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  Pref ace   

 To effectively help a clinician make an optimal personalized thera-
peutic decision, it is important for a cytopathologist not only to 
make an accurate diagnosis on fine-needle aspiration (FNA) 
samples but also to provide prognostic and therapeutically predic-
tive information. Knowledge of clinicians’ needs and clinical 
impact of a FNA diagnosis is of paramount importance during the 
workup of a metastatic neoplasm. 

 This book provides a road map with which to navigate the 
thought process in reaching a proper final FNA diagnosis. In con-
trast to most cytology books that describe the morphologic features 
and ancillary study findings of each disease entities in various 
organ systems in a “horizontal and detail manner,” this book is 
organized in a “longitudinal and cohesive fashion” to address diag-
nostic thought process, starting from rapid on-site immediate 
evaluation and sample triage strategy. The main framework of 
diagnostic approach includes metastatic pattern, morphologic pat-
tern, and immunophenotypic pattern. The morphologic evaluation 
is stratified into lineage-specific and lineage-nonspecific patterns 
and the general cytologic features and differential diagnoses of the 
major entities/subtypes (rather than each individual tumor entities) 
are summarized. A systematic, tired algorithm is well outlined in 
immunoperoxidase workup. The pitfalls or traps that may be 
encountered in daily practice are emphasized and the solutions or 
tips are provided together with high- quality cytologic images, 
many of which have corresponding histologic or cell block images 
and immunostaining  illustrations. A multidisciplinary approach is 
the key to avoid erroneous diagnosis. 
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 This book may also serve as a reference for commonly used 
immunostaining makers (Tables   4.1     and   4.2    ) and characteristic 
phenotypes of the common tumor entities within each of the four 
major lineages (i.e., epithelial, melanocytic, hematopoietic, and 
mesenchymal) (Tables   4.8    ,   4.9    ,   4.10    , and   4.11    ) and their main 
subtypes. Flow cytometric immunophenotyping, cytogenetic, and 
molecular studies including recently developed and promising 
markers that may change pathology practice are also covered. 

 In the era of molecular diagnostics and targeted personalized 
therapy, a high-quality tumor sample is imperative. The book 
shares practical experience of MD Anderson and covers the strategies 
regarding how to use small and limited FNA samples for making 
the most informative diagnosis and how to preserve tumor tissues 
for cytogenetic and genomic tests that, in turn, facilitate diagnosis 
and targeted therapies. 

 I believe that this book is a helpful complement to many excellent 
cytologic books and hope that you will find the book useful in your 
daily practice. Any feedback from you is very much welcomed. 

   Special Acknowledgment  

 The author wishes to express her gratitude to the following for 
their valuable help to the book: 

 Kim-Anh T Vu at the Department of Pathology for editing 
images of the book.

Houston, TX, USA Yun Gong, MD    
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            Fine-needle aspiration (FNA) is a safe,    simple, rapid, and 
 cost-effective procedure that allows the acquisition of samples not 
only from superfi cial and large lesions but also from small or deep-
seated lesions. In addition, it allows for sampling multiple lesions 
during the same biopsy procedure. Therefore,  FNA   is often used as 
an initial diagnostic modality to work up metastatic tumors at 
almost any body site. It  provides valuable information that enables 
clinicians and  oncologists to evaluate patients’ prognosis and 
design optimal therapeutic strategies, including planning preoper-
ative management for patients with operable tumors and choosing 
adequate medical therapy for patients with non-resectable tumors 
or hematopoietic malignancies. 

 To make a  proper   cytologic diagnosis, these key questions 
should be considered step by step:

•    Is the lesion neoplastic or nonneoplastic?  
•   If it is neoplastic, is it benign or malignant?  
•   If it is malignant, what is its cell lineage (i.e., epithelial, mela-

nocytic, hematopoietic, or mesenchymal)?  
•   In cases of epithelial malignancy (i.e., carcinoma), what is the 

subtype (e.g., adenocarcinoma, squamous carcinoma, neuroen-
docrine carcinoma, or others)?  

•   If it is a malignant tumor, is it a primary tumor or a  metastatic 
disease (regardless of its cell lineage)?  

•   If it is a metastasis, what is its primary origin?    

    Chapter 1   
 Introduction       
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 The main  strategies   used in an FNA diagnosis of  metastatic 
malignancies are as follows:

•    Identifying cells that are “foreign” to the aspiration site to 
ensure a metastatic nature  

•   Correlating FNA fi ndings with a clinical history (i.e., previous 
malignancy and current presentation) and radiologic fi ndings  

•   Knowledge of the general metastatic pattern and morphologic 
pattern of various tumors  

•   Using ancillary studies if necessary  
•   Reviewing previous cytologic or surgical pathologic material 

and comparing morphologic features with those of the current 
lesion  

•   Consulting experts if necessary  
•   For insolvable cases, recommending tissue biopsy for histo-

logic confi rmation    

 This book provides a road map with which to navigate the 
thought process in reaching a proper fi nal FNA diagnosis, with an 
emphasis on tumors in the metastatic setting. An algorithmic 
approach to FNA diagnosis (including the metastatic pattern, mor-
phologic pattern, and immunophenotypic pattern) is outlined in 
Fig.  1.1  and will be expanded in subsequent chapters. Sample col-
lection, triage, and recommendations for ancillary studies and 
molecular studies are covered as well.

      Metastatic Pattern 

 Metastasis is one of  the   complicated biological properties of tumor 
cells. Usually, metastasis occurs in an orderly sequence: local 
invasion, breakthrough of the basement membrane, intravasation 
and survival in the blood or lymph stream, extravasation, coloniza-
tion, and proliferation. Most metastases follow a predictable route 
of dissemination on the bases of the circulatory map. Locoregional 
metastasis usually occurs fi rst, with a pattern corresponding to the 
blood or lymphatic drainage of the primary neoplasm;  distant 
  metastasis usually occurs later. The common destinations of dis-
tant metastases are the vascular organs, such as the liver, lungs, 

1 Introduction
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and brain. Bone is another preferential target of distant metastasis, 
although it is not a particularly vascular site. Notably, metastasis 
occurs more frequently in these organ sites than do primary tumors, 
and sometimes, metastatic tumors can cytologically resemble pri-
mary tumors of these sites. For example, adenocarcinoma of the 
pancreaticobiliary tract in the lungs often shows a bronchioloal-
veolar or  “airway” growth pattern, mimicking  primary   bronchio-
loalveolar carcinoma of the lungs (Fig.  1.2 ).

   In general, carcinomas tend to metastasize via the  lymphatics 
and initially involve the lymph nodes, whereas  sarcomas tend to 
  metastasize hematogenously to visceral organs such as the liver 
and lungs. However, for gastrointestinal epithelial malignancies, 
the liver is the most common recipient due to the characteristic 

  Fig. 1.1    Algorithmic approach  to   fi ne- needle      aspiration cytology diagnosis of 
metastatic tumors       

 

 Metastatic Pattern
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anatomic venous pathway. The common metastatic pattern of 
 various tumors and the common primary origins of various meta-
static sites are listed in decreasing frequency, on the basis of  pub-
lished   studies, in Tables  1.1  and  1.2 .    Familiarity with the common 
metastatic pattern helps to predict the location of the primary 
tumor during the workup of FNA cases.

    However, exception is not uncommon. Some tumors have a 
preferential distribution of metastasis that is not explainable by the 
natural pathways of drainage. For example,    renal cell carcinoma 
and follicular thyroid carcinoma tend to  disseminate hematoge-
nously. Lobular breast carcinoma has a tendency to spread to the 
abdominal cavity,    especially to the gastrointestinal tract, ovaries, 
and serosal surfaces. Likewise,    while most sarcomas rarely metas-
tasize to the lymph nodes, some sarcomas tend to involve lymph 
nodes, such as synovial sarcoma, angiosarcoma, rhabdomyosar-
coma, epithelioid sarcoma, follicular dendritic cell sarcoma, and 

  Fig. 1.2    Metastatic  pancreatic   adenocarcinoma to the lung often shows “air-
way” growth pattern, resembling a primary mucinous bronchioloalveolar car-
cinoma (left, Papanicolaou stain;  right , H&E- stained cell block)       

 

1 Introduction
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   Table 1.1     Common metastatic sites   of various malignancies   

 Primary origin of 
malignant tumor 

 Lymph node 
metastasis  Distant metastasis 

  Carcinoma  
 Adrenal gland  Regional LNs  Liver, lung, bone 
 Anorectal site  Inguinal, mesenteric 

LNs 
 Liver, lung 

 Bladder  Pelvic, iliac, obturator, 
sacral, retroperitoneal 
LNs 

 Lung, liver, bone 

 Breast  Axillary, internal 
mammary, 
supraclavicular, 
infraclavicular LNs 

 Bone, lung, liver, brain, 
adrenal gland, pleura 
(lobular CA may 
metastasize to GI and 
GYN sites, endocrine 
organs) 

 Cervix  Pelvic, inguinal, 
retroperitoneal LNs 

 Lung, bowel 

 Colorectal site  Regional LNs  Liver, lung, peritoneum 
 Head and neck  Regional LNs, parotid 

gland 
 Esophagus  Regional LNs, 

supraclavicular LN 
 Liver, lung, peritoneum 

 Kidney  LN metastasis is rare. 
Regional LNs 

 Lung, bone, liver, 
adrenal gland, brain, 
unusual sites (thyroid, 
small bone, others) 

 Liver, hepatocellular CA  Regional LNs  Liver, lung, bone, 
adrenal gland 

 Liver, 
cholangiocarcinoma 

 Regional LNs  Lung, bone, adrenal 
gland, peritoneum 

 Lung  Hilar, mediastinal, 
supraclavicular LNs 

 Lung, adrenal gland, 
liver, bone, pleura, 
brain 

 Ovary  Iliac, obturator, 
inguinal, pelvic, 
retroperitoneal LNs 

 Peritoneum, pleura, 
lung 

 Pancreas  Regional LNs  Liver, peritoneum, lung 
(may mimic mucinous 
BAC) 

(continued)

 Metastatic Pattern
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Table 1.1 (continued)

 Primary origin of 
malignant tumor 

 Lymph node 
metastasis  Distant metastasis 

 Parathyroid  Regional LNs  Lung, liver, bone 
 Prostate  Pelvic, obturator, iliac, 

sacral, retroperitoneal, 
supraclavicular LNs 

 Bone (spine, femur, 
pelvis, rib), lung, liver, 
adrenal gland 

 Gonadal or extragonadal 
sites (germ cell tumors) 

 Mediastinal LN, 
retroperitoneal LNs, 
supraclavicular LN 

 Lung (most common), 
liver brain, bone 

 Thyroid  Regional LNs (usually 
for papillary and 
medullary CA) 

 Lung, bone, liver (for 
follicular and 
medullary CA) 

 Salivary gland  Regional LNs, neck 
LNs 

 Lung 

 Stomach  Regional LNs, left 
supraclavicular 
(Virchow) LN, 
periumbilical node 
(Sister Mary Joseph 
nodule) 

 Peritoneum, liver, 
ovary (Krukenberg 
tumor) 

 Uterus  Pelvic, retroperitoneal 
LNs 

 Lung, peritoneum, 
vagina 

  Melanoma   Regional LNs, distant 
LNs 

 Lung, liver, skin, soft 
tissue, adrenal gland, 
brain; intraocular 
melanoma exclusively 
metastasizes to liver 

  Sarcoma   LN metastasis is rare  Lung (most common), 
liver, bone 

  Lymphoma   Superfi cial LNs, 
abdominal LNs, pelvic 
LNs, and 
retroperitoneal LNs 

 Various extranodal 
organ sites 

  Abbreviations:  BAC  bronchioloalveolar carcinoma,  CA  carcinoma,  GI  gastro-
intestinal,  GYN  gynecologic,  LN  lymph node  

Kaposi sarcoma. Furthermore, some tumors have a more restricted 
range of target tissues than others: ocular melanoma is almost 
exclusively confi ned to the liver, whereas melanoma of elsewhere 
can metastasize to virtually every organ site. The unpredictable 

1 Introduction
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   Table 1.2    Common primary origins of  various   metastatic sites   

 Metastatic site  Common primary origin of malignant tumor 

 Cervical LNs  Thyroid, salivary gland, other head and neck sites, 
melanoma, lung, esophagus 

 Intraparotid LNs  Head and neck squamous carcinoma, melanoma, 
salivary gland 

 Axillary LNs  Breast 
 Supraclavicular LNs  Breast, lung, stomach, esophagus, lymphoma 
 Hilar/mediastinal LNs  Lung, breast, germ cell tumors, lymphoma 
 Abdominal LNs  Colon, rectum, stomach, esophagus, 

pancreaticobiliary tract, uterus, ovary, lymphoma 
 Pelvic LNs  Prostate, ovary, uterus, bladder 
 Inguinal LNs  Anorectal, vulva, vagina, uterine cervix, penis, 

scrotum, melanoma 
 Retroperitoneal LNs  Kidney, colon, prostate, uterus, ovary 
 Adrenal gland  Lung, kidney, breast, thyroid 
 Bone  Breast, prostate, lung, kidney, thyroid 
 Brain  Lung, breast, kidney, colon, melanoma, thyroid, 

liver 
 Cerebrospinal fl uid  Breast, melanoma, lymphoma, acute leukemia 
 Kidney  Lung, breast, colon, melanoma 
 Heart  Lung, breast 
 Liver  Colon, rectum, pancreas, stomach, esophagus, 

breast, lung, kidney, melanoma, sarcoma 
 Lung  Breast, lung, colon, kidney, melanoma, prostate, 

sarcoma, germ cell tumors 
 Pancreas  Lung, breast, kidney 
 Peritoneum  Ovary, colon, rectum, stomach, esophagus, 

pancreaticobiliary tract, uterus 
 Pleura  Lung, breast 
 Salivary gland  Head and neck squamous carcinoma, melanoma 
 Thyroid  Kidney, lung, breast, colon, melanoma 

  Abbreviation: LN lymph node  

pattern of metastasis may pose a diagnostic diffi culty for clinicians 
and pathologists and may result in  an   erroneous diagnosis. 
Figures  1.3 ,  1.4 ,  1.5 ,  1.6 ,  1.7 , and  1.8  illustrate examples of 
unusual metastatic patterns.

 Metastatic Pattern



  Fig. 1.3     Unusual   metastatic pattern (example 1): metastatic myxoid chondro-
sarcoma in an inguinal lymph node (Papanicolaou stain;  inset , Diff-Quik stain)       

  Fig. 1.4    Unusual metastatic pattern (example 2):    metastatic small cell carci-
noma of the lung to a colloid nodule in the thyroid. The cells in the  right upper 
corner  are benign thyroid follicular cells (Papanicolaou stain)       

 

 



  Fig. 1.5    Unusual metastatic pattern (example 3):    metastatic renal cell carci-
noma (clear cell type) in soft tissue of the skull and verifi ed by positive PAX8 
staining on a smear (Papanicolaou stain;  inset , PAX8 stain)       

  Fig. 1.6    Unusual  metastatic   pattern (example 4): metastatic melanoma in the 
breast with plasmacytoid appearance, resembling cytologic features of lobular 
breast carcinoma. The diagnosis was confi rmed by positive MART1 staining 
on a smear (Papanicolaou stain;  inset , MART1 stain)       

 

 



  Fig. 1.7    Unusual metastatic pattern (example 5):    metaplastic breast carci-
noma with myxochondroid matrix in the thyroid ( left , Papanicolaou stain; 
 right , Diff-Quik stain)       

  Fig. 1.8    Unusual  metastatic   pattern (example 6): metastatic papillary thyroid 
carcinoma in soft tissue of the thigh ( left , Diff-Quik stain;  right , Papanicolaou 
stain)       

 

 



11

            Morphologic Pattern 

 The morphologic patterns of different tumors can be categorized 
 into   lineage-specifi c patterns  and   lineage-nonspecifi c patterns 
(Fig.  1.1 ). Tumors in lineage-specifi c patterns are derived from 
one of the four major lineages (the “Big 4”): epithelial (i.e., carci-
noma), melanocytic (i.e., melanoma), hematopoietic (mostly lym-
phoma but also plasma cell neoplasms and myeloid sarcoma), and 
mesenchymal (i.e., sarcoma). Figure  1.9  outlines the tumors of 

  Fig. 1.9    Stepwise approach to fi ne-needle aspiration diagnosis of metastatic 
tumors: lineage, subtype, and primary site determination Abbreviations: CA 
carcinoma, GI gastrointestinal, GIST gastrointerstinal stromal tumor, HCC 
hepatocellular carcinoma, H&N head and neck, MPNST malignant peripheral 
nerve sheath tumor, PNET primitive neuroectodermal tumor, RCC renal cell 
carcinoma, UC urothelial carcinoma       

 

 Morphologic Pattern
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various lineages, their subtypes, and their common primary 
 origins. FNA diagnosis should follow the algorithm step by step.

   In contrast, tumors of  a   lineage-nonspecifi c pattern have a dif-
ferent histogenesis but similar cytologic features. The common 
cytologic patterns include epithelioid cell, spindle cell, pleomor-
phic cell, small round cell, oncocytic cell, clear cell, and signet 
ring cell morphologic features (Fig.  1.10 ). For example, malignant 
tumors with epithelioid morphologic features are most commonly 
seen in carcinoma but can also be seen in sarcoma, melanoma, and 
lymphoma or plasma cell neoplasms. Likewise, malignant tumors 
with spindle cell features are most likely to be sarcoma but can 
also be spindle cell carcinoma, melanoma, and occasionally hema-
topoietic malignancies. The general cytologic features of each pat-
tern will be covered in Chaps.   2     and   3    .

       Immunophenotypic Pattern 

  In routine cytology practice,    diagnostic challenges are often 
encountered, especially when metastatic tumors appear in an 
unexpected site or show a lineage-nonspecifi c pattern or when 
metastasis occurs years or decades after treatment of the primary 
tumor. Some tumors can present as metastatic disease with an 
unknown primary. Even among tumors with a known lineage, such 
as carcinoma, tumors that are well to moderately differentiated 
may demonstrate distinct morphologic features suggestive of a 
particular subtype or even its primary origin, whereas tumors with 
a poorly differentiated nature may not demonstrate such specifi c 
features. Therefore, ancillary studies, especially immunoperoxi-
dase studies, are often needed. In addition, prognostic and thera-
peutic  markers are often tested on cytology samples for clinicians 
to determine the appropriate management of some tumors. 

 In light of the limited sample size of FNA material, which is 
an intrinsic problem with aspirated material, immunoperoxidase 
staining should be applied in a stepwise fashion. An immunoper-
oxidase workup of a poorly differentiated tumor or metastasis 
with an unknown primary often starts with cell lineage 

1 Introduction

http://dx.doi.org/10.1007/978-3-319-23621-6_2
http://dx.doi.org/10.1007/978-3-319-23621-6_3


13

Lineage-Nonspecific Patterns

  Fig. 1.10    Tumors  with   lineage-nonspecifi c patterns showing similar cyto-
logic features but have different cell lineage or histogenesis. Abbreviations: 
 DPSRCT  desmoplastic small round cell tumor,  GIST  gastrointestinal stromal 
tumor,  MPNST  malignant peripheral nerve sheath tumor,  PNET  primitive neu-
roectodermal tumor       

 

 Immunophenotypic Pattern
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 determination using one or a few fi rst-line markers: pancytokera-
tin (panCK), melanocytic markers (such as MART1), and pan-
hematopoietic markers (such as leukocyte common antigen, also 
called CD45) (Fig.  1.1 ). 

 In general, epithelial malignancy (i.e., carcinoma) accounts for 
the majority of malignancies and adenocarcinoma  constitutes the 
majority of carcinomas. Further subtyping of an adenocarcinoma 
and identifying its primary origin often require a panel of cyto-
keratin 7 (CK7) and CK20 markers. However, this panel is insuf-
fi cient for pinpointing a primary site in most cases, except for 
colorectal adenocarcinoma. Thus, the next step is to use site-spe-
cifi c markers, such as TTF1 for lung or thyroid origins and GATA3 
for breast or urothelial origins. Of note, none of the markers are 
100 % specifi c; thus, a panel approach and careful interpretation 
should be used in the context of the morphologic, clinical, and 
radiologic fi ndings. A single marker might be used in a confi rma-
tory setting when material for staining is limited. The immunophe-
notypic patterns of different tumors and common markers are 
addressed in detail in  Chap.   4    .     
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               Sample Collection and Preparation 

 The success of an FNA procedure depends on the nature of the 
lesion (e.g., size, location, and consistency), the skill of the aspira-
tor, and the availability of rapid on-site evaluation. Large palpable 
lesions can be aspirated by a pathologist, and small deeply seated 
lesions are usually aspirated by the radiologist under image guid-
ance. Usually, a 22- to 25-gauge needle is used, and two to three 
needle passes are made. Aspirated materials are expressed onto 
several glass slides and smeared out. 

