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   Foreword      

 Dr. Bardales has reviewed the history of fine needle aspira-
tion, placing this volume at the forefront of this discipline. 
Before it was applied to current methods, it began as a tool in 
the hands of our clinical colleagues who sent us specimens for 
microscopic interpretation. These punctures were directed 
mostly at palpable lesions. Those active in this field today can 
imagine the interpretive difficulties that must have arisen in 
an era when virtually every specimen seemed new. Such dif-
ficulties continue to arise and are the subject of our enlarging 
collective published experience. 

 In many settings, fine needle aspiration of palpable masses 
moved into the hands of pathologists. This provided the pos-
sibility of immediate interpretation, repeat of inadequate 
samples and close correlation of clinical with cytologic find-
ings. Many pathologists made the required pilgrimage to 
study with the method’s masters in Sweden during the 1970s 
and 1980s. As our diagnostic prowess increased, our enthusi-
asm and confidence grew as well. Many clinicians welcomed 
the expanding role of pathologists in specimen acquisition, as 
improved specimen preparation and concentration of clinical 
and cytologic assessment were merged into a single pair of 
hands. Many of us have found that pathologist-performed 
fine needle aspiration simply works better than asking busy 
clinicians to be responsible for aspiration, preparation and 
triage to special studies without adequate training. In other 
words, what happens at the microscope is limited by what 
happened at the bedside. What happens at the bedside is 
predicated on what is expected to happen at the microscope. 
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 Dr. Bardales has for some years been associated with 
Outpatient Pathology Associates (OPA) in Sacramento, 
California, USA. These academically productive inhabitants 
of private practice cytology have long been leaders in our 
field. Many will recall his previous book  Practical Urologic 
Cytopathology  as the definitive source in the field. We can-
not review this history here, but many of us will recall having 
met and learned from other members of this school, includ-
ing Dr. John Abele and Dr. Ted Miller. It seems only natural 
that this group should move decisively into practicing the 
newest methods that patients will perceive as efficient, high 
quality one-stop cytologic diagnosis. Dr. Bardales’ new book, 
 The Interventional Cytopathologist: US Guided FNA of 
Superficial Masses , reports on OPA’s capabilities and expands 
Dr. Bardales’ experience with many thousands of palpable-
lesion biopsies to pathologist-performed ultrasound-guided 
sampling of more deeply situated or more palpably subtle 
masses. 

 Many of us have been intimidated by learning to perform 
and interpret ultrasound, or by the method’s seeming com-
plexity or by the instrumentation’s cost. As emphasized by 
Dr. Bardales, the latter two have been ameliorated consider-
ably of late. The former is dealt with early in this book. Issues 
as basic, but as essential, as concepts of echogenicity are 
described and illustrated. More traditional issues such as the 
basics of aspiration technique and specimen preparation 
remain keys to ultimate diagnostic success and are also con-
sidered here. 

 It is reasonable that the thyroid is addressed extensively. 
For many of us, this is the most frequent site of needle aspira-
tion biopsies. The thyroid is also one of the sites in which 
ultrasound imaging is most helpful. Many thyroid lesions are 
difficult to palpate with confidence. Others are confused by 
their presence in the setting of multinodular goiter. Called to 
do a thyroid aspirate in this setting, one is sometimes unsure 
that his selected target is the same as that for which the aspi-
ration referral was originally made. Diagnostic consider-
ations in thyroid cytology are placed firmly within Bethesda 

Foreword
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System terminology, criteria and follow-up recommenda-
tions. The parathyroid glands can be clinical, cytomorpho-
logic and anatomic cousins to the larger organ. Most such 
aspirations require ultrasound guidance. One may also per-
form parathormone chemistry on samples obtained during 
aspiration to great effect. 

 Other head and neck sites, as well as lymph nodes in many 
areas, also benefit from ultrasound-guided aspiration. A por-
tion of the book is dedicated to breast cytology with a much 
needed update of diagnostic criteria. While OPA and other 
practices remain very active in breast aspiration, many of us 
have long since conceded this area to those wielding much 
larger core biopsy instruments and using guidance by either 
stereotactic or ultrasound methods. It is tempting to specu-
late that pathologists’ use of ultrasound might regain some of 
this territory, allowing patients to enjoy more rapid 
interpretations. 

 I predict that this book will not only allow but will encour-
age pathologists to enter the realm of ultrasound-guided fine 
needle aspiration. The tools are here.

Michael W. Stanley, MD
Department of Pathology 

United Hospital
St. Paul, MN, USA  

Foreword
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   Series Editor Foreword     

 The days of the reclusive pathologist are receding. Many 
cytopathologists have embraced the opportunity to meet 
patients in the clinics and aspirate palpable lesions. Others 
involved in cytopathology have experienced direct patient 
contact as rapid-on site evaluation (ROSE) has become the 
standard to make sure that fine needle aspirate (FNA) speci-
mens are adequate and triaged appropriately. We are still 
often invisible, behind a curtain or in an adjacent room while 
the invasive radiologist obtains the sample. 

 With the advent of inexpensive ultra-sound machines and 
the explosive demand for FNA of superficial lesions, especially 
of the thyroid, pathologists have responded with an unex-
pected enthusiasm. Professional societies have augmented the 
response with courses providing instruction toward ultraso-
nographer certification. Dr. Bardales and his colleagues share 
their experience learning the interpretation of ultrasound (US) 
images, and obtaining optimal samples from superficial tumors. 

 Although other volumes in the  Essentials in Cytopathology  
Series cover some of the same material, the presentation in 
this volume emphasizes the role of the invasive cytopatholo-
gist as first clinician in the line of patient managers. Finally, 
the pathologist will no longer be invisible. We will know that 
we have “arrived” when the evening news interviews the 
pathologist, rather than the surgeon, to learn the diagnosis of 
a noteworthy personality. After all, we are now first in line, as 
we always have been! 

 Baltimore, MD, USA Dorothy L. Rosenthal, MD, FIAC  
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  Pref ace      

 The use of ultrasonography (US) has become essential in the 
evaluation of superficial palpable and nonpalpable lesions. In 
addition to its diagnostic benefit, US can be used as a tool for 
needle guidance in diagnostic US-guided fine-needle aspira-
tion (USG-FNA), therapy, e.g., cyst drainage, and administra-
tion of agents, e.g., alcohol ablation. These procedures can be 
done in an outpatient office or hospital setting. 

 This book provides a comprehensive review of the cytol-
ogy of palpable and/or US-visible superficial neoplastic and 
non-neoplastic disease processes, as obtained by percutane-
ous USG-FNA, particularly of the head and neck, breast, 
lymph nodes, as well as skin and soft tissue. The most salient 
US features for the most common entities are also provided. 
Emphasis will be placed on thyroid US, cytology, and molecu-
lar tests because they provide fundamental information for 
personalized therapy. 

 Sacramento, CA, USA Ricardo H. Bardales, 
MD, MIAC, ECNU  
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           The Ultrasound System 

 The US equipment should have a linear-array transducer 
probe having a 3.5–5.0-cm footprint and multiple frequency 
settings ranging from 7.5 to 14 MHz. The system should also 
have the capacity to do power and color-flow Doppler imag-
ing. We, at Outpatient Pathology Associates (OPA), use a 
Siemens Acuson ×300 ultrasound system featuring a VF 
11.5 MHz linear-array Acuson ×300 transducer probe, a panel 
of adjustable controls, and a 15’ flat screen display for routine 
evaluation of palpable and non-palpable superficial lesions. 
We also use MyLab50 ultrasound system (Esaote North 
America, Inc., Indianapolis, IN) (Figs.  1.1 ,  1.2 ,  1.3 , and  1.4 ).

    Chapter 1   
 Ultrasound: General 
Considerations 
              Ricardo     H.     Bardales     

        R.  H.   Bardales ,  MD, MIAC, ECNU       
  Department of Pathology and Cytopathology, 
Outpatient Pathology Associates , 
  7750 College Town Drive ,  Sacramento ,  CA   95826 ,  USA   
 e-mail: rhbardales@aol.com  

mailto:rhbardales@aol.com
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          Basic Concepts in Ultrasound 

 The following are a few basic important concepts with which 
any professional using US should be familiar:

    1.    Sound is a form of mechanical energy that needs a trans-
mitting material (air, fl uid, soft tissue, etc.) to travel. The 

  Figure 1.1    Siemens Acuson ×300 ultrasound system       
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speed of sound depends on and is constant for a specifi c 
material and does not change with sound frequency or 
wavelength.   

   2.    Sound travels longitudinally and is represented by a sine 
wave which is the result of compression (the peaks) 
and rarefaction (the troughs or valleys) of molecules in 
space.   

  Figure 1.2    MyLab50. Panel of adjustable controls. (1) System on/off 
switch; (2) preset key allows the user to select from various menu 
items; (3) gain alters the amplification of the received signals in the 
image and by changing it the image brightness can be increased or 
decreased; (4) time gain compensation and depth gain compensation 
manual controls are useful to control the amount of amplification at 
different depths particularly when there is low attenuation of the 
image; (5) depth alters the image, and better view of the surrounding 
anatomy and less artifacts can be viewed in a large depth image; (6) the 
zoom function is used to magnify a region of the image on the screen; 
(7) the freeze function captures the image on the screen and allows to 
apply focus, measure, and save the image; (8) the calipers used to mark 
the area to be measured; (9) the image function saves the image in the 
system; (10) the clip function allows to take a video clip of various 
durations; (11) Doppler gain; (12) the start/end key saves the patient 
data and makes the system to be ready for the next study; (13) the 
archive review key permits the review of a specific exam and to save 
the entire session to an external drive, i.e., DVD and USB       
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  Figure 1.3    MyLab50. Flat screen display monitor       

  Figure 1.4    Linear-array transducer probe       

   3.    Frequency is the number of cycles per time of the  vibration 
of the sound waves and it is measured in hertz. A hertz 
(Hz) is defi ned as one cycle per second.   

   4.    The frequency of sound waves in the audible spectrum 
ranges from 30 to 20,000 Hz. The frequency of sound 
waves used in diagnostic US ranges from 5 to 15 million 
cycles per second (5–15 MHz).   
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   5.    The US machine produces and transmits short pulses of 
high-frequency sound through the transducer into the tissues 
and waits for part of the US to be refl ected back from the 
tissues and to be captured by the transducer to be  converted 
into electric signals. This process repeats many times per sec-
ond. The result is the creation of a two-dimensional gray-
scale image in the screen monitor. The upper edge of the 
image corresponds to the surface of the skin (Fig.  1.5 ).

       6.    Higher frequencies of sound waves are associated with 
higher resolution and also with greater attenuation 
(reduction in amplitude and intensity with increasing dis-
tance traveled). As a result, the depth of imaging, or the 
tissue penetration, is inversely proportional to the US fre-
quency. Superfi cial organs such as the breast and thyroid 
can be scanned at high frequencies (10–15 MHz); the 
abdomen and pelvis are typically scanned at 2.5 MHz.   

   7.    The transducer has an array of piezoelectric crystals that 
detect US waves and produce electricity (piezoelectric 
effect). Conversely, when electricity is applied to the crys-
tals, they vibrate and produce sound (reverse  piezoelectric 
effect). Thus, a transducer converts electric to mechanical 
energy and vice versa.   

  Figure 1.5    Superficial US showing the skin in the upper edge of the 
frame. Lipoma is seen as oval-shaped image horizontally below the 
skin ( arrows )       
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   8.    Linear-array transducers are normally used for evalua-
tion of superfi cial organs. Curved-array transducers with 
lower frequencies are commonly used for evaluation of 
abdominal and pelvic organs.   

   9.    The speed of sound in the soft tissues of the body is 
all (excluding fat) within 5 % of the average value of 
1,540 m/s. The US equipment uses this average speed of 
the sound. The coupling gel transmits the US waves at 
similar value of 1,540 m/s and removes the air pockets 
between the transduced footprint and the patient’s skin.   

   10.    When US enters  soft tissue, it can be transmitted, 
refl ected, or both.   

   11.    Acoustic impedance is the inverse of the capacity of a 
material to transmit sound (resistance to the passage of 
the US waves) and depends on the density (concentration 
of matter) and stiffness (capacity to change shape) of the 
material and the speed of sound.   

   12.    The soft tissues of a given anatomic region have different 
(heterogeneous) acoustic impedance with different 
amounts of refl ection of the sound waves, leading to the 
generation of a characteristic US pattern. The mass of a 
given organ may have a characteristic pattern as well.   

   13.    A cyst has uniformly low impedance with high sound trans-
mission and no refl ected sound and will appear anechoic. 
The echogenicity of a nodule or mass is compared with the 
brightness of the adjacent tissue (adipose or muscle). When 
masses have uniform echoes, they can be hypoechoic 
(slightly darker than fat or muscle), isoechoic (light gray 
like fat or muscle), or hyperechoic (slightly brighter than 
fat or muscle) (Figs.  1.6 ,  1.7 , and  1.8 ).

         14.    Benign lesions usually have smooth, lobulated, and well- 
defi ned pushing rather than infi ltrating margins (Fig.  1.9 ). 
A malignant tumor is usually hypoechoic and heteroge-
neous, with ill-defi ned, irregular, and angulated borders 
due to infi ltration of the malignant growth into the sur-
rounding tissue (Fig.  1.10 ).

        15.     Acoustic shadowing  is an artifact that refers to a dark 
shadow seen behind a calcifi ed nodule due to near or 
total lack of sound transmission, e.g., an eggshell calcifi ca-
tion in a thyroid nodule (Fig.  1.11 ).

R.H. Bardales
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  Figure 1.6    Hyperechoic mass ( arrow ). The echogenicity is brighter 
than that of surrounding thyroid tissue       

  Figure 1.7    Isoechoic nodule ( arrow ). The echogenicity is similar to 
that of surrounding thyroid tissue       

       16.     Acoustic enhancement  is an artifact that refers to a bright 
shadow seen behind a nodule with little attenuation due 
to great intensity of sound waves behind the nodule, e.g., 
cystic lesions, colloid-rich thyroid nodules, or even homo-
geneous solid nodules, e.g., lipid-rich nodules. Both acous-
tic shadowing and enhancement are artifacts due to 
attenuation and occur when sound travels between two 
extreme interfaces (Fig.  1.12 ).
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  Figure 1.8    Hypoechoic nodule. The echogenicity is darker than that 
of the surrounding tissue       

  Figure. 1.9    Hypoechoic nodule with lobulated edges and pushing 
borders (benign mixed tumor)       

       17.    Doppler US is used for evaluation of the vascularity of 
 tissues and plays an important role in thyroid imaging. 
 Color- fl ow Doppler  provides information regarding the 
direction and speed of blood fl ow within the tissue and is 
particularly useful in vascular studies.  Power Doppler  
provides information on the total amount of blood fl ow 
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present, independent of the direction or speed, and is 
generally the preferred modality for evaluating tissue 
vascularity (Figs.  1.13  and  1.14 ).

  Figure 1.10    Hypoechoic mass with ill-defined borders and irregu-
lar, angulated, and infiltrating margins (mammary carcinoma)       

  Figure 1.11    Posterior acoustic shadowing. The thyroid nodule is 
demarcated by the  big arrows . The  small arrows  point the calcified 
fragmented rim that projects dark irregular shadows of various 
lengths due to lack of sound transmission       

 

 

Chapter 1. Ultrasound: General Considerations



10

            The Ultrasound (US) Exam 

 The US examination of a patient starts with the selection of 
a particular default setting the US system may have, i.e., 
breast or small body parts, selection of the appropriate 
 transducer, and enter patient’s demographics.

  Figure 1.12    Posterior acoustic enhancement. A uniform bright 
shadow is projected posterior to this cystic lesion       

  Figure 1.13    Color-flow Doppler provides information regarding 
the direction and speed of blood flow within the tissue       
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    1.    The operator holds the transducer in contact with the skin 
surface of the patient.   

   2.    The transducer produces short pulses of US, which travel 
through the patient’s skin and underlying tissue planes/
organs. The depth of US penetration depends on the US 
frequency.   

   3.    The pulses of US are refl ected and/or transmitted from the 
tissue planes back to the transducer in a repetitive 
manner.   

   4.    The transducer converts the different amounts of refl ected 
US echoes into electric signals.   

   5.    The electric signals lead to the generation of a characteris-
tic US pattern that corresponds to the echoes refl ected 
from the underlying tissue planes.   

   6.    The system processor forms an image of the anatomic 
structure based on the information received, i.e., direction 
of the US pulses and speed of refl ection. The result is the 
creation of a two-dimensional gray-scale B-mode image (B 
for brightness) in the screen monitor, which can be stored 
as static image or video clip.         

  Figure 1.14    Power Doppler provides information on the total 
amount of blood flow present and is generally the preferred 
 modality for evaluating tissue vascularity       

 

Chapter 1. Ultrasound: General Considerations



12

   Suggested Reading 

   Baskin HJ, Duick DS, et al. Thyroid ultrasound and ultrasound-
guided FNA. New York: Springer; 2013.  

   Lieu D. Ultrasound physics and instrumentation for pathologists. 
Arch Pathol Lab Med. 2010;134(10):1541–56.  

   Lieu D. Breast imaging for interventional pathologists. Arch Pathol 
Lab Med. 2013;137(1):100–19.  

   Martin K. Basic equipment, components, and image production. In: 
Allan PL, Baxter GM, Weston MJ, editors. Clinical ultrasound, 
vol. 1. London: Churchill Livingstone Elsevier; 2011. p. 16–30.  

   McDicken WN, Anderson T. Basic physics of medical ultrasound. In: 
Allan PL, Baxter GM, Weston MJ, editors. Clinical ultrasound, 
vol. 1. London: Churchill Livingstone Elsevier; 2011. p. 3–15.    

R.H. Bardales



13R.H. Bardales (ed.), The Invasive Cytopathologist, Essentials 
in Cytopathology 16, DOI 10.1007/978-1-4939-0730-4_2,
© Springer Science+Business Media New York 2014

        The role of the interventional cytopathologist evolves paral-
lel to the evolution of the cytopathology and the fine-needle 
aspiration (FNA) technique. One of the first manuscripts 
on the subject was published in 1904 by Grieg and Gray, 
who described the aspiration of lymph nodes with a needle 
of unstated caliber for identification of trypanosomes in 
patients with sleeping sickness in Uganda. Years later, Martin 
and Ellis in 1930 and Fred Stewart in 1933 wrote seminal 
articles describing the use of 18-gauge needles to sample 
palpable tumors predominantly from the head and neck. The 
latter article details the needle aspiration technique and the 
use of local anesthesia. Whereas cytopathology remained 
dormant in the United States for the next four decades, it 
became a strong diagnostic modality in Europe, pioneered by 
the Karolinska Institutet in Stockholm, Sweden. 

 Ultrasound (US) imaging is a technology that allows the 
transmission of sound waves to a computer screen as images. 
In the 1940s, US was used in medicine mainly for research 
and therapeutic purposes. In the 1950s, US technology made 
it possible to visualize and measure breast nodules with 
90 % accuracy. US evaluation of thyroid nodules started in 

    Chapter 2   
 The Interventional 
Cytopathologist 
              Ricardo     H.     Bardales     

        R.  H.   Bardales ,  MD, MIAC, ECNU     
  Department of Pathology and Cytopathology, 
Outpatient Pathology Associates , 
  7750 College Town Drive ,  Sacramento ,  CA   95826 ,  USA   
 e-mail: rhbardales@aol.com  
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the late 1960s in the hope that, with this technology, one 
could distinguish benign from malignant processes. Currently, 
US is accurate in demonstrating the characteristics of a nod-
ule or mass, but is less accurate for the diagnosis of malig-
nancy. The combination of FNA and US to improve the 
accuracy of the cytologic diagnosis of thyroid nodules was 
first described in the 1970s. Doppler US was developed in 
the 1980s, allowing for the detection of blood flow within a 
lesion, which is important for assessment of the likelihood of 
malignancy and for minimizing blood contamination during 
FNA sampling. 

 The use of bedside US for better visualization and guid-
ance (USG) of the needle and improvement in the diag-
nostic accuracy of USG-FNA has become indispensable. 
Currently, USG- FNA is universally accepted as a simple, 
inexpensive, accurate, safe, and rapid technique that, when 
properly used, yields valuable information for adequate clini-
cal management. 

 The USG-FNA technique, simplistically outlined as 
“insert the needle in the target,” “obtain the sample,” “pre-
pare and stain smears,” and “read them in the microscope,” 
must be practiced by well-trained professionals with full 
understanding of the pitfalls behind every step of the proce-
dure. All steps are strongly linked to one another, and a suc-
cessful microscopic evaluation depends on and is directly 
related to the other steps. It is accepted that the FNA accu-
racy is highest when the same professional examines the 
patient, performs the procedure, prepares the smears, and 
performs the microscopic examination. Also, the cytopa-
thologist who performs several FNAs a day is probably the 
person with more experience in assessing superficial palpa-
ble masses and performing USG-FNAs than persons who 
seldom do them. Following along these lines, we will describe 
our experience in performing USG-FNA. Table  2.1  shows 
the numbers and types of FNAs evaluated at Outpatient 
Pathology Associates (OPA), including “clinic cases” and 
“sent-in cases.” The outpatient FNA biopsy clinic was 
founded in 1982 by Drs. John A. Abele and Anthony J. Mathios. 

R.H. Bardales
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We introduced USG- FNA in 2003 and currently we perform 
an average of 10 biopsies a day. All patients referred to our 
clinic have palpable or non- palpable but US-visible lesions, 
and the US evaluation of the lesion is a routine component 
of the brief but thorough focused physical examination. In 
our FNA clinic, we see approximately 2,500 patients a year, 
and 60 % of them are thyroid USG-FNAs, often performed 
in more than one nodule. In 2013, we  accessioned close to 
6,000 clinic and referral FNA cases from more than 200 phy-
sicians in more than 20 states within the United States. 
Details for setting up an outpatient clinic have been reviewed 
by Abele and Miller.

     Clinical Evaluation 

 The clinical evaluation is of paramount importance for an 
accurate FNA diagnosis. In our practice, the referring clinical 
team submits the pertinent clinical information and imaging 
study reports prior to a patient appointment. This informa-
tion is reviewed by the cytopathologist before he/she sees the 
patient. 

 An information brochure mailed to the patient in advance 
and also available at our clinic reception desk is helpful 

   Table 2.1    Outpatient Pathology Statistics for cases 1984–2013   
 Site/cases  2013 (%)  1984–2013 (%) 
 Thyroid  4,875 (82)  75,440 (52) 

 Breast  143 (2)  32,370 (22) 

 Soft tissue and lymph node  749 (13)  28,306 (19) 

 Salivary gland  187 (3)  5,478 (4) 

 Prostate  0  2,980 (2) 

 Miscellaneous  8 (0)  1,169 (1) 

 5,962 (100)  145,743 (100) 

Chapter 2. The Interventional Cytopathologist
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for having the patient informed about the visit and what to 
expect (Fig.  2.1 ). The following are sequential steps prior to 
performing the USG-FNA:

     1.     Anamnesis 

•    The interview helps the cytopathologist to take a con-
cise, complete history of the lesion and other significant 
medical problems, explain the procedure step by step, 
and provide reassurance to the patient.  

•   The anamnesis is often more accurate and pertinent to 
the mass diagnosis when the cytopathologist directly 
obtains it from the patient than when it is read from the 
data provided by the clinical team.  

•   The patient should be given the option to ask questions, 
particularly at the end of the anamnesis.      

  Figure 2.1    Outpatient Pathology Associates FNA clinic, reception 
room       
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   2.     Clinical examination 

•    Findings of a careful and focused clinical examination 
provide valuable information about the mass and nar-
row the differential diagnosis.      

   3.     Ultrasound evaluation 

•    The US is part of the clinical examination and comple-
ments the tactile physical examination, helping the 
cytopathologist to plan the FNA procedure (Fig.  2.2 ).

          4.     Sample triage 

•    The prior considerations supported by a rapid on-site 
cytology interpretation will prompt the cytopathologist to 
allocate material for special studies, e.g., bacterial or fun-
gal cultures, flow cytometry, cytogenetics, cell block for 

  Figure 2.2    Outpatient Pathology Associates FNA clinic, exam 
room       
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immunohistochemistry, and molecular tests, or to per-
form a USG-core biopsy (CBx) for tissue confirmation in 
soft tissue or breast tumors to assess invasion and per-
form hormonal studies and HER2 in breast cancer 
(Fig.  2.3 ).

             The Aspiration Procedure 

 The operator must be familiar with the materials needed and 
the step-by-step procedures to perform FNA of palpable 
lesions described in various cytology treatises, including the 
textbook  Fine Needle Aspiration of Palpable Masses , skillfully 
written by Michael W. Stanley, M.D., and Torsten Löwhagen, 
M.D. In the next paragraphs, we describe our experience 
performing USG- FNA. As a general rule, patient positioning 
should provide patient comfort, a good US evaluation, and 
good aspiration. 

 We perform the USG-FNA by using the Zajdela technique 
without aspiration or by capillarity. In our experience, this 

  Figure 2.3    Immediate FNA evaluation and specimen triage section       
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 technique offers sensitivity, specificity, and diagnostic accuracy, 
which are very similar to if not better than the conventional FNA 
(with aspiration) for evaluating superficial masses, especially of 
the head and neck, and in particular thyroid nodules. For thy-
roid nodule and lymph node sampling, we use 27- and 25-gauge 
needles respectively. Our sample adequacy rate is >99 %.  

   Contraindications for USG-FNA 

 There are few, if any, instances that may preclude doing the 
procedure. The only absolute contraindication may be a 
severe bleeding disorder or coagulopathy. In some cases, 
stopping anticoagulant or antiplatelet therapy for 24 h may 
be necessary. Relative contraindications include the use of 
warfarin products or heparin; however, local bleeding can be 
controlled with manual pressure at the site of puncture. Mild 
sedation may be given to the anxious patient.  

   Approaches Used in USG-FNA Sampling 

     1.     Perpendicular approach . The needle placed in the center of 
the upper lateral border of the US probe intersects the US 
beam perpendicularly and travels through the tissue in a 
noncontinuous fashion, resulting in visualization of the 
needle tip only in the screen display (Fig.  2.4 ).

       2.     Parallel approach . The needle placed in the center of one 
of the tips of the US probe travels parallel to the US beam 
in a continuous fashion, allowing the visualization of the 
entire needle length, emerging from the right upper corner 
in the screen display if the procedure is done with the right 
hand. The needle plane must coincide with the US beam 
for the needle length to be visualized (Fig.  2.5 ).

       We often use the perpendicular approach for USG-FNA 
sampling and the parallel approach for USG-CBx and occa-
sionally for USG-FNA. Of note, because any needle is visual-
ized with modern high-resolution US equipment, there is no 
need to use echogenic needles for routine USG-FNA. 
Likewise, use of heparinized needles is not necessary.  
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  Figure 2.4    Perpendicular approach. The needle tip seen as a bright 
spot ( arrow )       

  Figure 2.5    Parallel approach. Then entire needle length is  visualized 
( arrows ). USG-FNA performed with the left hand       
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   Steps Prior to USG-FNA (Perpendicular 
Approach) 

 The following steps should be followed sequentially:

    1.    Patient in supine position. For thyroid nodules, apply a soft 
pillow beneath the neck and shoulders. A semi-sitting posi-
tion may be recommended for patients having limitations 
to adopting a supine position.   

   2.    Apply sterile coupling gel to the transducer face.   
   3.    Find the target lesion with the US probe. The transducer 

should be held at a 90° angle to the target lesion.   
   4.    Document US characteristics of the lesion, including 

power Doppler evaluation.   
   5.    Center the intended biopsy site of the lesion in the screen 

display (Fig.  2.6 ).

  Figure 2.6    The target is positioned in the center of the screen 
( arrow )       
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       6.    Use a pen or pencil and make its tip shadow coincide with 
the intended biopsy site of the lesion (Fig.  2.7 ).

       7.    Withdraw the US probe and keep the pen or pencil tip on 
the skin surface.   

   8.    Dot the skin surface under the tip of the pen or pencil 
with an erasable cutaneous marker (Fig.  2.8 ).

       9.    Reposition the US probe over the marked skin to make 
sure that the biopsy site is centered in the screen display.   

   10.    Clean  all  US gel from the skin.   
   11.    Thoroughly disinfect the skin with alcohol.   
   12.    Apply local 2 % lidocaine hydrochloride with epineph-

rine or epinephrine-free 3 % Carbocaine, using equip-
ment available from dental supply stores. The syringe 
uses a 30-gauge disposable needle, a tubular 2-ml dispos-
able cartridge of lidocaine or Carbocaine, and a reusable 
metallic injection handle. This step may be considered 
optional; however, it is always welcomed by our patients. 
Make sure that the    strap muscles of the neck anterior to 
the target are properly anesthetized. Carbocaine  must  be 
used for sampling of lesions of the breast areola or nipple, 
tips of fi ngers or toes, and penis (Fig.  2.9 ).

       13.    Wait 1 or 2 min.      

  Figure 2.7    Shadow of the tip of pen coinciding with the target to be 
sampled ( arrows )       
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   USG-FNA (Perpendicular Approach) 

     1.    Disinfect the skin with alcohol.   
   2.    Insert the 25- or 27-gauge needle through the marked skin. 

We use a 1 1/2″ (3.8 cm) long needle for most USG-FNAs. 
Needles thicker than 23-gauge often cause more bleeding 
rather than better specimens (Fig.  2.10 ).

  Figure 2.8    The  center blue dot  corresponds to the underlying target 
lesion. The lateral  short blue lines  coincide with the lateral edges of 
the linear US transducer       
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       3.    Apply the US probe with a  small  amount of coupling gel 
on the skin.   

   4.    Identify the bright image of the needle tip on the screen.   
   5.    Advance and/or reposition the needle tip into the biopsy 

site as shown in Fig.  2.4 .   
   6.    Perform the FNA using the Zajdela technique, moving the 

needle repeatedly back and forth within the mass.

    (a)    We perform 3–4 passes or punctures.   
   (b)    Solid vascular thyroid nodules can best be sampled 

with 27-gauge (0.4-mm-diameter) needles. Each pass 
lasts no more than 3 s, with a cadence of 3 movements 
or thrusts per second. Doppler fi ndings must be kept in 
mind to minimize blood contamination.   

   (c)    Cyst drainage can be done with a 25- or 23-gauge nee-
dle attached to an IV 4-ml extension 34” long male 
Luer (Baxter) and to a 10-cc or 20-cc size syringe in an 
FNA pistol. A second person is needed who maneuvers 
the pistol and aspirates the fl uid (Fig.  2.11 ).

       (d)    Sampling of stroma-rich nodules can be performed by 
the use of a 25-gauge (0.5-mm-diameter) needle 
and the same IV extension to apply negative pressure 
while the operator gently moves the needle within the 
target as indicated before. A 23-gauge (0.6-mm-diame-
ter) needle can be used particularly for soft tissue 
 stromal nodules.       

  Figure 2.9    Local anesthesia supplies       
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   7.    Remove the needle from the patient.   
   8.    Apply pressure to the puncture site with sterile gauze after 

each pass.   
   9.    Apply a Band-Aid when the procedure has been fi nished.      

  Figure 2.10    Perpendicular approach. Insert the needle in the 
marked skin overlying the target lesion and then position the US 
transducer to avoid gel contamination       
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   Steps Prior to USG-FNA (Parallel Approach) 

 Follow steps 1–13 for the perpendicular approach. 
 For step 5, position the mass/intended biopsy site in the lat-

eral 1/3 of the screen close to the needle entry site on the skin. 

  Figure 2.11    Cyst drainage supplies       

  Figure 2.12    Parallel approach. The dot placed in the skin at the 
edge of the US transducer lateral to the target lesion is the entry site 
( arrow )       
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 For step 8, dot the skin surface under the tip of the pen or 
pencil  as well as  the midportion of each of the two lateral tips 
of the US probe with an erasable cutaneous marker. This step 
is helpful for orientation and repositioning of the US probe. 

 The skin entry site is the dotted lateral one closest to the 
target mass (Fig.  2.12 ).

      USG-FNA and USG-CBx (Parallel 
Approach) 

 Disinfect skin with alcohol.

  For USG-FNA 

   1.    Insert the 25- or 27-gauge needle through the dotted skin 
in the midportion of the lateral tip of the US probe closer 
to the mass (Fig.  2.13 ).

       2.    Apply the US probe to the skin. The transducer should be 
held at a 90° angle to the mass.   

  Figure 2.13    Parallel approach. Insert the needle first and then place 
the US probe to avoid gel contamination       
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   3.    Make sure the target is closer to the needle insertion site.   
   4.    Advance and guide the needle into the biopsy site. The 

needle will travel parallel to the midplane (azimuthal) of 
the transducer probe length and will be visualized in its 
entirety as shown in Fig.  2.5 .   

   5.    Perform the USG-FNA as described in step 6 of the per-
pendicular approach.    

  For USG-CBx 

  The steps are similar to those described for USG-FNA by 
the parallel approach.

    1.    Using an 18-gauge needle tip edge, gently open a 1.5-mm 
entry site in the dotted skin corresponding to the lateral tip 
of the US probe closest to the mass.   

   2.    The core needle is carefully guided to the periphery of the 
mass.   

   3.    We use a BARD ® MONOPTY® Disposable Core Biopsy 
Instrument (20 gauge × 9 cm) with a penetration depth of 
11 mm (Fig.  2.14 ). Three core biopsies are usually 
obtained.

       4.    The biopsy site is carefully evaluated, and local pressure 
with sterile gauze is applied after each core biopsy.   

  Figure 2.14    Core needle biopsy supplies       
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   5.    Follow the instructions of the manufacturer to retrieve the 
cores of tissue.   

   6.    Place the tissue in formalin or other tissue fi xative.         

   USG-FNA Specimen Handling 

 The selection of the smearing technique depends on the type 
of FNA material obtained and on the operator’s skill and 
preference. In general, we use the one-step method for small 
volume specimens as it allows better control of the pressure 
applied to the specimen and yields excellent smears and the 
two-slide-pull method for larger volume specimens, the two-
step method for liquid specimens, or the modified two-step 
method for larger volumes of blood or fluid. 

 We encourage the reader to consult textbooks and Internet 
sources such as the Papanicolaou Society of Cytopathology 
(  www.papsociety.org    ) for details on how to handle FNA spec-
imens. All steps are crucial and should be mastered by the 
operator to obtain a smear with well-preserved cells, thinly 
spread to allow for adequate staining and light microscopy 
interpretation. In the following lines, we summarize how we 
handle the material obtained by USG-FNA. 

 (The material is in the needle cylinder and hub)

    1.    Fill a 10-cc slip-tip syringe with air.   
   2.    Replace the needle with the material onto the syringe.   
   3.    Keep the needle tip in contact with the slide’s surface with 

the bevel facing down at a 45° angle. This maneuver will 
prevent specimen dispersion and desiccation.   

   4.    Gently express the specimen onto the surface of a non- 
frosted glass slide.   

   5.    Place the spreader slide onto the droplet, applying gentle 
pressure without crushing the droplet.   

   6.    Draw the spreader slide along the length of the lower slide in 
a constant and steady manner. It is important to remember 
that the long axes of both glass slides must be perpendicular, 
but the fl at surfaces parallel. When smearing is properly 
done, no residual material is left in the spreader glass slide.   
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   7.    Gently wave the smear in the air for a few seconds or place 
the smear in front of a small battery-powered electric fan 
for quick drying and then staining with May–Grünwald–
Giemsa (MGG) stain. Alternatively, immerse the smear 
in 96 % ethyl alcohol for subsequent Papanicolaou or 
H&E stain. In general, both types of smears should be 
prepared; however, we prefer air-dried smears in most 
thyroid USG-FNAs.   

   8.    Immediate interpretation of the smear can be done with 
toluidine blue stain after 1 min of 96 % ethyl alcohol 
smear fi xation. The stain also works on air-dried smears. 
The smear can be placed back into and left in 96 % ethyl 
alcohol, if previously fi xed for conventional Papanicolaou 
or H&E stain, or removed from the alcohol and rapidly 
dried if previously air-dried for subsequent MGG stain. 
It is our experience that the cytopathologist performing 
both the US evaluation and USG-FNA, and doing 3–4 
passes, reduces the numbers of unsatisfactory/nondi-
agnostic specimens. We can count as <10 unsatisfactory 
specimens after performing over 5,000 USG-FNAs of 
nodules in superfi cial organs, predominantly the thyroid.   

   9.    Clotted blood or fl uid with minute fragments of tissue is 
placed in 10 % formalin for cell block embedding as his-
tologic specimen.   

   10.    Cyst fl uid may be processed by centrifugation or liquid- 
based techniques following the manufacturer’s specifi ca-
tions. We avoid the use of the latter to evaluate FNAs 
from solid lesions and prefer the use of conventional 
smearing techniques instead.         
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           The Normal Thyroid Gland Seen by US 
(Fig.  3.1 ) 

       The thyroid lobes have a pear shape and a bright homoge-
neous echotexture. The thyroid gland lobes measure 4.5–
5.5 cm in length (longitudinal), 2–3 cm in width (transverse), 
and ≤2 cm in depth (anteroposterior), and the isthmus mea-
sures ≤0.5 cm in thickness. The right lobe is slightly larger 
than the left lobe. The gland has the following boundaries:

•    Anterior: platysma and strap muscles of the neck (sterno-
hyoid, sternothyroid, and omohyoid).  

•   Lateral: sternocleidomastoid muscle, carotid artery, and 
the internal jugular vein.  

•   Posterior:  longus colli  muscle.  
•   Medial: trachea.  
•   The esophagus may be seen in the left lateral border. The 

parathyroid glands are not visible unless they are enlarged.     
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a

b

  Figure 3.1    ( a ). Normal thyroid gland. Axial or transverse ultra-
sound of the left lobe. (1) Trachea, (2) thyroid, (3) strap muscles 
(sternohyoid and sternothyroid), (4) platysma muscle, (5) sterno-
cleidomastoid muscle, (6) omohyoid muscle, (7) internal jugular 
vein, (8) common carotid artery, (9) esophagus, (10)  longus colli , 
and (11) C6 vertebral body. ( b ) Normal right thyroid, longitudinal 
ultrasound. (1) Strap muscles, (2) thyroid, (3)  longus colli  muscle       
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    Thyroid and Nonthyroidal Anomalies Seen 
by US 

  Hemiagenesis  of the thyroid gland has an incidence of 1 in 
2,500 and affects predominantly the left lobe (Fig.  3.2 ).

    Aberrant thyroid  can be seen anywhere in the neck from 
the base of the tongue to above the larynx and is undivided 
and of small/normal size. Occasionally, it can be located in the 
lateral neck. 

  Esophageal diverticulum  is visualized as an outpouching, 
usually adjacent to the left posterior thyroid lobe (Fig.  3.3 ). 
The wall shows concentric hyperechoic and hypoechoic lay-
ers, and moving contents are visualized in the center of the 
diverticulum when the patient swallows. The importance of 
recognizing this anomaly is to avoid mistaking it for a thyroid 
nodule.

    Undescended thymus  is seen inferior to the thyroid gland, 
and a thyrothymic    ligament is visualized, allowing for the 
movement of the thymus along with the thyroid gland while 
the patient swallows. 

  Ectopic intra- or perithyroidal thymic and parathyroid tis-
sues  are congenital anomalies that, on imaging studies, may 

  Figure 3.2    Agenesis of the left thyroid lobe ( arrow ). Background of 
chronic thyroiditis. The right thyroid lobe shows a nodule       
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be mistaken for a thyroid nodule. The smears of ectopic 
thymic tissue show single and aggregated benign predomi-
nantly small lymphocytes and bland-appearing thymic epi-
thelium showing large cells with abundant clear cytoplasm 
and round nuclei; the epithelial elements are obscured by 
lymphocytes (Fig.  3.4a, b ). Ultrasound features recapitulate 
the gross anatomy including a well-circumscribed hypoechoic 
fusiform lesion with well- defined margins and multiple punc-
tate and or linear  microreflectors that mimic microcalcifica-
tions; however, they show no posterior acoustic shadowing 
(Fig.  3.4c ).

       The Patient with Thyroid Nodules 

 Patients with thyroid nodules are candidates for USG-FNA. 
However, palpable “nodules” are not always true nodules by 
US in up to 30 % of patients, and a palpable “not nodular” 
thyroid gland may have a small and/or posterior nodule that 
may not be palpable, but may be amenable to USG-FNA. 
Because US alters the clinical management, patients with 

  Figure 3.3    Esophagus. Concentric bright and dark layers ( arrow ) 
with bright luminal esophageal contents       
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suspected thyroid  nodules, goiter, and palpable thyroid 
nodule(s) or have risk factors for malignancy should undergo 
US examination of the thyroid gland and soft tissue of the 
neck, in addition to a complete clinical history, physical 
examination mainly of the head and neck, and serum levels 
of thyroid-stimulating hormone (TSH). 

 Patients with normal or high TSH levels and US-visible 
nodule(s) may be candidates for USG-FNA. Patients with 
low TSH levels and US-visible nodule(s) should have a radio-
nuclide thyroid scan. A functioning nodule often does not 
need to undergo FNA, because the possibilities of malignancy 

a b

c d

  Figure 3.4    Ectopic thymic tissue. ( a ) Population of predominantly 
small lymphocytes along with scattered larger lymphocytes. ( b ) 
Sheet of thymic epithelial cells showing ample clear cytoplasm, red 
cytoplasmic granules, and round nuclei; the cells are obscured by 
overlapping lymphoid elements. ( c ) Ultrasound exam shows a fusi-
form lesion with well- defined margins, marked hypoechogenicity, 
and numerous internal punctate and linear echogenic foci ( arrow ). 
( d ) Doppler examination shows no increased internal vascularity 
( arrows ). ( a ,  b , MGG stain, high magnification)       
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are extremely low. When abnormal lymph nodes are present, 
USG- FNA of the lymph node for cytology and thyroglobulin 
(TG) levels in needle rinses should be performed at the time 
of USG- FNA of the thyroid nodule. 

    Clinical Evaluation 

 The clinical evaluation identifies pertinent risk factors pre-
dicting malignancy in a thyroid nodule, such as:

•    Male gender.  
•   Patient’s age <20 years or >60 years.  
•   History of head and neck irradiation for thymic and tonsil-

lar hypertrophy, acne, etc. or radiotherapy of any kind.  
•   Family history of thyroid cancer. Papillary thyroid carci-

noma (PTC) can be familial in up to 10 % of cases. There 
is an eightfold increased risk of developing thyroid cancer 
when there is such a history in a first-degree relative.  

•   Personal history of syndromes or malignancy associated 
with thyroid cancer in a first-degree relative, i.e., Cowden 
or Wermer syndrome, familial polyposis, Carney complex, 
and multiple endocrine neoplasia (MEN) types 1 and 2. 
PTC can occur in association with acromegaly, papillary 
renal cell carcinoma, parathyroid tumors, paragangliomas, 
and ataxia–telangiectasia.  

•   Rapid nodule growth, firm, and fixed to adjacent tissues.  
•   Hoarseness, vocal cord paralysis, dysphonia, dysphagia, 

and dyspnea.  
•   Enlarged ipsilateral neck lymph nodes.      

    Epidemiologic and Clinical Aspects 
of Thyroid Nodules and Thyroid Cancer 

 Thyroid nodules in adults are found by palpation in 4–8 %, 
by US in 10–40 %, and in postmortem exam in 50 %. The 
prevalence is higher in women and increases with age and in 
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individuals with iodine deficiency and a history of radiation 
exposure. 

 The overall incidence of malignancy in thyroid nodules 
undergoing FNA is the same (10–13 %) regardless of the 
number of nodules identified by US or if the nodules were 
incidentally identified or nonpalpable. 

 In patients with multiple thyroid nodules, cancer is found 
in two-thirds of cases in the dominant nodule and in one-
third of cases in a nondominant nodule. 

 Thyroid nodules occur less frequently in children than in 
adults, and the diagnostic approach and management should 
be the same as that of adults. The frequency of thyroid cancer 
in children varies and has been reported as being higher than 
or similar to that of adults. 

 There is an increase in the incidence of thyroid cancer, 
predominantly PTC (with  RET/PTC  rearrangement), in 
patients exposed to low-dose (therapy for acne and thymic or 
tonsillar hypertrophy) and high-dose (therapy for Hodgkin 
lymphoma) radiation. A well-known example is the Chernobyl 
nuclear accident, where the population is at increased risk for 
thyroid cancer.  

    Ultrasound Characteristics of Thyroid 
Nodules 

 The Society of Radiologists in Ultrasound issued a consensus 
statement in 2004 to determine which thyroid nodules should 
or should not undergo USG-FNA based on US  characteristics. 
It was concluded that (1) the various US features studied are 
not specific in separating benign from malignant thyroid nod-
ules due to overlapping characteristics and (2) FNA diagnosis 
is required before the patient undergoes thyroid surgery for 
a possible thyroid malignancy. 

 The US evaluation of a thyroid nodule includes size, echo-
genicity (isoechoic, hypoechoic, or hyperechoic), composi-
tion (cystic, solid, mixed), calcifications (fine, coarse), halo, 
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margins (regular, irregular), and vascularity determined by 
Doppler. The value of these features to predict malignancy is 
highly variable (Table  3.1 ). A single abnormal US finding is 
seen approximately in 70 % of benign thyroid nodules. Thus, 
a combination of features such as marked hypoechogenicity, 
solid echotexture, irregular borders, microcalcifications, and 
central intranodular blood flow increases the likelihood of 
thyroid cancer.

   Thus, the indications for a USG-FNA of a given thyroid 
nodule are determined mainly by the US characteristics of 
the nodule and less by the number of nodules or the nodule 
size.

    1.     Echotexture . A purely cystic nodule (Fig.  3.5 ), a spongiform- 
appearing nodule (multiple microcystic components in 
>50 % (Fig.  3.6 ), or a complex nodule more than 50 % 

   Table 3.1    US predictive features of thyroid cancer   

 US feature 
 Sensitivity 
(%) 

 Specificity 
(%) 

 PPV 
(%) 

 NPV 
(%) 

 Microcalcifications  26–59  86–95  24–71  42–94 

 Marked 
hypoechogenicity 

 27–87  43–94  11–68  74–94 

 Irregular margins, 
no halo 

 17–78  40–85  9–60  40–98 

 Solid echotexture  69–75  53–60  16–27  88–92 

 Intranodular 
vascularity 

 54–74  79–81  24–42  86–97 

 Taller than wide 
in the transverse 
dimension 

 33–84  82–93  67  75 

  Modified from Frates et al. ( 2005 ), Kim et al. ( 2002 ), Alexander et al. 
( 2004 ) 
  Abbreviations :  PPV  positive predictive value,  NPV  negative predic-
tive value  
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 cystic (Fig.  3.7 ) is highly predictive for being benign. 
However, malignancy should be considered in cysts with 
an  irregular/thick wall and microcalcifi cations or when a 
mural nodule has an increased vascularity (Fig.  3.8 ). Of 

  Figure 3.6    Spongiform nodule. USG-FNA diagnosis was benign 
thyroid nodule       

  Figure 3.5    Cystic thyroid nodule ( arrow ) with a thick uniform wall, 
best seen opposite to the  arrow . USG-FNA diagnosis was benign 
thyroid nodule       
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note, a macrofollicular variant of PTC may show a spon-
giform pattern. A solid echotexture (Fig.  3.9 ) has high 
 sensitivity but low specifi city and a low positive predictive 
value for malignancy.

           2.     Echogenicity . Marked hypoechogenicity is very sugges-
tive of malignancy, and iso- and hyperechogenicities are 
more commonly seen in benign thyroid nodules (Fig.  3.10 ). 
Follicular neoplasms, particularly follicular carcinoma, and 
rarely PTC may be hyperechogenic.

       3.     Calcifi cations . Any calcifi cation increases the likelihood of 
malignancy. Calcifi cations are classifi ed as micro, coarse, 
and eggshell calcifi cations.

•    Microcalcifications or microreflectors are less than 1 
mm in size and do not produce acoustic shadowing, are 
associated with a threefold increase in cancer risk in a 
solid nodule, and may represent aggregated psammoma 
bodies (Fig.  3.11a ).

•      Macrocalcifications are larger than 2 mm and produce 
posterior acoustic shadowing, are associated with a 

  Figure 3.7    Complex nodule, more than 50 % cystic. USG-FNA 
diagnosis was benign thyroid nodule       
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twofold increase in cancer risk in solid nodules, and rep-
resent dystrophic calcification in areas of fibrosis and 
degeneration;  however, a central location within the 
nodule and association with microcalcifications raise 
the suspicion for malignancy (Fig.  3.11b ).  

•   Eggshell calcification with smooth contours can be 
associated with benign or malignant thyroid nodules; 
however, eggshell with interrupted rim is suggestive of 
thyroid cancer permeating through the defect to invade 
the surrounding tissue (Fig.  3.11c–e ).      

   4.     Margins . The margins of a benign thyroid nodule are usu-
ally regular and well defi ned, with a smooth, thin surface 

a b

c

  Figure 3.8    ( a ) Predominantly solid nodule with irregular thick wall 
( arrows ), microcalcifications, and ill-defined edges. USG-FNA diag-
nosis was papillary thyroid carcinoma. ( b ) Predominantly cystic 
nodule with mural solid component, vascular by Doppler examina-
tion. USG-FNA diagnosis was benign thyroid nodule. ( c ) 
Predominantly cystic complex nodule with solid central component, 
vascular by Doppler examination. USG-FNA diagnosis was cystic 
papillary thyroid carcinoma       
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  Figure 3.9    Solid homogeneous thyroid nodule. USG-FNA  diagnosis 
was benign thyroid nodule       

a b

c

  Figure 3.10    ( a ) Hypoechoic subcentimeter thyroid nodule. 
 USG-FNA diagnosis was suspicious for papillary thyroid carcinoma. 
( b ) Isoechoic nodule. USG-FNA diagnosis was benign thyroid 
 nodule. ( c ) Hyperechogenic thyroid nodule. USG-FNA diagnosis 
was benign thyroid nodule       
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(Fig.  3.12a ). However, irregular, fuzzy, ill-defi ned, and 
microlobulated borders with a thick capsule or halo may 
be associated with a neoplastic nodule or malignancy 
(Fig.  3.12b ).

a b

c d

e

  Figure 3.11    ( a ) Microcalcifications or microreflectors ( arrows ) in 
a hypoechoic  nodule. USG-FNA diagnosis was papillary thyroid 
carcinoma. ( b ) Macrocalcifications with posterior acoustic shadow 
( arrows ). USG-FNA diagnosis was chronic thyroiditis. ( c ) Eggshell 
calcification. USG-FNA diagnosis was benign thyroid nodule. ( d ) 
Eggshell calcification. USG-FNA was nondiagnostic, unable to 
penetrate needle through the wall of the calcified nodule. ( e ) Small 
nodule with interrupted ( arrow ) eggshell calcification. USG-FNA 
diagnosis was papillary thyroid carcinoma       
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       5.     Halo.  The halo is a hypoechoic ring that surrounds an 
iso- or hyperechoic nodule and probably represents com-
pressed peripheral thyroid tissue and vessels, usually asso-
ciated with benignity (Fig.  3.13a ). A thick halo produces 
an “edge” artifact (Fig.  3.13b ). Both margins and halo may 
not be as helpful as originally thought for the differen-
tiation of benign from malignant thyroid nodules, except 
when there is loss of halo or capsule due to invasion into 
 surrounding tissue. The combination of a peripheral halo 
and interrupted eggshell-type calcifi cation may be a high 
predictor for malignancy (Fig.  3.13c ).

       6.     Color and power Doppler . Most benign nodules lack intra-
nodular fl ow on power Doppler analysis, and most malig-
nancies have central blood fl ow. Also, nodular peripheral 
blood fl ow suggests a benign nodule. However, lack of 
extensive vascularity cannot be used to exclude malig-
nancy. Vascularity in a thyroid nodule can be categorized 
as follows:

•    Grade 1. Absent. No flow detectable (Fig.  3.14a )
•      Grade 2. Perinodular. Peripheral flow only (Fig.  3.14b )  
•   Grade 3. Perinodular and intranodular. Peripheral blood 

flow and scant central flow (Fig.  3.14c )  
•   Grade 4. Intranodular. High-intensity central flow 

(Fig.  3.14d )      

a b

  Figure 3.12    ( a ) Smooth, and well-defined margins. USG-FNA diag-
nosis was benign thyroid nodule. ( b ) Irregular margins. USG-FNA 
diagnosis was papillary thyroid carcinoma       
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   7.     Shape . The nodule shape may help to predict malignancy 
and prompt one to perform a USG-FNA. Spherical shape 
and nodules that are taller (anteroposterior diameter) 
than wide (transverse diameter) in the transverse view sta-
tistically may be associated with a malignant diagnosis 
(Fig.  3.15 ).

       8.     Comet-tail sign . Comet tails are reverberation (“echo”) 
artifacts that result from the refl ection of sound waves off 
of the crystals present in the desiccated thick colloid, result-
ing in a bright signal; the crystals vibrate under the sound 
energy, producing the comet tail. This sign is reported to 
be almost pathognomonic for a benign thyroid nodule, 
particularly if present at the periphery of cystic nodules 

a b

c

  Figure 3.13    ( a ) Isoechoic nodule ( arrow ) with a smooth uniform 
halo. USG-FNA diagnosis was benign thyroid  nodule. ( b ) Edge 
shadows from a thick halo. USG-FNA diagnosis was benign thyroid 
nodule. ( c ) Thin, irregular, inconspicuous halo and interrupted 
( arrows ) eggshell calcification. USG-FNA diagnosis was papillary 
thyroid carcinoma       
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(Fig.  3.16a ). However, often it is diffi cult to state conclu-
sively its presence in a given thyroid nodule. Comet tails 
have also been described in PTC, particularly in the cystic 
variant. Condensed colloid in a hypoechoic nodule (“cat’s 
eye”) correlates with a benign thyroid nodule (Fig.  3.16b ).
       Documentation of the following US features must be 

included in the USG-FNA report:

    1.    Nodule margins, i.e., well or poorly circumscribed, irregu-
lar, interrupted, spiculated, scalloped, and halo (thick, thin, 
irregular)   

   2.    Nodule echotexture, i.e., heterogeneous and homogeneous   

a b

c d

  Figure 3.14    ( a ) Nodule vascularity. Grade 1. There is no blood flow. 
USG- FNA diagnosis was benign thyroid nodule. ( b ) Grade 2. There 
is peripheral blood flow and incipient central blood flow. USG-FNA 
diagnosis was benign thyroid nodule with cystic change. ( c ) Grade 3. 
There is marked peripheral and less prominent central blood flow. 
USG-FNA diagnosis was mixed pattern of benign thyroid nodule 
and chronic thyroiditis. ( d ) Grade 4. There is prominent peripheral 
and central blood flow. USG-FNA diagnosis was microfollicular 
tumor       
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   3.    Nodule echogenicity with respect of the background thy-
roid, i.e., hyper-, hypo-, and isoechoic   

   4.    Calcifi cations, i.e., micro, coarse, and eggshell (interrupted, 
continuous, displaced)   

   5.    Intranodular blood fl ow pattern on Doppler exam (periph-
eral and/or central, mild or marked, uniform or chaotic)   

   6.    Other intranodular features, i.e., cystic change and comet tails   
   7.    Echotexture of the surrounding thyroid     

 Metastasis to cervical lymph nodes, usually pre- and paratra-
cheal and anterior cervical (neck compartment VI) is the first 
manifestation of the disease in an average of 20 % of adults 
with thyroid carcinoma, often PTC. This presentation is much 

a b

  Figure 3.15    ( a ) Taller than wide with microcalcifications. USG-
FNA diagnosis was papillary thyroid carcinoma. ( b ) Taller than wide 
with microcalcifications. USG-FNA diagnosis was papillary thyroid 
carcinoma       

a b

  Figure 3.16    ( a ) Comet-tail artifact. USG-FNA diagnosis was 
 colloid-rich benign thyroid nodule. ( b ) Cat’s eye artifact. USG-FNA 
diagnosis was benign thyroid nodule       
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higher in patients younger than 20 years. Other aggressive 
malignancies including lymphoma have lymph node involve-
ment at initial diagnosis. 

 We should emphasize that (1) according to the American 
Thyroid Association guidelines, US is the imaging modality 
of choice in the evaluation of thyroid nodules, surveillance of 
multinodular goiter, and preoperative evaluation of patients 
with known differentiated thyroid cancer (DTC), (2) the US 
features of a thyroid nodule are helpful in predicting malig-
nancy or benignity, but they do not replace the need to per-
form USG-FNA, and (3) US examination is particularly 
useful in the selection of the nodule for USG-FNA in multi-
nodular goiter.  

    Indications for USG-FNA of Thyroid 
Nodules 

 The indications are summarized in Table  3.2 . USG-core 
needle biopsies are not recommended for thyroid nodules 
due to lack of appropriate sampling, particularly in  follicular 
 neoplasms or lesions, and serious complications such as 
bleeding and pain, nerve injury, tracheal perforation, and 
architectural distortion that preclude accurate histologic 
interpretation in subsequently excised specimens. USG-core 
needle biopsies may be complementary to FNA in selected 
cases such as diffuse Hashimoto’s thyroiditis and perhaps an 
advanced malignant neoplasm.

         Thyroid USG-FNA Approach 

 The superficial location of the thyroid gland facilitates tactile 
examination, US evaluation, and FNA. Adequate patient 
positioning is crucial for achieving success. With the patient 
in the supine position, a pillow should be placed under 
the shoulders to produce slight overextension of the neck. 
Then, US evaluation of both lobes in the transverse and 
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   Table 3.2    Recommendations for USG-FNA: various societies   

 A. Thyroid nodules that are ≥1.0 cm 

  1.  All societies except the SRUS recommend USG-FNA of all 
nodules ≥1.0 cm 

  2. Solitary nodule with microcalcifications if ≥1 cm (SRUS) 

  3.  Solitary nodule with coarse calcifications or solid nodule if 
≥1.5 cm (SRUS) 

  4.  Solitary predominantly cystic with a solid mural component 
or mixed solid and cystic nodule if ≥2 cm (SRUS). Other 
societies recommend USG-FNA of all nodules if  ≥ 2 cm 

  5.  Solitary nodule having a substantial growth since prior US 
examination. The ATA considers 20 % increase in 2 of the 
3 diameters (≥2 mm each) as reasonable nodule growth 

  6.  If multiple nodules are present, select the one(s) for USG-
FNA, applying the previous 2–5 criteria for solitary nodules 
(in that order) 

  7.  If abnormal cervical lymph node(s) is present, USG-FNA 
of the lymph node and or any ipsilateral thyroid nodule 
should be done regardless of the US characteristics 

   (a)  The US features associated with cancer in a lymph node 
include loss of fatty hilum, round shape, well-defined 
edges, taller than wide, calcifications, cystic areas, and 
increased peripheral vascularity regardless of size 
(Fig.  3.17 ) 

   (b)  Thyroid cancer most commonly metastasizes to 
neck levels III, IV, and VI. Malignancy is confirmed 
by cytologic evaluation and/or measurement of 
thyroglobulin levels in needle rinses 

  8.  If the nodule is entirely cystic, or stable in size, or none of 
the above listed features is seen, then probably USG-FNA 
is unnecessary 

  9.  For a diffusely enlarged thyroid gland with no US-visible 
nodules, USG-FNA is probably unnecessary 
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 longitudinal planes is performed (Fig.  3.19 ). Of note, the US 
evaluation should include the entire neck, looking for abnor-
mal lymph nodes, enlarged parathyroid glands, and other 
masses. Once a nodule is identified, USG-FNA is performed 
as described previously.

Table 3.2 (continued)

 B. Special considerations for USG-FNA of nodules <1 cm 

  1.  Ultrasound features suggestive of malignancy 
(calcifications, solid, increased intranodular blood flow on 
power Doppler, or taller than wide in the transverse view 
on US). Nodules can be accurately aspirated by USG-FNA 
with >90 % diagnostic rate (Fig.  3.18 ) 

  2.  Abnormal neck lymphadenopathy. US criteria as described 
in the prior section 

  3.  History of head and neck irradiation in childhood or 
adolescence 

  4.  History of thyroid cancer in one or more first-degree 
relatives 

  5.  History of prior hemithyroidectomy with incidentally found 
thyroid cancer 

  6.  Nodule incidentally found by 2-deoxy-2[ 18 F]fluoro- d -
glucose positron emission tomography ( 18 FDG-PET) 
imaging for other reasons. The risk of malignancy in these 
nodules is 15–50 %, and cancers may be more aggressive. 
Most are PTC and others are follicular or Hurthle cell 
neoplasms 

  7.  Nodule incidentally found by sestamibi scan, a nuclear 
medicine scan for parathyroid gland disorders and 
confirmed by thyroid US, has a high incidence of 
malignancy (22–66 %) and should be sampled 

   ACT  Academy of Clinical Thyroidologists,  ATA  American Thyroid 
Association,  AACE  American Academy of Clinical Endocrinologists, 
 SRUS  Society of Radiologists in Ultrasound  
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   USG-FNA is the gold-standard technique for screen-
ing and diagnosis of thyroid nodules. USG-FNA is recom-
mended particularly for nonpalpable, predominantly cystic, 
or posteriorly located nodules; however, USG-FNA should 
be used for sampling of  all  types of thyroid nodules. It is 
highly accurate in experienced hands and is quick, safe, and 
cost-effective and can be performed in an outpatient clinic. 
Contraindications to thyroid USG-FNA are perhaps limited 
to uncooperative patients and those with a severe bleeding 
diathesis. Complications are extremely rare and include local 
hematoma, and nodule infarction particularly, in Hurthle cell 
neoplasms. Needle track seeding of a thyroid malignancy has 
been reported anecdotally. Of note, the operator should try to 

a b

c

  Figure 3.17    ( a ) Large cervical lymph node with irregular lobulated 
borders, complex echotexture, and loss of fatty hilum. USG-FNA 
diagnosis was metastatic papillary thyroid carcinoma. ( b ) Left cervi-
cal lymph node with abnormal US features (lack of hilum, marked 
hypoechogenicity, and round shape with irregular borders). USG-
FNA diagnosis was metastatic papillary thyroid carcinoma. ( c ) Left 
cervical lymph node (b) with diffuse chaotic vascularity by Doppler 
examination       

 

Chapter 3. The Thyroid Gland



54

avoid possible injury of neck organs, particularly in patients 
with nonpalpable or distorted anatomic landmarks.  

    Advantages of US and USG-FNA 

     1.    The US test is cost-effective and relatively available and 
does not involve ionizing radiation.   

   2.    The US test provides the characteristics of the thyroid gland 
and is of particular use in thyroiditis and hyperthyroidism.   

  Figure 3.18    Subcentimeter thyroid nodule with microcalcifications 
and ill-defined fuzzy margins. USG-FNA diagnosis was papillary 
thyroid carcinoma       

a b

  Figure 3.19    Transverse ( a ) and longitudinal ( b ) views of a right 
thyroid nodule. The USG-FNA diagnosis was benign thyroid nodule       
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   3.    The US test identifi es and characterizes US features for 
selecting of the most dominant or the most suspicious nod-
ule to be sampled by USG-FNA.   

   4.    US provides precise needle placement for nodule sampling 
in obese or muscular patients.   

   5.    It provides visualization and sampling of nonpalpable or 
small nodules with high accuracy, making sure the needle 
tip is within the nodule.   

   6.     Drainage of fl uid in cystic lesions . Careful needle guid-
ance to the cystic component for drainage of the fl uid will 
allow better visualization and sampling of the residual 
solid-phase component after drainage (Fig.  3.20 ). Initial 
avoidance of the solid component is important to avoid 
intralesional bleeding in highly vascular lesions (Fig.  3.21 ). 
The cyst fl uid should be processed by centrifugation or by 
liquid-based techniques aimed mainly at ruling out a cystic 
variant of PTC.

        7.     Sampling of highly vascular lesions . Nodules with central 
vascularity by Doppler US usually yield bloody aspirates. 
The amount of blood present in the smears is directly pro-
portional to the needle caliber, syringe suction, and dwell-
ing time. Excellent samples can be obtained by performing 
the Zajdela technique (no syringe suction) with 27-gauge 
(0.4 mm diameter) needles and monitoring of intranodular 

a b

  Figure 3.20    ( a ) Cystic nodule with posterior acoustic enhancement. 
Tip of needle ( arrow ) is visualized in the transverse plane. ( b ) 
Collapsed cystic nodule after fluid drainage ( arrows ). USG-FNA 
diagnosis of the solid component was benign       
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needle motion as mentioned before. These steps minimize 
blood contamination and increase the likelihood of a diag-
nostic aspirate.   

   8.    Sampling of hypoechoic areas or suspicious features in 
heterogeneous nodules, i.e., microcalcifi cations, high vas-
cular fl ow, etc. (Fig.  3.22 ).

       9.    Increases the diagnostic accuracy, sensitivity, and specifi c-
ity of palpation-guided FNA in the diagnosis of thyroid 
nodules. For thyroid nodules with a benign FNA diagnosis, 
the false- negative rate is higher with palpation FNA 
(2–5 %) than with USG-FNA (0.6 %).     
 The use of the Zajdela technique is most useful particu-

larly for evaluating small thyroid nodules. The needle grip 
provides an excellent control for sampling of the lesion and 
adds an exquisite degree of sensitivity to perceiving the tissue 
texture changes along the path the needle travels, to the point 
that the operator is able to “feel” when the periphery of the 
target is penetrated.  

  Figure 3.21    Cyst drainage is needed to accurately sample the 
 posterior vascular solid component and avoid smear dilution with 
blood and cyst contents. USG-FNA diagnosis was papillary thyroid 
carcinoma       
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    Important Concepts in Thyroid FNA 

•     All FNAs must have well-preserved and well-prepared 
material for interpretation.  

•   The size of normal follicular epithelial cell nuclei is about 
the size of a red blood cell or lymphocyte (8–10 μm in 
diameter). The diameter of a normal three-dimensional 
follicle averages 200 μm (Fig.  3.23 ). Thus, the inner diam-
eter of a 27-gauge needle allows for the passage of such 
structures or even small stromal–epithelial fragments.

•      The adequacy of an FNA specimen is dictated by the pres-
ence of a minimum of six groups of at least 10 follicular 
epithelial cells each, preferably on a single slide.  

•   Cyst fluid with less than six groups of 10 follicular cells 
may be considered nondiagnostic.  

a b

c

  Figure 3.22    ( a ) Complex solid and cystic left thyroid nodule. ( b ) 
The central solid component has increased vascular blood flow by 
Doppler examination. ( c ) Needle tip ( arrow ) samples the solid com-
ponent. USG- FNA diagnosis was papillary thyroid carcinoma with 
prominent cystic change       
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•   The presence of thick colloid reliably identifies most 
benign processes and overrules the absence or paucity of 
follicular epithelial cells, and the specimen is considered 
adequate (Fig.  3.24 ).

•      Inflammatory entities such as thyroiditis or thyroid abscess 
do not require the presence of follicular elements for 
specimen adequacy.  

•   If cytologic atypia is seen, it must be reported regardless of 
specimen adequacy, including cell count.  

•   Poorly prepared, poorly stained, or obscured follicular 
cells are considered nondiagnostic specimens (Fig.  3.25 ).

a b

  Figure 3.23    Benign follicular cell sheet, atrophic ( a ) and partially 
ruptured benign thyroid follicle ( b ). The nuclear sizes of the follicu-
lar cells are similar or slightly larger than those of red blood cells. 
(MGG stain, high power)       

  Figure 3.24    Thick colloid. (MGG stain, low power)       
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•      The numbers of follicular cell groups may not be impor-
tant for specimen adequacy in liquid-based smears. A total 
individual count of 180–320 cells has been proposed as 
sufficient. Further validation of these findings is needed. 
We discourage the use of liquid-base cytology in thyroid 
nodules, except for evaluating cyst fluid.     

    USG-FNA and the Bethesda System (TBS) 
for Reporting Thyroid Cytopathology 

 The National Cancer Institute (NCI) sponsored the NCI 
Thyroid Fine Needle Aspiration (FNA) State of the Science 
Conference on October of 2007 in Bethesda, MD. Six 
 committees were formed to review (1) indications/pre-
FNA requirements, (2) training and credentialing, (3) tech-
nique, (4) terminology and morphologic criteria, (5) ancillary 

a

c

b

  Figure 3.25    ( a ) Nondiagnostic smears with extensive clotting. ( b ) 
Obscuring blood clot and fibrin strands. ( c ) Obscuring ultrasound 
gel. ( b ,  c , MGG stain medium power)       

 

Chapter 3. The Thyroid Gland



60

 studies, and (6) post-FNA options for testing and treatment. 
The summary reports have been published. 

 The Bethesda system diagnostic categories (Table  3.3 ) are 
(1) nondiagnostic, (2) benign, (3) atypia of undetermined 
significance (AUS) or follicular lesion of undetermined sig-
nificance (FLUS), (4) follicular neoplasm or suspicious for 
follicular neoplasm (specify if oncocytic type), (5) suspicious 
for malignancy, and (6) malignant.

   Table 3.3    TBS diagnostic categories: signifi cance, common underly-
ing disease processes, and helpful tips for diagnosis   

 1. Nondiagnostic 

  (a)   Underlying causes . Few or no follicular epithelial 
cells as seen in a pure cyst, thick or calcified capsule, 
hypervascular or necrotic lesion, and benign or malignant 
sclerotic lesions 

  (b)   Preventable cause . Poor technique includes a missed 
target, obscuring blood, clot artifact, mechanical 
distortion, and slow air- drying  

  (c)   Helpful tips . Look for stripped atrophic nuclei in the 
smear edges; look for inconspicuous sheets of atrophic 
cells in bloody smears with thin colloid; correlate with 
US features, because simple colloid cysts may yield only 
colloid and macrophages with no or limited follicular 
elements 

 2. Benign thyroid nodule 

  (a)   Underlying causes . Hyperplastic nodule, thyroiditis, 
thyroid nodule with cystic change, and colloid-rich benign 
thyroid nodule 

  (b)   Helpful tips . Make the diagnosis only if there is good 
cell representation and preservation. PTC may have a 
prominent cystic change. Chronic thyroiditis may coexist 
with PTC 

 3. AUS or FLUS 

  (a)   Underlying causes . Follicular neoplasm, hyperplastic 
thyroid nodule, lymphocytic thyroiditis, thyroid cancer 
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(continued)

Table 3.3 (continued)

  (b)   Cytologic findings . Cytologic and/or architectural 
atypia. Microfollicular pattern and/or oncocytic cell 
pattern in variable proportions. Oncocytic cells forming 
microfollicles are seen in lymphocytic thyroiditis. 
Metaplastic cells with squamoid features may be the cyst-
lining cells 

  (c)   Helpful tips . Look for cell sheets comprising >50–75 % 
of smear cellularity that may indicate a mixed macro- 
and microfollicular-pattern nodule. Look for intact or 
entangled lymphocytes to exclude lymphocytic thyroiditis. 
Repeat or perform USG-FNA in not less than 3 months 
is strongly recommended. Consider doing molecular 
testing for thyroid cancer; a split sample for cytology and 
molecular testing should be obtained 

 4.  Follicular neoplasm or suspicious for follicular neoplasm 
(specify if oncocytic) 

  (a)   Underlying causes . Follicular and oncocytic (Hurthle) 
cell neoplasms. Histologic diagnoses include adenoma, 
carcinoma, and follicular variant of PTC 

  (b)   Cytologic findings . Hypercellular smears, cell monotony, 
microfollicular arrangements, and minimal or absent 
colloid and absent lymphoid cells 

  (c)   Helpful tips . Look for lymphoid cells to exclude chronic 
thyroiditis. Atrophy mimics microfollicles. Presence of 
colloid, follicular cell sheets, and Hurthle cells is more in 
favor of a hyperplastic nodule. Make the diagnosis only 
if there is good cell representation and preservation; 
otherwise, repeat USG-FNA in not less than 3 months 

 5. Suspicious for malignancy 

  (a)  Underlying cause . Usually thyroid cancer 

  (b)   Cytologic findings . Cytologic criteria are short for making 
a malignant diagnosis 

  (c)   Helpful tips . Make the diagnosis only if there is good cell 
representation and preservation; otherwise, repeat USG-
FNA in not less than 3 months 
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       Impact of FNA Diagnosis on Clinical 
Management 

 The FNA diagnosis dictates the management modality for 
patients, including the selection for surgery, with a positive 
impact on the cancer diagnoses and a negative impact on 
the number of unnecessary surgeries for benign conditions 
(Table  3.4 ).

       FNA Diagnosis of Benign Thyroid Nodule 

 A benign thyroid nodule is the most common (80 %) 
condition of the thyroid gland in adults and children. This 
diagnosis conveys the presence of a hyperplastic disorder, 
either nodular (nodular hyperplasia and dyshormonogenetic 

 6. Malignant 

  (a)   Underlying causes . PTC, medullary carcinoma, anaplastic 
(undifferentiated) carcinoma, squamous cell carcinoma, 
lymphoma, miscellaneous thyroid malignancies, and 
metastasis 

  (b)   Cytologic findings . Cytologic criteria fulfill the diagnosis 
of malignancy 

  (c)   Helpful tips . PTC has overlapping features mainly with 
hyalinizing trabecular tumor. Degenerative changes, 
inadequate specimen, and lack of cytopathologist’s 
experience are main causes for a false-positive diagnosis 

  Reported statistics for the various diagnostic categories are as fol-
lows: nondiagnostic (10–15 %), benign (60–80 %), FLUS and neo-
plasms (10–20 %), suspicious (3–10 %), and malignant (4–10 %) 
  Abbreviations :  TBS  the Bethesda System,  US  ultrasound,  PTC  
papillary thyroid carcinoma,  AUS  atypical cells of undetermined 
significance,  FLUS  follicular lesion of undetermined significance, 
 USG-FNA  ultrasound- guided fine-needle aspiration  

Table 3.3 (continued)
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goiter) or diffuse (Graves’ disease). The diagnosis of the 
specific entity cannot be made on FNA cytology only, but 
needs clinical correlation, and the patient is followed up 

   Table 3.4    Clinical management of thyroid nodules based on the 
FNA diagnosis   

 Diagnosis  Risk of malignancy and management 
 Nondiagnostic  The risk of malignancy is probably 5–10 %. 

