stain is a commercially branded Romanowsky stain and is modified from 
the Wright Giemsa stain. With the modification, the staining time is reduced to less 
than 1 min. The staining reagents include: (1) fixative reagents containing methanol 
and triarylmethane dye, (2) eosinophilic solution (solution I) containing xanthene dye 
and sodium azide, and (3) basophilic solution (solution II) containing thiazine dye.

The details of Diff-Quik staining procedure:

 (a) Slide preparation: completely air-dried
 (b) Fixative solution: 10 dips
 (c) Solution I: 10 dips
 (d) Solution II: 10 dips
 (e) Water: 10 dips

Due to its rapid staining process, Diff-Quik stain has become the stain of choice 
for on-site evaluation [24–27]. Cytoplasmic details such as intracytoplasmic mucin, 
fat droplets, and cytoplasmic granules can readily be visible on Diff-Quik stain. 
Extracellular substances such as mucin, colloid, and matrix can easily be stained 
and appear metachromatic (Figs. 2.4, 2.5, and 2.6). Diff-Quik can also stain some 
microorganisms such as bacteria and some fungal organisms [28].

Fig. 2.4 Benign thyroid nodule showing abundant colloid as thick metachromatic material on 
Diff-Quik stain (original magnification, ×200)
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Fig. 2.5 Mucinous cyst of the pancreas showing clusters of epithelial cells in a background of 
mucinous material on Diff-Quik stain (original magnification, ×40)

Fig. 2.6 Pleomorphic adenoma of the parotid gland showing dyscohesive epithelioid cells inter-
mixed with metachromatic fibrillary matrix on Diff-Quik stain (original magnification, ×100)
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Because air-dried slides are used for the staining, the cells on Diff-Quik-stained 
slides appear larger than those seen on other stains. It should be cautious to interpret 
cytological atypia, particularly related to cell size. Nuclear details such as nuclear 
membrane irregularity, chromatin pattern, and nucleoli are not well appreciated on 
Diff-Quik stain [29, 30].

 Rapid Papanicolaou Stain

Papanicolaou (Pap) stain is the most commonly used staining technique in cytopa-
thology practice. The stain is very reliable and can be applied to a variety of cyto-
logical preparations including smears and touch preparation. Cytological details, 
especially nuclear and chromatin features as well as cytoplasmic keratinization, are 
well illustrated on Pap-stained slides (Figs.  2.7 and 2.8). However, Pap staining 
process is lengthy and requires at least a half hour to complete. This has encouraged 
modifications to the standard protocol with lesser staining time but maintaining cell 
morphology, known as rapid Pap stain [29–34].

Fig. 2.7 Papillary thyroid carcinoma showing sheets of follicular cells with enlarged oval nuclei, 
washout chromatin, nuclear grooves, and intranuclear pseudoinclusions on Papanicolaou stain 
(original magnification, ×400)
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The details of rapid Pap staining procedure:

 (a) Fixed in 95% ethanol.
 (b) Wash smear in water: 20 s.
 (c) Stain in hematoxylin solution: 1–3 min.
 (d) Wash in water.
 (e) Bluing solution: 20 s.
 (f) Wash in water.
 (g) 95% ethanol: 20 s.
 (h) Stain in Papanicolaou stain OG 6-EA: 1–3 min.
 (i) 100% ethanol.
 (j) 100% ethanol.
 (k) Xylene.
 (l) Xylene.
 (m) Coverslip.

Further modification of the dehydration steps before and after Pap OG-6 with 
acetic acid instead of ethanol can further shorten the staining time [32, 34]. Rapid 
Pap stain can also be applied to air-dried smears with addition of a rehydration step 
at the beginning of staining process and minor revisions of staining reagents, known 
as Ultrafast Pap stain [29, 30, 35–38]. Ultrafast Pap stain may be superior to the 

Fig. 2.8 Metastatic keratinizing squamous cell carcinoma of the neck showing clusters of epithe-
lial cells with dense orangeophilic cytoplasm on Papanicolaou stain (original magnification, ×200)
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standard rapid Pap stain in part due to short staining time [36, 38]. Some cytomor-
phologic features such as washout or clear chromatin pattern of papillary thyroid 
carcinoma and large nucleoli of Hodgkin lymphoma are better appreciated on 
Ultrafast Pap stain [36, 37].

 Hematoxylin-Eosin Stain

Hematoxylin-eosin (H&E) stain is the standard staining for histopathological evalu-
ation. Rapid protocols for H&E staining can be performed in about 3 min and are 
widely used for intraoperative frozen service, yielding excellent results. Rapid H&E 
stain has also been applied to evaluation of cytological specimens [29, 39–43]. 
Excellent nuclear details can be revealed on rapid H&E stain (Fig. 2.9).

The details of rapid H&E staining procedure:

 (a) Wash in water: 20 dips
 (b) Hematoxylin: 1 min
 (c) Wash in water: 10 dips
 (d) Bluing solution: 10 dips

Fig. 2.9 Sarcomatoid carcinoma of the nasal cavity showing loosely cohesive groups of tumor 
cells with pleomorphic nuclei, irregular nuclear contours, and conspicuous nucleoli on hematoxylin- 
eosin stain (original magnification, ×400)
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 (e) Wash in water: 10 dips
 (f) 95% ethanol: 10 dips
 (g) Eosin: 3 s
 (h) 95% ethanol: 10 dips
 (i) 100% ethanol: 10 dips
 (j) 100% ethanol: 10 dips
 (k) Xylene: 10 dips
 (l) Xylene: 10 dips

 Toluidine Blue Stain

Toluidine blue is a basic thiazine metachromatic dye with high affinity for acidic 
tissue components. It stains nucleic acids blue and polysaccharides purple. In addi-
tion to its utility in forensic examination, renal pathology, and neuropathology, tolu-
idine blue can also be used for on-site evaluation. The stain is prepared by dissolving 
0.5 g of crystalline toluidine blue in 20 ml of 95% ethanol and then adding distilled 
water up to 100 ml. The prepared stain is filtered and saved in refrigerator till use.

Toluidine blue reagent can be directly applied to specimen-containing slide or to 
95% ethanol fixed smear slide [44–46]. The specimen on the slide is mixed with a 
few drops of the stain reagent. The slide is then coverslipped and the wet film will 
be ready for microscopic evaluation in a few seconds. After the evaluation, the slide 
with its coverslip is saved in Coplin jar with 95% ethanol and can be used for rou-
tine Papanicolaou stain later on. Toluidine stain is a quick, economic staining but 
may probably not be the best stain for revelation of cytomorphologic details.
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Chapter 3
Thyroid

Adebowale J. Adeniran

 Introduction

Fine needle aspiration (FNA) is the procedure of choice for the evaluation of thyroid 
nodules. More recently, the implementation of ultrasonographic-guided FNAs of 
the thyroid has increased the overall diagnostic yield and accuracy of the procedure 
[1–4]. However, despite the improvement in diagnostic yield, a significant subset of 
thyroid FNAs continues to be inadequate for interpretation, and this leads to some 
uncertainty in the follow-up management for such patients.

The diagnostic yield for thyroid FNA may be affected by several factors such as 
the nature of the lesion (e.g., size, cystic vs. solid), needle size, skill and level of 
experience of the operator, as well as the level of experience of the cytopathologist 
[1]. Many of these factors fluctuate between different institutions; hence one would 
expect significant variation in FNA adequacy rates. The presence or absence of 
rapid on-site evaluation (ROSE) by a cytopathologist or a cytotechnologist to assess 
for specimen adequacy during the FNA procedure is a potential factor, which can 
greatly affect the yield and can be standardized between institutions. Numerous 
studies have been published regarding the influence of ROSE on thyroid FNA speci-
men adequacy, with most of the studies acknowledging that FNA is more likely to 
be adequate for interpretation with ROSE [2, 5, 6]. More so, ROSE has been shown 
to decrease the number of needle passes, increase diagnostic accuracy, and reduce 
the risk for a repeat procedure [7, 8]. Immediate evaluation of the material also 
allows the opportunity to obtain additional material for cell blocks and/or ancillary 
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studies [9]. This is especially important in suspected cases of medullary thyroid 
carcinoma, which require immunostaining for calcitonin, and in suspected cases of 
lymphoma, which require additional material for flow cytometry.

 Specimen Adequacy Assessment

Recommendations for optimal specimen preparation include the use of air-dried 
and alcohol-fixed slides, prepared for Romanowsky and Papanicolaou staining, 
respectively, with supplemental combinations of liquid-based or cytospin prepara-
tions, cell blocks, and RPMI for flow cytometric evaluation where appropriate and 
possibly sterile material for microbiology. For cyst-fluid-only specimens, only one 
or two smears are recommended with the remainder being processed as either cyto-
spin or liquid-based preparations.

Examination usually starts with the review of the slides under scanning magni-
fication. This quickly gives significant information as most benign follicular nod-
ules are sparsely cellular, consisting predominantly of colloid. Colloid can be thin 
and watery, thick and opaque with sharp outlines, or extremely thick and sticky. 
Smears that have a high ratio of colloid to follicular cells generally indicate a 
benign thyroid nodule [10]. Some features are generally nonspecific. For instance, 
macrophages can be seen in cyst contents, benign hyperplastic nodule with cystic 
degeneration, as well as cystic papillary thyroid carcinoma. In a similar fashion, 
multinucleated giant cells can be seen in granulomatous diseases, benign hyper-
plastic nodule with cystic degeneration, papillary carcinoma, and anaplastic 
carcinoma.

A thyroid FNA specimen is deemed to be satisfactory for evaluation if it has at 
least six groups of benign, well-visualized follicular cells, with each group consist-
ing at least 10 follicular cells [11, 12]. Tissue fragments with multiple follicles can 
be split up and counted as separate and distinct groups [13]. Exceptions to this 
adequacy requirement include: abundance of colloid even in the absence of six fol-
licular groups, abundance of lymphocytes necessitating the diagnosis of lympho-
cytic thyroiditis, and presence of atypia [14].

 Cystic Lesions of the Thyroid

 Diagnostic Consideration

Thyroid FNA specimens with abundant histiocytes having few to no follicular cells 
are interpreted as “fluid cyst only,” under the category of “nondiagnostic” [15, 16] 
(Fig. 3.1). Numerous macrophages can be seen in a variety of hyperplastic and neo-
plastic benign and malignant thyroid nodules undergoing cystic degeneration. 
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Benign cysts arising from nodular goiters collapse after drainage. A small number 
may reaccumulate or bleed immediately following an FNA, necessitating reaspira-
tion. Recurrence with hemorrhagic or chocolate-colored contents is a warning for 
the possibility of malignancy [17].

 Cystic Degeneration in a Hyperplastic Nodule

 Cytomorphologic Features

• Low cellularity.
• Abundant macrophages.
• Reactive follicular cell changes.

Fig. 3.1 Fluid cyst only. Abundant macrophages and no follicular cells (Diff-Quik stain, ×200)
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 Tips and Pitfalls

• Cyst lining cells typically show reactive changes. They have a pulled-out appear-
ance that mimics reparative epithelium (Fig. 3.2).

• Cases may be diagnosed as FLUS/AUS because of the reparative changes.
• Dystrophic calcifications can mimic psammoma bodies.

 Cystic Papillary Carcinoma

 Cytomorphologic Features

• Tumor can be partially or totally cystic, unilocular or multilocular, or thin or 
thick walled and may contain residual tumor in the wall [18].

• Tissue fragments exhibit scalloped borders, and they are arranged in a cartwheel 
pattern with nuclei at the outside perimeter [17] (Fig. 3.3).

Fig. 3.2 Cystic degeneration in a hyperplastic nodule. Cyst lining cells with pulled-out appear-
ance that mimics reparative epithelium (Diff-Quik stain, ×200)
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• Cytologic features commonly seen include three-dimensional fragments, aniso-
nucleosis, nuclear crowding, nuclear enlargement, intranuclear inclusions, and 
cytoplasmic vacuoles [19, 20] (Fig. 3.4).

 Tips and Pitfalls

• Fine, powdery chromatin of PTC may not be present because the chromatin 
tends to stain intensely due to degeneration.

• The combination of macrophages, hemosiderin, and cellular debris in the back-
ground may obscure distinction from cystic goiter.

Fig. 3.3 Cystic papillary carcinoma. Tissue fragment showing scalloped borders with nuclei at the 
outside perimeter. Cytoplasm is vacuolated (Diff-Quik stain, ×400)
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• Atypical histiocytoid cells of cystic PTC may be difficult to distinguish from 
clusters of histiocytes with foamy cytoplasm and enlarged nuclei that are seen in 
cystic degeneration in goiters [21].

 Lymphoepithelial Cysts

• Lymphoepithelial cysts in the thyroid bear close resemblance to their counter-
parts in the salivary gland.

• The cysts are lined predominantly by squamous epithelium and focally by 
columnar epithelium.

• The epithelium is bordered by a fibrous capsule and surrounded by lymphoid 
tissue, often with follicles and germinal centers [22].

Fig. 3.4 Cystic papillary carcinoma. Cells show some of the nuclear features of papillary thyroid 
carcinoma, such as nuclear enlargement, nuclear elongation, and nuclear grooves (Diff-Quik stain, 
×400)
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 Lymphocytes-Rich Lesions of the Thyroid

 Diagnostic Consideration

Thyroid glands with Hashimoto thyroiditis usually show diffuse enlargement and 
the gland feels firm and rubbery. FNA is performed only if there is a suspicious 
nodule that raises the possibility of a coexisting malignancy.

Primary lymphoid neoplasms of the thyroid are uncommon. They are basically of 
two types: diffuse large B-cell lymphoma (DLBCL) and extranodal marginal zone 
B-cell lymphoma (ENMZBL) also referred to as MALT lymphomas. MALT lym-
phomas are low grade and often arise in a background of Hashimoto’s thyroiditis.

 Hashimoto Thyroiditis

 Cytomorphologic Features

• Very cellular, with numerous lymphoid cells.
• The most characteristic feature is the presence of intense infiltration of the 

gland by polymorphous population of lymphocytes and plasma cells (Figs. 3.5 
and 3.6).

• There may be occasional clusters of Hürthle cells.
• Normal follicular cells are infrequent or absent altogether.

 Tips and Pitfalls

• The proportion of Hürthle cells varies widely from case to case. When it is pres-
ent in abundance, the cells may proliferate to form nonneoplastic Hürthle cell 
nodules, with little to no lymphoid infiltrate, thereby making it difficult to distin-
guish from Hürthle cell neoplasm on cytologic preparations. The cells of Hürthle 
cell neoplasm, however, usually have more prominent nucleoli and they usually 
do not have a prominent lymphoid infiltrate [10].

• In florid Hashimoto thyroiditis with atrophy of the follicular cells, lymphocytes 
predominate, often forming follicles and germinal centers and may be difficult to 
distinguish from intrathyroidal lymph node sampling. Often this can also lead to a 
misdiagnosis of malignant lymphoma [23]. When in doubt, additional material 
should be collected at the time of ROSE for ancillary studies like flow cytometry.

• Occasionally, multinucleated giant cells are seen and this may lead to confusion 
with subacute thyroiditis.

• Syncytial tissue fragments of follicular epithelium with papillary-like architec-
ture can often be seen in Hashimoto thyroiditis and can lead to a misdiagnosis 
of papillary carcinoma especially when the Hürthle cells display reactive 
nuclear changes like chromatin clearing, nuclear enlargement, and occasional 
grooves [18].
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 Lymphoid Neoplasms of the Thyroid

 Cytomorphologic Features

Diffuse Large B-Cell Lymphoma
• Variable cellularity, usually very cellular.
• Dense and monomorphous population of poorly differentiated lymphoid cells, 

which are usually larger than the normal lymphocytes (Fig. 3.7).
• Cells are large, with high nuclear/cytoplasmic (N:C) ratio and finely granular 

chromatin.
• Nucleoli may be small or large.
• Mitotic activity is frequent and Karyorrhexis is a common feature.
• Cytomorphologic features of Hashimoto thyroiditis may be present on the 

smear.

Fig. 3.5 Hashimoto thyroiditis. Polymorphous population of lymphocytes and cluster of Hurthle 
cells (Diff-Quik stain, ×200)
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MALT Lymphoma
• Polymorphous population of lymphocytes and plasma cells (Fig. 3.8).

 Tips and Pitfalls

• DLBCL cells are often seen in large aggregates and this may lead to misdiagnosis 
as an epithelial neoplasm, most notably anaplastic carcinoma and metastatic 
carcinoma.

• MALT lymphoma can be very difficult to differentiate from the florid lymphoid 
phase of Hashimoto thyroiditis because of the heterogeneous population of lym-
phocytes and both entities may coexist [23].

• Additional material should be obtained at the time of ROSE for immunohisto-
chemical stains.

• Flow cytometry is an important ancillary study and additional material should be 
obtained at the time of ROSE in RPMI solution for flow cytometry.

Fig. 3.6 Hashimoto thyroiditis. Polymorphous population of lymphocytes and rare Hurthle cells 
(Diff-Quik stain, ×400)
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Fig. 3.7 Diffuse large B-cell lymphoma. Poorly differentiated, large lymphoid cells with high 
N:C ratio (Diff-Quik stain, ×400)

Fig. 3.8 MALT lymphoma. Polymorphous population of lymphocytes and plasma cells (Diff-
Quik stain, ×400)
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 Papillary Thyroid Carcinoma

 Diagnostic Consideration

Papillary thyroid carcinoma (PTC) is defined based on nuclear features. The classic 
PTC has true papillary architecture, but there are a large number of PTC variants 
with some having virtually no papillary architecture. It is important to be aware of 
these variants so that they are not confused with other neoplasms. Some of the vari-
ants have a tendency toward more aggressive clinical behavior than the classic PTC; 
hence it is important to be able to recognize them as such.

 Cytomorphologic Features

• Smears may show papillary structures, sheets, loosely cohesive groups, or syn-
cytial fragments (Fig. 3.9).

• Cellularity is variable. A large majority of cases is overwhelmingly cellular, 
whereas cellularity may be scant in tumors with desmoplastic reaction, or those 
with cystic change.

Fig. 3.9 Papillary thyroid carcinoma. Tumor arranged as papillary fragments and syncytial groups 
(Diff-Quik stain, ×200)
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• Nuclear crowding/overlapping.
• The hallmark feature of PTC is the presence of nuclear features such as nuclear 

enlargement, membrane irregularity, nuclear grooves, nuclear elongation, pow-
dery chromatin, pseudoinclusions, and nucleoli (which may be small or large and 
may be single or multiple) (Fig. 3.10).

• Cytoplasm is variable – from scant in conventional PTC to abundant, squamoid, 
vacuolated, or Hürthle-like in other cytomorphologic variants.

• Concentric laminated calcifications also known as psammoma bodies.
• Multinucleated foreign body-type giant cells almost always present with variable 

number and size of nuclei.

Fig. 3.10 Papillary thyroid carcinoma. Hallmark cytologic features such as nuclear enlargement, 
nuclear elongation, nuclear grooves, and intranuclear cytoplasmic inclusions (Diff-Quik stain, 
×400)
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 Tips and Pitfalls

• Psammoma bodies must be distinguished from nonspecific, dystrophic calcifica-
tions, which are not laminated.

• The presence of conventional PTC nuclear features helps to distinguish oncocytic 
variant of PTC from Hürthle cell neoplasm. However, the presence of pale chro-
matin and nuclear grooves is well recognized in Hürthle cells in the absence of 
PTC [24].

• Tall cell variant of PTC is characterized by neoplastic cells whose height is at least 
twice their width and the tall cells must comprise at least 30% of the tumor cell popu-
lation. The tall cells are not as prominent in cytologic preparations as they are on 
histology. They are frequently seen as large polygonal cells with abundant granular 
eosinophilic cytoplasm, thereby resembling Hürthle cells [25, 26] (Fig. 3.11).

Fig. 3.11 Tall cell variant of papillary thyroid carcinoma. Neoplastic cells whose height is at least 
twice their width (Diff-Quik stain, ×400)
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• The neoplastic cells in columnar variant of PTC are pseudostratified and colum-
nar, but the nuclei do not necessarily demonstrate the typical nuclear features of 
PTC, and hence the tumor may be confused with metastatic adenocarcinoma to 
the thyroid.

• Although not entirely specific for the diffuse sclerosing variant of PTC, features such 
as numerous psammoma bodies, metaplastic squamous epithelium, and marked lym-
phocytic infiltration are typically seen. The presence of marked lymphocytic infiltrate 
can obscure the neoplastic follicular cells, mimicking lymphocytic thyroiditis.

• Papillary structures are often not present in solid variant of PTC, and the pres-
ence of cohesive syncytial-type tissue fragments, microfollicular/trabecular 
 pattern, or dyshesive single-cell pattern may lead to misdiagnosis of other types 
of thyroid carcinoma such as poorly differentiated carcinoma, follicular variant 
of PTC, or medullary carcinoma [27, 28] (Figs. 3.12 and 3.13).

Fig. 3.12 Solid variant of papillary thyroid carcinoma. Tumor arranged as cohesive syncytial-type 
groups (Diff-Quik stain, ×400)

A. J. Adeniran



45

 Medullary Carcinoma

 Diagnostic Consideration

Medullary carcinoma has a wide spectrum of cytomorphologic patterns and hence 
can mimic a variety of neoplasms. At the time of ROSE, additional pass for cell 
block material should be obtained if there is a suspicion of medullary carcinoma. 
This is important because FNA cannot always distinguish medullary carcinoma 
based on cytology alone, and often, immunohistochemical stain for calcitonin is a 
useful ancillary study.

Fig. 3.13 Solid variant of papillary thyroid carcinoma. Tumor arranged in microfollicular and 
trabecular patterns (Diff-Quik stain, ×200)

3 Thyroid



46

 Cytomorphologic Features

• Usually highly cellular aspirate, although scant cellularity may be seen with car-
cinomas containing extensive amyloid deposits and calcification.

• There is a wide spectrum of cytologic features in medullary carcinoma. It is 
monomorphic if only one cytomorphologic pattern is evident and polymorphic if 
a combination of different cytomorphologic patterns is seen.

• Tumor cells are predominantly single cells with abundant granular cytoplasm but 
may also be seen as sheets, loose clusters, syncytia, rosettes, cords, and papillae 
[29–31] (Figs. 3.14 and 3.15).

Fig. 3.14 Medullary carcinoma. Single cells with uniform size and shape and abundant granular 
cytoplasm (Diff-Quik stain, ×200)
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• Cells are usually uniform in size and shape but occasionally can present as large, 
pleomorphic cells. Nuclei are eccentrically placed, giving the cells a plasmacy-
toid appearance. Binucleation and multinucleation are common. Intranuclear 
inclusions are frequently seen (Figs. 3.16 and 3.17).

 Tips and Pitfalls

• The presence of papillary architecture can mimic papillary carcinoma especially 
in the presence of intranuclear inclusions and psammoma bodies.

Fig. 3.15 Medullary carcinoma. Loose clusters, rosettes, and cords of tumor cells (Diff-Quik 
stain, ×200)
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• Tumor cell arrangement as rosettes or microfollicles can mimic a follicular neo-
plasm or Hürthle cell neoplasm.

• Tumor cell arrangement as cords can mimic poorly differentiated carcinoma, 
especially the insular type.

• Dispersed single-cell pattern can mimic a lymphoma. When the single cells have 
prominent plasmacytoid appearance, they can mimic a plasmacytoma.

• Tumors with a predominant spindle cell component can mimic sarcoma, mela-
noma, or spindle cell carcinoma.

• Amyloid can be confused with thick colloid. If in doubt, additional material 
should be obtained at the time of ROSE for cell block on which Congo red stain 
may be performed.

Fig. 3.16 Medullary carcinoma. Large pleomorphic cells (Diff-Quik stain, ×400)
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 Anaplastic Carcinoma

 Diagnostic Consideration

The history is very important in this entity as patients present with rapidly enlarging 
neck mass which has often metastasized to adjacent structures by the time of 
diagnosis.

 Cytomorphologic Features

• Usually very cellular specimen.
• Noncohesive, large cells with marked nuclear pleomorphism (Figs.  3.18 and 

3.19).
• Cells may be epithelioid or spindle-shaped.
• Multinucleated giant cells are usually present.

Fig. 3.17 Medullary carcinoma. Single cells with eccentrically placed nuclei. Some of the cells 
are binucleated (Diff-Quik stain, ×600)
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• Extensive necrosis is common, mitoses are numerous, and the Ki67 proliferation 
index is high [32].

• A good number is associated with a differentiated thyroid carcinoma so marked 
atypia and pleomorphism may not be prevalent, depending on sampled areas of 
the tumor.

 Tips and Pitfalls

• Anaplastic carcinoma with extensive collagen deposition can mimic Riedel’s 
thyroiditis. The stromal spindle cells from Riedel’s thyroiditis are however bland, 
in comparison to anaplastic carcinoma cells [18].

Fig. 3.18 Anaplastic carcinoma. Noncohesive large cells with nuclear pleomorphism (Diff-Quik 
stain, ×400)
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• Anaplastic carcinoma cells can be confused with radioactive iodine-induced 
changes in benign follicular cells after treatment for Graves’ disease. These 
changes include cytomegaly, clumped chromatin, and nucleoli.

• When ossified laryngeal or thyroid cartilage containing hematopoietic tissue is 
inadvertently sampled, megakaryocytes may mimic anaplastic carcinoma cells. 
However, megakaryocytes lack the malignant features exhibited by anaplastic 
carcinoma cells.

• Anaplastic carcinoma cells can mimic poorly differentiated squamous cell carci-
noma from direct extension from an adjacent organ in the head and neck. Also, 
when anaplastic carcinoma has extensive squamous differentiation, it can be 
mistaken for squamous cell carcinoma [18].

• The medium to large cells of large cell lymphoma, exhibiting high N/C ratios and 
scant cytoplasm, can sometimes be difficult to differentiate from cells of malig-
nant lymphoma.

• Anaplastic carcinoma can often have a spindle cell pattern, simulating cytologic 
features of sarcoma.

• Immunohistochemistry can be helpful in the differential diagnosis of anaplastic 
carcinoma, so additional material should be obtained at the time of ROSE for this 
purpose.

Fig. 3.19 Anaplastic carcinoma. Noncohesive large cells with marked nuclear pleomorphism 
(Diff-Quik stain, ×400)
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 Metastatic Neoplasms to the Thyroid

 Diagnostic Consideration

The possibility of metastasis should always be considered whenever a patient with 
a history of malignancy elsewhere in the body presents with a thyroid nodule. The 
thyroid may also be involved by direct extension of malignancies from the head and 
neck region.

 Cytomorphologic Features

• The cytomorphologic pattern of a metastatic tumor depends on the manner of 
thyroid involvement, the histologic type, and stage of the tumor.

• Cytologic features of metastasis are distinct and different from what is usually 
seen in primary thyroid tumors. However, there can be an admixture of the tumor 
with atypical follicular cells [18].

 Tips and Pitfalls

• It can be difficult to differentiate between metastatic clear cell renal cell carci-
noma and dominant clear cell component within a primary thyroid follicular 
neoplasm. It may also be difficult to distinguish metastatic clear cell RCC with 
granular cytoplasm from Hürthle cell neoplasm [18].

• In a patient with a history of breast carcinoma, the presence of single-file pattern 
of cells and intracytoplasmic lumina is consistent with breast origin [33] 
(Fig. 3.20).

• Neoplastic cells from metastatic lung adenocarcinoma are usually arranged in 
three-dimensional clusters and gland-forming clusters. Intranuclear cytoplasmic 
inclusions may be present and may lead to a misdiagnosis of PTC [34] (Fig. 3.21).

• Benign metaplastic changes seen in the thyroid can mimic squamous cell 
carcinoma.

• Anaplastic thyroid carcinoma with prominent squamous differentiation can 
mimic metastatic squamous cell carcinoma.

• In metastatic malignant melanoma, cells may present with clearing of the chro-
matin, poorly formed nuclear grooves, and intranuclear cytoplasmic inclusions 
and may lead to a misdiagnosis as PTC [35].

• Whenever metastasis to the thyroid is suspected, especially when there is a his-
tory of malignant neoplasms in a different body site, additional material should 
be obtained at the time of ROSE for immunohistochemical stains and/or molecu-
lar studies.
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 Parathyroid Tissue Sampling

 Diagnostic Consideration

Thyroid tissue has overlapping cytomorphologic features with parathyroid tissue so 
it may be difficult to distinguish one from the other on FNA [36, 37].

 Cytomorphologic Features

• High cellularity.
• Cells are arranged as cohesive sheets, ribbon-like cords, and occasional micro-

acini (Fig. 3.22).
• Isolated cells and naked nuclei can be present.
• Round nuclei with stippled chromatin pattern (Fig. 3.23).
• Nucleoli may be absent, small, or prominent.
• Cytoplasm is scant to moderate.

Fig. 3.20 Metastatic breast carcinoma to the thyroid. Loosely cohesive clusters and single tumor 
cells. The nuclei are eccentrically placed and some of the cells have intracytoplasmic lumina (Diff-
Quik stain, ×200)
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 Tips and Pitfalls

• Colloid-like material can be produced by hyperplastic parathyroid glands and 
this can be confused with true colloid [38].

• Parathyroid adenoma smears can show tissue fragments with papillary-
like architecture and may be misdiagnosed as papillary carcinoma (Fig. 3.24). 
Smears with the presence of papillary-like architecture alone without the usual 
nuclear features of papillary carcinoma should be read with caution [18].

• Parathyroid smears may be interpreted as follicular neoplasm when the cells 
present as tight, small, three-dimensional clusters in the absence of colloid.

Fig. 3.21 Metastatic lung adenocarcinoma to the thyroid. Gland-forming clusters of tumor cells 
(Diff-Quik stain, ×400)
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• Oncocytic parathyroid adenoma may have follicular structures and can also have 
colloid-like material in the background, which may lead to a misdiagnosis of 
Hürthle cell neoplasm. However, Hürthle cell neoplasms of the thyroid have 
much larger and more prominent nucleoli, and the cells tend to be more discohe-
sive [39, 40].

• When there is a suspicion of parathyroid tissue during ROSE for a thyroid FNA, 
additional material should be collected for parathyroid hormone (PTH) and/or 
thyroglobulin immunohistochemical stains. It may also be important to send 
additional sample for parathyroid assay.

Fig. 3.22 Parathyroid tissue. Cells arranged as cohesive sheets and occasional microacini (Diff-
Quik stain, ×400)
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 Ectopic Thyroid Tissue

 Diagnostic Consideration

The finding of thyroid tissue in the FNA of a neck mass that is unconnected to the 
thyroid gland can pose a diagnostic dilemma. The challenge is always to determine 
whether the aspirate represents a metastatic thyroid malignancy, ectopic thyroid tis-
sue, or benign thyroid inclusion in a lymph node.

Fig. 3.23 Parathyroid tissue. Cells have round nuclei with stippled chromatin pattern (Diff-Quik 
stain, ×400)
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Fig. 3.24 Parathyroid adenoma. Tissue fragments with papillary-like architecture (Diff-Quik 
stain, ×100)

 Cytomorphologic Features

• The cytomorphologic features of ectopic thyroid tissue ranges from normal- 
appearing follicular cells that are reminiscent of hyperplasia, presence of follicu-
lar cells and polymorphous population of lymphocytes in lymphocytic thyroiditis, 
to rarely, presence of cytologic features of malignancy.

• The presence of a few cytologic features such as unequivocal nuclear features of 
papillary carcinoma and psammoma bodies is diagnostic of metastases.
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 Tips and Pitfalls

• Although benign thyroid inclusions may be present in lymph nodes, the presence 
of thyroid tissue in lateral neck nodes almost always represents nodal metastases 
from a primary thyroid carcinoma [41, 42].

• The presence of cytologically benign-appearing follicular cells does not neces-
sarily imply a benign process because the pattern of growth of certain thyroid 
carcinomas may be so well differentiated that they can simulate a nonneoplastic 
thyroid tissue.

• The presence of cytologic or architectural atypia in follicular cells, even if 
accompanied by a lymphoid background, does not always indicate metastatic 
thyroid carcinoma.

 Material for Molecular Tests

Molecular testing improves the diagnostic accuracy of FNA for cases in the 
indeterminate category [43]. It may also provide significant prognostic and 
therapeutic information preoperatively [44]. The currently available molecular 
testing can be classified into those involving somatic mutation markers and 
those involving gene expression classifiers [45]. Several studies have also iden-
tified differential expression of several miRNA expressions in thyroid cancers 
when compared with benign thyroid tissues [45]. More recently, next-genera-
tion sequencing has emerged, thus allowing the simultaneous sequencing of 
large panels of genes [46].

Appropriate and adequate specimen collection at the time of ROSE is key to the 
success in performance of these tests. It is important to ensure that the specimen/
pass evaluated at the time of ROSE is adequately represented in the material sent off 
for molecular tests.
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Chapter 4
Breast

Andrea Hernandez, Tamar C. Brandler, and Joan F. Cangiarella

 Introduction

Fine-needle aspiration (FNA) is an accurate and cost-effective method to diagnose 
breast lesions. A successful FNA necessitates the following conditions: an experi-
enced aspirator, an adequate specimen, good quality smears, and an accurate inter-
pretation from a cytopathologist. Rapid on-site evaluation (ROSE) during aspiration 
biopsies of the breast has been shown to decrease the number of nondiagnostic 
samples to less than 1%, with agreement between on-site immediate diagnosis and 
final diagnosis in 89% of cases [1]. Sakuma et al. reported no false-positive cases 
after on-site evaluation of 747 breast FNAs when processed with a modified Shorr’s 
stain [2].

Utilizing ROSE allows for proper slide handling and on-site determination of 
whether additional passes are needed. Based on ROSE findings, immediate triage 
can ensue with additional sampling of lesions necessitating extra studies (such as 
flow cytometry or immunohistochemistry). During on-site assessment, quality, 
color (bloody, clear, green), and consistency (viscous, thin, mucoid) of FNA con-
tents can be evaluated. Additionally, the FNA operator (cytopathologist or radiolo-
gist) can provide tactile information regarding the “feel” of the lesion upon needle 
transversal at the time of ROSE.
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Another benefit to ROSE is the interdisciplinary consultation between the cyto-
pathologist and the radiologist in real time. Radiologic features can be reviewed, 
discussed, and correlated with the cytologic findings. On-site evaluation also allows 
the cytopathologist to visualize and record a change in lesion size post-aspiration. 
The greatest advantage of utilizing ROSE is the multidisciplinary approach to 
patient care and the ability to immediately advise patients on next steps. ROSE 
eliminates delays in management and determines whether further testing, surgical 
excision, or clinical monitoring should follow [3].

 Specimen Adequacy Assessment

Definitions for adequacy criteria fall under two schools of thought. The first 
requires the presence of a certain number of ductal epithelial cells, setting the cri-
teria for adequacy to 10 clusters of at least 10 cells, with each cluster on more than 
one slide, in a background that is neither necrotic nor inflamed [4]. Layfield et al. 
further determined adequacy to be 4–6 well-visualized epithelial cell groups [4]. 
The second school of thought does not have a minimum cell requirement, in the 
context of the right clinical setting. The National Cancer Institute-sponsored con-
ference on breast FNA (1996) determined that there is no specific cellular require-
ment for specimen adequacy. Instead, adequacy should be based on three 
components: an appropriately sampled lesion, sufficient quality smears for inter-
pretation, and cytologic findings that are compatible with clinical and radiologic 
impression [5]. A further recommendation determined that smears should show 6 
or more epithelial cell clusters, or the presence of 10 or more intact bipolar cells 
per ten medium- power fields to minimize false-negative and unsatisfactory rates 
[4]. It must be recognized that the use of morphology and number of epithelial 
cells only applies to lesions of epithelial origin. Other breast lesions such as lipo-
mas, fibrous nodules, or intramammary lymph nodes cannot be assessed using 
these criteria. In a commentary by Stanley et al. [6], Abele notes experience with 
over 16,000 breast aspiration biopsies and indicates that adequacy should be 
judged at the clinical level, relying on three elements: clinical and technical assess-
ments at the time of biopsy, a clinically relevant report and the relationship 
between the referring clinician and the patient [6]. Adequacy relies on the fact that 
the lesion aspirated correlates with both the physical exam and radiologic 
impression.

The feel of the lesion (“tactile sensation”) as the needle passes through is also 
important, as dry or gritty sensations may be associated with carcinoma even in the 
absence of identifiable cells [7]. A well-written report that includes clinical exam 
findings and the location and characteristics of the biopsied lesion is crucial [6]. 
Lastly, the limitations of on-site assessment should be acknowledged by both the 
patient and physician. Patient compliance with required clinical follow-up remains 
important.
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 The Use of the Triple Test

The triple test, a combination of the clinical and radiologic findings interpreted in 
conjunction with the cytologic findings, is critical in the assessment of adequacy for 
breast FNA [8]. ROSE permits real-time utilization of the triple test for adequacy 
determination. In combination with the triple test, on-site evaluation allows for 
greater interpretative accuracy due to cytopathologist review of clinical informa-
tion, patient exam findings, radiographic/sonographic findings (including aware-
ness of post-aspiration nodule changes), nature/texture of the lesion, and assessment 
of the aspiration gross and cytologic features. A good example is the FNA of a 
fibrous breast lesion that may be essentially acellular on ROSE. ROSE may allow, 
in combination with clinical and radiologic findings and knowledge of the resis-
tance of the lesion to the aspirating needle, the ability to diagnose a less cellular 
lesion as adequate in the appropriate clinical setting.

 Normal Elements in Breast Cytology

The presence of a bimodal population of ductal epithelial cells and myoepithelial 
cells is a hallmark of benign disease (Fig. 4.1a). Loose dispersed irregular ductal 
epithelial cells with pleomorphism and a lack of bare oval nuclei is a pattern more 
commonly seen in carcinoma (Fig. 4.1b).

 1. Ductal epithelial cells

• Cohesive, flat, monolayered, uniform sheets and clusters.
• Epithelial cells have round to oval nuclei, with smooth nuclear membranes, 

inconspicuous nucleoli, and fine, evenly distributed chromatin.
• Epithelial cells have scanty cytoplasm except with apocrine metaplasia where 

the cytoplasm is abundant and granular.
• Monolayered sheets of ductal epithelium are also associated with bare oval nuclei.
• Single, uniform epithelial cells may be seen in ductal hyperplasia.

 2. Myoepithelial cells

• Characteristic feature of benign breast lesions.
• Appears as bare oval nuclei in the background of smears and among ductal 

epithelial clusters and sheets.
• May dominate the smear pattern.
• Bare oval nuclei have fine chromatin and lack nucleoli.

 3. Apocrine metaplastic cells

• Cohesive sheets of cells with uniform eccentric nuclei.
• Nuclei are round with bland chromatin and a single prominent nucleolus.
• Cytoplasm is abundant, amphophilic, and finely granular.

 4. Stromal connective tissue fragments

• Small fragments of collagen may be seen.
• Adipose tissue fragments are common.
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a

b

Fig. 4.1 Cytology findings at ROSE in breast FNA. Normal breast cytology shows benign, flat 
cohesive sheets of ductal epithelial cells and bare oval nuclei (myoepithelial cells) (a, Diff-Quik 
stain, ×400) in contrast to a typical carcinoma that shows numerous single cells with intact cyto-
plasm and eccentric nuclei (plasmacytoid appearance) (b, Diff-Quik stain, ×200)
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 Cytologic Findings: Acellular or Scant Cellularity

As noted above, cytopathologists who are experienced in the performance of 
breast FNAs and in physical examination of the breast may prefer not to base 
adequacy on the number of cells especially if their patient population is com-
prised of young patients with fibrous or nodular breast lesions where cellularity is 
limited [9]. FNAs from nonproliferative benign breast nodules are frequently 
acellular [10]; thus depending on the population referred for aspiration biopsy, the 
use of cell counts for adequacy would lead to a high unsatisfactory rate. Studies 
have shown that laboratories receiving a large quantity of breast aspiration biop-
sies from outside providers should set their own unsatisfactory threshold with the 
use of clinical and imaging findings rather than cell counting to determine ade-
quacy [11].

 Diagnostic Considerations

• Can you determine that the needle is within the mass?
• What was the resistance of the mass upon needle penetration?
• Does this finding correlate with the clinical and radiologic impression?

 Differential Diagnoses (Table 4.1)

 1. Benign fatty nodule can be considered if nodule is soft on needle penetration and 
yellow fatty liquid is obtained.

 2. Fibrotic lesions in the setting of fibrocystic change, fibrotic or hyalinized fibro-
adenomas, or physiologic stromal thickening may be acellular; the nodule will 
be firm on needle penetration.

 3. Cystic lesions are almost always benign [12].

• The fluid should be assessed for viscosity and color, noting the presence of 
blood.

• The fluid may be thin, clear or opaque, greenish or brown.

Table 4.1 Key distinguishing cytologic features of acellular or scant smears

Benign fatty 
nodule Benign cyst

Mucocele-like 
lesion Cystic carcinoma

Background Yellow fatty 
liquid

Clear or opaque, 
greenish or 
brown fluid

Viscous mucoid 
material

Necrosis may be 
evident

Cytologic 
features

Fatty fragments, 
adipocytes

Apocrine cells, 
foam cells

Muciphages, 
benign ductal 
epithelial cells

Atypical epithelial 
cells
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• May be hypocellular or contain foam cells (vacuolated cytoplasm), apocrine 
metaplastic cells (amphophilic abundant finely granular cytoplasm), and rare 
clusters or sheets of ductal epithelial cells.

• Clear fluid and the resolution of the mass post-aspiration suggests a benign 
cyst.

 Tips and Pitfalls

• Consider scant cellularity as a false negative from inadequately sampling the 
lesion.

• The presence of bloody fluid in a presumed cystic aspiration warrants further 
search for a papillary lesion or malignancy.

• For thick viscous content in a cystic lesion, a mucinous lesion should be 
considered.

• Apocrine carcinomas may be cystic; therefore careful attention should be given 
to atypia within apocrine cells [13]. The cell borders in benign apocrine cells are 
well-defined in contrast to the ragged, indistinct cell borders of apocrine carci-
noma [14].

 Cytologic Findings: Foam Cells

Cells showing abundant vacuolized cytoplasm, foam cells, are found frequently 
in benign lesions of the breast and less commonly in malignant tumors. These 
lesions often impart a wide spectrum of radiologic appearances and at times 
inconclusive radiologic interpretations. Cytologic on-site assessment is instru-
mental in elucidating foam cell lesions which are well-known mimickers of 
malignancy.

 Diagnostic Considerations

• What is the macroscopic appearance of the aspirated material? Is it milky; is it 
oily?

• What is the overall cellularity and background?
• Are the cytoplasmic changes noted in histiocytes or within ductal epithelial 

cells?
• What is the character of the cytoplasm? Granular? Vacuolated?
• Is there nuclear atypia? Is it minimal or marked?
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 Differential Diagnoses (Table 4.2, Fig. 4.2a–d)

 1. Fat necrosis should be considered in a patient with prior surgical procedure or 
trauma and an ultrasound appearance of increased echogenicity of subcutaneous 
tissue or as an anechoic mass with posterior acoustic shadowing [15].

• Lipid-filled histiocytes with vacuolated cytoplasm are the predominant cell 
type. Foreign body giant cells surrounding fatty vacuoles also predominate.

• The background will show degenerated adipocytes (necrosis) and inflamma-
tory cells.

Table 4.2 Key distinguishing cytologic features when foam cells are seen on smears

Fat necrosis
Lactational 
changes

Silicone 
granuloma

Granular cell 
tumor

Lobular 
carcinoma

Cellularity Hypocellular Moderately to 
highly cellular

Hypocellular Moderately 
cellular

Hypocellular 
(classic type)

Cytoplasmic 
quality and 
content

Foamy, 
microvacuolated; 
due to lipid 
accumulation

Wispy granular 
or finely 
vacuolated; 
containing 
proteinaceous 
material

Large vacuoles 
containing 
refractile, 
faintly yellow, 
translucent, 
silicone 
material

Coarsely 
granular; 
corresponding 
to lysosomes

Single 
punched-out 
vacuole 
containing 
mucin, 
imparting a 
signet-ring 
appearance

Pattern Abundant 
histiocytes; 
multinucleated 
giant cells 
engulfing lipid 
(lipid-laden 
histiocytes)

Numerous 
isolated 
epithelial cells 
with 
cytoplasmic 
characteristics 
described 
above;
prominent 
nuclear 
enlargement 
with preserved 
nuclear/
cytoplasmic 
ratio, prominent 
nucleoli

Abundant 
histiocytes 
with 
cytoplasmic 
characteristics 
described 
above; 
multinucleated 
giant cells; 
asteroid bodies 
are often seen 
[17, 20]

Polygonal 
tumor cells 
isolated or in 
aggregates 
with poorly 
defined cell 
borders, round 
to oval 
eccentric 
nuclei with 
bland 
chromatin, and 
an overall low 
nuclear/
cytoplasmic 
ratio

Small- or 
intermediate-
size uniform, 
discohesive 
cells in a 
loose, 
single-file 
arrangement

Background Dirty; 
degenerated 
adipocytes 
(necrosis), 
inflammatory 
cells, 
calcifications

Many “naked” 
nuclei and 
foamy 
proteinaceous 
background

Inflammatory 
cells may be 
seen

Clean [18] or 
“sand-like” 
granules [17]
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Fig. 4.2 Differential diagnosis of foam cells. Isolated and loose clusters of enlarged ductal cells 
are seen in this example of lactational change (a, Diff-Quik stain, ×200). Granular cell tumor (b, 
Diff-Quik stain, ×400) also displays isolated or “naked” cells, however rarely a loosely cohesive 
arrangement; when intact, the tumor cells have poorly defined cell borders. The cytoplasm of lac-
tational changes shows the characteristic vacuolated cytoplasm containing proteinaceous material 
in comparison to the granular cytoplasm of granular cell tumor. Note the prominent nucleoli seen 
in lactational change, a potential pitfall for malignancy (c, ×400). Fat necrosis (d, Diff-Quik stain, 
×400) shows histiocytes with a foamy, microvacuolated cytoplasm and a “dirty” background with 
calcific debris. Multinucleated giant cells (d), a common feature in fat necrosis, are typically not 
seen in lactational changes or granular cell tumor

a

b
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c

d

Fig. 4.2 (continued)
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 2. Lactational changes should be considered in pregnant and newly postpartum 
women and will show highly cellular smears with a distinctive proteinaceous 
background.

• Poorly cohesive but mostly isolated epithelial cells stripped of their cyto-
plasm, with nuclear enlargement and prominent nucleoli, are seen.

• The cytoplasm of the epithelial cells is pale, wispy granular, or finely vacuo-
lated. The delicate cytoplasm easily strips away, leading to abundant “naked” 
nuclei and the characteristic proteinaceous background.

• Lobular units may be aspirated intact.

 3. Granular cell tumor (GCT) is a rare tumor of Schwann cell origin that most 
commonly occurs in patients of childbearing age and African-American 
women [16].

• Ultrasound findings will show a hypoechoic ill-defined, spiculate mass often 
with posterior shadowing, mimicking carcinoma [16, 17].

• Polygonal tumor cells, isolated or in aggregates with abundant coarsely gran-
ular cytoplasm, round to oval eccentric nuclei with even chromatin, and an 
overall low nuclear-to-cytoplasmic ratio, are seen.

• The background will be clean [18] or show “sand-like” granules [17] due to 
easily stripped away cytoplasm.

• Necrosis or mitotic activity should raise a concern for malignant GCT 
[17, 19].

 4. Silicone granuloma can show histiocytes with large cytoplasmic vacuoles that 
contain refractile, faintly yellow translucent crystals which may impart a signet- 
ring appearance [18].

• Silicone may be dissolved in processing leaving empty spaces within the 
vacuoles.

• Multinucleated giant cells with cytoplasmic vacuolization are common and 
asteroid bodies have been reported [17, 20].

 5. Lobular carcinoma can have variable smear cellularity but is one of the most dif-
ficult breast cancers to diagnose by aspiration biopsy [18], often appearing 
benign on low power.

• The tumor cells are uniform, small to intermediate size, appearing isolated 
or in loose, single file arrangements, often with a plasmacytoid 
appearance.

• The nuclei are bland with subtle nuclear atypia.
• Intracytoplasmic single punched-out vacuole with central condensed mucin 

imparting a signet ring appearance [21] is key to making the correct 
diagnosis.
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 Tips and Pitfalls

• Focal, minimal nuclear atypia may be seen in fat necrosis and lactational 
changes. These entities are commonly associated with false-positive interpreta-
tions [18, 21]:

 – In fat necrosis, pleomorphic histiocytes and reactive ductal cells may be seen. 
Background inflammatory cells and abundant foamy histiocytes are helpful clues.

 – In lactational changes, high cellularity and the presence of numerous isolated 
epithelial cells with prominent nucleoli could also be misinterpreted as malig-
nant. The proteinaceous background and clinical history can be helpful in 
preventing misinterpretation.

 – Ductal cells encountered in these entities should not display high-grade/marked 
nuclear atypia including nuclear hyperchromasia, nuclear contour variation, or 
coarse chromatin; if present, these features should raise concern for carcinoma.

• Granular cell tumor is often misdiagnosed both clinically and radiologically which 
may lead to anticipated malignant findings during FNA [17, 19]. The absence of 
bare oval nuclei and the presence of stripped nuclei with minimal nuclear atypia 
contribute to misinterpretation [19]. A cell block can be useful if considering GCT 
in the differential diagnosis, as the tumor cells are positive for S100.

• Lobular carcinoma is associated with the highest false-negative rate among all 
breast malignancies [21]. This is due to hypocellular aspirates (predominantly 
classic type), small tumor cell size, and bland nuclei. The identification of a sin-
gle file pattern and a mucin containing intracytoplasmic vacuole is helpful.

 Cytologic Findings: Squamous Cells

Squamous cells may be seen in a variety of benign and malignant conditions of the 
breast. Close attention to the cytologic features of the squamous cells and to the 
background is critical to avoid a false-positive diagnosis [22].

 Diagnostic Considerations

• Are the squamous cells nucleated or anucleated? Keratinizing or non- 
keratinizing?

• Are they atypical?
• Is there an inflammatory background?
• Is there cystic debris or accompanying macrophages?
• Are there other benign or malignant appearing elements?
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 Differential Diagnoses (Table 4.3, Fig. 4.3a–c)

 1. Epidermal inclusion cyst is a rare diagnosis in the breast that shows “cheesy” 
material upon aspiration, [23] with nucleated and anucleated squames.

 2. Subareolar abscess/mastitis presents with pain and redness of the breast in the 
location of the lesion, primarily in lactating women.

• Squamous cells are bland and may be anucleated in a background of inflam-
matory cells, cellular debris, and granulation tissue [24].

 3. Primary squamous cell carcinoma is extremely rare.

• Squamous cells are neoplastic with hyperchromasia and irregular nuclei and 
keratinization may be present.

 4. Metaplastic carcinoma is a rare tumor.

• Squamous differentiation is often present.
• The background will show pleomorphic tumor cells with occasional mesen-

chymal elements (spindle cells, osteoclast-like giant cells, chondromyxoid 
matrix) [24].

Table 4.3 Key distinguishing cytologic features when squamous cells are seen on smears

Epidermal 
inclusion cyst

Subareolar 
abscess/mastitis

Primary 
squamous cell 
carcinoma

Metaplastic 
carcinoma

Squamous cells: 
nucleated versus 
anucleated

Nucleated and 
anucleated

Nucleated and 
anucleated

Nucleated Nucleated

Keratin debris Present Present Present/absent Present
Necrosis Absent Absent Present Present
Background Keratin debris Inflammation Keratin debris 

(+/−)
Non-epithelial 
components

Fig. 4.3 Differential diagnosis of squamous cells. An epidermal inclusion cyst shows predomi-
nantly anucleated squames and keratinaceous debris (a, Diff-Quik stain, ×100). A subareolar 
abscess shows both nucleated and anucleated squamous epithelium and keratinaceous debris but 
a background of marked acute inflammation, distinguishing this entity from an epidermal inclu-
sion cyst (b, Diff-Quik stain, ×200). Metaplastic carcinoma shows abnormal nucleated cells with 
squamous differentiation with cells that display large nuclei and prominent nucleoli. Some cells 
display finely vacuolated cytoplasm. This marked nuclear atypia distinguishes squamous cells 
seen in metaplastic carcinoma from those seen in the aforementioned benign lesions (c, Diff-Quik 
stain, ×200)
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 Tips and Pitfalls

• Breast abscesses and mastitis may mimic carcinoma.
• Keratin debris may represent benign disease or carcinoma; a search and analysis 

of well-preserved squames is warranted.
• Spindle cells of metaplastic carcinoma must be distinguished from phyllodes 

tumor.

 Cytologic Findings: Lymphoid Cells

The combination of ultrasound-guided FNA and on-site correlation between 
radiologist and cytopathologist has been shown to accurately and efficiently 
determine the axillary lymph node status of women with primary breast cancer. 
This real-time assessment has increased adequacy rates when compared to 
ultrasound-guided FNA alone, has allowed for more definitive diagnoses, and, 
more importantly, has spared many women a more invasive staging procedure 
[25, 26].

c

Fig. 4.3 (continued)
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 Diagnostic Considerations

• At low magnification, are the cells discohesive or in clusters?
• Is there a mixed lymphoid population? Or is the population monotonous?
• Are there tingible-body macrophages and/or lymphohistiocytic aggregates?
• Are there nonlymphoid cells present?

 Differential Diagnoses (Table 4.4)

 1. A reactive lymph node appears as a bean-shaped, well-circumscribed round to 
ovoid nodule with a central lucent hilum on ultrasound.

• Smears will display a mixed population of small-, intermediate-, and large- 
size lymphocytes with tingible-body macrophages, germinal centers, and 
lymphoglandular bodies in the background.

 2. Metastatic carcinoma will show a round, hypoechoic lymph node with loss of 
central hilum and eccentric cortical thickening [27].

• Epithelial cells may be inconspicuously present within a lymphoid popula-
tion, or may entirely replace the lymph node with few residual lymphocytes 
remaining.

• Appearance of metastatic carcinoma may vary depending on histologic 
type.

Table 4.4 Key distinguishing cytologic features when lymphoid cells are seen on smears

Reactive lymph 
node Metastatic carcinoma

Non-Hodgkin’s 
lymphoma

Hodgkin’s 
lymphoma

Lymphoid 
population

Heterogeneous 
lymphocytes of 
varying shape and 
size

Heterogeneous 
lymphocytes of 
varying shape and 
size, presence of 
lymphocytes depends 
on extent of 
metastasis

Monotonous 
lymphocytes, may 
be uniformly small 
or large

Heterogeneous 
lymphocytes of 
varying shape 
and size; 
Reed-Sternberg 
cells

Background Tingible-body 
macrophages, 
germinal centers, 
lymphoglandular 
bodies, crush 
artifact

Intermediate or large 
cells, may be present 
inconspicuously 
singly or in clusters 
with prominent 
nucleoli (ductal) or 
intracytoplasmic 
mucin vacuole 
(lobular)

Lymphoglandular 
bodies, crush 
artifact

Necrosis, 
inflammatory 
cells 
(neutrophils, 
eosinophils, 
plasma cells)
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• Ductal carcinoma will typically appear as large cells, when compared to adja-
cent lymphocytes or red blood cells, and found singly or in clusters, with 
prominent nucleoli and irregular nuclear contours.

• Lobular carcinoma can be very challenging to identify, due to a discohesive or 
single-cell infiltrative pattern [28], which can resemble discohesive lympho-
cytes at low power. Higher magnification will show tumor cells with a plasma-
cytoid appearance and subtle nuclear atypia. The presence of a mucin- containing 
intracytoplasmic punched-out vacuole is helpful for the diagnosis.

 3. Lymphoma identified in an axillary lymph node is unusual and usually an unex-
pected finding in women with breast cancer. Primary breast lymphoma is rare 
and usually occurs secondary to systemic disease.

• Smears of non-Hodgkin’s lymphoma will show a discohesive, atypical lym-
phoid population. The lymphocytes will appear monotonous with variable 
degree of atypia, often with irregular nuclear contours and prominent 
nucleoli.

• Hodgkin’s lymphoma is an exception, as it is associated with a polymorphous 
background of lymphocytes and mixed inflammatory infiltrate including 
eosinophils and plasma cells. Reed-Sternberg cells appear as large, binucle-
ated cells with prominent nucleoli.

 Tips and Pitfalls

• Lymphocytes may cluster together, a feature which at low magnification can be 
mistaken for metastatic carcinoma.

• Dedicated needle passes should be performed to collect a sufficient sample for 
flow cytometry in the following cases:

 – Atypical lymphoid proliferation is observed.
 – Heterogeneous population is lacking.
 – Clinical or radiologic suspicion exists.

• A diagnosis of Hodgkin’s and large cell lymphoma can be made on cytomor-
phology alone [17]. Flow cytometry to establish clonality or to exclude non- 
Hodgkin’s lymphoma may be useful.

 Cytologic Findings: Papillary Structures

A papillary pattern can be seen in a variety of breast lesions. Distinguishing 
true papillae (true fibrovascular cores with endothelial cells lined by epithe-
lium) from “pseudopapillary” (epithelial projections that lack fibrovascular 
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cores) arrangements is helpful during ROSE for proper triaging of these lesions. 
The presence of papillary structures in breast FNA can be challenging as there 
is significant overlap with other nonpapillary breast lesions [29]. Papillary 
(true fibrovascular cores lined by epithelium) or “pseudopapillary” (epithelial 
projections that lack fibrovascular cores) patterns can be seen in papillomas, 
papillary carcinomas, micropapillary ductal carcinoma in situ, fibroadenomas, 
fibrocystic change, and other low-grade in situ and invasive ductal carcinomas 
[30]. Distinguishing benign papillomas from carcinomas can be problematic 
but equally as challenging is differentiating papillomas from fibroadeno-
mas or fibrocystic change [31]. Papillary lesions may present as palpable 
masses, nipple discharge, or solid lesions or complex intracystic lesions on 
ultrasound [29].

 Diagnostic Considerations

• Are the arrangements truly papillary? Can you identify fibrovascular cores?
• What cells are seen in the background? Columnar cells? Histiocytes?
• Do the cells appear atypical?
• Do you see stroma in the background?

 Differential Diagnoses (Table 4.5, Fig. 4.4a–c)

 1. Papillary neoplasms are hypercellular with three-dimensional cohesive clus-
ters of ductal epithelial cells with fibrovascular cores. In papillomas, myo-
epithelial cells are seen within the three-dimensional epithelial cell 
clusters but are scanty. Apocrine cells and columnar-shaped cells can be 
seen in a bloody or cystic background containing hemosiderin-laden macro-
phages [30].