 Two types of stains are typically performed:  Diff-Quik staining   
using air-dried smears  and    Papanicolaou staining   using smears 
fi xed in 95 % ethanol or Carnoy’s solution. Both stains  are   com-
plementary for cytologic diagnosis. Diff- Quik staining preferably 
highlights cytoplasmic details and extracellular or background 
contents, whereas Papanicolaou staining allows better visualiza-
tion of nuclear characteristics such as the nuclear membrane, chro-
matin, and nucleoli. In some laboratories, liquid-based preparations 
(e.g., ThinPrep and SurePath) may be used. 

 Cells retained in the needle hub are rinsed into cell- preservative 
medium (e.g., RPMI-1640 medium) and usually spun down to 
make cell block or cytospin slides, depending on the size of the 
pellet after centrifugation.    However, if a hematopoietic malig-
nancy is suspected on the basis of clinical or cytologic fi ndings 
and a fl ow  cytometric immunophenotyping   is anticipated, fresh 
cells should be preferentially  collected and suspended in cell-
preservative medium containing fetal bovine serum.  

    Chapter 2   
 Sample Collection, Preparation, 
Rapid On-Site Evaluation, 
and Triage       
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    Rapid On-Site Evaluation and Sample Triage 

 Rapid on-site evaluation ensures high diagnostic accuracy by 
assessing sample adequacy and determining triage strategy. It is 
usually performed by an on-site pathologist who correlates the 
cytologic fi ndings of direct smears (Diff-Quik-stained smears, 
with or without Papanicolaou-stained smears) with the clinical and 
radiologic fi ndings (so-called  triple test  ). 

 Key factors  to   determine during on-site rapid evaluation in step-
wise fashion:

•    Neoplastic vs. nonneoplastic  
•   Benign vs. malignant if neoplastic  
•   Cell lineage of the tumor  
•   Subtype of the tumor  
•   Primary vs. metastatic  
•   Primary origin    

 During the triple test, detailed clinical and radiologic informa-
tion should be obtained via chart review and communication with 
caregivers. In addition to the age, sex, clinical history, and current 
presentation of the patient, it is important to obtain radiologic 
information about the current lesion. For example, for a  pulmo-
nary lesion,   it is helpful to know the size, location (central vs. 
peripheral and upper lobe vs. lower lobe), number (solitary vs. 
multiple), margin (well circumscribed vs. poorly defi ned), and 
other information (such as the presence of a cavitary component or 
 hilar lymphadenopathy   and a history of smoking). The presence of 
hilar lymphadenopathy and a smoking history favor a primary 
lung carcinoma over metastasis. For a patient with a history of 
breast carcinoma, it is helpful to know the primary cancer type 
(ductal, lobular, or others), the histologic and nuclear grade, the 
lymph node status and hormone receptor status, and the interval 
duration from the primary cancer diagnosis to the current FNA and 
location of the new lesion (locoregional vs. distant site).    Abnormal 
laboratory (serum) fi ndings may also provide useful diagnostic 
clue of some tumors, for example, CA19.9 in pancreatic adenocar-
cinoma, AFP in hepatocellular carcinoma and some germ cell 
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tumors, CA125 in ovarian serous carcinoma, calcitonin in medullary 
thyroid carcinoma, and PSA in prostatic adenocarcinoma. 
Common conditions should be considered fi rst before considering 
rare scenarios. 

  Sample adequacy is   determined on the basis of a triple test. If a 
sample contains material representative of the target lesion found 
in clinical or radiologic assessment, the sample is considered “ade-
quate.” If a sample is scant in cellularity or contains fi brotic tissue 
that is incompatible with the clinical or radiologic fi ndings or 
shows signifi cant cellular distortion or artifacts, it is deemed to be 
“inadequate.” In any case with a mismatched triple test, additional 
material should be requested. 

 Any FNA sample that appears to be adequate during on- site 
evaluation should be triaged properly to ensure that a defi nitive yet 
informative diagnosis can be rendered. The strategy of sample 
triage relies on the cytologic features of the direct  smears   during 
rapid on-site evaluation using low and high magnifi cation 
(Table  2.1 ). The  general   features of malignancy are listed in 
Table  2.2 . Sample triage may need to request additional aspirates 
for making a cell block which allows for better architectural 
assessment and potential immunostaining, for microorganism 

   Table 2.1     Cytologic   evaluation   

  Low magnifi cation  
 Cellularity (high, moderate, low) 
 Cell arrangement (cohesive, dyshesive, papillary, ductal, acinar, isolated 
cells) 
 Cell shape (epithelioid, spindle, small round cell, pleomorphic cell) 
 Background/extracellular contents (mucin; myxoid, chondroid, colloid, and 
amyloid material; hyaline globules; lymphoglandular bodies; infl ammatory 
or necrotic debris) 
  High magnifi cation  
 Cell border (distinct vs. indistinct) 
 Cytoplasmic features (amount, granularity, pigments, mucin droplet, 
vacuoles, perinuclear hof in plasma cells, and dark blue cytoplasmic 
membrane in lymphoid lesions) 
 Nuclear/cytoplasmic (N/C) ratio 
 Nuclear features (pleomorphism, chromatin pattern, nuclear membrane, 
inclusion, nucleolus, mitotic fi gure) 

Rapid On-Site Evaluation and Sample Triage



20

cultures if the lesion appears to be infectious in nature, for  fl ow 
  cytometric immunophenotyping if non-Hodgkin lymphoma is sus-
pected, for cytogenetic and molecular studies if small blue cell 
tumor in pediatric patients is encountered, or targeted therapy is 
possibly applied and for requesting a concurrent core needle 
biopsy  if   sarcoma or  Hodgkin lymphoma   is suspected (Fig.  2.1 ). 
Cytologic features on smears that are suggestive of each of the 
“Big 4”    categories are summarized below.

   Table 2.2    General  cytologic   features of malignancy   

  Cellularit y: increased 
  Cell arrangement : haphazard, three-dimensional, crowded groups, fl at sheets 
with nuclear disorientation, discohesive clusters or numerous isolated cells 
  Cytoplasm : scant or variable amount with increased N/C ratio 
  Nuclear feature : enlarged, anisonucleosis, irregular nuclear membrane, 
abnormal chromatin, prominent nucleoli, mitotic fi gures (especially 
atypical forms) 
  Background : necrotic 

  Fig. 2.1    Strategy to  triage fi ne needle aspiration samples   during rapid on-site 
evaluation. Abbreviations: ALCL anaplastic large cell lymphoma, CNB core 
needle biopsy, HL Hodgkin lymphoma, Non-HL non-Hodgkin lymphoma       
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     General Features of  Carcinoma   (Fig.  2.2 )

•     Variable cellularity  
•   Epithelioid atypical cells  
•   Cohesive or syncytial groups, loosely cohesive or isolated cells 

(depending on tumor subtype and differentiation)  
•   Well-defi ned cell borders and a variable amount of cytoplasm  
•   Showing morphologic clues of specifi c subtypes (e.g., adeno-

carcinoma, squamous carcinoma, neuroendocrine carcinoma, 
urothelial carcinoma, renal cell carcinoma, hepatocellular car-
cinoma, and adrenal cortical carcinoma) (see section “Lineage-
Specifi c Pattern” in Chap.   3     and Fig.  1.9 )  

•   Differential diagnosis: different subtypes of carcinoma and 
non-epithelial tumors with an epithelioid appearance (see section 
“Lineage-Nonspecifi c Pattern” in Chap.   3     and Fig.   1.10    )    

  Fig. 2.2    An example  of   carcinoma showing atypical epithelioid cells form-
ing cohesive groups and occasional loosely cohesive or isolated cells 
(Papanicolaou stain)       
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 General Features of  Melanoma   (Fig.  2.3 )

•     High cellularity  
•   Epithelioid appearance with loose cohesive, discohesive, or 

single cells (spindle cell variant tends to be more cohesive)  
•   Plasmacytoid cells with eccentric nuclei and occasional binu-

cleated or multinucleated cells. Several variants (e.g., spindle 
cell, small cell, and clear cell types) may be seen, as a sole type 
or in combination with the epithelioid type.  

•   Cytoplasm contains small vacuoles, with or without melanin 
pigment  

•   Dispersed chromatin and prominent nucleoli (macronucleoli) 
and intranuclear pseudo-inclusions  

•   Differential diagnosis: melanoma can resemble a wide variety 
of tumors with different lineages and different origins (“great 
mimicker”)    

  Fig. 2.3    An example  of   epithelioid melanoma showing plasmacytoid cells 
and occasional binucleated cells arranged in discohesive or single cell pattern; 
macronucleoli and intranuclear pseudo- inclusions are characteristic ( left , Diff-
Quik stain;  right  and  inset , Papanicolaou stain)       
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 General Features of Hematopoietic Neoplasms 

  Features of Lymphoid Cells  (Fig.  2.4 )

•     Discohesive or single cell pattern  
•   Scant  cytoplasm   with high nuclear/cytoplasmic (N/C) ratio  
•   Dark blue  cytoplasmic   membrane (readily seen in Diff- Quik 

stain)  
•   Usually coarse chromatin (better seen in Papanicolaou stain)  
•   Lymphoglandular bodies (i.e., detached cytoplasmic frag-

ments) in the background (better seen in Diff-Quik stain)    

  Non-Hodgkin Lymphoma  (Fig.  2.5 )

•     Monomorphous or a  mixture   of small to large lymphoid cells 
(depending on subtype)  

•   Atypical small-, intermediate-, or large-sized lymphoid cells  

  Fig. 2.4    An example of “lymphoid” lesion: cells with scant cytoplasm and 
high nuclear/cytoplasmic ratio arranged  in   discohesive or single cell pattern; 
 dark blue  cytoplasmic membrane, coarse chromatin, and lymphoglandular 
bodies in the background (Diff-Quik stained cytospin)       
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•   Abnormal  chromatin   (depending on maturation)  
•   May have nuclear irregularity and prominent nucleoli  
•   Differential diagnosis: reactive lymphoid hyperplasia and small 

round blue cell tumors (see Chap.   4    )    

  Classical Hodgkin Lymphoma  (Fig.  2.6 )

•     Scattered large  binucleated   Reed–Sternberg cells or mononu-
cleated Hodgkin cells  

•   Mixed population of reactive small lymphocytes, plasma cells, 
eosinophils, and neutrophils in the background  

•   Differential diagnosis:    anaplastic large cell lymphoma, large 
B-cell lymphoma, nodular lymphocyte-predominant Hodgkin 
lymphoma (see Chap.   4    )    

  Fig. 2.5    An example  of   non-Hodgkin lymphoma: large B-cell lymphoma 
showing atypical lymphoid cells with nuclear enlargement, irregularity, prom-
inent nucleoli, frequent mitotic fi gures, and apoptotic bodies ( left , Diff-Quik 
stain;  right , Papanicolaou stain)       
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  Plasma Cell Neoplasms  (Fig.  2.7 )

•     Oval-shaped cells with eccentrically placed nuclei and occa-
sional binucleated cells  

•   Abundant cytoplasm with  paranuclear   clear zone (hof) and dark 
blue  cytoplasmic   membrane (readily seen in Diff-Quik stain)  

•   Clumped “clockface” chromatin with indistinct nucleoli (less 
mature cells showing loose reticular chromatin with prominent 
nucleoli)  

•   Differential diagnosis: various tumors with plasmacytoid 
appearance and large cell lymphoma (Table  2.3 , Figs.   1.6    ,  2.8 , 
 2.9 , and  2.10 )

          Myeloid Sarcoma  (Fig.  2.11 )

•     Discohesive  or   single cell pattern  
•   Immature myeloid cells and myeloblasts  

  Fig. 2.6    An example of  classical   Hodgkin lymphoma showing scattered large 
binucleated Reed–Sternberg cells and mononucleated variant in a background 
of mixed infl ammatory cells ( left , Diff-Quik stain;  right , Papanicolaou stain)       
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  Fig. 2.7    An example  of   plasma cell neoplasms: plasmacytoma showing oval-
shaped cells (occasional binucleated cells) with coarse, eccentric nucleus, 
voluminous cytoplasm with paranuclear hof, and  dark blue  cytoplasmic mem-
brane ( left , Diff-Quik stain;  right , Papanicolaou stain)       

   Table 2.3    Epithelioid tumors with 
plasmacytoid features other than plasma 
cell neoplasms 

 Low-grade neuroendocrine carcinoma 
 Melanoma 
 Breast lobular carcinoma 
 Urothelial carcinoma 
 Medullary thyroid carcinoma 
 Hurthle cell tumor of the thyroid 
 Oncocytic or apocrine tumors 
 Epithelioid angiosarcoma 
 Rhabdomyosarcoma 
 Osteosarcoma 
 Large cell lymphoma 
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  Fig. 2.8    Metastatic lobular breast carcinoma with plasmacytoid features. It 
should be included in the differential diagnosis of tumors with plasmacytoid 
appearance (Diff-Quik stain)       

•   Myeloblasts: large cells, moderate amount  of   cytoplasm, round 
or irregular nuclear contour, fi ne chromatin, and prominent 
nucleoli  

•   Differential diagnosis: lymphoma, plasma cell neoplasms, and 
small round blue cell tumors    

 General Features of Sarcoma (Fig.  2.12 )

•     Variably cellular  
•   Cohesive or dispersed single cell pattern  
•   Atypical pleomorphic or spindle cells,    occasionally epithelioid 

or small round cell appearance  
•   Differential diagnosis: malignant tumor with spindle cell fea-

tures (see section “Lineage-Nonspecifi c Pattern” in Chap.   3     and 
Fig.   1.10    ), benign spindle cell tumors with ancient changes 
such as ancient schwannoma (Fig.  2.13 ), nonneoplastic spindle 
cell proliferation such as nodular fasciitis (Fig.  2.14 ), and 
infl ammatory pseudotumor
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  Fig. 2.9    Metastatic melanoma in the thyroid with plasmacytoid features, rais-
ing a differential diagnosis of medullary thyroid carcinoma and Hurthle cell 
thyroid carcinoma. The diagnosis was confi rmed by positive HMB45 on a 
smear (Papanicolaou stain;  inset , HMB45 stain)       

  Fig. 2.10    Large B-cell lymphoma may show plasmacytoid morphology 
(Papanicolaou stain)       

 

 



  Fig. 2.11    An example  of   myeloid sarcoma: immature myeloid cells and 
myeloblasts with discohesive or single cell pattern, moderate amount of pale 
cytoplasm, round to kidney-shaped nuclei, fi ne chromatin, and prominent 
nucleoli (Papanicolaou stain)       

  Fig. 2.12    An example of sarcoma: leiomyo sarcoma showing   cohesive spin-
dle and pleomorphic cells with signifi cant nuclear atypia (Papanicolaou stain)       

 

 



  Fig. 2.13    An example of diagnostic traps: schwannoma with ancient change 
showing nuclear atypia characterized by hyperchromasia and pleomorphism, 
superfi cially resembling spindle cell sarcoma. The lack of mitotic fi gures and 
the presence of nuclear palisading in the cell block are diagnostic clues ( left , 
Papanicolaou stain;  right , H&E-stained cell block)       

  Fig. 2.14    An example of diagnostic traps: nodular fasciitis showing spindle 
cell proliferation admixed with myxoid stroma, resembling low-grade fi bro-
myxoid sarcoma. Clinical history, superfi cial location, and feathery or tissue 
culture-like appearance in smear are diagnostic clues (Papanicolaou stain)       
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           General Strategies of Sample Triage (Fig.  2.1 ) 

•      If smears show  features   suspicious for granuloma or a possible 
infectious etiology, subsequent aspirates should be collected for 
the cell block for better architectural assessment and special 
stains (such as GMS and AFB). In addition, fresh aspirates 
should be collected sterilely for microorganism cultures.  

•   If smears of a malignant tumor show cytologic features sugges-
tive of an epithelial or melanocytic lineage, cell block material 
may be obtained for further workup, especially for lesions in 
which histologic architectural features are crucial for further 
evaluation or when immunostaining is anticipated during on-
site evaluation.  

•   If smears show cytologic features suggestive of a mesenchymal 
tumor, a concurrent core needle biopsy is preferred because 
core tissue shows architectural relationship between tumor cells 
and an extracellular component and is ideal for optimal diagno-
sis of a mesenchymal lesion. In general, mesenchymal lesions 
have a low aspiration yield compared to epithelial tumors.  

•   If small round blue cell tumors are found in pediatric patients, 
collecting material for cytogenetic study is critical. The sample 
type can be fresh cells in sterile solution, core biopsy, cell 
block, unstained smear, Diff-Quik-stained smear, or cytospins.  

•   If smears from a patient with a clinical suspicion of primary 
lymphoma show cytologic features of lymphoid nature, the 
next step is to determine whether it is non- Hodgkin lymphoma 
or Hodgkin lymphoma because the strategy of sample triage for 
the two entities is different. Of note, low-grade B-cell lym-
phoma may cytologically overlap with reactive lymphocytes; 
thus, a lesion containing “reactive-appearing” lymphocytes but 
with a clinical suspicion of lymphoma should also be worked 
up to rule out lymphoma.  

•   If a lesion has clinical or cytologic suspicion of non- Hodgkin 
lymphoma or plasma cell neoplasm or myeloid malignancy, 
priority should be given to collect suffi cient fresh cells in the 
cell-preservative medium for fl ow cytometric immunopheno-
typing. For these neoplasms in a recurrent setting, a cytologic 
evaluation combined with  fl ow   cytometric immunophenotyp-
ing and Ki67 immunostaining on a cytospin is usually suffi cient 
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to make a diagnosis; a core needle biopsy is usually not neces-
sary. A diagnosis of large cell lymphoma in a recurrent setting 
may be made solely on the basis of cytologic features,  without 
immunophenotyping. However, in a primary diagnostic setting, 
a concurrent core needle biopsy is always necessary, regardless 
of its subtype, for histologic confi rmation, subclassifi cation, 
and grading.  

•   If smears show features suspicious for Hodgkin lymphoma or 
anaplastic large cell lymphoma, a core needle biopsy is the 
preferred sample type in both primary and recurrent settings. 
Flow cytometric analysis is essentially of no diagnostic utility .    

  Sample Preparation for Workup of Non-Hodgkin Lymphoma 

•     Using a portion  of   FNA material obtained from the fi rst needle 
pass for smears and Diff-Quik staining  

•   Evaluating the smears under a microscope to ensure a lymphoid 
nature and that non-Hodgkin lymphoma is a possible 
diagnosis  

•   Collecting cells from subsequent needle passes into a cell- 
preservative medium (e.g., RPMI-1640) containing 1 % fetal 
bovine serum  

•   Quantifying the cells using an automated counter to determine 
whether there are suffi cient cells for further workup. Five mil-
lion cells from two needle passes are usually required for a 
standard lymphoma workup. A cell suspension is primarily 
used for  fl ow   cytometric immunophenotyping to detect aber-
rant B- and T-cell (sometimes NK-cell) populations.  

•   In aspirates with a high cellular yield, an aliquot of the cell 
suspension is processed over Ficoll-Hypaque gradient to enrich 
the mononuclear cells, which are then centrifuged onto glass 
slides as cytospin preparation. At MD  Anderson, cytospin slides 
are routinely used for Ki67 staining (to help grade B-cell lym-
phomas). Occasionally, kappa and lambda stains are performed 
on cytospins to detect clonality of B-cell population in cases 
where fl ow cytometric analysis fails or is not available. CD15 
and CD30 stains may be performed on cytospins when classical 
Hodgkin lymphoma is suspected, but core biopsy or cell block 
tissue is not available. Extra unstained cytospin slides are stored 
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in a tumor bank at −80 °C for possible immunostaining or fl uo-
rescence in situ hybridization (FISH).  

•   Collecting material for a cell block is not a priority for hemato-
poietic lesions, especially non-Hodgkin lymphoma because the 
lymphoid cells in the block are often crushed. However, an 
effort to obtain suffi cient material for cell block should be made 
if immunostaining or Epstein–Barr virus in situ hybridization is 
anticipated.  

