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Foreword

This innovative monograph by Dr. Giorgio Gherardi deconstructs the box that has,t
for too long, confined the safe, conventional perspective on aspiration biopsy,
releasing a turbo-mechanism for itsr modernization. In an evolving world of targetedf
therapies, nanotechnologies, high definition digital imaging, genetic engineering and
minimally invasive interventional procedures, aspiration biopsy prevails as an instru-
ment oft  changef  and stability. Its efficacy has been justified scientifically, economi-
cally and socially, but itst  capacity has yet tot be fully exposed and celebrated.

The twenty-first centuryt demands that thet  pathologist whot is integral to mysteries
of diseasef  transitions to the clinical interface as consultant, care provider andr gate-
keeper ofr thef  diminutive specimen and the triage processes which maximize extrac-
tion of itsf scientific information. Aspiration biopsy facilitates the cellular micro-
cosmic panorama of deviation,f  targeted therapy and cure while uniting subspecialty
disciplines in a processa of collaborativef care-giving. Dr. Gherardi promotes evolution
of the niche pathologist to the interventionalist, inspiring within him or her
emergence of thef complete physician by encouraging pre-analytical evaluation of
the patient, re-describing a customized approach to biopsy technique and sample
triage for ancillaryr studies as prelude to interpretation.

Pathologists are becoming competent in ultrasonography for image-guided
sampling and familiar withr  CT and MRI for tracingr  the needle through a trajectory to
the target lesion.t Radiologists and pathologists are fusing specialties mediated by
acquisition, interpretation and archiving of digitalf images. Moreover, pathologists are
interfacing with patients regarding their diseaser  processes and take an active role in
communication, education and therapy decisions. The book re-energizesk  the intellec-
tual assessment of aspiratedf  samples by redirecting critical thought processes to
pattern profiling as the core of criteria-basedf  decisions taking pattern recognition to
new cognitive heights. Pattern profiling is central to each chapter andr  carries the
intention of promotingf reproducibility and limiting inter-observer variance.r  Trusted
criteria and evidence-based information are re-formatted to achieve a visual thrust, a
new awakening, a reaffirmation of vowsf  in a technique that hast revolutionized medi-
cine worldwide. Aspiration biopsy, like cinema, is driven by its images as a common
language that breakst  international barriers and cultural differences.

Palm Springs, July 2009 David B.d  Kaminsky, MD, FIAC
Past President,t  American Society of Cytopathologyf

and Papanicolaoud  Awardee
Palm Springs Pathology Services

Palm Springs, CA, USA



Foreword

It hast  been my great pleasuret  to read Dr. Gherardi’s monograph, first oft  allf  because
the information conveyed in the text andt  images is in great concordancet  with my own
personal experience, acquired over manyr  years, in the practice of cytopathology.f In
particular, I appreciated the prominence given by the author tor  the issues of samplingf
and specimen triage, and to the importance of thef  active involvement oft  thef patholo-
gist in the diagnostic process. Although the latter is crucial to the success of thef
procedure, pathologists too often neglect thet  role they are expected to play in this
aspect oft  patientf  management.t  In addition, as Dr. Gherardi stresses in the book, in
order tor  continue to favorably compare with other, more invasive diagnostic proce-
dures in daily clinical practice, fine-needle aspiration biopsy must bet  based upon a
rigorous abidance of well-definedf  diagnostic algorithms. The accuracy of thef  text andt
accompanying images shows that thet  author hasr  acquired his knowledge on the job,
i.e., practically and not onlyt  theoretically, including extensive experience in corre-
lating biopsy findings with the related histological ones. This is evident in each
chapter.

I truly hope that thist  wealth of information–whichf  is not restrictedt  to the field of
diagnostic cytopathology–is taken advantage of notf onlyt by pathologists in training
but alsot by other specialists,r  thus promoting better awarenessr of thef need for ar  multi-
disciplinary approach to improve the clinical impact oft cytologicalf  diagnosis. There
is no doubt thatt thist  multidisciplinary approach should begin as early as possible, i.e.,
from the moment oft samplingf the lesion, and continue until the diagnosis is reached
and the therapeutic strategy decided upon.

Brescia, July 2009 Sergio Fiaccavento, MD
Cytopathology Unit,

Istituto Clinico Città di Brescia,
Brescia, Italy



Preface

By definition, fine-needle biopsy (FNB) is a diagnostic procedure employing needles
of smallf  caliber thatr aret inserted into superficial and deep-seated masses to collect, at
each pass, a minimal amount oft cellularf  sampler from the lesion under investigation.r
The harvest ist  acquired with or withoutr  aspiration,t and it ist  smeared onto a glass slide
or processedr  for histologicalr examination. In some cases, the use of larger-caliberf andr
cutting needles may be required to provide a core of tissuef  whose histological evalu-
ation can assist int the diagnostic process. Direct smears,t cell blocks, and cores repre-
sent thet  diagnostic yield of FNBf  and they provide the pathologist witht a potentially
enormous amount oft diagnosticf  information that int most casest  is expected to lead, in
experienced hands and in the proper context,r  to a reliable and tissue-equivalent diag-t
nosis.

The field of applicationf  of FNBf is the diagnosis of malignantf tumorst and their
simulants. Nowadays, oncological treatment ist becoming decreasingly destructive in
surgical terms and increasingly aimed at pharmacologicalt  and patient-tailored thera-
pies. Remarkable advances in our understanding of neoplasticf  progression at the
cellular andr molecular levelsr have also spurred the discovery of molecularlyf  targeted
drugs. Genomic profiling is increasingly able to allow the re-classification of cancersf
into new molecularly and prognostically homogeneous subgroups. In future
scenarios–which already exist fort  somer types of malignancies–thef determination of
molecular predictorsr of responsef will play a decisive role in defining the first linet of
therapy administered to the patient, with the goal of improvingf  efficacy and maxi-
mizing the possibility of long-termf control. Moreover, the discovery of molecularlyf
targeted drugs has recently encouraged their user in patients with advanced stages of
disease, with promising results.

What rolet for pathologicalr  diagnosis can be expected in these future scenarios?
Obviously, the diagnosis of malignancyf will continue to be the essential requisite for
treatment and,t at leastt fort manyr  years to come, it willt  be based on the consideration
and proper evaluationr  of morphologicalf  findings. The major differencer  from the past,
however, will be that thet  higher numberr  ofr  solidf tumors amenable to first-line phar-
macological therapy will result int a smaller numberr  ofr  tumorf  specimensr  available for
pathological diagnosis, because surgical excision of thef tumor willr no longer repre-r
sent thet first eventt int the management oft  af patient witht  an early-stage tumor. In addi-
tion, in order to verify their possible candidacy for targeted therapies, patients
presenting with advanced and inoperable disease will require a more precise and
detailed tissue diagnosis than previously deemed necessary. In summary, pathologists
will be faced with an ever decreasingr  amount oft  cellularf  materialr collected for tumorr
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diagnosis and for ther  determination of selectedf  biomarkers that indicate the most
appropriate therapeutic regimen.

Based on these considerations, FNB is likely to experience a renaissance in its
utilization in the near future.r  FNB gained a considerable popularity in the 1980s in
the USA and in Europe, as a consequence of af  significant tumort burdenr in those
populations and the correlative escalating financial costs for diseaser management.
Despite the initial skepticism of thef medical community, the recognition of thef prac-
tical advantages of FNBf and its cost effectivenesst led to the development oft  af gener-
ation of pathologistsf who were confident in the interpretation of suchf minimal
cellular samples and, no less importantly, in the sampling procedure. This was a
short-lived event, as problems of differentf kindst eventually discouraged pathologist-
performed FNB. Instead, the trend reverted to the preference for incisionalr or exci-r
sional surgical biopsy for ther  diagnosis of manyf  types of tumors.f  As a consequence,
expertise in cytological sample interpretation and recruitment declined.t  Indeed, in
several diverse clinical settings, pathologists eventually ignored their dutyr to provide
the patient witht the most reliablet diagnosis, with the least patientt discomfort,t  and at
the lowest cost.t  Times are changing, however, and the need for reliabler tissue-equiv-
alent diagnosist as the first stept in any decision regarding oncological treatment int
patients presenting with early- or late-stager  disease will soon become increasingly
compelling in daily practice. Accordingly, pathologists must bet prepared for theser
new developments.

The aim of thisf  monograph is to testify to the applicability of FNBf  in these clinical
settings, with the wider ambitionr of suggestingf a relatively novel approach to tumor
diagnosis. In fact, the conventional approach of manyf textbooks published so far
concerning the practice of FNBf  has been to describe the cytopathological picture
starting from the end, i.e., the lesion as it appearst  in histological preparations. This
book offersk  the alternate approach of startingf  from the very beginning of thef  diag-
nostic work-up, i.e., a morphological evaluation of thef  specimen in the given case,
and provides criteria to classify all observations according to a reliable and repro-
ducible pattern-profiling approach. Pattern recognition is central to diagnostic
reasoning in this field of pathologyf and assists the observer inr identifying the list oft
possible diagnoses matching the detected profile. Once the major patternr  has been
identified, the diagnostic possibilities are dramatically reduced. In some cases, there
will be an unequivocal correspondence between a given pattern and a disease entity,
while in others multiple pathological entities can match the observed pattern profile.
In the former situation,r  the predictive value of thef  morphological pattern per ser  is
very high and a definitea diagnosis can be released. In the latter situation,r  detecting the
correct patternt helps one to identify a list oft  possiblef  diagnostic alternatives, each
expressed in probabilistic terms. In this context, the predictive value of thef  morpho-
logical pattern for ar specific disease entity can be enhanced by properly considering
pre-analytical data and/or byr including additional findings obtained from ancillary
techniques, thus reaching a sufficiently high predictive value. The addition of newf
data to pattern profiling brings order to a group of lesionsf whose least common
denominator isr  a specific cytomorphological pattern. In summary, one can vastly
simplify the cytopathological investigation and more critically express the real possi-
bility that thet  given sample matches a specific diagnosis.

In the book, the classical cytology of breastf carcinomat  anda its simulants, of thyroidf
nodular lesions,r  and of malignantf lymphomast  have been revisited under ar  pattern-
profiling approach, with the aim of introducingf  reproducibility as much as possible in
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this field of pathology,f which is still dominated by subjectivity. Moreover, a commona
pattern-recognition approach is described for mostr  tumorst and pseudotumors encoun-
tered in abdominal and intrathoracic sites, with the hope that itt representst  a usefula key
to interpret all possible morphological findings. A decision tree is subsequently
described such that, when possible, a conclusive diagnosis can be reached. Last butt
not leastt int importance is an initial chapter inr which some of thef basic modalities of
what It  call “interventional cytology” and the most usefult  procedures for sampler  triage
are reviewed. Central to the book isk the belief thatf  thet  pathologist, who is not at  niche
expert but rather a complete physician with distinguished wide-ranging abilities,
should be involved not onlyt  in interpreting the cellular harvestr butt tot  an equal extent
also in the sampling procedure and in the pre-analytical evaluation of thef  patient.

I am unusually indebted to several gifted teachers and friends who have inspired
and guided me in more than 20 years of practicef  of FNBf  sampling and interpretation.
I would like to thank Torstenk Lowhagen, MD, FIAC (1929-1999) for introducingr me
to the “language” of finef needle aspiration cytology and David B. Kaminsky, MD,
FIAC for hostingr  me several times in his Department. I am grateful to the numerous
cytotechnologists who have supported me with their patience,r  professionalism, and
assistance (in alphabetical order, D. Battarino, G. Cirillo, A. Jannacci, M. Tirabasso)
and to the histotechnology staff, headed by Ms. O. Senesi, for their competent
support. My special thanks go also to C. Marveggio, BD, F. Bianchi, MD, A. Croce,
MD, for theirr suggestionsr  and advice, to S. Perrone, MD, and F. Silva, MD, for theirr
enthusiastic cooperation and incredible radiological talent, and to all the Oncologists
and Surgeons in my Institution who strongly believe in the advantages of thef  FNB
procedure for theirr  patients.r  Finally, I am immensely grateful to Stefania Rossi, MD,
who coauthored Chapter 7,r  for herr  invaluabler  suggestions and advice, as well as for
her helpfulr  and understanding support.

Milan, July 2009 Giorgio Gherardi
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Methods 1

G. Gherardi, Fine-Needle Biopsy of Superficialf andl Deepd Masses. 1
© Springer-Verlag Italia 2009

1.1 Sampling

1.1.1 The Interventional Pathologistl

An interventional approach by the pathologist ist essen-
tial for ther success of fine-needlef  biopsy (FNB) [1-14].
FNB is a reliable, inexpensive, minimally invasive
diagnostic procedure that is immediately repeatable
and very well-tolerated by the patient. However, its
success depends totally upon the capacity of thef  phys-
ician performing the procedure to reach the target,
collect at representative sample, and, finally, optimally
exploit thet  cellular sampler  for properr ancillaryr investi-
gations. In other words,r  FNB is extremely operator-
dependent, which represents a great limitationt that hast
thus far negativelyr  impacted potential diffusion of thef
procedure in many clinical contexts. In addition, inad-
equate or poor-qualityr samples have prevented pathol-
ogists from developing sufficient experience in the
interpretation of cytologicalf  findings, thereby further
undermining the popularity of FNB.f

In any clinical scenario, FNB has no chance of
implementation and widespread acceptance if thef  task
of samplingf  is assigned to physicians who are not well-t
aware of allf the critical issues concerning adequacy,
representativity, and processing of cytologicalf  speci-
mens. In fact, it ist  well-known that, with few excep-
tions, surgeons, endocrinologists, radiologists, and
clinicians without specialized education and training
are not ablet to provide FNB samples of thef  same high
quality as obtained by experienced pathologists. Ljung
et al.,t 2001 [1], clearly demonstrated that physicianst
with formal training in the techniques of FNB
sampling are able to achieve much more accurate diag-
nostic results than physicians without such training,
and, not surprisingly, differences in the tumor

detection rate are greatly due to errors in sampling the
lesion. Pathologists are likely to obtain even better
results than clinicians well-trained in FNB sampling
[2,7–9,11,13,14]. This is not relatedt to presumed supe-
rior manual skills but rather to two additional key
factors. First, the pathologist’s interaction with the
patient, the radiologist, and/or ther  clinicians in charge,
and his or herr  accessr to all available clinical data elicit
a relevant historyt and allow for morer precise focusing
of the specific clinical question. Second, a better
knowledge of thef intrinsic submacroscopic and micro-
scopic features of solidf  tumors, which derives from
training in surgical pathology, allows the pathologist
to select thet  most appropriatet  modality for samplingr
the lesion in order tor  provide the best andt  most reliablet
answer tor  the clinical question. The close interaction
of pathologistsf  with clinicians has a highly positive
impact on patient outcome [2,8,12–14]. A further
consequence of collaborationf and shared responsibil-
ities is that the attending staff intervenesf in a more
prudent and conservative fashion, which, in turn,
promotes cost containment. In addition, pathologists
are better abler to provide a patient-oriented report thatt
facilitates the decision-making process.

1.1.2 Preanalyitical Evaluationl  and
Requirements

To carry out thet  procedure of FNB,f  complete knowl-
edge of thef  clinical features of thef lesion to be investi-
gated and of thef  results of imagingf  and laboratory
investigations is required. This is essential to focus on
the clinical problem, plan additional ancillary and
complementary tests, and decide on the most appro-t
priate type of samplesf to be obtained (smears, or
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smears and a cell-block from needle rinse, and/or a
core-needle tissue specimen) to fully satisfy the clin-
ical need. Additional pre-FNB requirements are the
results of coagulationf tests and the acquisition of
informed consent fromt  the patient. Abnormal coagu-
lation test results predict bleeding in the setting of
FNB of deep-seatedf  lesions and thus contraindicate the
procedure.

Proper outline of the clinical problem can be
obtained by using a detaileda  request formt that includest
basic information in terms of imagingf  or clinicalr data
or regarding laboratory tests carried out prior to the
procedure. A problem-oriented questionnaire can be
set upt locally and then systematically filled in for eachr
case. Images printed on the request formt  help to better
identify the site of thef  lesion(s) (Fig. 1.1). Accurate
knowledge of thef  imaging features of thef lesion is
essential to anticipate whether ther  sample is expected
to be semi-solid, liquid, hemorrhagic, or necrotic,r in
order to plan the site of needlef sampling within the
lesion and the best procedures for proper sample
processing. It ist also essential to plan the best andt most
appropriate procedure for additional sampling, if
required. For example,r in the investigation of af  deep-
seated mass, if a core-needle biopsy (CNB) is
contraindicated due to anatomic reasons, one can
decide to plan additional passes using fine needles to
obtain a sample from the needle rinse that ist  sufficient
for ar cell-block preparation,k  which is a good alterna-
tive to a core-needle tissue specimen.

1.1.3 Needles

The caliber of needlesf  used for collecting cellular
samples to be processed for preparation of directf
smears, smears from cytocentrifugation, or conven-
tional centrifugation is between 23G and 27G
(Figs. 1.2, 1.3) [15–18]. The external diameter of
these needles varies, respectively, between 0.65 and
0.35 mm, and their internalr lumina between 0.31 and
0.16 mm. The size of thef  needle is small enough to
allow for itsr  insertion without localt anesthesia, which,
however, is administered when needles of af larger
caliber arer  used. The needle tract producedt by a probe
�23G is minute, inflicts minimal trauma, and avoids
the induction of bleeding.f The diameter ofr  thef  internal

Fig. 1.1 Images printed on the
request formt help to better
identify the site of thef  lesion

Fig. 1.2 Most commonlyt  employed fine needles for samplingr
superficial masses
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lumen of thef needle is large enough to accommodate
complex tissue structures without compromisingt their
integrity (for example,r  a thyroid follicle whose diam-
eter is,r  on average, not moret  than 200 μm) [18]. The
needle used for biopsyr  sampling should be long and
beveled, with a narrow angle. The narrower ther  angle
(9° is an average value), the more effective the guillo-
tine-like effect of thef  trailing edge with respect to
tissue cells during harvesting while the needle is
advanced forwards (Fig. 1.2). The cellular yield is
maintained within the needle lumen by a combination
of forwardf movement oft  thef needle and the suction-
like tension induced by capillary action. The smaller
the diameter of thef  needle, the greater its suction
effect. Moreover, the small angle of thef  bevel prevents
the needle from becoming occluded during sampling.
The smaller ther  caliber ofr  thef  needle, the lower ther  risk
of intralesionalf hemorrhage and blood contamination
of the sample. Finally, the maneuver should be
performed fast enough to allow expulsion of the
cellular harvest before blood within the needle core
starts to coagulate.

Proper needler  choice is crucial to the success of thef
procedure. In general, for superficial masses small-
caliber needlesr  (27G) are used for ther  first pass,t while
larger-caliber needles (25G and 23G) are used for
additional passes. Deep-seated lesions are best
sampled using needles ranging between 25G and 22G.
Cystic lesions are sampled and evacuated with a single
pass using a 22G needle. The length of thef  needle is an
additional crucial parameter, and it cant  vary between
1.5 and 20–25 cm (Fig. 1.3). Longer needlesr contain a
removable mandrel that preventst penetration of tissuef
fragments or bloodr into the needle lumen before the

target is reached. The mandrel is subsequently
removed and the syringe inserted at the base of thef
needle.

1.1.4 Aspiration vs. Non-Aspiration
Technique

Tissue sampling of af  solid mass can be performed
either withr  or withoutr  aspiration.t Aspiration is carried
out by connecting the needle to a syringe and by
imparting a vacuum within it (Fig.t 1.4). On average, a
vacuum of nof  more than 2–5 mL is required for
successful sampling. The amount oft  negativef pressure
should reach a maximum and remain unmodified
during the procedure, then reduced to zero before
needle removal. Various aspiration devices are
commercially available. They allow the operator to
direct thet  needle into the target andt to supply negative
pressure with one hand and, with the other hand, to
immobilize the target, assess the depth of needlef pene-
tration, and feel the needle as it moves within the
lesion [15–18]. Sampling of superficial masses,
however, is better performedr  without aspirationt  using
the so-called Zajdela technique [19]. In practice, the
needle is directly inserted percutaneously by the oper-
ator intor the target. A bare needle is used without at
syringe or suctionr devices (Fig. 1.5). It ist moved back-
ward and forward and partly rotated like a screwdriver
until the collected specimen appears in the hub of thef
needle (Fig. 1.5). This procedure provides a surpris-
ingly abundant cellular harvest when employed
to sample palpable nodular lesionsr  of thef breast, sali-
vary glands, and enlarged lymph nodes [20–23].

Fig. 1.3 Long fine needles
employed for samplingr  deep-seated
masses. A core-needle biopsy
device is seen at thet  top
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In addition, blood contamination of thef sample is
minimal. At the end of thef  procedure, the needle is
immediately removed from the target and quickly
inserted into a syringe, which serves as an expulsion
device for depositingr the harvest ontot the surface of af
glass slide. The non-aspiration technique is slightly
disappointing in terms of thef amount of specimenf
recruited from thyroid lesions and, in general, from
nodular lesionsr that containt a desmoplastic stroma (for
example, lobular carcinoma of thef breast, sclerotic
lymph nodes due to lymphoma sclerosis, etc.). In
sampling nodular masses of thef  breast or salivary
glands or enlarged and palpable lymph nodes, the
operator shouldr  start witht the non-aspiration technique
and, if required,f change to the aspiration procedure.
Generally, however, a thorough sampling of thesef
lesions is accomplished by the non-aspiration tech-
nique and, in most cases,t with two to three passes.

1.1.5 Core-Needle Biopsy Devicesy

A needle biopsy device comprises a suction source, an
inner cannula having a biopsy reservoir, and an outer
cannula (outer blade) that can be slid along the inner
cannula (Fig. 1.3). The latter has a cutter at its distal
end. The caliber of thef needle is between 19G and
21G. An actuating mechanism is available for moving
the outer cannula from the distal position to the prox-
imal position and vice versa. Moving the outer
cannula from the distal position to the proximal

position causes the tissue sample to be pulled into the
biopsy reservoir included in the inner cannula.
Moving the outer cannula from the proximal position
to the distal position causes the cutter to cut the tissue
sample from the surrounding tissue and also captures
the tissue sample within the biopsy reservoir. There
are several types of spring-loaded, core biopsy,
single-action or double action devices. Single-action
spring-activated needle devices are believed to result
in less trauma. It is also important that the stylet tip
does not advance further into the specimen during the
cutting action. The core-needle biopsy is obtained
only for lesions 1–3 mm deeper than the pre-
triggering cutting notch, which represents a limitation
because the sampling of small and/or superficial
lesions is precluded.

1.1.6 Sampling Procedures

The modalities for sampler collection differ dependingr
on whether ther lesion is palpable or not.r  A palpable
nodule can be readily immobilized between the fore-
finger and the middle finger of the operator by
applying light pressuret  on the skin [15]. For thyroidr
lesions, the patient ist  asked to swallow several times
before the procedure begins, thereby preventing invol-
untary movement oft  thef  lesion. Muscular relaxationr  is
required for samplingr  superficial lymph nodes in the
neck ork axilla.r  It ist  best tot  talk tok  the patient andt  keep
him/her informedr  of thef  progress of thef  biopsy. If thef

Fig. 1.4 a Sampling maneuver usingr the aspiration technique. The palpable nodule is immobilized between the operator’s two
fingers. b Once the needle has reached the target, vacuum is induced by retracting the plunger

a b
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non-aspiration technique is employed, the needle
should penetrate the lesion in a vertical position and
moved within the lesion under ther visual guidance of
the operator (Fig.r 1.5). The maneuver isr  immediately
interrupted just about at the time when the sample
appears at thet  hub of thef needle. Generally, the best
sample in terms of representativityf  and minimal fluid
or bloodr  contamination is obtained when this happens
several seconds after needler  insertion. The immediate
appearance of bloodf  is, instead, a sign of inadequatef
sampling due to blood contamination. If thef  aspiration
technique is adopted (Fig. 1.4), and the lesion does not
contain fluid, a vacuum of nof more than 2–5 mL
should be induced in the syringe by retracting the
plunger. The maneuver isr immediately interrupted as
soon as the sample spills out intot the hub of thef needle.
The plunger is rapidly released and the vacuum
removed before the needle is withdrawn from the
target. The immediate appearance of fluidf at thet  needle
hub suggests that thet  nodule is at leastt partiallyt cystic
in nature; in this case, suction is maintained and all the
fluid is aspirated, possibly changing the syringe
without removingt  the needle.

Sampling of non-palpablef lesions in superficial or
deep locations requires assistance by imaging tech-
niques, namely, ultrasound or CTr scan. The former isr
used to guide sampling of non-palpablef lesions in
superficial sites and for deep-seatedr lesions within the
abdomen. The latter is best indicated for sampling
intrathoracic lesions. In some cases, ultrasound can be
used also for these lesions, provided that the tumor

mass is adherent tot the thoracic wall and can be visual-
ized through the intercostal musculature. Ultrasound
allows for real-timer  monitoring of thef position of thef
needle shaft andt  for adjustmentr oft thef  needle path to
the target. It is used to assist FNB via percutaneous
and endoscopic approaches. Collaboration between the
radiologist andt  the pathologist ist  pivotal to the success
of thef procedure. In general, the cell yield is within the
jurisdiction of the radiologist to provide and the
pathologist tot evaluate.

Several types of devicesf are available to assist
percutaneous needle placement. These consist of
special transducers with needle guide attachments. As
an alternative, the “free hand method” [24,25] can be
used as it allowst  the operator tor work alone,k  using one
hand to hold the ultrasound probe and the other to
guide the needle. In general, however, the procedure is
best performedt by two operators, namely, the radiolo-
gist andt the interventional pathologist. If thef probe is
maintained far from the sterile area of thef puncture
site, the needle may be introduced on a plane more
perpendicular tor  the ultrasound beam (Fig. 1.6a). It ist
therefore possible to better visualizer  the progression
of thef  needle to the target, thus avoiding cumbersome
precautions for covering and sterilizing the probe.
When the needle tip has reached the target, the
mandrel is removed by the second operator and the
syringe—which is inserted into the holder—is
connected to the needle (Fig. 1.6b). The role of thef
second operator isr to start suctiont and to impart at  back-a
ward and forward movement tot the syringe holder andr
the needle within the target undert  ultrasoundr  guidance
(Fig. 1.6c). This has to be done perfectly in tune with
the first operator,t  who introduced the needle into the
target andt  is still holding it. Once the sample spills out
into the hub of thef needle (Fig. 1.6d), the maneuver isr
immediately stopped and the needle gently removed.
Undoubtedly, the “free hand technique” requires
greater operatorr experiencer and perfect timing,t but itt ist
also time- and cost-effective. The echoendoscopic
technique involves the use of an echoendoscope,
which is placed into the stomach, duodenum, or
trachea. Under the guidance of thef  high-frequency
ultrasound transducer locatedr  on the tip of thef  echo-
endoscope, a small-gauge needle is passed through the
wall of the above-mentioned viscera and into all
possible surrounding solid masses. A number of
different sized needles are used, ranging in caliber
from 25G to 19G.