 2. Fibroadenomas show pseudopapillary cell clusters that appear more two dimen-
sional than three dimensional and lack true fibrovascular cores. Clusters of epi-
thelial cells should overlap and fold at their edges in contrast to three-dimensional 
bulbous edges in papillary neoplasms. Myoepithelial cells are seen in the back-
ground and in association with epithelial cell clusters.

 3. Papillary carcinomas have increased nuclear hyperchromasia and stratification 
of nuclei.

 4. Ductal carcinomas may have pseudopapillary groups of malignant ductal 
epithelial cells but typically lack fibrovascular cores. Discohesive tumor 
cells with intact cytoplasm and atypical nuclear features are noted. Less 
evidence of a cystic background and lesser numbers of macrophages are 
seen [30].
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a

b

Fig. 4.4 Differential diagnosis of papillary arrangements. A papilloma shows papillary arrange-
ments of ductal epithelial cells with fibrovascular cores and columnar cell appearance (a, Diff-
Quik stain, ×100). While fibroadenoma can show ductal epithelial cells in “pseudopapillary” 
arrangements, they lack true fibrovascular cores. Myoepithelial cells also appear more prominent 
in the background and isolated stromal fragments are noted (b, Diff-Quik stain, ×100). Papillary 
carcinomas may be more cellular but may be difficult to distinguish from papilloma on cytology; 
it is important to look for increased columnar or single plasmacytoid cells as compared to a simple 
papilloma (c, Diff-Quik stain, ×200)
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c

Fig. 4.4 (continued)

 Tips and Pitfalls

• Diagnosis of papillary lesions on FNA is difficult due to the overlap of cytologic 
findings with other benign breast lesions and with carcinomas.

• The cytologic features of benign papillary lesions overlap with other benign 
breast lesions that show a “pseudopapillary” pattern. In 1 study of 70 cases 
reported as papillary on fine-needle aspiration biopsy, more than 50% were not 
true papillary lesions with one-quarter diagnosed as fibroadenoma or fibrocystic 
change [32].

• Distinguishing benign from malignant papillary lesions is difficult unless obvi-
ous features of malignancy are seen [33]; thus most lesions are diagnosed as 
papillary neoplasms with a recommendation for excision. It is important to rec-
ognize that cellular dispersion in papillomas can mimic malignancy to avoid a 
false-positive diagnosis.

• Marked cellularity, single ductal epithelial cells with marked atypia, the lack of 
bland columnar cells, and a background with foam cells and apocrine metaplasia 
favor a papillary carcinoma [31].

• Atypical epithelial cells with high nuclear-to-cytoplasmic ratios and coarse gran-
ular chromatin and necrosis should not be equated with malignancy as these 
cytologic findings can be seen in infarcted intraductal papillomas [34].

• Core biopsy in the diagnosis of papillary lesions does not add additional infor-
mation as fragmentation of cores, presence of focal atypia due to sampling, and 

A. Hernandez et al.



81

overlap of histologic features of benign and malignant papillary lesions require 
surgical excision for definitive diagnosis in many cases [32]. Therefore, when 
these features are present during ROSE, additional sampling can be avoided and 
surgical excision can be promptly scheduled.

 Cytologic Findings: Single Epithelial Cells

Single cells on breast smears often connote a cancerous diagnosis. However, the 
features of the single cells must be examined before jumping to a positive diagnosis. 
Single myoepithelial cells appear in benign fibrocystic breasts and abundantly in 
benign fibroadenomas as bare oval nuclei. Single columnar cells often appear in 
cases of papillary lesions, as the cells fall off the tips of the papillae. Large single 
cells with eccentric nuclei and prominent nucleoli are a suspicious finding and an 
examination for carcinoma must ensue.

 Diagnostic Considerations

• Do the cells have cytoplasm, or are they stripped nuclei?
• If they have cytoplasm, is it eccentric?
• Are the cells large or small?
• Are the cells columnar? Or spindled?
• Are the single cells atypical or bland?
• What type of epithelial or stromal groups (if any) occur on the slide?

 Differential Diagnoses (Table 4.6)

 1. Benign entities can be considered if stripped nuclei represent myoepithelial cells 
such as in fibroadenomas. Remaining slide elements will contribute to the diag-
nosis (i.e., stromal fragments and staghorn epithelial sheets).

 2. Smearing artifact may lead to the presence of single bland epithelial cells; these 
cells will be small and similar in appearance to benign epithelium.

 3. Atypical epithelial proliferations can show rare large single cells with eccentric nuclei 
and prominent nucleoli in a predominantly benign appearing background.

 4. Papillary lesions may have large groups of ductal epithelial cells with elongated 
or columnar-shaped single cells in the background.

• Fibrovascular cores may indicate a papillary lesion.

 5. In situ/invasive carcinomas should be considered if large pleomorphic single 
cells with eccentric nuclei and prominent nucleoli are present.

• Single cells are often abundant, occasionally appearing adjacent to three- 
dimensional groups of enlarged ductal epithelial cells.
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 Tips and Pitfalls

• The differential diagnosis of elongated single cells is papillary versus mesenchy-
mal lesions.

• Stripped nuclei indicative of myoepithelial cells do not always imply benign 
lesions.

 – Stripped nuclei accompanied by large pleomorphic single cells may suggest 
an in situ malignancy.

 – Myoepithelial cells may be aspirated by the needle as it passes through benign 
breast tissue before sampling a malignant lesion.

• When atypical single cells with eccentric and enlarged nuclei are noted and are 
not definitive for malignancy, a core biopsy should be considered.

• In cases with a definitive diagnosis of malignancy, a core biopsy should be con-
sidered for biomarker assessment.

 Cytologic Findings: Mucin

Colloid or mucinous carcinoma is the most commonly recognized mucinous lesion 
of the breast. However, the presence of mucin is not specific for colloid carcinoma 
as benign breast lesions may also yield abundant extracellular mucinous material. 
Most mucinous lesions can be accurately distinguished and classified by FNA, with 
findings similar to those noted on core biopsy [32, 35, 36].

Table 4.6 Key distinguishing cytologic features when single cells are seen on smears

Benign entities
Smearing 
artefact

Atypical 
epithelial 
cells

Papillary 
lesions

In situ/
invasive 
carcinoma

Cellularity Low to 
moderate

Variably 
cellular 
smears

Moderately 
cellular 
smears

Moderately 
to highly 
cellular 
smears

Moderately to 
highly 
cellular 
smears

Single cells: 
stripped versus 
intact

Most 
commonly 
stripped 
nuclei- 
myoepithelial 
cells

Cells may be 
both with and 
without 
cytoplasm

With 
cytoplasm

With 
cytoplasm

With 
cytoplasm

Size or shape/
cytomorphology

Small 
myoepithelial 
cells scattered 
throughout the 
background 
and within 
sheets of ductal 
epithelium

Small, bland 
epithelial and 
myoepithelial 
cells may be 
present

Cells may 
appear larger 
with 
eccentric 
nuclei and 
conspicuous 
nucleoli

Elongated or 
columnar- 
shaped 
single cells, 
falling off 
the tips of 
papillae

Large 
pleomorphic 
single cells 
with eccentric 
nuclei and 
prominent 
nucleoli
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 Diagnostic Considerations

• What is the overall cellularity?
• What is the character of the mucin? Are there coursing thin-walled vessels within 

the mucin?
• What is the arrangement/pattern of the epithelial ductal cells?
• Are there epithelial cells embedded within the mucin?
• Are there background oval bare nuclei (myoepithelial cells)?

 Differential Diagnoses (Table 4.7, Fig. 4.5a–c)

 1. Colloid carcinoma should be considered in an older patient with well-defined, 
round, isoechoic, or hypoechoic mass or a mass that feels soft to the needle.

• Smears show moderate or high cellularity with abundant background mucin 
(metachromatic on modified Giemsa stain and purple-blue on Papanicolaou 
stain) with branching capillaries (“chicken wire blood vessels”) coursing 
through mucin.

Table 4.7 Key distinguishing cytologic features when mucin is seen on smears

Mucocele-like 
lesion

Fibrocystic change 
with mucin

Myxoid 
fibroadenoma Colloid carcinoma

Cellularity Hypocellular Hypocellular to 
highly cellular

Highly cellular Moderately to 
highly cellular

Quality and 
content of 
mucinous 
material

Thin and wispy or 
thick and 
colloid-like [39]; 
may be acellular 
or contain 
macrophages or 
benign ductal 
cells

Thin and wispy or 
thick and 
colloid-like [39]; 
may be acellular or 
contain 
macrophages, 
apocrine cells, or 
benign ductal cells

Slightly fibrillary 
or strandy due to 
degeneration of 
myxoid stromal 
fragments [37]; 
contain 
myoepithelial 
cells

Thin and wispy or 
thick and colloid- 
like [39] with 
coursing thin- 
walled vessels

Pattern Cohesive, 
monolayered 
clusters of benign 
ductal cells

Flat sheets and 
clusters of benign 
ductal cells

Staghorn 
epithelial sheets 
admixed with or 
separate from 
myxoid stromal 
fragments 
(+/− vasculature)

Floating epithelial 
cells in mucin in 
three-dimensional 
clusters, ball-like 
aggregates or 
sheets with 
overlapping and 
crowding, 
discohesive or as 
dissociated single 
cells

Atypia None None None to minimal Minimal to 
moderate

Background Macrophages Bare oval nuclei; 
macrophages or 
apocrine cells

Numerous bare 
oval nuclei

No oval bare 
nuclei; no stromal 
fragments
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Fig. 4.5 Differential diagnosis of mucinous lesions. Background mucin or mucin-like material char-
acterizes these three lesions. Branching groups of benign ductal cells, abundant bare oval nuclei, and 
fibromyxoid stromal fragments are seen in this example of myxoid fibroadenoma (a, Diff-Quik stain, 
×200). Myoepithelial cells are not seen in colloid carcinoma (b, Diff-Quik stain, ×100). A variable 
ductal cell arrangement is characteristic of colloid carcinoma as these tumors most commonly dis-
play three-dimensional ball-like aggregates or dispersed single cells in comparison to myxoid FA or 
fibrocystic change (c, Diff-Quik stain, ×200) which show branching clusters or flat sheets. Vasculature 
may be seen in the stromal fragments of myxoid FA, not to be confused with the coursing thin-walled 
vessels seen embedded in the background mucin of colloid carcinoma (b)

a

b
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c

Fig. 4.5 (continued)

• There are three-dimensional clusters, cohesive sheets, and single intact cells 
floating within the mucin.

• Cells have bland cytologic features with round, uniform nuclei, fine nuclear 
chromatin without nucleoli, and absent myoepithelial cells.

 2. Myxoid fibroadenoma (FA) is noted in younger patients and can be highly 
cellular.

• Epithelial ductal cells are arranged in large, flat staghorn sheets with numer-
ous oval bare nuclei in the background. Dissociated single epithelial cells, 
with no or minimal atypia may be seen.

• Fibromyxoid stromal fragments (+/− coursing vessels) appear metachromatic 
on modified Giemsa stain and may be fibrillary but should not be mistaken for 
extracellular mucin [37].

 3. Fibrocystic change (FCC) may also show extracellular mucin that originates 
from distended ducts and microcysts [38].

• Cellularity can be variable with features of FCC including a mixed population 
of cohesive epithelial ductal cells and myoepithelial cells, apocrine metaplas-
tic cells, and macrophages.

 4. Mucocele-like lesion (MLL) is uncommon with mucin-filled cysts that rupture 
and extravasate mucin into the adjacent breast tissue.
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• Represents spectrum of lesions ranging from benign and atypical to malig-
nant etiology, with reported association with ADH, DCIS, and invasive ductal 
carcinoma [21, 39, 40].

• Circumscribed and often palpable [40] with radiologic calcifications on mam-
mogram; on ultrasound they tend to be noted as oval clustered small cystic 
hypoechoic lesions, suggestive of complex cysts [17, 41].

• In benign MLL, smears will show abundant mucin and low cellularity, cohe-
sive, monolayered clusters of benign ductal cells with absence of nuclear 
atypia; rarely single intact epithelial cells may be seen.

• Not infrequently detached epithelial lining and histiocytes/muciphages form-
ing clusters may float in the extravasated mucin, features which may be 
misleading.

• Malignant MLL show cytologic features which may be indistinguishable 
from colloid carcinoma.

 Tips and Pitfalls

• The most helpful cytomorphologic findings distinguishing myxoid FA, FCC, and 
MLL from colloid carcinoma include the presence of myoepithelial cells in the 
background and in association with epithelial groups, the absence of crowding or 
overlapping of ductal cells in three-dimensional clusters, and the absence or rar-
ity of dissociated single atypical epithelial cells and thin-walled vasculature 
floating within mucin [39].

• Acellular or paucicellular mucin-rich aspirates that may be a MLL warrant surgi-
cal excision due to the association with DCIS or carcinoma at excision as there 
are no definitive clinical or radiologic features that can distinguish a benign 
mucocele [32].

• In the presence of marked/high-grade nuclear atypia, consider a mixed tumor, 
as the distinction between pure mucinous carcinoma and a mixed mucinous 
and ductal carcinoma is not possible by FNA [18]. Descriptive terminology 
such as “adenocarcinoma with prominent mucinous features” is preferred for 
reporting.

 Cytologic Findings: Stroma

Breast FNA smears with a significant spindle cell or mesenchymal component are 
uncommon and represent a diverse group of lesions [42]. Fibroadenomas are com-
mon, with the presence of stroma observed in more than half of cases [43]. Compared 
to phyllodes tumors, the stroma is less cellular and less atypical [44].

A. Hernandez et al.
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 Diagnostic Considerations

• What is the content of the fragment?
• What is the cellularity level of the fragment?
• What is the location of the fragment with respect to the epithelial cells (if epithe-

lial cells are present)?
• Are there few or many stromal fragments?
• What is the overall cellularity and background seen on the slide?

 Differential Diagnoses (Table 4.8, Fig. 4.6a–c)

 1. Fibroadenoma should be considered in young patients with a solid, homoge-
neous, mobile breast lesion with smooth or lobulated borders [45].

• Stromal fragments are of low to moderate cellularity and are separate from, or 
at the periphery of, large branching sheets of epithelial cells.

• The background displays numerous bare oval nuclei.

Table 4.8 Key distinguishing cytologic features when stroma is seen on smears

Fibroadenoma Phyllodes
Papillary 
lesion

Spindle cell/
mesenchymal 
lesion Sarcoma

Cellularity of 
stromal fragment

Low Moderate 
to high

Moderate Low to high High

Stromal quality Fibromyxoid Fibrous Fibrovascular Fibrous, 
myxoid, 
collagenous, 
chondroid

Variable

Architecture Stroma at 
periphery of 
epithelial 
sheets

Increased 
number of 
large 
stromal 
fragments 
[21]

Papillary 
fragments 
with 
fibrovascular 
cores

Scant stromal 
fragments

Highly cellular 
stromal 
fragments with 
atypical to 
pleomorphic 
spindled nuclei

Background Bare oval 
nuclei

Spindled 
stromal 
cells [21]

High 
cellularity, 
columnar 
epithelium, 
bare oval to 
elongated 
nuclei, 
macrophages

Scant 
cellularity

Atypical spindle 
cells, blood (in 
angiosarcoma), 
other 
mesenchymal 
elements 
(depending on 
sarcoma type)

Cytomorphology 
of epithelial cells

Bland to 
atypical

Bland to 
atypical

Low to high 
Atypia

N/A N/A
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Fig. 4.6 Differential diagnosis of stroma. Fibroadenoma showing characteristic stromal frag-
ments and large branching, staghorn sheets of epithelial cells in a background of numerous bare 
oval nuclei; of note, the stroma in a fibroadenoma is typically of low cellularity and often appears 
fibromyxoid (a, Diff-Quik stain, ×100), whereas the stromal fragments of phyllodes tumor show 
increased cellularity (b, Diff-Quik stain, ×100). Sarcoma shows significant atypia with spindle- 
shaped cells appearing as very large single cells, some with enlarged nuclei with irregular nuclear 
borders, as distinguished from both fibroadenoma and phyllodes which have benign cells in the 
background (epithelium and myoepithelium) (c, Diff-Quik stain, ×400)

a

b
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 2. Phyllodes tumor occurs in the second or fifth decade and clinically and radio-
logically presents as a rapid growth of a well-circumscribed lesion with lobu-
lated borders [45].

• Stromal fragments are of moderate to high cellularity, are large and numer-
ous, and may display atypia of both stromal and epithelial cell components.

 3. Papillary lesions present as retroareolar breast lesions with abnormal breast dis-
charge [45].

• Stromal fragments are of low to moderate cellularity and contain fibrovascu-
lar cores that are centrally placed in the large epithelial fragments.

• The background is highly cellular with scattered single columnar cells 
together with or lacking bare oval nuclei, macrophages, and cyst fluid.

• Three-dimensional papillary epithelial cell clusters and cell balls are 
noted [46].

 4. Spindle cell/mesenchymal lesions can present with a stellate mass that clinically 
and radiologically mimics carcinoma.

• Stromal fragments may be scanty but may also predominate the smear.
• The background may display other elements:

 – Mesenchymal, i.e., lipomatous elements in spindle cell lipoma
 – Inflammatory, i.e., inflammatory cells in nodular fasciitis [46]

c

Fig. 4.6 (continued)
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 5. Sarcomas are uncommon lesions in the breast.

• Stromal fragments are of high cellularity with large pleomorphic cells and 
mitotic figures.

• The background lacks epithelial elements and may show abundant blood, i.e., 
angiosarcoma.

 Tips and Pitfalls

• Cases with branching epithelial sheets, a background of bare oval nuclei, and 
stromal fragments both in the periphery and in the center of epithelial sheets 
should be scrutinized for the presence of fibrovascular cores, to avoid missing a 
papillary lesion.

• If a papillary lesion is diagnosed during ROSE, surgical planning can begin 
immediately.

• Sarcomatoid carcinoma must remain in the differential diagnosis for an atypical 
spindle cell lesion.

• In cases with scant cellularity and rare stromal fragments, adequacy must be 
determined based on the clinical and radiologic findings with awareness that the 
lesion may represent a stromal or fibrotic lesion that is difficult to aspirate.
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Chapter 5
Salivary Gland

Adebowale J. Adeniran

 Introduction

Fine needle aspiration (FNA) biopsy is the procedure of choice in the preoperative 
evaluation of salivary gland lesions. The procedure is easily accessible, minimally 
invasive, safe, and cost-effective [1–5]. Coupled with the high sensitivity, specific-
ity, and diagnostic accuracy, it helps in the risk stratification of patients and has been 
shown to decrease the number of surgeries when included into the initial assessment 
[6]. The procedure is also preferred because alternative procedures such as inci-
sional biopsy are associated with an increased risk of infection and potential con-
tamination of surgical planes. Inadequate sampling is an important limitation of 
salivary gland FNA [7–9]. The advent of rapid on-site evaluation at the time of the 
procedure has greatly enhanced the assessment of adequacy of FNA specimens 
especially in the areas of increased diagnostic yield and optimal preparation of 
specimens [1, 10].

Because the normal parotid gland contains numerous intraparotid and peripa-
rotid lymph nodes [11], primary lymphomas and metastatic tumors mimicking sali-
vary gland neoplasms are commonly seen, and ROSE is also essential to determine 
the cell of origin of tumor, to determine whether the tumor is primary or secondary, 
and to determine whether or not additional passes are needed for ancillary studies 
like flow cytometry (in the case of lymphoid lesions) and cell block material (in the 
case of diagnostically challenging lesions and metastatic tumors).
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 Diagnostic Consideration

 Specimen Adequacy Assessment

There are no established criteria for assessing specimen adequacy. However, the 
presence of normal salivary gland elements on the smear in a patient with a radio-
logically confirmed mass lesion should be treated as nondiagnostic. It should be 
noted though that an aspirate containing exclusively both ducts and acini may rep-
resent sialosis, a salivary gland swelling without evidence of neoplasia, infection, 
or inflammation [12]. Cystic lesions are also notorious for nondiagnostic yield, so 
when a cystic salivary gland lesion is aspirated, any residual mass lesion should be 
resampled after the fluid has been aspirated [13, 14]. Recommendations for opti-
mal specimen preparation include the use of air-dried and alcohol-fixed slides, pre-
pared for Romanowsky and Papanicolaou staining, respectively, with supplemental 
combinations of liquid-based or cytospin preparations, cell blocks, and RPMI for 
flow cytometric evaluation where appropriate and possibly sterile material for 
microbiology. For cyst-fluid-only specimens, only one or two smears are recom-
mended with the remainder being processed as either cytospin or liquid-based 
preparations.

 Normal Salivary Gland Tissue

Aspirates of normal salivary gland tissue usually have low cellularity and they 
are composed of acinar cells, ductal cells, and admixed adipose tissue (Fig. 5.1) 
[12, 15]. Occasionally naked acinar nuclei and myoepithelial cells are present. 
Acinar cells form cohesive, spherical groups composed of polyhedral cells with 
vacuolated or granular cytoplasm and small, uniform nuclei. The ductal cells 
form either flat honeycomb sheets of small, uniform cuboidal cells with centrally 
located round nuclei or tight tubular structures composed of similar cells.

 Nonneoplastic Conditions

 Acute Sialadenitis

Aspirates from acute sialadenitis are usually hypocellular and consist of abun-
dant neutrophils, necrotic debris, and fibrin [16]. As the infection progresses, 
lymphocytes, histiocytes, plasma cells, and granulation tissue are seen in vary-
ing proportions. Fragments of ductal and acinar cells with reactive and regen-
erative atypia may also be present.
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 Chronic Sialadenitis

Aspirates from chronic sialadenitis are sparsely cellular. They contain lymphocytes, 
plasma cells, and fibrous tissue, in a mucoid background, admixed with blood and 
proteinaceous debris (Fig. 5.2). There is paucity of acinar cells.

 Granulomatous Sialadenitis

Aspirates show aggregates of epithelioid histiocytes and sometimes multinucleated 
forms in a background of granular, necrotic debris and inflammation. Epithelioid 
histiocytes have elongated, bland nuclei, with folded nuclear membranes, fine 

Fig. 5.1 Normal acinar cells and admixed adipose tissue (Diff-Quik stain, ×400)
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chromatin, and small, inconspicuous nucleoli. The cytoplasm is abundant and 
eosinophilic [17, 18]. Asteroid bodies, Schaumann bodies, and calcium oxalate 
crystals can be present in sarcoidosis [14].

 Tips and Pitfalls

• If the aspirate is grossly recognizable as pus, or an infectious etiology is sus-
pected, material should be collected and sent for microbiologic studies at the 
time of ROSE.

• If there is significant epithelial atypia or suspicion of a neoplastic process, repeat 
FNA after the infection has resolved should be recommended.

Fig. 5.2 Chronic sialadenitis. Acinar cells and numerous lymphocytes in a mucoid background 
(Diff-Quik stain, ×200)
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• In chronic sialadenitis, the presence of atypical metaplastic squamous cells in a 
background of mucus can mimic mucoepidermoid carcinoma [19].

• The presence of psammoma bodies has been described in chronic sialadenitis 
[20] and should not be interpreted as a feature of malignancy.

• Special stains and culture for organisms in cases of granulomatous sialadenitis 
are important and additional material should be collected for this purpose at the 
time of ROSE.

 Cystic Lesions

 Mucocele

Mucoceles are pseudocysts because they lack an epithelial lining. Aspirates are 
sparsely cellular and composed of histiocytes, some with intracellular mucin, gran-
ular debris, extracellular mucin, amylase crystalloids, and inflammatory cells [14].

 Retention Cyst

The diagnosis of benign retention cyst on FNA is usually based on the presence of 
fluid (clear, turbid, or viscous), containing neutrophils, foamy macrophages, and 
amorphous cell debris. Cholesterol crystals, acinar and ductal cells, as well as meta-
plastic squamous cells can also be seen [21].

 Benign Lymphoepithelial Cyst

These cysts have been observed in increasing frequency in patients with acquired 
immunodeficiency syndrome (AIDS). The cysts are lined by squamous epithelium 
and surrounded by dense lymphoid tissue with reactive lymphoid follicles [22]. 
Aspirates contain an abundant, heterogeneous population of reactive lymphocytes 
and macrophages in clear cyst fluid. There may be a few clusters of squamous or 
sometimes columnar or cuboidal epithelial cells [23].

 Tips and Pitfalls

• The presence of muciphages and extracellular mucin alone has a wide differen-
tial diagnosis, which includes mucocele, mucus retention cyst, and chronic sial-
adenitis with mucus metaplasia. Furthermore, low-grade mucoepidermoid 
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carcinoma is also to be considered. It is a prudent practice to regard the diagnosis 
as atypical and add a comment to describe the differential diagnosis. A residual 
mass after cyst aspiration, however, is highly suspicious for mucoepidermoid 
carcinoma.

• Distinction of benign lymphoepithelial cyst from Warthin tumor may be difficult 
because the oncocytes of a Warthin tumor can show extensive squamous 
metaplasia.

• In benign squamous-lined cysts, cystic squamous cell carcinoma cannot be 
entirely excluded and must be considered. It is important to add a comment to the 
diagnosis to reflect this.

 Benign Neoplasms

 Pleomorphic Adenoma

The proportions of the cellular constituents are extremely variable from one tumor 
to another and within an individual tumor. Hence it is important to obtain multiple 
passes from different areas of the tumor [14].

 A. Cytomorphologic features

• Aspirates have a thick, gelatinous consistency and cellularity is variable.
• Smears consist of epithelial cells, myoepithelial cells, and chondromyxoid 

matrix.
• Uniform, medium-sized epithelial cells are present in cohesive groups, usu-

ally in a honeycomb pattern, often forming ducts or small sheets. Individual 
cells may also be present. The epithelial cells are typically intermixed with 
the chondromyxoid stroma (Fig. 5.3) [24, 25].

• Myoepithelial cells are usually present as single cells, within matrix material 
(Fig. 5.4), in loose clusters, or in larger, haphazardly arranged clusters, and 
they have a variety of appearances: spindle-shaped, epithelioid, clear cell, 
and plasmacytoid.

• The presence of chondromyxoid fibrillary matrix is the most characteristic 
finding. When seen at ROSE, it is magenta-colored and metachromatic on 
Romanowsky-type stain.

• Tyrosine crystalloids may be present, although these are nonspecific.

 B. Tips and pitfalls

• When there is paucity or absence of matrix and predominance of epithelial 
elements (Fig. 5.5), there may be a misdiagnosis as monomorphic adenoma, 
basal cell adenoma, or carcinoma, while predominance of myoepithelial cells 
may lead to a misdiagnosis of myoepithelioma [25–27]. In this context, 
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rather than making a definitive diagnosis of pleomorphic adenoma, it may be 
expedient to give a list of differential diagnoses.

• Aspirates from pleomorphic adenoma may contain homogeneous globules 
surrounded by monomorphous epithelial cells (cylindromatous areas) thereby 
mimicking adenoid cystic carcinoma and making distinction between the 2 
entities difficult [21, 28, 29]. Multiple sampling from different areas of the 
tumor will most likely reduce this diagnostic error.

• When tumors are dominated by a mature chondroid substance, they may be 
difficult to tell apart from a true chondroid neoplasm.

• Severe cytologic atypia usually raises the possibility of carcinoma ex 
pleomorphic adenoma. [28] Atypical cells in pleomorphic adenoma can 
be seen frequently. The smears may contain single cells of stromal type 

Fig. 5.3 Pleomorphic adenoma. Epithelial cells in cohesive groups, intermixed with chondromyx-
oid stroma (Diff-Quik stain, ×200)
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that have very large, irregular, often multiple or multilobate, bizarre 
nuclei [21]. When there is no accompanying necrosis or abundant mitoses, 
the diagnosis of pleomorphic adenoma with atypia is justified, with a 
comment that the finding could be indicative of early malignant 
change [14].

• Extensive squamous or mucinous metaplasia in pleomorphic adenoma may 
lead to an erroneous diagnosis of squamous cell carcinoma or low-grade 
mucoepidermoid carcinoma [30, 31].

Fig. 5.4 Pleomorphic adenoma. Myoepithelial cells present as single cells and loose clusters 
within matrix material (Diff-Quik stain, ×200)

A. J. Adeniran



101

 Warthin Tumor

Warthin tumor has a cystic appearance and the aspirate contains distinctive, thick, 
brown-green, granular fluid grossly resembling motor engine oil.

 A. Cytomorphologic features

• Variable cellularity, ranging from barely optimum cellularity to occasional 
hypercellularity.

Fig. 5.5 Pleomorphic adenoma. Predominance of epithelial cells and absence of matrix (Diff-
Quik stain, ×400)
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• Admixture of epithelial fragments, occasional single epithelial cells, and 
abundant lymphocytes in a granular cystic background [32] (Fig. 5.6).

• Epithelial cells are oncocytic in appearance, and they are arranged in cohe-
sive, monolayered sheets, with large nuclei, prominent nucleoli, and moder-
ately abundant granular cytoplasm (Fig. 5.7).

• Background of lymphocytes, in single dispersed cells and as crushed lym-
phoid tangles.

 B. Tips and pitfalls

• When the epithelial component predominates, smears may show large sheets 
of oncocytic cells, with relatively few lymphocytes, and this may be misin-
terpreted as oncocytoma.

• Degenerated oncocytes in the presence of abundant mucoid material may 
lead to an erroneous diagnosis of mucoepidermoid carcinoma [32].

Fig. 5.6 Warthin tumor. Epithelial fragments in a background of abundant lymphocytes (Diff-
Quik stain, ×100)
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• In cases associated with marked inflammation, squamous metaplasia may be 
present, suggesting a diagnosis of squamous cell carcinoma with extensive 
background necrosis [33].

 Malignant Neoplasms

 Mucoepidermoid Carcinoma

Mucoepidermoid carcinoma (MEC) has extreme cytomorphologic heterogeneity 
thus making a definitive FNA diagnosis of this neoplasm very challenging. Cytologic 
features differ between low-grade and high-grade mucoepidermoid carcinoma. The 

Fig. 5.7 Warthin tumor. Oncocytic cells with moderately abundant granular cytoplasm in a back-
ground of abundant lymphocytes (Diff-Quik stain, ×200)
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diagnostic difficulty is more common in low-grade tumors that usually present as 
cystic lesions.

 A. Cytomorphologic features

• Variable cellularity.
• The diagnostic feature of MEC is the combination of mucous cells, epider-

moid (squamoid) cells, and intermediate cells, with clear cells often present 
as well.

• Low-grade tumors are usually cystic with predominantly mucin-secreting 
cells and intermediate cells with round to oval nuclei; moderate amount of 
dense cytoplasm, in a dirty background of muciphages, mucous and nuclear 
debris (Fig. 5.8) [21, 34].

• Intermediate-grade tumors show a greater proportion of intermediate cells 
and squamous cells with mild to moderate atypia [35].

• High-grade tumors show obviously malignant poorly cohesive clusters and 
singly scattered squamous epithelial cells with moderate to abundant eosino-
philic cytoplasm, pleomorphic hyperchromatic nuclei, and a few intermedi-
ate cells in a necrotic background. Mucin-secreting cells may be difficult to 
find [36] (Fig. 5.9).

Fig. 5.8 Low-grade mucoepidermoid carcinoma. Mucin-secreting cells in a background of muci-
phages and mucous (Diff-Quik stain, ×200)
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 B. Tips and pitfalls

• MEC may be misdiagnosed as mucous cyst if there is paucicellular smear 
either from sampling error or cyst-fluid-diluting tumor cells and presence of 
mucous cells in a mucinous background [34, 36].

• A partially solid and cystic tumor may be misdiagnosed as being entirely 
cystic if the solid component is not sampled [34, 37, 38]. Due to this pitfall, 
cases diagnosed as mucinous cystic lesion should be reported with the caveat 
that low-grade MEC cannot be excluded.

• In high-grade tumors with malignant squamous epithelial cells, the paucity 
or absence of intermediate and mucin-secreting cells can lead to a misdiag-
nosis as metastatic squamous cell carcinoma.

Fig. 5.9 High-grade mucoepidermoid carcinoma. Malignant poorly cohesive clusters and singly 
scattered epithelial cells with moderate eosinophilic cytoplasm and pleomorphic nuclei (Diff-Quik 
stain, X200)
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• Underdiagnosis as pleomorphic adenoma is a recognized pitfall as intermedi-
ate cells and stromal cells can be interpreted as benign epithelial cells and 
myoepithelial cells of pleomorphic adenoma, respectively. Furthermore, 
thick extracellular mucin can be perceived as pale chondromyxoid matrix. 
The presence of squamous metaplasia can also lead to the misdiagnosis of 
MEC as pleomorphic adenoma [39].

• Ancillary studies such as reverse transcription polymerase chain reaction 
(RT-PCR) and fluorescence in situ hybridization (FISH) have been found to 
be useful in the diagnosis of morphologically ambiguous cases of MEC and 
to determine biologic behavior of tumors [34]; hence material should be col-
lected for ancillary studies at the time of ROSE.

 Adenoid Cystic Carcinoma

There are three variants of adenoid cystic carcinoma, and they are often present in 
combination – tubular, cribriform, and solid. It is important to recognize the solid 
pattern because of its more aggressive clinical course.

 A. Cytomorphologic features

• The cells are variably sized, often large, basaloid, with scant cytoplasm, and 
hyperchromatic often angulated nuclei (Fig. 5.10) [25, 40].

• Abundant acellular matrix that is arranged in discrete globules and cylinders 
with sharp borders (Fig. 5.11).

• Globules are intensely metachromatic with a Romanowsky-type stain.
• Basaloid cells predominate and there is scant matrix in solid variant of ade-

noid cystic carcinoma.

 B. Tips and pitfalls

• When basaloid cells predominate and there is scant matrix, it is often impos-
sible to distinguish solid variant of adenoid cystic carcinoma from basal cell 
adenoma.

• The hyaline matrix material is similar to the fibromyxoid stroma of pleomor-
phic adenoma. The hyaline stroma material in adenoid cystic carcinoma is, 
however, more homogeneous than that in pleomorphic adenoma (Fig. 5.12). 
It can appear glassy, granular, or laminated, but not fibrillar like the stroma 
material characteristic of pleomorphic adenoma. Also, the matrix of adenoid 
cystic carcinoma has sharp edges, with a characteristic “cookie cutter” appear-
ance. Moreover, the neoplastic cells of adenoid cystic carcinoma surround the 
matrix material but are not embedded in it [14], resulting in discreet islands of 
variably sized globules and fingerlike projections of matrix-like material.
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• Polymorphous low-grade adenocarcinoma can have stromal spheres, but 
unlike adenoid cystic carcinoma, the nuclei are not hyperchromatic.

• Adenoid cystic carcinoma has so much in common cytomorphologically 
with benign dermal eccrine cylindroma; that distinction between both can 
only be made by tumor location [41].

• Immunohistochemistry for MYB overexpression and fluorescence in situ 
hybridization (FISH) for the MYB gene rearrangement are useful for diagno-
sis; hence, additional material should be collected for these ancillary studies 
at the time of ROSE [42, 43].

Fig. 5.10 Adenoid cystic carcinoma. Variably sized basaloid cells with scant cytoplasm (Diff-
Quik stain, ×200)
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 Acinic Cell Carcinoma

Acinic cell carcinoma is usually a low-grade malignancy, which usually resembles 
normal salivary gland, but is more cellular, and the acinic structures are more disor-
ganized and discohesive.

 A. Cytomorphologic features

• Cellular aspirate containing cells that are arranged in irregular clusters form-
ing linear, acinar, and glandular structures, accompanied by a visible network 
of capillaries (Fig. 5.13).

• Cohesive clusters of large, polygonal serous cells with variation in size and 
shape [44]. They have eccentric, small nuclei, sometimes with visible nucle-
oli and with delicate, vacuolated, basophilic cytoplasm (Fig. 5.14).

Fig. 5.11 Adenoid cystic carcinoma. Abundant acellular matrix that is arranged in discrete glob-
ules and cylinders with sharp borders (Diff-Quik stain, ×400)
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• The cytoplasm may contain occasional coarse zymogen granules that are 
metachromatic with Romanowsky stains. The cytoplasmic granules are PAS- 
positive and diastase-resistant.

 B. Tips and pitfalls

• A variant of acinic cell carcinoma with psammoma bodies may yield calcific 
material between acinar cells, leading to a false-negative diagnosis of sialoli-
thiasis [20, 45].

• A predominant papillary architecture may be present and this may cause con-
fusion with metastatic adenocarcinoma.

• Lymphoid cells are present in approximately one third of acinic cell carci-
noma, with a predominant lymphoid pattern in 10% of them. The dense lym-
phoid cells intermixed with acinar cells can mimic chronic sialadenitis [46].

Fig. 5.12 Adenoid cystic carcinoma. The hyaline stroma is homogeneous in appearance (Diff-
Quik stain, ×400)
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• Vacuolated cells of acinic cell carcinoma resemble the sebaceous cells of 
sebaceous carcinoma, but sebaceous cells contain lipid and are PAS-positive 
and diastase-sensitive.

• When high-grade transformation occurs in acinic cell carcinoma, the cells 
demonstrate more marked nuclear atypia and less acinar differentiation, and 
they are difficult to distinguish from high-grade carcinomas [47].

 Polymorphous Low-Grade Adenocarcinoma

Polymorphous low-grade adenocarcinoma (PLGA) is a low-grade adenocarcinoma 
involving predominantly minor salivary glands. Tumors are characterized by archi-
tectural diversity and cytologic uniformity. A variety of growth patterns can be seen 
and these include papillary, cribriform, tubular, solid, and fascicular [48].

Fig. 5.13 Acinic cell carcinoma. Cellular aspirate with cells arranged in irregular clusters, form-
ing acinar structures (Diff-Quik stain, ×200)

A. J. Adeniran



111

 A. Cytomorphologic features

• Hypercellular smears, consisting mainly of branching papillary clusters and 
sheets of bland uniform cells (Fig. 5.15).

• The nuclei are round to oval, spindled with fine chromatin and inconspicuous 
nucleoli, with a moderate amount of eosinophilic cytoplasm [48].

• Intranuclear inclusions frequently seen.
• Abundant hyaline globules within gland-like spaces in the clusters of cells.
• Dispersed myxohyaline matrix with bare nuclei in the background.

 B. Tips and pitfalls

• The biphasic combination of epithelial cells and matrix can lead to a misdi-
agnosis of pleomorphic adenoma. The usually more abundant matrix in pleo-
morphic adenoma frequently has a more fibrillary appearance. The spindled 
myoepithelial cells are admixed with the matrix, a feature not seen in 

Fig. 5.14 Acinic cell carcinoma. Large polygonal cells with eccentric nuclei and delicate, vacuo-
lated, basophilic cytoplasm (Diff-Quik stain, ×400)
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PLGA. Also, the presence of pseudopapillary formations are not typically 
seen in pleomorphic adenoma [48].

• The presence of abundant hyaline globules within gland-like spaces in the 
clusters of cells is similar to the globules of adenoid cystic carcinoma. 
Adenoid cystic carcinoma can be distinguished by its characteristic hyper-
chromatic basaloid cells with scant cytoplasm and without spindling, in con-
trast to the cuboidal oval to round cells of PLGA, which have dispersed 
chromatin and moderate amount of cytoplasm [25].

• When epithelial-myoepithelial carcinoma is monomorphous and mostly 
composed of myoepithelial cells, it may be difficult to differentiate from 
PLGA. Epithelial-myoepithelial carcinoma exhibits isolated cells and clus-
ters of oval cells, frequently arranged in pseudopapillary fragments with stro-
mal cores, but rarely with hyaline globules [25].

 Salivary Duct Carcinoma

Salivary duct carcinoma is an uncommon but distinctive type of salivary gland 
tumor that resembles a high-grade, comedo-type ductal carcinoma of the breast, but 
a low-grade variant reminiscent of low-grade ductal carcinoma in situ of the breast 
has also been described [49, 50].

Fig. 5.15 Polymorphous low-grade adenocarcinoma. Cellular aspirate with bland papillary clus-
ters and sheets of bland uniform cells. The nuclei are round to oval. Hyaline globules are seen 
within gland-like spaces in cell clusters (Diff-Quik stain, ×200)
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 A. Cytomorphologic features

• Moderate cellularity with large, anaplastic tumor cells arranged in cohesive 
clusters, sheets, or papillary fragments [25]

• Prominent background necrosis

 B. Tips and pitfalls

• Similar high-grade appearance may be seen in other high-grade primary 
tumors of the salivary gland and in metastatic carcinomas.

• Cases with bland nuclear features in conjunction with a stromal component 
may lead to a misdiagnosis as pleomorphic adenoma.

• Salivary duct carcinoma is usually immunoreactive for Her2 and androgen 
receptor; hence additional material should be obtained for these ancillary 
studies at the time of ROSE [51, 52].

 Squamous Cell Carcinoma

Squamous cell carcinoma is a rare primary malignancy in the salivary gland. 
Metastasis to the gland or intraparenchymal lymph node is far more common [14]. 
Diagnosis is established if an adequate aspirate of salivary gland tumor contains 
only cells of squamous carcinoma without admixture of mucous or glandular 
epithelium.

 A. Cytomorphologic features

• Cytologically tumor has the classic features of squamous carcinoma, usually 
keratinizing type (although some may be nonkeratinizing).

• Nuclei are hyperchromatic with coarse chromatin (Fig. 5.16).
• Cytoplasm is dense and has discrete cell boundaries.
• Pearls, bizarre-shaped cells, and dyskeratotic cells are characteristic [15, 25, 

53, 54].

 B. Tips and pitfalls

• It is often impossible to distinguish high-grade nonkeratinizing squamous 
cell carcinoma from other high-grade salivary gland tumors, especially 
mucoepidermoid carcinoma. The presence of intracytoplasmic mucin sug-
gests mucoepidermoid carcinoma [14].

• Metastatic squamous cell carcinoma from other sites or direct extension from 
the head and neck area must be excluded. In reporting squamous cell carci-
noma of the salivary gland, a comment must be added that clinical-radiologic 
correlation is recommended to exclude a metastasis.
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 Malignant Lymphoma

The lymphoid tissue of the salivary glands is a component of the mucosa-associated 
lymphoid tissue (MALT). Lymphoma can arise de novo or in association with pre-
existing lymphoid lesions, especially lymphoepithelial sialadenitis or Sjogren syn-
drome. The most common types of lymphoma in the salivary gland are (1) marginal 
zone B-cell lymphoma (MALT lymphoma, which typically arises in patients with 
lymphoepithelial sialadenitis), (2) follicular lymphoma, and (3) diffuse large B-cell 
lymphoma (DLBCL), an aggressive form of lymphoma that diffusely involves the 
parenchyma of salivary gland tissue [55]. Follicular lymphomas mainly involve 
periparotid lymph nodes rather than the salivary gland itself [14].

 A. Cytomorphologic features

• Aspirates of MALT contain monomorphous population of small- to 
intermediate- sized lymphoid cells with a moderate amount of pale cyto-
plasm, round-to-irregular nuclei, condensed chromatin, and small nucleoli, 
admixed with scattered immunoblasts [56].

• Tingible body macrophages are usually scant to absent.
• DLBCL aspirate shows malignant population of large, centroblastic, and/or 

immunoblastic cells with prominent central, large nucleoli in a large, round, 

Fig. 5.16 Squamous cell carcinoma, nonkeratinizing type. Hyperchromatic nuclei and coarse 
chromatin (Diff-Quik stain, ×200)
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vesicular nucleus. The cytoplasm is abundant and plasmacytoid, or clear to 
pale [56]. Pleomorphic, multilobated cells may be present, as well as signet 
ring cell type or spindle cells [57, 58].

 B. Tips and pitfalls

• Lymphoid cells in MALT lymphoma may have plasmacytoid features. 
Mature plasma cells may even be present. Differentiation from lymphoplas-
macytic lymphoma may be difficult because both types of lymphoma may 
have marked plasmacytoid differentiation [56].

• DLBCL cells are often seen in large aggregates and this may lead to misdi-
agnosis as an epithelial neoplasm, most notably carcinoma and melanoma.

• Additional material should be obtained at the time of ROSE for immunohis-
tochemical stains.

• Flow cytometry is an important ancillary study and additional material should 
be obtained at the time of ROSE in RPMI solution for flow cytometry.

 Metastatic Tumors

Because the normal parotid gland contains numerous intraparotid and periparotid 
lymph nodes [11], primary lymphomas and metastatic tumors mimicking salivary 
gland neoplasms are commonly seen. Metastatic squamous cell carcinoma and 
malignant melanoma account for the vast majority of metastatic tumors to the sali-
vary gland.

 A. Cytomorphologic features

• The cytomorphologic pattern of a metastatic tumor depends on the manner of 
involvement and type of the salivary gland involved, the histologic type, and 
the stage of the tumor.

• Cytologic features of metastasis are distinct and different from what is usually 
seen in primary salivary gland tumors. However, there can be an admixture of 
the tumor with atypical salivary gland tissue (e.g., from prior radiation).

 B. Tips and pitfalls

• In patients with salivary gland tumors and known past or present history of 
malignant tumor at another site, the possibility of metastasis must always be 
considered.

• Several primary salivary gland carcinomas like primary squamous cell carci-
noma, salivary duct carcinoma, acinic cell carcinoma, and neuroendocrine 
carcinoma may have cytomorphologic features in common with their extras-
alivary counterparts, and diagnosis may be challenging, especially when the 
primary tumor is unknown [59].

• Immunohistochemistry may be crucial for a definitive diagnosis; hence addi-
tional material should be obtained for this purpose at the time of ROSE 
whenever metastatic tumor is suspected.
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Chapter 6
Lymph Node

Guoping Cai

 Introduction

The etiologies of lymph node enlargement are diverse and include reactive, infec-
tious, and neoplastic processes [1–3]. Whether enlarged lymph nodes are subject for 
biopsy depends upon clinical presentation and suspicion. For example, an enlarged 
mobile tender cervical lymph node in a patient with a known history of recent oral 
or upper respiratory tract infection is more likely a reactive process, and a close 
clinical follow-up is sufficient. Enlarged firm and/or fused cervical lymph nodes in 
a patient with history of head and neck squamous cell carcinoma is highly suspi-
cious for metastatic disease; biopsy of the enlarged lymph nodes is warranted. 
Enlarged lymph nodes, especially in deep-seated regions, without reasonable expla-
nation may also need further evaluation.

Lymph nodes can be evaluated by fine needle aspiration (FNA) biopsy by palpa-
tion or under ultrasound guidance if superficially located or under the guidance of 
other imaging techniques if deep seated [4]. FNA biopsy has relatively high sensi-
tivity and diagnostic accuracy, which can help confirm a clinical impression of reac-
tive process, identify an infectious etiology, and diagnose a suspected malignancy 
[1–5]. If malignancy is identified, further classification of the tumor can be achieved 
by cytomorphologic analysis and pertinent ancillary studies [5–10]. Implementation 
of rapid on-site evaluation (ROSE) can further improve the diagnostic performance 
of FNA by ensuring adequate sampling and appropriate specimen triage for ancil-
lary studies that are crucial for rendering a definite diagnosis [11–14].
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 Diagnostic Considerations

 Specimen Adequacy Assessment

Adequacy of lymph node sampling should be assessed by cytological findings as 
well as correlation with clinical impression. The specimens are generally consid-
ered as adequate if (a) malignancy, primary or metastatic, is identified or (b) necro-
sis or granulomatous inflammation with or without infectious agents is present. 
There are however no established criteria regarding the required cellularity when 
the results suggest a benign/reactive process although certain cellularity has been 
suggested for specific site lymph node sampling [15]. It is recommended that mul-
tiple passes should be performed before a negative diagnosis is considered.

The cellularity of lymph node sampling can be influenced by several factors, 
including the location of lymph node, the nature of lesions, and biopsy techniques. 
Inguinal lymph nodes are known to be fibrotic, pelvic lymph nodes often have fat 
replacement, and mediastinal lymph nodes may have abundant anthracotic pigment- 
containing histiocytes. The lymph nodes involved by lymphomas such as Hodgkin 
lymphoma and diffuse large B-cell lymphoma may sometimes be fibrotic, which 
leads to low cellularity by FNA biopsy.

 Normal Elements Lymph Node Cytology

Aspiration of a benign or reactive lymph node yields a polymorphous population of 
lymphocytes ranging from small, intermediate, and occasionally large in size. The 
lymphocytes can be recognized by the following features: (a) disperse single cells, 
(b) lymphoglandular bodies from fractioned cytoplasm seen in the background, and 
(c) nuclear streaming, a smearing artifact created due to fragility of lymphocytes 
(Figs. 6.1 and 6.2). However, lymphocytes can sometimes present as clusters, which 
may represent lymphohistiocytic aggregates from germinal centers (Fig. 6.3).

In addition to lymphoid cells, histiocytes are often present. The numbers of his-
tiocytes may vary depending on the location and underlying etiologies of lymph 
node enlargement. Abundant anthracotic pigment-containing histiocytes can be 
seen in mediastinal lymph node sampling. Other inflammatory cells such as eosino-
phils and mast cells, endothelial cells, capillaries, as well as scant fibrous tissue, 
probably from lymph node capsule, can be seen.

 Approach for Reactive/Infectious Lymphadenopathy

• Clinical and imaging findings are very helpful.
• Specimens should be triaged according to the findings during on-site 

evaluation.
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Fig. 6.1 Lymph node sampling. Dispersed polymorphous lymphocytes with background lympho-
glandular bodies (Diff-Quik stain, ×400)

Fig. 6.2 Lymph node sampling. Dispersed polymorphous lymphocytes with nuclear streaming 
artifact (Diff-Quik stain, ×200)
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• If an infectious etiology is suspected, specimen should be submitted for microbiol-
ogy culture study.

• Additional specimen should be saved for special stains for identification of 
microorganisms.

 Approach for Lymphoproliferative Disorders

• When lymphoid cells show a monotonous appearance or display significant cyto-
logical atypia, a lymphoproliferative disorder should be considered.

• If a lymphoproliferative disorder is suspected, specimen should be submitted for 
flow cytometry analysis which is less needed for Hodgkin lymphoma.

• In elderly patients with an unknown etiology of lymphadenopathy, flow cytom-
etry analysis is recommended to rule out a lymphoproliferative disorder even if a 
polymorphous population of lymphocytes is present.

• If lymph node sampling yields a low cellularity specimen, core needle may be 
indicated if the procedure is clinically deemed to be safe [1, 16].

• Excisional biopsy may be needed for an inconclusive diagnosis after FNA and/
or core needle biopsy.

• For a primary diagnosis, multimodal approaches are recommended, including 
cytomorphology, flow cytometry, immunocytochemical analysis, and molecular 
cytogenetic testing.

Fig. 6.3 Lymph node sampling. Lymphohistiocytic aggregate (Diff-Quik stain, ×400)
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• For a diagnosis of recurrent disease, documentation of similar immunopheno-
typic features may be sufficient. However, cytomorphologic evaluation is impor-
tant to rule out a progression or transformation from a low-grade to high-grade 
lymphoproliferative disorder.

 Approach for Metastatic Tumors

• In patients with known history of or by imaging studies highly suspicious for 
carcinomas such as lung cancers, lymph node sampling is part of tumor staging 
workup [17, 18].

• Knowledge of patient’s prior history of malignancy is important and can serve as 
the diagnostic clues; however, metastasis can be seen as a primary presentation 
in some cases.

• In case suspicious for a metastatic disease, specimen should be saved for prepa-
ration of a cell block.

• Immunocytochemical studies are essential for diagnosis of metastatic tumor and 
identification of tumor origin.

 Nonneoplastic Lymphadenopathy

 Reactive Lymphadenopathy

Lymph node enlargement could be the result of a nonspecific response to infectious 
or noninfectious conditions such as viral infection, tissue injury, and systemic non-
neoplastic diseases.

 1. Cytomorphologic features [2, 3] (Fig. 6.4)

• Polymorphous population of lymphocytes.
• Increased numbers of large lymphocytes including centroblasts and 

immunoblasts.
• Tingible body macrophages (histiocytes containing cellular debris).
• Lymphohistiocytic aggregates.
• Capillary vasculatures with plump endothelial cells; plump endothelial cells 

can also be seen individually.

 2. Tips and pitfalls

• Reactive lymphadenopathy can, at least in most cases, trace back to a possible 
etiology.

• Due to the presence of a polymorphous population of lymphocytes, reactive 
lymphoid hyperplasia should be differentiated from Hodgkin lymphoma as 
well as some non-Hodgkin lymphomas.

6 Lymph Node



124

• Centroblasts and immunoblasts seen in reactive lymphadenopathy are large, 
but still they are significantly smaller than Hodgkin cells and lack typical 
cytomorphology such as binucleated Reed-Sternberg cells.

• Non-Hodgkin lymphomas such as diffuse large B-cell lymphoma and ana-
plastic large cell lymphoma have significant cytological atypia, helping dif-
ferentiate from a reactive process.

• However, some lymphomas such as follicular lymphoma can have overlap-
ping cytomorphologic features with that seen in reactive lymphadenopathy. 
Sampling for flow cytometry to rule out a lymphoproliferative disorder is 
recommended if there is an uncertainty about clinical presentation.

 Infectious Lymphadenopathy

Lymph nodes can be enlarged due to infection by specific agents such as bacteria, 
mycobacteria, or fungal organisms.

 1. Cytomorphologic features [2, 3]

• Mixed inflammatory cells, from neutrophils predominant to lymphocytes/his-
tiocytes predominant.

Fig. 6.4 Reactive lymph node. Dispersed polymorphous lymphocytes with a few tingible body 
macrophages (Diff-Quik stain, ×400)
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• Granulomatous inflammation is commonly seen, characterized by clusters of 
epithelioid histiocytes mixed with scant lymphocytes with or without multi-
nucleated histiocytes/giant cells (Fig. 6.5).

• Necrosis is often present with or without granulomatous inflammation (Fig. 6.6).
• Infectious microorganisms may be stained or visible as negative images on 

Diff-Quik stain.

 2. Tips and pitfalls

• It is important to triage specimen to include microbiology culture studies in 
cases suspicious for infectious lymphadenopathy.

• Identification of specific agents may need specific stains such as Gram, acid- 
fast, and GMS stain. The final classification of microorganisms should be 
correlated with culture study results.

• The presence of necrosis, even if abundant, does not rule out malignancy. 
Metastatic squamous cell carcinoma in a lymph node can mimic an infec-
tious etiology.

• Granulomatous inflammation can coexist with a malignant process including 
metastatic tumors or lymphoproliferative disorders.

Fig. 6.5 Non-necrotizing granuloma. A cluster of epithelioid histiocytes and intermixed small 
lymphocytes (Diff-Quik stain, ×200)
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 Hodgkin Lymphoma

Hodgkin lymphoma is one of the common lymphoproliferative disorders frequently 
present as lymphadenopathy, often as enlarged and/or fused lymph nodes in cervical 
and deep-seated regions. Hodgkin lymphomas are classified as classical Hodgkin 
lymphoma and nodular lymphocyte predominant Hodgkin lymphoma, differing in 
their morphologic and more obviously immunophenotypic features [19]. Based on 
histomorphology, classical Hodgkin lymphoma can be further classified into nodu-
lar sclerosing, lymphocyte-rich, mixed cellularity, and lymphocyte-depleted forms. 
FNA biopsy can diagnose Hodgkin lymphoma and may be able to separate classical 
from nodular lymphocyte predominant Hodgkin lymphomas with the aid of immu-
nocytochemical studies [20–23]. It is however very difficult to further classify clas-
sical Hodgkin lymphomas on cytological material.

 Classical Hodgkin Lymphoma

It is the most common form, accounting for about 90% of all Hodgkin lymphomas. 
The patients with classical Hodgkin lymphoma are often very young or elderly indi-
viduals, with a characteristic bimodal age distribution.

Fig. 6.6 Necrotizing granuloma. A cluster of epithelioid histiocytes and intermixed small lym-
phocytes with necrotic debris (Diff-Quik stain, ×200)
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 1. Cytomorphologic features [2, 3, 20–22] (Figs. 6.7 and 6.8)

• Scattered large cells, mononuclear or binucleated, with large prominent 
nucleolus (Reed-Sternberg cells, classical or mononuclear forms)

• Predominant small lymphocytes in the background
• Variable numbers of eosinophils, plasma cells, and histiocytes
• Lymphohistiocytic aggregates and tingible body macrophages often absent

 2. Tips and pitfalls

• Hodgkin lymphoma should be differentiated from reactive lymphoid hyper-
plasia, anaplastic large cell lymphoma, T-cell-rich large B-cell lymphoma, 
metastatic poorly differentiated carcinoma or sarcoma, and particularly meta-
static melanoma.

• In cases suspicious for Hodgkin lymphoma during on-site evaluation, 
additional specimen should be saved for cell block for immunocytochemi-
cal studies, which are often required for diagnosis and differential 
diagnosis.

• The neoplastic cells in Hodgkin lymphoma most likely stain positive for 
CD30 and PAX5 but less likely for CD20. CD45 is negative. Hodgkin lym-
phoma is often EBV associated, which can be documented by EBER in situ 
hybridization study.

Fig. 6.7 Hodgkin lymphoma. A few large mononuclear and binucleated cells with prominent 
nucleolus in a background of small lymphocytes and occasional eosinophils and plasma cells 
(Diff-Quik stain, ×200)
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• In cases unsure for Hodgkin or non-Hodgkin lymphomas during on-site 
evaluation, specimen may be submitted for flow cytometry study. An 
increased CD4/CD8 ratio, although not specific, is a common finding in 
Hodgkin lymphoma [24].

• In difficult cases, core needle or excisional biopsy may be needed to render a 
definite diagnosis.

 Nodular Lymphocyte Predominant Hodgkin Lymphoma

This type of Hodgkin lymphoma is far more less likely seen, accounting for about 
10% of all Hodgkin lymphomas. It affects predominant male patients between 30 
and 50  years of age and involves cervical, axillary, and inguinal lymph nodes. 
Mediastinal involvement is rare.

 1. Cytomorphologic features [2, 3, 19, 23]

• Scattered large cells, often folded mononuclear or binucleated, with smaller 
nucleolus (popcorn cells).

Fig. 6.8 Hodgkin lymphoma. Scattered large mononuclear and rare binucleated cells with promi-
nent nucleolus in a background of small lymphocytes and occasional histiocytes, eosinophils, and 
plasma cells (Diff-Quik stain, ×200)
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• Predominant small lymphocytes in the background.
• Eosinophils, plasma cells, and histiocytes are minimal.
• Lymphohistiocytic aggregates and tingible body macrophages often absent.