•   If aggregates of tissue or clots are found in the cell- preservative 
medium but cannot be used for fl ow  cytometric immunophe-
notyping   and cytospin, they should be salvaged to create a 
cell block .        
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            Morphologic evaluation can be approached by recognizing lineage-
specifi c features and formulating a differential diagnosis for 
tumors in various lineage-nonspecifi c groups (Fig.   1.1    ). 

    Lineage-Specifi c Pattern 

 Determining cell lineage in poorly differentiated tumors is often the 
fi rst diagnostic step. The general cytologic features of the tumors in 
the four lineages (i.e., “the Big  4  ”) have been outlined in Chap.   2    . 
Identifying the subtype of a tumor in each lineage category is the 
second step, followed by detecting the primary origin (Fig.   1.9    ). 

 This chapter covers the general features of common subtypes of 
carcinoma, mesothelioma, and germ cell tumors. In the carcinoma 
category, the commonly encountered subtypes are adenocarci-
noma, squamous carcinoma, neuroendocrine carcinoma, as well as 
renal cell carcinoma, hepatocellular carcinoma, urothelial carci-
noma, and rarely, adrenal cortical carcinoma (Fig.  3.1 ). The gen-
eral features of each are described below.

      Adenocarcinoma 

  The individual cells  of   adenocarcinoma generally have delicate, 
fi nely vacuolated cytoplasm, open or vesicular chromatin pattern, 
 and   conspicuous or prominent nucleoli, in contrast with the dense 
cytoplasm and coarse chromatin with inconspicuous nucleoli that 

    Chapter 3   
 Morphologic Evaluation       

http://dx.doi.org/10.1007/978-3-319-23621-6_1#Fig1
http://dx.doi.org/10.1007/978-3-319-23621-6_2
http://dx.doi.org/10.1007/978-3-319-23621-6_1#Fig9
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are commonly associated with squamous carcinoma. Although 
poorly differentiated adenocarcinomas often show disorganized 
groups and numerous isolated cells with no particular architectural 
pattern, better differentiated adenocarcinomas tend to show patterns 
suggesting a primary site. For example, the presence of atypical 
columnar cells in a necrotic background favors a colorectal origin; 
high-grade papillary carcinoma in an older woman suggests serous 
papillary carcinoma of gynecologic origin; and linear arrays or a 
single-fi le of plasmacytoid cells is typically seen in lobular breast 
carcinoma (Fig.   2.8    ). The fi ve common patterns of adenocarci-
noma and the possible primary origins are listed in Fig.  3.2 .

    Glandular Pattern 

 Columnar cells with nuclear polarity (i.e., palisading or feathering) 
and a luminal edge (Fig.  3.3 ), with a hint of glandular or  tubular   for-
mation. Smears of glandular structures often form cohesive fl at 
sheets, and the size of the sheet is positively correlated with the size 
of gland (Fig.  3.4 ). Note: other types of carcinoma, such as hepatocel-
lular carcinoma, may show glandular-like confi gurations (Fig.  3.5 ).

  Fig. 3.1    A stepwise approach to cytologic diagnosis of metastatic carcinoma 
in fi ne needle aspiration sample: subtyping and primary site determination. 
Abbreviations: CA carcinoma, GI gastrointestinal, HCC hepatocellular carci-
noma, H&N head and neck, RCC renal cell carcinoma, UC urothelial 
carcinoma       

3 Morphologic Evaluation

http://dx.doi.org/10.1007/978-3-319-23621-6_2#Fig8
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       Papillary Pattern 

 Fingerlike projections with fi brovascular cores and epithelial lin-
ing (Figs.  3.6 ,  3.7 ,  3.8 , and  3.9 ).    Papillary thyroid carcinoma may 
show a fl owerlike confi guration (Fig.  3.8 ) or form fl at cohesive 
sheets on thinner smears (Fig.  3.9 ). Micropapillary carcinoma usu-
ally does not have a true fi brovascular core but shows tight clusters 
of papillae or small groups (Fig.  3.10 ). Note: other malignant 

  Fig. 3.2    Five common patterns  of   adenocarcinoma and the common primary 
origins. Abbreviation: GI gastrointestinal       

 

Lineage-Specifi c Pattern



  Fig. 3.3     Adenocarcinoma with   glandular pattern (example 1): metastatic 
large duct carcinoma from the prostate showing columnar cells with nuclear 
palisading and sharp luminal edge (Papanicolaou stain)       

  Fig. 3.4     Adenocarcinoma   with glandular pattern (example 2): endometrioid 
carcinoma showing tumor cells that retain nuclear polarity and form cohesive 
fl at sheets. The larger the gland, the larger the sheet is ( left , Papanicolaou stain; 
 right , H&E-stained cell block)       

 

 



  Fig. 3.5    An example of diagnostic traps:    hepatocellular carcinoma can form 
glandular-like cell groups, superfi cially resembling adenocarcinoma ( left , 
Papanicolaou stain;  right , H&E-stained cell block)       

  Fig. 3.6     Adenocarcinoma with   papillary pattern (example 1): metastatic adeno-
carcinoma from the pancreas with broad papillary fronds (Papanicolaou stain)       
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  Fig. 3.7     Adenocarcinoma with   papillary pattern (example 2): metastatic seri-
ous papillary carcinoma from the ovary with delicate papillary fronds and 
fi brovascular cores ( left , Papanicolaou stain;  right , H&E-stained cell block)       

  Fig. 3.8     Adenocarcinoma with   papillary pattern (example 3): metastatic pap-
illary thyroid carcinoma with large fl owerlike papillary fronds and fi brovascu-
lar cores (Papanicolaou stain)       

 

 

3 Morphologic Evaluation



  Fig. 3.9    Papillary thyroid carcinomas in thinner area of smear often show fl at 
cohesive sheets. Cell block demonstrates diagnostic  nuclear   features ( left , 
Papanicolaou stain;  right , H&E-stained cell block)       

  Fig. 3.10    Micropapillary  carcinoma   usually demonstrates tight clusters of 
papillae without fi brovascular core. This is a metastatic micropapillary carci-
noma from the breast (Papanicolaou stain)       
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tumors can show true papillary features, such as mesothelioma. Some 
non-papillary tumors may yield papillary-like tissue fragments on 
smears if the tumor contains abundant delicate vascular networks, 
such as paraganglioma (Fig.  3.11 ).

          Microacinar Pattern 

 Small group of cells  forming   vague acinar or follicles. This pattern 
is typically seen in prostatic adenocarcinoma, thyroid follicular 
carcinoma, acinar cell carcinoma of the pancreas (Figs.  3.12 ,  3.13 , 
and  3.14 ), and some salivary gland carcinomas. Note: non-adeno-
carcinomas, such as hepatocellular carcinoma and neuroendocrine 
carcinoma, may show a microacinar-like or rosette-like confi gura-
tion (Figs.  3.15  and  3.16 ).

  Fig. 3.11    An example of diagnostic traps:  a   capillary-rich non- papillary 
tumor (paraganglioma) may yield papillary-like tissue fragments on smear, 
which can be mistaken for papillary tumor ( left , Papanicolaou stain;  right , 
H&E-stained cell block)       

 

3 Morphologic Evaluation



  Fig. 3.12     Adenocarcinoma with   microacinar pattern (example 1): metastatic 
prostate carcinoma (Papanicolaou stain)       

  Fig. 3.13     Adenocarcinoma with   microacinar pattern (example 2): metastatic pan-
creatic acinar cell carcinoma ( left , Diff-Quik stain;  right , Papanicolaou stain)       

 

 



  Fig. 3.14     Adenocarcinoma with   microacinar pattern (example 3): metastatic 
follicular thyroid carcinoma (Papanicolaou stain)       

  Fig. 3.15    An example of diagnostic traps:    non-adenocarcinoma showing 
microacinar-like confi guration as seen in  the   hepatocellular carcinoma. The 
hepatoid tumor cells wrapped by endothelial cells are characteristic 
(Papanicolaou stain;  inset , H&E-stained cell block)       
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         Mucinous Pattern 

 Tumor cells  with   cytoplasmic mucin, with or without background 
mucin (Figs.  3.17 ,  3.18 , and  3.19 ). Note: if a lesion is sampled via 
endoscopic ultrasound-guided FNA, the background “lesional 
mucin” should be distinguished from inadvertently sampled mucin 
from the gastrointestinal tract.

       Signet Ring Cell Pattern 

 Tumor cells with a  large   cytoplasmic mucin vacuole that com-
presses the nucleus to one side of the cell (Fig.  3.20 ). Common 
primary sites include the stomach, breasts, and pancreas. Note: 
non-adenocarcinomas, such as vascular tumors and occasionally 
lymphoma, can show signet ring features (see section “Lineage-
Nonspecifi c Pattern” and Fig.   1.10    ).

  Fig. 3.16    An example  of   diagnostic traps: non-adenocarcinoma showing 
microacinar-like confi guration as seen in the metastatic neuroendocrine carci-
noma ( left , Papanicolaou stain;  right , H&E- stained cell block)       

 

Lineage-Specifi c Pattern

http://dx.doi.org/10.1007/978-3-319-23621-6_1#Fig10


  Fig. 3.18     Adenocarcinoma with   mucinous pattern (example 2): metastatic 
adenocarcinoma from the lung with cytoplasmic mucin vacuoles in scattered 
cells of the cell group (Papanicolaou stain)       

  Fig. 3.17     Adenocarcinoma with   mucinous pattern (example 1): metastatic 
adenocarcinoma from the pancreas with evenly distributed intracytoplasmic 
mucin (Papanicolaou stain)       

 

 



  Fig. 3.19     Adenocarcinoma with   mucinous pattern (example 3): metastatic 
mucinous carcinoma from the breast with abundant extracellular mucin in the 
background ( left , Diff-Quik stain;  right , Papanicolaou stain)       

  Fig. 3.20    An example of  metastatic   adenocarcinoma with signet ring cell pat-
tern from breast showing large cytoplasmic mucin vacuole that compresses 
the nucleus to one side ( left  and  right , Papanicolaou stain)       
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        Squamous Carcinoma 

  Well to Moderately Differentiated Squamous Carcinoma  (Fig.  3.21 ):

•     Discohesive or single  highly   pleomorphic or bizarre- appearing 
(“tadpole”) cells  

•   Keratinized cells: dyskeratotic cells with distinct cell borders, 
orangeophilic dense cytoplasm (seen in Papanicolaou stain), 
keratin pearls, and a low N/C ratio in some cells  

•   Hyperchromatic or pyknotic chromatin and inconspicuous 
nucleoli  

•   Anucleate cells and necrotic debris  
•   Differential diagnosis: epidermal inclusion cyst and benign 

lesions with squamous metaplasia    

  Fig. 3.21    An example  of   moderately differentiated squamous carcinoma 
showing bizarre keratinized cells with dense orangeophilic cytoplasm and 
pyknotic nuclei admixed with anucleate cells and necrotic debris 
(Papanicolaou stain)       

 

3 Morphologic Evaluation
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  Poorly Differentiated Squamous Carcinoma  (Fig.  3.22 ):

•     Large syncytial clusters  without   keratinized cells and less dis-
tinct cell borders compared to better differentiated squamous 
carcinoma; some tumor cells may have a basaloid appearance  

•   Relatively uniform cells, higher N/C ratio, and less dense 
cytoplasm  

•   Smudging or coarse chromatin with inconspicuous or conspic-
uous nucleoli  

•   Necrotic background  
•   Differential diagnosis: small cell carcinoma, basal cell adeno-

carcinoma, and basaloid carcinoma of the anal region     

  Fig. 3.22    An example  of   poorly differentiated squamous carcinoma showing 
syncytial groups of carcinoma cells with smudging chromatin and inconspicu-
ous nucleoli admixed with necrotic debris. There are no keratinized cells 
(Papanicolaou stain)       

 

Lineage-Specifi c Pattern
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    Neuroendocrine Carcinoma 

(See Chap.     4         for Immunophenotype and Differential Diagnosis 
of Neuroendocrine Tumors) 

  Low Grade  ( Carcinoid and Islet Cell Tumor ) (Figs.  3.23  and  3.24 ):

•      Acinar, rosette-like, or  trabecular   arrangement, numerous 
loosely cohesive groups and isolated cells  

•   Uniform round to plasmacytoid cells with eccentrically located 
nuclei; occasionally spindle cell type  

•   Occasionally, tiny red cytoplasmic neurosecretory granules 
(better seen in Diff-Quik stain) and cytoplasmic vacuolization  

  Fig. 3.23    An example of low- grade   neuroendocrine carcinoma: metastatic 
islet cell tumor from pancreas showing uniform, plasmacytoid cells with 
rosette arrangement. The cells have “salt-and- pepper” chromatin and incon-
spicuous nucleoli ( left , Diff-Quik stain;  right , Papanicolaou stain)       

 

3 Morphologic Evaluation

http://dx.doi.org/10.1007/978-3-319-23621-6_4
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•   Finely stippled chromatin with inconspicuous nucleoli (“salt-
and-pepper” appearance) is characteristic. Background amy-
loid may be seen.  

•   Increased mitotic fi gures indicate an higher grade (such as atyp-
ical carcinoid).  

•   Differential diagnosis: tumors with plasmacytoid features 
(Table   2.3    ).    

  High Grade  ( Small Cell Carcinoma and Merkel Cell Carcinoma ) 
(Fig.  3.25 ):

•     Small- or intermediate-sized round-to-oval cells  
•   Scant cytoplasm,    high N/C ratio, and nuclear molding  
•   Evenly dispersed chromatin and inconspicuous nucleoli  
•   Frequent mitotic fi gures, apoptotic bodies, and crush artifacts 

(e.g., nuclear streaking)  

  Fig. 3.24    An example of  neuroendocrine   carcinoma: medullary thyroid carci-
noma showing uniform plasmacytoid cells with fi nely stippled chromatin and 
indistinct nucleoli. Small neurosecretory granules are seen in  left  panel ( left , 
Diff-Quik stain;  right , Papanicolaou stain)       

 

Lineage-Specifi c Pattern

http://dx.doi.org/10.1007/978-3-319-23621-6_2#Tab3
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•   Background necrosis  
•   Differential diagnosis: poorly differentiated carcinoma and 

other small blue cell tumors (see section “ Lineage-Nonspecifi c 
Pattern ,” Fig.   1.10    )     

    Urothelial Carcinoma, Renal Cell Carcinoma, 
Hepatocellular Carcinoma, and Adrenal 
Cortical Carcinoma 

 Urothelial Carcinoma (Fig.  3.26 ):

•     Loosely  cohesive   cell groups or isolated cells  
•   Epithelioid cells with plasmacytoid or polygonal appearance 

and scattered “cercariform” cells with a long slender cytoplas-
mic process and a blunt end  

  Fig. 3.25    An example of high- grade   neuroendocrine carcinoma: metastatic 
small cell carcinoma from the lung showing small-to- intermediate oval cells 
with scant cytoplasm and nuclear molding, hyperchromatic but evenly distrib-
uted chromatin, and indistinct nucleoli (Papanicolaou stain)       

 

3 Morphologic Evaluation

http://dx.doi.org/10.1007/978-3-319-23621-6_1#Fig10
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•   Occasionally sarcomatoid features  
•   Differential diagnosis: squamous carcinoma and tumors with 

plasmacytoid features (Table   2.3    )    

  Renal Cell Carcinoma   (see Chap.   4     for Immunophenotype and 
Differential Diagnosis of Kidney Tumors) 

Cytologic features of renal cell carcinomas vary signifi cantly 
depending on subtype. The most common subtypes are clear cell 
type and papillary type. Their common features include (Fig.  3.27 ):

•     Tight cell clusters intertwined with capillaries (in clear cell 
type) or papillary groups (in papillary type), with scattered iso-
lated tumor cells  

•   Polygonal cells with a moderate to abundant amount of cyto-
plasm, with a multivacuolated or granular appearance  

•   Low N/C ratio with abundant cytoplasm  

  Fig. 3.26    An example of  urothelial   carcinoma showing loosely cohesive and 
isolated tumor cells with plasmacytoid features, occasional “cercariform” 
 cells   that have fi shtail-like end (Papanicolaou stain)       

 

Lineage-Specifi c Pattern

http://dx.doi.org/10.1007/978-3-319-23621-6_2#Tab3
http://dx.doi.org/10.1007/978-3-319-23621-6_4
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•   Cytoplasmic hyaline globules may be seen  
•   Depending on tumor grade, the nucleus ranges from bland or 

small round to bizarre or large pleomorphic and the nucleolus 
ranges from inconspicuous to prominent  

•   Differential diagnosis: for clear cell renal cell carcinoma, renal 
parenchyma (glomeruli and proximal renal tubular cells), 
benign renal tumors (oncocytoma and angiomyolipoma), chro-
mophobe renal cell carcinoma, adrenal cortical tumors, benign 
hepatocytes, and hepatocytic tumors; for papillary renal cell 
carcinoma, other papillary tumors    

 Chromophobe  renal cell carcinoma is   less commonly encoun-
tered and typically shows hyperchromatic chromatin and perinu-
clear pale zones. The differential diagnosis includes clear cell 
renal cell carcinoma and renal oncocytoma. 

  Fig. 3.27    An example of clear cell  renal   cell carcinoma showing tumor cells 
with clear cytoplasm that often intertwine with capillaries in tight tissue frag-
ments (Papanicolaou stain)       

 

3 Morphologic Evaluation
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 Collecting duct carcinoma  and   medullary carcinoma are rare 
and show high-grade cytologic features.    Sarcomatoid component 
with high-grade spindle and pleomorphic cells can be seen in vari-
ous proportions in a renal cell carcinoma. The differential diagno-
sis includes urothelial carcinoma in the renal pelvis and metastatic 
high-grade tumors. 

 Hepatocellular Carcinoma (Figs.  3.15  and  3.28 ):

•     Cohesively and discohesively arranged hepatoid atypical cells.  
•   Thick cords, nests,  and   acinar groups wrapped by endothelial 

cells or capillaries traversing tissue fragments are characteristic.  
•   Individual hepatoid cells are polygonal with moderate to abun-

dant granular cytoplasm, occasionally cytoplasmic bile pig-
ments, and hyaline globules.  

  Fig. 3.28    An example of well- differentiated   hepatocellular carcinoma show-
ing atypical hepatoid cells with moderate amount of granular cytoplasm. The 
cells form thick cords and nests that are wrapped by endothelial cells ( left , 
Diff-Quik stain;  right , Papanicolaou stain)       

 

Lineage-Specifi c Pattern
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•   Increased N/C ratio and may appear monomorphic  
•   Round central nuclei with inconspicuous to prominent nucleoli  
•   Isolated cells and signifi cant pleomorphism are usually associ-

ated with poorly differentiated tumors  
•   Differential diagnosis: reactive change of hepatocytes, hepatic 

adenoma, focal nodular hyperplasia, renal cell carcinoma, adre-
nal cortical tumors, and metastatic carcinomas    

 Adrenal Cortical Carcinoma (Fig.  3.29 ):

•     Hypercellular with numerous isolated cells or loosely cohesive 
clusters  

•   Round to polygonal  cells   (occasional sarcomatoid appearance) 
with intact cell borders and an abundant cytoplasm that can be 
bubbly, multivacuolated, or granular  

  Fig. 3.29    An example  of   adrenal cortical carcinoma showing pleomorphic 
malignant cells with abundant granular cytoplasm, arranged in loosely cohe-
sive or single cell fashion (Papanicolaou stain)       

 

3 Morphologic Evaluation
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•   Various degrees of nuclear atypia, pleomorphism, mitosis, and 
necrosis depending on tumor grade  

•   Differential diagnosis: adrenal cortical adenoma, pheochromo-
cytoma, renal cell carcinoma, hepatocytic tumors, and meta-
static tumors      

    Mesothelioma (Fig.  3.30 ) 

•        Flat cell sheets,  isolated   cells, and some tight cell clusters  
•   Large polygonal cells  with   ruffl ed edges and prominent inter-

cellular spaces (“windows”)  
•   Occasional spindle cell type (sarcomatoid) or biphasic  
•   Cytoplasm is dense (especially in the perinuclear area); 

increased N/C ratio  
•   Round centrally located nuclei with prominent nucleoli  

  Fig. 3.30    An example  of   mesothelioma showing large polygonal cells with 
ruffl e edge and prominent intercellular spaces (“windows”) ( left , Diff-Quik 
stain;  right , Papanicolaou stain)       

 

Lineage-Specifi c Pattern
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•   Differential diagnosis: adenocarcinoma and other epithelioid 
tumors (see section “ Lineage-Nonspecifi c Pattern ” in Chap.   3     and 
Fig.   1.10    )     

    Germ Cell Tumors 

(See Chap.     4         for Immunophenotype and Differential Diagnosis of 
Germ Cell Tumors) 

  Germ cell tumors include   seminoma/dysgerminoma, embryonal 
carcinoma, yolk sac tumor, teratomas, and choriocarcinoma. A mix-
ture of these tumor types is not uncommon. In cytology practice, 
seminoma/dysgerminoma is encountered more commonly than 
other subtypes;  its    cytologic   features are listed below (Fig.  3.31 ):

•     Hypercellular with a discohesive or single cell pattern  
•   Uniform large round tumor cells admixed with lymphocytes 

and occasional plasma cells  

  Fig. 3.31    An example  of   germ cell tumors: seminoma showing discohesive, 
large round-to-oval malignant cells with pale chromatin and prominent nucle-
oli and a background of lymphocytes. Occasional naked nuclei are seen 
(Papanicolaou stain)       

 

3 Morphologic Evaluation

http://dx.doi.org/10.1007/978-3-319-23621-6_3
http://dx.doi.org/10.1007/978-3-319-23621-6_1#Fig10
http://dx.doi.org/10.1007/978-3-319-23621-6_4
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•   Large round nuclei with pale chromatin, prominent single or 
multiple nucleoli, and occasional naked nuclei  

•   Delicate ill-defi ned cytoplasm and numerous small glycogen 
vacuoles (seen in Diff-Quik stain)  

•   “Tigroid” background: stripes due to smearing artifact of glyco-
gen-rich cells (seen in Diff-Quik stain)  

•   Differential diagnosis: large cell lymphoma, poorly differenti-
ated carcinoma      

      Lineage-Nonspecifi c Pattern 

 The presence of a lineage-nonspecifi c pattern is a source of diag-
nostic pitfalls because these groups of malignant tumors show 
similar cytologic features, although they have various lineages and 
different histogeneses (Fig.   1.10    ). A list of differential diagnoses, 
in conjunction with ancillary studies, is critical for reaching an 
accurate cytologic diagnosis. The seven most common lineage-
nonspecifi c patterns are listed below. 