Fig. 1.5 Sampling maneuver usingr  the non-aspiration technique
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1.2 Specimen Triage

1.2.1 Direct Smearst  and Smearingd
Techniques

Optimal smearing is essential for subsequent cyto-
morphological evaluation. The goal of smearf  prepara-r
tion is to spread a semi-solid cellular harvestr overt ar
slide, thus achieving a monolayer ofr isolatedf  or aggre-r

gated cells. The smearing procedure should be delicate
enough to maintain the semi-cohesive nature of thef
tissue fragments in order to preserve tissue-specific
aggregation patterns; at the same time, it should
produce the thinnest cellulart monolayerr possible.r

Several different techniques are used to make
smears from aspirates and they vary according to the
dilution of thef cellular material with fluid. The two-
step, one-step, absorption, and watch-glass techniques
have been comprehensively described by Abele et al.,

Fig. 1.6 a “Free hand” insertion of thef  needle into a deep mass
(a right ovariant  tumor inr  this case) under ultrasoundr guidance.
b Once the needle tip has reached the target, the operator (hisr
hand is shown wearing a green glove) connects the syringe to
the needle. c Vacuum is induced by retracting the plunger andr
the needle is moved back andk forth under ultrasoundr guidance.
d Aspiration is interrupted and the plunger releasedr  as soon as a
semi-solid drop appears in the needle hub

a

b

c

d
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1985 [26]. An excellent explanation of thesef  tech-
niques is available on the internet at the Papanicolaou
Society website, under the section “FNA video tech-
niques”, http://www.papsociety.org/fna.html. Some of
these different procedures for smear preparation
deserve a brief comment.f  With the conventional glass
slides used for cytology, the one-step method allows
a semi-solid drop to be smeared for a length of
20–40 mm and the shape of thef  smear is approxi-
mately oval. The semi-solid sample drop is deposited
close to the frosted edge of the stationary slide
(Fig. 1.7a), which is held in one hand and angled
slightly downward, as seen in Figure 1.7b. The second
slide (the smearing slide) is held in the other hand and
is slowly moved from above towards the stationary
slide and perpendicular to it. The former should touch
the latter with its longer edge opposite the sample
drop, with an angle of aboutf  45° (Fig. 1.7b). This step
of thef  procedure ends when the longer edge of thef
smearing slide leans completely against the surface of
the stationary slide. At this point, the angle between
the two slides is rapidly reduced and the drop begins
to spread between the two slides (Fig. 1.7c). The
contact between the two slides displaces the semi-
solid droplet in a circular monolayer due to surface
tension. When the slides are on parallel planes and the
sample is spread almost completely, the smearing
slide is moved opposite the frosted edge of the
stationary slide (Fig. 1.7d) and finally removed. This
technique allows for the examination of nearlyf  all the
harvest on one slide. The cells in the smears are
concentrated within the half proximalf  to the frosted
end of thef stationary slide (Fig. 1.7e). A minor part of
the harvest remains on the smearing slide and contains
cells that are poorly preserved due to excessive
smearing artifacts. The main drawbacks of this
smearing procedure are the non-homogeneous distri-
bution of thef  cells within the smear andr  the partial loss
of thef  cellular harvest. The pull-apart methodt results
in two mirror-image preparations, one on the
stationary slide and the other on the spreader slide,
with no cellular loss. Droplets are released at about
the center of thef stationary slide. The smearing slide is
placed in contact with the droplet until the surface
tension displaces the liquid as a circular monolayer,
thus concentrating the screening area to one side. The
smears are separated in a perpendicular direction to
avoid smearing the cells and then immediately
immersed in 95% ethanol for fixation. The obtained

smear appears as a round spot characterized by a
higher concentrationr  of cellularf fragmentsr at thet center
(Fig. 1.7f). The main drawback isk that the smear may
be too thick in some areas, thus precluding proper
interpretation. This technique is therefore best appli-
cable to compact semi-solid drops of smallf volume,
such as those obtained by lymph node sampling.

1.2.2 Fixation

Fixation is one of the most crucial aspects of
processing the specimen for properr  cytomorphologicalr
evaluation. Ideal fixation requires that thet  tissue spec-
imen is fixed immediately after removalr  and that thet
interaction of allf  its components with the fixative is
simultaneous and instantaneous. Fixation procedures
of smearsf  may consist oft  immediatef  immersion in 95%
ethanol (Fig. 1.8) or rapidr  air-drying. Ethanol fixation
is followed by staining of thef smear usingr  a modified
Papanicolaou method, while the air-dried smear is
stained with a Romanowskya  stain. Ethanol fixation can
be accomplished by spray fixation, which is dependent
on the alcohol content int the spray, but int  no way does
it providet  the same results as obtained with immersion
in liquid ethanol solution for 5–10r min. Air-drying of
smears does not requiret  expertise but itt mustt bet instan-
taneous and its effectiveness is inversely proportional
to the thickness of thef smear.

1.2.3 Cytospin Preparation

Cytocentrifugation of thef  residual needle rinse is a
convenient procedure to be performed when possible
after the preparation of directf smears. It provides
additional slides that can be used immediately or
frozen banked [27]. We do not cytocentrifuge the
harvest as a primary procedure because the prepara-
tion of directf smears bears the advantage of speedf  and
convenience. The procedure of cytocentrifugationf is
responsible for a delay in fixation and a partial modi-
fication of cellularf aggregation patterns. While the
former disadvantage is minimized by rinsing the
harvest in appropriate tissue culture medium, any
modification of thef  image quality of thef  cells in their
arrangement and in their spatial relationship to each
other can preclude correct cytomorphological inter-
pretation of thef  harvest.
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1.7 a The drop of thef harvest ist  deposited onto the slide.
b The correct positiont  for handlingr  the slides before starting the
smearing procedure: the longer edger  of thef smearing slide (in the
right hand)t is leaned completely against thet  surface of thef
stationary slide (in the left hand).t There is an angle of aboutf  45°t
between the stationary slide and the smearing slide. c The angle
between the two slides has been reduced and the slides are almost
on parallel planes; the droplet hast  been smeared in between the
two slides, forming a circulara monolayer.r d The smearing slide is
slowly moved opposite to the frosted edge of thef  stationary slide.
e View of thef stationary slide after staining;r the harvest ist  an
oval-shaped monolayerd withr  its components differentially distrib-
uted. f In the “pull apart” method, after ther droplet hast  been
reduced to a circular monolayerr (asr in c), the two slides are
detached from eachm another inr  a perpendiculara directionr

a b

c d

e

f
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1.2.4 Cell-Block Preparationk

Preparation of af  cell block from a needle rinse is
highly advisable and absolutely indicated when
sampling deep-seated masses. This type of samplef
provides an invaluable substrate for multiple
immunostains, and in some cases it ist a source of addi-f
tional data for morphological evaluation [27]. After
the sample has been deposited on the slide for
smearing, the residual material within the needle is
rinsed using saline or diluted Bouin’s fixative
(Fig. 1.9). The cell block is prepared after the cells
have been concentrated in a small volume sample by
centrifugation and by the additional coagulative and
precipitating effect oft  methanol-aceticf  acid or Bouin’sr
fixative. Fixation in 10% buffered formalin provides
optimal results as well. Evaluation of the gross
features of thef harvest after the first pass should
govern the most proper triage for further specimen
processing. In fact, if the harvest looks frankly
contaminated by blood, the needle content of thef
second pass should be entirely rinsed in saline solution

and treated for ar cell-block preparation.k In sampling
deep-seated lesions, the operator shouldr  plan at leastt
one pass for smear preparation and one for needle
rinse, in addition to performing a CNB (Fig. 1.10).

Fig. 1.8 The slide should be immediately immersed in ethanol Fig. 1.9 The residual material within the needle is rinsed using
saline or dilutedr  Bouin’s fixative

Fig. 1.10 In sampling deep-seated masses, the goal is to obtain
smeared material for cytological evaluation (left), paraffin
sections from the cell block ofk  thef needle rinse (middle), and
paraffin sections from a core biopsy (right)
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1.2.5 Direct Smeart vs. Cell-Blockr
Preparation for
Immunohistochemistry

Immunocytochemical techniques can be applied with
optimal results to both smear preparations and cell-
block paraffin sections. Direct smears provide an
excellent substrate,t qualitatively and quantitatively, for
immunostaining. The preservation of antigenicityf is
optimal and the complete content oft cellularf antigenr  is
available for immunodetection,r  because the entire cell
is present for immunostaining. Immunostaining of af
previously Papanicolaou-stained direct smeart isr  easily
accomplished using automatic immunostainers and
allows for ther detection of af given marker followingr
conventional morphological evaluation of thef  slide. In
routine practice, however, cutting multiple sections of
a cell block preparedk  from a needle rinse provides a
larger numberr ofr slidesf  for testingr  immunohistochem-
ical reactivities and the application of standard
immunohistochemical protocols. For thisr  reason, the
preparation of af cell block fromk  a needle rinse should
always be attempted in order tor  provide an additional
cellular substrate for immunohistochemistry studies.
This protocol promotes simplicity, reproducibility of
the test, and maximization of thef diagnostic yield.
Preliminary and immediate examination of direct
smears stained with the preferred rapid stain allows for
judicious selection of thosef cases that requiret clarifica-
tion by immunological testing. If the need for
immunoprocessing is anticipated, additional passes
may also be performed to obtain a more abundant
cellular sample that can then be processed for the
preparation of af cell block (Fig.k 1.9).

When the harvest ist  diluted by blood or cysticr fluid,
the needle, syringe tip, and distal portion of thef syringe
should be rinsed with sterile saline or liquidr  fixative.
The resulting specimen is a liquid that can be
processed by filtration, cytocentrifugation, or whole-r
specimen centrifugation followed by histological
processing to obtain paraffin mini-blocks.

1.2.6 Staining Methods

The best staining methods for routine conventional
cytomorphological evaluation of smears are the
Romanowsky and the Papanicolaou methods.
Romanowsky stains are a mixture of methylenef blue

with varying concentrations of azuref A, B, and C.
Eosin Y is added to produce a “neutral” dye. The most
frequently used Romanowsky type stains are Wright’s
stain and May Grünwald Giemsa stain. The respective
staining methods are widely employed in hematolog-
ical preparations and require fixation of thef  smear byr
air-drying [27]. The reagents used provide differential
staining of acidophilicf  and basophilic substances. In
addition, polymeric macromolecules such as proteo-
glycans induce a purple tone to basophilic substances
due to metachromasia. The classical May Grünwald
Giemsa stain is included in Table 1.1 [27].

The Papanicolaou stain has been adopted from
exfoliative cytology and requires ethanol fixation of
the sample. The substrate is stained pink or blue,
respectively, according to acidophilia and basophilia.
The reagents are similar to those employed in the
hematoxylin and eosin (H&E) protocol for paraffin
sections of tissue histological samples–except for
the addition of EA50, which stains some protein
substances orange, such as keratin. The classical
Papanicolaou staining procedure and its modified
rapid version are included in Table 1.2 [28].

Selection of onef of thef above staining procedures is
based on the observer’s own preferences, depending
on his or herr  scientificr  or professionalr  education. In
general, the May Grünwald Giemsa stain is preferred
by cytopathologists with hematological training while
the Papanicolaou stain is preferred by surgical pathol-
ogists. Nonetheless, there are significant differences
between the two methods (Table 1.3). Specifically, in
air-dried smears there is a relative expansion of thef
nuclear and cytoplasmic compartments and perfect
preservation of the intracellular and extracellular
chemical components. Cells thus appear larger than
in Papanicolaou-stained smears, and both the
cytoplasmic details and the morphological features
of thef  extracellular substancesr are well seen. Nuclear

Table 1.1 Modified May-Grünwald Giemsa stain for air-driedr
smearsa

Step Reagent/procedure Time (min)

1 May-Grünwald solution 5
2 Running water 1
3 Giemsa solution 15
4 Running water 1–2
5 Air dryr  and mount
aThe staining procedure may vary somewhat and testing is
recommended for optimalr  results.
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modifications induced by air-drying, however, result
in different morphological details in smears stained
according to the May Grünwald Giemsa method vs.
Papanicolaou-stained preparations. In the latter, more-
over, the nuclear morphologyr  is more akin to that seent
in tissue sections from formalin-fixed and paraffin-
embedded samples. Thus, May Grünwald Giemsa
preparations provide nuclear morphological details
that aret  less suitable for properr cytohistologicalr corre-
lation with respect tot samples prepared with Papanico-
laou stain. In addition, cellular detailsr in three-dimen-
sional aggregates are better evaluatedr in Papanicolaou-
stained smears; this represents a majora drawbackr tok  the

May Grünwald Giemsa method. However, ethanol
fixation, which is required for Papanicolaour  staining,
is responsible for ther  removal of mostf oft  thef lipid and
lipoprotein substances in the smear. The morpholog-
ical details of thef  cytoplasm and extracellular compart-r
ment are therefore less discernible in Papanicolaou-
stained smears than in smears stained with the May
Grünwald Giemsa method. Table 1.4 describes the
different appearances of severalf  cytological compo-
nents in smears stained with Papanicolaou vs. May
Grünwald Giemsa stain.

The above considerations explain why two sets of
smears, one stained with May Grünwald Giemsa anda

Table 1.2 Papanicolaou stains for ethanol-fixedr  smears

Step Reagent Time/procedure

Papanicolaou stain

1 95% ethanol Minimum 15 min
2 80% ethanol 10 dips
3 70% ethanol 10 dips
4 50% ethanol 10 dips
5 Tap water 1 min
6 Gill’s hematoxylin 2 min
7 Tap water Rinse until clear
8 0.05% HCl Rinse until yellow
9 Tap water Rinse

10 Scott’s tap water Rinse until blueing
11 Tap water Rinse
12 50% ethanol 10 dips
13 70% ethanol 10 dips
14 80% ethanol 10 dips
15 95% ethanol 1 min
16 Orange G stain 90 s
17 Ethanol 95% (3 dishes) 10 dips each
18 EA stain 2 min
19 95% ethanol (3 dishes) 10 dips each
20 100% absolute isopropyl alcohol (2 dishes) 1 min each
21 Xylene Minimum 10 min

Rapid Papanicolaou stain

1 95% ethanol Minimum 3 min
2 70% ethanol 10 dips
3 Running tap water 5 dips
4 Gill II hematoxylin 30 s
5 Running tap water 5 dips
6 70% ethanol 10 dips
7 95% ethanol 10 dips
8 Orange G stain 15 s
9 95% ethanol 10 dips

10 95% ethanol 10 dips
11 EA 50 stain 15 s
12 95% ethanol 10 dips
13 95% ethanol 10 dips
14 100% ethanol 10 dips
15 100% ethanol 10 dips
16 Xylene Minimum 30 s
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the other withr  Papanicolaou stain, should be made
available for ar detaileda cytomorphological evaluation
of directf  smears,t  as together theyr provide the best visu-t
alization of allf the different cellulart andr  extracellular
compartments, albeit ont  different slides.t For severalr
reasons, however, this is not alwayst  possible in daily
practice. Accordingly, fixing all or almostr allt the slides
in ethanol with subsequent Papanicolaout staining seems

a reasonablea option to warrant thet  most completet  cyto-
morphological evaluation of thef  sample. This strategy is
best applicablet  for samplesr collected from the breast
and the lymph node, and from deep-seated lesions.
Nevertheless, the concomitant availabilityt  of smearsf
stained with Papanicolaou stain and with May Grün-
wald Giemsa isa an important requisitet for evaluatingr
FNB samples of thyroidf  and pulmonary lesions.

Table 1.3 Difference in overall smear examinationr

Air-drying fixation and Romanowsky stain Ethanol fixation and Papanicolaou stain

Usually larger numberr ofr  cellsf Cell loss, especially in bloody aspirates

Cells more isolated Cell cohesion greater

Original architecture less well-preserved Original architecture better preservedr

Cells larger duer  to air dryingr  and spreading on slide Cells slightly smaller duer to shrinkage artifact

Tendency of thef  cells to round up Original cell shape better preservedr

Cytoplasmic outline less well-defined Cytoplasmic delineation superior

Poor cellr preservation in inflammatory and necrotic material Overall cell preservation superior inr  inflammatory or
necrotic material

Cytoplasmic and extracellular productsr  easier tor identify Less differential staining of cytoplasmicf products and
extracellular materialr with background

Thick specimensk  difficult tot  examine due to heavy staining Thick specimensk  easier tor examine due to transparent
of nucleusf and cytoplasm cytoplasm

Bloody smears easier tor  scan for smallr  tumor cellr  groups or Bloody smears more difficult tot  scan for smallr  tumor cellr
isolated cells groups or isolatedr cells

Naked nuclei frequent duet  to rupture of cytoplasmf Better preservationr and delineation of cytoplasm,f and
(e.g., lymphoma, small cell carcinoma, endocrine tumors, etc., fewer nakedr  nuclei

Nuclear characteristicsr  inferior Nuclear characteristicsr  (chromatin distribution, parachromatin
visualization, nuclear membraner thickness, nuclear
irregularities) superior

Cytoplasmic granules or secretoryr products and extracellular Cytoplasmic granules or secretoryr products and extracellular
material well-visualized material less well-visualized

Keratin not well-stainedt  (poor differentialr staining) Differential staining of keratinf (in Papanicolaou stain) excellent

Keratin and thick cytoplasmk in necrotic cells may be difficult Keratin and thick cytoplasmk in necrotic cells easier tor
to differentiate differentiate in Papanicolaou stain

Table 1.4 Different microscopict  appearances in May Grünwald Giemsa vs. Papanicolaou stains

Cellular componentr May Grünwald Giemsa Papanicolaou

Thin colloid Pink-blue-purple Shades of greenf
Thick colloidk Dark blue-purplek Shades of greenf
Neuroendocrine granules Bright red-magentat Faint granularityt
Amyloid Glassy, pink-blue-purple Glassy-green, green-brown
Mucin Pink-bluish-purple Shades of greenf
Collagenous ground substance Bright purple-magentat Green
Adenoid cystic carcinoma matrix Bright purple-magentat Clear
Lymphoglandular bodiesr Bluish globules Greenish globules (difficult tot appreciate)
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1.3 Microscopic Evaluation

1.3.1 Pattern Recognition Approach

This book classifiesk  tumors based on their distinctiver
cytological patterns. By definition, a pattern, from the
French patron, is “a type of themef of recurringf events
or objects,r sometimes referred to as elements of af set.
These elements repeat int a predictable manner. It cant
be a template or modelr  which can be used to generate
things or partsr  of af  thing, especially if thef things that
are created have enough in common for ther underlying
pattern to be inferred, in which case the things are said
to exhibit thet unique pattern” [29]. Pattern recognition
in FNB cytopathology is no different than in other
scientific fields.

The approach to diagnosis by pattern analysis is,
likewise, not new in Pathology, as it has been used
with optimal results, for example,r  in the histopatho-
logical classification of inflammatoryf  skin disease. To
quote from Bernard Ackerman’s “Histologic diagnosis
of inflammatoryf  skin diseases” [30], the identification
of cytological patterns “is firmly rooted in
morphology” and “the morphologic method requires
accurate observation and orderly classification.” In
addition, “once the major patternr has been identified,
the diagnostic possibilities are dramatically reduced.
The next stept  is to home in on the exact diagnosis.”t

In cytopathology, as in dermatopathology, while an
“exact diagnosis” cannot always be reached, pattern
analysis enables the observer to place the set of
morphological changes, i.e., the pattern, found in the
sample within a well-circumscribed category of
reasonable diagnostic hypotheses. Starting from this
point, it should be possible to build up a diagnostic
algorithm based on clinical correlation and on further
data obtained by ancillary techniques, according to a
rigorous methodology of deductivef reasoning. The end
result is not always a conclusive diagnosis but can
provide a restricted list oft possiblef  diagnoses sharing
the same cytomorphological pattern. In this latter case,r
further clinical work-up or a surgical pathology
approach is required to reach a conclusive diagnosis.

The approach to the morphological evaluation of
FNB smears is quite similar tor  that employedt  in clas-
sical histopathology. It starts from a survey of thef
sample at lowt magnification using the scanning objec-
tive of thef  microscope. This evaluation must covert ther
entire smear, starting from the portion closest tot  the

frosted end and containing most oft  thef  cellular aggre-r
gates, if present.f Moving away from the frosted end,
the smear shouldr  be evaluated in its entirety in order tor
define the extent oft cellularity of thef sample and the
type of prevailing aggregation. These are two major
features of thef sample and they are pivotal to sub-
sequent pattern recognition. The observer should be
trained to estimate the approximate number ofr  cellsf  in
the smear atr  low-powert  magnification.r  Cellularity is
measured semi-quantitatively as poor, moderate, or
abundant. It is difficult to provide any reproducible
criteria to define the limits for this assessment. In
general, cellularity is inadequate if inf  several adjacent
fields it ist possible to observe, overall, no more than
200 cells. The range for poor cellularity is approxi-
mately 200–500 cells, while the upper limit for
moderate cellularity is typically 1000 cells. Using the
scanning objective of thef  microscope, one should then
examine the tendency of cellsf  to aggregate, thus recog-
nizing the relative proportion of non-cohesivef and
cohesive elements. Some smears may contain only
aggregates of cohesivef cells, and others only non-
cohesive cells, and still others significant amountst of
both components.

Before the smear isr  examined at hight  magnification,
the aggregation patterns should be defined. A first
distinction is made between two-dimensional
and three-dimensional aggregates. Two-dimensional
aggregates are flat andt  laminar; they vary in width and
length in addition to shape. Three-dimensional aggre-
gates are characterized by overlapping cellular layers,r
with thickness thus representing their thirdr dimension.
Aggregates may vary in size and shape; obviously,
two- and three-dimensionality can coexist int the same
aggregate. Additional characterization of thef aggre-
gates is based on the evaluation of theirf  external
outlines (cords, trabeculae, acini) and internal archi-
tecture (papillae, tubules, sieve-like, “solid” appear-
ance).

Further cytomorphologicalr  evaluation is performed
at highert  magnification.r The aim is to determine the
cell types and fine cellular features, including cyto-
plasmic and nuclear morphology,r cellular interactionr
with stromal components, and extracellular ground
substance. Measurement oft thef size of thef  entire cells,
or ther  nucleus, or otherr  cellularr structures,r  is an essen-
tial requirement in this phase, and it is expressed in
terms of foldf difference with a diameter ofr af red blood
cell (RBC), for exampler 1.5xRBC, or 3xRBC,r  etc.
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1.3.2 Diagnostic Accuracyc

By no means is a FNB cytological diagnosis equiva-
lent to a conventional histopathological diagnosis,
even if both are “tissue” diagnoses. The features
distinguishing the two are the different extent of
cellular samplingr  and the different approacht  to micro-
scopic evaluation of thef  cellular morphology. As a
matter ofr fact,f the validity of af cytological diagnosis is
measured by means of itsf  potential to predict at histo-
logical diagnosis, obtained following excisional biopsy
of the lesion and conventional histopathological
processing and preparation. Histological diagnosis of
the lesion is thus considered the “gold standard” of thef
diagnostic process. Due to several factors intrinsic to
the structure of thef  lesion and the sampling procedure,
the potential of af FNB cytological diagnosis to predict
a histological diagnosis of thef same lesion can be very
high, thus indicating with absolute certainty the nature
of thef  lesion; however, it mayt  be less than optimal and
in these cases the final report is to be expressed in
terms of thef “probability” that the given cytological
picture corresponds to one or morer  disease entities.

One should become familiar with the parameters
that measuret  the accuracy of FNBf as a medical test.
Sensitivity and specificity indicate the effectiveness of
a medical test andt  are used for testsr  that havet  only two
outcomes, i.e. “positive” and “negative.” The signifi-
cance of sensitivityf and specificity is easily understood
if thef reader examines the “2×2” table illustrated in
Fig. 1.11. Given a population of samplesf with and
without thet  disease, the test resultt mayt  fall into one of

four categories:r true positive, false positive, true nega-
tive, and false negative. A perfect testt  givest only true
positive and true negative results, and the worst
possible test would be the same as guessing. Sensi-
tivity describes the proportion of samplesf  showing
signs of thef disease that have a positive test, while
specificity refers to the proportion of samplesf without
the disease that havet a negative result. Sensitivity and
specificity are calculated by viewing the “2×2” table
vertically (Fig. 1.11) and are meaningful only when
the studied population has undergone an acceptable
“gold standard” investigation used to “rule in” or “ruler
out” the disease of interest.f  In the field of FNB,f  the
gold standard is represented by the histological exam-
ination of af surgically excised sample of thef  lesion.
Two additional parameters of thef test aret  the positive
and negative predictive values, which are calculated
by viewing the “2×2” table horizontally. The positive
predictive value of af  test expressest the proportion of
samples with a positive test that are found to show
signs of thef disease. The negative predictive value
expresses the proportion of samplesf with a negative
test thatt aret disease-free.

From a practical point oft  view,f  the closer ther sensi-
tivity is to 100%, the more likely a positive result actu-t
ally means that thet  sample is diseased. The closer ther
specificity is to 100%, the more likely a negativea  result
means that thet  sample is truly disease-free. Similarly,
the closer ther  positive predictive value is to 100%, the
more likely the test can serve to make a “positive”
diagnosis. The closer ther negative predictive value is
to 100%, the more likely the test cant serve to exclude

Fig. 1.11 The “2×2” table
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the disease, i.e., to make a “negative” diagnosis. While
many medical tests are highly accurate, none are 100%
sensitive and 100% specific. In general, FNB is
expected to bear a significant risk of falsef  negative
results but byt definition should not leadt  to false posi-
tive results. In other words, the positive predictive
value of FNBf  is very high but itst  negative predictive
value is less than optimal. Thus, when confronted with
a positive result, for example,r the diagnosis of malig-f
nancy, one can rely on the test and proceed to the
following steps of patientf management; conversely,
when confronted with a negative result, for example,r a
diagnosis that ist  negative for malignancy,r one cannot
rely on the test and, instead, alternative tests with a
higher negative predictive value must be used. The
measure of tof what extent a negative FNB result
should not bet relied on is given by the results of pre-f
analytical tests. For example,r  in the case of af breast
nodule with a high risk ofk suspicionf of malignancyf  by
imaging techniques, a negative FNB result shouldt not
be used to rule out malignancy;t  instead, further inves-r
tigation is needed using diagnostic procedures with a
higher negative predictive value. These procedures
essentially consist oft anf  incisional or excisionalr  biopsy
leading to histological examination of thef  sample.
Thus, only on the basis of histologicalf  examination of
a representativea sample can a lesiona that appearst suspi-
cious on imaging be diagnosed as benign. Conversely,
in the case of af  breast nodule that looks benign on
imaging but ist malignant ont  FNB examination, histo-
logical confirmation would not bet required due to the
very high positive predictive value of cytologyf in this
particular context.r In conclusion, the FNB procedure,
which is less harmful and less expensive than inci-
sional or excisionalr  biopsy, can be conveniently placed
first in the diagnostic evaluation of af breast nodule,
provided that the imaging features of thef lesion are
concomitantly evaluated. The same reasoning applies
to several other FNBr  applications, including the lymph
nodes, thyroid, and lung.
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2.1 Introduction

Despite the alarming worldwide increase in the inci-
dence of breastf  cancert inr  the last 30t years, especially
in highly developed countries, we have witnessed a
parallel decrease in mortality and a longer disease-freer
survival of breast-cancer patients, both of which
can be ascribed to increasingly early diagnosis and
the use of drugsf  that are highly effective in large
subgroups of patients.f

The earlier breast cancer is detected, the more
likely it cant  be successfully treated. In fact, the overall
15-year survival of womenf treated for breast cancer is
inversely proportional to the size of thef  tumor at the
time of diagnosis,f  varying between 86 and 46% for
tumors, 10–14 and 30–39 mm, respectively, in their
largest diameter [1,2].