 2. Tips and pitfalls

• Hodgkin lymphoma should be differentiated from reactive lymphoid hyper-
plasia, anaplastic large cell lymphoma, T-cell-rich large B-cell lymphoma, 
and metastatic poorly differentiated carcinoma, sarcoma, or melanoma.

• In cases suspicious for Hodgkin lymphoma during on-site evaluation, addi-
tional specimen should be saved for cell block for immunocytochemical stud-
ies, which are often required for diagnosis and differential diagnosis.

• The neoplastic cells in this Hodgkin lymphoma are often positive for CD45, 
CD20, and PAX5, while negative for CD30 contrasting to the classical form. 
EBV infection is uncommonly seen.

• In difficult cases, core needle or excisional biopsy may be needed to render a 
definite diagnosis.

 Non-Hodgkin B-Cell Lymphomas

Non-Hodgkin B-cell lymphomas (NHLs) comprise a long list of entities which have 
diverse clinical, morphologic, and cytogenetic features [19]. The goal of FNA 
biopsy is not aimed to resolve diagnostic issues for all entities but rather to focus on 
the most common types of B-cell NHLs, which together account for more than 80% 
of cases. In the remaining cases, the efforts are primarily to confirm or suggest the 
possibility of a neoplastic lymphoid proliferation by documenting the monoclonal-
ity through flow cytometry (light chain kappa or lambda restriction) or molecular 
approach (heavy chain immunoglobulin rearrangement) [5, 6, 9, 25]. It is therefore 
crucial to secure specimen for flow cytometry analysis. Additional samples are also 
recommended for potential immunocytochemical and molecular studies. FNA 
biopsy can be used to establish a new diagnosis or to document a recurrent or per-
sistent disease. Morphologic transformation or progression of lymphoma should 
also be evaluated [26].

 Small Cell Lymphomas

Included in this group are the lymphomas with similar cytomorphologic features of 
small lymphocytes predominance, including grade 1 or 2 follicular lymphoma (FL), 
mantle cell lymphoma (MCL), marginal zone lymphoma (MZL), and chronic lym-
phocytic leukemia/small lymphocytic lymphoma (CLL/SLL). These lymphomas 
most likely occur in patients with age of 60 years old or above and often have an 
indolent clinical course except for mantle cell lymphoma.
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 1. Cytomorphologic features [2, 3, 27–30]

• Predominant small lymphocytes.
• Tingible body macrophages often absent.
• Monotonous appearance in CLL/SLL and MCL while scattered intermediate- 

sized cells seen in FL and MZL.
• CLL/SLL: small lymphocytes with scant cytoplasm, smooth nuclear contours, 

clumped chromatin (soccer ball appearance), and small nucleoli (Fig. 6.9).
• MCL: small lymphocytes with scant cytoplasm, irregular nuclear contours, 

fine chromatin, and small nucleoli (Fig. 6.10).
• FL: predominant small cleaved lymphocytes and scattered intermediate-sized 

lymphocytes with cleaved or noncleaved nuclei seen in low-grade tumors 
(Fig. 6.11).

• MZL: mixed small- and intermediate-sized lymphocytes with moderate amount 
of cytoplasm and eccentrically placed round nuclei (monocytoid cells) (Fig. 6.12).

 2. Tips and pitfalls

• The primary differential diagnosis is reactive lymphoid hyperplasia. 
Polymorphous lymphoid population and tingible body macrophages favor a 
reactive process. Flow cytometry study is often required.

• Combination of cytomorphologic, immunophenotypic, and cytogenetic fea-
tures may be required to classify this group of lymphomas (Table 6.1).

Fig. 6.9 Chronic lymphocytic leukemia/small lymphocytic lymphoma. Monotonous small lympho-
cyte with scant cytoplasm and round nuclei with smooth nuclear contours and inconspicuous nucleo-
lus (Diff-Quik stain, ×400)
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Fig. 6.10 Mantle cell lymphoma. Monotonous small lymphocyte with scant cytoplasm and round 
to oval nuclei with irregular nuclear contours (Diff-Quik stain, ×400)

Fig. 6.11 G1/2 Follicular lymphoma. Monotonous small lymphocyte with scant cytoplasm and 
cleaved round nuclei (Diff-Quik stain, ×400)

6 Lymph Node



132

Fig. 6.12 Marginal zone lymphoma. Monotonous small lymphocyte with scant cytoplasm and 
eccentrically located round nuclei with smooth nuclear contours (Diff-Quik stain, ×200)

Table 6.1 Cytomorphologic, immunophenotypic, and cytogenetic features of small cell 
lymphomas

CLL/SLL FL (G1/G2) MCL MZL

Cytomorphology Monomorphic 
small 
lymphocytes with 
smooth nuclear 
contours and 
clumped 
chromatin

Predominant 
small cleaved 
lymphocytes and 
scattered cleaved 
or noncleaved 
intermediate 
lymphocytes

Monomorphic 
small 
lymphocytes with 
irregular nuclear 
contours and fine 
chromatin

Mixed small 
and 
intermediate 
lymphocytes 
with 
eccentrically 
placed nuclei

Immunophenotype CD10−, CD5+, 
CD23+, cyclin  
D1−

CD10+, CD5−, 
CD23−/+, cyclin  
D1−

CD10−, CD5+, 
CD23−, cyclin 
D1+

CD10−, CD5−, 
CD23−, cyclin  
D1−

Cytogenetics Trisomy 12a t (14:18) t (11:14) Trisomy 3b

CLL/SLL chronic lymphocytic leukemia/small lymphocytic lymphoma, FL grade 1 or 2 follicular 
lymphoma, MCL mantle cell lymphoma, MZL marginal zone lymphoma
aTrisomy 12 is seen in about 30% of CLL/SLL cases
bTrisomy 3 is commonly seen in extranodal MZL
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 Intermediate-Sized Cell Lymphomas

This group of lymphomas are aggressive tumors, the most common types of which 
are Burkitt lymphoma and B-/T-lymphoblastic lymphoma. Blastoid variant of man-
tle cell lymphoma is also included.

 1. Cytomorphologic features [2, 3, 31–33]

• Relatively uniform intermediate-sized lymphocytes.
• Mitoses and apoptotic bodies.
• Tingible body macrophages.
• Burkitt lymphoma: uniform intermediate lymphocytes with scant deep blue 

cytoplasm, prominent cytoplasmic fine vacuoles, round nuclei, and conspicu-
ous nucleoli (Fig. 6.13).

• Lymphoblastic lymphoma: uniform intermediate lymphocytes with scant cyto-
plasm, round nuclei, fine chromatin, and inconspicuous nucleoli (Fig. 6.14).

• Blastoid mantle cell lymphoma: uniform intermediate lymphocytes with 
scant cytoplasm, round nuclei, fine chromatin, and conspicuous nucleoli.

Fig. 6.13 Burkitt lymphoma. Relatively monotonous intermediate-sized lymphocyte with scant 
cytoplasm, fine cytoplasmic vacules and round nuclei with irregular nuclear contours, fine chroma-
tin, and inconspicuous nucleolus (Diff-Quik stain, ×400)
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 2. Tips and pitfalls

• The lymphomas in this group should be differentiated from non-lymphoid 
tumors such as poorly differentiated carcinoma and melanoma. 
Immunocytochemical studies are essential for a correct diagnosis.

• Plasmablastic lymphoma and myeloma may share similar cytomorphologic 
features.

• In addition to cytomorphology, immunophenotypic and cytogenetic features 
are helpful for differential diagnosis between Burkitt lymphoma and lympho-
blastic lymphoma. Burkitt lymphoma is positive for c-myc, is always EBV- 
associated, and has characteristic t (8:14) with a near 100% of Ki-67 index. 
The tumor cells of lymphoblastic lymphoma are positive for TdT.

 Large Cell Lymphomas

Diffuse large B-cell lymphoma (DLBCL) is the most common type of large cell 
lymphomas and should be further classified as follicular center origin versus non-
follicular center origin due to their difference in prognosis. Grade 3 follicular 

Fig. 6.14 Lymphoblastic lymphoma. Monotonous intermediate-sized lymphocyte with scant 
cytoplasm and round nuclei with smooth nuclear contours (Diff-Quik stain, ×400)
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lymphoma (FL) may share similar morphology. Both DLBCL and FL are seen in 
elderly patients; however, primary mediastinal large B-cell lymphoma, a variant of 
DLBCL, occurs primarily in young adults.

 1. Cytomorphologic features [2, 3, 31] (Figs. 6.15 and 6.16)

• Polymorphous population of lymphocytes.
• Variable number large atypical lymphocytes mixed with background small 

lymphocytes.
• Large atypical cells with nuclear pleomorphism, irregular nuclear contours, 

and conspicuous nucleoli.

 2. Tips and pitfalls

• This group of lymphomas should be differentiated from other high-grade 
lymphomas as well as non-hematopoietic malignancy. Flow cytometry and/or 
immunocytochemistry would be helpful for their differential diagnosis.

• Grade 3 follicular lymphoma (FL) may be difficult to distinguish from 
DLBCLs of follicular center origin. In this setting, a diagnostic term of high-
grade large B-cell lymphoma is acceptable for clinical management 
(Fig. 6.17).

Fig. 6.15 Diffuse large B-cell lymphoma. Polymorphic large lymphocyte with scant cytoplasm, 
irregular nuclear contours, and conspicuous nucleolus (Diff-Quik stain, ×400)
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Fig. 6.16 G3 follicular lymphoma. Polymorphous population of small, intermediate, and large lym-
phocyte with scant cytoplasm, cleaved nuclei, and conspicuous nucleolus (Diff-Quik stain, ×400)

Fig. 6.17 High-grade large B-cell lymphoma (progressed or transformed from G1/2 tumor fol-
licular lymphoma). Polymorphic intermediate and large lymphocyte with scant cytoplasm, irregu-
lar nuclear contours, and conspicuous nucleolus (Diff-Quik stain, ×400)
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 Lymphomas with Plasmacytoid Morphology

Hematopoietic neoplasms with plasmacytoid morphology include plasma cell neo-
plasm (PCN) and lymphoplasmacytic lymphoma (LPL), both occurring primarily in 
elderly patients. They share plasmacytoid cell morphology and CD138 positivity. 
Plasma cell neoplasms can be further classified as plasmacytoma as a solitary lesion 
and multiple myeloma as multiple simultaneous lesions.

 1. Cytomorphologic features [2, 3]

• Relative uniform cell population.
• Many cells with eccentrically placed nuclei (plasmacytoid appearance).
• PCN: almost exclusive plasma cells with paranuclear hofs, occasional binu-

cleation, and multinucleation (Fig. 6.18).
• LPL: mixed small lymphocytes, plasma cells, and plasmacytoid cells.

 2. Tips and pitfalls

• The tumors in this group should be differentiated from other tumors with 
plasmacytoid appearance including marginal zone lymphoma (monocytoid 
appearance) [34], metastatic melanoma, metastatic well-differentiated neuro-
endocrine tumor, and metastatic lobular breast carcinoma.

Fig. 6.18 Plasma cell neoplasm. Relatively uninform cells with moderate amount of cytoplasm 
and eccentrically located nuclei. Perinuclear hofs and occasional binucleation are seen (Diff-Quik 
stain, ×400)
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• PCN and LPL both express CD138 but differ in their cell components and 
other immunophenotypic features. PCN often does not usually express B-cell 
marker such as CD19/CD20 and is also negative for CD45, while LPL usually 
expresses CD45 and CD19/CD20.

• Flow cytometry analysis has a limited role in diagnosing PCN but is helpful 
for its differential diagnosis. Flow cytometry with cytoplasmic light chain 
analysis may also help establish clonality of PCN.

 Non-Hodgkin T-Cell Lymphomas

T-cell non-Hodgkin lymphomas are relatively uncommon, accounting for about 
10% of non-Hodgkin lymphomas (NHL). As compared to B-cell NHLs, T-cell lym-
phomas often display significant cytological atypia. Diagnosis of T-cell lymphomas 
can be established by cytomorphologic atypia, aberrant T-cell antigen expression, 
and T-cell receptor gene rearrangement [19]. The commonly seen T-cell lymphomas 
involving lymph nodes include peripheral T-cell lymphoma (PTCL) and anaplastic 
large cell lymphoma (ALCL).

 Peripheral T-Cell Lymphoma

PTCL is a heterogenous group of mature T-cell lymphoma and the most common 
type of T-cell lymphoma, which primarily affects adult patients and has an aggres-
sive clinical course.

 1. Cytomorphologic features [2, 3] (Fig. 6.19)

• Polymorphous population of lymphocytes or monotonous large 
lymphocytes.

• Large lymphocytes have irregular hyperchromatic nuclei with prominent 
nucleoli.

• Background small lymphocytes, eosinophils, plasma cells, and histiocytes, 
sometimes epithelioid histiocytes.

• Rare Reed-Sternberg-like cells may be present.

 2. Tips and pitfalls

• PTCL may share similar morphologic features with Hodgkin lymphoma, ana-
plastic large cell lymphoma, and high-grade B-cell non-Hodgkin lymphomas 
such as diffuse large B-cell lymphoma.

• PTCL often shows loss of some T-cell-associated antigens and sometimes 
aberrant CD4/CD8 expression such as double negative CD4/CD8 and double 
positive CD4/CD8.
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 Anaplastic Large Cell Lymphoma

ALCL is a T-cell lymphoma which has characteristic morphologic features. 
According to the most recent WHO classification, ALCL are divided into ALK- 
positive and ALK-negative ALCL. ALK-positive ALCL primarily affects patients in 
their first three decades of life, while ALK-negative counterpart can occur in patients 
of any age. The latter has a poorer prognosis as compared to ALK-positive tumor.

 1. Cytomorphologic features [2, 3, 35] (Figs. 6.20 and 6.21)

• Pleomorphic population of lymphocytes.
• Large atypical lymphoid cells with abundant cytoplasm and large irregular 

nuclei, horseshoe- or donut-shaped, with prominent nucleoli.
• Rare Reed-Sternberg-like cells may be present.
• Scattered histiocytes and neutrophils.
• Small cell variant has been described.

 2. Tips and pitfalls

• ALCL should be distinguished from Hodgkin lymphoma, peripheral T-cell 
lymphoma, high-grade B-cell lymphomas, and metastatic tumors.

Fig. 6.19 Peripheral T-cell lymphoma. Polymorphic intermediate and large lymphocyte with 
scant cytoplasm, irregular nuclear contours, and conspicuous nucleolus (Diff-Quik stain, ×400)
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Fig. 6.20 Anaplastic large cell lymphoma. Mixed small, intermediate, and large lymphocyte with 
irregular nuclear contours. The large lymphocytes have moderate amount of cytoplasm and con-
spicuous nucleolus. Occasional large bilobed atypical cells are seen (Diff-Quik stain, ×400)

Fig. 6.21 Anaplastic large cell lymphoma. Large atypical lymphocyte with irregular nuclear con-
tours and conspicuous nucleolus. Scattered small lymphocytes and occasional large bilobed multi-
nucleated atypical cells are seen (Diff-Quik stain, ×400)
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• ALCL can be ALK positive or negative by immunostaining.
• There is a small portion of ALCL cases showing lymphohistiocytic, small cell 

and Hodgkin-like pattern.

 Other Hematopoietic Neoplasms

Other hematopoietic tumors, either myeloid or histiocytic origin, can involve lymph 
nodes although uncommon.

 Myeloid Sarcoma

Myeloid sarcoma is defined as a tumor mass consisting of myeloid blasts, with or 
without maturation, occurring at an anatomic site other than the bone marrow.

 1. Cytomorphologic features [2, 3, 36]

• Relatively monomorphic population.
• In most cases, tumor cells display myelomonocytic or pure monoblastic 

morphology.
• Myelomonocytic morphology: moderate amount of cytoplasm, folded nuclei, 

inconspicuous nucleolus.
• Monoblastic morphology: scant cytoplasm, round nuclei, and prominent 

nucleolus.

 2. Tips and pitfalls

• The major differential of myeloma sarcoma is with malignant lymphomas. 
Immunophenotypic analysis is required to establish a diagnosis of myeloid 
sarcoma, expressing myeloperoxidase (MPO) and CD33 and also often 
immature markers such as CD34 and CD117.

• Myeloid sarcoma should also be differentiated from extramedullary hemato-
poiesis. The later comprises of the cells of three lineages.

 Histiocytic/Dendritic Cell Neoplasms

Tumors of histiocytic and dendritic cell origin are rare and account for less than 1% 
of lymphoid lesions. The tumors include histiocytic sarcoma, Langerhans cell his-
tiocytosis, and interdigitating/follicular dendritic cell sarcoma.

 1. Cytomorphologic features [2, 3, 37]

• Histiocytic sarcoma: polymorphous population of atypical cells with irregular 
nuclei.
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• Langerhans cell histiocytosis: cells with abundant cytoplasm and indented or 
grooved nuclei in a background of mixed eosinophils, lymphocytes, and 
neutrophils.

• Dendritic cell sarcoma: epithelioid or spindle-shaped cells.

 2. Tips and pitfalls

• Differential diagnosis may include lymphoid tumors as well as reactive 
process.

• Immunophenotypic analysis is crucial for diagnosis. Histiocytic sarcoma is 
positive for CD68, Langerhans cell histiocytosis is positive for S100 and 
CD1a, and dendritic cell sarcoma is either positive for S100 (interdigitating) 
or CD21 and CD35 (follicular).

 Metastatic Tumors

Secondary involvement by metastatic tumors, mostly carcinomas, is one of the 
major causes for lymphadenopathy. Most metastatic tumors can be recognized 
by their distinct morphologic features, but some may impose a diagnostic chal-
lenge due to overlapping morphology with lymphomas or reactive 
lymphadenopathy.

 Metastatic Melanoma

 1. Cytomorphologic features [38, 39] (Fig. 6.22)

• Dispersed single cells.
• Eccentrically placed nuclei with prominent nucleolus.
• Occasional binucleation, intranuclear inclusions, and melanin pigments.
• Spindle cell variant seen in a small number of cases.

 2. Tips and pitfalls

• Presence of single dispersed cells in a background of lymphocytes may mimic 
lymphomas.

• Intranuclear inclusions and melanin pigments, if present, help in the differen-
tial diagnosis. Positivity of melanocytic markers such as SOX10, Melan A, 
HMB45, and S100 is diagnostic of metastatic melanoma.

• Patient’s history is also helpful.
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 Metastatic Breast Carcinoma

 1. Cytomorphologic features [40, 41] (Fig. 6.23)

• Dispersed single or loose groups of epithelioid cells, predominantly single 
cells in lobular carcinoma.

• Epithelioid cells have round to oval nuclei.
• Variable polymorphous population of lymphocytes in the background.

 2. Tips and pitfalls

• Intermixed dispersed single cells or dyscohesive groups of epithelioid cells 
with lymphocytes seen in metastatic carcinoma may mimic lymphoprolifera-
tive disorder.

• Immunocytochemical study may be needed in difficult cases. Metastatic 
breast carcinomas are cytokeratin and GATA3 positive.

Fig. 6.22 Metastatic melanoma. Dispersed relative uniform cells with oval nuclei and occasional 
intracytoplasmic melanin pigments (Diff-Quik stain, ×200)
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 Metastatic Small Cell Carcinoma

 1. Cytomorphologic features [42, 43] (Fig. 6.24)

• Dispersed single or loosely cohesive groups of intermediate-sized tumor cells 
with high nuclear-to-cytoplasmic ratios and focal nuclear molding.

• Nuclear streaming artifacts often present.
• Necrosis and apoptotic bodies often present.

 2. Tips and pitfalls

• Small cell carcinoma and lymphomas share some cytomorphologic features 
including dyscohesive tumor cells and nuclear streaming artifacts. However, 
necrosis and nuclear molding are uncommon for lymphomas.

• Immunocytochemical studies with neuroendocrine markers are diagnostic of 
small cell carcinoma.

• During the on-site evaluation, it is advised to save specimen for flow cytom-
etry analysis and immunochemistry if there is an uncertainty whether the 
lesion represents small cell carcinoma or lymphoma.

Fig. 6.23 Metastatic breast carcinoma. Single and loose cohesive groups of relative uniform cells 
with scant cytoplasm and irregular nuclear contours (Diff-Quik stain, ×200)
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 Metastatic Germ Cell Tumor (Seminoma/Germinoma)

 1. Cytomorphologic features [44, 45] (Fig. 6.25)

• A mixture of dyscohesive neoplastic cells and lymphocytes.
• Neoplastic cells have round nuclei with conspicuous nucleolus.
• Tigroid background often seen.

 2. Tips and pitfalls

• Seminoma/germinoma share some cytomorphologic features with lympho-
mas. However, lymphomas less likely have a tigroid background, which if 
present help the diagnosis of seminoma/germinoma.

• Diagnosis of seminoma/germinoma can be supported by positive SALL4 and 
OCT4 immunostains.

Fig. 6.24 Metastatic small cell carcinoma. Single and loose cohesive groups of relative uniform 
cells with scant cytoplasm and irregular nuclear contours. Focal nuclear molding and nuclear 
streaming artifact are present (Diff-Quik stain, ×200)
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 Metastatic Squamous Cell Carcinoma

 1. Cytomorphologic features (Fig. 6.26)

• In most cases, squamous cell carcinoma can be easily distinguished from 
lymphomas.

• However, extensive necrosis can be seen in some metastatic squamous cell 
carcinoma, which can mimic infectious/necrotic lymphadenopathy or squa-
mous epithelium-lined cystic lesions.

 2. Tips and pitfalls

• In metastatic squamous cell carcinoma with extensive necrosis, tumor cells 
are necrotic but may still have maintained the outlines as atypical ghost cells.

• Careful search for viable non-keratinizing atypical cells with high nuclear-to- 
cytoplasmic ratios is important for a diagnosis of malignancy.

• Papanicolaou stain is helpful to highlight abnormal keratinization.

Fig. 6.25 Metastatic germ cell tumor. Single and loose cohesive groups of relative uniform cells 
with scant cytoplasm, fine cytoplasmic vacuoles, and round nuclei in a tigroid background (Diff- 
Quik stain, ×200)
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Chapter 7
Liver

Guoping Cai

 Introduction

Fine needle aspiration (FNA) biopsy has been widely used to evaluate focal hepatic 
lesions, most of which are solid and could represent primary hepatic or metastatic 
diseases. While metastatic tumors are often multifocal, primary liver lesions could 
present as a solitary or multifocal lesion. Cystic hepatic lesions are seldom biopsied 
by FNA due to a low diagnostic yield. However, FNA biopsy may be used to reduce 
the risk of rupture when cystic lesions are large or used to rule out a malignancy 
when in appropriate clinical setting.

FNA have high sensitivity and specificity in diagnosing space-occupying hepatic 
lesions [1–9]. The reported sensitivity and specificity range from 85% to 95% and 
98–100%, respectively [2, 5, 9]. FNA is safe procedure with very low complication 
rates [5–7, 9]. In addition to cytomorphology, ancillary studies performed on cell 
block sections play an important role to substantialize the diagnostic yield of FNA 
biopsy, to confirm malignancy, and if appropriate to elucidate tumor origin [10–13]. 
It is crucial to secure sufficient material during on-site evaluation. Rapid on-site 
evaluation (ROSE) allows adequate sampling and appropriate specimen triage and 
further improves diagnostic yield of FNA biopsy [14, 15].

FNA biopsy offers excellent diagnostic results for metastatic tumors. Primary 
hepatic tumors, especially those well-differentiated hepatocellular carcinomas or 
cholangiocarcinoma, may impose diagnostic challenges on FNA [3, 10, 12, 13]. 
Follow-up with core needle biopsy may help with diagnosis in difficult cases 
[16–20].
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 Diagnostic Considerations

 Specimen Adequacy Assessment

There are no established numeric criteria in terms of adequate assessment. The ulti-
mate reference would be whether the findings of FNA biopsy can fully explain the 
lesion revealed on imaging studies. A diagnosis of malignancy is apparently consid-
ered adequate. When a malignancy is rendered, additional work-up should be fol-
lowed to further classify tumors and, if metastatic, to elucidate tumor origin. It 
could be difficult to distinguish a reactive process for a benign tumor and further 
classify benign tumors on FNA alone. For a cystic lesion, the biopsy may show only 
cyst contents. Correlation with imaging findings is always required to ensure ade-
quate sampling.

 Normal Elements and Contaminants in Liver Cytology

 1. Hepatocytes (Figs. 7.1, 7.2, and 7.3)

• Polygonal cells in small groups or cohesive clusters.
• Abundant granular cytoplasm.

Fig. 7.1 Normal hepatocytes. A cohesive cluster of uniform hepatocytes (Diff-Quik stain, ×200)

G. Cai



155

Fig. 7.2 Normal hepatocytes. Single and small groups of uniform hepatocytes with small round 
nuclei, abundant granular cytoplasm, and occasional cytoplasmic bile pigments (Diff-Quik stain, ×200)

Fig. 7.3 Normal hepatocytes. Single and small groups of hepatocytes with small round nuclei, abundant 
granular cytoplasm, and occasional binucleation and cytoplasmic bile pigments (Diff- Quik stain, ×400)
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• Round nuclei with conspicuous nucleolus.
• Cytoplasmic vacuoles/fat droplets may be present.
• Cytoplasmic bile pigments may be present.

 2. Bile duct epithelial cells (Fig. 7.4)

• Small uniform cuboidal cells arranged in small groups and flat sheets.
• Round nuclei with smooth nuclear contours, evenly distributed chromatin, 

and small nucleolus.
• Moderate amount of vacuolated cytoplasm.

 3. Mesothelial cells (Fig. 7.5)

• Most commonly seen in transabdominal biopsy specimens.
• Uniform polygonal cells with distinct cell borders arranged in flat sheets.
• Round to oval nuclei with clearing chromatin, nuclear grooves, and small 

nucleolus.
• Moderate to abundant dense cytoplasm.

 4. Gastrointestinal epithelial cells

• Seen in endoscopy-guided biopsy specimens, transgastric or transduodenal.

Fig. 7.4 Normal bile ductal epithelial cells. A single group of uniform epithelial cells with small 
uniform round nuclei and vacuolated cytoplasm. A few normal hepatocytes also seen (Diff-Quik 
stain, ×400)
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• Duodenal epithelium: Cohesive sheets or clusters of uniform columnar epi-
thelial cells intermixed with mucin-containing goblet cells.

• Gastric epithelium: Small groups, sheets, and clusters of a variety of epithe-
lial cells; epithelial cells may include foveolar epithelial cells, chief cells, and 
parietal cells (Fig. 7.6).

 Tips

• FNA biopsy of the liver can be performed under the guidance of abdominal ultra-
sound, computed tomography, or endoscopic ultrasound. The biopsies under the 
guidance of these imaging techniques shows similar diagnostic yields [2, 4, 6, 7]. 
Choice of imaging techniques may be dependent on the location of lesions and 
expertise available.

• Endoscopic ultrasound may be best used for the lesions located in the left lobe of 
the liver and is preferred when endoscopic ultrasound is also used for evaluation 
of primary lesions in the pancreas, biliary tract, duodenum, and stomach.

• It is always important to know the clinical aspect of lesion being biopsied includ-
ing clinical differential diagnosis and travel history if an infectious etiology is 
suspected.

Fig. 7.5 Mesothelial cells. A sheet of benign-appearing mesothelial cells with dense cytoplasm, 
distinct cell borders, and oval nuclei. A few normal hepatocytes also seen (Diff-Quik stain, ×400)
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• Knowledge of background liver diseases such as cirrhosis needs to be kept in 
mind, especially in rendering diagnosis of hepatocellular carcinoma.

• Based on on-site findings, it is crucial to appropriately triage specimen. Specimen 
needs to be submitted for culture study if infection is suspected. In cases sus-
pected for metastatic tumors, specimen should be saved for preparation of a cell 
block, on which immunophenotypic analysis can be performed.

• On-site evaluation has a minimal value for evaluation of simple cystic lesions.
• In cases suspected for a well-differentiated hepatocellular carcinoma or cholan-

giocarcinoma, core needle biopsy may be suggested if clinically indicated.

 Cystic Lesions of the Liver

Hepatic cysts are rare as compared to solid mass-forming lesions and affect about 
5% of the general population. The differential diagnosis is broad and includes non-
neoplastic diseases (i.e., congenital, acquired, infectious, noninfectious cysts) and, 
in rare cases, cystic neoplasms. FNA may be helpful in diagnosis, but findings are 
often nonspecific with specimens containing predominantly fluid, histiocytes, and 
acellular debris.

Fig. 7.6 Gastric epithelial cells. Small groups and clusters of uniform epithelial cells with small 
round nuclei and vacuolated cytoplasm (Diff-Quik stain, ×100)
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 Developmental/Congenital Cyst

This is the most common hepatic cyst, accounting for more than 90% of hepatic 
cysts. It occurs in adults of 20–50 years with a female predominance. Unilocular; 
single or multiple. Usually small but may become symptomatic when larger. May 
be seen in polycystic liver disease.

 1. Cytomorphologic features

• Scattered histiocytes.
• Cyst lining cells may be present.
• Most cyst lining cells are bile duct-type glandular cells.
• Metaplastic squamous cells may be seen.

 2. Tips and pitfalls

• The primary goal of the biopsy is to rule out a malignancy.
• Differential diagnosis includes pseudocyst and parasitic cyst.

 Hydatid Cyst

Hydatid cyst is commonly seen in Mediterranean, African, and Oceania countries 
and it primarily affects immigrant population in the USA.  Majority of patients 
develop unilocular cyst; predominantly in the right hepatic lobe. May have calcifi-
cations in the cyst wall.

 1. Cytomorphologic features [21, 22]

• Cellular debris.
• Fragments of laminated membranes.
• Scolices and hooklets may be present.

 2. Tips and pitfalls

• Biopsy carries a risk of anaphylactic shock.
• Differential diagnosis may include other parasitic cystic lesions.

 Abscess

Liver abscess is often caused by infectious agents such as bacteria and amoeba. 
Patients have associated clinical symptoms.

 1. Cytomorphologic features

• Abundant neutrophils.
• Scattered histiocytes and lymphocytes.
• Necrotic debris.
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 2. Tips and pitfalls

• It is not challenging for diagnosis in patient with clinical symptoms and typi-
cal FNA findings.

• The caveat is to rule out a malignancy since malignancy can be associated 
with inflammation and necrosis.

• Part of specimen should be sent for culture study for identification of infec-
tious agents.

 Hepatocellular Lesions

Hepatic lesions of hepatocellular origin are the most commonly encountered dis-
eases subjected to FNA biopsy. These lesions range from nonneoplastic changes to 
malignant neoplasms. FNA biopsy is able, at least in most cases, to differentiate a 
nonneoplastic or benign lesion from malignant. However, further classification of 
benign lesions may be difficult based on cytomorphological analysis alone. Core 
needle biopsy may be needed for classification of benign lesions as well as diagno-
sis of well- differentiated hepatocellular carcinoma.

 Regenerative Nodule

Regenerative nodules, variable in size, are the common findings in cirrhotic liver. 
Since cirrhosis is a risk factor for development of hepatocellular carcinoma, the 
possibility of hepatocellular carcinoma should be ruled out if a nodule, usually 
greater than 1 cm, is found in the background of cirrhosis. FNA biopsy could 
help, at least in most cases, the distinction of these two entities.

 1. Cytomorphologic features (Figs. 7.7 and 7.8) [3, 23–25]

• Moderate to high cellularity.
• Normal-appearing hepatocytes in small groups and clusters.
• Hepatocytes may have intracytoplasmic fat droplets and/or bile pigments.
• Hepatocytes may show focal reactive atypia such as variation in nuclear size, 

prominent nucleolus, and binucleation.

 2. Tips and pitfalls

• Differential diagnosis may include hepatic adenoma and well- differentiated 
hepatocellular carcinoma.

• Hepatic adenoma has more uniform benign-appearing hepatocytes.
• Well-differentiated hepatocellular carcinoma is accompanied with prominent 

vasculatures, the feature demonstrated as endothelial wrapping and capillary 
traversing.
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Fig. 7.7 Regenerative nodule. A cohesive cluster of hepatocytes with small round nuclei, abun-
dant granular cytoplasm, and cytoplasmic fat droplets intermixed with a few lymphocytes (Diff- 
Quik stain, ×200)

Fig. 7.8 Regenerative nodule. Single and loose groups of hepatocytes with variable-sized round 
nuclei, abundant granular cytoplasm, and occasional binucleation and cytoplasmic bile pigments 
intermixed with a few lymphocytes (Diff-Quik stain, ×400)
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 Focal Nodular Hyperplasia

Focal nodular hyperplasia is a benign lesion and often present as a solitary mass 
characterized by proliferation of hepatocytes and bile ducts with a central scar. It 
occurs most commonly in women of young ages.

 1. Cytomorphologic features [3, 26, 27]

• Moderate cellularity.
• Benign-appearing hepatocytes as well as benign-appearing bile ductal 

cells.
• Minimal cytological atypia.
• Variable amount of bile ductal cells.

 2. Tips and pitfalls

• Cytologically it is difficult to distinguish from normal liver sampling.
• In cases with a low number of bile ductal cells, differential diagnosis may 

include regenerative nodule and hepatic adenoma.

 Hepatic Adenoma

Hepatic adenoma is a benign neoplasm. It occurs predominantly in women under 
the age of 30 who have history of long-term use of oral contraceptives.

 1. Cytomorphologic features [3, 12, 28]

• Moderate to high cellularity.
• Benign-appearing uniform hepatocytes.
• Minimal cytological atypia.
• Bile ductal cells absent.

 2. Tips and pitfalls

• Differential diagnosis includes normal liver sampling and regenerative 
nodule.

• Patient’s clinical and imaging information is important for the differential 
diagnosis.

 Well-Differentiated Hepatocellular Carcinoma

Hepatocellular carcinoma is the most common primary hepatic malignant neo-
plasm. It occurs mostly in patients with cirrhosis. There are wide ranges of tumor 
differentiation. FNA biopsy has a relatively high diagnostic accuracy for hepatocel-
lular carcinoma.
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 1. Cytomorphologic features (Figs. 7.9 and 7.10) [1, 3, 10, 12, 23–25, 29, 30]

• High cellularity.
• Single, small groups, sheets, and clusters of relative uniform hepatocytes.
• Hepatocytes show mild cytological atypia including increased nuclear-to- 

cytoplasmic ratios, nuclear enlargement, prominent nucleolus, and occasional 
intranuclear inclusions.

• Hepatocytes may contain cytoplasmic bile pigments.
• Spindle-shaped endothelial cells surround groups of hepatocytes (endothelial 

wrapping).
• Groups of hepatocytes with embedded capillary vasculatures (capillary 

traversing).
• Increased naked nuclei.

 2. Tips and pitfalls

• Differential diagnosis includes cirrhosis/regenerative nodule and hepatic 
adenoma.

• Vascular proliferation is the key feature seen in hepatocellular carcinoma 
manifested by endothelial wrapping and capillary traversing on FNA cytol-
ogy specimens.

• In difficult cases, core needle biopsy may help settle diagnostic challenge.

Fig. 7.9 Well-differentiated hepatocellular carcinoma. A large cohesive cluster of relatively uni-
form hepatocytes with round nuclei and granular cytoplasm. Capillary vasculatures with spindle 
nuclei seen within the cluster (Diff-Quik stain, ×100)
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 Moderate to Poorly Differentiated Hepatocellular Carcinoma

 1. Cytomorphologic features (Figs. 7.11, 7.12 and 7.13) [1, 3, 12, 29, 31]

• High cellularity.
• Abundant single hepatocytes besides those in small groups, cords, sheets, and 

clusters.
• Pleomorphic nuclei with prominent nucleolus, occasional multinucleation, 

and atypical mitoses.
• Many naked nuclei.
• Endothelial wrapping and capillary traversing may be seen.
• Fatty changes may be seen in some cells.
• Morphologic variants of hepatocellular carcinoma have been described 

including clear cell and spindle cell variants.

 2. Tips and pitfalls

• Diagnostic challenge is that poorly differentiated hepatocellular carcinoma 
may have subtle or even lose morphologic characteristics of hepatocytic phe-
notype and then must be differentiated from poorly differentiated cholangio-
carcinoma and metastatic carcinoma.

Fig. 7.10 Well-differentiated hepatocellular carcinoma. Single and small groups of hepatocytes 
with variable-sized round nuclei, abundant granular cytoplasm, and occasional cytoplasmic fat 
droplets (Diff-Quik stain, ×200)
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Fig. 7.11 Moderately differentiated hepatocellular carcinoma. Single and small groups of hepato-
cytes with variable-sized round nuclei, abundant granular cytoplasm, and conspicuous nucleolus. 
Fat droplets seen in cytoplasm as well as background (Diff-Quik stain, ×200)

Fig. 7.12 Moderately differentiated hepatocellular carcinoma. Clusters of hepatocytes with traversing 
capillary vasculatures. Hepatocytes showing variable-sized round nuclei, abundant granular cytoplasm, 
and conspicuous nucleolus. Fat droplets seen in cytoplasm as well as background (Diff-Quik stain, ×400)
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• Immunophenotypic analysis with hepatocytic markers such as HepPar1 and 
arginase as well as glypican 3 may help establish diagnosis of poorly differ-
entiated hepatocellular carcinoma.

 Fibrolamellar Hepatocellular Carcinoma

Fibrolamellar hepatocellular carcinoma is an uncommon malignant tumor with dis-
tinct clinical and histopathologic features. It occurs almost exclusively in young 
patients with ages under 35. The tumor is not associated with cirrhosis.

 1. Cytomorphologic features [32, 33]

• High cellularity.
• Single and loose clusters of large pleomorphic cells.
• Abundant granular cytoplasm with possible intracytoplasmic hyaline 

globules.

Fig. 7.13 Poorly differentiated hepatocellular carcinoma. Single and small groups of hepatocytes 
with pleomorphic nuclei, abundant granular cytoplasm, and prominent nucleolus. Fat droplets seen 
in cytoplasm as well as background (Diff-Quik stain, ×400)
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• Large vesicular nuclei with large prominent nucleolus.
• Scant fibrous tissue may be seen separating clusters of hepatocytes.

 2. Tips and pitfalls

• Although tumor cells are large, nuclear-to-cytoplasmic ratios are low in 
fibrolamellar hepatocellular carcinoma.

• Patient’s unique demographic and clinical information is helpful for 
diagnosis.

• Tumor cells stains positive for hepatocyte markers but also stain positive for 
CK7.

 Hepatoblastoma

Hepatoblastoma is a rare malignant tumor which occurs mostly in children under 
age of 5. It is characterized by variable combination of several epithelial and mes-
enchymal elements.

 1. Cytomorphologic features [34–36]

• Moderate to high cellularity.
• Epithelial and mesenchymal elements in varying proportions and at variable 

stages of differentiation.
• Epithelial elements: wide-range morphologies of hepatocyte-like cells, large 

anaplastic cells, and undifferentiated small cells.
• Variable amounts of mesenchymal elements: fibrous, calcified stroma, and 

osteoid-like tissue.

 2. Tips and pitfalls

• Difficult to diagnose by FNA; extensive sampling is needed.
• Differential diagnosis includes the tumors that may occur in young patients, 

including infantile hemangioendothelioma, mesenchymal hamartoma, and 
angiomyolipoma.

 Bile Duct Lesions

Bile duct lesions are much less common and include reactive bile ductile prolifera-
tion, bile duct adenoma, and intrahepatic cholangiocarcinoma. It is important to 
separate cholangiocarcinoma from other lesions. Core needle biopsy may be 
required for diagnosis of well-differentiated cholangiocarcinoma.
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 Reactive Bile Ductile Proliferation

Reactive bile ductal proliferation is often associated with cirrhosis, biliary tract dis-
orders, and focal nodular hyperplasia and present as multiple irregular nodules.

 1. Cytomorphologic features

• Low to moderate cellularity.
• Small uniform epithelial cells arranged in small acinar groups or flat sheets.
• Vacuolated cytoplasm and round nuclei with smooth nuclear contours and 

evenly distributed chromatin.
• Mild cytological atypia including nuclear enlargement or conspicuous nucle-

olus may be seen; bile pigments may be seen.
• Variable number of benign-appearing hepatocytes may be present.

 2. Tips and pitfalls

• Differential diagnosis includes bile duct adenoma/hamartoma and 
cholangiocarcinoma.

• It is difficult to distinguish reactive bile ductile proliferation from bile duct 
adenoma or hamartoma based on the cytomorphology alone. Clinical and 
imaging findings may be helpful.

• It is important to exclude cholangiocarcinoma which shows more cytological 
atypia. In difficult cases, follow-up with core needle biopsy should be 
considered.

 Bile Duct Adenoma/Hamartoma

Bile duct adenoma is typically a single small subcapsular nodule, while bile duct 
hamartoma has multiple nodules, also known as von Meyenburg complex. They 
share the same histopathologic feature, i.e., proliferating bile ducts embedded in 
fibrous tissue.

 1. Cytomorphologic features

• Hypocellular specimen.
• Small uniform epithelial cells arranged in small acinar groups or flat sheets.
• Vacuolated cytoplasm and round nuclei with smooth nuclear contours and 

evenly distributed chromatin.
• Hepatocytes often absent.

 2. Tips and pitfalls

• Diagnostic clue is a single population of bland bile ductal cells.
• Differential diagnosis includes reactive bile duct proliferation and more 

importantly cholangiocarcinoma.

G. Cai



169

 Cholangiocarcinoma

Cholangiocarcinoma is less common than hepatocellular carcinoma but is the sec-
ond most common primary malignant tumor of the liver. It can arise in the intrahe-
patic or extrahepatic bile duct and is often not associated with cirrhosis. Dependent 
on the location, tumor can be sampled via bile duct brushing/biopsy or be evaluated 
by FNA [37, 38].

 1. Cytomorphologic features (Figs. 7.14, 7.15, and 7.16) [4, 8, 39, 40]

• Moderate to hypercellular specimen.
• Single, loose groups and clusters of cuboidal or low columnar tumor cells.
• Scant to moderate amount of vacuolated cytoplasm.
• Enlarged nuclei with variation in size and nuclear overlapping.
• Coarse chromatin and conspicuous nucleolus.

 2. Tips and pitfalls

• Differential diagnosis includes hepatocellular carcinoma and metastatic 
adenocarcinoma.

• Cholangiocarcinoma may have some overlapping cytomorphologic features 
with hepatocellular carcinoma, especially clear cell hepatocellular carcinoma. 

Fig. 7.14 Well-differentiated cholangiocarcinoma. Single and small groups of epithelial cells with 
enlarged round nuclei and vacuolated cytoplasm (Diff-Quik stain, ×200)

7 Liver



170

Fig. 7.15 Well-differentiated cholangiocarcinoma. Single groups of epithelial cells with enlarged 
round to oval nuclei, vacuolated cytoplasm, and conspicuous nucleolus (Diff-Quik stain, ×400)

Fig. 7.16 Poorly differentiated cholangiocarcinoma. Single and small clusters of epithelial cells with 
enlarged pleomorphic nuclei, vacuolated cytoplasm, and conspicuous nucleolus (Diff-Quik stain, ×200)
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However, cholangiocarcinoma does not have sinusoidal capillary vasculatures 
and bile pigments. Immunocytochemical analysis offers a discriminatory pro-
file that helps separate these two entities.

• Morphologically, it is almost impossible to differentiate cholangiocarcinoma 
from metastatic adenocarcinomas, particularly of breast and pancreas origin. 
Clinical history, imaging findings, and immunophenotyping are often 
needed.

 Combined Hepatocellular Carcinoma and Cholangiocarcinoma

Combined hepatocellular carcinoma and cholangiocarcinoma is a rare occurrence.

 1. Cytomorphologic features

• Hypercellular specimen.
• Duo populations of tumor cells in variable proportions.
• Hepatocellular carcinoma component: polygonal cells with granular cyto-

plasm, round nuclei, prominent nucleolus, and sometimes bile pigments.
• Cholangiocarcinoma component: cuboidal or low columnar cells with vacu-

olated cytoplasm, round or oval nuclei, and small conspicuous nucleolus.

 2. Tips and pitfalls

• Differential diagnosis may include cholangiocarcinoma, hepatocellular carci-
noma, as well as metastatic carcinoma.

• Morphological demonstration of duo tumor cell population with confirmatory 
immunocytochemical analysis may be required for a diagnosis.

 Vascular Lesions

Vascular tumors are commonly seen in the liver, ranging from benign hemangioma 
to malignant angiosarcoma. Most of hepatic vascular tumors are benign with hem-
angioma being the most common benign tumor found in the liver. FNA biopsy of 
hepatic vascular tumors most likely yields low cellularity specimen with bloody 
background. Clinical correlation and correlation with imaging findings are critically 
important for diagnosing this category of tumors.

 Hemangioma

Hemangioma is the tumor with dilated vascular spaces lined by benign endothelial 
cells. It has characteristic imaging findings and is infrequently subjected to FNA 
biopsy. Rather, FNA is often used to rule out malignancy in cases with atypical find-
ings on imaging.
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 1. Cytomorphologic features [4, 13]

• Very low cellularity.
• Isolated or small clusters of spindle cells with bland cytomorphology.
• Bloody background.
• Benign hepatocytes may be present.

 2. Tips and pitfalls

• Bloody specimen with rare bland spindle cells is a common finding.
• Spindle cells may be not present in some cases; and thus, confirming biopsy 

needle location may help ease the concern for inadequate sampling.
• Correlation with imaging findings is required.

 Angiosarcoma

Angiosarcoma is an uncommon malignant tumor in the liver, accounting for less 
than 1% of primary hepatic malignancies.

 1. Cytomorphologic features [41] (Fig. 7.17)

• Single and clusters of spindle cells or epithelioid cells.
• Pleomorphic nuclei with prominent nucleoli.

Fig. 7.17 Epithelioid angiosarcoma. Single and loose cohesive groups of large pleomorphic cells 
with high nuclear-to-cytoplasmic ratios, eccentrically located nuclei, and occasional mitoses (Diff- 
Quik stain, ×400)
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• Vacuolated cytoplasm may contain red blood cells or neutrophils.
• Frequent mitoses including atypical mitoses.
• Necrosis may be present.

 2. Tips and pitfalls

• Differential diagnosis may include poorly differentiated primary or metastatic 
tumors.

• Cytomorphologic features are not entirely specific; and confirmatory immu-
nostains with ERG, CD31, and CD34 are diagnostic.

 Epithelioid Hemangioendothelioma

Epithelioid hemangioendothelioma is an uncommon vascular tumor with a less 
aggressive clinical course as compared to angiosarcoma.

 1. Cytomorphologic features [42]

• Moderate to high cellularity.
• Dispersed single or clusters of epithelioid cells with folded nuclei and con-

spicuous nucleoli.
• Spindle tumor cells may be present.
• Occasional cytoplasmic vacuoles.
• Mitoses are rare and necrosis is absent.

 2. Tips and pitfalls

• Epithelioid hemangioendothelioma should be distinguished from angiosar-
coma, which is largely based on cytomorphological analysis.

• Due to its epithelioid cell morphology, the differential diagnosis should 
include cholangiocarcinoma, hepatocellular carcinoma, metastatic carci-
noma, and melanoma.

• The diagnosis requires confirmatory ERG, CD31, and CD34 immunostains 
but with a low Ki-67 index.

 Angiomyolipoma

Although uncommon, liver is the most common site outside the kidney to have 
angiomyolipoma. The presence of fat component in angiomyolipoma allows an 
accurate diagnosis by imaging studies.

 1. Cytomorphologic features [43]

• Moderate cellularity.
• Mixed fat, epithelioid cells/spindle cells (myoid cells), and vascular tissue in 

variable proportions.
• Epithelioid variant shows predominant epithelioid cells.
• Extramedullary hematopoiesis may be seen in some cases.
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 2. Tips and pitfalls

• Although angiomyolipoma has a triad of fat, vessel, and myoid elements, only 
the myoid component is specific for the diagnosis. Myoid element can be 
confirmed by melanocytic markers such as Melan A and HMB45 as well as 
smooth muscle marker SMA.

• Angiomyolipoma should be differentiated from myelolipoma and nodular 
hematopoiesis.

• Differential diagnosis for epithelioid angiomyolipoma may include hepato-
cellular carcinoma, cholangiocarcinoma, and metastatic tumor.

 Metastatic Tumors

Metastatic tumors are more commonly seen than primary neoplasms in the liver. 
The liver has a unique duo blood supply system through the hepatic artery and por-
tal vein; thus, metastatic tumors can originate from organs of the portal systems 
such as the gastrointestinal tract and pancreaticobiliary as well as from the organs 
such as the lung, breast, and skin through the systemic circulation [11, 12, 17, 44]. 
Most metastatic tumors have cytomorphologic features which can help differential 
diagnosis from primary hepatic tumors, mainly hepatocellular carcinoma and intra-
hepatic cholangiocarcinoma. However, there are cytomorphologic features that are 
shared by primary and some metastatic tumors. For example, metastatic well- 
differentiated pancreatic ductal adenocarcinoma or extrahepatic cholangiocarci-
noma can have similar features as primary intrahepatic cholangiocarcinoma. In 
addition to cytomorphology, clinical history, imaging findings, and immunopheno-
typic analysis are often required to render a diagnosis of metastatic tumor.

 Metastatic Colorectal Adenocarcinoma

This is one of the most common metastatic tumors seen in the liver. Most patients 
have a documented history of colorectal adenocarcinoma.

 1. Cytomorphologic features (Figs. 7.18 and 7.19)

• Clusters of tumor cells in a necrotic background.
• Tumor cells are columnar in shape and have vacuolated cytoplasm and oval 

hyperchromatic nuclei, arranged in sheets or acinar pattern.
• Single tumor cells may be seen.

 2. Tips and pitfalls

• History of colorectal adenocarcinoma with classic cytomorphologic features 
is often sufficient for a diagnosis.

• In some cases, immunostains may be needed for differential diagnosis. The 
tumor cells are typically positive for CK20 and CDX2 while negative for 
CK7.

G. Cai



175

Fig. 7.18 Metastatic colonic adenocarcinoma. Single and small groups of epithelial cells with 
oval to columnar nuclei and vacuolated cytoplasm in a necrotic background. Scattered reactive 
hepatocytes also seen (Diff-Quik stain, ×200)

Fig. 7.19 Metastatic colonic adenocarcinoma. Small groups of epithelial cells with oval to colum-
nar nuclei and vacuolated cytoplasm in a necrotic background (Diff-Quik stain, ×400)
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 Metastatic Pancreatic Adenocarcinoma

Liver is the common primary site for pancreatic adenocarcinoma to metastasize to. 
Metastasis can be documented during initial evaluation of pancreatic tumors or after 
patients receive treatments.

 1. Cytomorphologic features (Fig. 7.20)

• Clusters of tumor cells with scattered single cells.
• Variable cytological atypia.
• Tumor cells have vacuolated cytoplasm, irregular nuclear contours, and con-

spicuous nucleolus.
• Necrosis may be present.

 2. Tips and pitfalls

• Morphological comparison with primary pancreatic tumor is the key to estab-
lish a diagnosis of metastatic disease.

• Differential diagnosis should include cholangiocarcinoma and metastatic 
adenocarcinoma from other primaries.

• Immunostains may be helpful for exclusion of other primary sites such as 
lung and breast.

Fig. 7.20 Metastatic pancreatic adenocarcinoma. Single and small groups of epithelial cells with 
round to oval nuclei, variation in nuclear size, vacuolated cytoplasm, and conspicuous nucleolus 
(Diff-Quik stain, ×200)
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 Metastatic Lung Carcinoma

Most patients have a recent diagnosis of lung carcinoma, including adenocarci-
noma, squamous cell carcinoma, and small cell carcinoma.

 1. Cytomorphologic features

• Adenocarcinoma: single and loose cohesive clusters of tumor cells with vacu-
olated cytoplasm, pleomorphic nuclei, irregular nuclear contours, and con-
spicuous nucleolus (Fig. 7.21).

• Squamous cell carcinoma: loose groups or sheets of tumor cells with dense 
cytoplasm, pleomorphic hyperchromatic nuclei, and inconspicuous nucleo-
lus. Necrosis is often present (Fig. 7.22).

• Small cell carcinoma: single and dyscohesive clusters of intermediate-sized 
tumor cells with scant cytoplasm, nuclear molding, and inconspicuous nucle-
olus. Necrosis and apoptosis are often seen.

 2. Tips and pitfalls

• Patient’s history plays an important role for metastatic work-up.
• The markers such as TTF-1 and Napsin A are helpful for elucidation of lung 

origin of metastatic adenocarcinoma.

Fig. 7.21 Metastatic lung adenocarcinoma. Single and small groups of epithelial cells with round 
to oval nuclei, variation in nuclear size, vacuolated cytoplasm, and conspicuous nucleolus (Diff- 
Quik stain, ×200)
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• In cases of metastatic small cell carcinoma, TTF-1 is not a reliable marker for 
lung primary since TTF-1 positivity has been seen in small cell carcinomas of 
non-lung origin.

 Metastatic Breast Carcinoma

Breast carcinoma is the most common type of cancers seen in women. Ductal car-
cinoma is far more common than lobular carcinoma. Metastatic breast carcinoma 
can occur many years after initial diagnosis and treatment.

 1. Cytomorphologic features (Fig. 7.23)

• Ductal carcinoma: clusters of relatively uniform tumor cells with moderate 
amount of cytoplasm, eccentrically located nuclei, and conspicuous nucleolus.

• Lobular carcinoma: single and loose groups of relatively uniform tumor cells 
with electrically located nuclei and occasional cytoplasmic vacuoles.

 2. Tips and pitfalls

• Tumor cells with relatively bland cytomorphology raises the possibility of 
metastatic breast carcinoma.

• The differential diagnosis may include cholangiocarcinoma and metastatic 
well-differentiated pancreatic ductal adenocarcinoma.

Fig. 7.22 Metastatic lung squamous cell carcinoma. A single cluster of epithelial cells with high 
nuclear-to-cytoplasmic ratios, oval nuclei, and dense cytoplasm (Diff-Quik stain, ×200)
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• Additional material should be requested for preparation of cell block, on 
which breast origin markers such as GATA3, mammaglobin, and GCDFP15 
as well as ER, PR, and HER2 tests can be performed.

 Metastatic Neuroendocrine Neoplasm

Neuroendocrine tumors metastatic to the liver mostly originate from the pancreas 
and gastrointestinal tract, most of which are well differentiated.

 1. Cytomorphologic features (Fig. 7.24)

• Loosely cohesive groups of relatively uniform tumor cells.
• Tumor cells have moderate amount of cytoplasm and eccentrically located 

oval nuclei with inconspicuous nucleolus.
• Occasional binucleation.

 2. Tips and pitfalls

• Documented history and morphological comparison are the most important 
elements.

• Immunophenotypic analysis help confirm neuroendocrine differentiation but 
add little for identification of possible primary sites.

Fig. 7.23 Metastatic breast adenocarcinoma. Single and small groups of epithelial cells with 
eccentrically located round to oval nuclei, variation in nuclear size, vacuolated cytoplasm, and 
conspicuous nucleolus (Diff-Quik stain, ×200)
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 Metastatic Sarcoma

Metastatic sarcoma to the liver is a rare occurrence.

 1. Cytomorphologic features (Fig. 7.25)

• Single or loose groups of tumor cells.
• Often spindle cells, but could be epithelioid.
• Variable cytological atypia.
• Matrix may be present in the background or intermixed with tumor cells.

 2. Tips and pitfalls

• Patients often have history of sarcoma.
• Comparison with histological or cytological specimen of the original tumor is 

the key to render a correct diagnosis.

Fig. 7.24 Metastatic well-differentiated neuroendocrine tumor. Single and small groups of epithe-
lioid cells with eccentrically located round to oval nuclei, dense cytoplasm with occasional cyto-
plasmic vacuoles, and inconspicuous nucleolus (Diff-Quik stain, ×200)
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 Metastatic Melanoma

Patients vary in ages and often have documented history of melanoma.

 1. Cytomorphologic features (Fig. 7.26)

• Melanoma is a great mimic for many tumors due to its diverse morphologic 
features.

• Dispersed single cells and loosely cohesive groups.
• Epithelioid cells or spindle cells.
• Classical morphology includes large tumor cells with eccentrically located 

nuclei, prominent nucleoli, and occasional intranuclear inclusions and 
binucleation.

• Melanin pigments may be present.

Fig. 7.25 Metastatic myxoid liposarcoma. Abundant myxoid material, scattered epithelioid cells 
with scant cytoplasm intermixed with occasional lipoblasts, and capillary vasculature (Diff-Quik 
stain, ×100)
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 2. Tips and pitfalls

• Metastatic melanoma should always be included in the differential diagnosis 
for metastatic tumor work-up, especially in patients with history of 
melanoma.

• No single morphologic feature can reliably rule in or rule out metastatic 
melanoma.

• Immunocytochemical analysis with melanocytic markers such as SOX10, 
Melan A, and HMB45 is often required for rendering a diagnosis. S100 may 
need to be included in the panel when dealing spindle cell melanoma.
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Chapter 8
Kidney and Adrenal Gland

Adebowale J. Adeniran

 Kidney

 Introduction

In the past, clinical management of patients was based on characteristic radiologic 
features; hence there was no clear role for fine needle aspiration (FNA) of renal 
tumors [1]. The great majority of renal lesions are radiologically benign cysts, 
which require no treatment. All solid renal cortical lesions, except metastases, were 
subject to surgical resection. More recently, FNA has been of increasing value. It is 
helpful in preventing unnecessary surgeries in patients with benign lesions such as 
oncocytoma, in patients with malignant lesions who are otherwise nonsurgical can-
didates, in patients with radiologically indeterminate cysts, and in other patients for 
whom partial nephrectomy rather than radical nephrectomy may be a preferred 
alternative treatment, especially in patients with tumors such as papillary renal cell 
carcinoma (papillary RCC), chromophobe RCC, and mucinous tubular and spindle 
cell carcinoma, which have a good prognosis [1–4]. Current management of small 
renal masses involves ablating the masses using cryotherapy, radiofrequency, or 
ethanol injections. FNA is done in this category of patients to confirm malignancy 
before the ablation procedure [5]. Advances in neoadjuvant targeted therapies for 
RCC have made the knowledge of the histological subtype critical for tailoring 
clinical trials and follow-up strategies [6, 7].
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 Specimen Adequacy Assessment

Virtually all kidney aspirations are performed percutaneously by radiologists using 
ultrasonography (US), computed tomography (CT), or magnetic resonance imaging 
(MRI) for guidance. However, there is increasing use of endoscopic ultrasound- guided 
fine needle aspiration (EUS-FNA) [8]. Rapid on-site evaluation (ROSE) for assess-
ment of specimen adequacy is very important because it helps in decision- making such 
as whether additional passes are needed and whether additional tissue such as needle 
core biopsy is needed. It has been suggested that core biopsy and FNA are comple-
mentary and the combination of these techniques is better than either alone [9]. There 
are no established criteria for adequacy requirement in terms of specimen cellularity. 
A renal FNA specimen is considered adequate if a specific diagnosis can be made or if 
there is sufficient cellularity to suggest a limited differential diagnosis [10]. Aspiration 
of a cystic lesion composed exclusively of macrophages is reported as nondiagnostic 
rather than negative because a cystic RCC cannot be entirely excluded. The success of 
a renal FNA is largely dependent on the technique of aspiration, the skill of the aspira-
tor, and the motivation and expertise of the pathologist and cytotechnologist.