Repeat FNA under US guidance in not less than 
3 months and perform rapid cytology evaluation 
if available. If again nondiagnostic, surgery may 
be considered, particularly in the case of solid 
nodules 

 Benign  Carries up to 3 % risk of malignancy. 
Clinical follow-up including US in 6–18 months 
and repeat FNA if nodule volume grows >50 %. 
Carries a false-negative rate of <5 % (<1 % by 
USG-FNA) 

 Indeterminate 
(AUS, FLUS) 

 Carries 5–15 % risk of malignancy. 
Repeat USG- FNA in 6 months. Molecular 
markers may be considered to help guide 
management 

 Follicular 
neoplasm 

 Carries 65–85 % risk of neoplasm and 15–30 % 
risk of malignancy. 
Lobectomy or total thyroidectomy if the nodule 
is autonomous by  123 I scan 

 Hurthle cell 
neoplasm 

 Carries 20–30 % risk of malignancy. Lobectomy 
or total thyroidectomy 

 Suspicious for 
PTC 

 Carries 60–75 % risk of malignancy. Lobectomy 
or total thyroidectomy 

 Malignant  Carries <1 % false-positive diagnosis. 
Near- total or total thyroidectomy. Further diagnostic 
workup is recommended for anaplastic carcinoma, 
lymphoma, and metastasis before surgery 

   Abbreviations: US  ultrasound,  FNA  fine-needle aspiration,  USG  
ultrasound guided,  FLUS  follicular lesion of undetermined signifi-
cance,  PTC  papillary thyroid carcinoma  
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 conservatively. Of note, the macrofollicular type of follicular 
adenoma cannot be distinguished from the other entities on 
FNA cytology. 

    Nodular Hyperplasia 

 Nodular hyperplasia, also known as nodular or multinodular 
goiter, adenomatoid goiter, and adenomatous hyperplasia, is 
the most common thyroid disorder. It can be endemic 
(related to iodine deficiency in the diet) or sporadic (unknown 
cause). Incidental carcinoma is seen in 5–10 % and is usually 
microcarcinoma of the papillary type. 

  Clinical findings . Patients usually are euthyroid and have a 
visible goiter. 

  Histopathology . The nodules may have macrofollicles, 
microfollicles, and areas of follicles with Hurthle cell changes 
and even a papillary architecture. Rupture of the follicles 
may produce a foreign body-type granulomatous reaction to 
the colloid. Calcification and fresh and old hemorrhage can 
be seen. Chronic inflammation is variably seen and is usually 
related to the development of hypothyroidism. 

  Molecular profile . Monoclonality, cytogenetic abnormali-
ties, aneuploidy, and oncogenic mutations have been seen in 
some hyperplastic nodules. Thus, there is debate whether 
hyperplastic nodules are in fact neoplastic.  BRAF  mutation 
and  PAX8/PPARγ  rearrangement have not been identified in 
hyperplastic nodules; however, occasional  RAS  mutations 
have been reported. 

  FNA findings . Common findings include colloid of vari-
able quantity and/or quality and variable numbers of benign 
follicular epithelial cells, Hurthle cells, macrophages, and 
lymphocytes. Follicular cells may be arranged in monolayer 
sheets, spheres, and intact follicles or singly. The amount of 
cytoplasm is variable and may range from hyperplastic to 
atrophic, commonly seen as stripped small nuclei. The nucle-
olus is small or inconspicuous. Cytoplasmic lipofuscin and/or 
hemosiderin pigment granules may be seen. Occasional 
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microfollicles may be seen, usually comprising less than 10 % 
of the cell representation. Cyst-lining cells with reparative 
features may be present in cystic nodules; the recognition is 
important to avoid a misdiagnosis of cystic PTC (Fig.  3.26 ).

    US features  (Fig.  3.27 )

•     Hyperplastic and adenomatoid nodules cannot be distin-
guished by US.  

•   Solid, usually isoechoic nodules with well-defined margins.  
•   Presence of comet tails, the result of crystals of desiccated 

colloid.  
•   Cystic degeneration is common.  
•   Heterogeneous echogenicity.  

a

c d

b

  Figure 3.26    Benign thyroid nodule. ( a ) Sheets of follicular epithe-
lial cells and colloid. ( b ) Atrophic follicular cells, colloid, and macro-
phages indicating cystic change. ( c ) Cohesive cyst-lining cells with 
elongated and “reparative” appearance and cytoplasmic lipochrome 
granules. ( d ) Sheets of cells with oxyphilic ( left ) and atrophic ( right ) 
changes. ( a , Papanicolaou stain, high power;  b – d , MGG stain, high 
power)       
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•   Calcifications are coarse or curved, peripheral, or 
dysmorphic.  

•   Rare microcalcifications can occur in 5 % of adenomatoid 
nodules.  

•   Variable vascularity, often Grades 1 and 2 pattern.     

    Dyshormonogenetic Goiter 

 This type of goiter is caused by genetically determined errors 
in thyroid hormone synthesis and metabolism, in part due to 
loss-of- function mutation genes. 

  Histopathology . The thyroid gland is large and nodular and 
histologically shows a solid and microfollicular pattern with 

a b

c d

  Figure 3.27    Ultrasound features of benign thyroid nodules. ( a ,  b ) 
Isoechoic nodule with well-defined margins, thick halo, and minimal 
focal peripheral vascular blood flow by Doppler examination. ( c ) 
Hypoechoic predominantly cystic nodule with comet tails ( arrows ). 
( d ) Coarse curve-shaped calcification ( arrow ) with posterior shadow 
in a hyperechoic nodule       
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cytologic atypia, mitoses, and a scant amount of colloid. Rare 
cases of follicular adenoma and carcinoma and even rarer 
cases of PTC have been reported.  

    Graves’ Disease 

 Graves’ disease is an autoimmune process that targets the thy-
roid follicles. Thyroid-stimulating immunoglobulin (TSI) and 
thyrotropin-binding inhibitor immunoglobulin (TBII) are 
involved in the pathogenesis of this disease. Patients develop 
autoantibodies to thyroid peroxidase, thyroglobulin, and TSH 
receptor; this stimulates the TSH receptor and increases the pro-
duction of thyroid hormone. Thymic hyperplasia may be seen. 

  Clinical findings . Diffuse toxic goiter occurs more fre-
quently in young females and is accompanied by exophthal-
mos in 25–50 % of cases. It can also occur in children. The 
gland shows mild to moderate symmetric, diffuse enlarge-
ment; however, large and/or cold thyroid nodules may be 
present and may be targeted by USG-FNA. Other causes of 
hyperthyroidism include “toxic” follicular adenoma, “toxic” 
sporadic nodular goiter, various thyroiditides, and iatrogenic 
causes such as amiodarone. 

  Histopathology . There is follicular hyperplasia with small 
follicles with scant thin colloid and occasional papillary 
fronds. The lining epithelium is columnar with nuclear hyper-
chromasia and usually clear cytoplasm. Lymphoid follicles 
are present in the stroma, which has prominent vascularity. 
In late stages, the gland is nodular with oncocytic changes, 
fibrosis, and follicular atrophy. Incidental microcarcinomas 
of papillary type have been found in Graves’ disease with an 
incidence equal to that found in normal glands. 

  FNA findings . Smears are usually cellular, showing sheets 
of cohesive cuboidal or columnar cells with abundant slightly 
clear cytoplasm, a round nucleus, and conspicuous nucleoli. 
A few microfollicular aggregates, lymphocytes, and oncocytes 
may be seen. Romanowsky-stained smears may show follicular 
cells with microlobulated cytoplasmic borders/microvacuoles 
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exhibiting accentuated red-pink edges; however, they are 
not specific for Graves’ disease and may be seen in other 
benign and malignant thyroid conditions. Smears from treated 
patients may have significant architectural and cytologic atypia 
(Fig.  3.28a, b ).

    US features  (Fig.  3.28c, d  )

•    The gland is enlarged and may show normal echotexture, 
but it is usually hypoechogenic, corresponding to the lym-
phoid infiltrates and decreased amounts of colloid seen 
histologically. Occasionally, the parenchyma shows small 
2–3-mm hypoechoic foci.  

•   Blood flow is increased (thyroid “inferno”) on Doppler 
examination.  

a b

c d

  Figure 3.28    Treated Graves’ disease. ( a ,  b ) Slightly complex sheets 
of large cells with slightly granular cytoplasm, prominent anisocyto-
sis and anisonucleosis, and microlobulated cytoplasmic borders/
microvacuoles exhibiting accentuated red-pink edges. (MGG stain, 
high power). ( c ,  d ) There is an ill-defined slightly hypoechogenic 
nodule in the right thyroid lobe with increased vascular blood flow 
by Doppler examination       
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•   The incidence of thyroid nodules and thyroid cancer in 
Graves’ disease equals that seen in the general population.      

    FNA Diagnosis of Thyroiditis 

 All forms of thyroiditis are more common in women than in men. 
They can be classified as autoimmune (chronic lymphocytic 
or Hashimoto’s), subacute granulomatous (De Quervain’s), 
subacute lymphocytic, acute suppurative, and chronic fibrous 
(Riedel’s) thyroiditides. Rare causes of granulomatous thyroid-
itides include tuberculosis, localized or systemic sarcoidosis, 
Wegener’s granulomatosis, Langerhans cell histiocytosis, for-
eign body reactions, and “palpation” thyroiditis. 

 Ultrasonography is helpful in evaluation of the echotexture 
of the gland and the presence of nodules. The US characteris-
tics of thyroiditis are variable along the course of the disease 
and may show focal or diffuse hypoechogenicity. If diffuse, the 
parenchyma also looks heterogeneous, with hyperechoic 
streaks representing fibrosis. Likewise, once the inflammatory 
process improves or resolves, the US appearance is also vari-
able, ranging from normal to hypoechoic nodular or atrophic. 

 Thyroiditides have distinct cytologic findings allowing for 
a specific FNA diagnosis in most cases. 

    Autoimmune (Chronic Lymphocytic 
and Hashimoto’s) Thyroiditis 

  Clinical findings . Autoimmune thyroiditis is a clinicopatho-
logic and serologic entity that shows varying degrees of 
 thyroid dysfunction, thyroid tissue diffuse lymphocytic infil-
tration, and positive serum thyroid autoantibodies to thy-
roid peroxidase (TPO), thyroglobulin, and TSH receptors. 
However, serology may be negative in rare cases. 

 Hashimoto’s thyroiditis commonly affects women over the 
age of 40 years as well as children and adolescents who pres-
ent with diffuse symmetric, slightly asymmetric, or multinod-
ular goiter. Mild hyperthyroidism usually occurs in the initial 
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phases of the disease process and hypothyroidism in late 
stage. Hashimoto’s thyroiditis is the leading cause of hypo-
thyroidism in areas with no iodine-deficient diet. It is com-
monly associated with autoimmune processes in other organs, 
and it predisposes to the development of lymphoma. The rate 
of epithelial malignancy in thyroid nodules in a background 
of Hashimoto’s thyroiditis is at least as high as or possibly 
higher than that in normal thyroid glands. 

  Histopathology . The presence of diffuse lymphoid infiltra-
tion with germinal center formation is characteristic of auto-
immune thyroiditis. Small colloid-depleted thyroid follicles 
lined with “normal” epithelium are seen in lymphocytic thy-
roiditis, and those with “oncocytic” epithelium, in Hashimoto’s 
thyroiditis. Hashimoto’s thyroiditis also shows plasma cells, 
histiocytes, and multinucleated giant cells as well as squa-
mous metaplasia and extensive fibrosis. Large cysts lined with 
metaplastic squamous epithelium and surrounded by hyper-
plastic lymphoid follicles may be seen. Hyperplastic nodules 
may be present, particularly in multinodular Hashimoto’s 
thyroiditis; also, a follicular or Hurthle cell adenoma can 
occur in the same setting. While diffuse reactive cellular 
changes are commonly seen in autoimmune thyroiditis, 
microscopic foci of cells showing pronounced architectural 
and cytologic atypia (lack papillary architecture or intranu-
clear cytoplasmic invaginations) are not uncommonly seen 
and are called “follicular epithelial dysplasias” and may be 
the precursors of papillary thyroid carcinoma. 

  Immunoprofile . The immunophenotype of oncocytic 
cells in Hashimoto’s thyroiditis and PTC is similar. Thus, 
these findings may provide an indication that patients with 
Hashimoto’s thyroiditis have a small but real risk of develop-
ing PTC. Medullary carcinoma is exceedingly rare to occur 
in a background of autoimmune thyroiditis. In contrast to 
reactive cellular changes that are negative or weak and focal 
for HMBE-1, CK 19, and galectin- 3, “follicular epithelial 
dysplasias” are positive in 86, 96, and 40 %, respectively, and 
support the concept that these lesions are precursors of papil-
lary thyroid carcinoma that shows similar immunoreactivity. 
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  Molecular profile . It is suggested that multiple genes with 
variable penetrance are involved in the development of auto-
immune thyroiditis.  RET/PTC  may provide a link between 
PTC and Hashimoto’s thyroiditis. Patients who developed 
PTC in the Chernobyl accident developed associated chronic 
autoimmune thyroiditis. 

  FNA findings . Smears are usually cellular, although the 
presence of follicular or Hurthle cells is not required for 
specimen adequacy. The background shows a polymorphous 
population of benign reactive lymphocytes and plasma cells. 
Lymphoid elements may be entangled with the epithelial 
cells. Of note, Hurthle cells may have prominent anisonucleo-
sis, which may be a source for an erroneous diagnosis of 
atypia, Hurthle cell neoplasm, or even PTC. Lymphoma 
should be considered in the presence of monomorphic lym-
phoid cells (Fig.  3.29 ).

    US features   

•  The US appearance is highly variable and correlates with 
the progression of histopathologic changes along the 
course of the disease. The lymphoid and oncocytic cell 
components appear homogeneous on US, and fibrous tis-
sue elements as hyperechoic septa.  

•   Early in the course of the disease, the gland appears dif-
fusely enlarged and profoundly hypoechoic, which corre-
lates with lymphocytic infiltration and colloid depletion 
without fibrosis. Subclinical thyroid dysfunction is com-
mon at this stage.  

•   As the disease progresses, there is mild hyperechogenicity, 
heterogeneity, and pseudo-micronodularity (“moth-eaten” 
or cotton weave) that is the result of destruction of thyroid 
tissue.  

•   Poorly outlined hypoechoic pseudonodules may be vari-
ably present, often transient, and may represent coalescent 
aggregates of lymphoid cell-rich tissue, which may be sur-
rounded by echogenic septa. A “Swiss-cheese” appearance 
on US, the result of small cystic lesions, may be seen in the 
course of the disease.  
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  Figure 3.29    Autoimmune thyroiditis. The smear shows sheets of 
Hurthle cells and lymphocytes ( a ). The Hurthle cells are both single 
and clustered, the lymphocytes are both single and entangled with 
Hurthle cells, and there is lack of colloid ( b ,  c ). Ultrasound features 
show a diffusely enlarged slightly hypoechoic thyroid gland ( d ) and 
increased blood flow by Doppler examination ( e ). Progressively the 
gland develops a “moth-eaten” pseudo-micronodularity ( f ), echo-
genic septa surrounding hypoechogenic pseudonodules ( g ), hyper-
echoic regenerative pseudonodules (“white knight”,  arrow ) ( h ), 
cobblestone appearance (“giraffe skin,”  i ), and detached pseudonod-
ules ( j , calipers) ( a , Diff-Quik stain low power. Courtesy of Dr. Javier 
Saenz de Santamaria, Badajoz, Spain;  b ,  c , MGG stain, high power)         

a b

c d

e f
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•   Hyperechogenic pseudonodules may be seen in “regener-
ative” nodules or as a result of aggregated fibrous tissue 
(“white knight”).  

•   “Detached” tissue nodules may be seen in chronic stages.  
•   Blood flow is variable; it ranges from absent to normal to 

increased on Doppler examination.  
•   The gland is small, atrophic, hypoechoic, and heteroge-

neous in end-stage disease.  
•   True distinct hypoechogenic thyroid nodules with or with-

out calcifications may be seen and need USG-FNA sam-
pling to rule out PTC or lymphoma. Cytologic material for 
confirmatory flow-cytometry studies can be easily obtained 
by this means.  

•   A “speckled” pattern is occasionally seen and probably 
needs a USG-FNA, because the numerous “colloid bodies” 
may be difficult to distinguish from the numerous psam-
moma bodies present in the sclerosing variant of PTC.  

•   Prominent lymph nodes in the central and lateral neck are 
almost always present.     

g h

i j

Figure 3.29 (continued)

Chapter 3. The Thyroid Gland



74

    Subacute Granulomatous (De Quervain’s) 
Thyroiditis 

 Subacute thyroiditis is a transient self-limited inflamma-
tory process. The etiology is unknown but is generally 
believed to be of viral origin (mumps, measles, influenza, 
Coxsackie, Epstein–Barr, and adenovirus). It may also be 
drug induced. 

  Clinical findings . Middle-aged women are usually affected 
and develop a sore throat and anterior lower neck tenderness 
of rapid onset, accompanied by fever and malaise. The pro-
cess commonly follows a viral illness, usually in patients with 
HLA-Bw35 antigen. The acute phase lasts approximately 1 
month with a hyperthyroid stage, followed by several months 
of hypothyroidism before the patient returns to a euthyroid 
stage. Thyroid autoantibodies are negative. The glandular 
involvement is usually asymmetric, and the affected areas 
are firm. 

  Histopathology . There is a granulomatous inflammatory 
reaction with multinucleated cells of the giant cell type. 
Colloid is often seen within the giant cells. 

  FNA findings . The FNA procedure may be painful, which 
limits adequate sampling of the nodule. Smears show vari-
able cellularity, multinucleated giant cells, isolated histio-
cytes, granulomas, chronic inflammation, and neutrophils, 
particularly in the early phase of the disease process. Fibrosis 
and scant cellularity are seen in late phases of the process 
(Fig.  3.30a–c ).

    US features   

•  The US shows diffuse or localized hypoechogenicity in the 
affected painful or tender areas. When localized, the 
US features mimic those of carcinoma or lymphoma 
(Fig.  3.30d, e ).  

•   No increased vascularity is seen in the affected areas; how-
ever, vascularity may be increased in the recovery phase.  

•   The US appearance usually returns to normal in the 
recovery phase.     
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    Subacute Lymphocytic (Sporadic or Postpartum) 
Thyroiditis 

 This type of thyroiditis is an autoimmune process with posi-
tive thyroid antibodies that develops in the first year after the 
delivery. Patients initially have transient  hyperthyroidism and 
a nontender thyroid gland, followed by lymphocytic thyroiditis.  

a b

c d

e

  Figure 3.30    Subacute thyroiditis. Multinucleated giant cells with 
numerous nuclei ( a ), granulomas ( b ,  c  left lower side), acute inflam-
matory cells ( b ), and benign follicular cells ( c ) are present. Ultrasound 
shows poorly defined heterogeneous and irregular areas of hypoecho-
genicity ( d ) with lack of vascular blood flow by Doppler examination 
( e ). ( a , Papanicolaou stain low power;  b ,  c  MGG stain, high power)       
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    Acute Suppurative Thyroiditis 

 Acute suppurative thyroiditis is uncommon. The etiology is 
bacterial, usually due to staphylococci and streptococci, or 
fungal secondary to hematogenous or lymphatic dissemina-
tion (sepsis in an immunocompromised individual or mal-
nourished infant), contiguous spread from adjacent sites 
(infections of the upper aerodigestive tract), or superinfec-
tion of congenital anomalies such as thyroglossal duct cyst or 
pyriform sinus fistula. Most patients have an underlying thy-
roid disorder. In the presence of acute suppurative unilateral 
thyroiditis or abscess in the thyroid or surrounding tissue, a 
persistent pyriform sinus-thyroid fistula resulting from a 
fourth branchial cleft anomaly or a persistent embryonal thy-
mopharyngeal duct from the third pouch, usually left-sided 
should be excluded and surgically treated to avoid recurrent 
infections. 

  Clinical findings . Patients complain of anterior lower neck 
swelling and pain developing over a period of days to weeks, 
accompanied by fever, dysphagia, dysphonia, hoarseness, and 
palpable cervical lymphadenopathy. Thyroid function tests 
are normal, although there may be transient hyper- or hypo-
thyroidism; autoantibodies are negative. 

  Histopathology . There is acute inflammation and tissue 
necrosis with eventual abscess formation. 

  FNA findings . Smears show a purulent smear pattern with 
necrosis and blood. Organisms may be seen particularly in 
immunosuppressed patients. Occasional reactive follicular 
cells may be seen; however they are not a requirement for 
specimen adequacy. Samples for bacterial cultures should be 
obtained. Treatment includes antibiotics and abscess 
drainage. 

  US features   

•  The thyroid gland is diffusely hypoechoic and edematous 
with intermixed hyperechoic trabeculae and mildly 
increased vascularity.  

•   A thyroid abscess may develop in the course of the disease 
and shows a complex echotexture, irregular borders, and 
posterior acoustic enhancement in the cystic areas.     
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    Chronic Fibrous (Riedel’s) or Ligneous Thyroiditis 

 This rare entity has an unknown etiology and probably rep-
resents a primary inflammatory dense fibrotic process replac-
ing the thyroid tissue. Rarely, it may be part of a multisystemic 
fibrosclerotic syndrome. 

  Clinical findings . This process affects predominantly adult or 
elderly female patients. The fibrosis extends to the tissues sur-
rounding the thyroid, compressing adjacent structures and caus-
ing hoarseness and stridor. Shortness of breath and dysphagia 
develop if the fibrosis extends into the mediastinum. The thy-
roid gland is enlarged and has a stony consistency. Tenderness 
or cervical lymphadenopathy is absent. Most patients are 
euthyroid, but 30 % have hypothyroidism. Cases of hypopara-
thyroidism have been described due to fibrosis. Similar signs 
and symptoms are seen in anaplastic thyroid carcinoma. 

  Histopathology . There are areas of complete obliteration of 
the thyroid parenchyma next to areas with preserved architec-
ture. Microscopically, there is extensive fibrosis that extends to 
the surrounding perithyroidal tissue planes. Chronic inflam-
mation is patchy, and multinucleated cells are lacking. 

  FNA findings . Smears are pauci- or acellular, showing rare 
strands of fibrocollagenous tissue. Rare lymphocytes and bland- 
appearing spindle cells may be seen. Colloid and follicular cells 
are usually absent (Fig.  3.31 ). Open surgical biopsy is often 
needed for definitive diagnosis and exclusion of malignancy.

    US features 

•    The gland may be enlarged or poorly defined and has a 
diffuse, homogeneous hypoechogenicity.      

    FNA Diagnosis of Follicular Neoplasm 

 The FNA diagnosis of “follicular neoplasm” reflects the 
lack of ability of cytology to distinguish accurately among 
a hyperplastic nodule in nodular goiter, follicular adenoma, 
and follicular carcinoma due to overlapping cytologic fea-
tures. The follicular variant of PTC may be considered in 
this group when nuclear features of papillary carcinoma are 
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 inconspicuous. Parathyroid adenoma shows cytologic fea-
tures similar to those of a follicular neoplasm and is often 
misinterpreted as such; this issue will be discussed under 
parathyroid adenoma/carcinoma. 

    Follicular Adenoma and Carcinoma 

 Follicular adenoma is the most common thyroid neoplasm. 
Follicular carcinomas are rare, although they are more com-
mon in iodine-deficient geographic areas. 

 Lobectomy is necessary for differentiation between ade-
noma and carcinoma. Thus, the diagnosis is made histopatho-
logically only. 

  Clinical findings . Most patients are euthyroid and have a 
solitary “cold” nodule on thyroid scan. Few adenomas are 
“hot” and may cause hyperthyroidism (“Plummer adenoma”). 
Follicular carcinomas often measure >5 cm, and they occur 
predominantly in women of the fifth decade or older; however, 
it may occur in children and adolescents as well. Metastases 
are hematogenous rather than lymphatic. Thus, regional lymph 
node metastases are unusual. Distant visceral metastases 
include the lung, bone, kidney, etc. The prognosis is slightly 
worse than that of PTC, with a 75–95 % 10-year survival. 

  Histopathology . Adenoma is surrounded by a thin cap-
sule that is grossly and histologically complete, lacking 

a b

  Figure 3.31    Reidel’s thyroiditis (From the American Society of 
Cytology slide seminar 2005). Paucicellular smears showing a 
fibrocollagenous tissue fragment with damaged inflammatory cells 
( a ) and rare bland stromal cells ( b ). (Diff-Quik stain, low and high 
power)       
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capsular, vascular, or thyroid invasion. The pattern may be 
microfollicular, normofollicular, macrofollicular, trabecu-
lar, solid, and/or papillary. Cells are usually monomorphic, 
but occasionally there is cellular pleomorphism with large 
bizarre hyperchromatic nuclei; however, other features of 
malignancy are absent. Nuclear features of PTC are absent. 
Mitoses are rare or absent. Cystic degeneration, spindle 
cells, and adipose and cartilaginous metaplasia may be seen 
particularly in large-sized adenomas. Clear cell changes 
(cytoplasmic glycogen, lipid, mucin) are more common in 
carcinomas than in adenomas. In contrast, signet ring cells 
(cytoplasmic thyroglobulin) are more common in adeno-
mas. Adenomas can also show black pigment (minocycline 
related). 

 Follicular carcinoma can be subclassified as minimally 
invasive or widely invasive. Follicular carcinomas measuring 
less than 2 cm have not been associated with metastatic 
 disease. Widely invasive carcinomas with necrosis and/or 
mitoses have a worse prognosis. 

  Immunoprofile . Normal follicular tissue, follicular ade-
noma, and follicular carcinoma have similar profiles includ-
ing positivity for thyroglobulin, TTF-1, low-molecular-weight 
keratin, EMA, laminin, and type IV collagen. 

  Molecular profile . No molecular test is able to differenti-
ate between follicular adenoma and follicular carcinoma. 
Mutually exclusive  RAS  point mutations and  PAX8/PPARγ  
rearrangements are seen in both follicular adenomas and 
carcinomas (70–75 %) (Figs.  3.32 ,  3.33 , and  3.34 ).

•        RAS  mutation is related to follicular architecture in 
 thyroid tumors and is typically detected in 20–40 % of 
conventional- type follicular adenomas, 40–50 % 
of  conventional-type follicular carcinomas, and 10–20 % of 
the follicular variant of PTC and not in conventional PTC. 
A lower incidence has been seen in oncocytic tumors.  

•   Many studies on thyroid follicular tumors have reported 
the presence of somatic mutations to three forms of 
 RAS :  HRAS ,  KRAS , and  NRAS . The rate of gene muta-
tions is significantly higher in the carcinomas than in the 
adenomas.  RAS  mutations in follicular carcinoma have 
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been correlated with an unfavorable prognosis and poor 
overall patient survival and may be correlated with tumor 
 dedifferentiation as they are prevalent in anaplastic carci-
noma. The  NRAS  codon 61 mutation in follicular carcino-
mas is positively associated with distant metastases.  

•    PAX8/PPARγ  rearrangements occur in 12–40 % of con-
ventional follicular carcinomas, with lower prevalence in 
oncocytic (Hurthle) carcinomas. They have also been 
found in the follicular variant of PTC (38 %, particularly 
the encapsulated ones), follicular adenomas (2–13 %), 

Growth Factors (GFs) bind to
Receptor Tyrosine Kinases (RTKs) such as RET and NTRK

Receptor dimerization & autophosphorilation in the intracellular domain
(MAPK signaling pathway is activated)

RAS activation

RAS binds, recruits and activates BRAF

BRAF activates MAPK/ERK kinase (MEK)

MEK activates the extracellular signal-regulated kinase (ERK)

ERK translocates into the nucleus

ERK regulates

Cell differentiation Cell proliferation Cell survival

  Figure 3.32    MAPK signaling pathway       
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hyperplastic thyroid nodules, and anaplastic and poorly 
differentiated carcinomas (7 %). Tumors tend to occur at 
a young age, be of small size, and have vascular invasion.  

•   “Hot” adenomas typically have  TSHR  and  GNAS1  acti-
vating mutations. The PI3K/PTEN/AKT pathway is rarely 
activated in follicular adenomas; however, this pathway is 
activated in follicular carcinoma associated with Cowden, 
Carney complex type I, and Wermer syndromes.  

•   Loss of heterozygosity on 7q and 3p loci is frequently 
 encountered in follicular carcinomas.    

  FNA findings . (Microfollicular adenoma, Fig.  3.35a–d  .  
Follicular carcinoma, Fig.  3.35e–g ). Smears are cellular 
and show microfollicular and trabecular patterns, as well 

Somatic mutation

Amino-acid substitutions of RAS gene

NRAS,HRAS,KRAS

Constitutive activation of the Raf -MEK-MAPK and PI3K/AKT signaling pathways

Dysregulation of specific genes

Abnormal thyroid cell proliferation and differentiation
May correlate with unfavorable prognosis 

  Figure 3.33     RAS  in follicular carcinoma (40–50 %)       
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t(2;3) (q13;p25) rearrangement

In-frame fusion of the promoter and DNA-binding domains of PAX8

And
the nuclear receptor domains of PPARG1

PAX8/PPARγ1 fusion protein

Overexpression of PPARγ1 or

Deregulation of PAX8 pathway

Thyroid carcinoma formation
(solid/trabecular growth pattern, and

higher vascular invasion, often galectin-3 and/or
HBME-1-positive)

  Figure 3.34     PAX8/PPARγ  in follicular carcinoma (30–40 %)       

  Figure 3.35    Follicular adenoma ( a–d ). High cellularity and a tra-
becular arrangement ( a ,  b ). Microfollicles showing cells with high 
nuclear to cytoplasmic ratio, large nuclei, and molding ( c ). Signet 
ring cells (cytoplasmic thyroglobulin) are seen in a different case 
( d ). Follicular carcinoma ( e–g ). Cells with oxyphilic change are seen 
in a microfollicular pattern ( e ,  f ). Vascular invasion is seen in the 
resection specimen ( g ). Follicular adenoma, ultrasound features 
( h – k ). These two cases show single hypoechoic nodules [1.6 and 
5.5cm (composite image between  arrows ) in maximum diameter], 
slightly heterogeneous echotexture, well-defined margins, no halo, 
and Grade 4 vascular blood flow on Doppler examination. ( a – c ,  e  
and  f , MGG stain, high power;  d , Papanicolaou stain, high power;  g , 
hematoxylin and eosin stain, low power)         
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as single cells. A microfollicle is characterized by less than 
15 crowded and overlapped cells. Cells may be slightly or 
markedly enlarged with scant cytoplasm, a round nucleus, 
slightly coarse chromatin, and an inconspicuous nucleolus. 
Rare atypical cells may be seen. There is nuclear overlap-
ping and molding, but nuclear features for PTC are absent. 
Colloid is scant or absent; however, dense colloid may be 
seen in the lumen of the microfollicle. Occasional sheets 
of cells with no overlapping and small cell and nuclear 
size may be seen  indicating a macrofollicular component, 
usually comprising less than 25 % of smear cellularity. 
Macrophages indicating cystic change may be present in 
large tumors. Psammoma bodies are absent and squamous 
metaplasia is rare.

    US features  (Fig.  3.35h–k )

•    US features cannot separate follicular adenoma from fol-
licular carcinoma.  

h i

j k

Figure 3.35 (continued)
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•   Nodules are commonly solitary or dominant, hypoechoic, 
homogeneous or slightly heterogeneous, and solid.  

•   Oval or round shape, regular and well-defined margins, 
hypoechoic halo 1–3-mm thick, and an intact capsule are 
US features strongly suggestive of adenoma.  

•   An inhomogeneous internal texture, an irregular ill-
defined margin, and an absent or discontinuous thick and 
irregular halo suggest follicular carcinoma. However, these 
findings are not sensitive or specific, because follicular 
carcinomas may be hyper- or isoechoic and may have a 
halo.  

•   Cystic change is absent or minimal and calcifications are 
rare in adenomas, except in large tumors.  

•   Vascularity is usually present and peripheral in adenomas; 
however, no vascularity is seen in a few follicular  adenomas. 
Intranodular vascularity is more common in carcinomas 
than in adenomas. A lack of blood flow by Doppler exami-
nation in follicular neoplasms makes malignancy very 
unlikely.  

•   Widely invasive tumors often show a heterogeneous 
mulberry- like echotexture and ring calcifications.     

    Oncocytic (Hurthle Cell) Neoplasm 

 Approximately 20 % of follicular neoplasms are oncocytic; 
they may be benign or malignant. Hurthle cell adenomas are 
cured by excision. Carcinomas are highly aggressive. 

  Clinical findings . Most patients have single or multiple 
nodules. Hurthle cell carcinomas are larger than adenomas, 
tend to occur in an older age group, and do not show much 
female preponderance. Lesions >4 cm are often (80 %) 
malignant. The prognosis seems to be worse than conven-
tional follicular carcinoma, with a greater risk of distant 
metastasis (30 %), 20–40 % mortality at 5 years, and a 40 % 
10-year survival rate. Lungs and bone are common sites for 
metastasis. 
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  Histopathology . Similar to follicular neoplasms, the dis-
tinction between a benign and a malignant oncocytic neo-
plasm is histologic, following the same histologic criteria. 
The architectural pattern may be follicular, trabecular, solid, 
or papillary. The follicular pattern is commonly seen in ade-
nomas and the solid/trabecular pattern in carcinomas. 
Cellular pleomorphism and prominent nucleoli are common 
in both. Massive infarction may be present particularly after 
FNA. 

  Immunoprofile . No ancillary technique distinguishes 
between Hurthle cell adenoma and carcinoma. Oncocytes 
show reactivity with thyroglobulin, mitochondrial antigens, 
glucose transport 4 (GLUT-4), keratin, and in particular 
CK14, CEA, S-100 protein, and HMB-45. 

  Molecular profile . No specific chromosomal abnormality 
has been described.  RAS  mutations also occur in these 
tumors, although less frequently than in follicular tumors. 
 PAX8/PPARγ  rearrangements are virtually never seen in 
Hurthle cell carcinoma; in contrast, this abnormality is seen 
in 25–50 % of follicular carcinomas. Mutations of the mito-
chondrial DNA may be the responsible for the mitochondrial 
dysfunction and for the increased numbers of mitochondria 
characteristic of these cells. In contrast to PTC with oncocytic 
features that is diploid, both Hurthle cell adenomas and car-
cinomas are aneuploid. 

  FNA findings  (Fig.  3.36 ). The smears are cellular and com-
posed almost exclusively of loosely cohesive Hurthle cells of 
variable cell, nuclear, and nucleolar size. Syncytial aggregates 
and crowded groups with or without capillaries may be seen. 
Large and small “dysplastic” Hurthle cells have been described. 
Cells from carcinoma are smaller, more monomorphic, and 
have a high nuclear to cytoplasmic ratio   . Nuclear atypia is 
unreliable for the diagnosis of a Hurthle cell neoplasm, because 
marked nuclear atypia can be seen in metaplastic nonneoplas-
tic oncocytes of nodular goiter and Hashimoto’s thyroiditis. 
The background lacks colloid and lymphocytes. PTC, medullary 
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  Figure 3.36    Hurthle cell adenoma ( a ,  b ). Smear shows high cellular-
ity with crowded fragments of large cells and fine capillaries ( a ); 
cells show anisocytosis, round nuclei with prominent nucleoli and 
granular eosinophilic cytoplasm ( b ). Hurthle cell carcinoma ( c–e ). 
Complex aggregate of monomorphic cells supported by a fine capil-
lary network ( c ); bland- appearing Hurthle cells are smaller than 
those of the prior case, monomorphic, and lack cytologic features of 
malignancy ( d ,  e ). ( a ,  c  and  d , MGG stain, high power;  b  and  e , 
Papanicolaou stain, high power)       
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 carcinoma, and parathyroid tumors should also be considered 
in the differential diagnosis. Medullary carcinoma cells often 
lack nucleolus, and parathyroid tumors show a “salt-and- 
pepper” chromatin. Immunochemical stains are also helpful.

    US features 

•    The US criteria are unreliable for differentiation among 
follicular neoplasm, Hurthle cell adenoma, and Hurthle 
cell carcinoma.  

•   Nodules have mixed hyper- and hypoechoic echogenicity, 
are often solid and ill-defined with incomplete halo, and 
lack calcifications.  

•   Nonspecific type intranodular vascularity as seen in 
 follicular neoplasms may be present.     

    Hyalinizing Trabecular Tumor 

 It has been suggested that this tumor is the morphologic 
variant of PTC that behaves in a benign fashion. Until this is 
clarified, it is preferable to call it a tumor instead of adenoma. 

  Histopathology . This tumor has a characteristic trabecular 
arrangement of follicular cells surrounded by a prominent 
hyalinized collagenized stroma (type IV collagen). Cells show 
a cytoplasmic paranuclear yellow inclusion body (intermedi-
ate filaments) with a refractile appearance. The tumor shares 
morphologic features (psammoma bodies, nuclear inclusions, 
and groves) with PTC. 

  Immunoprofile . The tumor is consistently positive for thy-
roglobulin and TTF-1 and in 50 % for CK19 and galectin-3. 
Immunoreactivity for S-100 protein and neuroendocrine 
markers may be rarely seen. Calcitonin and CEA are negative. 

  Molecular profile . Rare cases of hyalinizing trabecular 
tumor share  RET/PTC  translocations as seen in PTC, but no 
 RAS  or  BRAF  mutations have been found. Of note,  RET/
PTC  has also been seen in Hashimoto’s thyroiditis, Hurthle 
cell adenoma, and hyperplastic nodules. 

  FNA findings . The smears are variably cellular and show 
single dispersed cells and complex cell aggregates embedded 
in a dense “amyloid-like” and fibrillary metachromatic 
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 material. The cells are large with usually ill-defined cytoplas-
mic whispy/filamentous borders, dense cytoplasm, and numer-
ous intranuclear cytoplasmic invaginations and nuclear 
grooves (Fig.  3.37a–d ). Psammoma bodies and cytoplasmic 

a b

c d

e f

  Figure 3.37    Hyalinizing trabecular tumor. Smear is cellular ( a ) 
showing complex aggregates of large cells surrounded by an “amy-
loid-like” stroma ( b ). Cells have ill-defined wispy cytoplasmic bor-
ders, nuclear grooves, and numerous intranuclear cytoplasmic 
invaginations ( b  ( arrows ),  c ). Tissue section shows a circumscribed 
tumor with a trabecular architecture supported by a dense hyalin-
ized stroma ( d ). Ultrasound features include an oval well-circum-
scribed homogeneous hypoechoic nodule with Grade 4 vascular 
pattern by Doppler examination ( e ,  f ). ( a – c , MGG stain, high power; 
 d , hematoxylin and eosin, low power)       
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paranuclear yellow inclusions (light green on Papanicolaou 
stain) may be present. Often, this tumor is interpreted as PTC 
or less often as medullary carcinoma.

    US features  (Fig.  3.37e, f )

•    These tumors share US features with follicular neoplasms, 
including the follicular variant of PTC, but rarely with 
those of PTC.  

•   Tumors often show a hypoechoic solid echotexture, oval to 
round shape, well-defined margins, a hypoechoic halo, and 
no calcifications. A heterogeneous echotexture is seen in 
some cases.      

    FNA Diagnosis of Thyroid Malignancies 

 The American Cancer Society statistics for 2014 estimates 
that 62,980 ( M  = 15,190 and  F  = 47,790) new cases of thyroid 
cancer will be diagnosed and 1,980 ( M  = 830 and  F  = 1,060) 
will die of thyroid malignancy in the United States. 

 In adults and children, most thyroid malignancies are 
PTCs (75–80 %) followed by follicular (10–20 %), medullary 
(3–5 %), and anaplastic (1–2 %) carcinomas. Thyroid lym-
phoma, sarcoma, and metastases are rare. 

 PTC, follicular carcinoma, and Hurthle cell carcinoma are 
grouped as differentiated thyroid cancer (DTC). Poorly dif-
ferentiated thyroid carcinoma (PDTC) includes those tumors 
with no glandular component and instead insular, trabecular, 
and solid histologic tumor architecture and at least one of the 
following: convoluted nuclei, mitoses (>3/10 HPF), or necro-
sis. Based on its biologic behavior, DTC is treated with total 
or near-total thyroidectomy with lymph node dissection, 
depending on the extent of intra- and extrathyroidal and 
metastatic disease, followed by  131 I. In contrast, PDTC is 
treated with a more aggressive surgical approach, often post-
operative  131 I, and in some cases external- beam radiotherapy. 
Of note, PDTC and anaplastic thyroid carcinoma are 2 dis-
tinct clinicopathologic entities whose therapeutic manage-
ment is different. PDTC may represent an intermediate 
entity in the progression from DTC to anaplastic thyroid 
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carcinoma. Medullary carcinoma is a distinct tumor treated 
with thyroidectomy and lymph node dissection. Somatostatin 
inhibitors, repeat surgery, and external-beam radiation are 
used in recurrent and metastatic medullary carcinoma. 

    Papillary Thyroid Carcinoma 

 Papillary thyroid carcinoma is the most common type of thy-
roid malignancy in children and adults, affecting more women 
than men and predominating in the fifth decade of life. There 
has been almost a threefold increment in the incidence of 
PTC in the last three decades, mostly due to an increase in 
detection and not in the true occurrence. Tumors less than 5 
mm are considered micropapillary carcinomas, the occur-
rence of which ranges between 5 and 36 %, and the natural 
history is not well understood. 

 The long-term prognosis is very good, particularly in chil-
dren and adolescents. The survival rate is 99 and 95 % at 20 
years and 30 years after surgery, respectively. Adverse prog-
nostic factors include male sex; older patients; large tumor 
size; extracapsular extension or vascular invasion; distant 
metastases; tall-cell, columnar cell, and sclerosing variants at 
histology; and high postoperative thyroglobulin levels. 
Cervical lymph node metastasis does not seem to affect the 
prognosis. 

 DNA ploidy, circulating tumor cells detected by RT-PCR 
assay for thyroglobulin RNA, and detection of  BRAF  V600E 
mutation are also considered adverse prognostic factors. 

  Clinical findings . Patients are usually asymptomatic and 
euthyroid. Lymph node involvement is common particularly 
in young patients and may be the first manifestation of the 
disease. Hematogenous metastases are less common.  BRAF  
mutations have been associated with lymph node and lung 
metastases. Extrathyroidal extension is seen in 25 % of 
patients at the time of surgery. 

  Histopathology . The tumor shows a papillary architec-
ture with fibrovascular cores lined with columnar, cuboidal, 
and at times hobnail epithelium. A follicular component is 

Chapter 3. The Thyroid Gland



92

commonly seen. The cytologic findings include ground-glass 
nuclei (absent in frozen sections and FNA material), intra-
nuclear cytoplasmic invaginations (present in frozen sections 
and FNA material), nuclear groves, and nuclear microfila-
ments seen in rare cases as intranuclear clearing. Psammoma 
bodies are seen in 50 % of cases and, when present, are 
almost always indicative of PTC; however, they can be seen 
in medullary carcinoma. A clear cell change may occur as 
a result of glycogen accumulation. Chronic inflammation is 
seen in 25 % of cases. 

  Immunoprofile . PTC shows positivity for CK/CK19/ TTF-1, 
thyroglobulin (TG), HBME-1, PAX8, S-100 protein,  vimentin, 
and EMA, among others. CK20 is negative. These markers 
are rarely used because the diagnosis is made by morphology 
in most cases. However, the most specific and useful markers 
for determination of the cell lineage are TG and TTF-1. 
Because the oncocytic cells of Hashimoto’s thyroiditis share 
their immunoprofile with PTC, HBME-1 and CK19 are most 
useful for differentiating between the two. 

  Molecular profile . The mitogen-activated protein kinase 
(MAPK) pathway, physiologically activated by growth fac-
tors binding to receptor tyrosine kinases in the cytoplasmic 
membrane, propagates signals to the nucleus and regulates 
cell proliferation, differentiation, and survival (see Fig.  3.32 ).

•    In PTC, activation of this pathway is secondary to point 
mutations of  RAS  and  BRAF  genes or results from RET/
PTC and TRK rearrangements involving the  RET  and 
 NTRK1  genes, respectively (Figs.  3.38  and  3.39 ). RET/PTC 
is the major molecular marker for PTC, and at least15 
types of  RET/PTC  chimeric oncogene have been identi-
fied in PTC. All of these mutations and rearrangements 
are present in 70 % of PTCs and were initially thought to 
be mutually exclusive; however, a simultaneous occur-
rence of these genetic abnormalities has been shown in 
some PTCs, although it is not clear whether in the same or 
different cells within the tumor.

•       Activating mutations of the  BRAF  oncogene are highly 
specific for PTC and related tumor types, are seen in 
40–70 % of PTCs with the presence of valine in residue 
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600 of protein (V600E) in most cases, and correlate 
directly with the tumor papillary architecture. Most 
PTCs carrying the  BRAF  V600E mutation are classic, 
tall-cell, oncocytic/Warthin-like variants, and subcapsu-
lar sclerosing microcarcinomas. The mutation is pres-
ent in about 20 % of the follicular variant of PTC and 
absent from the cribriform–morular variant. Of note, 
 BRAF  and  NRAS  gene mutations have been identified 
in 24 and 8 % of diffuse large B-cell thyroid lymphomas, 
respectively.  

•    BRAF  V600E mutation is an early event in thyroid car-
cinogenesis and has been associated with male gender, 
older age at diagnosis, classic nuclear features of PTC, 
infiltrative growth, stromal fibrosis, psammoma bodies, 
extrathyroidal extension, lymph node metastasis, a higher 

Oncogenic Point Mutation

BRAF V600E

(Substitution of thymine with adenine = production Glu instead of Val)

Activation and prolonged stimulation of MAPK signaling pathway

Benign Follicular Cell Malignant Follicular Cell

95% BRAF + PTCs show V600E

Associated with aggressive tumor behavior 

& less optimal therapy response including T1 tumors (< 2 cm)

  Figure 3.38     BRAF  in papillary carcinoma (50 %)       
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Chromosomal rearrangement of RET at 10q11.2

Fusion of TK domain of RET to the promoter of the fusion gene

Independent activation of MAPK signaling pathway

RET/PTC type 1 RET/PTC type 3

PTC classic type PTC solid type

Ionizing radiation and younger age

May be associated with a favorable behavior     May be associated with a more
aggressive behavior

  Figure 3.39     RET  in papillary carcinoma (20–30 %)       

risk of persistent disease, and more aggressive tumors 
that are refractory to radioiodine therapy. These prog-
nostic implications are of particular importance in PTCs 
≤2 cm, including microcarcinomas. Thus, detection of 
 BRAF  V600E mutation preoperatively may play a role in 
a more aggressive surgical approach, postsurgical therapy, 
and closer follow-up.  

•    BRAF  V600E mutations are uncommon in PTC occur-
ring in children and in relation to radiation exposure 
and have not been found in benign thyroid nodules or 
follicular carcinoma. They can be reliably detected by 
molecular techniques in paraffin-embedded tissue and 
FNA samples.  
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•   Gene rearrangements occur in 20–40 % of PTCs, mostly 
involving  RET , a transmembrane tyrosine kinase receptor. 
Clonal  RET/PTC  rearrangement is a strong indicator of 
PTC and has a variable incidence, being detected in 
10–20 % of adult sporadic PTC, 50–80 % of tumors from 
patients with a history of therapeutic or environmental 
radiation exposure (detected in 87 % of post-Chernobyl 
PTC), and 40–70 % of PTC in children and young adults. 
The identification is made by use of RT-PCR or FISH. 
Of note, activating  point  mutations of the same  RET  onco-
gene are detected in medullary carcinoma.  

•    RAS  mutation occurs in about 10 % of PTCs and almost 
always correlates with a follicular architecture, less promi-
nent nuclear features, more frequent encapsulation, and a 
low rate of lymph node metastasis.  

•    NTRK1  is a gene that encodes a transmembrane tyrosine 
kinase receptor that binds the nerve growth factor. 
Rearrangement of this gene is identified in 5 % of PTCs, 
and the clinicopathologic features are similar to those of 
PTCs associated with  RET/PTC  rearrangement. 
However, it is uncommon in PTC related to radiation 
exposure.  

•   VEGF, binding to two receptor tyrosine kinases (VEGFR1 
and VEGFR2), also triggers MAPK signaling, and the 
intensity of expression correlates with a poor prognosis 
and  BRAF  mutation status.    

  FNA findings  (Fig.  3.40a–e ). PTCs of all conventional and 
variant types share the same cytomorphologic criteria. Smears 
are usually cellular and show monolayered sheets, complex 
tridimensional aggregates (without fibrovascular cores), and 
single cells. Corrugated or “onion-skin” cell sheets and papil-
lary clusters with fibrovascular cores may occasionally be 
seen. Cellular overlapping, crowding, and molding are impor-
tant diagnostic features. Cells are enlarged and show dense 
cytoplasm with well-defined cytoplasmic borders. Squamous 
metaplasia and focal oncocytic change may also be seen. 
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  Figure 3.40    Papillary thyroid carcinoma. FNA cytology showing 
papillary fronds ( a ), corrugated sheets of neoplastic cells ( b ), cohe-
sive cell sheets with nuclear grooves and intranuclear cytoplasmic 
invaginations ( c ), stringy “bubble-gum”-like colloid ( d ), and psam-
moma bodies ( e ). Ultrasound features of papillary carcinoma ( f–o ) 
include nodule(s) of variable size, usually solid echotexture with 
incomplete halo, hypoechogenicity, irregular lobulated ( f ,  h ) and 
spiculated ( g ,  arrow ) margins, micro-, macro-, or interrupted egg-
shell calcifications ( i ,  j , and  k   arrow ), and variable blood flow on 
Doppler examination ( l ,  m ,  o ). Hyperechogenicity may be seen in 
rare cases accompanied with chaotic internal vascularity on Doppler 
examination ( n–o ) ( a , Papanicolaou stain, low power;  b , DiffQuik 
stain, low power;  c  and  e , Papanicolaou stain, medium power;  d , 
DiffQuik stain, medium power)           
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Figure 3.40 (continued)
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Enlarged oval or irregularly shaped nuclei with longitudinal 
linear groves, intranuclear cytoplasmic invaginations, pow-
dery clear chromatin, and small, eccentrically placed nucleoli 
are characteristic diagnostic nuclear findings. The background 
may show stringy, ropy, “bubble-gum”-like colloid and vari-
able numbers of macrophages and lymphocytes. Psammoma 
bodies and multinucleated giant cell may also been seen.

   None of the mentioned features is specific of PTC, and the 
FNA diagnosis is based on a conjunction of cytologic, archi-
tectural, and background features. Intranuclear cytoplasmic 
invaginations, although crucial for the diagnosis of PTC, 
are not specific; they are also seen in medullary carcinoma, 
anaplastic carcinoma, and poorly differentiated carcinoma 
and rarely in benign thyroid nodules and chronic thyroiditis. 
Similarly, psammoma bodies can be seen in medullary carci-
noma, goiter, and chronic thyroiditis. 

 In general, the cytoplasmic features including intranuclear 
cytoplasmic invaginations are best seen in Romanowsky-
stained smears; in contrast, nuclear features are best appreci-
ated with Papanicolaou and hematoxylin and eosin stains. 

 Specific architectural, cytoplasmic, nuclear, and back-
ground features characterize specific variants and will be 
addressed under the specific variant. 

  US features  (Fig.  3.40f–o  )

•    A halo is seen in 15–30 % of cases, frequently incomplete, 
and represents encapsulation.  

•   Irregular margins and hypoechogenicity occur in 75–90 %. 
Hyperechogenicity is rare.  

•   Most have a solid composition (70 %); however 20–30 % 
are variably cystic and even purely cystic in rare instances.  

•   Microcalcifications or microreflectors are seen in 25–45 %. 
Coarse and eggshell calcifications are less common.  

•   Multifocality occurs in 10–20 % of cases. Associated 
microcarcinomas are more common.  

•   Increased vascularity is almost always seen, but is not spe-
cific. Probably low vascularity has a good negative predic-
tive value for a given nodule.  

•   In summary, papillary thyroid carcinomas may be solid 
and hypoechoic, with microcalcifications; blurred,  irregular, 
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and lobulated margins; lack of a complete halo; and high 
intranodular blood flow on power Doppler.  

•   Invasion of adjacent tissue may be present.  
•   Lymph node metastasis may be seen with calcifications or 

cystic degeneration.     

    Variants of PTC 

 All share similar nuclear features, and the prognosis may be 
different when compared with the conventional type. 
However, the initial surgical approach is usually similar. 

    Follicular Variant 

 The follicular variant represents approximately 30 % of 
PTCs in some series. The prognosis is similar to that of the 
classical variant. 

  Histopathology . This variant shows an entirely or almost 
entirely microfollicular pattern with nuclear features diag-
nostic of papillary thyroid carcinoma. An abortive papilla, 
psammoma bodies, and dense eosinophilic colloid support 
the diagnosis. Associated minor histologic patterns of this 
variant include solid and macrofollicular ones, both with 
nuclear features of classical PTC and with well-differentiated 
features. Follicular variant of PTC is further sub-categorized 
in encapsulated and invasive. 

  Molecular profile. RAS  mutation and  PAX8/PPARγ  rear-
rangement have been identified in the encapsulated follicular 
variant of PTC.  BRAF  and  RAS  mutations and  PAX8/PPARγ  
rearrangement have been found in the nonencapsulated/
invasive follicular variant of PTC. The  PAX8/PPARγ  rear-
rangement may be associated with angio-invasiveness. 

  FNA findings  (Fig.  3.41a–c ). The smear pattern is that of a 
microfollicular neoplasm with variable numbers of cells 
showing nuclear features of PTC. However, nuclear findings 
are usually inconspicuous, including intranuclear cytoplasmic 
invaginations and nuclear grooves. Occasional sheets of cells 
of normal size are also seen. Dense colloid may be seen in the 
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background and in the follicular lumens. Unless diagnostic 
nuclear features are seen, the USG-FNA diagnosis is usually 
“follicular neoplasm,” with a note addressing the various 
entities included in the differential diagnosis.

a b

c d

e

  Figure 3.41    Papillary thyroid carcinoma, follicular variant. FNA 
smear shows high cellularity ( a ) with microfollicles containing cen-
tral dense colloid ( b ) and rare intranuclear cytoplasmic invagina-
tions ( a ,  arrow ) recapitulating tissue section findings ( c ). Ultrasound 
features are not specific and include a hypoechoic solid nodule with 
irregular infiltrating margins ( d ,  arrow ), focal fuzzy edges, and 
Grade 2 blood flow by Doppler examination ( e ) ( a ,  b  Diff-Quik 
stain, high power;  c , hematoxylin and eosin stain, high power. 
Courtesy of Dr. Javier Saenz de Santamaria, Badajoz, Spain)       
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    US features  (Fig.  3.41d, e )

•    The follicular variant of PTC often has a benign US 
appearance, i.e., ovoid to round and iso- to hyperechoic, 
with a halo.  

•   Hypoechoic in 50 % of cases.  
•   Solid and regular or irregular, well-defined margins.  
•   A minority of tumors (5 %) are taller than wide.  
•   Microcalcifications are rare.     

    Macrofollicular Variant 

 Histologically, more than 50 % of the follicles are arranged as 
macrofollicles. 

  FNA findings  (Fig.  3.42 ). The smears are cellular and 
show sheets of cells of variable size and thin colloid, which, 
at low power, resemble the findings of a benign thyroid nod-
ule. The nuclear diagnostic features of PTC must be evalu-
ated at high microscopic power. However, similarly to the 
follicular variant, the nuclear features are often 
inconspicuous.

       Diffuse Sclerosing Variant 

 This variant occurs commonly in young women, and cervical 
lymph node and lung metastases are more common than in 
the classic variant of PTC, conferring a less favorable 
prognosis. 

  Histopathology . There are diffuse involvement of one or 
both thyroid lobes, extensive solid foci, squamous metaplasia, 
fibrosis, a marked lymphocytic infiltrate, numerous psam-
moma bodies, and vascular permeation. 

  Molecular profile. RET/PTC  rearrangement has been 
identified, but  BRAF  mutations are rare. 

  FNA findings  (Fig.  3.43a, b ). Smears may be modestly cel-
lular and show numerous psammoma bodies along with cyto-
logic features of PTC, including sheets of follicular cells with 
pleomorphic nuclear enlargement, irregular nuclear mem-
branes, grooves, and intranuclear cytoplasmic invaginations 
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  Figure 3.42    Papillary thyroid carcinoma, macrofollicular variant. 
FNA smear shows large cell sheets and colloid, findings that at low 
magnification resemble those of benign thyroid nodule ( a ). Nuclear 
hypochromasia, grooves, and rare intranuclear cytoplasmic invagi-
nations ( b ,  red arrow ) are seen at high magnification. Similarly, the 
histologic examination requires careful search for nuclear features 
of papillary carcinoma ( c ,  d ). ( a – d , hematoxylin and eosin stain)       

commonly present in a background of chronic thyroiditis. 
Squamous metaplastic cells may be seen.

    US features  (Fig.  3.43c, d )

•    Large, heterogeneous solid tumors with irregular margins 
often involving one entire thyroid lobe diffusely; the 
involvement may be bilateral.  

•   There is hyper- or hypoechogenicity.  
•   Scattered microcalcifications are present (“snowstorm” 

pattern), most commonly diffuse and rarely focal.  
•   Metastatic cervical lymph nodes are almost always 

present.     
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    Cystic Variant 

 This variant occurs in 5 % of PTCs, and the associated lymph 
node metastases are often cystic. 

  Histopathology . The amount of cystic change varies, and 
most retain a papillary architecture. 

  FNA findings  (Fig.  3.44a, b ). Smears show a background of 
abundant thin, watery fluid, numerous macrophages with 
 variable cytoplasmic hemosiderin, and tumor cells often with 
vacuolated cytoplasm (“histiocytoid” cells).

   The epithelial component may be inconspicuous but usu-
ally shows sufficient diagnostic criteria for diagnosis. Cells 
may be arranged in small aggregates, papillae, and small 

a b

c d

  Figure 3.43    Papillary thyroid carcinoma, sclerosing variant. FNA 
smears show cytologic features of papillary carcinoma including 
complex cellular aggregates and intranuclear cytoplasmic invagina-
tions ( a ,  blue arrows ), and numerous psammoma bodies ( b ). 
Ultrasound shows numerous diffuse microcalcifications scattered in 
the thyroid parenchyma ( c ,  arrows ), a large left thyroid lobe iso- to 
hyperechoic mass ( d ,  left side of frame ), and lymph node metastasis 
( d ,  right side of frame ) both with numerous diffuse microcalcifica-
tions (“snowstorm” pattern). ( a ,  b  MGG stain, high power view)       
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  Figure 3.44    Papillary    thyroid carcinoma, cystic variant. FNA smear 
shows aggregates of large cells with ballooned cytoplasm containing 
large vacuoles (“histiocytoid cells”) in a background of watery fluid 
( a ). Occasional intranuclear cytoplasmic invaginations are seen in 
the metaplastic cells ( b ,  red arrow ). Ultrasound shows a predomi-
nantly cystic complex nodule with a bright dot corresponding to the 
27-gauge needle tip in the solid component ( c ); blood flow by 
Doppler examination is evident in the solid portion ( d ). ( a ,  b  MGG 
stain, high power)       

follicles. Cyst- lining epithelium and metaplastic cells may be 
present. This variant should be kept in mind in cases showing a 
dominant or entirely cystic and/or hemorrhagic smear pattern. 

  US features  (Fig.  3.44c, d )

•    Cystic tumors are often taller than wide and have spicu-
lated margins.  

•   A solid hypervascular nodule is almost always seen in the 
cyst wall.  

•   A “comet-tail” sign can be observed, particularly in cystic 
metastases to lymph nodes.  

•   Microcalcifications may be seen in the solid component.     
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    Oncocytic Variant 

 The growth pattern may be papillary or follicular. In this vari-
ant, the cells are polygonal and have abundant granular 
eosinophilic cytoplasm and nuclear features of PTC. The sub-
variant showing heavy lymphocytic infiltrate in the papilla is 
named the Warthin-like variant of PTC and has  BRAF  muta-
tions and  RET/PTC  rearrangements. The prognosis is similar 
to that of the classic PTC. 

  FNA findings . Smears are variably cellular and show a 
predominance of oncocytic cells arranged in papillae, in 
sheets, or as isolated cells with nuclear changes of PTC. The 
background shows rare or no lymphocytes (Fig.  3.45a ).

   When a papillary architecture is prominent and lymphoid 
cells are numerous, a Warthin-like variant must be considered 
(Fig.  3.45b–e ). When lymphocytes are absent, the differential 
diagnosis includes Hurthle cell neoplasms. Thus, this variant 
should be searched for when the smear pattern shows a pre-
dominance of Hurthle cells. However, if lymphocytes are 
present, the Warthin-like variant may be overlooked and the 
tumor diagnosed as Hashimoto’s thyroiditis. Of note, nucleoli 
are more prominent in Hashimoto’s thyroiditis than in any of 
the Hurthle-cell- rich variants.  

    Tall-Cell Variant 

 This tumor tends to occur in elderly people, particularly men. 
The course is aggressive and often presents as a bulky tumor 
with extrathyroidal extension and often lymph node 
metastasis. 

  Histopathology . The growth pattern is papillary and the 
cells are “tall” (three times taller than wide), the cytoplasm is 
eosinophilic, and the nuclear features are those of PTC. 

  Molecular profile . The tumor expresses a  BRAF  V600E 
mutation in 80 % of cases and has been associated with  RET/
PTC3  translocation. 
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  Figure 3.45    The smears of the papillary thyroid carcinoma, onco-
cytic variant, show small sheets and circumferential aggregates of 
cells with eosinophilic cytoplasm, nuclear features of papillary carci-
noma, and lack of lymphoid cells ( a ). The smears of the papillary 
thyroid carcinoma, Warthin’s subtype, show aggregates of large cells 
exhibiting eosinophilic granular cytoplasm and nuclear features of 
papillary carcinoma including intranuclear cytoplasmic invagina-
tions ( c ,  arrow ) in a background of numerous lymphocytes and 
plasma cells ( b ,  c ). Histologic sections confirm the diagnosis ( d ,  e ). 
( a , Papanicolaou stain, medium power;  b , Diff-Quik stain, medium 
power;  c , Diff-Quik stain, high power;  d ,  e , hematoxylin and eosin 
stain, low and medium power. Courtesy of Dr. Javier Saenz de 
Santamaria, Badajoz, Spain)       
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  FNA findings . Smears show papillary fragments with no 
nuclear pseudostratification and tall tumor cells (three times 
taller than wide) showing cytoplasmic eosinophilia and 
nuclear features of PTC, including multivacuolated/septated 
(“soap bubble like”) intranuclear cytoplasmic invaginations. 

  US features    

• Microlobulated markedly hypoechoic nodules with 
microcalcifications  

•   Extrathyroidal extension     

    Columnar Cell Variant 

 The columnar cell variant of PTC is an aggressive and rare 
neoplasm. 

  Histopathology . The architecture is papillary and shows 
prominent nuclear pseudostratification, which is reminiscent 
of that of the endometrium. The nuclei are oval and hyper-
chromatic with supra- or subnuclear cytoplasmic vacuoles. 

  FNA findings  (Fig.  3.46 ). Cells are arranged in aggregates, 
sheets, and papillae and show clear cytoplasm and nuclear 
pseudostratification. The nuclear features of PTC, such as 
nuclear grooves and intranuclear cytoplasmic invaginations, 
are focal and less prominent, the nuclei show hyperchro-
masia, and  colloid and cystic changes are typically absent. 
Mitoses can be found. These features may be a factor in not 
making an accurate diagnosis.

       Cribriform–Morular Variant 

 The architecture of this tumor shows cribriform and morular 
formations, as the name implies. There is nuclear clearing, but 
distinct nuclear features for PTC are absent. Nuclei stain 
positively for β-catenin. The diagnosis may lead to early 
detection of associated polyposis coli. 

  FNA findings . Smears are cellular with elongated cells 
arranged in papillary aggregates, a cribriform pattern, and 
 morules. Cells exhibit nuclear clearing. The background 
shows macrophages, but colloid is absent.   
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    Thyroid Cancer Recurrences 

 These usually occur in the thyroid bed. Lymph node metasta-
sis can also occur, often in neck compartments III, IV, and VI. 
USG- FNA is required for exclusion of a nonneoplastic pro-
cess such as a fibrous nodule, a suture-related foreign body-
type granulomatous reaction, etc. (Fig.  3.47 ).

    US features 

•    Nodules of recurrent thyroid cancer in the thyroid bed are 
often hypoechoic, irregular, and vascular. Hyperechogenicity 
may correlate with fibrosis.     

a

c

b

  Figure 3.46    Papillary thyroid carcinoma, columnar cell variant. 
Smears show complex cellular aggregates and pseudopapillary 
structures composed of elongated cells with slight clear cytoplasm 
and pseudostratification reminiscent of that of the endometrium 
( a ,  b ). This cell pattern correlates with the tumor tissue sections ( c ) 
( a ,  b  Diff-Quik stain medium and high power.  c , hematoxylin and 
eosin stain, medium power. Courtesy of Dr. Javier Saenz de 
Santamaria, Badajoz, Spain)       
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    Lymph Node Metastasis in PTC 

 Lymph node metastases of PTC are present in 50 % of cases 
at diagnosis and may be the first manifestation of the carci-
noma in up to 20 %. Ninety percent are micrometastases to 

a b

dc
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  Figure 3.47    Thyroid bed nodules. Granulation tissue and foreign 
body- type giant cell reaction is noted in this benign nodule ( a ). The 
patient had thyroidectomy for PTC 15 years before and the US 
evaluation shows a slightly hyperechoic nodule ( b ). Recurrent PTC 
was the diagnosis in the smears obtained from this 0.6-cm hypoechoic, 
round, well- circumscribed, and bulging nodule ( c–e ). An intranu-
clear cytoplasmic invagination is seen in figure  d  ( red arrow ). 
Doppler examination showed no vascular blood flow ( f ). ( a ,  c ,  d  
MGG stain, medium and high power)       
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neck lymph nodes and do not influence disease-free survival. 
Close to 90 % of lymph node metastases involve the level VI 
compartment, regardless of involvement of other compart-
ments. Pure solitary lymph node cystic metastases are seen 
particularly in patients under the age of 35 years. 

 Surgical management is altered in the presence of neck 
US-visible metastases, and patients undergo central or lateral 
neck dissection and total or near-total thyroidectomy for 
improved survival. Lymph node detection by other imaging 
modalities (CT, MRI, PET) is not recommended by ATA 
guidelines. US has limited resolution in evaluation of the 
level VI compartment, particularly posterior tracheal and 
tracheoesophageal groove lymph nodes. 

 USG-FNA of lymph nodes should include cytology and 
needle rinses for thyroglobulin level measurements in all 
cases of differentiated thyroid cancer. Suspicious lymph 
nodes less than 5–8 mm in the greatest diameter may be fol-
lowed by US; if the node grows or threatens vital structures, 
USG-FNA should be performed. 

  FNA findings  (Fig.  3.48a, d, f, g ). Because lymph node 
metastases may show variable degrees of cystic degeneration, 
the FNA shows characteristic features of PTC and variable 
numbers of macrophages. Pure solitary lymph node cystic 
metastases show macrophages only, and they must be consid-
ered in the differential diagnosis of congenital neck cysts such 
as branchial cleft cyst, particularly when there is no US-visible 
primary thyroid malignancy. High thyroglobulin levels in the 
aspirated fluid help in the diagnosis. Cystic metastatic squa-
mous cell carcinoma, although uncommon in young patients, 
should also be included in the differential diagnosis.

   The differential diagnosis of an enlarged lymph node 
includes primary hematolymphoid processes, metastasis 
other than from the thyroid, and lymphoid hyperplasia sec-
ondary to an inflammatory or infectious process, including 
sarcoidosis and other granulomatous processes. 

  US features  (Fig.  3.48b, c, e, h, i ). While not limited to 
PTC, US features that suggest metastatic malignancy to 
a lymph node include loss of fatty hilum, rounded rather 
than oval shape, marked hypoechogenicity, cystic change, 
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  Figure 3.48    Differentiated thyroid cancer metastatic to neck lymph 
nodes. A complex aggregate of bland-appearing epithelial cells with 
oxyphilic change ( a ) were seen in the smears obtained from a 0.6-cm 
right level II heterogeneous and slightly hyperechoic lymph node 
with focal peripheral vascularity ( b ,  c ) 22 years after having total 
thyroidectomy for thyroid carcinoma. An aggregate of metaplastic-
appearing cells with intranuclear cytoplasmic invaginations ( arrows ) 
and macrophages ( d ) were obtained from a 1.1-cm hypoechoic cys-
tic cervical lymph node with irregular and fuzzy margins ( e , radio 
3–6) in a patient with history of PTC. Large cells with vacuolated 
cytoplasm, intranuclear cytoplasmic invaginations ( f ,  arrow ), and 
psammoma bodies ( g ) were obtained from a patient with history of 
PTC. The US of the neck showed a level IV 1.8-cm heterogeneous 
mass with lobulated and fuzzy margins and slight central blood flow 
by Doppler examination ( h ,  i ). ( a ,  d ,  f  MGG stain, high power;  g , 
Papanicolaou stain, medium power)         

a b

c d

e f
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 microcalcifications, and increased vascularity. Nodal metasta-
sis may show the following US characteristics:

•    They are located in the middle and lower jugular chains 
(compartments III and IV) and ipsilateral in 70–85 %. Pre- 
and paratracheal nodes (compartment VI) are also com-
mon but less often found at US.  

•   They have absent echogenic hilum. A hilum may be seen 
in reactive lymph nodes; however, it is not seen by US in 
reactive nodes less than 5 mm in diameter.  

•   They have a round (anteroposterior/transverse ratio 
>0.5 in the transverse view) appearance instead of flat-
tened or oval shape <0.5.  

•   They have well-defined margins.  
•   They have a chaotic (central and peripheral) vascularity.  
•   They have a marked hypoechogenicity.  
•   They have microcalcifications in 50 % and mainly seen in 

solid metastases. Dense macrocalcifications or entirely 
calcified lymph nodes may be seen post  131 I therapy.  

i

g h

Figure 3.48 (continued)
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•   Variable cystic degeneration is seen in 20–50 %. Pure soli-
tary cystic metastasis, although rare, is seen particularly in 
young patients.  

•   Features such as size and well-defined borders are less 
 important than morphology.     

    Medullary Thyroid Carcinoma 

 Medullary carcinoma arises from the neuroendocrine 
calcitonin- secreting parafollicular or “C” cells found in the 
middle to upper third of the lateral thyroid lobes, accounts 
for approximately 3–7 % of thyroid carcinomas, and can be 
sporadic (75 %) or heritable (25 %). The heritable form may 
be a part of multiple endocrine neoplasia [MEN 2A (pheo-
chromocytoma and hyperparathyroidism), MEN 2B (pheo-
chromocytoma, mucosal neuromas, gastrointestinal 
ganglioneuromatosis, and marfanoid habitus)] or be isolated, 
with no other tumors (familial medullary carcinoma syn-
drome). Medullary carcinoma is likely to be present when the 
serum calcitonin level is >10 pg/mL. Ultrastructurally, “C” 
cells contain neurosecretory dense-core granules. 

  Clinical findings . Patients with sporadic medullary carci-
noma are in the fifth decade of life or older, and they almost 
always have a solitary tumor. The heritable form is autosomal 
dominant with virtually complete penetrance and is more 
aggressive than the sporadic form, affects young patients usu-
ally in the first three decades of life, and is often multiple and 
bilateral. 

 Medullary carcinoma is an aggressive tumor that spreads 
through hematogenous and lymphatic channels. Most patients 
have regional cervical and mediastinal lymph node and/or 
distant organ metastases (bone, liver, and lung) at diagnosis. 
The only effective treatment is total thyroidectomy and radi-
cal neck dissection and only before metastatic dissemination. 
The tumor does not respond to chemotherapy, radioactive 
iodine, or radiotherapy. Poor prognostic factors include old 
age and an advanced tumor stage at diagnosis. The 5-year 
survival rate is 75 %. 
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 Thyroid US screening should be performed only in patients 
with  RET  proto-oncogene mutations and no clinical evidence 
of thyroid disease. 

  Histopathology . Medullary carcinoma is usually, but not 
always, invasive and may present as firm encapsulated 
masses. The heritable forms may be multifocal. The classic 
tumor shows a solid proliferation of round to polygonal 
cells with granular cytoplasm, vascular stroma, hyalinized 
collagen, and amyloid. The architectural pattern may be 
trabecular, carcinoid-like, paraganglioma-like, neuroblas-
toma-like, angiosarcoma-like, papillary, pseudopapillary, 
or glandular. The cytomorphology is also highly variable. 
Calcifications may be present, and true psammoma bodies 
may be identified. 

  Immunoprofile . Tumor cells are positive for keratin, CEA, 
TTF- 1, chromogranin, synaptophysin, and calcitonin and 
negative for thyroglobulin. Cells also express BCL2 and 
MYC. Hurthle cells that may resemble medullary carcinoma 
cells stain positively for thyroglobulin and negatively for cal-
citonin and chromogranin. 

  Molecular profile . Activation of the  RET  proto-oncogene 
by point mutations located on chromosome segment 10p11.2 
is seen in 95 % of heritable and 50 % of sporadic forms of 
medullary carcinoma (Fig.  3.49 ). It is known that clinical 
behavior varies according to the germline and somatic  RET  
mutations. The three forms of MEN2 (A, B, and familial) 
have specific activating point mutations in the  RET  proto-
oncogene.    MEN2A often carry  RET  mutations in codon 634 
encoding cysteine and have high risk of lymph node metas-
tasis and often affect patients by age 20 years. Most MEN2B 
patients have  RET  mutation in exon 16 that is found as a 
germline mutation and correlates with an aggressive disease. 
Familial forms carry mainly  RET  mutations in codons 609, 
611, and 618 as well as in the intracellular exons 13 and 15. Of 
note, screening of at-risk family members for medullary carci-
noma should be done by testing for germline mutations in the 
 RET  proto-oncogene. This screening may also detect MEN2 
in 5 % of sporadic medullary carcinoma cases, and these 
patients may benefit from prophylactic total thyroidectomy. 
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Recently,  PROM1  gene has been found to be  significantly 
overexpressed in aggressive medullary carcinoma associated 
with  RET  M918T mutation that confers resistance to therapy; 
thus, decrease in  PROM1  expression opens a venue for tar-
geted therapy at this level.