Since women with breast cancers of smallf  size can
benefit from greater treatment choices and have
a more favorable prognosis, diagnosing the tumor
as early as possible has become a primary goal in
breast-cancer care [3]. Early breast cancers generally
consist of in situ carcinomas of any size, or of
unifocal, small tumors of low-grade invasiveness
(classified as ductal or lobular type), or of invasivef
tumors with histologies associated with a more favor-
able prognosis.

Early invasive tumors do not show significant peri-
tumoral angioinvasiveness and are either not associ-
ated with metastatic deposits in regional nodes or
there may be only micrometastatic involvement of thef
sentinel node. Moreover, the biological markers
detected in these tumors are predictive of af  good
response to conventional treatment.

2.2 Non-Operative Diagnosis of Breastf
Cancer

Non-operative procedures for ther diagnosis of breastf
cancer arer far lessr expensive than traditional surgery
and more applicable to screening campaigns. In addi-
tion, they promote anatomic conservation and integrity
of thef breast andt warrant thet  patient’s right tot partici-
pate in the process of treatmentf  decision.t These proce-
dures consist oft fine-needle biopsy (FNB), core-needle
biopsy (CNB), and mammotome type vacuum-assisted
core-needle biopsy (VACNB). They differ fromr  one
another with respect to the caliber of the needle
employed, the sampling modalities, and the type of
post-sampling processing for microscopicr  evaluation.

FNB is carried out with 27-gauge (0.4 mm) to
23-gauge (0.6 mm) needles, while CNB is performed
with 19-gauge (1.27 mm) and 14-gauge (2.10 mm)
needles, and VACNB with needles no larger than
11-gauge (3.1 mm). FNB sampling is done with or
without aspiration,t and the harvested material consists
of af  cellular sample that is generally smeared on a
glass slide and then examined cytologically. By
contrast, the diagnostic yield of CNBf  is a corea  of tissuef
that ist removed through the cutting edge at thet tip of
the needle and then examined after conventionalr  histo-
logical processing. The VACNB device allows for ther
removal of multiplef  tissue samples with a single inser-
tion of thef  needle; the samples are then similarly
processed for histologicalr examination.

FNB offers several advantages [4–8]. The proce-
dure is simple, easy to perform, quick, very well-toler-
ated by the patient, immediately repeatable, and practi-
cally never followedr  by complications. Moreover, it ist
a highly cost-effective diagnostic procedure. The only
contraindication is a hemorrhagic diathesis. The
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biopsy sample can be ready for definitiver  diagnostic
evaluation after a very short time (20–30 min). In
experienced hands, the diagnosis of malignancyf  is reli-
able and the procedure has a very high positive predic-
tive value. There are limitations, however. FNB is an
operator-dependent technique and its accuracy is
strongly related to the experience, training, and
approach of bothf the physician performing the biopsy
and the pathologist interpretingt  the cellular sample.r  A
high degree of accuracyf is obtained only when the
same pathologist performst  the puncture and assesses
the adequacy of thef  specimen. FNB is characterized
by a suboptimal negative predictive value and is not
the method of choicef in the investigation of lesionsf
detected solely by X-ray mammography, such as
microcalcifications. Finally, even in the most experi-t
enced hands, not lesst  than 5–10% of FNBf samples are
inadequate.

CNB has the advantage of minimalf sample inade-
quacy. The sampling procedure is easier andr  the diag-
nostic approach more reproducible than is the case for
FNB, due to the greater inclinationr  of pathologistsf  to
interpret histological sections rather thanr cytological
smears. CNB is indicated in the investigation of non-f
nodular andr  non-palpable lesions detected as mammo-
graphic microcalcifications and is more accurate in the
differential diagnosis of borderline breast lesions.
However, since a representative sample consists of atf
least 4–5 tissue cores, the procedure is much more
expensive and invasive than FNB. In addition, the
need for histologicalr  processing of tissuef cores renders
the procedure more time-consuming. It ist  also gener-
ally less well-tolerated by the patient andt  can induce
minor complications,r  such as bleeding or infections.r
Furthermore, post-sampling tissue changes are poten-
tial pitfalls in subsequent histologicalt  interpretation of
the surgically removed lesion [9–13]. CNB shares the
same risk of samplingf  errors as FNB and there is
emerging evidence that itt bearst a significant riskt ofk  af
false-negative or false-positive diagnosis as well as
underestimation of invasivef  carcinoma [13].

Due to the high cost oft  thef material and instrumen-
tation, VACNB is indicated as the first-choice
modality only in the investigation of mammographicf
microcalcifications [14,15]. It allowst the sampling of
multiple specimens and provides a larger volume of
breast tissue for histological examination. VACNB
requires local anesthesia and a cutaneous incision. It ist
used under stereotaxisr but cant also be guided by ultra-

sound. Overall, it ist  significantly more invasive than
FNB or CNBr and is not usedt in large-scale screening
programs.

2.3 Fine-Needle vs. Core-Needle
Sampling

The above considerations explain why FNB and CNB
compete for primacy as the first-choice procedure in
the primary diagnosis of breastf cancer. The former
gained great popularity worldwide in the 1980s and
1990s in recognition of itsf  practical advantages and
low cost but in recent years there has been a reversal
in this trend, especially in the USA [16]. This change
was triggered by the declining willingness of patholo-f
gists to carry out image-guided fine-needle aspiration
(FNA) biopsy for the continuously increasing number
of patientsf with non-palpable breast lesions, due to the
meager reimbursement for assistance in on-site spec-
imen adequacy assessment and interpretation. The
consequence was the introduction of thef  more expen-
sive, risky, and time-consuming procedure of CNB,f
which is performed by a radiologist without the need
for the assistance of af  pathologist. The result has been
a progressive and rapid decrease in the number of
pathologists who are expert on the cytopathology
of breast lesions and, in particular, of early
carcinomas, the evaluation of whichf is considered
difficult due to paucicellular samples and highly
subtle cellular diagnostic alterations [16]. In the
meantime, private surgeons and primary-care clini-
cians began performing breast FNAs and this has
resulted in a dramatic increase in the number of non-f
diagnostic specimens, with accompanying delays in
diagnosis and treatment. CNB became the easiest
alternative–encouraged by a significant increase in the
income of radiologistsf performing the procedure. Not
unexpectedly, the same decline in the popularity of
FNB has occurred in European countries, even if cost-f
efficient health care is a priority in most of them.f The
involvement of thef  pathologist in sampling palpable
and non-palpable breast lesions is no longer encour-
aged in academic training programs, despite the
general recognition that pathologist-performed breast
sampling provides a cellular harvest that correlates
better with histopathology, minimizes the number of
inconclusive and unsatisfactory specimens, and
allows for the procurement and proper work-up
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of additional material for ancillary techniques, if
required.

In conclusion, neither FNBr  nor CNBr alone seems
optimal, entirely faultless, or ar  convincingly superior
procedure for the primary diagnosis of earlyf breast
carcinoma [10–13,17]. An evidence-based approach
should include the use of bothf techniques. In fact,
lesions that are palpable at clinical examination or
easily detected upon ultrasound as a nodular target
should be distinguished from lesions that aret detected
solely at mammographyt  as microcalcifications or thatr
appear asr  an indefinite density upon ultrasound. FNB
represents the best proceduret  for investigatingr  lesions
of thef  first categoryt (Fig. 2.1). In experienced hands,
multiple passes are obtained literally within a few
seconds and the sample is ready for microscopicr  inter-
pretation in 10–20 min. Immediate staining and evalu-
ation of thef  specimen allows for ar definite diagnosis in
at leastt  60–80%t of casesf involving these palpable or
easily detectable lesions. CNB is best indicated for
evaluation of those cases in which FNB did not
provide a conclusive diagnosis and for lesions
belonging to the second category, i.e., mammographic
microcalcifications or indefinite ultrasound densities
lacking nodular features.r  CNB sampling is similarly
performed within minutes under stereotacticr or ultra-r
sound guidance; microscopic diagnostic evaluation

includes the time required for histologicalr processing,
sectioning, and routine staining or immunostaining.
Considering that in daily practice the lesions of thef
first categoryt  represent aboutt 90%t  of cases,f the initial
use of FNBf  provides a conclusive diagnosis in about
two-thirds of thef  total number ofr  casesf while CNB is
used for the remaining ones. This promotes cost
containment, reduced time for diagnosis,r and signifi-
cant improvementt int  terms of generalf  organization. A
highly accurate diagnosis can thus be made in the
majority of casesf  within one hour ofr samplingf  and, for
the remaining cases, the day after. Cases requiring
additional investigation by VACNB are selected on the
basis of radiologicalf  appearance of thef  lesion and the
FNB or CNBr results.

Strong involvement oft  thef  pathologist int  the pre-
analytical discussion of thef  case, in the puncture of thef
lesion, and in the rapid evaluation of thef  specimen is
pivotal to the success of thisf  multidisciplinary diag-
nostic approach. A breast clinict [18,19] is the best envi-t
ronment fort thisr model of organizationf as it promotest
close cooperation between the radiologist, the patholo-
gist, and, in selected cases, the breast surgeon.t The end
result ist the expeditious and reliable selection among
patients requiring clinical follow-up only, additional
sampling by VACNB, immediate surgical intervention,
or systemicr neoadjuvant chemotherapy.t

Fig. 2.1 Diagnostic algorithm for
breast nodular lesions that are
palpable or easily detected upon
ultrasound
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2.4 Diagnostic Terminology

The purpose of diagnosticf  terminology in non-opera-
tive cytological and microhistological procedures is to
allow classification of thef lesion within a clear-cut
diagnostic category in order tor facilitate further carer  of
the patient and therapeutic decision-making. In
general, cytological diagnostic categories for adequater
samples can be divided into benign, malignant, and
“abnormal” categories. By definition, samples judged
“abnormal” are characterized by morphological
features that aret not atypicalt  enough to be considered
diagnostic or “suspicious” of carcinoma but also
cannot be considered as benign. In breast cyto-
pathology, the limits of thisf  diagnostic category are
rather blurred and its use traditionally has been
governed by great subjectivity.t  The relative incidence
of casesf falling into the “abnormal” category has
increased over the years, paralleling the increased
detection of premalignantf  lesions and early breast
cancer. Since there may be a qualitative overlap in the
cytological morphology of premalignantf  and malig-
nant samples, in this category a distinction between
low-risk and high-risk cases is pivotal in order to
further assistr  clinicalt decision-making, which ranges,
respectively, from a conservative “watch and wait”
approach to an immediate further investigation by
CNB or evenr surgical excision.

In the 1990ies, several articles focusing on the
issue of thef  best terminology for breast cytological
samples were published in the medical literature.
Masood et al., 1991 [20], and Sneige et al., 1994 [21],
introduced similar reporting formats, which consisted
of thef  following five categories: inadequate, benign
lesion, proliferative lesion, suspicious for carcinoma,
and malignant (Table 2.1). A second reporting format,
shown in Table 2.2, was introduced by the European
Community (EC) Working Group on Breast
Screening [22–24], which also consisted of fivef cate-
gories but only somewhat analogous to the above
scheme. The two classification systems coincide as far
as the categories of inadequatef (C1), benign (C2),
suspicious for carcinomar  (C4), and malignant (C5)t are
concerned but differ for samples falling in the
“abnormal”. In fact, for lesions classified as “prolifer-
ative” in the scheme of Masoodf et al., 1991 [20] and
Sneige et al., 1994 [21], there is a further grading into
two groups according to the presence and extent of
atypia. In the scheme proposed by the EC Working

Group on Breast Screening [22–24], all abnormal
lesions fall in the all-embracing concept of C3f  or
“atypical, probably benign.” In summary, the aim
of furtherf subdivision in the first system is to provide
a clear indication of thef risk ofk thef  lesion being malig-
nant, to facilitate subsequent decision-making. In
the second model, any further indication regarding
the actual extent of atypiaf  is lacking; this adversely
affects both the accuracy and the clinical impact
of thef  procedure. It is no surprise that even in the most
experienced hands the incidence of carcinomaf  (in
situ and invasive) in samples diagnosed cytologically
as “C3 atypical, probably benign” can reach 55.7%
[25], implicitly contradicting the formulation
itself. The question remains, how can we define as
“probably benign” a lesion that is expected to be
malignant in more than half thef  cases? For such
lesions, there is absolutely no room for a conservative
“watch and wait” approach, which would be justified
only if thef  risk of malignancyf  was no higher than
20–30%.

In summary, a grading category of abnormalf  or
atypical findings, defined according to reproducible
criteria that allow low-risk lesions to be differentiated
from high-risk ones, is pivotal to maintaining a role
for FNB in the diagnosis and management of breastf
nodular lesions in daily clinical practice [26]. Consis-
tent with this point of view,f  the approach offered by
Masood et al., 1991 [20], in which, within the cate-
gory of borderlinef breast lesions, low-risk lesions are
differentiated by means of af  score system from those
that are high-risk (respectively, “proliferative lesions
without atypia” and “proliferative lesions with
atypia”), introduced several highly standardized and
reproducible criteria, thus representing a milestone in
the history of FNBf of thef  breast. According to this
author’s experience, strict adherence to these criteria
results in a significantly higher positive predictive
value of cytological interpretation of breast FNB
samples falling within the “abnormal” category. A
scheme for reporting FNB breast aspirates is provided
in Table 2.3 and represents both a revision and a
simplification of thef M.D. Anderson Cancer Center
proposal [21], with integration of thef  cytological score
to grade proliferative breast lesions. The use of thisf
simple reporting format is strongly suggested and has
been adopted in this chapter as an alternative to the
scheme proposed by the EC Working Group on Breast
Screening [22–24].
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Table 2.1 Reporting terminology. The M.D. Anderson Cancer Centerr  proposalr [21]

Adequacy/diagnostic category

Specimen adequacy
- Satisfactory for evaluationr (see diagnostic categories 1–4)
- Insufficient fort  evaluationr  due to scant cellularityt (<4–6 cell groups)
- Unsatisfactory for evaluationr  due to distortion artifact/obscuring blood

(1) Benign
Specify as to lesion type (e.g., fibroadenoma, fibrocystic change, adenosis, papilloma)

(2) Proliferative
A. Identified by cytological atypia (e.g., crowded, enlarged, pleomorphic, overlapping nuclei, three-dimensional groups or sheets,r

loss of cohesion,f  few single cells, homogeneous cell population, hyperchromasia)
B. Identified by cytological features combined with the architectural pattern. Proliferative lesions may be further classifiedr as:

a. Ductal hyperplasia
b. Atypical or lobularr  hyperplasia/low-grader carcinoma in situ

(3) Suspicious for carcinomar
Includes cases with:
- Insufficient cellularityt for diagnosisr  of carcinomaf
- Low-grade carcinomas that aret  admixed with benign ductal elements or detectedr on one slide only

(4) Malignant
- Breast carcinoma;t  specify as to the type (e.g., ductal, lobular, mucinous) and nuclear grader (1–3); in situ carcinoma cannot bet

distinguished from invasive carcinoma on fine-needle aspiration
- Others (sarcoma, lymphoma, metastasis, etc.)

Table 2.2 E.C. Working Group on Breast Screening:t  diagnostic terminology [22-24]

C1. Unsatisfactory Inadequate sample due to one or morer of thef  following:
- Hypocellularity
- Error inr aspiration, spreading, and/or stainingr
- Excessive blood

C2. Benign Adequate sample showing no evidence of malignancy;f if representative,f a positive diagnosis
of af  specific condition (e.g., fibroadenoma, fat necrosis)t can be rendered

C3. Atypia probably benign Adequate sample with all the characteristics of af  benign aspirate, showing, in addition, one or
more of thef  following:
- Nuclear pleomorphismr
- Some loss of cellularf  cohesivenessr
- Nuclear andr  cytoplasmic changes resulting from proliferative changes, involutionary

changes, pregnancy, or treatmentr  influencest
- High cellularity

C4. Suspicious of malignancyf Adequate sample with highly atypical features but at  confident diagnosist  of malignancyf cannot
be rendered due to one or morer of thef  following:
- Scant, poorly preserved, or poorlyr  prepared smear
- Detection of somef  malignant featurest without thet presence of overtlyf malignant cellst
- Occasional cells showing distinctly malignant featurest  within an otherwise benign-looking

sample

C5. Malignant Adequate sample containing cells characteristics of carcinomaf  or otherr  malignancyr
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2.5 Diagnostic Approach

In daily practice, the most common indications
demanding FNB sampling and evaluation are, for a
solid nodular lesion,r  verification of af clinical and/or
radiological suspicion of malignancyf  and confirmation
of af  clinical and/or radiologicalr supposition of benig-f
nancy. Palpable nodular solidr  lesions are sampled by
FNB using the aspiration (Fig. 2.2a) and non-aspirationd
technique (Fig. 2.2b). Non-palpable lesions are best
sampled under ultrasound guidance using the “free
hand” procedure and without aspiration (Fig. 2.2c).
For cystic or partly cystic (mixed) lesions, FNA is
required to characterize the parietal cellular compo-
nent exfoliatedt within the cystic fluid or anr  intracystic
vegetating cellular componentr detectedt  at ultrasoundt
examination. Mammographic microcalcification aggre-
gates with suspicious features and lacking any corre-
sponding clinical and/or ultrasoundr  findings should
be investigated by CNB or byr  VACNB under stereo-r
tactic guidance.

All patients should undergo a thorough preliminary
work-up, including clinical examination and imaging,

to assess the pre-analytical probability of malignancy.f
The latter should be expressed according to a score
system in which 0 is used if thef  lesion is considered
benign, 1 if itf has suspicious features, and 2 if itf
appears to be malignant. Thus, the clinical score and
the imaging score should be expressed clearly before
FNB or CNB sampling as they will be included
together withr  the microscopic assessment int  the triple-
test final score [27,28]. This is a time-honored and
accurate approach in which all three score components
are considered, and it represents a reliable basis
to support subsequent clinical decision-making
(Table 2.4). In fact, if allf  three components point tot
the lesion being benign (0-0-0), or malignantr (2-2-2),t
the negative and positive predictive value, respec-
tively, of thef triple-test approach is very high. If,
however, the components are not int  agreement, then
different actionst must bet taken. For example,r  the posi-
tive predictive value of imagingf  techniques and cyto-
logical findings is very high; thus, if atf least one of
them has a score of 1,f  the lesion is to be considered at
risk andk further investigationr  is immediately advisable.
Conversely, if onlyf  clinical findings are considered

Table 2.3 Proposed reporting terminology

Adequacy/diagnostic category Recommendation

Specimen adequacy
- Satisfactory for evaluationr (see diagnostic categories 1–4) CNB or surgicalr excisional biopsy, if
- Insufficient fort  evaluationr  due to scant cellularityt clinically indicated
- Unsatisfactory for evaluationr  due to distortion artifact/obscuring blood Repeat FNBt

(1) Benign
Specify as to lesion type (e.g. fibroadenoma, fibrocystic change, Correlation with clinical/mammographic
adenosis, papilloma) findings is needed

(2) Proliferative
A. Proliferative without atypiat (low-risk lesion)k Correlation with clinical/mammographic
B. Proliferative with atypia (high-risk lesion):k a distinction based on findings is needed

the cytological score according to Masood et al.,t 1991 [20], is advisable - Follow-up is indicated for low-riskr lesionsk
- CNB or surgicalr  excisional biopsy is

indicated for high-riskr lesionsk
(3) Suspicious for carcinomar
Includes cases with:
- Insufficient cellularityt for diagnosisr  of carcinomaf
- Low-grade carcinomas that aret admixed with benign ductal elements Excisional biopsy or CNBr  to confirm

or presentr ont  one slide only carcinoma

(4) Malignant
- Breast carcinoma;t  specify as to the type (e.g. ductal, lobular, Surgery or preoperativer chemotherapy

mucinous) if possiblef according to clinical indication
- Others (sarcoma, lymphoma, metastasis, etc.)

CNB Core-needle biopsy, FNB fine-needle biopsy
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suspicious, then follow-up of thef patient ist  justified.
Finally, if bothf  clinical findings and imaging tech-
niques indicate that the lesion is benign but the
cytology results are clearly in favor ofr malignancy,f the
lesion is considered to be malignant duet to the very

high positive predictive value of cytology in this
context. A relevant examplet of thef latter situationr is
represented by malignant tumors that simulate clini-
cally and radiologically benign breast lesionst  and are
unexpectedly discovered only by means of cytology.f

Fig. 2.2 a Sampling procedure of af palpable breast lump using the a aspiration technique and b non-aspiration technique. c
Sampling procedure of af non-palpable breast lumpt  using the non-aspiration technique under free-handr  ultrasound guidance. d Low-
power “panoramic”r view of af  FNB harvest witht  a high cellularity; the background is clear andr proteinaceous with occasional red
blood cells; epithelial parenchymal cells appear inr  two- or three-dimensionalr clusters of variablef size and shape. Papanicolaou (P)
stain, ×40

a

c

b

d

Table 2.4 Triple-test approacht

Clinical Imaging FNB Conclusion or furtherr  decisionr

0 0 0 Definitely benign
1 or 2r 0 0 Most probablyt benign, follow-up indicated

0 1 or 2r 0 Indefinite, CNB required
0 0 1 Indefinite, CNB required
0 0 2 Definitely malignant

CNB Core-needle biopsy
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2.6 Basic Principles of Cytologicalf
Evaluation

The evaluation of af smeared sample begins with a
preliminary microscopic view at low-powert  magnifi-r
cation using the scanning objective, which allows
recognition of thef  background features, the extent oft
the cellular componentr  (cellularity),t  and the prevailing
aggregation pattern. In a second round, the sample is
examined at high magnification in order to charac-
terize the fine microscopic morphology of eachf  cell
type detected.

2.6.1 Background

The background of af  cytological sample generally
consists of a transparent proteinaceous matrix
containing a variable number of red blood cells
(Fig. 2.2d). Excessive blood in the background is
undesirable and, in fact, is a cause of samplef  inade-
quacy. In other cases, the background may show
a variable amount of mucinousf  material or necrotic
debris. Thus, the background is described as proteina-
ceous, blood-stained, mucinous, or necrotic.r

2.6.2 Cellularity

Quantifying the amount of cellsf in the harvest is an
essential prerequisite for diagnosticr  evaluation. Cellu-
larity is evaluated semi-quantitatively as low,
moderate, and high based on the examination of
several areas of thef  smear. It ist  calculated by quanti-
fying the concentration of cellsf  per low-powerr micro-r
scopic field and in several fields. The number ofr  fieldsf
to be evaluated is not fixedt and depends on the type
of sample.f A smear withr  high cellularity is shown in
Fig. 2.2d. The evaluation should start in those areas
with the highest cellulart  concentration.r Cellularity is
considered adequate when more than 6–8 aggregates
each containing at least 20 epithelial glandular cells
are detected in several different fields [22–24].
However, this number of cellsf  is too small for any
diagnostic formulation; thus, the importance of exam-f
ining smears containing a much larger numberr  ofr cellsf
cannot bet overemphasized.

2.6.3 Aggregation Patterns of Epithelialf
Glandular Cellsr

Epithelial glandular cellsr may be clustered in aggre-
gates or dissociated and non-cohesive. When aggre-
gates are seen, the evaluation and definition of thef
aggregation pattern is important fort  ther  diagnosis.

2.6.3.1 Two-Dimensional Aggregates

Two-dimensional aggregates can have different shapest
and structures.

Laminar Sheets

These aggregates are composed of severalf  tens of
cells; they have a rounded or polygonalr  (rectangular,
rhomboid, etc.) shape and often appear partlyr  folded
(Fig. 2.3a). At highert magnification,r the nuclei of thef
cells are round to oval with finely granular chromatinr
(Fig. 2.3b).

Digitiform Aggregates

These aggregates are also composed of af relatively
large numbers of cellsf that have an elongated and
finger-like shape and a rectilineara orr curvilinearr  profiler
(Fig. 2.3c). Frequently, several aggregates appear to
radiate from a common origin.

Elongated Aggregates

These aggregates are composed of nof more than 20–30
cells and are characterized by the prevalence of lengthf
over width. They sometimes consist of twof parallel
lines of cellsf  and may show minor overlappingr of thef
cell nuclei (Fig. 2.4).

Indian Files

These are aggregates composed of generally
less than 10 cells, which are linked one behind another
to form a chain, or anr “Indian file” pattern (Fig. 2.5).
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Fig. 2.3 a Round laminar aggregater is seen on the left side of
the image; the background is proteinaceous and contains bipolar
bare nuclei and red blood cells. P stain, ×400. b High-power
view of af two-dimensionala aggregate; nuclei appear monotonousr
and round in shape; the chromatin is finely granular andr  shows
occasional chromocenters. P stain, ×1000. c Two-dimensional
clusters of variablef  shape, some of whichf  are partially twisted.
P stain, ×400

Fig. 2.4 Two-dimensional cluster of elongatedf shape shows
focally overlapping nuclei; the chromatin texture is coarsely
granular. P stain, ×800

a

c

b

Fig. 2.5 Cells form an “Indian file” and are characterized by
hyperchromatic nuclei. P stain, ×1000
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2.6.3.2 Three-Dimensional Aggregates

The great structural variability of three-dimensionalf
aggregates makes their classification difficult. Other
than large aggregates, consisting of multiplef  layers of
cells that appear patternless, it may be important to
identify the following.

Trabecular Aggregates

They have a somewhat rectangulart orr ovalr  shape and
are characterized by marked cellular overlapr  (Fig. 2.6).

Tubular Aggregates

These have an elongated shape with only minor
nuclear overlapr  and a central, seemingly empty core
that suggestst the presence of af lumen (Fig. 2.7).

Papillary Aggregates

Papillae are peculiar three-dimensional aggregates
characterized by cuboid or cylindricalr  cells radiating
from a connective-tissue stalk (Fig.k  2.8). The latter isr
sometimes absent but the cells maintain an unusual
pattern (pseudopapillae).

2.6.4 Cellular Dissociationr

Dissociated and non-cohesive epithelial cells are, by
definition, round ord  oval-shapedr elementsd  that containt  a
variable amount oft cytoplasmf andm  appeard singlyr in the
smear. Truly dissociated cells should not retaint any
spatial relationship to each other, instead appearing
absolutely non-cohesive. Thus, loose cellular aggrega-r
tion cannot bet classified asd  true dissociation. Loosely
cohesive cells (Fig. 2.9) are frequently observed ind asso-
ciation with true dissociation–a findinga that shouldt
prompt at  morea extensive search for trulyr  non-cohesive
cells. Cellular dissociationr  may be minimal, partial,
or total.r  The latter isr depicted ind Figure 2.10. It ist impor-
tant tot measure the percentage of epithelialf glandular

Fig. 2.6 Trabecular aggregatesr are three-dimensional clusters
containing multiple nuclear layersr and are rectangular orr  ovalr  in
shape. P stain, ×400

Fig. 2.8 A complex papillary aggregate is shown; papillae
appear tor  radiate from a central core and consist oft af  connective-
tissue stalk. P stain, ×250

Fig. 2.7 Tubular aggregatesr  are elongated and rectilinear andr
may be ramified, as in this image; they are sharply outlined and
may appear tor  contain a central lumen. P stain, ×400
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cells dissociated withind  the harvest. Dissociation is clas-
sified as minimal if involvingf <10% of thef glandular
cells, moderate if involvingf up to 30% of thesef  cells,
and elevatedd ifd  involvingf  >30%.