 Normal Elements in Kidney Cytology

Normal renal parenchymal components are occasionally encountered especially when 
a small renal mass is targeted and the needle misses the lesion and samples the adjacent 
normal renal parenchyma. Glomeruli are large, highly cellular globular structures, 
with sharply demarcated, multilayered clusters of epithelial and endothelial cells. They 
are much more dense in the center than at the periphery and there are distinctive capil-
lary loops at the edges. Glomeruli may mimic the papillae of papillary RCC.

Proximal convoluted tubules have abundant granular, eosinophilic cytoplasm, 
and large oval nuclei with small, inconspicuous nucleoli. The cells have ill-defined 
cell borders, with the granules appearing to be spilling out of the cells. The cells 
may mimic those of oncocytoma or chromophobe RCC.

The cells of distal convoluted tubules are much smaller than cells from the proximal 
tubules and they have less cytoplasm. The cytoplasm is clear to slightly granular, and 
they have a small, round nucleus with an inconspicuous nucleolus. The cell borders are 
well-defined. The cells may mimic those of a low-grade clear cell or papillary RCC.

 Cystic Lesions of the Kidney

 Diagnostic Considerations

It has been estimated that up to 85% of asymptomatic renal masses detected by vari-
ous imaging studies are at least partially cystic [11]. The majority of renal cysts appear 
radiographically as unilocular cysts with homogeneous watery content and regular, 
thin, smooth walls. Most of these can be reliably diagnosed as simple benign cysts 
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[12, 13]. The remainder, however, display atypical imaging features such as multi-
locularity; mural nodules; shaggy, irregularly thickened, or calcified cyst wall; or het-
erogeneous or high-density cyst content [11, 14–16]. For this group, diagnostic 
possibilities other than simple cysts should be considered. The gross appearance of 
the aspirated fluid is a poor diagnostic indicator, since fluid from benign cysts and 
cystic carcinomas may be clear, cloudy, or bloody. Cystic degeneration of tumor tis-
sue, substantial enough to be visible by imaging, is frequently seen in clear cell RCC 
and papillary RCC [16, 17]. The tumor may be solid with extensive cystic change or 
it may represent a mural tumor nodule arising from cyst epithelium [14].

 1. Cytomorphologic features

• Macrophages are almost always present, and in most cases, it represents the 
predominant or the only cell type present.

• In benign cysts, macrophages display nuclei without atypical features and 
abundant, uniformly vacuolated, or granular cytoplasm with or without hemo-
siderin pigment (Figs. 8.1 and 8.2).

Fig. 8.1 Renal cyst. Macrophages are the predominant cells present, some with hemosiderin pig-
ment (Diff-Quik stain, ×400)
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• Macrophages mostly present as single cells but they may be aggregated into 
cohesive clusters.

• Cyst-lining epithelial cells appear as rare 2-dimensional clusters or isolated 
epithelial cells with mild nuclear atypia, reticulated or granular cytoplasm, 
and ill-defined cell borders [11].

• Tubular cells are often seen, consisting mostly of proximal tubular cells, 
which appear as small, orderly, oriented, 2-dimensional cell clusters with 
abundant, finely granular, homogeneous cytoplasm and uniform, round nuclei 
with small nucleoli. Aspirated proximal tubular cells present as naked nuclei 
or as 2-dimensional tubular fragments.

• Cystic renal cell carcinoma is characterized by abundant clusters and isolated 
tumor cells with ample, vacuolated, fluffy, or reticulated cytoplasm. Tumor 
cell clusters are mostly large, irregular, and three-dimensional [11].

Fig. 8.2 Renal cyst. Predominantly crystals and scattered macrophages (Diff-Quik stain, ×200)
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 2. Tips and pitfalls

• When macrophages are aggregated into cohesive clusters, they may simulate 
cells of renal cell carcinoma. Immunohistochemistry is very helpful in this 
scenario as macrophages are positive for CD68, while the cells of renal cell 
carcinoma will be positive for cytokeratin AE1/AE3.

• The presence of numerous epithelial cells, even with mild atypia, or of few 
epithelial cells with significant atypia should raise the possibility of a malig-
nant neoplasm or complex cystic lesions.

• Repeated aspiration of any residual solid areas that are visible after evacua-
tion of the cyst usually yields abundant tubular cells, which may be misinter-
preted as tumor cells.

• Calcium oxalate crystals are frequently seen in the acquired cystic disease- 
associated renal cell carcinoma.

 Benign or Uncertain Behavior Neoplasms

 Oncocytoma

 A. Diagnostic considerations
Oncocytoma, a benign tumor of oncocytes, is composed of large epithelial 

cells with abundant eosinophilic cytoplasm. Grossly, the tumor is usually well- 
circumscribed and encapsulated with mahogany brown color and a central 
fibrous scar.

 B. Cytomorphologic features

• Cellular specimen with numerous isolated cells with abundant, eosinophilic 
granular cytoplasm and small, round nuclei with finely granular chromatin 
and inconspicuous, tiny nucleoli [18].

• Tumor is arranged in rounded nests with well-demarcated cell borders.
• Isolated pleomorphic or bizarre cells consistent with degenerative atypia may 

be present.

 C. Tips and pitfalls

• Hepatocytes from inadvertent sampling of the liver can mimic oncocytes. 
Although hepatocytes have abundant granular cytoplasm similar to cells of 
oncocytoma, they show more variation in nuclear and cellular size and they 
often contain lipofuscin pigment.

• Eosinophilic variant of clear cell RCC and several other different subtypes of 
RCC can have eosinophilic granular cytoplasm and therefore mimic an onco-
cytoma. It is essential that additional pass should be collected for cell block 
preparation for immunohistochemistry to differentiate between oncocytoma 
and these neoplasms.
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• Oncocytic papillary RCC has a similar appearance to oncocytoma, but it also 
has papillae and abundant macrophages, which are not features of oncocytoma.

• Distinction between chromophobe RCC and oncocytoma can be very diffi-
cult on smears alone and additional cell block material is needed for mor-
phology assessment and immunohistochemistry. The neoplastic cells in 
oncocytoma are arranged in rounded nests, while cells in chromophobe RCC 
have a trabecular arrangement. Chromophobe RCC is typically positive for 
CK7 and shows diffuse cytoplasmic staining for Hale’s colloidal iron, 
whereas oncocytoma is negative for CK7 and mostly negative or show focal 
apical staining for Hale’s colloidal iron.

• Hybrid oncocytic tumors comprise of oncocytoma and chromophobe RCC 
components and the FNA findings depend on the areas sampled. Because of 
this potential pitfall, it is advisable that these cases should be diagnosed as 
“oncocytic renal neoplasm.” A particular lesion can be favored if possible, 
but a note should be added that a partial nephrectomy should be considered, 
if clinically indicated.

 Renal Cortical Adenoma

 A. Diagnostic considerations
Papillary adenomas are small lesions less than 1.5  cm, which arise in the 

renal cortex and are often subcapsular. They are usually unencapsulated and 
histologically, immunohistochemically, and cytologically indistinguishable 
from type 1 papillary RCC.

 B. Cytomorphologic features

• Lesion is composed of densely packed tubules lined by small, regular cuboi-
dal cells with round, uniform, bland nuclei. Pure papillary and tubulopapil-
lary patterns as well as microcyst formation can also be seen [19].

 C. Tips and pitfalls

• A diagnosis of papillary adenoma based on FNA should be made with 
extreme caution, because the presence of capsule or grade heterogeneity may 
not be visualized.

 Metanephric Adenoma

 A. Diagnostic considerations
Metanephric adenoma is an uncommon benign neoplasm of the kidney 

derived from metanephric blastema and composed of well-differentiated epithe-
lial nephroblastic cells [20]. The majority of cases are found during imaging 
studies for other complaints. There is a close association between metanephric 
adenoma and polycythemia.
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 B. Cytomorphologic features

• Cellular smears with cells arranged as short tubules, tight balls, and loose sheets.
• Conspicuous basement membrane-type material surrounds neoplastic cells.
• Tumor cells are small and uniform, with round nuclei, fine chromatin, absent 

nucleoli, and scant cytoplasm [21].
• Psammoma bodies are common.
• Mitoses are absent or very infrequent.

 C. Tips and pitfalls

• Differentiating metanephric adenoma from monophasic Wilm’s tumor can be very 
challenging. Additional passes for cell block material and immunohistochemistry 
is key. Metanephric adenoma is positive for CD57 and may show nuclear reactiv-
ity for WT-1 while negative for CD56, whereas Wilm’s tumor is positive for WT-1 
and CD56 and may be positive for CD57 in up to 50% of cases.

• Papillary RCC can also be confused with metanephric adenoma. Unlike papil-
lary RCC, metanephric adenoma is negative for epithelial membrane antigen.

 Angiomyolipoma

 A. Diagnostic considerations
Angiomyolipoma, a benign neoplasm, is regarded as a hamartoma or benign 

mesenchymoma, and it consists of a mixture of mature adipose tissue, tortuous 
thick-walled blood vessels, and fascicles of smooth muscle [22, 23]. There is a 
strong association with tuberous sclerosis, and these patients tend to have mul-
tiple small and bilateral angiomyolipomas, and they also demonstrate extrarenal 
manifestations of tuberous sclerosis complex [10].

 B. Cytomorphologic features

• The vascular component is characterized by thick-walled blood vessels lined 
by endothelial cells.

• The smooth muscle component is composed of clusters of bland small spin-
dle cells, which vary in size and shape, with granular cytoplasm [24].

• The lipomatous component is composed of mature adipose tissue. Areas of 
fat necrosis, comprising of histiocytes and multinucleated giant cells may be 
found [23].

• The cells of epithelioid angiomyolipoma are round and range from medium 
to large cells with prominent nucleoli and abundant cytoplasm, resembling 
ganglion cells.

 C. Tips and pitfalls

• The smooth muscle cells of angiomyolipoma often show atypia and this may 
be confused with sarcoma or sarcomatoid differentiation in renal cell carci-
noma [24].
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• Highly cellular smooth muscle cells with predominantly round cell pattern with 
granular cytoplasm may be confused with RCC with granular cytoplasm.

• Fat-predominant angiomyolipoma can mimic well-differentiated liposarcoma.
• Cells of epithelioid angiomyolipoma, especially in the presence of necrosis 

and mitoses, can mimic clear cell RCC [25].
• The smooth muscle cells as well as the fat cells are positive for melanoma 

markers such as HMB-45 and Melan A.

 Renal Abscess

 A. Diagnostic considerations
Localized bacteria pyelonephritis and renal abscess can have the appearance 

of a mass on radiologic examination. Both intrarenal and perinephric abscess 
can be aspirated under US guidance.

 B. Cytomorphologic features

• Aspirates yield necrotic material and abundant neutrophils.
• Rare atypical cells may be present.

 C. Tips and pitfalls

• If the aspiration yields turbid fluid or frank pus, material should be sent for 
microbiologic studies.

• The atypical cells can mimic renal cell carcinoma with abundant necrosis. 
Hence, in the presence of abundant acute inflammation, atypical cells in renal 
FNA, especially when they are very few, should be interpreted with caution.

 Xanthogranulomatous Pyelonephritis

 A. Diagnostic considerations
Xanthogranulomatous pyelonephritis is a chronic inflammatory disease of the 

kidney and is thought to be an atypical host reaction to a bacterial infection, which 
usually presents as a mass lesion. It is associated with recurrent urinary tract 
infection and may present as a mass lesion, thereby mimicking carcinoma [26].

 B. Cytomorphologic features

• The lesion is composed of histiocytes and multinucleated giant cells [24].
• Histiocytes have foamy, granular, or eosinophilic cytoplasm and small uni-

form nuclei (Fig. 8.3).
• Necrosis, cholesterol clefts, and lymphocytes are commonly seen.

 C. Tips and pitfalls

• Clusters of histiocytes can resemble the cells of clear cell RCC. The histio-
cytes of xanthogranulomatous pyelonephritis, however, lack nuclear atypia 
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and have a cytoplasm that has a more microvacuolated appearance than that 
of typical clear cell RCC.

• Immunohistochemical stains will be helpful in difficult cases, hence the need 
for additional passes for cell block material. The histiocytes show immuno-
reactivity for CD68 and negative for cytokeratin AE1/AE3, the precise oppo-
site of the immunoprofile that is seen in clear cell RCC.

 Malignant Neoplasms

 Clear Cell Renal Cell Carcinoma

 A. Diagnostic considerations
Clear cell renal cell carcinoma is the most common variant of RCC, account-

ing for 75–80% of all RCCs. The tumor cells have a rich network of delicate, 
thin-walled blood vessels, which accounts for the contrast enhancement pattern 
on imaging studies and the frequent bloodiness of FNA samples [10]. Grossly, 
most clear cell RCCs are solitary and randomly distributed in the renal cortex. 
Multicentricity in the same kidney as well as bilaterality can also be seen and 

Fig. 8.3 Xanthogranulomatous pyelonephritis. Clusters of histiocytes with small uniform nuclei 
and foamy cytoplasm. The histiocytes form aggregates resembling clear cell RCC, but they lack 
nuclear atypia (Diff-Quik stain, ×200)
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these are often associated with familial and associated conditions such as von 
Hippel-Lindau disease [27, 28]. The tumor is typically golden yellow in appear-
ance due to the rich lipid content of its cells.

 B. Cytomorphologic features

• Aspirates tend to be hypercellular (Fig.  8.4), with bloody and/or necrotic 
background.

• Cells are interspersed with abundant, thin-walled blood vessels.
• Cells tend to be large with a low to moderate nuclear-cytoplasmic ratio.
• Nuclei tend to be round or slightly irregular, with finely granular, evenly 

distributed chromatin [29].
• Depending on the degree of differentiation, nucleoli may be absent, sparse, 

large, or prominent.
• The cytoplasm is abundant, can be clear and foamy, or may be granular and 

eosinophilic or a mixture of both (Fig. 8.5). Cytoplasm is thin and wispy and 

Fig. 8.4 Clear cell RCC. Hypercellular aspirate (Diff-Quik stain, ×200)
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cell membranes are poorly defined. Small cytoplasmic vacuoles are often 
peripherally placed [10, 24, 29, 30].

• Necrosis, hemorrhage, cystic degeneration, and calcifications are common.

 C. Tips and pitfalls

• Higher-grade tumors have more isolated cells and less vacuolated cytoplasm 
(Fig. 8.6).

• A small proportion of tumors can have focal or extensive areas of cells with 
rhabdoid differentiation (Fig. 8.7). This should not be confused with rhab-
doid tumor of the kidney.

• Aspirates of benign renal tubular cells can mimic low-grade clear cell 
RCC. The aspirate is usually flat and shows small groups of cells without 
vacuolated cytoplasm or branching vessels.

Fig. 8.5 Clear cell RCC. Abundant foamy cytoplasm with peripherally placed small cytoplasmic 
vacuoles (Diff-Quik stain, ×400)
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• Adrenal cortical cells can simulate cells of clear cell RCC. However, the cells 
of the adrenal cortex are smaller and have a fine bubbly cytoplasm and are 
frequently stripped of their cytoplasm.

• Predominance of clear cells is also seen in clear cell tubulopapillary RCC and 
this may be impossible to distinguish from low-grade clear cell RCC based 
on cytology alone. It is important to collect cell block material for immuno-
histochemistry. Clear cell RCC typically demonstrates diffuse membranous 
staining for carbonic anhydrase IX while negative for CK7. In contrast, clear 
cell tubulopapillary RCC is negative for CK7 and shows cup-like staining for 
carbonic anhydrase IX.

• Other renal neoplasms with clear cell features such as epithelioid angio-
myolipoma and translocation RCC should be considered in the differential 
diagnosis and immunohistochemical stains should be ordered accordingly. 

Fig. 8.6 Clear cell RCC. High-grade tumor with more isolated cells and less vacuolated cyto-
plasm (Diff-Quik stain, ×400)
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Epithelioid angiomyolipoma is positive for HMB-45 and negative for car-
bonic anhydrase IX, while clear cell RCC demonstrates diffuse membra-
nous staining for carbonic anhydrase IX and negative for HMB-45. 
Translocation RCC is positive for cathepsin K and has a variable but focal 
positivity for carbonic anhydrase IX, while clear cell RCC is negative for 
cathepsin K.

 Papillary Renal Cell Carcinoma

 A. Diagnostic considerations
Papillary RCC accounts for 7–15% of all RCCs [10, 31, 32]. It is associated 

with renal cortical adenomas and multifocality. Papillary RCC is divided into 
two morphologic subtypes – types 1 and 2 – which correlate with tumor grade. 

Fig. 8.7 Renal cell carcinoma with rhabdoid features (Diff-Quik stain, ×400)
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Patients with a low-grade/low-stage papillary RCC have an excellent prognosis, 
while those with a high-grade/high-stage papillary RCC have a poor prognosis 
[32, 33].

 B. Cytomorphologic features

• Aspirates are hypercellular with abundant papillary structures with true fibro-
vascular cores, spherules, and tubules.

• Type 1 tumors show papillae covered by a single layer of small bland cuboi-
dal cells with uniform round, small nuclei, inconspicuous nucleoli, and scant 
cytoplasm.

• Type 2 tumors show papillae covered by large eosinophilic cells with enlarged 
nuclei, prominent nucleoli, and abundant granular cytoplasm.

• Cytoplasm may be clear, eosinophilic, or granular.
• Fibrovascular cores are distended with foamy macrophages.
• Abundant intracytoplasmic hemosiderin and psammoma bodies may be present.

 C. Tips and pitfalls

• Type 1 papillary RCC is histologically, immunohistochemically, and cyto-
logically indistinguishable from papillary adenoma. Radiological correlation 
is essential as the difference between the 2 entities is the size. Papillary ade-
nomas are less than 1.5 cm in diameter.

• Type 1 papillary RCC can be confused with metanephric adenoma. Unlike 
papillary RCC, metanephric adenoma is negative for epithelial membrane 
antigen, so obtaining material for cell block for immunohistochemistry is 
important at the time of on-site evaluation.

 Chromophobe Renal Cell Carcinoma

 A. Diagnostic considerations
Chromophobe renal cell carcinoma is derived from the intercalated cells of 

the cortical collecting duct system and it consists of 4% of all RCCs [34]. 
Patients usually have an excellent prognosis as this entity has a much higher 
5-year survival than clear cell RCC [35]. Grossly the cut surface shows a tan 
brown tumor which may closely mimic an oncocytoma. There are two distinct 
morphologic variants – the classic and eosinophilic variants.

 B. Cytomorphologic features

• Aspirates are cellular with polygonal cells.
• Cells have eccentrically placed nuclei with inconspicuous nucleoli and well- 

defined cell borders.
• There is marked variation in the size of the nuclei, which have dark chroma-

tin and raisinoid nuclei [36, 37].
• Cells may be binucleated or multinucleated and multiple fused nuclei may 

also be arranged peripherally (Fig. 8.8).
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• Cytoplasm is granular and finely reticulated with perinuclear cytoplasmic 
clearing (Fig. 8.9). In classic variant, the cytoplasm is pale, while it is eosino-
philic in the eosinophilic variant [10].

• The cells are reminiscent of koilocytes due to the nuclear features and peri-
nuclear halo.

 C. Tips and pitfalls

• Eosinophilic variant of chromophobe RCC can mimic oncocytoma. It has 
less dense granular cytoplasm than oncocytoma, and it is also characterized 
by perinuclear cytoplasmic clearing and marked anisonucleosis, features that 
are not typically seen in oncocytoma. Additional material for cell block prep-
aration is very important as the morphology of tumor cells is better appreci-
ated. In addition, immunohistochemical stains may be helpful in difficult 

Fig. 8.8 Chromophobe renal cell carcinoma. Cells show frequent binucleation and prominent cell 
borders (Diff-Quik stain, ×400)
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cases. Chromophobe RCC is positive for CK7, while negative in oncocy-
toma. Hale’s colloidal iron shows a diffuse cytoplasmic staining in chromo-
phobe RCC, while it is usually negative or shows focal apical staining in 
oncocytoma. In equivocal cases, it is reasonable to interpret the specimen as 
“oncocytic neoplasm” and defer to partial nephrectomy for definitive classi-
fication, if clinically indicated.

• Clear cell RCC can also mimic chromophobe RCC.  Clear cell RCC has 
abundant finely vacuolated cytoplasm with round centrally located nuclei 
and prominent nucleoli in contrast to the hyperchromatic raisinoid nuclei of 
chromophobe RCC.  Chromophobe RCC is usually positive for CK7 and 
CD117, two stains that are negative in clear cell RCC.

Fig. 8.9 Chromophobe renal cell carcinoma. Granular and finely reticulated cytoplasm with peri-
nuclear cytoplasmic clearing (Diff-Quik stain, ×400)

A. J. Adeniran



203

 Sarcomatoid Renal Cell Carcinoma

 A. Diagnostic considerations
Sarcomatoid transformation in renal cell carcinomas is considered to be a 

poor prognostic sign and these tumors are usually highly aggressive [38, 39]. 
For a tumor to be diagnosed as sarcomatoid RCC, it must consist of a typical 
RCC component associated with a definite sarcomatoid component. In most 
cases, sarcomatoid transformation is associated with clear cell RCC, but it has 
also been documented in papillary, chromophobe, and collecting duct RCCs 
[40–42]. The greater the proportion of the sarcomatoid component, the worse 
the prognosis [39]. These tumors are ideal candidates for FNA as many are 
unresectable at the time of presentation.

 B. Cytomorphologic features

• Aspirates are cellular with dimorphic cell population.
• The epithelial component is characterized by individual or small clusters of 

round cells with moderate to abundant cytoplasm. The nuclei are usually round 
with prominent nucleoli and nuclear membrane irregularity [43].

• The second population consists of single spindle cells or large clusters of 
spindle-shaped cells with elongated nuclei, prominent nucleoli, fine chroma-
tin, and little to moderate cytoplasm [43].

 C. Tips and pitfalls

• If an epithelial component is not identified, the tumor can be misdiagnosed as 
a true sarcoma. So, the preparation of cell block material may be of great 
benefit, especially in equivocal cases. The evaluation of tissue sections from 
cell blocks makes it easier to assess the sarcomatoid component and also 
provide a good source of material for immunohistochemical stains. The posi-
tivity for keratin and epithelial membrane antigen helps distinguish the 
tumors from true sarcomas.

• If only the epithelial area is sampled and no sarcomatoid component is rep-
resented, the tumor may be indirectly classified as a typical RCC.

 Collecting Duct Carcinoma

 A. Diagnostic considerations
Collecting duct carcinoma is a rare subtype of renal carcinoma that com-

prises 1–2% of all RCCs [44]. Unlike most RCCs, it arises in the renal medulla. 
It occurs in a younger age group than classical RCC and has an aggressive bio-
logic behavior [44, 45].
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 B. Cytomorphologic features

• Smears have variable cellularity with cells arranged as well-demarcated 
groups or tightly packed cohesive cells with tubulopapillary growth pat-
tern [44].

• Background is loose and shows loose scattered single cells and fragments of 
dense connective tissue.

• Nuclei are large, with eccentric or central placement, coarse chromatin, 
prominent nucleoli, and irregular nuclear contours [44, 46].

• Cytoplasm is scant, eosinophilic granular, or vacuolated.
• Nuclei of tubular cells may protrude into the luminal ends of the cells, giving 

a hobnail appearance [45].

 C. Tips and pitfalls

• In the presence of prominent papillary architecture, it may be difficult to 
distinguish collecting duct carcinoma from type 2 papillary RCC. These two 
entities can be distinguished from each other by their location, architecture 
and immunohistochemical expression. Collecting duct carcinoma is positive 
for high molecular weight keratin and negative for AMACR, while the con-
verse is true for papillary RCC.

• The cells of collecting duct carcinoma can closely resemble those of urothe-
lial carcinoma. Cells of collecting duct carcinoma are positive for PAX-8 
while negative for p63 and GATA-3, which helps distinguish it from urothe-
lial carcinoma.

• Metastatic adenocarcinoma to the kidney can mimic collecting duct carci-
noma. With a history of malignancy in other sites, metastasis should be con-
sidered and ruled out. Immunohistochemical stains are helpful in this scenario 
and cell block material should be obtained at the time of on-site assessment. 
The absence of extrarenal primary neoplasm should prompt consideration of 
an unusual primary renal tumor.

 Mucinous Tubular and Spindle Cell Carcinoma

 A. Diagnostic considerations
Mucinous tubular and spindle cell carcinoma (MTSCC) is a low-grade renal 

cell carcinoma, which is characterized by interconnecting tubular and spindle 
cells with low-grade nuclei within myxoid/mucinous stroma. Proper classifica-
tion is important because this tumor behaves in a benign fashion and has excel-
lent prognosis in overwhelming majority of cases [47], although aggressive 
cases have been reported [48].

 B. Cytomorphologic features

• Cellular aspirates showing cohesive tissue fragments, with thick, broad tra-
becular arrangements as well as branching, pseudo-papillary formations [47] 
(Fig. 8.10).
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• Tumor is composed of a mixture of tubular cells and spindle cells.
• Tubular cells are uniform, usually low cuboidal with bland round to oval to 

slightly elongated nuclei [47, 49].
• Focal moderate nuclear pleomorphism and prominent nucleoli may be 

present.
• Cytoplasm is delicate with indistinct cell borders. Scattered fine intracyto-

plasmic vacuoles may be present.
• Metachromatic myxoid/mucinous stroma with linear, basement membrane- 

like arrangements is also commonly seen but occasional tumors can be 
mucin-poor [50]. The myxoid stroma stains magenta on Diff-Quik stain, 
while it stains pale blue on Papanicolaou stain.

 C. Tips and pitfalls

• In the absence of myxoid matrix, MTSCC can be confused with papillary 
RCC because of the pseudo-papillary structures. However, MTSCC lacks 
true vascular cores and foam cells, two features which are the hallmark fea-
tures of papillary RCC.

• Branching pseudo-papillary arrangements can also be seen in clear cell RCC 
but clear cell RCC will be expected to have more cells with vacuolated cyto-
plasm and perivascular nesting of tumor cells.

Fig. 8.10 Mucinous tubular and spindle cell carcinoma. Cohesive tissue fragments with branch-
ing, pseudo-papillary formations. Cells are uniform, oval to spindled shaped, with abundant myx-
oid matrix (Diff-Quik stain, ×200)
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• MTSCC can also be confused with sarcomatoid RCC because of the pres-
ence of abundance of spindled cells. The spindled cells of MTSCC usually 
lack significant anisonucleosis and atypia and they also lack necrosis, unlike 
sarcomatoid carcinoma.

 Urothelial Carcinoma

 A. Diagnostic considerations
Urothelial carcinoma accounts for 5–10% of all renal tumors. It is similar to 

its bladder counterparts clinically, histologically, and cytologically. Urothelial 
carcinoma of the kidney has a significant association with synchronous or meta-
chronous urothelial tumors of other sites. Distinguishing urothelial carcinoma 
from RCC is important because the management of urothelial carcinoma 
requires the resection of the ureter along with the kidney.

 B. Cytomorphologic features

• The cytologic appearance depends on the grade of the tumor [30, 51, 52].
• Smears from low-grade tumors are usually cellular and are composed of 

aggregates of cells appearing as sheets, papillae, and single cells. The cells 
are columnar to polygonal with minimal nuclear atypia. Cells with elonga-
tions or cytoplasmic tails may be seen (Fig. 8.11), with occasional intracyto-
plasmic vacuole at the end of the tail. These are called cercariform cells [53, 
54] and are said to be characteristic of low-grade urothelial carcinoma.

• Smears from high-grade tumors are cellular and are composed of large 
columnar or polygonal cells with dense cytoplasm (Fig. 8.12). The nuclei are 
large and hyperchromatic, with coarse chromatin, irregular nuclear contours, 
and high nuclear-to-cytoplasmic ratios. Bizarre multinucleated forms and 
single cells may be seen (Fig. 8.13).

• Focal squamous differentiation and glandular differentiation with or without 
production of mucin may be seen.

 C. Tips and pitfalls

• High-grade urothelial carcinoma with sarcomatoid transformation may be 
confused with sarcomatoid RCC. In the absence of recognizable epithelial 
component, it may be difficult or even impossible to distinguish one from the 
other and additional material for immunohistochemical stains should be 
requested at the time of on-site evaluation.

• Urothelial carcinoma with either squamous or glandular differentiation may 
be confused with metastatic tumors to the kidney. Metastasis should always 
be ruled out especially when there is a history of extrarenal malignancy.

• It may be difficult to distinguish urothelial carcinoma from papillary RCC 
especially when there is predominance of papillary architecture. Distinction 
is made based on the distinctive nuclear features of each entity as well as the 
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characteristic features of papillary RCC such as abundant foamy macro-
phages and psammoma bodies.

• The cells of urothelial carcinoma can closely resemble those of collecting 
duct carcinoma. This has been discussed earlier.

 Metastatic Tumor

 A. Diagnostic considerations
Metastases to the kidney account for about 11% of renal tumors [55]. It is 

extremely uncommon for a kidney metastasis to be the initial manifestation of 
malignancy. Most tumors that are thought to be metastases in the kidney without 
a known primary most likely represent unusual primary renal tumors. Metastatic 

Fig. 8.11 Low-grade urothelial carcinoma. Cellular smear, showing cells with elongated cyto-
plasm (Diff-Quik stain, ×200)
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tumors are often multifocal and bilateral. The lung is the most common primary 
site, while other common sites include the stomach, breast, pancreas, and con-
tralateral kidney [55]. Malignant tumors of the adrenal may directly invade the 
kidney. Lymphomas are almost always metastatic from other sites although they 
may originate in the kidney.

 B. Cytomorphologic features

• Metastatic carcinomas have three-dimensional clusters of tumor cells [56].
• Most metastatic lung tumors show cells with dark nuclei and irregular nuclear 

outlines, but some may have abundant clear cytoplasm and prominent nucle-
oli, thereby mimicking high-grade clear cell RCC [10].

Fig. 8.12 High-grade urothelial carcinoma. Papillary cluster of large columnar cells (Diff-Quik 
stain, ×400)
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• For most of the other metastatic tumors, the cells are usually either pleomor-
phic, large cells or undifferentiated small cells.

 C. Tips and pitfalls

• Knowledge of the clinical history as well as judicious use of immunohisto-
chemistry are key to the diagnosis. Although metastatic tumors differ from 
primary renal cell carcinoma on cytologic smears, the diagnosis is often 
made by the combination of cytomorphologic features, immunohistochemi-
cal stains, radiological appearance, and clinical history.

Fig. 8.13 High-grade urothelial carcinoma. Single cells with large, hyperchromatic nuclei, coarse 
chromatin, and irregular nuclear contours. The nuclear-to-cytoplasmic ratio is high (Diff-Quik 
stain, ×400)
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 Adrenal Gland

 Introduction

Fine needle aspiration (FNA) is an important procedure in the workup of patients 
with adrenal gland masses. It is a very effective method for distinguishing between 
adrenal tumors arising from the cortex and those arising from the medulla. It is also 
effective in distinguishing benign adrenal nodules from metastatic tumors during 
staging workup for cancer elsewhere in the body [57, 58]. Its value in the assess-
ment of incidental adrenal nodules in patients without a history of malignancy 
remains unclear. FNA is generally avoided when a pheochromocytoma is suspected 
because of episodic hypertension resulting from the procedure.

 Specimen Adequacy Assessment

Virtually all aspirations of the adrenal gland are performed by radiologists percuta-
neously using CT or US imaging guidance; however, endoscopic ultrasound-guided 
FNA is also becoming increasingly popular [59, 60]. The performance of this pro-
cedure requires a skilled operator especially if the lesion is small. To ensure ade-
quate sampling of the suspected lesion, it is recommended that rapid on-site 
evaluation (ROSE) of direct smears be performed. Depending on the initial impres-
sion, additional material may be obtained for cell block. This is needed for subse-
quent immunohistochemical stains, special stains, or ultrastructural studies. Adrenal 
FNA has an accuracy of 96–98% and very good negative predictive value, espe-
cially for lesions larger than 3 cm [61, 62].

 Normal Elements in Adrenal Cytology

Adrenal cortical cells are similar in size to hepatocytes. They are usually arranged 
in small clusters or cords, and they are polyhedral cells with small, round, vesicular 
nuclei with evenly distributed chromatin and small but distinct nucleoli (Fig. 8.14). 
The cytoplasm is faintly vacuolated or granular eosinophilic. Cells from the zona 
glomerulosa and zona fasciculata show either single prominent or multiple finely 
dispersed lipid inclusions. The cells from the zona reticularis contain golden-brown 
lipofuscin pigment. Small spindle-shaped stromal cells are occasionally present.

The cells of normal adrenal medulla are rarely encountered in aspirates of adre-
nal cortical lesions.

Hepatocytes can be sampled inadvertently during FNA of right adrenal gland. 
Hepatocytes usually do not have markedly vacuolated cytoplasm or delicate frayed 
cytoplasmic borders and there is no bubbly lipid-rich background.
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 Benign or Uncertain Behavior Neoplasms

 Myelolipoma

 A. Diagnostic considerations
Myelolipoma is an uncommon benign neoplasm of the adrenal gland, which 

consists of mature fat containing normal hematopoietic cells. They are usually 
incidental findings.

 B. Cytomorphologic features

• Smears show mature adipose tissue with immature hematopoietic cells of 
myeloid and erythroid origin, lymphocytes and megakaryocytes [63] (Fig. 8.15).

Fig. 8.14 Normal adrenal cortex. Cells with small, round, vesicular nuclei and vacuolated cyto-
plasm (Diff-Quik stain, ×400)
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 C. Tips and pitfalls

• The major differential diagnosis is angiomyolipoma of the kidney. The pres-
ence of hematopoietic elements as well as absence of prominent vessels and 
smooth muscle cells are helpful to make a diagnosis of myelolipoma.

• Retroperitoneal lipoma and liposarcoma should also be considered in the dif-
ferential diagnosis. These entities also lack hematopoietic components.

 Pheochromocytoma

 A. Diagnostic considerations
Pheochromocytomas arise from the cells of the adrenal medulla. They are 

associated with familial neoplastic syndromes such as multiple endocrine neo-
plasia syndromes 2a and 2b (MEN 2) in 10–20% of cases [10]. Fine needle 
aspiration of suspected pheochromocytoma should be avoided as this may induce 
a fatal hypertensive crisis. No single cytologic pattern is diagnostic of this lesion.

 B. Cytomorphologic features

• Highly cellular smears with cells arranged in loose clusters and as isolated 
cells.

Fig. 8.15 Myelolipoma. Mature adipose tissue with immature hematopoietic cells of myeloid and 
erythroid origin, lymphocytes and megakaryocytes (Diff-Quik stain, ×200)
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• Small polygonal cells are often admixed with large spindled and epithelioid 
cells.

• Cells show pleomorphic nuclei with irregular nuclear membrane, finely stip-
pled chromatin, prominent nucleoli, and intranuclear cytoplasmic pseudoin-
clusions [10].

• Cytoplasm is intensely granular and Diff-Quik stain shows red cytoplasmic 
granules.

 C. Tips and pitfalls

• The cytologic features of pheochromocytoma overlap with those of meta-
static high-grade malignant neoplasms, and ancillary tests such as immuno-
histochemistry will be helpful in differentiating this entity from metastatic 
neoplasms.

• The cytologic picture of pheochromocytoma is rarely conclusive in FNA 
specimens, and the diagnosis must be supported by clinical, imaging, and 
biochemical data.

 Adrenal Cortical Adenoma

 A. Diagnostic considerations
Adrenal cortical adenomas are thought to be very common, occurring in 

approximately 6% of adults, and their frequency increases with age [64]. They 
are usually unilateral and solitary masses, which distinguishes them from 
 adrenal cortical hyperplasia which tends to be diffuse and bilateral. The majority 
of adenomas are nonfunctioning.

 B. Cytomorphologic features

• Smears are very cellular and are composed of loose monolayered sheets or 
discohesive numerous small, round, moderately homogeneous naked nuclei 
on a pink granular or bubbly background of fragile and ill-defined vacuolated 
cytoplasm with frayed cellular borders [65].

• Nuclei are evenly spaced and are small and round, with smooth contours, 
even granular chromatin, and small nucleoli.

• Some of the nuclei may be enlarged but there is no nuclear pleomorphism.

 C. Tips and pitfalls

• It is not possible to distinguish adrenal cortical adenoma from a hyperplastic 
nodule on cytology; hence they are referred to as benign adrenal cortical 
nodules/adenomas.

• It is often impossible to distinguish adrenal cortical adenoma from well- 
differentiated adrenal cortical carcinoma. The presence of necrosis and mito-
ses favor carcinoma. Correlation with radiology is also important as 
carcinomas tend to be fast growing and infiltrative.
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• Clear cell RCC should be considered in the differential diagnosis of adrenal 
cortical adenoma. Clear cell RCC typically has abnormal nuclear features 
including the presence of prominent nucleoli and cell pleomorphism.

• Inadvertent sampling of liver tissue may occur during FNA of right adrenal 
gland. Hepatocytes are generally large polygonal cells with well-defined cell 
borders. They have prominent nucleoli and granular cytoplasm, which may 
contain bile pigment as opposed to the microvesicular cytoplasm of adrenal 
cortical adenoma.

• Superimposition of naked nuclei can mimic nuclear molding seen in small 
cell carcinoma. The true nuclear molding in small cell carcinoma is associ-
ated with necrosis and active mitosis.

 Malignant Neoplasms

 Adrenal Cortical Carcinoma

 A. Diagnostic considerations
Adrenal cortical carcinomas are rare, highly malignant tumor with an annual 

prevalence estimated at 2–4 cases per million [66, 67]. Most tumors are func-
tional with excess production of glucocorticoid, mineralocorticoid, or sex hor-
mones. Up to 40% of cases have metastases at presentation.

 B. Cytomorphologic features

• Cytomorphologic features range from well-differentiated to poorly differen-
tiated tumors.

• Smears of well-differentiated tumors are cellular, and they show uniform 
tumor cells in loose clusters or single cells, with abundant, eosinophilic gran-
ular cytoplasm and large, uniform nuclei with coarse chromatin and promi-
nent nucleoli [68, 69].

• Capillary vessels may be occasionally observed within the cell clusters.
• Smears of poorly differentiated tumors show large anaplastic malignant 

tumor cells with marked anisocytosis, large pleomorphic nuclei, prominent 
nucleoli, multinucleation, and abnormal mitoses [68, 69].

 C. Tips and pitfalls

• It is often impossible to distinguish adrenal cortical adenoma from well- 
differentiated adrenal cortical carcinoma (discussed above).

• Clear cell RCC can be confused with adrenal cortical carcinoma. Additional 
material for immunohistochemistry is necessary. Clear cell RCC typically 
stains positive for PAX-8 and carbonic anhydrase IX, while adrenal cortical 
carcinoma is positive for Melan A and inhibin.

• The cells of adrenal cortical carcinoma can closely resemble those of meta-
static tumor to the adrenal gland. Metastatic tumors are most likely to be 
bilateral and multiple. Correlation with history and immunohistochemistry is 
essential.
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 Metastatic Tumors

 A. Diagnostic considerations
Adrenal gland is the fourth most common site of extranodal metastasis [70]. 

Metastases are far more common than primary malignant tumors of the adrenal 
gland [71]. Lung tumors account for the majority of metastases to the adrenal 
gland. Other common tumors that metastasize to the adrenals include melanoma, 
lymphoma and RCC [62, 70, 71]. Metastasis to the adrenals correlate with aggres-
sive behavior and widespread dissemination of the primary tumor. Although most 
metastatic adrenal tumors are multifocal and bilateral, lung tumors and RCC have 
a tendency to produce a solitary adrenal metastasis. In such cases, FNA plays a 
key role in distinguishing a primary adrenal lesion from a solitary metastasis.

 B. Cytomorphologic features

• Cytologic features depend on the primary tumor (Figs. 8.16, 8.17, 8.18, 8.19, 
and 8.20).

Fig. 8.16 Metastatic adenocarcinoma from the lung (Diff-Quik stain, ×400)
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• Metastatic adenocarcinoma is the most common.
• Background necrosis or mucin may be seen.

 C. Tips and pitfalls

• Cytologic diagnosis of metastasis to the adrenal gland rely on a constellation 
of clinical history, comparison with previous cytologic or histologic materi-
als, and appropriate additional immunohistochemical stains.

Fig. 8.17 Metastatic squamous cell carcinoma from the lung (Diff-Quik stain, ×400)
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Fig. 8.18 Metastatic small cell carcinoma (Diff-Quik stain, ×400)
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Fig. 8.19 Metastatic clear cell renal cell carcinoma (Diff-Quik stain, ×400)
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Fig. 8.20 Metastatic high-grade urothelial carcinoma (Diff-Quik stain, ×400)
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Chapter 9
Bone and Soft Tissue

Evita B. Henderson-Jackson and Marilyn M. Bui

 Introduction

The disadvantage of small biopsies such as fine needle aspiration (FNA) or core 
biopsy is their potential for inadequate sampling. The use of rapid on-site evaluation 
(ROSE) has significant potential to improve adequacy rates. Results of a meta- 
analysis reported by Schmidt et al. showed on average a 12% improvement in ade-
quacy rate of soft tissue biopsies after implementation of ROSE [1]. With an 
increasing use of minimally invasive diagnostic techniques, FNA cytology and 
touch imprint cytology of core biopsies have become an important initial diagnostic 
tool. There is a high sensitivity (25–100%) and specificity (83–100%) in diagnosing 
bone and soft tissue lesions by cytology [2–13]. However, the variability in reported 
sensitivities and specificities with use of cytology may result from study design, 
type of tissue sampled (bone versus soft tissue), experience of operator obtaining 
material, experience of cytotechnologist and/or pathologist, presence or absence of 
ROSE, and the adherent rarity of such lesions. Although the concept of using FNA 
biopsy for initial diagnosis of primary bone and soft tissue tumors may not be gen-
erally accepted by some pathologists, most pathologists are acceptable to use FNA 
to confirm recurrent/metastatic sarcoma. Despite these challenges, cytology is used 
to diagnose soft tissue and bone lesions in many different medical institutions [6–8, 
14–21]. Additionally, cytology is used to diagnose metastatic carcinoma, lym-
phoma, and melanoma clinically presenting as a bone or soft tissue lesion. It is 
important to know that ROSE is critically important to differentiate a sarcoma from 
a non-sarcoma malignancy, especially when pathologic fracture is associated, 
because the immediate management for these two entities is completely different. 
Primary sarcoma with pathologic fracture is contraindicated with intramedullary 
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rod for fixation due to the potential of spreading sarcoma via bone marrow. However, 
metastatic disease and hematopoietic malignancy are considered systemic and indi-
cated with intramedullary rod fixation. This chapter will focus on addressing the 
benign and malignant tumors of bone and soft tissue, not non-sarcomatous tumors.

We also advocate using cytology as an adjunct during frozen section evaluation to 
enhance the intraoperative diagnosis of bone and soft tissue tumor [22, 23]. In order 
for ROSE to be useful in the evaluation of bone and soft tissue tumors, success is 
dependent upon gathering appropriate clinical and radiological information to com-
plement on-site evaluation. In this chapter, we present a practical approach to the 
evaluation of immediate on-site cytology of bone and soft tissue lesions to improve 
adequacy, facilitate proper specimen triage, and enhance accuracy of diagnoses.

 Diagnostic Considerations

 Specimen Adequacy Assessment

Currently, there are no established adequacy criteria for soft tissue and bone cytol-
ogy. Study by Palmer et al. arbitrarily defined adequacy in soft tissue cytology fine 
needle aspiration biopsies as the presence of at least 5 clusters of 10 or more well- 
visualized cells present on a majority (>50%) of prepared slides [24]. The ultimate 
reference is whether the clinical, radiologic, and cytologic findings seen explain the 
presence of the lesion. If there is discordance, the adequacy of the specimen is ques-
tionable. The general rule of thumb is that for a homogenous tumor, the adequacy 
sample size is less than that for a heterogeneous tumor, because the sampling needs 
to represent various heterogeneous areas of the tumor.

Inadequate or unsatisfactory specimens may result from a variety of causes. The 
lesion of interest may have been missed and cells from surrounding tissue were 
aspirated. It is crucial to always correlate with radiological information. Cystic, 
necrotic, and/or hemorrhagic lesions may be difficult to aspiration because the diag-
nostic areas prove hard to discern from areas of necrosis, cystic change, and blood. 
Additionally, lesions that are fibrous with significant collagenous, sclerotic, and/or 
hyalinized stroma may be difficult to sample because cells are not easily dislodged 
from stroma [25]. Please also be aware that reactive changes in fatty tissue may 
mimic liposarcoma and reactive changes in fibroblasts/myofibroblasts within con-
nective tissue may mimic a pleomorphic sarcoma.

 Specimen Triage for Ancillary Testing

Some sarcomas have distinct molecular signature such as translocation, gene rear-
rangement, or mutation. Ancillary testing, especially molecular testing, is warranted 
for confirmation of a definitive diagnosis. Air-dried touch imprint cytology is an 
excellent source of specimen for molecular testing [26]. It is important to recognize 
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these entities during ROSE to triage samples for pertinent molecular testing. 
Examples of common sarcomas and their corresponding molecular alterations are 
listed in Table 9.1.

 Pattern Recognition Is the Key

The purpose of ROSE is to determine tissue adequacy, delineate the preliminary 
diagnosis (neoplastic vs. nonneoplastic, benign-low grade vs. malignant-high 
grade), and recognize the entities that can be worked up by specific ancillary testing, 
such as translocation studies, so that the tissue can be triaged for appropriate testing. 
In conjunction with clinical and radiological information, pattern recognition of the 
cellular and the background morphology is the key to delineate a pertinent list of 
differential diagnoses.

Evaluation based on cytomorphology patterns can be represented by the follow-
ing tumor groups: adipocytic, myxoid, spindle cell, epithelioid, round cell, pleo-
morphic cell, and giant cell-rich neoplasm.

 Adipocytic Neoplasms

This is the most commonly encountered group of soft tissue tumor ranging from 
benign to malignant tumor.

Table 9.1 Soft tissue tumors and their common associated chromosomal aberrations

Tumor Molecular alterations

Alveolar rhabdomyosarcoma PAX3-FOXO1, PAX7-FOXO1 fusion
Alveolar soft part sarcoma ASPL-TFE3 fusion
Clear cell sarcoma EWSR1-ATF1 fusion
Dermatofibrosarcoma protuberans COL1A1-PDGFR fusion
Desmoplastic small round cell tumor EWSR1-WT1 fusion
Ewing sarcoma EWSR1-FLI1, EWSR1-ERG fusion
Extraskeletal myxoid chondrosarcoma EWSR1-NR4A3 fusion
Fibromatosis CTNNB1 mutation
Gastrointestinal stromal tumor GIST, PDGFR mutation, SDH deficient
Liposarcoma (well-differentiated or 
dedifferentiated)

MDM2 and/or CDK4 amplification

Low-grade fibromyxoid fibrosarcoma FUS-CREB3L1, FUS-CREB3L2 fusion
Myxoid liposarcoma FUS-DDIT3 (CHOP), EWSR1-DDIT3 

(CHOP) fusion
Myoepithelial tumor EWSR1, PLAG1 rearrangement
Nodular fasciitis USP6 rearrangement
Synovial sarcoma SSX1-SYT, SSX2-XYT fusion
Tenosynovial giant cell tumor CSF-COL6A3 fusion
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 Lipoma

This is the most common soft tissue tumor. Often seen in adults. The tumor rarely 
grows over the size of 10  cm. It appears homogenous and isodense to fat on 
imaging.

 1. Cytomorphologic features

• Variably sized tissue fragments.
• Uniform, univacuolated adipocytes.
• Small, bland nuclei.
• Occasional small capillaries.

 2. Tips and pitfalls

• Similar to normal adipose tissue.
• Should be distinguished from atypical lipomatous tumor or well- differentiated 

liposarcoma.
• Tumor often S100 positive, but this stain is not commonly used for diag-

nosing lipoma because the adipocytic differentiation is apparent on HE 
stain.

 Hibernoma

This is a rare tumor which often occurs in adults and can mimic atypical lipomatous 
tumor on imaging.

 1. Cytomorphologic features

• Variably sized tissue fragments of adipocytes containing many small 
capillaries.

• Numerous adipocytes with multiple small cytoplasmic vacuoles (brown fat).
• Granular to multivacuolated cytoplasm.
• Small, bland nuclei.

 2. Tips and pitfalls

• Should be distinguished from atypical lipomatous tumor or well- differentiated 
liposarcoma, spindle cell/pleomorphic lipoma, lipoma with fat necrosis, and 
myxoid liposarcoma.

• Tumor often S100 positive; again the morphology is sufficient to diagnose 
hibernoma.
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 Spindle Cell/Pleomorphic Lipoma

It is more often seen in older male patients. Neck and upper trunk are the most com-
mon sites.

 1. Cytomorphologic features

• Variably sized tissue fragments of mature adipocytes.
• Occasional myxoid background with multivacuolated lipoblast-like cells.
• Spindle cell lipoma demonstrates prominent spindle cells of uniform and 

bland appearance, ropy collagen fibers, and mast cells.
• Pleomorphic lipoma demonstrates “floret cells” with dark smudgy chromatin 

(Fig. 9.1).

 2. Tips and Pitfalls

• Should be distinguished from atypical lipomatous tumor or well- differentiated 
liposarcoma, myxoid liposarcoma, schwannoma, low-grade myxofibrosar-
coma, solitary fibrous tumor, and dermatofibrosarcoma protuberans.

• Tumor often CD34 positive.

Fig. 9.1 Pleomorphic lipoma (Diff-Quik stain)
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 Atypical Lipomatous Tumor/Well-Differentiated Liposarcoma

It occurs often in middle-aged adults and accounts for 40–45% of all liposarcomas. 
It presents with a deep-seated, enlarging mass frequently in thigh, retroperitoneum, 
paratesticular, and mediastinum areas.

 1. Cytomorphologic features (Fig. 9.2)

• Mature adipocytic cells with variably sized lipid vacuoles.
• Atypical stromal cell nuclei.
• Lipoblasts present.

 2. Tips and pitfalls

• Should be distinguished from spindle cell/pleomorphic lipoma, lipoma with 
fat necrosis, and hibernoma.

• Tumor often expresses MDM2 or CDK4 by immunostain or has amplification 
of these genes.

Fig. 9.2 Well-differentiated liposarcoma (Diff-Quik stain)
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 Myxoid Liposarcoma

It often occurs in the deep soft tissue of lower limbs, especially thigh of young 
adults.

 1. Cytomorphologic features (Figs. 9.3 and 9.4)

• Tissue fragments containing abundant myxoid matrix material.
• Delicate, thin-walled capillaries.
• Primitive round to oval cells.
• Univacuolate and bivacuolate lipoblasts.
• Round cell liposarcoma contains increased number of uniform round cells 

with scant cytoplasm and nucleoli.

 2. Tips and pitfalls

• The differential diagnosis includes spindle cell lipoma with myxoid change, 
low-grade myxofibrosarcoma, extraskeletal myxoid chondrosarcoma, and 
myoepithelioma.

• It almost never occurs in retroperitoneum as a primary tumor. Metastatic dis-
ease can involve retroperitoneum.

Fig. 9.3 Myxoid liposarcoma (Diff-Quik stain)
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 Dedifferentiated Liposarcoma

It is most commonly seen in the retroperitoneal and intra-abdominal spaces. Imaging 
shows fatty and nonfatty components in tumor.

 1. Cytomorphologic features (Fig. 9.5)

• Nonlipogenic pleomorphic or spindle cell tissue fragments.
• Occasional lipoblasts.

 2. Tips and pitfalls

• For small biopsies where the well-differentiated liposarcoma component is 
missing, think about this entity and perform MDM2 and CDK4 testing to 
confirm this diagnosis.

• Dedifferentiated component may exhibit features similar to undifferentiated pleo-
morphic sarcoma, high-grade myxofibrosarcoma, and pleomorphic liposarcoma.

 Pleomorphic Liposarcoma

It is the rarest subtype of liposarcoma and is commonly seen in the late adult life. 
The tumor is often presented as a fast-growing painless mass.

Fig. 9.4 Round cell liposarcoma (Diff-Quik stain)
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 1. Cytomorphologic features

• Cellular smear with clusters and dispersed pleomorphic cells with marked 
atypia.

• Variable number of atypical lipoblasts.
• Mitoses and necrosis.

 2. Tips and pitfalls

• The differential diagnosis includes dedifferentiated liposarcoma, high-grade 
myxofibrosarcoma, and other pleomorphic sarcomas.

 Round Cell Neoplasms

Most of the round cell tumors are high-grade sarcoma. Ewing sarcoma, desmoplastic 
small round cell tumor (DSRCT), alveolar rhabdomyosarcoma, embryonal rhabdomyo-
sarcoma, undifferentiated round cell sarcoma, mesenchymal chondrosarcoma, round 
cell liposarcoma, poorly differentiated synovial sarcoma, and osteosarcoma are com-
mon encounters. In order to differentiate these tumors during ROSE, attention to tigroid 
background in Ewing sarcoma, osteoid matrix in osteosarcoma, and prominent fibrous 
matrix in DSRCT are high-yielded. Synovial sarcoma is typically considered a spindle 
cell pattern tumor. However, in fluid or touch prep samples, the spindle cells are short 

Fig. 9.5 Dedifferentiated liposarcoma (Diff-Quik stain)
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and appear round. Except embryonal rhabdomyosarcoma, undifferentiated round cell 
sarcoma, and osteosarcoma, the other sarcomas have confirmatory molecular signa-
tures; thus triage specimen appropriately for ancillary testing is important. In addition, 
for this group of tumors, clinical and radiological correlation are very helpful.

 Ewing Sarcoma

It is the second most common sarcoma of bone in children and young adults. About 
10–20% of cases are extraskeletal. Common presentation is a painful deep soft tis-
sue mass.

 1. Cytomorphologic features (Fig. 9.6)

• Cellular smears with dispersed round cells including naked nuclei.
• Smaller hyperchromatic degenerating cells.
• Tigroid background.
• Nuclear molding.
• Scant cytoplasm with small intracytoplasmic vacuoles.

 2. Tips and pitfalls

• Differential diagnosis includes synovial sarcoma, desmoplastic blue round 
cell tumor, rhabdomyosarcoma, undifferentiated round cell sarcoma, mesen-
chymal chondrosarcoma, and small cell osteosarcoma.

• Positive markers include CD99, PRKCB II, ERG, FLI1, and NKX2.2.

Fig. 9.6 Ewing sarcoma with tigroid background (Diff-Quik stain)
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 Desmoplastic Small Round Cell Tumor (DSRCT)

It is an aggressive neoplasm with polyphenotypic differentiation. Tumor masses are 
present on serosal surfaces. Commonly seen in adolescents and young adults, par-
ticularly in males.

 1. Cytomorphologic features (Fig. 9.7)

• Sheets or clusters of round cells.
• Round to ovoid uniform nuclei.
• Nuclear molding.
• Collagenous stromal fragments.

 2. Tips and pitfalls

• Differential diagnosis includes synovial sarcoma, Ewing sarcoma, rhabdo-
myosarcoma, undifferentiated round cell sarcoma, mesenchymal chondrosar-
coma, small cell osteosarcoma, neuroblastoma, and round cell liposarcoma.

• Tumor shows a multi-phenotypic staining pattern, including cytokeratin, 
EMA, desmin, NSE, and WT1.

 Alveolar Rhabdomyosarcoma

Commonly seen in adolescents and young adults. The extremities, head/neck, and 
trunk are common sites.

Fig. 9.7 Desmoplastic small round cell tumor (Diff-Quik stain)
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 1. Cytomorphologic features

• Discohesive larger round to polygonal cells.
• Round to irregular nuclei.
• Multinucleated giant cells “wreath-like”.
• Rhabdomyoblasts, occasional.
• Mitosis and necrosis.

 2. Tips and pitfalls

• Differential diagnosis includes synovial sarcoma, Ewing sarcoma, desmo-
plastic blue round cell tumor, undifferentiated round cell sarcoma, mesenchy-
mal chondrosarcoma, small cell osteosarcoma, neuroblastoma, and round cell 
liposarcoma.

• Tumor is positive for desmin, myogenin, and Myo D1.

 Embryonal Rhabdomyosarcoma

Patients’ ages range from infants and children to adults. The head/neck and genito-
urinary system are common sites.

 1. Cytomorphologic features

• Loosely cohesive and isolated cells.
• Round- and/or spindle-shaped cells.
• Cellular pleomorphism.
• Rare inclusion-line cytoplasmic condensation (myogenic differentiation).

 2. Tips and pitfalls

• Differential diagnosis includes synovial sarcoma, Ewing sarcoma, desmo-
plastic blue round cell tumor, undifferentiated round cell sarcoma, mesenchy-
mal chondrosarcoma, small cell osteosarcoma, neuroblastoma, and round cell 
liposarcoma.

• Tumor is positive for desmin, myogenin, and Myo D1.

 Undifferentiated Round Cell Sarcoma

This is a diagnosis of exclusion.

 1. Cytomorphologic features

• Round, ovoid, or spindled cells in clusters or singly.
• Nuclear pleomorphism.
• Prominent nucleoli.
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• Amphophilic cytoplasm.
• +/− fibrous or myxoid stroma.