    FNA findings  (Fig.  3.50a–g ). Smears are moderately to 
highly cellular, showing cell aggregates and numerous single 
cells with ill-defined cytoplasmic borders and mild to moder-
ate pleomorphism. Cells may be spindle, cuboidal, plasmacy-
toid, oncocytic, squamoid, clear, small, giant multinucleated, 
pleomorphic, pigmented, or melanin producing. Again, the 
architecture and cytomorphology are highly variable.

   Neuroendocrine features are present and include plasma-
cytoid cells, red cytoplasmic granules seen with Romanowsky 
stains, “salt-and-pepper” chromatin, inconspicuous nucleoli, 
binucleation, and ill-defined cytoplasmic borders. Nuclei are 
round and eccentric. Amyloid is present in most cases as 
dense amorphous “puffy cloud”-appearing matter in the 
background. Intranuclear cytoplasmic invaginations are pres-
ent in 50 % of cases. Cytoplasmic vacuoles and psammoma 
bodies may be present, although rarely. 

 Calcitonin levels in needle rinses can be used in selected 
cases; a very high level, usually >80 pg/ml, is diagnostic of 
medullary carcinoma. 

Heritable germ-line gain-of-function point mutations of RET at chromosome segment 10p11.2*

Activation of RET proto-oncogene

Activation of MAPK and other signaling pathways

Abnormal cell proliferation, survival, and cell differentiation

Medullary carcinoma

*Identical somatic mutation in cases of sporadic disease.

  Figure 3.49     RET  in medullary carcinoma (95 %)       
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 The differential diagnosis includes PTC, hyalinizing tra-
becular tumor, Hurthle cell neoplasms, anaplastic carci-
noma, and metastases including melanoma, among others. 
Cytomorphology including nuclear and nucleolar features, 
 calcitonin levels in needle rinses and serum, and judicious 
uses of immunohistochemistry are helpful. Calcitonin immu-
nostain and Congo-red stain for amyloid can be made in 
cytology smears and cell block. 

  US features  (Fig.  3.50h–j ). A solid hypoechoic mass with 
dense and coarse echogenic calcific foci is present in 80–90 % 
of cases, representing amyloid with associated calcifications, 
and these may have a posterior acoustic shadowing.

•    Involvement is localized in the mid- to upper third of the 
thyroid lobe in the early sporadic form and diffuse and/or 
bilateral in the familial type.  

•   Disorganized and chaotic hypervascularity, predominantly 
Grade 3 pattern, is present.  

•   Cervical and mediastinal lymph node metastases are 
hypoechoic, with echogenic foci similar to those of the 
primary tumor. Cystic change is rare.     

  Figure 3.50    Medullary thyroid carcinoma. The smears show char-
acteristic features including high cellularity ( a ,  b ), cellular pleomor-
phism with aggregated and dissociated cuboidal, multinucleated, 
spindle, and plasmacytoid cells exhibiting hyperchromasia; lack of 
nucleoli; and granular (“salt-and-pepper”) chromatin ( c – e ). Variable 
numbers of intranuclear cytoplasmic invaginations ( f ) may be pres-
ent resembling PTC. The finding of fine cytoplasmic metachromatic 
granules supports the diagnosis ( d ). The smear background shows 
amyloid in variable amounts and textures ( a ,  g ), which may be iden-
tified by Congo-red stain in cytology preparations and evaluated 
under polarized light ( g ). Binucleation with a distinct nuclear disposi-
tion ( c ,  circle ) is often seen. The US often shows a large hypoechoic 
mass with irregular borders, ill-defined margins, variable calcific 
foci, and high vascularity. One    case shows a large ill-defined slightly 
hyperechogenic mass ( h ,  arrow ); a different case shows a 2.2-cm oval 
mass invading the surrounding thyroid parencyma ( i ,  left upper  and 
 right lower borders ), microcalcifications ( arrows ), and a peripheral 
and intranodular vascular pattern by Doppler examination ( j ). ( a , 
 e  Papanicolaou stain, low and high power;  b – d ,  f ,  g  Diff-Quik stain, 
high power;  g , Congo-red stain, high power) ( b – d ,  g  Courtesy of Dr. 
Javier Saenz de Santamaria, Badajoz, Spain)           
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Figure 3.50 (continued)
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    Poorly Differentiated Carcinoma 

 Poorly differentiated carcinoma is a rare thyroid malignancy 
(5 %) that falls between DTCs (papillary, follicular, and 
Hurthle) and undifferentiated (anaplastic) carcinoma. The 
clinical behavior is aggressive and also falls between DTC 
and anaplastic carcinoma. The mean 5-year survival rate is 
50 %. The definitive diagnosis is made histologically. 

  Clinical findings . Poorly differentiated carcinoma occurs in 
patients older than those with the DTCs and often presents at 
an advanced stage, recurs locally, and metastasizes to the cervical 
lymph nodes and distant organs, particularly the lung and bones. 

  Histopathology . Tumor cells are small and uniform and 
form a characteristic nesting growth pattern surrounded by a 
delicate rim of stroma (insular type). Solid and trabecular 
patterns are also present (noninsular type). Variable mitoses 
and necrosis are present. Occasionally, DTCs may show focal 
poorly differentiated features. 

  Immunoprofile . The tumor shows positivity for thyroglob-
ulin and TTF-1. Calcitonin and CEA are negative. Often 
there is focal weak positivity with neuroendocrine markers. 

  Molecular profile . Molecular alterations include those 
seen in differentiated thyroid carcinomas  (BRAF  and  RAS  
mutations) and those of poorly differentiated carcinomas 
( TP53  mutation in 40 % and  CTNNB1  mutation in 30 %, 
with expression of p53 and β-catenin by immunohistochemis-
try, respectively).  RAS  mutation is seen in 20–50 % of cases 
and  PAX8/PPARγ  translocation in 7 %. 

  FNA findings  (Fig.  3.51a–g ). The smears show high cellu-
larity, a nesting (insular) and trabecular pattern, and often 
necrosis. The smear pattern is usually homogeneous; how-
ever, some cases show cell pleomorphism. In the pure form, 
cells lack features of PTC and have scant cytoplasm, a high 
nuclear to cytoplasmic ratio, small round or convoluted 
nuclei, and hyperchromasia. The nuclei may show a “salt-and-
pepper” chromatin, inconspicuous nucleolus, and mild atypia 
in some cases. The architecture, marked crowding, dissociated 
cells, and a high nuclear to cytoplasmic ratio are helpful for 
the diagnosis. However, the FNA diagnosis in most cases is 
either carcinoma including PTC (25 %) or follicular neo-
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plasm (45 %), and the specific diagnosis is made in 30 %. A 
microfollicular, papillary, or Hurthle cell pattern may be seen 
when there is a DTC component.

   The differential diagnosis includes medullary carcinoma 
and metastases, particularly melanoma and hematolymphoid 
malignancies. Judicious use of immunohistochemistry and 
serum calcitonin levels is helpful. Of importance, TTF1 is 
positive in both poorly differentiated and medullary carci-
noma. Anaplastic thyroid carcinoma shows marked cellular 
pleomorphism. 

  US features  (Fig.  3.51h–j )

•    Tumors are usually large and show US features of extra-
thyroidal extension.  

•   The shape is irregular and lobulated and has irregular 
indistinct borders.  

•   Heterogeneous echotexture and hypoechogenicity with 
areas of cystic necrosis are noted.  

•   A peripheral halo is absent.  
•   There is variable and chaotic vascularity; the viable areas 

are vascular.  
•   Cervical lymphadenopathy is common.     

    Undifferentiated (Anaplastic) Carcinoma 

  Clinical findings . Anaplastic carcinoma is a rare and highly 
aggressive malignancy with a poor prognosis that affects 

  Figure 3.51    Poorly differentiated carcinoma. Insular ( a ,  e ) and tra-
becular/microfollicular ( b–d ,  f ) patterns are seen in these tumors. 
Occasional cellular pleomorphism ( f ) is present. Immunostains for 
thyroglobulin and TTF1 are positive ( g ). Cytology and histology 
findings of this case of insular carcinoma show unequivocal correla-
tion ( d ,  e ). Ultrasound exam shows a large odd-shaped, heteroge-
neous, and hypoechoic mass with irregular, angulated, and 
microlobulated margins invading the surrounding thyroid paren-
chyma and skeletal muscles ( h – j ). ( a ,  f , Diff-Quik stain, low and high 
power;  b ,  c  MGG stain, medium and high power;  d ,  e  Diff-Quik and 
hematoxylin and eosin, high power;  g , immunoperoxidase stain) 
( a ,  d – g  Courtesy of Dr. Javier Saenz de Santamaria, Badajoz, Spain)           
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middle- aged to elderly patients. Patients usually are euthyroid 
and have compressive and obstructive symptoms in the upper 
airways and esophagus. They may have recurrent laryngeal 
nerve palsy and neck pain resulting from local tumor inva-
sion. The clinical and imaging differential diagnosis for this 
rapidly enlarging thyroid mass is non-Hodgkin lymphoma. 
The average survival rate is 9 months; patients usually die of 
compression of the aerodigestive tract. 

  Histopathology . Microscopically, there is a variety of fea-
tures including squamoid cells; spindle cells; giant cells; 
osteoclast- like multinucleated giant cells; foci of neutrophilic 
infiltrate; foci of keratinization; bone, cartilage, and skeletal 
muscle differentiation; variable fibrosis and hyalinization; 
hemorrhage; and necrosis. A clear cell change may be seen as 
a result of glycogen accumulation. 

  Immunoprofile . Positivity for keratin is seen. Vimentin is 
also positive, particularly in the spindle cells; stromal positiv-
ity for laminin and focal positivity for CEA and EMA are 
seen in the squamoid type. Thyroglobulin and TTF-1 are usu-
ally negative. 
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Figure 3.51 (continued)

Chapter 3. The Thyroid Gland



124

  Molecular profile . The PI3K/PTEN/AKT pathway is 
altered (Fig.  3.52 ). The molecular alterations are similar to 
those seen in poorly differentiated carcinoma but occur with 
greater frequency.  TP53  mutations coding for p53 are seen in 
50–80 % of cases. Mutation in the gene  CTNNB1  coding for 
β-catenin is found in 66 % of cases.  PIK3CA  and  PTEN  muta-
tions are also observed in a minority of cases and frequently 
coexist with  RAS  and  BRAF  V600E mutations, suggesting 
an origin from and/or coexistence with DTC.  RET/PTC  and 
 PAX8/PPARγ   rearrangements are usually absent. Epithelial–
mesenchymal transition [loss of E-cadherin (CDH1) expres-
sion due to activation of E-cadherin  repressors]    is accepted 
as a key mechanism in the development and progression of 
anaplastic thyroid carcinoma.

    FNA findings  (Fig.  3.53a–e ). The FNA should avoid 
necrotic areas. Smears show high cellularity and highly pleo-
morphic malignant cells with nuclear enlargement, irregular 
nuclear membranes, clumped chromatin, macronucleoli, and 

Mutated RAS,RET/PTC & Mutations, deletions, epigenetic inactivation

Almost all RTK s… activate of PTEN gene… activate

RAF–MEK –MAPK pathway PI3K –AKT –mTOR pathway

Cell proliferation Migration

Cell survival Angiogenesis

ONCOGENESIS

Differentiated thyroid carcinoma Differentiated thyroid carcinoma

Undifferentiated carcinoma

Follicular adenoma

  Figure 3.52    Synergistic signaling pathways       
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atypical mitoses. Cells may have squamoid features, be multi-
nucleated (osteoclast type and bizarre), and have a spindle 
appearance. The background shows variable necrosis and 
scattered neutrophils.

  Figure 3.53    Undifferentiated (anaplastic) carcinoma. Smears show 
large single and multinucleated pleomorphic cells with atypical 
mitoses, variable amounts of cytoplasm, and a necrotic background 
with neutrophils both extra- and intracellular ( a ,  b ,  d ,  e ). A rhabdoid 
phenotype with dense cytoplasmic aggregates of intermediate fila-
ments may be evident and show immunostain positivity for vimentin 
( c ). Ultrasound in this particular case shows a large hypoechogenic 
mass with slight heterogeneous echotexture, slightly irregular, lobu-
lated, and fuzzy borders with moderate vascularity by Doppler 
examination ( f ,  g ) ( a – c  Courtesy of Dr. Javier Saenz de Santamaria, 
Badajoz, Spain)         
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Figure 3.53 (continued)

   The differential diagnosis includes metastases to the thy-
roid, particularly from lung, melanoma, and sarcomatoid 
renal cell carcinoma. Medullary carcinoma may be consid-
ered in cases with absent necrosis or multinucleated cells, 
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because they are almost always absent in medullary carci-
noma. Again, judicious use of immunostains is helpful. We 
should emphasize that a diligent search of malignant cells 
should be conducted in hypocellular specimens so that a mis-
diagnosis of Riedel thyroiditis is avoided. 

  US features  (Fig.  3.53f–g )

•    Diffuse and usually large mass with heterogeneous and 
hypoechoic echotexture, frequently seen in a background 
of multinodular goiter.  

•   Dense coarse amorphous calcification is present in 60 %.  
•   Necrosis is common (80 %) and may be extensive.  
•   Cervical lymphadenopathy is common (80 %) and usually 

heterogeneous and shows necrosis.  
•   US evidence of local invasion of adjacent neck structures 

including blood vessels is seen.  
•   Viable areas are vascular, and areas of necrosis are 

hypovascular.     

    Thyroid Lymphoma 

 Thyroid lymphoma, either primary or secondary, is rare. 
Secondary involvement is more common, because 20 % of 
disseminated lymphomas involve the thyroid. Plasmacytoma, 
Hodgkin lymphoma, Langerhans cell histiocytosis, Rosai–
Dorfman disease, and extramedullary hematopoiesis 
(Fig.  3.54a ,  b ) can involve the thyroid gland, often presenting 
as thyroid nodules.

    Clinical findings . Patients with primary lymphoma usu-
ally have Hashimoto’s thyroiditis; however, only a minority 
of patients with Hashimoto’s develops lymphoma. Patients 
are usually women with a median age of 60 years. The clini-
cal presentation is similar to that of anaplastic carcinoma, 
including a rapidly enlarging thyroid mass, dysphagia, and 
hoarseness. The response to chemotherapy and radiother-
apy is favorable, and the prognosis is better than that for 
patients with anaplastic carcinoma. The prognosis is better 
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  Figure 3.54    Smears of extramedullary hematopoiesis showing a 
single megakaryocyte, nucleated red blood cell ( a ,  right arrow ;  b , 
 center ), myeloblasts ( b ), and one immature eosinophil ( a ,  upper 
arrow ). Smear from non-Hodgkin lymphoma shows a monotonous 
population of small cells ( c ) with nuclear clefts ( d ), coarse chroma-
tin, and conspicuous nucleoli ( e ). These two cases of lymphoma 
show similar US features including a large homogeneous hypoechoic 
solid mass with posterior acoustic enhancement (“pseudocystic” 
appearance) and minimal vascularity by Doppler examination ( f – h ). 
( a – d , MGG stain high power;  e , Papanicolaou stain, high power)       
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for marginal zone B-cell  lymphoma than for diffuse large 
B-cell lymphoma. 

  Histopathology . Almost all thyroid lymphomas are B-cell 
non-Hodgkin lymphoma, mainly of the diffuse large cell type 
(70 %) and less commonly of the MALT type (marginal zone 
B-cell lymphomas) (15 %), and only rarely are true follicular 
lymphomas. Primary thyroid T-cell lymphomas are exceed-
ingly rare. 

  Immunoprofile . A consideration in the evaluation of B-cell 
lymphomas in a background of chronic thyroiditis is the 
detection of clonal B-cell populations that have not yet 
evolved into lymphoma. Thus, careful interpretation of 
results is advised. 

  Molecular profile. BRAF  and  NRAS  gene mutations have 
been identified in 24 and 8 % of diffuse large B-cell thyroid 
lymphomas, respectively.  HRAS  and  KRAS  mutations or 
 PAX8/PPARγ  have not been detected. 

  FNA findings  (Fig.  3.54c–e ). Smears are cellular and 
show a monomorphic noncohesive lymphoid cell popula-
tion in a background of red blood cells and numerous lym-
phoglandular bodies. Cells of marginal zone lymphoma are 
of medium size and have a plasmacytoid appearance. Cells 
of large cell lymphoma may have a fragile cytoplasm, and 
numerous stripped nuclei may be present along with intact 
cells showing a basophilic cytoplasm and prominent nucle-
oli. Occasionally, there is a mixed lymphoid cell 
population. 

  US features  (Fig.  3.54f–h )

•    A diffuse or focal hypoechoic homogeneous mass is often 
seen. Occasionally, the thyroid is nodular, mimicking mul-
tinodular goiter, or enlarged with no obvious 
abnormality.  

•   The focal lymphomatous nodule may be profoundly 
hypoechoic with posterior enhancement resembling a thy-
roid cyst (“pseudocystic” appearance).  

•   In contrast to anaplastic carcinoma, calcifications, cystic 
degeneration, and necrosis are rare.  

Chapter 3. The Thyroid Gland



130

•      Vascularity is variable, from almost absent, to marked, and 
to chaotic.  

•   The background thyroid parenchyma often has US fea-
tures of Hashimoto’s thyroiditis.  

•   Associated lymph nodes may be large, round, homo-
geneous, and very hypoechoic with posterior acoustic 
enhancement, and they often lack calcifications or necrosis.     

    Rare Primary Thyroid Tumors 

 Squamous cell and mucoepidermoid carcinoma have been 
described only rarely in the thyroid. The diagnosis is histo-
logic and should be made after exclusion of PTC with a squa-
mous or mucoepidermoid component or a metastatic deposit. 
A distinct subtype of mucoepidermoid carcinoma is the scle-
rosing type with eosinophilia, which often arises in a back-
ground of Hashimoto’s thyroiditis with fibrosis. The 
eosinophils tend to cluster around the moderately pleomor-
phic squamous cells. Keratin is positive, and TTF-1 and thyro-
globulin are usually negative. The clinical course is usually 
indolent. 

 Other rare tumors of the thyroid gland include teratomas, 
which usually occur in the first decade of life, neuroblasto-
mas, thymic and parathyroid tumors, and amyloidosis causing 
the so-called amyloid goiter (Fig.  3.55 ). Mixed medullary–fol-
licular, mixed medullary–papillary, thyroid paraganglioma, 
and small cell carcinoma are other neuroendocrine tumors 
described in the thyroid.

   Benign mesenchymal tumors such as lipoma, heman-
gioma, leiomyoma, schwannoma, granular cell tumor have 
been described in the thyroid. Sarcomas including spindle, 
epithelioid, and pleomorphic cell types are exceedingly rare 
and should be considered after exclusion of anaplastic carci-
noma. Angiosarcoma has also been described in the thyroid, 
particularly in patients from European Alpine countries 
(Fig.  3.56 ).
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  Figure 3.55    Amyloid goiter. Smear shows ill-defined fragments of 
amorphous cottony material (“puffy clouds”) admixed with benign 
stromal elements ( a ,  b ), which correlate with the tissue findings ( b ) 
( a ,  b  Diff- Quik and Papanicolaou stains, high power;  b , hematoxylin 
and eosin, medium power. Courtesy of Dr. Javier Saenz de 
Santamaria, Badajoz, Spain)       
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  Figure 3.56    Primary thyroid angiosarcoma. Epithelioid angiosar-
coma resembles either primary or metastatic poorly differentiated 
malignancy. Cells have mild to moderate pleomorphism and may 
show small cytoplasmic vacuoles ( a ,  b ). Immunocytochemical stains 
for factor VIII and CD10 are confirmatory ( c ) ( a ,  b  Diff-Quik stain, 
high power;  c , immunocytochemistry, high power. Courtesy of 
Dr. Javier Saenz de Santamaria, Badajoz, Spain)         

a

b
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       Metastases 

 Clinically significant metastases to the thyroid gland are not 
unusual and are seen in approximately 2 % of patients who 
have surgery for suspected thyroid cancer and 10 % of 
patients who die of malignancy other than thyroid. The most 
common primary sites for thyroid metastases include the 
kidney (48 %), colorectum (10 %), lung (8 %), breast (8 %), 
and sarcomas (4 %). Aggressiveness of the tumor and host 
susceptibility account for the incidence and time of detection 
of the metastasis after the primary tumor. Local invasion 
from primary malignancies of adjacent organs is less common 
and is seen only in advanced disease. 

  Clinical findings . Thyroid metastases are commonly 
(40 %) solitary; however, they may be multiple or diffuse 
and are commonly the result of an advanced and dissemi-
nated malignancy. Regional lymphadenopathy is common 
in thyroid metastasis. Forty-four percent of metastases to 
the thyroid occur in glands with underlying benign thyroid 
conditions and primary thyroid neoplasms. In general, the 

c

Figure 3.56 (continued)
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clinical  suspicion for a metastatic malignancy is high except 
for renal cell carcinoma. Renal cell carcinoma can present as 
a thyroid nodule years or decades after the diagnosis of the 
primary tumor. 

  FNA findings . Cytologic features are those described in 
the primary tumors. Briefly, renal cell carcinoma shows aggre-
gates of cells with finely granular, clear, or microvacuolated 
cytoplasm, large round to oval nuclei, and often large nucle-
oli. In melanoma, the smear is cellular with cellular pleomor-
phism including anaplastic, spindle, and plasmacytoid cells, 
eccentric nuclei, prominent nucleoli, occasional intranuclear 
cytoplasmic invaginations, and fine granular cytoplasmic pig-
ment. A uniform population of polygonal cells may be seen 
in metastatic adenocarcinoma. The smear background often 
shows necrosis and acute inflammation (Fig.  3.57 ).

a

b

  Figure 3.57    Metastases to the thyroid. Examples of metastatic clear 
cell renal cell carcinoma ( a ) and metastatic squamous cell carci-
noma of the esophagus ( b ). ( a , Diff-Quik stain, low and high power; 
 b , Papanicolaou stain, medium power)       
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   The clinical history, cytomorphology, comparison with the 
primary tumor tissue, and wise use of immunohistochemical 
markers are of paramount importance for the diagnosis. In meta-
static carcinoma, it is important to remember that a lung primary 
shows a TTF-1 inmunoreactivity. The presence of cytoplasmic 
mucin in the malignancy strongly favors a metastatic deposit. 

  US features 

•    Solid, large, and well-defined hypoechoic and homoge-
neous mass affecting predominantly the lower poles of the 
thyroid.  

•   Diffuse involvement is unusual; a heterogeneous echo pat-
tern may be seen.  

•   Calcifications and necrosis are uncommon.  
•   A nonspecific vascular pattern is seen on Doppler 

examination.  
•   Cervical lymph node and systemic involvement is often 

present.      

    FLUS and AUS: FNA Diagnosis 
and Ancillary Tests 

 USG-FNA cytology is highly accurate and has a sensitivity 
and specificity of more than 95 % in the diagnosis of benign 
and malignant thyroid nodules (in our experience at 
Outpatient Pathology Associates (OPA) evaluating over 
70,000 samples). Follicular and Hurthle cell neoplasms remain 
the most challenging in FNA cytology and constitute the 
majority of the Bethesda System for Reporting Thyroid 
Cytopathology indeterminate category. In contrast to pub-
lished statistics that report 20 % rate for indeterminate diag-
noses, the rate in OPA is well below 4 %. 

    Cytologic Considerations for Reducing 
the Indeterminate FNA Diagnosis Rate 

 We should keep in mind the following considerations:

    1.    The presence of lymphoid cells, both single and entangled, 
along with microfollicles, which may be oncocytic, strongly 
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suggests chronic thyroiditis. Correlation with clinical fi ndings 
including serology and US features is needed (Fig.  3.58a ).

       2.    A two-cell pattern including microfollicles and sheets of 
follicular cells indicates a mixed micro- and macrofollicu-
lar pattern nodule. If macrofollicles comprise more than 
25 %, repeat USG-FNA in 6 months (Fig.  3.58b ).   

   3.    Modest cellularity with few microfollicles is not suffi cient 
for a diagnosis of a microfollicular-pattern nodule. Render 
a descriptive diagnosis and repeat USG-FNA in not less 
than 3 months (Fig.  3.58c ).   

   4.    Nuclear features short of malignancy are not suffi cient for 
the diagnosis of malignancy. Render a descriptive diagno-
sis and repeat USG-FNA in not less than 3 months 
(Fig.  3.58d ).   

   5.    A cystic background and scattered metaplastic cells may 
be seen in papillary carcinoma. Render a descriptive diag-
nosis and repeat USG-FNA in not less than 3 months, with 
sampling of the solid-phase component (Fig.  3.58e ).   

   6.    “Pseudo-microfollicles,” seen in benign thyroid nodules 
with atrophy, show cell and nuclear sizes similar or slightly 
bigger than those of red blood cells, lack intact cytoplasm, 
and lack molding and overlapping in contrast with true 
microfollicles (Fig.  3.58f ).     

 Currently, no ancillary test or molecular marker replaces 
the USG-FNA diagnoses of follicular lesion or suspicion of 
malignancy. However, their use may be considered in selected 
cases. Many potential thyroid cancer biomarkers have been 
studied, including  BRAF ,  RAS ,  RET/PTC ,  PAX8/PPARγ , 
galectin-3, HBME-1, MRC2, HMGA2, SFN, and miRNAs. 
The value of these tests in the diagnosis of specific thyroid 
malignancies and indeterminate FNA results varies from 
institution to institution and depends heavily on the molecu-
lar or immunohistochemistry laboratory and the expertise of 
the cytopathologist, who should use these tests judiciously. 
Likewise, galectin-3, cytokeratin-19, HBME-1, thyroid per-
oxidase, and DAP IV are proteins detected by immunoper-
oxidase stains that vary from laboratory to laboratory. 
Galectin-3 is overexpressed in thyroid malignancies, and 
HBME-1 is overexpressed in PTC. 
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  Figure 3.58    Cytologic clues to avoid erroneous diagnoses. Oxyphilic 
cells forming microfollicles are often seen in chronic thyroiditis, and 
a microfollicular tumor diagnosis should be avoided ( a ). The pre-
dominance of a macrofollicular architecture in a mixed macrofol-
licular ( b ,  left arrow ) microfollicular ( b ,  top arrow ) pattern nodule 
merits repeat FNA under US guidance in not less than 3 months ( b ). 
The diagnosis of microfollicular tumor should be avoided in the 
presence of rare microfollicles; thus, repeat FNA under US guid-
ance in not less than 3 months ( c ). When cellular findings suspicious 
for malignancy are seen (medullary carcinoma in this case), corre-
late the cytology with clinical findings (serum calcitonin levels in 
this case) ( d ,  arrow  indicates a distinct type of binucleation). 
Metaplastic cells and macrophages are findings that may be seen in 
PTC ( e ), and further sampling under US guidance is required, par-
ticularly when there is a solid component. Pseudo-microfollicles 
may be seen in benign thyroid nodules with atrophic pattern; small 
nuclear and cell size, fragile cytoplasm, and lack of molding are seen 
in atrophy and not in true microfollicles ( f )         

a

b c
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 Table  3.5  provides general guidelines to perform addi-
tional tests based on cytomorphologic findings to help clarify 
the diagnosis under consideration.

       Molecular Markers 

 In follicular cells, the mitogen-activated protein kinase 
(MAPK) signaling pathway regulates cell proliferation, dif-
ferentiation, and survival and is physiologically activated by 
growth factors binding to receptor tyrosine kinases. The sig-
nal is transmitted to the nucleus through proteins and cyto-
plasmic kinases including RAS, RAF, MEK, and ERK. 
Thyroid tumors frequently have genetic alterations leading to 
the nonregulated spontaneous activation of the MAPK sig-
naling pathway (see Fig.  3.32  and Table  3.6 ).

   Molecular markers are currently not recommended for 
routine use in diagnosis of thyroid tumors. The American 
Thyroid Association guidelines recommendation is that 

d e

f

Figure 3.58 (continued)
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   Table 3.5    Refl ex ancillary tests based on the cytopathology 
interpretation   

 USG-FNA 
diagnosis  Ancillary tests  Remarks 
 AUS/FLUS  None  Repeat FNA under US 

guidance in 3–6 months. See 
molecular markers 

 Papillary 
carcinoma 

 None  Surgery 

 Anaplastic 
carcinoma 

 IHC for keratin  Preferably done in cell block. 
Rule out melanoma, lung, 
pancreas, as distant primaries 

 Lymphoma  Immunophenotype by 
flow cytometry 

 Submit one or two dedicated 
passes in RPMI medium 

 Medullary 
carcinoma 

 Serum calcitonin, 
IHC for calcitonin, 
CEA, thyroglobulin, 
synaptophysin, 
chromogranin 

 Preferably done in cell 
block 

 Metastasis 
from the 
thyroid 

 IHC for TTF-1  Preferably done in cell block 

 Needle rinses for 
thyroglobulin and 
thyroglobulin antibody 
levels 

 Obtain needle rinses in 1 
ml. of normal saline 

 Metastasis 
to the 
thyroid 

 IHC for TTF-1. If 
negative, clinical 
correlation and proceed 
with additional IHC 
tests. If positive, still 
consider lung primary  

 Preferably done in cell 
block 

 Parathyroid  IHC for PTH, TTF-1, 
and chromogranin 

 Preferably done in cell 
block 

 Needle rinses for PTH 
levels 

 Obtain needle rinses in 
normal saline and freeze them 

   Abbreviations :  AUS / FLUS  atypia of undetermined significance/fol-
licular lesion of undetermined significance,  FNA  fine-needle aspira-
tion,  IHC  immunohistochemistry,  RPMI  Roswell Park Memorial 
Institute,  CEA  carcinoembryonic antigen,  TTF-1  thyroid transcrip-
tion factor,  PTH  parathyroid hormone  
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 BRAF ,  RAS ,  RET/PTC , and  PAX8/PPARγ  gene alterations 
may be considered for patients with indeterminate FNA 
cytology to help guide management. 

    Cytology Correlation 

 The following are useful considerations regarding the various 
genetic alterations in thyroid tumors and should be taken 
into account in the cyto-molecular correlation:

    1.     BRAF , a growth promoter thought to be specifi c for PTC, 
is only seen in about 50 % of these tumors. Thus, a negative 
BRAF result in a patient with an indeterminate FNA diag-
nosis will create more uncertainty, and the clinical manage-
ment has to be based on the cytology diagnosis. If there is 
a false- positive BRAF result, although unlikely in a patient 
with an indeterminate FNA diagnosis, the result will be an 

   Table 3.6    Common genetic alteration in thyroid tumors   

 Tumor 
 Genetic alteration (in various 
proportions) 

 Papillary thyroid 
carcinoma 

  BRAF  and  RAS  point mutations 

  RET/PTC  rearrangement 

  TRK  rearrangement 

 Follicular carcinoma   RAS  mutations 

  PAX8/PPARγ  rearrangement 

 Medullary carcinoma   RET  point mutations 

 Poorly differentiated 
carcinoma 

  RAS  mutations 

  CTNNB1  (β-catenin) mutations 

  TP53  mutations 

 Anaplastic carcinoma   TP53  mutations 

  CTNNB1  (β-catenin) mutations 

  RAS  mutations 

  BRAF  mutations 
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unnecessary surgery for a neoplasia that in most cases is 
not life-threatening.   

   2.    Finding both  BRAF and RET  is a strong indication of 
malignancy,  RAS  strongly suggests malignancy, and  PAX8/
PPARγ  correlates with a follicular pattern, but is not diag-
nostic of malignancy.   

   3.    The specifi city of  RET/PTC  has been questioned because 
of the identifi cation of  RET/PTC  in nonneoplastic follicu-
lar cells in Hashimoto’s thyroiditis, oncocytic tumors, and 
other benign lesions.   

   4.     PAX8/PPARγ , a growth inhibitor thought to be specifi c for 
follicular carcinoma, not only detects 50 % of them but 
also is expressed in follicular adenomas and the encapsu-
lated follicular variant of PTC.   

   5.    It is suggested that thyroid tumors showing  RAS  mutations 
need surgical excision. Such tumors exhibit a follicular pat-
tern that includes follicular adenoma, follicular carcinoma, 
and the follicular variant of papillary carcinoma as well as 
Hurthle cell neoplasms. When these are correctly diagnosed 
by FNA cytology, the patient will benefi t from surgery.   

   6.    Thus, it is only in selected cases that the analysis of some 
types of  RAS  mutations and  PAX8/PPARγ  rearrangement 
are helpful for deciding a surgical approach.  PAX8/PPARγ  
rearrangement should be used as an indication for an 
exhaustive search for hallmarks of malignancy in a surgi-
cally excised follicular-pattern tumor.     

 Cytology material is particularly suitable for molecular 
analysis of thyroid nodules. The rate of PTC in  BRAF -
positive nodules tested by FNA is 99.8 %, showing that this 
test is highly accurate in the diagnosis. However, in our expe-
rience at Outpatient Pathology Associates, PTC is also confi-
dently diagnosed by FNA cytology in more than 99 % of 
cases; thus, in an experienced cytology laboratory,  BRAF  
mutation or  RET/PTC  rearrangement analysis may be 
unnecessary for the diagnosis of PTC. Similarly, the clinical 
history, FNA cytology, and serum calcitonin levels will allow 
one to diagnose almost all medullary carcinomas, and  RET  
proto-oncogene analysis may not be necessary. 
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 Besides the established thyroid cancer biomarkers, 
 BRAF ,  RET/PTC ,  RAS , and  PAX8/PPARγ , that  represent 
 well-understood mutations with regard to activating path-
ways of growth, recently, upregulated genes ( MRC2 ,  HMGA2 , 
 SFN ) with a potential effect on neoplastic growth have been 
described as useful discriminators for thyroid cancer in 
indeterminate FNA diagnosis. Also, it has been suggested 
that miRNA analysis could be a useful adjunct in the man-
agement algorithm of patients with thyroid nodules, based 
on 100 % sensitivity and 86 % specificity (96 % specificity 
when Hurthle cell lesions were excluded) at differentiating 
malignant from benign indeterminate FNA thyroid lesions. 
Recently, a gene expression classifier using a cocktail of 167 
genes has shown promise in improving preoperative risk 
assessment; however, close follow-up and repeat cytology is 
most appropriate in cases with a negative molecular test. 

 It is important to stress that (1) thyroid molecular tests are 
expensive, performed only in few molecular laboratories, not 
easily accessible, and not standardized yet; (2) a molecular 
panel that includes  BRAF  V600E and  RAS  point mutations 
and  RET/PTC  and  PAX8/PPARγ  rearrangements will be 
able to identify a group of patients (70 %) with almost 100 % 
probability of malignancy; however, 30 % of thyroid cancers 
have no detectable molecular markers, a fact that is diffi-
cult to ignore clinically; and (3) thyroid molecular markers 
have high specificity for malignant lesions, but do not have 
a good negative predictive value for cytology- indeterminate 
lesions. It has been shown that 7.6–16.2 % of patients with 
indeterminate cytology diagnosis (well above the 3.9 % in 
our laboratory) and negative molecular testing had thyroid 
carcinoma on surgical excision. Thus, it is still necessary to 
find out what is the appropriate clinical management when a 
patient with an undetermined FNA diagnosis has molecular-
panel- negative results. 

 The efficacy of these studies must be assessed carefully, 
considering the laboratory standards and clinical scenario, 
 including imaging studies. The so-called “reflex” BRAF testing 
is clinically beneficial for the patient and for the health-care 
system when the cytology diagnosis is indeterminate or suspi-
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cious for PTC in less than the acceptable 5 % rate; otherwise 
health care becomes molecular test dependent and unneces-
sarily expensive. We must emphasize that the  operator needs 
training to obtain a diagnostic specimen and/or the cytopa-
thologist needs to reassess the diagnostic criteria to lower the 
rate of undetermined FNA diagnoses.  

    Therapeutic Implications of Molecular Markers 

     1.     Surgical therapy . Conventional therapy for most patients 
with DTC includes surgery, radioactive iodine, and TSH- 
suppressive thyroid hormone therapy. When metastatic 
disease occurs, radioactive iodine can be curative. However, 
for those patients with DTC whose disease progresses 
despite conventional therapy, no effective therapy exists. 
The advent of molecular markers opens the horizons for a 
possibly different initial surgical approach and targeted 
therapy. The suggested surgical management scenarios for 
patients with positive molecular markers are:

•    BRAF + = total thyroidectomy and more aggressive 
and extended surgical exploration.  

•   RET/PTC + = total thyroidectomy and more aggressive 
and extended surgical exploration if RET/PTC3+. The 
test should be done by RT-PCR, because highly sensi-
tive assays such as Southern blotting have 13 % false-
positive diagnoses.  

•   RAS + = hemithyroidectomy.      

   2.     Targeted therapy . A minority of patients with DTC develop 
a more aggressive, metastatic, recurrent, and life-threatening 
disease. Targeted therapies for thyroid cancer with kinase 
inhibitors based on molecular and cellular pathogenetic 
pathways are being evaluated clinically for potential use in 
patients who are not surgical candidates, patients with meta-
static thyroid carcinoma unresponsive to traditional therapy, 
or preoperatively. Patients with progressive metastatic med-
ullary carcinoma also benefi t from biologically targeted 
therapy. The hypothesis is that the targeting of these kinases 
could block tumor growth and ultimately induce cell death. 
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Because agents that target RET and RET/PTC also inhibits 
VEGF receptors and other kinases, only some BRAF inhib-
itors used as therapy for PTC have entered clinical trials.     

 Therapies by categories include:

    1.    Tyrosine kinase inhibitors. These agents can target a single 
kinase (such as BRAF) or multiple kinases in the MAPK 
signaling pathway, which is activated in most PTCs. 
Inhibitors of RET, RAS, RAF, and MEK kinases target dif-
ferent points in the same pathway.

    (a)    RAF inhibitors: induce growth arrest and apoptosis.   
   (b)    PLX 4032 inhibits specifi cally mutant  BRAF  V600E, 

with no effect on wild-type  BRAF  or other RAF 
kinases. XL281 inhibits both wild-type and mutant 
BRAF kinases. Both appear to control stable disease 
in advanced PTC with  BRAF  mutation.   

   (c)    Selumetinib also seems to target  BRAF  V600E.       

   2.     Modulators of apoptosis . Apoptosis is targeted by PPARγ 
activators, including COX2 inhibitors, rexinoids, bortezo-
mib, and derivatives of geldanomycin.   

   3.     Inhibitors of angiogenesis . Physiologically, proangio-
genic factors such as VEGF bind tyrosine kinase recep-
tors that trigger angiogenesis as well as MAPK signaling. 
Neoangiogenesis is an event that is needed for tumor 
growth. Tyrosine kinase inhibitors (motesanib, sorafenib, 
sunitinib, vandetanib, and pazopanib) and humanized 
antibodies against VEGFs (bevacizumab) target VEGF 
receptors responsible of neoangiogenesis, particularly in 
papillary and medullary oncogenesis. These agents have a 
strong antiangiogenic effect in thyroid carcinoma.

    (a)    Sorafenib also targets RET and BRAF kinases. The 
anti-RET activity makes this agent of potential use for 
medullary thyroid carcinoma.   

   (b)    Sunitinib also targets RET and RET/PTC1 and 3 
kinases with potential use for papillary, follicular, and 
medullary carcinoma.   
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   (c)    Vandetanib also targets RET kinase, with potential use 
for medullary carcinoma as well as PTC.   

   (d)    Axitinib has a strong antiangiogenic effect and does 
not block RET or other mutated kinases. It is effective 
in the treatment of advanced medullary, papillary, and 
follicular carcinomas including Hurthle cell carcinoma. 
Thus, the effect is primarily antiangiogenic.   

   (e)    Pazopanib has a strong antiangiogenic effect and does 
not block RET, RET/PTC, or BRAF kinases. Its effi -
cacy in treating advanced DTC and medullary carci-
noma is under investigation, and the results appear 
promising. The effect is primarily antiangiogenic.    

      4.    Immunomodulators   
   5.    Gene therapy     

 Earlier studies claimed that  BRAF  and  RAS  mutations 
and  RET/PTC  rearrangements were mutually exclusive in 
PTC, but recent studies have shown the coexistence of  RET/
PTC ,  BRAF  V600E, and phosphatase and tensin homolog 
( PTEN ) rearrangements in some PTCs. Thus, it may be more 
effective to provide therapeutic agents with a broader inhibi-
tory profile (kinases and growth factor receptors) than using 
single targeted therapy agents. 

 The success of the mentioned biologic targeted therapies 
has not been dramatic and varies according to the agent and 
dosage; side effects such as hypertension, heart conduction 
system abnormalities, photosensitivity, mucositis, nausea, 
vomiting, diarrhea, fatigue, a high incidence of cutaneous 
squamous cell carcinoma have been reported. We emphasize 
that targeting angiogenesis by blocking of VEGF tyrosine 
kinase receptors is very promising for the management of 
DTC and medullary carcinoma because of the synergistic 
effect on angiogenesis and on MAPK signaling pathways (see 
Fig.  3.52 ). However, we are still waiting for the development 
of a selective agent to a specific target within the neoplastic 
cell that prevents the  development and maintenance of the 
malignant phenotype with high therapeutic efficacy and with-
out side effects.  
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    Handling of Cytologic Specimens for Molecular 
Marker Studies 

 The following summarizes the steps involved in the procure-
ment, handling, and submission of material for molecular 
testing from thyroid nodules obtained by USG-FNA. 

 Because paired samples for cytology and molecular tests 
are obtained during the same procedure, this should be per-
formed not sooner than 3 months after prior FNA to avoid 
finding reactive cytologic changes that may interfere with the 
cytology interpretation.

    1.    Perform the USG-FNA of the thyroid nodule with 25- or 
27-gauge needles, as described before.   

   2.    Prepare the smears for cytologic interpretation in the con-
ventional manner, as described before.   

   3.    Rinse the FNA needles with the solution provided by the 
molecular test manufacturer.   

   4.    Perform two passes exclusively for the molecular test. 
Rinse the needle in the solution as in step 3.   

   5.    If the molecular test is performed by an outside laboratory, 
submit the vial for molecular tests following the instruc-
tions of the manufacturer. Include 1 or 2 smears for molec-
ular cytology correlation.   

   6.    Stain the rest of the cytology smears by using standard stain-
ing techniques, preferably Romanowsky and Papanicolaou 
stains.   

   7.    The cytopathologist should perform the cytologic interpre-
tation without knowing the molecular test results to avoid 
bias.        

    Minimally Invasive Procedures Guided by US 

  Percutaneous ethanol injection  may be curative for thyroid 
cysts, particularly if it is unilocular and simple. Recurrences 
are common in large, multilocular, and predominantly cystic 
complex nodules, and surgery is often the final therapy. 
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  Percutaneous laser ablation  has been proposed for decreas-
ing the volume and improving local symptoms in patients 
who decline surgery or are at surgical risk. The ablation is 
done with local anesthesia, and the results are promising; 
however, long- term follow-up results are not yet available.     
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        The parathyroid glands usually have the size of a grain of rice 
and measure 5 × 3 × 1 mm. The location of the lower parathy-
roid glands is more variable than that of the upper glands, 
and they may even have ectopic locations such as the medi-
astinum or a location around the carotid sheath and in the 
aortopulmonary window. Supernumerary glands may be seen 
in 5–15 % of individuals. Rarely, the parathyroid glands may 
be intrathyroidal, usually within the upper pole. 

 Embryologically, the lower and upper parathyroid glands 
develop from the third and fourth branchial cleft, respec-
tively. The lower parathyroid glands share the embryologic 
origin with the thymus, all migrating caudally, leaving the 
parathyroid glands in the dorsal extracapsular aspect of the 
lower thyroid poles. The upper parathyroid glands descend 
with the thyroid gland and locate in the dorsomedial extra-
capsular aspect of the upper thyroid poles, usually at the level 
of the thyroid isthmus. 

 Histologically, the parathyroid glands are composed of one 
basic cell type, the chief cell which may have morphologic 
variations (oxyphilic, clear, transitional) reflecting different 
physiologic states of activity.  Chief cells  have a central nucleus 
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and pale granular cytoplasm, which has secretory (parathor-
mone or PTH) granules and variable amounts of glycogen. 
Increased secretory granules, prominent Golgi apparatus, and 
less glycogen are seen in response to hypocalcemia, reflecting 
increased PTH production.  Oxyphilic cells  have a deep eosin-
ophilic cytoplasm that is rich in mitochondria, but has fewer 
secretory granules.  Water-clear cells  have clear cytoplasm and 
are more commonly seen in hyperplastic glands than in nor-
mal glands.  Transitional cells  may also be present. In addition, 
the parathyroid glands contain variable amounts of stromal fat 
that increases with the age of the individual; however, func-
tional parenchymal elements remain constant. Cytoplasmic 
immunoreactivity with antibodies to PTH, keratin, chromo-
granin, and neuron-specific enolase is seen in all cell types. 

    Hyperparathyroidism 

 Hyperparathyroidism is the most common cause of hyper-
calcemia, occurring in 1/500–1/1,000 of the population. Most 
patients are asymptomatic, and a single parathyroid adenoma 
is the cause in 85–90 % of cases; multiple adenomas (4 %) 
and hyperplasia account for the rest. Parathyroid carcinoma 
is a rare cause (less than 1 %) of hyperparathyroidism. 
Secondary hyperparathyroidism due to parathyroid hyper-
plasia is commonly the result of chronic renal failure. All 
patients with hyperparathyroidism should undergo US so 
that the adenomatous/hyperplastic gland(s) is located and 
coexisting thyroid nodules are identified because the inci-
dence of coexisting thyroid cancer is 2–6 %.  

    Parathyroid Adenoma 

 Parathyroid adenomas are more frequent in women than 
in men and occur at any age, including childhood, but are 
particularly common in the fourth decade of life. Most are 
single, and 75 % involve one of the lower glands. Adenomas 
have a thin capsule and may have cystic change, hemorrhage, 
and calcification. 
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 Histologically, adenomas are cellular and are usually com-
posed of chief cells; but it is common to find a combination of 
the other cell types. Cellular elements may be arranged in 
diffuse, trabecular, nested, follicular, or pseudopapillary pat-
terns and may show cellular pleomorphism and hyperchro-
masia, but mitoses are usually absent (Fig.  4.1 ). Lymphoid 
cells and sometimes plasma cells may be present. Colloid-like 
material simulating thyroid tissue may be present. Oxyphilic 
adenoma is composed almost entirely of oxyphilic cells and is 
commonly nonfunctioning. Lipoadenomas are unusual and 
are composed of glandular and abundant adipose tissue.  

 Molecular genetic abnormalities of parathyroid adenomas 
are diverse and variable and are not conclusively distinct from 
parathyroid hyperplasia. Furthermore, clonality studies sug-
gest that this feature is related to the “nodular architecture” 
seen in adenomas and hyperplasia, rather than being a feature 
of neoplasia, i.e., adenoma. Alterations in overexpression of 

a b

c d

  Figure 4.1    Parathyroid adenoma. Histologically, these two adeno-
mas show thin capsules and trabecular ( a ) and follicular ( b ) archi-
tecture composed of small- to medium-sized cells without cellular 
atypia ( c ). Immunostain for parathormone is positive ( d ). ( a – c , 
hematoxylin and eosin, low and medium power;  d , immunoperoxi-
dase stain for PTH, medium power)       
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cyclin D and chromosome 11q13 regions are characteristically 
seen in parathyroid nodular hyperplasia and adenoma.  

    Parathyroid Carcinoma 

 Parathyroid carcinoma is rare and may be seen as a compo-
nent of MEN1. Hereditary predisposition for parathyroid 
carcinoma is seen in patients with the hyperparathyroidism–
jaw tumor syndrome (parathyroid cysts, parathyroid carcino-
mas, fibro- osseous lesions of the jaw). Parathyroid carcinoma 
can be suspected when there is local invasion or nodal metas-
tasis. Patients may have a firm, palpable neck mass, symptoms 
related to invasion of adjacent neck structures, and very high 
calcium and PTH serum levels. The relative survival at 5 years 
is 85 % and at 10 years ranges from 49 to 77 %. 

 Histologically, tumors show conspicuous dense, fibrous tis-
sue bands, as well as spindle cells arranged in a trabecular 
pattern, and they commonly exhibit a high mitotic count and 
capsular invasion; vascular invasion is seen in some cases. 
Carcinomas composed of chief cells are more common than 
oxyphilic cell carcinomas. 

 Genetic analysis suggests that most parathyroid carcino-
mas do not arise from adenomas. Loss of parafibromin (the 
result of inactivating mutations of the tumor suppressor gene 
 HRPT2  which is responsible for the hyperparathyroidism–
jaw tumor syndrome), loss of  Rb  gene expression, and over-
expression of galectin-3 detected by antibodies may help in 
the diagnosis of parathyroid carcinoma. The cyclin D and  Rb  
gene have frequently been found in parathyroid carcinoma.  

    Chief Cell Hyperplasia 

 Chief cell hyperplasia can be primary (related to MEN 
types 1 and 2a) or secondary to renal failure or malabsorp-
tion. The parathyroid glands are all enlarged in the classic 
primary  condition; however, at times one gland may be 
grossly enlarged, with all being histologically hyperplastic. 
Parathyroid calcification is more common in hyperplasia 
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than in adenoma or carcinoma. Distinction between primary 
and secondary chief cell hyperplasia cannot be made histo-
logically without the aid of clinical and laboratory informa-
tion. Although it is difficult to evaluate, the compressed rim 
of normal parathyroid tissue seen in adenoma helps in the 
distinction from hyperplasia.  

    Water-Clear Cell Hyperplasia 

 Water-clear cell hyperplasia is rarely associated with hyper-
parathyroidism and is not associated with MEN syndrome. It 
affects predominantly the superior parathyroid glands, which 
may be large, weighing 100 g and more. Cells arranged in a 
solid or pseudoglandular pattern have well-defined cytoplas-
mic membranes, peripheral nuclei of variable sizes, and 
membrane- bound cytoplasmic vacuoles probably related to 
the Golgi apparatus.  

    Ultrasound (US) Examination 
of the Parathyroid Glands 

 The normal parathyroid glands are usually not seen by US. The 
use of US in the evaluation of the parathyroid glands is to look 
for parathyroid hyperplasia or adenoma in patients with bor-
derline or elevated calcium levels with or without symptoms 
of hyperparathyroidism. The positive predictive value of US 
(anatomic study) in parathyroid adenomas is 97.5 % and that 
of 99Tc MIBI or sestamibi scan (functional study) is 83.7 %. 
Thus, the US evaluation has greater sensitivity than the sesta-
mibi scan, is less expensive, and includes no ionizing radiation. 
In addition, the examination is rapid and allows for simultane-
ous thyroid evaluation. However, US is unable to detect small 
lesions, particularly if they are located in the mediastinum, and 
has limitations regarding distinction of parathyroid adenoma 
from lymph node or follicular  thyroid neoplasms without 
cytology and PTH levels in needle rinses (PTH has more sen-
sitivity than does cytology). CT and MRI are useful for detect-
ing mediastinal and retrotracheal parathyroid glands. 
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    US Features of Parathyroid Solid 
Lesions (Fig.  4.2 ) 

•        Parathyroid adenomas and carcinomas share similar US 
features.  

•   The capsule of the parathyroid lesion, which separates the 
lesion from the thyroid tissue, appears as an echogenic 
plane between the two.  

•   The lesion is homogeneous, hypoechoic, and solid, of vari-
able size and shape, molding to the surrounding 
structures.  

•   Lesions posterior to the thyroid tissue are oval or flat and 
have a well- defined echogenic line that separates them 
from the thyroid gland.    The surface is flattened due to 
lying against the fascial planes. The lesions are oval/round 
if they are located lower to the thyroid pole.  

•   In parathyroid carcinoma, the lesion often is more spheri-
cal than in adenoma.  

•   Calcifications are uncommon in adenomas, but more com-
mon in carcinoma and hyperplasia.  

•   Intrathyroidal adenomas are rare (1–2 %) and are 
hypoechoic with a sharp edge/border and prominent vas-
cularity, similar to a “hot” thyroid nodule.  

•   Intranodular hypervascularity is common, with a predomi-
nant arterial pattern. Visualization of the feeding polar 
inferior thyroid artery in the vascular pedicle is a helpful 
feature. The vascular pedicle is caudal in the inferior 
glands and cranial in the superior glands.  

•   Avascular lesions (10 %) are usually less than 1 cm in 
diameter, cystic, and deep seated.  

•   Large lesions may be cystic; multiple cysts are more com-
mon than a single one. They may be entirely cystic.  

•   Invasion of adjacent structures and immobility on swal-
lowing may be present in parathyroid carcinoma.  

•   Lymph node metastasis is seen in 25 % of cases of parathy-
roid carcinoma.  

•   The parathyroid lesion must be distinguished from the 
 longus colli muscle , esophagus, blood vessels, lymph nodes, 
and thyroid nodules.     
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  Figure 4.2    Ultrasound features of parathyroid adenoma. ( a ,  b ) 
Longitudinal view of an adenoma with intranodular hypervascular-
ity, homogeneous hypoechogenicity, and focal echogenic rim ( a , 
 arrow ) adjacent to the superior vascular pole ( b ). ( c ,  d ) Transverse 
view of an inferior adenoma showing an echogenic rim ( c ,  upper 
arrows ) and the inferior polar vessels ( c ,  lower arrow ;  d ). ( e ,  f ) Left 
inferior intrathyroidal adenoma ( PA ) adjacent to the left carotid 
artery ( CA ). Note the hypoechoic area that connects the adenoma 
and the artery ( e ,  arrow ) that corresponds to the feeding vessel ( f , 
 arrow ); the surface of the adenoma is flattened lying against the sur-
rounding structures ( g ,  h )       
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    US-Guided FNA of Parathyroid Solid Lesions 

 Not all parathyroid lesions need US-guided (USG)-FNA; 
however, USG-FNA is helpful when there are multiple 
lesions or when it is in an intrathyroidal or atypical neck loca-
tion, particularly after failed surgery or prior to ethanol abla-
tion. It is also useful to distinguish the parathyroid lesion 
from a lymph node. USG-FNA can also play a role in local-
izing the lesion in recurrent disease and can obtain material 
for cytology and to measure PTH levels in needle rinses. 

 Relative contraindications for USG-FNA include morbid 
obesity, respiratory movement problems, partial or complete 
obscuration by vessels, and anticoagulation. 

 The patient must lie supine with the neck hyperextended. 
Low-frequency transducers in the range of 7.5–10 MZ are 
recommended for evaluation of the deep neck structures and 
inferior parathyroid glands particularly in patients with a 
voluminous neck. 

 Sampling should be done by capillarity (Zajdela tech-
nique) with the use of a 27-gauge needle. Two or three 
quick thrusts are sufficient for obtaining diagnostic material. 
Samples are bloody, and when the operator sees that blood 
appears in the hub of the needle, he or she should withdraw 
the needle immediately. Thus, the material must be immedi-
ately and quickly smeared onto a glass slide to avoid clotting.  

    FNA Findings of Parathyroid Solid 
Lesions (Fig.  4.3 )    

 Parathyroid lesions including cysts may be mistaken clinically 
as thyroid nodules. Furthermore, cytologic findings are simi-
lar to those of thyroid follicular tumors, and without clinical 
and US correlation, differentiating between the two is diffi-
cult. Smears are cellular and show dispersed single cells, com-
plex aggregates, microfollicles, and pseudopapillary structures 
in a background of variable amounts of proteinaceous fluid 
and lymphoid cells. Epithelial cells are cuboidal with eccen-
tric round or oval nuclei, inconspicuous nucleoli, granular 
coarse chromatin, and either non-oncocytic scant cytoplasm 
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(chief cells) or oncocytic ample cytoplasm and may show 
intranuclear cytoplasmic inclusions. Cytopathology cannot 
distinguish between parathyroid adenoma and carcinoma. 
Macrophages indicating cystic change are unusual. When 

  Figure 4.3    Smears from parathyroid adenoma ( a – f ) show complex 
cell aggregates ( a ) with papillary architecture ( b ), and a fine capil-
lary network ( c ). The cells are monomorphous and cuboidal and 
show round nuclei, slight anisonucleosis, and granular chromatin 
and lack nucleoli. Microfollicles may be seen along with stripped 
nuclei, and the cytoplasm may be granular and eosinophilic ( d–f ). 
Smears from a melanocytic pigmented parathyroid carcinoma ( g–j ) 
show features similar to those found in the adenoma. In addition, 
cytoplasmic granular pigment and melanin-laden macrophages are 
also seen in this particular case. ( d ,  e  Diff-Quik stain, high power;  f , 
Papanicolaou stain, high power;  a – c ,  g – j  MGG stain, high power)       
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clear cells predominate, the differential diagnosis includes 
metastasis from renal cell clear cell carcinoma. When oxy-
philic cells predominate, the differential diagnosis includes 
oncocytic thyroid neoplasms or even metastatic malignancies 
to the thyroid or parathyroid gland. Parathyroid hormone 
measurements in needle rinses and immunostain for TTF1 
are helpful in the differential diagnosis. Metastases to the 
parathyroid gland are exceedingly rare; one case of meta-
static breast carcinoma was reported by Fulciniti F. et al.   

    Parathyroid Cysts 

 Parathyroid cysts are rare and more frequent in women than 
in men. Patients do not have hypercalcemia or hyperparathy-
roidism and are asymptomatic except for local pressure. The 
mean diameter is 4 cm, and the drained volume is variable, 
but may be 100 ml or more. The cyst wall has parathyroid tis-
sue and is lined with cuboidal epithelium. The cyst contents 
are rich in PTH. Differential diagnosis includes thymic and 
thyroid cysts. 

g

i j

h

Figure 4.3 (continued)
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    US Features of Parathyroid Cysts (Fig.  4.4 ) 

•        Cysts are well defined and thin walled. They may be large 
and found within the lower neck region or in the upper 
mediastinum and may “dissect” the tissue planes and com-
press the adjacent structures, i.e., the trachea, esophagus, 
or recurrent laryngeal nerve.  

•   2/3 of the cysts originate in the inferior parathyroid glands, 
and 95 % are located below the inferior thyroid border.     

    FNA Findings of Parathyroid Cysts (Fig.  4.5 )    

 The fluid has a characteristic and almost pathognomonic 
clear, transparent, and water-like appearance, but can be yel-
low and cloudy, similar to thyroid cyst contents. Variable 
numbers of macrophages may be present.      

  Figure 4.4    Ultrasound features of a parathyroid cyst. This large 
anechoic mass is compressing the muscle ( m ) and shows a thin uni-
form wall ( a ,  arrows ), no vascular blood flow ( b ), and posterior 
acoustic enhancement best seen in the lateral aspect ( c ,  arrows ). The 
cyst completely collapsed after fluid drainage ( d )       
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           Normal Salivary Glands 

 The three pairs of major salivary glands include the parotid, 
submandibular, and sublingual. The minor salivary glands are 
numerous and are located in the mouth and oropharynx. 

 All salivary glands are exocrine and have serous or 
mucous acini and excretory ducts. Serous acini have basally 
located nuclei, granular basophilic cytoplasm, and cyto-
plasmic zymogen PAS+ diastase-resistant granules, and 
they secrete amylase (Fig.  5.1 ). Mucous acini have basally 
located nuclei, clear vacuolated cytoplasm, and cytoplasmic 
sialomucin vacuoles, and they secrete mucin. The ductal 
system begins distally in the intercalated ducts, which are 
lined with cuboidal epithelium. The cells have central nuclei 
in communication with the larger striated ducts which are 
lined by mitochondria-rich columnar eosinophilic cells. The 
more proximal interlobular ducts are lined by pseudostrati-
fied columnar epithelium with scattered mucinous cells. 
Myoepithelial cells surround the secretory acini and the 
intercalated ducts.
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   The parotid gland is a serous gland and contains lymphoid 
aggregates; lymph nodes may be present and contain ducts or 
occasionally acini. The submandibular gland is mixed serous 
and mucous; caps of serous cells may be seen in the mucous 
acini. The sublingual gland is also mixed but is predominantly 
mucous. The minor glands may be predominantly serous or 
mucous.  

    Ultrasound of the Salivary Glands 

  The parotid space  extends from the external auditory canal 
superiorly to the angle of the mandible inferiorly, neigh-
bors the nasopharyngeal area in the medial aspect, and is 
separated from the carotid space by the posterior belly of 
the digastric muscle. The space contains the parotid gland, 
facial nerve, retromandibular vein, external carotid area, and 
lymph nodes. The normal parotid gland has a homogeneous 
echotexture and is hyperechoic, more than the subman-
dibular gland (Fig.  5.2 ). The facial nerve cannot be visualized; 
however, the retromandibular vein, seen as a well-defined 
hypoechoic tubular structure, is the landmark for the facial 
nerve. Intraparotid lymph nodes may be visualized, mea-
sure <5 mm, and are usually located in the superficial lobe. 
An accessory parotid gland may be seen in 20 % of patients 
and is located overlying the masseter muscle.

a b

  Figure 5.1    Normal histology of the parotid gland at low ( a ) and 
high magnification ( b ). Note the presence of adipose tissue and 
sebaceous glands ( b ,  arrowheads ) (Hematoxylin and eosin stain)       
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a

b

  Figure 5.2    Normal US of the parotid space and parotid gland 
( a , right parotid;  b , left parotid).  Mand  mandible,  Mast  mastoid pro-
cess,  DG  posterior belly digastric muscle       

    The submandibular and sublingual spaces  lay infero-
lateral and superomedial, respectively, and are divided by 
the  mylohyoid muscle. The submandibular space contains 
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the anterior belly of the digastric muscle, the superficial 
lobe of the submandibular gland, lymph nodes, the facial 
artery and vein, the inferior part of the XII nerve, and fat. 
Different from the parotid gland, the lymph nodes are 
around and not within the submandibular gland. The sub-
lingual space contains the anterior hyoglossus muscle, the 
deep lobe of the submandibular gland, sublingual gland 
and ducts, submandibular duct, lingual artery and vein, 
lingual nerve, and cranial nerves IX and XII. The sub-
mandibular and sublingual glands are homogeneous and 
slightly hyperechoic. The Wharton’s duct is not normally 
seen, only when dilated (Fig.  5.3 ).

a

  Figure 5.3    Normal    US of the submental and sublingual ( a , trans-
verse view;  b , longitudinal view), and submandibular ( c ) gland 
spaces and the submandibular gland.  DG  digastric muscle,  MH  
mylohyoid muscle,  SlG  sublingual gland,  LN  lymph node,  SmG  sub-
mandibular gland,  DGa  anterior belly digastric muscle,  DGp  poste-
rior belly digastric muscle,  HG  hyoglossus muscle,  T  tonsil       
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       US and Salivary Gland Masses 

 US imaging alone is usually sufficient for evaluation of most 
salivary gland masses. However, US has limitations: it cannot 
visualize the deep lobe of the parotid gland and the minor 

c

b

Figure 5.3 (continued)
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salivary glands. Thus, masses arising deep in the parotid gland, 
oral cavity, tracheobronchial tree, or pharynx cannot be 
evaluated by US. In cases of salivary gland malignancies, US 
cannot evaluate bone, perineural, or deep-soft-tissue involve-
ment or the retropharyngeal lymph nodes. Despite these limi-
tations, US should be part of the initial evaluation of any 
accessible asymptomatic salivary gland mass, particularly 
when it develops in the parotid, submandibular, or sublingual 
areas. Of note, 20 % of masses clinically considered as being 
in the parotid gland are extra-glandular and reinforce the use 
of US. US characterizes a salivary gland mass, evaluates asso-
ciated lymphadenopathy, and permits needle guidance and 
accurate sampling by fine- needle aspiration (USG-FNA). 
USG-FNA is the preferred diagnostic modality for any symp-
tomatic or asymptomatic salivary gland mass.  

    US Features of Benign and Malignant 
Salivary Gland Masses 

     1.     Tumor edge . Benign tumors have well-defi ned, regular, and 
smooth margins. Malignant tumors have irregular and ill- 
defi ned contours (Fig.  5.4 ).

       2.     Internal architecture . Benign tumors have a homogeneous 
echotexture and may have posterior acoustic enhancement 
as often seen in pleomorphic adenomas. Malignant tumors 
have heterogeneous internal architecture and may have 
areas of necrosis and cystic change/hemorrhage. However, 
benign tumors may have cystic change and complex inter-
nal  architecture, i.e., Warthin’s tumors or large  pleomorphic 
 adenomas. Calcifi cation usually indicates a long- standing pro-
cess, as seen in pleomorphic adenoma (Fig.  5.5 ).

      3.     Tumor extent . Extracapsular invasion into the surrounding 
tissue, including the skeletal muscle, subcutaneous tissue, 
and skin, may be seen, particularly in high-grade or long- 
standing malignant tumors (Fig.  5.6 ).
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a b

c

  Figure 5.4    Tumor edge. Smooth, well-defined, and lobulated bor-
ders are often seen in benign mixed tumors or pleomorphic adeno-
mas ( a ). Round and well-defined edges are seen in cystic lesions ( b ). 
Spiculated  infiltrative borders ( arrow heads ) are seen in malignant 
tumors ( c  adenoid    cystic carcinoma)       

a b

  Figure 5.5    Internal architecture. Homogeneous echotexture is com-
monly seen in monomorphic and pleomorphic adenomas ( a  mono-
morphic adenoma). Heterogeneous echotexture may be seen in 
malignant tumors ( b  mucoepidermoid carcinoma), chronic sialade-
nitis ( c ), and benign tumors ( d  Warthin’s tumor)       
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      4.     Tumor vascularity . Malignant tumors may show increased 
internal vascularity. Pleomorphic adenomas may have 
peripheral vascularity (Fig.  5.7 ).

      5.     Lymphadenopathy . An indirect sign of malignancy is 
the presence of cervical lymph nodes with abnormal US 
 features in the region of lymphatic drainage.     

a b

c

  Figure 5.6    Tumor extent. Malignant tumors show spiculated and 
fuzzy borders with infiltration into surrounding tissue ( a  basal cell 
carcinoma). Smooth and distinct borders are seen in benign condi-
tions ( b  monomorphic adenoma;  c  Warthin’s tumor)       

c d

Figure 5.5 (continued)
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 The US distinction between benign and malignant salivary 
gland masses is not clear, and features overlap. Although US 
imaging is unable to differentiate among specific types of 
malignant salivary gland tumors, it helps to separate benign 
from malignant tumors. However, low-grade malignancies 
often share similar US features with benign tumors.  

  Figure 5.7    Tumor    vascularity. Vascularity is variable and usually 
high in high-grade tumors. However, Warthin’s tumors usually have 
high internal vascularity. The tumors shown correspond to those 
benign and malignant tumors and lesions listed in 4A–C ( a , pleo-
morphic adenoma;  b , cyst;  c , adenoid cystic carcinoma), 5A–D ( d , 
monomorphic adenoma;  e , mucoepidermoid carcinoma;  f , chronic 
sialadenitis;  g , Warthin’s tumor), and 6A–C ( h , basal cell carcinoma; 
 i , monomorphic adenoma;  j , Warthin’s tumor)         

a b

c d

e f

 

Chapter 5. The Salivary Glands



174

    Ultrasound-Guided FNA of Salivary 
Gland Masses 

 From the clinical perspective, it is relevant to remember that 
masses often develop in the parotid, submandibular, sublin-
gual, and minor salivary glands in decreasing order. They may 
be present in heterotopic salivary gland tissue in various sites 
of the head and neck, including along Stensen’s duct, and 
most are malignant, with mucoepidermoid carcinoma being 
the most common. Patient age is relevant because benign 
mixed tumor and Warthin’s tumor occur in adulthood, and 
mucoepidermoid carcinoma is the most common salivary 
gland tumor in children. Local pain, facial nerve damage, and 
signs of local tumor invasion often indicate malignancy, but 
their absence does not exclude such a diagnosis. 

 Masses affecting the salivary glands may be broadly classi-
fied as infectious/inflammatory, nonneoplastic, and neoplastic 
with a vast resulting number of mass lesions. Superimposed 
alterations such as degeneration, chronic inflammation, cystic 
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Figure 5.7 (continued)
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change, or metaplasia of various types add challenges to the 
already at times difficult pathologic diagnosis. 

 We agree with Stanley, M. W. et al. that a practical approach 
to interpreting FNA material based on a pattern diagnosis 
recognition based on first impression key findings will result 
in a narrow differential diagnosis for that particular pattern. 
We will adopt this approach to discuss common salivary 
gland masses. Briefly, the salivary gland patterns include (1) 
normal, (2) inflammatory/infectious, (3) pleomorphic ade-
noma, (4) Warthin’s tumor, (5) cystic, (6) small epithelial cells, 
(7) large epithelial cells, and (8) spindle cells. Benign mixed 
tumor and Warthin’s tumor are included not only because 
they are common but also for their occasional diagnostic dif-
ficulties in differentiating them from other tumors. The most 
common salivary gland masses will be covered in this fashion, 
and the rare entities will be mentioned briefly. 

 The USG-FNA is performed with a 25-gauge needle with-
out suction (Zajdela technique), as mentioned in the aspiration 
procedure section, early in this book. If the material obtained 
is limited, the use of an aspiration device may be indicated for 
applying moderate suction (3–4 ml of negative pressure). 
USG- FNA with a 22-gauge needle may be used for obtaining 
a bloody specimen, which is useful for preparation of a cell 
block for histologic evaluation and for ancillary tests including 
molecular studies; salivary gland tumors have significant and 
highly prevalent translocations. USG-FNA has 85, 96, and 
94 % sensitivity, specificity, and accuracy, respectively, in the 
evaluation of salivary gland masses. USG-core biopsy may be 
considered in rare selected cases, solely when USG-FNA is 
nondiagnostic and the patient’s risk for surgery is high. 

    Pattern I: Normal Salivary Gland Pattern 

 This pattern may be present in up to 20 % of salivary gland 
FNAs in some series. Cytologic smears are cellular and show 
predominantly acinar and less common ductal elements as 
well as  variable amounts of adipose tissue. Acinar elements 
are arranged in small, round aggregates of cells with large 
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granulovacuolar cytoplasm, eccentric round nuclei, and small 
inconspicuous nucleoli. Acinar cells have a fragile cytoplasm; 
as a result, the smear background is granular and exhibits 
variable numbers of stripped nuclei that need to be distin-
guished from lymphocytes, which have a scant rim of baso-
philic cytoplasm. The ductal elements may be branching and 
show tubular structures and cell sheets with honeycomb 
architecture (Fig.  5.8a ,  b ).

      Sialosis 

 Sialosis is a nonneoplastic, asymptomatic salivary gland 
enlargement that affects principally the parotid gland and 
less commonly the submandibular gland. It is the result of 

a b

c d

  Figure 5.8    Normal salivary gland cytology showing cohesive branching 
ducts and acini ( a ,  b ). US imaging of the left parotid ( c ,  arrows ) and left 
submandibular ( d ,  arrows ) gland enlargement (sialosis) in a patient 
with type II diabetes mellitus shows both glands with diffuse homoge-
neous echotexture and no hyper- or hypoechoic masses. There is a slight 
hyperechogenicity in the parotid gland compared with the subman-
dibular gland    ( c ,  d ) ( a ,  b  Papanicolaou stain, low and high magnifica-
tion)  SMg  submandibular gland       
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acinar hypertrophy and is usually bilateral. A related underly-
ing cause is usually identified, i.e., diabetes mellitus, malnu-
trition, alcoholism, cirrhosis, obesity, hypothyroidism, HIV, 
drugs, etc.; however, it may be idiopathic. FNA smears show 
a normal salivary gland pattern, as mentioned before (Fig.  5.8a ,  b ). 
It has been suggested that the cellular yield is greater than that 
of normal gland, and acinar cells are 20 % larger than normal 
cells, features that are difficult to evaluate in a high-quality 
FNA smear. The aspirates may contain variable amounts of 
adipose tissue, but they are devoid of inflammatory cells. The 
differential diagnosis includes failure to sample the target, and 
depending on the amount of adipose tissue present, a lipoma 
or a lipomatous salivary gland should be considered, all of 
which require clinical correlation, including imaging studies. 
The diagnostic accuracy is improved when the cytopathologist 
performs USG-FNA to reduce the sampling error. 

  US features . There is bilateral gland enlargement with nor-
mal echogenicity and no focal lesions or increased blood 
flow; however, the glands may be hyperechoic due to fat 
infiltration. The features are nonspecific (Fig.  5.8c ,  d ).   

    Pattern II: Inflammatory/Infectious Pattern 
and Similar Processes 

    Acute Inflammation 

 Acute inflammatory processes most commonly affect the 
parotid gland but are rarely subject to FNA. Suspicion of an 
associated neoplastic process, abscess formation that needs 
drainage, a poor response to antibiotic therapy, or a clinically 
suspected infectious process in a setting of immunosuppres-
sion may prompt an FNA, best if done under US guidance. The 
FNA smear pattern is purulent and shows neutrophils, fibrin 
strands, and variable numbers of acinar and ductal cells, which 
may have marked reactive changes (Fig.  5.9a ,  b ). The most 
common agents are bacterial organisms, e.g.,  Staphylococcus , 
and FNA material must be submitted for cultures. High-grade 
 malignant neoplasms, either primary or secondary, may show a 
background of neutrophils and necrosis. Caution should be 
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exercised in diagnosing malignancy, particularly of low grade, 
in the presence of acute inflammation.

    US features . A hypoechoic, ill-defined mass may be seen in 
early abscess formation; when liquefaction occurs, the mass 
becomes anechoic and well defined with posterior acoustic 
enhancement (Fig.  5.9c ,  d ). The gland is hypervascular, and 
regional lymphadenopathy is often present. The enlarged 
gland is hypoechogenic with a heterogeneous pattern due to 
duct and cyst dilatation and microabscess formation.  