    Tumors with Epithelioid Cell Appearance 

•      Carcinoma   (Fig.   2.2    )  
•   Melanoma (Fig.   2.3    )  
•   Mesothelioma (Fig.  3.30 )  
•   Epithelioid angiosarcoma (Fig.  3.32 )
•      Epithelioid hemangioendothelioma (Fig.  3.33 )
•      Epithelioid leiomyosarcoma (Fig.  3.34 )
•      Epithelioid malignant peripheral nerve sheath tumor  
•   Epithelioid rhabdomyosarcoma (Fig.  3.35 )
•      Epithelioid sarcoma  
•   Osteosarcoma (Fig.  3.36 )
•      Alveolar soft part sarcoma (Fig.  3.37 )

Lineage-Nonspecifi c Pattern

http://dx.doi.org/10.1007/978-3-319-23621-6_1#Fig10
http://dx.doi.org/10.1007/978-3-319-23621-6_2#Fig2
http://dx.doi.org/10.1007/978-3-319-23621-6_2#Fig3


  Fig. 3.32    Lineage-nonspecifi c pattern/epithelioid cell (example 1): epitheli-
oid angiosarcoma showing highly malignant epithelioid cells with occasional 
intracytoplasmic vacuoles/lumina ( inset ) (Papanicolaou stain)       

  Fig. 3.33    Lineage-nonspecifi c pattern/epithelioid cell (example 2): epitheli-
oid hemangioendothelioma with cytoplasmic vacuoles/lumina containing red 
blood cells and myxochondroid matrix (Papanicolaou stain;  inset , H&E-
stained cell block)       

 

 



  Fig. 3.34    Lineage-nonspecifi c pattern/epithelioid cell (example 3): epitheli-
oid leiomyosarcoma (Papanicolaou stain;  inset , Diff-Quik stain)       

  Fig. 3.35    Lineage-nonspecifi c pattern/epithelioid cell (example 4): epitheli-
oid rhabdomyosarcoma (Diff-Quik stain)       

 

 



  Fig. 3.36    Lineage-nonspecifi c pattern/epithelioid cell (example 5): osteosar-
coma ( left , Diff-Quik stain;  right , H&E-stained cell block)       

  Fig. 3.37    Lineage-nonspecifi c pattern/epithelioid cell (example 6): alveolar 
soft part sarcoma showing large, round to polygonal epithelioid cells with 
prominent nucleoli ( left , Diff-Quik stain;  right , H&E- stained cell block)       
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•      Biphasic synovial sarcoma  
•   Chordoma (Fig.  3.38 )
•      Epithelioid gastrointestinal stromal tumor (Fig.  3.39 )
•      Paraganglioma (Fig.  3.40 )
•      Seminoma (Figs.  3.31  and  3.41 )
•      Large cell lymphoma (Fig.   2.10    )  
•   Plasma cell neoplasms (Fig.   2.7    )     

    Tumors with Spindle Cell Appearance 

(See Chap.     4         for Immunophenotype and Differential Diagnosis of 
Spindle Cell Malignancies) 

•     Sarcoma (Figs.  3.42  and  3.43 )
•        Gastrointestinal   stromal tumor (Fig.  3.44 )
•      Spindle cell carcinoma (Figs.  3.45  and  3.46 )

  Fig. 3.38    Lineage-nonspecifi c pattern/epithelioid cell (example 7): chordoma 
showing epithelioid cells with clear and bubbly cytoplasm, reminiscent of 
clear cell renal cell carcinoma (Papanicolaou stain)       

 

Lineage-Nonspecifi c Pattern

http://dx.doi.org/10.1007/978-3-319-23621-6_2#Fig10
http://dx.doi.org/10.1007/978-3-319-23621-6_2#Fig7
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  Fig. 3.39    Lineage-nonspecifi c pattern/epithelioid cell (example 8): epitheli-
oid gastrointestinal stromal tumor, confi rmed by positive DOG1 staining ( left 
upper , Diff-Quik stain;  right upper , Papanicolaou stain;  left lower , H&E stain; 
 right lower : DOG1 stain)       

  Fig. 3.40    Lineage-nonspecifi c pattern/epithelioid cell (example 9): paragan-
glioma showing markedly pleomorphic epithelioid cells forming loosely 
cohesive acinar-like clusters (Diff-Quik stain)       

 

 



  Fig. 3.41    Lineage-nonspecifi c pattern/epithelioid cell (example 10): seminoma 
showing large round poorly cohesive epithelioid cells with pale chromatin and 
prominent nucleoli and numerous small cytoplasmic vacuoles ( left , Diff-Quik 
stain;  right , Papanicolaou stain)       

  Fig. 3.42    Lineage-nonspecifi c pattern/spindle cell (example 1): angiosarcoma 
( left , Papanicolaou stain;  right , H&E-stained cell block)       

 

 



  Fig. 3.43    Lineage-nonspecifi c pattern/spindle cell (example 2): synovial sar-
coma, monomorphic (Papanicolaou stain)       

  Fig. 3.44    Lineage-nonspecifi c pattern/spindle cell (example 3): gastrointesti-
nal stromal tumor with positive DOG1 staining on cell block ( left , Papanicolaou 
stain;  right , DOG1 stain)       

 

 



  Fig. 3.45    Lineage-nonspecifi c pattern/spindle cell (example 4): metastatic 
squamous carcinoma from the lung with spindle cell features ( left , 
Papanicolaou stain;  right , H&E-stained cell block)       

  Fig. 3.46    Lineage-nonspecifi c pattern/spindle cell (example 5): metastatic 
spindle cell medullary thyroid carcinoma with homogenous amyloid material 
in the background (Papanicolaou stain)       
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•       Neuroendocrine tumors (Figs.  3.47  and  3.48 )
•       Spindle cell melanoma (Figs.  3.49  and  3.50 )
•       Sarcomatoid mesothelioma  
•   Follicular dendritic cell sarcoma (Fig.  3.51 )

          Tumors with Small Cell Appearance

(See Chap.     4         for Immunophenotype and Differential Diagnosis of 
Small Round Blue Cell Tumors) 

•     Small  cell   carcinoma (Figs.  3.25  and  3.52 )
•      Merkel cell carcinoma (Fig.  3.53 )
•      Ewing sarcoma/primitive neuroectodermal tumor (Fig.  3.54 )
•      Synovial sarcoma  
•   Rhabdomyosarcoma (Fig.  3.55 )

  Fig. 3.47    Lineage-nonspecifi c pattern/spindle cell (example 6): metastatic 
neuroendocrine carcinoma from the pancreas with spindle cell features and 
characteristic “salt-and-pepper” chromatin pattern (Papanicolaou stain)       

 

3 Morphologic Evaluation

http://dx.doi.org/10.1007/978-3-319-23621-6_4


  Fig. 3.48    Lineage-nonspecifi c pattern/spindle cell (example 7): metastatic 
small cell carcinoma from the lung with spindle cell features ( left , Diff-Quik 
stain;  right , Papanicolaou stain)       

  Fig. 3.49    Lineage-nonspecifi c pattern/spindle cell (example 8): spindle cell 
melanoma with cytoplasmic melanin pigments (Papanicolaou stain)       

 

 



  Fig. 3.50    Lineage-nonspecifi c pattern/spindle cell (example 9): spindle cell 
melanoma showing bland spindle cells without cytoplasmic melanin pig-
ments, a source of diagnostic pitfalls (Papanicolaou stain)       

  Fig. 3.51    Lineage-nonspecifi c pattern/spindle cell (example 10): follicular 
dendritic cell sarcoma showing oval to spindle cells in a background of small 
lymphocytes (Papanicolaou stain)       

 

 



  Fig. 3.52    Lineage-nonspecifi c pattern/small cell (example 1): metastatic 
small cell carcinoma from the lung showing round-to-oval cells with scant 
cytoplasm, nuclear molding, and hyperchromatic, evenly distributed chroma-
tin (Papanicolaou stain)       

  Fig. 3.53    Lineage-nonspecifi c pattern/small cell (example 2): metastatic 
Merkel cell carcinoma from the skin showing small- to medium-sized round 
cells with pale, “powdery” chromatin and micronucleoli, frequent mitotic fi g-
ures, apoptotic bodies ( left , Diff- Quik stain;  right , Papanicolaou stain)       
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•      Small cell osteosarcoma  
•   Lymphoma (Fig.   2.5    )  
•   Melanoma (Fig.  3.56 )
•      Neuroblastoma  
•   Wilms tumor (Fig.  3.57 )
•      Desmoplastic small round cell tumor (Fig.  3.58 )
•      Others, including poorly differentiated squamous carcinoma 

(Fig.  3.59 ), basaloid squamous carcinoma (Fig.  3.60 ), solid 
variant of adenoid cystic carcinoma, basal cell carcinoma 
(Fig.  3.61 ), or granulosa cell tumor (Fig.  3.62 )

  Fig. 3.54    Lineage-nonspecifi c pattern/small cell (example 3): Ewing sar-
coma/primitive neuroectodermal tumor (Papanicolaou stain)       
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  Fig. 3.55    Lineage-nonspecifi c pattern/small cell (example 4): rhabdomyosar-
coma with rhabdoid or plasmacytoid features (Papanicolaou stain)       

  Fig. 3.56    Lineage-nonspecifi c pattern/small cell (example 5): metastatic mela-
noma with small cell variant in a lymph node. The small tumor cells closely 
resemble lymphocytes in the background and the diagnosis was confi rmed by posi-
tive SOX10 staining on a smear ( left , Papanicolaou stain;  right , SOX10 stain)       

 

 



  Fig. 3.57    Lineage-nonspecifi c pattern/small cell (example 6): Wilms’ tumor 
showing uniform small round cells with rosette arrangement ( left , Diff-Quik 
stain;  right , Papanicolaou stain)       

  Fig. 3.58    Lineage-nonspecifi c pattern/small cell (example 7): metastatic des-
moplastic small round cell tumor in a neck lymph node ( left , Diff-Quik stain; 
 right , Papanicolaou stain)       

 

 



  Fig. 3.59    Lineage-nonspecifi c pattern/small cell (example 8): metastatic 
poorly differentiated squamous carcinoma in a mediastinal lymph node show-
ing scant cytoplasm and nuclear molding, resembling small cell carcinoma 
( left , Diff-Quik stain;  right , H&E-stained cell block)       

  Fig. 3.60    Lineage-nonspecifi c pattern/small cell (example 9): metastatic 
basaloid squamous carcinoma from the anus (Papanicolaou stain)       

 

 



  Fig. 3.62    Lineage-nonspecifi c pattern/small cell (example 11): metastatic 
adult-type granulosa cell tumor in abdominal soft tissue showing small round 
cells forming Call–Exner bodies and positive inhibin staining. Nuclear 
grooves or “coffee bean” nuclei are not readily appreciated ( left , Papanicolaou 
stain;  right upper , H&E- stained cell block;  right lower , inhibin stain)       

  Fig. 3.61    Lineage-nonspecifi c pattern/small cell (example 10): metastatic 
basal cell carcinoma from the skin to the lung ( left , Papanicolaou stain;  right , 
H&E-stained cell block)       
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             Tumors with Pleomorphic Cell Appearance 

•      Anaplastic   carcinoma (Figs.  3.63  and  3.64 )
•       High-grade sarcoma  
•   Germ cell tumor, such as choriocarcinoma  
•   Anaplastic large cell lymphoma (Fig.  3.65 )
•      Hodgkin lymphoma (Figs.   2.6     and  3.66 )
•      Melanoma (Fig.  3.67 )
•      Paraganglioma (Figs.  3.40  and  3.68 )

          Tumors with Oncocytic Cell Appearance 

•     Renal  cell   carcinoma (Fig.  3.69 )
•      Hepatocellular carcinoma (Fig.  3.70 )
•      Adrenal cortical carcinoma (Figs.  3.29  and  3.71 )

  Fig. 3.63    Lineage-nonspecifi c pattern/pleomorphic cell (example 1): meta-
static anaplastic thyroid carcinoma (Papanicolaou stain)       
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  Fig. 3.64    Lineage-nonspecifi c pattern/pleomorphic cell (example 2): meta-
static poorly differentiated esophageal adenocarcinoma (Papanicolaou stain)       

  Fig. 3.65    Lineage-nonspecifi c pattern/pleomorphic cell (example 3): ana-
plastic large cell lymphoma ( left , Diff-Quik stain;  right , Papanicolaou stain)       

 

 



  Fig. 3.66    Lineage-nonspecifi c pattern/pleomorphic cell (example 4): classi-
cal Hodgkin lymphoma ( left , Diff-Quik stain;  right , Papanicolaou stain)       

  Fig. 3.67    Lineage-nonspecifi c pattern/pleomorphic cell (example 5): melanoma 
with anaplastic features (Papanicolaou stain)       

 

 



  Fig. 3.68    Lineage-nonspecifi c pattern/pleomorphic cell (example 6): para-
ganglioma showing markedly pleomorphic epithelioid cells ( left , Diff-Quik 
stain;  right , Papanicolaou stain)       

  Fig. 3.69    Lineage-nonspecifi c pattern/oncocytic cell (example 1): metastatic 
renal cell carcinoma, papillary variant ( left , Papanicolaou stain;  right , H&E-
stained cell block)       
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  Fig. 3.70    Lineage-nonspecifi c pattern/ oncocytic cell (example 2): metastatic 
hepatocellular carcinoma ( left , Diff-Quik stain;  right , H&E-stained cell block)       

  Fig. 3.71    Lineage-nonspecifi c pattern/oncocytic cell (example 3): metastatic 
adrenal cortical carcinoma (Papanicolaou stain)       
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•      Hurthle cell carcinoma of the thyroid (Fig.  3.72 )
•      Apocrine carcinoma of the breast (Fig.  3.73 )
•      Acinic cell carcinoma of salivary gland (Fig.  3.74 )

          Tumors with Clear Cell Appearance 

•     Renal cell carcinoma (Fig.  3.75 )
•      Hepatocellular   carcinoma (Fig.  3.76 )
•      Ovarian or endometrial carcinoma (Fig.  3.77 )
•      Pancreatic endocrine tumor  
•   Melanoma (Fig.  3.78 )
•      Seminoma/dysgerminoma (Fig.  3.79 )
•      Liposarcoma (Fig.  3.80 )
•      Chondrosarcoma (Fig.  3.81 )

  Fig. 3.72    Lineage-nonspecifi c pattern/ oncocytic cell (example 4): metastatic 
Hurthle cell carcinoma from the thyroid (Papanicolaou stain)       
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  Fig. 3.73    Lineage-nonspecifi c pattern/oncocytic cell (example 5): metastatic 
apocrine carcinoma from the breast ( left , Papanicolaou stain;  right , H&E-
stained cell block)       

  Fig. 3.74    Lineage-nonspecifi c pattern/ oncocytic cell (example 6): metastatic 
acinic cell carcinoma of the parotid gland ( left , Diff-Quik stain;  right , 
Papanicolaou stain)       

 

 



  Fig. 3.75    Lineage-nonspecifi c pattern/clear cell (example 1): metastatic renal 
cell carcinoma, clear cell type ( left , Diff-Quik stain;  right , Papanicolaou stain)       

  Fig. 3.76    Lineage-nonspecifi c pattern/clear cell (example 2): hepatocellular 
carcinoma, clear cell variant ( left , Diff-Quik stain;  right , H&E-stained cell block)       

 

 



  Fig. 3.77    Lineage-nonspecifi c pattern/clear cell (example 3): metastatic ovar-
ian clear cell carcinoma (Papanicolaou stain)       

  Fig. 3.78    Lineage-nonspecifi c pattern/clear cell (example 4): metastatic mel-
anoma with clear cell/balloon cell features ( left , Diff-Quik stain;  right , H&E-
stained cell block)       

 

 



  Fig. 3.79    Lineage-nonspecifi c pattern/clear cell (example 5): metastatic 
seminoma with numerous clear cytoplasmic vacuoles containing glycogen 
(Diff-Quik stain)       

  Fig. 3.80    Lineage-nonspecifi c pattern/clear cell (example 6): metastatic lipo-
sarcoma in the liver showing abundant clear cytoplasm containing lipid vacu-
oles (Diff-Quik stain)       
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•      Chordoma (Fig.  3.82 )
•      Squamous carcinoma (Fig.  3.83 )
•      Carcinoma of the adrenal gland, salivary gland, thyroid, para-

thyroid, and others (Figs.  3.84 ,  3.85 , and  3.86 )

               Tumors with Signet Ring Cell Appearance 

•      Adenocarcinoma   (Figs.  3.20  and  3.87 )
•      Epithelioid angiosarcoma (Figs.  3.32  and  3.88 )
•      Epithelioid hemangioendothelioma (Fig.  3.89 )
•      Liposarcoma (lipoblasts) (Fig.  3.90 )
•      Lymphoma (Figs.  3.91  and  3.92 )
•       Melanoma (Fig.  3.93 )

      During morphologic evaluation, caution should be taken to dis-
tinguish metastatic malignancies from some benign nonneoplastic 

  Fig. 3.81    Lineage-nonspecifi c pattern/clear cell (example 7): chondrosar-
coma (Papanicolaou stain)       
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  Fig. 3.82    Lineage-nonspecifi c pattern/clear cell (example 8): chordoma ( left , 
Papanicolaou stain;  right , Diff-Quik stain)       

  Fig. 3.83    Lineage-nonspecifi c pattern/clear cell (example 9): squamous car-
cinoma with clear cell features ( left , Papanicolaou stain;  right , H&E-stained 
cell block)       

 

 



  Fig. 3.84    Lineage-nonspecifi c pattern/clear cell (example 10): metastatic 
adrenal cortical carcinoma with numerous tiny lipid-rich vacuoles in the cyto-
plasm (Diff-Quik stain)       

  Fig. 3.85    Lineage-nonspecifi c pattern/clear cell (example 11): metastatic 
acinic cell carcinoma from parotid gland with clear cell features ( left , 
Papanicolaou stain;  right , H&E-stained cell block)       

 

 



  Fig. 3.86    Lineage-nonspecifi c pattern/clear cell (example 12): parathyroid 
neoplasm with clear cell features ( left , Papanicolaou stain;  right , H&E-stained 
cell block)       