 2. Tips and pitfalls

• Differential diagnosis includes synovial sarcoma, Ewing sarcoma, des-
moplastic blue round cell tumor, rhabdomyosarcoma, mesenchymal 
chondrosarcoma, small cell osteosarcoma, neuroblastoma, and round cell 
liposarcoma.

• Tumor is positive for CD99 but lacks the characteristic immunostain pattern 
of the above tumors.

 Mesenchymal Chondrosarcoma

Commonly seen in adolescents and young adults. Craniofacial bones, ribs, ilium, 
and vertebrae are common sites. One-third cases are extraskeletal.

 1. Cytomorphologic features

• Round primitive cells and cartilaginous tissue.
• Cartilaginous matrix.
• Mitoses.

 2. Tips and pitfalls

• Differential diagnosis includes synovial sarcoma, Ewing sarcoma, desmo-
plastic blue round cell tumor, rhabdomyosarcoma, undifferentiated round cell 
sarcoma, mesenchymal chondrosarcoma, small cell osteosarcoma, neuroblas-
toma, and round cell liposarcoma.

• Tumor is positive for SOX9 and CD99.

 Poorly Differentiated Synovial Sarcoma

Commonly seen in young adults. About 70% occur in deep soft tissue of lower and 
upper extremities. One-third cases have calcifications on imaging.

 1. Cytomorphologic features (Fig. 9.8)

• Cellular smears of uniform round cells.
• Small nucleoli.
• Scant cytoplasm.

 2. Tips and pitfalls

• Differential diagnosis includes Ewing sarcoma, synovial sarcoma, desmo-
plastic blue round cell tumor, rhabdomyosarcoma, undifferentiated round cell 
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sarcoma, mesenchymal chondrosarcoma, small cell osteosarcoma, neuroblas-
toma, and round cell liposarcoma.

• Positive stains include cytokeratin, EMA, TLE-1, bcl-2, and CD99.

 Small Cell Osteosarcoma

It affects all ages with most occurring in the second decade of life. Metaphysis of 
long bones is the most common site.

 1. Cytomorphologic features

• Single cells or clusters of round cells.
• Cellular pleomorphism.
• Cytoplasmic vacuolation.
• metachromatic osteoid-like matrix (rare).

 2. Tips and pitfalls

• Differential diagnosis includes synovial sarcoma, Ewing sarcoma, desmo-
plastic blue round cell tumor, rhabdomyosarcoma, undifferentiated round cell 
sarcoma, mesenchymal chondrosarcoma, neuroblastoma, and round cell 
liposarcoma.

• Osteoid formation.

Fig. 9.8 Synovial sarcoma with short spindle cells mimic round cells (Diff-Quik stain)
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 Neuroblastoma

Neonates and children are most commonly affected. It arises in adrenal gland or 
along abdominal sympathetic chain.

 1. Cytomorphologic features

• Dispersed small round primitive cells.
• “Salt and pepper” chromatin.
• Fibrillary matrix (neuropil).
• Homer-Wright rosettes or ganglion-like cells (rare).

 2. Tips and pitfalls

• Differential diagnosis includes synovial sarcoma, Ewing sarcoma, desmo-
plastic blue round cell tumor, rhabdomyosarcoma, undifferentiated round cell 
sarcoma, mesenchymal chondrosarcoma, small cell osteosarcoma, and round 
cell liposarcoma.

• Tumor is positive for GLUT1 and S100.

 High-Grade Myxoid/Round Cell Liposarcoma

The common presentation is young adults with a deep soft tissue mass in lower 
limbs such as thigh.

 1. Cytomorphologic features

• Singly dispersed and clusters of round cells.
• Scant or absent lipoblasts, myxoid stroma, and vasculature.

 2. Tips and pitfalls

• Differential diagnosis includes synovial sarcoma, Ewing sarcoma, desmo-
plastic blue round cell tumor, rhabdomyosarcoma, undifferentiated round cell 
sarcoma, mesenchymal chondrosarcoma, and neuroblastoma.

• Triage tissue for molecular testing for confirmation.

 Spindle Cell Neoplasms

This is the largest group of tumors ranging from benign to high-grade malignancy. 
The differential diagnosis includes nodular fasciitis, fibromatosis (desmoid tumor), 
benign peripheral nerve sheath tumors, malignant peripheral nerve sheath tumor, 
dermatofibrosarcoma protuberans (DFSP), solitary fibrous tumor (SFT), gastroin-
testinal stromal tumor (GIST), leiomyoma, leiomyosarcoma, synovial sarcoma, 
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spindle cell/sclerosing rhabdomyosarcoma, fibrosarcoma, dedifferentiated liposar-
coma, and undifferentiated spindle cell sarcoma.

 Peripheral Nerve Sheath Tumor: Schwannoma/Neurofibroma

Slow-growing and long-standing history of mass involving nerves of skin and sub-
cutaneous tissue. May be painful.

 1. Cytomorphologic features (Fig. 9.9)

• Clusters of spindle cells.
• Uniform, wavy nuclei.
• Fibrillary to myxoid/collagenous stroma.
• Nuclear.
• Inconspicious nucleoli.

 2. Tips and pitfalls

• Differential diagnosis includes spindle cell lipoma, leiomyoma, fibromatosis, 
solitary fibrous tumor, low-grade MPNST, low-grade leiomyosarcoma, and 
low-grade fibromyxoid sarcoma.

• Tumor is positive for S100 and SOX10. NF-1 is also positive in 
neurofibroma.

Fig. 9.9 Schwannoma (Diff-Quik stain)
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 Fibromatosis

Abdominal and extra-abdominal. Associated with Gardner-type familiar adenoma-
tous polyposis. Associated with surgery.

 1. Cytomorphologic features (Fig. 9.10)

• Uniform, bland spindle cells, singly or in slender fascicles.
• Collagenous stroma.
• Hypocellular smears.

 2. Tips and pitfalls

• Differential diagnosis includes nodular fasciitis, scar tissue, low-grade fibro-
myxoid sarcoma, solitary fibrous tumor, gastrointestinal stromal tumor, 
smooth muscle tumor, and nerve sheath tumor.

• Beta-catenin is positive.

 Nodular Fasciitis

Rapid-growing lesion. History of trauma or surgery. Peripheral calcification of the 
lesion.

Fig. 9.10 Fibromatosis (Diff-Quik stain)
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 1. Cytomorphologic features

• Cellular smears of spindled to stellate cells.
• Myxoid, inflammatory, or collagenous background.
• Ganglion-like cells with prominent nuclei.

 2. Tips and pitfalls

• Differential diagnosis includes soft tissue sarcoma, fibromatosis, nerve sheath 
tumor, fibrous histiocytoma, inflammatory myofibroblastic tumor, myositis 
ossificans, and myxofibrosarcoma.

 Dermatofibrosarcoma Protuberans

Young to middle-aged adults with male predominance. Nodular cutaneous mass of 
the trunk and proximal extremities.

 1. Cytomorphologic features (Fig. 9.11)

• Dense to loose aggregates of spindle cells (storiform).
• Myxoid/collagenous stroma.
• Rare entrapped adipose tissue.
• Undergo fibrosarcomatous differentiation.

Fig. 9.11 Dermatofibrosarcoma protuberans with fibrosarcomatous transformation and myxoid 
stroma (Diff-Quik stain)
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 2. Tips and pitfalls

• Differential diagnosis includes scar tissue, benign fibrous histiocytoma, nod-
ular fasciitis, neurofibroma, and low-grade fibromyxoid sarcoma.

• CD34 positive.

 Inflammatory Myofibroblastic Tumor

Soft tissue and viscera of children and young adults.

 1. Cytomorphologic features

• Cellular smears of spindle cells with mild atypia.
• Large polygonal ganglion-like cells.
• Prominent inflammation.

 2. Tips and pitfalls

• Differential diagnosis includes inflammatory pseudotumor, follicular dendritic 
cell sarcoma, gastrointestinal stromal tumor, fibromatosis, and leiomyosarcoma.

• ALK1 positive.

 Solitary Fibrous Tumor

Pleural and extrapleural.

 1. Cytomorphologic features

• Variable cellularity.
• Bland spindle cells with fusiform nuclei and scant cytoplasm.
• Collagenous stroma.
• Naked nuclei.

 2. Tips and pitfalls

• Differential diagnosis includes synovial sarcoma, low-grade MPNST, sarco-
matoid mesothelioma, spindle cell thymoma, and lipomatous tumor.

• STAT6 positive.

 Gastrointestinal Stromal Tumor (GIST)

Gastric more frequent than intestinal. Reportable if it occurs in the chest or outside 
the pelvis/retroperitoneum.
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 1. Cytomorphologic features

• Tight bundles of slender spindle cells (Fig. 9.12).
• Variable pleomorphism.
• Epithelioid cells (variant), +/− myxoid stroma (Fig. 9.13).

 2. Tips and pitfalls

• Differential diagnosis includes smooth muscle tumor and nerve sheath tumor.
• Carcinoma, neuroendocrine tumor, melanoma, or hepatocellular carcinoma 

should be included in the differential diagnosis of suspect epithelioid variant 
of gastrointestinal stromal tumor.

• Often positive for CD117 and DOG1. SDH may be deficient.

 Leiomyosarcoma

Middle-aged or older adults. Retroperitoneal or large vessels.

 1. Cytomorphologic features

• Tissue fragments of spindle cells in fascicular arrangement.
• Elongated, blunt-ended nuclei.
• Variable nuclear pleomorphism.
• Mitoses.

Fig. 9.12 Spindle cell gastrointestinal stromal tumor (Diff-Quik stain)
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 2. Tips and pitfalls

• Differential diagnosis includes leiomyoma, nerve sheath tumor, MPNST, 
GIST, SFT, and fibromatosis.

• Positive markers include desmin, SMA, SMMS-1, and caldesmin.

 Malignant Peripheral Nerve Sheath Tumor (MPNST)

Fifty percent associated with NF1. Patients 20–50s may present with nerve pain.

 1. Cytomorphologic features

• Variable cellularity consisting of fascicles, single cells, and naked nuclei.
• Spindle cells with wavy nuclei and fibrillary cytoplasm.
• Polygonal cells (epithelioid variant).
• Heterologous elements.

 2. Tips and pitfalls

• Differential diagnosis includes schwannoma with ancient change, synovial 
sarcoma, leiomyosarcoma, melanoma, spindle cell carcinoma, malignant 
SFT, and DDLPS.

• H3K27me3 loss.

Fig. 9.13 Epithelioid gastrointestinal stromal tumor (Diff-Quik stain)
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 Synovial Sarcoma

Deep soft tissue mass of extremities.

 1. Cytomorphologic features (Fig. 9.14)

• Cellular aspirates of clusters and dispersed uniform spindle cells.
• Bland, ovoid nuclei and scant cytoplasm.
• +/− mitoses, mast cells.

 2. Tips and pitfalls

• Differential diagnosis includes leiomyosarcoma, MPNST, SFT, and 
carcinosarcoma.

• Positive markers include cytokeratin, EMA, TLE-1, bcl-2, and CD99.

 Spindle Cell/Sclerosing Rhabdomyosarcoma

Pediatric paratesticular region while adult deep soft tissue of the head and neck.

 1. Cytomorphologic features

• Spindle cells.
• Cytoplasmic processes with cross-striations.

Fig. 9.14 Poorly differentiated monophasic synovial sarcoma (Diff-Quik stain)

E. B. Henderson-Jackson and M. M. Bui



247

 2. Tips and pitfalls

• Should be distinguished from smooth muscle tumor.
• Positive for desmin, myogenin, and Myo D1.

 Fibrosarcoma

Middle-aged and older adults. Deep soft tissue of the extremities, trunk, head, and 
neck.

 1. Cytomorphologic features

• Pleomorphic spindle cells with mitoses.

 2. Tips and pitfalls

• Differential diagnosis includes synovial sarcoma and MPNST.
• Not reliably diagnosed by aspiration biopsy.

 Pleomorphic Neoplasms

Pleomorphic pattern includes differential diagnosis of undifferentiated pleomorphic 
sarcoma, pleomorphic rhabdomyosarcoma, pleomorphic leiomyosarcoma, dediffer-
entiated liposarcoma, and myxofibrosarcoma. It is usually sufficient to recognize 
the malignant nature of these samples to render a preliminary diagnosis of sarcoma-
toid malignancy during ROSE.  Further characterization of the tumor is heavily 
dependent on ancillary testing. An update on soft tissue tumor by immunohisto-
chemistry is accessible [27].

 Undifferentiated Pleomorphic Sarcoma

Diagnosis of exclusion.

 1. Cytomorphologic features (Fig. 9.15)

• Often cellular aspirates with variable clusters and dispersed cells.
• Marked pleomorphism and anaplasia.
• Tumor giant cells.
• Mitoses and necrosis.

 2. Tips and pitfalls

• Differential diagnosis includes sarcomatoid carcinoma, sarcomatoid meso-
thelioma, melanoma, anaplastic large cell lymphoma, dedifferentiated sar-
coma, and pleomorphic sarcoma with specific line of differentiation.
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 Pleomorphic Rhabdomyosarcoma

Male patients 60–70s. Deep soft tissue mass of lower extremities.

 1. Cytomorphologic features

• Cellular aspirates with numerous dispersed rhabdoid cells.
• Marked pleomorphism.
• Bi- and multinucleation.
• Mitoses and necrosis.

 2. Tips and pitfalls

• Differential diagnosis includes other sarcomas with heterologous rhabdoid 
differentiation, melanoma, carcinoma, extrarenal rhabdoid tumor, and 
proximal- type epithelioid sarcoma.

 Dedifferentiated Liposarcoma

See the tumors with adipocytic pattern.

Fig. 9.15 Undifferentiated pleomorphic sarcoma (Diff-Quik stain)
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 Epithelioid Neoplasms

The differential diagnosis of this group includes epithelioid sarcoma, epithelioid 
hemangioendothelioma (EHE), epithelioid angiosarcoma, clear cell sarcoma of soft 
tissue, alveolar soft part sarcoma, granular cell tumor, myoepithelial tumor, neo-
plasm with perivascular epithelioid cell differentiation (PEComa), extrarenal rhab-
doid tumor, sclerosing epithelioid fibrosarcoma, and glomus tumor.

 Epithelioid Sarcoma, Proximal Type

Superficial location often presenting as nonhealing ulcer. Upper extremities espe-
cially hands and fingers.

 1. Cytomorphologic features

• Single round, polygonal, or spindle cells.
• Eccentric nuclei with dense cytoplasm with small vacuoles.
• Rhabdoid cells (proximal type).
• Bi- or multinucleation.

 2. Tips and pitfalls

• Differential diagnosis includes carcinoma, melanoma, myoepithelial carci-
noma, EHE, and epithelioid MPNST.

• Positive cytokeratin, EMA, and CD34.
• SMARCB1 (INI1) loss.

 Epithelioid Hemangioendothelioma (EHE)

Angiocentric soft tissue mass.

 1. Cytomorphologic features

• Round, polygonal to plasmacytoid cells with minimal pleomorphism and 
binucleation.

• Nuclear grooves and pseudoinclusions.
• Intracytoplasmic lumina.
• Hyaline stroma.

 2. Tips and pitfalls

• Differential diagnosis includes angiosarcoma, carcinoma, melanoma, meso-
thelioma, epithelioid hemangioma, and epithelioid sarcoma.

• Positive for cytokeratin, EMA, ERG, FLI1, CD31, and CD34.
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 Epithelioid Angiosarcoma

Painful and hemorrhagic mass.

 1. Cytomorphologic features

• Large epithelioid cells with moderate to marked pleomorphism and promi-
nent nucleoli.

• Bloody background, occasional vasoformative structures, and mitoses.

 2. Tips and pitfalls

• Differential diagnosis includes large cell lymphoma, germ cell tumor, epithe-
lioid variant of other sarcomas, carcinoma, melanoma, and mesothelioma.

• Positive for cytokeratin, EMA, ERG, FLI1, CD31, and CD34.

 Clear Cell Sarcoma

Young adults 30–40s. Lower extremities especially the foot and ankle.

 1. Cytomorphologic features

• Round, polygonal or spindle cells with prominent nucleolus.
• Nuclear pseudoinclusions.
• Clear/pale cytoplasm.
• Rare (granular cell variant).

 2. Tips and pitfalls

• Differential diagnosis includes melanoma, clear cell renal cell carcinoma, 
granular cell tumor, and carcinoma.

• Positive for S100, HMB45, and MITF.

 Alveolar Soft Part Sarcoma

Deep soft tissue of the thigh and buttock of adults. The head and neck especially the 
tongue and orbit of children.

 1. Cytomorphologic features (Fig. 9.16)

• Large round/polygonal cells with prominent nucleoli.
• Abundant granular and fragile cytoplasm.
• Naked nuclei.
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 2. Tips and pitfalls

• Differential diagnosis includes granular cell tumor, melanoma, paragangli-
oma, renal cell carcinoma, PEComa, and rhabdomyoma.

• TFE3 positive.

 Granular Cell Tumor

Head and neck including tongue. Adults 40–60s with male predominance.

 1. Cytomorphologic features (Fig. 9.17)

• Cells of uniform appearance with abundant granular cytoplasm.
• Small nuclei.
• Bare nuclei in granular background.

 2. Tips and pitfalls

• Differential diagnosis includes renal cell carcinoma, alveolar soft part sar-
coma, rhabdomyoma, and Whipple disease.

• Positive for S100, CD68, MITF, and TFE3.

Fig. 9.16 Alveolar soft part sarcoma (Diff-Quik stain)

9 Bone and Soft Tissue



252

 Myoepithelial Tumor

Young to middle-aged adults 40s. Subcutaneous tissue more often involved than 
deep soft tissue.

 1. Cytomorphologic features

• Loose clusters and single cells within fibrillary material.
• Round, oval, or spindle cells with plasmacytoid appearance.
• Bland nuclei with fine chromatin (Fig. 9.18).
• Malignant form exhibits malignant features (Fig. 9.19).

 2. Tips and pitfalls

• Differential diagnosis includes benign mixed tumor, nerve sheath tumor, and 
smooth muscle tumor.

• Positive cytokeratin, EMA, S100, calponin, p63, and PLAG1.
• SMARCB1 (INI1) loss.

Fig. 9.17 Granular cell tumor (Diff-Quik stain)
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Fig. 9.18 Benign myoepithelial tumor (Diff-Quik stain)

Fig. 9.19 Malignant myoepithelial tumor (Diff-Quik stain)
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 Giant Cell-Rich Tumors

This group of tumors exhibits strikingly multinucleate giant cells; some can be 
numerous. Differential diagnosis includes tenosynovial giant cell tumor, localized 
and diffuse types, giant cell tumor of soft tissue, giant cell tumor of bone, and aneu-
rysmal bone cyst, especially solid variant.

 Giant Cell Tumor of Bone

Epiphyseal long bone. Large expansile lesion with sclerotic boarder. Female pre-
dominance 20–45s.

 1. Cytomorphologic features (Fig. 9.20)

• Oval/spindle mononuclear cells.
• Osteoclast-type giant cells.

 2. Tips and pitfalls

• Differential diagnosis includes tenosynovial giant cell tumor and giant cell- 
rich sarcoma.

Fig. 9.20 Giant cell tumor of bone (Diff-Quik stain)
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 Tenosynovial Giant Cell Tumor (TSGCT)

Wide age range with female predominance. Knee is the most common site involved.

 1. Cytomorphologic features (Fig. 9.21)

• Mononuclear cells of varying shapes.
• Osteoclast-type giant cells.
• Foamy histiocytes and hemosiderin pigment.
• Mild anisocytosis/anisokaryosis.

 2. Tips and pitfalls

• Differential diagnosis includes gout, chronic synovitis, melanoma, and giant 
cell-rich sarcoma.

 Myxoid Neoplasms or Other Distinct Matrix-Containing 
Tumors

This group of tumors exhibits myxoid stroma including differential diagno-
sis of benign (myxoma) to low-grade (low-grade fibromyxoid sarcoma, low-
grade myofibrosarcoma) to high-grade (myxofibrosarcoma, extraskeletal myxoid 

Fig. 9.21 Tenosynovial giant cell tumor (Diff-Quik stain)
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chondrosarcoma, dedifferentiated liposarcoma with prominent myxofibrosarcoma- 
like features, and chordoma) tumor. Myoepithelioma/mixed tumor of soft tissue 
also has myxoid matrix. Chondroid matrix can also resemble myxoid matrix. 
Chondrocytes with chondromyxoid matrix are clues for chondroid tumor ranging 
from enchondroma to chondrosarcoma.

 Myxoma

More common in female adult patients 40–70s.

 1. Cytomorphologic features (Fig. 9.22)

• Paucicellular aspirate with scattered bland, uniform cells.
• Granular matrix material and absent or scant vessels.
• Atrophic muscle fibers.

 2. Tips and pitfalls

• Differential diagnosis includes ganglion cyst, nodular fasciitis, perineurioma, 
low-grade myxofibrosarcoma, LGFMS, and myxoid liposarcoma.

Fig. 9.22 Myxoma (Diff-Quik stain)
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 Myxoid Liposarcoma

Adult 40–50s. Deep soft tissue mass of extremities, especially thigh. Extremely rare 
in the retroperitoneum, thinking of metastasis when tumor occurs at this location.

 1. Cytomorphologic features

• Round/oval cells with occasional small cytoplasmic vacuoles.
• Uni- or bivacuolate lipoblasts.
• Abundant granular myxoid matrix.

 2. Tips and pitfalls

• Differential diagnosis includes low-grade myxofibrosarcoma, spindle cell 
lipoma with myxoid changes, and myoepithelial tumor.

 Myxofibrosarcoma

Elderly male patients. Extremities. Rare in the retroperitoneum.

 1. Cytomorphologic features

• Variable myxoid stroma with short, curved vessels.
• Atypical spindle/stellate cells (low grade).
• Marked nuclear pleomorphism and necrosis (high grade).
• Pseudolipoblasts.

 2. Tips and pitfalls

• Differential diagnosis includes myxoid liposarcoma, LGFMS, and other 
high-grade sarcomas.

• Dedifferentiated liposarcoma, especially in retroperitoneal location.

 Low-Grade Fibromyxoid Sarcoma (LGFMS)

Young adults. Proximal extremities or the trunk.

 1. Cytomorphologic features

• Variable myxoid stroma.
• Spindle cells with fibroblast-like features.
• Minimal atypia.
• No significant vascularity.
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 2. Tips and pitfalls

• Differential diagnosis includes cellular myxoma, perineurioma, low-grade 
myxofibrosarcoma, low-grade MPNST, SFT, and fibromatosis.

• MUC4 positive.

 Extraskeletal Myxoid Chondrosarcoma (EMC)

Deep-seated large soft tissue mass of the thigh in adults in 50s.

 1. Cytomorphologic features (Fig. 9.23)

• Monotonous population of epithelioid to spindle cells within magenta fibril-
lary stroma.

• Cords or lacelike arrangement.
• Round, oval nuclei with fine stippled chromatin and nuclear grooves.
• Scant to moderate cytoplasm with well-defined borders.

 2. Tips and pitfalls

• Myoepithelial tumor and ossifying fibromyxoid tumor are among the main 
differential diagnoses.

Fig. 9.23 Extraskeletal myxoid chondrosarcoma (Diff-Quik stain)
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 Myxoinflammatory Fibroblastic Sarcoma

Distal extremities, especially fingers, middle-aged patients.

 1. Cytomorphologic features

• Mix of spindle and mononuclear cells with large atypical Reed-Sternberg-like 
cells.

• Myxoid matrix and background inflammation.
• Pseudolipoblasts.

 2. Tips and pitfalls

• Differential diagnosis includes nodular fasciitis, reactive lesion, myxofibro-
sarcoma, liposarcoma, inflammatory myofibroblastic tumor, and Hodgkin 
lymphoma.

 Dedifferentiated Liposarcoma with Myxofibrosarcoma Features

See the tumor with adipocytic pattern.

 Osteosarcoma

Adolescent or young adult. Long bones of the extremities. Most common 
radiation- induced sarcoma in older patients. Tumor involves the bone and soft 
tissue.

 1. Cytomorphologic features (Fig. 9.24)

• Cellular aspirate of dyscohesive, single cells.
• Plasmacytoid appearance with basophilic to vacuolated cytoplasm.
• Round-oval nuclei.
• +/− multinucleated giant cells; +/− immature osteoid.
• Pleomorphism and/or mitoses.

 2. Tips and pitfalls

• Differential diagnosis includes primary undifferentiated sarcoma of bone, 
chondrosarcoma, melanoma, anaplastic large cell lymphoma, metastatic car-
cinoma, fracture callus, myositis ossificans, and osteoblastoma.

• SATB2 positive.
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 Enchondroma

Wide age range. Hand bone or long bone. No cortical breakthrough or soft tissue 
involvement.

 1. Cytomorphologic features

• Low cellularity.
• Chondromyxoid matrix.
• Lacunar spaces with small chondrocytes and bland, dark nuclei.

 2. Tips and pitfalls

• Differential diagnosis includes low-grade chondrosarcoma and chondromyx-
oid fibroma.

 Chondrosarcoma

Older patients. Pelvis, femur, humerus, and rib. Cortical breakthrough and soft tis-
sue involvement.

 1. Cytomorphologic features (Fig. 9.25)

• Hyaline or myxoid cartilaginous tissue fragments.
• Lacunar spaces with bland cells (low grade).

Fig. 9.24 Osteosarcoma (Diff-Quik stain)
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• Increased cellularity, anaplasia, binucleation, +/− mitoses (high grade).
• Spindle/pleomorphic cells (dedifferentiation).
• Small round blue cells (mesenchymal chondrosarcoma).

 2. Tips and pitfalls

• Differential diagnosis includes chondroblastic osteosarcoma and 
enchondroma.

 Chordoma

Base of the skull, vertebral bodies, and sacrococcygeal bone. Patients of 50–70s.

 1. Cytomorphologic features

• Fibrillary/granular myxoid matrix.
• Cords or clusters of round/cuboidal cells (Fig. 9.26).
• Physaliphorous cells (Fig. 9.27).

 2. Tips and pitfalls

• Differential diagnosis includes myxoid chondrosarcoma, myxopapillary 
ependymoma, and metastatic mucinous adenocarcinoma.

• Positive for cytokeratin, EMA, S-100, and brachyury.
• SMARCB1 (INI1) loss.

Fig. 9.25 Chondrosarcoma (Diff-Quik stain)
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Fig. 9.26 Chordoma (Diff-Quik stain)

Fig. 9.27 Chordoma with physaliphorous cell (Diff-Quik stain)
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Chapter 10
Lung

Guoping Cai

 Introduction

The causes for localized lung lesions are diverse and range from nonneoplastic to 
neoplastic and from benign to malignant. Image-guided biopsy such as fine needle 
aspiration (FNA) and tissue biopsy is the choice of diagnostic approach, which helps 
identify the underlying etiologies for the lesions of interest and therefore provides a 
guidance for clinical management [1–3]. Depending on the location of lung lesions, 
different biopsy routes may be used. Centrically located lung lesions are often 
approached through bronchoscopy, while transthoracic biopsy is typically used for a 
peripheral lung lesion. With advances in bronchoscopy techniques such as electro-
magnetic navigation bronchoscopy, peripheral lung lesions may also be sampled by a 
transbronchial approach [1, 4–7]. In addition, bronchial brushing can be applied to the 
lesions involving bronchial mucosa although the sensitivity seems lower [1]. Imaging-
guided biopsy, either FNA or tissue biopsy, has been shown to have a high sensitivity 
and specificity in diagnosing malignant neoplasms of the lung [1].

Direct smears prepared from FNA or bronchial brushing and imprints prepared 
from tissue biopsy can be used for rapid on-site evaluation (ROSE), which has been 
shown to improve overall diagnostic performances of biopsy procedures [8–12]. 
The findings from ROSE evaluation provide real-time feedbacks to the physician 
who performs the biopsy so that the physician can adjust targeting site and deter-
mine pass number to ensure adequate specimens are obtained. As a result, ROSE 
can help decrease the nondiagnostic rate and therefore reduce repeat biopsies. ROSE 
also provide a preliminary diagnosis, which may be used as the basis to determine 
whether additional sites should be biopsied. In the era of personalized medicine, it 
is extremely important to secure sufficient material for ancillary studies including 
molecular testing if ROSE impression is non-small cell carcinoma [12–15].
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 Diagnostic Considerations

 Specimen Adequacy Assessment

There are no well-established criteria for adequacy assessment of lung lesions [12, 
16]. In general, the presence of malignant cells on biopsy specimen is considered 
adequate. However, there is no numeric requirement for cell numbers in the absence 
of malignant cells. The ultimate reference for adequacy assessment may rely on the 
fact whether the findings from the biopsy can explain, at a relative confident level, 
the clinical presentations of the lesion, which may be the result of an inflammatory/
infectious process, a benign tumor or malignant neoplasm. In other words, a nondi-
agnostic specimen is the one which provides no useful diagnostic information about 
the lesion [16, 17].

In patients with clinical suspicion for lung cancer or other lung lesions with 
associated mediastinal lymphadenopathy, mediastinal lymph nodes are often sub-
jected to biopsy for establishing a primary diagnosis or serving as staging workup 
[8, 9, 18–20]. Not uncommonly the biopsy of the lymph nodes ends up with a 
negative result, which may reflect a true negative lymph node or represent a sam-
pling error. There is an increasing need for establishing specimen adequacy 
assessment criteria, especially in cases with a negative result. Indeed, there are 
reports recommending requirement for a minimal number of lymphocytes [12, 21, 
22]. Alsharif et  al. have suggested that an adequate specimen should contain 
greater than 40 lymphocytes at X40 magnification or abundant pigment-laden 
macrophages if malignancy or granulomas are not identified [21]. The lympho-
cyte adequacy proposed by Nayak et al. is more than 5 low-power fields (X100 
magnification) containing at least 100 lymphocytes per field or any smear with 
germinal center fragment [22].

 Normal Elements and Contaminants in Lung Cytology

Normal elements of the lung biopsy specimen include bronchial epithelial cells, 
pneumocytes, and alveolar macrophages. Depending on the route a biopsy is 
approached, different normal elements may be present as contaminants. For exam-
ple, bronchial epithelial cells are often seen as contaminants in transbronchial 
biopsy of lymph nodes, while transthoracic biopsy of a lung lesion can have meso-
thelial cells present.

 1. Bronchial epithelial cells (Fig. 10.1)

• Columnar epithelial cells with cilia and/or terminal bars, arranged singly or as 
groups with a pickle fence appearance.

• Bronchial cells are bipolar and have vacuolated cytoplasm and round to oval 
nuclei with smooth nuclear membrane, evenly distributed chromatin, and 
small nucleolus.
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• When arranged in groups, bronchial cells can be intermixed with mucin- 
containing goblet cells.

• Reserve cells, which are located in basal layer of bronchial epithelium, may 
be seen. Reserve cells are small and have high nuclear-to-cytoplasmic ratios, 
arranged in small cohesive clusters (Fig. 10.2).

• Bronchial cells can undergo changes of squamous metaplasia showing dense 
cytoplasm and focal keratinization.

 2. Pneumocytes (Fig. 10.3)

• Relatively uniform cells arranged in small groups or flat sheets.
• Vacuolated cytoplasm and round nuclei with smooth nuclear membrane, 

evenly distributed chromatin, and inconspicuous nucleolus.
• Reactive pneumocytes can show prominent nucleolus.

 3. Alveolar macrophages (Fig. 10.4)

• Dispersed single cells with or without anthracotic pigment.
• Large cells with abundant vacuolated cytoplasm and folded oval nuclei with 

pale chromatin and small nucleolus.
• Reactive macrophages can show increased nuclear-to-cytoplasmic ratios and 

conspicuous nucleolus, even sometimes arranged in groups or clusters, mim-
icking adenocarcinoma.

Fig. 10.1 Benign bronchial epithelial cells. Groups of uniform columnar cells with attached cilia 
(Diff-Quik stain, ×200)
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Fig. 10.2 Benign bronchial epithelial cells and reserve/basal cells. Groups of uniform columnar 
cells with adjacent reserve/basal cells. Reserve cells are small and have scant cytoplasm, arranged 
in cohesive flat sheets (Diff-Quik stain, ×200)

Fig. 10.3 Reactive pneumocytes. Relatively uniform cuboidal cells arranged in flat sheets (Diff-
Quik stain, ×400)
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a

b

Fig. 10.4 Macrophages. Single and dyscohesive groups of cells with vacuolated cytoplasm and 
indented nuclei (a Diff-Quik stain, ×400). Macrophages contain cytoplasmic anthracotic pigments 
(b Diff-Quik stain, ×400)
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 4. Mesothelial cells (Fig. 10.5)

• Uniform cells arranged in flat sheets with sizable spaces between the cells (as 
known as windows).

• Cells are polygonal in shape and have dense cytoplasm and round to oval 
nuclei with inconspicuous nucleolus.

 Specimens and Specimen Triage

• Cytological specimens of respiratory system include FNA smears, imprints of 
biopsy tissue, bronchial brushing smears, bronchial washing, and bronchoalveo-
lar lavage.

• FNA and tissue biopsy are the preferred sampling methods although bronchial 
brushing can be used for bronchial mucosal lesions.

• Bronchial washing or lavage specimens are primarily used to identify infectious 
causes and are often not available for on-site evaluation.

• Appropriate specimen triage is essential for a diagnosis [12], especially in respi-
ratory systems where infections account for a significant numbers of lung lesions.

Fig. 10.5 Mesothelial cells. Relative uniform epithelial cells with round to oval nuclei arranged in 
flat sheet. Spaces between cells are noticeable (Diff-Quik stain, ×400)
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• In cases suspicious for infections, it is important to save part of specimens, in a 
sterile fashion, for microbiology culture study.

• In cases suspicious for lymphoproliferative disorders, part of specimens should 
be saved in RPMI for flow cytometry study.

• In cases suspicious for tumors other than lymphoproliferative disorders, speci-
mens should be saved as much as possible for ancillary study, particularly in 
cases suspicious for non-small cell carcinomas.

 Nonneoplastic Lung Diseases

There are a number of possible nonneoplastic causes underlying a lung lesion, 
including inflammatory and infectious. These diseases often diffusely involve the 
lung and are seldom subjected to a biopsy unless they are presented as localized 
lesions. The common findings from these entities include variable inflammatory 
cells and absence of malignant features with or without necrosis [16]. Since a tumor 
can be associated with significant inflammation, multiple passes may be required to 
rule out malignancy.

 Infection

 1. Fungal infection
Fungal infections in the lung are caused by fungal organisms, and 

Pneumocystis, Aspergillus, Histoplasma, Cryptococcus, and Blastomyces are 
among the common pathogens.

 A. Cytomorphologic features

• Acute inflammation, granulomatous inflammation, or mixed inflammation.
• Fungal organisms can sometimes be seen on Diff-Quik stain.
• Hypha form organisms include Aspergillus (Fig. 10.6), Mucor, etc.
• Yeast form organisms include Histoplasma, Cryptococcus, Blastomyces, 

and coccidioides (Fig. 10.7).
• Candida shows dimorphic features with pseudohyphae and yeasts.
• Pneumocystis shows foamy alveolar casts with trophozoites (negative cyst 

outline with a tiny punctate dot in the center) (Fig. 10.8).
• Organisms are best viewed on special stains (Gomori methenamine silver, 

GMS, or periodic acid–Schiff, PAS, stains).
• Reactive changes can be seen in epithelial cells (reactive bronchial cells, 

pneumocytes, or squamous metaplasia).
• Necrosis may be present.
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Fig. 10.6 Aspergillus. Branching hyphae with even width as negative images in an inflammatory 
background (Diff-Quik stain, ×400)

Fig. 10.7 Coccidiosis. A large spherule structure in a necrotic background (Diff-Quik stain, ×200)
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 B. Tips and pitfalls

• Cytomorphologic features are not specific for any specific type of infection.
• Triage specimens for microbiology culture studies and save specimens for 

special stains.
• Multiple passes are needed to rule out malignancy.

 2. Mycobacterial infection
Mycobacterial infection in the lung often present with one or multiple lung 

nodules or mass-like lesions.

 A. Cytomorphologic features

• Granulomatous inflammation with abundant necrosis (Fig. 10.9).
• Acute inflammation and multinucleated giant cells can be seen.
• In atypical mycobacterial infection (often in immunocompromised 

patients), organisms are abundant and may be seen as negative images on 
Diff-Quik stain.

• Organisms are best viewed on acid-fast stain.
• Reactive bronchial cells or pneumocytes may be present.

 B. Tips and pitfalls

• Findings are not specific unless organisms are identified.
• There is a very low yield to identify mycobacterial organisms even with 

special stain unless it is atypical mycobacterial infection.
• Positive culture result is often needed to confirm diagnosis.

Fig. 10.8 Pneumocystis jiroveci. A foamy alveolar cast with trophozoites, each as a tiny negative 
cystic space with a punctate dot in the center in an inflammatory background (Diff-Quik stain, ×400)
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 3. Actinomyces/Nocardia infection
Actinomyces and Nocardia are two filamentous bacteria, the infection of 

which may cause a mass-like lung lesion.

 A. Cytomorphologic features

• Acute or mixed inflammation.
• Filamentous bacteria can be seen on Diff-Quik stain.
• Sulfur granules often present in actinomycosis infection.
• Actinomyces are Gram-positive bacteria, while Nocardia are best viewed 

by Fite stain.
• Reactive bronchial cells or pneumocytes may be present.

 B. Tips and pitfalls

• Findings are not specific unless organisms are identified.
• Positive culture result may be needed to confirm diagnosis.

 Inflammation

 1. Organizing pneumonia
Organizing pneumonia is a form of pneumonia which is often the result of 

resolution or remodeling following bacterial or other infections. Histologically, 

Fig. 10.9 Necrotizing granulomatous inflammation. Clusters of epithelioid histiocytes and a few 
intermixed lymphocytes in a necrotic background (Diff-Quik stain, ×200)
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organizing pneumonia can present as a localized lesion with fibroblast prolifera-
tion and mixed inflammation.

 A. Cytomorphologic features (Fig. 10.10)

• Variable mixed inflammatory cells.
• Fragments of fibrotic lung tissue and clusters of fibroblast may be seen.
• Reactive bronchial cells and pneumocytes.

 B. Tips and pitfalls

• Cytomorphologic features are not specific.
• Ruling out infectious organisms is important.

 2. Granulomatous inflammation
Granulomatous inflammation may be associated with a specific type infec-

tious pneumonia such as fungal or mycobacterial infection, in which necrosis is 
often present. Non-necrotizing granulomatous infection is most commonly seen 
in patients with sarcoidosis.

 A. Cytomorphologic features

• Granulomatous inflammation is characterized by clusters of epithelioid 
histiocytes and intermixed lymphocytes in the clusters as well as in the 
background (Fig. 10.11).

• Multinucleated giant cells may be present.

Fig. 10.10 Organizing pneumonia. Clusters of fibrous/myofibroblastic tissue with lymphocytes, 
macrophages, and reactive bronchial cells (Diff-Quik stain, ×200)
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• Necrosis may be present.
• Granulomas seen in sarcoidosis are tight clusters of epithelioid histiocytes 

without background necrosis.
• Reactive bronchial cells and pneumocytes may be present.

 B. Tips and pitfalls

• In cases with necrosis, an infectious etiology should be considered. 
Specimen triage for microbiopsy culture studies is recommended.

• Sarcoidosis is a clinical diagnosis which require additional clinical infor-
mation and pertinent tests. Thus, even the cytomorphologic features sug-
gest sarcoidosis, it will best be classified as non-necrotizing granulomatous 
information.

 Benign Tumors or Tumors with Uncertain Behavior

Although infrequently, these tumors can be encountered during on-site evaluation. 
Recognition of these lesions is important for differential diagnosis of a lung mass 
and is also crucial for assessing whether adequate specimens are obtained.

Fig. 10.11 Non-necrotizing granulomatous inflammation. A tight cluster of epithelioid histiocytes 
and intermixed lymphocytes (Diff-Quik stain, ×400)
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 Hamartoma

Pulmonary hamartomas are benign tumors composed of at least two mesenchymal 
elements such as cartilage, fat, and smooth muscle combined with entrapped respi-
ratory epithelium.

 1. Cytomorphologic features (Fig. 10.12)

• Abundant benign-appearing epithelial cells intermixed with matrix 
material.

• Epithelial cells: clusters or sheets of uniform ciliated columnar cells, similar 
to ciliated bronchial cells.

• Matrix: myxoid, fibromyxoid, fibrocartilaginous, or cartilaginous material or 
in their combination; mature cartilage tissue may be seen.

• Mature adipose tissue may be present.

 2. Tips and pitfalls

• Should not be confused with normal bronchial contaminants, especially when 
the biopsy is performed via a transbronchial route. Pay attention to the quan-
tity of both epithelial and matrix elements.

Fig. 10.12 Pulmonary hamartoma. Abundant metachromatic myxoid material with intermixed 
bland spindle cells and a few bronchial epithelial cells (Diff-Quik stain, ×200)
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• Be aware of the potential false-positive interpretation as adenocarcinoma 
[23]. Note the cilia and uniformity of epithelial cells in hamartoma.

• Salivary gland tumors, particularly pleomorphic adenoma, should be included 
in the differential diagnosis.

 Inflammatory Myofibroblastic Tumor

Inflammatory myofibroblastic tumor is a distinct mesenchymal lesion with an indo-
lent clinical course, characterized by myofibroblastic proliferation intermixed with 
abundant inflammatory cells including lymphocytes and plasma cells. It occurs in 
adults as well as in pediatric population.

 1. Cytomorphologic features [24] (Fig. 10.13)

• Abundant mixed inflammatory cells composed of lymphocytes, plasma cells, 
eosinophils, and histiocytes.

• Scattered intermediate- to large-sized atypical cells.
• Atypical cells have delicate cytoplasm and round to oval nuclei with con-

spicuous nucleolus and rare intranuclear pseudoinclusions.
• No necrosis.

Fig. 10.13 Inflammatory myofibroblastic tumor. A few atypical intermixed with scattered lym-
phocytes, histiocytes, and reactive bronchial cells. Atypical cells have delicate cytoplasm and oval 
nuclei with conspicuous nucleolus (Diff-Quik stain, ×400)
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 2. Tips and pitfalls

• Searching for atypical cells in the mixed inflammatory background is the key 
to avoid a false-negative diagnosis.

• There may be some overlapping cytomorphologic features with organizing 
pneumonitis.

• The differential diagnosis should include Langerhans cell histiocytosis and 
Hodgkin lymphoma.

 Solitary Fibrous Tumor

Solitary fibrous tumors are more commonly seen in the pleura rather than in the 
lung. Even a pleural solitary fibrous tumor can have a significant inward growth into 
the lung, which may mimic a lung tumor. Solitary fibrous tumor typically shows 
uniform fibroblastic spindle cells with prominent branching vasculatures. However, 
variable morphologic features can be seen.

 1. Cytomorphologic features [25]

• Abundant uniform spindle cells, arranged in single cells, loosely cohesive 
groups, and clusters.

• Spindle cells have delicate cytoplasm and oval or elongated nuclei with 
inconspicuous nucleolus.

• Fibromyxoid matrix may be present.
• Pleomorphism, mitoses, and necrosis can be seen in malignant form of the 

tumor.

 2. Tips and pitfalls

• The differential diagnosis should include other spindle cell tumors such as 
spindle cell carcinoid tumor, monomorphic synovial sarcoma, leiomyoma/
leiomyosarcoma, schwannoma, sarcomatoid mesothelioma, and sarcomatoid 
carcinoma.

• Diagnostic clues include its pleura-based location and bland uniform spindle 
cell population. Final diagnosis and distinction from other spindle cell tumors 
may rest on immunophenotypic analysis.

 Sclerosing Pneumocytoma

Sclerosing pneumocytoma is a benign tumor which has a dual population of tumor 
cells, the epithelial cells lining the alveolar surface and the epithelioid cells within 
the expanded alveolar septa.

 1. Cytomorphologic features [25, 26]

• Dual populations of epithelial cells and epithelioid cells.

10 Lung



282

• Epithelial cells are polygonal or cuboid in shape and have vacuolated cyto-
plasm, round nuclei, conspicuous nucleolus, and occasional intranuclear 
pseudoinclusions.

• Epithelioid cells have indistinct cell borders and oval nuclei.

 2. Tips and pitfalls

• Difficult to diagnose on cytology alone. The diagnosis requires confirmation 
of dual cell populations by immunocytochemistry.

• The differential diagnosis includes adenocarcinoma, alveolar adenoma, and 
reactive pneumocytes in the setting of pneumonitis.

 Primary Malignant Neoplasms

Lung cancer is the leading cause of cancer-related death worldwide. The most com-
mon types of lung cancer include adenocarcinoma, squamous cell carcinoma, and 
small cell carcinoma, which in combination account for 85–90% of all primary lung 
malignant neoplasms. Traditionally, non-small cell carcinoma is an acceptable diag-
nostic term for the tumors other than small cell carcinoma in small biopsy or cytol-
ogy specimens. With a paradigm shift in treatment of lung cancers, especially lung 
adenocarcinomas, it is crucial to further classify non-small cell carcinoma. The 
cases with a diagnosis of adenocarcinoma will be subjected to molecular testing, the 
results of which help triage patients for appropriate clinical management. Therefore, 
it is important during on-site evaluation to secure sufficient specimens to ancillary 
studies including molecular testing.

 Adenocarcinoma

Adenocarcinoma is the most common subtype of primary lung cancers. Currently, 
adenocarcinomas are classified as adenocarcinoma in situ, minimally invasive ade-
nocarcinoma, and invasive adenocarcinoma, which can only be rendered on resec-
tion specimens [27–29]. Furthermore, diagnosis of invasive carcinomas has been 
recommended to include the description of a predominant growth pattern such as 
lepidic, acinar, papillary, micropapillary, solid, etc. [27, 28]. Again, it is difficult, if 
not impossible, to pinpoint these growth patterns on cytological material [29]. A 
well-differentiated adenocarcinoma more likely has a lepidic or acinar growth pat-
tern, while a cytological diagnosis of poorly differentiated adenocarcinoma is prob-
ably a tumor with a solid growth pattern on histology.

 1. Well- to moderately differentiated adenocarcinoma

 A. Cytomorphologic features (Fig. 10.14)

• Cellular smear with tumor cells arranged in acinar configurations, sheets 
and clusters, some as single cells.
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• Tumor cells are varying in size.
• Tumor cells have vacuolated or granular cytoplasm and round to oval 

nuclei with conspicuous nucleolus.
• Focal necrosis may be present.

 B. Tips and pitfalls

• Should be differentiated from reactive pneumocytes, atypical adenoma-
tous hyperplasia, and alveolar adenoma.

• Pay attention to cytological atypia and clinical presentation including the 
size of the lesion.

• Some metastatic adenocarcinomas such as breast carcinoma and pancre-
atic adenocarcinoma may have bland cytomorphology.

 2. Poorly differentiated adenocarcinoma

 A. Cytomorphologic features (Fig. 10.15)

• Cellular smear with tumor cells arranged in dyscohesive groups and clus-
ters, abundant single cells.

• Marked pleomorphism with prominent nucleolus.
• Focal cytoplasmic vacuolization may be seen.
• Necrosis present.

Fig. 10.14 Well-differentiated adenocarcinoma. Groups and clusters of tumor cells with 
variable- sized nuclei and vacuolated cytoplasm, some arranged in acinar patterns (Diff-Quik 
stain, ×200)
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 B. Tips and pitfalls

• May be difficult to distinguish from other lung cancers such as poorly dif-
ferentiated squamous cell carcinoma and large cell carcinoma. It is  appropriate 
to use the term of non-small cell carcinoma during the on-site evaluation.

• Similar cytomorphologic features can also be seen in some metastatic 
adenocarcinoma.

 3. Adenocarcinoma, morphologic variants

Although uncommon, morphologic variants of adenocarcinomas can be encoun-
tered, including invasive mucinous adenocarcinoma, colloid adenocarcinoma, fetal 
adenocarcinoma, and enteric adenocarcinoma.

 A. Cytomorphologic features

• Mucinous adenocarcinoma and colloid adenocarcinoma show sheets and 
clusters of mucinous epithelial cells with variable amount of mucin in the 
background (Fig. 10.16).

• Fetal adenocarcinoma has sheets and clusters of epithelial cells with promi-
nent glycogen-rich cytoplasmic vacuoles.

• Enteric adenocarcinoma demonstrates columnar epithelial cells arranged in 
an acinar or cribriform pattern. Scant or abundant necrosis can be seen.

Fig. 10.15 Poorly differentiated adenocarcinoma. Dyscohesive clusters of tumor cells with 
nuclear pleomorphism, vacuolated cytoplasm, and conspicuous nucleolus. Vague acinar arrange-
ment is present (Diff-Quik stain, ×400)
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 B. Tips and pitfalls

• Mucinous and colloid adenocarcinomas should be differentiated from reac-
tive process with abundant mucus accumulation.

• The main differential diagnosis for fetal adenocarcinoma includes endome-
triosis, PEComatous tumors, and metastatic renal cell carcinoma.

• Enteric adenocarcinoma shares similar cytomorphologic and immunopheno-
typic features with colorectal adenocarcinoma. It is important to check 
patient’s history to exclude a metastasis.

 Squamous Cell Carcinoma

Squamous cell carcinoma is the second most common primary lung cancer. 
Dependent on keratinization and atypia, squamous cell carcinomas can be classified 
as well-, moderately, and poorly differentiated tumors. A well- or moderately dif-
ferentiated squamous cell carcinoma can be recognized by morphological analysis, 
while a diagnosis of poorly differentiated squamous cell carcinoma needs confirma-
tion by immunohistochemical studies.

Fig. 10.16 Mucinous adenocarcinoma. Loosely cohesive clusters of tumor cells with variable- 
sized nuclei and vacuolated cytoplasm in a background of abundant mucin material (Diff-Quik 
stain, ×200)
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 1. Well- to moderately differentiated squamous cell carcinoma

 A. Cytomorphologic features (Figs. 10.17 and 10.18)

• Cellular smears with cohesive clusters of tumor cells.
• Tumor cells are polygonal and have increased nuclear-to-cytoplasmic 

ratios, dense cytoplasm, hyperchromatic nuclei, and inconspicuous 
nucleolus.

• Keratinizing squamous cells with pleomorphic nucleic are often present.
• Necrosis is often present.

 B. Tips and pitfalls

• Should be differentiated from squamous metaplasia, dysplasia, or squa-
mous cell carcinoma in situ, especially when evaluating brushing or wash-
ing specimens.

• Pay attention to clusters of non-keratinizing squamous cells with high 
nuclear-to-cytoplasmic ratios and hyperchromasia.

• Rule out the possibility of metastatic squamous cell carcinoma.

 2. Poorly differentiated squamous cell carcinoma

 A. Cytomorphologic features (Fig. 10.19)

• Cellular smears with tumor cells arranged singly, in small groups, or in 
clusters.

Fig. 10.17 Well-differentiated squamous cell carcinoma. Large cohesive clusters of tumor cells 
with round to oval nuclei and dense cytoplasm (Diff-Quik stain, ×200)
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Fig. 10.18 Keratinizing well-differentiated squamous cell carcinoma. Single and dyscohesive 
groups of pleomorphic tumor cells with dense cytoplasm in a necrotic and inflammatory back-
ground (Diff-Quik stain, ×400)

Fig. 10.19 Poorly differentiated squamous cell carcinoma. Clusters of tumor cells with dense cyto-
plasm and variable-sized nuclei in a necrotic and inflammatory background (Diff-Quik stain, ×400)
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• Tumor cells have high nuclear-to-cytoplasmic ratios, dense cytoplasm, 
and pleomorphic hyperchromatic nuclei with conspicuous nucleolus.

• Focal keratinizing squamous cells may be seen.
• Abundant necrosis present.

 B. Tips and pitfalls

• Difficult to distinguish from other poorly differentiated non-small cell 
lung carcinomas morphologically [30].

• Rule out the possibility of metastatic squamous cell carcinoma or urothe-
lial carcinoma.

 3. Basaloid squamous cell carcinoma

Basaloid squamous cell carcinoma is a poorly differentiated carcinoma that has 
a lobular growth pattern with peripheral palisading. Although the tumor cells lack 
atypical squamous morphology, they stain positive for squamous markers.

 A. Cytomorphologic features (Fig. 10.20)

• Sheets and clusters of tumor cells with relatively uniform morphology.
• Tumor cells are intermediate in size and have scant cytoplasm, round nuclei, and 

inconspicuous nucleolus. Prominent nucleolus can be seen in a subset of cases.
• Necrosis and apoptosis are often seen.

Fig. 10.20 Basaloid squamous cell carcinoma. Clusters of tumor cells with large relatively uni-
form nuclei and scant cytoplasm (Diff-Quik stain, ×400)
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 B. Tips and pitfalls

• May share some cytomorphologic features with small cell carcinoma such as 
high nuclear-to-cytoplasmic ratios, but tumor cells are more cohesive and 
lack nuclear streaming artifacts.

• Also, should be differentiated from large cell neuroendocrine carcinoma, ade-
noid cystic carcinoma, and poorly differentiated squamous cell carcinoma.

 Small Cell Carcinoma

Small cell carcinoma accounts for 10–15% of primary malignant lung neoplasms. It is 
characterized by proliferation of small tumor cells with scant cytoplasm, speckled chro-
matin, and absence of nucleolus. Tumor cells stain positive for neuroendocrine markers.

 1. Cytomorphologic features (Fig. 10.21)

• Cellular specimen with single or loosely cohesive clusters of relatively uni-
form tumor cells.

• Tumor cells are small to intermediate in size and have scant cytoplasm.
• Round, oval, or spindle nuclei with speckled chromatin and absence of nucle-

olus or inconspicuous nucleolus.
• Nuclear pleomorphism may be seen in some cases.
• Nuclear molding and nuclear streaming artifacts.
• Abundant necrosis and apoptosis.

 2. Tips and pitfalls

• Differential diagnosis includes other neuroendocrine tumors such as large cell 
neuroendocrine carcinoma and carcinoid tumors.

• Small cell carcinoma has overlapping cytomorphologic features with basa-
loid squamous cell carcinoma and metastatic Merkel cell carcinoma.

• In cases with dominant dispersed single cell pattern, non-Hodgkin lymphoma 
should be included in the differential diagnosis. The latter has lymphoglandu-
lar bodies in the background. This distinction may still be challenging, espe-
cially in lymph node sampling.

 Large Cell Neuroendocrine Carcinoma

Large cell neuroendocrine carcinoma is considered to be a high-grade neuroendo-
crine carcinoma, which has morphic features of rosettes and peripheral palisading 
as well as expresses neuroendocrine markers.

 1. Cytomorphologic features [16] (Fig. 10.22)

• Cellular specimen with sheets or clusters of relatively uniform tumor cells, 
some arranged in acinar/rosette pattern.
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a

b

Fig. 10.21 Small cell carcinoma. Single and loosely cohesive clusters of tumor cells (a Diff-Quik 
stain, ×200) with scant cytoplasm, nuclear molding, and nuclear streaming (b Diff-Quik stain, 
×400)
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a

b

Fig. 10.22 Large cell neuroendocrine carcinoma. Loosely cohesive clusters of tumor cells with 
relatively uniform nuclei (a Diff-Quik stain, ×200) and moderate amount of cytoplasm and con-
spicuous nucleolus (b Diff-Quik stain, ×400)

10 Lung



292

• Tumor cells are intermediate in size and have scant to moderate amount of 
delicate cytoplasm, round nuclei, and prominent nucleolus.

• Focal necrosis may be present.

 2. Tips and pitfalls

• Large cell neuroendocrine carcinoma cytomorphologically overlaps with 
other lung cancers, especially small cell carcinoma, adenocarcinoma, and 
basaloid squamous cell carcinoma [31].

• The feature of uniform tumor cells with prominent nucleolus is the clue.
• It would be reasonable to be classified as non-small cell carcinoma during the 

on-site evaluation if there are no features suggesting small cell carcinoma.
• In cases with prominent nucleolus, small cell carcinoma should be included 

in the differential diagnosis.

 Typical Carcinoid Tumor/Atypical Carcinoid Tumor

Typical and atypical carcinoid tumors are the two subtypes of well-differentiated 
neuroendocrine neoplasms, which differ in their mitotic counts and absence or pres-
ence of necrosis. The tumors can be found in the trachea, bronchus, and central or 
peripheral lung. When occurred in the peripheral lung, the tumors are more likely to 
be atypical. It is however difficult to differentiate typical from atypical carcinoid 
tumors based on limited cytological material.

 1. Cytomorphologic features [16] (Fig. 10.23)

• Single, dyscohesive or loosely cohesive groups of relative uniform tumor 
cells.

• Fragments of tumor cells with embedded capillary vasculatures may be 
present.

• In most cases, tumor cells have moderate amount of cytoplasm and round to 
oval, eccentrically placed nuclei with speckled chromatin and inconspicuous 
nucleolus.

• Spindle cell or oncocytic morphology can be seen in a minority of cases.
• Necrosis and mitosis are uncommon.

 2. Tips and pitfalls

• Check patient’s history and rule out metastatic neuroendocrine tumors, par-
ticularly of gastrointestinal tract origin.

• Carcinoid tumors have overlapping morphology with salivary gland-type 
tumors, paraganglioma, and metastatic lobular breast carcinoma.

• Spindle cell carcinoid tumors should be differentiated from solitary fibrous 
tumor due to their spindle cell morphology and peripheral location.
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 Sarcomatoid Carcinoma

Sarcomatoid carcinomas include pleomorphic carcinoma, carcinosarcoma, and pul-
monary blastoma.

 1. Cytomorphologic features

• Pleomorphic carcinoma is a poorly differentiated carcinoma with a compo-
nent of squamous cell carcinoma, adenocarcinoma, or small cell carcinoma as 
well as a component of spindle cells or giant cells (Fig. 10.24).

• Carcinosarcoma is a biphasic tumor consisting of a squamous or adenocarci-
noma component intermixed with a sarcoma-containing heterologous element.

• Pulmonary blastoma is also a biphasic tumor having components of fetal 
adenocarcinoma and primitive mesenchymal stroma.

 2. Tips and pitfalls

• Presence of dual morphologic elements is the clue; however, it is difficult, if 
not impossible, to diagnose these entities during the on-site evaluation.

• Should be differentiated from sarcoma and other poorly differentiated carcinoma.

Fig. 10.23 Well-differentiated neuroendocrine tumor. Single and dyscohesive groups of tumor 
cells with slightly enlarged uniform nuclei (Diff-Quik stain, ×400)
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 Salivary Gland-Type Tumors

Salivary gland-type tumors of the lung are uncommon, accounting for less than 1% 
of all lung tumors. These tumors arise predominantly in the central airway.