2.6.5 Ancillary Elementsy

2.6.5.1 Bipolar Bare Nuclei

Bipolar barer  nuclei are single nuclei devoid of theirf
cytoplasmic envelope and dispersed in the background.
They show a distincta  andt  characteristic oval shape, a
dense and patternless or finelyr  granular chromatin,r  and
terminate with two sharp extremities (Fig. 2.11). They
are small (<1.5 RBC) and concentrate in areas that aret
sparse in erythrocytes.

2.6.5.2 Fibrous Stromal Fragments

These aggregates of variablef  size and shape are made
up of elongatedf  fibrocytes displaying a thin and elon-
gated nucleus and admixed with a pale-staining
collagenous matrix (Fig. 2.12). Fibrous stromal frag-
ments may also contain endothelial cells and/or capil-r
lary vessels. Fibrocytes may appear tor have detached
from the fragments or occurr  asr  isolated elements in the
background and can coexist witht  bipolar barer  nuclei
(Fig.2.12).

2.6.5.3 Adipocytic Stromal Fragments

These aggregates of adipocytes,f i.e., round cells with
abundant opticallyt  clear cytoplasmr  and a peripherally
displaced elongated nucleus, are admixed with both a
variable amount of fibrocytesf  within a pale-staining
connective-tissue matrix and endothelial cells. Adipo-
cytes may appear to have detached from such frag-
ments and are seen scattered in the background.

Fig. 2.9 Epithelial cells are seen in large three-dimensional
clusters or appearr  looselyr cohesive (red arrowsd ), or occasionallyr
totally non-cohesive (green arrow). P stain, ×400

Fig. 2.10 Highly cellular smears with totally non-cohesive
cells. P stain, ×400

Fig. 2.11 Bipolar barer  nuclei (arrows) have an elongated shape
and their largestr diametert  isr  equal the size of af red blood cell or
slightly larger; the chromatin is homogeneous and patternless. P
stain, ×1000
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2.6.5.4 Foam Cells

Foam cells are mainly of histiocyticf  origin. They have
a smalla nucleus with a finelya granular chromatin.r  Their
size is determined by the amount oft cytoplasm,f which
is foamy due to fine vacuolation (Fig. 2.13). In addi-
tion, the cytoplasm may contain hemosiderin granules.

2.6.5.5 Apocrine Cells

Apocrine cells are metaplastic glandular cells that
occur inr  sheets or asr  isolated elements. Their shaper  is
oval to polygonal, and their sizer  medium to large. The
cytoplasm ism  granular, acidophilic, and generally abun-
dant (Fig. 2.14). The nuclei are of variablef  size and
occasionally contain prominent nucleoli.t

2.6.6 Fine Cytomorphological Featuresl of
Epithelial Glandularl Cellsr

2.6.6.1 Nuclear Size and Shape

Epithelial cells can show nuclear enlargementr ast well
as a variable nuclear shape. The largest diameter of
nuclei in resting and normal epithelial cells does not
exceed 1.5–2.0× RBC; nuclear enlargementr abovet  that
limit ist  thus considered abnormal (Fig. 2.15). Nuclear
pleomorphism (Fig. 2.16), i.e., significant variabilityt

in nuclear shape,r  is an additional abnormal finding to
be recorded and possibly quantified.

2.6.6.2 Chromatin Texture

There are at leastt  threet  patterns of chromatinf  texture:
(a) dense and homogeneous (hyperchromasia), (b)
finely granular, and (c) coarsely granular. Hyperchro-
masia is normal in resting cells, which by definition
have a small nucleus, while it ist definitely abnormal if
seen in larger nucleir (Figs. 2.15, 2.16). Finely granular
chromatin is present int proliferative and hyperplastic

Fig. 2.13 Foam cells are round and have a microvacuolated
cytoplasm. P stain, ×800

Fig. 2.14 Sheet of epithelialf  cells with apocrine features; the
cells are medium-sized and oval to polygonal in shape; the cyto-
plasm is granular andr eosinophilic. P stain, ×800

Fig. 2.12 Fibrous stromal aggregate containing fibrocytes and
dense collagen matrix; at thet periphery, spindled fibrocytesd  appear
to detach from them  aggregate (red arrowd ); a fewa bare bipolar
nuclei are seen in the background (d green arrow). P stain ×800
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conditions (Fig. 2.3b), while a coarsely granular
texture (Fig. 2.15) should be considered abnormal.

2.6.6.3 Nucleolus

A single and small nucleolus is generally seen only in
a minor proportionr  of cellsf  in the resting state and the
nuclear texturer is finely granular. Prominent nucleolit
represent ant abnormal finding in epithelial cells, espe-
cially if theyf are large (Figs. 2.15, 2.17). They gener-
ally coexist witht a coarselya  granular chromatinr  texture.

2.6.6.4 Mitotic Figures

Mitoses are very rarely seen in smears of benignf
lesions and their presencer is to be considered highly
suggestive of malignancyf (Fig. 2.17).

2.6.6.5 Non-Bipolar Bare Nuclei

These are essentially the pre-apoptotic or apoptotic
nuclei of epithelialf  cells, which are usually dispersed
in the background. They are round and hyperchromatic
or have stippled chromatin (Fig. 2.18). Non-bipolar
bare nuclei are an abnormal finding, especially when
their presencer  is more than occasional and their sizer

>2×RBC. They should not bet confused with bipolar
bare nuclei, which have a different shapet  and size.

2.6.6.6 Cytoplasmic Changes

The cytoplasm of epithelialf cells can be variable in
appearance and in its staining features. Sometimes a
large vacuole in the cytoplasm displaces the nucleus
eccentrically in a signet-ring fashion. The vacuolar

Fig. 2.15 Large three-dimensional cluster showingr  significant
nuclear pleomorphism.r  Some nuclei are >2×RBC in diameter
(blue arrow), others contain prominent nucleolit  (red arrowsd ),
and still others show premitotic changes (green arrows). P stain,
×400

Fig. 2.16 Nuclei in this cluster varyr  significantly in shape and
their size is significantly >2×RBC; the chromatin texture is
coarsely granular. P stain, ×400

Fig. 2.17 A mitotic figure is indicated by the red arrowd and
non-bipolar bare nuclei by green arrows; these nuclei show
significant pleomorphismt and their sizer is often >2×RBC; the
other nucleir in the smear containr prominent nucleolit and have a
coarsely granular chromatinr  (blue arrows). P stain, ×400
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content cant  be optically clear duer to mucin accumula-
tion. Alternatively, the vacuole may contain a centrallya
located structure and have a targetoid appearance
(Fig. 2.19). This is due to the presence of intracyto-f
plasmic lumina and is an unequivocal sign of malig-f
nancy. Finally, the detection of cellularf  cannibalism,r
i.e., the phagocytosis of anf  entire cell by a glandular
cell (the “cell-in-cell” phenomenon), is practically
never ar feature of benignf  conditions and is thus highly
suspicious for malignancyr (Fig. 2.20).

2.7 Primary Diagnosis of Commonf
Benign or Premalignant Breast
Lesions

2.7.1 Benign Fibroepithelial Lesionsl

The concomitant proliferationt  of bothf an epithelial and
myoepithelial cell components and a fibroblastic
connective-tissue component give rise to nodular
fibroepithelial breast lesions.t  These constitute a spec-
trum of lesionsf ranging from the usual fibroadenoma
with all its variants at onet end to phyllodes tumor, with
benign, borderline, and malignant variants, at the
opposite end.

2.7.1.1 Fibroadenoma and its Variants

Fibroadenoma mostly occurs in women between the
ages of 25f and 35, usually as a nodular lesionr  that ist
frequently palpable and often detected by the patient
herself [29].f A history of rapidf  growth is typically
reported. The size of thef lesion rarely exceeds 3 cm in
its largest diameter. The nodule is easily palpable,
easily moved, and has a smooth surface. Fibroade-
noma rarely develops in women 40 years and older.
Since the ultrasound appearance of fibroadenomaf  can
closely simulate that oft mucinousf  carcinoma, tubular
carcinoma, or low-grade invasive ductal carcinoma,

Fig. 2.18 The image is dominated by abundant non-bipolart barer
nuclei that aret  mostly round in shape and have a coarsely gran-
ular chromatin.r P stain, ×400

Fig. 2.19 Prominent cytoplasmic vacuoles with an optically
clear content;r  the larger onesr contain an inclusion-like structure
(“targetoid” appearance) indicated by the arrows. P stain, ×1000

Fig. 2.20 The “cell-in-cell” phenomenon. P stain, ×1000
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the detection in this latter ager group of af  lesion with
imaging features suggesting fibroadenoma should
always be considered with great caution. Fibroade-
nomas typically undergo regressive changes, such as
massive sclerosis and possible dystrophic calcification,
which are easily detected at mammographyt  or ultra-r
sound especially in patients age 50 and older.

The cytological appearance of thef usual variant oft
fibroadenoma is typically characterized by:
• A clear proteinaceous, sometimes myxoid back-

ground withd abundanth  bipolart barer nuclei (Fig. 2.3a,b,
Fig. 2.11).

• Two-dimensional, elongated, and finger-like or
“stag-horn” epithelial cell aggregates, with possible
ramifications and/or foldingr  (Fig. 2.3a). At highert
magnification, these cells tend to have regular
nuclei with a finely granular texturer  chromatin and
nuclei that rarelyt overlap (Fig. 2.3b).

• Stromal fragments of fibrousf tissue (Fig. 2.12).
At variancet  with this picture are lesions in which

the background is massively myxoid or ther  epithelial
aggregates are also three-dimensional, but thet  presence
of abundantf baret  bipolar nucleir  represents an unequiv-
ocal finding allowing the reliable diagnosis of
fibroadenoma. Other variants enter the differential
diagnosis of carcinomaf  and are discussed later inr  this
chapter.

2.7.1.2 Benign and Borderline Phyllodes Tumor

Phyllodes tumor isr  generally observed ind women age 40
and olderd  andr  appearsd  as a nodulea  >3 cm inm  its broadest
diameter. The clinical appearance is that of usual
fibroadenoma [29].a The diagnostic cytological pattern
of thisf  lesion is characterized by:d
• Bipolar orr spindlyr bare nuclei abundant int the back-

ground, with possible necrotic debris and isolated
fibrocyte-like or histiocyte-liker  cells (Fig. 2.21a).

• A variable component of two-f and three-dimen-
sional epithelial cell aggregates (Fig. 2.21b),
comprising cells characterized by slight anisonucle-t
osis and occasional nucleoli.

• Thick stromal fragments with a vague leaf-like
morphology and containing multiple layers of
spindle cells (Fig. 2.21a).
The clue to the diagnosis is the presence of baref

nuclei with a bipolar and spindly morphology coex-
isting with leaf-like stromal fragments [30]. Addi-
tional findings that favor the diagnosis of phyllodesf
tumor arer aggregates of epithelialf cells with squamous
metaplasia and the presence of adipocytesf in the
stromal component. The fibroadenoma variant in
which there is stromal hypercellularity can present
on FNB with overlapping cytological features, but
only phyllodes tumor is characterized by squamous

Fig. 2.21 a In FNB samples from phyllodes tumor, the background is characteristically dominated by bipolar andr spindly bare
nuclei, histiocyte-like cells (blue arrow), and stromal fragments containing somewhat pleomorphict fibrocytes (red arrowd ). P stain,
×400. b Low-power viewr of thef same case as in a, showing epithelial clusters of variablef size and shape as well as bipolar andr non-
bipolar barer nuclei with histiocyte-like cells in the background. P stain, ×250

a b



32 2 Breast

metaplasia of epithelialf  cells and adipocytic meta-
plasia in the stromal component. Cellular pleomor-
phism with enlarged and hyperchromatic nuclei and
the detection of mitosesf in the stromal fragments is a
clear indication of af malignant phyllodes tumor.

2.7.1.3 Intraductal/Intracystic Papilloma

Papillomas can occur in women between the fourth
and sixth decades of lifef  and arise at anyt  level in the
mammary ductal tree, from the ductular-lobular
terminal unit (peripheralt  papillomas) to the large ducts
of thef  nipple (central papillomas) [29]. They can be
single or multiple.r In addition, they can arise within a
cystic cavity, filling it partially or completely.
Segmental dilation of thef  ductal system due to an
expanding papilloma or intracystic papilloma can
produce a palpable or non-palpabler breast lumpt  that ist
otherwise readily visible at USt examination. Bloody
discharge from the nipple is, however, the main clin-
ical manifestation of af papilloma.

The cytological picture is dominated by the pres-
ence of papillaryf  fronds of epithelialf ductal cells with a
well-defined connective-tissue stalk (Fig.k 2.8). These
fronds are variably arranged and variably ramified.
The epithelial cells are columnar inr  shape. The outline
of thef papillary vegetation is marked by the external
membrane of epithelial cells, which occasionally
shows examples of decapitationf  secretion (Fig. 2.22).
Nuclei form palisades and are regular inr  shape and size
(Fig. 2.22). The background is rich in red blood cells,
foamy histiocytes, or histiocytes containing hemo-
siderin pigment granules, and sometimes small
lymphocytes or bare bipolar nuclei. Isolated cylin-
drical duct cellst  are also easily detected in the back-
ground due to their exfoliationr  and detachment. Apoc-
rine metaplasia is commonly seen. The unexpected
detection of papillaryf  fronds in a FNB sample from a
breast lumpt  should always prompt at  careful re-consid-
eration of thef ultrasound and mammographic images
as well as the patient’s clinical history. Provided that:
(a) the lesion has been adequately sampled, (b)
cytology provides unequivocal evidence establishing
the benign nature of thef lesion, and (c) imaging data
support thist contention, then surgical excision can be
avoided but the patient should enter careful clinical
surveillance. However, if theref  is any element oft  doubtf
with respect tot the cytology or imagingr findings, the

lesion should be excised for ar definitive and more reli-
able histological evaluation [31,32]. CNB, especially
VACNB, represents a valid option for further diag-
nostic evaluation and even the complete excision of
small lesions. In general, the ambiguous diagnosis of
“proliferative and papillary breast lesiont  with atypia:
malignancy cannot be excluded” is preferred for
lesions showing atypical changes.

2.7.2 Sclerosing Lesions Following Fat
Necrosis

Fat necrosis of breastf  parenchyma is rather common
in elderly patients or at least in women with large
breasts, due to adipose involution. Predisposing
conditions are contusive traumas and recent surgical
manipulation of thef  breast. Radiologically, the lesion
can closely simulate a carcinoma, especially in the
phase of earlyf  florid development in that it assumes a
characteristic stellate or spiculated configuration.
FNB discloses a characteristic picture and quickly
resolves any questions as to the diagnosis. On FNB,
the background contains cellular detritus as well as
lipoid droplets, adipocytes with vacuolated cyto-
plasm, foamy histiocytes sometimes in the form of
multinucleated giant cells, and stromal fragments.
Epithelial cells are not seen.

Fig. 2.22 A papillary cluster showingr  peripheral palisading of
nuclei (arrows). P stain, ×1000
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2.7.3 Intramammary Lymphy  Nodes

Lymph nodes can occur in the breast parenchyma,
mostly in the upper externalr  quadrants. They simulate
a fibroadenoma at mammography and at ultrasound
examination. FNB shows a lymphoid harvest
consisting of smallf  to medium-sized lymphocytes, a
variable number ofr thef characteristic tingible bodies,
macrophages, and stromal fragments containing
endothelial cells. There are no epithelial cells.

2.7.4 Proliferative Breast Lesionst

There is a wide group of benignf breast lesionst that ont
FNB present a non-characteristic or non-specific
picture that doest not correspondt  to any of thef  above-
described benign lesions. This group comprises prolif-
erative lesions affecting the lobular units or,
conversely, the ductal cavities and they are defined
under the headings of adenosis, various types of
adenoma, lobular neoplasia,r  and intraductal prolifer-
ative lesions. Their main feature is the concomitant
proliferation of epithelialf and myoepithelial cellular
components and the possibility that the epithelial
compartment assumest  a florid or atypicalr  morphology.
In daily practice, these represent thet  large majority of
benign lesions included in the differential diagnosis of
carcinoma.

Lesions of thef adenosis group are classified histo-
logically as sclerosing adenosis, apocrine adenosis,
blunt ductt  adenosis,t and microglandular adenosisr [29].
They most frequently occur in women between the
ages of 30f  and 50. The proliferative process mainly
affects the lobular component of the breast
parenchyma. Epithelial proliferation leads to the
formation of af  complex aggregation of acinarf and
tubular structures,r always with a fairly distinct myo-t
epithelial cellular component.r The extent oft concomi-f
tant myoepithelialt cellular proliferationr is variable and
strongly influences the overall morphology and archi-
tecture of thef lesion. Different types of epithelialf
proliferations belonging to the adenosis group can
coexist witht  a complex sclerosing process in the so-
called radial scar/complex sclerosing lesion. This is a
benign lesion that resemblest  invasive carcinoma both
mammographically and on gross examination. Histo-
logically, it consistst of af  mixture of adenosis,f  mainly
of thef sclerosing type, ductal epithelial hyperplasia of

solid or cribriform type, apocrine metaplasia, and
papillomas.

The proliferative conditions of thef ductal epithe-
lium also called borderline ductal proliferations are
mainly located in the ductulo-lobular unitr  andt show a
variable degree of cellularf  atypiar  but not  stromal inva-
sion [33]. They are divided into three categories:
typical (usual) duct hyperplasia,t  atypical duct hyper-t
plasia, and low-grade ductal carcinoma in situ (DCIS)
[29,34]. These lesions share several morphological
features that are variably expressed but differ with
respect tot their potentialr  transformation into invasive
carcinoma. Histologically, usual and atypical duct
hyperplasia are characterized by an intraductal prolif-
eration of cellsf  with variable morphological features
filling, partially or completely, the lumen of the
ductulo-lobular units.r  Atypical duct hyperplasiat  is an
obligate precursor tor  DCIS which in turn is a precursor
to invasive carcinoma. The reproducibility of histo-f
pathological criteria in the distinction and grading of
these lesions is poor.

Basically, the cytological sample of af  proliferativea
breast lesion is moderately to highly cellular and
consists of aggregatedf  epithelial glandular cellsr in a
clear to proteinaceous background containing bare
bipolar nakedr nuclei (Fig. 2.24). Despite the hetero-
geneity in the histological picture, the cytopathology
of proliferativef  breast lesionst  on FNB can be reduced
to the evaluation of af fewa  parameters that refert tor the
aggregation pattern of epithelialf cells, their morphologyr
in terms of cellularf  pleomorphismr andm nuclear features,r
and, most importantly,t the concomitant proliferation

Fig. 2.23 A coagulative necrotic cluster wherein nuclear
“shadows” are seen. P stain, ×400
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of myoepithelialf cells. The cytological picture of floridf
hyperplastic lesions and premalignant or low-grade
malignant conditionst can overlap on FNB samples, at
least qualitatively; however, significant quantitative
differences in the above parameters can be observed.
In this regard, the score system developed by Masood
et al.,t  1991 [20], distinguishes among these alterations
according to a semi-quantitative approach and allows
for the distinction between low-risk and high-risk
cases. The system is based on the evaluation of sixf
cytological parameters (Table 2.5), each of whichf  is
scored separately along a scale of 1f to 4, with the total
yielding the cytological score. Samples from border-
line breast lesionst generally have a score of 12–18.f In
this author’s experience, scores <15 and >16 are
indicative of, respectively, low-risk and high-risk
lesions. In fact, the cytohistological correlation
discloses cases of usual florid hyperplasia in the
former group, and atypical ductal hyperplasia, low-
grade in situ ductal carcinoma, and invasive ductal
carcinoma ina  the latter. A score of 15f and 16 represents
the gray zone of thef system, where usual florid and
atypical ductal hyperplasia and in situ carcinoma all
can occur. The combined DNA and image analysis of
the cytological sample from this group of patientsf
shows that at  hypoproliferative diploid pattern is more
often associated with low-risk lesions while hyper-
proliferative diploid or aneuploid lesions are at
increased risk ofk  beingf  malignant [35].t

2.8 Diagnosis of Carcinomaf

The diagnosis of breastf  carcinomat is primarily based
on a pattern-analysis approach. Examination of thef
cytological specimen requires the systematic evaluation
of severalf criteria in order to construct a diagnostic
algorithm according to a rigorous methodology of

deductive reasoning. The specimen should be firstly
evaluated for itsr  cellularity and secondly according to
several major andr minor diagnosticr  criteria that concurt
to yield a final diagnostic formulation, which may be
totally conclusive for carcinomar  or expressr the diag-
nosis of malignancyf or premalignancyr  in probabilistic
terms. In other words,r  since a diagnosis of carcinomaf
is not alwayst  possible, lesions with suspicious features
or withr cytological alterations suggesting a high-risk
proliferative lesion should be properly identified based
on reproducible criteria that conveyt  the most appro-t
priate clinical information.

In the diagnosis of af lesion as malignant, the cellu-
larity of thef  specimen should be at leastt  moderatet  to
high (Fig. 2.2). Conversely, a low or sparser cellularity
is an indication for ar  more cautious approach.

2.8.1 Specimens with Adequate
Cellularity

The analytical approach should take into account thet
evaluation and classification of severalf  major and
minor criteriar whose presence contributes to the devel-
opment of af diagnostic algorithm (Table 2.6). The

Table 2.5 Cytological score for classificationr  of proliferativef  breast lesionst adapted by Masood et al.,t 1991 [20]

Score Bipolar nakedr nuclei Cellular Cellular Anisonucleosis Nucleoli Chromatin
(myoepithelial cells) arrangement pleomorphism clumping

1 Abundant 2-dimensional Absent Absent Absent Absent
2 Moderate 2- and 3-dimensional Slight Slight Sparse Slight
3 Sparse 3-dimensional Moderate Moderate Micronucleoli Moderate
4 Absent Minor non-r Conspicuous Conspicuous Micro- and Conspicuous

cohesiveness macronucleoli

Total score: 6–10 = non-proliferative, 11–14 = proliferative without atypia,t  15–18 = proliferative with atypia,
19–24 = carcinoma

Table 2.6 Major andr minor cytologicalr  criteria of malignancyf

Major criteriar
- Extent oft  cellularf dissociationr
- Prevailing aggregation pattern
- Presence of bipolarf barer  nuclei

Minor criteriar
- Anisonucleosis
- Non-bipolar barer nuclei
- Mitoses
- Cytoplasmic targetoid vacuoles
- Necrotic background
- High cellularity
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distinction between major andr minor criteriar is based
on the different “weights”t  of thef  former withr respect tot
the latter in the context of the decision-making
process. Major criteriar  are detected and evaluated by
microscopy, by observing the smear at low-power
magnification, while minor criteriar  area mostly assessed
at high-powert  magnification.r

2.8.1.1 Major Criteria

Dissociation of Epithelialf Cells

This parameter shouldr  bed  quantified asd absent (scoret  0),
present but �10% (score 1), or present and >10%
(score 2). It ist important nott  tot  mistake non-cohesive
epithelial cells for fibroblasts or histiocytes, as the
appearances of thef latter cellr  type may resemble that oft
dissociated elements. The extent oft  cellularf non-cohe-r
sion is a powerful and robust predictivet criterion for
malignancy.

Prevailing Aggregation Pattern

Scrutiny of thef cellular smear at low or medium
magnification should allow the pathologist to deter-
mine whether therer  is a prevalence of two-f or three-r
dimensional aggregates. In addition, it is useful to
identify a possible prevailing tendency for ther forma-
tion of distinct types of aggregates fulfilling the
morphological features previously described (cords,
tubules, papillae, two-dimensional sheets, etc.). The
aggregation pattern has no predictive value in terms of
a diagnosis of malignancy but is essential to the
construction of thef diagnostic algorithm.

Presence of Bipolarf  Bare Nuclei

Evaluation of thef smear at low- and medium-power
magnification should be completed by a careful search
for bipolar bare nuclei with their characteristic
morphology. This parameter shouldr  be quantified as
absent (scoret  0), or presentr (scoret  1). A score of 1f  is
used if bipolarf barer nuclei are seen not onlyt occasion-
ally but witht an abundance of 4–5f  per highr power fieldr
and in different fields throughout the smear. Their
shape and size should be rigorously congruent witht the

above-described criteria. The presence of thisf  feature
is a powerful and robust criteriont in favor ofr  thef benig-
nancy of thef specimen.

2.8.1.2 Minor Criteria

Anisonucleosis

Atypical nuclear featuresr  should be carefully searched
mostly within aggregates of epithelialf cells and consist
of thef  following: (a) increased nuclear sizer  and pleo-
morphism, (b) changes in chromatin texture, and (c) the
presence of prominentf nucleolit  (Figs. 2.4, 2.5, 2.15,
2.16, 2.17). Nuclear sizer is assessed by comparison to
the RBC diameter; if thef limit oft  1.5–2.0f ×RBC diame-
ters is exceeded in most cells,t  this is a significantly
atypical finding. Atypical chromatin patterns consist oft
hyperchromasia ina enlarged nuclei and a coarselya  gran-
ular chromatinr texture. Well evident nucleolit are an
atypical feature in epithelial glandular cellsr  of thef
breast andt the nucleolus may sometimes become very
prominent. Each of the above changes should be
confirmed in a significanta proportiont  of cells.f Gener-
ally, increased nuclear size, abnormal chromatin
texture, and the presence of prominentf nucleolit occur
together but a wide repertoire of combinations is
observed. In particular, in carcinoma of low-gradef
malignancy, nucleoli may be completely lacking or
inconspicuous whereas a significanta increaset in nuclear
size and the presence of coarselyf granular chromatinr
are generally easily recognized.

Non-bipolar Bare Nuclei

Non-bipolar, roundish nuclei devoid of af  cytoplasmic
envelope and present int the background of thef smear
represent at  definitely atypical finding, especially if thef
size of thesef  nuclei exceeds the limit oft  1.5–2.0f ×RBC
(Fig. 2.18). The hyperchromatic and/or coarselyr  gran-
ular patternr contrasts with the finely granular patternr
of bipolarf barer  nuclei, seen in benign conditions.

Mitoses

Mitotic figures should be searched for within the
cellular aggregates.r  While their detectionr  is rare, their
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presence strongly favors a diagnosis of malignancyf
even if theirf  morphologyr  is typical (Fig. 2.17).

Targetoid Cytoplasmic Vacuoles

These are single large vacuoles that displace and
sometimes compress the nucleus. They are empty-
looking and characterized by a prominent external
membrane. The targetoid appearance is due to the
presence of af centrally placed eosinophilic globule
(Fig. 2.19). Targetoid vacuoles have a distinct
morphology and are not to be confused with other
types of cellularf  vacuoles. The detection of thesef
cellular modifications, even if only occasional, is
highly suggestive of malignancy,f  especially of lobularf
carcinoma.

Hypercellular Smear

The detection of highf cellularity in a FNBa sample from
a breast nodule in an elderly woman who is not
receiving hormone therapy, and the detection in the
sample of two-f or three-dimensional aggregates of
epithelial cells lacking any significant nucleart  atypicalr
features strongly support a diagnosis of low-gradef
invasive or inr situ ductal carcinoma. In other words,r
high cellularity in a specimen from a nodular lesionr in
an elderly patient is definitely to be considered as
abnormal despite the otherwise benign appearance of
the cells.