  Fig. 3.87    Lineage-nonspecifi c pattern/signet ring cell (example 1): metastatic 
signet ring cell adenocarcinoma from the stomach (Papanicolaou stain)       

 

 



  Fig. 3.88    Lineage-nonspecifi c pattern/signet ring cell (example 2): epithelioid 
angiosarcoma showing highly atypical epithelioid cells with intracytoplasmic 
lumina containing red blood cells (Papanicolaou stain;  inset , H&E-stained cell 
block)       

  Fig. 3.89    Lineage-nonspecifi c pattern/signet ring cell (example 3): epitheli-
oid hemangioendothelioma with cytoplasmic lumina and myxochondroid 
matrix (Papanicolaou stain)       

 

 



  Fig. 3.90    Lineage-nonspecifi c pattern/signet ring cell (example 4): liposar-
coma with signet ring-like tumor cells and lipoblasts that are characterized by 
several lipid vacuoles indenting or scalloping the nucleus ( left  and  right , 
Papanicolaou stain)       

  Fig. 3.91    Lineage-nonspecifi c pattern/signet ring cell (example 5): follicular 
lymphoma with signet ring cell features. The intracytoplasmic vacuoles may 
appear clear and empty. The diagnostic clues include that the chromatin pattern 
of these cells is similar to the adjacent non-vacuolated lymphoid cells and lym-
phoglandular bodies in the background ( left , Diff-Quik stain; middle, 
Papanicolaou stain;  right , H&E-stained cell block)       

 

 



  Fig. 3.92    Lineage-nonspecifi c pattern/signet ring cell (example 6): follicular 
lymphoma with signet ring cell features containing dense intracytoplasmic 
hyaline globules. The diagnostic clues include that the chromatin pattern of 
these cells is similar to the adjacent non- vacuolated lymphoid cells and 
lymphoglandular bodies in the background ( left , Diff-Quik stain;  right , 
Papanicolaou stain)       

  Fig. 3.93    Lineage-nonspecifi c pattern/signet ring cell (example 7): metastatic 
melanoma with signet ring cell-like features (Papanicolaou stain)       

 

 



  Fig. 3.94    Diagnostic traps (example 1A): an endometriosis in the inguinal 
region was mistaken for metastatic carcinoma in a lymph node of that region 
due to the presence of cytologic atypia and lymphohistocytic cells in the back-
ground on the smear (Papanicolaou stain)       

  Fig. 3.95    Diagnostic traps (example 1B): the resection specimen of the same 
lesion shows histologic fi ndings corresponding to cytologic features on FNA 
smears but consistent with endometriosis of the inguinal soft tissue 
(H&E-stained resection sample)       
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  Fig. 3.96    Diagnostic traps (example 2): a granular cell tumor involving the thy-
roid gland raised a concern for Hurthle cell neoplasm of the thyroid. However, 
cytoplasmic granules of granular cell tumor are coarser and cell border is less 
distinct compared to Hurthle cell neoplasm. The diagnosis was confi rmed by 
positive S100 staining on cell block (Papanicolaou stain;  inset , S100 stain)       

lesions or benign tumors, especially when these lesions display 
some degree of cytologic atypia and similar morphologic patterns. 
For example, endometriosis with reactive atypia is a common pit-
fall and can be mistaken for adenocarcinoma (Figs.  3.94  and  3.95 ). 
Granular cell tumor can mimic other tumors with oncocytic fea-
tures (Fig.  3.96 ). Rarely, thyroid follicular adenoma with dense 
colloid may resemble adenoid cystic carcinoma (Fig.  3.97 ).

      Melanoma is mostly derived from skin, and its soft tissue coun-
terpart is known as clear cell sarcoma; both show similar cytologic 
features. Hematopoietic malignancies and mesenchymal malig-
nancies each include a variety of subtypes and morphologic fea-
tures. Their diagnosis often requires ancillary studies that include 
not only immunostaining but also fl ow cytometry, cytogenetic, 
and sometimes molecular studies (see Chaps.   4    –  7    ).      
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  Fig. 3.97    Diagnostic traps (example 3): thyroid follicular neoplasm showing 
large blobs of dense colloid surrounded by follicular cells, mimicking base-
ment membrane-like hyaline globules surrounded by basaloid cells seen in 
adenoid cystic carcinoma (Diff-Quik stain)       
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            As mentioned in the previous chapters, a proper FNA diagnosis 
often relies on ancillary studies. Immunoperoxidase staining is the 
most important component in a cytology diagnosis (Fig.   1.1    ). Like 
other ancillary studies, immunostaining techniques and markers 
are continuously developing, and the applications of immunostain-
ing have increased in parallel with the discovery of novel markers 
in surgical pathology. However, with experience, markers that 
were initially reported to be specifi c for a given neoplasm have 
been found to be less specifi c than expected. Therefore, it is impor-
tant to emphasize that no single marker is 100 % sensitive nor 
100 % specifi c for a given tumor and immunostaining should be 
considered only in the context of a proper differential diagnosis. A 
small but effective panel should be selected on the basis of the 
patient’s medical history, the clinical and radiologic presentation, 
and the cytologic features of the lesion. 

 In addition, prognostic and predictive markers are often 
requested by clinicians to be tested on FNA samples of metastatic 
tumors to assess patients’ eligibility for certain targeted therapies. 
Of these, estrogen  receptor   (ER),  progesterone receptor (PR)  , and 
 human epidermal growth factor receptor 2 (HER2)   are the most 
common markers tested in metastases from patients with a known 
breast cancer. 

 Owing to the intrinsic limitations of FNA material, such as 
sample error, the limited material available for staining, and the 
lack of intact histologic architecture, immunostaining should be 
performed and interpreted with caution, using a stepwise approach. 

    Chapter 4   
 Immunoperoxidase Studies       

http://dx.doi.org/10.1007/978-3-319-23621-6_1#Fig1
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This chapter covers the sample type used for immunostaining in 
FNA practice, the marker characteristics, the selection and inter-
pretation strategy, and the tiered algorithm. The goal is to judi-
ciously select immunomarkers and use minimal FNA tissue to 
make an informative diagnosis yet preserve tissue for molecular 
analysis. Cost- effectiveness is also an important consideration. 

    Sample Type 

•     A cell block  with   decent cellularity, if feasible, is the preferred 
sample type for immunostaining. This is because the cell block 
partially retains histologic architecture of a lesion and is pro-
cessed in a manner similar to that of a surgical pathology speci-
men. In addition to a needle rinse or separate dedicated pass 
collected at the time of onsite evaluation, tissue fragments 
scraped from thick smear are also suitable for making cell 
block. A pellet obtained from centrifugation is fi xed in a mix-
ture of 95 % ethanol and 10 % formalin, embedded in paraffi n, 
and then sectioned. Usually, 8–10 sections are cut upfront, of 
which the fi rst and the last levels are stained with hematoxylin 
and eosin (H&E);  the   unstained sections in between are labeled 
with a number according to the cutting levels and stored for 
possible immunostaining or other ancillary studies. The two 
H&E-stained slides can be used to determine whether tumor 
cells are present in all the unstained sections and help to ensure 
that high-priority staining is performed on slides with more 
tumor cells.  

•   If a decent cell block is not available,    Papanicolaou- stained 
direct smear may be used if the slides contain a reasonable 
amount of lesional cells (Figs.  4.1  and  4.2 ).

•       In a situation in which cell block material is not available and 
the cells of interest are present on only a single  Papanicolaou- 
stained smear,   but a panel of markers is needed, a cell-transfer 
technique can be used to facilitate a multiple marker study 
using the limited material. In brief, the tissue from a smear is 
peeled, lifted, and divided into multiple pieces. Each piece is 
then transferred and fi rmly adhered to a new slide for a marker 
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staining. This technique can allow for avoiding a repeat biopsy 
solely for immunophenotyping of the tumor and thus can reduce 
patient morbidity and health-care costs.  

•   In hematopoietic lesions such as lymphoma, cytospin slides 
containing Ficoll-Hypaque-enriched mononuclear cells may be 
used for immunostaining (see Chap.   2    ).  

•   Technical validation should be performed before routinely 
using non-cell block preparations for immunostaining to ensure 
that an expected result can be consistently achieved. For exam-
ple, at MD Anderson, hormone receptor status is frequently 
evaluated on direct smears after in-house validation. 
Papanicolaou-stained    direct smears without destaining, but 
with antigen retrieval, have been proven to be optimal staining 
conditions (Figs.  4.3  and  4.4 ).

  Fig. 4.1    Immunostaining using direct smear when cell block is not available 
(example 1): smears of a squamous carcinoma do not show typical diagnostic 
features; the diagnosis was confi rmed by positive P63 staining on a smear ( left , 
Papanicolaou stain;  right upper , H&E- stained subsequent resection specimen; 
 right lower , P63 stain)       

 

 Sample Type
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           Marker Selection 

 Although a systematic thought process is important in the cytology 
diagnosis, immunoperoxidase studies should be tailored on  an   
individual basis and performed judiciously, step by step, to narrow 
down the differential diagnosis. The goal is to use the smallest 
necessary panel and yield maximal diagnostic information.

•    If a tumor is poorly differentiated, an immunoperoxidase 
workup may start with lineage determination using a broad 
spectrum of markers, followed by second and sometimes third 
panels to defi ne the tumor subtype and primary origin (Fig. 
  1.1    ). If a tumor is well to moderately differentiated and shows 
clear evidence of cell lineage or subtype, then specifi c markers 
can be ordered initially. The number of markers depends on the 

  Fig. 4.2    Immunostaining using direct smear when cell block is not available 
(example 2): positive PAX8 staining on a smear confi rms ovarian origin of a 
metastatic adenocarcinoma in an axillary lymph node, an unusual metastatic 
pattern (PAX8 stain)       
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slides available and priority.    Sometimes, a single marker is suf-
fi cient for confi rmatory purpose if a clinical history of primary 
tumor is known and the cytologic features are compatible.  

•   Dual or multiplex staining, in which two or more immunostains 
are performed on a single slide, can be used in certain cases to 
save tissue.    Dual staining of TTF1 and Napsin A is one of the 
examples (Fig.  4.5 ); positive staining seen in either or both 
markers is often used to confi rm a lung primary and an adeno-
carcinoma subtype.

•      The most frequently encountered tumor entities in cytology 
practice should be considered before selecting markers for 
detecting rare and unusual tumors.  

•   Nuclear markers are generally superior to cytoplasmic or mem-
branous markers in cytology preparations. Compared to non-
 nuclear markers,   nuclear staining tends to be more specifi c and 
easier to interpret, especially when staining is performed on 

  Fig. 4.3    Immunostaining using direct smear when cell block is not available 
(example 3): positive estrogen receptor staining on a smear of metastatic 
breast carcinoma; the information was used to guide clinical treatment (estro-
gen receptor stain)       
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direct smears in which the intercellular relationship and cell 
membrane may be distorted or stripped off during smearing 
(Fig.  4.6 ). Any true nuclear staining should be considered sig-
nifi cant. The commonly used nuclear markers and nonnuclear 
markers are listed in Tables  4.1  and  4.2 , respectively. A few 
newly discovered yet promising markers are also included. 
   Currently  specifi c   markers may become less specifi c and may 
be replaced by new markers and new clones that are continually 
emerging.

•        A specifi c positive result for a particular marker has greater 
value than a negative result because negative staining may 
refl ect a true negative biologic reaction; however, it may also 

  Fig. 4.4    Immunostaining using direct smear when cell block is not avail-
able (example 4): positive estrogen receptor staining on a smear of meta-
static breast carcinoma in a neck lymph node. The result was used to 
confi rm a diagnosis because the tumor cells are small and bland, reminis-
cent of the background lymphocytes ( left , Papanicolaou stain;  right , estro-
gen receptor stain)       
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result from false negativity. Therefore, marker selection priority 
should be given to markers that are expected to be positive, 
although markers that are expected to be negative may be 
included in a panel.  

•   If immunophenotypic  information   about a previous tumor in 
the same patient is available, selection of positively expressed 
specifi c markers to work up the current tumor is helpful to con-
fi rm that the two tumors are of the same disease process 
(Fig.  4.7 ).

•      Marker selection needs knowledge of metastatic pattern. For 
example, in view of the fact that thyroid gland is an important 
recipient for  metastatic   renal cell carcinoma, PAX8 should not 
be selected to work up a suspected metastatic renal cell carci-
noma in the thyroid because tumors originated from both organs 
express PAX8.     

  Fig. 4.5    An example of dual or multiplex staining, which allows for multi-
ple markers to be evaluated on the same slides to save tissue: TTF1 ( brown 
nuclear staining ) and Napsin A ( red cytoplasmic staining ) performed on the 
same cell block section       
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    Marker Interpretation and Caveats 

•     Correlation with clinical  and   radiologic fi ndings and cytologic 
features.  

•   Knowledge of the distribution of specifi c staining in cells 
(nuclear, cytoplasmic, or membranous).  

•   Focusing on staining in healthy and viable tumor cells, avoiding 
degenerated cells or cells in necrotic areas.  

•   Judicious examination of positive and negative controls that 
ideally should be processed and stained in the same manner as 
the test sample at each run of staining.  

•   Immunostaining on non-cell block preparations, such as direct 
smears, usually does not have proper control tissue. Extra cau-
tion should be taken during interpretation.  

  Fig. 4.6    Immunostaining using direct smear when cell block is not available 
(example 5): positive TTF1 staining on a smear confi rms a metastatic papillary 
thyroid carcinoma in soft tissue of the thigh (TTF1 stain)       
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•   Defi nition of positivity in terms of the percentage of positive 
lesional cells required may vary for different markers. However, 
for the interpretation of prognostic and  predictive markers such 
as ER, PR, and HER2, standard guidelines should be followed.  

•   Net results of the entire immunostaining panel should be used 
when considering a fi nal diagnosis.  

•   False-negative results are more common than are false- positive 
results. Therefore, a positive result is generally more meaning-
ful than a negative result.  

•   False-negative results are largely due to sample error (i.e., scar-
city of lesional cells available for immunostaining from a tumor 
that intrinsically expresses the markers only focally and hetero-
geneously) and inappropriate preanalytical and analytical fac-
tors (e.g., using non-cell block material for immunostaining 
without technical validation). Certain stains, such as S100, 

  Fig. 4.7    Immunostaining using direct smear when cell block is not available 
(example 6): positive CDX2 staining on a smear confi rms colorectal origin of 
a metastatic adenocarcinoma in a retroperitoneal lymph node (CDX2 stain)       
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c annot be reliably assessed on ethanol-fi xed preparations, 
 possibly resulting in false- negative fi ndings.  

•   False-positive results are usually due to erroneous interpreta-
tion. The lack of reliable histologic architecture in the aspirated 
material can cause entrapped benign cells at the aspiration site 
to be mistaken for tumor cells. For example, an aspirate of a 
metastatic carcinoma to the lungs may be admixed with 
entrapped benign bronchial epithelial cells that express TTF-1, 
potentially leading to the erroneous conclusion that the tumor is 
focally TTF-1 positive and thus a lung primary. In addition, 
nonspecifi c staining is often seen in crowded cell groups of 
thick smears or in association with the edge effect. It can cause 
a false- positive interpretation. Occasionally, staining of the 
cytoplasm overlying a nucleus which is actually negative for a 
nuclear marker may appear weak reactivity in the nucleus due 
to the integrity of the cells and the three-dimensional nature of 
the cells on the smear.  

•   Be aware of some caveats that may be associated with TTF1, 
CDX2, and PAX8, the most commonly used nuclear markers in 
cytology practice. For example, CDX2 may be positive in 
adenocarcinomas from the lung, ovary, and urinary bladder 
with enteric phenotype and yolk sac tumor. Lung adenocarcino-
mas with enteric phenotype or mucinous subtype usually have 
lower frequency of TTF1 expression than those with nonmuci-
nous subtype. Likewise, ovarian adenocarcinomas with enteric 
phenotype or mucinous subtype less likely express PAX8 than 
those with nonmucinous subtype. In addition, when a distinc-
tion between thyroid and parathyroid or between thyroid and 
thymic tumor is needed, PAX8 should not be selected because 
lesions from these origins can express PAX8. PAX8 can also be 
positive in lymphoid cells; thus caution should be taken when 
using PAX8 to detect metastatic carcinoma in lymph node sam-
ple. In addition to carcinoma originated from renal, thyroid, and 
gynecologic organs, PAX8 is frequently expressed in well-dif-
ferentiated pancreatic endocrine tumor. Lastly, PAX8 is usually 
used to distinct renal cell carcinoma (positive) from urothelial 
carcinoma (negative); however, a subset of upper tract urothe-
lial carcinoma may express PAX8.     

4 Immunoperoxidase Studies
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    Tiered Diagnostic Algorithm 
of Immunoperoxidase Workup 

 The tiered approach involves  the   sequential application of selected 
markers: the smallest yet most effective panel. The entities listed 
in the tables of this chapter are the malignant tumors that are most 
frequently encountered in cytology practice, although a few low-
grade and benign lesions are included for the purpose of differen-
tial diagnosis. The staining results in the tables are not absolute 
and may vary depending on variations in the sensitivity and speci-
fi city of the antibody used, staining conditions, and tumor differ-
entiation. In general, “−” or “negative” signifi es the percentage of 
positive cases in the 0–10 % range; “−/+” signifi es the percentage 
of positive cases in the 10–50 % range; “+/−” signifi es the percent-
age of positive cases in the 50–70 % range; and “+” or “positive” 
signifi es the percentage of positive cases in the >70 % range. 

    Determination of Tumor Lineage (Step 1) 
(Figs.   1.9     and  4.8 ) 

    Even though each  diagnostic   algorithm differs according to the 
clinical and cytologic fi ndings, for cases that need to be worked up 
from lineage determination, the fi rst-tier panel of immunostaining 
markers includes panCK, melanocytic markers (such as MART1), 
and a hematopoietic marker (such as CD45) to determine the epi-
thelial, melanocytic, and hematopoietic lineages of the tumor, 
respectively. 

    Epithelial Markers 

 Cytokeratins are present in epithelial  cells   and are the hallmarks of 
this lineage. AE1/AE3 used to be considered a fi rst- line screening 
marker. Although AE1/AE3 is expressed in the majority of epithe-
lial neoplasms, a few exceptions exist. For example, hepatocellular 
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carcinoma is not recognized by AE1/AE3 because hepatocytes are 
positive for CK18, which is not included in AE1/AE3 but is included 
in CAM5.2. Neuroendocrine carcinomas, including small cell carci-
noma, variably express both AE1/AE3 and CAM5.2. CAM5.2 is 
complementary to AE1/AE3 and can recognize the few carcinomas 
that are missed by AE1/AE3. Therefore, pancytokeratin (panCK), a 
cocktail of AE1/AE3 and CAM5.2 and other keratins, should be 
used as a screening cytokeratin in cytology practice. 

 PanCK  greatly   increases the screening sensitivity of confi rming 
an epithelial nature of the malignancy; some carcinomas are still 
negative for this marker (Table  4.3 ). For renal cell carcinoma, the 
addition of EMA could be helpful. Adrenal cortical carcinoma fre-
quently lacks expression of panCK or any other epithelial markers, 
including EMA. Caution should be taken in the interpretation of 

  Fig. 4.8    Algorithmic approach to immunoperoxidase workup of metastatic 
tumors       
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panCK in small cell carcinoma, in which the degree of panCK 
expression varies depending on the primary origin and the staining 
can be focal and subtle because the cells have very little cytoplasm.

   On the other hand, non-carcinoma malignancies may show 
 variable   expression of panCK, especially tumors with epithelioid 
appearance, including melanoma, sarcoma, and hematopoietic 
tumors (Table  4.4 ). Staining in most of these tumors tends to be 
focal and weak. However, these could be the traps for the unwary. 
Of note, mesothelioma and most germ cell tumors (excepting sem-
inoma/dysgerminoma) are epithelial- derived tumors and are posi-
tive for panCK.

   CK5/6 and CK903 are both high molecular weight keratin, but 
are not included in panCK. They are reactive to squamous, urothe-
lial, and metaplastic breast carcinomas.  