    Chronic Inflammatory Processes 

 The presence of chronic inflammatory cells needs clinical 
correlation because the majority of masses with this pattern 
represent salivary gland tumors with scant representation of 

a b

c d

  Figure 5.9    Parotid abscess. This patient had an episode of acute 
sialadenitis and developed an abscess after antibiotic therapy. 
A purulent pattern ( a ), stone fragments ( a ,  arrow ), and rare sheets 
of ductal cells with squamous metaplasia ( b ) are seen. US imaging 
shows a slightly irregular anechoic lesion with posterior acoustic 
enhancement and no vascularity by Doppler examination ( c ,  d ) ( a ,  b  
MGG stain, high magnification)       
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epithelial cells and various degrees of nonspecific chronic 
inflammation, i.e., Warthin’s tumor or, in some cases, intra- or 
peri-salivary gland lymph nodes. On US, the gland is of nor-
mal size or small, heterogeneous, and hypoechoic with mul-
tiple round hypoechoic foci. The vascularity is not increased 
(Fig.  5.10 ).

    Postradiation sialadenitis  produces a firm nodular and 
often tender salivary gland with fibrosis, acinar atrophy, and 
preservation of the ductal epithelial system. Smears are 
sparsely cellular and show fibrosis, chronic inflammatory 
cells, and epithelial and stromal elements with variable cyto-
logic atypia that may pose difficulty in distinguishing this 
from a malignant process. The clinical history helps in the 
distinction. The gland is enlarged and hypoechoic in the acute 
phase and small, atrophic, and hypoechoic in the chronic 
fibrous stage. 

a b

c d

  Figure 5.10    Chronic sialadenitis. Chronic inflammatory cells, pre-
dominantly entangled with benign salivary gland elements ( a ) and 
reactive aggregates of ductal cells with squamous metaplasia ( b ). 
Ultrasound shows a complex heterogeneous mass with anechoic 
foci, septae of slightly hyperechoic bands, and mild internal blood 
flow by Doppler examination ( c ,  d )       
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  Benign lymphoepithelial lesions  present as bilateral salivary 
gland enlargement in patients with Mikulicz’s disease or Sjögren’s 
syndrome. Smears show a polymorphous population of  lymphoid 
cells and epimyoepithelial islands or groups of  myoepithelial 
cells, which may be inconspicuous. Clinical correlation is needed 
for consideration or support of the diagnosis. In contrast to the 
AIDS-related lymphoepithelial cyst, the cystic component seen 
in the autoimmune-related lesion is not prominent, and the nor-
mal salivary elements are almost absent. The gland is enlarged 
and shows normal echogenicity in the early stages. A gland with 
heterogeneous echotexture and multiple round hypoechoic 
areas or even cysts is seen in late stages. The incidence of lym-
phoma is greatly increased in patients with Sjögren’s syndrome.  

    Lymphomas 

 The lymphomas rarely affect the salivary glands (Fig.  5.11a , 
 b ); more often is the involvement of the parotid or subman-
dibular space lymph nodes (Fig.  5.11c ). The immunopheno-
type as determined by flow cytometry is helpful for the 
diagnosis in these cases. Hodgkin lymphoma rarely involves 
the salivary glands, and if diagnostic Reed–Sternberg cells are 
not identified, these cases may be diagnosed as inflammatory 
process or reactive lymphoid hyperplasia. Non-Hodgkin lym-
phomas of low grade may be confused with reactive pro-
cesses and vice versa. Occasionally, non-Hodgkin lymphoma 
of high grade, although often recognized as malignant, may 
be confused with poorly differentiated carcinoma or even 
small cell carcinoma.

    US features . Lymphomatous deposits are markedly 
hypoechoic and may show through acoustic transmission 
with posterior acoustic enhancement the so-called “pseudo-
cystic” appearance. The vascular pattern is increased and 
abnormal (Fig.  5.11d ,  e ).  

    Granulomatous Processes 

 This pattern may be seen as a part of infectious, non-neo-
plastic, and neoplastic processes. Sarcoidosis, a commonly 
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 non- necrotizing granulomatous process, may involve salivary 
glands or intragland lymph nodes (Fig.  5.12a ,  b ). Necrotizing 
granulomatous inflammation, as in other body sites, is 
 commonly associated with mycobacterial and fungal infec-
tions. Clinical correlation including cultures for organisms is 
always important. Of note, FNA material is perfectly suitable 
for ancillary studies, including cultures.

a b

c d

e

  Figure 5.11    Mixed cell follicular lymphoma and Warthin’s tumor of 
the parotid gland ( a ,  b ). Large B-cell lymphoma involving subman-
dibular space lymph node ( c ). Ultrasound shows a round markedly 
hypoechoic lymph node with well-circumscribed margins, posterior 
acoustic enhancement, and chaotic internal blood flow by Doppler 
examination ( d ,  e ) ( a ,  b  Diff-Quik stain, medium and high magnifi-
cation;  c  MGG stain high magnification)       
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    US features . The findings are non-specific and may show a 
normal or enlarged gland with diffuse hypoechogenicity or 
heterogeneous echotexture and lobulated gland borders 
(Fig.  5.12c ,  d ).   

    Pattern III: Pleomorphic Adenoma 
(Benign Mixed Tumor), Variants, and Similar 
Processes 

    Pleomorphic Adenoma 

 Pleomorphic adenoma or benign mixed tumor is composed of 
epithelial and stromal elements. Some tumors are cellular, and 
others exhibit various architectural patterns that may challenge 
the diagnosis. Complete surgical excision with preservation of 

a b

c d

  Figure 5.12    Sarcoidosis. Non-necrotizing granulomatous inflamma-
tion. Granulomas, chronic inflammation and tissue damage ( a ) and 
multinucleated giant cells are present ( b ). Ultrasound shows hetero-
geneous salivary gland echotexture with multiple hypechoic foci 
( c ,  arrows ) vascularized septae on Doppler evaluation ( d ) (DiffQuik 
stain, medium and high magnification)       
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the facial nerve is the treatment of choice. Local recurrence is 
rare and is often the result of incomplete resection or “spillage” 
of myxochondroid matrix. Complications include malignant 
transformation, particularly in large and long-standing tumors 
and in the so-called metastasizing pleomorphic adenoma. 

  Clinical findings . Pleomorphic adenoma is the most com-
mon tumor of the salivary glands and occurs predominantly 
in the tail of the parotid gland. It is rare in the sublingual 
glands. It is the most frequent tumor of the parapharyngeal 
space, followed by peripheral nerve sheath tumors. It has a 
slight female predominance, with variable age presentation, 
usually occurring in adults and the elderly. Familial occur-
rence is rare. Bilateral or multiple tumors are uncommon. 
Tumors are slowly growing over years, and except for com-
pressive mechanical symptoms, patients are almost always 
asymptomatic. Tumors are firm, well circumscribed, with 
regular and lobulated borders, and of variable size. 

  Histopathology . All tumors have a capsule of variable 
thickness and may be non-visible, particularly in cases with 
abundant myxoid matrix. 

  Typical pleomorphic adenomas  have a mixture of ductal 
epithelial, myoepithelial, and stromal elements. The epithelial 
component may show variable architectural patterns includ-
ing trabecular, papillary, tubular, solid, or cystic, even within 
the same tumor. The islands and tubules have an inner layer 
of cuboidal/columnar/flattened epithelial cells and outer 
myoepithelial cell layer(s). The stromal component is myxoid, 
chondroid, or fibro-osseous alone or mixed. Crystalloids may 
also be present in the background. Squamous elements in the 
form of pearls or squamous cells as well as mucous cells, clear 
cells, spindle cells, plasmacytoid cells, sebaceous cells, onco-
cytic cells, calcification, and adipose tissue may be seen. 
Degenerative changes may be seen spontaneously or after 
FNA and include squamous metaplasia, reactive cellular 
changes, necrosis, and infarction. 

  Cellular pleomorphic adenomas  may be rich in epithelial or 
myoepithelial cells, but every case shows the typical component 
described above, although it may be limited. There may be large 
atypical cells and rare non-atypical mitoses; as long as these 
features are focally present, they do not signify malignancy. 
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 Most tumors are diagnosed without difficulty; however, 
those with a predominant cellular epithelial or myoepithelial 
component or those with variable architectural patterns must 
be recognized and distinguished from other tumors such as 
polymorphous low-grade adenocarcinoma when involving 
minor salivary glands or adenoid cystic carcinoma in the 
major salivary glands. Pleomorphic adenomas with predomi-
nant rich myxoid stroma must be distinguished from mesen-
chymal tumors, including but not limited to myxoid lipoma, 
myxoid neurofibroma, and myxoma. 

  Immunoprofile . Epithelial cells show keratin, CEA, and 
EMA positivity. Myoepithelial cells are positive for calponin, 
p63, actin, vimentin, S-100 protein, CD10, glial fibrillary acid 
protein, and keratin but are CEA and EMA negative. 
Podoplanin, a myoepithelial cell marker has been shown to 
be positive on the cell border and in the external periphery of 
the cells in pleomorphic adenoma and other salivary gland 
tumors with myoepithelial differentiation. 

  Molecular profile . Most pleomorphic adenomas have 
karyotypic abnormalities including 8q12 rearrangements, 
12q14–15 rearrangements, or sporadic clonal changes. The 
8q12 and the 12q14–15 abnormalities activate the target 
genes  PLAG1  and  HMGA2 , respectively, producing fusions 
that are specific and diagnostic for these tumors. 

  FNA findings . Ductal cells are small, cuboidal, and bland 
appearing and can be single or form sheets, acini, tubules, or 
branching aggregates (Fig.  5.13a ). Cells show round, regu-
lar nuclei with fine chromatin and inconspicuous nucleoli 
and may have mild to moderate pleomorphism (arrows Fig. 
 5.13b );  occasional intranuclear inclusions may be present. 
The epithelial component may have cystic change and squa-
mous, clear cell, mucinous, oncocytic, and sebaceous metapla-
sia (Fig.  5.13c ). Myoepithelial cells are usually dissociated or 
in small aggregates and show plasmacytoid or spindle shapes 
and may have moderate pleomorphism; they may be mis-
taken for hematopoietic cells (Fig.  5.13d ). Myoepithelial cells 
appear faint with poorly defined cell borders when admixed 
with the stroma (Fig.  5.13e ). The chondromyxoid matrix, in 
air-dried Romanowsky- stained slides, is characteristic and 
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appears metachromatic, dense, and fibrillary; the last fea-
ture is particularly visible in the frayed edges (Fig.  5.13e ,  f ). 
The matrix is less conspicuous with Papanicolaou stain and 
appears pale and gray; and myoepithelial cells may appear 
stellate or spindle. Thus, Romanowsky- stained slides are 
advantageous for detection of small amounts of stromal ele-
ments, and they lower the possibility of an incorrect diagno-
sis. Necrosis and cellular atypia secondary to infarction may 
rarely be associated with prior FNA.

a b

c d

e f

  Figure 5.13    Benign    mixed tumor. Cytologic features ( a – f ). 
Ultrasound characteristics ( g – l ) ( a – f  Papanicolaou and MGG stains, 
medium and high magnification)         
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   It should be emphasized that finding fibrillary stroma 
overrides any ductal or myoepithelial cell atypia that may 
suggest malignancy including carcinoma ex-pleomorphic 
adenoma, which should be carefully considered due to its rar-
ity particularly in the absence of facial nerve-related clinical 
findings. 

 Myoepithelioma should be considered when myoepithelial 
cells predominate. However, because the stroma is the most 
conspicuous element in the pleomorphic adenoma pattern, 
the differential FNA diagnosis includes  mucoepidermoid car-
cinoma, polymorphous low-grade adenocarcinoma, and ade-
noid cystic carcinoma. Pleomorphic adenoma may  resemble 
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Figure 5.13 (continued)
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mucoepidermoid carcinoma based on the presence of marked 
mucinous metaplasia, foam cells secondary to cystic change, 
and metaplastic squamous cells. Finding less dense stroma 
that, on careful examination appears fibrillary, is helpful for 
reaching the correct diagnosis. 

 Cellular pleomorphic adenoma with a cylindromatous pat-
tern and limited stromal elements should be distinguished 
from adenoid cystic carcinoma and will be discussed in the 
section “small epithelial cell pattern.” Except for the procliv-
ity to affect minor salivary glands instead of the parotid gland 
and the perineural invasion seen in polymorphous low-grade 
adenocarcinoma, both polymorphous low-grade adenocarci-
noma and pleomorphic adenoma have stromal and epithelial 
cell similarities that make FNA distinction difficult. 

  US features . A round or oval well-defined hypoechoic solid 
mass with a lobulated or bosselated surface is usually located 
in the superficial portion of the parotid gland. The mass is 
homogeneous and often displays a “through” transmission 
with posterior acoustic enhancement (“pseudocystic” appear-
ance). Power Doppler often demonstrates peripheral blood 
flow. Irregular ill-defined margins and heterogeneity raise the 
possibility of malignancy. Cystic and hemorrhagic degenera-
tion is usually not seen; however, it may be observed in 
tumors larger than 3 cm. Calcifications may occur in long-
standing tumors (Fig.  5.13g–l ). 

 Recurrent pleomorphic adenoma almost always occurs in 
or around the surgical excision site. Single or multiple nod-
ules with smooth and well-defined borders, homogeneous 
echotexture, posterior acoustic enhancement, and peripheral 
vascularity may be present in these recurrent tumors.  

    Atypical Pleomorphic Adenoma 

 The atypical features of this tumor include high cellularity, 
cellular pleomorphism, increased mitoses, and/or necrosis. 
These features may suggest malignancy and should prompt 
extensive tissue sampling; however, they should not be mis-
taken for malignancy (Fig.  5.14 ).
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       Metastasizing Pleomorphic Adenoma 

 Deposits of otherwise typical pleomorphic adenoma may be 
seen occasionally in the lungs, mimicking pulmonary hamar-
toma, or in the bone, mimicking chondrosarcoma or myxoid 
malignant fibrous histiocytoma. Clinical and radiographic 
findings are required for adequate interpretation of the FNA 
findings.  

    Polymorphous Low-Grade Adenocarcinoma 

 Characteristically, this tumor shows bland cyto- and histo-
morphology, shows variable histologic patterns, and has low 
metastatic potential. 

  Clinical findings . This tumor originates almost exclusively 
in the minor salivary glands of the oral cavity, particularly the 
palate. It is more common in women and frequently occurs in 
the sixth to eighth decade of life. The patient has a non-tender 
mass that can last for months to years. 

  Histopathology . This well-circumscribed unencapsulated 
tumor shows various growth patterns, including a solid, 
cribriform, glandular, tubular, cystic, papillary, trabecular, or 
single cell linear pattern. Tumor cells are bland-appearing 
cuboidal and of medium size with round to elongated nuclei, 
granular fine chromatin, and inconspicuous nucleoli. Nuclear 
pleomorphism, necrosis, and mitoses are rare. The stroma 
is hyaline or mucoid and may have areas of hemorrhage. 

a b

  Figure 5.14    Benign mixed tumor with atypia and sebaceous ( a ) and 
squamous ( b ) metaplasia (Diff-Quik stain, high magnification)       
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Squamous, oncocytic, or mucinous metaplasia may be seen 
as well as intratubular calcifications. Pseudoepitheliomatous 
hyperplasia of the overlying epithelium may be present. 

  Immunoprofile . Neoplastic cells show positive immunore-
activity for CEA, keratin, S-100 protein, vimentin, EMA, 
actin, CD117, Bcl-2, and galectin-3. 

  Molecular profile . Alterations of the 8q12 chromosome 
band, 12q rearrangements, and clonal t(6:9)(p21;p22) have 
been observed. 

  FNA findings . Smears are often of high cellularity and 
show epithelial cells, myoepithelial cells, and myxoid matrix. 
The epithelial cells are seen in aggregates or sheets and occa-
sionally as branching pseudopapillary aggregates. Cells are 
cuboidal to spindle shaped with round to oval uniform nuclei, 
fine chromatin, inconspicuous nucleoli, and dense cytoplasm 
(Fig.  5.15 ). The cell features are important for distinguishing 

a b

c

  Figure 5.15    Polymorphous low-grade adenocarcinoma. Pseudopapillary 
aggregates with myxoid matrix are present ( a ). There are fine capillar-
ies surrounded by bland-appearing epithelial cells ( b ). Histologic find-
ings show glandular, cribriform, and trabecular patterns ( c ) ( a  MGG 
stain, high magnification;  b  Papanicolaou stain, medium magnification; 
 c  hematoxylin and eosin stain, medium magnification)       
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this tumor from pleomorphic adenoma that has plasmacytoid 
myoepithelial cells or adenoid cystic carcinoma that shows 
more basaloid hyperchromatic cells and lacks cell pleomor-
phism or necrosis.

        Pattern IV: Warthin’s Tumor and Similar Processes 

    Warthin’s Tumor 

 Warthin’s tumor is the second most common salivary gland 
tumor, has cigarette smoking as the main risk factor, is more 
prevalent after the fourth decade of life, involves almost 
exclusively the parotid gland, is bilateral in 10 % of cases, and 
is slightly more common in men. Complete surgical excision 
is the treatment of choice. 

  Clinical findings . Tumors are softer than pleomorphic 
adenomas and may even be fluctuant when predominantly 
cystic. Patients are usually asymptomatic. Transformation to 
epithelial or lymphoid malignancy is exceedingly rare. 

  Histopathology . The epithelial component is oncocytic, 
arranged as a double layer with inner columnar and outer 
smaller cuboidal cells that decorate cystic, glandular, or papil-
lary projections. The lymphoid elements are predominantly 
mature and may exhibit germinal centers. Mucous and goblet 
cells as well as sebaceous glands may be seen. 

  Immunoprofile . Epithelial cells show positivity for keratin 
and EMA and are negative for S-100 protein, p63, calponin, 
actin, and GFAP. Lymphoid cells lack light-chain restriction 
and are positive for mature B- and T-cell markers. 

  Molecular profile . The majority of these tumors show a 
normal karyotype. Approximately 10 % of tumors have cyto-
genetic abnormalities; 6p rearrangement and 11q;19p translo-
cations are the most common and consistent abnormalities in 
this tumor. 

  FNA findings . Smears may show three components in vari-
ous proportions: oncocytic cells, lymphocytes, and cyst fluid. 
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Oncocytic cells often occur in cohesive flat sheets showing 
abundant cytoplasm, well-defined cytoplasmic borders, round 
nuclei, and conspicuous nucleoli. The cytoplasm is granular 
and eosinophilic when stained with Papanicolaou stain or 
dense in air-dried Romanowsky-stained preparations 
(Fig.  5.16a ,  b ). Sebaceous, mucinous, or squamous metaplasia 
may be seen (Fig.  5.16c ). The lymphoid cells are usually small 
and may be scattered in the smear background or tangled 
among themselves or with the epithelial elements (Fig.  5.16d ). 
The cystic component shows debris admixed with variable 
numbers of macrophages and lymphocytes (Fig.  5.16e ). 
Cholesterol crystals may be seen.

   In the presence of a lymphoid-rich FNA, chronic inflamma-
tion, reactive lymphoid hyperplasia, or even small cell-type 
non- Hodgkin lymphoma may be differential diagnostic con-
siderations. Flow cytometry is helpful in questionable cases. 
Cyst content characteristics are highly suggestive of Warthin’s 
tumor; however, the diagnosis cannot be made without the 
presence of oncocytic cells; then repeat FNA under US guid-
ance should be performed for sampling of the solid compo-
nent. Mucoepidermoid carcinoma may be considered when 
the oncocytic epithelium is not prominent, and squamous 
metaplasia is identified in a background of cyst fluid that may 
be mistaken for mucin (Fig.  5.16f ). Cystic squamous cell carci-
noma may be considered when atypical squamous metaplasia 
is apparent in a background of cystic elements. When oncocytic 
cells predominate and the cyst fluid is not prominent, the dif-
ferential diagnosis includes oncocytic neoplasms, i.e., oncocy-
toma or oncocytic papillary cystadenoma, among others. Cells 
of acinic cell carcinoma may be difficult to differentiate from 
those of oncocytic neoplasms, particularly Warthin’s tumor, 
because both lymphocytes and cystic fluid may be present in 
these tumors. In contrast to the fine granularity of Warthin’s 
tumor, the coarse cytoplasmic zymogen granules of acinic cell 
carcinoma are more prominent in cell block slides. Necrosis, 
infarction, reactive changes, and hemorrhagic and granulation 
tissue may be encountered as a result of FNA sampling. 
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  US features . This tumor is usually a well-circumscribed 
round or ovoid hypoechoic mass which is heterogeneous 
with solid and cystic areas or multiseptated with spongiform 
cystic architecture. This US pattern is highly suspicious for 
Warthin’s tumor, but is not common. Power Doppler may 
show variable vascularity, particularly in the septa of the 
tumor (Fig.  5.16g–l ).   

  Figure 5.16    Warthin’s tumor. Cytologic features ( a – f ). Ultrasound 
characteristics ( g – l ) ( a – f  Papanicolaou and MGG stains, medium 
and high magnification)         

a b

c d

e
f

 

R.H. Bardales



193

    Pattern V: Cystic Pattern and Similar Processes 

 The cyst contents obtained by FNA may be broadly classified 
as non-mucinous and mucinous. Each of these categories has 
a broad differential diagnosis that includes primary nonneo-
plastic and neoplastic benign or malignant lesions. It should 
be remembered that cystic change may also be the result of 
degeneration in solid tumors. The differential diagnosis is 
narrowed when other cellular or noncellular elements are 
visualized. 
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Figure 5.16 (continued)
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  US features . Regardless of the etiology, cysts have similar 
characteristics, including well-defined edges, thin walls, 
anechoic pattern, posterior acoustic enhancement, and no 
vascularity (Fig.  5.17 ). If the cyst becomes infected, the wall 
becomes thick and there is internal debris.

       Non-mucinous Cystic Lesions 

   Crystals in Cystic Lesions 

 Cysts may contain crystals, i.e., α-amylase and tyrosine. 
  Alpha-amylase crystals  are not associated with malignant 

processes. Smears show polyhedral and multifaceted struc-
tures of variable size and thickness commonly associated 
with scant epithelial elements, predominantly oncocytic cells 
(Fig.  5.18 ). These crystals have been observed predominantly 
in cystic spaces lined with metaplastic oncocytic cells in 
Warthin’s tumor, oncocytic papillary cystadenoma, pleomor-
phic adenoma, sialadenitis, and sialolithiasis. The crystals may 
be a product of oncocytic cell secretion.

    Tyrosine crystals , on the contrary, have been found in 
malignant and nonmalignant neoplastic processes, more fre-
quently in black patients.  

a b

  Figure 5.17    Parotid gland cyst. US shows a round nodule with well- 
defined margins, anechoic pattern, posterior acoustic enhancement, 
and no vascularity by Doppler exam       
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   Lymphoepithelial Cysts 

 This AIDS-related process affects principally the parotid 
gland, unilaterally or bilaterally, and shows hyperplastic 
lymphoid tissue lining cystic structures, which may show 
squamous, columnar ciliated or non-ciliated, or mucinous 
epithelium or even sebaceous glands (Fig.  5.19a ). Cytologic 
findings include epithelial cells of the types described, 
polymorphous lymphoid cells, and a cystic background 
(Fig.  5.19b ,  c ). The differential diagnosis depends on the pre-
dominant elements identified; however, clinical correlation 
is important, considering that reactive lymphoid hyperplasia 
and lymphoepithelial cysts are more common than malig-
nant lymphoma, and Kaposi’s sarcoma, the most common 

a

b c

  Figure 5.18    Parotid gland cyst with alpha-amylase crystals. Smear 
shows characteristic polyhedral and multifaceted crystals ( a ). US 
shows a septated cyst with posterior acoustic enhancement ( b ) and 
minimal vascularity in the septum by Doppler exam ( c ) ( a  SurePath 
preparation, high magnification)       
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 malignancies in patients with AIDS. Some lymphoepithelial 
cysts may have a complex echotexture with solid and cystic 
areas resembling tumors.

        Mucinous Cystic Lesions 

   Obstructive Sialopathy 

 These processes may be the result of fibrosis, adjacent masses, 
or sialolithiasis obstructing the ductal system, causing retro-
grade dilatation and mucin accumulation. As a result, acinar 
atrophy, chronic inflammation, and occasionally acute inflam-
mation may occur. The lining epithelium of the dilated ducts 
is usually flattened or may show squamous, mucinous, or cili-
ated metaplasia. Foreign body reaction and stromal reactive 

b

c

a

  Figure 5.19    Lymphoepithelial cyst. Histologic section showing reac-
tive follicular hyperplasia and a cyst lined with benign squamous epi-
thelium ( a ). Squamous cells in complex aggregates and single are seen 
along with lymphocytes ( b ,  c ) ( a  hematoxylin and eosin stain, low 
magnification;  b ,  c  Papanicolaou stain, low and medium magnification)       
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changes may occur if there is rupture of the dilated duct. 
Cytology preparations are similar, if not identical to those of 
a low-grade mucoepidermoid carcinoma (Fig.  5.20 ).

      Sialolithiasis 

 This process is more common in women than in men and 
affects predominantly the submandibular gland, mainly as a 
unilateral lesion. Most calculi are single; 90 % of subman-
dibular gland and 10 % of parotid gland stones are radi-
opaque. Clinically, patients classically present with pain at 
mealtime; however, they may be asymptomatic and have a 
firm mass suggestive of malignancy. 

 The FNA diagnosis can be made in the presence of stone 
fragments that may be associated with cell metaplasia, 

a b

c d

  Figure 5.20    Obstructive sialopathy. Squamous metaplasia, chronic 
inflammation, and cyst contents were the findings in this subman-
dibular gland lesion ( a ,  b ). US shows cystic cavity surrounded by a 
thick wall, vascular by Doppler examination ( c ,  d ) ( a ,  b  Papanicolaou 
stain, high magnification)       
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 including ciliated columnar cells, which may be interpreted as 
a congenital cyst when stone fragments are not evident. The 
background is mucinous, with debris, and may be sparsely 
cellular (Fig.  5.21a ,  b ).

   The main differential diagnosis is low-grade mucoepider-
moid carcinoma in the absence of stone fragments and ciliated 
metaplasia and in the presence of squamous metaplasia, foam 
cells, and reactive, bland ductal cells. In cases where mucus is 
only present, the FNA diagnosis of “mucinous smear pattern” 
is suggested, followed by a comment addressing the differen-
tial diagnosis. 

  US features . The gland appears enlarged and hypoechoic 
due to ectasia and has variably dilated ducts. Duct dilatation 
may be usually seen, with the duct stone showing a hyper-
echoic rim and posterior acoustic shadowing. Parenchymal 
stones can also be identified. Cyst and abscess formation may 
also be seen (Fig.  5.21c ,  d ).  

b

c d

a

  Figure 5.21    Sialolithiasis. Ciliated metaplasia and crystals are pres-
ent in a mucoid background ( a ,  b ). US shows a hypoechoic area with 
lobulated edges and high vascular blood flow by Doppler exam 
( c ,  d ) ( a ,  b  Papanicolaou stain, high magnification)       
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   Low-Grade Mucoepidermoid Carcinoma 

 Mucoepidermoid carcinoma (MEC) is a malignant tumor 
composed of mucin-producing epithelium, squamous cells, 
intermediate cells, and mucus. Wide local surgical excision with 
preservation of the facial nerve is the treatment of choice. 

  Clinical findings . This is the most common salivary gland 
malignant neoplasm in both adults and children. It is more 
common in women than in men and occurs principally in the 
fifth decade of life, although it may occur in children in the 
second decade of life. It affects predominantly the parotid 
gland, the palate being the most frequent minor salivary site. 
The low- grade tumors are slowly growing and usually are 
asymptomatic, in contrast to the high-grade type, which are fast 
growing and cause pain. Low-grade tumors have an excellent 
prognosis, whereas high-grade ones have a poor prognosis. 

  Histopathology . The tumors are often cystic. Mucus cells 
usually compose <10 % of the tumor and are round and large 
and show well-defined cytoplasmic borders, clear or foamy 
cytoplasm, and small, dark eccentric nuclei. Epidermoid cells 
have a polygonal shape, dense eosinophilic cytoplasm, well-
defined cytoplasmic borders, and vesicular nuclei. 
Keratinization is rare except in inflamed tumors. Intermediate 
cells may be small basal or large polygonal cells. Basal cells 
have round/oval nuclei and scant eosinophilic cytoplasm. 
Large polygonal cells are round to oval with more abundant 
cytoplasm. Clear cells may be present and are occasionally 
prominent, as in the rare clear cell variant of MEC. Oncocytic 
cells are seen in the oncocytic variant of MEC. Hyalinized or 
sclerosed stroma is seen in sclerosing MEC. Psammomatous 
MEC is another variant. 

 The histologic grading is fundamentally based on the pre-
dominance of the cystic component (low-grade MEC) or the 
solid component (high-grade MEC). Cellular pleomorphism, 
necrosis, mitosis, and hemorrhage are usually absent in low- 
grade tumors. The differential diagnosis depends on the tumor 
grade and includes obstructive sialopathy, necrotizing sialo-
metaplasia, cystadenoma, and carcinomas including metastasis. 
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  Immunoprofile . Epidermoid, intermediate, and columnar 
cells are cytokeratin and EMA positive. Mucous cells are 
cytokeratin and EMA negative. CK5/CK6 and p63 highlight 
squamous derivation, and PAS demonstrates mucus. 
Oncocytic variant is strongly positive for p63. 

  Molecular profile . Mutations are found mainly in high-
grade tumors. The t(11;19)(q12;p13) in MEC is highly specific 
and results in fusion of the MEC translocated gene-1 or 
 MECT1  gene and the mastermind-like gene family or 
 MAML2  gene. The MECT1–MAML2 fusion transcript, 
which is present in more than half of all MECs, is associated 
with lower histologic grades and improved survival, suggest-
ing both diagnostic and prognostic roles in clinical manage-
ment. The translocation has not been seen in other salivary 
gland malignancies and can potentially be of diagnostic value 
using a FISH-based approach in FNA material, when MEC 
particularly of low grade is suspected. 

  FNA findings . The smear pattern is similar to that seen 
in obstructive sialopathy (Fig.  5.20a ,  b ). Smears are acel-
lular or hypocellular, and the background shows abundant 
mucin that, in contrast to pleomorphic adenoma, does not 
appear fibrillary and does not stain as intensely. Cellular 
elements appear singly or in aggregates (Fig.  5.22a ,  b ). The 
epidermoid cells are bland appearing, and the mucous cells 
are plump with vacuolated  cytoplasm indistinguishable from 
macrophages, well-defined cytoplasmic borders, and eccen-
tric nuclei displaced by the cytoplasmic mucin (Fig.  5.22c ). 
The mucous cells are fewer than the epidermoid cells. 
Intermediate cells are bland appearing and have moderate 
amounts of cytoplasm.

    US features . Low-grade MEC is usually hypoechoic and 
well defined, and it shares US features with benign salivary 
gland tumors (Fig.  5.22d ,  e ). In contrast, high-grade malignan-
cies may be frankly infiltrative. Large tumors have a complex 
heterogeneous echotexture reflecting intratumoral necrosis 
or hemorrhage. Malignant tumors are more likely to have a 
disorganized vascular flow and have regional neck lymph 
node metastases.   
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    Pattern VI: Small Epithelial Cell Pattern 

 Various primary salivary neoplasms as well as dermal, 
adnexal, and even metastatic deposits should be considered 
in the differential diagnosis of this cytologic pattern. Primary 

a b

c d
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  Figure 5.22    Low-grade mucoepidermoid carcinoma. Abundant 
mucus, scattered small cell groups, intermediate-type squamous 
cells, and few mucin-producing cells are characteristic, although not 
diagnostic findings, of this tumor ( a – c ). US features are not specific 
and overlap with those of benign cysts and tumors including marked 
hypoechogenicity and well-defined borders ( d ,  e ). The  arrowhead  
points to an area of extracapsular invasion ( a ,  b  Diff-Quik stain, high 
magnification;  c  Papanicolaou stain, high magnification)       
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salivary gland neoplasms include monomorphic adenoma, 
pleomorphic adenoma with scanty stroma, adenoid cystic 
carcinoma, and rarely, primary small cell carcinoma and 
lymphoepithelioma- like carcinoma. Dermal eccrine cylin-
droma and pilomatrixoma, infiltrative or metastatic basal cell 
carcinoma, metastatic neuroendocrine carcinoma of the skin 
or lung, and lymphomas must be considered in light of the 
clinical findings. Differentiating monomorphic adenoma 
from adenoid cystic carcinoma may be one of the most diffi-
cult diagnostic problems in salivary gland cytology. 

   Monomorphic Adenoma (Basal Cell Adenoma) 

 This tumor is composed of small, uniform basaloid cells and 
absence of the myxochondroid stroma seen in pleomorphic 
adenoma. Cytologically, this tumor is often indistinguishable 
from pleomorphic adenoma, with scant stroma and adenoid 
cystic carcinoma. Complete surgical excision is the treatment 
of choice. Local recurrences are unusual. 

  Clinical findings . This rare tumor affects predominantly 
the parotid gland of adults, with no sex predilection. Patients 
often have an asymptomatic mass present for a variable 
period ranging from months to years. Superficial lobe tumors 
are detected earlier; thus, the size usually is <3 cm. Larger 
tumors are located in the deep lobe and tend to have cystic 
degeneration. 

  Histopathology . Tumors of major glands are encapsulated, 
whereas those of minor glands are often uncapsulated, 
although well circumscribed. Cells are columnar or cuboidal 
and are arranged in tubular, solid, trabecular, or membranous 
patterns of growth. All patterns, but in particular the solid 
pattern, may show squamous horns or eddies, and the mem-
branous pattern shows thick eosinophilic hyaline membranes, 
which are reduplicated basement lamina similar to those of 
dermal cylindroma. 

  Immunoprofile . In the tubular component, epithelial cells 
are cytokeratin, EMA, and CEA positive. The myoepithelial 
cells are CD10, calponin, p63, actin, and S-100 protein 
positive. 
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  Molecular profile . Loss of heterozygosity 16q12–13, a region 
related to the cylindromatosis gene  CYLD , has been found. 
Trisomy of chromosome 8 and t(7;13) have also been reported. 

  FNA findings . Smears are cellular and show numerous blue 
cells and variable amounts of collagenous stroma that appears 
metachromatic on Romanowsky stains (Fig.  5.23a ). Cellular 
dissociation and single cells may be numerous. The membra-
nous basal cell adenoma shows features identical to those of 
adenoid cystic carcinoma, and the distinction between the two 
is almost impossible. When cellular complex aggregates with 
little or no stroma are the predominant pattern, the distinction 
from the solid (anaplastic) type of adenoid cystic carcinoma 
may be extremely difficult. The identification of spindle cells 
and capillaries within the arborizing collagenous stroma is 
useful for the correct identification of the tumor (Fig.  5.23b ). 
Also, the    stroma cell interface is fuzzy and fibrillary, with a 
subtle interconnection between the two instead of the sharp 
interface often seen in adenoid cystic carcinoma (Fig.  5.23c ). 
However, adenoid cystic carcinoma may show a fibrillary des-
moplastic stroma produced in the areas of invasion that is 
indistinguishable from the stroma of basal cell adenoma. The 
difficulty of the distinction is even more difficult in the solid 
type of adenoid cystic carcinoma that shows limited amounts 
of the characteristic globular cylindromatous metachromatic 
extracellular matrix. The well- demarcated cylinder cell inter-
face may not be prominent in this type.

    US features . Superficial tumors are solid and often round 
or oval, well circumscribed, and hypoechoic, with a homoge-
neous echotexture (Fig.  5.23d ,  e ). Deep tumors are larger, 
often round and well circumscribed, and hypoechoic, with a 
variably heterogeneous echotexture due to cystic change, 
particularly in tumors measuring >3 cm (Fig.  5.23f ,  g ). Almost 
all tumors show posterior acoustic enhancement.  

   Adenoid Cystic Carcinoma 

 This basaloid malignant tumor is composed of epithelial and 
modified myoepithelial cells and varying amounts of globular 
cylindromatous matrix. Surgery is the treatment of choice, 
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  Figure 5.23    Monomorphic (basal cell) adenoma. Cytologic findings 
( a – c ). Ultrasound features are not specific and overlap with those 
seen in benign mixed tumors including lobulated margins, hypoecho-
genicity with posterior acoustic enhancement ( d ,  e ), and slightly het-
erogeneous echotexture in larger tumors ( f ,  g ) ( a ,  c  Diff-Quik stain, 
high magnification;  b  Papanicolaou stain, medium magnification)       
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and radiation therapy may be considered in unresectable 
and/or deeply invasive tumors. 

  Clinical findings . This tumor comprises 10 % of salivary 
gland neoplasms and affects major and minor salivary glands. 
It occurs predominantly in adult and old individuals who 
present with a slow-growing mass with associated local pain, 
paresthesia, or even facial nerve paralysis. The prognosis is 
poor, and the outcome is usually fatal. 

  Histopathology . This infiltrative unencapsulated tumor has 
cells arranged in tubular, cribriform, and solid architectural 
patterns that are present in various proportions in the tumor. 
The lumens are filled with hyaline mucoid material. Perineural 
invasion is commonly seen. 

  Immunoprofile . No markers are specific for this tumor. 
Epithelial cells are keratin, CEA, and EMA positive. The 
myoepithelial cells are CD10, calponin, p63, actin, and S-100 
protein positive. The tumor is reported to be positive for 
CD117 and bcl-2. Ki-67 immunostain may be helpful for dis-
tinguishing this tumor from polymorphous low-grade adeno-
carcinoma. The extracellular material is PAS  and mucicarmine 
positive. Other biomarkers expressed in adenoid cystic carci-
noma include p53, EGFR, and MYB. 

  Molecular profile . The t(6;9)(q22-23;p23-24) translocation 
in adenoid cystic carcinoma results in fusion and activation of 
the  MYB  gene at 6q22-23 and the  NFIB  gene at 9p23-24. The 
 MYB – NFIB  fusion transcript, present in at least one third 
of salivary gland adenoid cystic carcinomas, can be detected 
by new reverse transcription polymerase chain reaction 
screening methods and FISH, and has emerged as a potential 
therapeutic target. Frequently, there is overexpression of the 
   c-kit protein; however, no  c-kit  gene mutations have been 
shown and no response to imatinib mesylate therapy has 
been reported. 

  FNA findings . Smears are cellular, and, depending on the 
histologic pattern, the cellular elements may be complex tridi-
mensional, glandular, trabecular, and solid, composed of small 
blue cells (Fig.  5.24a ). Cell dissociation is usually prominent, 
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and numerous stripped nuclei are present in the background. 
The cells are uniform, and nuclear features are usually bland-
appearing with small nucleoli and do not show features of 
malignancy (Fig.  5.24b ).

   The stroma seen in adenoid cystic carcinoma is of two 
types: (1) the classic cylindromatous globular stroma result-
ing from basal membrane reduplication is acellular and avas-
cular and has a sharp separating edge from the surrounding 
blue cells (Fig.  5.24c ,  d ) and (2) the desmoplastic tumor 
stroma seen in the areas of invasion is fibrillary with fuzzy 
borders and interdigitates with the surrounding blue epithe-
lial cells in a fashion similar to that seen in basal cell adenoma 
(Fig.  5.24e ). 

 Two important features that may be seen in smears are 
necrosis and atypical mitoses that would favor the diagnosis 
of adenoid cystic carcinoma over basal cell adenoma; how-
ever, these features are found infrequently. Thus, considering 
the overlapping FNA cytology between these two tumors, the 
Swedish school of cytology recommends, based on its vast 
experience, that even in the presence of classical cytologic 
features of adenoid cystic carcinoma, such a conclusive diag-
nosis should be made only in the presence of symptoms and 
signs of facial nerve damage. 

 Neoplasms that have a cylindromatous pattern and mimic 
adenoid cystic carcinoma include pleomorphic adenoma, basal 
cell adenoma, epithelial–myoepithelial carcinoma, and poly-
morphous low-grade adenocarcinoma. Pilomatrixoma with 
prominent basaloid cell representation and scanty squamous 
ghost cells and calcific matter is another tumor that resembles 
solid adenoid cystic and basal cell adenoma. Clinical features 
and careful search for additional cytologic features are helpful 
for reaching the diagnosis. Likewise, basal cell adenocarcinoma 
primarily to the salivary gland and basal cell carcinoma of der-
mal origin show cytologic features very similar to those of solid 
adenoid cystic carcinoma and basal cell adenoma. Mitoses 
and necrosis, when present, help in the distinction of a malig-
nant process from basal cell adenoma. Cytologic diagnosis of 
the specific type of malignancy is often less than impossible. 

R.H. Bardales



207

a b

c

e f

g

d

  Figure 5.24    Adenoid cystic carcinoma. Cytologic findings ( a – e ). 
Ultrasound images show a mass with ill-defined margins, heteroge-
neous echotexture, and infiltrating borders ( arrowheads ); the needle 
length is seen emerging from the left upper corner ( f ,  g ) ( a  Diff-
Quik, high magnification;  b ,  e  Papanicolaou stain, medium magnifi-
cation;  c  MGG stain, medium magnification;  d  Diff-Quik stain, high 
magnification)       
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Metastasis from Merkel cell and small cell carcinoma should 
also be considered in the diagnosis. 

  US features . Small tumors are encapsulated, well defined, 
and hypoechoic. Large tumors are often infiltrative, 
hypoechoic, and heterogeneous with a complex echotexture 
reflecting areas of necrosis and hemorrhage (Fig.  5.24f ,  g ).   

    Pattern VII: Large Epithelial Cell Pattern 

 These neoplasms can be arbitrarily divided into low-grade and 
high-grade types. The large cell low-grade tumors include acinic 
cell carcinoma, mammary analogue secretory carcinoma, onco-
cytic neoplasms, epithelial–myoepithelial carcinoma, clear cell 
adenocarcinoma, and metastasis. Those with a high-grade pat-
tern include high-grade mucoepidermoid carcinoma, high- grade 
carcinoma NOS, squamous carcinoma, salivary duct carcinoma, 
and metastasis including, but not limited to, melanoma. 

   Acinic Cell Carcinoma 

 This is a malignant salivary gland neoplasm showing differentia-
tion from intercalated duct/serous acinar cells. It contains 
 cytoplasmic zymogen granules and forms various histologic pat-
terns. Complete surgical excision is the treatment of choice; 
however, there is 35 % recurrence rate and 15 % metastatic rate. 

  Clinical findings . Acinic cell carcinoma represents approx-
imately 20 % of salivary gland malignancies, often arises in 
the parotid gland, and is slightly more common in women, 
with a peak incidence in the seventh decade of life, but may 
occur at all ages, including in children, in whom it is the sec-
ond frequent malignancy after mucoepidermoid carcinoma. 
Patients have a slow-growing mass that may be present for 
months or even years and are commonly asymptomatic, 
although some may cause vague and intermittent pain. 

  Histopathology . The tumor cells grow forming solid, micro-
cystic, papillary–cystic, and follicular patterns, the first two 
being the most common. Papillary projections supported by 
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thin fibrovascular cores are present in the papillary–cystic 
pattern. The tumor is similar to thyroid parenchyma in the 
follicular- patterned tumor and has eosinophilic protein-
aceous material lined by columnar or cuboidal cells. 

 The cellular elements may have variable proportions of  aci-
nar cells  with polyhedral shape, eccentric round nuclei, and 
granular cytoplasm with zymogen granules that are characteris-
tic of this tumor and are predominant in well-differentiated 
tumors. The granules are identified by electron microscopy as 
round electron-dense cytoplasmic secretory granules. Variable 
numbers of  intercalated ductal cells  with columnar or cuboidal 
shape, eosinophilic cytoplasm, and central nuclei,  clear cells , and 
 vacuolated cells  may also be present. In summary, this tumor 
show different architectural patterns and cytologic findings 
within the same tumor. Chronic inflammation and hemorrhage 
may be seen. Cell pleomorphism and mitoses are usually absent. 

  Immunoprofile . Immunostains are not specific and show 
keratin positivity. Calponin, actin, and p63 are negative, with 
high expression for p53 and bcl-2. Acinar and intercalated 
cells are PAS + diastase resistant and mucicarmine negative. 
All other cells are PAS (-). 

  Molecular profile . Alterations of chromosome arms 4p, 5q, 
6p, and 17p have been described. 

  FNA findings . Aspirates are usually cellular with cells both 
single and grouped, including formation of acinar arrange-
ments (Fig.  5.25a ). Thin vascular structures decorated with 
cellular elements of variable size and complexities are often 
present (Fig.  5.25b ). The cytoplasmic membrane is friable, 
and the cells are easily damaged during the smear process, 
resulting in the presence of numerous naked nuclei and a 
granular background. Detached small fragments of vascular 
elements may also be found in the background. Macrophages 
are identified when cystic change is present.

   In contrast to benign salivary gland tissue, well-differenti-
ated acinic cell carcinoma often lacks ductal cells and adipose 
tissue, unless surrounding benign salivary gland tissue is inad-
vertently sampled. Lack of the narrow cytoplasmic rim per-
mits the distinction of naked nuclei from small lymphocytes 
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  Figure 5.25    Acinic cell carcinoma. Cytologic features are shown in 
( a – e ). The US images show an irregularly shaped hypoechoic mass 
with slight heterogeneous echotexture and no vascularity by 
Doppler examination ( f ,  g ) ( a ,  b ,  e  MGG stain, medium and high 
magnification;  c  Papanicolaou stain, medium magnification;  d  hema-
toxylin and eosin stain, medium magnification)       
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and avoids an erroneous diagnosis of Warthin’s tumor, par-
ticularly in the presence of cystic change. Distinguishing 
oncocytoma from acinic cell carcinoma may be more chal-
lenging because the smear pattern, cellular features including 
nuclear characteristics, and smear background are almost 
identical (Fig.  5.25c ). When cell block slides stained with 
H&E are available, the basophilic, coarse cytoplasmic gran-
ules are more conspicuous than the uniform eosinophilic 
granules of oncocytoma (Fig.  5.25d ). Of note, clear cell 
change may be seen in both acinic cell carcinoma and onco-
cytoma, and even the possibility of epithelial–myoepithelial 
carcinoma, clear cell adenocarcinoma, and metastatic renal 
cell carcinoma may be entertained (Fig.  5.25e ). Cystic acinic 
cell carcinoma may show vacuolated cells resembling low-
grade mucoepidermoid carcinoma. Differential diagnosis 
includes other low-grade salivary gland neoplasms such as 
mucoepidermoid carcinoma and the recently described mam-
mary analogue secretory carcinoma. 

  US features . The features are not specific, and the tumor is 
hypoechoic and heterogeneous, with areas of cystic degenera-
tion (Fig.  5.25f ,  g ).  

   Mammary Analogue Secretory Carcinoma 

 This tumor was described in 2010 and is strikingly similar to 
the secretory breast carcinoma not only morphologically but 
also at the molecular level with identical translocation. 

  Clinical findings . The tumor appears to be more common 
in men than in women with an average age of presentation of 
45 years and predominantly affects major salivary glands. The 
tumor is considered of low grade, has a disease-free survival 
of 90 months, and may involve regional neck lymph nodes. 

  Histopathology . The architectural pattern is often micro-
cystic; however, macrocystic and solid patterns have been 
described. Cytologically, the tumor often shows monomor-
phic large cells with finely vacuolated cytoplasm with bland- 
appearing round nuclei and small nucleoli. Few mitoses may 
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be present. Hobnailing, eosinophilic vacuolated cytoplasm, 
and variable mucin production have been described. This 
tumor must be distinguished from oncocytic tumors, acinic 
cell carcinoma, low-grade mucoepidermoid carcinoma, and 
salivary gland duct adenocarcinoma. The histo- and cytomor-
phology may be similar, and the final diagnosis rests upon the 
molecular detection of the specific and unique translocation. 

  Immunoprofile . The tumor is strongly positive for S-100 
protein and mammaglobin. High-molecular-weight keratin, 
vimentin, and cytokeratin 19 are also positive. 

  Molecular profile . The translocation between the  ETV6  
gene and the  NTRK3  gene located on chromosomes 12p13 
and 15q25 is seen in almost 100 % of tumors and can be 
detected by FISH analysis in paraffin-embedded tissue or 
FNA cytology material. 

  FNA findings . Smears are cellular showing cell aggregates 
and single cells. Cell aggregates may have acinar, tight, small, 
tubular, or arborizing papillary patterns with transgressing cap-
illaries. Cells have abundant finely granular and variably vacu-
olated cytoplasm, eccentrically placed round nuclei, and nucleoli 
of variable size. Ample eosinophilic cytoplasm, binucleation, 
signet ring cell-like cells, and mild to moderate nuclear atypia 
may be seen. Amorphous aggregates of mucin and stripped 
tumor cell nuclei may be seen in the background (Fig.  5.26 ).

      Oncocytoma 

 This rare benign tumor that comprises <1 % of salivary gland 
neoplasms is composed of large cells with granular 
 mitochondria- rich eosinophilic cytoplasm. Complete surgical 
excision is the treatment of choice. 

  Clinical findings . The tumor often occurs in the parotid 
gland, has no gender preference, and occurs in the sixth to 
eighth decade of life. Patients have a painless mass and are 
asymptomatic. 

  Histopathology . The tumor is encapsulated with a solid, 
organoid, and trabecular pattern composed of enlarged, 
 polyhedral oncocytic cells with central round nuclei and con-
spicuous nucleoli. Cellular pleomorphism, necrosis, or  mitoses 
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are absent. A clear cell variant, in part due to accumulation of 
cytoplasmic glycogen, with variable transitional cell areas 
may occur. 

  Immunoprofile . The epithelial elements show an immuno-
profile similar to that of Warthin’s tumor. 

  Molecular profile . Alterations in mitochondrial DNA 
mutations have not been consistently found. 

  FNA findings . The oncocytic cells are arranged in flat 
sheets, papillary clusters, and as individual cells (Fig.  5.27a–c ). 
Cytologic atypia is focal or absent, and scattered lymphoid 

a

c

b

  Figure 5.26    Mammary analogue secretory carcinoma. Smears are 
cellular and show cells with ample eosinophilic dense cytoplasm, 
granular background, and scattered stripped nuclei; large cytoplas-
mic vacuoles displacing the nucleus to the periphery (“signet ring-
like” cells) are also noted ( a ). Papanicolaou-stained smears show 
sheets of large cells with eosinophilic cytoplasm, round central and 
eccentrically placed nuclei, and small inconspicuous nucleoli ( b ). 
Occasional cells with variable cytoplasmic vacuolization are also 
seen ( c ). Note the striking similarity with oncocytic neoplasms and 
acinic cell carcinoma ( a  Diff-Quik stain, high magnification;  b ,  c  
Papanicolaou stain, high magnification. Courtesy, Dr. Edward 
B. Stelow, University of Virginia, Charlottesville, VA)       
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cells may be present (Fig.  5.27d ). Cystic changes may occur. 
The differential diagnosis includes oncocytosis or adenoma-
tous hyperplasia, Warthin’s tumor, pleomorphic adenoma, 
and salivary gland carcinoma with oncocytic cells such as 
mucoepidermoid carcinoma, acinic cell carcinoma, adenoid 
cystic carcinoma, or oncocytic carcinoma. When clear cells 
predominate, one should consider clear variants of  epithelial–
myoepithelial carcinoma, primary salivary gland adenocarci-
noma, myoepithelioma, mucoepidermoid carcinoma, and 
metastatic renal cell carcinoma.

    US features . There is no typical US pattern; this is similar to 
other benign lesions. The tumor is a round or oval, well-defined 
hypoechoic homogeneous mass. Power Doppler demonstrates 
peripheral and intratumor blood flow (Fig.  5.27e–h ). Cystic 
and hemorrhagic degeneration may be seen in tumors >3 cm.  

   Epithelial–Myoepithelial Carcinoma 

 This rare, low-grade malignant neoplasm is composed of epi-
thelial and myoepithelial cells. Complete surgical excision is 
the treatment of choice; however, there is a 30–50% recur-
rence rate and 20 % metastatic rate. 

  Clinical findings . The tumor often develops in the parotid 
gland, is slightly more common in women, and occurs in the 
sixth and seventh decade of life. Patients have a slow-grow-
ing, often painless mass. Facial nerve paralysis is infrequent. 

  Histopathology . Tumor cells often show tubular, cystic, 
solid, papillary, and trabecular growth patterns that are 
 present in various proportions within the tumor. The neoplas-
tic cells are of two types: epithelial cuboidal with scant 
eosinophilic cytoplasm and myoepithelial polyhedral, large 
cells with vacuolated clear cytoplasm. Epithelial cells are 
inconspicuous in solid tumors, where the myoepithelial cells 
predominate. Of note, the epithelial cell layer is single, but 
the myoepithelial cells may form several layers. A dual layer 
of inner epithelial and outer myoepithelial lining cells is visu-
alized in tumors that have cystic and tubular components. The 
separating stroma may be fibrovascular, myxoid, hyaline, or 
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  Figure 5.27    Oncocytoma. Cytologic features are shown in ( a – d ). 
The  red arrows  ( d ) point to rare lymphoid cells that may be found 
in oncocytoma. The ultrasonographic findings are not specific and 
are shown in ( e – h ) ( a ,  b  Papanicolaou stain, low and medium mag-
nifications;  c  Diff- Quik stain, high magnification;  d  MGG stain, high 
magnification)       
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dense and is PAS positive. Mitoses, necrosis, or marked cel-
lular anaplasia are not typically present. Oncocytic and seba-
ceous differentiation may occur. 

  Immunoprofile . The epithelial cells are positive for cyto-
keratin and EMA. Myoepithelial cells are p63, calponin, 
actin, and S-100 protein positive. Bcl-2 and c-kit are fre-
quently positive. 

  Molecular profile . These tumors are reported to be aneu-
ploid. The most frequent recurrent aberrations reported are 
gains of 8q (26 %) and gains of 1q (21 %) and chromosome 
5 (21 %). Several oncogene candidates, including cyclin- 
dependent kinase 4 ( CDK4 ), sarcoma-amplified sequence 
( SAS , aka tetraspanin 31 –  TSPAN31 ), and glioma-associated 
oncogene homolog ( GLI1 ), have been suggested. 

  FNA findings . Smears are usually cellular and show two 
patterns, small dark epithelial cells with scant dense cyto-
plasm and large myoepithelial cells with distinct borders 
and ample and clear cytoplasm. However, myoepithelial 
cells have a fragile cytoplasm and may be present as naked 
nuclei or cells without much cytoplasm. This may be the 
predominant pattern. Fragments of acellular hyaline mate-
rial, which may be globular, may be present, suggesting 
adenoid cystic carcinoma. When clear cells predominate, 
alternate diagnoses to consider include clear cell adeno-
carcinoma, clear cell acinic cell carcinoma, or sebaceous 
carcinoma; however, these tumors do not exhibit a dual 
cell population. Thus, a thorough sampling is required for 
a correct diagnosis. 

  US features . Features of epithelial–myoepithelial carci-
noma mimic those of a benign salivary gland tumor.  

   Clear Cell Adenocarcinoma 

 This is a rare malignant epithelial neoplasm composed of 
monotonous clear cells. The tumor has ductal but not myoepi-
thelial cell differentiation. Complete surgical resection is the 
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treatment of choice for this low-grade neoplasm and the 
prognosis is excellent. 

  Clinical findings . The tumor often develops in the intraoral 
minor salivary glands and occurs mostly in females. There is 
no age preference. Patients present with swelling and may 
have pain and mucosal ulceration. Prognosis is good; how-
ever, local recurrence and lymph node metastases may be 
seen. 

  Histopathology . Polygonal to round cells with clear 
glycogen- rich cytoplasm, eccentric round nuclei, and small 
nucleoli are arranged in sheets, nests, and cords. Ductal struc-
tures are absent. There is mild to moderate nuclear pleomor-
phism, and mitoses are rare. The stroma is usually thin and 
fibrous, but may be broad and thick and  hyalinized or loose. 
The differential diagnosis includes clear cell mucoepidermoid 
carcinoma, myoepithelial neoplasms, and metastatic renal 
cell carcinoma. 

  Immunoprofile . Tumors are strongly positive for p63, 
CEA, and EMA. Cytokeratin is positive. There is variable 
positivity with vimentin and GFAP. However, myoepithelial 
markers such as S-100 protein, calponin, and smooth muscle 
actin are usually negative. 

  Molecular profile . Tumors show a consistent translocation 
t(12;22) involving the  EWSR1  (Ewing sarcoma breakpoint 
region  1 ) gene and the  ATF1  gene. This marker may be used 
to differentiate this tumor from other salivary gland tumors 
that do not harbor this translocation such as myoepithelioma, 
acinic cell carcinoma, pleomorphic adenoma, mucoepider-
moid carcinoma, oncocytic neoplasms, salivary duct carci-
noma, adenoid cystic carcinoma, and pleomorphic low-grade 
adenocarcinoma. 

  FNA findings . Smears are cellular and show groups and 
sheets of cells with well-defined cytoplasmic borders, uniform 
round nuclei, small nucleoli, and abundant clear cytoplasm. 
Hyaline globules are absent, although fragments of  hyalinized 
stroma may be present.  
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   Salivary Duct Carcinoma 

 This high-grade malignancy arises from the excretory ducts 
and resembles breast carcinoma on histology. Treatment of 
choice includes complete excision with radical neck dissec-
tion and postoperative radiotherapy. There is a 30–40 % 
recurrence rate, 50–60 % metastatic rate, and 60–80 % mor-
tality rate. 

  Clinical findings . This rare tumor is more common in men, 
often occurs after the age of 50 years, and commonly affects 
the parotid gland. When the parotid gland is affected, patients 
have a rapidly growing mass, with or without local pain and/
or facial nerve paralysis. 

  Histopathology . The tumor resembles the pathologic find-
ings of intraductal and infiltrating ductal breast carcinoma, 
including comedo necrosis and cribriform, solid, cystic, and 
papillary patterns. Neoplastic cells are large with large hyper-
chromatic nuclei, prominent nucleoli, and slightly eosinophilic 
cytoplasm. Necrosis and mitosis are often present. Squamous 
metaplasia, oncocytic changes, chronic inflammation, and 
psammoma-like bodies may be present. Histologic vari-
ants including sarcomatoid, micropapillary, mucin-rich, and 
osteoclast- like giant cell may occur, as in breast carcinoma 

  Immunoprofile . Salivary duct carcinoma expresses some 
markers also found in breast carcinoma. Gross cystic disease 
fluid protein-15 (GCDFP-15) is found in 80 % of cases. 
HER2/neu is positive in 90 % of cases; however, it depends 
on the antibody clone used and scoring system. Cytokeratin, 
EMA, and CEA are also positive. ER and PR expression is 
exceptional; in contrast, androgen receptor (AR) positivity is 
seen in 67–83 % of cases. Myoepithelial differentiation mark-
ers including p63, calponin, smooth muscle actin, and vimen-
tin are negative. Following the breast cancer molecular 
classification, attempt to classify 42 pure salivary duct carci-
nomas into molecular subtypes showed that 16.7, 69, 4.8, 9.5, 
and 0 % were of HER2, luminal AR-positive, basal-like, 
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indeterminate, and luminal phenotype, respectively. The 
prognostic implications of this classification and possible tar-
geted therapy for these tumors need to be evaluated. 

  Molecular profile . There is loss of heterozygosity of polymor-
phic markers of chromosome locus 9p21 containing the tumor 
suppressor gene  p16 (INK4a/CDKN2/MTS1). The apoptosis- 
related genes  CASP10  and  MMP11  are overexpressed. 

  FNA findings . Smears are cellular and show complex tridi-
mensional aggregates. Flat sheets are present arranged in crib-
riform, solid, and papillary patterns. Occasional psammoma 
bodies, squamous metaplastic cells, and comedo-like necrosis 
may be seen. Cells are large and polyhedral with granular or 
vacuolated cytoplasm, large hyperchromatic nuclei, prominent 
nucleoli, and increased mitotic activity (Fig.  5.28 ).

    US features . In one reported case of salivary duct carci-
noma of the extra-glandular segment of Stensen’s duct, the 
scan showed an ill-defined hypoechoic tumor and a dilated 
and thickened wall of the duct connected with the tumor. 

 Malignant neoplasms showing large cells and a high 
nuclear grade, including metastases, are rare, and a specific 
FNA diagnosis cannot be made in most cases. It is sufficient 
to state the diagnosis of a high-grade malignancy and exclude 
direct extension of a head and neck tumor or metastasis to 
the salivary gland or intraparotid lymph node to avoid unnec-
essary surgery. A clinical history of previous malignancy is of 
extreme importance. In general, a metastatic deposit must be 
suggested when the smear pattern is different from that of 
known salivary gland malignancies (Fig.  5.29 ).

        Pattern VIII: Spindle Cell Pattern 

 Processes showing this pattern can be divided into low grade 
and high grade. Myoepithelioma is the typical  example of 
low-nuclear- grade lesions, and primary or secondary 
 sarcomas, malignant myoepithelioma, and malignancies with 
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spindle cell morphology including metastatic melanoma 
should be considered in the high-grade group. These tumors 
are rarely described in either the histopathology or cytology 
literature. 

a
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  Figure 5.28    Salivary    duct carcinoma. Cytologically and histo-
logically, this tumor is almost indistinguishable from ductal breast 
carcinoma. Ultrasound imaging from a different case shows a 
heterogeneous mass with spiculated fuzzy borders ( d ,  arrows ) and 
irregular vascular flow by Doppler examination ( e ) ( a  Diff-Quik 
stain, medium power;  b  Papanicolaou stain, medium power;  c  hema-
toxylin and eosin stain, medial magnification)       
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   Myoepithelioma 

 This tumor is a benign neoplasm composed of spindle, epithe-
lioid, plasmacytoid, or clear cells. Complete surgical excision 
is the treatment of choice. Recurrence is related to incom-
plete excision. 

  Clinical findings . This slow-growing tumor is rare, has no 
gender predilection, often occurs in adults with an average age 
of 44 years, and develops preferentially in the parotid gland. 

  Histopathology . Spindle cells are arranged in interlacing 
fascicles resembling stroma. Plasmacytoid cells are often seen 
in myoepitheliomas arising in the minor salivary glands. The 
stroma is collagenous or mucoid. 

  Immunoprofile . Cells are positive for cytokeratins. Spindle 
cells show variable reactivity with actin, calponin, S-100 pro-
tein, GFAP, and smooth muscle myosin heavy chain. 

a
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  Figure 5.29    Metastatic adenocarcinoma from pulmonary origin ( a ). 
Metastatic squamous cell carcinoma to an intraparotid lymph node 
( b ) with histologic correlation ( c ) ( a ,  b  Diff-Quik stain, high magni-
fication;  c  hematoxylin and eosin stain, medial magnification)       
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  Molecular profile . Alterations of chromosomes 1, 9, 12, and 
13 have been detected. 

  FNA findings . Smears are cellular and show bland-appear-
ing, uniform spindle, epithelioid/plasmacytoid, and stellate 
cells. Nuclear grooves and intranuclear inclusions may be 
present. Scant myxoid and fibrillary matrix may be seen and 
in some cases may have a globular appearance resembling 
adenoid cystic carcinoma (Fig.  5.30a ,  b ).

    US features . The sonographic characteristics of benign 
and malignant neoplasms have no significant differences. 
Thus, US cannot differentiate with certainty between benign 
and malignant cases, particularly in low-grade neoplasms 

a b

c d

  Figure 5.30    Myoepithelioma. Numerous myoepithelial cells are 
present both single and supported by a collagenous stroma with 
lack of fibrillary magenta features ( a ,  b ). The US findings are non-
specific including oval, slightly lobulated well-defined tumor edges, 
marked hypoechogenicity, and minimal internal vascularity by 
Doppler examination ( c ,  d ) ( a  Diff-Quik stain;  b  MGG stain, high 
 magnification)       
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(Fig.  5.30c ,  d ). US findings reported in a 7.8-cm tumor 
included a well- circumscribed mass with solid and cystic com-
ponents and posterior acoustic enhancement.  

   Myoepithelial Carcinoma 

 This tumor is the malignant counterpart of myoepithelioma. 
  Clinical findings . This tumor is rare, has no gender predilec-

tion, occurs in adults, and commonly affects the parotid gland. 
Patients often have a slow-growing, asymptomatic mass. 

  Histopathology . Various proportions of spindle, plasmacy-
toid, epithelioid, and clear cells with variable nuclear pleo-
morphism are seen. Variable amounts of myxoid or mucoid 
stroma may be seen and, in some areas, may appear globular 
and eosinophilic. Cystic changes may be present. In the 
absence of malignant cytomorphology, invasion into sur-
rounding tissue is the only indication of malignancy. 

  Immunoprofile . Cytokeratin is positive, as are myoepithe-
lial markers such as calponin, p63, actin, S-100 protein, and 
vimentin. 

  Molecular profile . Infrequent cytogenetic alterations have 
been seen. 

  FNA findings . The findings are similar to those of myoepi-
thelioma; however, marked nuclear pleomorphism, atypical 
mitosis, and necrosis may be present (Fig.  5.31a–c ).

    US features . One reported case describes a hypoechogenic 
and heterogeneous 2-cm tumor with irregular borders, invad-
ing the surrounding soft tissue including the masseter muscle 
and subcutaneous tissue; Doppler examination showed a 
hilar vascular pattern (Fig.  5.31d ,  e ). 

 In summary, USG-FNA should be considered in the 
diagnostic evaluation of a patient with a salivary gland mass, 
allowing for optimal surgical planning and preoperative 
patient counseling. It has >90 % sensitivity and specificity, 
modifies or avoids surgery in 30 % of cases, and procures 
material for ancillary tests, including molecular studies poten-
tially useful for targeted therapy.       
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           The Neck by Regions 

 We will topographically address lesions found in these 
regions when they are evaluated by US and USG-FNA. 
The regions included are submental and sublingual 
(Figs.  6.1  and  6.2 ), anterior infrahyoid, submandibular 
(Fig.  6.3 ), lateral (Figs.  6.4 ,  6.5 , and  6.6 ), supraclavicular 
(Fig.  6.7 ), posterior (Fig.  6.8 ), and parotid. The pathology 
of the thyroid, parotid, and  submandibular glands and 
lymph nodes is addressed in other sections of this book 
and is not included here. However, some of the minor sali-
vary gland lesions are included.

          Cystic lesions of the head and neck are commonly 
approached by FNA. When cyst fluid is obtained, it should be 
processed by centrifugation and smears made from the pellet 
or processed by liquid-based techniques. The most important 
is the US evaluation of the lesion after fluid drainage, looking 
for a residual solid component, which must be sampled by 
USG-FNA.  
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  Figure 6.1    Submental and sublingual regions, axial view. The trans-
ducer is held in transverse position.  DG  digastric muscle,  MH  mylo-
hyoid muscle,  SlG  sublingual gland       

a

b
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  Figure 6.3    Left submandibular region. The transducer is held paral-
lel to the mandible.  aDG  anterior belly of digastric muscle,  SmG  
submandibular gland,  MH  mylohyoid muscle,  HG  hyoglossus muscle       

  Figure 6.4    Left level II neck region. The transducer is held in trans-
verse position at the level of common carotid artery bifurcation. 
 DgM  posterior belly of digastric muscle,  CAB  carotid artery bifurca-
tion,  IJV  internal jugular vein       

  Figure 6.2    Submental region, sagittal view. The transducer is 
held parallel to the midline below the mandible ( a ) and superior 
to the hyoid bone ( b ).  M  mandible,  aDG  anterior belly of digas-
tric muscle,  MH  mylohyoid muscle,  GH  geniohyoid muscle,  GG  
genioglossus,  H  hyoid bone       
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  Figure 6.5    Left level III neck region. The transducer is held in 
transverse position in the mid-neck at the level of the omohyoid 
muscle, which is seen crossing from medial to lateral over the com-
mon carotid artery.  T  trachea,  SM  strap muscles (sternohyoid, ster-
nothyroid),  Th  thyroid,  E  esophagus,  OH  omohyoid,  SCM  
sternocleidomastoid muscle,  LC  longus colli,  CCA  common carotid 
artery,  IJV  internal jugular vein,  LN  lymph node       

  Figure 6.6    Left level IV neck region. The transducer is placed trans-
verse in the upper portion of the supraclavicular fossa.  CCA  com-
mon carotid artery,  IJV  internal jugular vein,  LN  lymph node       
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  Figure 6.7    Left level V neck region. The transducer is placed paral-
lel to the clavicle in the mid-posterior region       

  Figure 6.8    Left mid-level V neck region. The transducer is placed 
transverse in the mid-posterior neck region.  ScA  scalene muscle 
anterior,  ScM  scalene muscle medius,  ScM  scalene muscle posterior, 
 Tr  trapezius muscle       
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    Submental/Sublingual Region 

 Cysts of various types, including the thyroglossal duct cyst, 
may be present in this region. 

    Ranula 

 Ranula is a mucus retention cyst of the sublingual gland 
and presents as a painless and cystic swelling in the floor of 
the mouth. The lining epithelium may be cuboidal, colum-
nar, or squamous of non-keratinizing type. The so-called 
plunging ranula or pseudocyst lacks the lining epithelium. 
Aspirates show a granular precipitate, crystals, histiocytes, 
columnar cells, and occasionally metaplastic squamous cells. 
Differentiation of foamy histiocytes from mucin-producing 
malignant cells may be difficult, and separation from muco-
epidermoid carcinoma may be impossible (Fig.  6.9 ). The 
reader is referred to the salivary gland section for further 
discussion. By US, the cyst is situated off line in the sub-
lingual space, well defined, anechoic, and uniloculated and 
shows posterior acoustic enhancement. A large lesion is 
called “diving ranula.”

       Epidermoid Cysts 

 These lesions are located in the midline of the submental 
space; however, they are not attached to the hyoid bone and 
do not move with swallowing or tongue protrusion. By US, 
they are well defined with internal echoes which vary with 
the amount of keratin present.  

    Dermoid Cysts 

 Most lesions arise in the anterior portion of the floor of the 
mouth particularly in the sublingual space and become mani-
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fest during the second or third decades of life. They are not 
related to the hyoid bone and do not move with swallowing. 

  FNA findings.  Smears show numerous anucleated squa-
mous cells, keratinaceous debris, and acute inflammatory 
cells. Giant cells are found in a ruptured cyst. The differential 
diagnosis includes a well-differentiated squamous carcinoma, 
a consideration in older patients. Nucleated squamous cells 
with anaplastic nuclei are seen in squamous carcinoma. 

  US features.  Dermoid cysts may be more heterogeneous 
than epidermoid and may have hyperechogenic streaks due 
to the presence of adipose tissue. Echogenic foci with pos-
terior shadowing may be seen in the presence of bone or 
teeth.  

a

c

b

  Figure 6.9    Mucocele. Cytologic features include scattered small 
aggregates of bland-appearing epithelial cells, squamous metaplastic 
cells, mucinophages, and mucus ( a ,  b ). The cytologic pattern is very 
similar, if not identical, to that of low-grade mucoepidermoid carci-
noma, and surgical excision is necessary ( c ) ( a  Diff-Quik stain high 
magnification;  b  Papanicolaou stain, high magnification;  c  hema-
toxylin and eosin stain, low magnification)       
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    Thyroglossal Duct Cyst 

 Occasionally, a midline hyoid or suprahyoid thyroglossal duct 
cyst may develop and should be considered in the differential 
diagnosis of submental lesions (Fig.  6.10 ).

       Undescended Thyroid 

 An undescended thyroid gland is often located in the base of 
the tongue; however, it may occur along the thyroglossal 
tract. It presents as an anterior midline neck mass, often mis-
taken as a thyroglossal duct cyst. Aspirates show benign fol-
licular cells and colloid.  

    Tongue Tumors 

 The depth of tongue tumors may be assessed by US imaging 
of this area having the probe in a longitudinal position from 
the hyoid bone to the chin.   

    Anterior Infrahyoid and Suprasternal Region 

 The most common pathology of this area is the thyroglossal 
duct cyst and less frequently laryngocele and laryngeal 
tumors, chondroid tumors of the laryngeal cartilages (the 

a b

  Figure 6.10    Thyroglossal duct cyst. Off-midline left unilocular well-
defined cyst with posterior acoustic enhancement at the level of the 
hyoid bone and laryngeal cartilage ( a ). The cyst collapsed totally 
after drainage ( b )       
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most common the cricoid), and a pharyngeal pouch. The thy-
mus may be seen in the suprasternal area. 

    Thyroglossal Duct Cyst and Thyroglossal Duct 
Carcinoma 

 The thyroglossal duct involutes at the eighth gestational 
week; failure to involute results in the presence of a thyro-
glossal duct cyst or ectopic thyroid tissue. A thyroglossal duct 
cyst is the most common congenital mass and is often below 
the hyoid bone (65 %), at the level of the hyoid bone (20 %) 
and suprahyoid in 15 %. The cysts are often located in the 
midline, particularly when suprahyoid, and off the midline 
and surrounded by the strap muscles when infrahyoid. When 
located off midline, they are always located medial to the 
jugular vein. Most patients are under the age of 10 years, but 
the cysts may occur in adults as a slowly growing, painless 
mass that moves vertically with swallowing or tongue protru-
sion due to attachment to the hyoid bone. 

  Histopathology . The lining epithelium is columnar and 
may have a squamous component. The wall may contain thy-
roid tissue in various proportions. Both benign and malignant 
neoplasms can develop in a setting of a thyroglossal duct cyst. 
Neoplasms are of follicular derivation, i.e., follicular ade-
noma, follicular carcinoma, papillary thyroid carcinoma, and 
anaplastic carcinoma. Squamous cell carcinoma occurs rarely 
and in all likelihood arises from the squamous epithelium 
and not from the follicular epithelium. Papillary thyroid car-
cinoma is the most common. Medullary carcinoma does not 
occur for C cells have a different embryologic origin. 

  FNA findings . Smears are sparsely cellular and show scat-
tered degenerated columnar, ciliated, or squamous cells, mac-
rophages, few inflammatory cells, proteinaceous fluid, and 
granular debris. Squamous metaplastic cells may be seen in 
cases of infection or inflammation (Fig.  6.11a–c ). In cases of 
papillary thyroid carcinoma, the smear findings are similar to 
those seen in the cystic variant of papillary thyroid carcinoma, 
including sheets of degenerated malignant cells, metaplastic 
cells, and psammoma bodies; the cytomorphology is identical 
to that described in the thyroid section (Fig.  6.11d–i ).