 1. Cytomorphologic features

• Salivary gland-type tumors include mucoepidermoid carcinoma, adenoid cys-
tic carcinoma, epithelial–myoepithelial tumor, myoepithelial tumor, and 
pleomorphic adenoma.

• Morphologically similar to the tumors seen in the salivary glands (Figs. 10.25 
and 10.26).

• There are often cellular elements as well as matrix/metachromatic material.

 2. Tips and pitfalls

• Should be differentiated from other non-small cell carcinomas
• May have overlapping morphology with carcinoid tumors

Fig. 10.24 Pleomorphic carcinoma. Single and dyscohesive groups of pleomorphic tumor cells 
with binucleated and multinucleated tumor giant cells (Diff-Quik stain, ×200)
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Fig. 10.25 Adenoid cystic carcinoma. A cohesive cluster of relatively small uniform tumor cells 
with scant cytoplasm. Scant metachromatic material is seen at the edge of the tumor cluster (Diff-
Quik stain, ×200)

Fig. 10.26 Pleomorphic adenoma. Abundant metachromatic material intermixed with scattered 
bland epithelioid cells (Diff-Quik stain, ×200)
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 Other Uncommon Carcinomas

Included are adenosquamous carcinoma, large cell carcinoma, lymphoepithelioma- 
like carcinoma, and NUT carcinoma. Diagnosis of these entities may need extensive 
sampling, immunohistochemical analysis, and exclusion of other non-small cell 
carcinomas.

 1. Cytomorphologic features

• Adenosquamous cells show dual cell population of adenocarcinoma 
and squamous cells recognized by morphology and confirmed by 
immunostaining.

• Large cell carcinoma shows single or loosely groups of large pleomorphic 
tumor cells. The tumor cells have no morphologic and immunophenotypic 
features of adenocarcinoma, squamous cell carcinoma, or small cell 
carcinoma.

• Lymphoepithelioma-like carcinoma shares the same features of nasopharyn-
geal carcinoma (Fig. 10.27).

Fig. 10.27 Lymphoepithelioma-like carcinoma. Single and dyscohesive groups of tumor cells 
intermixed with lymphocytes. The tumor cells are large and pleomorphic and have delicate cyto-
plasm and prominent nucleolus (Diff-Quik stain, ×200)
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• NUT carcinoma is a poorly differentiated aggressive carcinoma showing 
monomorphic tumor cells with irregular nuclear contours and prominent 
nucleolus.

 2. Tips and pitfalls

• Cytomorphologic features may not be specific and immunostains are often 
required to support the diagnosis.

• During on-site evaluation, these can classified as poorly differentiated non- 
small cell carcinoma.

 Sarcomas

Sarcomas primary to the lung are rare with synovial sarcoma being the most com-
mon type. In fact, after bone and soft tissue, lung is the most common site for syno-
vial sarcoma.

 1. Cytomorphologic features [25]

• Sarcomas of the lung share the same morphologic features arisen in the bone 
and soft tissue.

• Synovial sarcoma can have a biphasic (epithelial and spindle cell compo-
nents) or a monophasic morphologic (spindle cells only).

 2. Tips and pitfalls

• Since primary lung sarcoma is a rare occurrence, it is essential to rule out a 
metastatic sarcoma.

 Metastatic Tumors

The lung is one of the most common sites for metastatic tumors, which are mostly 
carcinomas followed by sarcomas, melanoma, and germ cell tumors. In addition, 
lymphoproliferative disorders seen in the lung could be a primary or secondary 
involvement. Most metastatic tumors present as multiple lung lesions while a soli-
tary lung metastasis can occur. Some tumors such as breast carcinoma, renal cell 
carcinoma, and melanoma can present as an endobronchial lesion when metastatic 
to the lung. Many patients with metastatic diseases have a known history of the cor-
responding malignancy although metastasis can occur as an initial presentation. In 
cases with only cytological specimens available, a metastasis should always be 
included in the differential diagnosis since cytology specimens lack the architec-
tural features helpful for determination of primary versus metastatic.
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 Metastatic Carcinoma

Metastatic carcinomas are originated from extrapulmonary sites such as gastrointes-
tinal tract, gynecological tract, breast, kidney, urothelium, head and neck, and 
prostate.

 1. Cytomorphologic features

• Metastatic carcinomas show identical cytomorphologic features as their pri-
maries (Figs. 10.28 and 10.29).

 2. Tips and pitfalls

• Knowledge of patient’s prior history of malignancy is important.
• Review of imaging findings should always be encouraged; however, it should 

be kept in mind that multiple lung lesions could represent synchronous pri-
mary tumors or intrapulmonary metastasis of a lung tumor.

• Immunophenotypic analysis may be needed to rule out a metastasis.

 Metastatic Sarcoma

Primary sarcomas of the lung are rare. It is imperative to rule out a metastasis before 
diagnosis of a lung sarcoma is rendered.

Fig. 10.28 Metastatic colorectal carcinoma. Cohesive clusters of columnar cells with an acinar 
pattern in a necrotic and inflammatory background (Diff-Quik stain, ×200)
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 1. Cytomorphologic features

• Metastatic sarcomas show the same cytomorphologic features as their primaries.

 2. Tips and pitfalls

• Patient’s prior history of malignancy and imaging findings are crucial for rul-
ing out a metastasis.

 Metastatic Melanoma

The patients with metastatic melanoma to the lung may or may not have a docu-
mented history of melanoma. Primary tumors such as mucosa-associated melanoma 
and skin melanoma with regression could be occult. Melanoma can rarely arise in 
the lung as an ectopic tumor.

 1. Cytomorphologic features (Fig. 10.30)

• Dispersed single cells with eccentrically located nuclei and prominent 
nucleolus.

• Binucleation, intranuclear pseudoinclusions, and melanin pigments can be 
seen.

• Spindle cell melanoma is a morphologic variant.

Fig. 10.29 Metastatic urothelial carcinoma. Single and clusters of tumor cells with dense cyto-
plasm and focal vague papillary architecture (Diff-Quik stain, ×200)
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 2. Tips and pitfalls

• Classical cytomorphologic features are the clues for an accurate diagnosis; 
presence of melanin pigments, although uncommon, is helpful.

• Differential diagnosis may include carcinoid tumor, metastatic lobular breast 
carcinoma, and plasma cell neoplasm.

 Lymphoproliferative Disorders

Lymphoproliferative disorders can involve the lung as a primary or secondary 
tumor. The most common primary lymphoproliferative disorder is the extranodal 
marginal zone lymphoma of mucosa-associated lymphoid tissue (MALT lym-
phoma) followed by diffuse large B-cell lymphoma [32, 33]. The tumors of histio-
cytic origin include Langerhans cell histiocytosis.

 1. Cytomorphologic features

• Abundant dispersed single cells.
• The cells of MALT lymphoma are small and monotonous and have eccentri-

cally located nuclei and inconspicuous nucleolus (Fig. 10.31).

Fig. 10.30 Metastatic melanoma. Single and dyscohesive groups of tumor cells with oval nuclei 
and conspicuous nucleolus. Some tumor cells contain cytoplasmic melanin pigments (Diff-Quik 
stain, ×400)
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• The cells of diffuse large B-cell lymphoma are large and pleomorphic and 
have scant cytoplasm and enlarged pleomorphic nuclei with irregular nuclear 
membranes and conspicuous nucleolus.

• The cells of Langerhans cell histiocytosis are large and have abundant cyto-
plasm and delicate nuclei with prominent nuclear membrane folding.

 2. Tips and pitfalls

• It is important to recognize these lesions during the on-site evaluation.
• Triaging specimens for flow cytometry and cell block is essential for an accu-

rate diagnosis and differentiate from a reactive process or other tumors.
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Chapter 11
Mediastinum

Rita Abi-Raad and Guoping Cai

 Introduction

The mediastinum is a site of various pathologic disorders, including lesions spread-
ing from organs located in and outside the mediastinum. Just as the advent of new 
radiologic techniques has facilitated procurement of surgical material for treatment 
planning, fine needle aspiration (FNA) has been shown to be an excellent tool for 
diagnosis of mediastinal lesions, sparing more invasive surgeries [1–3]. Diagnostic 
accuracy ranges from 80% to 100% [4–7] with increased specificity and sensitivity 
when rapid on-site evaluation (ROSE) is available [3, 6, 8–10]. Immediate assess-
ment of cytology specimens by a cytopathologist at the time of the procedure has 
been shown to reduce the frequency of nondiagnostic specimens regardless of tumor 
size [11, 12], while improving agreement with final interpretation [13].

FNA biopsy is used primarily to diagnose malignancies, metastasis representing 
60% of the neoplasms, and primary mediastinal tumors representing the next largest 
category [6]. Reactive lymphadenopathy and infectious and granulomatous diseases 
are the most benign conditions that can manifest with mediastinal lymphadenopa-
thy. Mediastinal neoplasms, as well as nonneoplastic conditions, can be sampled by 
FNA under the guidance of endoscopy ultrasound (EUS), endobronchial ultrasound 
(EBUS), or computed tomography (CT) depending on the location and accessibility 
of the lesion. It is important to discuss the clinical aspect and imaging characteris-
tics with clinicians at the time of biopsy, so that adequacy can be assessed, and with 
on-site preliminary findings, biopsy material be triaged for appropriate ancillary 
testing. FNA has been considered to be a substitute to core biopsy [4] in some stud-
ies, others however have suggested that carcinomatous lesions can be diagnosed by 
FNA, while core or excisional biopsy is recommended for lymphoma, thymoma, 
neural masses, and benign masses [14].
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 Diagnostic Considerations

 Specimen Adequacy Assessment

The majority of mediastinal lesions are of epithelial and lymphoid origin [4]. There 
are no well-established criteria for specimen adequacy. The reference would be 
whether the findings of FNA biopsy can explain the lesion based on patient’s his-
tory, imaging study findings, and clinical suspicion. The presence of cellular debris 
and macrophages alone may be considered adequate if imaging studies suggest a 
cystic lesion [15].

Sampling error is the major issue in the diagnosis of mediastinal lesions. Necrotic 
and fibrotic lesions yield much less cellular material and often lead to inadequate sam-
pling [6]. Proximity to major vessels and deep-seated small lesions are the major techni-
cal obstacles for adequate sampling. Biopsy of a highly vascular lesion may result in 
blood dilution of specimen, which leads to a nondiagnostic or indeterminate diagnosis.

 Contaminants

• Contamination from the surrounding non-lesional tissue may sometimes impose 
a diagnostic challenge and result in a misdiagnosis.

• The types of contaminants are related to the method of FNA biopsy techniques 
utilized.

• Transthoracic FNA: contamination with mesothelial cells, skeletal muscle, and 
fibroconnective tissue.

• Transbronchial FNA: contamination with bronchial epithelial cells.
• Transesophageal or transgastric FNA: contamination with esophageal squamous 

epithelium or gastric mucosa.

 Approach for Solid Lesions

• Approximately 80% of mediastinal tumors are solid lesions [2].
• The mediastinum is divided into several hypothetical compartments, with spe-

cific tumor types occurring in specific compartments. Thymic neoplasms and 
metastatic tumor in the lymph nodes are the common lesions seen in the anterior 
compartment, while the tumors seen in the posterior compartment are most likely 
of neurogenic origin.

• The subtypes of mediastinal lesions also differ in different age groups. Metastatic 
tumors are most likely seen in elderly patients. In younger patients, certain types 
of lymphomas including Hodgkin lymphoma, anaplastic large cell lymphoma, 
and lymphoblastic lymphoma are common findings.

• Adequate sampling as well as appropriate specimen triage are important to render 
a definite diagnosis. In cases suspicious for lymphoproliferative disorders, part of 
the specimen should be saved in RPMI preservative for flow cytometry study.
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• It may be difficult to make distinction between a thymic tumor, particularly a 
lymphocyte-rich thymic tumor, and a lymphoproliferative disorder. It is reason-
able to save some of the specimen for flow cytometry in indeterminate cases.

 Approach for Cystic Lesions

• Cystic lesions comprise approximately 15–20% of primary mediastinal masses 
in adults [2].

• Most of these are either foregut duplication cysts or pericardial cysts, less com-
monly cystic neoplasms of the mediastinum. Other rare mediastinal cysts include 
lymphangiomas, thymic cysts, thoracic duct cysts, and lateral thoracic meningo-
celes [16–19].

• Correlate with radiologic findings. Cyst contents only in a complex cystic lesion/
cystic lesion with a solid component is considered inadequate sampling.

• Keep in mind that a cystic lesion could be a malignant tumor. Malignant 
tumors can undergo cystic degeneration and thus present as partially cystic 
tumors.

• Contaminants present on the aspirates may cause erroneous interpretation of cys-
tic lesions.

 Lesions of Anterior/Superior Mediastinal 
Compartments – Tumors of Thymic Epithelium

 Thymoma

Thymomas exhibit a wide variety of morphological appearances and show an 
admixture, in a variable proportion, of neoplastic thymic epithelium and nonneo-
plastic lymphoid infiltrate [20]. Currently, thymomas are classified as (1) Type A, 
thymoma composed of bland spindle to oval cells with few to no lymphocytes; (2) 
Type AB, thymoma with a mixture of lymphocyte-rich and lymphocyte-poor spin-
dle cell components; (3) Type B1, predominantly composed of immature T cells 
with scattered polygonal epithelial cells; (4) Type B2, thymoma with prominent 
polygonal epithelial cells with a roughly even admixture of numerous lymphocytes; 
and (5) Type B3, thymoma composed of sheets of polygonal epithelial cells with 
mild to moderate atypia and scant lymphocytes.

 A. Cytomorphologic features [21, 22]

• Aspirates are usually moderately to markedly cellular.
• The key diagnostic feature is the presence of a dual population: a mixture of 

round/oval or spindle epithelial cells and lymphocytes in variable proportion 
(Fig. 11.1).

• The epithelial cells show inconsistency in size, shape, and number with vari-
able amount of cytoplasm and nuclear pleomorphism.
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• The lymphoid population is comprised predominantly of small, mature lym-
phocytes admixed with occasional larger lymphocytes.

• The lymphocytes intermingle with the neoplastic epithelial cells with clus-
ters of epithelial cells frequently present.

• Lymphocyte-rich thymoma (Type B1) shows abundant monomorphic popu-
lation of small, mature lymphocytes with inconspicuous nucleoli and scat-
tered epithelial cells.

• Predominant epithelial subtypes show many cohesive clusters, single epithe-
lial cells, and stripped nuclei with lesser number of lymphocytes.

• Large, round to polygonal cells with abundant cytoplasm, large vesicular 
nuclei, prominent nucleoli, and occasional mitotic figures are seen in Type 
B3 thymomas.

• Foci displaying squamoid features can also be present.

 B. Tips and pitfalls [23]

• An accurate cytologic diagnosis of thymoma can be made if the characteris-
tic dual population of epithelial and lymphoid elements is recognized.

• Nonneoplastic thymic epithelial cells may be noted in FNA smears in 
cases of thymic hyperplasia, and these cases are difficult to diagnose on 

Fig. 11.1 Type B2 thymoma. Dual population of single and clusters of epithelial cells, closely 
intermingled with lymphocytes (Diff-Quik stain, ×400)
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cytology alone. Thymic hyperplasia usually occurs in children, whereas 
thymoma often occurs in adults.

• Spindle cell thymoma can present difficulty on FNA as they can be misiden-
tified as other spindle cell lesions, such as nerve sheath tumors, carcinoid, 
and low-grade sarcoma, or misinterpreted, as the sclerosis seen in a large cell 
lymphoma. The presence of a dual population of epithelial cells and lympho-
cytes favors thymoma.

• The differential diagnosis includes predominantly lymphoma, especially in 
lymphocyte-rich thymoma, and seminoma. Patients with thymoma tend to be 
older. A dual epithelial and lymphoid population with cohesive clusters of 
cells, presence of tissue fragments, and lack of lymphoglandular bodies favor 
thymoma. In lymphoma, smears should not include epithelial cells, and the 
lymphoid cells appear monomorphic and cytologically atypical. Seminoma 
cells have more round nuclei with greatly thickened nuclear membranes, 
prominent nucleoli, and clear cytoplasm [24]. A characteristic feature is the 
presence of a tigroid background comprised of interwoven, lacy material and 
absence of tissue fragments [25]. True intercellular cohesion will be essen-
tially nonexistent in lymphoma and minimal in seminoma.

• The differential diagnosis of aspirates showing a predominance of epithelial 
cells includes metastatic carcinoma. Carcinoma may contain many tightly 
packed cohesive cell clusters and neoplastic tissue fragments, but the neo-
plastic cells generally are far more atypical and pleomorphic. Clinical history 
of primary malignancy is very helpful in this situation. Additional material 
should be submitted for cell block analysis.

 Thymic Carcinoma

Malignant thymic epithelial neoplasms have diverse morphologic variants, but they 
do clearly exhibit malignant cytologic features [20, 26].

 A. Cytomorphologic features

• Cellular aspirates with variable cell morphologies.
• Significant nuclear enlargement, nuclear pleomorphism, mitotic activities, 

and background necrosis are the most common findings.

 B. Tips and pitfalls

• The differential diagnosis of aspirates showing a predominance of atypical 
epithelial cells includes metastatic tumors.

• Primary thymic carcinoma must be differentiated from metastatic poorly dif-
ferentiated carcinoma and germ cell tumors such as embryonal carcinoma.

• Clinical history of primary malignancy is very helpful in this situation. 
Additional material should be submitted for cell block analysis.

11 Mediastinum



310

 Thymic Carcinoid Tumor

Very rarely encountered in FNA of the mediastinum [20].

 A. Cytomorphologic features

• Cellular smear composed of cell clusters and numerous single tumor cells.
• Cells have round to oval nuclei, finely granular chromatin, and a scant granu-

lar cytoplasm.

 B. Tips and pitfalls

• Thymoma is the most frequent misdiagnosis for carcinoid tumor of the thy-
mus. Carcinoid tumor may be distinguished from thymoma by formation of 
rosettes, cytoplasmic granularity, salt and pepper chromatin pattern, and 
absence of tissue fragments. Also the presence of lymphocytes favors thy-
moma [22]. Additional material for cell block is needed for immunocyto-
chemistry analysis.

• Small cell carcinoma is within the differential for thymic carcinoid tumor. 
The presence of necrosis, pleomorphism, and prominent nuclear molding 
and crush artifact favor small cell carcinoma [27].

• Lymphoma also demonstrates a pattern of dispersed single cells. A separate 
aliquot for flow cytometry analysis is recommended.

 Thymic Cyst

 A. Cytomorphologic features

• Background contains inflammatory cells, erythrocytes, debris, calcium 
deposits, and cholesterol crystals.

• Epithelial cells can be present. These are cuboidal, columnar, ciliated colum-
nar, or squamous cells.

 B. Tips and pitfalls

• Differential diagnosis includes cystic disorders such as cystic thymoma, cystic 
germ cell tumor, lymphangioma, and cystic lymphoma of the thymus gland.

• FNA smear showing cyst contents only from a complex cystic lesion is con-
sidered inadequate.

 Lesions of Anterior/Superior Mediastinal 
Compartments – Others

 Lymphomas of the Mediastinum

Most common primary lymphomas of the mediastinum are Hodgkin lymphoma, 
diffuse large B-cell lymphoma, and lymphoblastic lymphoma [20, 24, 28].
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 1. Hodgkin lymphoma

 A. Cytomorphologic features

• Scattered extremely large mononucleated or binucleated (Reed-Sternberg 
cells)

• Background mixed inflammatory infiltrate including lymphocytes, eosin-
ophils, and histiocytes

 B. Tips and pitfalls

• Nodular sclerosis subtype, the most common type of Hodgkin disease in 
the mediastinum, may have a low cellularity due to dense fibrosis.

• It is difficult to further classify Hodgkin lymphoma on cytological 
specimens.

• Classical Reed-Sternberg cells may be absent, which can make the diag-
nosis by FNA difficult.

 2. Non-Hodgkin lymphomas
Diffuse large B-cell lymphoma and lymphoblastic lymphoma are among the 
non- Hodgkin lymphomas commonly seen in the mediastinum.

 A. Cytomorphologic features

• Smears are usually cellular and composed of dispersed single cells.
• Monotonous-appearing cells, twice the size of small, mature-appearing 

lymphocytes, with scant cytoplasm, convoluted nuclei, fine powdery 
chromatin, and inconspicuous nucleoli are seen in lymphoblastic 
lymphomas.

• The smears of diffuse large B-cell lymphoma show a pleomorphic popula-
tion of atypical lymphoid cells [29] (Fig. 11.2).

• Background lymphoglandular bodies

 B. Tips and pitfalls

• The differential diagnosis for lymphoblastic lymphoma includes follicular 
hyperplasia of lymph nodes, thymic hyperplasia, and thymoma. 
Lymphoblastic lymphoma is the most common malignant lymphoma of 
childhood, while thymoma rarely occurs in children.

• Diffuse large B-cell lymphoma can also be confused with poorly differen-
tiated carcinomas. Metastatic poorly differentiated carcinoma may also 
show large number of pleomorphic cells. However, the malignant cells 
often show cohesive clusters.

• Another differential diagnosis with lymphoma is small cell carcinoma 
which usually shows single cells with round to oval nuclei having min-
imal cytoplasm. Crushing artifacts, nuclear molding, and single rows 
of cells indicate the possibility of small cell carcinoma. Cytologically, 
the lack of lymphoglandular bodies and the presence of cohesive 
aggregates of epithelial cells and tissue fragments are not features of 
lymphomas.
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 Nonneoplastic Lymphadenopathy

• FNA has a role in diagnosing nonmalignant, inflammatory, or infectious causes, 
such as sarcoidosis; however, many of these cases are given descriptive diagnosis 
due to lack of specific findings [6].

• Sarcoidosis is probably the lesion in which FNA has a better diagnostic yield. 
One study has found that sarcoidosis can be identified by FNA with a sensitivity 
and specificity of 89 and 96%, respectively [30].

• Typical features of sarcoidosis include granulomas consisting of epithelioid his-
tiocytes with carrot-shaped nuclei and abundant cytoplasm with absence of 
necrosis [13] (Fig. 11.3).

 Germ Cell Tumors (GCTs)

Extragonadal germ cell tumors are relatively uncommon, accounting for 20% of 
all mediastinal tumors. Anterior mediastinum is the most common extragonadal 
site of GCTs in adults and second most common extragonadal site in children 

Fig. 11.2 Diffuse large B-cell lymphoma of the mediastinum. Polymorphous population of lym-
phocytes with scattered large atypical cells (Diff-Quik stain, ×400)
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[25, 31]. It is not possible to distinguish between primary and secondary medi-
astinal GCTs based on morphologic features alone. The most common primary 
germ cell tumor of the mediastinum is mature cystic teratoma. Seminoma is the 
second most common example of pure germ cell tumors of the mediastinum. Non-
seminomatous germinal cell tumors include embryonal carcinoma, yolk sac tumor, 
and choriocarcinoma.

 A. Cytomorphologic features

• Mature cystic teratoma shows discrete benign squamous cells on a clean 
background.

• Typical seminomas/germinomas consist of uniform, large, round neoplastic 
cells with large vesicular nuclei and prominent nucleoli admixed with small 
lymphocytes in a tigroid background on Diff-Quik stain (Fig.  11.4). The 
tigroid background is characteristic of seminoma, although not specific, but 
may not be present in every case. It is reported that the tigroid background is 
noted only in highly cellular specimens and is absent in specimens with low 
cellularity [25, 32].

• Embryonal carcinoma yields cellular smears of cohesive groups of pleo-
morphic hyperchromatic epithelioid cells with prominent nucleoli. The 
cytoplasm is usually scant with indistinct cell borders, resulting in a syn-

Fig. 11.3 Sarcoidosis. Polymorphous lymphocytes and epithelioid histiocytes forming non- 
necrotizing granulomas (Diff-Quik stain, ×200)
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cytial growth pattern. In addition, the neoplastic cells can also demon-
strate a papillary and/or glandular arrangement. Necrosis is frequently 
noted [33, 34].

• Yolk sac tumors yield cohesive clusters of pleomorphic epithelioid cells 
with large nuclei, vacuolated cytoplasm, and extracellular hyaline matrix 
(spheres or hyaline globules) [35]. Schiller-Duval bodies are only occa-
sionally noted in cytologic preparations. The finding of metachromatic 
basement membrane- like extracellular material is helpful in recognizing 
the presence of a yolk sac tumor component in aspirates [36, 37]. Necrosis 
can be quite prominent.

• The finding of multinucleated tumor giant cells (syncytiotrophoblasts) sug-
gests choriocarcinoma. Aspirates of choriocarcinoma reveal single and cohe-
sive groups of pleomorphic cells with bizarre nuclei and prominent nucleoli, 
often in a hemorrhagic background.

 B. Tips and pitfalls

• When FNA yields undifferentiated malignant cells, particularly in young 
adult males, then the diagnosis of germ cell tumor needs to be considered. 
Material for cell block and immunocytochemical stains should be 
obtained.

Fig. 11.4 Germ cell tumor/germinoma. Clusters of large atypical cells admixed with small lym-
phocytes in a tigroid background (Diff-Quik stain, ×200)
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• Mixed germ cell tumors are relatively frequent in the mediastinum and con-
sist of two or more of histologic subtypes of germ cell tumors. Recognition 
of all the components of mixed germ cell tumors based on FNA material may 
not be possible because of sampling limitation.

• The differential diagnosis in seminoma includes large cell lymphoma. The 
presence of loosely cohesive tumor cell groups, rounded nuclei, prominent 
nucleoli, and a tigroid background favor seminoma. Nuclear atypia such as 
cleaved nuclei, nuclear projections, and abundant lymphoglandular bodies 
are helpful features in lymphomas.

• When the lymphoid component of seminoma is prominent, the differential 
diagnosis should include thymoma. The presence of a mixture of epithelioid 
and spindled cells points to a thymoma.

• In non-seminomatous germ cell tumors, markedly atypical epithelioid cells 
arranged in papillary or glandular structures in a hemorrhagic and/or necrotic 
background can be confused with a thymic carcinoma or metastatic carci-
noma to the mediastinum. It may be difficult to differentiate these entities 
based on morphologic features alone unless diagnostic cytologic features 
such as Schiller-Duval bodies are present. Mediastinal germ cell tumors typi-
cally occur during young adulthood or early middle age, whereas thymic 
carcinomas seldom occur in patients younger than 30 years, and metastatic 
carcinomas tend to occur in elderly patients [23].

 Thyroid/Parathyroid Tissue or Tumors

Thyroid and parathyroid tissue may be found in the superior/anterior mediastinum 
as a primary ectopic lesion, a lesion extending from cervical neck area into the 
mediastinal space, or a metastatic neoplasm [38, 39]. Goiters tissue, thyroid cysts, 
parathyroid cyst, and parathyroid neoplasms are among the most frequently diag-
nosed disorders on FNA samples.

 A. Cytomorphologic features

• Intrathoracic goiter shows clusters and sheets of bland thyroid follicular cells 
in a honeycombed tissue pattern or colloid-containing follicles.

• Mediastinal parathyroid adenoma (Fig. 11.5) shows cellular smears, loosely 
cohesive clusters, disorganized sheets, papillary fragments, and microfolli-
cles. The cells are small, round to ovoid, associated with mild to moderate 
anisokaryosis tissue and focal nuclear overlapping. The cytoplasm is pale 
and finely vacuolated, the nuclei are hyperchromatic, and occasional nucleoli 
are noted.

 B. Tips and pitfalls

• The differential includes metastatic thyroid or parathyroid malignancy. 
Clinical history and radiologic tissue correlation are helpful.

11 Mediastinum



316

a

b

Fig. 11.5 Parathyroid adenoma of the mediastinum. Loosely cohesive clusters of small, round to 
ovoid cells (a Diff-Quik stain, ×100) with pale, finely vacuolated cytoplasm and bland nuclei (b 
Diff-Quik stain, ×400)
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• Additional material for immunocytochemical study is needed to confirm the 
thyroid or parathyroid origin of the cells.

• Thyroglobulin or PTH concentration tissue measurement in the aspirated 
material may be also helpful in cases of suspected thyroid or parathyroid 
lesion.

 Lesions of Middle Mediastinal Compartment

 Pericardial Mesothelial Cyst

 A. Cytomorphologic features

• Low cellularity
• Mesothelial cells arranged in regular flattened sheets
• Monomorphic nuclei with fine chromatin and smooth borders and low N:C 

ratio
• Scattered histiocytes

 B. Tips and pitfalls

• Should be differentiated from other cystic lesions in a low-cellularity 
specimen

 Paraganglioma [40–42]

 A. Cytomorphologic features

• Cells are round to oval, plasmacytoid and spindled, scattered, in clusters, and 
in acinar and perivascular pattern.

• Cytoplasm is moderate to abundant with fine pink granules and vacuoles.
• Nuclei are single to multiple and round to oval, with vesicular chromatin and 

prominent nucleoli.

 B. Tips and pitfalls

• Can be confused with malignant epithelial tumor, soft tissue tumors, and 
thyroid and parathyroid neoplasms.

• Plasmacytoid appearance and intracytoplasmic reddish-pink granules in 
paraganglionic tumors may lead to a misdiagnosis of medullary carcinoma 
thyroid. However, significant discohesion, anisonucleosis, and amyloid seen 
in medullary carcinoma help.

• A misdiagnosis of neurogenic tumor is possible when there is predominance 
of ovoid- or spindle-shaped nuclei in some paragangliomas. The uniform and 
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benign-looking chromatin pattern of the nucleus in paraganglioma helps in 
distinguishing it from metastatic carcinoma.

• Additional material for cell block and immunocytochemistry is recommended.

 Lesions of Posterior Mediastinal Compartment

 Neurogenic Tumor [24, 43–46]

The common neurogenic tumors in the mediastinum are neurofibromas, schwan-
nomas, ganglioneuromas, and malignant peripheral nerve sheath tumors.

 A. Cytomorphologic features

• Both neurofibroma and schwannoma present as spindle cell lesions with low 
to moderate cellularity, predominantly cohesive clusters and single spindle 
cells with ill-defined fibrillar cytoplasm and stripped wavy nuclei with moder-
ate nuclear pleomorphism and bland chromatin (Fig. 11.6). The smear back-
ground may contain a fibrillar eosinophilic material, as well as collagen.

Fig. 11.6 Schwannoma. Cohesive cluster of spindle cells with ill-defined fibrillar cytoplasm 
(Diff-Quik stain, ×400)
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• Cellular pleomorphism, bizarre cells, and mitotic activities indicate the pos-
sibility of malignant tumor.

• Smears from ganglioneuroma yield sparse spindle cells and scattered gan-
glion cells (Fig. 11.7).

• Neuroblastoma is composed of numerous small malignant cells character-
ized by a single round hyperchromatic nucleus and a high N:C ratio, with 
pseudorosettes embedded in an eosinophilic filamentous material.

• Ganglioneuroblastoma, in addition to the features of neuroblastoma, shows 
cells which show ganglionic differentiation (larger with more vesicular chro-
matin, prominent nucleoli, and distinct polygonal cytoplasm).

 B. Tips and pitfalls

• Cellular schwannoma shows high cellularity with dense cell bundles and fas-
cicles, storiform areas, moderate mitotic activity, and moderate nuclear 
atypia. The differential diagnosis includes a malignant tumor [47].

• The differential diagnosis of a peripheral nerve sheath tumor includes pri-
mary and metastatic soft tissue sarcomas, spindle cell variant of thymoma, 
and spindle cell variant of carcinoid tumor.

Fig. 11.7 Ganglioneuroma. Spindle cells with scattered epithelioid cells suggestive of ganglio-
neuroma (Diff-Quik stain, ×200)
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• Nerve sheath tumors should be differentiated from metastatic sarcomas. A 
prior history of resected soft tissue sarcoma is helpful.

• In all cases, additional material for cell block immunocytochemistry should 
be obtained.

 Foregut Cyst [1, 2, 44]

Foregut cyst including esophageal reduplication and bronchogenic cysts.

 A. Cytomorphologic features

• Degenerated cellular debris and scattered macrophages (Fig. 11.8).
• The presence of numerous squamous cells supports the diagnosis of an 

esophageal reduplication cyst.
• The presence of numerous goblet cells with an absence of squamous cells 

supports the diagnosis of bronchogenic cyst.

 B. Tips and pitfalls

• The differential diagnosis includes tumors with cystic change such as tera-
toma, thymoma, germinoma, and squamous cell carcinoma.

• Radiologic correlation with cytologic features is necessary.

Fig. 11.8 Duplication cyst. Degenerated cellular debris and macrophages (Diff-Quik stain, ×200)
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Chapter 12
Pancreas

Guoping Cai

 Introduction

Pancreatic lesions comprise a variety of entities ranging from nonneoplastic dis-
eases to malignant neoplasms. Over the last two decades, there has been an increase 
in the reported incidence of pancreatic tumors, especially cystic neoplasms, due to 
improvement of imaging techniques [1]. Pancreatic lesions are often evaluated with 
fine needle aspiration (FNA) biopsy under the guidance of imaging techniques such 
as computed tomography (CT) and endoscopy. Endoscopic ultrasound-guided fine 
needle aspiration (EUS-FNA) biopsy is a preferred method [2, 3]. A number of 
studies have repeatedly shown that EUS-FNA has moderate sensitivity and high 
specificity in diagnosing pancreatic malignancies [4–9]. There is a very low compli-
cation rate, slightly higher in cystic than solid lesions [10, 11].

Several factors may affect the diagnostic yield of EUS-FNA, such as the nature of the 
lesion, endoscopist’s skill, and availability of rapid on-site evaluation (ROSE). The pur-
poses of ROSE are to determine sampling adequacy, to perform specimen triage, and to 
render a preliminary diagnosis. ROSE has been shown to improve adequacy of biopsy 
material, decrease the number of needle passes, and increase diagnostic accuracy [12–
16]. In addition, ROSE may also help reduce the need for a repeated procedure [17].

 Specimen Adequacy Assessment

Assessment of specimen adequacy is important because it has an impact on the 
decisions whether additional passes should be performed, whether additional diag-
nostic approaches such as thin core needle biopsy should be taken, and whether 
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additional sites should be sampled. However there are no established criteria regard-
ing the cellularity of specimen. The ultimate reference is dependent upon whether 
the findings seen in the specimen can explain the presence of the lesion of interest 
[18]. A nondiagnostic specimen is one that provides no diagnostic or useful infor-
mation about the lesion sampled. This determination certainly requires incorpora-
tion of clinical and imaging findings. The specimen with normal elements only is 
more likely considered as inadequate in a patient with a discrete mass lesion and 
associated pancreatic ductal obstruction. However, it may be considered adequate if 
the patient has an ill-define lesion with the differential diagnosis including chronic 
pancreatitis. Cyst contents only may be considered an adequate sample if the lesion 
of interest is a simple cyst.

 Normal Elements in Pancreatic Cytology

The normal elements of the pancreas including ductal epithelial cells and acinar 
cells can be seen in the sampling of a nonneoplastic or neoplastic pancreatic lesion. 
The presence of these normal elements may sometimes be helpful for identification 
of abnormal cells because these normal cells can be used as reference to defining 
abnormalities.

 1. Pancreatic acinar cells (Fig. 12.1)

• Arranged in acinar pattern or sometimes seen as large tissue fragments.
• Uniform cells with abundant granular cytoplasm.
• Round nuclei equal to slightly larger than the size of red blood cells.

 2. Pancreatic ductal cells (Fig. 12.2)

• Arranged in cohesive honeycomb sheets.
• Uniform cuboidal epithelial cells with moderate amount of vacuolated 

cytoplasm.
• Round nuclei with minimal variation in size.

 Gastrointestinal Contaminants

Benign gastrointestinal epithelial cells are often present as contaminants when 
the lesion of pancreas is sampled by EUS-FNA. Selection of a trans-gastric and 
transduodenal approach is determined upon the location of lesion. Pancreatic or 
uncinate lesion is often biopsied via transduodenal route, while a trans-gastric 
approach is the choice for the lesion located in the tail or body of the pancreas. 
Recognition of gastrointestinal contaminants may help avoid diagnostic pit-
falls, especially in the lesion with relatively bland cytomorphology. It should 
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a

b

Fig. 12.1 Benign pancreatic acinar cells. Uniform cells with granular cytoplasm arranged in an 
acinar pattern (a Diff-Quik stain, ×400) and as a small tissue fragment (b Diff-Quik stain, X200)
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also be kept in mind that benign mesothelial cells may be present as contami-
nants in the specimens sampled by EUS-FNA or transabdominal CT-guided 
biopsy.

 1. Duodenal epithelium (Fig. 12.3)

• Arranged in large flat sheets or cohesive clusters with papillary 
configuration.

• Uniform columnar cells with vacuolated cytoplasm.
• Scattered goblet cells with abundant cytoplasm and eccentrically located 

nuclei identified within flat sheets or clusters of epithelial cells, displaying a 
starry sky appearance.

 2. Gastric epithelium (Fig. 12.4)

• Large monolayered sheets, small clusters, groups, or dyscohesive cells can 
sometimes present.

• Small uniform cells with vacuolated cytoplasm.
• May see sheets of uniform cells with large cytoplasmic vacuoles, representa-

tive of foveolar epithelial cells.
• Round to oval, bland nuclei.

Fig. 12.2 Benign ductal cells. Uniform cells with vacuolated cytoplasm arranged in a honeycomb 
pattern (Diff-Quik stain, ×200)
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a

b

Fig. 12.3 Duodenal epithelial contaminant. Uniform columnar cells are arranged in large cohe-
sive clusters with papillary configuration (a Diff-Quik stain, ×100) or flat sheets (b Diff-Quik stain, 
×100). Goblet cells are scattered within the epithelium, giving a starry sky appearance
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 Solid Pancreatic Lesions

Solid pancreatic masses are more likely subjected to imaging-guided biopsy. The 
majority of solid pancreatic masses are malignant tumors with ductal adenocarci-
noma being the most common malignancy. However, benign mimics of malignancy 
does exit. Endoscopic ultrasound-guided fine needle aspiration biopsy (EUS-FNA) 
helps rule in or rule out a neoplastic process and, if neoplastic, further classify the 
tumor [6–8]. ROSE has been shown to improve the performance of EUS-FNA in 
diagnosing pancreatic malignancies [12–15].

 Diagnostic Considerations

• It is important to categorize solid pancreatic lesions into ductal adenocarcinoma, 
lymphoid lesions, and other neoplasms. A definite diagnosis and further classifi-
cation may be desirable but not be required.

• Diagnosis of ductal adenocarcinoma is primarily based on cytomorphologic 
evaluation, and ancillary tests have a limited role in substantiating the diagnosis. 

Fig. 12.4 Gastric epithelial contaminant. Relatively uniform cuboidal to columnar cells arranged 
in cohesive sheets with a few “punch-out” holes (Diff-Quik stain, ×100)
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Thus, well-prepared smears with Diff-Quik and Papanicolaou stains are critical 
for rendering a definite diagnosis. Therefore, repeating smear preparations from 
multiple passes may be required.

• Precise diagnosis of lymphoproliferative disorders may require flow cytometry 
studies [18, 19]. Therefore, in case there is a suspicion for a lymphoid lesion dur-
ing on-site evaluation, additional samples should be saved in RPMI solution to 
be sent to flow cytometry lab. Primary pancreatic lymphoproliferative disorders 
are rare, and most patients have known history of the diseases.

• Other tumors such as acinar cell carcinoma, neuroendocrine tumor, solid pseudopap-
illary tumor, as well as secondary tumors involving the pancreas often need ancillary 
immunocytochemistry study results for their diagnosis and classification. When 
these entities are considered to be included in the differential diagnosis, biopsy spec-
imens should be saved as much as possible for preparation of a cell block.

 Features of Commonly Seen Entities

 1. Chronic pancreatitis
The patients with chronic pancreatitis often have typical clinical presentations 

and imaging findings and are seldom subjected to biopsy. However, some patients 
may present with a localized mass-like lesion, thus raising the possibility of 
malignancy. The primary goal of biopsy is to rule out malignancy although the 
findings from biopsy may provide a hint or clues for diagnosis of specific-type 
pancreatitis such as autoimmune pancreatitis [20, 21]. Cytologically, chronic 
pancreatitis may show some features overlapping with pancreatic adenocarci-
noma and should be considered as a diagnostic pitfall [22, 23].

 A. Cytomorphologic features (Fig. 12.5)

• Mixed populations of ductal epithelial cells and acinar cells.
• Ductal epithelial cells with evenly spaced distribution or arranged in hon-

eycomb pattern.
• Ductal epithelial cells showing reactive changes such as increased nuclear 

size, high nuclear-to-cytoplasmic ratio, and conspicuous nucleolus.
• Acinar cells mostly arranged in acinar pattern.
• Acinar cells showing reactive changes such as increased nuclear size and 

conspicuous nucleolus.
• Mixed inflammatory cells including lymphocytes and plasma cells.
• Scant fibrous tissue fragments with embedded crushed inflammatory 

cells.
• Necrosis and calcification may be present.

 B. Tips and pitfalls

• Pay attention to patient’s history and imaging findings, presence of mixed 
ductal cells and acinar cells, as well as background inflammatory cells.
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a

b

Fig. 12.5 Chronic pancreatitis. Benign-appearing acinar cells (a Diff-Quick stain, ×200) and duc-
tal cells (b Diff-Quik stain, ×400) intermixed with lymphocytes and plasma cells
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• Well-differentiated ductal adenocarcinoma is the main differential diagnosis, 
which has predominant ductal cells, and the ductal cells are variable in size 
and arranged in a disorganized fashion (Table 12.1).

• In cases with scant inflammatory cells and acinar cell predominance, differ-
ential diagnosis may include acinar cell neoplasm and neuroendocrine 
neoplasm.

 2. Ductal adenocarcinoma, well differentiated
Ductal adenocarcinoma is the most common malignancy, accounting for 

more than 85% of all pancreatic carcinomas [24]. Ductal adenocarcinoma is 
often seen in middle-aged or elderly patients with a slightly higher prevalence in 
males. Pain, jaundice, and weight loss are the classical triad for carcinoma of 
pancreatic head. The carcinoma arising in the body or tail may have only subtle 
clinical symptoms. Ductal adenocarcinoma could be well, moderately, or poorly 
differentiated, among which well-differentiated carcinoma imposes the biggest 
diagnostic challenge [4, 5, 9, 23–25].

 A. Cytomorphologic features (Fig. 12.6)

• Moderate to high cellularity with predominant population of ductal-type 
epithelial cells.

• Cohesive groups of ductal epithelial cells arranged in flat sheet with a 
disorganized “drunken honeycomb” pattern.

• Tumor cells have cytoplasmic vacuoles, nuclear enlargement, and 
anisonucleosis.

• Rare single cells may be present.
• Mucinous material present or absent.
• Necrosis absent.

Table 12.1 Clinical and cytomorphologic features of chronic pancreatitis and well-differentiated 
ductal adenocarcinoma

Chronic pancreatitis Ductal adenocarcinoma

Patient 
population

A wide range of age Elderly

Symptoms Asymptomatic or pain Pain, jaundice, and weight loss
Cell population Mixed ductal and acinar cells Predominant ductal cells
Cell organization Flat orderly sheet (honeycomb) Flat disorganized sheet (drunken 

honeycomb)
Cell size Uniformly enlarged Variation in size
Nucleus Round to oval with smooth 

contours
Round to oval with irregular contours

Single cell Absent Few to many
Inflammatory 
cell

Often abundant May present

Necrosis Absent Absent
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a

b

Fig. 12.6 Well-differentiated ductal adenocarcinoma. Ductal epithelial cells arranged in cohesive 
slightly disorganized flat sheets (a Diff-Quik stain, ×200) with focal nuclear overlapping and varia-
tion in size (b Diff-Quik stain, ×400). A few dyscohesive cells are seen at the edge
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 B. Tips and pitfalls

• The main differential diagnosis is chronic pancreatitis. The ductal cells in 
pancreatitis can show reactive changes including nuclear enlargement, 
nuclear overlapping, and prominent nucleolus but are often uniformly 
enlarged (Table 12.1).

• In cases with equivocal features, a preliminary diagnosis should be 
deferred after ample specimen has been collected. Abnormal nuclear fea-
tures such as nuclear membrane irregularity and chromatin clearing, best 
appreciated on Papanicolaou stain, may aid final diagnosis.

• In cases with significant amount of mucin material, the differential diag-
nosis may also include mucinous cystic neoplasm and intraductal papil-
lary mucinous neoplasm.

 3. Ductal adenocarcinoma, moderately to poorly differentiated
As compared to well-differentiated ductal adenocarcinoma, moderately to 

poorly differentiated carcinoma displays significant cytological atypia that helps 
render diagnosis of malignancy.

 A. Cytomorphologic features (Fig. 12.7)

• Moderate to high cellularity.
• Loosely cohesive groups and three-dimensional clusters as well as many 

single cells.
• Tumor cells have cytoplasmic vacuoles, enlarged nuclei, nuclear overlap-

ping, and marked nuclear anisonucleosis.
• Mucinous material present or absent.
• Necrosis present.

 B. Tips and pitfalls

• Although diagnosis of malignancy is not an issue in poorly differentiated 
carcinoma, careful search for features of ductal differentiation is impor-
tant for elucidation of tumor origin.

• Metastatic carcinoma or sarcoma should be kept in the differential diagno-
sis when encountering a poorly differentiated tumor, especially in patients 
with a known history of other malignancies.

• Presence of uncommon cytomorphologic features such as abundant extra-
cellular mucin and extensive necrosis should also prompt consideration of 
a metastatic disease.

 4. Poorly differentiated ductal carcinoma, morphologic variants
Poorly differentiated pancreatic carcinoma, although rare, can display a vari-

ety of morphologic features. Among the most noticeable morphologic variants 
are anaplastic carcinoma, adenosquamous carcinoma, and small cell carcinoma 
[26–28].

 A. Cytomorphologic features

• Anaplastic carcinoma is characterized as high-cellularity specimen with 
abundant large, pleomorphic single cells. Multinucleated tumor cells as well 
as osteoclast-like giant cells may be present. Necrosis is often seen (Fig. 12.8).
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a

b

Fig. 12.7 Moderately differentiated ductal adenocarcinoma. Single and clusters of epithelial cells 
with vacuolated cytoplasm (a Diff-Quik stain, ×200) and pleomorphic nuclei (b Diff-Quik stain, 
×400). Necrosis is present
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• Adenosquamous carcinoma shows a duo populations of tumor cells. Some 
tumor cells have moderate amount of vacuolated cytoplasm arranged in 
clusters and acinar or single cell patterns (adenocarcinoma component), 
while other tumor cells have dense cytoplasm arranged in sheets, clusters, or 
single cell patterns with focal keratinization (squamous carcinoma 
component).

• Small cell carcinoma of the pancreas shares the same cytomorphologic fea-
tures with the tumor arising in the lung. The classic features include abun-
dant single and dyscohesive clusters of small- to intermediate-size tumor 
cells with high nuclear-to-cytoplasmic ratios, nuclear molding, and smear-
ing rushing artifacts. Apoptosis, mitosis, and necrosis are present 
(Fig. 12.9).

 B. Tips and pitfalls

• Diagnosis of these morphologic variants is straightforward and does not 
impose diagnostic challenge. Due to their rarity, exclusion of a metastatic 
disease should always be considered.

• Anaplastic carcinoma should be differentiated from metastatic sarcoma, 
while a lung primary should be ruled out before rendering a diagnosis of 
pancreatic small cell carcinoma.

Fig. 12.8 Anaplastic carcinoma. Single and dyscohesive groups of cells with large pleomorphic 
nuclei, prominent nucleolus, and frequent multinucleated tumor giant cells (Diff-Quik stain, ×200)
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b

Fig. 12.9 Small cell carcinoma. Single and loosely cohesive clusters of cells (a Diff-Quik stain, 
×200) with high nuclear-to-cytoplasmic ratios, nuclear molding, and inconspicuous nucleolus (b 
Diff-Quik stain, ×400). Scattered apoptotic bodies are seen
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• In adenosquamous carcinoma, demonstration of a due population of tumor 
cells may be challenging during on-site evaluation. Papanicolaou stain and 
immunocytochemical studies may be helpful for identifying squamous carci-
noma component.

• Small cell carcinomas, primary or metastatic, share the same cytomorpho-
logic features. Knowledge of a prior history, clinical presentation, and imag-
ing findings is crucial for determination of primary site.

 5. Acinar cell carcinoma
Acinar cell carcinoma is an uncommon tumor, accounting for only 1–2% of 

pancreatic neoplasms [29, 30]. It is seen more often in elderly male patients. The 
patients are often asymptomatic or present with nonspecific symptoms. Lipase 
hypersecretion symptoms related to release of pancreatic exocrine enzymes is 
seen in a small number of patients.

 A. Cytomorphologic features [31, 32] (Fig. 12.10)

• High cellularity.
• Arranged in acinar, cord, or trabecular patterns.
• Single cells present, sometimes as naked nuclei.
• Relatively uniform cells with enlarged round nuclei and prominent 

nucleolus.
• Modest amount of granular cytoplasm.

 B. Tips and pitfalls

• Acinar cell carcinoma should be differentiated from the lesions with non-
neoplastic acinar cells. Acinar cells are characterized by granular cyto-
plasm and round nuclei arranged in an acinar pattern. The acinar cells of 
acinar cell carcinoma have enlarged nuclei (twice size of red blood cells) 
and prominent nucleoli and may be arranged in cords or trabeculae in 
addition to acinar pattern.

• Neuroendocrine neoplasm should be included in the differential diagnosis 
because it can have a rosette growth pattern, mimicking acinar appearance 
[9]. However, the neuroendocrine tumor cells often have plasmacytoid 
features and inconspicuous nucleolus. Prominent capillary vasculatures 
may be seen (Table 12.2).

• Solid pseudopapillary tumor may share some of cytomorphologic features 
with acinar cell carcinoma, but it almost exclusively occurs in young 
woman. The tumor cells have oval nuclei with nuclear grooves. Papillary 
architectures are frequently seen (Table 12.2).

 6. Neuroendocrine neoplasm
This is an uncommon tumor, accounting for 2–3% of pancreatic neoplasm. It 

is often seen in middle-aged and elderly patients without gender preference. The 
patients could be symptomatic or asymptomatic dependent on the functional sta-
tus of tumors. In functional tumors, the symptoms are related to secretion of 
insulin, glucagon, or gastrin. Neuroendocrine tumors are preferentially located 
in the body and tail of the pancreas.
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a

b

Fig. 12.10 Acinar cell carcinoma. Relatively uniform cells arranged in acinar, trabeculae, and 
sheets (a Diff-Quik stain, ×100) and with granular cytoplasm and enlarged nuclei (b Diff-Quik 
stain, ×400)
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 A. Cytomorphologic features [33–35] (Fig. 12.11)

• Modest to high cellularity.
• Dyscohesive or loosely cohesive groups of tumor cells.
• Abundant single cells.
• Relatively uniform cells with eccentrically placed round or oval nuclei 

(plasmacytoid) and inconspicuous nucleolus.
• Scant to modest amount of cytoplasm, sometimes could be granular or 

vacuolated.
• Bloody background.

 B. Tips and pitfalls

• Relatively uniform plasmacytoid cells arranged singly or in dyscohesive 
groups are the diagnostic clues for neuroendocrine neoplasm. Saving 
specimen for immunocytochemical studies is highly recommended.

• Poorly differentiated neuroendocrine carcinomas include small cell carci-
noma and large cell neuroendocrine carcinoma, which may impose a diag-
nostic challenge [28, 36].

• The differential diagnosis may include acinar cell carcinoma and solid 
pseudopapillary tumor (Table  12.2). The cells of solid pseudopapillary 
tumor have delicate cytoplasm and oval nuclei with nuclear grooves, 
while the cells of acinar cell carcinoma have granular cytoplasm and 
prominent nucleolus, primarily arranged in an acinar pattern.

• In cases with a predominant single cell pattern, plasma cell neoplasm 
involving the pancreas should also be included in the differential diagno-
sis [37]. The cells of plasma cell neoplasm often have cytoplasmic clear-
ing near the nucleus (perinuclear hof).

Table 12.2 Clinical and cytomorphologic features of solid non-ductal pancreatic tumors

Acinar cell 
carcinoma Neuroendocrine neoplasm

Solid pseudopapillary 
tumor

Patient 
population

Elderly, male > 
female

Middle age or elderly, 
male = female

Almost exclusively young 
female

Symptoms Asymptomatic or 
nonspecific

Maybe symptomatic related 
to functional status of tumor

Asymptomatic or 
nonspecific

Cellularity High Moderate to high High
Cell 
organization

Acinar, cord, and 
trabecular

Single cells, loose groups, 
papillary groups

Single cells, loose groups, 
papillary groups

Cell size Enlarged, uniform Uniform Uniform
Nucleus Round, prominent 

nucleolus
Round, inconspicuous 
nucleolus

Oval, nuclear grooves, 
inconspicuous nucleolus

Cytoplasm Granular Plasmacytoid Delicate, indistinct cell 
border

Single cells Present Abundant Abundant
Necrosis May present Absent May present
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a

b

Fig. 12.11 Well-differentiated neuroendocrine neoplasm. Single and loosely cohesive clusters of 
relatively uniform cells (a Diff-Quik stain, ×200) with abundant cytoplasm and eccentrically 
located nuclei (b Diff-Quik stain, ×400). Focal fine cytoplasmic vacuoles are present
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• Neuroendocrine neoplasm has prominent capillary vasculatures with 
clinging cells, which mimics the cytomorphologic features of accessory 
spleen [38, 39].

 7. Solid pseudopapillary tumor
Solid pseudopapillary tumor is a rare neoplasm of the pancreas [40]. It almost 

exclusively occurs in young female patients although it does occur in man or 
elderly woman. The patients are often asymptomatic or present with nonspecific 
symptoms. The tumor could present as a partially cystic lesion.

 A. Cytomorphologic features [41, 42] (Fig. 12.12)

• High cellularity.
• Prominent vasculatures or capillary networks with loosely attached cells.
• Abundant single cells or dyscohesive cell groups.
• Relatively uniform cells with delicate cytoplasm, oval nuclei, nuclear 

grooves, and inconspicuous nucleolus.
• Focal necrosis may be present.

 B. Tips and pitfalls

• Solid pseudopapillary tumor should be on the top of differential diagnosis 
list in a young female patient presenting with a solid pancreatic mass. 
Classic cytomorphologic features include prominent vasculatures with 
loosely attached cells as well as abundant single cells in the background.

• The differential diagnosis may include acinar cell carcinoma and neuroen-
docrine neoplasm (Table 12.2).

 Cystic Pancreatic Lesions

There are a number of cystic lesions in the pancreas, which may be a nonneoplastic 
or a neoplastic process. The vast majority of these lesions are pseudocysts. Fine 
needle aspiration biopsy is performed when there is an uncertainty about the nature 
of cystic lesions based on clinical presentations and imaging findings such as a sus-
pected pseudocyst with thickened wall and differential diagnosis including muci-
nous versus non-mucinous cyst [3, 43–45]. Fine needle aspiration biopsy is also 
used to monitor progression of a mucinous cyst [44, 45]. In general, on-site evalua-
tion has a limited value unless the lesion of interest has a significantly thickened 
cystic wall or has a solid component.

 Diagnostic Considerations

• A multimodal approach has been recommended for evaluation of cystic lesions, 
which includes clinical/imaging findings, cytomorphologic features, and cyst 
fluid analysis [18, 46, 47].
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a

b

Fig. 12.12 Solid pseudopapillary tumor. Uniform cells seen scattered in the background and 
clinging around the capillary vasculatures (a Diff-Quik stain, ×100) and with oval nuclei and deli-
cate cytoplasm (b Diff-Quik stain, ×200)
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• During on-site evaluation, it is important to know if the patient has a history of 
pancreatitis, where the lesion is located (such as the relationship with main pan-
creatic duct), how the lesion looks like on imaging studies, and what are the 
clinical impression.

• Pay close attention to appearance of aspirated fluid, including its color and viscosity.
• A portion or supernatant of aspirated fluid should be saved freshly and submitted 

for cyst fluid chemical analysis.
• Neuroendocrine neoplasm and solid pseudopapillary tumor can present as a cys-

tic pancreatic lesion. If the cytomorphology suggests these tumors, the specimen 
should be saved as much as possible for preparation of a cell block.

• In patients with suspicion for a mucinous lesion, attention should be paid to pres-
ence of cytologic atypia which may suggest malignant transformation.

 Features of Commonly Seen Entities

 1. Pseudocyst
Pseudocyst is the most commonly encountered cystic lesion, accounting for 

75–90% of all pancreatic cystic lesions evaluated. Most patients have docu-
mented history of acute pancreatitis.

 A. Cytomorphologic features

• Scattered inflammatory cells, predominantly histiocytes, some containing 
hemosiderin pigments.

• Cellular debris, bile pigments.
• No cyst lining cells.
• Normal elements of pancreatic tissue such as acinar cells and ductal cells 

may be present.

 B. Tips and pitfalls

• Diagnosis of pseudocyst is straightforward in patients with typical clinical 
presentation. Assessment of cytomorphology with amylase analysis may 
be helpful in borderline cases.

• Pseudocyst may sometimes be confused with other cystic neoplasms due 
to misinterpretation of sampled normal acinar cells, ductal cells, or gastro-
intestinal contaminants.

 2. Serous cystadenoma
Serous cystadenoma is a benign neoplasm and is seen commonly in elderly 

women [48–50]. Histopathologically, serous cystadenoma can have a microcys-
tic or a macrocystic growth pattern. Tumor with a microcystic growth has a char-
acteristic sunburst appearance on ultrasound examination.

 A. Cytomorphologic features [51–53] (Fig. 12.13)

• Low cellularity.
• Tumor cells arranged in honeycomb sheet or acinar pattern.
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• Uniform cuboidal cells with distinct cell borders.
• Moderate or abundant vacuolated cytoplasm and round nuclei.
• Clean background.

 B. Tips and pitfalls

• Diagnosis of serous cystadenoma can be challenging due to low cellular-
ity and bland appearance of tumor cells, particularly during on-site evalu-
ation. It is however important to separate this entity from a mucinous 
lesion. Cyst fluid analysis for CEA level may be helpful for the differen-
tial diagnosis.

• It is crucial to recognize which epithelial cells are representative of the 
lesion. Be aware that normal acinar cells, ductal cells, or gastrointestinal, 
particularly gastric, contaminants can be confused with the cells of inter-
est [51].