    Melanocytic Markers 

 Commonly used  melanocytic markers in   cytology practice include 
MART1, SOX10, MITF, S100, and HMB45. Although S100 is 
quite sensitive for melanoma in paraffi n-embedded tissue sections, 
it is not very specifi c and can be expressed in a subset of tumors 
from different lineages, including carcinomas, sarcomas, and den-
dritic cell tumors (Table  4.1 ). In addition, S100 staining on etha-
nol-fi xed preparations may show a false- negative   result; thus, it is 
not a preferred marker in cytology practice. HMB45 has high 
specifi city but relatively low sensitivity. MART1 is often used as a 
fi rst-line marker. When direct smear is the only available sample 

   Table 4.3    Carcinomas that may show negative panCK staining   

 Carcinoma type  panCK (%) 

 Adrenal cortical carcinoma  15 % 
 Anaplastic thyroid carcinoma  75 % 
 Embryonal carcinoma  75 % 
 Hepatocellular carcinoma  80 % 
 Renal cell carcinoma  80 % 
 Small cell carcinoma  Variable depending on site 
 Spindle cell/sarcomatoid carcinoma  Variable depending on site 
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type for staining, nuclear markers such as SOX10 and MITF are 
preferred; both stain the epithelioid and spindle variant of mela-
noma with high sensitivity (Figs.  4.9  and  4.10 ).

        Hematopoietic Markers 

 CD45 is highly specifi c  for   hematopoietic cells. However, a few 
 hematopoietic neoplasms   might be negative for CD45, including 
anaplastic large cell lymphoma, lymphoblastic  lymphoma, 

   Table 4.4    Non-epithelial malignant tumors that may express panCK   

 Tumor type  panCK (%) 

  Epithelioid morphology  
 Melanoma (skin, soft tissue)  10 % 
 Mesothelioma  95 % 
 Epithelioid angiosarcoma  65 % 
 Epithelioid hemangioendothelioma  15 % 
 Epithelioid leiomyosarcoma  10 % 
 Epithelioid MPNST  20 % 
 Epithelioid rhabdomyosarcoma  25 % 
 Epithelioid sarcoma  80 % 
 Osteosarcoma  <10 % 
 Alveolar soft part sarcoma  None 
 Synovial sarcoma  65 % 
 Chordoma  100 % 
 Epithelioid GIST  Rare 
 Paraganglioma  <10 % 
 Seminoma  30 % 
 Large cell lymphoma  Rare 
 Plasma cell neoplasms  20 % 
  Others  
 DPSRCT  90 % 
 Ewing sarcoma/PNET  15 % 

  Abbreviations of tumor entities:  DPSRCT  desmoplastic small round cell 
tumor,  GIST  gastrointestinal stromal tumor,  MPNST  malignant peripheral 
nerve sheath tumor,  PNET  primitive neuroectodermal tumor  
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myeloid sarcoma, plasma cell neoplasms, Reed–Sternberg cells 
and variants in classical Hodgkin lymphoma, and follicular den-
dritic cell sarcoma (Table  4.5 ). In these circumstances, CD43 
should be used to increase the detectability when these tumors are 
in the differential diagnosis.

    Flow cytometric immunophenotyping   is critical for subtyping 
 B-cell lymphoma  . When it is not available, cytospin or direct 
smears can be used for immunostaining, such as kappa and lambda, 
CD20, and CD3 (Figs.  4.11  and  4.12 ). Ki67 staining to  assess 
  tumor proliferation is an important part of a lymphoma workup 
because it helps grading of non-Hodgkin B-cell lymphomas 
(Fig.  4.13 ). SOX11 is highly sensitive and specifi c for mantle cell 
lymphoma; it can be used as an adjunct to immunophenotyping to 
increase the diagnostic certainty in a primary diagnostic setting or 

  Fig. 4.9    Immunostaining using direct smear when cell block is not available 
(example 7): positive SOX10 staining on a smear confi rms a metastatic mela-
noma with spindle cell features (SOX10 stain)       
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  Fig. 4.10    Immunostaining using direct smear when cell block is not available 
(example 8): positive MITF staining on a smear confi rms a metastatic mela-
noma in the parotid gland (MITF stain)       

   Table 4.5     Hematopoietic neoplasms   that may be negative for CD45   

 Tumor  CD45 (%) 

 Anaplastic large cell lymphoma  50–80 
 Classical Hodgkin lymphoma (Reed–Sternberg cell/variants)  0–10 
 Follicular dendritic cell sarcoma  0 
 Lymphoblastic lymphoma  25–50 
 Myeloid sarcoma  50–80 
 Plasma cell neoplasms  65 

as a sole  diagnostic marker to confi rm mantle cell lymphoma in a 
recurrent setting, especially when a patient has a known history of 
MCL and the FNA sample has insuffi cient cells for fl ow cytomet-
ric immunophenotyping (Fig.  4.14 ).
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  Fig. 4.11    Immunostaining using direct smear when cell block is not available 
(example 9): positive CD20 staining on a cytospin slide supports B-cell lin-
eage of a lymphoma with signet ring cell features ( left , Diff-Quik stain;  right , 
CD20 stain)       

  Fig. 4.12    Immunostaining using direct smear when cell block is not available 
(example 10): positive CD3 staining on a cytospin supports T-cell lineage of a 
peripheral T-cell lymphoma (CD3 stain)       

 

 



  Fig. 4.13    Immunostaining using direct smear when cell block is not available 
(example 11): Ki-67 staining on a cytospin helps grading B-cell lymphoma, 
especially in documenting a possible transformation of low-grade lymphoma 
to higher-grade form (Ki67 stain)       

  Fig. 4.14    Immunostaining using direct smear when cell block is not available 
(example 12): positive SOX11 on a smear helps confi rmation of mantle cell 
lymphoma (SOX11)       
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         Mesenchymal Markers 

  Vimentin   is  often   considered to as a mesenchymal marker because 
nearly all types of sarcomas express this marker except for rare 
entities such as alveolar soft part sarcoma. Vimentin is sometimes 
used to differentiate sarcoma from carcinoma (mostly vimentin 
negative). However, vimentin is a nonspecifi c marker for recogniz-
ing sarcomas because it can be variably expressed in tumors of 
other lineages, including some carcinomas, lymphomas, mela-
noma, mesothelioma, and germ cell tumors (Table  4.6 ). Additional 
specifi c markers are often needed for further classifi cation 
(Figs.  4.15  and  4.16 ).

      Desmin   is  commonly   used as a fi rst-line marker to screen for 
myogenic differentiation. However, non-myogenic tumors may 
unexpectedly express desmin, including desmoplastic small round 
cell tumor, blastemal component of Wilms tumor, and mesothelial 
cells (benign > malignant). However, these entities are negative for 
muscle-specifi c actin or smooth muscle actin. Therefore, desmin 
should be used together with actins in some cases.   

    Determination of Tumor Subtype and Possible 
Origin (Step 2) (Figs.   1.9     and  4.8 ) 

 Of the four broad categories of malignancy, carcinoma is the most 
common. The major subtypes of carcinoma include adenocarci-
noma, squamous carcinoma, neuroendocrine carcinoma, and 
others such as urothelial carcinoma, renal cell carcinoma, hepato-
cellular carcinoma, and adrenal cortical carcinoma. The cytologic 
features of these subtypes are outlined in Chap.   3    . 

 Of the abovementioned subtypes,  adenocarcinoma   is the most 
commonly encountered. MOC31, BerEP4, and B72.3  are   markers 
of adenocarcinoma in general; however, they are usually used in 
effusion samples to distinguish adenocarcinoma (positive) from 
mesothelial hyperplasia or  mesothelioma (negative). The com-

 Tiered Diagnostic Algorithm of Immunoperoxidase Workup
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   Table 4.6    Positive vimentin expression in non-mesenchymal tumors   

  Epithelial lineage  
 Adrenal cortical carcinoma 
 Breast carcinoma including metaplastic type 
 Endometrial adenocarcinoma 
 Myoepithelial carcinoma 
 Ovarian serous carcinoma 
 Renal cell carcinoma 
 Spindle cell/sarcomatoid carcinoma of various sites 
 Thyroid carcinoma including anaplastic type 
 Salivary duct carcinoma 
 Small cell carcinoma 
  Other lineages  
 Lymphoma (especially B-lymphoblastic and large cell lymphoma) 
 Melanoma 
 Mesothelioma 
 Seminoma, yolk sac tumor 

  Fig. 4.15    Positive ERG on a cell block section confi rms vascular nature of an 
epithelioid hemangioendothelioma (ERG stain; inset, Papanicolaou stain)       
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mon second-tier immunomarkers are CK7 and CK20 panel 
(Table  4.7 ) to defi ne possible primary origins. Adenocarcinoma 
with a CK7-negative and CK20-positive expression pattern is 
quite specifi c for colorectal origin. However, adenocarcinoma of 
many organ sites is CK7-positive/CK20-negative; adenocarci-
noma of the pancreaticobiliary tract, stomach, and esophagus 
show variable CK7 and CK20 expression patterns. In most cases, 
CK7, with or without CK20, is ordered together with one or more 
specifi c markers (see section “Determination of Primary Origin”) 
for working up an adenocarcinoma.

   For  squamous carcinoma  , the general markers include P40, 
P63, and CK5/6. There is virtually no site-specifi c marker for 
squamous carcinoma; however, P16 immunostaining, together 
with HPV testing using in situ hybridization (ISH), can help deter-
mine the possible site because HPV-associated squamous carcinoma 

  Fig. 4.16    Positive TFE3 on a cell block section confi rms a diagnosis of alveo-
lar soft part sarcoma (H&E-stained cell block;  inset : TFE3 stain)       
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      Table 4.7    Common CK7 and  CK20   staining patterns in tumors from various 
primary sites   

 CK7 and CK20 
expression  Tumor and origin 

 CK7+/CK20−  Lung: non-small cell carcinoma, adenocarcinoma 
 Breast: ductal carcinoma, lobular carcinoma 
 Endometrium: adenocarcinoma 
 Endocervix: adenocarcinoma 
 Ovary: adenocarcinoma (nonmucinous) 
 Kidney: renal cell carcinoma (papillary, 
chromophobe, collecting duct and medullary) 
 Thyroid carcinoma (papillary, follicular, medullary) 
 Thymus: thymic carcinoma 
 Salivary gland: ductal carcinoma 
 Mesothelium: mesothelioma 
 Uterine cervix: squamous carcinoma 

 CK7−/CK20+  Colon and rectum: adenocarcinoma 
 Skin: Merkel cell carcinoma 
 Salivary gland: small cell carcinoma 

 CK7+/CK20+  Genitourinary tract: urothelial carcinoma (may also 
CK7+/CK20−) 
 Ovary: mucinous adenocarcinoma 
 Stomach and esophagus: adenocarcinoma 
 Pancreatic/biliary tract: adenocarcinoma including 
cholangiocarcinoma 

 CK7−/CK20−  Liver: hepatocellular carcinoma 
 Kidney: renal cell carcinoma (clear cell) 
 Prostate: adenocarcinoma 
 Adrenal gland: adrenal cortical carcinoma 
 Lung: small cell carcinoma 
 Gastrointestinal tract and lung: carcinoid tumor 
 Gonadal or extragonadal sites: germ cell tumors 
 Head and neck, esophagus, lung: squamous 
carcinoma 

  −, <10 % of cases are positive; −/+, 10–50 % of cases are positive; +/−, 
50–70 % of cases are positive; +, >70 of cases are positive 
 1) Medullary carcinoma of the colon is CK7−/CK20− 
 2)  Adenocarcinomas of the pancreaticobiliary tract, stomach, and esophagus 

show variable CK7/CK20 patterns 
 3)  Neuroendocrine carcinomas of the lung, liver, and small bowel are either 

CK7+/CK20− or CK7−/CK20−. Carcinoid tumors of the gastrointestinal 
tract and lung are mostly CK7−/CK20−  
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usually occurs in the uterine cervix and anogenital and oropharyn-
geal sites. Squamous carcinoma of the head and neck, esophagus, 
and lungs is mostly negative for both CK7 and CK20, whereas 
squamous carcinoma of the cervix is often positive for CK7 but 
negative for CK20 (Table  4.7 ). 

 The general markers for neuroendocrine carcinoma include 
chromogranin, synaptophysin, and CD56. Like squamous carci-
noma, there  are   no reliable site-specifi c markers for neuroendo-
crine carcinoma. Neuroendocrine carcinomas of the lungs, liver, 
and small bowel are either  CK7-positive/CK20-negative or neg-
ative for both markers; carcinoid tumors of the gastrointestinal 
tract and lungs are mostly negative for both markers (Table  4.7 ). 
With the development and increasing use of new markers, some 
have been found to be “unexpected” neuroendocrine markers. 
These include TTF1, CDX2, SATB2, PR, PAX8 (Table  4.1 ), and 
CDH17 (Table  4.2 ). TTF1 positivity is more common in neuro-
endocrine tumors of the lungs than in those of other origins; 
expression of PAX8 and PR is reportedly supportive of pancre-
atic origin. With variable frequencies, CDH17 labels neuroendo-
crine tumors of the pancreas and entire gastrointestinal tract; 
CDX2 labels neuroendocrine tumors of the small and large intes-
tines, and SATB2 positivity is usually confi ned to neuroendo-
crine tumors of the left colon and rectum. Traps and tips are 
further discussed in section “Neuroendocrine Tumors and 
Differential Diagnosis”. 

 Urothelial carcinoma is usually positive for both CK7 and 
CK20, with a small subset of cases being CK7-positive but 
CK20-negative. Renal cell carcinoma, hepatocellular carcinoma, 
and adrenal cortical carcinoma are typically negative for both 
markers (Table  4.7 ). Their specifi c diagnostic panels are listed in 
Table  4.8 .

   Typically, mesothelioma is positive for CK7 and negative for 
CK20, and germ cell tumors and chordoma are negative for both 
markers. Their specifi c immunophenotypic features are covered in 
Tables  4.9  and  4.11  (Figs.   3.30    ,  4.17 , and  4.18 ).

Tiered Diagnostic Algorithm of Immunoperoxidase Workup

http://dx.doi.org/10.1007/978-3-319-23621-6_3#Fig30
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    Table 4.9     Confi rmatory markers   for melanoma and other tumor types   

 Tumor type and origin  Confi rmatory if positive  Others 

 Melanoma, skin or soft 
tissue 

 Melan A/MART1, SOX10, 
MITF, S100, HMB45, 
tyrosinase 

 See 
Table  4.15  

 Mesothelioma, serous 
cavity 

 Calretinin, CK5/6, 
WT1, D2-40 

 MOC31−, 
BerEP4− 

 Germ cell tumors, gonadal 
or extragonadal sites 

 Sall4, PLAP, OCT3/4, 
CD117, Glypican3, 
CD30, AFP, NANOG 

 panCK+/−; 
see Table  4.19  

 Sex cord stromal tumors, 
gonad 

 SF1, inhibin, calretinin, 
Melan A (clone A103) 

 panCK−/+ 

  −, <10 % of cases are positive; −/+, 10–50 % of cases are positive; +/−, 
50–70 % of cases are positive; +, >70 of cases are positive  

  Fig. 4.17    Positive OCT3/4 ( left ) staining and Sall4 ( right ) staining on cell 
block sections confi rm a diagnosis of seminoma       

 

4 Immunoperoxidase Studies
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         Determination of Specifi c Primary Origin (Step 3) 
(Figs.   1.9     and  4.8 ) 

 In most circumstances, the CK7 and  CK20   expression panel is 
insuffi cient to pinpoint the primary origin of an adenocarcinoma 
except for colorectal adenocarcinoma. Therefore, third-tier immu-
nomarkers are needed. 

 Table  4.8  lists the  confi rmatory   markers for carcinomas from 
various organ sites. 

 Table  4.9  lists the  confi rmatory   markers for melanoma (from 
skin or soft tissue), mesothelioma (from the serous cavity), germ 
cell tumors (from gonadal or extragonadal sites), and sex cord 
stromal tumors (from the gonads). Of note, Melan A/MART1, 
SOX10, MITF, S100, and HMB45 are quite specifi c for melanoma 
and its soft tissue counterpart. Most of these markers are also pres-
ent in other melanosome-containing tumors, such as melanotic 
nerve sheath tumors and PEComas (encompassing angiomyoli-

  Fig. 4.18    Immunostaining using direct smear when cell block is not available 
(example 13): positive brachyury staining on a smear confi rms a diagnosis of 
chordoma (brachyury stain;  inset , Papanicolaou stain)       

 

 Tiered Diagnostic Algorithm of Immunoperoxidase Workup
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poma, clear cell sugar tumor, and lymphangioleiomyomatosis) 
(Tables  4.1  and  4.2 ). 

 Table  4.10  lists  the   confi rmatory markers for  hematopoietic 
malignancies that are often encountered.

   Table  4.11  lists  the   confi rmatory markers for mesenchymal 
malignancies from soft tissue and bone.

        Neuroendocrine Tumors and Differential 
Diagnosis (Table   4.12  ) 

    Neuroendocrine  tumors   are composed of two categories: epithelial 
(e.g., carcinoid, pancreatic endocrine tumor, medullary thyroid 
carcinoma, Merkel cell carcinoma, and small cell carcinoma) and 
non-epithelial (e.g., neuroblastoma, pheochromocytoma/paragan-
glioma).  Epithelial neuroendocrine tumors   are positive for panCK, 
with the exception of small cell carcinoma, which shows variable 
reactivity, whereas non- epithelial neuroendocrine tumors are neg-
ative for panCK. PanCK staining in small cell carcinoma and 
Merkel cell carcinoma has a perinuclear dot-like pattern, as does 
CK20 in Merkel cell carcinoma. 

 The general cytologic features of neuroendocrine tumors are 
outlined in Chap.   3    . The important clue is fi nely stippled (“salt and 
pepper”) chromatin and inconspicuous nucleoli.  Chromogranin   
and  synaptophysin   are the fi rst-line screening markers for neuro-
endocrine  differentiation   with synaptophysin being more sensitive 
and chromogranin being more specifi c (Fig.  4.19 ). Generally, 
chromogranin and synaptophysin are suffi cient to identify most 
neuroendocrine tumors, especially low-grade ones. CD56 is a neu-
roendocrine marker that is generally more sensitive than are chro-
mogranin and synaptophysin, but it is not routinely used as a 
screening marker since it is less specifi c. For example, CD56 can 
label synovial sarcoma, steroid-producing tumors, sex core stro-
mal tumors, peripheral nerve sheath tumors, rhabdomyosarcoma, 
and several lymphomas and plasma cell neoplasms. However, 
CD56 can be saved for cases that are suspicious for high- grade 
neuroendocrine tumors (especially small cell carcinoma) but show 
a negative reaction to the two fi rst-line markers.

4 Immunoperoxidase Studies

http://dx.doi.org/10.1007/978-3-319-23621-6_3
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   Caution should be taken not to use synaptophysin alone because a 
few non-neuroendocrine tumors can be positive for synaptophysin but 
not for chromogranin. These include adrenal cortical tumors, pancre-
atic solid pseudopapillary tumor, desmoplastic small round cell 
tumors, thymic carcinoma, and thyroid non-medullary carcinomas. 

 In pancreatic tumors, low- grade   pancreatic endocrine tumor 
(i.e., islet cell tumor), solid pseudopapillary tumor, and acinar cell 
carcinoma can show signifi cant overlap in their cytologic features, 
and immunostaining workup is often required for a differential diag-
nosis (Table  4.13 ). A common mistake is to use synaptophysin as 
the sole marker for confi rming the neuroendocrine nature of a case 
in which only one slide is available for staining. Solid pseudopapil-
lary tumor can be  positive   for this marker, leading to a misdiagnosis 
of a pancreatic endocrine carcinoma, especially if the clinical pre-
sentation is not typical (Fig.  4.20 ). Therefore, synaptophysin should 

  Fig. 4.19    Immunostaining using direct smear when cell block is not available 
(example 14): positive chromogranin staining confi rms a diagnosis of meta-
static neuroendocrine carcinoma with plasmacytoid features in a lumbar ver-
tebral bone and excludes a differential diagnosis of plasma cell neoplasm ( left , 
Diff-Quik stain;  right , chromogranin stain)       
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   Table 4.13    Differential diagnosis of pancreatic endocrine tumor, solid 
pseudopapillary tumor, and acinar cell carcinoma   

 Marker 

 Pancreatic 
endocrine 
tumor 

 Acinar cell 
carcinoma 

 Solid 
pseudopapillary 
tumor 

 panCK  +  +  −/+ 
 CD56  +  −/+  +/− 
 Synaptophysin  +  −/+  +/− 
 Chromogranin  +  −/+  − 
 CD10  −  −  + 
 nuclear β-catenin  −  −/+  + 
 Trypsin  −  +  −/+ 
 PR  +/−  −  + 
 Vimentin  −  −  + 

  −, <10 % of cases are positive; −/+, 10–50 % of cases are positive; +/−, 
50–70 % of cases are positive; +, >70 of cases are positive  

  Fig. 4.20    An example of diagnostic traps: using synaptophysin as a sole 
marker to confi rm neuroendocrine nature of a tumor is not reliable. A single 
synaptophysin positivity on a smear of a pancreatic lesion from a 46-year-old 
man was thought to support pancreatic endocrine tumor. A subsequent surgi-
cal resection proved to be a solid pseudopapillary tumor of the pancreas ( left , 
Papanicolaou stain;  right , synaptophysin)       
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not be used as a sole marker to confi rm a neuroendocrine nature. 
Amyloid material, if found, is supportive of a neuroendocrine car-
cinoma (Figs.  4.21  and  4.22 ).