Chapter 6. The Head and Neck: Miscellaneous Lesions



238

  Figure 6.11    Thyroglossal duct cyst shows scattered macrophages, 
squamous cells, cholesterol crystals, and colloid ( a ,  b ). Tissue sec-
tions show the lining squamous epithelium and thyroid paren-
chyma toward the left side of the frame ( c ). Thyroglossal duct 
papillary carcinoma shows complex aggregates of large squamous 
metaplastic cells ( d ), “histiocytoid” cells ( e ), atypical cells ( f ), and 
psammoma bodies ( g ). Histology confirms the cytologic diagnosis 
( h ). Cytologic findings of a different case of thyroglossal duct squa-
mous carcinoma is shown in Fig.  6.11i  ( a  Diff-Quik stain high mag-
nification;  b  Papanicolaou stain, high magnification;  c  hematoxylin 
and eosin stain, low magnification;  d  Diff-Quik stain, high magnifi-
cation;  e  MGG stain, high magnification;  f ,  g  Papanicolaou stain, 
high magnification;  h  hematoxylin and eosin, low magnification;  i  
Papanicolaou stain, high magnification)         

a b

c d

e f
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    US features . The US image shows a well-defined, smooth, 
unilocular, cystic mass with a thin wall. The relationship with 
the hyoid bone in the sagittal or longitudinal midline view 
helps in the US identification. The mass may be anechoic with 
posterior acoustic enhancement when purely cystic, 
hypoechoic when it contains debris, hypoechoic and hetero-
geneous when there is infection or hemorrhage, or “pseudo-
solid” when there is dense proteinaceous content (Fig.  6.12a ,  b ). 
The diagnosis of malignancy is suspected when there is a solid 
component within the cyst wall, i.e., nodules or excrescences 
by US imaging (Fig.  6.12c ,  d ).

       Thymus 

 The normal thymus gland may be seen in children and is located 
deep in the suprasternal notch. By US, the thymus is hypoechoic 
with well-defined and smooth borders. The gland may have a 
sparkly appearance due to the presence of comet-tail-like arti-
facts. A thymic cyst may be identified in the sternal notch.   

g h

i

Figure 6.11 (continued)
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    Submandibular Region 

    Lipoma 

 The US image of a lipoma is characteristic and shows a 
hypoechoic mass with fine, bright, echogenic striations pro-
ducing a “feathery” appearance, characteristic if not pathog-
nomonic of lipoma. The striations remain parallel to the 
probe regardless of the direction of the scan.   

    Parotid Region 

    Pilomatrixoma 

 This lesion is seen predominantly in children and affects 
mainly the preauricular region and proximal upper extremi-
ties. It is a slow-growing tumor that arises from the hair 

a b

c d

  Figure 6.12    Ultrasound findings in thyroglossal duct cyst ( a ,  b ) and 
thyroglossal duct papillary carcinoma ( c ,  d ). Prominent “comet 
tails” are seen in the thyroglossal cyst and micro reflectors in the 
solid component of the papillary carcinoma. Vascularity by Doppler 
exam is not prominent in the carcinoma ( d )       
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 follicles and presents as a hard subcutaneous nodule. The US 
image shows a well-defined, irregular, hypoechoic nodule 
with inner echogenic foci and a peripheral hypoechoic rim. 
The mass may be completely echogenic, with strong posterior 
acoustic shadowing suggestive of calcification (Fig.  6.13 ).

       Branchial Cleft Cyst 

 Branchial cleft cyst as a result of the first branchial cleft 
anomaly is located in the pre-, post-, or infra-auricular region 
and may be mistaken as a parotid gland tumor. This lesion is 
rare and histologically may or may not have adnexal ele-
ments in addition to the keratinizing squamous epithelium. 
However, in contrast to the findings in branchial cleft cysts 
derived from the second branchial left anomaly, the lymphoid 
component is not prominent unless the cyst becomes infected. 

a

c d

b

  Figure 6.13    Parotid region pilomatrixoma. Smears show anucleated 
squamous cells and calcific material ( a ) as well as aggregates of basa-
loid cells ( b ). Ultrasound shows a superficial dermis-based skin lesion 
with internal hyperechoic foci suggestive of microcalcifications; mini-
mal or no vascularity is seen by Doppler examination ( c ,  d ). ( a ,  b  
MGG stain, medium magnification)       
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 Other lesions that occur predominantly in the masticator 
space/masseter regions include dental abscesses, vascular 
malformations, lipomas, ectopic salivary gland, and muscle 
hypertrophy as a result of bruxism.   

    Lateral Region 

    Carotid Body Paraganglioma / Tumor 

 Parasympathetic paragangliomas can occur in various loca-
tions in the head and neck: glomus jugulare in the skull base, 
glomus vagale below the skull base, glomus tympanicum in 
the middle ear, and carotid body tumor in the carotid bifurca-
tion. Carotid body tumor is a benign neuroendocrine tumor 
that arises from the carotid body paraganglia. Cells contain 
cytoplasmic neurosecretory granules by electron microscopy. 

  Clinical findings . The carotid body tumor usually affects 
adults and presents as a painless and progressively growing 
lateral neck pulsatile mass deep to the anterior border of the 
sternocleidomastoid muscle below the angle of the mandible. 
It can be reliably visualized by US imaging. About 10 % are 
multiple and may be familial and 10 % are malignant. 

  Histopathology . There is a cell nest or organoid growth pat-
tern surrounded by fibrovascular stroma. Chief cells are round 
or oval, with abundant eosinophilic cytoplasm, granular uni-
form chromatin, and slight anisonucleosis. The sustentacular 
cells are spindle and basophilic, are located surrounding the 
nests of chief cells, and are difficult to identify on tissue sec-
tions. Cellular pleomorphism may be present; necrosis and 
mitosis are rare and do not indicate malignancy. Metastasis is 
the only true criterion for a malignant paraganglioma. 

  Immunoprofile . Chief cells are neuron-specific enolase, 
chromogranin, and synaptophysin positive. Sustentacular 
cells are S-100 protein positive. 

  FNA findings . Most aspirates are bloody and show tumor 
cell aggregates and single cells of variable nuclear size. 
Microfollicular architecture may be present. The nuclear to 
cytoplasmic ratio, chromatin clumping, and nucleolar prominence 
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are variable. Most nuclei are round or oval and eccentric and 
may show intranuclear inclusions. The cytoplasm is cyano-
philic with Papanicolaou stain and finely granular with 
Romanowsky stains. Cells may show interlacing cytoplasmic 
processes. Cellular pleomorphism may be present, but necrosis 
or mitosis is absent (Fig.  6.14a–d ).

a b

c d

e f

  Figure 6.14    Carotid body tumor. Smears are cellular and show 
moderate to marked cell pleomorphism, microfollicular architecture 
( a ), red cytoplasmic granules ( b ), nuclear inclusions ( c ), and “salt 
and pepper” chromatin with inconspicuous nucleoli. An organoid/
trabecular pattern is evident in the resected tumor ( d ). Ultrasound 
shows an ill-defined hypoechoic mass with subtle merging of the 
normal vessels and the tumor mass ( e ,  f ) ( a ,  b  Diff-Quik stain, high 
magnification;  c  Papanicolaou stain, high magnification;  d  hema-
toxylin and eosin stain, low magnification)       
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   The differential diagnosis includes neuroendocrine carcino-
mas, metastatic follicular and medullary carcinomas of the thy-
roid, and metastatic renal cell carcinoma. Careful clinical 
examination, identification of cell clusters and single cells with 
cytoplasmic granules, and variation in size and shape are helpful. 
Special stains and electron microscopy are also contributory. 

  US features . By US imaging, the tumor is well defined, 
heterogeneous, and hypoechoic. It has multiple anechoic foci 
that light up on Doppler examination and correspond to 
blood vessels. Doppler examination shows a chaotic pattern 
usually coming from the external carotid artery (Fig.  6.14e ,  f ).  

    Peripheral Nerve Sheath Tumors 

 Schwannomas or neurilemomas and neurofibromas are included 
in this group. In general, these tumors are rare, schwannomas 
being the most common in the head and neck. Local resection is 
curative, and local recurrences are infrequent. 

 Schwannoma is a benign tumor, usually encapsulated, that 
originates in the Schwann cells. Patients commonly have a non- 
painful, slowly growing mass that can be displaced horizontally 
and not vertically, as in carotid body tumors. Schwannomas 
most commonly affect the lateral aspect of the neck, often of 
adult patients, and there is no gender preference. 

  Histopathology . The tumor shows alternating Antoni A 
(cellular) and Antoni B (loose) areas. The cells have spindle 
and hyperchromatic nuclei and are embedded in a fibrillary 
stroma with scattered lymphoid cells. Whorling and palisad-
ing of nuclei may be seen. Rare mitosis and necrosis may be 
present and are not indicative of malignancy. Histologic vari-
ants include melanotic, plexiform, epithelioid, glandular, and 
neuroblastoma-like. 

  FNA findings . Smears show scant to moderate cellularity 
with uniform spindle cells held within glassy, dense, collage-
nous tissue fragments. The cells show slender and twisted 
nuclei and indistinct cytoplasmic borders and may show elon-
gated fibrillary processes. The amount of matrix predominates 
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over the cellular elements in most cases, and the tissue frag-
ments are sharply defined. The cell clusters may show more 
compact (Antoni A) and loose hypocellular (Antoni B) areas. 
Verocay  bodies are uncommon, but diagnostic; there is a zone 
of palisading nuclei separated by a zone of fibrillary substance. 
High cellularity, sparse mitoses, and pleomorphism are not 
indicative of malignancy; pleomorphism is a feature present in 
ancient schwannomas. Moderate numbers of free-lying twisted 
nuclei with pointy ends are present in the background. 
Scattered lymphoid cells may be seen admixed in the tissue 
fragments. Cystic degeneration, necrosis, hemorrhage, and cal-
cification are considered retrogressive changes (Fig.  6.15a–d ).

   The differential diagnosis includes neurofibromas of the 
head and neck that may have similar FNA cytomorphology. 
Diagnostic keys include the cutaneous–subcutaneous loca-
tion, non-twisted spindle cell shape, cellular arrangement, and 
stromal features that distinguish them from schwannomas. 

  US features . Characteristically, the tumors are oval with 
well- defined edges, homogeneous, and markedly hypoechoic 
with a “pseudocystic” appearance showing posterior enhance-
ment. They can be confused clinically with lymph nodes; 
however, they lack fatty hilum and, when scanned longitudi-
nally, they have tapered ends that merge with the echogenic 
fibrillary nerve. These lesions tend to be hypervascular, 
although less so than carotid body tumors. When occurring in 
the parotid area, schwannoma is difficult to distinguish from 
pleomorphic adenoma (Fig.  6.15e ,  f ).  

    Branchial Cleft Cyst 

 Branchial cleft cyst is the most common congenital anomaly 
of the second branchial cleft and can occur anywhere along a 
tract that passes inferiorly from the junction of the middle 
and lower thirds of the sternocleidomastoid muscle (anterior 
border) to the tonsillar fossa, passing between the internal 
and external carotid arteries. The position in the neck is iden-
tical to that of the jugulodigastric lymph node (neck level II). 
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 The most common location is at the level of the angle of 
the mandible, posterior to the submandibular gland, anterior 
to the sternocleidomastoid muscle, and superficial to the 
great  vessels. Patients are usually younger than 40 years and 

a b

c d

e f

  Figure 6.15    Schwannoma. Smear shows cellular fragments of spin-
dle cells ( a ) supported by dense fibrillary stroma ( b ). Cellular and 
less cellular aggregates correspond to Antoni A and B areas, respec-
tively ( a ). Cystic degeneration is present in ( c ) and correlates with 
findings in the excised tumor ( d ). Ultrasound shows a hypoechoic 
slightly heterogeneous and slightly elongated mass with posterior 
acoustic enhancement and minimal if any vascular flow by Doppler 
exam ( e ,  f ) ( a ,  c  Papanicolaou stain, medium magnification;  b  Diff-
Quik stain, medium magnification;  d  hematoxylin and eosin stain, 
low magnification)       
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have a fluctuant, painless mass. The mass is of variable size 
and may be tender, larger, and firmer at the time of an upper 
airway infection. 

  Histopathology . The cyst lining is of the keratinized squa-
mous type in 90 % of cases, being columnar or mixed in the 
remaining 10 %. The cyst wall contains nodular lymphoid 
tissue, often with germinal centers. The cyst fluid contains 
squamous cells, lymphocytes, and cholesterol crystals. 

  FNA findings . The FNA yields a turbid yellow fluid. 
Smears show numerous often anucleated squamous cells and 
variable numbers of columnar, mucinous, and lymphoid cells 
in a background of debris and cholesterol crystals (Fig.  6.16a ). 
Inflamed cysts may show epithelial atypia, but frank anapla-
sia is absent (Fig.  6.16b ,  c ). Acellular fluid is occasionally 
encountered. The differential diagnosis includes other con-
genital cysts, cystic squamous cell carcinoma (with nuclear 
anaplasia), and salivary gland cysts (which may contain crys-
talloids). Of note, a jugulodigastric lymph node with cystic 
necrosis associated with metastasis from squamous cell or 
thyroid carcinoma should be kept in mind particularly in 
patients older than 40 years, before the diagnosis of a bran-
chial cleft cyst is made (Fig.  6.16d ).

    US features . The image shows a well-defined mass with a 
thin, uniform wall, regular borders, anechoic or hypoechoic 
with internal debris, and posterior acoustic enhancement. 
Occasionally, homogeneous internal echoes may be present 
mimicking a solid mass (“pseudosolid”) (Fig.  6.16e–i ).  

    Cervical Thymic Cyst 

 Remnants of thymic tissue, either solid or cystic, may occur 
in the neck along the course of the carotid sheath from the 
angle of the mandible to the sternal notch. They are more 
common in men and occur in the first decade of life and less 
commonly up to the third decade. Patients have a slow-
growing painless mass that increases in size with the Valsalva 
maneuver. 
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  Figure 6.16    Branchial cleft cyst. Rare squamous cells and protein-
aceous fluid are present when the cyst is not inflamed ( a ). Reactive 
cytologic changes including foreign body giant cell reaction are seen 
in the presence of rupture and inflammation    ( b ,  c   arrows  point 
squamous cells), but frank anaplasia is absent. Keratinized and non-
keratinized anaplastic cells are seen in cystic metastasis from squa-
mous cell carcinoma ( d ). Ultrasound imaging shows a 
well-circumscribed oval-shaped mass with posterior acoustic 
enhancement, thin wall, and no blood flow by Doppler exam ( e ,  f ). 
Inflamed cysts may have a heterogeneous echotexture and increased 
blood flow by Doppler exam ( g ,  h ). Cystic degeneration in squa-
mous carcinoma may show a thick-walled cyst ( i ) and USG-FNA 
from the wall yields viable malignant cells ( d ) ( a ,  c ,  d  Papanicolaou 
stain, high magnification;  b  MGG stain, high magnification)         

a b

c d

e f
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  Histopathology . Cysts are unilocular or multilocular; contain 
clear fluid; are lined with cuboidal, columnar, or squamous epi-
thelium; and contain thymic tissue. Because of the common 
embryologic origin, parathyroid tissue may be present in the wall. 

  FNA findings . Smears show epithelial elements as described, 
lymphocytes, and proteinaceous fluid. The distinction from 
branchial cleft cyst is based on clinical and histologic grounds. 

  US features . The findings are not specific and include a 
well- defined, smooth, anechoic cystic mass with a thin wall 
and posterior acoustic enhancement.  

    Dermoid Cyst 

 This lesion occurs mainly in the first decade of life and has no 
gender preference. Patients often have a subcutaneous lesion 
in the orbit, nasal and oral cavities, and less commonly in the 
anterior, lateral, or upper neck. 

  Histopathology . The cyst wall is lined with keratinized squa-
mous epithelium and contains cutaneous adnexal structures. 

g

i

h

Figure 6.16 (continued)
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The cyst cavity contains keratin and sebaceous material. When 
there is rupture into the surrounding soft tissue, a foreign 
body tissue reaction occurs. The differential diagnosis with 
epidermal inclusion cysts rests on histologic evaluation and the 
demonstration of cutaneous adnexal elements. 

  FNA findings . The material obtained in both dermoid and 
epidermal cysts is “cheesy” with a peculiar odor. Smears 
show numerous anucleated squamous cells. The presence of 
acute inflammatory cells and foreign body-type multinucle-
ated giant cells indicates cyst rupture, and the cells may show 
reactive changes that may suggest squamous cell carcinoma; 
attention to nuclear characteristics is essential (Fig.  6.17a ,  b ).

    US features . There is a well-defined, smooth, hypoechoic, 
“pseudosolid” mass with a thin wall and posterior acoustic 
enhancement. The borders are irregular in the presence of 
cyst rupture (Fig.  6.17c ,  d ).  

    Cystic Hygroma 

 Cystic hygroma, presumably an anomaly of the jugular lym-
phatic sac, commonly occurs in the head and neck regions, 
predominantly in the lateral neck (posterior and anterior tri-
angles) of children under the age of 2 years; it rarely occurs in 
adults. The mass is slowly growing and may be of considerable 
size, occupying the entire side of the neck, and may extend 
into the thorax. 

  Histopathology.  The endothelium-lined cysts contain lym-
phoid cells and proteinaceous fluid, and the FNA cytology 
recapitulates these findings. 

  US features.  US imaging shows a well-circumscribed, uni-
form, solitary or multicystic, anechoic mass with a thin wall 
and posterior acoustic enhancement.  

    Teratoma 

 Most patients are newborns and infants with a large mass and 
signs and symptoms of compression of the upper airways. 
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Histologically, there are elements derived from the epithelial, 
neuroectodermal, and mesenchymal layers. Complete surgi-
cal excision is the treatment of choice and is curative.   

    Supraclavicular Region 

 Lymphadenopathy is the most common mass in the supracla-
vicular region. Among the rare non-nodal lesions, benign 
adipose tissue prominence or lipomas predominate. 
Occasionally, a prominent vertebral transverse process may 
be present as a pseudomass in this area.  

a b

c d

  Figure 6.17    Epidermal inclusion cyst. Single and clustered anucle-
ated squamous cells are present in unruptured epidermal inclusion 
cysts ( a ). Reactive squamous changes, multinucleated foreign body-
type giant cells, and inflammation are present in ruptured cysts ( b ). 
Ultrasound in unruptured cysts shows thin and uniform capsule ( c ). 
In the presence of rupture, the cyst wall is ill-defined, thick, and fuzzy 
( d ). Note the posterior acoustic enhancement in both examples and 
heterogeneous echotexture, more prominent in (d) ( a  MGG stain, 
high magnification;  b  Papanicolaou stain, high magnification)       
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    Posterior Region 

 Non-nodal pathology is rare in this region, and among these 
peripheral nerve sheath tumors, cystic hygroma (in children) 
and lipomas predominate. 

    Lipoma 

 Lipomas are the most common tumors in adults and may occur 
in any part of the head and neck area, most commonly in the 
posterior triangle. They are usually solitary, but may be multiple. 

  Histopathology . Conventional lipomas are composed of 
mature adipose tissue. Types of lipomas include spindle, pleo-
morphic, myxoid, angiolipoma, myolipoma, fibrolipoma, 
myelolipoma, and intramuscular; however, with the exception 
of pleomorphic lipoma that often occurs in the posterior 
neck, they usually do not involve the neck. 

  FNA findings . Smears show fragments of mature adipose 
 tissue with vacuolated cells and peripheral regular oval and 
uniform nuclei. Atypical lipoblasts and a conspicuous vascu-
lar pattern are absent (Fig.  6.18a ).

   The differential diagnosis includes well-differentiated scle-
rosing liposarcoma and pleomorphic lipoma, which shows 
pleomorphic, bizarre, multinucleated giant cells (Fig.  6.18b ). 
Liposarcomas are deeply seated, usually intramuscular or ret-
roperitoneal masses; lipomas are superficial. Smears of well- 
differentiated liposarcoma contain small fragments of fatty 
tissue similar to those of lipomas; however, numerous capillar-
ies, occasional nuclear atypia, and lipoblasts are present. 

  US features . There is a homogeneous, oval, well- 
circumscribed, isoechoic mass when compared with the sub-
cutaneous tissue. The lipoma has fine linear striations 
(“feathering”) (Fig.  6.18c ,  d ).   

    The Skin and Scalp 

 FNA is rarely used for the diagnosis of skin tumors, mainly 
because of their size and accessibility to surgical biopsies. 
However, aspirates can be used successfully in the diagnosis of 
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suspected metastatic disease, in the evaluation of recurrent 
skin neoplasms, or in the diagnosis of tumors of unclear nature. 

    Pilomatrixoma 

 This benign adnexal (hair matrix) skin tumor is a hard subcuta-
neous tissue nodule often seen in the face, neck, and upper 
extremities, most commonly seen in the first two decades of life. 

  FNA findings . Smears show scattered single and dense 
groups of overlapping, non-molding, degenerating basaloid 
cells admixed with a pink background substance (Diff-Quik 
stain). The cells are usually stripped of cytoplasm and exhibit 
round to oval nuclei, regular nuclear contours, evenly distrib-
uted granular chromatin, and small, prominent nucleoli. 
Foreign body giant cells, ghost cells with keratinization, 

a b

c d

  Figure 6.18    Lipoma. Adipose tissue without atypia or pleomor-
phism is present ( a ). Rare complex aggregates of slightly pleomor-
phic cells were obtained from a 12 cm lipomatous mass in the back 
of a patient’s neck ( b ). Ultrasound of lipomas shows a characteristic 
“feathering” ( c ). The ultrasound from the 12 cm posterior neck mass 
shows a heterogeneous mass with areas of hypo- and hyperecho-
genicity and lack of “feathering” ( d ) ( a  Papanicolaou stain, high 
magnification;  b  MGG stain, high magnification)       
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 elongated reactive fibroblasts, and calcium debris may be 
present (Fig.  6.19a–d ).

   The differential diagnosis includes carcinomas with basa-
loid cells (skin, salivary glands) and small blue cell tumors. 

a

e

b

c d

f

  Figure 6.19    Pilomatrixoma. Smear shows complex 3-dimensional 
aggregates of basaloid cells ( a ), tight squamous pearls, anucleated 
squamous cells, and calcific fragments admixed with the basaloid cells 
( b ), and foreign body-type giant cell reaction to keratin ( c ). Histologic 
section confirms the cytologic findings ( d ). A hypoechoic oval mass 
with well-circumscribed edges, homogeneous echotexture, uniform 
halo/capsule, posterior acoustic enhancement, and lack of vascularity 
by Doppler exam ( e ,  f ) is seen in the subcutaneous tissue area ( a  Diff-
Quik stain, low magnification;  b ,  c  Papanicolaou stain, medium mag-
nification;  d  hematoxylin and eosin stain, medium magnification)       
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Diagnostic key features include ghost squamous cells, multi-
nucleated cells, and clinical history including physical 
examination. 

  US features . As mentioned in the section on parotid 
region masses, an ill-defined, irregular, hypoechoic subcu-
taneous nodule that may have calcifications is identified 
(Fig.  6.19e ,  f ).  

    Cylindroma 

 Because of its multinodular and diffuse distribution, this 
tumor of skin appendage origin is called a “turban tumor of 
the scalp.” 

  FNA findings . Features are identical to those of basal cell 
carcinoma, except for an occasional layer of hyaline material 
surrounding the periphery of some cell clusters.  

    Basal Cell Carcinoma 

 Aspirates from basal cell carcinomas are usually performed 
to verification of recurrence of an excised primary tumor. 

  FNA findings . Smears show variable cellularity, complex 
aggregates, and single basaloid cells with hyperchromatic 
nuclei, mitosis, and necrosis (Fig.  6.20 ).

a b

  Figure 6.20    Basal cell carcinoma. Recurrence in the site of prior sur-
gery ( a  Diff-Quik stain;  b  Papanicolaou stain medium magnifications)       
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       Cutaneous Squamous Cell Carcinoma 

 The smears are cellular, showing keratinizing cells with 
mild to moderate nuclear atypia. The differential diagnosis 
includes ruptured epidermal inclusion cysts, trichilemmal 
cysts, and branchial cleft cysts. Diagnostic key is nuclear 
characteristics.  

    Merkel Cell Tumor 

 These uncommon malignant neoplasms occur in the dermis 
of elderly patients and behave aggressively, with frequent 
metastases to regional lymph nodes. Cytology and differen-
tial diagnosis are discussed in the section on metastatic 
tumors to lymph nodes (Fig.  6.21 ).

       Sebaceous Carcinoma 

 Aspirates from this neoplasm show two cell types and a 
necrotic background. Larger cells show vacuolated cyto-
plasm, vesicular nuclei, and prominent nucleoli. Smaller cells 
show basaloid to intermediate cell characteristics. When the 
former predominate, they must be differentiated from other 
clear cell neoplasms; the latter can be confused with basal cell 
carcinoma and basaloid squamous cell carcinoma.  

    Kaposi’s Sarcoma 

 It may be present in the oral cavity and lymph nodes in 
patients with AIDS. 

  FNA findings . There are cohesive clusters and single 
plump spindle cells in a bloody background. The cytoplasmic 
borders are ill-defined, and many of the individual cells are 
stripped of cytoplasm. Slit-like spaces may be found in the 
cell clusters (Fig.  6.22 ).
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a b

c d

  Figure 6.21    Merkel cell carcinoma, soft tissue of neck metastasis. 
The smear shows a small-/ intermediate-sized blue cell tumor ( a ). 
Romanowsky stain shows a paranuclear condensation of intermedi-
ate filaments (keratin) ( b   arrows ). Ultrasound shows nonspecific 
findings and includes hypoechogenicity, irregular and fuzzy margins, 
and peripheral blood flow by Doppler examination ( c ,  d ) ( a  
Papanicolaou stain, high magnification)       

a b

  Figure 6.22    Kaposi’s sarcoma. Spindle cell pattern and red blood 
cells ( a ). This cytologic pattern needs clinical correlation to support 
the diagnosis. Tissue section shows poorly formed slit-like pattern 
filled with red blood cells ( b ) ( a  Diff-Quik stain, high magnification; 
 b  hematoxylin and eosin stain, medium magnification)       
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   The differential diagnosis includes other reactive and neoplas-
tic spindle cell processes. The diagnostic key is the clinical history.  

    Metastatic Carcinomas 

 The majority of carcinomas metastasize late in the course of the 
disease process (Fig.  6.23a ). However, scalp metastasis from renal 
cell carcinoma (Fig.  6.23b ) or small cell carcinoma of the lung 

a

c d

e

b

  Figure 6.23    Metastatic carcinomas. Breast ductal carcinoma ( a ), 
renal cell clear cell carcinoma ( b ), and small cell carcinoma of the 
lung ( c ) to subcutaneous tissue of the clavicular area ( a ) and scalp 
( b ,  c ). Subcutaneous tissue mass with lobulated and fuzzy edges and 
minimal vascular flow by Doppler exam ( d ,  e ) ( a  Papanicolaou stain, 
high magnification;  b ,  c  Diff-Quik stain, medium magnification)       
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(Fig.  6.23c ) may be the first evidence of malignancy. Diagnostic 
keys include a high grade of suspicion, clinical history, and careful 
evaluation of aspirate smears. US findings are not specific and 
usually show a hypoechoic mass with  heterogeneous echotexture 
and irregular indistinct margins (Fig.  6.23d ,  e ).

        Uncommon Masses of the Head and Neck 

    Myositis Ossificans 

 The progressive form of myositis ossificans affects the mus-
cles of the face and neck and progresses to the thoracic mus-
culature. The sporadic form is usually posttraumatic and 
affects the sternocleidomastoid or masseter muscles. 

 Aspirates are composed of osteoblasts, osteoclasts, and 
fibroblasts with reactive-appearing large nuclei. Osteoid is 
absent. Lack of nuclear anaplasia or atypical mitoses distin-
guishes this process from sarcomas. The presence of osteoid 
favors the diagnosis of osteosarcoma.  

    Proliferative Myositis 

 This rapidly growing lesion usually affects the sternocleido-
mastoid muscle. A checkerboard appearance felt on physical 
examination reflects the admixture of affected and non-
affected muscle tissue. 

 Aspirates consist of fragments of skeletal muscle fibers, 
degenerated multinucleated muscle cells, large polygonal cells 
with prominent nucleoli, and reactive fibroblasts. The differen-
tiation from sarcoma is based on the lack of nuclear anaplasia.  

    Nodular Fasciitis 

 This lesion is most commonly seen in the upper extremities, 
trunk, and neck of young adults. It is a reactive, rapidly grow-
ing mass (less than a month), in direct association with the 
fascia and extending into the subcutaneous tissue and muscle. 
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The clinical evolution of the lesion should be carefully moni-
tored because it will regress in a period of 8–10 weeks. 

  FNA findings . Spindle and plump  fibroblastic cells  are 
present singly and in small interwoven clusters in a loose 
myxoid stroma and admixed with various numbers of chronic 
 inflammatory cells. Large  myofibroblasts  ranging from elon-
gated to polygonal shape with stellate appearance and dense 
cytoplasm, eccentric nuclei, and prominent nucleoli are also 
seen. Capillaries and typical mitotic figures are frequently 
encountered (Fig.  6.24 ).

   The differential diagnosis includes low-grade sarcomas 
with myxoid component. Diagnostic keys are lack of anapla-
sia, reactive nuclei, adequate sampling, and clinical picture.  

    Dermatofibrosarcoma Protuberans (DFSP) 

 DFSP is a spectrum of spindle cell tumors that typically 
involve both the dermis and subcutis of the trunk, proximal 
extremities, and occasionally the scalp. It is a firm, nodular 
(protuberant) cutaneous mass growing over a period of 
months to years. 

  FNA findings . Aspirates are of variable cellularity and are 
frequently bloody. Useful cytologic features are the presence 
of storiform stromal fragments, entrapped adipose tissue, and 

a b

  Figure 6.24    Nodular fasciitis. Spindle plump fibroblastic cells ( a ) 
and myofibroblasts ( b ) are present along with myxoid stroma and 
inflammatory cells. The lesion resolves spontaneously in less than 3 
months ( a ,  b  Diff- Quik stain, high magnification)       
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the recognition of fibrohistiocytic spindle cells. The fat 
entrapped within the storiform fragments reflects the infiltra-
tive growth pattern of DFSP. The stromal fragments (best 
seen with Romanowsky stains) are of variable cellularity, 
showing a finely fibrillar and metachromatic matrix. The 
spindle cells have abundant cytoplasm, ill-defined cytoplas-
mic borders, and bland nuclear features. Occasional mitotic 
figures and pleomorphic spindle cells may be found, but the 
absence of inflammatory cells is prominent (Fig.  6.25 ).

   The differential diagnosis includes both benign and low- 
grade malignant spindle cell lesions. Nodular fasciitis shows 
more angular fibroblasts with prominent nucleoli admixed 
with inflammatory cells. Fibrous histiocytoma shows multinu-
cleate giant cells with hemosiderin deposition, and inflamma-
tory cells. Kaposi’s sarcoma contains delicate spindle cells and 

a

c

b

  Figure 6.25    Dermatofibrosarcoma protuberans. Cellular smear 
showing fascicles of bland-appearing spindle cells admixed with 
adipose tissue elements ( a ,  b ). Histopathology recapitulates the 
FNA pattern ( c ) ( a  Papanicolaou stain, medium magnification;  b  
Diff-Quik stain, medium magnification;  c  hematoxylin and eosin, 
low magnification)       
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abundant blood. Spindle cell melanoma displays more pleo-
morphic nuclei. Clinicopathologic correlation is necessary, 
and occasionally a specific diagnosis may not be possible. 

  US features . Tumors are oval, entirely hypoechoic with 
posterior acoustic enhancement or with mixed echogenicity 
and hyperechoic streaks. They have well-defined and focally 
lobulated margins and a thin hypoechoic rim that may be 
disrupted by tumor protrusions.  

    Chordoma 

 This neoplasm arises from remnants of the notochord and 
may be found in the spheno-occipital region. It has an infil-
trative growth pattern causing neuro-ophthalmologic and 
otologic symptoms. 

  FNA findings . Aspirates show abundant mucoid–myxoid 
substance of magenta color (with Romanowsky stains). Two 
cell types can be identified. The larger cells have multivacu-
olated and bubbly cytoplasm with round, bland nuclei; the 
smaller exhibit oval nuclei and are usually present in lesser 
numbers. The larger cells, arranged in nests and clusters, cor-
respond to the physaliphorous cells seen in tissue sections. 
Binucleation and multinucleation are occasionally observed. 

 The differential diagnosis includes chondrosarcomas and 
metastatic mucin-producing adenocarcinomas. Large multi-
vacuolated cells are rarely present in chondrosarcomas and 
adenocarcinomas. Clinical correlation is necessary.  

    Chondrosarcoma 

 This rare neoplasm affects the jaw, nasal septum, larynx, and 
trachea. 

  FNA findings . Aspirates show extracellular matrix and 
cells in various proportions. The extracellular matrix stains 
magenta with Romanowsky stains. Cellularity depends on the 
grade of the sarcoma. The neoplastic chondrocytes are single, 
can be located in lacunae, and range from oval to round. The 
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cells have a well-demarcated, vacuolated cytoplasm encasing 
bubble-like peripheral vacuoles. No mitotic figures are seen, 
except in de- differentiated chondrosarcoma. A fibroblast-
like cell component may be present. Intermediate- to high-
grade chondrosarcomas have characteristic cytologic features, 
but the low-grade ones require tissue confirmation. Clinical 
and  radiographic correlation is necessary.  

    Osteogenic Sarcoma 

 Head and neck osteosarcomas are rare and comprise 6 % of 
all osteogenic sarcomas. Sites of involvement include the 
mandible, maxilla, paranasal sinuses, and skull. Depending on 
which component predominates, osteosarcomas are divided 
into osteoblastic, chondroblastic, and fibroblastic types. 

  FNA findings . The stromal cells are spindled to polygonal 
with hyperchromatic nuclei, with or without nucleoli, and 
exhibit variable anaplasia. Necrosis and mitoses are com-
monly seen. Fragments of pink osteoid and chondroid and 
multinucleated osteoclast-type tumor giant cells are fre-
quently found (Fig.  6.26 ).

    Differential diagnosis . When the osteoclast-type tumor 
giant cells predominate, giant cell tumors, giant cell repara-
tive granulomas, and brown tumors of hyperparathyroid-
ism are differential diagnostic considerations. Anaplastic 
stromal cells are a key diagnostic feature for osteosar-
coma. The recognition of the osteoid matrix distinguishes 
osteosarcomas from other sarcomas. Radiographic correla-
tion is crucial.  

    Synovial Sarcoma 

 Synovial sarcoma frequently occurs in the lower extremities, 
but occasionally occurs in the neck and nasopharynx. The 
biphasic pattern with fibrous and epithelioid components is 
usually seen in typical lesions. Metastases are mainly to the 
lungs and lymph nodes and may be biphasic or monophasic. 
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  FNA findings . Aspirates are highly cellular, showing tightly 
packed monomorphic bipolar spindle cells with oval nuclei 
and faintly staining cytoplasm. A background of numerous 
free- lying monotonous oval or spindle small nuclei with a 
bland chromatin pattern and small nucleoli is usually present. 
The epithelioid cells are larger and cuboidal, columnar, or 
polygonal with round vesicular nuclei and rounded and dis-
tinct cell borders, and they occur in clusters of different sizes. 
Mast cells and calcific deposits are often seen. Only the 
fibrous or epithelioid component is present in aspirates of 
monophasic synovial sarcoma. The presence of calcific depos-
its and mast cell suggests the diagnosis (Fig.  6.27a–c ).

    Differential diagnosis . Large clusters of epithelioid cells 
may suggest the diagnosis of adenocarcinoma; however, the 
presence of a spindle cell component will be very unusual in 
such cases. 

a

c

b

  Figure 6.26    Osteosarcoma of the maxillary bone. Smears are cel-
lular ( a ) and show spindle and pleomorphic epithelioid-appearing 
cells with anaplasia ( b ). The osteoid is evident in the tissue section 
( c ) ( a ,  b  Papanicolaou stain, medium and high magnification;  c  
hematoxylin and eosin stain, low magnification)       
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  US features . Tumors show homogeneous, hypoechoic, 
solid, nodular, oval, and well-defined borders. Synovial sar-
coma from the abdominal wall may show a “honeycomb” 
pattern of echotexture (Fig.  6.27d ,  e ).      

a

c d

e

b

  Figure 6.27    Synovial sarcoma. Both epithelioid ( a ) and spindle ( b ) 
cell components are seen. The cell block preparation shows the 
spindle cell component ( c ). Ultrasound shows a large hypoechoic 
mass with homogeneous echotexture, well-defined and smooth bor-
ders, and an area of stromal invasion ( d   arrow ). Vascular flow is 
moderate by power Doppler ( e ) ( a  Diff-Quik stain, medium magni-
fication;  b  Diff-Quik stain, high magnification;  c  hematoxylin and 
eosin, low magnification)       
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           Clinical Considerations 

 Lymph nodes are “absent” by palpation in newborns. They 
are more numerous in children than in adults and are soft and 
oval. Anterior cervical, axillary, and inguinal lymph nodes 
may be found in healthy children and measure <1 cm. The 
only palpable lymph nodes in adults may be found in the 
inguinal region and measure <1.5 cm. 

  Localized or regional lymphadenopathy  is defined as 
lymph node enlargement in contiguous anatomic regions. 
 Generalized lymphadenopathy  is defined as the involvement 
of more than two noncontiguous lymph node regions. 

 Lymphadenopathy may be the result of a local or systemic 
etiologic process, i.e., metastases, lymphoma, infection, or 
inflammation. The clinical differential diagnosis is based on 
the physical examination, location of the lymph node, and 
particularly the age of the patient. Although these factors are 
important, they should not overinfluence the interpretation. 
The history of immunosuppression, particularly in HIV-
positive individuals, contributes to the frequency of certain 
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lymph  node- based reactive, malignant, or infectious pro-
cesses. A nonneoplastic pathologic process is the most com-
mon cause of regional or generalized lymphadenopathy in 
children and adults. 

 In the pediatric age group, the most common causes of 
regional lymphadenopathy are viral, bacterial, and mycobac-
terial processes, depending on the geographic environment; 
the most frequent malignancies presenting as a cervical 
lymphadenopathy are small blue cell tumors including, but 
not limited to, lymphomas and leukemias, followed by solid 
tumors such as neuroblastoma, rhabdomyosarcoma, and 
Wilms’ tumor. In the adolescent group, Hodgkin’s and non-
Hodgkin’s lymphomas, nasopharyngeal carcinoma, and meta-
static germ cell tumors are the predominant malignancies 
present in a neck lymph node. Metastatic carcinoma, pre-
dominantly of the squamous type, from lung and head and 
neck organs becomes the most common diagnostic consider-
ation in or above the fourth decade of life. 

 In general, a round, firm, well-defined lymph node present 
for >8 weeks or a lymph node that is fixed to surrounding 
tissues including the skin, deep anatomic planes, or other 
lymph nodes should be considered for FNA regardless of 
clinical findings. Likewise, a regional or generalized lymph-
adenopathy associated with constitutional symptoms should 
be considered for FNA.  

    Lymph Node Anatomy and Histology 

 The normal lymph node has a bean shape, measures <1 cm, 
has a cortex and medulla, and is surrounded by a capsule. The 
afferent lymphatic vessels penetrate the convex surface of 
the lymph node, and the efferent vessel exits at the level of 
the hilum, which is indented, contains the vein and artery, and 
is contiguous with the medulla. 

 The cortex contains the lymphoid follicles, which have 
germinal centers. The medulla contains the sinuses, stroma, 
and vessels. The sinuses converge in the hilum. The afferent 
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lymphatic vessels drain into the subcapsular sinus, a remark-
ably important structure because it is the first site of entry for 
any benign or metastatic process. Reactive lymphoid hyper-
plasia produces diffuse cortical widening; if the process con-
tinues, there is formation of germinal centers in the hilar area, 
causing widening of the hilum. Metastatic processes produce 
irregular cortical widening. 

  US features . The US findings reflect the histology. The cor-
tex is densely cellular with little stroma and appears 
hypoechoic and essentially avascular on Doppler examina-
tion. In contrast, the medulla has more stroma, converging 
sinuses, and vessels and appears hyperechoic and vascular. 
Also, since the antigenic stimulus triggers lymph node 
enlargement, vascular increment, and follicular response, the 
cortex becomes variably vascular (Fig.  7.1a ,  b ).

       The Neck Levels, US Examination, 
and Lymphatic Drainage 

 There are more than 300 lymph nodes in the head and neck 
region and range from 3 mm to 3.0 cm in size. The neck has 
been divided in topographic compartments or levels to facili-
tate the localization of a particular lymph node. They were 
first described to map metastases from head and neck squa-
mous cell carcinomas to cervical lymph nodes. The six levels 
of the neck are: (I) submental and submandibular, (II) upper 
lateral, (III) mid-lateral, (IV) lower lateral, (V) posterior, and 
(VI) antero- lateral (Fig.  7.1c ). The suprasternal/superior 
mediastinum is considered level VII. 

    Level I 

 Submental (Ia) and submandibular (Ib) area lymph nodes. 
Level I lymph nodes are important for non-thyroid head 
and neck carcinomas, particularly those located in the oral 
cavity. 
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a

b

c

Hyoid bone

Cricoid arch

  Figure 7.1    Ultrasound anatomy of a reactive lymph node showing 
cortex ( C ), medulla ( M ), and hilum ( H ) with a prominent vascular 
pole by Doppler examination ( a ,  b ). Anatomic levels of the neck ( c )       
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  US examination . For  submental nodes , elevate the chin, place the 
probe transverse to the chin, and scan from the chin down to 
the hyoid bone. The nodes are superficial in the midline between 
the anterior bellies of both digastric muscles; they drain the anterior 
tongue, floor of the mouth, lips, chin, and cheeks (Fig.  7.2 ). For  sub-
mandibular nodes , turn the head to the opposite side, place the 
probe transverse to the neck parallel to the mandible, and scan 

a

b

  Figure 7.2    Submental (level 1a) region. The normal anatomy is 
shown in ( a ) (transverse view) and ( b ) (longitudinal view along the 
midline). A small reactive lymph node between the digastric mus-
cles is seen in ( c ) (transverse view) and ( d ) (longitudinal view). 
Abbreviations:  P  platysma,  aDG  digastric muscle, anterior belly,  M  
mandible,  GH  geniohyoid muscle,  MH  mylohyoid muscle,  LN  
lymph node       
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from the chin back to the angle of the mandible and identify the 
submandibular gland. The nodes are grouped superior and anterior 
to the gland and lateral to the anterior belly of the digastric muscle; 
they drain the anterior face, anterior oral cavity, and floor of the 
mouth (Fig.  7.3 ). Of note, there are no lymph nodes within the sub-
mandibular gland.

        Levels II, III, and IV 

 These levels correspond to lymph nodes deep to the cervical/
internal jugular chain that follows the course of the internal 
jugular vein extending from the angle of the mandible to the 

c

d

Figure 7.2 (continued)
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midclavicular region and are the main lymphatic drainage for 
lesions located in the head and neck, draining the submental, 
submandibular, parotid, and retropharyngeal nodes. The jug-
ulodigastric node is the most superior and prominent node in 
the chain, lies behind the submandibular gland, and is virtu-
ally visible by US examination in all individuals, measuring 
up to 4 cm in length in healthy young teenagers. 

  US examination . Identify the jugulodigastric node with the 
transducer transversally placed below the angle of the mandible 
and smoothly sweep down the chain keeping the internal jugu-
lar vein in the center of the field while evaluating all levels. In the 
mid-cervical region, the omohyoid muscle that divides levels III 
and IV lies deep to the sternocleidomastoid muscle and crosses 
the vessels mimicking a lymph node; the issue is solved by place-
ment of the transducer in a longitudinal position.

    Level II . Lymph nodes located from the skull base to 
the level of the hyoid bone (Fig.  7.4 ).

      Level III . Lymph nodes located between the levels of the 
hyoid bone and the cricoid cartilage (Fig.  7.5 ).

      Level IV . Lymph nodes located below the levels of the 
cricoid cartilage and the clavicle (Fig.  7.6 ).

  Figure 7.3    Left submandibular region (level 1b). The transducer is 
placed parallel to the mandible. There is a small reactive lymph node 
posterior to the anterior belly of the digastric muscle. Abbreviations: 
 LN  lymph node,  DG  digastric muscle, anterior belly,  MH  mylohyoid 
muscle,  SmG  submaxillary gland       
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          Level V 

 This level corresponds to lymph nodes located in the supracla-
vicular fossa/transverse cervical chain posterior to the sterno-
cleidomastoid muscle and superior to the subclavian vein and 
in the posterior triangle. The boundaries of the triangle are the 
sternocleidomastoid muscle anteriorly, the clavicle inferiorly, 
and the trapezius muscle posteriorly (Fig.  7.7 ). The lymph 
nodes are located  superficially  within this triangle filled with 

a

b

  Figure 7.4    Left neck level II. The transducer is placed slightly supe-
rior to the carotid bulb and both carotid branches are visualized in 
( a ). The corresponding findings by Doppler examination are seen in 
( b ). Abbreviations:  DgM  digastric muscle, posterior belly,  CAB  
carotid artery bifurcation,  IJV  internal jugular vein       
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adipose tissue. Enlargement of the left supraclavicular lymph 
node (Virchow’s node) often indicates a primary malignancy 
located below the diaphragm. The posterior triangle lymph nodes 
drain the skin of the occipital and mastoid regions, posterior 
scalp, lateral neck, and the postnasal space.

    US examination . Scan transversally along the superior bor-
der of the midclavicle to the lateral end of the clavicle to 
evaluate the supraclavicular fossa. The posterior triangle is 
scanned with the transducer transverse to the mastoid pro-
cess, moving inferiorly along the posterior border of the ster-
nocleidomastoid muscle toward the acromioclavicular joint 
and the anterior border of the trapezius.  

    Level VI 

 These lymph nodes are located in the anterior central neck 
compartment. The prelaryngeal and pretracheal lymph nodes 
are superficial and the paratracheal are lateral to the trachea, 
medial to the carotid artery, and deeper in the tracheoesopha-
geal groove. The prelaryngeal and pretracheal nodes drain the 

  Figure 7.5    Left neck level III. Normal US anatomy showing the 
trachea ( T ), esophagus ( E ), left thyroid lobe ( Th ), strap muscles 
( SM ), omohyoid muscle ( OH ), common carotid artery ( CCA ), inter-
nal jugular vein ( IJV ), sternocleidomastoid muscle ( SCM ), and lon-
gus colli ( LC ). A small lymph node with hilum ( LN ) and the vagus 
nerve are also seen       

 

Chapter 7. The Lymph Nodes



276

skin and muscles of the anterior neck and the thyroid gland. The 
prelaryngeal lymph node drains the subglottic area of the larynx. 
The paratracheal lymph nodes are difficult to visualize by US 
because they lie posterior to the thyroid gland; they drain the 
larynx, the pyriform fossae, the thyroid gland, and the esophagus. 

  US examination . Scan moving the probe in the transverse 
plane with the probe in a longitudinal position from the level 
of the hyoid bone down to the sternal notch.  

a

b

  Figure 7.6    Left    neck level IV. US images show a predominantly 
cystic complex left thyroid nodule, the common carotid artery 
( CCA ), internal jugular vein ( IJV ), and a round-shaped lymph node 
( LN ) posterior to the IJV ( a ). Corresponding findings by Doppler 
exam ( b ). US-guided FNA of both the thyroid nodule and lymph 
node showed papillary thyroid carcinoma       
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    Level VII 

 These lymph nodes are located in the suprasternal/superior 
mediastinum. Best evaluated using a small-footprint curvilin-
ear probe placed above the sternal notch (Fig.  7.8 ).

  Figure 7.8    Neck level VII. The transducer is placed above the ster-
nal notch and is used for evaluation of suprasternal/superior medi-
astinum lymph nodes.  SCJ  sternoclavicular joint       

  Figure 7.7    Left neck level V, supraclavicular area. Normal anatomy 
is seen in this image and include the trapezius muscle ( Tr ), and ante-
rior, medial, and posterior scalene muscles ( ScA ,  ScM ,  ScP )       
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   The  parotid-area lymph nodes  have no numbered level. 
They drain the skin of the lateral forehead, temple, external 
auditory meatus, posterior cheek, gums, and buccal mucosa. 
Likewise, the  buccal region lymph nodes  are not numbered, 
lie anterior to masseter muscle adjacent to the facial artery in 
the buccal fat space, and drain the facial skin from the upper 
eyelid to the upper lid. 

 The retroauricular and occipital lymph nodes drain corre-
sponding areas of the scalp and should be examined in cases 
of scalp malignancy. 

 US can typically identify between 6 and 20 neck lymph 
nodes. Most enlarged lymph nodes are reactive secondary to 
inflammatory or infectious processes located in the head and 
neck area. Lateral compartment lymph nodes are easier to 
detect and amenable to USG-FNA. Central-compartment 
lymph nodes are more difficult to detect by US and sample 
using US guidance.   

    US Features in Lymph Node Evaluation 

 The US features to be evaluated in a lymph node include, 
size, shape, border, confluence, echogenicity, hilum, calcifica-
tion, necrosis, parenchymal reticulation, intranodal vascular 
pattern, and surrounding edema. Because no abnormality of 
these features by itself is diagnostic of malignancy, a combination 
of the ultrasound findings helps in predicting malignancy. The 
lymph node number in a given lymph node chain is a consid-
eration for abnormality when >3 US-abnormal lymph nodes 
are present.

    1.    Size. Lymph node size is an important consideration; 
however, the most important factor is the variation in the 
lymph node size over a period of time. Size may be of 
limited value in differentiating benign from malignant 
nodes. Nodal size is important for TNM cancer staging: 
N1 <3 cm, N2 3–6 cm, and N3 >6 cm. The lymph node size 
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a b

  Figure 7.9    Lymph node size. Small oval level III left ( a ) and right 
( b ) neck lymph nodes. Metastatic papillary thyroid carcinoma (cali-
pers,  a ) and reactive follicular hyperplasia ( b ) were the US- guided 
FNA diagnoses. Abbreviations:  LN  lymph node,  CCA  common 
carotid artery,  SM  strap muscles,  T  trachea       

should be measured transversally and not longitudinally 
(Fig.  7.9 ).

      2.    Shape. A normal node has a fl at bean shape. An irregular 
or round shape is seen in metastasis instead of the oval 
shape often seen in benign and reactive lymph nodes. An 
irregular lymph node cortex is suggestive of a subcapsular 
metastatic deposit. It has been found that 85 % of benign 
lymph nodes have a ratio of antero posterior (AP) axis/
transverse (T) axis < 0.5, and 85 % of malignant nodes 
have an AP/T axis ratio > 0.5 in the transverse view. Of 
note, level Ia and Ib benign lymph nodes are often round 
(Fig.  7.10 ).

      3.    Border. The border of a normal lymph node is smooth 
and slightly indistinct from the surrounding tissue. A 
sharp lymph node border is seen in metastasis and lym-
phoma instead of an ill-defi ned border seen in a reactive 
lymph node. Extracapsular nodal involvement of malig-
nancy and response to radiotherapy also cause ill-defi ned 
borders. Ill-defi ned and spiculated/irregular margins in a 
metastatic node indicate extranodal metastatic spread 
(Fig.  7.11 ).
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a b

  Figure 7.10    Lymph node shape. Oval (antero posterior/transverse 
< 0.5) level 1a lymph node ( horizontal arrows ) with regular borders 
and prominent hilum ( vertical arrow ) ( a  US-guided FNA diagnosis 
was reactive follicular hyperplasia). Left neck lymph node with het-
erogeneous echotexture, irregular borders ( arrows ), and taller than 
wide (antero posterior/transverse > 0.5) in the transverse view ( b  
US-guided FNA diagnosis was poorly differentiated metastatic 
squamous cell carcinoma)       

a b

  Figure 7.11    Lymph node borders. Neck lymph node with oval, homo-
geneous, and slightly lobulated well-defined sharp borders ( a  Hodgkin 
lymphoma was the US-guided FNA diagnosis). Neck level 1 lymph 
node with spiculated borders ( arrows ) and heterogeneous echotexture 
( b  metastatic breast carcinoma was the US-guided FNA diagnosis)       

      4.    Confl uence. Matted lymph nodes can be seen in 
 tuberculosis, postradiation, chemotherapy, metastasis, and 
lymphoma as a result of perinodal infl ammation and fi bro-
sis (Fig.  7.12 ).
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      5.    Echogenicity. Hypoechogenicity is seen in metastatic 
 malignancies; however, metastatic papillary thyroid carci-
noma may be hyperechoic when compared with adjacent 
muscle. A “pseudocystic” pattern (marked hypoechogenicity 
with posterior acoustic enhancement) is seen in lymphoma 
when evaluated at conventional US resolution (Fig.  7.13 ).

  Figure 7.12    Lymph node confluence. Matted hypoechoic homoge-
neous lymph nodes. Non-Hodgkin lymphoma was the US-guided 
FNA diagnosis       

a b

  Figure 7.13    Lymph    node echogenicity. Hyperechic lymph node in a 
patient with metastatic Hurthle cell carcinoma of the thyroid gland 
( a   arrow heads ). Lymph node with marked hypoechogenicity 
(“pseudocystic” pattern) and posterior acoustic enhancement in a 
patient with non-Hodgkin lymphoma ( b )       
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      6.    Hilum. A vascular hilum is usually seen in 90 % of lymph 
nodes >5 mm. An enlarged lymph node with a prominent 
echogenic vascular hilum is probably benign. Metastatic 
lymph nodes usually lack a hilum; however, a hilum can be 
seen in metastasis, particularly in early metastatic nodal 
involvement. Thus, hilum absence in an enlarged lymph 
node is highly suspicious for malignancy. Of note, tubercu-
lous lymph nodes usually lack a hilum (Fig.  7.14 ).

      7.    Calcifi cation. Metastasis from papillary thyroid carcinoma, 
medullary carcinoma, or lymph nodes in patients with a 
history of radiotherapy or chemotherapy may show foci of 
macrocalcifi cation. Macrocalcifi cations are also seen in 
tuberculous lymphadenitis (Fig.  7.15 ).

      8.    Necrosis. Cystic necrosis can be seen in metastases, i.e., 
squamous cell carcinoma, papillary thyroid carcinoma, and 
benign processes such as tuberculosis (Fig.  7.16 ). A cystic 
nodal metastasis >3 cm in squamous cell carcinoma appears 
anechoic and, if it involves the jugulo digastric lymph node, 
should be differentiated from a branchial cleft cyst, particu-
larly in patients older than 30 years. Coagulative necrosis 
may appear hyperechoic and may be confused with hilum 
when located close to the nodal capsule; however, it is not 
continuous with the perinodal fat as the hilum is.

      9.    Intranodal reticulation. A micronodular reticulated pat-
tern is seen in lymphoma when evaluated with high-resolution 
US. Under conventional resolution, lymph nodes have a 
“pseudocystic” appearance with marked hypoechogenicity 
and posterior acoustic enhancement.   

a b

  Figure 7.14    Benign lymph node with a prominent hilum ( a   arrow 
heads ) highlighted by Doppler examination ( b )       
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   10.    Nodal vascular pattern. Normal or reactive lymph 
nodes usually have no vascularity when they measure 
<5 mm. Metastatic lymph nodes may have hilar and 
peripheral (mixed) or peripheral subcapsular fl ow and 
perfusion defects (Fig.  7.17a ). Peripheral subcapsular 
fl ow is also seen in tuberculosis, which disrupts the 
nodal vascular architecture in a manner similar to 
malignancy. An exaggerated normal vascular appear-
ance with a branching hilar vascular pattern is often 
seen in lymphoma (Fig.  7.17b ).

  Figure 7.15    Metastatic thyroid carcinoma to a level V lymph node. 
Note microcalcifications in the upper part of the node       

a b

  Figure 7.16    Necrosis. Tuberculous lymphadenitis with focal necro-
sis ( n ) and preserved hilum ( a   arrow ). Level V cervical lymph node 
with metastatic squamous cell carcinoma with central necrosis ( b )       
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       Thus, the US characteristics and topographic distribution 
of the lymph nodes, and the clinical scenario including physi-
cal examination, are paramount for the cytopathologist to 
provide a useful microscopic interpretation, which in some 
instances does not need to be specific but only descriptive. 
The lack of specific findings is also useful in some cases.  

    Fine-Needle Aspiration of Lymph Nodes 

 The clinical history and the characteristics of a lymph node 
are factors important for deciding on the need for additional 
diagnostic modalities, i.e., imaging studies and FNA. FNA is 
the modality of choice for evaluating an abnormal lymph 
node and, in many instances, avoiding an unnecessary open 
biopsy. The use of US as an aid in locating and performing 
FNA of superficial and deep-seated lymph nodes offers sig-
nificant benefits, i.e., sampling of solid areas in cystic necrosis 
and reducing nondiagnostic samples, procurement of sample 
for cultures, and obtain material for flow cytometry in lym-
phomas. USG-FNA has a sensitivity of 97 % and a specificity 
of 93 %. 

 A thorough cytologic evaluation answers questions which 
the cytopathologist should keep in mind when evaluating 
lymph node FNAs. The questions include the following: (1) 

a b

  Figure 7.17    Vascular pattern. Metastatic poorly differentiated car-
cinoma showing a chaotic vascular flow pattern ( a ). Non-Hodgkin 
lymphoma showing an exaggerated branching hilar vascular pattern 
( b )       
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Is it really a lymph node? (2) Adequate? (3) Is it benign or 
malignant? (4) If benign, is it infectious? Can we identify the 
infectious agent? (5) If malignant, lymphoma? Metastasis? 
(6) If lymphoma, non-Hodgkin? Hodgkin?, (7) If non-Hodg-
kin, B- or T-cell type? Grade? (8) If Hodgkin, subtype? (9) If 
metastasis, type? Source? Most answers can be based on mor-
phologic evaluation, and others need the support of ancillary 
tests, i.e., cultures, special stains, flow cytometry, cytogenetics, 
molecular studies, etc., for reaching a definitive diagnosis. 

 The use of Romanowsky-type stains (Diff-Quik, Wright, 
May–Grunwald–Giemsa) performed on air-dried smears is 
fundamental for FNA cytologic interpretation, because they 
provide excellent evaluation of cell size, cytoplasmic detail, 
and background elements. Papanicolaou and hematoxylin 
and eosin stains performed on alcohol-fixed smears provide 
excellent visualization of nuclear morphology in both single 
cells and cell aggregates. Thus, both air-dried and alcohol-
fixed stains are complementary. We caution against the use of 
liquid-based preparations for lymph node FNA because cells 
appear smaller, cell aggregates are fragmented, lymphocytes 
may become artificially aggregated, and background ele-
ments are difficult to evaluate.  

    Cell Patterns in Fine-Needle Aspiration 
of Lymph Nodes  

 To facilitate the cytologic interpretation, the FNA of lymph 
nodes can algorithmically be classified in the following smear 
cell patterns:

    1.    Polymorphous. Nonspecifi c reactive lymphoid hyperplasia, 
early HIV lymphadenitis, primary and secondary syphilis 
lymphadenitis, toxoplasma and leishmania lymphadenitis, 
rheumatoid arthritis, Castleman lymphadenopathy plasma 
cell variant, Kimura lymphadenopathy, early dermato-
pathic lymphadenopathy, Sézary syndrome, early cat scratch 
lymphadenitis, follicular lymphoma grade 2, diffuse follicular 
center cell lymphoma, and nodal marginal B-cell lymphoma   
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   2.    Monotonous small size. Quiescent benign lymph node, 
Castleman disease hyaline vascular variant, B-cell chronic 
lymphocytic leukemia/small lymphocytic lymphoma, T-cell 
chronic lymphocytic leukemia, lymphoplasmacytic lym-
phoma, T-cell/histiocyte-rich diffuse large B-cell lym-
phoma, and Hodgkin lymphoma lymphocyte-predominant 
type   

   3.    Monotonous intermediate size. Follicular lymphoma grade 
1, diffuse follicle center cell lymphoma grade 1, mantle cell 
lymphoma, nodal marginal zone lymphoma, Burkitt lym-
phoma, precursors of B- and T-cell lymphomas, adult T-cell 
leukemia/lymphoma, peripheral T-cell lymphoma, Sézary 
syndrome, and metastatic small cell malignancies   

   4.    Monotonous large size. Diffuse large B-cell lymphoma and 
its variants, follicular lymphoma grade 3, Richter’s trans-
formation of small lymphocytic lymphoma, blastoid vari-
ant of mantle cell lymphoma, peripheral T-cell lymphoma, 
NK-/T- cell lymphoma, granulocytic sarcoma, nodal 
Langerhans cell histiocytosis, dendritic cell neoplasms, 
metastatic carcinoma, metastatic melanoma, metastatic 
sarcoma, and metastatic seminoma   

   5.    Pleomorphic. Hodgkin lymphoma, anaplastic large cell 
lymphoma, Hodgkin-type Richter’s transformation of small 
lymphocytic lymphoma/chronic lymphocytic leukemia, dif-
fuse large B-cell lymphoma variants, thymoma, metastatic 
melanoma, and metastatic mesenchymal malignancies     

 Tables  7.1  and  7.2 

        Select Examples of Lymphadenopathy 

    Reactive Lymphoid Hyperplasia 

 Reactive lymphoid hyperplasia is the prototype of a cytologic 
polymorphous lymphoid cell pattern commonly associated 
with benign, reactive and reversible, lymphadenopathy. The 
etiology remains unknown in most cases. Bacteria, viruses, 
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   Table 7.1    Lymphadenitis/lymphadenopathy – clues for the cyto-
logic diagnosis   

  Viral  

 Infectious 
mononucleosis 

 Immunoblasts with marked atypia 

 Herpes simplex  Cowdry A inclusions, ground-glass nuclei, 
multinucleation 

 Cytomegalovirus  Large cells with large eosinophilic nuclear 
inclusion 

 Varicella-Zoster  Rare small intranuclear inclusions 

 Measles  Polykariocytes (not specific) 

 Human 
immunodeficiency 
virus 

 Polymorphous lymphoid cell pattern. Plasma 
cells in late stages 

  Bacterial  

 Cat scratch  Granulomas, necrosis, acute inflammation 

 Lymphogranuloma 
venereum 

 Granulomas, necrosis, acute inflammation 

 Syphilis  Small granulomas and plasma cells 

 Tuberculosis  Granulomas and caseation necrosis 

  Mycobacterium 
avium- 
intracellulare   
complex 

 Histiocytes and background smear with 
numerous bacilli (Pseudo-Gaucher cells and 
negative images) 

 Leprosy, 
tuberculoid 

 Small non-caseating granulomas 

  Fungal  

 Cryptococcus  Yeast with mucoid thick capsule. Mucous 
background. Narrow-based buds 

 Pneumocystis  Foamy exudates 

(continued)
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Table 7.1 (continued)

 Histoplasma  Intracytoplasmic yeasts. Granular calcific 
background 

 Coccidioides  Large spherules with yeast forms 

  Protozoal  

 Toxoplasma  Crescent-shaped organisms (2–6 μm) 

 Leishmania  Amastigotes 1–3 μm with histiocytes 
(Donovan bodies) and multinucleated giant 
cells 

 Filaria  Fragments of dead calcified organisms 

  Non-infectious  

 Kimura disease  Polymorphous lymphoid cell pattern with 
polykariocytes (not specific) 

 Kikuchi disease  Necrosis 

 Dorfman-Rosai 
disease 

 Histiocytes with cytophagocytosis 
(emperilopolesis, erythrocytes, plasma cells) 

 Sarcoidosis  Cell damage, non-necrotizing granulomas. 
Schaumann and cytoplasmic asteroid bodies 

 Systemic lupus 
erythemathosus 

 Necrosis. Hematoxylin bodies 

 Rheumatoid 
arthritis 

 Polymorphous lymphoid cell pattern and 
plasma cells 

 Castleman disease, 
plasma cell variant 

 Plasma cells 

 Dermatopathic  Lipid or pigment (melanin)-laden histiocytes 

 Amyloid  Amorphous “waxy” material, lymphocytes, 
multinucleated giant cells 

 Silicone  Histiocytes with clear cytoplasmic vacuoles, 
multinucleated giant cells 

 Lipid  Histiocytes with small cytoplasmic vacuoles, 
multinucleated giant cells (lipogranulomas) 

  Modified from Pambuccian and Bardales ( 2011 ), with permission  
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chemicals, and iatrogenic drugs are identified in a minority of 
cases. The lymph nodes are small, oval, soft, and single or 
regional, often cervical in children and inguinal in all age 
groups. 

 The cytologic pattern reflects the expansion of a particular 
lymph node area (follicular, paracortical, medullary, sinusoi-
dal), which depends on the antigenic stimulus.  Follicular 
hyperplasia  represents a B-cell response and includes the 
presence of small round lymphocytes, centroblasts, centro-
cytes, immunoblasts, plasmacytoid lymphocytes, plasma cells, 

   Table 7.2    The various cytologic patterns as clues for the diagnosis   

 Necrosis  Granulomas with necrosis 

  Infectious mononucleosis 
(focal) 

  Cat-scratch disease 

  Herpes simplex (focal)   Mycobacterial infection 

  Kikuchi disease (marked)   Fungal infection 

  Systemic lupus 
erythematosus (marked) 

  Kikuchi disease 

  Pneumocystis (marked)   Lymphogranuloma venereum 

  Infarcted lymph node 
(marked) 

  Leishmania 

 Neutrophils  Granulomas without necrosis 

  Bacterial infection (marked)   Toxoplasma 

  Anaplastic large cell 
lymphoma (scattered) 

  Sarcoidosis (rare with 
necrosis) 

  Anaplastic carcinoma 
(scattered) 

  Syphilis 

  Whipple disease 

  Tuberculoid leprosy 

  Filaria 

  Tumor-associated 
lymphadenitis 

  Modified from Pambuccian and Bardales ( 2011 ), with permission  
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and histiocytes/tingible- body macrophages in various num-
bers.  Paracortical hyperplasia  with predominance of immuno-
blasts represents a T-cell response. An inflammatory pattern 
is frequently associated with bacteria and fungi. An immune 
pattern is usually the result of drugs and viruses, and it often 
elicits a paracortical hyperplasia. Occasionally, the differen-
tial diagnosis includes follicular lymphoma grades 2 and 3, 
and the use of ancillary tests on FNA material is needed. 

 The smears are cellular and show a polymorphous popula-
tion of lymphoid cells and lymphohistiocytic aggregates, 
which are fragments of germinal centers containing centro-
cytes, centroblasts, dendritic cells, small lymphocytes, and 
tingible-body macrophages. After a single triggering factor, 
the smears show a polymorphous pattern lasting 3–4 weeks; 
progressively, the smear shows a predominance of small 
round lymphocytes and centrocytes for 3–4 weeks. The back-
ground shows histiocytes, scattered plasmacytoid cells, plasma 
cells, and lymphoglandular bodies (Fig.  7.18 ).

   The immunophenotype shows positive pan-B-cell markers 
CD19, CD20, CD22, and CD79a with a K/L ratio of 3–5/1 and 
no light-chain restriction. 

 Of note, this pattern is seen as a smear background in 
Hodgkin lymphoma and along with histiocytes in cases of 
draining lymph nodes in metastatic disease, regardless of the 
presence or absence of actual metastatic deposits.  

a b

  Figure 7.18    Reactive lymph node. The smear shows a characteristic 
polymorphous population of lymphoid cells ( a ). The US evaluation 
shows an oval (AP/T < 0.5 in the transverse view), hypoechoic, homo-
geneous, and well-defined lymph node with regular borders and 
presence of hilum ( b ).  AP  antero posterior axis,  T  transverse axis)       
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    Bacterial Lymphadenitis 

 This process is seen in the head and neck of children draining, 
an area of bacterial infection. Patients have fever, the lymph 
node is enlarged and tender, and the overlying skin is usually 
hyperemic. 

 The smear pattern shows numerous intact and degener-
ated neutrophils; degenerated lymphoid cells and macro-
phages may also be present. This pattern may be seen in 
systemic lupus erythematosus and rarely in Hodgkin lym-
phoma. Bacterial organisms may be seen best with 
Romanowsky-stained smears inside phagocytes and extracel-
lularly (Fig.  7.19 ).

       Granulomatous Lymphadenitis 

 Etiologic agents for this smear pattern include infections, 
foreign body reactions, and sarcoidosis. 

  Mycobacterium tuberculosis  is prevalent in HIV-infected 
individuals and in foreign-born young immigrants to the US. 
The most common form of extrapulmonary tuberculosis is 
lymphadenitis that commonly affects cervical (frequently 
posterior triangle) chains. The lymph nodes may be matted 
and markedly necrotic and fluctuant. The  M. tuberculosis  

a b

  Figure 7.19    Bacterial lymphadenitis. Smear shows a purulent smear 
pattern ( a ). The US exam shows a lymph node with ill-defined mar-
gins, heterogeneous echotexture, and a cystic component ( b   arrow 
heads )       
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activates CD4+ T cells and produces tissue necrosis, and the 
macrophages transform into uni- or multinucleated epitheli-
oid macrophages. Thus, the smears of tuberculous lymphad-
enitis show epithelioid granulomas, caseation necrosis, 
lymphocytes, and occasional Langhans-type giant cells. The 
nuclei of such cells are arranged peripherally in a horseshoe 
shape rimming in the cytoplasm. The bacilli can be detected 
by special acid-fast staining and are detected predominantly 
in the background smear. The bacilli are bright red, slender, 
and beaded by the Ziehl–Neelsen acid- fast stain; however, 
only 20 % of culture-positive cases have a positive stain. 
Culture in Lowenstein–Jensen medium can take up to 6 
weeks for a definitive diagnosis, thus delaying treatment. 
Polymerase chain reaction in fluids, smears, and tissue sam-
ples, including paraffin-embedded tissue, can detect the 
organism in less than 6 h. 

 Atypical mycobacteria are a cause of chronic granuloma-
tous lymphadenitis in children. In adults, the infection occurs 
in the presence of immunosuppression. The organisms are 
widely spread in nature and include  M. marinum ,  M. fortui-
tum ,  M. scrofulaceum , and  M. kansasii . Commonly affected 
sites include cervical lymph nodes and may be associated 
with erythema of the overlying skin and with abscess forma-
tion.  Mycobacterium avium intracellulare  (MAI), found in the 
soil and in tap water, is highly pathogenetic in patients with 
AIDS and may produce regional or generalized lymphadeni-
tis and systemic disease. The smears show necrosis, poorly 
formed granulomas, and numerous large histiocytes with 
foamy cytoplasm (pseudo- Gaucher cells) filled with bacilli. 
Occasionally, the histiocytes develop a spindle cell phenotype 
(MAI spindle cell pseudotumor). The characteristic negative 
images within the cytoplasm of macrophages and in the back-
ground are best seen in Romanowsky-stained smears. The 
definite diagnosis is made by cultures and polymerase chain 
reaction in smears and formalin- fixed, paraffin-embedded 
tissue (Fig.  7.20 ).

   The differential diagnosis of granulomatous lymphadenitis 
includes tuberculosis, histoplasma, Kikuchi and cat scratch 
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lymphadenitis, and sarcoidosis. Non-necrotizing granulomas 
are often seen in sarcoidosis, which shows tightly packed 
granulomas and damaged lymphoid cells; cultures are 

a b

c d

e f

  Figure 7.20    Tuberculous lymphadenitis. Smears show necrosis, 
damaged inflammatory cells, histiocytes, multinucleated giant cells, 
and granulomas ( a ,  b   Mycobacterium tuberculosis ). Atypical myco-
bacteria with numerous thick and long organisms that appear as 
“negative images” both in the background of the smear ( c ) and 
within histiocytes (“pseudo-Gaucher” cells) ( d   Mycobacterium 
avium intracellulare ). The US exam shows a large lymph node with 
hypoechogenicity, smooth distinct margins, foci of cystic degenera-
tion ( e   arrow heads ), and mild central and peripheral vascularity on 
Doppler examination ( f ) ( a ,  d  DiffQuik stain, medium and high 
magnification)       
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 negative. Fungal infections may involve the lymph nodes, 
particularly when immunocompetency is affected. The preva-
lence of these infections is influenced by the incidence of 
mycoses, i.e., histoplasmosis and coccidioidomycosis, in cer-
tain geographic areas. The identification of the organism in 
cytologic material permits the application of early antifungal 
therapy before culture and serologic results are available.  

    Cat Scratch Disease 

 Cat scratch disease is a common cause of chronic lymphade-
nitis in children and adolescents. In the United States, 55 % 
of cases occur in patients age 18 years or younger, commonly 
in the months of September to January. The pathogenic 
organism is  Bartonella henselae , a Gram-negative bacillus 
transmitted by fleas to kittens and then transmitted to 
humans by a cat bite or lick. 

 The patients have enlarged, nodular, and matted regional 
lymphadenopathy that is fixed to surrounding tissues and 
commonly occurs in the upper extremities and face. The 
lymphadenopathy develops 1–3 weeks after the primary skin 
lesion and is usually accompanied by systemic symptoms. In 
immunocompetent individuals, the disease is self-limited and 
resolves in 6–12 weeks in the absence of treatment. 
Suppuration occurs in 10 % of cases. A systemic life-threat-
ening disease may occur in immunosuppressed patients. 

 The smears show a reactive lymphoid hyperplasia pattern 
with monocytoid cells and scattered tingible-body macro-
phages in the early stages of the disease. A suppurative 
granulomatous pattern with necrosis, neutrophils, epithelioid 
histiocytes, granulomas, and rare multinucleated Langhans- 
type giant cells is seen in more established processes 
(Fig.  7.21 ).