 3. Mucinous cystic neoplasm
Mucinous cystic neoplasm is a relatively common tumor, accounting for 

about 6% of all primary pancreatic neoplasms. It almost exclusively occurred in 
middle-aged women. The tumor has potential of progression including malig-
nant transformation [49, 50, 54].

Fig. 12.13 Serous cystadenoma. Paucicellular specimen with benign-appearing non-mucinous 
epithelial cell arranged in flat sheet (Diff-Quik stain, ×400)
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 A. Cytomorphologic features [55–57] (Fig. 12.14)

• Scant to moderate cellularity.
• Arranged in honeycomb sheet, occasionally in papillary clusters or single 

cells.
• Low columnar cells with cytoplasmic vacuoles.
• Mild cytologic atypia including nuclear enlargement and nuclear 

overlapping.
• Ovarian-type stromal fragments often absent.
• Malignant transformation should be considered when many single cells or 

dyscohesive cell clusters and severe cytologic atypia such as pleomor-
phism, anisonucleosis, single cells, and necrosis are identified.

• Mucinous material, often thick, present.

 B. Tips and pitfalls

• Aspirates from a middle-age woman showing clusters of mucinous epi-
thelial cells with mucin in the background is suggestive of a mucinous 
cystic neoplasm.

• Recognition of possible gastrointestinal contaminants helps avoid diag-
nostic pitfalls.

Fig. 12.14 Mucinous cystic neoplasm. Paucicellular specimen with benign-appearing mucinous 
epithelial cells arranged in flat sheet (Diff-Quik stain, ×200)
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• Mucinous cystic neoplasm shares some cytomorphologic features with 
intraductal papillary mucinous neoplasm [55]. Presence of large papillary 
clusters, non-mucinous epithelial cells, and male gender favors intraductal 
papillary mucinous neoplasm.

• Accurate grading of atypia may be challenging, which bears a low interob-
server agreement on interpretation [56].

• Mucinous ductal adenocarcinoma should be included in the differential 
diagnosis when malignant transformation from a mucinous cystic neo-
plasm is considered.

 4. Intraductal papillary mucinous neoplasm
Intraductal papillary mucinous neoplasm is commonly seen in elderly patients, 

more frequently seen in males than females. It can arise in main pancreatic duct or/and 
its side branches [49, 50, 58]. The main duct tumor predominantly occurs in the head 
and presents as intraductal tumor growth within dilated pancreatic duct. During endos-
copy, mucin oozing out from the ampulla of Vater can be seen. Based on biological 
behavior, tumor can be classified as benign, borderline, or malignant neoplasm.

 A. Cytomorphologic features [55–57, 59, 60] (Fig. 12.15)

• Moderate to high cellularity.
• Arranged in sheets, clusters, or papillary groups.
• Relatively bland cuboidal or columnar epithelial cells with or without 

intracytoplasmic mucin and round to oval nuclei.
• Background mucin present.
• Significant cytologic atypia including pleomorphism, single cells, and 

necrosis are seen in malignant neoplasm.

 B. Tips and pitfalls

• Main duct intraductal papillary mucinous neoplasm has characteristic 
sonographic and endoscopic findings, which in combination of cytomor-
phologic features help render a diagnosis.

• Intraductal papillary mucinous neoplasm has different types of epithelium 
such as intestinal type and pancreaticobiliary type, which may add to 
diagnostic challenge and potential confusion with gastrointestinal con-
taminants in a low- cellularity specimen [61].

• It is difficult to distinguish side branch intraductal papillary mucinous neo-
plasm from mucinous cystic neoplasm based on cytomorphology alone.

 Tumors Secondarily Involving the Pancreas

Although uncommon, pancreatic lesion could represent a tumor secondarily involv-
ing the pancreas [62–68]. The secondary tumors may include metastatic carcinoma, 
metastatic sarcoma, metastatic melanoma, or lymphoproliferative disorders. FNA 
could result in a highly specific diagnosis [69].
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b

Fig. 12.15 Intraductal papillary mucinous neoplasm. Relatively uniform columnar epithelial cells 
with papillary architectures (a Diff-Quik stain, ×100) and arranged in cohesive clusters or small 
groups (b Diff-Quik stain, ×200)
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 Diagnostic Considerations

• Most patients have a documented history of malignant neoplasm(s).
• Patients have broad demographic features, depending on the type of malignant 

tumors.
• The most common metastatic tumors are renal cell carcinoma. Other primary 

sites include the lung, breast, skin, and urothelium. Gastric and colon cancers can 
metastasize to or directly involve the pancreas.

• Lymphoproliferative disorders or metastatic sarcoma are rare.
• Patients present with single or multiple lesions without a preferential location.

 Lesions with Features of Adenocarcinoma

Metastatic adenocarcinoma should be differentiated from ductal adenocarcinoma of 
the pancreas and be considered in patients with a history of malignancy.

• Lung and colon adenocarcinoma are among common tumors metastatic to the 
pancreas [62, 63, 65, 68].

• Lung adenocarcinoma shows significant cytologic atypia including anisonucleo-
sis, single cells, and necrosis (Fig. 12.16).

Fig. 12.16 Metastatic lung adenocarcinoma. Loosely cohesive clusters of cells with vacuolated 
cytoplasm and pleomorphic nuclei (Diff-Quik stain, ×200)
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• Colon adenocarcinoma has columnar cells arranged in acinar pattern in a back-
ground of necrosis (Fig. 12.17).

• Although cytomorphologic features may suggest a possibility, final diagnosis 
may rest on the results of immunocytochemical studies.

 Lesions with Large Pleomorphic Cells

Anaplastic carcinoma of the pancreas is rare. When smears show abundant large 
pleomorphic cells, metastatic poorly differentiated carcinoma or metastatic sarcoma 
should be included in the differential diagnosis [68, 70]. Metastatic melanoma could 
also be a possibility [62, 63].

• Patients with suspected metastatic carcinoma or sarcoma often have a docu-
mented history of malignancy.

• If carcinoma, tumor cells show some degree of cohesiveness and are at least 
focally grouped or clustered.

• Sarcoma tumor cells are dyscohesive and matrix material may be present 
(Fig. 12.18).

• Melanoma cells are present as single cells and often have prominent nucleolus. 
Melanin pigment can sometime be seen within tumor cells or histiocytes.

Fig. 12.17 Metastatic colon adenocarcinoma. Clusters of columnar cells with vacuolated cyto-
plasm and conspicuous nucleolus arranged in an acinar pattern in a necrotic background (Diff- 
Quik stain, ×200)
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 Lesions with Clear Cell Features

Metastatic renal cell carcinoma is the most common tumors metastatic to the pan-
creas, which may have overlapping cytomorphologic features with ductal adenocar-
cinoma because of clear cytoplasm [71–73]. Neuroendocrine neoplasm may 
sometimes show cytoplasmic vacuoles [74, 75].

• Smears of renal cell carcinoma show clusters of tumor cells with abundant clear 
cytoplasm and prominent nucleolus, which may be associated with capillary vas-
culatures. Fine lipid droplets may be seen in the cytoplasm as well as background 
(Fig. 12.19).

• The neuroendocrine tumor cells are single or dyscohesive clusters and have 
eccentrically located nuclei with inconspicuous nucleolus.

Fig. 12.18 Metastatic high-grade sarcoma. Dispersed single cells with high nuclear-to- cytoplasmic 
ratios and pleomorphic nuclei (Diff-Quik stain, ×400)
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 Lesions with Plasmacytoid Cells

The differential diagnosis includes neuroendocrine neoplasm as well as plasma cell 
neoplasm and metastatic melanoma [37, 62, 63, 68].

• Neuroendocrine neoplasm has dispersed single cells as well as loosely cohesive 
groups of tumor cells.

• Plasma cell neoplasm are dispersed single cells. Perinuclear hof is a characteris-
tic feature (Fig. 12.20).

• Melanoma tumor cells show variation in tumor cells and have binucleation and 
prominent nucleolus (Fig. 12.21).

Fig. 12.19 Metastatic clear cell renal cell carcinoma. Loose cohesive clusters of epithelial cells 
with abundant vacuolated cytoplasm and variation in nuclear size. Lipid droplets present in cyto-
plasm as well as in the background (Diff-Quik stain, ×400)
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Fig. 12.20 Plasma cell neoplasm. Dispersed single cells with eccentrically located nuclei, peri-
nuclear hof, and occasional binucleation (Diff-Quik stain, ×400)

Fig. 12.21 Metastatic melanoma. Dispersed pleomorphic single cells with high nuclear-to- 
cytoplasmic ratios, conspicuous nucleolus, and rare binucleation (Diff-Quik stain, ×400)
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 Lesions of Predominantly Lymphoid Cells

When smears show abundant lymphoid cells, the differential diagnosis should 
include chronic pancreatitis and a lymphoproliferative disorder [76]. Accessory 
spleen is the rare lesion of lymphoid origin [38, 39].

• The lymphoid cells in chronic pancreatitis are mixed inflammatory cells includ-
ing lymphocytes, plasma cells, and histiocytes. Reactive ductal cells and acinar 
cells are most likely present.

• The most common lymphoproliferative disorder involving the pancreas is diffuse 
large B-cell lymphoma, which shows significant atypia such as variation in size, 
irregular nuclear contours, and conspicuous nucleolus (Fig. 12.22).

• Accessory spleen or splenule shows large cohesive clusters of lymphoid 
cells. Interestingly, large aggregates of platelets may aid in the diagnosis 
(Fig. 12.23).

Fig. 12.22 Diffuse large B-cell lymphoma. Dispersed pleomorphic lymphocytes with high 
nuclear-to-cytoplasmic ratios and irregular nuclear contours (Diff-Quik stain, ×400). Scattered 
lymphoglandular bodies present
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b

Fig. 12.23 Accessory spleen. Large clusters of lymphoid tissue as well as dispersed single small 
lymphocytes (a Diff-Quik stain, ×100) with large platelet aggregates (b Diff-Quik stain, ×200)
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Chapter 13
Gastrointestinal Tract

Rita Abi-Raad and Guoping Cai

 Introduction

In gastrointestinal tract, a cytologic sample may be adjunct to a core biopsy, or the 
sole sample from the lesions [1–7] that may be inaccessible or pose significant risk 
of complications such as bleeding or perforation from standard biopsy [1], and 
when other modalities have failed [8]. Rapid on-site evaluation (ROSE) is used to 
strengthen the cytopathologic analysis. Immediate assessment of cytology speci-
mens by a cytopathologist at the time of the procedure has been shown to reduce the 
frequency of nondiagnostic specimens regardless of tumor size [9–11] while 
improving agreement with final interpretation [12].

Material for cytomorphologic examination may be obtained by various means, 
depending on the location and type of tumors. Endoscopic brushings are particu-
larly useful for strictured lesions as well as broad surface precancerous lesions such 
as Barrett’s esophagus and chronic ulcerative colitis. Esophageal brushings are 
however mostly performed to exclude Candida infection, gastric brushings are usu-
ally performed to distinguish benign from malignant gastric ulcers, and rectal 
brushings may be performed on a rectal mass to rule out malignancy. Deeper/sub-
mucosal and mural lesions may be sampled by fine needle aspiration (FNA) with 
assistance of endoscopic ultrasound [13]. When a tissue biopsy is taken, imprint 
cytology is particularly useful as an immediate assessment of adequacy of the 
biopsy sample and may also be helpful for triaging specimens. Air-dried smears 
should first be screened at low power to assess background, overall cellularity, cel-
lular preservation, and architectural arrangements. Next, high-power systematic 
examination should be performed for the presence of cytologic abnormalities.

The cytomorphologic evaluation of gastrointestinal malignancies is highly depen-
dent on the availability of expertise in procuring, processing, and evaluating the cyto-
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logic specimens. The involved pathologist should be aware of the clinical, laboratory, 
and imaging data regarding the lesions sampled, and the primary task is to differenti-
ate lesional material from non-lesional native tissue as both may be sampled. It is 
important to be aware of where and how the lesions are sampled in order to avoid 
potential pitfalls. Once lesional tissue has been identified, the specimens should be 
appropriately triaged for ancillary studies, such as culture and flow cytometry, or 
saved for cell block for potential immunocytochemistry and molecular analysis.

 Diagnostic Considerations

 Specimen Adequacy Assessment

• There are no well-established criteria for requirement of certain cellularity.
• In general, the specimen is considered adequate when the cells on the smear 

explain clinical and radiologic findings.
• If the lesion includes a solid component, cyst contents only are considered inad-

equate sampling; cyst contents only are considered adequate if the lesion of 
interest is a simple cyst such as duplication cyst.

 Approach for Mucosal Lesions

• Mucosal lesions are often sampled by brushing rather than fine needle aspiration 
biopsy.

• Based on the on-site findings and clinical presentation or impression, the lesion 
should be classified into a neoplastic and a nonneoplastic process.

• If a neoplasm is suspected, endoscopic tissue biopsy should be recommended 
due to the difficulty in determining the degree of dysplasia and invasiveness of 
the lesion on cytological material.

• If a nonneoplastic lesion is favored, such as infection, additional material should 
be sent for culture or saved for special stains.

 Approach for Submucosal Lesions or Lesions Arisen 
from the Wall of Gastrointestinal Tract

• The lesions may include infiltrating tumors, lymphoproliferative disorders, and 
spindle cell tumors such as gastrointestinal stromal tumor and leiomyoma, which 
are best evaluated by fine needle aspiration biopsy.

• It is important to recognize lesional material during on-site evaluation; lymphoid 
cells from submucosal chronic inflammation or lymph node and spindle cells 
from gastrointestinal wall may sometimes cause confusion.
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• If abundant lymphocytes are present, additional samples should be obtained and 
saved in RPMI for flow cytometry study. Excessive samples can also be saved to 
prepare a cell block for potential immunocytochemical work-up.

• If a spindle cell neoplasm is suspected based on the cellularity or cytomorphol-
ogy, additional passes should be performed and aspirate material should be saved 
for a cell block. Diagnosis and classification of spindle cell neoplasm require 
immunocytochemical characterization.

• An infiltrating tumor may represent a primary neoplasm, metastasis, or directly 
invading from surrounding organs. In all cases, additional passes should be saved 
for a cell block for immunocytochemistry to rule out a metastasis (Fig. 13.1).

 Esophagus

 Normal Elements

 1. Intermediate and superficial squamous cells

• Squamous epithelial cells (superficial and intermediate types) in sheets, clus-
ters, and single cells.

Fig. 13.1 Metastatic urothelial carcinoma to esophagus. Metastatic malignant single cells to the 
esophagus in a patient with history of urothelial carcinoma (Diff-Quik stain, ×200)

13 Gastrointestinal Tract



368

• Parabasal squamous cells may occur as a result of vigorous scraping.
• Round to oval nuclei have a smooth contour and a vesicular chromatin 

pattern.

 2. Columnar glandular cells in distal esophagus

• Originate from glands in the distal esophagus or from the gastric mucosa as a 
result of brushing reaching the stomach.

• Small to large flat sheets of cells with distinct cellular borders, delicate cyto-
plasm, small round nuclei, finely granular chromatin, and inconspicuous 
nucleoli.

• Replacement of the normal squamous epithelium lining the esophagus by 
metaplastic columnar epithelium (Barrett’s esophagus) should always to be 
taken into account, especially when cells with mucus secretion are present.

 Nonneoplastic Lesions [14]

 1. Candida: most common esophageal infection

 A. Cytomorphologic features

• Fungal organisms with yeast forms and pseudohyphae
• Reactive squamous cells
• Mixed inflammatory cells

 B. Tips and pitfalls

• Brushings should be taken from the center of the ulcer and the edges
• More sensitive than biopsies (oral contamination is not an issue because 

brush is contained within a sheath)

 2. Cytomegalovirus: often seen in immunocompromised individuals

 A. Cytomorphologic features

• Enlarged cells with intranuclear cytoplasmic inclusions, owl-eye nuclear 
inclusions

• Infects epithelial, stromal, and endothelial cells

 B. Tips and pitfalls

• The large intranuclear inclusions of many viral infections can be mistaken 
for the macronucleoli of repair or malignancy. Reactive cells can become 
enlarged and hyperchromatic.

• The classic intranuclear inclusions are not seen as a reactive phenom-
enon or malignancy. Additional material for cell block analysis is 
recommended.
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 3. Herpes simplex virus

 A. Cytomorphologic features

• Multinucleation, nuclear molding, chromatin margination (3Ms)
• Dirty/necrotic background, reactive/reparative squamous cells

 B. Tips and pitfalls

• The large intranuclear inclusions of many viral infections can be mistaken 
for the macronucleoli of repair or malignancy.

• Look for multinucleated cells with nuclear molding.

 4. Duplication cyst [15, 16]

 A. Cytomorphologic features

• Squamous and ciliated cells, hemosiderin-laden macrophages, and 
detached ciliary tufts

• Background with proteinaceous material, debris, and crystals

 B. Tips and pitfalls

• Duplication cysts can sometimes contain solid secretions leading to mis-
classification of these lesions as soft tissue masses by imaging. The most 
common differential diagnosis by endoscopic ultrasound is GIST.

• FNA smears of duplication cysts are paucicellular with only scattered epi-
thelial cells if any.

 5. Reparative epithelium
Mucosal injuries, ulceration, and infections evoke reactive and reparative 

changes which may be mistaken for dysplasia and carcinoma.

 A. Cytomorphologic features

• Two-dimensional/flat cohesive sheets with streaming pattern (school of 
fish), no single cells, uniformly enlarged nuclei, smooth nuclear mem-
branes, fine chromatin, prominent nucleoli, normal mitosis, inflammation.

• Radiation-/chemotherapy-induced changes produce proportionate cellular 
and nucleomegaly, multinucleation, cytoplasmic metachromasia, and 
nuclear and cytoplasmic vacuolation.

 B. Tips and pitfalls

• Repair, dysplasia, and invasive carcinoma may share some cytomorpho-
logic features including nuclear enlargement and prominent nucleolus.

• Repair shows cohesive, flat, uniform sheets.
• Dysplasia shows occasional three-dimensional clusters and/or slightly 

dyshesive sheets, pleomorphic cells, no/rare single cells, and clean 
background.
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• Invasive carcinoma shows many tight/loose three-dimensional clusters 
and/or dyshesive sheets with markedly pleomorphic cells with crowding 
and overlapping, single cells, coarse chromatin, thick irregular nuclear 
membranes, and background tumor diathesis.

 Precursor/Malignant Lesions

 1. Barrett’s esophagus [17, 18]

 A. Cytomorphologic features

• Single cells or honeycomb sheet of glandular cells on brush cytology
• Scattered or admixed goblet cells characterized by single large cytoplas-

mic vacuole displacing the nucleus

 B. Tips and pitfalls

• Complimentary to multiple endoscopic biopsies
• Not specific, can sample glandular cells of cardia with neutral mucin (dif-

ferent from acid mucin)
• Should be correlated with endoscopic findings

 2. Low-grade dysplasia [19, 20]

 A. Cytomorphologic features

• Cohesive/flat groups, stratification, mucin depletion, mild atypia with 
slightly enlarged nuclei

 B. Tips and pitfalls

• Significant intra- and interobserver variation.
• Low-grade dysplasia is difficult to differentiate from reactive changes and 

even from high-grade dysplasia.

 3. High-grade dysplasia [19–22]

 A. Cytomorphologic features

• Rare finding in cytologic preparations
• Clean background, architectural abnormality, crowded groups, rounding 

of cells, rare isolated cells, higher cellularity, higher N:C ratio, coarse 
chromatin, mild nuclear membrane irregularity

 B. Tips and pitfalls

• High-grade dysplasia resembles adenocarcinoma but lacks tumor diathe-
sis, cellular dispersion, and discohesive single cells.

• It is clinically important to grade dysplasia as the management for high-
grade dysplasia differs with either more frequent surveillance intervals or 
resection.
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 4. Adenocarcinoma [19–22]
Often located at mid- and distal third of the esophagus in the setting of 

Barrett’s esophagus

 A. Cytomorphologic features

• Grungy tumor diathesis, high cellularity, marked architectural abnormal-
ity (3D clusters, sheets with overlapping and loss of polarity, loosely 
cohesive groups and marked dyshesion with abundant single cells).

• The cytoplasm is variable in amount, delicate, and finely granular and 
may show vacuolation.

• The tumor cell nuclei are enlarged with high N:C ratio and pleomorphic, 
have irregular nuclear membranes and coarse chromatin, and show promi-
nent nucleoli.

• A background of Barrett’s intestinal metaplasia may be present.

 B. Tips and pitfalls

• Differential diagnosis includes severe repair, high-grade dysplasia in 
Barrett’s epithelium, and poorly differentiated squamous cell carcinoma.

 5. Squamous cell carcinoma

 A. Cytomorphologic features (Fig. 13.2)

• Well-differentiated squamous cell carcinoma: prominent necrosis, variable 
cell shapes, keratinized cytoplasm, angulated hyperchromatic/pyknotic nuclei

Fig. 13.2 Squamous cell carcinoma of esophagus. Crowded group of malignant cells with over-
lapping, high N:C ratio (top) adjacent to a fragment of muscularis (bottom) (Diff-Quik stain, ×200)
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• Poorly differentiated squamous cell carcinoma: prominent necrosis, iso-
lated tumor cells with increased N:C ratio, dense cytoplasm with sharply 
defined borders and less keratinization, coarse chromatin with less nuclear 
angulation, variably prominent nucleoli

• Other squamous cell carcinoma variants: verrucous carcinoma and adeno-
squamous carcinoma

 B. Tips and pitfalls

• Differential diagnosis includes reactive changes, dysplasia (no tumor dia-
thesis), and adenocarcinoma.

 Benign Tumors or Tumors with Uncertain Behavior

 1. Gastrointestinal stromal tumor (GIST) [23–25]

 A. Cytomorphologic features (Fig. 13.3)

• Large tissue fragments of crowded, spindled, or epithelioid cells with 
wispy cytoplasm, paranuclear vacuoles.

Fig. 13.3 Gastrointestinal stromal tumor of esophagus. Spindle-shaped group of cells with bland 
chromatin (Diff-Quik stain, ×200)
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• Cells may resemble mesenchymal elements of normal esophagus. 
Rounded epithelioid cells with vacuolated cytoplasm may be present.

• Presence of necrosis or brisk mitosis suggests a diagnosis of malignant 
GIST.

 B. Tips and pitfalls

• Should be sampled by fine needle aspiration; brushing often nondiagnostic.
• Differential diagnosis includes normal fragments of muscularis propria, 

especially when only rare spindle cell fragments are present. Increased 
cellularity and nuclear crowding within the fragments favor GIST.

 2. Leiomyoma

 A. Cytomorphologic features (Fig. 13.4)

• Spindled cells, more common in esophagus and colorectum than in stomach

 B. Tips and pitfalls

• Differential diagnosis may include normal smooth muscle cells from gas-
trointestinal wall. Increased cellularity favors a neoplastic process.

• Metastatic lesions such as spindle cell melanoma should also be in the 
differential.

Fig. 13.4 Leiomyoma of the esophagus. Spindle-shaped cells with abundant fibrillar cytoplasm 
(Diff-Quik stain, ×100)
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 3. Granular cell tumor [26, 27]
Rare, incidental, occurs mostly in distal esophagus

 A. Cytomorphologic features

• Nests of cells with large/round polygonal cells with abundant granular 
cytoplasm, small pyknotic nuclei, and absence of mitotic figures

 B. Tips and pitfalls

• The differential diagnosis includes metastatic carcinoma (single cells with 
high N:C ratio, coarse chromatin) and melanoma (large nuclei with prom-
inent nucleoli and intracytoplasmic melanin pigments).

• Nucleoli are prominent in melanoma, while granular cell tumor shows 
only pyknotic nuclei.

• Malignant cells in carcinoma are usually pleomorphic and more atypical 
compared to granular cell tumor.

 Stomach

 Normal Element – Gastric Epithelium (Fig. 13.5)

• Mucus-secreting uniform cuboidal to columnar cells in large cohesive sheets, 
with a honeycomb arrangement and clean background.

Fig. 13.5 Normal foveolar gastric epithelium (Diff-Quik stain, ×200)
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• The nuclei are basally situated and have a fine chromatin pattern.
• Parietal, chief, and neuroendocrine cells are rarely seen in brush specimens.

 Nonneoplastic: Infections

 1. Helicobacter pylori [28, 29]
Helicobacter pylori infection may be asymptomatic or present with chronic 

gastritis or ulceration. It is a cofactor in the development of gastric carcinoma 
and lymphoma.

 A. Cytomorphologic features

• Short curved or spiral-shaped rods that inhabit the mucus covering the 
epithelial surface of the gastric mucosa

• Reactive changes secondary to gastritis and ulceration

 B. Tips and pitfalls

• Brush cytology: Increased sensitivity compared to biopsy (samples wider 
area of antral mucosa compared to biopsy)

• Imprint cytology of gastric biopsy: Increased sensitivity if imprint cytol-
ogy is combined with biopsy

• Should be taken from the center of the ulcer and the edges

 2. Atypical mycobacteria

 A. Cytomorophologic features

• Abundant macrophages with abundant vacuolated cytoplasm
• Reactive epithelial cells

 B. Tips and pitfalls

• Should be differentiated from granular cell tumor and signet ring cell 
carcinoma

 Precursor/Malignant Lesions

 1. Low-grade dysplasia/adenoma
Often associated with atrophic gastritis

 A. Cytomorphologic features

• Crowded flat sheets or cohesive 3-dimensional clusters, uniform nucleo-
megaly, high N:C ratio

 B. Tips and pitfalls

• Cannot be reliably differentiated from reactive changes and should not be 
diagnosed definitively
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 2. High-grade dysplasia [22]

 A. Cytomorphologic features

• Similar to carcinoma but is less cellular
• Some irregular cellular arrangement, nuclear atypia, dyshesion
• No tumor diathesis, no cell dispersion, no marked pleomorphism

 B. Tips and pitfalls

• High-grade dysplasia resembles adenocarcinoma but lacks tumor diathe-
sis, cellular dispersion, and discohesive single cells.

 3. Adenocarcinoma/intestinal type [22]

 A. Cytomorphologic features (Fig. 13.6)

• Usually associated with intestinal metaplasia of the gastric epithelium and 
resembles colorectal carcinoma

• Necrotic background, loosely cohesive three-dimensional clusters with 
loss of polarity, single malignant cells, cytologic atypia, and 
pleomorphism

 B. Tips and pitfalls

• Differential diagnosis includes severe repair and high-grade dysplasia.
• Single malignant cells are more frequently seen in adenocarcinoma com-

pared to dysplasia.

 4. Adenocarcinoma/diffuse signet ring cell type [30]
Tumor infiltrates lamina propria with less mucosal involvement. Difficult to 

sample with a brush and higher rate of false negative by surface brushing tech-
nique unless ulceration is present

 A. Cytomorphologic features

• Tumor diathesis
• Crowded groups, loosely cohesive clusters, and isolated crescent-shaped 

small cells with vacuolated cytoplasm (large mucin vacuole) and angu-
lated eccentric hyperchromatic nucleus

 B. Tips and pitfalls

• Signet ring carcinoma can be very difficult to detect on both cytologic and 
histologic specimens. High degree of suspicion and high-power examina-
tion are key.

• Some signet ring cells may have bland nuclei and be confused with histio-
cytes. Additional sampling for cell block is recommended to perform 
immunocytochemistry.
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 5. Neuroendocrine tumors
Second most common epithelial tumor of stomach. Presents as polypoid 

lesion

 A. Cytomorphologic features (Fig. 13.7)

• Tumor cells are monomorphic, dyshesive, and eccentric, with moder-
ate amount of granular cytoplasm and stippled “salt and pepper” 
nuclei.

• Stripped bare nuclei may be present.

 B. Tips and pitfalls

• Additional material should be requested for cell block preparation and 
will allow characterization by immunocytochemical stains.

 6. Non-Hodgkin lymphoma [31]
Second most common malignancy of the stomach, accounts for 5% of gastric 

malignancies. Most common site for extranodal non-Hodgkin lymphomas. 
Grossly polypoid, fungating, ulcerative, or infiltrative

Fig. 13.6 Gastric adenocarcinoma. A group of malignant cells is seen in the lower right with 
abundant single cells. Note background necrosis (Diff-Quik stain, ×200)
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 A. Cytomorphologic features

• Single cell population with dispersed monotonous cells and scant cyto-
plasm and lymphoglandular bodies. The nuclei have a lymphoid chroma-
tin character.

• Classified into low-grade and high-grade lymphomas.
• Low-grade lymphoma includes follicular lymphoma and MALToma 

showing monomorphic small cells with scant cytoplasm (Fig. 13.8).
• Diffuse large B-cell lymphoma is the most common lymphoma of the 

stomach showing large pleomorphic lymphoid cells with irregular nuclear 
contours.

 B. Tips and pitfalls

• Low-grade lymphoma should be differentiated from chronic inflammation 
and neuroendocrine tumor.

• High-grade lymphoma should be differentiated from poorly differentiated 
carcinoma.

• Additional passes should be performed for cell block preparation, and 
saved in RPMI for flow cytometry.

Fig. 13.7 Well-differentiated neuroendocrine tumor of the stomach. Abundant monomorphic 
stripped nuclei with stippled chromatin (Diff-Quik stain, ×400)
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 Benign Tumors or Tumors with Uncertain Behaviors

• Gastrointestinal stromal tumor and leiomyoma are the two common 
lesions; see Part 3 for details.

 Small Intestine/Duodenum

 Normal Elements – Intestinal Epithelium

• Large, flat honeycomb sheets with interspersed mucin-secreting goblet cells, giv-
ing a starry sky or “Swiss cheese” appearance.

• Brunner glands may also be present.
• Commonly seen as contaminant in EUS-FNA of the pancreatic head or contami-

nant in bile or pancreatic duct brushing specimens.

Fig. 13.8 Non-Hodgkin lymphoma of the stomach. Relative uniform single cells with lympho-
glandular bodies in the background (Diff-Quik stain, ×200)
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 Nonneoplastic Infections

 1. Giardia: commonly seen in immunocompetent hosts

• Gray, pear-shaped, binucleate with four pairs of flagella
• Reactive epithelial changes

 2. Microsporidium: commonly seen in immunocompromised hosts

• Intracellular eosinophilic rod-shaped/ovoid organisms in apical cytoplasm 
(1–4 μm)

• Reactive epithelial changes

 3. Cryptosporidia: commonly seen in immunocompromised hosts

• Round and basophilic on luminal surface of cells (2–5 μm)
• Reactive epithelial changes

 Precursor/Malignant Lesions [32]

 1. Low-grade dysplasia/adenoma

 A. Cytomorphologic features

• Cohesive three-dimensional clusters of crowded columnar cells with 
increased N:C ratio, absent goblet cells, palisading and molding of elon-
gated nuclei with fine chromatin and absent/small nucleoli.

• Often associated with an adenocarcinoma.
• Majority of tumors in the duodenum and periampullary region are well- 

differentiated adenocarcinomas.

 B. Tips and pitfalls

• Difficulty in separating these well-differentiated tumors from reactive 
changes makes the sensitivity of diagnosis relatively low and false nega-
tives frequent.

• In reactive atypia, cellularity is low with scattered small groups of slightly 
enlarged, pleomorphic uniform cells with mildly hyperchromatic nuclei, 
while the presence of papillary fragments with nuclear stratification and 
peripheral palisading in the absence of cytologic atypia favors adenoma.

• False-negative diagnoses may also be due to desmoplasia or poor sam-
pling. False-positive diagnoses are rare in experienced hands.

• The less common moderate to poorly differentiated tumors do not pose 
major diagnostic problems.

 2. High-grade dysplasia [22, 32]

 A. Cytomorphologic features
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• Clean background, higher cellularity, crowded groups with nuclear over-
lapping and loss of polarity, architectural abnormality

• Presence of few isolated cells
• Higher N:C ratio, coarse chromatin, mild nuclear membrane irregularity

 B. Tips and pitfalls

• Adenoma with high-grade dysplasia are frequently categorized as malignant.
• High-grade dysplasia resembles adenocarcinoma but lacks tumor diathe-

sis, cellular dispersion, and discohesive single cells.
• The difference between high-grade dysplasia and carcinoma is mostly 

quantitative.

 Adenocarcinoma [22, 32]

 A. Cytomorphologic features (Fig. 13.9)

• High cellularity, necrotic background, 3-dimensional cell balls
• Single cells
• Pleomorphism, enlarged nuclei with high N:C ratio, irregular nuclear 

membrane, and coarse chromatin

Fig. 13.9 Duodenal adenocarcinoma. Group of stratified disorganized cells with background 
necrosis (Diff-Quik stain, ×200)
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 B. Tips and pitfalls

• Brush cytology and FNA cannot always differentiate between high-grade 
dysplasia and adenocarcinoma (cytologic sampling does not provide any 
advantage over biopsy diagnosis).

 Benign Tumors or Tumors with Uncertain Behaviors

• Gastrointestinal stromal tumor and leiomyoma are the two common lesions; see 
Part 3 for details (Fig. 13.10).
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Chapter 14
Cytological Evaluation During 
Intraoperative Consultation

Guoping Cai

Intraoperative consultation is a pathology service to provide guidance to surgeons 
by pathologists through rapid examination of the specimens obtained intraopera-
tively. A number of questions can be addressed via intraoperative consultation; 
however, the request for intraoperative consultation should be limited to those that 
really influence intraoperative patient management. The most common applications 
include assessment of surgical resection margins and evaluation of sentinel lymph 
node metastasis. Intraoperative consultation can also be performed to achieve a 
diagnosis or secure sufficient diagnostic material for a lesion of unknown etiology 
or undetermined nature in an exploratory surgical procedure [1–3]. The information 
derived from intraoperative consultation helps surgeons to decide whether addi-
tional tissue should be taken to clear surgical margins, whether additional lymph 
nodes should be removed when metastasis is revealed in a sentinel lymph node, and 
whether additional surgical procedure should be pursued in an exploratory setting.

Frozen section is the primary means of intraoperative consultation, which is a 
pathology laboratory procedure to perform rapid microscopic analysis of a speci-
men. Intraoperative cytological evaluation may provide similar information as fro-
zen section and may sometimes reveal features that are difficult to be recognized 
through routine frozen section. Therefore, cytological evaluation can be used as an 
alternative to or used in combination with frozen section to improve the perfor-
mance of intraoperative consultation. The use of cytological evaluation for surgical 
margin assessment is controversial [4, 5], but cytological approach has been widely 
used in intraoperative assessment of the status of sentinel lymph node [6–8] and 
may help determine the nature of an indeterminate lesion [9–12]. In addition, cyto-
logical approach can be performed for intraoperative evaluation of tissue that are 
not suitable for frozen section such as bony lesions [13–16].
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As compared to frozen section, cytological approach has a shorter turnaround time 
and requires less laboratory resources [17]. In addition, cytological approach allows 
preservation of tissue as much as possible for final histopathological evaluation. Some 
morphologic features might be better illustrated on cytological preparation [9–11]. 
However, cytological interpretation may require special competent practice training 
and experience, and cytological diagnosis could be challenging due to lack of archi-
tectural information and inappropriate preparation of cytology specimens.

 Cytological Preparations for Intraoperative Evaluation

The most common preparations for intraoperative cytological evaluation include 
touch imprint and scrape preparation. Touch imprint is most likely used for evaluat-
ing status of sentinel lymph node metastasis, while scape preparation is the pre-
ferred method for assessment of an indeterminate lesion [6, 7, 9].

 Touch Imprint

To prepare a touch imprint, the targeted lesion should be bisected along the longi-
tudinal axis to allow revelation of a maximal cut surface. If the lesion is large, 
serial sections may be needed to increase the sensitivity of detection and avoid a 
false- negative diagnosis. When the lesion is sectioned, a glass slide is applied to 
and kept close contact with the cut surface (Fig. 14.1). The touch process should 

a b

c d

Fig. 14.1 Schematic illustration of touch imprint preparation. (a) Dissection, (b) bisection, (c) 
touching, (d) touch imprint
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be gentle but the imprint does need to cover the full cut surface. No excessive 
force should be applied to avoid damage to the tissue.

 Scrape Preparation

To make a scape preparation, the targeted lesion should be bisected or sliced. The 
cut surfaces should be carefully examined and a representative area be chosen. A 
surgical blade is used to collect cells or/and small tissue fragments by gently mov-
ing the blade cutting edge back and forth along the cut surface (Fig. 14.2). The col-
lected material will be transferred onto a glass slide and smeared using another 
slide. Scraping material from the specimen should avoid areas of necrosis and 
hemorrhage.

 Stains for Cytological Evaluation

Since intraoperative cytological evaluation almost exclusively occurs in frozen sec-
tion room where rapid hematoxylin-eosin (H&E) stain is routinely performed for 
frozen section, rapid H&E stain is also no doubt the most common stain used for 
intraoperative cytological preparations. However, other stains, especially Diff- Quik 

a b

c

Fig. 14.2 Schematic illustration of scrape slide preparation. (a) Sectioning, (b) scraping, (c) 
scrape smear
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stain, may be advantageous to the H&E stain in assessment of some lesions such as 
lymphoid lesions and those matrix-containing lesions.

 Rapid Hematoxylin-Eosin Stain

If rapid H&E stain is chosen for cytological evaluation, cytological specimens 
should be fixed immediately in 95% of ethanol after the preparation. H&E stain is 
superior for demonstration of nuclear details such as nuclear membrane irregularity, 
chromatin patterns, and nucleoli. Preparation artifacts, especially drying artifacts, 
may compromise or hamper accurate interpretation of cytological findings. Care 
should be taken to avoid drying when preparing a slide. The protocols of rapid 
hematoxylin-eosin stain may vary slightly at different institutions. The step-by-step 
protocol at our institution is detailed in Fig. 14.3.

 Diff-Quik Stain

Diff-Quik stain is a rapid staining process and requires less than 1 minute to complete 
(Fig. 14.4). It is widely used for cytological evaluation, especially during rapid on-site 
evaluation, due to its easiness and quickness of the staining process. For Diff-Quik 

Fig. 14.3 Staining process of rapid hematoxylin-eosin stain
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stain, the cytological preparations have to be completely air-dried prior to initiation of 
staining process. Diff-Quik stain is similar to the Giemsa stain that is widely used in 
hematology lab and therefore is the preferred stain for evaluation of lymphoprolifera-
tive disorders. Compared to H&E stain, Diff-Quik stain is better in illustrating cyto-
plasmic features such as cytoplasmic vacuoles, granularity, and pigments as well as 
highlighting background material such as mucin, colloid, and matrix.

 Intraoperative Cytological Assessment of Sentinel Lymph 
Node

The objective for intraoperative assessment of sentinel lymph node is to determine 
whether the lymph node harbors metastatic tumor, which would necessitate addi-
tional lymph node sampling or removal. The sentinel lymph node biopsy is widely 
used in surgical management of diseases such as breast cancer and melanoma.

 Metastatic Breast Carcinoma

Sentinel lymph node biopsy is well established as standard care for axillary lymph 
node staging in patients with early-staged breast cancers [18]. If the lymph node is 
found to harbor metastatic disease, axillary lymph node dissection may follow. 

Fig. 14.4 Staining process of Diff-Quik stain
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Frozen section is often used for intraoperative assessment of sentinel nodal meta-
static status in patients with breast cancer. A large number of studies have demon-
strated that cytological evaluation is also reliable for intraoperative assessment of 
sentinel nodal metastasis [8, 19–23]. Touch imprint is the preferred method although 
some studies have used scrape preparation [23, 24].

Nevertheless, cytological approach is far from being perfect, especially for its 
false-negative rate with the sensitivity lower than 70% [23, 25]. Also, there are other 
challenges and issues with cytological approach such as (1) lack of size information 
for the metastatic focus and higher false-negative rate in micrometastasis [26, 27], 
(2) the effects of neoadjuvant therapy [28–30], and (3) atypical features of lobular 
carcinoma [31, 32].

Diagnostic tips and pitfalls (Fig. 14.5):

• The presence of three-dimensional cell clusters on cytological preparations is 
highly suggestive of metastatic carcinoma since epithelial cells are cohesive 
and present as cell clusters on cytological preparations. It should be kept in 
mind that lymphohistiocytic aggregates and granulomas can mimic clusters of 
epithelial cells. Careful examination of cell morphology helps avoid diagnostic 
pitfalls.

• The tumor cells of poorly differentiated breast carcinoma can be seen as disco-
hesive or single cells. However, the tumor cells often show significant cytologi-
cal atypia.

• In most cases of lobular breast carcinoma, the tumor cells are small and uniform. 
They are present as single cell or loose groups, which may mimic histiocytes on 
cytological preparations. The tumor cells may display unique cytomorphologic 
features such as plasmacytoid appearance and intracytoplasmic luminal 
structures.

 Metastatic Melanoma

Although controversies still exist, sentinel lymph node evaluation may be indicated 
for prognostic assessment of early-staged melanomas based on risk assessment 
including Breslow thickness, presence of ulceration, high mitotic rate, and/or lym-
phovascular invasion [33]. Sentinel lymph node status may impact future therapeu-
tic decisions, including recommendations for active nodal ultrasound surveillance 
or complete lymph node dissection and adjuvant therapy. Complete lymph node 
dissection following a positive sentinel lymph node has been shown to have a better 
locoregional disease control [33, 34].

Frozen section of sentinel lymph node has been shown to be able to identify 
metastatic disease in patients with melanoma, which may benefit surgical decision- 
making [35–40]. However, relatively low sensitivity and high false-negative rate 
have become the major argument against the routine use of frozen section for evalu-
ation of sentinel lymph node [40–43]. It has also been noticed that frozen section 
evaluation may potentially reduce accuracy of pathologic assessment of sentinel 
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Fig. 14.5 Touch imprint of breast carcinoma metastatic to sentinel lymph node. Clusters of atypi-
cal epithelial cells with scattered lymphocytes in the background (a. hematoxylin-eosin stain, 
×200). The tumor cells show enlarged nuclei with irregular nuclear membranes and conspicuous 
nucleolus (b. hematoxylin-eosin stain, ×400). Some tumor cells are arranged in an acinar pattern 
(c. Diff-Quik stain, ×400)

a

b
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lymph nodes [44]. For these reasons, the status of sentinel lymph node assessment 
may need to be deferred upon routine pathologic evaluation [41].

Intraoperative cytological evaluation, often in the form of touch imprint, has 
been well documented in the literature [7, 39, 45–48]. Similar to frozen section, 
cytological approach has high specificity but relatively low sensitivity [45, 48]. 
Combining cytological approach with frozen section may slightly increase the 
detection sensitivity; but caution should be taken when rendering a diagnosis in 
challenging cases to avoid false-positive interpretation [39, 46].

Diagnostic tips and pitfalls:

• Melanoma cells are typically large and have round nuclei with prominent 
nucleolus, individually intermixed with background lymphocytes. The nuclei 
are often eccentrically placed, giving a plasmacytoid appearance. Binucleation, 
multinucleation, and cytoplasmic melanin pigments can be seen in some cases 
(Fig. 14.6).

• Melanoma cells may lack typical features and present as scattered bland epithe-
lioid cells with inconspicuous nucleoli. In this setting, differential diagnosis may 
include histiocytes, plump endothelial cells, centroblasts, immunoblasts, and 
rarely intracapsular nevus cells (Fig. 14.7).

• Spindle cell melanoma is a morphologic variant of melanoma and can sometimes 
be encountered.

c

Fig. 14.5 (continued)
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 Intraoperative Cytological Assessment of Indeterminate 
Lesions

A definite diagnosis can be reached via frozen section evaluation in most cases. 
However, diagnosis may be deferred due to the uncertainty about the morphologic 
features on frozen section. Cytological preparation can sometimes display morpho-
logic features not revealed or subtle on frozen section, and therefore it may help 
render a diagnosis or at least narrow down differential diagnosis for certain lesions 
[1, 9–11]. Such lesions are exampled by lymphoproliferative disorders and indeter-
minate thyroid nodules.

 Lymphoproliferative Disorders

When a tumor shows no morphologic features suggestive of cell lineage, its differ-
ential diagnosis is usually broad and may include tumors of epithelial, mesenchy-
mal, lymphoid, or melanocytic origin. Diagnosis of such a tumor is quite challenging. 

Fig. 14.6 Touch imprint of melanoma metastatic to sentinel lymph node. Dispersed large atypical 
cells with oval nuclei, prominent nucleolus, and intracytoplasmic melanin pigments are seen with 
few scattered lymphocytes (Diff-Quik stain, ×400)
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a

b

Fig. 14.7 Touch imprint of reactive lymph node. Polymorphous population of lymphocytes with 
scattered histiocytes that have oval nuclei with small nucleoli (a. Diff-Quik stain, ×400). Scattered 
histiocytes and rare centroblasts are seen with polymorphous lymphocytes (b. hematoxylin-eosin 
stain, ×600)
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Not infrequently, frozen section is inconclusive and the case has to be deferred. 
Separation of lymphoproliferative disorder from other tumors is quite important. A 
definite diagnosis and classification of lymphoproliferative disorder often rely on 
the results of flow cytometry analysis performed on fresh tissue. However, the mor-
phologic features of lymphoid tumors could be quite subtle on frozen section and 
may not be confused with other poorly differentiated neoplasms. Failure to recog-
nize lymphoproliferative disorders on frozen section leads to unable to salvage fresh 
tissue and thus hamper their diagnostic evaluation. Recognition of lymphoprolifera-
tive disorders during intraoperative consultation may also help prevent unnecessary 
surgery [49–51].

Cytological preparations are superior to frozen section for demonstrating mor-
phologic features of lymphoproliferative disorders, particularly lymphomas [11, 50, 
52–55]. Lymphoid lesions can be recognized by the following cytomorphologic 
features (Fig. 14.8): (1) single dispersed cells, (2) smearing crush artifacts, and (3) 
lymphoglandular bodies in the background. Lymphoid lesions are diverse and con-
sist of Hodgkin lymphomas and non-Hodgkin lymphomas.

Diagnostic tips and pitfalls (Fig. 14.9):

• Hodgkin lymphomas are characterized by scattered large atypical cells with 
mixed reactive lymphocytes and should be differentiated with metastatic tumors 
such as melanoma and poorly differentiated carcinoma.

• Non-Hodgkin lymphomas may show significant cytological atypia which are 
exampled by diffuse large B-cell lymphoma and anaplastic large cell 
lymphoma.

• Uniform small lymphocytes may suggest low to intermediate grade lymphomas, 
which should be differentiated from reactive lymphoid tissue.

 Indeterminate Thyroid Nodule

Fine needle aspiration biopsy is a preferred method to evaluate thyroid nodules [56, 
57]. However, an indeterminate diagnosis can be seen in some cases, and those 
patients may be subjected to surgical resection such as lobectomy. If malignancy is 
confirmed, completion thyroidectomy may be indicated. Intraoperative consultation 
via frozen section may help reduce the rate of secondary surgery and therefore 
decrease overall healthcare costs [58–60].

An indeterminate diagnosis of fine needle aspiration includes follicular lesion of 
undetermined significance, follicular neoplasm, and suspicion for malignancy. The 
possible entities with such cytological diagnoses include follicular lesions such as 
adenomatoid thyroid nodule, follicular adenoma, follicular carcinoma, as well as 
papillary carcinoma [61, 62]. The utility of frozen section in further classifying the 
follicular lesions is very limited, with a high deferral rate [12, 63–65]. Confirmation 
of papillary thyroid carcinoma by frozen section is hampered by frozen artifacts, 
which compromise the nuclear features characteristic of papillary thyroid carci-
noma [66, 67].
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Fig. 14.8 Scrape preparation of reactive lymph node. Cytomorphologic features of lymphoid 
lesions are characterized by single dispersed cells (a. Diff-Quik stain, ×200), smearing crush 
(nuclear streaming) artifact (b. Diff-Quik stain, ×200), and lymphoglandular bodies (variable- 
sized blue dots) (c. Diff-Quik stain, ×400)

a

b
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Cytological approach, alone or in combination with frozen section, has been 
used for intraoperative evaluation of thyroid lesions. Similar to frozen section, cyto-
logical evaluation has a limited role in the differential diagnosis of follicular lesions 
since no cytologic features can distinguish adenomatoid nodule or follicular ade-
noma from follicular carcinoma. The presence of nuclear features shown on cyto-
logical preparations does help with the diagnosis, at least in some cases, of papillary 
thyroid carcinoma [68–71].

Diagnostic tips and pitfalls (Fig. 14.10):

• Papillary architecture and nuclear characteristics including nuclear enlargement, 
nuclear elongation, nuclear grooves, intranuclear pseudoinclusions, and wash-
out/clear chromatin are the cytomorphologic features diagnostic of papillary thy-
roid carcinoma.

• With the newly introduced entity, known as noninvasive follicular thyroid neo-
plasm with papillary-like nuclear features, diagnosis of papillary thyroid 
 carcinoma should be rendered with extreme caution in the absence of papillary 
architecture.

c

Fig. 14.8 (continued)
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a

b

Fig. 14.9 Scrape preparation of diffuse large B-cell lymphoma of the lung. Dispersed large pleo-
morphic atypical cells intermixed with scattered small lymphocytes (a. Diff-Quik stain, ×200). 
The tumor cells have scant blue cytoplasm and irregular nuclear contours. Lymphoglandular bod-
ies are seen in the background (b. Diff-Quik stain, ×400)
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a

b

Fig. 14.10 Scrape preparation of papillary thyroid carcinoma. Papillary clusters of atypical fol-
licular cells are seen (a. hematoxylin-eosin stain, ×200). The tumor cells have oval enlarged nuclei 
with pale chromatin and prominent nuclear grooves (b. hematoxylin-eosin stain, ×400)
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Chapter 15
Economics, Regulations, and Trends 
in Practice

Angelique W. Levi and Guoping Cai

Rapid on-site evaluation (ROSE) is a service that pathologists perform to assess 
cellular material and specimen adequacy of fine needle aspiration (FNA) smears 
and biopsy touch imprints in real-time collaborative patient care, most often at the 
procedural point of care. ROSE can be used in the setting of pathologist-performed 
FNA of superficial lesions and ultrasound, endobronchial ultrasound (EBUS), endo-
scopic ultrasound (EUS), or computed tomography (CT)-guided FNA or biopsy. 
Depending on the clinical setting including both academic and community-based 
medical centers and the expectations of the affiliated multispecialty practices, the 
overall demand for ROSE service and its associated FNA procedure or imaging- 
guided biopsy type may vary [1–5]. In many clinical settings, EBUS and EUS- 
guided FNA procedures have increased in recent years and have accounted for the 
increase in ROSE service requested in our institution and others [3, 5]. ROSE can 
inform the clinician or pathologist performing the procedure of the need to obtain 
additional material for diagnostic adequacy and ancillary studies, such as flow 
cytometry, microbiology cultures, and/or molecular studies.

Many studies have focused on the impact of ROSE on FNA adequacy rates 
emphasizing how fewer passes are needed to obtain sufficient material from less 
invasive procedures, and fewer repeat procedures are performed, the advantages 
being the decrease in risk of complications to the patient and lower overall health-
care costs [6–8]. However, emerging molecular tests in current pathology practice 
have placed a higher demand on maximizing limited material obtained by FNA or 
biopsy procedures [1, 5, 9–12]. ROSE is a way to ensure that small samples are 
handled properly for adequate morphological review, appropriate specimen triage, 
and accurate diagnosis and ultimately translate into an optimal treatment plan.
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 Cost and Reimbursement

The question of when ROSE is cost-effective is a complicated one and rests on 
many factors. Because ROSE can reduce the number of needle passes, thereby 
reducing clinical complications associated with multiple passes and avoid repeat 
procedures, it has the potential to reduce overall costs [6–8, 13, 14]. However, 
ROSE increases operational costs to the pathology laboratory because it requires 
additional personnel and may increase procedure time. Reimbursement for ROSE 
fails to provide adequate compensation, and in recent years there has been an 
increase in FNA procedures and time spent providing ROSE further exacerbating 
the issue of cost-effectiveness [2, 3, 5, 14–17]. In busy practices, the cost of patholo-
gists’ time for providing ROSE far exceeds the reimbursement rates because of 
unreimbursed time spent in the procedure suite waiting for a clinician to provide 
material, recent CMS changes in allowable billing codes, the steady drop in overall 
reimbursement rates, as well as a decrease in work Relative Value Units (wRVU). 
CMS changed billing practice to allow only one unit of CPT code 88172 per speci-
men site with a separate CPT code 88177 for each additional pass [15–17] 
(Table 15.1). Compensation for ROSE over the last decade has decreased by about 
half. Mathematical models have been employed to evaluate which procedures types 
at specific anatomic sites under a subset of fixed conditions could be cost-effective 
to use ROSE, but it is very difficult to account for the complete cost of care and 
potential cost savings to the patient [14]. Given the efficiency and optimal patient 
care ROSE can provide in the appropriate set of circumstances, ROSE may play an 
important role in justifying better reimbursement rates at an institutional and 
national level, as the practice of medicine moves away from volume based to value 
and patient outcomes based.

 Personnel and Regulations

It is a subject of discussion and debate about who is best suited to provide 
ROSE. Appropriate training and competency to provide assessment is the driving 
force; however, there are no standards in training or assessment tools. The majority of 
healthcare professional who have training to provide ROSE include general pathol-
ogists, cytopathologists, cytopathology fellows/residents, and cytotechnologists.

Table 15.1 CPT codes for ROSE with fine needle aspiration (FNA) smears and core tissue biopsy 
touch preparations (TP)

CPT code Description

88172 On-site cytological examination of FNA smear, first pass
88177 On-site cytological examination of FNA smear, each additional pass
88333 On-site cytological examination of tissue biopsy TP, first area
88334 On-site cytological examination of tissue biopsy TP, each additional area
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In academic medical centers, cytopathology fellows and pathology residents in 
ACGME-approved training programs are an integral part of the FNA team. Under 
the training and supervision of credentialed, American Board of Pathology-certified 
pathologists, they may also provide ROSE in a direct and potentially indirect man-
ner. Competency of pathology trainees to provide ROSE in an indirectly supervised 
manner is at the discretion of the medical directors of each training program, as 
there are no ACGME procedural requirements [18].

Cytotechnologists train for 1 year in the field of cytopathology. They learn the 
skills necessary to identify abnormal cells and quickly classify them accurately into 
an interpretive or diagnostic category. While they may not have extensive experi-
ence in FNA for ROSE, it is expected during their clinical rotation training that 
they will observe FNAs. With hands-on FNA experience and mentorship of super-
vising pathologists, cytotechnologists become qualified to provide ROSE.  After 
appropriate training, in some institutions, cytotechnologists and pathology train-
ees may be the only professionals to perform ROSE. Previous studies have evalu-
ated the performances of cytotechnologists versus cytopathologists and found out 
that cytotechnologists were competent to provide specimen adequacy assessment 
of FNA biopsy [19, 20]. However, due to inherent constraints and limitations, 
cytotechnologists may not be able to best fulfill other functions of ROSE service 
including specimen triage for appropriate ancillary studies and preliminary diag-
nosis [21, 22].

Controversy may arise when non-pathology medical specialists such as pulmon-
ologists and gastroenterologists perform ROSE, as it may be outside their scope of 
practice [23–27]. Generally, such training programs do not provide comprehensive 
pathology training and do not have adequate experience in tissue evaluation or cyto-
morphology. A strategy could be to train non-pathology clinicians to perform ROSE, 
but again there are no standards for how they may be trained in ROSE for FNA. Also, 
the ROSE performed by non-pathology medical specialists is limited to specimen 
adequacy assessment. Additionally, most non-pathologist physicians cannot bill a 
professional fee for ROSE, as the Centers for Medicare and Medicaid Services 
(CMS) classify ROSE as a laboratory test, which falls under the mandates of the 
Clinical Laboratory Improvement Amendments.

 Changing Trends in the Practice

The increased demands of patient care and simultaneous economic stressors force 
changing trends and ultimately practice patterns. In the era of personalized medi-
cine for targeted therapy, there is more pressure than ever before for pathologists to 
do more with less. Strategies to cut costs include reorganizing laboratory resources 
and workflow. Some institutions have decided to only send cytotechnologists and 
pathology trainees to perform ROSE or let non-pathology physicians to perform 
their own ROSE, though they cannot bill for ROSE services. In this setting, cyto-
technologists or non-pathology physicians can accurately provide ROSE adequacy 
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assessments and save significant pathologist time in order to allow the pathologist 
to continue to generate revenue in higher reimbursable activities, which seems to be 
cost-effective in some settings [28].

Other institutions have reported a significant increase in needle core biopsies 
(NCB) for potential molecular testing and tissue triage, increasing the demand for 
performing ROSE on touch preparations (TP) [5, 9, 29]. The shift in specimen acqui-
sition requires an investment in time to standardize the procedure and become familiar 
with the morphological differences in ROSE for core biopsy TP versus FNA smears. 
Not only is ROSE for TP much less time-consuming than FNA for the pathologist to 
evaluate, but also the CPT billing code is different (88333 and 88334) (Table 15.1) and 
reimbursable at a significantly higher rate, approximately double that of FNA.

Another approach to face adversity in challenging times is to embrace innovation 
and technology in an economically sound way. Telecytology (TC) can be used to 
provide ROSE services more efficiently, as a single pathologist can accommodate 
ROSE in multiple locations simultaneously while performing other billable work in 
between ROSE procedures from a remote office location [30–36]. The emergence 
of fast and high-resolution digital imaging technologies makes it possible to imple-
ment TC for ROSE, and it has been instituted with great success in the transmission 
of live imaging in a large, high-volume medical center. There are different platforms 
available for image transmission including static and live video microscopy, as well 
as whole-slide scanner images as a potential future option [36]. TC FNA ROSE 
requires an experienced cytotechnologist on-site for slide preparation, staining, and 
focused morphological review of pertinent regions of interest. In addition to the 
investment of a cytotechnologist, this type of system requires an upfront investment 
of infrastructure: an imaging platform, hardware (a dedicated microscope and cam-
era), software, and secure remote access.

References

 1. da Cunha Santos G, Ko HM, Saieg MA, Geddie WR. “The petals and thorns” of ROSE (rapid 
on-site evaluation). Cancer Cytopathol. 2013;121(1):4–8.

 2. Tambouret RH, Barkan GA, Kurtycz DFI, Padmanabhan V. FNA cytology: rapid on-site evalu-
ation – how practice varies. CAP Today. May 2014.