      The unexpected neuroendocrine markers, such as TTF1, CDX2, 
SATB2, PR, PAX8, and CDH17, have been discussed in section 
“Determination of Tumor Subtype and Possible Origin” and listed 
in Tables  4.1  and  4.2 .  

    Spindle Cell Malignancies and Differential 
Diagnosis (Table  4.14 ) 

 Malignant tumors  with   spindle cell features are listed in section 
“Tumors with Spindle Cell Appearance” in Chap.   3     and Fig.   1.10     
and illustrated in Figs.   2.12     and   3.42    –  3.51    . The  general cytologic 
features of sarcoma, the most common entity in this group, are 

  Fig. 4.21    Amyloid material in a pancreatic lesion is an important clue of pan-
creatic endocrine tumor. It may be overlooked or misinterpreted as nonspecifi c 
fi brous tissue in the background (Papanicolaou stain)       

 

4 Immunoperoxidase Studies
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described in Chap.   2    . Of the spindle cell carcinomas or sarcoma-
toid carcinomas, those commonly seen in cytology practice are 
 from   genitourinary sites (e.g., renal cell carcinoma and urothelial 
carcinoma), the lungs (e.g., squamous carcinoma), and the breasts 
(e.g., metaplastic carcinoma). The characteristic immunostaining 
profi le of each entity is listed in Table  4.14 .

       Small Round Blue Cell Tumors and Differential 
Diagnosis (Table  4.15 ) 

 Tumors  with   small blue cell features are listed in section “Tumors 
with Small Cell Appearance” in Chap.   3     and Fig.   1.10     and illus-
trated in Figs.   2.4    ,   2.5    ,   3.25    , and   3.52    –  3.58    . The general cytologic 

  Fig. 4.22    Amyloid material on cell block section showing homogenous and 
amorphous extracellular material ( left ), which shows characteristic  apple-
green  birefringence with polarized light microscopy ( right lower ). This tumor 
was strongly positive for chromogranin ( right upper )       
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features of small cell carcinoma, Merkel cell carcinoma, mela-
noma, and lymphoma are described in Chap.   2     and section 
“Neuroendocrine Carcinoma” in Chap.   3    . The characteristic 
immunostaining profi le of each entity is listed in Table  4.15 .

   It is of note that, in certain  clinical   contexts, differential 
diagnosis should include poorly differentiated or basaloid squa-
mous carcinoma, the solid component of adenoid cystic carci-
noma, metastatic basal cell carcinoma, and granulosa cell tumor 
(Figs.   3.59    –  3.62    ).  

    Differential Diagnosis of Thyroid Carcinomas 

 Different subtypes  of   thyroid carcinomas are illustrated in Figs. 
  1.8    ,   3.8    ,   3.9    ,   3.14    ,   3.24    ,   3.46    ,   3.63    ,   3.72    , and   3.97    . The charac-
teristic immunostaining profi le of each subtype is listed in 
Table  4.16 .

       Differential Diagnosis of Kidney Tumors 

 The general cytologic features  of   renal cell carcinomas are 
described in 3.1.4 and illustrated in Figs.   1.5    ,   3.27    ,   3.69    , and   3.75    . 
The characteristic immunostaining profi le of each subtype and dif-
ferential diagnosis are listed in Tables  4.17  and  4.18 .

        Differential Diagnosis of Germ Cell Tumors 

 The general cytologic  features   of seminoma/dysgerminoma are 
described in section “Germ Cell Tumors” in Chap.   3     and illus-
trated in Figs.   3.31    ,   3.41    ,   3.79    , and  4.17 . The characteristic immu-
nostaining profi le of each subtype of germ cell tumors is listed in 
Table  4.19 .

 Differential Diagnosis of Germ Cell Tumors

http://dx.doi.org/10.1007/978-3-319-23621-6_2
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      Table 4.16    Differential diagnosis of thyroid carcinomas   

 Marker 

 Papillary 
thyroid 
carcinoma 

 Thyroid 
follicular 
carcinoma 

 Thyroid 
medullary 
carcinoma 

 Anaplastic 
thyroid 
carcinoma 

 Thyroglobulin  +  +  −  − 
 TTF1  +  +  +  −/+ 
 PAX8  +  +  −/+  +/− 
 Chromogranin, 
synaptophysin 

 −  −  +  − 

 CEA  −  −  +  − 
 Calcitonin  −  −  +  − 

  −, <10 % of cases are positive; −/+, 10–50 % of cases are positive; +/−, 
50–70 % of cases are positive; +, >70 of cases are positive    

       Cancer of Unknown Primary Origin (CUP) 

  CUP   is a heterogeneous group  of   cancers defi ned by the presence 
of metastatic disease with no identifi ed primary tumor after an 
“adequate” diagnostic workup. The primary origin of some CUPs 
may be identifi ed only at autopsy. Approximately 3–5 % of new 
malignant diagnoses are classifi ed as CUP. Because of the lack of 
effective therapeutic regimens, patients usually receive broad-
spectrum empiric chemotherapy and most of these patients have a 
poor prognosis. Currently, there is poor consensus on the extent of 
diagnostic and pathologic evaluations necessary. However, with 
the availability of sophisticated imaging techniques and after an 
extensive multidisciplinary workup, a true CUP is virtually rare. 

 The most common sites of involvement are lymph nodes, liver, 
bones, and lungs. The most common sites of origin (if discovered) 
are the lung,  pancreaticobiliary  tract, kidney or adrenal gland, large 
bowel, stomach, and genital system. CUP theoretically includes all 
types of malignancies (i.e., carcinomas, melanoma, lymphomas, 
and sarcomas). However, the vast majority of CUP cases are carci-
nomas, of which adenocarcinoma is the most common, followed 
by squamous carcinoma and neuroendocrine carcinoma. Among 
the non-epithelial malignant tumors, CUP is more often seen in 
melanoma than tumors with other lineages. 
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 Identifi cation of primary origin of a CUP would be of dramatic 
effects on disease staging, prognosis, and facilitate the choice of 
therapy for  patients   with these patients. Cytology is increasingly 
used in the investigation of CUP because in patients with advanced 
cancer, an FNA may be the only opportunity to obtain tissue or 
may be all that is necessary if surgery is not indicated. In addition, 
a rapid onsite evaluation can ensure obtaining adequate FNA mate-
rial during the  procedure. Pathologists should seek all available 
information before making a diagnosis. 

     Table 4.18    Differential diagnosis of kidney tumors with positive CK7 
staining and high-grade cytologic features   

 Tumor type  Positive  Negative 

 Collecting duct 
carcinoma 

 PAX8, CK7, INI1(+/−)  GATA3, P63 

 Medullary 
carcinoma 

 PAX8, CK7, OCT4(+/−)  INI1, P63 

 Upper tract 
urothelial 
carcinoma 

 GATA3, CK7, P63, CK903, 
thrombomodulin, uroplakin, 
INI1, CAIX(+/−) 

 PAX8(−/+), 
AMACR(−/+) 

  −, <10 % of cases are positive; −/+, 10–50 % of cases are positive; +/−, 
50–70 % of cases are positive; +, >70 of cases are positive  

    Table 4.19    Differential diagnosis of germ cell tumors   

 Tumor type  Positive  Negative 

 Classic seminoma 
(dysgerminoma) 

 Sall4, OCT3/4, NANOG, 
D2-40, CD117, PLAP 

 panCK(−/+), 
CD30, Glypican3 

 Embryonal carcinoma  Sall4, OCT3/4, NANOG, 
CD30, SOX2, PLAP, 
panCK(+/−) 

 CD117, Glypican3, 
D2-40(−/+), 
AFP(−/+) 

 Yolk sac tumor  Sall4, PLAP(+/−), 
Glypican3, AFP(+/−), 
panCK(+/−) 

 OCT3/4, CD30, 
D2-40, NANOG 

 Choriocarcinoma  panCK, CD10, β-HCG, 
Glypican3(+/−), 
Sall4(+/−), PLAP(+/−) 

 OCT3/4, CD30, 
CD117, D2-40 

  −, <10 % of cases are positive; −/+, 10–50 % of cases are positive; +/−, 
50–70 % of cases are positive; +, >70 of cases are positive 
  PanCK  is positive in non-seminoma germ cell tumors but usually negative in 
seminoma/dysgerminoma  
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 A systemic algorithmic approach to identify primary origin of 
various malignant tumors has been addressed in the previous chap-
ters.  While   new specifi c markers continue to emerge which will 
undoubtedly further improve the ability of pathologists to deter-
mine the origin of CUP, specifi c immunomarkers to detect some 
malignancies, such as cancers from gastroesophageal and pancre-
aticobiliary tumors, are still lacking. As a consequence, in a number 
of cases immunoperoxidase workup may only suggest a differential 
diagnosis rather than indicate a conclusive single diagnosis. Other 
tumors that often remain unclassifi able after an exhaustive use of 
immunostaining are the undifferentiated malignancies. In the cur-
rent postgenomic era, molecular diagnostics using high-throughput 
methods such as microarrays have been explored to predict primary 
sites for patients with CUP and have shown promising results. 
However, molecular profi ling is more complicated, expensive, and 
not accessible to most pathologists. The controversial issues on 
molecular testing are discussed in Chap.   7    .  

    Prognostic and Predictive Markers in Cytology 
Practice 

 The predictive markers of  breast   cancer (i.e., ER, PR, and HER2) 
are usually tested via immunohistochemical staining on surgically 
resected or biopsy specimens of newly diagnosed primary carci-
noma and require standardized processing conditions, as defi ned 
by ASCO/CAP guidelines. These markers are often requested by 
clinicians to test on cytologic samples of metastatic breast carci-
noma to assess patients’ eligibility for hormonal therapy and anti-
HER2 therapy. 

  Cell block section   is an ideal sample type for these tests, but it 
is not always available. Often, the marker study is requested ret-
rospectively by a treating physician after a cytologic diagnosis 
has been completed when FNA smears are the only material 
available. In such situations, the existing smears that have been 
used for routine cytologic diagnosis may be used for ER and PR 
staining as long as technical validation has proven the reliability. 

 Prognostic and Predictive Markers in Cytology Practice
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At MD Anderson, Papanicolaou-stained smears without destain-
ing but with antigen retrieval are routinely used for ER and PR 
staining since an in-house validation in 2014 (Figs.  4.3  and  4.4 ). 
On the rare occasion in which tumor cells are present on a single 
smear but multiple tests are needed, a cell-transfer technique 
may be used. Of note, since these markers should be evaluated in 
the invasive component of the breast carcinoma and cytologic 
specimens cannot reliably discriminate invasive from in situ 
components, these tests should not be performed on primary 
breast carcinoma. 

 Unlike ER and PR, which are  nuclear markers  , HER2 is a 
 membranous marker.   Because the tumor cell membrane and 
intercellular relationship may be distorted during smearing, 
HER2 immunostaining should not be tested on smear prepara-
tion. FISH can be reliably used for testing HER2 status on direct 
smear (see Chap.   6    ). If cell block is available, HER2 can be eval-
uated using immunostaining technique,  FISH  , or other in situ 
hybridization method. 

 The stability of hormone receptor status and HER2 status dur-
ing disease progression has long been of clinical interest. The 
common questions are whether the status of these receptors can be 
altered by chemotherapy or targeted therapy and whether retesting 
these markers in metastatic breast carcinoma is necessary. Several 
large studies at MD Anderson indicate that hormone receptor and 
HER2 status are generally stable during disease progression by 
comparing the status of the primary tumors (performed mostly on 
surgical tissue sections) with the corresponding metastatic tumors 
(performed mostly on FNA smears); intervening endocrine ther-
apy, anti-HER2 therapy, chemotherapy, metastatic site (locore-
gional vs. distant), intervals between the two assays (<5 years vs. 
≥5 years), and sample type of the metastatic carcinoma (direct 
smear vs. cell block vs. core needle biopsy) do not signifi cantly 
affect the concordance of these markers between primary and 
paired metastatic carcinomas. Discordant status occurs only in a 
small proportion of patients, and the underlying mechanisms are 
multifactorial, including biologic evolution, intratumoral hetero-
geneity, technical (preanalytical and analytical) inconsistency, and 
interlaboratory and interobserver variability. 

4 Immunoperoxidase Studies
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 Other prognostic and predictive markers, such as Ki67 (to pre-
dict prognosis of neuroendocrine tumor or breast cancer), CD117 
(to predict Gleevec response in gastrointestinal stromal tumor), 
CD38 (to predict adverse prognosis in small lymphocytic lym-
phoma/chronic lymphocytic leukemia (SLL/CLL), and P53, are 
infrequently tested on cytology samples; if needed, using cell 
block material is ideal.     
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            Flow cytometric analysis is a powerful tool to determine the lineage, 
phenotype, and other characteristics of hematopoietic cells. It uses 
the principles of light scattering and light excitation and the emis-
sion of fl uorochrome molecules to generate specifi c multiparame-
ter data from particles and cells. It is a highly sensitive technique 
that can quantify the expression of eight or more colors/markers 
on a single cell and therefore enables the identifi cation of aberrant 
cells within a complex cellular background. 

 With the increasing use of FNA, this technique has become a 
main ancillary test to evaluate lymphadenopathy and hematopoi-
etic neoplasms in cytology practice, especially in view of the con-
siderable overlap of cytologic features among some types of 
lymphomas and between low-grade lymphomas and reactive lym-
phoid hyperplasia. Although histologic evaluation is standardly 
required for a diagnosis of any type of lymphoma in a primary 
setting, cytologic evaluation of FNA samples is often performed in 
the setting of persistent or relapsed lymphoma, particularly for 
mature B-cell non- Hodgkin lymphomas. The cytologic features of 
FNA samples, in conjunction with immunophenotypic informa-
tion, are usually suffi cient for a diagnosis in this setting. The anti-
body panel selection and the interpretation of phenotypic data 
should be based on the cytologic features and clinical  information. 
In a primary setting in which a lymphoma is clinically suspected, 
the panel should include key antibodies to cover the B-, T-, and 
NK-cell populations; In addition, a concurrent core needle biopsy 
should be obtained for histologic confi rmation, subclassifi cation, 

    Chapter 5   
 Flow Cytometric 
Immunophenotyping       
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and grading. Sample handling and triage have been covered in 
Chap.   2     and Fig.   2.1    . The immunostaining results of the main 
hematopoietic malignancies are listed in Table   4.10    . 

    Interpretation Issues 

 Mature B-cell neoplasms account for more than 85 % of  non- 
Hodgkin lymphomas   and are the most commonly encountered 
hematopoietic neoplasms in cytology practice. Therefore, evaluating 
clonality by assessing immunoglobulin light  chains   (i.e., kappa and 
lambda light chains), together with CD19 and CD20 expression, is 
important to establish a B-cell neoplastic nature (Figs.  5.1  and  5.2 ).

    In nonneoplastic conditions, the specimen comprises a mixture 
of T and B cells. In addition to CD19, CD20, and CD22, mature 
nonneoplastic B cells typically express polytypic surface immuno-
globulin.  B-cell lymphomas,   however,    express a single clonal light 
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  Fig. 5.1     Multicolor  fl ow cytometric immunophenotyping on fi ne- needle aspi-
ration sample (example 1): the histogram shows coexpression of CD19 and 
CD5, an important feature of mantle cell lymphoma       
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chain (also called  light chain restriction  ), so the kappa-to-lambda 
ratio is either substantially increased or decreased due to a signifi -
cant lambda excess. Ki67 immunostaining on cytospin preparation 
(Fig.   4.13    ) is often included in lymphoma workup to help tumor 
grading, to aid in the diagnosis of  Burkitt lymphoma  , or to confi rm 
the blastoid nature of mantle cell lymphoma. The aberrant expres-
sion of some antigens in B-cell lymphomas may be of prognostic 
value. For example, CD38 expression in B-cell SLL/CLL is often 
associated with a more aggressive clinical course.    Table  5.1  lists 
the key immunophenotypic and molecular features of mature 
B-cell neoplasms commonly encountered in cytology practice.

   Although in most cases, the interpretation of fl ow cytometric 
data is quite straightforward, traps may be  encountered. Correlation 
of fl ow cytometric data with clinical and  cytologic fi ndings and 
Ki67 staining is important. In rare cases, cytogenetic or molecular 
studies may also be needed. Interpreting a case solely on the basis 
of fl ow cytometric results may lead to an erroneous diagnosis. 
Negative fi ndings do not necessarily indicate a benign process.
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  Fig. 5.2    Multicolor fl ow cytometric immunophenotyping on fi ne- needle aspi-
ration sample (example 2): the histogram shows monotypic B-cell population 
with lambda light chain restriction       
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•     Immunoglobulin   light chain restriction may not be detectable 
due to too few neoplastic cells, which may be masked by abun-
dant benign lymphocytes, a situation often seen in T-cell-rich 
large B-cell lymphoma or a partially involved node. Gating on 
the large cell population may separate neoplastic large cells 
from the reactive lymphocytes. In the case of partial involve-
ment by follicular lymphoma, typically CD10-positive B cells 
demonstrate light chain restriction, whereas CD10-negative B 
cells express polyclonal light chain consistent with a nonneo-
plastic nature. In diffi cult cases, immunoglobulin heavy-chain 
(IgH) rearrangement can be detected using molecular study 
(see Chap.   7    ).  

•   In  some   B-cell lymphomas, a fl ow cytometric immunophenotyp-
ing shows a polytypic B-cell population without light chain 
restriction owing to the aberrant loss of surface immunoglobulin 
expression (Fig.  5.3 ). Using different antibodies for each light 

105

104

103

102

102 103 104 105

–102

–102

KAPPAFITC-A

16.4%

27.6%

LA
M

B
D

A
 P

E
-A

  Fig. 5.3     Multicolor  fl ow cytometric immunophenotyping on fi ne- needle aspi-
ration sample (example 3): aberrant loss of surface immunoglobulin (kappa 
and lambda) expression in a follicular lymphoma, which leads to a “polytypic” 
appearance based on the histogram. Note, all the cells in this histogram are 
CD19 and/or CD20 expressed B cells. Histologic features and immunohisto-
chemical workup of the lesion confi rmed a diagnosis of follicular lymphoma       
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chain is important to verify true light chain loss or, in some cases, 
to overcome false negativity caused by an antibody issue.

•      Since fl ow cytometric studies generally evaluate intact viable 
cells, poor cellular integrity, extensive fi brosis, and necrosis, 
which occur frequently in large B-cell lymphoma, may lead to 
a false-negative interpretation.  

•   Identical immunophenotypes may be seen in different types of 
lymphoma. For example, CD10-positive mature  B-cell lympho-
mas   include follicular lymphoma (Fig.  5.4 ), Burkitt lymphoma, 
and a subset of large B-cell lymphoma. On the basis of immuno-
phenotypic data alone, the distinction among the three may be 
diffi cult. Clinical information (age or location of the lesion), 
cytologic features, Ki67 staining, and sometimes FISH studies 
will help the differential diagnosis (Table  5.1  and Chap.   6    ).

•       Marginal zone lymphoma  , mucosa-associated lymphoid tissue 
(MALT)    lymphoma,  CD10-negative follicular lymphoma  , and 
 lymphoplasmacytic lymphoma   have similar immunopheno-
types (i.e., monoclonal B cells with negative CD5 and CD10 
expression).  
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  Fig. 5.4     Multicolor  fl ow cytometric immunophenotyping on fi ne- needle aspira-
tion sample (example 4): the histogram shows coexpression of CD19 and CD10, 
an important feature of B-cell lymphoma with follicular center cell origin       
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•   Large B-cell lymphoma may occasionally express CD5, resem-
bling the phenotype of mantle cell lymphoma. Immunostaining 
for cyclin D1, SOX11 (Fig.   4.14    ), and FISH for t(11;14)
(q13;q23) will help the differential diagnosis (Table  5.1 ).  