Necrosis

Necrotic detritus in the background of af cellular smearr
is unusual in benign conditions and should be consid-
ered a hint for possible malignancy (Fig. 2.23). In
general, careful inspection of thef smear disclosesr more
significant andt  confirmatory features.

2.8.1.3 Construction of thef Diagnostic
Algorithm

Major andr minor criteriar  should to be evaluated and
scored separately in the first step,t  while in the second
step they are assimilated to construct the diagnostic

algorithm. The extent of dissociationf  is scored as 0
(absent), 1 (�10%), or 2r  (>10%). The prevailing pattern
of aggregation is identified and defined as “two-
dimensional” or “three-dimensional.”r The presence of
bare bipolar nuclei is scored as 1 according to the
above-described criteria, and their absencer  as 0. The
detection of atf  leastt  onet of thef  minor criteriar  is scored
as 1, otherwise as 0.

Evaluation of thef extent oft cellularf  dissociationr  is
the first requirementt andt  it allowst for ther preliminary
delineation of threef  categories. Within each one, the
additional consideration of otherf major and minor
criteria points to different algorithmst and the role of
individual criteria can vary in the different categories.t
Implementation of thef algorithms leads to the most
probable diagnosis and the best diagnostict formulation
of thef  case.

Pattern with Cellular Dissociation Score = 0

Cellular dissociation is a robust predictive factor in
terms of malignancyf  but it can be completely lacking
in a significant proportion of carcinomas.f In the latter
situation, other major and minor criteria should be
considered in the process of problemf  solving; the
diagnostic conclusions are listed in Table 2.7. It is
important to underscore that in this group of casesf  a
prevailing three-dimensional aggregation pattern is
more predictive for malignancy than a prevailing two-
dimensional pattern. Thus, in practice, in the presence
of thef  same scores for bare bipolar nuclei and minor
criteria, a three-dimensional aggregation pattern indi-
cates a higher risk of malignancy.f  This category typi-
cally includes proliferative breast lesions with or
without atypiat  (Fig.a  2.24), as well as “in situ” ductal
carcinoma and low-grade invasive ductal carcinoma.
The detection of nuclearf  alterations with a prevailing
three-dimensional aggregation pattern in the absence
of bipolarf bare nuclei delineates the highest risk ofk  thef
lesion being malignant. At the opposite end of thef
spectrum, the detection of af prevailing two-dimen-
sional aggregation pattern, with the presence of baref
bipolar nuclei and the absence of minorf criteria, is an
indication that the lesion is most probably benign.
Rarely, aggregates of highlyf atypical large and bizarre
epithelial cells are seen but with no sign of dissocia-f
tion. The cellularity of thef  sample is high and charac-
terized by necrotic debris. Cells in aggregates appear
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very large, with pleomorphic nuclei and prominent
nucleoli, and mitotic activity is easily detected. This
cytological picture is typically seen in medullary
carcinoma or in highly aggressive tumors in young
women.

Pattern with Minimal Cellular Dissociation Score = 1

The presence of cellularf  dissociation,r  even of minimalf
extent (Fig.t 2.9), is a markera  ofr thef  increased riskd  thatk
the lesion is malignant rathert  thanr benign. The diag-

Fig. 2.24 a Characteristic low-power view of af  FNB sample
obtained from a patient with a proliferative breast lesion
consisting of clustersf of variablef  size and shape in a background
rich in red blood cells. P stain, ×100. b Two-dimensional and
elongated cluster of epithelialf  cells shows significant nuclear
pleomorphism while bare bipolar nuclei are abundant in the
background. P stain, ×400. c Significant anisonucleosis is
evident int the cluster onr  the left as compared to that ont the right
side of thef image. P stain, ×400. d Tubular andr  acinar aggregatesr
with initial non-cohesiveness (arrows); bipolar barer  nuclei are
seen in the background. P stain, ×400. e Two-dimensional
aggregate of epithelialf  cells showing empty spaces (cribriform
appearance); the arrow indicates a small cluster withr a definite
“Indian file” configuration and chromatin clumping. P stain,
×400

a
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nostic algorithm ism  strongly influenced byd  this finding,
as shown in Table 2.8, and thed diagnostic suggestions
are very different fromt thosem in the absence of dissocia-f
tion (score = 0, Table 2.7), other parametersr  being
equal. However, as in lesions not showingt  cellular
dissociation, the tendency of thef cells to form am two-a
dimensional aggregation pattern favors a benigna prolif-
erative lesion while the prevalence of af  three-dimen-a
sional aggregation suggests a malignanta lesion.t Simi-
larly, the presence of bipolarf barer  nuclei and thed absence
of anyf  minor criteriar  favorsa a benigna proliferative lesion
while in the opposite case a malignanta lesiont  should bed
suspected. The main difference is that at documenteda
tendency to cellular dissociationr enhances the weight oft
the above negative criteria, thus calling for ar strongera
suspicion of malignancy.f In summary, the finding of
minimal cellular dissociationr  together withr  a prevailinga
three-dimensional aggregation pattern, the absence of
bare bipolar nuclei,r and the presence of anyf  minor
nuclear changesr leads to a definitea diagnosis of carci-f
noma (Fig.a  2.25).

Pattern with Dissociation Score = 2

The detection of dissociationf  in a significanta amountt oft
epithelial cells (Fig. 2.10) is an important cluet  to the
diagnosis of carcinoma. This finding is generally
supplemented by other observations,r  such as increased
nuclear size,r coarsely granular chromatinr texture, the
presence of prominentf nucleoli,t and–possibly but nott
necessarily–a necrotic background, non bipolar bare
nuclei, the “cell in cell” phenomenon, and the pres-
ence of targetoidf vacuoles in some cells (Figs. 2.15
to 2.20). These additional findings are a useful corol-
lary for ther  diagnosis of carcinoma,f  especially when
moderate cellular dissociationr  is seen as well (10–30%
of thef  cell population). The presence of cellularf  disso-r
ciation >30% is a definite indication that thet lesion is
malignant. The pattern of cellularf  aggregationr  has no
influence on the diagnosis of carcinoma but a
prevailing two-dimensional pattern correlates well
with low-grade “in situ” or invasiver ductal carcinoma
and, conversely, a prevailinga three-dimensional pattern

Table 2.7 Different diagnostict  possibilities with cellular dissociationr = 0

Major criteriar Minor criteriar Diagnosis

Cellular dissociationr Aggregation pattern Bipolar barer nuclei

0 2-dimensional 1 0 Proliferative without atypiat
0 2-dimensional 1 1 Proliferative with atypia
0 2-dimensional 0 0 Proliferative without atypiat
0 2-dimensional 0 1 Proliferative with

atypia/suspicious for carcinomar
0 3-dimensional 1 0 Proliferative without atypiat
0 3-dimensional 1 1 Proliferative with

atypia/suspicious for carcinomar
0 3-dimensional 0 0 Proliferative with atypia
0 3-dimensional 0 1 Suspicious for

carcinoma/carcinoma

Table 2.8 Different diagnostict  possibilities with cellular dissociationr = 1

Major criteriar Minor criteriar Diagnosis

Cellular dissociationr Aggregation pattern Bipolar barer nuclei

1 2-dimensional 1 0 Proliferative with atypia
1 2-dimensional 1 1 Suspicious for carcinomar
1 2-dimensional 0 0 Proliferative with atypia
1 2-dimensional 0 1 Suspicious for carcinomar
1 3-dimensional 1 0 Proliferative with atypia
1 3-dimensional 1 1 Proliferative with

atypia/suspicious for carcinomar
1 3-dimensional 0 0 Proliferative with atypia
1 3-dimensional 0 1 Carcinoma
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correlates with high-grade DCIS and moderate- to
high-grade invasive ductal carcinoma. When dissocia-
tion is observed in >50% of thef  cell population, the
tumor isr most probablyt  a high-grade DCIS or anr  inva-
sive ductal carcinoma grade 2 or 3.r  The detection of
numerous cytoplasmic vacuoles with a characteristic
targetoid appearance strongly correlates with a diag-
nosis of invasivef  lobular carcinoma,r pleomorphic or
alveolar variants.r

2.8.2 Samples with Minimal tol  Low
Cellularity

If thef diagnostic yield is adequate but sparse,t  the diag-
nosis of carcinomaf should be considered with great
caution. It ist  for thisr  reason that additionalt biopsy
passes should be performed, to ensure that at  representa-a
tive sample is obtained, especially from lesionsm charac-
terized byd a higha  index of suspicionf at thet  pre-analytical

evaluation. In a significant proportion of patients,
however, the harvest remainst  sparse despite additional
sampling due to features intrinsic to the tumor. This is
particularly the case for invasiver  lobular carcinoma,r
classical variant, and is probably due to a marked
desmoplastic reaction that surroundst  the neoplastic
cells infiltrating the stroma as single elements, thus
hindering their mobilizationr through the biopsy needle.
Moreover, some tumors are characterized by massive
sclerosis, especially in central areas; this is especially
true for scirrhousr  carcinoma or tumorsr  of veryf  large
size detected in elderly patients. In these latter cases,r
sampling should be repeated and concentrated on the
peripheral portion of thef  tumor nodule.r

Low cellularity in the harvest modifies the diag-
nostic algorithm in the sense that thet level of cellularf
dissociation required for ar  definite diagnosis of carci-f
noma should not be <30% (Table 2.9). Below this
level, the preferred diagnosis should be “suspicious for
carcinoma” unless other criteria of malignancyf are
present, especially cytoplasmic targetoid vacuoles
and/or majorr nuclearr atypia.r  The detection of targetoidf
vacuoles in this context ist  of greatf helpt  in the diagnosis
of lobularf  carcinoma.r The pattern of cellularf aggrega-r
tion plays no decisive role in samples with low cellu-
larity. When confronted with samples that are
adequate albeit hypocellular and show only minor
cellular dissociationr  as well as bare bipolar nucleir and
no minor criteria,r  the pathologist ist better offr  reportingf
the lesion as inconclusive, thus advising a repeat FNBt
or CNB.r  Nonetheless, on subsequent evaluation,t many
of thesef lesions turn to be malignant.

2.8.3 Limitations and Pitfallsd

The above-described approach allows for ther  identifi-
cation of mostf butt  nott allt  malignant epithelialt  tumors
of the breast. Indeed, a significant proportion of

Fig. 2.25 The finding of minimalf cellular dissociationr (arrows),
the absence of baref bipolar nucleir in the background, and the
presence of anisonucleosisf  lead to a definite diagnosis of carci-f
noma. P stain, ×250

Table 2.9 Diagnostic possibilities in hypocellular samplesr

Dissociation (%) Bare bipolar nucleir Minor criteriar Diagnosis

0 0–1 0 Benign/inadequate
0 0 1 Inconclusive/suspicious for carcinomar
0 1 1 Inconclusive, probably proliferative

1–30 0–1 0 Suspicious for carcinomar
1–30 0–1 1 Carcinoma

31–100 0–1 0–1 Carcinoma

0 = absent, 1 = present
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tumors cannot bet diagnosed by FNB cytology alone
because of severalf heterogeneous factors concerning
both the architecture of tumorf growthr and the degree
of cellularf  differentiation. The former greatly influ-
ences the adequacy and representativity of thef  sample,
and the latter ther  extent oft cellularf modificationr  and
atypia. Some limitations may be encountered when
FNB is used in the diagnosis of thef  following variants
of invasivef  carcinoma.

Invasive Ductal Carcinoma (NOS),
Well-Differentiated (G1)

In many cases, the pattern of cellularf aggregationr  and
cellular modifications in samples from these tumors
does not allow for a clear-cut distinction from a
borderline breast proliferation;t  consequently, the diag-
nosis falls into the category of “atypical”f but theret is
no definite diagnosis of malignancy.f

Invasive Lobular Carcinoma, Classical Variant

A characteristic feature of thisf  tumor variant is an
extensive stromal desmoplasia that surrounds and
envelops tumor cells that mostly infiltrate as single
elements. These factors prevent needle aspiration of
the cells in significant amounts and the sample is
frequently diagnosed as inadequate. An immediate
repeat passt is often followed by intralesional hemor-
rhage and blood contamination of thef  sample.

Invasive Ductal Carcinoma, Desmoplastic Variant
(Scirrhous) of Largef  Size

Tumor nodulesr of largef size (>3 cm in diameter) or
those characterized by marked intralesional desmo-
plasia containa  vast areast  devoid of epithelialf  cells. This
is particularly true in the central portion of thef tumor
nodule and is a cause of poorf cellularityr in the sample.
Thus, paradoxically, the larger ther  tumor, the higher
the chance of af  poorly cellular or even inadequate
sample. For this reason, needle sampling should be
concentrated on peripheral areas, at thet  interface with
normal tissue, where cellularity is expected to be more
abundant.

Inflammatory Carcinoma (“Carcinomatous Mastitis”)

This is an especially aggressive variant oft carcinomaf
that occurst in women at anyt  age, including the elderly.
It is characterized by diffuse edematous swelling of
the breast, which is painful and warm to the touch.
There is no tumor lump and swelling is reported as
having appeared suddenly, possibly with a nipple
discharge. The nipple may be flattened or inverted.
Persistent itchingt can occur andr the overall picture is
first interpreted as mastitis and treated as such.
Although no tumor lump is palpated in the breast,
palpable lymph nodes can be readily detected in the
axilla or supraclavicularr area.r This clinical appearance
is explained by an early, diffuse, and marked tendency
of thef tumor cellsr to invade lymphatic vessels, eventu-
ally impairing lymphatic drainage. Since there is no
nodular target within the breast parenchyma, needle
biopsy fails to collect at  sample of sufficientf  cellularityt
and frequently the harvest ist contaminated by blood. In
these cases, lymph node sampling in axillary areas
provides a better chancer of collectingf  a representative
amount oft tumorf  cells.r

2.9 Variants of Carcinomaf

2.9.1 Mucinous Carcinoma

Mucinous carcinoma is a rather frequentr variantt oft
invasive carcinoma, especially in elderly patients, but itt
is often encountered in young and middle-aged women
[29]. Clinically and radiologically, mucinous car-
cinoma cana  simulate a fibroadenomaa ora  ar benigna cyst.
The cytological sample is generally hypocellular, with
a variablea  amount oft  mucoidf ground substance in the
background (Fig. 2.25). There are no bare bipolar
nuclei. Epithelial cells are found in small two- or three-r
dimensional aggregates that havet a rounda contour andr
are sharply outlined. Nuclear atypiar isa  mild with small,
prominent nucleolit  [36]. The cytoplasm is homoge-
neous and glassy in appearance and sometimes shows
vacuolar changes.r Cytoplasmic borders are sharp. Non-
cohesive cells are sparse and may be completely absent
(Fig. 2.26). The diagnosis of mucinousf carcinoma is
based on detection of thef  characteristic cellular aggre-r
gates within a diffusely mucinous background while
the presence of cellularf  dissociationr  is not required.t The
differential diagnosis includes fibroadenoma with a
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mucinous background, mucocele-like lesions, and the
mucinous variant oft  DCIS.f The possibility of fibroade-f
noma should always be taken into consideration in
patients between the ages of 25f  and 40 years but nott  int
those in older ager groups. Aspirates from fibroadenomam
with a mucinousa stroma containa  the characteristic two-
dimensional aggregates of cellsf lacking any relevant
nuclear atypiar  and, most importantly,t  a significant
component oft  baref  bipolar nuclei.r  These features help
to rule out mucinoust carcinoma but sometimest  the
differential diagnosis is not sot obvious. In fact, bipolar
bare nuclei can be obscured by massive mucinous
change; epithelial cells within aggregates may show
mild nuclear atypiar  due to hyperplasia; and a focal
nuclear stratificationr  can occur, all of whichf can make
the distinction from carcinomam  difficulta  ort impossible.r
A CNB is the procedure of choice to solve this
problem. Mucocele-like lesions develop as a conse-
quence of extravasatedf mucin from dilatedm  ductal struc-
tures [29]. In FNB samples, the background contains
fibrocytes and histiocytes, in addition to mucin, and the
cellularity is generally poor [37].r Epithelial cells are
seen in aggregates and appear normalr  or atrophic,r  thus
distinguishing these lesions from mucinousm  carcinoma
[38]. It ist  important, however, to remember thatr muco-t
cele-like lesions may develop in the proximity of muci-f
nous carcinoma. For thisr  reason, a carefula  scrutiny of
possible epithelial atypia within aggregates is
warranted. The mucinous variant oft inf  situ carcinoma isa
a rare tumor entity characterized by a significant
component oft signet-ringf  cells [29]. Samples from thism

lesion are easily diagnosed as malignant and the
distinction from conventionalm  mucinous carcinoma ata
the time of needle-biopsyf evaluation is of littlef or nor
practical impact.

2.9.2 Tubular Carcinomar

Classical, pure tubular carcinomar generally refers to a
small tumor (<1r  cm) that mammographicallyt  appears
as a spiculate opacity with a characteristic stromal
reaction [29]. Sometimes, however, tubular carcinomar
is characterized by a regular andr  sharp outline and can
be confused with a fibroadenoma. It ist  seen in elderly
patients but ist  not raret in younger ager  groups. More-
over, it cant  be associated with a low-grade DCIS or
develop within a radial scar. The FNB sample of af
pure tubular carcinomar maya  show a significanta compo-t
nent oft  baref bipolar nucleir  in the background together
with fibrocytes and a granular orr fibrillaryr  substance.
The cellularity is frequently abundant andt consists of af
mixture of two-f and three-dimensional aggregates in
variable proportions (Fig. 2.27). Nuclear atypiar isa  not at
feature of thisf  tumor. Three-dimensional aggregates
with a tubular morphology and an angulated profile
are considered a diagnostic feature of tubularf carci-
noma [39,40] but int this author’s experience they are
rarely detected even in otherwise typical cases. In fact,
three-dimensional aggregates mostly display a rec-
tilinear or curvilinear profile (Fig. 2.28) and
their morphologyr  is no different fromt  that oft  similarf

Fig. 2.26 a Low-power viewr  of af typical FNB sample from mucinous (colloid) carcinoma showing sparse cellularity within a
mucoid background. P stain, ×250. b High-power viewr of thef  same case as in a; small laminar orr  acinarr clustersr  are seen and are
characterized by moderate anisonucleosis; non-cohesion is minimal (arrow) or mayr  be absent. P stain, ×400

a b
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aggregates in borderline proliferative lesions. In
summary, the overall picture is that oft af  proliferative
borderline lesion, and FNB does not allowt diagnosis of
the tumor asr  such unless a significant componentt oft
non-cohesive cells is detected.

2.9.3 Medullary Carcinomay

On mammography, medullary carcinoma characteristi-a
cally appears as a well-delineated nodule with a
distinct round profile. It can sometimes undergo
central cavitation. Due to these features it can be
confused clinically with fibroadenoma or a benign
cystic lesion. The tumor isr  characteristically detected
in women in the fifth and sixth decades of lifef  [29].
The FNB sample of solidf tumors is generally quite
cellular andr  shows a distinct necrotict background [36].
Large three-dimensional cellular aggregates prevail
and contain large cells with large and irregular nuclei.r
Nucleoli are often prominent andt  mitoses are readily
detected. The cellular contoursr are indistinct andt the
overall appearance is that of af  syncytium. Cellular
non-cohesion may not be a prominent feature
(Fig. 2.29). A component oft  smallf lymphocytes is seen
within the aggregates and in the background but thet
number ofr cellsf is quite variable (Fig. 2.30). In tumors
showing central cavitation, the sample appears grossly
fluid, turbid, and brown-stained. Cytologically, the
background is diffusely necrotic with many histio-
cytes. Cellular aggregates containing the above

described pleomorphic cells are less well-represented
but easilyt detected.

2.9.4 Triple-Negative “Basal-Like”
Carcinoma

There is a restricted number of tumorsf that have in
common the fact thatt  theyt  are negative for ther expres-
sion of ER,f  PgR, and HER2 (triple-negative tumors) as
well as for ther  expression of af  “basal-like” profile, i.e.,
positivity for CK5/6 and EGFR. Morphologically,
these tumors represent at  heterogeneous group as they
may be diagnosed as high-grade ductal invasive carci-
noma, medullary carcinoma, or pleomorphic lobular
carcinoma [41]. Interestingly, the FNB sample in most
of thesef tumors is characterized by large three-dimen-
sional aggregates containing highly atypical and pleo-
morphic cells (giant nuclei, macronucleoli, atypical
mitoses) in a necrotic background with little or no
cellular dissociation.r  Thus, despite a rather heteroge-r
neous morphology at histopathology, these tumors
share an unusual cytological feature, i.e., a low
tendency to cellular non-cohesion.r

2.9.5 Micropapillary Carcinomay

Micropapillary carcinoma isa a rarea and peculiar variantr
of low-gradef invasive ductal carcinoma [42]. Cytolog-
ically, the FNB sample is characterized by moderate to
abundant cellularityt  with little cellular non-cohesion.r

Fig. 2.27 The FNB sample from tubular carcinomar may consist
of rectilinearf andr  branching tubular clustersr  containing epithelial
cells characterized only by minimal atypia. P stain, ×250

Fig. 2.28 In FNB samples of tubularf  carcinoma,r clusters some-
times assume a peculiar curvilinearr profile.r  P stain, ×400
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The picture is dominated by the presence of two-f
dimensional cellular sheets containing few cells, or
micropapillary aggregates lacking a connective-tissue
stalk, often with an angulated profile [43,44]. Nuclei
are round with minimal pleomorphism, and the cells
are small (<3×RBC). The chromatin texture is marked
by a coarselya  granular patternr  and the nucleoli are small
or absentr (Fig.t  2.31). Figure 2.32 illustrates the typical
histopathological appearance of thef  tumor, which is
dominated by micropapillary invasive growth.

2.9.6 Carcinoma with Apocrine-Type
Differentiation

Apocrine carcinoma represents a rare variant oft  inva-f
sive ductal carcinoma [45]. Upon FNB sampling, the
tumor yieldsr a large number ofr  medium-sizedf  to large
cells present in three-dimensional aggregates or as
non-cohesive elements within a generally necrotic
background (Fig. 2.33). These cells contain an abun-
dant andt homogeneous eosinophilic cytoplasm, large

Fig. 2.29 In FNB samples of medullaryf carcinoma, tumor cellsr
may appear onlyr  in clusters, with minimal or nor  non-cohesion;
tumor cellsr  are characteristically large in size and pleomorphic.
P stain, ×450

Fig. 2.30 In FNB samples of medullary carcinoma, small
lymphocytes sometimes dominate the picture. P stain, ×400

Fig. 2.31 FNB sample from a micropapillary invasive carci-
noma showing two-dimensional cellular sheetsr (red arrowd ) and
micropapillary aggregates lacking a connective-tissue stalk
(green arrow), often with an angulated profile. Nuclei are round
with minimal pleomorphism. P stain, ×400

Fig. 2.32 Histopathology of invasivef  micropapillary carcinoma.
Hematoxylin and eosin (H&E) stain, ×250
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nuclei, and sometimes a prominent nucleolus. The
overall appearance is that oft  anf  oncocytic malignancy.

2.9.7 Adenoid Cysticd Carcinomac

Adenoid cystic carcinoma of thef  breast doest not differt
from its counterparts arising in the major or minor
salivary glands or in other anatomic sites [46] (see
Chapter 5).r Cytologically, the FNB sample is charac-

terized by three-dimensional aggregates with the
morphology of cordsf and trabeculae and an abundant
component oft non-cohesivef cells. The cells are typi-
cally basaloid in appearance, with scant cytoplasm,t a
round or elongatedr  nucleus that ist  typically hyperchro-
matic, and the absence of nucleoli.f The most unusualt
finding is globular accumulationsr of anf  amorphous and
apparently mucinous substance within aggregates of
proliferating basaloid cells. These accumulations may
also be dispersed in the background, which may
contain red blood cells but nott  necrotict debris.

2.9.8 Metaplastic Spindlec  Cell Carcinomal

Spindle cell lesions of thef breast are rare but include
metaplastic spindle cell carcinoma, nodular fasciitis,
phyllodes tumor, and inflammatory pseudotumor
[47]. Metaplastic carcinomas are generally large
tumors. FNB sampling yields a highly necrotic smear
with sparse cellularity. Cells are spindle shaped and
may show only minor nuclear atypia. The detection
of squamousf metaplastic cells is a clue to the diag-
nosis. Additional findings in the smear are lymphoid
cells and acute inflammatory cells. Figure 2.34
illustrate the FNB cytologic and CNB histologic find-
ings in a case of adenocarcinomaf with spindle cell
metaplasia.

Fig. 2.33 Cytological appearance of anf apocrine carcinoma of
the breast displayingt  the typical oncocytic appearance of tumorf
cells. P stain, ×400

a b

Fig. 2.34 a Cytological appearance of af  FNB sample obtained from a patient witht adenocarcinoma with spindle cell metaplasia;
atypical medium-sized to large spindle cells are clustered in the background. P stain, ×400. b Core-needle biopsy of thef  same case
as in a; histology reveals a biphasic proliferation of tubularf  structuresr  admixed with spindle cells. H&E stain, ×400
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2.10 Differential Diagnosis and Possible
Misdiagnoses

2.10.1 Fibroepithelial Lesionsl

Fibroadenoma and its variants can enter ther  differen-
tial diagnosis of carcinomaf in the following situations:
1. The epithelial cell component shows significant

anisonucleosis or the presence of prominent
nucleoli. This phenomenon occurs mainly in young
patients and mostly during early development oft  thef
lesion. The concomitant findingt of af  huge compo-
nent oft  baref  bipolar nucleir is a clear indicationr that
the lesion is a florid but benign fibroadenoma,
despite cellular atypia. Surgical excision of thef
lesion for diagnostic purposes is not indicated in
this age group. It is worth noting that a typical
fibroadenoma maya harbor focir  of floridf and/or atyp-r
ical hyperplasia and even DCIS. This is a rare
occurrence and is more often seen in patients older
than 35–40 years of age.f In these cases, the compo-
nent oft baref bipolar nucleir  is sparse or evenr  absent
and the cytological picture falls in the category of
breast borderlinet  lesions.

2. The bare bipolar nuclearr componentr  ist sparse and
replaced by epithelioid fibroblasts. Fibroadenomas
commonly undergo regressive changes consistent
with fibrous tissue proliferation, with hyalinization
of thef  stromal component. This is observed in
patients older thanr 35–40 years of age.f Moreover,
fibroblasts with round to oval nuclei and scant cyto-t
plasm can simulate dissociated and malignant
epithelial cells. The picture may become even more
complicated in the presence of ischemicf changes,
such that in FNB samples there is concomitant
detection of necroticf  debris in the background [48].
The presence of these changes often warrants
surgical excision of thef  lesion but histopathology
usually confirms a conventional fibroadenoma with
regressive changes.