   Microbiologic detection is difficult, and the diagnosis is 
supported by clinical history, serology, and histopathology. 
The organisms can be visualized by the Warthin–Starry 
silver stain, immunoperoxidase stain with anti- B. henselae  
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 antibodies in tissue sections, PCR, indirect immunofluores-
cence, and enzyme immunoassay. The diagnostic sensitivity of 
all tests is low. The silver stain is the most sensitive, but is the 
least specific. Lymphogranuloma venereum is cytologically 
identical, and immunofluorescence and serology are neces-
sary for the diagnosis. The differential cytologic diagnosis also 
includes bacterial suppurative lymphadenitis, tularemia, and 
other granulomatous processes, including tuberculosis; spe-
cial stains and cultures are needed to rule out these processes.  

    Infectious Mononucleosis 

 Infectious mononucleosis is an acute self-limited disease 
caused by the Epstein–Barr virus (EBV) that affects pre-
dominantly adolescents and young adults, who have fever, 

a b

c d

  Figure 7.21    Cat scratch disease. Smears show a purulent pattern 
with necrosis, acute inflammation damaged lymphocytes, and granu-
lomas ( a ,  b ). The US exam shows irregularly-shaped, coalescent 
lymph nodes with necrosis and no vascularity on Doppler examina-
tion ( c ,  d ) ( a ,  b  DiffQuik stain, high magnification)       
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pharyngitis, and cervical or generalized lymphadenopathy. 
The lymph nodes are enlarged and soft, but not matted. The 
viral spread is via direct contact with oral secretions. The 
EBV infects both epithelial cells and B cells in the orophar-
ynx; B cells can be infected via the CD3d complement recep-
tor (CD21) causing an antibody response with cell 
proliferation during the first week of the disease. 
Lymphocytosis with atypical lymphocytes is commonly seen 
in the peripheral blood. The disease resolves in 3–4 weeks in 
most patients. A life-threatening disease is seen in immuno-
suppressed individuals. 

 The cytology preparations show numerous large reactive 
immunoblasts, large and small lymphocytes, histiocytes, 
tingible- body macrophages, and rare plasma cells. Numerous 
mitoses and apoptotic nuclei are also present. The immuno-
blasts are large and show a basophilic cytoplasm, a large 
nucleus, and a single central round or polyhedral nucleolus. 
Necrosis may be present (Fig.  7.22 ).

   No light-chain restriction is identified, and the immunos-
tains for B and T cells demonstrate a reactive pattern. EBV 
can be demonstrated by immunohistochemistry, in situ 
hybridization, and other types of molecular analysis in tissue 
sections. The differential diagnosis includes large cell lym-
phoma, anaplastic large cell lymphoma, nodular lymphocyte 
predominance Hodgkin lymphoma, and classical Hodgkin 
lymphoma.  

    Human Immunodeficiency Virus 

 The human immunodeficiency virus 1 (HIV-1) is a lentivirus, 
a subfamily of retroviruses that infects CD4+ lymphocytes, 
macrophages, and dendritic cells; the first disseminates the 
virus, and the last two are the reservoirs. In the late stage, the 
CD4 lymphocytes and the dendritic cells are destroyed, the 
viremia resurges, and opportunistic infections and tumors 
develop in the immunosuppressed host. 
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 In the acute and chronic phase of HIV infection, there is 
generalized lymphadenopathy that harbors processes that 
may be reactive, infectious (mycobacterial and fungal), or 
neoplastic (lymphoma, Kaposi’s sarcoma). In the acute phase, 
the smear shows a florid reactive lymphoid hyperplasia, scat-
tered large monocytoid cells with clear cytoplasm and round 
nuclei, neutrophils, multinucleated cells (polykaryocytes of 
Warthin–Finkeldey), and tingible-body macrophages. The 
smears are less cellular, and the present plasma cells are noto-
rious in the subacute phase of HIV lymphadenitis. 
Hypocellular smears with a paucity of lymphocytes and pre-
dominance of plasma cells are characteristic of the chronic 
burned-out phase of HIV infection. 

a b

c

  Figure 7.22    Infectious mononucleosis. Smears show numerous 
reactive immunoblasts with bluish cytoplasm, large nuclei, promi-
nent nucleoli, and scattered mitoses ( a ). The US exam shows large 
odd-shaped hypoechoic lymph nodes with predominant medullary 
and polar vascularity ( b ,  c ) ( a  DiffQuik stain, high magnification)       
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 The main role of FNA in HIV patients is to rule out oppor-
tunistic infections and neoplasms such as lymphoma or 
Kaposi’s sarcoma.  

    Ultrasound Features of Reactive and Infectious 
Lymph Nodes 

 Reactive lymph nodes usually have the following characteris-
tics: hypoechoic, slightly ill-defined margins, hilum present, 
hilar vascular pattern except lymph nodes <5 mm, lack of 
peripheral blood flow by Doppler examination, and flat or 
oval shape (AP/T axis < 0.5) except lymph nodes involving 
level I, which may be round. Lymph nodes involved by granu-
lomatous infectious processes including cat scratch disease 
and tuberculosis may have pronounced cystic necrosis and 
lymph node confluence in addition to the mentioned findings 
(Figs.  7.18b ,  7.19b ,  7.20e ,  f ,  7.21c ,  d , and  7.22b ,  c ).  

    Non-Hodgkin Lymphoma (NHL) 

 The use of FNA cytology for diagnosing NHLs is well estab-
lished. In fact, most malignant lymphomas can be diagnosed 
and treated on the basis of cytomorphology and special stud-
ies done on FNA material. Judicious use of ancillary tests is 
paramount, and flow cytometry is most important in the 
detection of cell surface markers to establish light-chain 
monoclonality and characterize the clonal proliferation. 
Normal mature B cells express CD19, CD20, and CD22 and 
are good markers in B-cell lymphomas. Plasma cells lack such 
markers; instead, they express CD38 and CD138. CD10 is 
expressed by both early B- and T-cell progenitor cells and 
follicular lymphoma. The T-cell markers CD5 and CD43 may 
normally be expressed in a small percentage of B cells; CD5 
is aberrantly coexpressed in some small cell types of B-cell 
lymphomas. T-cell clonality is difficult to establish by flow 
cytometry. 
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 The various types of NHLs are defined by their morphol-
ogy, immunophenotype, cytogenetics, and clinical features 
(Table  7.3 ).

   Combining cytomorphology and immunophenotype, the 
diagnosis of NHL can be reached successfully in FNA mate-
rial. In the following paragraphs, we will briefly review the 
characteristics of the common NHLs found in clinical practice.  

    Large Cell Lymphoma 

 This is one of the most common neoplasms diagnosed by 
FNA and affects mainly adults in the seventh decade of life. 

   Table 7.3    CD5 and CD10 expression in most common nodal NHLs   

 CD5-positive, CD10-negative 

  Chronic lymphocytic leukemia/small lymphocytic lymphoma 
(CLL/SLL) 

  Mantle-cell lymphoma (MCL) a  

  Diffuse large B-cell lymphoma, including Richter 
transformation of CLL 

  Lymphoplasmacytic leukemia 

 CD5-negative, CD10-positive 

  Follicular lymphoma (FL) a  

  Diffuse large B-cell lymphoma (DLBCL) a  

  Burkitt lymphoma (BL) b  

 CD5-negative, CD10- negative 

  Marginal zone lymphoma (MZL) c  

  Lymphoplasmacytic lymphoma 

  Modified from Pambuccian and Bardales ( 2011 ), with permission 
  a FL, DLBCL, and MCL can be CD5+/CD10+ or CD5−/CD10− 
  b BL can be CD5+/CD10+ 
  c MZL can be CD5+  
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Young adults and children may be affected occasionally. The 
primary presentation is usually nodal, but extranodal spread 
or presentation may be seen. B cell is the most common phe-
notype and is usually diffuse on tissue examination. 

 The cytology shows monomorphous large lymphoid cells; 
however, the particular cytomorphology is variable, i.e., cen-
troblasts, centroblasts and immunoblasts, and less frequently 
true immunoblasts may be seen (Fig.  7.23a–d ). Variable ana-
plasia including large cells with irregular multilobed nuclei 
can also be seen. The rare anaplastic B-cell lymphoma shows 
less pleomorphism than does the T-cell counterpart. The 
T-cell-rich B-cell lymphoma shows rare large pleomorphic 

a b

c d

  Figure 7.23    Diffuse large B-cell lymphoma. Large monomorphous 
cells with dark blue cytoplasm, some plasmacytoid features, irregu-
lar nuclear contours, mitoses, and apoptotic bodies ( a ). Large cells 
with round nuclei, basophilic cytoplasm, and prominent nucleoli are 
characteristic of immunoblastic lymphoma ( b ). The US exam shows 
dysmorphic coalescent lymph nodes with well-defined, margins, 
marked hypoechogenicity, and intense chaotic hilar blood flow by 
Doppler examination ( c ,  d ) ( a  From Pambuccian and Bardales 
( 2011 ). Reprinted with permission)       
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tumor cells and a background of numerous small lymphocytes 
and mimics Hodgkin lymphoma, carcinoma, or melanoma.

   Cells show light-chain monoclonality and positive B-cell 
markers CD19, CD20, and CD79a. CD10 is positive in cen-
troblastic lymphoma and CD30 in the anaplastic variants. 
Large-cell lymphoma has a high proliferation index and fre-
quently expresses bcl-2 and bcl-6. One third of cases show 
t(14;18).  

    Follicular (Small Cleaved and Mixed Small 
Cleaved and Large-Cell) Lymphoma 

 Follicular lymphomas arise in the lymph node follicular cen-
ters and affect mainly middle-aged patients who usually have 
generalized lymphadenopathy. The lymph nodes in small 
cleaved follicular lymphoma have a nodular or diffuse histo-
logic pattern that gives the lymphoma a low or intermediate 
grade, respectively, with prognostic implications. The mixed 
type is an intermediate- grade lymphoma. Follicular lympho-
mas need tissue confirmation for precise classification. The 
clinical course depends on the stage and grade, and cure is 
rare. Large-cell malignant transformation occurs in 30 % of 
patients, who have a poor prognosis. 

 The cytology of the small cell type shows a monotonous 
population of small lymphocytes (centrocytes) with irregular 
nuclear contours, i.e., indentations, notches, and clefts, which 
are best seen in Papanicolaou-stained smears; nucleoli are 
rarely identified. The mixed cell type shows a polymorphous 
population of centrocytes and medium-sized atypical lym-
phocytes with a round nucleus and peripheral nucleoli (cen-
troblasts), usually with predominance of the former; this 
pattern must be differentiated from that of reactive follicular 
hyperplasia. Cell aggregates may suggest a nodular pattern 
when smears are evaluated at low magnification. Small T 
lymphocytes are also present in the background (Fig.  7.24 ).

   Cells show light-chain monoclonality and CD19, CD20, 
CD79a, and CD10 positivity. CD5 and CD43 are negative. 
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Cells express bcl-2 in most cases. In 95 % of cases, t(14;18) 
is seen.  

    Small Lymphocytic Lymphoma 

 This mainly B-cell neoplasm is the nodal counterpart of 
chronic lymphocytic leukemia, affects middle-aged and older 
populations, involves multiple lymph nodes, and is a low-
grade malignancy. The clinical course is indolent; however, in 
rare instances, it may undergo a high-grade large B-cell trans-
formation (Richter’s lymphoma). 

a b

c d

  Figure 7.24    Follicular lymphoma. Smear shows a follicular pattern 
at screening magnification ( a ). Cells are monomorphous of small to 
intermediate size and have irregular nuclear contours ( b ). The US 
exam, in this particular case shows coalescent lymph nodes with 
presence of hilum, thick and irregular cortex, well-defined margins, 
hypoechogenicity, and hilar vascular blood flow by Doppler exami-
nation ( c ,  d ) ( a ,  b  MGG stain, low and high magnification) ( b  From 
Pambuccian and Bardales ( 2011 ). Reprinted with permission)       
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 The cytology shows a monotonous pattern of small lym-
phocytes with a round nucleus, coarse chromatin, and incon-
spicuous nucleoli. Scattered large cells (paraimmunoblasts 
and prolymphocytes) can be found. Distinction from other 
lymphomas of the small cell type is based on flow cytometry 
and not on pure cytomorphology (Fig.  7.25 ) (Table  7.4 ).

    Cells show CD19, CD20, CD23, and CD79a positivity. 
CD5 positivity is characteristic, and cells are negative for 
CD10 (positive in follicular lymphoma) and FMC7 (positive 
in mantle cell lymphoma). Deletion (13q14) is present in 
50 % of the patients and is associated with a favorable prog-
nosis. Trisomy 12, t(11;14), and t(14;19) have been described.  

a

c

b

d

  Figure 7.25    Small cell lymphocytic lymphoma. The smear shows a 
monotonous population of small round lymphoid cells ( a ). The pre-
cise diagnosis is made based on flow cytometric analysis. Large cell 
lymphoma transformation may occur (Richter lymphoma) and the 
vacuolated cytoplasm is often the result of prior chemotherapy ( b ). 
The US evaluation showed slightly enlarged cervical lymph nodes 
with linear hilum ( c ) and minimal blood flow by Doppler exam ( d ) 
( a ,  b  DiffQuik, high magnification) ( a  From Pambuccian and 
Bardales ( 2011 ). Reprinted with permission)       
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    Mantle Cell Lymphoma 

 Mantle cell lymphoma occurs in middle-aged to older indi-
viduals, with male predominance. Most patients have general-
ized lymphadenopathy, hepatosplenomegaly, and GI and 
bone marrow and peripheral blood involvement. Most 
patients cannot be cured. 

 Cytologic preparations show monotonous lymphoid cells 
of intermediate size with irregular nuclear contours resem-
bling centrocytes with dispersed chromatin and inconspicu-
ous nucleoli; the larger cells may have single small, distinct 
nucleoli. Rare plasmacytoid lymphocytes may be seen. 

     Table 7.4    Immunophenotypic profi le of small- and intermediate-
sized- cell lymphmas   

 B-CLL/
SLL  MCL 

 Nodal 
MZL  FL-1  LPL 

 Surface 
κ/λ 

 + dim  + 
strong 

 + 
strong 

 + 
strong 

 + 
strong 

 CD5  +  +  + dim 
10 % 

 −  − 

 CD10  −  −  −  +  − 

 CD20  + dim  +  +  +  + 

 CD23  + 90 %  + dim 10 %  + 10 %  −  + dim/− 

 FMC7  −  +  +  +  + (40% 
cases) 

 BCL-1  −  +  −  −  − 

 BCL-2  +  +  + most 
cases 

 +  + 

 BCL-6  −  −  −  +  − 

 Cyclin 
D1 

 −  +  −  −  − 

   Abbreviations :  B-CLL/SLL  B-chronic lymphocytic leukemia/small 
lymphocytic lymphoma,  MCL  mantle cell lymphoma,  MZL  mar-
ginal zone lymphoma,  FL-1  follicular lymphoma, grade 1,  LPL  
lymphoplasmacytic lymphoma  
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Scattered epithelioid histiocytes and plasma cells are com-
monly present (Fig.  7.26 ).

   Cell show CD5+, FMC7+, CD43+, BCL2+, BCL6–, and 
CD10– (Table  7.4 ). All cases express bcl-2 and cyclin D1. 
Neoplastic cells showing t(11;14)(q13;q32) with  CCND1  
translocation are seen in almost all cases.  

    Marginal Zone Lymphoma 

 Monocytoid B-cell lymphoma and mucosa-associated lym-
phoid tissue (MALT) lymphoma have been grouped as nodal 
and extranodal types of marginal zone lymphoma,  respectively, 

a b

c

  Figure 7.26    Mantle    cell lymphoma. The smear shows a monoto-
nous population of small slightly irregular lymphoid cells ( a ). The 
diagnosis needs flow cytometry evaluation in material obtained by 
FNA. The US exam shows a lymph node with well-defined mar-
gins, hypoechogenicity, homogeneous echotexture, and prominent 
vascular pattern by Doppler exam ( b ,  c ) ( a  DiffQuik stain, high 
magnification) ( a  From Pambuccian and Bardales ( 2011 ). Reprinted 
with permission)       
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and have identical histology and cytology. The nodal type that 
comprises <2 % of all non-Hodgkin lymphomas is a primary 
lymph node B-cell neoplasm without splenic or extranodal 
involvement and affects mostly adults and older individuals 
who have asymptomatic regional, often cervical or generalized 
 lymphadenopathy. It is clinically indolent, and most patients 
survive longer than 5 years. Some patients may have serologic 
evidence of hepatitis C infection or autoimmune disorders. 

 The cytology shows monocytoid cells or medium-sized 
cells with irregular contours (centrocyte-like cells), or cells 
resembling small-/intermediate-sized round lymphocytes, or 
a combination of the three in various proportions. Plasma 
cell differentiation may be prominent in some cases, and 
 scattered eosinophils may be present (Fig.  7.27 ).

a

c

b

  Figure 7.27    Marginal zone lymphoma. A monotonous population 
of intermediate size centrocyte-like lymphoid cells with slightly 
irregular nuclei is seen ( a ). The precise diagnosis is made by flow 
cytometry on FNA material. Ultrasound shows coalescent lymph 
nodes with hypoechogenicity, well-defined margins, and chaotic vas-
cular flow by Doppler exam ( b ,  c ) ( a  DiffQuik stain, high magnifica-
tion) ( a  From Pambuccian and Bardales ( 2011 ). Reprinted with 
permission)       

 

R.H. Bardales



307

   As seen in Table  7.4 , CD5, CD10, BCL6, and cyclin D1 are 
negative and bcl-2 is positive. CD23 may be faintly positive. 
Trisomy 3 (60 %) or t(11;18) may be seen.  

    Small Non-cleaved Cell (Burkitt) Lymphoma (BL) 

 Three variants, endemic, sporadic, and immunodeficiency 
associated, have been described and differ clinically, morpho-
logically, and biologically. Endemic BL occurs in equatorial 
Africa in areas of endemic malaria and affects predominantly 
children. Sporadic BL is seen throughout the world, repre-
sents <2 % of all non-Hodgkin lymphomas in the United 
States, and affects predominantly children and young adults. 
Immunodeficiency- associated BL is often associated with 
HIV infection. Patients have bulky disease and signs and 
symptoms of a few weeks’ duration due to the short doubling 
time of the tumor. Endemic and sporadic BL may be cured 
with intensive chemotherapy regimens. 

 The cytology shows tumor cells of medium size with round 
nuclei and evenly distributed chromatin with multiple nucle-
oli. The cytoplasm is moderate in amount, deeply basophilic, 
and usually contains a number of clear-lipid-containing vacu-
oles. Numerous mitoses are present as well as numerous 
macrophages with ingested apoptotic tumor cells. The spec-
trum of BL is wide, and some cases may show tumor cells 
with plasmacytoid features or nuclear pleomorphism with 
prominent nucleoli (Fig.  7.28 ).

   Tumor cells are monoclonal and CD10, CD19, and CD20 
positive. bcl-2 is negative and bcl-6 is positive. The Epstein–
Barr virus (EBV) genome is present in the neoplastic cells in 
all cases of endemic BL and in approximately 30 % of spo-
radic and immunodeficiency-associated BL. Most cases have 
an (8;14) translocation.  

    Precursor B- and T-Cell Lymphomas 

 The term lymphoblastic lymphoma (LBL) is used when the 
process is confined to a mass lesion with minimal or no 
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peripheral blood and bone marrow involvement. Whereas 
the B-cell lineage predominates in lymphoblastic leukemia, 
only 10 % of LBLs have a B-cell phenotype. In general, LBLs 
are seen often in children and adolescents. The most frequent 
sites of involvement in B-LBL are the skin, soft tissue, bone, 
and lymph nodes. Mediastinal (thymic) involvement is often 
present in T-LBL and infrequent in B-LBL. Any extranodal 
site may be involved in T-LBL. Lymphadenopathy, hepato-
megaly, and splenomegaly are frequent in B- and T-LBL. 

 The cytology shows cells of small or intermediate size. The 
small cells are uniform and have scant cytoplasm; round 
nuclei with occasional clefting and indentations; homoge-
neous, fine, and delicate chromatin; and multiple variably 
prominent nucleoli. When intermediate-sized cells predomi-
nate, the pattern shows more anisocytosis; moderate cyto-
plasm; fine and delicate chromatin; often irregular, clefted, 
and indented nuclear contours; and two to three small nucle-
oli. Mitotic figures are often numerous (Fig.  7.29 ).

   Tumor cells are positive for the enzyme terminal deoxy-
nucleotidyl transferase (TdT) in most cases of B- and T-LBL. 

  Figure 7.28    Burkitt’s lymphoma. The smear shows a population of 
intermediate- size cells with multiple nucleoli and distinct minute 
cytoplasmic vacuoles (DiffQuik stain, high magnification) (From 
Pambuccian and Bardales ( 2011 ). Reprinted with permission)       
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The lymphoblasts in B-LBL are almost always positive for the 
B-cell markers CD19, CD22, cytoplasmic CD79a, and PAX5. 
The lymphoblasts in T-LBL are positive for the T-cell markers 
CD7, CD99, CD34, and CD1a. Almost all cases of B-LBL have 
cytogenetic abnormalities. T-LBL almost always has T-cell 
receptor gene rearrangements, commonly of α and δ loci.  

    Adult T-Cell Leukemia/Lymphoma 

 The disease is caused by the human T-cell leukemia virus type 
I (HTLV-I) and is endemic in southwestern Japan, the 
Caribbean basin, and Central Africa. Most patients have gen-
eralized disease with lymph node and peripheral blood 
involvement. Generalized lymphadenopathy, skin rash, leu-
kocytosis, eosinophilia, and hypercalcemia are common in 
acute ATLL. Generalized lymphadenopathy without periph-
eral blood involvement is seen in the lymphomatous variant 
of ATLL. 

 The cytology shows neoplastic lymphocytes of intermedi-
ate to large size with marked nuclear irregularities, coarse 

  Figure 7.29    Lymphoblastic lymphoma. A monotonous population 
of intermediate-size lymphoid cells some with slight nuclear irregu-
larities is seen (MGG stain, high magnification)       
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chromatin, and distinct nucleoli. Giant cells with convoluted 
nuclei may be present. 

 The tumor cells express T-cell-associated antigens (CD2, 
CD3, and CD5) and lack CD7. The large cells may be CD30+, 
but are negative for ALK. The tumor cells frequently express 
CCR4 and FOXP3. Neoplastic cells have a clonal rearrange-
ment of T-cell- receptor genes and monoclonal integration of 
HTLV-I.  

    Peripheral T-Cell Lymphoma 

 Peripheral T-cell lymphoma (PTCL) is rare and is especially 
common in African-American males in the sixth decade of 
life or older. Patients commonly have lymphadenopathy, 
extranodal (skin, GI tract, liver, spleen, bone marrow) 
involvement, and systemic symptoms. Pruritus, eosinophilia, 
and hemophagocytic syndrome may be present, but leukemia 
is uncommon. 

 The cytology shows small, intermediate, and large cells in 
various combinations resulting in a polymorphous pattern or 
may be monotonous when one cell pattern predominates. 
The small cell pattern is the least common. Cells exhibit clear 
cytoplasm, irregular nuclei, prominent nucleoli, and numer-
ous mitoses. Clear cells and Reed–Sternberg-like cells may be 
seen. In addition, small lymphocytes, histiocytes, eosinophils, 
and plasma cells are present. Tight sarcoid-like granulomas 
can be seen. 

 The neoplastic cells express pan-T-cell and T-cell-associated 
antigens including CD2, CD3, CD5, CD7, CD43, and CD45RO. 
Most are CD4+ and express TCR αβ. Ki67 is usually high. 
T-cell- receptor genes are clonally rearranged in most cases.  

    Sézary Syndrome 

 Sézary syndrome is rare and occurs in adults, usually older 
than 60 years, and has a male predominance. It is an aggressive 
disease with an overall survival of 20 % at 5 years. Patients 
have erythroderma and generalized  lymphadenopathy. 
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Palmar and plantar hyperkeratosis and onychodystrophy may 
be present. 

 The neoplastic T cells are of small to intermediate size, 
have irregular “cerebriform” nuclei (Sézary cells), and are 
found in the skin, lymph nodes, and peripheral blood. The cells 
have  moderate amounts of cytoplasm, and the nucleus may 
have a monocytoid appearance with one to three nucleoli. The 
smear background may show melanin-laden histiocytes as a 
manifestation of dermatopathic lymphadenopathy (Fig.  7.30 ).

   Tumor cells are CD2+, CD3+, TCRβ+, CD5+, and often 
CD4+. They express cutaneous lymphocyte antigen (CLA) 
and the skin- homing receptor CCR4 and have a T-cell-
receptor gene rearrangement.  

    Anaplastic Large Cell Lymphoma 

 Anaplastic large cell lymphoma (ALCL) is a mature T-cell 
lymphoma that accounts for approximately 20 % of all T-cell 

  Figure 7.30    Sezary syndrome. Monotonous population of 
intermediate- size lymphocytes with prominent nuclear irregularities 
in a background of dermatopathic lymphadenopathy is seen 
(Papanicolaou stain, high magnification) (Courtesy Dr. Javier Saenz 
de Santamaria, Badajoz, Spain. From Pambuccian and Bardales 
( 2011 ). Reprinted with permission)       
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lymphomas and occurs in young adults, but may occur in chil-
dren. According to the presence or absence of ALK protein 
expression, it can be divided into the morphologically indis-
tinguishable but clinically distinct ALK+ ALCL (50–80 % of 
cases) and ALK–ALCL. ALK+ ALCL involves both lymph 
nodes and extranodal sites (skin, musculoskeletal system, 
lungs, liver) of young, predominantly male patients, whereas 
ALK-ALCL tends to affect elderly patients. The response to 
treatment and the prognosis of patients with ALK+ ALCL 
are better than that for ALK– ALCL and other peripheral 
T-cell lymphomas. 

 ALCL has a number of morphologic variants or patterns, 
the  common  (or  classic ) (75 %), the  lymphohistiocytic  
(10 %), and the  small cell  (5–10 %). The small cell variant is 
composed of neoplastic cells that are neither large nor ana-
plastic and may enter the differential diagnosis of small blue 
cell tumors and of lymphomas composed of intermediate-
sized neoplastic cells. 

 Common to all morphologic variants of ALCL is the pres-
ence of “hallmark” cells, large or very large cells, with 
horseshoe- shaped or kidney-shaped nuclei, abundant clear or 
basophilic cytoplasm, and prominent perinuclear clear hofs, 
corresponding to the Golgi regions. Nucleoli are round or 
angular and prominent. The cytoplasm may show peripheral 
blebs and small vacuoles. A continuum of sizes of the abnor-
mal cells can usually be seen. Other characteristic neoplastic 
cells include “half- doughnut cells,” “doughnut cells,” multi-
nucleated giant “wreath cells,” “embryo cells,” “tennis 
racket” or “hand mirror” cells, and cells with polylobed 
nuclei and Reed–Sternberg-like cells. Frequent mitoses and 
apoptotic cells are present. Erythrophagocytosis or cell can-
nibalism, reactive lymphocytes, neutrophils, histiocytes, or 
eosinophils can occasionally be seen (Fig.  7.31 ).

   Immunohistochemistry is useful in the differentiation of 
ALCL from Hodgkin lymphoma and metastatic malignancies 
(Table  7.5 ). The large, pleomorphic neoplastic cells of ALCL 
are positive for CD30 in a membranous and Golgi pattern. 
The vast majority of cases express one or more T-cell markers 
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(CD2, CD4, CD5), but CD3 is frequently lost. The neoplastic 
cells are consistently CD45 and EMA positive. The t(2;5) or 
t(1;2) translocation is present in 90 % of systemic cases.

        Hodgkin Lymphoma (HL) 

 Hodgkin lymphoma accounts for 30 % of lymphomas, princi-
pally affects adolescents and young adults, and initially 
involves cervical and mediastinal lymph nodes. Lymph nodes 
are enlarged and usually non-tender, and patients are usually 
asymptomatic at diagnosis. The HL tends to spread to con-
tiguous lymph node regions. Constitutional symptoms includ-
ing fever, night sweats, and weight loss usually occur with 
widespread disease. 

 The REAL/WHO classification of HL includes:

    1.    Nodular lymphocyte-predominant HL (NLPHL) – 5 % of 
all HL cases   

   2.    Classical Hodgkin lymphoma (cHL) – 95 % of all HL cases

    (a)    Nodular sclerosis cHL – 65 to 70 % of all HL cases   
   (b)    Mixed-cellularity cHL – 20 % of all HL cases   
   (c)    Lymphocyte-rich cHL – 5 % of all HL cases   
   (d)    Lymphocyte-depleted cHL – 1 % of all HL cases         

a b

  Figure 7.31    Anaplastic large cell lymphoma. Large pleomorphic 
cell population is characteristic of this lymphoma ( a ). “Doughnut” 
cells also are some of the pleomorphic cells seen ( b   arrow head ) 
(DiffQuik stain, high magnification) ( a  From Pambuccian and 
Bardales ( 2011 ). Reprinted with permission)       

 

Chapter 7. The Lymph Nodes



314

    Ta
bl

e 
7.

5  
  Im

m
un

oh
is

to
ch

em
is

tr
y 

in
 H

od
gk

in
 ly

m
ph

om
a 

an
d 

it
s 

m
im

ic
s   

 C
D

15
 

 C
D

30
 

 C
D

45
 

 C
D

3,
 C

D
5,

 C
D

7 
 C

D
20

 
 P

A
X

5 
 E

M
A

 
 cL

H
 

 +
 

 +
 

 −
 

 −
 

 −
80

 %
 

 +
 

 −
 

 N
L

P
H

L
 

 −
 

 −
 

 +
 

 −
 

 +
 

 +
 

 +
/−

 

 T
C

/H
R

L
B

C
L

 
 −

 
 −

 
 +

 
 −

 
 +

 
 +

 
 −

/+
 

 A
L

C
L

 
 −

 
 +

 
 +

 
 +

/−
 

 −
 

 −
 

 +
 

 pT
C

L
 

 −
 

 −
 

 +
 

 +
/−

 
 −

 
 −

 
 −

 

 P
M

B
L

 
 −

 
 +

 w
ea

k 
 +

 
 −

 
 +

 
 +

 
 −

 

  M
od

if
ie

d 
fr

om
 P

am
bu

cc
ia

n 
an

d 
B

ar
da

le
s 

( 2
01

1 )
, w

it
h 

pe
rm

is
si

on
 

  A
bb

re
vi

at
io

ns
 :  c

L
H

  c
la

ss
ic

al
 H

od
gk

in
 ly

m
ph

om
a,

  N
L

P
H

L
  n

od
ul

ar
 ly

m
ph

oc
yt

e-
 pr

ed
om

in
an

t H
od

gk
in

 ly
m

ph
om

a,
  T

C
/

H
R

L
B

C
L

  T
-c

el
l/h

is
ti

oc
yt

e-
 ri

ch
 la

rg
e 

B
-c

el
l l

ym
ph

om
a,

  A
L

C
L

  a
na

pl
as

ti
c 

la
rg

e-
ce

ll 
ly

m
ph

om
a,

  p
T

C
L

  p
er

ip
he

ra
l T

-c
el

l 
ly

m
ph

om
a,

  P
M

B
L

  p
ri

m
ar

y 
m

ed
ia

st
in

al
 B

-c
el

l l
ym

ph
om

a  

R.H. Bardales



315

 The neoplastic cells in HL are B cells that have lost most 
of their B-cell markers. The L&H cells of NLPHL are also 
named LP or popcorn cells; the mononuclear Hodgkin and 
multinucleated Reed–Sternberg cells of cHL are collectively 
called HRS cells. By polymerase chain reaction, it has been 
demonstrated that HRS cells have immunoglobulin gene 
rearrangements with somatic mutations that indicate their 
clonal origin in the germinal center. Likewise, the LP cells of 
NLPHL have cell rearrangements and mutations similar to 
those of HRS. However, the B-cell differentiation program is 
downregulated in HRS cells and fully active in LP cells. Thus, 
neoplastic cells have lost most B-cell markers in cHL and are 
preserved in NLPHL. The neoplastic cells of cHL are vari-
ably positive for EBV; however, no EBV positivity is found in 
NLPHL. 

 Treatment with radiation and chemotherapy results in a 
>85 % cure rate. 

  FNA findings . Smears show a background of reactive poly-
morphous lymphoid cells with predominance of small mature 
lymphocytes. The cellularity tends to be relatively low, and 
neoplastic cells are found scattered in the background. The 
cellularity is the lowest due to fibrosis in nodular sclerosis 
HL, the most common form of HL. The background also 
shows variable numbers of eosinophils, plasma cells, and even 
epithelioid cells to the point that such a finding in a lymph 
node aspirate should trigger the diligent search for neoplastic 
cells of HL. A  granulomatous response is also seen in HL. 
These findings may also be present in lymphadenopathies 
secondary to allergic reactions and parasitic infestations. 
Occasionally, the background shows numerous neutrophils 
and simulates bacterial lymphadenitis. Of note, the syncytial 
variant of nodular sclerosis HL, particularly when present in 
the mediastinal lymph nodes, must be distinguished from 
metastatic carcinoma and primary mediastinal large B-cell 
lymphoma. Large cell T- and B-cell lymphomas, metastatic 
malignancies, especially melanoma and carcinoma or viral-
driven lymphadenitis, should be included in the differential 
diagnosis. 
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 The FNA diagnosis requires finding the neoplastic cells. 
Classic Reed–Sternberg cells usually have a moderate amount 
of pale cytoplasm with two or more eccentrically placed large, 
complex, or lobulated nuclei exhibiting irregular borders, 
coarse chromatin, and prominent irregular inclusion-like 
nucleoli. The mononuclear variants of neoplastic cells show 
similar nuclear features. Immunoblasts, commonly mistaken 
for the mononuclear variant, are smaller and show basophilic 
cytoplasm, a round nucleus, and a prominent but smooth 
round nucleolus (Fig.  7.32 ).

    Immunoprofile . Table  7.5  summarizes the markers that are 
useful in the differential diagnosis of HL.  

    Ultrasound Features of Lymph Nodes 
Involved by Lymphomas 

 Lymphomas commonly involve the levels I and V of the neck. 
Lymph nodes are usually round or oval, very hypoechoic 
reticulated/micronodular, and rarely necrotic and have sharp 
margins, and the hilum may be absent or present, usually with 
an exaggerated vascular pattern (Figs.  7.23c ,  d ,  7.24c ,  d ,  7.25b ,  c , 
 7.26b ,  c ,  7.27b ,  c , and  7.32d ,  e ).  

    Metastases 

 Lymph nodes are the most common sites of metastasis, and 
metastatic malignancies outnumber primary lymphoid malig-
nancies in most lymph node locations. The topography of 
lymph node chains and their territories of lymphatic drainage 
are helpful clues for determining the primary site of malig-
nancy and are covered early in this chapter. When possible, 
the original tumor should be reviewed for comparison of the 
cytomorphology. In the absence of a known primary malig-
nancy, a metastatic deposit can be correctly classified only by 
the cytomorphology in many cases. However, poorly differen-
tiated or undifferentiated malignancies, particularly of the 
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small cell type (blue cell tumors), may be difficult to distin-
guish from each other and from lymphomas. Because distinc-
tion is important for management purposes, the use of 
immunostains is helpful in the diagnosis of carcinoma, lym-
phoma, melanoma, or other malignancies and can be done 
preferably in cell block preparations (Table  7.6 ). It must be 

a

c d

e

b

  Figure 7.32    Hodgkin lymphoma. The smear shows a polymorphous 
population of lymphoid cells, rare eosinophils, and plasma cells. 
Present in this background are Reed-Sternberg cells, mononuclear 
variants, and multinucleated cells ( a – c ). Large, matted, and 
hypoechoic lymph nodes with well-defined margins are seen ( d ). 
The vascular pattern is exaggerated and chaotic ( e ) ( a – c  DiffQuik 
stain, high magnification)       
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noted that no antibody is organ specific and cross-reactivity 
with other tissues is being reported increasingly. Material 
from needle rinses may also be used for measurement of thy-
roglobulin and thyroglobulin antibody levels when differenti-
ated thyroid carcinoma is suspected. Likewise, calcitonin 
levels in needle rinses are helpful when metastasis from 
medullary thyroid carcinoma is suspected.

   Table 7.6    Panel of immunostains helpful in classifying lymph node 
metastasis   

 Marker  Malignancy 

   CD45RB (leukocyte 
common antigen) 

  Hematolymphoid 

   Cytokeratin cocktail (AE1/
AE3 and 8/18) 

  Epithelial 

   EMA (epithelial membrane 
antigen) 

  Epithelial 

  S100 protein   Melanocytic 

  Vimentin   Mesenchymal and others 

 Specific markers  Organ-specific malignancy 

  Thyroglobulin   Thyroid 

  Calcitonin   Thyroid (medullary carcinoma) 

  HepPar1   Liver 

   Renal cell carcinoma 
antigen 

  Kidney 

  Uroplakin   Urothelium 

   TTF1 (thyroid transcription 
factor 1) 

  Thyroid, lung 

  CDX2    GI tract, neoplasms with 
intestinal differentiation 

  Cytokeratins 7 and 20   Lung, GI tract, Urothelium 
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   The Table  7.7  summarizes metastatic malignancies by pat-
terns, monotonous and pleomorphic, as an attempt to ease 
and narrow the differential diagnosis in lymph node 
aspirates.

       Common Metastatic Malignancies in Adults 

    Metastatic Squamous Cell Carcinoma 

 This is the most common metastatic malignancy to the head 
and neck and frequently follows or presents with a primary 
tumor in the head and neck. 

  FNA findings . Well-differentiated squamous cell  carcinoma 
shows high cellularity, with keratinized cells exhibiting 

   Table 7.7    Lymph node metastasis by cell patterns   

 Monotonous 
intermediate 
cell 

 Neuroendocrine tumors: carcinoid, atypical 
carcinoid, small-cell carcinoma, Merkel cell 
carcinoma 

 Basal cell carcinoma 

 Melanoma 

 Small blue cell tumors: metastatic 
neuroblastoma, Ewing sarcoma/peripheral 
neuroectodermal tumor, rhabdomyosarcoma 

 Nasopharyngeal carcinoma 

 Monotonous 
large cell 

 Carcinoma 

 Melanoma 

 Sarcoma 

 Seminoma 

 Pleomorphic 
cell 

 Carcinoma 

 Melanoma 

 Sarcoma 
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 pyknotic, minimally irregular, and slightly enlarged nuclei, 
with no mitotic activity (Fig.  7.33 ). The diagnosis is usually 
straightforward in these cases. Cystic squamous cell carci-
noma shows scant cellularity, anucleated squamous cells, and 
scattered intermediate squamous cells with hyperchromatic 
and minimally irregular nuclei in a necrotic and variably 
inflamed background (Fig.  7.34 ). Necrosis and granuloma-
tous foreign body-type reaction to the keratin may be seen.

    The differential diagnosis includes cystic squamous cell 
carcinomas versus benign inflamed branchial cleft cysts and 
abscess. Malignant cells with anaplastic nuclei are important 
for diagnosis. Poorly differentiated squamous carcinomas 
may be difficult to differentiate from other high-grade neo-

a b

c d

  Figure 7.33    Metastatic squamous carcinoma, well-differentiated. 
The smears show keratinization with anucleated squamous cells, 
foreign body type reaction with giant cells “engulfing” keratin 
flakes ( a ), and keratinized malignant cells showing cytophagocytosis 
with clearly malignant nuclear features ( b ). The US exam shows 
slightly hyperechoic lymph node with round shape, slightly lobu-
lated borders, and heterogeneous echotexture ( c ). Minimal periph-
eral and central vascularity is seen by Doppler examination ( d ) ( a ,  b  
MGG stain, high magnification)       
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plasms. Cell block material is useful to perform special stains 
such as p16, which is a subrogate for HPV-driven squamous 
carcinomas of the head and neck (Fig.  7.35 ).

       Metastatic Nasopharyngeal Carcinoma 

 This is particularly prevalent among the Asian ethnic group, 
is associated with Epstein–Barr virus infection, and has a 
bimodal age presentation with one peak between 15 and 25 
years and the other between 60 and 70 years. Involvement of 
level II and III neck lymph nodes are frequent and is the first 
evidence of the tumor in 90 % of cases. Histologic types 
include keratinizing, nonkeratinizing, and undifferentiated. 

a b

c d

  Figure 7.34    Metastatic squamous carcinoma with cystic degenera-
tion. The smears clearly malignant squamous cells with focal kerati-
nization and a background of tissue damage ( a ,  b ). The US images 
show an irregular lymph node with cystic necrosis, ill-defined mar-
gins with focal extracapsular invasion ( arrowheads ), and no vascu-
larity by Doppler exam ( c ,  d ) ( a  MGG stain high magnification;  b  
Papanicolaou stain, high magnification)       
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  FNA findings . The smears are cellular. The nonkeratinizing 
type shows numerous tridimensional aggregates and  single 
round or elongated cells with scant cytoplasm, large nuclei, 
and prominent nucleoli. The undifferentiated type shows 
single and aggregated basaloid cells and small  lymphocytes 

a

c d

e

b

  Figure 7.35    Metastatic squamous carcinoma, poorly differentiated. 
The smear shows complex aggregates with spiculated ends and no 
evidence of keratinization ( a ). The cell block shows scattered aggre-
gates of malignant squamous cells ( b ). Immunostain or p16 is posi-
tive ( c ). The US exam shows a hypoechoic lymph node with fuzzy 
margins, extracapsular invasion ( arrowheads ), and no vasculariza-
tion by Doppler exam ( d ,  e ) ( a  MGG stain high magnification;  b  
H-E stain, medium magnification;  c  immunostain for p16, medium 
magnification)       
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within the cell aggregates and in the background. Mitosis 
and necrosis are common (Fig.  7.36 ). Tumors with similar 
histomorphology can arise in the palatine and lingual tonsils, 
thymus, and larynx.

   The differential diagnosis includes large cell lymphoma, 
carcinomas, and germ cell tumors. Immunocytochemistry for 
keratin, leukocyte common antigen, alpha-fetoprotein, and 
β-chorionic gonadotropin is helpful. The neoplastic cells are 
positive for EBV-associated markers such as EBV-latent 
membrane protein type 1 and in situ hybridization for EBV 
 small- encoded RNA (EBER).  

    Metastatic Papillary Thyroid Carcinoma 

 US is useful in the preoperative evaluation and postsurgi-
cal follow- up of patients with well-differentiated thyroid 

a b

c d

  Figure 7.36    Metastatic nasopharyngeal carcinoma. Non-keratinizing 
poorly-differentiated carcinoma with spindle cell features admixed 
with lymphocytes ( a ,  b ). US features are not specific and include 
hypoechoic coalescent lymph nodes with sharp and irregular mar-
gins, and minimal vascularity by Doppler exam ( c ,  d ) ( a  DiffQuik 
stain high magnification;  b  Papanicolaou stain high magnification)       
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 carcinoma, in particular for evaluation of lymphadenopathy 
in the central and lateral neck compartments. Also, in cases of 
elevated serum thyroglobulin in post-thyroidectomy patients 
with thyroid carcinoma, US is used for evaluation of neck 
lymph nodes and thyroid bed nodules followed by USG-
FNA, looking for thyroid carcinoma. Needle rinses looking 
for thyroglobulin and thyroglobulin antibody levels comple-
ment the cytologic evaluation in these cases. Secondary cystic 
changes are common in both primary and metastatic papil-
lary carcinomas. 

  FNA findings . Solid lymph node metastases from papillary 
carcinoma show diagnostic features sufficient for a diagnosis. 
Aspirates from cystic metastasis show small sheets of 
 monolayered epithelium in a hemorrhagic cystic background; 
cytoplasmic septate vacuoles and macrophages are often 
seen, and other cytologic characteristics may be inconspicu-
ous (Fig.  7.37 ).

   The differential diagnosis includes medullary carcinoma 
that may exhibit a pseudo-papillary pattern, as well as intra-
nuclear inclusions and nuclear grooves which may be errone-
ously interpreted as features of papillary carcinoma. 
Furthermore, amyloid may be mistaken for colloid. 
Measurements of thyroglobulin and thyroglobulin antibody 
levels and calcitonin levels in needle rinses are helpful.  

    Metastatic Breast Carcinoma 

 The single most important predictor of clinical outcome is the 
sentinel lymph node, which is the ipsilateral axillary lymph 
node closest to the breast cancer tumor and likely to be the 
first to harbor a metastatic deposit. Touch preparation cytol-
ogy evaluation of a sentinel lymph node is the preferred 
technique. Alternatively, sampling by means of FNA can be 
done pre- or intraoperatively at the time of lumpectomy. If 
the sentinel lymph node is positive, the patient undergoes 
axillary lymph node dissection. Skip metastasis involving axil-
lary lymph nodes other than the sentinel lymph node occurs 
in 5 % of cases (Fig.  7.38 ).
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       Metastatic Melanoma 

 If the thickness of a cutaneous melanoma exceeds 0.76 mm, 
the risk of lymph node metastasis increases in parallel to the 
tumor thickness. The regional (sentinel) lymph nodes are 
involved before the melanoma spreads more distally. 
However, approximately 4 % of melanomas show axillary, 
cervical, and inguinal lymph node metastases in the absence 
of a known primary site (spontaneous regression). 

  FNA findings . The diagnosis is facilitated by the clini-
cal history and the demonstration of melanin pigment in 
tumor cells or histiocytes (melanophages), but melanin may 
be entirely absent, and a history of melanoma may not be 

a b

c d

  Figure 7.37    Metastatic papillary thyroid carcinoma with cystic 
degeneration. Metaplastic cells with intranuclear cytoplasmic invag-
inations ( arrows ), numerous macrophages, and rare sheets of cells 
with pale chromatin, nuclear grooves, and intranuclear cytoplasmic 
invaginations ( a ,  b ). US exam shows an oddly-shaped angulated 
lymph node with marked hypoechogenicity and no vascularity by 
Doppler exam ( c ,  d ) ( a  MGG stain, high magnification;  b  
Papanicolaou stain, high magnification)       
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 available. Aspirates are usually cellular, containing round or 
oval,  spindle- shaped, and pleomorphic cells in various propor-
tions. This pleomorphic pattern is characteristic of metastatic 
melanoma; however, anaplastic nuclei, prominent nucleoli, 
intranuclear cytoplasmic invaginations, and melanin pigment 
may not be present in all cell types (Fig.  7.39 ). Melanoma 
may mimic the cytomorphology of any neoplasm, including 
large cell  lymphoma, although metastatic melanoma cells 
are usually larger and more pleomorphic. The rare amela-
notic melanoma with lymphocyte-like or plasmacytoid-like 
cytomorphology may also resemble lymphoma or plasmacy-
toma; however, the smear background lacks  lymphoglandular 

a b

c d

  Figure 7.38    Metastatic breast carcinoma. Neck level I LN. 
Aggregates of malignant cells with thin cytoplasm, ill-defined 
cytoplasmic borders, round nucleus and prominent nucleoli are 
seen ( a ,  b ). Comparison with the cytomorphology of the primary 
tumor is necessary for an accurate diagnosis. The US exam shows 
a lymph node with ill-defined and spiculated borders, and poor 
vascularization by Doppler exam ( c ,  d ) ( a  MGG stain high magni-
fication;  b  Papanicolaou stain, high magnification)       
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 bodies. The spindle cell type must be distinguished from 
spindle cell neoplasms (Fig.  7.40 ). In equivocal cases, stains 
for S-100 protein, melan-A, and HMB-45 are helpful. Of note, 
the S-100 protein stain is also positive in the interdigitating 
reticulum cells of the lymph node.

a b

c

e

d

  Figure 7.39    Metastatic pigmented melanoma. Markedly pleomor-
phic cells with cytoplasmic brown melanin pigment, prominent 
nucleoli, and rare large cells with intranuclear cytoplasmic invagina-
tions ( a – c ). US evaluation shows large round lymph nodes, focal 
fuzzy margins, extracapsular invasion ( arrowhead ), and moderate 
but abnormal vascularity ( d ,  e ) ( a  MGG stain, high magnification;  b , 
 c  Papanicolaou stain, high magnification)       
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        Metastatic Merkel Cell Carcinoma 

 Merkel cell carcinoma is a rare primary neuroendocrine 
tumor of the skin which occurs particularly in the head and 
upper extremities of elderly individuals. This tumor is aggres-
sive and may produce multiple distant metastases, including 
the lymph nodes. 

  FNA findings . Aspirates are cellular, composed of 
intermediate- sized cells with a variable degree of cohesive-
ness. Cells have uniform round or oval nuclei with fine chro-
matin and small nucleoli. The cytoplasm is scant and fragile. 
Cell molding is not a feature. Scattered mitoses and apoptotic 
nuclei are present, and the background lacks lymphoglandu-
lar bodies. The most characteristic feature is the presence of 

a b

c d

  Figure 7.40    Metastatic amelanotic melanoma, spindle cell type. 
Elongated cells with pleomorphic nuclei, prominent nucleoli, and 
lack of melanin pigment ( a ,  b ). US show slightly hypoechoic lymph 
nodes with ill- defined margins, areas of extranodal invasion ( arrow-
heads ), and abnormal vascularity on Doppler examination ( c ,  d ) ( a , 
 b  Papanicolaou stain, moderate and high magnification)       
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an inconspicuous small spherical perinuclear cytoplasmic 
aggregate (“button”) of intermediate filaments (keratin). The 
cells show a positive immunostain for low-molecular-weight 
keratin, neurofilaments, and NSE. The keratin stain high-
lights the cytoplasmic condensation (Fig.  7.41 ).

   The differential diagnosis includes small cell carcinoma of 
salivary gland or lung origin, lymphoma, and solid adenoid 
cystic carcinoma. The presence of “buttons” and small peri-
nuclear clear zones is important for diagnosing Merkel cell 
carcinoma. In some cases, the use of special stains is neces-
sary. The demonstration of the Merkel cell polyomavirus is 
diagnostic.  

a b

c d

  Figure 7.41    Metastatic Merkel cell carcinoma. Complex aggregates 
of intermediate size cells with scan cytoplasm, granular coarse chro-
matin, and paranuclear dense cytoplasmic round aggregates of inter-
mediate filaments    or “buttons” ( a ,  b   arrowheads ) highlighted by the 
keratin immunocytochemical stain ( c ). The US features are not 
specific and include oval shape hypoechoic lymph node with well-
defined margins ( d   arrow ) ( a  Papanicolaou stain high magnification; 
 b  DiffQuik stain high magnification;  c  immunocytochemical stain 
for keratin, high magnification)       
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    Metastatic Mesenchymal Malignancies 

 Lymph node metastases from sarcomas are unusual; how-
ever, when they occur, they may mimic carcinomas or lym-
phomas of Hodgkin or non-Hodgkin type, including anaplastic 
large cell lymphoma (ALCL) due to the presence of pleo-
morphic single cells or loose clusters in a lymphoid back-
ground. Of the metastatic mesenchymal neoplasms, the most 
likely to be confused with such entities are metastatic high-
grade undifferentiated sarcomas (malignant fibrous histiocy-
tomas), metastatic rhabdomyosarcomas, and metastatic 
neuroblastomas. Metastatic neuroblastoma may show a spec-
trum of neuroblastic to ganglion cell differentiation, with 
large, frequently multinucleated ganglion- like cells which 
may mimic Hodgkin/Reed–Sternberg cells or ALCL cells. 
The identification of neutrophil-like material in the back-
ground is diagnostically useful. The correct diagnosis is made 
by clinical correlation and immunostains (desmin and myo-
genin in rhabdomyosarcoma and NSE in neuroblastoma).  

    The Virchow’s Lymph Node 

 The supraclavicular lymph nodes are the most likely site to 
harbor cancer. Left supraclavicular lymphadenopathy is usu-
ally an ominous sign of disseminated disease from a primary 
site below the diaphragm, including but not restricted to the 
stomach, prostate, ovary, colon, biliary tract, pancreas, and 
uterus (Fig.  7.42 ). It may be the first evidence of disease in 
patients with prostatic adenocarcinoma.

        Ultrasound Features of Lymph Nodes 
Involved by Metastases 

    Lymph nodes affected by metastases are usually in the terri-
tory of lymphatic drainage of the primary tumor, unless in a 
widely metastatic process. In squamous cell carcinoma, the 
metastatic lymph node may be as small as 0.5 cm. Lymph 
nodes often have the following characteristics: round (AP/T 
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axis >0.5 in the transverse view), usually hypoechoic, absent 
hilum, eccentric cortical hypertrophy, partial or total cystic 
necrosis, sharp margins, and abnormal peripheral vasculariza-
tion. The lymph node may be hyperechoic with microcalcifi-
cations in metastatic papillary medullary, and anaplastic 
thyroid carcinoma and ovarian serous papillary carcinoma. 
The lymph node margins are ill defined and spiculated when 
there is lymph node extracapsular spread.     
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           Background and General Concepts 

 Breast imaging has become the main tool in breast cancer 
screening and diagnosis and has a major impact on breast 
cancer staging. Interventional radiologists and cytopatholo-
gists may obtain adequate tissue samples for pathologic 
evaluation of palpable and non-palpable but ultrasound 
(US)-visible lesions. However, the cytopathologist is more 
skilled in obtaining FNA cytology samples under US guid-
ance (USG-FNA), a minimally invasive and cost-effective 
technique that avoids a more costly core biopsy for a poten-
tially benign condition. Microcalcifications without a palpable 
or US-visible lesion are sampled under stereotactic guidance. 

 It is our experience that FNA sampling by capillarity with-
out aspiration (Zajdela technique) with the use of a 25-gauge 
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needle may yield less cellular samples, but provides sufficient 
material for diagnosis of most breast lesions. It has been sug-
gested that adding aspiration lowers the yield of nondiagnos-
tic specimens when benign breast lesions are studied. This is 
in part due to the fibrofatty tissue composition of the normal 
breast tissue that yields sparsely cellular samples. For smaller 
or non- palpable lesions, USG-FNA samples are adequate 
and diagnostic. 

 In experienced hands, FNA of breast lesions can be highly 
accurate, with sensitivity between 80 and 100 % and specific-
ity of 99 % when radiologic evaluation is provided and clini-
cal evaluation and FNA are performed by the cytopathologist 
who also interprets the FNA. The so-called triple test (clinical, 
radiology, and FNA) results must be congruent for guiding an 
appropriate therapeutic management. If the cytopathologist 
did not perform the FNA, he or she must know the clinico-
radiologic findings before the FNA interpretation is given. 
If one of the three is discrepant, an open biopsy or a frozen 
section may be required prior to definitive surgery. 

 Immediate interpretation for evaluation of sample ade-
quacy and often providing a preliminary diagnosis are 
important and will prompt the operator to obtain material to 
perform additional studies, i.e., receptor studies, cultures, and 
flow cytometry. As mentioned in the technical section of this 
book, in our practice the cytopathologist triages the material 
on site and, if necessary, obtains core biopsies (CBxs) under 
ultrasound (US) guidance. Alternatively, a cell block may be 
obtained for performing hormone receptor immunohisto-
chemistry or other ancillary tests, including molecular studies. 

 A specimen is considered adequate when at least six clus-
ters or sheets of at least 15 epithelial cells each are present. 
Specimen adequacy is influenced by the clinical impression 
of the operator and by radiologic findings. An adipose tissue 
mammary prominence or lipoma does not have epithelial ele-
ments and should not be considered a nondiagnostic specimen. 

 FNA cytology cannot distinguish between in situ and inva-
sive carcinoma and cannot further define all “atypias.” For 
most benign conditions, cytology cannot give a specific diag-
nosis. However, when FNA diagnoses of “malignancy,” 
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“atypia,” or “no malignancy” are reached, CBxs, open biopsy, 
or lumpectomy will follow in the first two instances and a 
conservative approach in the last. 

 CBx and FNA are complementary tests for evaluating 
palpable and non-palpable US-visible breast masses and can 
modify decisions before surgery, may affect surgical outcome, 
or may avoid unnecessary surgery in benign conditions. 

 Complications of breast FNA are rare. Local pain and 
hematoma are the most common, and the latter can be mini-
mized by applying firm pressure to the area of the FNA. 
Pneumothorax is a very rare complication. Needle track 
seeding of malignancy has been reported with large core 
needle biopsies, but is exceedingly rare with FNA. Histologic 
changes and epithelial displacement have been reported post 
FNA. The latter may be seen in breast carcinoma in situ and 
simulates invasive malignancy. 

    The FNA Report 

 The FNA diagnostic categories should include the following: 
“nondiagnostic,” “negative for malignancy,” “atypia,” “suspi-
cious for malignancy,” and “positive for malignancy.” The 
type of malignancy must be stated when a suspicious or 
malignant diagnosis is given. The report also includes a brief 
clinical history and physical examination, microscopic 
description, and a note or assessment that correlates all find-
ings. The note section is also used to address physician notifi-
cation in case of a malignant diagnosis or other clinically 
relevant discussions. Although optional, our report includes 
photomicrographs and ultrasound images of the mass.   

    The Normal Breast 

 The normal female breast is a modified sweat gland showing 
ducts, ductules, and acini surrounded by stromal elements, 
mainly adipose tissue (Fig.  8.1 ). Aspiration cytology smears of 
a nonlactating breast show fibroadipose tissue stroma and 
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few ductal and acinar elements. The ductal epithelial cells are 
arranged cohesively in monolayers with honeycomb architec-
ture and have a cuboidal or columnar shape with oval nuclei, 
finely dispersed chromatin, and inconspicuous nucleoli 
(Fig.  8.2 ). The myoepithelial cells have indiscernible cyto-
plasm and appear as small dark, oval nuclei both admixed 
with the ductal cells (but in a different plane of focus) and in 
the smear background. Acinar cells are arranged in small 
aggregates and show a cuboidal shape and slightly granular 
cytoplasm; they are rarely seen in aspirates from normal 
breast (Fig.  8.3 ).

        Immunohistochemistry 

 The wall of the terminal ducts and acini consists of secreting 
cells, cylindrical or cubic, resting on a  basal lamina  that can be 
highlighted by the use of antibodies for vimentin, type IV col-
lagen, and laminin.  Acinar cells  are usually positive for low-
molecular- weight cytokeratins (CK7, CK8, CK18, and CK19). 

  Figure 8.1    Normal breast histology. Tubulo-lobular unit and cross 
section of the duct showing epithelial and myoepithelial cell layers 
(H&E stain, medium and high magnification)       
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 Myoepithelial cells  in the interlobular and terminal ducts 
intensely express CK5, CK14, and CK17, and myoepithelial 
cells in the alveoli also show positivity for vimentin, α-SMA, 

  Figure 8.2    Cytology benign ductal cells. Sheet of benign ductal epi-
thelial cells and myoepithelial cell nuclei seen as small overlapping 
darker nuclei ( arrows ) (Diff-Quik stain, high magnification)       

  Figure 8.3    Cytology benign breast lobule. Tightly packed lobular 
cells arranged as small nodular aggregates surrounded by stromal 
elements. Note a small sheet of terminal ductal epithelial cells in the 
periphery of the lobule ( arrows ) (Diff-Quik stain, medium magnifi-
cation)       

 

 

Chapter 8. The Breast



338

smooth muscle myosin heavy chain, and bone calponin. 
Myoepithelial cells are also positive for p63, maspin, and 
CD10. The terminal ducts have a mosaic of reactivity for 
cytokeratins, being positive for low-molecular-weight cyto-
keratins (except CK20) or CK5, CK14, and CK17. Some 
ductal cells are also positive with maspin and CD10. Cells 
positive for steroid receptors (ER and PR) are confined to 
the ducts and lobules. The lobule positive cells occupy a lumi-
nal position, or they are arranged in an intermediate zone 
between epithelial luminal cells and basal elements. In inter-
lobular ducts, the positive cells are distributed predominantly 
in the basal level (Fig.  8.4 ,  8.5 , and  8.6 ).

         Ultrasound of the Normal Breast 

 Breast US is not a screening test; however, it can be used as 
an adjunct to mammography in palpable or not palpable 
breast masses. Breast US can also be used as an adjunct to 

CK7 CK8

CK18 CK19

Ductal
luminal cells

  Figure 8.4    Immunohistochemistry of normal ductal luminal cells 
(immunoperoxidase stain, high magnification)       
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  Figure 8.5    Immunohistochemistry of normal ductal basal cells 
(immunoperoxidase stain, high magnification)       
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Terminal duct / lobular unit cells

  Figure 8.6    Immunohistochemistry of the normal tubulo-lobular 
unit (immunoperoxidase stain, high magnification)       
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mammogram in patients with dense breasts or breast cancer 
risk factors. In patients under the age of 35 years, US is the 
main tool for evaluating breast lesions. Of note, approxi-
mately 15 % of US-visible lesions are not detected on mam-
mography, particularly in young women with dense breasts or 
women with  lobular carcinoma; on the contrary, US detects 
only few additional cancers in women with large breasts, 
increasing the screening cost and slightly lowering the speci-
ficity. In women with a history of familial breast cancer, the 
preferred screening modality is MRI with a 91 % detection 
rate in contrast to mammography (33 %) and US (40 %). 

 Fat in the breast is hypoechoic compared to glandular tis-
sue, which is relatively hyperechoic. Thus, normal glandular 
breast tissue is isoechoic or slightly hyperechoic. A dense 
fibroglandular tissue often shows round, oval, or elongated 
areas of hypoechogenicity in a more echogenic background. 
Breast tissues that can be distinguished by US include skin, 
fat, fibrous tissue stroma, Cooper’s ligaments, fibroglandular 
tissue, and mammary ducts. The skin is 1–2 mm thick and has 
a hypoechoic band surrounded by a superficial and deep der-
mal echogenic lines. Bundles of fatty tissue are seen demar-
cated by echogenic lines coursing through tissue (Cooper’s 
ligaments) (Fig.  8.7 ). The nipple can simulate a hypoechoic 
subareaolar mass by US (Fig.  8.8 ); angling the transducer 
around the nipple helps to distinguish this artifactual shad-
owing also called hypoechoic nipple shadow. Ribs appear as 
oval hypoechoic masses and pleura as an echogenic line 
immediately below the rib. Pectoral muscle appears 
hypoechoic with parallel echogenic striations.

        Ultrasound of Breast Masses 

 US features are not entirely specific or sensitive for predict-
ing benign or malignant breast lesions. US features of benign 
conditions such as inflammation, fat necrosis, or radial scar 
can mimic a malignant lesion. 

  Benign solid lesions  show hypoechogenicity compared with 
fat and have an oval shape, well-circumscribed lobulated mar-
gins (macrolobulation), homogeneous internal echo pattern, 
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posterior acoustic enhancement, parallel orientation (long axis 
of lesion parallels skin), compressibility, gentle bi- or trilobula-
tion, and a thin echogenic pseudocapsule. For example, fibroad-
enomas are usually oval, well-circumscribed, smooth, and 
hypoechoic. These tumors have pushing borders and are ori-
ented in a horizontal fashion and not vertically. They show pos-
terior acoustic enhancement (Fig.  8.9 ). Intramammary lymph 
nodes are found more frequently in the upper outer quadrant of 
the breast, but they may be found in any quadrant.

   However, not all well-circumscribed lesions are benign. 
Most circumscribed malignancies represent specific breast 

a

b

  Figure 8.7    Ultrasound features of normal breast in a young woman 
( a ) and in a 65-year-old woman ( b )       
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tumor types such as medullary carcinoma, colloid carcinoma, 
cystic papillary carcinoma, and high-grade infiltrating ductal 
carcinoma (Fig.  8.10 ). Some fast-growing malignant tumors 
are circumscribed by US due to a lack of tumor-induced des-
moplastic stromal reaction. For the same reason, these 

  Figure 8.9    Fibroadenoma. The mass is oval, hypoechoic, and wider 
than tall and shows circumscribed distinct margin, pushing borders, 
slight lobulation in the left upper portion, and posterior acoustic 
enhancement       

  Figure 8.8    Nipple. The nipple appears hypoechoic with irregular 
and poorly defined borders. These features may be confused with 
those of malignancy       
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tumors often show posterior acoustic enhancement that may 
be augmented by the presence of a host inflammatory 
response, as seen in medullary carcinoma.

   Hyperechoic lesions are usually benign and include promi-
nent and dense fibroglandular tissue and lipomas (Fig.  8.11 ). 
Lesions that are anechoic are usually cystic and have poste-
rior acoustic enhancement (Fig.  8.12 ). If a breast cyst has an 
echogenic vascular focus on Doppler examination, it is 

  Figure 8.10    Medullary    carcinoma. The mass is oval, hypoechoic, 
wider than tall and has a circumscribed slightly fuzzy margin, slight 
lobulation, slight spiculation at 5 o’clock, and disruption of sur-
rounding breast parenchyma       

a b

  Figure 8.11    Breast adipose tissue prominence ( a ) and lipoma ( b ). 
The mass ( arrows ) is oval, slightly hypoechoic or hyperechoic, 
homogeneous, and has a circumscribed margin, with no lobulations, 
spiculations, or disruption of breast architecture. Lipoma has 
tapered ends and better defined margins.       
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 probably a papillary neoplasm, and USG-FNA (preferably 
using the Zajdela technique) must be directed to the solid 
component after cyst drainage. When the mass is heteroge-
neous, the sound waves do not pass through, and an acoustic 
shadowing posterior to the mass is seen (Fig.  8.13 ).

      Malignant breast lesions  are typically hypoechoic and are 
easily identified in normal or dense breast tissue. These lesions 
appear white on screening mammogram. US findings suspi-
cious for malignancy include the following: marked hypoecho-
genicity, spiculation, taller than wide or round, irregular 
angular ill-defined margins, posterior acoustic shadowing, 
microlobulated borders, intraductal extension, solid echotex-
ture, inhomogeneous internal echotexture, ill-defined echo-
genic halo, no compressibility, and calcifications (Fig.  8.14 ). 
Some infiltrating breast cancers elicit a desmoplastic stromal 
reaction  surrounding the malignant glandular component, 
which appears as slightly hyperechoic irregular rims (Fig.  8.15 ). 
Posterior acoustic enhancement may be seen in rapidly grow-
ing tumors such as poorly differentiated carcinomas and in 
colloid and intracystic papillary carcinoma (Fig.  8.16 ).

     Spiculated lesions usually correlate with a slow tumor 
growth and the presence of tumor-induced desmoplastic stro-
mal response formation as seen in low- and intermediate-grade 

  Figure 8.12    Simple cyst. The mass is round and anechoic and has 
well- circumscribed distinct margin, with posterior acoustic enhance-
ment, edge shadows (representing a thick cyst wall), and no lobula-
tions or spiculations       
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  Figure 8.13    Fat necrosis. The mass has an irregular shape, complex 
echotexture, poorly circumscribed and indistinct margins and is 
taller than wide with disruption of breast architecture. The lesion 
mimics a malignant mass. The  top arrow  shows a hyperechoic linear 
area of dense fibrous tissue (also present in the center right and 
center low surrounded by a hyperechogenic area)       

  Figure 8.14    Malignant lesion. The mass is wider than tall and has an 
irregular shape, slight complex echotexture, poorly circumscribed 
and indistinct margins in the lower left part of the mass, and microl-
obulation. The mass seems to invade the superficial breast tissue 
causing slight retraction of the skin with disruption of the deep 
subcutaneous tissue hyperechoic plate ( arrow ), superior and left 
from the area of spiculation       
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ductal carcinoma, invasive tubular carcinoma, and lobular 
carcinoma. Also, these tumors show posterior acoustic shad-
owing by US (Fig.  8.17 ).

   It must be remembered that not all smooth and well- 
circumscribed tumors are benign and spiculated ones malig-
nant. The US error rate is 1–2 %. 

  Figure 8.15    Malignant lesion. Hyperechoic stromal reaction is seen 
in the right upper portion of the mass. The mass is slightly round 
with complex echotexture and ill-defined margins       

  Figure 8.16    Malignant lesion. The mass is irregular, hypoechoic, 
with slight heterogeneous echotexture, ondulations or macrolobula-
tions, one spiculated border at 1 o’clock, and irregular posterior 
acoustic enhancement. Cooper’s ligaments are disrupted       
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 Useful US information essential for the cytopathologist to 
know in regard to a lesion include the following: (1) borders 
well circumscribed or irregular; (2) echotexture solid, cystic, 
or solid and cystic; (3) size; (4) physical changes over time; 
and (5)  disappeared or collapsed after fluid drainage. Also 
important are the clinical findings, the patient’s age, evidence 
of stability over a period of time, and mammographic find-
ings, when  evaluating the likelihood chance of malignancy of 
a solid mass.

 American College of Radiology Ultrasound: Summarized 
Bi-Rads a  terminology and categories 
 Mass: 

   Shape: oval (may have slight undulations, macrolobulations), 
round, irregular 

   Orientation: long axis parallel to skin (wider than tall) or not 
parallel (“taller than wide”) 

   Margin: circumscribed, not circumscribed (indistinct, angular, 
microlobulated, or spiculated) 

  Boundary: abrupt interface, echogenic halo 

  Figure 8.17    Malignant    lesion. The mass ( arrow  at 7 o’clock) is large, 
irregular, and wider than tall, poorly circumscribed, heterogeneous, 
complex and ill-defined. Diagnosis was infiltrating lobular carci-
noma. Breast architecture is disrupted       
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 American College of Radiology Ultrasound: Summarized 
Bi-Rads a  terminology and categories 

   Echo pattern: (relative to fat) anechoic, hypoechoic, isoechoic, 
hyperechoic, complex 

   Posterior acoustic features: enhancement, shadowing, 
combined, none 

   Surrounding tissue changes: ducts, Cooper’s ligament, edema, 
architectural distortion, skin thickening/retraction/irregularity 

 Calcifications: 

  Macrocalcifications (≥0.5 mm in size) 

  Microcalcifications out of the mass (<0.5 mm in size) 

  Microcalcifications in the mass 

 Special cases: 

   Clustered microcysts, complicated cysts, mass in or on skin, 
foreign body, lymph nodes (intramammary, axillary) 

 Vascularity: 

   Not present, present in lesion, present adjacent to lesion, 
diffuse in surrounding tissue 

 Assessment categories: 

  Category 0: incomplete, need additional imaging evaluation 

  Category 1: negative findings 

  Category 2: benign findings 

  Category 3: probably benign 

  Category 4: suspicious abnormality (consider biopsy) 

  Category 5: highly suggestive of malignancy 

  Category 6: known malignancy (biopsy proven) 

   a BI-RADS, Breast Imaging Reporting and Data System 
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         Breast Masses 

 Palpable and US visible breast masses can be neoplastic or 
nonneoplastic and can be sampled and interpreted by FNA 
under palpation or US guidance. Nonneoplastic masses 
include mastitis, breast abscesses, fibrocystic change, fat 
necrosis, cysts, lactation changes/adenoma, etc. An abridged 
classification of tumors of the breast is listed in Table  8.1 . 
Ductal carcinoma in situ (DCIS) may be palpable, and pre-
cursor and intraductal proliferative lesions may be visible by 
US and also be targets for USG-FNA.

      Nonneoplastic Breast Masses 

    Cysts 

 The most common lesions of the female breast are solitary or 
multiple cysts, particularly in the premenopausal age. The 
FNA is a diagnostic and therapeutic procedure and yields 
clear, opaque, or turbid fluid that may be clear, yellow, or red 
(bloody). Turbid and bloody fluids should be examined cyto-
logically because they may harbor a papillary neoplasm, 
including intracystic papillary carcinoma. It is also important 
to reexamine the area manually and/or by US after cyst 
drainage to search for a solid-phase component, which must 
be sampled by FNA, preferably under US guidance. The 
smears show macrophages in various numbers and epithelial 
cells, often of apocrine appearance (Fig.  8.18a ,  b ).

    US features . Cysts have well-circumscribed margins; are 
anechoic, rounded, or oval; and show thin edge shadows and 
a characteristic posterior acoustic enhancement due to the 
presence of fluid (Fig.  8.18c ). Posterior acoustic enhancement 
is not always seen in small cysts or in those located deep 
close to the chest wall. In some cysts, dot-like moving internal 
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   Table 8.1    Abridged WHO classifi cation of tumors of the breast   

 Epithelial 
tumors 

   Invasive 
breast 
carcinoma 

 Carcinoma of no special type 

 Lobular carcinoma 

 Tubular carcinoma 

 Cribriform carcinoma 

 Mucinous carcinoma 

 Carcinoma with medullary features 

 Metaplastic carcinoma 

 Micropapillary carcinoma 

 Rare types: neuroendocrine, secretory, 
acinic cell, mucoepidermoid, oncocytic, etc. 

   Epithelial–
myoepithelial 
tumors 

 Pleomorphic adenoma 

 Adenomyoepithelioma 

 Adenoid cystic carcinoma 

   Precursor 
lesions 

 Ductal carcinoma in situ 

 Lobular neoplasia 

   Intraductal 
proliferative 
lesions 

 Ductal hyperplasia 

 Columnar lesions 

 Atypical ductal hyperplasia 

   Papillary 
lesions 

 Intraductal papilloma 

 Intraductal papillary carcinoma 

 Solid papillary carcinoma 

   Benign 
epithelial 
proliferations 

 Adenosis, radial scar 

 Adenomas 

 Mesenchymal 
tumors 

 Benign and malignant 
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a b

c d

  Figure 8.18    Simple cyst. Macrophages ( a ) and metaplastic cells ( b ). 
The cyst is anechoic with no mural nodules ( c ) and collapsed after 
fluid drainage ( d ) ( a ,  b , Papanicolaou stain, medium and high mag-
nification)       

Table 8.1 (continued)

 Fibroepithelial 
tumors 

 Fibroadenoma 

 Phyllodes tumor 

 Tumors of the 
nipple 

 Adenoma 

 Paget disease of the nipple a  

 Malignant 
lymphoma 

 B- and T-cell types 

 Metastatic 
tumors 

 Tumors of the 
male breast 

 Gynecomastia 

 Carcinoma 

   a Scraping of the lesion can provide cytologic material for diagnosis  
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 echogenic signals (“gurgling cyst”) are seen upon cyst com-
pression with the US transducer, confirming a fluid internal 
matrix. Occasionally, small echogenic septations may be seen, 
particularly when apocrine metaplasia is present. Again, a 
mural solid component present after fluid drainage must be 
sampled by USG-FNA (Fig.  8.18d ).  