 3. Collins BT, DuBray-Benstein B, Naik K, Smith MA, Tiscornia-Wasserman PG.  American 
Society of Cytopathology rapid on-site evaluation (ROSE) position statement. ASC Bull. 
2015;52(2):I–VIII.

 4. Kraft AO.  Specimen acquisition: ROSEs, gardeners, and gatekeepers. Cancer Cytopathol. 
2017;125(S6):449–54.

 5. Gonzalez MF, Akhtar I, Manucha V.  Changing trends and practices in cytopathology. Acta 
Cytol. 2017;61(2):91–5.

 6. Nasuti JF, Gupta PK, Baloch ZW. Diagnostic value and cost-effectiveness of on-site evaluation 
of fine-needle aspiration specimens: review of 5,688 cases. Diagn Cytopathol. 2002;27(1):1–4.

 7. Collins BT, Chen AC, Wang JF, Bernadt CT, Sanati S. Improved laboratory resource utilization 
and patient care with the use of rapid on-site evaluation for endobronchial ultrasound fine- 
needle aspiration biopsy. Cancer Cytopathol. 2013;121(10):544–51.

A. W. Levi and G. Cai



411

 8. Schmidt RL, Witt BL, Lopez-Calderon LE, Layfield LJ. The influence of rapid onsite evalu-
ation on the adequacy rate of fine-needle aspiration cytology: a systematic review and meta- 
analysis. Am J Clin Pathol. 2013;139(3):300–8.

 9. Coley SM, Crapanzano JP, Saqi A. FNA, core biopsy, or both for the diagnosis of lung car-
cinoma: obtaining sufficient tissue for a specific diagnosis and molecular testing. Cancer 
Cytopathol. 2015;123(5):318–26.

 10. Roy-Chowdhuri S, Aisner DL, Allen TC, Beasley MB, Borczuk A, Cagle PT, Capelozzi V, 
Dacic S, da Cunha Santos G, Hariri LP, Kerr KM, Lantuejoul S, Mino-Kenudson M, Moreira 
A, Raparia K, Rekhtman N, Sholl L, Thunnissen E, Tsao MS, Vivero M, Yatabe Y. Biomarker 
testing in lung carcinoma cytology specimens: a perspective from members of the Pulmonary 
Pathology Society. Arch Pathol Lab Med. 2016;140(11):1267–72.

 11. Auger M, Brimo F, Kanber Y, Fiset PO, Camilleri-Broet S.  A practical guide for ancil-
lary studies in pulmonary cytologic specimens. Cancer Cytopathol. 2018;126(Suppl 8): 
599–614.

 12. Jain D, Allen TC, Aisner DL, Beasley MB, Cagle PT, Capelozzi VL, Hariri LP, Lantuejoul S, 
Miller R, Mino-Kenudson M, Monaco SE, Moreira A, Raparia K, Rekhtman N, Roden AC, 
Roy-Chowdhuri S, da Cunha Santos G, Thunnissen E, Troncone G, Vivero M. Rapid on-site 
evaluation of endobronchial ultrasound-guided transbronchial needle aspirations for the diag-
nosis of lung cancer: a perspective from members of the Pulmonary Pathology Society. Arch 
Pathol Lab Med. 2018;142(2):253–62.

 13. da Cunha Santos G. ROSEs (rapid on-site evaluations) to our patients: the impact on laboratory 
resources and patient care. Cancer Cytopathol. 2013;121(10):537–9.

 14. Schmidt RL, Walker BS, Cohen MB. When is rapid on-site evaluation cost-effective for fine- 
needle aspiration biopsy? PLoS One. 2015;10(8):e0135466.

 15. Dhillon I, Pitman MB, Demay RM, Archuletta P, Shidham VB. Compensation crisis related 
to the onsite adequacy evaluation during FNA procedures-urgent proactive input from cytopa-
thology community is critical to establish appropriate reimbursement for CPT code 88172 (or 
its new counterpart if introduced in the future). Cytojournal. 2010;7:23.

 16. Davey DD, Neal MH. Coding changes in the United States front and center: implications for 
cytopathology. Cancer Cytopathol. 2011;119(5):310–4.

 17. Renshaw AA. 88172 is more than counting cells: ensuring the quality of immediate assessment 
of fine-needle aspiration material. Am J Clin Pathol. 2012;138(1):27–8.

 18. Naritoku WY, Black-Schaffer WS. Cytopathology fellowship milestones. Cancer Cytopathol. 
2014;122(12):859–65.

 19. Burlingame OO, Kessé KO, Silverman SG, Cibas ES. On-site adequacy evaluations performed 
by cytotechnologists: correlation with final interpretations of 5241 image-guided fine-needle 
aspiration biopsies. Cancer Cytopathol. 2012;120(3):177–84.

 20. Olson MT, Ali SZ. Cytotechnologist on-site evaluation of pancreas fine needle aspiration ade-
quacy: comparison with cytopathologists and correlation with the final interpretation. Acta 
Cytol. 2012;56(4):340–6.

 21. Mesa H, Rawal A, Gupta P. Diagnosis of lymphoid lesions in limited samples: a guide for 
the general surgical pathologist, cytopathologist, and cytotechnologist. Am J Clin Pathol. 
2018;150(6):471–84.

 22. Sung S, Crapanzano JP, DiBardino D, Swinarski D, Bulman WA, Saqi A. Molecular testing 
on endobronchial ultrasound (EBUS) fine needle aspirates (FNA): impact of triage. Diagn 
Cytopathol. 2018;46(2):122–30.

 23. Savoy AD, Raimondo M, Woodward TA, Noh K, Pungpapong S, Jones AD, Crook J, Wallace 
MB. Can endosonographers evaluate on-site cytologic adequacy? A comparison with cyto-
technologists. Gastrointest Endosc. 2007;65(7):953–7.

 24. Harada R, Kato H, Fushimi S, Iwamuro M, Inoue H, Muro S, Sakakihara I, Noma Y, Yamamoto 
N, Horiguchi S, Tsutsumi K, Okada H, Yamamoto K.  An expanded training program for 
 endosonographers improved self-diagnosed accuracy of endoscopic ultrasound-guided fine-
needle aspiration cytology of the pancreas. Scand J Gastroenterol. 2014;49(9):1119–23.

15 Economics, Regulations, and Trends in Practice



412

 25. Bonifazi M, Sediari M, Ferretti M, Poidomani G, Tramacere I, Mei F, Zuccatosta L, Gasparini 
S. The role of the pulmonologist in rapid on-site cytologic evaluation of transbronchial needle 
aspiration: a prospective study. Chest. 2014;145(1):60–5.

 26. Meena N, Jeffus S, Massoll N, Siegel ER, Korourian S, Chen C, Bartter T. Rapid onsite evalu-
ation: a comparison of cytopathologist and pulmonologist performance. Cancer Cytopathol. 
2016;124(4):279–84.

 27. Wyse J, Rubino M, Iglesias Garcia J, Sahai AV. Onsite evaluation of endoscopic ultrasound 
fine needle aspiration: the endosonographer, the cytotechnologist and the cytopathologist. Rev 
Esp Enferm Dig. 2017;109(4):279–83.

 28. Pearson LN, Layfield LJ, Schmidt RL.  Cost-effectiveness of rapid on-site evaluation of 
the adequacy of FNA cytology samples performed by nonpathologists. Cancer Cytopathol. 
2018;126(10):839–45.

 29. Padmanabhan V, Barkan G, Nayar R.  Assessing needle core biopsy adequacy  – survey of 
practice. CAP Today. May 2016.

 30. Marotti JD, Johncox V, Ng D, Gonzalez JL, Padmanabhan V.  Implementation of telecytol-
ogy for immediate assessment of endoscopic ultrasound-guided fine-needle aspirations 
compared to conventional on-site evaluation: analysis of 240 consecutive cases. Acta Cytol. 
2012;56(5):548–53.

 31. Buxbaum JL, Eloubeidi MA, Lane CJ, Varadarajulu S, Linder A, Crowe AE, Jhala D, Jhala 
NC, Crowe DR, Eltoum IA. Dynamic telecytology compares favorably to rapid onsite evalua-
tion of endoscopic ultrasound fine needle aspirates. Dig Dis Sci. 2012;57(12):3092–7.

 32. Heimann A, Maini G, Hwang S, Shroyer KR, Singh M. Use of telecytology for the immediate 
assessment of CT guided and endoscopic FNA cytology: diagnostic accuracy, advantages, and 
pitfalls. Diagn Cytopathol. 2012;40(7):575–81.

 33. Bott MJ, James B, Collins BT, Murray BA, Puri V, Kreisel D, Krupnick AS, Patterson GA, 
Broderick S, Meyers BF, Crabtree TD. A prospective clinical trial of telecytopathology for 
rapid interpretation of specimens obtained during endobronchial ultrasound-fine needle aspira-
tion. Ann Thorac Surg. 2015;100(1):201–6.

 34. Sirintrapun SJ, Rudomina D, Mazzella A, Feratovic R, Alago W, Siegelbaum R, Lin O. Robotic 
telecytology for remote cytologic evaluation without an on-site cytotechnologist or cytopathol-
ogist: a tale of implementation and review of constraints. J Pathol Inform. 2017;8:32.

 35. Lin O, Rudomina D, Feratovic R, Sirintrapun SJ. Rapid on-site evaluation using telecytology: 
a major cancer center experience. Diagn Cytopathol. 2019;47(1):15–9.

 36. Lin O.  Telecytology for rapid on-site evaluation: current status. J Am Soc Cytopathol. 
2018;7(1):1–6.

A. W. Levi and G. Cai



413© Springer Nature Switzerland AG 2019 
G. Cai, A. J. Adeniran (eds.), Rapid On-site Evaluation (ROSE), 
https://doi.org/10.1007/978-3-030-21799-0_16

Chapter 16
Telecytopathology

Adebowale J. Adeniran

 Introduction

Minimally invasive procedures such as fine needle aspiration (FNA) and small core 
tissue biopsy to obtain material for diagnosis are becoming increasingly popular, and 
with it is rapid on-site evaluation (ROSE). ROSE of FNA specimens by cytopatholo-
gists is very important and is increasingly being used to assess sample adequacy, to 
triage specimens for other ancillary tests, and to establish a preliminary cytologic 
interpretation [1–4]. Core biopsy can also mandate ROSE for touch imprints to deter-
mine cellular content and adequacy [5]. ROSE is also becoming increasingly popular 
because it improves patient care by reducing the number of repeat procedures and/or 
more invasive procedures, which ultimately decreases healthcare costs and minimizes 
potential side effects from the procedures, such as lower rates of infection and hemor-
rhage [5–8]. Ultimately it expedites care and improves patient satisfaction [9]. A cost 
and compensation analysis for providing ROSE suggested that, in comparison to the 
lengthy time spent on providing ROSE, Medicare reimbursement has remained inad-
equate to support the salary of a staff cytopathologist. As a result, cost-effective alter-
natives are being increasingly investigated to provide ROSE [10].

In large centers and in this era where institutions acquire multiple small prac-
tices and pathologists have to travel to different locations for FNA, the elaborate 
logistics and difficulty in moving from site to site may prevent a timely immedi-
ate assessment and can make on-site evaluation by a pathologist difficult and 
time- consuming. The advent of telecytopathology has significantly helped with 
this process, as it enables the electronic transmission of images online for con-
sultation and discussion. Over the years, this method has been in use and is very 
efficient for intraoperative frozen section consultation [11, 12]. It represents a 
new option for communication among cytopathologists and between cytopa-
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thologists on the one hand and interventional radiologists and clinicians that 
perform procedures located at different sites on the other hand [1].

Prior to implementation, it is essential that key stakeholders such as cytopatholo-
gists, cytotechnologists, hospital administration, interventional radiologists, and 
clinicians that will be involved with the process and information technology ana-
lysts should be engaged so that the need for the technology as well as other issues 
such as implementation and possible challenges at the initial stages can be dis-
cussed [9]. Information technologists need to be involved to optimize data transfer 
and also ensure the protection of patient-related information, especially if the on- 
site operator and remote viewer are located in different hospitals, institutions, or 
outreach settings [2]. It is important to obtain feedback from all individuals involved 
so as to confirm that there is thorough understanding of the workflow and how this 
technology will affect all processes and individuals involved [9].

The 2014 American Telemedicine Association guidelines addressed the use of tele-
cytopathology in ROSE, stressing the need for sufficient Internet speed and images 
resolution as well as the concern regarding security issues when using mobile devices 
[13]. Overall, the rates of sample adequacy, deferral, and preliminary and final diagno-
ses for telecytopathology cases have been found to be comparable to the rates obtained 
by cytopathologists using conventional on-site microscopy. The time required for pre-
liminary telecytodiagnosis is comparable to that for regular on-site microscopy [1, 5, 9]. 
Misinterpretations in telecytopathology are mainly due to on-site evaluator’s insuffi-
cient experience as seen in early part of cytopathology training year or in the early part 
of cytotechnologist’s engagement. Hence, cytopathologists may need to spend more 
time in examining smears when working with a less experienced on-site operator.

Several technology solutions are available for telecytopathology. These include 
live video streaming, static imaging, robotic microscopy, whole slide imaging, and 
hybrid devices that offer both robotic live viewing and whole slide imaging. The 
most important consideration in determining which solution to adopt is whether or 
not there is a skilled cytotechnologist or cytopathology fellow available to go on- 
site to handle procured samples, prepare slides, and then show them live to remote 
cytopathologists in real-time while they screen them on-site using a conventional 
light microscope [9]. The selection of telecytopathology platform should also be 
based on the workflow of each individual laboratory and should take into consider-
ation the resources available, both human and technical, as well as image quality, 
user-friendliness, reliability, and security of the equipment [5, 14].

 Process Workflow

 Dynamic Telecytopathology

• The telecytopathology system is comprised of a digital camera, monitor, 
microscope, computer, and Internet connection. Dynamic images of the Diff-
Quik smears are captured and processed with a digital camera system and a 
digital sight series that features a built-in display monitor. This unit can be 
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connected to a personal computer and functions as Web server for image distri-
bution. The microscope uses objectives from X4 to X40 magnification. The 
images are transmitted via Ethernet and are accessible from any computer with 
Internet access [1, 5].

• Dynamic telecytopathology allows live images to be transmitted and viewed 
electronically in real time at a remote site. It represents the most time and cost- 
effective platform. It allows cytopathologists to review the entire slide [5, 15]. 
Live image transmissions can be performed with different types of 
equipment.

• The on-site operators should be professionals with at least minimal experience in 
cytological procedures such as smearing, staining, and microscopy. They should 
have the expertise necessary to locate the most representative areas necessary for 
interpretation [16]. The operator, usually a cytotechnologist or cytopathology 
fellow, controls the microscope. He or she provides essential clinical information 
to the cytopathologist and moves the slides on the microscope stage to show the 
diagnostic fields.

• A cytopathologist interprets the cytologic images on a computer screen in their 
office in real time while communicating with the operator over the telephone.

• The cytopathologist provides adequacy assessment and preliminary diagnoses to 
the operator that are then conveyed by the operator to the radiologist performing 
the procedure and are documented in the requisition form.

Limitations
• Quality of the interpretation depends heavily on the ability of the person who 

moves the slides and selects the fields of view.
• Potential network issues and quality of image when changing magnifications.
• Required level of security mandated by most institutions makes it difficult to use 

such applications for clinical purposes [14].

 Static Telecytopathology

• Static telecytopathology is a “store and forward” technique whereby only 
selective representative images of a slide are captured and transmitted via a 
Web browser either to a designated recipient or to a shared Web site [17]. It is 
inexpensive and simple as it is easy to send, store, maintain, and retrieve 
images.

• Images require only a small amount of computer memory; hence they can be 
readily transmitted and viewed over existing networks. However, it is often a 
partial representation of the specimen. Also, it appears to be less accurate than 
dynamic systems in cytology specimens [18]. This is because the cytology speci-
men is thicker and has an increased depth of focus that would require a similar 
experience to observing the specimen under a microscope. This can be better 
achieved with video imaging in contrast to still images. The static systems might 
not be suited for large-volume settings.
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Limitations
• The remote viewer entirely depends on the judgment of the person who captures 

the images.
• The system does not allow the full review of the slides.
• The speed of scanning of cytologic images is very slow.
• Images may sometimes be insufficient.
• Lack of focus planes and poor quality of images (mostly with thick, crowded 

groups).
• Images are subject to quality issues with seemingly minor variations in image 

parameters (e.g., color, contrast) potentially leading to markedly different 
variations.

 Robotic Telecytopathology

• Robotic telecytopathology is considered for adequacy assessments when there is 
an anticipated low ROSE volume and frequency performed at a satellite station 
such that the volume and frequency of ROSE cannot justify hiring cytotechnolo-
gists on-site [19]. Implementation of a robotic cytology solution requires a mul-
tidisciplinary process reevaluation of existing staffing and workflows and the 
configuration of a dynamic robotic telecytopathology solution [20]. Robotic- 
controlled slides offer the possibility of real-time simulated microscopy enabling 
thorough examination of potentially all the material present on the slides [21].

• A robotic digital microscope offers live viewing with a robotic stage that man-
ages up to four slides simultaneously with four interchangeable objectives. The 
Windows-based user interface application allows the operator to have full control 
of the slide, including the location of the image, magnification, and focus [20].

• The radiologists perform the smears and stain them. They are trained and tested 
for their proficiency in preparation of Diff-Quik-stained slides and loading of the 
slides on the microscope before they can use the robotic microscope for ade-
quacy assessment.

• Cytology staff members are only present on-site for routine visits to audit equip-
ment, stain, and procedure quality and train employees on any new processes.

• Cytotechnologist evaluation of the specimen is performed remotely utilizing 
robotic microscopy and desktop sharing applications over the institutional 
intranet. Image viewing and control are remote via the intranet with the use of 
HD monitors.

• WebEx application enables the interventional radiology team to share the remote 
viewing session with cytotechnologists. The cytotechnologist is in close com-
munication with the radiologist by phone in order to obtain all relevant informa-
tion directly from the radiologist as well as communicate the adequacy assessment 
results [20].

• Remote network testing for readiness is performed daily by cytotechnologists at 
the main institution.
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Limitations
• Remotely controlled robotic microscope has slow image refresh rates and 

requires a large bandwidth network connection and significant maintenance.
• Reliance on staff without prior cytology training to stain and load slides.
• When there are temporary network issues that lead to inability to access images, 

this can result in a delay in adequacy assessment.

 Whole Slide Imaging

• Whole slide imaging is a digital imaging modality that uses computerized tech-
nology to scan and convert glass slides into digital images so that they can be 
viewed on a computer using viewing software [21–23]. This software allows a 
user to scan from field to field and increase or decrease the magnification, simu-
lating panning around and zooming in or out with a conventional microscope. 
The whole slide is available for review by the remote viewer; hence issues of 
field selection and lack of low-power impression are essentially nonexistent.

Limitations
• Lack of standardization (multiple vendors, software, and lack of interoperability)
• Large file size leading to storage issues
• Limited focusing functions
• Slow speed of scanning of images
• Limited validation studies

 Advantages and Disadvantages of Telecytopathology

 Advantages

• Elimination of cytopathologist wait time at the site of evaluation and traveling 
time to various locations to perform ROSE, thereby helping to better manage 
cytology workflow and also allow the cytopathologist to perform other reimburs-
able activities concurrently.

• Less overall procedure time for cytopathologists, since on-site personnel can 
screen slides and show only key passes and regions of interest.

• Allows for multiple on-site operators from different locations. For instance, if an 
operator is held up at a location and there is a second concomitant procedure at 
another location that requires immediate assessment, another operator can be 
dispatched to perform this. Only one cytopathologist can simultaneously per-
form ROSE at many different locations.

• A cytopathologist may consult a colleague in the same vicinity on a difficult 
case, during a procedure by inviting them to view the images simultaneously. 
This helps to reach a consensus, thereby minimizing diagnostic errors.
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• This platform also facilitates on-site evaluations at multiple sites by different 
pathologists, thereby allowing them to use their time more efficiently.

• Considering the low cost of the equipment, telecytopathology is a cost-effective 
alternative that can be integrated into mainstream diagnostic cytopathology. 
There is further cost saving as less cytopathologists are needed for ROSE.

• More independence for cytotechnologists, leading to confidence boost for them.
• Ability to remotely offer ROSE and thereby maximize small biopsies by reduc-

ing nondiagnostic specimens.

 Disadvantages

• Less face-to-face interaction between cytopathologists and physicians who are 
performing the procedures.

• For streaming of images, skilled cytotechnologists or cytopathology fellows 
must be competent and confident to talk to clinicians.

• Reliance on others for navigation of slides and display of relevant cytologic 
material.

• Significant up-front capital investment and ongoing maintenance required [9].
• Initial learning curve, interpretation errors, and technology failures.
• Psychological barriers such as technophobia, fear of making mistakes, loss of 

control, and frustration [9].

 Advent of Low-Cost Telecytopathology

Recently, positive results have been reported from the evaluation of low-cost telecy-
topathology systems using portable devices and video calls through mobile phones 
for real-time live transmission of images, and such systems may contribute further 
to the broad implementation of transmission of dynamic images, especially in 
remote or low-resource scenarios [24, 25].

 Advantages

• The devices are widely available and have built-in, high-resolution cameras that 
can work as alternatives for expensive, fixed, dedicated microscope cameras.

• Phone can connect to network systems through Wi-Fi and eliminate the need for 
a hardwired Ethernet connection.

• Portability is a very important benefit of smartphones, thereby bringing technol-
ogy to remote centers.
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 Disadvantages

• Need for a stable server connection
• Issues in image focusing
• Requirement of a skilled slide driver [16, 25]
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A
Abscess

liver, 159–160
renal, 194

Abundant acellular matrix, 106, 108
Accessary spleen, 358
Acinar cells, 94
Acinar cell carcinoma, 341, 342
Acinic cell carcinoma, 108–111
Acquired immunodeficiency syndrome 

(AIDS), 97
Actinomyces, 276
Adenocarcinoma, 177

esophagus, 371
diffuse signet ring cell type, 376
intestinal type, 376
lung, 282

adenocarcinoma, morphologic variants, 
284, 285

poorly differentiated adenocarcinoma, 
283, 284

well to moderately differentiated, 
282, 283

morphologic variants, 284, 285
small intestine/duodenum, 381, 382

Adenoid cystic carcinoma, 106–109, 295
Adipocytic neoplasms, 227

atypical lipomatous tumor/well- 
differentiated liposarcoma, 230

dedifferentiated liposarcoma, 232
hibernoma, 228
lipoma, 228
myxoid liposarcoma, 231
pleomorphic liposarcoma, 232, 233
spindle cell/pleomorphic lipoma, 229

Adrenal cortex, 211
Adrenal cortical adenomas, 213, 214
Adrenal gland, 210

adrenal cortical adenomas, 213, 214
cytology, elements in, 210
malignant neoplasms

adrenal cortical adenomas, 214
metastatic tumors, 215, 216

myelolipoma, 211, 212
pheochromocytomas, 212, 213
specimen adequacy assessment, 210

Alveolar macrophages, 269
Alveolar rhabdomyosarcoma, 235, 236
Alveolar soft part sarcoma, 250, 251
Anaplastic carcinoma, 49–51, 353
Anaplastic large cell lymphoma (ALCL), 

138–141
Angiomyolipoma, 173, 174, 193, 194
Angiosarcoma, 172, 173
Apocrine metaplastic cells, 63
Aspergillus, 273, 274
Atypical lipomatous tumor, 228, 230
Atypical mycobacteria, 275, 375

B
Barrett’s esophagus, 365, 370
Basaloid cells, 106
Basaloid squamous cell carcinoma, 288, 289
B-cell lymphoma, 120
Benign bronchial epithelial cells, 269, 270
Benign ductal cells, 330
Benign lymphoepithelial cyst, 97
Benign myoepithelial tumor, 253
Benign pancreatic acinar cells, 329

Index

https://doi.org/10.1007/978-3-030-21799-0


422

Benign/uncertain behavior neoplasms
angiomyolipoma, 193, 194
chromophobe renal cell carcinoma, 

200–202
clear cell renal cell carcinoma, 195, 196, 

198, 199
collecting duct carcinoma, 203, 204
metanephric adenoma, 192, 193
MTSCC, 204–206
oncocytoma, 191, 192
papillary renal cell carcinoma, 199, 200
renal abscess, 194
renal cortical adenoma, 192
sarcomatoid renal cell carcinoma, 203
urothelial carcinoma, 206, 207
xanthogranulomatous  

pyelonephritis, 194, 195
Bile duct adenoma, 168
Bile duct epithelial cells, 156
Bile duct lesions, 167

bile duct adenoma/hamartoma, 168
cholangiocarcinoma, 169, 171
combined hepatocellular carcinoma and 

cholangiocarcinoma, 171
reactive bile ductal proliferation, 168

Binucleation, 47
Bone and soft tissue tumor

adipocytic neoplasms, 227
atypical lipomatous tumor/well- 

differentiated liposarcoma, 230
dedifferentiated liposarcoma, 232
hibernoma, 228
lipoma, 228
myxoid liposarcoma, 231
pleomorphic liposarcoma, 232, 233
spindle cell/pleomorphic lipoma, 229

diagnostic considerations
pattern recognition, 227
specimen adequacy assessment, 226
specimen triage for ancillary testing, 

226, 227
epithelioid neoplasms, 249

alveolar soft part sarcoma, 250, 251
clear cell sarcoma, 250
EHE, 249
epithelioid angiosarcoma, 250
epithelioid sarcoma, proximal type, 249
granular cell tumor, 251
myoepithelial tumor, 252

giant cell-rich tumors, 254
giant cell tumor of bone, 254
TSGCT, 255

myxoid neoplasms/distinct matrix- 
containing tumors, 255

chondrosarcoma, 260, 261
chordoma, 261
EMC, 258
enchondroma, 260
LGFMS, 257, 258
myxofibrosarcoma, 257
myxoid liposarcoma, 257
myxoinflammatory fibroblastic 

sarcoma, 259
myxoma, 256
osteosarcoma, 259

pleomorphic neoplasms, 247
pleomorphic rhabdomyosarcoma, 248
undifferentiated pleomorphic  

sarcoma, 247
round cell neoplasms, 233, 234

alveolar rhabdomyosarcoma, 235, 236
DSRCT, 235
embryonal rhabdomyosarcoma, 236
Ewing sarcoma, 234
high grade myxoid/round cell 

liposarcoma, 239
mesenchymal chondrosarcoma, 237
neuroblastoma, 239
poorly differentiated synovial sarcoma, 

237, 238
small cell osteosarcoma, 238
undifferentiated round cell sarcoma, 

236, 237
spindle cell neoplasms

dermatofibrosarcoma protuberans, 242, 
243

fibromatosis, 241
fibrosarcoma, 247
GIST, 243, 244
inflammatory myofibroblastic  

tumor, 243
leiomyosarcoma, 244, 245
MPNST, 245
nodular fasciitis, 241, 242
peripheral nerve sheath tumor, 240
solitary fibrous tumor, 243
spindle cell/sclerosing 

rhabdomyosarcoma, 246, 247
synovial sarcoma, 246

Breast
acellular/scant cellularity, 65, 66
acellular/scant smears, cytologic features 

of, 65, 67
apocrine metaplastic cells, 63
ductal epithelial cells, 63
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foam cells
diagnosis, 66
differential diagnoses, 67, 70
differential diagnosis, 68
false positive interpretations, 71
granular cell tumor, 71
lobular carcinoma, 71

immediate triage, 61
interdisciplinary consultation, 62
lymphoid cells, 74–76
mucin, 82, 83, 85, 86
mucinous lesions, 84
multidisciplinary approach, 62
myoepithelial cells, 63
papillary arrangements, 79
papillary pattern, 76, 77, 80, 81
papillary structures, 78
single cells, 82
single epithelial cells, 81, 82
specimen adequacy assessment, 62
squamous cells, 71, 72, 74
stroma, 86–90
triple test, 63

Bronchial epithelial cells, 268, 269
Brushings, 365, 373
Burkitt lymphoma, 9, 133, 134

C
Candida, 368
Carcinoid tumor/atypical carcinoid tumor, 292
Cholangiocarcinoma, 169, 171
Chondromyxoid fibrillary matrix, 98
Chondrosarcoma, 260, 261
Chordoma, 261, 262
Chromophobe renal cell carcinoma, 200–202
Chromosomal aberrations, 227
Chronic lymphocytic leukemia  

(CLL), 129, 130
Chronic pancreatitis, 333–335
Chronic sialadenitis, 95, 96
Clear cell renal cell carcinoma, 195–199
Clear cell sarcoma, 250
Coccidiosis, 274
Collecting duct carcinoma, 203, 204
Colon adenocarcinoma, 353
Computed tomography (CT), 13, 305, 327
Cryptosporidia, 380
Cystic lesions, 32–36, 94, 97–98, 158–160
Cystic papillary carcinoma, 34–36
Cytologic on-site assessment, 66
Cytological approach, 387, 388
Cytological evaluation

indeterminate lesions, assessment of, 395
indeterminate thyroid nodule, 397, 399
lymphoproliferative disorders, 395, 397

sentinel lymph node, assessment of, 391
metastatic breast carcinoma, 391, 392
metastatic melanoma, 392, 394

stains for, 389
Diff-Quik stain, 390, 391
hematoxylin-eosin stain, 390

Cytomegalovirus (CMV) esophagus, 368
CytoRich fixative, 14
Cytospins, 94
Cytotechnologists train, 409

D
Dedifferentiated liposarcoma, 232, 233
Dermatofibrosarcoma protuberans, 242, 243
Desmoplastic small round cell tumor 

(DSRCT), 233, 235
Developmental/congenital cyst, 159
Diff-Quik stain, 8, 19, 21, 125, 313, 333, 

390, 391
Diffuse large B-cell lymphoma (DLBCL), 37, 

40, 114, 134, 135, 357, 400
Distal esophagus, columnar glandular  

cells in, 368
Ductal adenocarcinoma, 335, 337
Ductal carcinoma, 76, 77, 178
Ductal epithelial cells, 62, 63, 77, 79, 81, 

331, 336
Duodenal adenocarcinoma, 381
Duodenal epithelial contaminant, 331
Duodenal epithelium, 330
Duplication cyst, esophagus, 369
Dynamic telecytopathology, 414, 415

E
Ectopic thyroid tissue, 56–58
Embryonal rhabdomyosarcoma, 236
Enchondroma, 260
Endobronchial ultrasound (EBUS), 305
Endoscopic ultrasound-guided fine need 

aspiration (EUS-FNA) biopsy, 7, 
327, 332

Endoscopy ultrasound (EUS), 305
Epithelial-myoepithelial carcinoma, 112
Epithelioid angiosarcoma, 172, 250
Epithelioid gastrointestinal stromal  

tumor, 245
Epithelioid hemangioendothelioma  

(EHE), 173, 249
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Epithelioid neoplasms, 249
alveolar soft part sarcoma, 250, 251
clear cell sarcoma, 250
EHE, 249
epithelioid angiosarcoma, 250
epithelioid sarcoma, proximal type, 249
granular cell tumor, 251
myoepithelial tumor, 252

Epithelioid sarcoma, proximal type, 249
Esophageal brushings, 365
Esophagus, 367

adenocarcinoma, 371
Barrett’s esophagus, 370
duplication cyst, 369
elements, 367, 368
GIST, 372, 373
granular cell tumor, 374
herpes simplex virus, 369
high-grade dysplasia, 370
leiomyoma, 373
low-grade dysplasia, 370
non-neoplastic lesions, 368
reparative epithelium, 369, 370
squamous cell carcinoma, 371, 372

Ethanol/methanol-based fixatives, 14
Ewing sarcoma, 233, 234
Extranodal marginal zone B-cell lymphoma 

(ENMZBL), 37
Extraskeletal myxoid chondrosarcoma  

(EMC), 258

F
Fibroadenoma, 88
Fibrolamellar hepatocellular  

carcinoma, 166, 167
Fibromatosis, 241
Fibrosarcoma, 247
Fine needle aspiration (FNA) biopsy, 3, 13, 31, 

61, 93, 119, 153, 305, 327
Fluorescent in-situ hybridization  

(FISH), 106, 107
Focal nodular hyperplasia, 162
Follicular lymphoma, 114, 124, 131, 136
Foregut cyst, 320
Foveolar gastric epithelium, 374
Frozen section, 387, 388
Fungal infections, 273, 275

G
G1/2 follicular lymphoma, 131
G3 follicular lymphoma, 136
Gastric adenocarcinoma, 377

Gastric epithelial cells, 158
Gastric epithelial contaminant, 332
Gastric epithelium, 330
Gastrointestinal epithelial cells, 156, 157
Gastrointestinal stromal tumor  

(GIST), 243, 244
duodenum, 382
esophagus, 372, 373

Gastrointestinal tract, 365
cytomorphologic examination, 365
diagnostic considerations

mucosal lesions, approach for, 366
specimen adequacy assessment, 366
submucosal lesions/lesions approach, 

366, 367
esophagus

adenocarcinoma, 371
Barrett’s esophagus, 370
duplication cyst, 369
elements, 367, 368
GIST, 372, 373
granular cell tumor, 374
herpes simplex virus, 369
high-grade dysplasia, 370
leiomyoma, 373
low-grade dysplasia, 370
non-neoplastic lesions, 368
reparative epithelium, 369, 370
squamous cell carcinoma, 371, 372

malignancies, cytomorphologic evaluation, 
365, 366

small intestine/duodenum
adenocarcinoma, 381, 382
benign tumors, 382
cryptosporidia, 380
giardia, 380
high-grade dysplasia/adenoma, 380, 381
intestinal epithelium, 379
low grade dysplasia/adenoma, 380
microsporidium, 380

stomach
adenocarcinoma, 376
atypical mycobacteria, 375
benign tumors, 379
diffuse signet ring cell type, 376
gastric epithelium, 374
Helicobacter pylori infection, 375
high-grade dysplasia, 376
neuroendocrine tumors, 377
Non-Hodgkin lymphoma, 377, 378
precursor/malignant lesions, 375

Germ cell tumors (GCTs), 254, 312–315
giant cell tumor of bone, 254
TSGCT, 255
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Giardia, 380
Granular cell tumor, 68, 70, 71, 251, 252, 374
Granulomatous inflammation, 277, 278
Granulomatous sialadenitis, 95–97
Graves’ disease, 51

H
Hamartoma, 279, 280
Hashimoto thyroiditis, 37–39
Hemangioma, 171–172
Hematoxylin-eosin (H&E) stain, 16, 23, 

24, 390
Hepatic adenoma, 162
Hepatic cysts, 158
Hepatoblastoma, 167
Hepatocellular carcinoma, 162, 163, 171
Hepatocellular lesions, 160

fibrolamellar hepatocellular carcinoma, 
166, 167

focal nodular hyperplasia, 162
hepatic adenoma, 162
hepatoblastoma, 167
moderate to poorly differentiated 

hepatocellular carcinoma, 164, 166
regenerative nodules, 160
well differentiated hepatocellular 

carcinoma, 162, 163
Hepatocytes, 154, 155
Herpes simplex virus (HSV) esophagus, 369
Hibernoma, 228
High grade mucoepidermoid carcinoma, 105
High grade myxoid/round cell  

liposarcoma, 239
High grade urothelial carcinoma, 208, 209
High-grade dysplasia

esophagus, 370
small intestine/duodenum, 381

Hodgkin lymphoma, 120, 126–129, 306, 
310, 311

Hürthle cell neoplasm, 55
Hydatid cyst, 159

I
Incisional biopsy, 93
Indeterminate lesions, assessment of, 395, 

397, 399
Indeterminate thyroid nodule, 397, 399
Inflammatory myofibroblastic tumor, 243, 

280, 281
Intestinal epithelium, 379
Intraductal papillary mucinous  

neoplasm, 350, 351

Intraoperative consultation, 387
Intraoperative cytological evaluation, 

preparations, 388
scape preparation, 389
touch imprint, 388

Intraparotid and periparotid lymph  
nodes, 93

K
Karyorrhexis, 38
Keratin debris, 74
Keratinizing well differentiated squamous cell 

carcinoma, 287
Kidney, 187

benign/uncertain behavior neoplasms
angiomyolipoma, 193, 194
chromophobe renal cell carcinoma, 

200–202
clear cell renal cell carcinoma, 195, 

196, 198, 199
collecting duct carcinoma, 203, 204
metanephric adenoma, 192, 193
MTSCC, 204–206
oncocytoma, 191, 192
papillary renal cell carcinoma, 199, 200
renal abscess, 194
renal cortical adenoma, 192
sarcomatoid renal cell carcinoma, 203
urothelial carcinoma, 206, 207
xanthogranulomatous pyelonephritis, 

194, 195
cystic lesions

benefits and issues, 191
cytomorphologic features, 189, 190
diagnostic considerations, 188, 189

cytology, elements in, 188
metastatic tumor, 207–209
specimen adequacy assessment, 188

L
Large cell neuroendocrine carcinoma, 289, 

291, 292
Leiomyoma, esophagus, 373
Leiomyosarcoma, 244, 245
Lipid- filled histiocytes, 67
Lipoma, 228
Liver

bile duct lesions, 167
bile duct adenoma/hamartoma, 168
cholangiocarcinoma, 169, 171
reactive bile ductal  

proliferation, 168
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Liver (cont.)
cystic lesions of, 158

abscess, 159, 160
developmental/congenital cyst, 159
hydatid cyst, 159

diagnostic considerations
bile duct epithelial cells, 156
cytology, elements and contaminants 

in, 154
endoscopic ultrasound, 157, 158
gastrointestinal epithelial cells, 156, 

157
mesothelial cells, 156
specimen adequacy assessment, 154

FNA biopsy, 153
hepatocellular lesions, 160

fibrolamellar hepatocellular carcinoma, 
166, 167

focal nodular hyperplasia, 162
hepatic adenoma, 162
hepatoblastoma, 167
moderate to poorly differentiated 

hepatocellular carcinoma, 164, 166
regenerative nodules, 160
well differentiated hepatocellular 

carcinoma, 162, 163
metastatic tumors, 174

breast carcinoma, 178, 179
colorectal adenocarcinoma, 174
lung carcinoma, 177, 178
melanoma, 181, 182
neuroendocrine neoplasm, 179
pancreatic adenocarcinoma, 176
sarcoma, 180

vascular lesions, 171
angiomyolipoma, 173, 174
angiosarcoma, 172, 173
epithelioid hemangioendothelioma, 173
hemangioma, 171, 172

Lobular carcinoma, 70, 71, 76
Low grade dysplasia/adenoma, small intestine/

duodenum, 380
Low grade mucoepidermoid carcinoma, 104
Low grade urothelial carcinoma, 207
Low-cost telecytopathology, 418

advantages, 418
disadvantages, 419

Low-grade dysplasia, esophagus, 370
Low-grade fibromyxoid sarcoma (LGFMS), 

257, 258
Lung, 267

benign tumors/tumors with uncertain 
behavior

hamartoma, 279, 280

inflammatory myofibroblastic tumor, 
280, 281

sclerosing penumocytoma, 281, 282
solitary fibrous tumors, 281

cytology, elements and contaminants in, 
268

alveolar macrophages, 269
bronchial epithelial cells, 268, 269
mesothelial cells, 272
pneumocytes, 269

metastatic tumors, 297
lymphoproliferative disorders, 300, 301
metastatic carcinoma, 298
metastatic melanoma, 299, 300
metastatic sarcoma, 298, 299

non-neoplastic lung diseases, 273
actinomyces/nocardia infection, 276
fungal infection, 273, 275
granulomatous inflammation, 277, 278
mycobacterial infection, 275
organizing pneumonia, 276, 277

primary malignant neoplasms
adenocarcinoma, 282–285
adenosquamous carcinoma, large cell 

carcinoma, lymphoepithelioma-like 
carcinoma, 296, 297

carcinoid tumor/atypical carcinoid 
tumor, 292

large cell neuroendocrine carcinoma, 
289, 292

salivary gland-type tumors, 294
sarcomas, 297
sarcomatoid carcinomas, 293
small cell carcinoma, 289
squamous cell carcinoma, 285, 286, 

288, 289
specimen adequacy assessment, 268
specimens and specimen triage, 272, 273

Lung adenocarcinoma, 52, 54, 177, 352
Lymph node(s)

cytomorphologic analysis, 119
FNA biopsy, 119
hematopoietic tumors

histiocytic/dendritic cell neoplasms, 
141, 142

myeloid sarcoma, 141
Hodgkin lymphoma, 126–129
infectious lymphadenopathy, 125
lymphoproliferative disorders, 122, 123
metastatic tumors, 123

metastatic breast carcinoma, 143–144
metastatic melanoma, 142–143
metastatic small cell carcinoma, 

144–145
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metastatic squamous cell carcinoma, 
146–147

NHLs
B-cell NHLs, 129
flow cytometry analysis, 129
intermediate-sized cell lymphomas, 

133, 134
large cell lymphomas, 134, 135
plasmacytoid morphology, 137, 138
small cell lymphomas, 129, 130

non-neoplastic lymphadenopathy, 123, 124
normal elements lymph node cytology, 120
reactive/infectious lymphadenopathy, 

120, 122
recent oral/upper respiratory tract 

infection, 119
small cell lymphomas, 132
specimen adequacy assessment, 120
T-cell non-Hodgkin lymphomas

ALCL, 139, 141
PTCL, 138

Lymph node sampling, 121, 122
Lymphoblastic lymphoma, 133, 134, 311
Lymphoepithelial cysts, 36
Lymphoepithelial sialadenitis, 114
Lymphoepithelioma-like carcinoma, 296
Lymphoid cells, 74–76
Lymphoplasmacytic lymphoma (LPL), 137
Lymphoproliferative disorders, 6, 300, 301, 

352, 395, 397

M
Macrophages, 32, 189–191, 269, 271
Malignant lymphoma, 114, 115
Malignant myoepithelial tumor, 253
Malignant peripheral nerve sheath tumor 

(MPNST), 245
Mantle cell lymphoma (MCL), 129, 131
Marginal zone B-cell lymphoma, 114
Marginal zone lymphoma (MZL), 129, 132
Mediastinal neoplasms, 305
Mediastinum

ancillary testing, 305
anterior/superior mediastinal compartments

GCTs, 312–315
Hodgkin lymphoma, 311
middle mediastinal compartment, 

317, 318
non-Hodgkin lymphomas, 311
non-neoplastic lymphadenopathy, 312
thymic carcinoma, 309
thymic cyst, 310
thymomas, 307–309

thyroid and parathyroid tissue, 315, 317
contamination, 306
cystic lesions, approach for, 307
granulomatous diseases, 305
lesions spreading, 305
posterior mediastinal compartment, 318–320
reactive lymphadenopathy, 305
solid lesions, approach for, 306, 307
specimen adequacy assessment, 306
thymic carcinoid tumor, 310
thymic cyst, 310

Medullary carcinoma, 45–49
Mesenchymal chondrosarcoma, 237
Mesothelial cells, 156, 157, 272
Metanephric adenoma, 192, 193
Metastatic adenocarcinoma, 215, 352, 353
Metastatic breast adenocarcinoma, 179
Metastatic breast carcinoma, 143–144, 

178, 179
cytological evaluation, 391, 392

Metastatic carcinomas, lung, 298
Metastatic clear cell renal cell  

carcinoma, 218, 355
Metastatic colonic adenocarcinoma, 175, 353
Metastatic colorectal carcinoma, 298
Metastatic germ cell tumor, 146
Metastatic high grade urothelial  

carcinoma, 219
Metastatic high-grade sarcoma, 354
Metastatic lung adenocarcinoma, 54, 177, 352
Metastatic lung carcinoma, 177, 178
Metastatic lung squamous cell carcinoma, 178
Metastatic melanoma, 142–143, 181, 182, 

300, 356
cytological evaluation, 392, 394
lung, 299, 300

Metastatic myxoid liposarcoma, 181
Metastatic neoplasms, 52
Metastatic neuroendocrine neoplasm, 179
Metastatic pancreatic adenocarcinoma, 176
Metastatic renal cell carcinoma, 354
Metastatic sarcoma, 180, 298, 299
Metastatic small cell carcinoma, 144–145, 217
Metastatic squamous cell  

carcinoma, 146–147, 216
Metastatic tumors, 115, 174, 207–209, 

215, 216
breast carcinoma, 178, 179
colorectal adenocarcinoma, 174
lung carcinoma, 177, 178
melanoma, 181, 182
neuroendocrine neoplasm, 179
pancreatic adenocarcinoma, 176
sarcoma, 180
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Metastatic urothelial carcinoma, 299, 367
Metastatic well differentiated neuroendocrine 

tumor, 180
Microsporidium, 380
Middle mediastinal compartment, 317, 318
Minimally invasive procedures, 413
Moderately differentiated hepatocellular 

carcinoma, 165
Modified Shorr’s stain, 61
Molecular testing, 58
Mucin, 82, 83, 85, 86
Mucinous adenocarcinoma, 285
Mucinous cystic neoplasm, 348–350
Mucinous tubular and spindle cell carcinoma 

(MTSCC), 204–206
Mucin-secreting cells, 104
Mucoceles, 97
Mucocele-like lesion (MLL), 85
Mucoepidermoid carcinoma (MEC), 103–106
Mucosa-associated lymphoid tissue (MALT) 

lymphoma, 40, 301
Multinucleation, 47
Mycobacterial infection, 275
Myeloid sarcoma, 141
Myelolipoma, 211, 212
Myoepithelial cells, 63, 98
Myoepithelial tumor, 252
Myxofibrosarcoma, 257
Myxoid fibroadenoma, 84
Myxoid liposarcoma, 231, 257
Myxoid neoplasms, 255

chondrosarcoma, 260, 261
chordoma, 261
EMC, 258
enchondroma, 260
LGFMS, 257, 258
myxofibrosarcoma, 257
myxoid liposarcoma, 257
myxoinflammatory fibroblastic sarcoma, 

259
myxoma, 256
osteosarcoma, 259

Myxoinflammatory fibroblastic sarcoma, 259
Myxoma, 256

N
Necrotizing granuloma, 126
Necrotizing granulomatous inflammation, 276
Needle core biopsies (NCB), 410
Neuroblastoma, 239
Neuroendocrine neoplasm, 341, 343, 345
Neuroendocrine tumors, stomach, 377
Neurofibroma, 240

Nocardia infection, 276
Nodular fasciitis, 241, 242
Non-Hodgkin B-cell lymphomas (NHLs), 76, 

124, 311
intermediate-sized cell lymphomas, 133, 

134
large cell lymphomas, 134, 135
plasmacytoid morphology, 137, 138
small cell lymphomas, 129, 130
stomach, 377–379

Non-necrotizing granuloma, 125
Non-necrotizing granulomatous inflammation, 

278
Non-neoplastic lung diseases, 273

actinomyces/nocardia infection, 276
fungal infection, 273, 275
granulomatous inflammation, 277, 278
mycobacterial infection, 275
organizing pneumonia, 276, 277

Non-neoplastic lymphadenopathy, 312

O
Oncocytic parathyroid adenoma, 55
Oncocytoma, 191, 192
One-slide smearing technique, 15
On-site cytological evaluation

Diff-Quik stain, 19, 21
H&E staining, 23, 24
Pap stain, 21–23
toluidine blue, 24

On-slide smearing technique, 15
Organizing pneumonia, 276, 277
Osteosarcoma, 259, 260

P
Pancreatic acinar cells, 328
Pancreatic ductal cells, 328
Pancreatic lesions

assessment of specimen adequacy, 327, 
328

cystic lesions
diagnosis, 345, 347
intraductal papillary mucinous 

neoplasm, 350
mucinous cystic neoplasm, 348–350
mucinous versus non-mucinous cyst, 

345
pseudocyst, 347
serous cystadenoma, 347, 348

cystic neoplasms, 327
EUS-FNA, 327
gastrointestinal epithelial cells, 328, 330

Index



429

normal elements, 328
secondary tumors

anaplastic carcinoma, 353
diagnosis, 352
lymphoproliferative disorder, 357
melanoma tumor cells, 355
metastatic adenocarcinoma, 352, 353
metastatic renal cell carcinoma, 354
neuroendocrine neoplasm, 355
plasma cell neoplasm, 355

solid non-ductal pancreatic tumors, 343
solid pancreatic lesions

acinar cell carcinoma, 341
chronic pancreatitis, 333, 335
diagnosis of, 332, 333
ductal adenocarcinoma, 335, 337
EUS-FNA, 332
imaging-guided biopsy, 332
neuroendocrine neoplasm, 341, 343, 

345
poorly differentiated pancreatic 

carcinoma, 337, 339, 341
solid pseudopapillary tumor, 345

trans-gastric approach, 328
Papanicolaou (Pap) stain, 16, 21–23, 32, 

94, 333
Papillary renal cell carcinoma, 199, 200
Papillary thyroid carcinoma (PTC), 41, 42, 

45, 401
Paraganglioma, 317, 318
Parathyroid adenoma, 57
Parathyroid tissue, 55, 56

sampling, 53–55
Pattern recognition, 227
Pericardial mesothelial cyst, 317
Peripheral nerve sheath tumor, 240
Peripheral T-cell lymphoma (PTCL), 138, 139
Pheochromocytomas, 212, 213
Plasma cell neoplasm (PCN), 137, 356
Plasmablastic lymphoma, 134
Pleomorphic adenoma, 98–101, 295
Pleomorphic carcinoma, 294
Pleomorphic lipoma, 229
Pleomorphic liposarcoma, 232, 233
Pleomorphic neoplasms

pleomorphic rhabdomyosarcoma, 248
undifferentiated pleomorphic sarcoma, 247

Pleomorphic rhabdomyosarcoma, 248
Pneumocystis jiroveci, 275
Pneumocytes, 269
Polymorphous low-grade adenocarcinoma 

(PLGA), 110–112
Poorly differentiated adenocarcinoma, lung, 

283, 284

Poorly differentiated cholangiocarcinoma, 170
Poorly differentiated monophasic synovial 

sarcoma, 246
Poorly differentiated pancreatic carcinoma, 

337, 339, 341
Poorly differentiated squamous cell 

carcinoma, 286–288
Poorly differentiated synovial  

sarcoma, 237, 238
Precursor/malignant lesions,  

stomach, 375, 376
Primary breast lymphoma, 76
Pseudocyst, 347
Pulmonary hamartoma, 279

R
Rapid on-site evaluation (ROSE), 225, 226, 

413
applications of

advent of telecytopathology, 9
sensitivity and specificity, 8, 9
superficial lesions vs. deep-seated 

lesions, 7, 8
core needle biopsy, 3
cost and reimbursement, 408
CPT codes for, 408
cytopathologists/experienced pathologists, 

3
cytopathology practice, 3
EBUS and EUS-guided FNA procedures, 

407
fast and high-resolution digital imaging, 

410
FNA, 3
FNA adequacy rates, 407
molecular testing, 3
NCA, 410
on-site cytological evaluation, 5
personnel and regulations, 408, 409
preliminary diagnosis, 4, 6, 7
proper specimen triage, 4
sampling adequacy assessment, 4
service

accessories, 13, 14
benign thyroid nodule, 19
cell preservatives, 14
cytological evaluation, scrapping smear 

for, 18
facility, 13
microscope, 13, 14
mucinous cyst, 20
on-site cytological evaluation, 14 (see 

On-site cytological evaluation)
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service (cont.)
Papanicolaou stain, 22
papillary thyroid carcinoma, 21
pleomorphic adenoma, 20
sarcomatoid carcinoma, 23
smear preparation, 15–17
specimen fixatives, 14
supplies, 14
touch preparation/imprint, 17, 18

small tissue biopsy, 4
specimen triage, 5, 6
static and live video-microscopy, 410

Reactive bile ductal proliferation, 168
Reactive lymph node, 124, 398
Reactive lymphadenopathy, 305
Reactive pneumocytes, 269, 270
Regenerative nodules, 160, 161
Renal abscess, 194
Renal cell carcinoma, 190, 191, 195–203, 

352, 354
Renal cortical adenoma, 192
Renal cyst, 189, 190
Reparative epithelium, esophagus, 369, 370
Retention cyst, 97
Reverse transcription polymerase chain 

reaction (RT-PCR), 106
Riedel’s thyroiditis, 50
Robotic telecytopathology, 416, 417
Romanowsky stain, 19, 32, 94, 98, 106, 109
Roswell Park Memorial Institute (RPMI), 14
Round cell liposarcoma, 232
Round cell neoplasms, 233, 234

alveolar rhabdomyosarcoma, 235, 236
DSRCT, 235
embryonal rhabdomyosarcoma, 236
Ewing sarcoma, 234
high grade myxoid/round cell  

liposarcoma, 239
mesenchymal chondrosarcoma, 237
neuroblastoma, 239
poorly differentiated synovial sarcoma, 

237, 238
small cell osteosarcoma, 238
undifferentiated round cell  

sarcoma, 236, 237

S
Salivary duct carcinoma, 112, 113
Salivary gland FNA, 93
Salivary gland lesions

assessing specimen adequacy, 94
benign neoplasms

pleomorphic adenoma, 98–101
Warthin tumor, 101–103

chronic sialadenitis, 95
cystic lesions, 97, 98
granulomatous sialadenitis, 95–97
malignant lymphoma, 114, 115
malignant neoplasms

acinic cell carcinoma, 108–110
adenoid cystic carcinoma, 106–108
MEC, 103–106
PLGA, 110–112

metastatic tumors, 115
non-neoplastic conditions, acute 

sialadenitis, 94
normal salivary gland tissue, 94
salivary duct carcinoma, 112, 113
squamous cell carcinoma, 113

Salivary gland-type tumors, lung, 294
Sarcomas, lung, 297
Sarcomatoid carcinoma, 90

lung, 293
renal cell, 203

Schwannoma, 240
Sclerosing penumocytoma, 281, 282
Scrape slide, 389
Sentinel lymph node

assessment of, 391
metastatic breast carcinoma, 391, 392
metastatic melanoma, 392, 394

breast carcinoma metastatic to, 393
Serous cystadenoma, 347, 348
Silicone granuloma, 70
Single epithelial cells, 81, 82
Sjogren syndrome, 114
Small cell carcinoma, 177, 340

lung, 289, 290
Small cell osteosarcoma, 238
Small intestine/duodenum

adenocarcinoma, 381, 382
benign tumors, 382
cryptosporidia, 380
and duodenum (see Small intestine)
giardia, 380
high-grade dysplasia/adenoma, 380, 381
intestinal epithelium, 379
low grade dysplasia/adenoma, 380
microsporidium, 380

Small lymphocytic lymphoma (SLL), 129, 130
Solid pancreatic lesions

acinar cell carcinoma, 341
chronic pancreatitis, 333, 335
ductal adenocarcinoma, 335, 337
neuroendocrine neoplasm, 341, 343, 345
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poorly differentiated pancreatic carcinoma, 
337, 339, 341

solid pseudopapillary tumor, 345
Solid pseudopapillary tumor, 341, 345, 346
Solitary fibrous tumors, 243, 281
Specimen adequacy assessment, 4, 32, 94, 

120, 154, 188
Spindle cell gastrointestinal stromal  

tumor, 244
Spindle cell neoplasms

dermatofibrosarcoma protuberans, 
242, 243

fibromatosis, 241
fibrosarcoma, 247
GIST, 243, 244
inflammatory myofibroblastic tumor, 243
leiomyosarcoma, 244, 245
MPNST, 245
nodular fasciitis, 241, 242
peripheral nerve sheath tumor, 240
pleomorphic lipoma, 229
sclerosing rhabdomyosarcoma, 246, 247
solitary fibrous tumor, 243
spindle cell/sclerosing rhabdomyosarcoma, 

246, 247
synovial sarcoma, 246

Squamous cell carcinoma, 113, 114, 177
esophagus, 371, 372
lung, 285, 286, 288, 289

Static and live video-microscopy, 410
Static telecytopathology, 415–417
Stomach

adenocarcinoma, 376
atypical mycobacteria, 375
benign tumors, 379
diffuse signet ring cell type, 376
gastric epithelium, 374
Helicobacter pylori infection, 375
high-grade dysplasia, 376
neuroendocrine tumors, 377
non-Hodgkin lymphoma, 377, 378
precursor/malignant lesions, 375

Synovial sarcoma, 233, 238, 246

T
Telecytopathology, 414

advantages, 417, 418
disadvantages, 418
low-cost telecytopathology, 418

advantages, 418
disadvantages, 419

process workflow

dynamic telecytopathology, 414, 415
robotic telecytopathology, 416, 417
static telecytopathology, 415, 416
whole slide imaging, 417

technology solutions, 414
Tenosynovial giant-cell tumor (TSGCT), 255
Thymic carcinoma, 309, 315
Thymic cyst, 310
Thymomas, 307–309
Thyroid

anaplastic carcinoma, 49–51
benign cysts, 33
cystic degeneration, 33–34
cystic papillary carcinoma, 34–36
ectopic thyroid tissue, 56–58
FNA, affected factors, 31
hemorrhagic/chocolate-colored contents, 33
lymphocytes-rich lesions

diagnosis, 37
Hashimoto thyroiditis, 37
lymphoid neoplasms, 38–39
MALT lymphoma, 39
PTC, 41–44

lymphoepithelial cysts, 36
medullary carcinoma, 45–48
metastatic neoplasms, 52
molecular testing, 58
parathyroid tissue sampling, 53–55
specimen adequacy assessment, 32
ultrasonographic guided FNAs, 31

Thyroid and parathyroid tissue, 315, 317
Toluidine blue, 24
Touch imprint, 388, 392, 393

of melanoma metastatic, 395
of reactive lymph node, 396

Triple test, 63
Two-headed microscope, 13
Two-slide smearing technique, 16

U
Undifferentiated pleomorphic  

sarcoma, 247, 248
Undifferentiated round cell sarcoma, 236, 237
Urothelial carcinoma, 206, 207

V
Vascular lesions, 171

angiomyolipoma, 173, 174
angiosarcoma, 172, 173
epithelioid hemangioendothelioma, 173
hemangioma, 171, 172
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W
Warthin tumor, 98, 101–103
WebEx, 416
Well differentiated adenocarcinoma, lung, 283
Well differentiated hepatocellular carcinoma, 

162–164
Well differentiated neuroendocrine tumor, 293
Well differentiated squamous cell  

carcinoma, 286
Well-differentiated cholangiocarcinoma, 

169, 170

Well-differentiated liposarcoma, 230
Well-differentiated neuroendocrine tumor, 

stomach, 378
Whole slide imaging, 417
work Relative Value Units (wRVU), 408
Wright Giemsa stain, 19

X
Xanthogranulomatous  

pyelonephritis, 194, 195
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