3. The stromal component undergoest diffuse myxoid
change, which causes the bare bipolar nuclei to
disappear inr  the smear whiler the epithelial compo-
nent persistst  [49]. The cytological picture can thus
simulate that of mucinous carcinoma [50].
Adequate sampling by multiple needle passes
usually documents at leastt  at  small amount oft  baref
bipolar nuclei;r  nonetheless, the presence of abun-f

dant mucint in the background is an indication for
CNB sampling to rule out mucinous carcinoma,
especially in patients over ther  age of 35–40f years.
Benign phyllodes tumors can enter ther differential

diagnosis of af  borderline breast lesiont if inf  the FNB
sample the bare bipolar nuclei are sparse and the
epithelial component is represented by large three-
dimensional or papillaryr aggregates containing pleo-
morphic nuclei [51]. As an alternative, sampling of af
malignant phyllodes tumor can yield a pleomorphic
population of spindlef and epithelioid cells that simu-t
late metaplastic carcinoma or ar spindle cell carcinoma.
The distinction between malignant phyllodes tumor
and carcinoma is of utmost importance due to a
possibly different therapeutict approach.

2.10.2 Intraductal/Intracystic Papillomac

The detection of papillaryf  fronds with nuclear atypiar
(anisonucleosis and presence of nucleoli)f associated
with necrotic debris, blood, and isolated cylindrical
ductal cells in the background is worrisome as it
increases the likelihood of papillaryf carcinoma [52].
Histological examination can, however, provide
evidence of af completely benign intraductal or intra-r
cystic papilloma; thus, the presence of thef  above-
described findings should be considered as “indefi-
nite” rather than “suspicious” for carcinoma and a
definitive diagnosis should be deferred to VACNB
sampling. Papilloma can also undergo subtotal or totalr
coagulative necrosis, and the FNB cellular sampler of
these lesions is an important causet  of af  misdiagnosisa  of
carcinoma [53,54]. In fact, following necrosis, the
cytological sample may document the presence of
atypical cells that aret  seen in papillary fronds but alsot
as isolated elements featuring a high nuclear cyto-
plasmic ratio, with coarsely granular chromatin and
prominent nucleoli.t  The background contains a vari-
able amount oft necroticf  debris and inflammatory cells
with admixed degenerative cells showing coagulated
and smudged nuclei. The detection of sheetsf of blandf
squamous cells is a clue to the benign nature of thef
lesion [55], as squamous metaplasia occurs in the late
stage of papilloma infarction [54]. In practice,
however, this is an inconsistent findingt and the defini-
tive diagnosis of thesef  lesions is often deferred to core
biopsy or openr  biopsy.
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2.10.3 Mucocele-Like Lesions

Mucocele-like pseudotumors, i.e., the accumulation of
extravasated mucin within mammary stroma, may be
induced by a relatively wide spectrum of pathologicalf
lesions. Based on the FNB findings, the lesion enters
the differential diagnosis of mucinousf  carcinoma and
fibroadenoma with massive mucinous transformation
(see above) [37,56,57]. In general, FNB samples of
mucocele-like lesions display a scant cellularity,t  no or
rare intact single epithelial cells, few if anyf two-
dimensional aggregates of epithelialf  cells showing no
nuclear atypia, and sparse histiocytes. By contrast,
fibroadenomas show a minor component of easilyf
detected bare bipolar nucleir  and a sparsea component oft
two-dimensional aggregates with the characteristic
finger-like configuration. Finally, mucinous carcinoma
is of high cellularity, consisting of non-cohesive
epithelial cells with intact cytoplasm and cellular
aggregates with marked nuclear atypia. Significant
exceptions to these rules do, however, occur, such as
the detection of lowf  cellularity with only mild nuclear
atypia and the absence of non-cohesivef  cells in colloid
carcinoma—which may be an important diagnostic
pitfall. In general, when confronted with a picture
suggestive of af mucocele-like lesion, one should rely
upon the clinical history and the imaging characteris-
tics of thef lesion, and this diagnosis made only if allf  of
the findings are consistent witht a benign lesion.

2.10.4 Retroareolar Abscessr

Retroareolar orr  subareolarr abscessr (or Zuska’sr disease)
[58] is an uncommon inflammatory condition that cant
also present witht a bilateral involvement; it alsot has
been described in the male breast. The condition is
induced by a squamousa  metaplasia ofa  thef terminal lact-
iferous ducts, which causes plugging and obstruction
of thef  ducts. An inflammatory reaction is thus elicited
and subsequent infectiont  can cause local and general
symptoms. Nipple retraction, recurrent episodes of
erysipelas, and the presence of painfulf nodules under
the areola are characteristic findings. Not infrequently,t
the clinical suspicion is that oft  breastf cancer.t  The FNB
sample is quite characteristic and consists of sheetsf of
bland squamous cells admixed with inflammatory cells
that includet foreign-body-type histiocytes. The clini-
cian should be familiar withr this cytological picture in

order tor  promptly diagnose the lesion, which is best
treated by nipple excision.

2.10.5 Hypercellular Sampler in the
Elderly

Benign proliferative breast lesions generally do not
occur in the elderly woman. Sometimes, FNB
sampling of af nodule shows a moderately to abun-
dant cellular yield characterized by two- and three-
dimensional aggregates of small,f  rather monotonous
cells with a round and small nucleus lacking any atyp-
ical feature. The background is clear and proteina-
ceous and lacks bipolar barer nuclei. Isolated epithelial
cells are not seen. The overall picture suggests a
benign condition and, in fact, the imaging features of
the nodule upon ultrasound or X-ray mammography
often confirm this contention. However, despite its
bland appearance the above cytological picture is most
likely to be ascribed to a low-grade in situ or invasiver
ductal carcinoma. The only hint tot a possible malig-
nancy is the lack ofk bipolarf barer nuclei in the back-
ground and the abundant cellularity of thef  sample,
while the intrinsic nuclear andr cytoplasmic features are
by no means suggestive of carcinoma.f  This is an
important pitfall in breast cytology and stresses the
importance of af  prudent andt detailed correlation with
clinical findings when the smear isr  examined.

2.10.6 Complex Sclerosingx  Lesion/Radial
Scar

The detection of complex sclerosing lesions has
become increasingly frequent with the advent of
mammographic population screening. On X-ray
mammography and ultrasound, these benign lesions
simulate the stellate or spiculatedr  morphology of breastf
carcinoma. On histology, they consist oft adenosisf  with
a central hyalinized and markedly elastotic stroma.
Distortion by the scleroelastotic process is responsible
for ther  overall stellate outline. Various patterns of
concomitant intraepithelialt typical or atypicalr  prolifera-
tion are frequently present int larger lesions.r  The FNB
sample is no different fromt that oft  otherf  adenosisr
lesions and, unless a concomitanta  atypicalt  hyperplasia
or DCISr is present, these lesions are best classifiedt
using the criteria ofa  Masoodf  et al.t  [20] (Table 2.5).
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2.10.7 Angiosarcoma After Breast-r
Conserving Therapy

Patients who have been treated conservatively for
limited-stage breast cancert  arer at increasedt  risk fork ther
development oft  angiosarcomaf ofa thef  breast skint and/or
subcutaneous fat. This highly aggressive tumor
appears with a latency interval of severalf  years after
surgery and adjuvant radiation therapy. The clinical
presentation is varied. In some patients, the lesion is
preceded by the appearance of atypical vascular
changes while in others single or multiple nodular
subcutaneous lesions arise de novo and simulate a
cancer relapser close to the surgical scar. Sampling by
FNB of thesef  lesions yields a highly cellular harvestr
mainly consisting of epithelioidf cells that tend to
aggregate in three-dimensional clusters, or arer loosely
cohesive, or completely non-cohesive. Spindle cells
may also be present. The cells tend to cluster aroundr
prominent capillaryt vessels, which are visible inside
the aggregates (Fig. 2.35) [59]. The differential diag-
nosis encompasses poorly differentiated adeno-

9. Elston CW, Cotton RE, Davies CJ, Blamey RW (1978) A
comparison of thef  use of thef “Tru-Cut” needle and fine
needle aspiration cytology in the pre-operative diagnosis of
carcinoma of thef breast. Histopathology 2:239–254.

10. Ballo MS, Sneige N (1996) Can core needle biopsy replace
fine-needle aspiration cytology in the diagnosis of palpablef
breast carcinoma. A comparative study of 124f  women.
Cancer 78:773–777.r

11. Sun W, Li A, Abreo F, Turbat-Herrera E, Grafton WD
(2001) Comparison of fine-needlef aspiration cytology and
core biopsy for diagnosisr of breastf cancer.t  Diagn Cytopathol
24:421–425.

12. Westenend PJ, Sever AR,r Beekman-De Volder HJ,r  Liem SJ
(2001) A comparison of aspirationf cytology and core needle
biopsy in the evaluation of breast lesions. Cancer
93:146–150.

13. Houssami N, Ciatto S, Ellis I, Ambrogetti D (2007) Under-
estimation of malignancyf  of breastf core-needle biopsy:
concepts and precise overall and category-specific esti-
mates. Cancer 109:487–495.r

14. Kumaroswamy V, Liston J, Shaaban AM (2008) Vacuum
assisted stereotactic guided mammotome biopsies in the
management oft screenf detected microcalcifications: experi-
ence of a large breast screening centre. J Clin Pathol
61:766–769.

15. Kikuchi M, Tsunoda-Shimizu H, Kawasaki T et alt (2007)
Indications for stereotactically-guided vacuum-assisted
breast biopsy for patients with category 3 microcalcifica-
tions. Breast Cancert 14:285–291.r

16. Cobb CJ, Raza AS Obituary (2005) Alas poor FNA of
breast-we knew thee well!. Diagn Cytopathol 32:1–4.

Fig. 2.35 Variably clustered or non-cohesive spindle and
epithelioid cells with round nuclei and prominent nucleolit are
characteristically found in FNB samples of angiosarcomaf devel-
oping after breastr conservativet surgery. P stain, ×400
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3.1 Introduction

Fine-needle biopsy (FNB) is the most effectivet and effi-d
cient diagnostict procedure to study thyroid nodular
lesions [1–9]. It ist  inexpensive, rapidly performed, very
well-tolerated byd  the patient int  any context, and imme-d
diately repeatable. In experienced hands,d  FNB is highly
reliable in the diagnosis of benignf  lesions and in the
identification and typing of af  significanta numbert ofr
malignant tumors.t Since the predictive value of af  nega-a
tive diagnosis is very high, the patient cant be confi-
dently assured and followed up unless other clinicalr
conditions or riskr  factorsk warrant at  morea  aggressive
approach. The positive predictive value of thef  pro-
cedure is similarly high and thed  most appropriatet onco-
logical therapy can be started immediatelyd after ar  FNBa
diagnosis of malignancy.f  There are, however, a fewa
cases in which the diagnosis remains inevitably indeter-
minate in terms of possiblef malignancy [2,10]. These
fall into the diagnostic category “follicular prolifera-r
tion” and accountd  fort aboutr  10–30%t  of casesf  in most
series [2,10,11–14] . In such patients, the thyroid lesiond
should be surgically excised to obtain a definitive
histopathological diagnosis. The category “follicular
proliferation” is the real gray zone of FNBf because no
more than one third ofd  thesef cases correspond tod malig-
nant lesions;t in the remaining cases, patients undergo a
major surgicalr  procedure for diagnosticr purposes only.

3.2 Indications for FNB

3.2.1 Palpable Nodule

The palpable thyroid nodule is a frequent clinical
finding in the general population. These nodules are

generally ≥1 cm in diameter, and their diagnostic
work-up requires a thorough patient historyt and phys-
ical examination [14]. Access to previous investiga-
tions, laboratory tests, and relevant surgicalt documen-
tation is very important. The patient shouldt  be asked
about at familya  history of thyroidf  carcinoma (especiallya
medullary carcinoma and papillary carcinoma), a
possible history of radiationf exposure to the neck,
thyroiditis, and symptoms potentially indicative of
vocal cord paralysis (hoarseness of voice,f dysphagia,
odynophagia, etc.) or trachealr  deviation or infiltrationr
(coughing, shortness of breath,f  stridor, etc.). Physical
examination should focus on the size of thef  nodule, its
consistency, its mobility during swallowing, possible
fixation of thef  mass to surrounding structures, possible
tracheal deviation, enlarged cervical lymph nodes, etc.

If thef lesion was noted by the patient, then the
growth behavior of thef nodule should be discussed.
Finally, a possible history of malignancyf in other
organs should be ruled out, especially in elderly
patients, as the thyroid lesion might represent a
metastatic tumor.

As a basic diagnostic step, thyroid function should
be assessed with a set oft  tests,f including thyroid stim-
ulating hormone (TSH), and the lesion should be eval-
uated ultrasonographically [14]. This imaging tech-
nique is effective at distinguishing cystic from solid
lesions, delineating the architecture and measuring the
size of thef lesion, determining whether ther  nodule is
solitary or partr  oft  af multinodular gland,r and accurately
demonstrating any regional lymph node enlargement.
Sonographic findings suggesting a higher risk of
malignancy include hypoechogenicity of thef  nodule,
the detection of microcalcifications and irregular
margins, and central blood flow. TSH titers above
normal are an immediate indication for FNB, while
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patients with normal or depressedr  TSH should have a
radionuclide thyroid scan, the results of whichf  should
be correlated with the sonographic findings
[1,3,6,7,11]. The incidence of malignancyf  in a func-
tioning thyroid nodule in the absence of significantf
clinical findings is very low, such that FNBt investiga-
tion is not requiredt in these cases [14].

There are no significant contraindications to
performing FNB, except int  the uncooperative patient
and in patients with a severe bleeding diathesis. The
most significant complication of thyroid FNA is
intrathyroidal hemorrhage, but it has been reported
very rarely [14].

3.2.2 Non-Palpable Nodule Discovered
via Imaging

Thyroid nodular lesionsr  can be discovered incidentally
via imaging; for example,r  during an ultrasonographic
investigation of thef  neck thatk ist  carried out tot evaluate
enlarged lymph nodes or ar mass in the salivary glands,
during a carotid Doppler scan or scans done for
parathyroid disease, or duringr 18FDG-PET, CT, or MRIr
scans. These lesions are generally of smallf  size (<1 cm
in diameter). The assessment oft  TSHf  has a limited role
in the decision whether ther lesion should be investi-
gated by FNB. The procedure is indicated if af dedi-
cated ultrasonographic study demonstrates the nodule
to be abnormal in echogenicity and echotexture. In
addition, all lesions detected by 18FDG-PET scan
should be considered for FNBr  sampling, irrespective
of their ultrasonographic features. The diagnostic
work-up of nodularf  lesionsr >1 cm that aret  not clini-t
cally detectable due to various reasons should follow
the same scheme as used for palpabler lesions [14].

3.3 FNB Sampling Technique

Needles to be used for FNB should have a caliber
ranging between 22G and 27G. On occasion, larger
needles can be employed, e.g., for evacuatingr a cyst
containing a viscousa  fluid. Prior tor  puncture, the skin is
rapidly cleansed but at sterile drape is not requiredt and
in most casest neither isr  local anesthesia. The patient
lies supine while hyperextending the neck; this posi-
tion is obtained by placing a pillow directly under hisr
or herr  neck.r The patient ist then asked to swallow two

to three times. During swallowing, the palpable nodule
will increase in consistency, which facilitates its
immobilization by the examining physician using two
fingers. The patient is then asked not to speak ork
swallow and the needle is quickly introduced into the
nodule. For palpabler nodules, this is done under visualr
guidance; for thoser that aret  non-palpable, the needle is
inserted under ultrasoundr guidance [15]. Sampling is
performed with a series of advance-withdrawf motions;
the maneuver shouldr  last not  more than 3–4 s. The first
pass can be done using the non-aspiration technique
and a very thin needle (27G or 25G)r  followed by the
use of a larger needle under forced aspiration,
depending on the type of harvestf obtained.t The non-
aspiration procedure is effective for samplingr  hyper-
vascular nodulesr [15]. The immediate appearance of
blood in the needle hub is indicative of af  suboptimal
sampling due to bloody dilution and obscuration
and/or anr  insufficient cellulart  componentr int the diag-
nostic yield. Three to four passes constitute the
minimal requirement for representative FNB
sampling. The use of core-needlef biopsy is advocated
by some clinicians to examine certain solid thyroid
nodules but in practice this is very rarely required.
Following the procedure, the biopsy site is gently
compressed with manual pressure for about 1 min,
then a bandage is applied and an ice pack is main-
tained on the puncture site under slightr compressiont
for aboutr 10t min. For mostr  patients,t  normal activities
can be resumed after a 20- to 30-min observation
period, which is required to rule out possible rapid
progressive swelling and ecchymoses. If af cystic fluid
is evacuated, the patient should be asked to present
again within the following 2–3 days if thef cyst swells;t
in this case, re-aspiration provides a much more abun-
dant cellulart yield.r

3.4 The Cold Nodule: Histopathological
Findings and Clinicopathological
Correlates

3.4.1 Nodular Hyperplasiar

Nodular hyperplasiar (or nodularr sporadicr goiter) is by
far ther most frequentt diseaset  of thef  thyroid, with an
incidence reaching 40–45% of the population in
endemic areas. Clinical onset is characterized by a
single nodular swelling in an otherwise normal or
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diffusely enlarged thyroid. The patient oftent  reports a
recent sizet increase of thef  lesion, perhaps in associa-
tion with pain. In some cases, the thyroid appears to
expand retrosternally into the superior mediastinum.
Histologically, the lesion consists of af  nodular pseudo-r
tumor composed of follicles of varying size and
surrounded by a thin, incomplete fibrous capsule [16].
Follicular sizer  may vary from very small, with little
colloid (microfollicular pattern), to very large, with
abundant colloidt (macrofollicular pattern)r (Fig. 3.1).
Cells delimiting follicular structuresr consist oft cuboidf
thyrocytes or as large eosinophilic oncocytoid cells
(Hürthle or Ashkenazy cells). Degenerative changes
within follicles, including hemorrhagic necrosis,
pseudocystic transformation, dystrophic calcification,
and bone deposition, are variably but constantly
detected. Collections of histiocytesf  with foamy cyto-
plasm containing hemosiderin granules are always
present within colloid. Cholesterol crystals, hemo-
siderin, and possibly oxalate crystals are often seen.

3.4.2 Follicular Adenomar

Follicular adenomar  comprises a monoclonal prolifera-
tion of well-differentiatedf thyrocytes or Hürthler  cells
[16,17]. The lesion is more often solitary and the
surrounding parenchyma is either normalr  or appearsr  to
develop in the context oft  multinodularf hyperplasiar or
thyroiditis. The tumor isr  most frequentlyt  detected in
middle-aged euthyroid adults, with a higher preva-
lence in females. It ist  rarely responsible for increasedr

hormone secretion (“hot” or hyperfunctioning
adenoma). Clinical onset ist characterized by a slowly
growing mass that mayt compress surrounding struc-
tures. Tumor sizer at onsett  rangest  between 1 and 3 cm.
Histologically, the tumor has a follicular pattern of
growth and is delimited by a continuous and thin
fibrous capsule (Fig. 3.2). Follicle size is only slightly
variable throughout thet tumor. The pattern of growthf
may be microfollicular or macrofollicular. In some
variants, the follicular contentr  ist  barely discernible and
the tumor assumesr  a solida or trabecularr  growthr pattern.
Thyrocytes delimiting follicular cavitiesr  are polygonal
or cuboidr cells of smallf size displaying a round to oval
nucleus with small nucleoli. When the Hürthle cell
component of thef  tumor is >75%, it is defined as a
Hürthle cell adenoma. Follicular adenomar  frequently
undergoes involutive changes, such as hemorrhagic
necrosis, fibrosis, calcium deposition, and pseudo-
cystic transformation. Foamy histiocytes containing
hemosiderin granules and cholesterol crystals within
colloid are common findings.

3.4.3 Hyaline Trabecular Adenomar

This tumor ofr  thef  follicular epitheliumr is of uncertainf
malignant potential and can develop in association
with lymphocytic thyroiditis [16,17]. It is entirely
characterized by elongated cells that aret  assembled in
parallel and form long and tortuous trabecular struc-r
tures (Fig. 3.3a). The longer axisr  of thef cells is gener-
ally orthogonal to the axis of thef trabecular structure.r

Fig. 3.1 Histology of macrofollicular nodular hyperplastic
nodule. Hematoxylin & eosin (H&E) stain, ×40

Fig. 3.2 Histology of af  follicular adenoma,r  showing a delim-
iting fibrous capsule. H&E stain, ×100
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Tumor growthr is associated with the deposition of anf
interstitial hyaline matrix. The nuclei of tumorf  cells
are oval or elongated and often appear to contain
grooves and nuclear inclusions identical to those of
papillary carcinoma cells. The cytoplasm is
eosinophilic and contains characteristic inclusion
bodies that consistt oft giantf lysosomest [16,17].

3.4.4 Thyroiditis

3.4.4.1 Autoimmune Thyroiditis

The definition of autoimmunef thyroiditis encompasses
both lymphocytic throiditis and Hashimoto’s
thyroiditis [16]. The former affectsr younger individ-r
uals and is rarely responsible for ther  development oft af
nodular lesion.r  The latter, by contrast, is seen in adults
40 years of agef  and older andr  its course may be char-
acterized by the development of af nodular lesion.

Autoimmune thyroiditis is associated with significant
disturbance of thyroidf  function and the presence of
autoantibodies in the serum. The clinical onset ist  typi-
cally a syndrome of pain and the sensation of
constraint int  the neck, accompanied by a sore throat
and low fever, followed by the development oft  thyroidf
enlargement and hypothyroidism. The thyroid is
massively infiltrated by inflammatory cells, mostly
small lymphocytes and plasma cells with sparse gran-
ulocytes and multinucleated cells. Residual follicles
are delimited by oxyphilic cells (Hürthle cells)
(Fig. 3.4), often showing a clear chromatin with
nuclear grooves and possible pseudoinclusions, thus
simulating the nuclear changesr seen in papillary carci-
noma. In later phases,r the oxyphilic cells may undergo
squamous metaplasia anda the inflammatory infiltrate is
replaced by a fibrosing process. Hashimoto’s
thyroiditis can produce a pseudonodular tumefactionr
due to asymmetric involvement of thef gland by the
inflammatory process or it may harbor a nodular

Fig. 3.3 a Histology of hyalinef  follicular adenoma;r  the lesion is composed of elongatedf  cells that aret assembled in parallel and form
long and tortuous trabecular structures.r H&E stain, ×200. b Same case as in a. Immunostaining for Ki-67/MIB1r  decorates the cyto-
plasm of cells.f Counterstained with hematoxylin, ×100

a b
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hyperplasia composed of Hürthle cells or even a
Hürthle cell adenoma. Papillary carcinoma can also
develop in the context oft Hashimoto’sf thyroiditis. In
some cases, finally, the lymphoid proliferation is so
florid as to simulate a malignant lymphomat  [16,17].

3.4.4.2 De Quervain’s Thyroiditis

This peculiar inflammatory process of the thyroid
mainly affects middle-aged adults or ther  elderly. It ist
characterized by an acute clinical onset, with fever andr
pharyngodynia, which is followed by a rapidlya progres-
sive glandular enlargementr andt  a tendencya  to hypothy-
roidism. In this phase, patients with the disease may
present witht  a nodular swellingr simulating a malig-
nancy. Histologically, the gland is effaced by a non-a
necrotic granulomatous inflammatory infiltrate with a
significant componentt oft foreign-body-typef multinu-
cleated cells, a minora componentr oft smallf lymphocytes,
and a markeda  tendency to fibrosis [16].

3.4.4.3 Riedel’s Thyroiditis

Riedel’s thyroiditis is quite rare and almost exclusivelyt
seen in elderly patients. Its main clinical feature
consists of af  diffuse or nodularr  swellingr  of thef gland,
which has a very hard consistency and is responsible
for trachealr  constriction. This clinical picture closely

simulates that oft  anaplasticf carcinoma. Histologically,
the thyroid parenchyma is massively substituted by a
fibrosing process that includest chronic inflammatory
cells with occasional eosinophils and which leads to
heavy collagen deposition [16].

3.4.5 Papillary Carcinomay

Papillary carcinoma isa  by far ther most frequentt  malig-t
nancy of thef thyroid and its incidence is continuously
increasing [16–19]. It is seen at any age group,
including in pediatric patients, but ist markedly frequent
in women between 20 and 50 years of age.f  By defini-
tion, papillary carcinoma isa a neoplasiaa deriveda  from
the follicular epithelium.r  These cells show a peculiara
set oft nuclearf  changesr  that aret pathognomonic and a
group of additionalf  features that aret variably present
and/or particularlyr  expressed in selected variants. The
set oft  nuclearf changesr consists of: (a) large size (up to
3–5×RBC); (b) an oval to elongated shape; (c) an irreg-
ular profile,r  marked by the presence of incompletef  or
complete grooves; (d) a cleara  orr  finelyr granular chro-r
matin, with small nucleoli; (e) intranuclear inclusionsr
of the cytoplasm, which is of variable shape and
size due to invagination of thef  nuclear membraner
(Fig. 3.5a,b) [16–19]. The tumor isr  particularly prone to
the invasion of lymphaticf  vessels; in fact, the detection
of af  lympha node metastasis in the neck fromk  anm occult
primary is rather commonlyr  seen (up to 20% of cases,f
especially in young patients) [19]. Several variants of
the tumor haver  been described, the most commont being
the follicular, the oxyphil cell, the clear cell, the
columnar cell,r  and the tall cell variants. The follicular
variant is characterized by a follicular (macro-r  and
microfollicular) pattern of growthf such that thet tumor
closely simulates a follicular adenomar  or carcinomar
(Fig. 3.5a). This resemblance is also reinforced by the
reduced presence of thef  characteristic nuclear changes,r
compared to the other variants.r Cells in the tall celll
variant have a longa  axis that ist  at leastt threet  times their
width; in addition, they show an eosinophilic cyto-
plasm andm  prominent nucleart  changes.r In the columnar
cell variantl , the tumor cellr  nuclei are elongated and
pseudostratified; the cytoplasm containsm clear vacuolesr
resembling those seen in endometrial cells, with secre-
tory changes. These latter twor  variants bear ar  more
aggressive biological course and show an early
involvement oft thef  lymph nodes [17].