    Mastitis 

 Bacterial, mycobacterial, fungal, parasitic, and viral, among 
others, are rare causes of mastitis. Less than 3 % of lactating 
women develop acute suppurative mastitis, and staphylococci 
and streptococci are the most common agents. Localized 
acute  mastitis may result in abscess formation. Inflammatory 
mastopathy may be associated with duct/cyst rupture and dia-
betes mellitus. Granulomatous mastitis may be due to sarcoid-
osis, infections, reaction to tumor, fat necrosis, foreign body 
reaction (suture, ruptured squamous cyst, silicone implant 
leakage), and idiopathic granulomatous mastitis. These enti-
ties can clinically and radiologically mimic carcinoma. USG-
FNA can be used as diagnostic and therapeutic tools, i.e., for 
abscess drainage associated with antibiotic therapy. 

  FNA findings . The inflammatory cells vary in type and 
number according to the type of mastitis; however, the epi-
thelial cell morphology has variable reactive changes ranging 
from minimal to severe and can be confused with malignancy. 
The epithelial cells are arranged in cohesive sheets and have 
variable reactive inflammatory changes and reparative fea-
tures (Fig.  8.19 ). Polarity is maintained, and myoepithelial 
cells are present in the background. A purulent smear pat-
tern including neutrophils, macrophages, and debris is found 
in  acute mastitis . In  chronic mastitis , smears are less cellular 
due to underlying fibrosis and show plasma cells and lym-
phocytes. Multinucleated giant cells and macrophages may be 
present. Plasma cell mastitis is a common chronic inflamma-
tory condition and is most probably caused by duct rupture. 
In granulomatous mastitis, smears show granulomas, a for-
eign body-type giant cell reaction, aggregates of  epithelioid 
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a b

c d

  Figure 8.19    Acute and chronic mastitis. Acute inflammatory exu-
date, variable numbers of macrophages ( a ), and granulation tissue 
fragments ( b ) are seen. This particular US image shows an abscess 
with thick echogenic wall and anechoic center ( c ) that collapsed 
partially after drainage ( d ) ( a , Diff-Quik stain high magnification;  b , 
Papanicolaou stain high magnification)       

a b

  Figure 8.20    Granulomatous mastitis. Blastomycosis. Necrosis, gran-
ulomas, markedly reactive stromal and epithelial elements ( a ), and 
fungal organisms ( b ,  arrow ) are seen ( a , Diff-Quik stain high magni-
fication;  b , Papanicolaou stain high magnification)       

histiocytes, lymphocytes, and plasma cells, and variable 
necrosis (Figs.  8.20  and  8.21 ). Special stains for mycobacteria 
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and fungus performed in smears or cell blocks are useful for 
rapid diagnosis and for initiation of therapy. Cultures are con-
firmatory and used to modify therapy according to sensitivity 
to specific drugs.  Silicone granulomas  can be suspected when 
histiocytes contain empty, round vacuoles and amorphous 
nonstaining material in Romanowsky stains; the clinical his-
tory is important (Fig.  8.22 ).

       US features . Mastitis shows diffusely increased echogenic tis-
sue with loss of normal tissue planes including Cooper’s 

a b

  Figure 8.22    Silicone mastitis. Granulomas ( a ) and multinucleated 
giant cells containing round empty vacuoles ( b ) (MGG stain, high 
magnification)       

  Figure 8.21    Granulomatous mastitis. Tuberculosis. Multinucleated 
histiocytes and a background of necrosis (Diff-Quik stain, high mag-
nification)       
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 ligaments, reflecting the presence of tissue edema; increased 
vascularity may be seen on Doppler examination. Areas of 
increased echogenicity may be associated with areas of 
decreased echogenicity, resulting in a not well-circumscribed 
mass. An abscess is hypoechoic, well defined, and may be uni- or 
multiloculated, showing interconnecting complex cystic masses 
that may extend to the skin. The abscess content has an echo-
genic signal that results in movement of particles when there is 
compression of the mass with the US transducer. The overlying 
skin and the surrounding soft tissue are thickened and show 
edema (Fig.  8.19c ,  d ). A “snow-storm” appearance is character-
istic of silicone granuloma; the same appearance can be seen in 
axillary lymph nodes in cases of extracapsular rupture of the 
implant and migration of the silicone to the lymph nodes.  

    Subareolar Abscess 

 This process usually occurs in nonlactating premenopausal 
women who have recurrent abscess formation in the subareo-
lar area and draining of a periareolar fistula. Squamous meta-
plasia of the distal lactiferous ducts with obstruction is 
considered to be the etiologic factor. The abscess is usually 
sterile, but a superimposed bacterial infection may occur. 

  FNA findings . Smears show a mixed acute and chronic 
inflammatory background, multinucleated giant cells of for-
eign body type, and squamous cells (anucleated, parakera-
totic). Variable numbers of foamy macrophages, cholesterol 
crystals, and reactive ductal epithelial cells and granulation 
tissue may be present (Fig.  8.23 ). Sebaceous cysts also show 
numerous anucleated squamous cells and may show multi-
nucleated giant cells if there is cyst rupture; cholesterol crys-
tals may be seen (Fig.  8.24a ). The distinction between these 
two entities needs US correlation.

     US features . Subareolar abscess by US shows a complex 
hypoechoic to nearly anechoic oval or lenticular mass with 
irregular margins, heterogeneous echotexture with minute 
particles, and mixed solid and cystic areas with posterior 
acoustic enhancement. Hypoechoic tubular areas associated 
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a b

c

  Figure 8.24    Epidermal    inclusion cyst. These lesions developed in 
the inframammary fold. Anucleated squamous cells, acute inflam-
mation, macrophages, and multinucleated giant cells phagocytizing 
squamous cells are present ( a ). Ultrasound image shows two skin-
based hypoechoic oval lesions with uniform well-defined margins, 
edge shadows, and posterior acoustic enhancement ( b ). No vascular 
flow is noted by Doppler exam ( c ) ( a , Papanicolaou stain intermedi-
ate magnification)       

a b

  Figure 8.23    Subareolar abscess. Cluster of anucleated squamous 
cells are surrounded by acute inflammatory cells ( a ). Multinucleated 
giant cell phagocytizing anucleated squamous cells and a back-
ground of acute inflammation present ( b ) (Papanicolaou stain, 
medium ( a ) and high magnification ( b )       
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with the skin and subcutaneous tissue, skin thickening, and 
dilated  subdermal lymphatics may be seen. A sebaceous cyst 
is superficial and arises from the skin. Early in sebaceous cyst 
development, a hypoechoic mass is seen causing skin thicken-
ing; the echogenic deep dermal layer may disrupt as the cyst 
enlarges. Sebaceous cysts may be completely anechoic, 
hypoechoic, or echogenic with posterior acoustic enhance-
ment or a complex cystic mass and may be irregular with 
indistinct margins (Fig.  8.24b ,  c ).  

    Fibroadipose Tissue Prominence/Lipoma 

 True lipomas are rare. These lesions are palpable and often 
not visible by mammography or US. They are soft to slightly 
firm and often poorly circumscribed. Occasionally, lipomas 
may become more evident if there is weight loss. 

  FNA findings . Aspiration smears from lipomas show 
benign adipose tissue fragments of variable sizes. Benign duc-
tal epithelial cell sheets and myoepithelial cell nuclei may be 
seen in addition to adipose tissue in cases of adipose tissue 
prominence. Cytologic findings need clinical and US correla-
tion; the accuracy of such a diagnosis is the highest when the 
cytopathologist performs FNA under US guidance and inter-
prets the cytology findings. 

  US features . The US features of lipoma are characteristic 
and include a well-defined oval, compressible, isoechoic, or 
slightly hyperechoic homogeneous mass with a thin echo-
genic capsule (Fig.  8.11 ). Fatty tissue prominence shows 
bundles of hypoechoic tissue surrounded and delineated by 
echogenic lines (Cooper’s ligaments) (Fig.  8.25 ).

       Fat Necrosis 

 This trauma-related inflammatory lesion resembles malig-
nancy clinically, radiologically, and cytologically. The problem 
is compounded because the patient often does not recall hav-
ing trauma. The mass is commonly firm, irregular, and fixed 
to deep planes and may not always be tender. 
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  FNA findings . Necrotic and degenerating adipocytes, lipid- 
laden macrophages, and mixed inflammatory cells are pres-
ent along with scattered multinucleated foreign body-type 
giant cells. Myospherulosis, which is the result of aggregated 
red blood cells altered by the contact with lipid resembling a 
“bag of marbles,” possibly represents a sequel of fat necrosis 
(Fig.  8.26a–c ).

    US features . The lesion may be irregular and hypoechoic 
with variable posterior acoustic enhancement. The lesions 
may have ill-defined borders and be slightly hyperechoic or 
mixed complex solid/cystic when there is cystic degeneration. 
Old lesions may have dystrophic calcification and, in some 
cases, have a calcific rim (Fig.  8.26d ,  e ). Old lesions may also 
be complex solid and cystic or cystic and nearly anechoic, 
with or without posterior acoustic enhancement on US.   

    Fibroepithelial Tumors 

    Fibroadenoma 

 This benign biphasic stromal and epithelial neoplasm arises 
in the terminal duct lobular unit and affects women particu-
larly between the ages of 20 and 35 years. It is usually a 

a b

  Figure 8.25    Adipose tissue breast prominence. Patient usually has 
an ill- defined and slightly firm palpable breast lesion, which is not 
distinctly visible by US as in this case; instead, lobules of adipose 
tissue are seen ( a ). The FNA smears show small fragments of fibro-
fatty tissue ( b ). ( b , MGG stain, intermediate magnification)       
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  Figure 8.26    Fat necrosis. Damaged adipocytes are arranged pre-
dominantly in cohesive aggregates with rare single cells showing 
finely vacuolated cytoplasm, low nuclear to cytoplasm ratio, and 
bland nuclear features. Variable anisocytosis and anisonucleosis may 
be present ( a ,  b ). Core biopsy performed confirms the diagnosis ( c ). 
Ultrasound shows an ill-defined, round, taller than wide mass with 
heterogeneous echotexture and minimal vascularity by Doppler 
exam ( d ,  e ) ( a ,  b  Diff- Quik stain, high magnification;  c , H&E stain 
intermediate magnification)       

mobile, firm, solitary, slow-growing, well-circumscribed tumor 
and usually measures <3 cm. However, it may be larger, mul-
tiple, and bilateral. Juvenile fibroadenomas are larger than 
5 cm. A complete surgical excision is curative. 
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  Histopathology . The stromal component may surround the 
ducts (pericanalicular) or may separate the ducts, forming 
clefts (intracanalicular) (Fig.  8.27a ). Hypercellular stroma, 
calcification, myxoid change or hyalinization, scattered giant 
cells, and rare mitoses may be present and have no clinical 
significance (Fig.  8.28a ). Complex fibroadenomas show calci-
fications and superimposed fibrocystic changes including 
cysts >3 mm, sclerosing adenosis, ductal epithelial hyperplasia 
of usual type, and apocrine and squamous metaplasia. Juvenile 
fibroadenomas show hypercellular stroma, a stromal peri-
canalicular pattern, and ductal epithelial hyperplasia. Atypical 
ductal or atypical lobular hyperplasia, lobular carcinoma in 
situ, and ductal carcinoma in situ may develop within the 
fibroadenoma.

     Molecular profile . Both epithelial and stromal components 
are polyclonal. No alterations in DNA copy have been shown 
by comparative genomic hybridization. Rare cases of numeri-
cal chromosomal abnormalities have been reported. There is 
no detectable stromal expression of nuclear α-catenin or 
E-cadherin. 

  FNA findings . Smears are usually hypercellular with epi-
thelial cells arranged in sheets, fingerlike branching and 
staghorn-like structures, numerous myoepithelial cell nuclei 
in the background and adherent to the epithelial elements, 

  Figure 8.27    Fibroadenoma. Low-power tissue sections show the 
typical features of a pericanalicular fibroadenoma ( a ). Cytologic 
features include branching and “staghorn-like structures, cohesive 
cell sheets, numerous myoepithelial cells both in the background 
and within the epithelial cells, and stromal fragments ( b – e ). 
Ultrasound shows a homogeneous, isoechoic, or hypoechoic wider 
than tall mass with ondulations or macrolobulations. A thin echo-
genic pseudocapsule and a homogeneous echotexture may be seen. 
Posterior acoustic enhancement is variably present. Vascular flow by 
Doppler exam is also variably present ( f – j ) ( a , H&E stain low mag-
nification;  b ,  d  Diff-Quik stain low and high magnification;  c ,  e  
Papanicolaou stain low and intermediate magnification)         
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and fragments of fibrous and fibromyxoid stroma; apocrine 
and foam cells may be present. This smear pattern overlaps 
that of fibrocystic change; however, the clinical findings 
including US are different (Figs.  8.27b–e  and  8.28b ). 

  US features . A well-defined oval mass with gently lobu-
lated margins is seen. The mass is homogeneous, isoechoic, 

a b

c d

e f

g h
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or hypoechoic to the adjacent fat. A thin echogenic 
 pseudocapsule, characteristic of a benign lesion, and a “pseu-
docystic pattern” due to the homogeneous echotexture may 
be seen. Posterior acoustic enhancement is variably pres-
ent; slight posterior acoustic shadowing may be present in 
long-lasting lesions due to sclerosis. The echotexture may be 

a b

c d

  Figure 8.28    Myxoid fibroadenoma. The myxoid stroma is promi-
nent in both the histology and cytology ( a ,  b ). Ultrasound shows a 
round hypoechoic mass with circumscribed distinct margins, homo-
geneous echotexture, posterior acoustic enhancement, and little or 
no vascular flow by Doppler exam ( c ,  d ) ( a , H&E stain, low magni-
fication;  b , Diff- Quik stain high magnification)       

i j

Figure 8.27 (continued)
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slightly heterogeneous with small cystic lesions. Calcifications 
may be seen in complex and long-lasting fibroadenomas; 
coarse benign “pop- corn” calcifications are typical of calci-
fied fibroadenomas and show posterior acoustic shadowing. 
Cysts >3 mm and calcifications are seen in complex fibroad-
enomas. Juvenile fibroadenomas are well circumscribed and 
hypoechoic and may have heterogeneous echotexture and 
posterior acoustic enhancement (Figs.  8.27f–j  and  8.28c ,  d ).  

    Phyllodes Tumors 

 This biphasic stromal and epithelial tumor accounts for less 
than 0.3 % of all breast tumors and 2.5 % of all fibroepithelial 
tumors. These tumors occur in middle-aged women, although 
they may occur at a younger age in Asian women. Patients 
have a bulging, well-circumscribed, unilateral painless breast 
mass, not attached to the skin. Most phyllodes tumors behave 
in a benign fashion; recurrence occurs within 3 years, particu-
larly in the case of borderline and malignant tumors. Most 
deaths occur within 5–8 years post diagnosis, and lung and 
skeletal metastases are most common. Mediastinal involve-
ment secondary to chest wall invasion has been reported. 

  Histopathology . These tumors have hypercellular stroma 
and an intracanalicular stromal growth pattern with leaflike 
projections into elongated and variably dilated lumina. 
Archlike clefts are lined with epithelial and myoepithelial 
cell layers and surround stromal mounds. Marked usual duc-
tal epithelial hyperplasia is common. Tumor size, mitotic 
activity, cytologic atypia, stromal overgrowth, and the status 
of borders/margins are histologic parameters useful for 
assessment of the biologic behavior of these tumors. Based 
on these parameters, phyllodes tumors are classified as 
benign, borderline, and malignant. Benign phyllodes tumors 
have pushing borders, accentuated subepithelial stromal cel-
lularity, and <5 mitoses per 10 high- power fields (Fig.  8.29a ). 
Malignant phyllodes tumors have infiltrating borders, marked 
stromal cellularity, inconspicuous epithelial component, cel-
lular stromal pleomorphism, and >10 mitoses per 10 high-
power fields. In summary, the stromal component is the basis 
for the diagnosis and grading of phyllodes tumor.
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    Immunoprofile . No specific marker distinguishes phyllodes 
tumors from fibroadenomas or accurately diagnoses benign, 
borderline, or malignant phyllodes tumors. However, the 
proliferation index Ki-67 expression correlates with tumor 
grade. Likewise, p53 (tumor suppressor for cell cycle control) 
nuclear stain and CD10 expression may correlate with tumor 
grade, but do not differentiate between fibroadenoma and 
benign phyllodes since the stain is negative in both. 

  Molecular profile . There is evidence of epithelial influence 
over stromal growth via the Wnt signaling pathway, upregu-
lation of transcriptionally active β-catenin, and downstream 
effectors such as cyclin D1. α- and β-catenins in stromal 
cells may be important in early stages of phyllodes tumors 
development, and E-cadherin may be required for malignant 

a b

c d

  Figure 8.29    Phyllodes tumor. Tissue section shows hypercellular 
stroma and archlike clefts lined with epithelial and myoepithelial 
cell layers that surround stromal mounds ( a ). The FNA smear pat-
tern is similar to that of fibroadenoma, except for the marked cel-
lular stroma ( b – d ). Diagnosis of benign, borderline, or malignant 
phyllodes requires examination of the excised tumor ( a , H&E low 
magnification;  b – d  Papanicolaou stain low and intermediate magni-
fication)       
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transformation. β-catenin binds to the cytoplasmic domain 
of E-cadherin and to α-catenin in cell–cell adhesion. Stromal 
β-catenin correlates with α-catenin expression and is signifi-
cantly higher in borderline than in benign phyllodes tumors, 
but lower in malignant tumors. Thus, malignant phyllodes 
tumors show loss of β-catenin and, in addition, show  MYC  
amplification and aberrant expression of  TP53 . The stroma 
also influences the epithelium via IGF (insulin-like growth 
factor) signaling pathway and IGFR1 and IGFR2 (insulin-
like growth factor polypeptide hormones 1 and 2) that are 
overexpressed in the stroma of fibroepithelial tumors. The 
expression of α-catenin by stromal cells is associated with 
tumor recurrence. 

  FNA findings . Smears show both epithelial and stro-
mal elements. The distinction from fibroadenomas is based 
mainly on the cellularity of the stromal fragments. In addi-
tion, and in contrast to fibroadenomas, stromal cells have 
larger nuclei, irregular nuclear contours, and occasional 
nucleoli (Fig.  8.29b–d ). Malignant phyllodes tumors show 
large atypical stromal cells and mitoses. Marked ductal 
epithelial hyperplasia with varying degrees of atypia is com-
mon and may lead to an erroneous diagnosis of mammary 
carcinoma. 

  US features . The US features of phyllodes tumors can be 
indistinguishable from those of fibroadenomas. The tumor is 
hypoechoic, well circumscribed with smooth distinct borders 
and typical internal hyperechoic bands and shadows, and with 
variable posterior acoustic enhancement and shadowing. 
Calcifications may be present. Occasionally, a complex cystic 
mass may be seen and can suggest the diagnosis of a malig-
nant phyllodes tumor.   

    Myoepithelial and Epithelial–Myoepithelial 
Lesions 

 Myoepithelial lesions encompass myoepithelial hyperplasia, 
collagenous spherulosis, and myoepithelial carcinoma. 
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Epithelial–myoepithelial lesions encompass pleomorphic 
adenoma, adenomyoepithelioma, adenomyoepithelioma with 
carcinoma, and adenoid cystic carcinoma. Adenoid cystic 
carcinoma is covered later in this chapter. 

 Antibodies selected to high-molecular-weight keratins 
(CK 5, CK 5/CK6, CK 14, CK 17), p63, actin, calponin, 
smooth muscle heavy-chain myosin, S-100 protein, and 
H-caldesmon (variable) will react with myoepithelial cells in 
most lesions. 

    Adenomyoepithelioma and Adenomyoepithelioma 
with Carcinoma 

 These are rare tumors that affect adult women and that may 
also be seen in men. Patients may have tenderness or nipple 
discharge. 

  Histopathology . Adenomyoepithelioma shows a prolifera-
tion of myoepithelial cell layers around epithelium-lined 
spaces. The histologic pattern may be lobulated, papillary, 
tubular, or mixed. Myoepithelial cells may be spindle, epithe-
lioid, or glycogen- rich with clear cytoplasm. Either the epi-
thelial or the myoepithelial cells or both may undergo 
malignant change. The malignant epithelial component may 
give rise to invasive carcinoma of no special type, to undif-
ferentiated carcinoma, or to metaplastic carcinoma. The 
tumor has a low malignant potential, and there may be local 
recurrence particularly after incomplete excision. 

  Immunoprofile . Immunostains for estrogen receptor (ER) 
and progesterone receptor (PR) are negative or focally 
weakly positive. HER2 is negative. 

  Molecular profile . Allelic imbalance, microsatellite insta-
bility, and reciprocal translocations between chromosomes 8 
and 16 have been described in adenomyoepithelioma. 

  FNA findings . Smears are variably cellular and show cohe-
sive aggregates of epithelial and myoepithelial cells sup-
ported by variable amounts of fibrillary magenta stroma 
admixed with delicate branching capillaries. Myoepithelial 
cells have clear cell, spindle, or plasmacytoid characteristics 
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or appear naked and bipolar and dissociated in the smear 
background. The epithelial cells are small and may be 
arranged in small sheets or tubules. Metachromatic stroma 
may also be seen in the background and may be fibrillary or 
clumpy, resembling collagenous spherulosis. 

  US Features . The tumors are round or lobulated and are 
circumscribed with well-defined margins.   

    Epithelial Tumors 

    Benign Epithelial Proliferations 

   Adenosis, Sclerosing Adenosis, and Adenosis Tumor 

 Adenosis is a benign proliferation of glandular elements 
involving terminal ducts and lobular units. Sclerosing adeno-
sis is a benign and microscopic lesion. Adenosis tumor is the 
palpable (average size 2.5 cm) counterpart of sclerosing 
adenosis, occurs commonly in the fourth decade of life, and is 
rare. Adenosis tumor can be mistaken for carcinoma on clini-
cal and histologic evaluation. 

  Immunoprofile . In sclerosing adenosis, the presence of 
myoepithelial cells, masked by architectural distortion, can be 
detected by immunoreactions with CK5, CK14, CK17, 
α-SMA, p63, and calponin. Adenosis shows a normal epithe-
lial monolayer immersed in a fibrous stroma, sometimes sur-
rounded by a hyaline basal membrane without myoepithelial 
cells. Immunostaining for collagen IV, laminin, and vimentin 
shows the presence of a basement membrane, which is not 
always obvious on conventional H&E stain. In this lesion, 
unlike sclerosing adenosis, the myoepithelial markers are 
negative, whereas the S-100 protein is positive. 

  FNA findings . The smear pattern is similar to that of pro-
liferative fibrocystic change, including sheets of ductal epithe-
lial cells, numerous myoepithelial cell nuclei, and stromal 
 fragments. The specific diagnosis of adenosis tumor is not 
possible on FNA; however, the diagnosis of benign prolifera-
tive fibrocystic change can be made. 
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  US features . Adenosis tumor may be seen as a hypoechoic 
mass with posterior acoustic shadowing. Angular margins and 
tubular-like extensions may be present.  

   Radial Scar and Complex Sclerosing Lesion 

 Radial scar is a small stellate lesion, whereas a complex scle-
rosing lesion is larger and more complex and may occasion-
ally be palpable. These lesions are usually found incidentally 
on imaging studies and they may be mistaken for carcinoma 
on clinical, imaging, and histologic grounds, in particular for 
tubular carcinoma. 

  Histopathology . Both lesions show a lobular architecture, 
epithelial proliferation, and prominent sclerosis and elastosis. 
They have a central zone of fibroelastosis with radiating 
ducts and lobules showing ductal dilatation, various patterns 
of epithelial hyperplasia, apocrine metaplasia, sclerosing 
adenosis, and micropapillomas. The compressed tubules, par-
ticularly in the sclerotic areas, are distorted and angular and 
have a myoepithelial cell layer that may be inconspicuous on 
routine histologic evaluation. Radial scar may exhibit atypi-
cal ductal hyperplasia, DCIS, or lobular neoplasia. 

  Immunoprofile . The myoepithelial cell layer is detected 
with immunostains (p63, calponin, smooth muscle actin, 
smooth muscle myosin heavy chain); however, caution is sug-
gested in the interpretation particularly in small biopsies 
since results may vary. 

  FNA findings . Cytologically, smears show variable cellu-
larities, usually small to moderate; as in fibrocystic change, 
sheets of ductal epithelial cells, myoepithelial cell nuclei, 
apocrine metaplasia, and macrophages with cyst debris may 
be variably present. 

  US features . Ultrasound, in a few patients, may show a 
hypoechoic lesion with irregular stellate borders and a central 
hyperechoic area corresponding to the fibroelastotic central 
area, similar to low-grade carcinomas; however, an echogenic 
halo, distal attenuation, a taller than wide shape, and distor-
tion are more common in cancer, whereas small cysts and an 
echogenic component are more frequent in radial scar.  
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   Tubular Adenoma 

 This is a well-circumscribed (not truly encapsulated), painless 
nodule that occurs mainly in young women. 

  Histopathology . The tumor is composed of a proliferation 
of tubular structures lined by epithelial and myoepithelial 
cells separated by scant stroma. 

  FNA findings . Cytologically, the presence of smaller 
tubules and myoepithelial cells distinguishes tubular ade-
noma from tubular carcinoma; otherwise, smears resemble 
fibroadenoma without stroma. 

  US features . US shows a well-circumscribed hypoechoic 
oval mass with homogeneous echotexture, smooth borders, 
and posterior acoustic enhancement or shadowing; margins 
may be variable.  

   Apocrine Adenoma 

 This lesion is rare and occurs in both males and females. 
Patients have a painless nodule usually measuring <2 cm. 
Histologically, there is a nodular collection of glands lined 
with apocrine epithelium with no cytologic atypia. The lesion 
is benign and is cured by local excision.  

   Pregnancy-Related Lesions 

 These changes are the result of a hormonal effect on de novo 
(lactating adenoma, Fig.  8.30a ) or preexistent (fibroadenoma, 
fibrocystic change) palpable or non-palpable breast lesions. 
Most are benign, and they often regress within 6 months’ 
postpartum. Pregnant or lactating women may develop a 
galactocele, which is a milk-filled cystic lesion and may be 
seen up to several years post-lactation.

    FNA findings . The smears are cellular and show numerous 
complex cellular aggregates, loose clusters, and numerous dis-
sociated cells with clear or vacuolated cytoplasm. Acinar cells 
have round nuclei, prominent nucleoli, abundant vacuolated 
cytoplasm, and frayed edges. The background shows bubbly 
and finely vacuolated granular lipid-rich cytoplasmic con-
tents and variable numbers of stripped epithelial cell nuclei 
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with prominent nucleoli. Except in fibroadenomas with lacta-
tional change, myoepithelial cell nuclei are lacking (Fig.  8.30b , 
c). The differential diagnosis includes breast adenocarcinoma, 
which can be minimized or avoided with clinical correlation 
and the fact that breast malignancy in pregnancy usually 
shows greater cellular and architectural atypia, cell dissocia-
tion, and hyperchromasia than lactational changes. An aspi-
rate of milk confirms the diagnosis of galactocele (Fig.  8.31 ).

    US features. Normal  lactating breast shows a subtle dif-
fusely increased tissue echogenicity with loss of normal tissue 
planes including Cooper’s ligaments, reflecting the presence of 
lactational changes (Fig.  8.30d ). Features of  lactating adenoma  
are similar to those of fibroadenoma, including a macrolobu-
lated, oval, hypoechoic well-circumscribed mass with posterior 
acoustic enhancement; however, irregular margins, heteroge-
neous echotexture, small cystic spaces, and posterior acoustic 
shadowing may be present (Fig.  8.30e–i ). Multiple internal 
linear or curvilinear echogenic bands are commonly present. 
 Galactocele  has features of a cyst or may have echogenic mate-
rial within the fluid, probably representing an admixture of 
fatty globules and water, resulting in a US pattern similar to 
that of fibroadenoma. Compression of the mass with the US 
probe identifies the movement of particles in galactocele, con-
firming the diagnosis. Occasionally, galactocele may appear 
complex and have horizontal band-like hypoechogenic areas 
(fluid–fluid level) with slight posterior acoustic shadowing.  

  Figure 8.30    Pregnancy-related lesions. A medium-power view of a 
lactating adenoma is seen in ( a ). Smears show a background of fine 
lipid vacuoles, scattered single and aggregates cells with cytoplasm, 
prominent nucleoli, and complex architecture ( b – c ). Awareness and 
clinical history is necessary to avoid an erroneous diagnosis of 
atypia or malignancy. Normal lactating breast with accentuated 
parenchyma and no increased vascularity is seen in ( d ,  e ). Ultrasound 
features from palpable masses range from ill-defined vascularized 
complex masses to well- defined hypoechoic masses in cases of fibro-
adenoma ( arrows  point the mass) with lactational changes ( f – i ) ( a , 
H&E stain low magnification;  b , Diff-Quik stain high magnification; 
 c , Papanicolaou stain high magnification)       
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   Nipple Adenoma 

 This benign epithelial proliferation affects the collecting 
ducts of women at any age, with an average of 47 years, who 
complain of nipple discharge, nipple erosion, or a nodule. The 
lesion may recur if it is excised incompletely. 

  FNA findings . The smear pattern is similar to that of fibro-
cystic change, with marked ductal epithelial hyperplasia 
including numerous sheets of benign ductal epithelial cells 
and myoepithelial cell nuclei. 

  US features . The mass is oval, circumscribed, and hypoechoic 
and may have associated calcifications; however, US findings 
may suggest carcinoma in the presence of sclerosis.  

   Adenomas of Skin Adnexal Origin and Other Adenomas 

 Because these tumors originate in the skin, they can be sus-
pected based on clinical and US evaluation. Ductal adenoma, 

a
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  Figure 8.31    Galactocele. Tissue section shows a cystically dilated 
duct with intraluminal fluid consistent with milk ( a ). Smears show 
rare cyst lining epithelial cells surrounded by fluid with lipid vacu-
oles consistent with milk ( b ,  c ) ( a , H&E stain low magnification;  b , 
 c , Papanicolaou stain low and high magnification)       
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syringomatous adenoma, and pleomorphic adenoma (chon-
droid syringoma) are some of these tumors. Syringomatous 
adenoma affects the dermis of the nipple or the areolar 
region. Pleomorphic adenoma usually affects the periareolar 
area. 

  FNA findings . The specific diagnosis cannot always be 
made by FNA cytology; however, the tumors can be recog-
nized as benign. 

  US features . US may show a stellate subareolar mass that 
may suggest malignancy. When the nodule is round, it may 
suggest adenoma; its association with the skin may suggest an 
adnexal origin.  

   Fibrocystic Change 

 This lesion represents the most common palpable lesion in 
women above the age of 30 years and is considered to repre-
sent an exaggerated hormonally mediated breast tissue 
response. 

  Histopathology . Histologically, there are duct dilatation, 
cysts, apocrine metaplasia, fibrosis, chronic inflammation, and 
varying degrees of ductal epithelial hyperplasia, which should 
be evaluated carefully (Fig.  8.32a ).

    FNA findings . Smears show sparse epithelial representa-
tion due to the presence of fibrosis. Ductal epithelial cells are 
arranged in flat, cohesive honeycomb sheets with round or 
oval nuclei and fine granular chromatin with small incon-
spicuous nucleoli. Stripped myoepithelial cell nuclei are pres-
ent adherent to the epithelial cell sheets and in the smear 
background. Apocrine metaplastic cells are polygonal with 
ample granular cytoplasm and conspicuous nucleoli. Foam 
cells are often present in the background. Higher numbers of 
ductal epithelial cells with slight anisocytosis and anisonucle-
osis without atypia are seen in proliferative fibrocystic 
change, always accompanied by bipolar myoepithelial cell 
nuclei (Fig.  8.32b–d ). However, no distinct cytomorphologic 
features can distinguish between nonproliferative and prolif-
erative fibrocystic change without atypia. 
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  US features . These lesions show slight hyperechogenicity 
due to fibrosis and small (<5 mm) hypoechoic or anechoic 
nodules (Fig.  8.32e ,  f ).   

a b

c d
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  Figure 8.32    Fibrocystic change. Histology showing cystic dilatation, 
ductal epithelial hyperplasia, apocrine metaplasia, and lack of epi-
thelial atypia ( a ). The FNA smear shows high cellularity ( b ) com-
posed of sheets of ductal epithelial cells without atypia ( b ), apocrine 
metaplasia ( a – c ), stripped myoepithelial cell nuclei ( c ), and cystic 
background ( c ). Apocrine metaplastic cells with slight nuclear 
atypia may be seen ( d ). Ultrasound shows dense slightly hyper-
echoic tissue bands surrounding hypoechoic nodular areas ( e ) and 
minimal vascular flow by Doppler exam ( f ) ( a , H&E stain, medium 
magnification;  b ,  d  Diff-Quik stain low and high magnification;  c , 
Papanicolaou stain intermediate magnification)       
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    Molecular Pathology Aspects of Epithelial 
Precancerous Breast Lesions 

 Despite the insight of molecular biology and genetics in 
breast tumor progression, our understanding still remains 
incomplete. The traditional model of linear progression from 
normal epithelium to hyperplasia to atypical hyperplasia to 
carcinoma secondary to cumulative genetic abnormalities 
seems to be too simple. The following concepts summarize 
some of the most relevant advances of molecular biology and 
genetics in the study of precancerous breast epithelial 
lesions:

    1.    Usual ductal hyperplasia (UDH) shares few genetic abnor-
malities with atypical ductal hyperplasia (ADH), ductal 
carcinoma in situ (DCIS), or invasive breast carcinoma.   

   2.    ADH share many similarities with DCIS.   
   3.    ADH and DCIS (all grades) appear to be clonal 

proliferations.   
   4.    Low-grade DCIS and high-grade DCIS give place to dif-

ferent forms of invasive breast carcinoma that seem to be 
genetically different from one another, but similar along 
the low- grade or high-grade lines of development.   

   5.    Lobular in situ and invasive carcinoma share genetic and 
molecular similarities with DCIS and invasive duct breast 
carcinoma.   

   6.    Tumor microenvironment (myoepithelial cells and epithe-
lial–stromal interactions) may be critical in the progression 
of these lesions to invasive breast carcinoma.      

    Intraductal Proliferative Lesions 

 These lesions originate in the terminal duct lobular unit and 
are confined to the mammary ductal–lobular system. They 
are associated with a variably increased risk for the develop-
ment of breast carcinoma. They can be classified as columnar 
cell lesions (CCLs), usual ductal epithelial hyperplasia 
(UDH), and atypical ductal hyperplasia (ADH). 
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   Columnar Cell Lesions (CCLs) 

 CCLs are not palpable and are often identified on screening 
mammography. Occasionally, the lesion is palpable, being 
part of nonproliferative or proliferative fibrocystic change. 

  Histopathology . The standardized histologic term of CCLs 
describes lesions showing dilated acini lined by columnar 
cells that frequently have apical cytoplasmic snouts. They are 
classified into 4 categories: columnar cell change (one or two 
cell layers thick) with or without atypia and columnar cell 
hyperplasia (cell stratification or tufting) with or without 
atypia. The lesions with atypia are categorized as “flat epithe-
lial atypia” (well-developed arcades, bridges, or micropapil-
lary structures are absent). The atypia is of low grade and 
monomorphic, and, for practical purposes, “flat” prolifera-
tions with high-grade nuclei should be regarded as DCIS. 
There is a strong association of these lesions with the coexis-
tence of lobular carcinoma in situ (LCIS), atypical lobular 
hyperplasia (ALH), ADH, low-grade DCIS, and low-grade 
invasive carcinoma. 

  Immunoprofile . Flat epithelial atypia shows positive ER 
and negative HER2. 

  Molecular profile . Loss of 16q is the most frequent change 
found in flat epithelial atypia. Thus, these lesions are consid-
ered more likely to be precursors to ADH and low-grade 
DCIS. 

  FNA findings . CCLs are commonly identified in aspiration 
smears as small cohesive crowded aggregates of bland ductal 
cells with peripheral columnar cells, which may show apical 
snouts. Varying degrees of atypia may be seen. When there is 
coexistent fibrocystic change, the background may show 
sheets of ductal epithelial cells, myoepithelial cell nuclei, 
macrophages, and proteinaceous fluid.  

   Usual Ductal Hyperplasia (UDH) 

 The risk of UDH for the subsequent development of breast 
cancer is 1.5 times that of the reference population. Recent 
molecular data suggest that “flat epithelial atypia” is a more 

R.H. Bardales and E. Leonardo



377

likely precursor to ADH and DCIS than is UDH. DCIS is 
recognized as a true precursor to invasive breast cancer. 
UDH is most common in the late premenopausal years. 
When it is associated with fibrosis, lesions may be palpable. 
Otherwise, they are usually found incidentally to other 
lesions. 

  Histopathology . Characteristically, there is a cohesive 
intraductal proliferation of benign epithelial cells with promi-
nent cellular streaming, and there are peripherally distrib-
uted  fenestrations of variable sizes (Fig.  8.33a ).

    Immunoprofile . Proliferating cells show immunohisto-
chemical positivity for CK5, CK8, CK14, CK17, CK18, CK19, 
and S-100 protein. Myoepithelial markers are usually absent 
or only occasionally present. Positivity for ER is heteroge-
neous and variable; DCIS shows diffuse and strong ER 
positivity. 

  Molecular profile . No consistent genetic alterations have 
been found in UDH. The molecular and genetic alterations 
seen in ADH and DCIS are not found in UDH. The vast 
majority of these lesions are not thought to progress to inva-
sive mammary carcinoma. 

a b

  Figure 8.33    Ductal epithelial hyperplasia without atypia. Histologic 
section shows two ducts with hyperplasia of epithelial cells and 
streaming and fenestration of variable shape ( a ). The smears are 
cellular and show sheets of ductal epithelial cells with myoepithelial 
cell nuclei and fenestrations of variable shape ( b ) ( a , H&E stain low 
magnification;  b , Diff- Quik stain low magnification)       
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  FNA findings . The cellularity is moderate to high, with 
fragments of ductal epithelial cells with numerous myoepi-
thelial cells both adherent to the cell aggregates and in the 
smear background. Cells are mildly enlarged and crowded 
(Fig.  8.33b ). Elements of fibrocystic change may be present in 
UDH.  

   Atypical Ductal Hyperplasia 

 The risk for subsequent development of breast cancer is 3–5 
times that of the reference population. 

  Histopathology . This process involves the terminal duct 
lobular units with a proliferation of evenly placed monomor-
phic epithelial cells that lack the streaming, swirling, and 
 overlapping of UDH. Cytomorphology is similar to that of 
low-grade DCIS; however, ADH is smaller (<2 mm or <2 
ducts) and does not involve the full cross- section of the duct. 

  Immunoprofile . Cells are typically negative for high-
molecular- weight keratins (CK 5/CK6, in contrast to UDH) 
and diffusely positive for ER. The proliferating cells express 
CK8, CK18, CK19, and sometimes CK7. The myoepithelial 
cells that line the tubulo-lobular terminal units express CK5, 
CK14, and CK17 simultaneously with myoepithelial cell 
markers. 

  Molecular profile . Common molecular and genetic altera-
tions seen in ADH, low-grade DCIS, and invasive carcinomas 
include loss of heterozygosity in chromosome segments 16q, 
17p, and 11q13, with losses at 16q being frequent. 

  FNA findings . The smears show high epithelial cellularity 
with cytologic and architectural atypia, with cellular and 
nuclear enlargement, loss of polarity, considerable cellular 
and nuclear overlapping, monomorphic atypical cells, nuclear 
hyperchomasia, prominent nucleoli, and variable numbers of 
myoepithelial cells (Fig.  8.34 ). However, myoepithelial cells 
may be absent, and variable numbers of single atypical epi-
thelial cells may be seen in the background. A cribriform 
architecture and complex epithelial cell aggregates may be 
present. Thus, FNA cytology  cannot reliably distinguish ADH 
from the non-comedo type of DCIS. Nevertheless, FNA 
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cytology is useful in identifying these overlapping entities and 
prompts an excisional biopsy.

    US features . The lesion is not US visible unless it is associ-
ated with other lesions such as papilloma, in which case it 
may be visible.   

   Papillary Lesions 

   Intraductal Papilloma 

 Intraductal papillomas often occur in women in the seventh 
and eighth decades of life. Solitary or central papilloma origi-
nates from the large ducts and usually develops in the areolar 
area. Multiple or peripheral papillomas develop from the 
terminal duct lobular units. They manifest as a bloody nipple 
discharge. A palpable lesion may be present particularly in 
central papillomas. 

  Histopathology . Papillomas show arborescent structures 
lined with myoepithelial and ductal epithelial cell layers 
which are supported by a fibrovascular stroma (Fig.  8.35a ). 
The layer of myoepithelial cells may be inconspicuous, and 
immunostains may be needed to demonstrate its presence. 

  Figure 8.34    Ductal epithelial hyperplasia with atypia. Observe 
atypical epithelial cells and myoepithelial cell nuclei (Diff-Quik 
stain, high magnification)       
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The epithelial layer shows columnar or cuboidal cells and 
may show varying degrees of ductal epithelial hyperplasia as 
well as various types of metaplasia. Stromal fibrosis is com-
monly seen and may be prominent and extensive (sclerosing 
papillomas). ADH or DCIS may be seen particularly in 
peripheral papillomas. The risk of subsequent carcinoma 
increases to 7-fold or more in the presence of ADH or DCIS.

    Immunoprofile . Tumors show positive stains for myoepi-
thelial cells (smooth muscle myosin, calponin, p63), positive 
high-molecular- weight keratins (CK 5/CK6 and CK14), and 
patchy positivity for ER and PR. 

a

c

b

  Figure 8.35    Intraductal papilloma. Histology shows arborescent 
papillary structures supported by fine fibrovascular cores and lined 
by columnar epithelial cells and inconspicuous myoepithelial cell 
layer ( a ). Papilloma may show focal sclerosis of the supporting 
stroma as seen in this FNA smear; sheets of lining cells are also pres-
ent as well as columnar cells ( b ,  c ). The distinction from intracystic 
papillary carcinoma cannot be made with certainty on pure cytology 
grounds and excision of the lesion is needed ( a , H&E stain low mag-
nification;  b ,  c , Diff-Quik stain low and high magnification)       
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  Molecular profile . Benign papillomas are monoclonal pro-
liferations. Activating point mutations of  PIK3CA ,  AKT1 , 
and  RAS  family genes are found in higher frequency than in 
papillary carcinomas. 

  FNA findings . The lesion and dilated duct may be visible 
by US and sampled by USG-FNA. Smears show a bloody 
background and papillary aggregates of cuboidal and colum-
nar cells. Variable cellular aggregates supported by a fibro-
vascular stroma are seen (Fig.  8.35b ,  c ). Larger lesions may 
show necrosis. The distinction from intracystic papillary car-
cinoma is not possible by FNA, and surgical excision is 
necessary. 

  US features . Lesions have smooth borders. They may show 
a dilated duct with a well-defined mural solid mass or a lobu-
lated homogeneous solid and cystic lesion with a smooth wall. 
Adjacent ducts are often dilated. However, sonographic fea-
tures of benign papillomas overlap with those of papillary 
carcinomas.  

   Intracystic (Encapsulated) Papillary Carcinoma 

 This tumor occurs in older women (average, 65 years old) 
who show a circumscribed round mass with or without nipple 
discharge. If the lesion is central, there may be nipple retrac-
tion and a palpable subareolar lobulated mass. Intracystic 
papillary carcinomas are noninvasive and have a good prog-
nosis. A wide local resection is usually curative; however, 
associated DCIS in the surrounding tissue confers a higher 
risk for local recurrence. 

  Histopathology . Central papillary carcinomas are usually 
solitary, whereas peripheral lesions are commonly multiple. 
A thick fibrous capsule is present surrounding an arborescent 
proliferation of delicate fibrovascular stalks decorated by 
monomorphic cuboidal or columnar cells with low or inter-
mediate nuclear grade and loss of the myoepithelial cell layer. 

  Immunoprofile . Tumors show negative myoepithelial cell 
markers (p63, calponin), negative high-molecular-weight 
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keratins (CK5/CK6, CK14), and diffuse and strongly positive 
ER and PR stains. 

  Molecular profile . Patterns of gene copy-number aberra-
tions and prevalence of  PIK3CA  mutations are similar to 
those of breast carcinoma of no special type. 

  FNA findings . The diagnosis of encapsulated papillary car-
cinoma cannot be made with certainty by FNA. Smears have 
variable cellularities, although moderate cellularity is more 
common, and show three-dimensional papillary structures 
with fibrovascular cores in a bloody background with scattered 
hemosiderin- laden macrophages. The decorating epithelial 
cells are often palisading the edges of aggregates and are bland 
appearing and of columnar shape (Fig.  8.36 ). Myoepithelial 
cells are not present; however, larger and more elongated 
stripped nuclei of malignant cells are identified and may be 
confused with myoepithelial cells. The differential diagnosis 
includes fibroadenoma (lacks fibrovascular cores and has 
myoepithelial cells) and papilloma (cannot be diagnosed by 

a

c

b

  Figure 8.36    Intracystic papillary carcinoma. Cytologic features 
overlap with those of papilloma ( a – c ). The lesion should be excised 
and examined histologically ( a ,  b , Papanicolaou stain low and high 
magnification;  c , Diff-Quik stain high magnification)       
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FNA cytology). Thus, surgical excision is advised whenever a 
papillary neoplasm is diagnosed by FNA cytology.

    US features . Sonographic features of benign papillomas 
overlap with those of papillary carcinomas and are more dif-
ficult to differentiate on US than are other breast neoplasms. 
Malignant papillary lesions frequently show a round or oval 
shape and have a circumscribed lobulated margin; these are 
findings suggestive of benign lesions in other breast neo-
plasms. A complex mass with irregular shape, a noncircum-
scribed margin, and a complex echo pattern is not uncommonly 
seen in papillary carcinomas, but their presence is not statisti-
cally significant. Irregular posterior acoustic enhancement 
may be present.  

   Solid Papillary Carcinoma 

 As the name implies, the solid component predominates, and 
no fluid collection is associated. This tumor is rare and 
peripherally located and occurs in postmenopausal women 
with a mean age in the seventh decade of life. The patients 
may have a palpable mass, and nipple discharge is seen in 
25 % of patients. 

  Histopathology . The tumor shows multiple circumscribed 
cellular and expansile nests or nodules having thin and delicate 
fibrovascular cores. Of note, the tumor lacks an obvious papil-
lary or cribriform architecture; however, the presence of thin 
fibrovascular cores is important for the diagnosis. Occasionally, 
the neoplastic growth shows a geographic or jigsaw pattern 
of epithelial islands. Cells are small and monomorphic, with 
polygonal or, less commonly, elongated shape, finely granular 
cytoplasm, and hyperchromatic nuclei. Mitoses are present, 
although rare. Neuroendocrine features are not uncommon. 

  Immunoprofile . Tumors are ER and PR positive and 
HER2 negative. Low-molecular-weight keratins 8 and 18 are 
positive. High-molecular-weight keratins 5/6 are negative. 
Partial or sometimes complete loss of myoepithelial cells may 
be seen at the periphery of the nests. Neuroendocrine mark-
ers (chromogranin A, synaptophysin, and CD56) are positive 
in 50 % of cases. 
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  Molecular profile . Gene expression confirms the  luminal  
phenotype (Table  8.2 ).

    FNA findings . Smears are cellular and show compact fibro-
vascular structures decorated with columnar or elongated/
spindle cells. Variable amounts of intracellular or extracel-
lular mucin may be seen as well as neuroendocrine features. 

  US features . Solid papillary carcinomas may be associated 
with mucin production, which is not found in benign papil-
lomas; this might be why posterior acoustic enhancement 
may be a characteristic finding of papillary carcinomas when 
present. Noninvasive papillary carcinomas more frequently 
show a circumscribed margin than do invasive papillary car-
cinomas. Differences in the shape, orientation, echo pattern, 
lesion boundary, posterior acoustic features, calcification, and 
duct dilatation are not statistically significant. High-resolution 
US may show the papillary features. Microcalcifications may 
be seen.   

   Molecular Pathology and Gene Expression Profile 
of Breast Carcinoma 

 Breast cancer is a heterogeneous disease with variable histo-
pathologies, metastatic potential, and a variable prognosis. 
The histopathologic classification alone has limited value, 
whereas new markers seem to be of greater clinical relevance 
with higher prognostic value and better predictive therapeu-
tic response. Thus, pathologic examination and immunohisto-
chemical results for ER, PR, and HER2 overexpression are 
standard practice to guide the therapeutic modality. Breast 
cancer is also remarkably heterogeneous at the genomic 
level, and there is a correlation between the patterns of gene 
aberrations, histologic grade, and ER expression in breast 
carcinoma, including DCIS. 

 Grade 1 invasive carcinomas of no special type are usually 
diploid or near diploid and harbor recurrent deletions of 16q 
(>85 %), gains of 1q (60 %), and gains of 16p (40 %). Grade 
3 invasive carcinomas are heterogeneous and often show 
aneuploidy, and deletions of 16q (found in < 30 %) are almost 
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restricted to ER-negative tumors. Approximately 50 % of grade 
3 ER-positive cancers harbor the genetic pattern found in grade 
1 tumors (deletion of 16q and gain of 1q), suggesting that pro-
gression from low- to high-grade and invasive carcinoma only 
applies to the ER-positive tumors. Molecular evidence suggests 
that grade 2 tumors are the end stage of grade 1 tumors. Of 
note, lobular neoplasia and invasive lobular carcinoma harbor 
similar findings (deletion of 16q, gains of 1q and 16p). 

 Genetically distinct subgroups of invasive breast carci-
noma have been described based on gene expression profil-
ing. These subtypes appear to be clinically important and 
reflect the phenotype of the underlying cell of origin, and 
they are luminal (A, B, or C hybrid), HER2 positive, basal-
like (“triple negative” and “no triple negative”), and normal 
breast-like. The methodology for defining these subtypes may 
not be fully accessible by all laboratories; thus, comparable 
immunohistochemistry panels have been described as being 
equivalent to luminal A, luminal B, HER2-positive, basal-like, 
and normal breast-like genomic groups (Table  8.2 ). 

   Luminal Subtype 

 Luminal-subtype carcinoma expresses a cancer gene profile 
similar to that of breast duct epithelial cells. All luminal car-
cinomas show the expression of genes related to hormonal 
receptors.  Luminal A subtype  tumors comprise 55 % of can-
cers and are commonly of histologic grade 1 and ER positive 
HER2 negative. CK7, CK8, CK18, and CK19 are positive 
and CK5, CK14, and CK17 are negative (Fig.  8.37 ). These 
cancers have a good prognosis and respond to antiestrogen 
therapy. Most cases are ductal mucinous, tubular, cribriform, 
and papillary, as well as classic and pleomorphic lobular car-
cinoma.  Luminal B subtype  tumors comprise 15 % of carci-
nomas and are of histologic grade 2 or 3 (ductal and lobular), 
positive for CK7, CK8, CK18, and CK19, whereas there is no 
 immunoreactivity to CK5, CK14, and CK17. Furthermore, the 
immunostainins for ER, PR, and HER2 are always  positive 
(Fig.  8.38 ). The proliferation index is higher and prognosis 
is poorer than that for luminal A carcinoma.  Luminal C or 
hybrid  tumors are rare and show immunopositive staining 
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for CK7, CK8, CK18, and CK19 and absence of CK5, CK14, 
and CK17. One of the hormone receptors (ER or PR) and 
the HER2 protein can be absent (Fig.  8.39 ). This immuno-
phenotype is expressed in about 10 % of breast carcinomas 

CK-LMW (7/8/18/19)

CK-MMW (5/14/17)

ER

PgR HER-2

• CK7+,CK8+,CK18+,CK19+

• CK5−,CK14−,CK17−

• ER+,PgR+

• HER-2−

Luminal A

Luminal A

  Figure 8.37    Breast carcinoma, luminal A subtype. Immuno-
histochemistry       
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CK-LMW (7/8/18/19)

CK-MMW (5/14/17)

ER

PgR HER-2

CK7+,CK8+,CK18+,CK19+

CK5−,CK14−,CK17−

ER+,PgR+

HER-2+

Luminal B

Luminal B

  Figure 8.38    Breast carcinoma, luminal B subtype. Immuno-
histochemistry       
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CK-LMW (7/8/18/19)

CK-MMW (5/14/17)

ER

PgR HER-2

Luminal C

Luminal C

• CK7+,CK8+,CK18+,CK19+

• CK5−,CK14−,CK17−

• ER+,PgR−,HER-2−or
  ER+,PgR−,HER-2+or
  ER−,PgR+,HER-2−or

ER−,PgR+,HER-2+

• EGF-R-

  Figure 8.39    Breast carcinoma, luminal C subtype. Immuno-
histochemistry       
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with morphologic aspects of moderately differentiated ductal 
carcinoma of no special type or lobular carcinomas, including 
the pleomorphic variant. Likely luminal B and C cancers are 
part of the spectrum of ER-positive cancers and have a more 
aggressive phenotype and worse prognosis than the luminal 
A subtype. Thus, the ER, PR, HER2, and Ki-67 proliferation 
index are important for identifying this subtype. The response 
to antiestrogen therapy may be partial.

     The ER-negative cluster encompasses HER-positive, 
basal- like, and normal breast-like cancers.  

   HER2-Positive Subtype 

 This carcinoma comprises approximately 4–5 % of cases of 
breast carcinoma. These tumors show amplification of the 
 HER2  gene that is localized on chromosome 17 and are ER 
negative; the ER-positive tumors belong to the luminal B 
subtype. Low-molecular- weight keratins (CK7, CK8, CK18, 
and CK19) are positive and EGFR is variable (Fig.  8.40 ). 
This subtype is often of histologic grade 3, may show apocrine 
differentiation, may have lymphoid infiltrates, and can poten-
tially be aggressive, with increased risk for local recurrence 
or metastatic disease. HER2 overexpression/amplification 
predicts a favorable response of these tumors to treatment 
with the monoclonal antibody trastuzumab (Herceptin) or 
other HER2 antagonists as well as to anthracycline-based 
chemotherapy.

      Basal-Like Subtype 

 These tumors comprise approximately 15 % of cases of breast 
cancer and have a broad immunohistochemical profile. Some 
authors include the so-called “triple-negative” tumors in this 
subtype (Fig.  8.41 ); others include tumors showing at least 
one positive basal cytokeratin antibody (CK 5/CK6, CK 14, 
CK 17), irrespective of the ER or HER2 positivity; and oth-
ers define this subtype as being ER-, HER1-/EGFR-, HER2-, 
and CK5-/CK6- positive tumors (Fig.  8.42 ). Approximately 
20 % are ER, PR, or HER2 positive. The positivity with “basal 
markers” (CK5/CK6, CK 14, CK17, EGFR, P-cadherin, p63, 
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ER

PgR HER-2

• CK-LMW+

HER-2
Over-expression

HER-2
Over-expression

• CK-MMW−

• ER-, PgR−

• HER-2+

• EGF-R+ or EGF-R−

CK-LMW (7/8/18/19)

CK-MMW (5/14/17)

  Figure 8.40    Breast carcinoma, HER2-positive subtype. Immuno-
histochemistry       

laminin, and c-Kit) is variable as well as with caveolins 1 and 
2, nestin, and CD44. “Luminal cytokeratins” (CK 8/CK18 and 
19) and myoepithelial cell markers (p63, SMA, smooth mus-
cle myosin heavy chain) may be positive. These tumors are 
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common in younger Hispanic women, frequently carry the 
germline  BRCA1  gene mutation, are grade 3 with a ductal/
no specific type morphology, and do not respond to HER2-
targeted or antiestrogen therapy. Most BRCA1  cancers lack 

Basal
triple negative

Basal
triple negative

CK-LMW (7/8/18/19)

• CK7−,CK8−,CK18−,CK19−

• CK5+ and/or CK14+,and/or
  CK17+

• ER-,PgR−

• EGF-R+, or EGF-R−
• HER-2−

• CK117+

ER

CK5 CK14

PgR HER-2

  Figure 8.41    Breast carcinoma, basal triple negative subtype. 
Immunohistochemistry       
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ER, PR, and HER2 expression and express basal markers 
(CK5/CK6, CK14, CK17, EGFR, and P-cadherin) in 80 % of 
cases. Carcinoma with medullary features, metaplastic car-
cinoma, secretory carcinoma, and adenoid cystic carcinoma 

• CK7−,CK8−,CK18−,CK19−

Basal
no triple negative

Basal
no triple negative

• CK5+ and/or CK14+and/or CK17+

• CD117+ 

• Postivity for one or more ER, PgR
and HER-2 markers

• EGF-R+ or EGF-R− CK-LMW (7/8/18/19)

CK5

ER

PgR HER-2

CK14

  Figure 8.42    Breast carcinoma, basal no triple negative subtype. 
Immunohistochemistry       
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tend to have a basal-like phenotype. The Ki-67 proliferation 
index is high, and some of these tumors have an aggressive 
clinical course and a poor prognosis. These tumors often have 
benign- appearing US features, i.e., well-defined borders, an 
oval shape, and no or very little posterior acoustic shadow-
ing. BRCA2 cancers comprise often invasive lobular, pleo-
morphic lobular, tubular, and cribriform carcinoma types. 
Germline mutations of  BRCA1  and  BRCA2  genes are seen 
in 5 % of breast carcinomas. If the tumor is ER negative and 
“basal” markers positive, BRCA1 should be sequenced.

       Normal Breast-Like Subtype 

 This carcinoma was not considered as a distinct subtype, 
because of the strong expression of non-epithelial genes, 
mainly of adipose tissue, together with genes of basal and 
luminal ductal epithelium present in the normal breast and 
fibroadenomas. Therefore, these carcinomas were initially 
considered as unclassifiable luminal types. The use of immu-
nohistochemical staining with molecular gene expression 
“surrogate” markers has shown that this group exhibits an 
immunophenotype similar to that of tubulo-lobular terminal 
units of normal breast with variable immunostainings for 
cytokeratins, ER and/or PR, and negativity for HER2. 
A characteristic is the expression of adipose tissue antigen, 
i.e., adipose acid synthetase (NSAIDs, fat acid synthase) 
(Fig.  8.43 ). At the moment, there are not many publications 
about the correlation of the immunophenotype of this group 
of carcinomas and the histopathology. However, preliminary 
studies suggest that this group comprises about 5–6 % of 
breast cancer cases and that the usual histomorphology is 
that of invasive lobular carcinoma.

       Precursor Lesions 

   Ductal Carcinoma in Situ 

 Ductal carcinoma in situ (DCIS) represents 20–25 % of 
newly diagnosed breast cancers in the United States. DCIS 
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is uncommon before the age of 40 years and the incidence 
rises progressively to a peak at ages of 65–69 years. Age, race, 
family history and genetics, nulliparity, late age at first birth, 
late menopause, breast density, body mass index, and use of 

  Figure 8.43    Breast    carcinoma, normal breast-like subtype. Immuno-
histochemistry         
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 hormone replacement therapy have been associated with 
an increased risk for DCIS. This lesion is often unilateral, 
although 22 % develop DCIS or invasive carcinoma in the 
contralateral breast. The risk of DCIS for subsequent devel-
opment of breast cancer is 8–10 times that of the reference 
population. DCIS is a precursor to invasive breast carcinoma. 
Usually, 80–90 % of DCIS are detected mammographically 
by a finding of calcifications; however, occasionally coales-
cent areas of high-grade DCIS may form a firm palpable 
mass. Prognostic factors for local recurrence or progression 
to invasive carcinoma include tumor size, nuclear grade, com-
edo necrosis, and resection margins status. 

  Histopathology . The neoplastic proliferation develops in 
the terminal duct lobular unit and progresses distally in the 
main duct and peripherally toward the adjacent branches of 
a given duct system segment. The rare lesions that develop 
in larger ducts and lactiferous ducts close to the nipple prog-
ress toward the nipple, resulting in Paget disease and nipple 
discharge. Current trend suggests that grading of DCIS 

ER

PgR HER-2

Normal breast-like
subtype

Figure 8.43 (continued)
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a b

c d

e f

  Figure 8.44    Ductal carcinoma in situ. Histology of non-comedo-
type DCIS shows bland-appearing neoplastic ductal cells arranged 
as micropapillary projections and rigid arches; rare microcalcifica-
tions are also seen ( a ,  b ). FNA smears show complex aggregates of 
bland-appearing cells with slight anisonucleosis and anisocytosis ( c , 
 d ). Histology of comedo- type ductal carcinoma in situ showing cen-
tral necrosis surrounded by high-grade tumor cells confined to the 
duct ( e ). Cytology smear shows high-grade tumor cells with promi-
nent nucleoli and necrotic background ( f ) ( a ,  b ,  e  H&E stain low and 
high magnifications;  c , Diff-Quik stain high magnification;  d ,  f  
Papanicolaou stain high magnification)       

should be based primarily on nuclear features rather than on 
the architectural (solid, comedo, cribriform, micropapillary, 
or papillary) pattern (Fig.  8.44a ,  b ,  e ). Thus, DCIS is divided 
into low, intermediate, and high grade, although nuclear 
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 heterogeneity may occur in the same lesion. Cell polarity, 
small to intermediate nuclear size, inconspicuous nucleoli, 
and rare mitoses are features of low- grade to intermediate-
grade DCIS; lack of cell polarity, nuclear pleomorphism, 
mitoses, and prominent nucleoli are seen in high-grade 
DCIS. Apocrine, clear, and neuroendocrine types of DCIS 
may be seen occasionally, the latter often associated with 
papillary areas. Intracystic (encapsulated) papillary carci-
noma is a variant of papillary carcinoma that occurs in older 
women and is considered as an in situ tumor by some.

    Immunoprofile . For both ER and PR immunostain positiv-
ity in tissue sections is required ≥1 % of cells showing nuclear 
staining. High-grade DCIS expresses ER less frequently than 
does low-grade DCIS. HER2 overexpression is more com-
mon in high- grade DCIS (50–60 % of cases) than in invasive 
breast carcinoma (20 % of cases). Likewise, the rate of lumi-
nal B phenotype is significantly higher in DCIS than in inva-
sive carcinomas. Some high-grade DCIS express a “basal-like” 
(Table  8.2 ) immunophenotype (CK5 + and CK14 +) in vary-
ing degrees likely representing the precursor of basal-like 
invasive carcinoma. High-grade DCIS frequently has a lumi-
nal B, HER2, or “basal-like” including “triple-negative” 
immunophenotype (Table  8.2 ). No markers can distinguish 
between low-grade DCIS and ADH. 

  Molecular profile . Recent molecular and genetic results 
suggest that low-grade and high-grade DCIS are distinct 
disorders. Low-grade DCIS is usually positive for ER, PR, 
E-cadherin, Bcl-2, and cyclin D1 and negative for HER2. They 
are also diploid/near diploid, with deletion of 16q (>70 %), 
gain of 1q (>70 %), and lack of expression of “basal-like” 
markers (luminal A > B). High- grade DCIS is more hetero-
geneous and often shows amplifications at 17q12 and 11q13 
and is frequently aneuploid. This immunoprofile and genetic 
features, with the exception of E-cadherin that is negative, 
are similar to those seen in ADH and ALH/LCIS. Again, 
low-grade and high-grade DCIS are direct precursor lesions 
of invasive breast carcinoma and appear to have distinct and 
separate pathways of preinvasive epithelial neoplasia. 
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  FNA findings . The comedo type of DCIS yields cellular 
smears with loose aggregates and single large malignant cells 
with coarse chromatin, large nucleoli, mitoses, and a necrotic 
background. In contrast, the non-comedo type of DCIS 
shows medium-sized bland-appearing uniform cells. Complex 
flat cell aggregates and well-defined punched-out lumens 
with or  without metachromatic stroma are seen in cribriform 
DCIS. Numerous small papillary fragments composed of 
small cells and having a slender base and bulbous ends with 
smooth contours are seen in the micropapillary DCIS. No 
myoepithelial cell nuclei are present (Fig.  8.44c ,  d ,  f ). 
Histologic confirmation is needed for distinguishing DCIS 
from invasive ductal carcinoma. 

  US features . DCIS can rarely be a mass with circumscribed, 
indistinct, or spiculated borders; the mass may be taller than 
wide and hypoechoic. However, most lesions are often micro-
scopic and, US examination may be normal or calcifications 
may be seen in dilated ducts. DCIS of low grade may be vis-
ible and lack calcification or obvious US features of malig-
nancy, as seen in invasive cancers. We should remember that 
DCIS may be associated with benign or proliferative lesions, 
and the US may be non-revealing or show the underlying 
benign condition, i.e., a radial scar.  

   Lobular Neoplasia (LN) 

 The term LN encompasses atypical lobular hyperplasia 
(ALH) and lobular carcinoma in situ (LCIS), lesions that 
develop in the terminal duct lobular unit and do not involve 
the terminal ducts (Fig.  8.45 ). The distinction between ALH 
and LCIS is based on the extent of lobular units involved. 
The average age for diagnosis is 49 years, and there are no 
specific or grossly recognizable clinical features. The LN is 
usually a microscopic incidental finding in breast tissue 
removed for other reasons. The lesion is often bilateral and 
multicentric and carries an increased risk for developing 
invasive lobular carcinoma (4–5 times for ALH and 8–10 
times for LCIS).
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    Histopathology . There is distention of lobules by a prolif-
eration of round cells with eccentric nuclei. Cells often have 
an intracytoplasmic mucin vacuole conferring a targetoid 
appearance. Cells are uniform, are of variable sizes, and lack 
pleomorphism. Necrosis, mitoses, cell pleomorphism, nucle-
oli, and large cell size are seen in pleomorphic LCIS, which 
may rarely show apocrine features. 

  Immunoprofile . Most cases of LN are positive for ER and 
PR and negative for both HER2 and for the cell adhesion 
molecule E-cadherin.    Pleomorphic LCIS is also negative for 
E-cadherin and likely negative for ER and positive for HER2 
and has a high proliferation index. The immunoprofile and 
genetic features are similar to those seen in ADH and low-
grade DCIS, with the exception of E-cadherin, which is posi-
tive. Immunohistochemical stains are also positive for CK7, 
CK8, CK18, CK19, CK14, and/or CK17. 

  Molecular profile .    ALH and LCIS are usually diploid/near 
diploid, show deletion of 16q (>70 %) and gain of 1q (>70 %), 
and lack of expression of “basal-like” markers (luminal 
A > B). Loss of heterozygosity at loci frequently seen in inva-
sive lobular carcinoma, i.e., 11q13, 16q, 17p, and 17q, has been 
reported in LN. Pleomorphic LCIS has greater genomic 

  Figure 8.45    Lobular carcinoma in situ. The lobules are distended 
and filled with uniform and bland-appearing cuboidal cells with 
eccentrically placed nuclei (H&E stain, intermediate magnification)       
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instability and reflects the more aggressive features of this 
tumor compared with LN. 

  FNA findings . Smears have low to moderate cellularity 
and show single monomorphous isolated cells with plasmacy-
toid features, round eccentric nuclei, powdery chromatin, and 
inconspicuous nucleoli. Except for the smear cellularity in 
adequate samples, the cytologic findings of LCIS and invasive 
lobular carcinoma overlap. Pleomorphic LCIS shows cellular 
pleomorphism, necrosis, mitosis, and large cells similar to the 
smear pattern of comedo-type DCIS. 

  US features . ALH and LCIS have no distinct radiologic 
features. However, when LN involves sclerosing adenosis or 
fibroadenoma, a mass lesion may be visible on US evaluation; 
otherwise, US evaluation is normal.   

   Invasive Breast Cancer 

 Breast carcinomas with a favorable prognosis include papil-
lary carcinoma, tubular carcinoma, cribriform carcinoma, 
colloid carcinoma, adenoid cystic carcinoma, medullary carci-
noma, and secretory carcinoma. Unfavorable breast carcino-
mas include metaplastic carcinoma, pleomorphic lobular 
carcinoma, inflammatory carcinoma, and sarcomas. Therefore, 
it is important to subclassify the type of mammary carcinoma 
on FNA samples. 

   Ductal Carcinoma of No Special Type 

 This is a large and heterogeneous group of breast cancers 
that do not have sufficient histologic characteristics to be 
specifically classified, i.e., lobular carcinoma, medullary carci-
noma, and tubular carcinoma. This group comprises 50–75 % 
of breast cancers and is rare before the age of 40 years. 
Grossly, the tumors have a stellate or nodular appearance, 
and the size ranges between <1 cm and >10 cm. 

  Histopathology . The tissue diagnosis is based on exclusion 
of known types of breast carcinoma. Thus, the histologic pat-
tern is highly variable including, solid, syncytial, glandular, 
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tubular, or trabecular, with variable amounts of desmoplastic 
stroma. The cellular appearance is also variable, and the 
nuclei range from uniform to highly pleomorphic with mul-
tiple and prominent nucleoli. Mitoses are also variable. 
Mixed, pleomorphic, osteoclast- like, choriocarcinomatous, 
and melanotic are morphologic variants encountered. 
Papillary, neuroendocrine, and signet ring cell differentiation 
may be present (Fig.  8.46a–c ).

    Immunoprofile . Between 70 and 80 % are ER + (Fig.  8.46d ). 
  Molecular profile . Cases of familial breast cancers associ-

ated with mutations in the  BRCA1  and  BRCA2  genes are 
commonly breast carcinomas of no special type. 

  FNA findings . Smears are highly cellular with numer-
ous cell groups and single cells. Cell groups are arranged in 
crowded groups, gland-like, and in syncytial patterns with 
loss of polarity and nuclear molding. Cells are large with a 
high nuclear to cytoplasmic ratio, irregular and thickened 
nuclear contours, coarsely granular chromatin, and nucleoli 
of variable sizes. The cytoplasm may be finely to coarsely 
vacuolated. Tumor necrosis may be present, and no myo-
epithelial cells are seen in the background. Occasionally, 
and particularly in elderly women, cells may be uniform 

  Figure 8.46    Ductal carcinoma of no special type. Histologic appear-
ance of carcinomas of low- ( a ), intermediate- ( b ), and high- ( c ) his-
tologic grade, all surrounded by desmoplastic stroma. Most 
carcinomas are ER positive ( d ). Papillary differentiation may be 
present and these cases should not be considered as papillary carci-
noma ( e ). Cytologic features include cell dissociation, variable cel-
lular pleomorphism, anisonucleosis, and variably prominent nucleoli 
( f ,  g , low grade;  h , intermediate grade;  i ,  j , high grade). Papillary 
fronds with wide fibrovascular stromal core may be seen in cases of 
papillary differentiation ( k ). Corresponding ultrasound features are 
shown in figures  l ,  m  (low grade),  n  (intermediate grade), and  o ,  p  
(high grade) ( a – c ,  e  H&E stain low to intermediate magnification; 
 d , positive immunoperoxidase stain for estrogen receptor;  f ,  h – k  
Diff-Quik stain high magnification;  g , Papanicolaou stain high 
 magnification)         
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and plasmacytoid, resembling those of lobular carcinoma. 
Poorly differentiated mammary carcinomas show bizarre and 
multinucleated tumor cells (Fig.  8.46e–k ). 
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  US features . The mass is irregular, vertically oriented, and 
hypoechoic with indistinct spiculated and angular margins, 
microlobulation, and posterior acoustic shadowing as in 
low- grade invasive carcinomas. The mass can be round, oval, 
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l

Figure 8.46 (continued)

R.H. Bardales and E. Leonardo



405

 lobular, or irregular with marked hypoechogenicity and vari-
able posterior acoustic enhancement, as in high-grade carci-
nomas. When skin is secondarily involved, there is disruption 
of the linear echogenicity of the deep dermal layer. Rarely, 
advanced breast carcinoma extends to the nipple to cause 
ulceration; when this occurs, a hypoechoic mass is seen in 
the subareolar area, with angular and spiculated borders and 
posterior acoustic shadowing (Fig.  8.46l–p ).  

   Lobular Carcinoma 

 Lobular carcinoma is often bilateral and multicentric and 
accounts for approximately 5–15 % of all invasive breast carci-
nomas. Women have an ill-defined palpable mass, and the mean 
age at diagnosis is 60 years. The prognosis in the first 10 years is 
similar to or better than that of invasive carcinoma of no special 
type; however, the incidence of distant metastases, recurrence, 
and mortality is higher in invasive lobular carcinoma than in 
“no specific type.” Common sites of metastases include bone, 
the GI tract, uterus, meninges, ovaries, and serosal surfaces, 
in contrast to the lung, the most common site for invasive 
carcinoma of no specific type. Pleomorphic lobular carcinoma 
is a more aggressive tumor than the classic invasive lobular 
carcinoma; the prognosis is worse than that of low-grade ductal 
carcinoma and similar to that of high-grade ductal carcinoma. 

  Histopathology . The classic lobular carcinoma shows infil-
trating small tumor cells that lack cell cohesion and appear 
individually scattered and characteristically arranged in a 
single-line pattern and arranged concentrically around ducts 
in a targetoid pattern. Cells have smooth or slightly irregular 
round or ovoid nuclei. There is an intense desmoplastic 
fibrous response that is in great part responsible for the 
sparse cellularity seen in FNA samples. Histologic variants 
include classic, solid, alveolar, pleomorphic, tubulo-lobular, 
and mixed. Focal apocrine or prominent signet ring cell dif-
ferentiation may be present (Fig.  8.47a–c ).

    Immunoprofile . The expression of ER is high, although 
variable, depending on the variant. The classic and alveolar 
variants are almost invariably ER+; in contrast, 10 % of the 
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pleomorphic variant, which has an aggressive phenotype, is 
ER+. PR+ is seen in 60–70 % of classic and pleomorphic 
variants. HER2 amplification and overexpression are rare 
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in infiltrating lobular carcinoma, although present in some 
pleomorphic variant cases. The proliferative index is low. 
Expression of p53 and basal markers (CK14, CK5/CK6) is 
rare. There is intense cytoplasmic immunostaining for catenin 
p120 in cases of lobular carcinoma, whereas ductal carci-
noma and normal ducts show a linear membranous pattern. 
The immunostaining for p120, therefore, appears useful for 
confirmation of cases of dubious negativity for E-cadherin 
and particularly in cases of mixed ductal/lobular carcinoma. 
Pleomorphic variant with apocrine differentiation shows 
gross cystic disease fluid protein-15 (GCDFP-15) positivity 
in 40 % of cases. Furthermore, the pleomorphic variant may 
be a peculiar type of breast cancer with mixed ductal and 
lobular clinical, pathological, and immuno- and molecular 
profiles including features of lobular (morphology, negative 
E-cadherin, and lack of basal keratins) and ductal (aggressive 
clinical behavior and a subgroup with aggressive immuno-
phenotype of triple negative and positive HER2) carcinomas. 