•    Posttransplant lymphoproliferative disorders   resulting from 
immunosuppressive therapy in recipients of solid organ or bone 
marrow transplants are mostly Epstein–Barr virus related. 
These disorders range from reactive, polyclonal B-cell hyper-
plasia to those that are morphologically and genotypically 
indistinguishable from typical non-Hodgkin lymphomas. A 
positive fi nding of  Epstein–Barr virus-encoded small RNAs 
(EBER)  , as determined via in situ hybridization, is supportive 
of its diagnosis (Fig.  5.5 ).

•      The presence of a monoclonal B-cell population is not neces-
sarily diagnostic for B-cell lymphoma. Some reactive condi-
tions, such as Hashimoto thyroiditis and reactive lymphoid 

  Fig. 5.5    An example of positive Epstein–Barr virus (EBV)-encoded small 
RNAs (EBER) by in situ hybridization on a cytospin to support a diagnosis of 
posttransplant lymphoproliferative disorder       
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hyperplasia in HIV-positive patients, may have small popula-
tion of monotypic B cells. Caution should be taken not to over-
interpret these conditions as lymphoma.  

•   Plasma cell neoplasms and  some   B-cell lymphomas are nega-
tive for surface light chain staining. In these cases, examination 
of cytoplasmic immunoglobulin light chains is the key to dem-
onstrating clonality.    

 Compared to  B-cell lymphomas,   T-cell  lymphom  as generally 
have less predictable patterns of immunophenotypic aberrancy. 
T-cell lymphomas often show deletion or loss of one or more 
pan-T-cell markers (i.e., CD2, CD3, CD5, and CD7), which can be 
detected by fl ow cytometric immunophenotyping. In addition, 
T-cell lymphomas may demonstrate aberrant CD4 and CD8 pat-
terns. In diffi cult cases, polymerase chain reaction can aid in the 
diagnosis by demonstrating clonal T-cell receptor gene rearrange-
ments that are present in most T-cell lymphomas (see Chap.   7    ).     
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               Methodology of Cytogenetic Analysis 

 Cytogenetics refers to studying chromosomes in individual cells 
and their relationship to human disease. Abnormal  cytogenetic 
  fi ndings can be found in the number and structure of the chromo-
somes, such as amplifi cation, deletions, translocations, inver-
sions, duplications, or isochromosomes. Conventional cytogenetic 
studies allow complete karyotype analysis using chromosome-
banding techniques and detect most chromosome anomalies; 
however, it is a cumbersome and time-consuming procedure 
requiring adequate fresh tissue and special cell culture techniques 
in order to obtain an adequate number of proliferating cells. FISH, 
using fl uorescently labeled probes, is currently more often used 
than conventional  cytogenetic analysis because   it is a relatively 
easy and fast technique to detect well-documented specifi c chro-
mosomal abnormalities. It allows the localization of specifi c 
genes and DNA segments on specifi c chromosomes and may 
detect some abnormalities (e.g., microdeletions or duplications) 
that cannot be identifi ed by conventional banding methods.  FISH   
is particularly advantageous for FNA specimens because it can be 
tested on nondividing cells (so-called “interphase FISH”) and 
only requires small number of cells. The drawback of FISH tech-
nique is that it requires  knowledge of the specifi c loci involved in 
an aberration and is not informative to identify “unexpected” 
chromosome abnormalities.  

    Chapter 6   
 Cytogenetic Studies       
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    Sample Type of Cytogenetic Analysis 

 Cell block,  direct   smear (unstained or archived), cytospin prepara-
tion, and cellular touch imprint are all suitable for interphase 
FISH. However, direct smear and cytospin preparation appear to 
be superior to cell block sections because in this preparation gene 
copy number can be enumerated on monolayered and whole tumor 
cells with no nuclear truncation artifacts that is associated with 
tissue section, thereby yielding a more accurate gene copy number. 
FISH testing on previously stained archival smears has the advan-
tage of evaluating cytomorphologic features of the cells on the 
same slides before FISH procedure. It is important to ensure that 
the scoring should be performed on cells of interest instead of 
background cells.  

    Common Applications of Cytogenetic Analysis 

  Identifi cation of specifi c cytogenetic abnormalities has several 
clinical implications:

    1.     Cytogenetic   information can aid in more accurate diagnosis. For 
example, although cytologic features in conjunction with immu-
nostaining or fl ow cytometric analysis are usually suffi cient to 
make cytologic diagnosis, there are instances where identifi ca-
tion of characteristic abnormalities at the chromosomal and/or 
molecular levels is necessary to arrive at a defi nitive cytologic 
diagnosis. For example, cytologic features of some mature 
B-cell lymphomas, such as follicular lymphoma, marginal zone 
lymphoma, or mantle cell lymphoma, can considerably overlap 
with one another as well as with those of reactive lymphoid 
hyperplasia. Some of these lymphomas, such as  CD10- negative 
follicular lymphoma and marginal zone lymphoma, may share 
similar immunophenotypic features. A similar situation may be 
encountered in the cytologic diagnosis of sarcoma as well as 
small round blue cell tumors, a group of histogenetically differ-
ent tumors that share morphologic features. Since lymphomas 

6 Cytogenetic Studies



165

and these solid tumors frequently carry nonrandom chromosomal 
aberrations (usually reciprocal chromosomal translocation), a 
cytogenetic analysis would be a powerful adjunct for the cyto-
logic diagnosis. Tables   5.1     and  6.1  list the most common cytoge-
netic abnormality of these tumors (Fig.  6.1 ).

    FISH can be used as a  helpful   diagnostic tool in salivary 
gland tumors because specifi c translocations are discovered in 
some tumors. For example, the t(12;15)(p13;q25) translocation 
resulting in ETV6–NTRK3 gene fusion is identifi ed in >90 % 
of mammary analogue secretory carcinoma, the t(11;19)
(q21;p13) translocation resulting in MECT1–MAML2 fusion 
gene in approximately 65 % of mucoepidermoid carcinoma, 
and t(6;9)(q22-23; p23-24) translocation resulting in MYB–
NFIB fusion gene in approximately 50 % of adenoid cystic 
carcinoma. 

 Cytogenetic and FISH  studies   can also help the diagnosis of 
new variants of renal cell carcinoma, such as Xp11 transloca-
tion renal cell carcinoma and t(6;11) renal cell carcinoma (Table 
  4.17    ). Homozygous deletion of CDKN2A (P16) gene is the 
most common genetic abnormality in malignant mesothelio-
mas. The presence of such deletion, usually detected by FISH, 
favors a diagnosis of mesothelioma over reactive mesothelial 
hyperplasia.   

   2.    Demonstration of characteristic chromosomal abnormalities 
may help in prognostic assessment. For example, the presence 
of the t(2;5) translocation in patients with anaplastic large cell 
lymphoma is associated with a favorable clinical outcome. In 
SLL/CLL, trisomy 12 and 11q and 17p deletions are associated 
with poor prognosis, whereas 13q14 deletion is a marker of 
good prognosis. The presence of t(11;19)(q21;p13) transloca-
tion or MECT1–MAML2 fusion transcripts in salivary muco-
epidermoid carcinomas is associated with an indolent clinical 
course and is a favorable prognosticator.   

   3.    Chromosomal abnormalities can be used to predict therapeutic 
response of some tumors. For example, positive HER2 status in 
breast carcinoma is a prerequisite for anti- HER2 (such as 
trastuzumab/Herceptin) therapy (Fig.  6.2 ).  FISH   testing for 
HER2 status is often performed on archival smears when cell 

Common Applications of Cytogenetic Analysis
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Common Applications of Cytogenetic Analysis



  Fig. 6.1    An example of positive t(14;18) translocation detected by fl uorescence 
in situ hybridization on a smear to confi rm a diagnosis of follicular lymphoma       

  Fig. 6.2    An example of HER2 amplifi cation by fl uorescence in situ hybrid-
ization on a smear of a metastatic breast carcinoma       
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block tissue is not available. A t(2;5)(p23;q35) translocation 
causing gene fusion involving anaplastic lymphoma kinase 
(ALK) and echinoderm microtubule-associated protein-like 4 
(EML4) can be found in about 4 % of patients with non-small 
cell lung carcinoma, which results in constitutive kinase activ-
ity that contributes to carcinogenesis. Positive EML4–ALK 
fusion detected by FISH is a prerequisite for using a small- 
molecule inhibitor of ALK (crizotinib/Xalkori) to treat patients 
with locally advanced or metastatic disease. 
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             Genomic alterations   are known to play an important role in cancer 
initiation and progression. Two main genetic events are considered 
to trigger cancer initiation: activation of oncogenes as a conse-
quence of point mutation, amplifi cation, or chromosomal translo-
cation and inactivation of tumor suppressor genes due to 
chromosomal deletion, mutation, or epigenetic mechanisms. 
Molecular tests have been increasingly incorporated into pathol-
ogy practice. Common applications include assisting pathology 
diagnosis, predicting prognosis and therapeutic response, and 
identifying patient’s eligibility for targeted therapy. 

    Diagnostic Utility 

 Identifi cation of primary origin of a metastatic disease is essential 
for an effective site-directed therapy. Although pathologic fi nd-
ings together with clinical and radiologic information and conven-
tional ancillary tests, especially immunostaining, can effectively 
determine the primary origin in most cases (see Chap.   4    ), there 
are still some tumors in which their primary origins remain uncer-
tain after extensive diagnostic workup. In recent years, molecular 
techniques have been explored in an effort to improve the detec-
tion of the tumor origin of CUPs. The techniques  include    gene 
expression profi ling by   detecting messenger RNA (mRNA) or 
microRNA using gene expression microarrays or real-time reverse 

    Chapter 7   
 Molecular Studies       
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transcription-polymerase chain reaction. These tests compare the 
gene expression profi le in the CUPs to a defi ned gene set gener-
ated from various metastatic cancers with known origin to fi nd the 
closest match. In addition to frozen tissue, small biopsy samples 
available as formalin-fi xed and paraffi n-embedded tissues and 
FNA samples are also suitable for the tests, with overall accuracy 
around 85 %. In some tumors in which tumor origin is doubt-
ful or inconclusive based on  immunostaining   workup, molecular 
technologies provide additional clinically important information. 
   Notably, one of the technologies (i.e., the  Pathwork Tissue of 
Origin Test  ) has been extensively tested on cytology specimens 
and shows promising result. 

 However, controversy exists as to how much effort should be 
made in identifying the exact origin of a tumor, especially in the 
ear of next-generation sequencing (NGS), which is a powerful tool 
to detect actionable and driver mutations that may be targeted by 
specifi c therapeutic agents. Some clinicians believe that with 
known druggable targets and targeted therapies available, knowl-
edge of a particular tumor origin may not be as critical as identify-
ing the mutations that are amenable to molecular targeted therapies. 
   However, gene expression profi ling is expensive, is time consum-
ing, and potentially exhausts tumor tissue. Low accuracy for 
poorly differentiated tumors is also a major concern because a 
genetic profi le of such tumors may overlap. In most studies, the 
performance  of   gene expression profi ling is generally similar to 
that  of   optimal immunoperoxidase workup.    On the other hand, 
identifying the primary origin of a tumor still seems important for 
optimal treatment. For example, studies from MD Anderson group 
indicated that CUP patients with a gastrointestinal immunopheno-
type benefi t from site-specifi c therapy that showed positive impact 
on survival. Furthermore, the meaning of a  BRAF mutation   in 
melanoma is very different from that in colon cancer or  thyroid 
cancer. These fi ndings compel a pathologist to identify primary 
origin of malignancy whenever possible. 

 Although the  gene profi ling   approach is promising to improve 
the determination of primary origin of a CUP, additional studies 
remain to be done. Currently,  gene expression profi ling is not   rec-
ommended as a part of the standard workup for CUPs. Therefore, 
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using triple test to work up a CUP is still a fundamental practice. 
 Immunostaining   continues to retain its central role, with gene 
expression profi ling serving as a potential adjunct in certain diffi -
cult cases. Meanwhile, discovering more novel site-specifi c immu-
nomarkers with optimization and validation of their utility in small 
tissue samples like FNA materials is imperative. 

 Management of thyroid lesion largely depends on the  FNA 
diagnosis  . However, approximately 15–30 % of thyroid FNA diag-
noses are indeterminate for malignancy.    Multiple genetic muta-
tions have been found to be associated with thyroid cancer. 
Molecular testing, ideally using fresh specimens, has been used as 
an adjunct to the cytologic diagnosis to increase the diagnostic cer-
tainty or avoid diagnostic thyroidectomy or may help in making 
decision on the extent of surgery in a patient with an indeterminate 
FNA diagnosis. A panel of molecular tests including  BRAF ,  RET , 
 PAX8/PPAR gamma1 , and  RAS  helps to clarify some cases with 
indeterminate FNA diagnosis, with  BRAF  mutations being highly 
specifi c for thyroid carcinoma and RAS mutations being the least 
specifi c (Table  7.1 ). These genetic alterations are generally mutu-
ally exclusive of each other.

   The presence of   BRAF  mutations   or  RET/PTC  gene rearrange-
ment is confi rmatory to a diagnosis of papillary thyroid carcinoma. 
  RAS  mutations   or   PAX8/PPAR gamma1    translocation are com-
monly associated with follicular thyroid carcinoma, a small subset 
of follicular variant of    papillary thyroid carcinoma but can also be 
found in benign follicular adenomas. The other limitation of the 
molecular testing is that up to 30 % of thyroid cancers have no 
detectable mutation; therefore, management of the lesions that has 
an  indeterminate FNA diagnosis and negative for the known 
molecular markers remains challenging. 

 Another approach to refi ne an indeterminate thyroid nodule is 
to use the Afi rma  gene expression classifi er   to identify whether the 
nodule has a benign gene expression pattern.    Its result classifi es 
nodules as “benign,” “suspicious,” or “non-diagnostic.” The test 
has a generally high negative predictive value; however, it is also 
associated with a high false-positive rate, especially in Hurthle cell 
rich lesions. 

Diagnostic Utility
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 Molecular tests are also used for the diagnosis of lymphoma. 
Although diagnosis of most lymphomas can be reliably made 
based on    conventional techniques such as immunostaining, fl ow 
cytometric immunophenotyping, and cytogenetic studies, a 
definitive diagnosis of a B-cell or T-cell neoplasms may be 
diffi cult in rare cases. Clonal B-cell or T-cell process may be 
confi rmed only by molecular studies such as polymerase chain 
reaction which demonstrates immunoglobulin heavy-chain 
rearrangement for B-cell lymphoma and T-cell receptor gene 
rearrangement for T-cell lymphoma, respectively. Freshly FNA 
samples collected in cell-preservative medium are ideal for 
the tests.  

    Prognostic and Therapeutic Applications 

  The prognostic and predictive  markers   that might be tested in cyto-
logic samples, such as ER, PR, HER2 status in breast cancer,  ALK  
gene rearrangement in lung cancer, CD117 expression in gastroin-
testinal stromal tumor, Ki67 index in    neuroendocrine and other 
tumors, and CD38 expression in B-cell SLL/CLL, have been 
addressed in Chaps.   4     and   5    . 

 Detection of  human papillomavirus (HPV)   DNA in squamous 
carcinoma from the uterine cervix and oropharyngeal origins is not 
only helpful in the diagnosis but also of prognostic signifi cance. 
Patients with HPV-positive oropharyngeal cancer tend to present 
with advanced-stage disease due to spread to the lymph nodes of 
the neck but paradoxically have a better prognosis than those with 
HPV-negative tumors. FNA materials of squamous carcinoma 
from head and neck sites, either cell block or direct smear, are 
often used for HPV testing using in situ hybridization, Hybrid 
Capture 2 or Third Wave (Cervista) Technologies. 

 Molecular revolution has led to an increasing effort to identify 
specifi c tumor mutations to enable adoption of genetically 
informed medicine for optimizing treatment and improving clini-
cal outcome. In non-small cell lung cancer, detection of  EGFR  
and   KRAS  mutation   status on cytologic specimens is frequently 

Prognostic and Therapeutic Applications
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requested by treating physicians to determine a patient’s eligibility 
for anti-EGFR therapy (such as gefi tinib/Iressa or erlotinib/
Tarceva). Two classes of   EGFR  mutations  , short deletions in exon 
19 and the L858R point mutation in exon 21, are the most fre-
quent mutations. The presence of  EGFR  mutations is associated 
with response to tyrosine kinase inhibitors. Major biomarkers 
 EGFR  (15–20 % in non-small cell lung cancer) , KRAS  (15–30 %) , 
ALK  (2–7 %) ,  and  ROS-1  (1–2 %) are generally mutually exclu-
sive. The tumors with  KRAS  mutations will not response to anti-
EGFR therapy and likely have poor prognosis. NGS is a 
high-throughput sequencing technique that allows simultaneously 
identifying numerous DNA mutations that may have targeted 
therapies available. 

 To ensure a successful molecular testing, high quality of tumor 
sample is highly desirable. Cell block material or cells scraped 
from direct smears are suitable for the molecular studies with simi-
lar adequacy. Some studies show that smears are equivalent or 
slightly superior to cell block in mutational analysis. The effi cacy 
of the molecular tests is affected to a great extent by the amount of 
tumor cells available for analysis. A total of approximately10 ng 
of DNA is usually suffi cient for NGS-targeted molecular profi ling, 
depending on the testing platforms. A tumor percentage of >20 % 
is required for both smear and cell block preparations at MD 
Anderson. The number of slides required depends on the cellular-
ity. For smears (either Diff-Quik stained or Papanicolaou stained), 
an average of 2 slides (range, 1–3) is usually required. For cell 
block, if the corresponding H&E section contains >300 tumor 
cells, an average of 5 unstained slides (range, 3–10) should be suf-
fi cient for NGS testing. In cases with <20 % tumor fraction, micro-
dissection may be needed to enrich the tumor cells. Usually, if a 
molecular testing is anticipated, a pathologist should request more 
materials during rapid onsite evaluation, cut additional unstained 
slides upfront to avoid the loss of tissue due to repeatedly trim-
ming of the cell block, judiciously select immunomarkers using 
systematic tired diagnostic approach, and consider dual or multi-
plex staining or transfer technique to save tissue. The goal is to 
maximize the cell availability for potential molecular studies, 
especially for a putati ve lung cancer.  
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    Potential Future Application of Gene 
Expression Profi ling 

   Gene expression profi ling   has been used to discover prognostic 
and drug response signatures for various tumor types and appears 
to be promising to facilitate personalized medicine because it 
allows for simultaneously measuring thousands of gene products 
from a single tumor sample. Gene signatures appear to provide 
more accurate prognostic and predictive information than any sin-
gle gene measurement alone. In breast carcinoma, this technique 
has been used in identifying intrinsic subtypes, in developing 
prognostic signatures, such as the  70-gene signature (MammaPrint)  , 
and in exploring the gene signatures that predict tumor response to 
neoadjuvant chemotherapy, endocrine therapy, and other targeted 
therapies. FNA samples collected in RNA later can yield adequate 
amounts of total RNA in experienced hands. 

 With comprehensive microarray data available from nearly 500 
patients, MD Anderson researchers found that the information of 
the important single markers such as hormone receptor and HER2 
status can be reliably determined from the microarray data with a 
signifi cant correlation between mRNA expression of ER and 
HER2 and the routinely determined status. These promising fi nd-
ings indicate that gene expression mircroarrays not only generate 
large and comprehensive gene expression data of breast cancer but 
also reliably measure ER and HER2; integration of the individual 
gene expression with multigene signatures generated from the 
same microarray data may potentially refi ne and improve predic-
tive power for tumor response to targeted therapies and therefore 
optimize clinical decision-making and tailoring the therapeutic 
regimens on an individual basis. 

 In conclusion, with the rapid advent of sophisticated diagnostic 
technology and increased understanding of the molecular mecha-
nisms of various tumors, the need to obtain diagnostic, prognostic, 
and predictive information from cytologic material continues to 
grow. Ancillary studies have played an important role in providing 
these information. Novel molecular technologies are emerging and 
will continue to improve the quality of patient care. The focus of 
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treatment will shift from empiric therapies to more specifi c tailored 
regiments. As a pathologist, we not only need adoption and incor-
poration of the new techniques into routine practice but also should 
assume an active role in discovering novel site- specifi c markers 
and work closely with oncologists and radiologists to achieve the 
best patient care in the era of personalized medicine .     
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