Fig. 3.4 Histology of lymphocyticf  thyroiditis; residual follicles
are found in between lymphoid follicles and are delimited by
oxyphilic cells. H&E stain, ×200
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3.4.6 Follicular Carcinomar

Follicular carcinoma represents only 10–15% of
malignant tumorst of thef  thyroid [16,20–23]. It mainlyt
occurs in adults in the 6th and 7th decade, without at
sex predilection. The neoplastic cells recapitulate the
morphology of normalf thyrocytes or Hürthle cells
[24,25]. The clinical onset ist  typically characterized by
the appearance of af slowly growing nodular swellingr
of thef thyroid. Distant metastasest  are present int  about
20% of patients,f  even in this early phase. The preferred
sites for metastatic involvement are the lung, bone,
subcutis, and brain. The two variants differ with
respect to local tumor aggressiveness and malignant
potential. In the capsulated and minimally invasive
variant, the tumor isr surrounded by a thick andk contin-
uous fibrous capsule and closely resembles an other-
wise typical follicular adenoma. The detection of
capsular permeationr by tumor growthr (Fig. 3.6) and/or
foci of invasionf  of capsularf vesselsr  (Fig. 3.7) provides
evidence of thef  malignant behaviort ofr thef lesion. The
implications of thef former vs.r  the latter arer different int
terms of riskf  ofk distantf  metastasis.t In practice, tumors
with only capsular invasionr are locally aggressive but
the risk ofk distantf metastasist  is close to zero [21,22].
By contrast, tumors showing invasion of lessf than four
capsular vesselsr  are associated with distant metastasist
in about 5%t  of cases,f  and those showing four orr morer
foci of vascularf  invasion are associated with distant

metastases in up to 18% of thef cases [23]. Based on
these facts, total thyroidectomy for tumorr excisionr  is
not totallyt  justified [21–23]. The risk ofk  metastasisf  is
higher if thef tumor is composed of Hürthlef  cells
[24,25]. In summary, the factors predicting an aggres-
sive course of thisf variant aret the number ofr focif  of
vascular invasion and a prevailing Hürthle cell
morphology of thef tumor cells. The massively infil-
trating variant oft follicularf  carcinomar is a much more
aggressive malignancy [26]. The tumor cells may
resemble normal thyrocytes but moret commonly have

Fig. 3.5 a Histology of papillaryf carcinoma, follicular variant.r The nuclei have an irregular outliner  due to nuclear groovesr (arrows)
and the chromatin is clear orr  finelyr granular withr  small nucleoli. H&E stain, ×400. b Histology of papillaryf  carcinoma, usual variant;
high-power viewr  discloses intranuclear cytoplasmicr inclusions (arrows). H&E stain, ×1000

a b

Fig. 3.6 Histology of encapsulatedf  follicular carcinoma; the
image shows a focus of capsularf violationr by the tumor. H&E
stain, ×40
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enlarged nuclei with a higher nuclear/cytoplasmic
ratio. The tumor may be partially capsulated and
shows a massive infiltration of the surrounding
parenchyma as well as multiple sites of bloodf  vessel
invasion [26].

3.4.7 Medullary Carcinomay

Medullary carcinoma is a rare malignancy that can
present as either a sporadic or a familiar form. The
former is more common, accounting for 70–80% of
the cases. The tumor starts as a rapidly growing
thyroid mass that is frequently associated with pain,
dysphagia, and enlarged lymph nodes in the neck
[16,27,28]. In about onet  third of cases,f patients experi-
ence a concomitant chronict  diarrhea. An elevation of
serum CEA occurs early in the course of thef disease
and can represent thet  only manifestation of thef  tumor.
The familiar formr  developsm in young individuals and is
frequently multicentric and bilateral. Histologically,
medullary carcinoma isa characterized by a greatlya vari-
able appearance. In general, the tumor cells are of
intermediate size, with a polygonal or elongatedr and
epithelioid appearance (Fig. 3.8); alternatively, they
may have a plasmacytoid appearance. The pattern
of tumorf  growth is in solid nests and cords, or it
may assume a trabecular, pseudopapillary, tubular,
microglandular, or cribriformr  pattern. The interstitium

may contain amyloid substance in variable amounts
(Fig. 3.8).

3.4.8 Poorly Differentiatedy Folliculard
(“Insular”) Carcinoma

Insular carcinomar characteristically occurs in middle
aged and elderly subjects, is more prevalent in
females, and belongs to the category of poorlyf differ-
entiated follicular tumorsr of thef thyroid [29,30]. The
tumor presentsr as a rapidly growing mass in patients
with a historya of af solitarya  thyroid nodule of longf  dura-
tion. Wide metastatic involvement oft  regionalf  lymph
nodes is generally present att clinicalt onset. Histologi-
cally, the tumor consists of solidf nests and cords
(“insulae”) of smallf  to intermediate-sized cells with a
large nucleus and scant cytoplasm.t  Nuclei are round to
oval and monomorphous in appearance (Fig. 3.9a).
They are densely hyperchromatic or mayr  be character-
ized by vesicular chromatinr and contain multiple small
nucleoli [31,32]. Necrotic changes are obvious and the
tumor cellsr appear tor  be mitotically active. Multiple
foci of lymphaticf  and blood vessel invasion by the
tumor arer characteristically seen. The morphological
features of thisf  tumor mayr partially overlap those of
the widely invasive variant oft  follicularf carcinoma;r  in
fact, abortive follicular structures are frequently
detected.

Fig. 3.7 Histology of encapsulatedf follicular carcinoma; the
image shows a capsular vessel containing neoplastic thrombi
(arrow). H&E stain, ×400

Fig. 3.8 Histology of medullaryf  carcinoma showing cords of
spindle cells admixed with amyloid extracellular deposits.r  H&E
stain, ×400
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3.4.9 Poorly Differentiatedy  Carcinomasd
with Papillary, Hürthle Cell, or
Medullary Carcinomay  Cell Featuresl

It is worth noting that otherwise “usual” forms of
papillary, Hürthle cell, or medullary carcinoma can
harbor ar secondary component characterizedt  by a loss
of cellularf  differentiation and significant changes in
the pattern of tumorf  growth. The latter features are
consistent with a more aggressive course. Indeed,
since the biological behavior ofr  thesef  tumors resem-
bles that of anaplasticf carcinoma they are classified
under ther heading of “poorlyf  differentiated” tumors of
the thyroid. In Hürthle cell carcinoma, this phenom-
enon is manifested by the appearance of af highly pleo-
morphic cellular component, displaying large and
bizarre nuclei and prominent nucleoli, that shows
prominent infiltrationt  of thef  surrounding parenchyma
(Fig. 3.9b) [31].

3.4.10 Undifferentiated (Anaplastic)d
Carcinoma

Anaplastic carcinoma is typically detected in middle-
aged adults and the elderly, with a geographic inci-
dence paralleling that oft endemicf  goiter [16,32].r It ist
characterized by a rapidly progressive disease course,
with the appearance of af  mass in the thyroid that
is very hard in consistency and compresses the

surrounding structures. The tumor mayr develop in a
patient witht  a historya  of af long-standinga thyroid nodule
or it may appear ex novo in an otherwise normal
thyroid. Moreover, it cant  develop in a patient whot has
already undergone thyroid surgery for ther treatment oft
a papillary carcinoma or ar follicular tumor.r The wide
ranging histopathological morphologies of thef tumor
include a spindle and giant cellt  sarcomatoid appear-
ance, mostly spindle cells in fibrosarcoma-like or
malignant fibrous-histiocytoma-like patterns, epithe-
lioid cells with an angiosarcoma-like or hemangio-
pericytoma-like pattern, or a pattern reminiscent of
squamous cell carcinoma [32–34]. The differential
diagnosis includes sarcoma, large-cell lymphoma,
metastatic carcinoma, parathyroid carcinoma, and
Riedel’s thyroiditis [33,34].

3.4.11 Intrathyroid Parathyroidd Tumorsd

Parathyroid glands can occur within the thyroid
parenchyma or capsule [35] and can be affected by
primary or secondaryr  hyperplasia, adenoma, and car-
cinoma. Parathyroid neoplasms are solid or cystic
lesions, easily misinterpreted clinically and on imaging
as thyroid primary lesions, especially if clinicalf  or
biochemical signs of hyperparathyroidism are not
evident [36]. Histologically, intrathyroid parathyroid
adenoma and well-differentiated carcinoma are char-
acterized by a follicular, solid and multinodular, or

Fig. 3.9 a Histology of poorlyf  differentiated follicular carcinoma;r the image shows massive vascular invasionr  by tumor cells.r H&E
stain, ×250. b Histology of af  poorly differentiated Hürthle cell carcinoma. The tumor cellsr  are pleomorphic and display prominent
nucleoli. H&E stain, ×400

a b
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trabecular pattern of growth (Fig. 3.10). Follicles
containing colloid-like material can closely simulate
thyroid follicular neoplasms.r In addition, tumor cellsr
may appear as clear cells or oncocytic cells. The
distinction between adenoma and well-differentiated
carcinoma may be difficult or impossible. Highly
predictive signs of malignancyf are capsular invasionr
and disruption in addition to intravascular tumor
growth, but these findings may be very subtle or
completely lacking in parathyroid carcinoma.

3.5 Immunohistochemistry of Thyroidf
Lesions

Immunohistochemical diagnostic markers consist of
thyroid secretion products, such as thyroglobulin (TG),
calcitonin (CT), and CEA, as well as different typest of
cytokeratins, adhesion molecules (galectin 3), recep-
tors (RET and EGFR), gene transcription factors
(TTF-1), and membrane products (HBME-1) [37,38].
TG is expressed in tumors of follicularf  derivation
whereas CT and CEA are associated only with tumors
of parafollicularf derivation.r TTF-1 is expressed both in
tumors of follicular and parafollicular derivation.
Galectin 3 and HBME are mainly expressed in malig-
nant tumors of follicularf  derivation (papillary and
follicular carcinomas) but also in a significant
percentage of follicularf adenomas. Cytokeratin 19
expression is diffusely prominent in papillary

carcinoma, less so in medullary carcinoma, and sparse
and focal in follicular adenoma. Cytokeratin 7 is
focally expressed in anaplastic carcinoma, which is of
help in the distinction of thisf  tumor fromr a sarcoma or
malignant melanoma. Hyaline trabecular adenoma
cells show a strong cytoplasmic immunoreactivity
for cytokeratinr  19 and Ki-67/MIB1 (Fig. 3.3b) [35].
Anaplastic carcinoma cells express vimentin and the
epidermal growth factor receptor (EGFR) in most
cases while cytokeratins are coexpressed in about 50%t
of casesf [38].

3.6 Analytical Approach to the
Cytological Sample

The systematic approach to a thyroid smear requiresr
evaluation of thef  background and the ancillary cellular
components first, followed by the thyroid cellular
yield.

3.6.1 Background

The background may contain the following compo-
nents.

3.6.1.1 Blood

The amount oft bloodf in the smear mayr  be rather abun-r
dant int a thyroid sample due to the density of capil-f
laries at thet sampling site. The thyroid is perfused by
an abundant microcirculationt network whosek  density
per volumer  is inversely proportional to the size of thef
thyroid follicles. Thus, microfollicular nodules are
hypervascularized while macrofollicular nodules
contain fewer vesselsr  but at  largera amountr  oft  colloid.f In
general, the larger the size of thef follicle within the
sampled area, the less the amount oft bloodf  contamina-
tion in the smear.

3.6.1.2 Colloid

Colloid is a proteinaceous amorphous substance that
stains pink, orange, or yellow in ethanol-fixed and
Papanicolaou-stained smears, or grayish to green in
air-dried preparations stained with May Grünwald

Fig. 3.10 Histology of intrathyroidf  parathyroid carcinoma. The
tumor isr  encapsulated and contains intratumoral fibrous trabec-
ulae; normal thyroid tissue is evident int the upper leftr partt oft  thef
figure. H&E stain, ×250
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Giemsa stain. It can appear either as a transparent
patina all over the slide, in large globules, or as
discrete, rounded, or irregularlyr  shaped droplets. These
latter accumulations may be slightly basophilic and
non-transparent (Fig.t 3.11). The amount oft colloidf in a
FNB sample is proportional to the wideness of thef
follicular cavitiesr at thet puncture site. When colloid is
abundant, the amount of blood contaminating the
smear isr  reduced and vice versa.

3.6.1.3 Stromal Fragments

Stromal fragments may consist of loose to dense
fibrous tissue containing a variable amount oft  capil-f
laries and entrapped thyrocytes or inflammatoryr  cells;
they may also comprise aggregates of adipocytes
(a rare finding) or amyloidr substance.

Papanicolaou-stained smears evidence the presence
of hyalinef  collagen, which appears homogeneously

pink (Fig.k  3.12), while May Grünwald Giemsa-stained
preparations are metachromatic. Calcified material
may be present as well. The capillary vessel

Fig. 3.11 a In Papanicolaou (P)-stained smears, colloid
substance is pink tok  gray; note the presence of af  syncytial-like
aggregate of thyrocytes,f ×400. b In smears stained with the May
Grünwald Giemsa method, colloid substance is grayish to green,
×400. c Droplets of “thick”f colloid. P stain, ×400

a b

c

Fig. 3.12 Stromal fragments containing fibrocytes in an amor-
phous collagen background containing capillary vessels. P stain,
×400
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component is variable but may be very abundant.
Capillaries may show prominent endothelial cells
containing vesicular nucleir and well-evident nucleoli.t
Amyloid or pseudoamyloidr accumulations are homo-
geneous, fibrillary, and of variousf shape and size.

3.6.1.4 Inflammatory Cells and Crystals

The most commonly found inflammatory cells in
FNB smears are small lymphocytes, plasma cells, and
histiocytes. Histiocytes may be mononucleated or
multinucleated. In the former case, the cells are gener-
ally of intermediatef  size with an abundant foamy
cytoplasm. Their nucleus is centrally or eccentrically
located and contains vesicular chromatin as well as a
small nucleolus (Fig. 3.13a). The cytoplasm includes
lipids, cholesterol crystals, or hemosiderin, all of
which are better seen in smears stained according to

the May Grünwald Giemsa method (Fig. 3.13b).
Other examples of mononucleatedf  macrophages are
the epithelioid histiocytes seen in various granuloma-
tous processes; these cells possess a dense cytoplasm
and are elongated in shape. Multinucleated histiocytes
can be very large and may assume the morphology
of foreign-body macrophages, which contain
numerous randomly distributed nuclei and a vacuo-
lated or granular cytoplasm (Fig. 3.13c). A peculiar
variant of multi-nucleatedf  histiocytes is seen in papil-
lary and medullary carcinomas; it represents an
integral component of the neoplastic population
of thesef  tumors (see below). The number of nucleif
rarely exceeds 10–20 and they are characterized
by an irregular profile due to the presence of clefts.f
Finally, inorganic crystals, mostly cholesterol
(Fig. 3.13b), or deposits of variousf  types, usually
calcium (Fig. 3.14), can be seen extracellularly in the
background.

Fig. 3.13 a Histiocytes are medium-sized cells with a vacuo-
lated cytoplasm and a round nucleus sometimes displaying a
well-evident nucleolus.t P stain, ×400. b The hemosiderin gran-
ular cytoplasmicr content oft histiocytesf appears green to gray in
smears stained with the May Grünwald Giemsa method. Note
the presence of af polygonal cholesterol crystal in the back-
ground; ×400. c Multinucleated histiocytes are occasionally
seen in the background. P stain, ×400

a b

c



62 3 Thyroid

3.6.2 Proper Thyroidr Celld  Typesl

3.6.2.1 Follicular Thyrocytes

Follicular thyrocytes are found in two-dimensional
sheets (Figs. 3.14, 3.15a), syncytium-like aggregates
(Fig. 3.11a), or three-dimensional aggregates
(Fig. 3.15b). In the latter, they are assembled in follic-
ular clustersr of variablef size. Follicular cellsr  are small
to intermediate in size and contain a variable amount
of cytoplasm.f  Their nucleir  have a round to oval shape,
a smooth border, and are rarely larger than 2×RBC
(Fig. 3.15c). The chromatin is finely granular with
small chromocenters and sometimes small nucleoli
(Fig. 3.15d). The cytoplasm is amphophilic or
eosinophilic. Follicular cells may also be found as
non-cohesive elements dispersed in the background
(Fig. 3.15e). Their nucleir are small and darkly stained,
resembling those in apoptotic cells. The cytoplasm of
dispersed cells is generally very scant ort evenr  unap-
parent. These cells, even in completely benign condi-
tions, may show variable degrees of anisonucleosisf but
they always retain a round to oval regular contour.r

3.6.2.2 Oxyphil Cells

Oxyphil cells (also known as oncocytes, Hürthle cells,
or Ashkenazyr cells) are intermediate to large in size
and differ from follicular cells with respect to their
cytoplasmic and nuclear features. The cytoplasm is
abundant and homogeneous or finely granular and
eosinophilic (Fig. 3.15f). The nucleus is round, larger
than 2×RBC, and, most importantly,t often contains a
well-evident nucleolus. By definition, the nuclear
contour isr round to oval with a smootha  border. Oxyphil
cells are seen as single isolated elements dispersed in
the background, or inr syncytium-like sheets, in two-
dimensional sheets, or inr  three-dimensional follicular
aggregates.

3.6.2.3 Miscellaneous Cell Types

Several additional cell types can be detected in FNB
smears in various pathological conditions. In partic-
ular, thyroid cells may assume an epithelioid or elon-r
gated and spindle-like configuration, as is observed in
thyroiditis and various types of primaryf carcinoma.

These cells should be differentiated from epithelioid
histiocytes, fibroblasts, and fibrocytes. Cells assuming
a squamoid or definitely squamous cell morphology
are seen in FNB smears obtained from various benign
conditions, such as thyroditis, and represent meta-
plastic cells. Their morphologyr is identical to that oft
the squamous cells found in other normal epithelia.
Atypical squamoid cells resembling those of non-kera-f
tinizing squamous cells may appear inr some variants
of papillary carcinoma and anaplastic carcinoma.
Giant cells,t which contain one or multiple nuclei
showing bizarre features (large size, hyperchromasia,
irregular shape,r prominent nucleoli,t etc.), are the hall-
mark ofk  severalf primary and metastatic malignancies
of thef thyroid. The cytoplasm of thesef  cells is gener-
ally abundant and densely amphiphilic or basophilicr
but mayt also be vacuolated. They should be differenti-
ated from multinucleated histiocytes.

3.6.3 Specimen Adequacy

The minimal requirements for the adequacy of a
thyroid nodule specimen obtained by FNB have been
the subject oft severalf debates [39–45]. Consequently,
the lack ofk  uniformf  criteria for adequacyr  assessment
has created diagnostic discrepancies between pathol-
ogists and thus significantly compromised the clinical
applicability of thef cytological diagnosis. It ist  difficult
to state any general rules because the cellular yield

Fig. 3.14 Extracellular calciumr deposits are stained intensely
blue in smears stained with the May Grünwald Giemsa method.
Note the presence of af two-dimensional aggregate of thyrocytes;f
×400
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3.15 a A two-dimensional and irregularly shaped aggregate of thyrocytesf  is seen against at  backgrounda  rich in colloid. P stain,
×200. b A three-dimensional aggregate of thyrocytes.f P stain, ×400. c A three-dimensional aggregate with a definitea  follicular
configuration. P stain, ×200. d At hight magnification, thyrocytes within aggregates appear tor have round nuclei with little or nor  vari-
ation in size and shape. Their chromatinr is finely granular. P stain, ×1000. e Dispersed thyrocytes practically devoid of cytoplasmf andm
showing a finelya  granular chromatin.r  May Grünwald Giemsa stain,a ×1000. f Hürthle cells appear asr medium-sized and polygonal
elements with a granulara eosinophilicr  cytoplasm andm  a centrallya located nucleus containing a well-evidenta nucleolus.t  P stain, ×1000

a b

c d

e f
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varies according to the thyroid lesion that has been
sampled. In practice, FNB sampling of cysticf lesions,
hypocellular colloidr nodules, or hemorrhagicr  pseudo-
cysts may yield a very scant cellulart  populationr  but thet
specimen is not necessarilyt  inadequate for diagnosticr
purposes. In these cases, a repeata biopsyt  is not likelyt to
provide an additional or morer  representative cellular
sample; thus, the diagnostic formulation should
include a brief commentf  outlining the limitations of
the procedure and all possible implications. A follow-
up of thef  lesion should be recommended and a repeat
biopsy performed after 3–6r  months.

The presence of at least six cellular groups
containing at leastt tent  cells each represents a reason-
able minimal requirement for diagnosing follicular
lesions [45] but thist  does not constitutet a general rule.
In fact, when such a sparse amount oft  cellsf consists of
abnormal or atypical cells, any definitive diagnosis
should be discouraged and adequate sampling should
be obtained by repeat biopsy.t In conclusion, the most
important rule in assessing specimen adequacy is to
acknowledge the possible nature of thef  thyroid lesion
by judicious correlation with clinical findings and
imaging features.

3.7 Towards a Uniform Diagnostic
Terminology: The National Cancer
Institute (NCI) Classification
Scheme, 2008

It is widely acknowledged that FNB is the test of
choice for the routine diagnosis and management of
thyroid nodules. In the past, the lack ofk  uniformf  termi-
nology resulted in diagnostic inconsistency among
pathologists and communication problems among
clinicians [45–47]. For thisr  reason, all efforts should
be made to promote the implementation of universallyf
accepted diagnostic criteria, thus favoring a rational
approach to the management of thyroidf  lesions. It
should be recognized that the scrutiny of most
morphological parameters in thyroid cytology is
greatly open to subjective interpretation, which nega-
tively impacts the diagnostic reproducibility of thef
procedure. Attempts to reduce subjectivity as much as
possible are therefore of paramountf importancet as this
will increase the clinical applicability of thef procedure.
The aim of af  consensus-based terminology is also to
clearly define the most proper contextr justifying the

diagnosis of “indeterminatef for malignancy,”r  which is
inevitably rendered in as many as one third of thef
thyroid follicular lesions recognized as “follicular
proliferation” or “follicularr neoplasm.”r  However, the
abuse of this diagnostic category has decreased
the positive predictive value of thef  procedure and
caused unnecessary and unjustified thyroidectomies,
performed only for diagnosticr purposes [46,47].

The National Cancer Instituter  (NCI) sponsored the
NCI Thyroid Fine-Needle Aspiration (FNA) State
of thef  Science Conference, on October 22 and 23,
2007, in Bethesda, MD. This meeting was accom-
panied by a permanent informational website
(http://thyroidfna.cancer.gov) that serves as an
unprecedented information source regarding nearly all
aspects of needlef biopsy of thef thyroid. A diagnostic
terminology/classification scheme for thyroid FNA
interpretation and cytomorphological criteria for the
diagnosis of variousf benign and malignant thyroid
lesions was developed (Table 3.1). This classification
scheme was published in 2008 [48], and a summary of
the topics reviewed at thet  conference and the website
can be downloaded free from several sources [49]. The
proposed classification is a six-category diagnostic
scheme consisting of benign,f lesion (atypia) of unde-f
termined significance, follicular neoplasm,r suspicious,
malignant, and unsatisfactory [48,49]. Each category
identifies a different ‘‘risk of malignancy,’’f which
varies from <1% to a maximum of 70–80%f  for the
first fourt categoriesr in the list. The use of thisf tiered
classification system favors reproducibility among
pathologists and, most importantly,t improves the clin-
ical utility of thef  cytopathological diagnosis. The main
merit oft  thef  classification is to distinguish within the
large category of follicular-patternedf  samples those
that aret associated with a low vs. a high risk ofk malig-f
nancy. The designation “follicular“ lesionsr  of undeter-f
mined significanced ” represents a heterogeneous group
“in which the cytologic findings are not convincinglyt
benign, yet the degree of cellularf or architectural
atypia is not sufficientt fort anr  interpretation of follic-f
ular neoplasmr or suspiciousr for malignancy”r [48]. The
category should represent ideallyt less than 7% of allf
thyroid FNB interpretations; the risk ofk  malignancyf for
such lesions is 5–10%. Further managementr  oft  thesef
patients is based on proper correlation with clinical
findings and imaging data. Generally, the patient
should be followed up and a repeat FNB performed
after ar short time,t as it cant  help differentiate benign
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from potentially malignant tumors. The category
of “follicular“ neoplasm/suspicious for follicular
neoplasm” applies to non-papillary follicular-patterned
lesions/neoplasms and Hürthle cell lesions/neoplasms.
The risk ofk malignancyf  is higher (20–30%)r  and varies
depending on the size of thef  lesion or the relative
prevalence of Hürthlef  cells. Most patients with this
diagnosis will undergo lobectomy/hemithyroidectomy
and a definite diagnosis (adenomatoid nodule vs.
adenoma vs. carcinoma) is rendered on surgical
pathology examination. Finally, the category “suspi-
cious for malignancyr ” includes lesions suspicious for
the follicular variantr oft papillaryf carcinoma, medullary
carcinoma, anaplastic carcinoma, or otherr  primaryr  (for
example, malignant lymphoma)t  or metastaticr tumors
in which cytological findings are not totallyt  diagnostic
due to several reasons, including poor cellularity,r arti-
facts, necrosis, and specimens inadequate to perform
confirmatory immunostains (for medullary carci-
noma). A repeat biopsyt  is generally of helpf to better
define the lesion and the patient shouldt  be referred for
thyroid lobectomy.

3.8 Pattern Profiling of FNBf  Samples

Pattern profiling and the cytomorphological classifica-
tion tree of thyroidf FNB samples is based on the eval-
uation of the following features: (a) background;
(b) extent oft  cellularityf  and the nature of thef  cell types
present, including ancillary elements; (c) the structure
of cellularf  aggregates;r and (d) the fine morphology of
the nuclei and cytoplasm of eachf cellular component.r
Examination of thef samples according to these criteria
requires accurate observation and orderly classifica-
tion. The end result ist  that thet cytological expressions
can be conveniently divided into three large groups

indicating benign, indeterminate, and malignant
lesions. Once the major patternr  has been identified, the
diagnostic possibilities are dramatically reduced and
the next stept is to home in on the exact diagnosist  by
using the NCI classification scheme, 2008.

3.8.1 Benign and Non-Neoplasticd
Follicular Lesionsr

3.8.1.1 Colloid Nodule

• Background: abundant colloid, with possible
stromal fragments and sparse red blood cells.

• Cellularity: poor (slightlyr  above adequacy require-
ments).

• Cell typesl present: follicular thyrocytesr  (Fig. 3.11a,b),
histiocytes with hemosiderin granules (Fig. 3.13),
lymphocytes (optional), Hürthle cells (occasional
elements).

• Aggregation pattern: two-dimensional aggregates
(Fig. 3.11a) with well-defined follicular spacesr  and
equidistant nuclei;t sparse non-cohesive cells.

• Fine cellular morphology:r small, round, monomor-
phous and mostly hyperchromatic nuclei; sparse or
barely evident cytoplasm.t

3.8.1.2 Hypercellular Colloid Nodule

• Background: moderate amount oft  colloidf that stainst
clear orr appearsr  transparent, together withr  a signifi-
cant componentt  oft redf blood cells and stromal frag-
ments.

• Cellularity: moderate to abundant.
• Cell types present: mostly follicular thyrocytes,

histiocytes with hemosiderin granules, lymphocytes

Table 3.1 The National Cancer Instituter  (NCI) Classification Scheme (2008)

Suggested categories Alternate category(ies) terms Risk ofk  malignancyf

Benign <1%
Follicular lesionr  of undeterminedf  significance Atypia of undeterminedf  significance 5–10%

R/O neoplasm
Atypical follicular lesionr
Cellular follicularr  lesionr

Follicular neoplasmr Suspicious for follicularr neoplasmr 20–30%
Suspicious for malignancyr 50–75%
Malignant 100%
Non-diagnostic Unsatisfactory
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(sparse), Hürthle cells (no more than occasional
elements).

• Aggregation: two-dimensional aggregatesl (Fig. 3.15a)
with well-defined follicular spacesr  and equidistant
nuclei, microfollicular aggregatesr  (Fig. 3.15b) with
minor degree of nuclear overlap (Fig. 3.15d);
a significant component of non-cohesive cells
(Fig. 3.15e).

• Fine cellular morphology:r small, round, monomor-
phous and mostly hyperchromatic nuclei; sparse or
practically absent cytoplasmt (Fig. 3.15c).