  Molecular profile . Loss of expression of the membranous 
adhesion molecule E-cadherin, the result of a somatic muta-
tion of the E-cadherin gene  CDH1  located on chromosome 

  Figure 8.47    Lobular carcinoma. Tissue sections of the classic lobu-
lar carcinoma show linear arrangement of cancer cells surrounded 
by desmoplastic stroma ( a ). Periductal circumferential arrangement 
( b ) and linear distribution ( c ) are also evident in this example of 
lobular carcinoma of pleomorphic type. Cell dissociation, medium-
sized cells with minimal anisonucleosis and anisocytosis, and cyto-
plasmic “target-like” mucin accumulation ( f   arrow ) are present in 
classic lobular carcinoma ( d – f ). The ultrasound characteristics are 
not specific and range from ill-defined to well-circumscribed, irregu-
lar, and spiculated hypoechoic masses of variable size ( g ,  arrow  
points a large mass) as seen in these three examples ( g – k ). Variable 
posterior acoustic shadowing may be present. Vascular flow by 
Doppler exam is also variable ( a – c , H&E stain high and low magni-
fication;  d ,  e , Papanicolaou stain high magnification;  f , Diff-Quik 
stain high magnification)         
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16 (16p22.1), is the most consistent alteration in infiltrating 
lobular carcinoma and helps in the distinction from low-
grade invasive ductal carcinoma of no special type. The most 
common chromosomal abnormalities are loss of 16q and gain 
of material on 1q. Pleomorphic lobular carcinoma shows 
similar alterations, but, in addition, has 8q24, 17q12, and 
20q13 amplifications, which are characteristic of high-grade 
invasive ductal carcinoma of no special type. In addition, 
50 % are found to be near diploid. 

 By gene expression profiling, infiltrating lobular carcino-
mas are most frequently classified as  luminal A  molecular 
tumors, but they can also be classified as luminal B, HER2 
positive, normal- like, or basal-like. 

 Studies suggest that 95 % of infiltrating lobular carcino-
mas, in particular the classic variant, do not show   topoisomerase  
IIα gene amplification either in the primary or matched 
metastasis predicting lack of response with traditional anthra-
cycline-based chemotherapy. 
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Figure 8.47 (continued)

R.H. Bardales and E. Leonardo



409

  FNA findings . Smears show scant to moderate cellularity, 
small aggregates, cords, and single cells. Cells are uniform and 
monomorphic with a high nuclear to cytoplasmic ratio, scant 
indistinct cytoplasm, and uniform and mildly hyperchromatic 
nuclei with slightly irregular contours. The cytoplasm shows 
mucin vacuoles and an occasional cytoplasmic lumen, often 
with a central mucoid inclusion. Signet ring-type cells may be 
present. The background shows naked tumor cell nuclei and 
lacks myoepithelial cell nuclei (Fig.  8.47d–f ). 

  US features . The sensitivity of US in detecting lobular car-
cinoma is at the level of 90 %. The tumor has an irregular 
shape, ill-defined, or spiculated margins, hyper- or isoecho-
genicity compared to fat, and shows posterior acoustic shad-
owing and architectural distortion. The tumors may not be 
taller than wide, as in invasive ductal carcinomas. Precise 
measurement of the tumor size may be difficult to determine 
by US due to the ill- defined borders (Fig.  8.47g–k ).  

   Tubular Carcinoma 

 Tubular carcinoma comprises 2 % of invasive breast cancers, 
usually measures < 1.5 cm, and has a favorable prognosis even 
in the presence of axillary lymph node metastasis. 

  Histopathology . The infiltrating tumor has haphazardly 
arranged, angulated comma-shaped and tubular structures 
lined by a single layer of cells and surrounded by a prominent 
desmoplastic fibrous stroma. The cellular elements are small 
and monotonous, showing bland-appearing uniform nuclei 
and inconspicuous nucleoli. Focal apocrine differentiation 
may be present (Fig   .  8.48a ,  b ). 

  Immunoprofile . Tubular carcinoma is almost always 
ER + and PR + and is typically negative for HER2, EGFR, 
P-cadherin, p53, and high-molecular-weight keratins (CK 5/
CK6, CK14). 

  Molecular profile . The most frequent chromosomal altera-
tions include loss of 16q, gain of 1q material, gain of 16p, and 
loss of 8p, 3p, and 11q. 
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 By gene expression profiling, infiltrating tubular carci-
nomas belong to the  luminal A  molecular class of breast 
cancer. 

  FNA findings . Variably cellular smears show small uniform 
cells arranged in sheets, small aggregates, and tubular struc-
tures (Fig.  8.48c ,  d ). Myoepithelial cells may be present due to 
the small tumor size and sampling of the surrounding benign 
breast tissue.

    US features . A small vertically oriented hypoechogenic 
mass with irregular spiculated and angular borders and 
marked posterior acoustic shadowing is usually seen. These 
tumors usually have an ill-defined echogenic halo and show 
no vascularity on Doppler examination.  

a b

c d

  Figure 8.48    Tubular carcinoma. Core biopsy showing the character-
istic features of tubular carcinoma including angulated and comma-
shaped tubules lined with cuboidal bland-appearing cells, sur-
rounded by a desmoplastic stroma ( a ,  b ). Smears show striking 
resemblance with features of fibroadenoma when examined a low 
magnification; however, in contrast with fibroadenoma, myoepithe-
lial cells are absent in tubular carcinoma when the smear is evalu-
ated at high magnification ( c ,  d ) ( a ,  b , H&E stain low and 
intermediate magnification;  c ,  d , Papanicolaou stain low and high 
magnification)       

 

R.H. Bardales and E. Leonardo



411

   Cribriform Carcinoma 

 This invasive carcinoma accounts for <1 % of breast carcino-
mas, occurs in patients at a mean age of 55 years, has an excel-
lent prognosis, and often has a component of tubular 
carcinoma. The mean tumor size is 3 cm. 

  Histopathology . A cribriform pattern composed of arches 
of cells of small to moderate size, and mild to moderate 
 pleomorphism is embedded in a fibroblastic stroma. Invasive 
cribriform carcinomas with tubular carcinoma comprising 
less than 50 % are still considered to be of the cribriform 
type. Osteoclast-like giant cells are occasionally present. 

  Immunoprofile . This tumor is almost always ER + and is 
PR + in 65 % of cases. It lacks HER2 overexpression. 
Myoepithelial markers (calponin, smooth muscle myosin 
heavy chain) are negative. p63 and CD117 are negative and 
allow the distinction from adenoid cystic carcinoma that 
shows positive immunoreactions. 

  Molecular profile . The molecular profile is similar to that 
of invasive tubular carcinoma. 

 By gene expression profiling, infiltrating cribriform carci-
nomas belong to the  luminal A  molecular class of breast 
cancer. 

  FNA findings . Smears show cohesive sheets and three- 
dimensional cribriform clusters of bland-looking and mitoti-
cally inactive ductal cells. Associated scattered multinucleated, 
osteoclast-like giant cells, some containing hemosiderin gran-
ules, have been described. Myoepithelial cells and naked 
nuclei are not identified. 

  US features . This tumor appears as an ill-defined inhomo-
geneous mass with lobulated margins and an ill-defined echo-
genic halo. Usually there is minimal or no posterior acoustic 
shadowing.  

   Mucinous (Colloid) Carcinoma 

 Colloid carcinoma usually occurs in elderly women, com-
prises <5 % of breast carcinomas, and has a good prognosis. 

  Histopathology . The mass has pushing margins and shows 
nests of cells of variable sizes and shapes floating in mucin 
lakes. Cytologic atypia is usually mild. Hypercellular  mucinous 
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carcinoma may have neuroendocrine differentiation and 
show neuroendocrine marker positivity. Pure and mixed vari-
ants have been described, being the most common compo-
nent found in invasive carcinoma of no special type. A pure 
tumor must be composed of >90 % mucinous carcinoma 
(Fig.  8.49a ).

    Immunoprofile . The tumor is ER + and PR +. HER2 is not 
overexpressed. 

  Molecular profile . Hypercellular mucinous tumors show a 
pattern of gene expression similar to that of neuroendocrine 
carcinomas. 

 Mucinous tumors are of  luminal A  molecular profile. 
  FNA findings . The mass is soft instead of gritty upon inser-

tion of the needle. Aspirates yield mucous material and 

a
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  Figure 8.49    Colloid (mucinous) carcinoma. Tissue sections show 
scattered islands of bland-appearing neoplastic cells embedded in an 
abundant mucinous background ( a ). Cytologic features include small 
aggregates of bland-appearing monomorphic neoplastic cells and 
abundant mucus ( b ,  c ). The ultrasound features are not specific and 
include lobulated borders and hypoechogenicity ( arrow ) with vari-
able presence of posterior acoustic enhancement ( d ) ( a , H&E stain 
low magnification;  b ,  c , Diff-Quik and MGG stain high magnification)       
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 variable cellularities. Characteristically, the cellular elements 
are monomorphic and arranged in small ball-like tridimen-
sional aggregates surrounded by mucinous material that 
appears magenta with Romanowsky stains and fibrillary with 
Papanicolaou stain. The cells are small, with a bland-appear-
ing chromatin pattern and a small nucleolus (Fig.  8.49b ,  c ). 
High-grade tumor cell elements and stromal fragments are 
not uncommon in cases of ductal carcinoma with a mucinous 
component. Thus, the definitive cytologic diagnosis of muci-
nous carcinoma should be avoided; instead, the diagnosis of 
mammary carcinoma with a mucinous component should be 
rendered. The differential diagnosis includes mainly fibroad-
enoma with myxoid component and mucocele-like tumors of 
the breast; myoepithelial cells are seen in the former and 
benign ductal cells without atypia in the latter. 

  US features . The tumor is hypo- to nearly isoechoic and 
inhomogeneous with circumscribed lobulated edges, instead 
of the stellate or irregular appearance. There is variable pos-
terior acoustic enhancement, likely related to the mucin pres-
ent in these tumors (Fig.  8.49d ).  

   Carcinoma with Medullary Features 

 This tumor usually occurs in women in the fifth and sixth 
decades of life. Typical medullary carcinoma, atypical medul-
lary carcinoma, and a subset of invasive carcinomas of no 
special type are included under this category. Therefore, the 
diagnosis of medullary carcinoma requires careful gross and 
microscopic evaluation of the resected specimen. Classic 
medullary carcinoma comprises <1 % of invasive breast 
 carcinomas. Traditionally, the medullary type is associated 
with a good prognosis; however, due to the low reproducibil-
ity of the diagnosis, these tumors are treated with aggressive 
therapy as for “basal- like triple-negative” carcinomas. 

  Histopathology . These tumors exhibit all or some of 
the following: circumscribed or pushing borders, a syncytial 
histologic pattern in >75 % of the tumor mass, lack of gland 
formation, a prominent diffuse lymphoplasmacytic infiltrate, 
and high- nuclear grade tumor cells with abundant cytoplasm, 
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pleomorphic nuclei, and prominent nucleoli. Mitoses, necro-
sis, and tumor giant cells may be present. Focal apocrine dif-
ferentiation may be present. Because histologic evaluation 
may be subjective and not fully reproducible, use of the term 
carcinoma with medullary features is suggested instead of 
subclassifying this tumor (Fig.  8.50a ).
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    Immunoprofile . These tumors are often ER, PR, and 
HER2 negative (“triple negative”) and variably express high-
molecular- weight keratins (CK 5/CK6 and CK14), EGFR, 
P-cadherin, p53, and caveolin-1. 

  Molecular profile . Many of these tumors are recognized as 
“basal-like,” and 13 % of patients with these tumors have 
 BRCA1 germline mutations. 

  FNA findings . Carcinoma with medullary features should 
be suspected when the tumor is well circumscribed and the 
smear shows high-grade tumor cells with lymphocytes and 
plasma cells. Smears show syncytial sheets of poorly differen-
tiated epithelial cells with high nuclear grade, admixed with a 
lymphoplasmacytic infiltrate and occasional necrosis. Cells 
have a considerable size and nuclear enlargement with mul-
tiple irregular macronucleoli. Individual high-grade tumor 
cells and naked malignant nuclei are also present in the back-
ground (Fig.  8.50b ,  c ). 

  US features . These tumors may appear as a well- or ill-
defined homogeneously hypoechoic round mass with lobu-
lated margins and a variable posterior acoustic effect. 
Fast-growing tumors may have a “pseudocystic” pattern with 
posterior acoustic enhancement (Fig.  8.50d–h ).  

   Adenoid Cystic Carcinoma 

 Adenoid cystic carcinoma of the breast comprises <0.1 % of 
breast carcinomas and is associated with a good prognosis. 

  Figure 8.50    Carcinoma with medullary features. Histology shows 
high-grade tumor cells arranged in a syncytial pattern surrounded 
by a lymphoplasmacytic infiltrate. Atypical mitoses may be seen ( a ). 
High-grade pleomorphic tumor cells admixed with lymphocytes and 
plasma cells are noted in the smears ( b ,  c ). Ultrasound images show 
an irregular, hypoechoic mass with lobulated borders ( d – f ); spicu-
lated borders in addition to the lobulated margins may be seen 
focally ( g – h ). The vascular flow by Doppler exam is variable. ( a , 
H&E stain, intermediate magnification;  b , Diff-Quik stain interme-
diate magnification;  c , Papanicolaou stain high magnification)       
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The mean age at diagnosis is 64 years. The carcinoma devel-
ops in the subareolar region in 50 % of cases. The tumor is 
generally cured by simple mastectomy, and the 10-year sur-
vival rate is >90 %. 

  Histopathology . The tumor is usually well circumscribed 
and is histologically similar to the counterpart in the salivary 
gland, showing pseudoluminal spaces containing spherules of 
basement membrane material and glandular lumens. The 
tumor may show a solid variant composed of basaloid cells 
(Fig.  8.51a ).

    Immunoprofile . The pseudoluminal spaces are decorated 
by small basal–myoepithelial cells that are positive for p63, 
calponin, smooth muscle actin, and high-molecular-weight 
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  Figure 8.51    Adenoid cystic carcinoma. Histologic findings are simi-
lar to those of adenoid cystic carcinoma of salivary gland and show 
pseudolumens filled with basement membrane material ( a ). 
Cytologic findings include bland-appearing neoplastic cells sur-
rounding globules of dense metachromatic stroma; the cell stroma 
interface is sharp and well defined ( b ). By ultrasound, this mass is 
heterogeneous, poorly circumscribed, and focally hyperechoic and 
shows no vascular flow by Doppler exam ( c ,  d ) ( a , H&E stain inter-
mediate magnification;  b , Diff- Quik stain high magnification)       
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keratins (CK 5/CK6, CK 14) and negative for CD10. The 
glandular lumens, which may be inconspicuous, are decorated 
by epithelial cells that are positive for CD117 (membrane 
staining), CK 7, and CK 8/CK18. This tumor is generally ER, 
PR, and HER2 negative. EGFR overexpression is found in 
65 % of cases. 

  Molecular profile . Adenoid cystic carcinoma harbors a 
recurrent chromosomal translocation t(6;9) leading to the 
formation of a chimeric fusion gene,  MYB – NFIB . Many of 
these tumors are recognized as “basal-like” subtype. 

  FNA findings . The smear pattern is identical to that seen in 
the counterpart tumor located in the salivary gland. Smears 
show basaloid cells arranged in nests intimately associ-
ated with metachromatic matrix forming three-dimensional 
spheres. Usually, the metachromatic matrix has a sharp 
 border, and there is a distinct separation between the matrix 
and surrounding cellular elements. The differential diagno-
sis includes collagenous spherulosis; however, collagenous 
spherulosis is a microscopic finding and adenoid cystic carci-
noma is a neoplasm. Furthermore, adenoid cystic carcinoma 
lacks the fibrillary texture of collagenous spherulosis. The 
differential diagnosis also includes pleomorphic adenoma, 
and the differential diagnosis criteria are those listed in the 
chapter on salivary gland tumors (Fig.  8.51b ). 

  US features . The mass may be oval and complex with well- 
circumscribed margins and posterior acoustic enhancement 
(Fig.  8.51c ,  d ).  

   Metaplastic Carcinoma 

 This rare mammary carcinoma accounts for <2 % of breast 
malignancies. The tumors are usually large (mean size 4 cm), 
with borders that may be well circumscribed or indistinct and 
irregular, and histologically heterogeneous, characterized by 
the presence of ductal carcinoma with areas of squamous or 
mesenchymal (spindle, chondroid, osseous, or rhabdomyoid) 
elements. When there is a predominance of pseudosarcoma-
tous metaplasia, the prognosis is poor, and the survival rate is 
25 % at 5 years. Distant metastasis (lung and brain) can be 
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found in the absence of lymph node metastasis, similar to 
other triple- negative breast cancers. 

  Histopathology . This malignancy includes tumors with 
malignant squamous differentiation, spindle cell morphology, 
and heterologous mesenchymal elements (osseous, chon-
droid, rhabdomyoid), either alone or combined with another 
metaplastic component, and/or ductal carcinoma of no spe-
cial type. It may have prominent mesenchymal differentia-
tion. The histologic diagnosis should be descriptive, i.e., 
low-grade adenosquamous carcinoma, fibromatosis-like 
metaplastic carcinoma, squamous cell carcinoma, spindle cell 
carcinoma, metaplastic carcinoma with mesenchymal differ-
entiation, mixed metaplastic carcinoma (Fig.  8.52a ,  b ).

    Immunoprofile . These tumors are usually negative for ER, 
PR, and HER2 and express high-molecular-weight keratins 
(CK 5/CK6, CK14) and EGFR. Low-molecular-weight kera-
tins are commonly negative. P63 positivity, seen in >90 % of 
metaplastic breast carcinomas, is a useful marker for differen-
tiating it from other spindle and mesenchymal neoplasms, 
including sarcomas. 

  Molecular profile . These tumors are triple-negative basal-
like tumors and have multiple and complex chromosomal 
abnormalities. Mutations of the tumor suppressor gene  TP53  
are found in most tumors, and loss of  p16  and  PTEN  is seen 
in other subgroups. 

 These tumors are classified as “basal-like” subtype. Some 
tumors are currently being classified into a recently described 
claudin-low tumor molecular subtype (tumors with epithelial 
to mesenchymal transition features). 

  FNA findings . Cytologic findings reflect the tumor compo-
sition such as ductal carcinoma and areas of spindle, squa-
mous, chondroid, and osseous metaplasia in a background of 
necrosis. Smears may be hypercellular with cells showing 
marked  pleomorphism, bi- or multinucleated  bland-appearing 
or pleomorphic giant cells, and fibroblast-like spindle cells 
that may be tightly packed or loosely aggregated. Metaplastic 
carcinoma with chondrosarcomatous differentiation shows 
large high- grade tumor cells surrounded by a chondromyxoid 
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stroma. Squamous carcinoma usually shows pleomorphic 
keratinizing, nonkeratinizing, and spindle squamous cells 
forming sheets, cords, or nests or is single in a necrotic cystic 
background (Fig.  8.52c–f ). The differential diagnosis of sarco-
mas includes reactive processes such as nodular fasciitis, 
fibromatosis, myofibroblastoma, and adenomyoepithelioma. 

a b

c d

e f

  Figure 8.52    Metaplastic carcinoma with mesenchymal differentia-
tion. Rapidly growing tumor in a 27-year-old woman. Sections show 
chondromyxoid and squamous differentiation ( a ,  b ). Cellular pleo-
morphism, squamous and chondroid metaplasia, and fibrillary 
magenta stroma are prominent findings in the FNA smears ( c – f ) ( a , 
 b , H&E stain intermediate magnification;  c – f , Diff-Quik stain inter-
mediate and high magnification)       
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  US features . These tumors tend to have oval-shaped and 
well-defined borders. Cystic changes are common, and coarse 
calcification is seen when there is osteochondroid differentia-
tion. Posterior acoustic shadowing is rarely present.  

   Papillary Carcinoma 

 This tumor is rare and is defined as being >90 % papillary in 
the invasive component. Thus, by definition, invasive carci-
noma of no specific type with papillary differentiation, solid 
papillary carcinoma, and encapsulated papillary carcinoma 
should not be classified as invasive papillary carcinoma. The 
differential diagnosis includes metastasis from ovary or lung. 
The prognosis appears to be mandated by the grade and stage 
of the tumor. Myoepithelial cell markers are absent. There 
are no available data on the molecular profile of this tumor.  

   Micropapillary Carcinoma 

 This is a rare tumor that accounts for <2 % of breast cancers 
and is composed of small mini-papillary or morular-like cell 
aggregates surrounded by a clear space. The cells are colum-
nar or cuboidal and show eosinophilic cytoplasm, variable 
nuclear pleomorphism, and a reverse polarity with cytoplas-
mic snouts facing the clear space and not the luminal surface. 
Focal apocrine differentiation may be present. Angiolymphatic 
invasion is more frequent in this tumor than in invasive duc-
tal carcinoma of no special type. 

  Immunoprofile . Most carcinomas are ER and PR posi-
tive with variable HER2 overexpression. EMA positivity 
restricted to the basal portion of the neoplastic cells distin-
guishes this tumor from ductal carcinoma of no specific type 
that shows an apical homogeneous cytoplasmic immunostain. 

  Molecular profile . These tumors are classified as  luminal A 
or B subtype . Recurrent gains of chromosome arms 8q, 17q, 
and 20q and deletions of chromosome arms 6q and 13q are 
seen. Deep sequencing techniques have shown microRNA 
patterns different from that of invasive ductal carcinoma of 
no special type. 

  FNA findings . Smears show increased cellularity, cell 
clusters with angular and papillary configuration without a 
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 fibrovascular core, tumor clusters showing an “inside–out” 
pattern, irregular crowded nuclei, and the presence of single 
discohesive cells. Few malignant-appearing multinucleated 
giant cells, cells with apocrine features, little mucin, psam-
moma bodies, and tumor diathesis may be seen. No mitoses 
are present. The diagnosis is suspected in the presence of 
morule formation, isolated malignant cells, and branching 
epithelial structures. 

  US features . The tumor is hypoechoic, but occasionally 
isoechoic; it is irregular, or microlobulated, with hypoechoic 
internal areas, and with or without posterior acoustic 
enhancement.  

   Inflammatory Carcinoma 

 This is a rare and aggressive breast carcinoma. The skin has 
the appearance of an “orange peel” and is engorged, red, 
and tender with or without an underlying distinct breast 
mass (Fig.  8.53a ). Inflammatory carcinoma is a descriptive 
clinical term that has a distinctive underlying pathologic 
finding, the presence of tumor emboli plugging the lym-
phatic vascular channels of the breast dermis with  no  
inflammation (Fig.  8.53b ). Aspiration cytology may not be 
revealing, and in such cases, sampling of the commonly 
found ipsilateral axillary metastasis fulfills diagnostic and 
staging purposes.

    Immunoprofile . This carcinoma is ER and PR positive in 
50 % of cases and HER2 positive in 40 %. Characteristically, 
E-cadherin is overexpressed and there is high expression of 
p53 and MUC1. 

  Molecular profile . There is no characteristic genetic altera-
tion for inflammatory carcinoma. Molecular subtyping often 
classifies this cancer in the HER2 or basal subtypes. Activation 
of the anaplastic lymphoma kinase (ALK) pathway has 
recently been suggested to occur, and if this is confirmed, 
these patients may benefit from targeted therapy. 

  FNA findings . The cytomorphology is similar to that of 
poorly differentiated infiltrating breast carcinoma. Smears 
are sparsely cellular due to lymphatic permeation and stro-
mal edema. High- grade cells are arranged in small aggregates 
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and show a  vacuolated cytoplasm, large pleomorphic nuclei, 
coarse chromatin, and prominent nucleoli (Fig.  8.53c ). 

  US features . The skin thickening seen by US is the combi-
nation of dilated subdermal lymphatics and edema. There is 
tissue hyperechogenicity and disruption of normal tissue 
planes. A hypoechoic, irregular, ill-defined mass with poste-
rior acoustic shadowing may be identified. Axillary lymph 
nodes with suspicious US features are commonly seen.  

   Paget Disease of the Nipple 

 This eczema-like change in the nipple and areola is com-
monly associated with underlying in situ or invasive mammary 
 carcinoma. Paget disease of the nipple without underlying 

a b

c

  Figure 8.53    Inflammatory carcinoma. Hyperemia and orange peel- 
appearing skin are characteristic on breast exam ( a ); this picture 
corresponds to a patient with micropapillary breast carcinoma. 
Dermal lymphatics with tumor emboli and no inflammatory reac-
tion are present ( b ) in tissue sections. Scattered groups of malignant 
cells are seen in the FNA smears ( c ) ( b , H&E stain, intermediate 
magnification;  c , MGG stain intermediate magnification)       
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carcinoma is rare. It affects both sexes and can be bilateral. 
Patients may have erythema or eczema of the nipple, ulcer-
ation, inversion, and nipple discharge. The prognosis depends 
on the presence or absence of underlying DCIS or invasive 
carcinoma. However, rarely advanced breast cancer extends 
out to involve the surface of the nipple and produce ulceration. 

  Histopathology . The presence of large cells having ample 
clear cytoplasm and large nuclei with prominent nucleoli is 
characteristic within the epidermis. Cells are placed singly or 
in small clusters in the dermoepidermal junction and lower 
layers of the epidermis (Fig.  8.54a ).

    Immunoprofile . Paget cells are positive for CK 7 and 
CAM5.2. ER and PR are positive in 40 % of cases, and HER2 
is positive in 90 %, similar to the underlying carcinoma. 
Negative immunoreaction with S-100 protein, HMB-45 and 
melan-A excludes melanoma; pancytokeratin and high-
molecular-weight cytokeratin are positive in Bowen’s disease. 

  Molecular profile . Paget cells have no distinct or specific 
gene mutation profile, and they are genetically similar to the 
underlying breast carcinoma. 

  Cytologic findings . The diagnosis can be made by scraping 
of the lesion or by FNA if there is an underlying mass. Smears 
usually show high-grade malignant cells (Fig.  8.54b ). 

  US features . The nipple is thickened, and an underlying 
calcification/mass lesion may be seen.   

   Rare Types of Breast Carcinoma 

 Included but not restricted to secretory, mucoepidermoid, 
neuroendocrine, acinic cell, and oncocytic carcinomas. 

   Secretory Carcinoma 

 This low-grade invasive carcinoma is very rare; occurs in 
young patients of both sexes, with a median age of 25 years; 
and has a favorable prognosis. The tumors are well circum-
scribed and mobile, occurring close to the areola. 

  Histopathology . Tumors have pushing borders and have 
microcystic, solid and tubular patterns, usually in  combination 
(Fig.  8.55a ).
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a b

  Figure 8.54    Paget’s disease. Large malignant cells with vacuolated 
cytoplasm are present in the dermoepidermal interface ( a ). Smears 
show high-grade malignant cells ( b ) ( a , H&E stain intermediate 
magnification;  b , Papanicolaou stain high magnification)       

a

c

b

  Figure 8.55    Secretory carcinoma. Histopathology shows pushing 
borders and microcystic architecture ( a ). The smears show cohesive 
sheets and aggregates of large cells with ample slightly vacuolated 
dense cytoplasm, bland-appearing round nuclei, ill-defined cytoplas-
mic borders, and clean background ( b ,  c ). Other areas show a pro-
teinaceous mucoid background ( a , H&E stain;  b ,  c , Diff-Quik stain 
high magnification) (Courtesy Dr. Margarita Elices Apellaniz. 
Madrid, Spain)       
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    Immunoprofile . The tumors are S-100 protein and lactal-
bumin positive and ER, PR, HER2, and p63 negative. The 
basal-like marker (CK5/CK6 or EGFR) is expressed in 90 % 
of cases. 

  Molecular profile . Secretory carcinoma harbors a recur-
rent chromosomal translocation t(12;15)(q13;q25) leading to 
the formation of the chimeric fusion gene  ETV6 - NTRK3 , 
which is considered specific for secretory carcinoma. These 
tumors are classified as “basal-like” subtype. 

  FNA findings . Smears are cellular and show grape-like 
clusters and single large cells with granular to vacuolated 
 cytoplasm, uniform round nuclei, minimal nuclear atypia, and 
prominent nucleoli in a mucinous background. Cells may 
have a plasmacytoid appearance and may be binucleate. 
Diagnosis of this carcinoma on FNA is difficult and important 
because the cytologic findings can be confused with those of 
the lactating breast. The differential diagnosis includes lipid-
secreting carcinoma, glycogen-rich clear cell carcinoma, and 
cystic hypersecretory carcinoma (Fig.  8.55b ,  c ). 

  US features . Ultrasonography and breast computed tomog-
raphy show a subareolar oval-shaped tumor exhibiting 
homogeneous echogenicity with clear margins.  

   Mucoepidermoid Carcinoma 

 This very rare breast tumor is similar histologically to the 
salivary gland counterpart, is well circumscribed, and can 
reach a large size. The tumor shows basaloid, intermediate, 
squamous, and mucinous cells. Most tumors are of low grade, 
with predominance of the mucinous cells. High-grade muco-
epidermoid are usually solid with predominance of interme-
diate and squamous cells.  

   Carcinomas with Neuroendocrine Differentiation 

 Pure neuroendocrine tumors are rare, comprising <1 % of 
breast carcinomas, and include large cell and small cell neu-
roendocrine carcinomas. Neuroendocrine differentiation of 
breast carcinomas of no special type, mucinous carcinomas, 
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and solid papillary carcinomas are more frequent. Clinical 
neuroendocrine syndromes related to hormone production 
are rarely present. 

  Histopathology . These tumors show features similar to 
those seen in the lung or GI tract. 

  Immunoprofile . Well-differentiated tumors are positive for 
ER and PR; poorly differentiated small cell neuroendocrine 
carcinoma shows ER and PR positivity in 50 % of cases. 

  Molecular profile . These tumors have a  luminal A  molecu-
lar profile. 

  FNA findings . Cytomorphologic features are similar to 
those of neuroendocrine carcinomas of other sites, i.e., lung 
and GI tract.  

   Acinic Cell Carcinoma 

 This tumor is similar to the parotid gland counterpart, and it 
may be well to poorly differentiated to undifferentiated. It 
appears to have good prognosis, although axillary lymph 
node metastasis may occur. 

  Immunoprofile . There is cytoplasmic reactivity with alpha-
1- anti-chymotrypsin, amylase, lysozyme, EMA, and S-100 
protein. This tumor is negative for ER, PR, and HER2. 

  FNA findings . Cells have abundant granular cytoplasm, a 
round nucleus, and prominent nucleoli. The cytoplasm con-
tains zymogen granules or may be clear (“hypernephroid”).  

   Oncocytic Carcinoma 

 The tumor occurs in both sexes and predominantly in the 
seventh decade of life. 

  Histopathology . Oncocytic carcinoma is defined as breast 
carcinoma with >70 % oncocytic differentiation. Oncocytes 
have ample eosinophilic cytoplasm with numerous mito-
chondria. It is predominantly solid with variable nuclear 
pleomorphism and prominent nucleoli. Oncocytic carcinoma 
is indistinguishable from apocrine carcinoma on H&E stain. 

  Immunoprofile . The tumor is ER, PR, and HER2 positive 
in 80, 60, and 25 % of cases, respectively. GCDFP-15 (gross 
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cystic disease fluid protein-15) is negative and antimitochon-
drial antibody stain is strong and diffuse. 

  Molecular profile . The tumor often displays chromosomal 
gains of 11q and 19p13 similar to renal and thyroid oncocytic 
tumors.  

   Apocrine Carcinoma 

 Data suggest that many subtypes of breast cancer show apo-
crine differentiation in various proportions and that “apo-
crine carcinomas” do not represent a distinct entity. 

  Histopathology . This is a rare breast tumor that is indistin-
guishable from oncocytic carcinoma on usual histologic 
grounds. The eosinophilic cytoplasm has predominance of 
electron-dense cytoplasmic granules. Some cells may have 
empty vesicles and correspond to the foam cells seen histo-
logically in the clear cell variant. 

  Immunoprofile . The tumor is CK 7 negative, ER and PR 
negative, and androgen receptor positive; HER2 is overex-
pressed in 45 % of cases. GCDFP-15 is diffusely positive, and 
the antimitochondrial antibody stain is weak and focal. 

  FNA findings . Smears show fragments with a syncytial 
arrangement and single cells showing abundant granular 
eosinophilic cytoplasm, large nuclei, and prominent nucleoli. 
In  contrast to apocrine metaplasia, the carcinoma shows 
cell dissociation, a syncytial arrangement, cellular atypia, 
and pleomorphic, irregular, and hyperchromatic nuclei 
(Fig.  8.56 ).

      Lipid-Rich Carcinoma 

 The tumor occurs in women from the fourth to ninth decade 
of life. Half of the patients have axillary nodal metastases at 
diagnosis, and 38 % die within the first year after diagnosis. 
The tumor is defined as breast carcinoma with >90 % of cells 
containing cytoplasmic neutral lipids. Most cases show histo-
logic grade 3 and are ER and PR negative. There are no data 
on the genetic features of these tumors. Neoplastic cells show 
large, vacuolated, foamy lipid-laden cytoplasm.  
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   Glycogen-Rich Clear Cell Carcinoma 

 This tumor is more aggressive than carcinoma of no specific 
type. The median age at diagnosis is 57 years. This is defined as 
breast carcinoma with >90 % cells having glycogen-containing 
clear cytoplasm. The cells are polygonal with granular clear 
cytoplasm, hyperchromatic nuclei, and prominent nucleoli. 
ER is positive in 50 % of cases. HER2 and PR are negative in 
most cases. The differential diagnosis includes other clear cell 
primary or metastatic breast tumors, i.e., lipid-rich carcinoma, 
myoepithelioma, and metastatic renal cell carcinoma.  

   Squamous Cell Carcinoma 

 The diagnosis is made histologically. This carcinoma may 
occur as part of metaplastic carcinoma or as a pure tumor. 
The WHO includes this tumor under the category of meta-
plastic carcinoma.    

    Mesenchymal Tumors 

 Benign and malignant mesenchymal tumors such as nodular 
fasciitis, hemangiomas, desmoid-type fibromatosis, inflamma-
tory myofibroblastic tumor, leiomyoma, rhabdomyosarcoma, 
osteosarcoma, and leiomyosarcoma occur in the breast. 

a b

  Figure 8.56    Breast carcinoma with apocrine differentiation. Large 
cells with abundant granular cytoplasm, large nuclei, and prominent 
nucleoli are identified forming a syncytial pattern ( a , Diff-Quik stain 
high magnification;  b , Papanicolaou stain high magnification)       
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True sarcomas, i.e., osteogenic sarcoma, rhabdomyosarcoma, 
liposarcoma, and angiosarcoma, are rarer than metaplastic 
carcinoma, with malignant fibrous histiocytoma being the 
most common. 

 FNA findings of benign and malignant mesenchymal 
tumors are similar to those described in other chapters of this 
book. We describe granular cell tumor and angiosarcoma next. 

   Granular Cell Tumor 

 This almost always benign tumor of neural (Schwann cell) 
origin can be seen in the breast as a painless mass that mea-
sures up to 3 cm. It is multiple in 20 % of cases. These tumors 
can appear malignant clinically and radiologically. Tumors 
are firm and may cause skin and nipple retraction or involve 
pectoralis fascia. 

  Histopathology . The tumor shows infiltrative sheets, cords, 
or clusters of polygonal cells with indistinct cell borders; 
abundant granular cytoplasm (rich in lysosomes); a round, 
uniform nucleus; and conspicuous nucleoli (Fig.  8.57a ).

    Immunoprofile . The tumor is positive for S-100 protein 
and CD68 (lysosomal). Staining for keratins, myoglobin, 
GFAP, and lysozyme is negative. A tumor with a high level of 
Ki67 should be considered malignant, even if the tumor has 
few pathological features of malignancy. 

  FNA findings . Aspirates show numerous single and grouped 
cells with eosinophilic granular cytoplasm and oval to round 
nuclei with variable atypia. The cytoplasm is fragile, and its 
rupture results in a granular background and numerous free-
lying nuclei (Fig.  8.57b ,  c ). Atypia and necrosis may indicate 
a malignant granular cell tumor. The differential diagnosis 
includes alveolar soft-part sarcoma and rhabdomyosarcoma 
that show nuclear atypia; rhabdomyoma, a glycogen-rich 
benign tumor of striated muscle that has cells with granular 
cytoplasm and elongated cells showing squared well-defined 
borders; and cytoplasmic  cross-striations  standing out in a 
clean background. Rhabdomyomas are PAS positive, but 
S-100 protein negative. 
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  US features . US shows an oval hypoechoic spiculated nod-
ule with combined posterior acoustic enhancement and shad-
owing. The tumor may not be well circumscribed. 

   Angiosarcoma 

 This tumor can arise de novo in the breast or secondarily 
in the skin, breast, or chest wall in patients with a history 
of breast carcinoma treated with radiotherapy (the latent 
period is 7–10 years or more). Angiosarcoma associated with 
lymphedema in patients treated with mastectomy and axillary 
lymph node dissection has been described. Primary angiosar-
coma is the second most common sarcoma after malignant 
phyllodes tumor. Patients may have a painless mass or a 
diffuse breast enlargement with a bluish-red  discoloration 

a b

c

  Figure 8.57    Granular cell tumor. Cords of large cells with abundant 
granular cytoplasm and round nuclei surround a benign breast duct 
( a ). The smears show numerous cells with polyhedral appearance, 
abundant granular cytoplasm, and a granular background ( b ). The 
eosinophilic cytoplasm is best seen in the Papanicolaou-stained 
smear ( c ) ( a , H&E stain intermediate magnification;  b , Diff-Quik 
stain intermediate magnification;  c , Papanicolaou stain high magni-
fication)       
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when the skin is involved. Violaceous or erythematous skin 
nodules or variably sized plaques may be seen. The prognosis 
is dismal, and recurrence, metastases, and survival are inde-
pendent of tumor grade. 

  Histopathology . Well-differentiated angiosarcomas show 
anastomosing vascular channels with dilated or angulated 
lumina lined with endothelial cells that have large hyperchro-
matic nuclei (Fig.  8.58a ). Poorly differentiated angiosarcomas 
show vascular channels admixed with solid cellular areas 
exhibiting spindle or epithelioid cells, blood lakes, necrosis, 
and mitoses.

    Immunoprofile . CD31, CD34, and nuclear Fli-1 positivity 
support the diagnosis of angiosarcoma, particularly in poorly 
differentiated tumors. Of importance, keratin may be focally 
positive. 

a b

c

  Figure 8.58    Angiosarcoma. Histologic section shows anastomosing 
vascular channels lined with endothelial cells ( a ). Similar anasto-
mosing vessels are seen in the cytology smears ( b ). Rare aggregates 
of cuboidal cells forming microacini are also seen along with linear 
vessels ( c ) ( a , H&E stain low magnification;  b , Papanicolaou stain 
low magnification;  c , Diff-Quik stain high magnification)       
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  Molecular profile . Activating mutations of the receptor 
tyrosine kinase gene  KDR  have been described in some 
angiosarcomas. A high level of  MYC  amplification may be 
seen in angiosarcomas secondary to radiotherapy. 

  FNA findings . The cellularity may be sparse. Epithelioid 
and/or spindle cells with hyperchromatic nuclei and promi-
nent nucleoli are seen. Smears show a background of blood, 
necrosis, and hemosiderin-laden macrophages (Fig.  8.58b ,  c ). 

  US features . US shows a hyperechoic or a mixed hyper- 
and hypoechoic mass with indistinct, angular, or spiculated 
margins; the echotexture may be homogeneous or heteroge-
neous. Sometimes the mass may be lobular with circum-
scribed margins (“cloud-like”) and coarse calcifications. 
When the skin is involved, there is a round, oval, or irregular 
hypoechoic mass associated with the dermis with skin thick-
ening. The hypoechoic dermal nodules usually disrupt the 
dermal plate and extend to the underlying breast tissue.    

    Lymphoid Malignancies 

 Lymphomas in the breast are rare and may be primary or 
secondary to a systemic lymphoma. Most patients are post-
menopausal women, although lymphoma can occur in young 
women or in men. A painless mass or a multinodular breast 
is usually identified. The most common type of lymphoma in 
the breast is diffuse large B-cell lymphoma followed by extra-
nodal marginal zone lymphoma of the MALT type and fol-
licular lymphoma. Burkitt lymphoma, lymphoblastic 
lymphoma, and T-cell lymphomas including anaplastic large 
cell lymphoma (ALCL) have been described. 

  Histopathology . Histologic findings are identical to those 
of lymphomas in other sites. 

  Immunoprofile . Diffuse large B-cell lymphoma has a 
mature B-cell phenotype expressing CD20, CD79a, and 
PAX5. 

 Burkitt lymphoma has a mature B-cell phenotype express-
ing CD20, CD79a, and PAX5. Staining for CD10 and BCL6 is 
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positive and is negative for BCL2 and terminal deoxynucleo-
tidyl transferase. EBV sequences are detected by EBV-
encoded RNA (EBER) in situ hybridization. 

 T-cell lymphoma cells express the T-cell-associated mark-
ers CD2 and CD3. ALCL is positive for CD30 and EMA and 
negative for CD15 and CD20. 

 MALT lymphomas express CD20, CD79a, PAX5, and 
BCL2 and are negative for CD5, CD10, CD23, BCL6, and 
cyclin D1. 

 Follicular lymphomas express pan-B-cell markers CD20 
and CD79a as well as CD10, BCL6, and BCL2. 

  Molecular profile . Burkitt lymphoma has translocations 
involving the MYC gene and one of the immunoglobulin 
genes, most often  IGH @, and less often  IGK  @  or  IGL  @ . 

 Most ALCLs show a clonal rearrangement of the T-cell 
receptor gene. 

 MALT lymphomas of the breast show a clonal rearrange-
ment of the immunoglobulin genes. Cytogenetic  abnormalities 
characteristic of other MALT lymphomas, e.g., t(11;18)
(q21;q21), have not been reported. 

 The characteristic t(14;18)(q32;q21) seen in follicular lym-
phomas has not been systematically evaluated in primary 
follicular lymphomas of the breast. 

  FNA findings . Cytologic findings are similar to those of 
lymphomas in lymph nodes or other sites. 

  US features . Breast involvement shows a well-defined to 
irregular hypoechoic mass or masses, skin thickening, and 
dilated subdermal lymphatics. Lymph nodes are markedly 
hypoechoic with thickening of the hypoechoic cortex, a bulg-
ing contour, and attenuation of the central fatty hilum.  

    Tumors of the Male Breast 

   Gynecomastia 

 Gynecomastia is a hormonally dependent, often unilateral 
lesion that occurs in adolescents and older male patients. 
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It may be idiopathic or drug related, i.e., related to digitalis, 
reserpine. Patients have a palpable tender subareolar and ill-
defined mass. 

  Histopathology . There is proliferation of the ductal and 
mesenchymal elements. Branching ducts with variable 
degrees of cellular hyperplasia are seen. Squamous and apo-
crine metaplasia may occasionally be present, and atypical 
ductal hyperplasia is rarely seen (Fig.  8.59a ).

    Molecular profile . Except in gynecomastia associated with 
Klinefelter syndrome, there is no underlying genetic 
abnormality. 

  FNA findings . Cellularity is variable and is higher in early 
lesions and sparse in long-standing lesions. The smear pattern 
is similar to that of fibrocystic change, including benign ductal 
epithelial cells and myoepithelial cell nuclei. Cellular smears 

a b
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  Figure 8.59    Gynecomastia. There is proliferation of mesenchymal 
stroma and ductal epithelium ( a ). Smears show sheets of benign 
ductal epithelial cells with myoepithelial cell nuclei similar to those 
seen in fibrocystic change ( b ). The US images in this case show slight 
breast tissue prominence ( c   arrows ) with minimal vascularity by 
Doppler exam ( c ,  d ) ( a , H&E stain low magnification;  b , Diff-Quik 
stain high magnification)       

 

R.H. Bardales and E. Leonardo



435

resemble those of fibroadenoma (Fig.  8.59b ). Slight cellular 
and nuclear atypia with nucleoli may be seen. 

  US features . The area of palpable abnormalities shows 
normal tissue on US (Fig.  8.59c ,  d ).  

   Carcinoma 

 Male breast DCIS and invasive carcinoma are rare and affect 
slightly older men than women. Conditions that may increase 
the risk of breast cancer in men include obesity, cryptorchi-
dism, liver cirrhosis, diabetes, and hyperthyroidism. 
Occupational exposure to petrol and airline fuel has been 
suggested to increase the risk of breast cancer. Approximately 
15 % of males with breast cancer have a family history of 
breast or ovarian carcinoma. Patients have a palpable pain-
less mass, usually in the subareolar area, and often have nip-
ple retraction, fixation, ulceration, and discharge. Axillary 
lymphadenopathy may be present in 50 % of cases. The over-
all survival is poor compared with women who have breast 
cancer. 

  Histopathology . The histopathology is similar to that of 
female breast carcinoma. It seems that papillary carcinoma 
and Paget disease are more prevalent in men than in women. 
Invasive carcinoma of no special type is the most common, 
and lobular carcinoma is very rare. 

  Immunoprofile . Positivity for ER and PR is present in 
>80 % of cases and HER2 overexpression is rare. PR negativ-
ity and p53 accumulation seem to correlate with high-grade 
phenotype, aggressive clinical course, and decreased 5-year 
survival rate. High-grade tumors with high mitotic activity 
also have been correlated with HER2 overexpression, low 
bcl-2 expression, high Ki67, and high p21 expression. 

  Molecular profile . Luminal A (ER + and/or PR+ and 
 HER2 - or Ki67 low) is the most common subtype (75 % of 
cases), followed by luminal B (ER + and/or PR+ and  HER2 + 
or Ki67 high) subtype (21 %). Basal-like (ER−, PR−,  HER2 −, 
CK5/6+ and/or CK14+ and/or EGFR+) and unclassified 
(triple negative for all markers) subtypes are very rare.    No 
 HER2 -driven (ER−, PR−,  HER2 +) subtype cases have been 
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reported in a study of 134 male breast cancers. Male carriers 
of  BRCA2  gene mutations have a 7 % risk of developing 
breast cancer at the age of 70 years. The association of male 
breast cancer and  BRCA1  germline mutation is weaker than 
that for  BRCA2 . The distribution of molecular subtypes is 
different from that of female breast cancer and suggests dif-
ferences in carcinogenesis. 

  FNA findings . Smear patterns are similar to those described 
for female breast cancer (Fig.  8.60a ,  b ).

    US features . US features are similar to those of female 
breast carcinoma (Fig.  8.60c ,  d ).    

    Metastasis in the Breast 

 Metastases to the breast are rare, but occasionally they may 
be the first manifestation of the malignancy. Primary mam-
mary carcinoma is mimicked in these cases. The most  common 

a

c

b

d

  Figure 8.60    Male breast carcinoma. Cytologic features ( a ,  b   arrow  
points tumor cells) and US characteristics ( c ,  d   arrows  point breast 
mass) are similar to those seen in female breast carcinoma ( a ,  b , 
MGG stain intermediate high magnification)       
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 primary sites of origin include melanoma, lymphoma, as well as 
lung, ovary, and soft tissue sarcomas. Prostate carcinoma is the 
most common source in men (Fig.  8.61 ). Melanoma and carci-
noma of the ovary or kidney may be the source of metastasis 
years after the primary diagnosis. In children, rhabdomyosar-
coma and lymphoma are the most common primary sites. The 
patients usually have a single palpable, painless, round mass; 
multiple masses are rare. Mass calcifications and spiculated 
borders are less common than in primary breast carcinomas. 
In questionable cases, comparison with the original tumor 
histopathology (known in 80 % of cases) is important for a 
definitive diagnosis, along with immunohistochemistry. Clinical 
history and imaging studies are also crucial for diagnosis.

    Immunoprofile . ER-, PR-, and HER2-negative tumors in 
the absence of an in situ component should alert the patholo-
gist to strongly consider a metastatic deposit. However, tri-
ple-negative breast cancer shows the same immunophenotype; 
ER and PR positivity is seen in metastasis from gynecologic 
primaries; GCDFP-15 has been reported in 5 % of lung car-
cinomas and TTF-1 in 2.5 % of breast carcinomas. Of note, 
GCDFP-15 and mammaglobin A are the most specific breast 
markers, but they have low sensitivity. 

  US features . There is usually a single round, hypoechoic 
mass, sometimes showing a heterogeneous echotexture and 
well or poorly defined borders with no posterior acoustic 
shadowing.  

a b

  Figure 8.61    Unusual cases of metastatic malignancy to the breast 
include small cell carcinoma ( a ) in a 40-year-old woman with pri-
mary lung small cell carcinoma. In males, metastatic prostatic carci-
noma may be seen ( b ) ( a ,  b , MGG stain high magnification)       
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    Axillary Lymph Node Evaluation 
in Breast Cancer 

 The status of the axillary lymph nodes is the most important 
prognostic factor in the evaluation of a patient with breast 
cancer. Evaluation of the sentinel lymph node is important 
for prediction of the status of the axillary lymph nodes. Thus, 
lymph node US characteristics and pathologic study are 
essential before a management decision is made. USG-FNA 
is simple, inexpensive, minimally invasive, and accurate for 
evaluating axillary nodes, including sentinel lymph nodes, and 
can be made under US guidance (Fig.  8.62a ,  b ).

   Axillary lymph node dissection is associated with signifi-
cant morbidity; thus, accurate lymph node evaluation to 
detect macrometastasis (>2 mm) or micrometastasis (≤2 mm), 
both intraoperatively and on permanent sections, is para-
mount in patient management. Pancytokeratin immunostains 
are commonly used to highlight the metastatic deposits. It is 
clear that US exam and USG-FNA are simple and cost-
effective methods to detect axillary metastasis and proceed 
to axillary lymph node dissection and avoid sentinel lymph 
node biopsy. Obviously, this is useful in sizable metastatic 
involvement and may not be useful to accurately detect small 
foci including micrometastasis. This practice needs further 
evaluation in view of undergoing treatment trials in patients 
with sentinel lymph node micrometastasis that may not 
require axillary lymph node dissection. 

  US features . A normal US appearance of an axillary lymph 
node includes size <2 cm, cortical thickness <2 mm, regular 
uniform borders, oval shape, presence of hilum, and hilar 
vascularity. Abnormal nodes may show >2 mm uniform con-
centric cortical thickening, eccentric cortical thickening, a 
bulging contour, round shape (taller than wide), loss of fatty 
hilum, an irregular cortical shape, and irregular vascular flow 
(central and peripheral/cortical) (Fig.  8.62c ). None of these 
features is specific for a benign or malignant process.     
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   Invasive breast cancer 
 adenoid cystic carcinoma , 

415–417  
 carcinoma with medullary 

features , 413–415  
 cribriform carcinoma , 411  
 ductal carcinoma , 401–405  
 infl ammatory carcinoma , 

421–422  
 lobular carcinoma , 405–409  
 metaplastic carcinoma , 

417–420  
 micropapillary carcinoma , 

420–421  
 mucinous (colloid) 

carcinoma , 411–413  
 Paget disease , 422–424  
 papillary carcinoma , 420  
 tubular carcinoma , 409–410  
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    K 
  Kaposi’s sarcoma , 297, 298  

 cell clusters , 256  
 oral cavity and 

lymph nodes , 256  
 red blood cells , 256, 257  
 spindle cell processes , 258  
 tissue section , 256, 257  

    L 
  Large cell lymphoma , 299–301  
   Lateral region, head and neck 

 branchial cleft cyst , 245–247  
 carotid body paraganglioma/

tumor , 242–244  
 cervical thymic cyst , 247, 249  
 cystic hygroma , 250  
 dermoid cyst , 249–250  
 peripheral nerve sheath 

tumors , 244–245  
 teratoma , 250–251  

   Lipid-rich carcinoma , 427  
   Lipoma, head and neck 

 benign mesenchymal 
tumors , 130  

 liposarcomas , 252  
 mature adipose tissue , 252  
 pleomorphic cells , 252, 253  
 subcutaneous tissue , 252  
 ultrasound , 252, 253  

   LN.    See  Lobular neoplasia (LN) 
   Lobular carcinoma 

 description , 405  
 FNA fi ndings , 409  
 histopathology , 405–407  
 immunoprofi le , 405–408  
 molecular profi le , 407, 408  
 US features , 409  

   Lobular neoplasia (LN) , 399–401  
   Lymphadenopathy 

 adult T-cell leukemia/
lymphoma , 309–310  

 ALCL , 311–314  
 bacterial , 291  
 BL , 307  

 cat scratch disease , 294–295  
 follicular lymphomas , 301–302  
 granulomatous , 291–294  
 HIV-1 , 296–298  
 HL , 313, 315–317  
 infectious mononucleosis , 

295–297  
 large cell lymphoma , 299–301  
 marginal zone lymphoma , 

305–307  
 MCL , 304–305  
 NHL , 298–299  
 precursor B-and T-cell 

lymphomas , 307–309  
 PTCL , 310  
 reactive and infectious 

nodes , 298  
 reactive hyperplasia , 

286, 289–290  
 Sézary syndrome , 310–311  
 small lymphocytic 

lymphoma , 302–304  
   Lymph nodes 

 anatomy and histology , 
268–270  

 clinical considerations , 
267–268  

 FNA   ( see  Fine-needle 
aspiration (FNA)) 

 lymphadenopathy , 286–317  
 neck levels   ( see  Neck levels, 

lymph nodes) 
 US features   ( see  Ultra 

sound (US), 
lymph node) 

   Lymphoepithelial 
cysts , 195–196  

   Lymphoid malignancies 
 description , 432  
 FNA fi ndings , 433  
 histopathology , 432  
 immunoprofi le , 432  
 molecular profi le , 433  
 US features , 433  

   Lymphomas, salivary glands 
 immunophenotype , 180  
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 large B-cell lymphoma , 
180, 181  

 parotid/submandibular 
space , 180  

 pseudocystic , 180  

    M 
  Male breast tumors 

 carcinoma , 435–436  
 gynecomastia , 433–435  

   Mantle-cell lymphoma 
(MCL) , 304–305  

   MAPK.    See  Mitogen-activated 
protein kinase 
(MAPK) 

   Marginal zone lymphoma , 
305–307  

   MCL.    See  Mantle-cell 
lymphoma (MCL) 

   MEC.    See  Mucoepidermoid 
carcinoma (MEC) 

   MEN.    See  Multiple endocrine 
neoplasia (MEN) 

   Merkel cell tumor , 256, 257  
   Mesenchymal tumors 

 description , 428–429  
 granular cell , 429–432  

   Metaplastic carcinoma 
 description , 417–418  
 FNA fi ndings , 418, 419  
 histopathology , 418, 419  
 immunoprofi le , 418  
 molecular profi le , 418  
 US features , 420  

   Metastases malignancies, 
lymph node 

 in adults 
 breast carcinoma , 324, 326  
 melanoma , 325–328  
 Merkel cell carcinoma , 

328–329  
 mesenchymal 

malignancies , 330  
 nasopharyngeal 

carcinoma , 321–323  

 papillary thyroid 
carcinoma , 323–325  

 squamous cell carcinoma , 
319–322  

 Virchow’s lymph node , 
330, 331  

 calcitonin levels , 318  
 cell patterns , 319  
 description , 316  
 immunostains , 317, 318  

   Metastatic carcinomas 
 breast ductal carcinoma , 258  
 hypoechoic mass , 259  
 mediastinal lymph nodes , 315  
 renal cell carcinoma , 258–259  
 small cell carcinoma , 258–259  
 subcutaneous tissue 

mass , 258, 259  
   Micropapillary carcinoma , 

420–421  
   Mitogen-activated protein 

kinase (MAPK) , 
80, 81, 92, 94, 115  

 angiogenesis , 145  
 BRAF in papillary 

carcinoma , 93  
 RAS in follicular 

carcinoma , 81  
 RET 

 in medullary 
carcinoma , 115  

 in papillary carcinoma , 94  
 signaling pathway , 80  
 synergistic signaling 

pathways , 124  
 tyrosine kinase 

inhibitors , 144  
   Mucinous carcinoma , 411–413  
   Mucinous cystic lesions 

 MEC , 199–201  
 obstructive sialopathy 

 cystic cavity , 197  
 lining epithelium , 196  
 submandibular gland 

lesion , 197  
 sialolithiasis , 197–198  
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   Mucoepidermoid carcinoma 
(MEC) 

 clear cells , 199  
 cytoplasmic mucin , 200  
 extracapsular invasion , 

200, 201  
 facial nerve , 199  
 malignant neoplasm , 199  
 malignant tumors , 200  
 mucinous cells , 425  
 mutations , 200  
 oncocytic cells , 199  
 thyroid tumors , 130  

   Multiple endocrine neoplasia 
(MEN) , 38, 113, 114  

   Myoepithelial carcinoma , 365  
 adenoid cystic carcinoma , 222  
 aneuploid , 216  
 benign salivary gland 

tumor , 216  
 collagenous stroma , 222  
 cystic and tubular 

components , 214  
 cytogenetic alterations , 223  
 cytokeratins , 221  
 Doppler examination , 223  
 facial nerve paralysis , 214  
 hypoechoic mass , 223, 224  
 neoplastic cells , 214  
 plasmacytoid cells , 221  

    N 
  National Cancer Institute 

(NCI) , 59  
   NCI.    See  National Cancer 

Institute (NCI) 
   Neck levels, lymph nodes 

 Level I 
 submental (Ia) and 

submandibular 
(Ib) , 269  

 US examination , 271–273  
 Level II, III and IV 

 cervical/internal jugular 
chain , 272  

 US examination , 273–276  

 Level V 
 posterior triangle 

lymph nodes , 275  
 supraclavicular 

area , 274, 277  
 US examination , 275  

 Level VI 
 anterior central 

compartment , 270, 275  
 paratracheal 

lymph nodes , 276  
 US examination , 276  

 Level VII 
 suprasternal/superior 

mediastinum , 277  
 US , 278  

 Lymph nodes 
 buccal region , 278  
 parotid-area , 278  
 retroauricular and 

occipital , 278  
   NHL.    See  Non-Hodgkin 

Lymphoma (NHL) 
   Nodular fasciitis , 

259–260, 419, 428  
   Non-Hodgkin Lymphoma 

(NHL) , 298–299  
   Non-mucinous cystic lesions 

 alpha-amylase 
crystals , 194, 195  

 lymphoepithelial cysts , 
195–196  

 oncocytic cell secretion , 
194  

 polyhedral and multifaceted 
crystals , 194, 195  

 tyrosine crystals , 194  
   Nonneoplastic breast 

masses 
 cysts , 349, 351–352  
 fat necrosis , 357–359  
 fi broadipose tissue 

prominence/lipoma , 
357, 358  

 mastitis , 352–355  
 subareolar abscess , 

355–357  
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   Normal breast 
 ductal cells , 336, 337  
 epithelial and myoepithelial 

cell layers , 335, 336  
 immunohistochemistry 

 acinar cells , 336  
 basal lamina , 336  
 ductal luminal cells , 338  
 myoepithelial cells , 

337–338  
 tubulo-lobular unit , 338, 339  

 lobular cells , 336, 337  
 ultrasound 

 band , 340, 341  
 hyperechoic band , 340  
 nipple , 340, 342  

    O 
  Oncocytic carcinoma , 214, 217, 

423, 426–427  
   Oncocytoma, FNA 

 eosinophilic cytoplasm , 212  
 lymphoid cells , 214, 215  
 Power Doppler , 213  
 Warthin’s tumor , 212  

   OPA.    See  Outpatient Pathology 
Associates (OPA) 

   Osteogenic sarcoma , 429  
 hyperparathyroidism , 263  
 maxillary bone , 263, 264  
 necrosis and mitoses , 263  
 stromal cells , 263  

   Outpatient Pathology Associates 
(OPA) , 1, 14, 135  

    P 
  Paget disease , 422–424  
   Papillary carcinoma , 420  
   Papillary thyroid carcinoma (PTC) , 

71, 79, 86, 89, 92–95  
 clinical fi ndings , 91  
 columnar cell variant , 107  
 cribriform-morular variant , 

107–108  
 cystic variant , 103–104  

 diffuse sclerosing variant , 
101–103  

 DNA ploidy , 91  
 FNA fi ndings , 95–98  
 follicular variant , 99–101  
 histopathology , 91–92  
 immunoprofi le , 92  
 long-term prognosis , 91  
 lymph node metastasis , 

109–113  
 macrofollicular variant , 101  
 molecular profi le , 92–95  
 oncocytic variant , 105  
 tall-cell variant , 105–107  
 thyroid malignancy , 91  
 US features , 98–99  

   Parathyroid cysts 
 description , 160  
 FNA fi ndings , 161–162  
 US features , 161  

   Parathyroid gland 
 adenoma , 152–154  
 carcinoma , 154  
 chief cell hyperplasia , 154–155  
 cysts   ( see  Parathyroid cysts) 
 description , 151  
 histology , 151–152  
 hyperparathyroidism , 152  
 US examination , 155–160  
 water-clear cell 

hyperplasia , 155  
   Parotid region, head and neck 

 branchial cleft cyst , 241–242  
 pilomatrixoma , 240–241  

   PDTC.    See  Poorly differentiated 
thyroid carcinoma 
(PDTC) 

   Peripheral nerve sheath tumors 
 cell clusters , 245  
 cystic degeneration , 245, 246  
 fi brillary processes , 244  
 FNA cytomorphology , 245  
 lymphoid cells , 245  
 mitosis and necrosis , 244  
 pleomorphic adenoma , 245  
 schwannoma , 244  
 spindle cells , 245, 246  
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   Peripheral T-cell lymphoma 
(PTCL) , 286, 310  

   Phyllodes tumors 
 description , 363  
 FNA fi ndings , 365  
 histopathology , 363–364  
 immunoprofi le , 364  
 molecular profi le , 364–365  
 US features , 365  

   Pilomatrixoma 
 basaloid cells , 241, 254  
 calcifi cations , 241, 255  
 carcinomas , 254  
 cytoplasm , 253  
 Diff-Quik stain , 253  
 Doppler exam , 254, 255  
 hair matrix , 251  
 hypoechoic oval mass , 254  
 smears , 241  
 US image , 241  

   Pleomorphic adenoma, FNA 
 atypia and sebaceous , 187, 188  
 benign mixed tumor , 184–186  
 crystalloids , 183  
 cytologic features , 184–186  
 differential diagnosis , 417  
 ductal cells , 184  
 epithelial and stromal 

elements , 182  
 hypoechoic solid mass , 187  
 metastasis , 188  
 mucoepidermoid carcinoma , 

185–186  
 myoepithelial cells , 184  
 myxochondroid matrix , 183  
 necrosis and cellular , 185  
 periareolar area , 373  
 peripheral nerve sheath 

tumors , 184  
 podoplanin , 184  
 polymorphous low-grade 

adenocarcinoma , 
188–190  

 squamous and metaplasia , 
187, 188  

 US characteristics , 185–187  

   Polymorphous low-grade 
adenocarcinoma 

 adenoid cystic carcinoma , 
189–190  

 cell features , 189–190  
 myxoid matrix , 189  
 neoplastic cells , 189  
 oral cavity , 188  
 pseudoepitheliomatous 

hyperplasia , 189  
 tumor cells , 188  

   Poorly differentiated thyroid 
carcinoma (PDTC) , 90  

   Precursor B-and T-Cell 
lymphomas , 307–309  

   PTCL.    See  Peripheral T-cell 
lymphoma (PTCL) 

    R 
  Ranula, head and neck 

 aspirates , 234  
 diving ranula , 234  
 lining epithelium , 234  
 mucocele , 234, 235  

   Reactive lymphoid hyperplasia , 
286, 289–290  

   Riedel thyroiditis , 127  

    S 
  Salivary duct carcinoma 

 breast cancer molecular , 218  
 ductal breast carcinoma , 

219, 220  
 GCDFP-15 , 218  
 malignant neoplasms , 219  
 metastatic adenocarcinoma , 

219, 221  
 neoplastic cells , 218  
 parotid gland , 218  
 Stensen’s duct , 219  

   Salivary glands 
 adenoid cystic carcinoma , 416  
 mucoepidermoid 

carcinoma , 425  
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 mucous and serous acini , 165  
 myoepithelial cells , 165  
 parotid gland , 165, 166  
 small cell carcinoma , 329  
 submandibular and 

sublingual , 165, 166  
 US   ( see  Ultrasound (US)) 

   Secretory carcinoma , 
211–212, 401  

 FNA fi ndings , 425  
 histopathology , 423–424  
 immunoprofi le , 425  
 molecular profi le , 425  
 US features , 425  

   Sézary syndrome , 285, 286, 
310–311  

   Sialolithiasis 
 cyst and abscess 

formation , 198  
 metaplasia and crystals , 198  
 mucinous smear pattern , 198  
 parenchymal stones , 198  
 stone fragments , 197–198  
 unilateral lesion , 197  

   Sjögren's syndrome , 180  
   Skin and scalp 

 basal cell carcinoma , 255  
 cutaneous squamous cell 

carcinoma , 256  
 cylindroma , 255  
 Kaposi’s sarcoma , 256, 257  
 Merkel cell tumor , 256, 257  
 metastatic carcinomas , 

258–259  
 pilomatrixoma , 253–255  
 recurrent skin neoplasms , 253  
 sebaceous carcinoma , 256  

   Small lymphocytic lymphoma , 
302–304  

   Solid papillary carcinoma , 
383–384  

   Spindle cells, FNA 
 cellularity , 432  
 histopathology/cytology , 220  
 lymphocytes , 77  
 myoepithelial cells , 366  

 myoepithelioma   
( see  Myoepithelial 
carcinoma) 

   Squamous cell carcinoma , 428  
   Submental/sublingual regions, 

head and neck 
 dermoid cysts , 234–235  
 epidermoid cysts , 234  
 follicular cells and colloid , 236  
 ranula , 234  
 thyroglossal duct cyst , 236  
 tongue tumors , 236  

   Supraclavicular region 
 lymphadenopathy , 330  
 metastatic anaplastic-type 

carcinoma , 330, 331  
 Virchow’s node , 275, 330  

   Synovial sarcoma 
 adenocarcinoma , 264  
 cell block preparation , 264  
 epithelioid cells , 264  
 metastases , 263  
 nasopharynx , 263  
 vascular fl ow , 264  

    T 
  TBII.    See  Thyrotropin-binding 

inhibitor 
immunoglobulin 
(TBII) 

   TG.    See  Thyroglobulin (TG) 
   Thyroglobulin (TG) , 38, 92  
   Thyroglossal duct , 76  

 carcinoma , 237–239  
 congenital mass , 237  
 cytomorphology , 237  
 hyoid bone , 237  
 lining epithelium , 237  
 metaplastic cells , 237–239  
 neoplasms , 237  
 papillary carcinoma , 239, 240  
 squamous cell carcinoma , 237  
 strap muscles , 237  
 tissue sections , 237, 238  
 US imaging , 239, 240  
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   Thyroid gland , 151  
 FLUS and AUS , 135–146  
 FNA   ( see  Fine-needle 

aspiration (FNA)) 
 minimally invasive 

procedures , 146–147  
 nonthyroidal anomalies , 

35–36  
 normal thyroid gland , 33–35  
 with patient , 36–39  
 ultrasound characteristics , 

39–50  
 USG-FNA   ( see  US-guided 

(USG)-FNA) 
   Thyroiditis , 48, 50, 135–136  

 acute suppurative , 76  
 autoimmune , 69–73  
 chronic fi brous/ligneous , 77  
 granulomatous , 69  
 subacute granulomatous , 

74–75  
 subacute lymphocytic , 75  
 ultrasonography , 69  

   Thyroid malignancies , 136  
 medullary thyroid carcinoma , 

113–118  
 PDTC , 90–91  
 poorly differentiated 

carcinoma , 119–120  
 primary thyroid tumors , 

130–133  
 PTC   ( see  Papillary thyroid 

carcinoma (PTC)) 
 thyroid cancer recurrences , 

108–109  
 thyroid lymphoma , 127–130  
 undifferentiated carcinoma , 

120–127  
   Thyroid peroxidase (TPO) , 69  
   Thyroid-stimulating hormone 

(TSH) , 37, 67, 69, 81, 143  
   Thyroid-stimulating 

immunoglobulin 
(TSI) , 67  

   Thyrotropin-binding inhibitor 
immunoglobulin 
(TBII) , 67  

   TPO.    See  Thyroid peroxidase 
(TPO) 

   Triple test , 334  
   TSH.    See  Thyroid-stimulating 

hormone (TSH) 
   TSI.    See  Thyroid-stimulating 

immunoglobulin (TSI) 
   Tubular carcinoma , 368, 401  

 FNA fi ndings , 410  
 histopathology , 409  
 immunoprofi le , 409  
 molecular profi le , 409–410  
 US features , 410  

    U 
  UDH.    See  Usual ductal 

hyperplasia (UDH) 
   Ultrasound (US) 

 acoustic impedance and 
shadowing , 6, 9  

 benign and malignant 
 cystic lesions , 170, 171  
 echotexture , 170–172  
 extracapsular 

invasion , 170  
 lymphadenopathy , 

172–173  
 pleomorphic adenoma , 

170, 171  
 tumor vascularity , 172–174  
 Warthin’s tumors , 172–174  

 benign lesions , 6  
 blood fl ow speed , 9, 10  
 breast masses 

 adipose tissue 
prominence , 343  

 Bi-Rads a  terminology and 
categories , 347–348  

 fat necrosis , 344, 345  
 fi broadenoma , 341, 342  
 information , 347  
 malignant lesion , 344–347  
 medullary carcinoma , 

342, 343  
 simple cyst , 343, 344  
 solid lesions , 340–341  
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 cystic lesion , 7, 10  
 diagnostic modality , 170  
 Doppler imaging , 1  
 FNA   ( see  Fine-needle 

aspiration (FNA)) 
 frequency, sound waves , 4  
 hertz (Hz) , 4  
 hyperechoic mass , 6–9  
 intraparotid lymph nodes , 166  
 isoechoic nodule , 6, 7  
 linear-array transducer 

probe , 1, 4, 6  
 lipoma , 5  
 lymph node 

 border , 279, 280  
 calcifi cation , 282, 283  
 confl uence , 280, 281  
 echogenicity , 281  
 hilum , 282  
 intranodal reticulation , 282  
 lymphomas , 316  
 metastases , 330–331  
 necrosis , 282, 283  
 nodal vascular pattern , 

283–284  
 shape , 279, 280  
 size , 278–279  

 mammary carcinoma , 6, 9  
 MyLab50 , 1, 3, 4  
 mylohyoid muscle , 167  
 normal breast 

 band , 340, 341  
 hyperechoic band , 340  
 nipple , 340, 342  

 parathyroid glands 
 features , 156, 157  
 FNA fi ndings , 158–160  
 small lesions detection , 155  
 uses , 155  
 USG-FNA , 158  

 parotid space and gland , 166, 
167  

 piezoelectric crystals , 5  
 Siemens Acuson , 1, 2  
 soft tissues , 6  
 submandibular and sublingual 

spaces , 167–169  

 submental , 168–169  
 superfi cial organs , 5  
 thyroid imaging , 6–8  
 vascular studies , 8, 9, 11  

   Ultrasound-guided-fi ne-needle 
aspiration (USG- 
FNA) , 158  

 aspiration procedure , 18–19  
 clinical evaluation 

 anamnesis , 16  
 examination , 17  
 reception desk , 15–16  
 sample triage , 17–18  
 tactile physical 

examination , 17  
 contraindications , 19  
 outpatient pathology 

statistics , 14, 15  
 parallel approach 

 during procedure , 27–28  
 before steps , 26–27  
 USG-CBx , 28–29  
 visualization, needle 

length , 19, 20  
 perpendicular approach 

 needle tip , 19, 20  
 during procedure , 23–26  
 before steps , 21–24  

 specimen handling , 29–30  
   US.    See  Ultrasound (US) 
   USG-FNA.    See  Ultrasound-

guided- fi ne-needle 
aspiration (USG-FNA) 

   US-guided (USG)-FNA 
(USG-FNA) , 14, 16–18, 
30, 223, 334, 381, 438  

 advantages , 54–56  
 approaches , 19–21  
 contraindications , 19  
 cytology , 135  
 evaluation , 52  
 nuclear features , 136  
 papillary thyroid 

carcinoma , 49  
 parallel approach , 26–27  
 perpendicular approach , 

21–26  
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 US-guided (USG)-FNA 
(USG-FNA) ( cont .) 

 refl ex ancillary tests , 139  
 specimens , 29–30  
 supine position , 50  
 TBS , 59–62  
 thyroid nodules 

 cat’s eye artifact , 49  
 comet-tail artifact , 49  
 complex nodule , 42  
 cystic thyroid nodule , 41  
 hypoechoic 

subcentimeter , 44  
 indications , 40, 50–54  
 irregular margins , 46  
 isoechoic nodule , 47  
 microcalcifi cations/

microrefl ectors , 45  
 nodule vascularity , 48  
 patient , 36–37  
 predominantly solid 

nodule , 43  
 smooth and well-defi ned 

margins , 46  
 solid homogeneous , 44  
 spongiform nodule , 41  
 thyroglobulin level , 110  
 transverse and 

longitudinal 
views , 52, 54  

 ultrasound 
characteristics , 39  

 TSH levels , 37  
 US features , 48–49  
 and USG-CBx , 27–29  
 US-visible nodule , 37  

   US imaging , 13, 241  
   Usual ductal hyperplasia 

(UDH) , 376–378  

    V 
  Virchow’s lymph node , 330, 331  

    W 
  Warthin’s tumor , 

170–175, 179, 181  
 acinic cell carcinoma , 191  
 cystic squamous cell 

carcinoma , 191  
 cytologic features , 191–193  
 epithelial cells , 190  
 epithelial/lymphoid 

malignancy , 190  
 mucoepidermoid 

carcinoma , 191  
 mucous and goblet cells , 190  
 oncocytic cells , 191  
 power Doppler , 192  

   Water-clear cell hyperplasia , 155          
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