The above descriptions differ with respect to the
amount of follicularf  cells detected in the smear but
they share the following features: (a) abundant colloid
in the background, (b) easily detected histiocytes with
hemosiderin granules, (c) prevalence of two-dimen-f
sional aggregates of follicularf cells with an ordered
distribution of nuclei, (d) monomorphous round
nuclei showing a smooth external contour and dense
chromatin. By definition, follicular cells in this group
of lesionsf show a typical nuclear morphology and any
irregularity of thef nuclear profile, even in occasional
elements, excludes the case from this category
[3,6,9,41,43]. The presence of occasionalf  Hürthle
cells is not influential (Fig. 3.15f). Additional find-
ings include the presence of cholesterolf crystals, lipid
material accumulation, calcium deposits, and oxalate
crystals and serve as evidence of intralesionalf regres-
sive changes. Lymphocytes and plasma cells are
constantly found, at least in minor amounts. Histio-
cytes are always present and they are seen as
dispersed elements in the background. Sometimes,
however, they can occur as large tissue fragments and
may display nuclear atypia (nuclear grooves, elon-
gated shape, membrane thickening, chromatin
clearing) mimicking the cytological changes charac-
teristic of papillaryf  carcinoma [50].

3.8.1.3 Chronic Lymphocytic Thyroiditis

• Background: red blood cells, stromal fragments,
absence of colloid,f with lymphoglandular bodies.r

• Cellularity: scant tot moderate.
• Cell types present: Hürthle cells, i.e., cells larger

than follicle cells, of variablef  shape (rounded to
polygonal), and having an abundant gray to

eosinophilic cytoplasm and a round nucleus, plus a
polymorphous lymphoid population consisting of
small lymphocytes, centrocytes, and some centro-
blasts, with plasma cells, neutrophils, histiocytes;
and possibly multinucleated histiocytes (Fig. 3.16a).

• Aggregation: Hürthle cells present int monolayered
sheets (Fig. 3.16b) but alsot in small groups, or non-r
cohesive.

• Fine cellular morphology: possible significant
anisonucleosis (variable shape and size of nuclei)f
of Hürthle cells, with prominent nucleoli
(Fig. 3.16c) and/or nuclearr  clearingr  and occasional
grooving phenomena; lymphocytes frequently
adhering to or infiltratingr  the cytoplasm of Hürthlef
cells.

If the FNB smear shows a dual population of
Hürthle cells and activated lymphocytes, the diagnosis
of chronicf  lymphocytis is generally straightforward
[51]. The detection, however, of extensivef Hürthle cell
pleomorphism is a major causer of false-positivef diag-
noses, including poorly differentiated follicular and
anaplastic carcinomas. In addition, nuclear clearing
may suggest papillary carcinoma, and prominent
nucleoli a Hürthle cell tumor [52].r In general, in these
cases the detection of evenf scattered lymphocytes
should suggest thyroiditis and necessitates antibody
titers, if notf alreadyt  available. Moreover, taking into
proper accountr thet clinical presentation of thef nodular
lesion is of paramountf importancet  to avoid a misdiag-
nosis of malignancy.f

3.8.2 Potentially Neoplasticy Lesionsc

The group of indeterminatef  cases includes categories
2–4 of thef NCI classification scheme, 2008. The cyto-
logical picture is similar thatr  seent for benignr  lesions
but the detection of additionalf  findings dealing with
the cellular aggregationr  pattern and fine morphology
dictates a morea  cautious approach. In this setting, cyto-
logical data are to be considered inconclusive and
indeterminate for possibler  malignancy but at clear-cut
distinction between low- and high-risk lesionsk  should
be reached. Additional actions should be taken,
ranging from strict clinical follow-up of thef  patient
and/or repeatr biopsyt  to immediate surgical excision of
the nodule for thoroughr histological evaluation.
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3.8.2.1 Follicular Lesion of Undeterminedf
Significance

• Background: moderate to sparse colloid, blood and
stromal fragments.

• Cellularity: poor tor  moderate.
• Cell types present: mostly follicular thyrocytes,

sparse or anyr histiocytes with hemosiderin granules,
lymphocytes (sparse), Hürthle cells (no more than
occasional elements).

• Aggregation: two-dimensional aggregates with
well-defined follicular spaces and equidistant
nuclei, minor degreer  of nuclearf  overlap;r a signifi-
cant componentt oft non-cohesivef  cells.

• Fine cellular morphology: follicular thyrocytes
with typical morphology (see above) plus a minor
component (<10%)t  of cellsf with large nuclei (diam-
eter >2r ×RBC) with chromatin clearing, and occa-
sional nuclear cleftsr  (Fig. 3.17).

Cytological findings in this pattern are essentially
similar to those of thef previous category; however,
based on the sparsity of colloidf  and histiocytes with
hemosiderin pigment granulest as well as the detection
of occasionalf nuclear clearingr  or anr  irregular nuclearr
profile, the possibility of af  follicular variantr oft  papil-f
lary carcinoma cannot be ruled out. Colloid scarcity
can be attributed to incomplete sampling of anf other-
wise typical colloid nodule, and some cases are placed
in this category because of af  compromised specimen
(e.g., low cellularity, poor fixation,r  obscuring blood).
The detection of a partially deviant nuclear
morphology of follicularf  cells suggests that a more
cautious approach to the case is needed. In general,
patients should undergo repeat biopsy to disclose
possible additional findings that may be of helpf  in
better defining the case. A closer re-evaluation of
imaging data and clinical findings often leads to a
definitive decision.

Fig. 3.16 a Polymorphous lymphoid population containing
lymphocytes of variablef  size as well as Hürthle cells featuring an
abundant grayt  cytoplasm. May Grünwald Giemsa stain, ×1000.
b A cluster of Hürthlef cells against a background rich in red
blood cells, plasma cells, and small lymphocytes. P stain, ×400.
c Hürthle cells are loosely clustered and admixed with lympho-
cytes; they are characterized by significant nucleart  enlargementr
and prominent nucleoli.t P stain, ×400

a b

c



68 3 Thyroid

3.8.2.2 Follicular Proliferation/Neoplasm

• Background: blood and stromal fragments, no
colloid.

• Cellularity: moderate to abundant (Fig.t  3.18a,b).
• Cell typesl  present: follicular thyrocytesr  (Fig. 3.18c)

or Hürthler  cells (Fig. 3.18d), sparse lymphocytes,
no histiocytes with hemosiderin granules.

• Aggregation: three-dimensional aggregates com-
posed of overlapping microfollicular structures
(Fig. 3.18a), microfollicles occurring as single and
isolated structures, a significant componentt oft  non-f
cohesive cells (Fig. 3.18c).

• Fine cellular morphology: follicular thyrocytes
with typical morphology (round to oval shape and a
smooth border, finely granular chromatin with
small chromocenters, no nucleoli) and the absence
of: nuclei of largerf  size, chromatin clearing, and
nuclear clefts;r enlarged nuclei with centrally located
nucleoli in Hürthle cells, but not nuclear clearingr  or
clefts.
This category invokes a cytological picture marked

by a higha cellularity, a microfolliculara  patternr of aggre-f
gation, and a decidedly monomorphous appearance of
the nuclei [10–12,53]. Samples containing Hürthle
cells may show prominent cellulart dissociationr and a
more pronounced nuclear pleomorphismr but theyt are
similarly included in this category. By definition, the
colloid in the background is absent ort veryr sparse and
transparent. In addition, histiocytes with pigment
granules are not seen. The exclusion criteria for the

diagnosis of follicular proliferation are listed in
Table 3.2.

The above-described picture does not identifyt  a
particular diseaser  entity of thef  thyroid but at specific
cytological patternl that ist  observed in the FNB smears
collected from distinctm  variantst of benignf  hyperplastic
nodules, follicular adenoma,r and well-differentiated
follicular carcinomar [10,12].a These share a microfollic-a
ular patternr of growthf and a relativea  monomorphism ofm
proliferating cells. The differential diagnosis of thesef
lesions is solely based on the histological evaluation of
additional morphological features, which mainly
include the presence of af well-defineda and continuous
capsule, the detection of capsularf infiltrationr to a signif-a
icant extent,t  and the presence of capsularf  angioinva-r
siveness. In summary, the thyrocyte population shares
exactly the same morphological features, whether
comprising benign hyperplastic nodules, adenoma, or
carcinoma. The only morphological markers of malig-f
nancy are possibly detected at thet  interface of thef
nodule with the surrounding parenchyma. These
markers thus represent histologicalt  and not cytological
findings. The follicular variantr oft papillaryf  carcinoma
can have the same microfollicular patternr  of growthf  as
the above lesions, but neoplastict  cells should be char-
acterized by a markedlya  different nucleart morphologyr
(see below). In a significant proportion of FNB
samples of thisf  tumor variant,r however, the character-
istic nuclear changesr may be completely lacking such
that the cytological picture inevitably falls into the
category of follicularf  proliferation.r

Fig. 3.17 a Occasional nuclear enlargementr (t arrows) is seen in this aggregate of thyrocytes.f P stain, ×1000. b Occasional nuclear
grooving in two cells (arrows) coexists in an aggregate with thyrocytes having an otherwise typical morphology. P stain, ×1000

a b
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Fig. 3.18 a Low-magnification view of af smear containing
abundant microfollicular aggregates. P stain, ×40. b Low-
magnification view of af  smear containingr  an abundant popula-t
tion of cohesivef and non-cohesive Hürthle cells. P stain, ×40.
c High-power viewr of three-dimensionalf microfollicular aggre-r
gates. P stain, ×400. d Hürthle cells may occasionally appear
binucleated, with medium-sized nuclei and prominent nucleoli.t
P stain, ×400. e Appearance of Hürthlef cells in May Grünwald
Giemsa-stained smears, ×600

a b
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Loewagen et al.t [54,55] first gavet form to the defi-
nition of “follicularf neoplasm” in the early 1960s,
when the nuclear changesr of papillaryf  carcinoma had
not beent fully identified and follicular carcinomar was
considered the most frequent malignancy of the
thyroid. In the following decades, the follicular variantr
of papillaryf  carcinoma became increasingly recog-
nized and the incidence of follicular carcinoma
dramatically decreased [56]. In addition, the minimally
invasive and the widely invasive variants of follicularf
carcinoma were fully characterized and Hürthle cell
neoplasms were included in the group of follicularf
neoplasms [21,22,53]. Despite these revolutionary
changes, the concept of “follicular proliferation/
neoplasm” still retains its validity in the practice of
cytology because it identifiest  a group of lesionsf that
should be considered as indeterminate for possible
malignancy and inevitably require excisional biopsy
for a conclusive diagnosis [8,10]. As already
mentioned, the definition is also used for samplesr that
are mostly or totally characterized by Hürthle cells,
provided that no significant nuclear alteration is
detected (nuclear clefts, chromatin clearing, nuclear
inclusions, etc.), which would suggest papillary or
medullary carcinoma. Finally, the term “follicular
proliferation” should not be used for samples with

a poor cellularity; instead, it is better to resort to
the diagnosis of follicularf  lesion of indeterminatef
significance.

The positive predictive value of thisf diagnostic
category is no higher than about 30%, i.e., only
roughly one third of thesef  lesions turn to be malignant
upon histological evaluation of thef surgically excised
thyroid (Table 3.3) [10,57–63]. As noted in the Intro-
duction, this represents the real gray zone of FNBf  of
the thyroid and many efforts have been focused on the
identification of possiblef  concomitant ancillaryt  criteria
that decrease the level of indeterminacy.f Surveys of
large series have shown that, when the lesion is soli-
tary  and especially when abnormal echogenicity and
echotexture are detected, the risk of malignancyf in
lesions diagnosed as follicular proliferationr is higher inr
males and in adults older thanr 40 years of agef  [59,64].
Repeat biopsy in these patients is useful to better
disclose a significant proportiont  of casesf  that actuallyt
are “suspicious for carcinoma”r or evenr  “diagnostic for
carcinoma” [65]. Intraoperative frozen section exami-
nation of thef nodule does not provide a significant
increase in the positive predictive value unless a cyto-
logical examination of imprintf smears is done [66].
Testing for cellular expression of galectin-3 has
contributed to the detection of lesionsf at increasedt risk
of beingf malignant. In histological specimens, positive
galectin 3 immunostaining is found in 27–100% of
cases but itt  ist also detected in up to 45% of follicularf
adenomas and, albeit rarely, in nodular hyperplasia
[67]. Immunostaining of cytologicalf smears, however,
is associated with a significant numbert  ofr  false-posi-f
tive results and thus should be done only in cell-block
material of needle-rinsef samples or inr  paraffin sections
from core biopsies [68,69]. Testing for the co-
expression of CD44f is of helpf  in identifying samples

Table 3.2 Criteria to exclude the diagnosis of follicularf prolifer-r
ation/neoplasm

Nuclear polymorphism,r with a significant componentt  (>10%)t of
enlarged nuclei

Nuclear inclusionsr (pseudonucleoli) and nuclear cleftsr (even if
only occasionally detected)

Polygonal or spindler cell morphology
Sparse cellularity

Table 3.3 Cytohistological correlation for casesr  diagnosed as “follicular proliferation/neoplasm”r

Bibliographic Number ofr  casesf Malignant (%)t Follicular carcinomar Follicular variant/papillaryr
reference carcinoma

[10] 122 36 (29.5) 11 25
[58] 219 26 (11.9) 19 7
[59] 888 103 (11.6) 76 27
[60] 84 19 (22.6) 8 11
[61] 96 28 (29.1) 6 22
[62] 120 21 (17.5) 9 12
[63] 147 23 (15.6) 15 8
[64] 201 51(25) 31 11
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indicating truly malignant disease,t thus increasing the
specificity of thef  procedure [67]. Nowadays, molec-
ular geneticsr offers a very promising tool to identify
the malignant cases among the group diagnosed as
follicular proliferationr [70], but itst  application in the
routine clinical context ist  not yett feasible.t

3.8.3 Malignant Lesionst

3.8.3.1 Papillary Carcinoma

The diagnosis of papillaryf carcinoma is based on the
detection of severalf “major” and “minor” cytological
features, listed in Table 3.4. The major features are
pathognomonic criteria for papillary carcinoma and
their detectionr  is essential to the diagnosis, while the
minor cytologicalr features lack anyk  diagnostic speci-
ficity but their detection can reinforce a diagnostic

suspicion. All major criteriar  shoulda be present togethert
for a reliable diagnosis of papillaryf  carcinoma but
when one or morer of themf  is lacking the detection of
some minor criteriar  can help support thet diagnosis of
“suspicious for malignancy”r  (category 4 of thef NCI,
2008 classification scheme).

Incomplete or completer nuclear groovingr [71–75] is
found in nuclei that havet  an ovoid shape and perhaps a
thick nucleark  membraner (Fig. 3.19a). The latter showsr
an irregular profile,r being angulated or sometimesr
convoluted. Nuclei are >2×RBC in diameter. The chro-
matin is finely granular inr  texture, and nuclei contain
multiple and eccentrically placed small nucleoli (best
seen in Papanicolaou-stained smears) (Fig. 3.19b).
Pseudonucleoli consist of intranuclear cytoplasmic
inclusions delimited by a sharp, well-defined
membrane [75–77]; they contain a cytoplasmica  matrix
that shouldt look thek same as that oft thef  rest oft  thef cyto-
plasm (Figs. 3.19a, 3.20). Papillary fragments are

Table 3.4 Major andr  minor diagnosticr criteria for papillaryr  carcinoma

Major criteriar Minor criteriar

Incomplete or completer nuclear groovingr  in diffusely
enlarged nuclei

Finely granular (“powdery”)r  chromatin texture with multiple
and eccentrically placed small nucleoli

Pseudonucleoli

Fig. 3.19 a Complete and incomplete nuclear grooves are seen in the majority of cellsf as well as a single nuclear inclusion
(pseudonucleolus). P stain, ×400. b At closert  view,r  the irregular outlinesr  of thef  nuclei are evident, and nuclei contain single or evenr
double clefts. P stain, ×1000

a b

Variability of cellularf aggregationr  pattern
Papillary fragments
Psammoma bodies
Multinucleated cells
Squamoid appearance of cellsf
Occasional “giant” nuclei
Thick colloidk
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detected in a minor proportionr of casesf [75,78] and
they are pathognomonic of papillaryf  carcinoma onlya if
cells of thef  covering epithelium showm the characteristic
and above-described nuclear changesr  (Fig. 3.21). Two-
dimensional aggregatesl are characteristic although not
pathognomonic of papillaryf carcinoma anda  occur muchr
more frequently than papillary fragments; due to their
structure, they represent thet  site of choicef  for initiallyr
searching for ther subtle nuclear changesr  of thef  tumor
(Fig. 3.22) [71,75,78]. Psammoma bodies are not
commonly encountered and by no means can be
considered a specific feature of papillaryf  carcinoma.
Additional findings are occasional giant nucleit (their
size reaching 3–5×RBC) within epithelial aggregates
or inr  isolated elements (Fig. 3.23) and peculiar multi-

nucleated cellsd (Fig. 3.24) similar tor those found in
some cases of activef  thyroiditis and in FNB samples of
medullary carcinoma. Finally, a squamoid appearanced ,
in which the cells have a peculiara  polygonalr or spindle-r
like shape, a denselya  hyperchromatic nucleus, as well
as a homogeneous and eosinophilic cytoplasm with
sharp cellular borders,r  is especially evident int  two-
dimensional aggregates (Fig. 3.25) [75].

The cytological picture is highly variable in terms
of backgroundf  features, cellularity, cellular aggrega-r
tion pattern, and type of ancillaryf  cell components.
This variability reflects the diversity of histologicalf
variants of papillaryf carcinoma. Basically, two main
variants are encountered in common daily practice,
namely, the “usual” and the “follicular” variant.

Fig. 3.20 Prominent nucleart  inclusionsr are seen in several cells.
P stain, ×1000

Fig. 3.21 A complex papillary aggregate with a connective-
tissue stalk. P stain, ×100

Fig. 3.22 A characteristic two-dimensional cellular aggregater
containing nuclear groovesr  (blue arrow) and a nuclear inclusionr
(white arrow). P stain, ×400

Fig. 3.23 Giant nucleit  are found in some cells. P stain, ×1000
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Papillary Carcinoma, “Usual” Variant

• Background: blood and stromal fragments, sparse
colloid, and deposits of “thick”f  colloid in the back-
ground, moderate to abundant cellularity.t

• Aggregation pattern: variable (two-dimensional,
follicular, three-dimensional) in different fields
(Fig. 3.26).

• Cells morphology: polygonal to oval to round cells
(best observedt within two-dimensional aggregates)
with pinkish (in smears stained using the May
Grünwald Giemsa method) or gray-green (in
Papanicolaou-stained smears) cytoplasm having a
distinct externalt outline (Fig. 3.22).

• Nuclear morphology: enlarged nuclei (size
>2×RBC), with a round to elongated shape and
external-membrane thickening; also, partial or
complete clefts, finely granular (“powdery”)r chro-
matin with small chromocenters, small and eccen-
trically placed nucleoli, single or multipler nuclear
inclusions of variablef  size containing a matrix that
shows the same tinctorial features as the cytoplasm
(Figs. 3.19, 3.20).

• Inconsistent features: papillary aggregates
(Fig. 3.21), psammoma bodies within the back-
ground or embedded within cellular aggregates,
squamoid appearance of thef  cells (Fig. 3.25), multi-
nucleated cells (Fig. 3.24), histiocytes containing
hemosiderin pigment granules.t

The cytological diagnosis of thef classical variant oft
papillary carcinoma is easily accomplished if the

specific nuclear changesr can be detected in a signifi-
cant proportion of cellsf in adjunct to other features,
including abundant cellularity with a significant
component oft two-dimensionalf  cellular aggregates,r the
frequent squamoidt  appearance of thef cells, as well as
multinucleated cells and “thick” colloid in the back-
ground. The variability of the cytological picture
reflects the intrinsic variability of thef  tumor itself
in each case, since in the “usual” variant areas of

Fig. 3.24 A large multinucleated cell and an aggregate of elon-f
gated epithelioid cells are seen. P stain, ×400

Fig. 3.25 Tumor cellsr sometimes appear elongatedr  and with an
eosinophilic cytoplasm, thus resembling squamous cells. P stain,
×400

Fig. 3.26 A variable aggregation pattern is a characteristic and
peculiar findingr  in FNB smears of papillaryf carcinoma. Some
aggregates are three-dimensional and follicularly patterned
(yellow arrows), while others have a papillary (red arrowsd ) or
two-dimensional (green arrows) configuration
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classical papillary growth alternate with areas having
either ar solid, syncytial, or trabecularr appearancer or ar
minor componentr  witht a follicular patternr  of growth.f

An essential diagnostic requirement is detection of
the nuclear changesr that are specific to papillary carci-
noma, listed in Table 3.3. These alterations can
occasionally be seen also in benign conditions
including diffuse hyperplasia (Graves’ disease) and
Hashimoto’s thyroiditis [79,80]. A somewhat similar
nuclear clearing can also result from a technical arti-
fact, due to improper smearing, excessive dehydration
before fixation, high temperature (bullous transforma-
tion of nucleif or “pseudo”-pseudonuclear inclusions)
[79]. If technicalf artifacts can be ruled out, the detec-
tion of nuclearf clefts and pseudoinclusions should be
evaluated using a semi-quantitative approach. Yang
and Demirci, 2003 [81], provided several key sugges-
tions regarding the reading of these changes in
FNB smears that have contributed significantly to
increasing the reproducibility of interpretationf among
observers. The diagnostic algorithm is illustrated in
Figure 3.27. Samples should be evaluated at high
microscopic power in at least five representative
fields, focusing attention on those areas where nuclear
changes occur most frequently. Nuclear clefts are
classified as occurring in >20%, in 10–19%, and in
<10% of cells.f  In the first case, a concomitant detec-
tion of nuclearf  inclusions provides a reliable basis
for a conclusive diagnosis of papillaryf  carcinoma;
the absence of inclusionsf  justifies a more prudent

diagnosis of “suspiciousf for carcinoma” (category 4,
NCI, 2008). If thef incidence of nuclearf clefts ranges
between 10 and 19% of thef cells, the sample should
be evaluated for the possible concomitant presence of
nuclear inclusions and/or an extent of nuclearf enlarge-
ment >2×RBC. Detection of thef former definitely
favors the diagnosis of papillaryf  carcinoma. If nuclearf
inclusions are not detected but nuclear enlargement is
evident, a clear-cut suspicion of carcinomaf  should be
recorded (category 4, NCI, 2008). The lack of bothf
these ancillary criteria supports the diagnosis of follic-f
ular lesion of indeterminatef significance. This diag-
nostic formulation is to be used if nuclearf  clefts are
detected in <10% of cells.f  Finally, nuclear inclusions
may happen to be detected in the absence of nuclearf
clefts: this may reflect incomplete sampling of af
papillary carcinoma, or a diagnosis of eitherf  hyalin-
izing trabecular adenoma or medullary carcinoma.
Basically, if nof  other hints to a specific diagnosis are
available, then the cytological picture is inconclusive
and should prompt a repeat biopsy. Yang and
Demirci, 2003 [81], showed that the detection of
nuclear clefts in amounts >20% and between 10 and
19% occurred, respectively, in 65 and 35% of theirf
cases of papillaryf  carcinoma. No malignant case fell
into the category of samplesf showing nuclear clefts
in a proportion <10% of cells. It was therefore
concluded that the detection of nuclearf  clefts in a
proportion of cellsf >20% bears a 65% positive predic-
tive value for papillary carcinoma.

Fig. 3.27 Suggested decision tree
based on the amount oft  nuclearf
grooves and the presence nuclear
inclusions in FNB smears of papil-f
lary carcinoma. Adapted from Yang
and Demirci, 2003 [81]. HTA,
hyalinizing trabecular adenoma;r
MC, medullary carcinoma
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Follicular Variant of Papillaryf  Carcinoma

• Background: blood and stromal fragments, with no
colloid (or accumulationsr  of “thick”f  colloid incon-
sistently found).

• Cellularity: moderate to abundant.
• Aggregation pattern: branching two-to three-

dimensional microfollicular aggregatesr  (Fig. 3.28a,b)
possibly containing a basophilic “colloid ball”
(Fig. 3.28c), three-dimensional follicularly patterned
clusters highly similar tor what ist seen in follicular

proliferation/neoplasm, or dissociated microfolli-
cles (Fig. 3.28d).

• Cellular features: cell size larger than that of
normal follicular cells,r with a round to oval shape
and a small amount oft  cytoplasm.f

• Nuclear features:r enlarged and elongated nuclei
(>2×RBC), with clear chromatinr and a thicka  nucleark
membrane as a common but inconsistent feature
(Fig. 3.29a); nuclear cleftsr and nuclear inclusionsr
only in about two-thirds and one-third of cases,f
respectively (Fig. 3.29b).

Fig. 3.28 a Aggregate with a two-dimensional follicular configuration.r May Grünwald Giemsa stain, ×200. b Aggregate with a
three-dimensional follicular configuration.r  May Grünwald Giemsa stain, ×200. c Some microfollicular structuresr  contain basophilic
colloid “balls” (arrows). May Grünwald Giemsa stain, ×480. d Low-power viewr of af  FNB smear showingr  a myriad of dissociatedf
microfollicular structuresr  or singler  cells, ×200. May Grünwald Giemsa stain, ×40

a b

c d
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The follicular variant of papillaryf  carcinoma is
characterized by a scarcity of diagnostic nuclear
changes and a particular cell pattern of follicular
aggregation of thef  cells [82–87]. Both these features
can prevent thet tumor fromr  being correctly diagnosed
and instead interpreted as a follicular lesionr of indeter-f
minate significance or as a follicular proliferation/
neoplasm. Repeat biopsyt  is generally useful in these
cases to disclose the distinctive diagnostic nuclear
features of papillaryf carcinoma, which are usually
unevenly distributed within the smear andr  better seenr
in highly cellular samples.r

Rare Variants

Papillary carcinoma hasa a highlya  variable histopatho-
logical appearance; in fact, while several variants have
been reported their cytopathological appearance is
poorly described in the medical literature due to the
rarity of thef  cases and the correspondingly limited
number ofr reports.f  The only two variants that needt tod  be
mentioned here are the tall cell and the columnar cellr

types. FNB samples from tumorsm  of thef tall celll variantl
comprise a populationa  of cellsf  whose length is more
than twice their widthr and their cytoplasmr maym stain
intensely eosinophilic so as to simulate a Hürthlea cell
tumor [88].r  Cytological evaluation of samplesf of thef
columnar cellr variantl shows highly elongated cells
lacking any oxyphilic changes of thef  cytoplasm [89].m

The Clinically Occult Papillary Carcinoma

Sometimes, the clinical onset oft  papillaryf  carcinoma is
marked by the enlargement oft  af  single lymph node in
the neck andk the tumor isr  clinically occult. FNB unex-
pectedly discloses the characteristic cytological find-
ings of metastaticf  papillary carcinoma and the tumor isr
eventually found at ultrasound examination, perhaps
only with difficulty due to its small size. The
metastatic lymph node can also appear as a cystic
lesion and the patient generallyt  reports a rapida  enlarge-
ment of thef lesion [90,91]. These “cysts” are often
located in sites that would be atypical for lateral
branchial cleft cystst and should raise a high index of

Fig. 3.29 a Nuclei in microfollicular aggregates show a finely granular chromatin with occasional small nucleoli and a thick
nuclear membrane.r P stain, ×800. b Nuclear groovesr  (blue arrows) and nuclear inclusionsr  (green arrow) are rarely found. Note the
presence of af  basophilic colloid “ball” (red arrowd ). May Grünwald Giemsa stain, ×2000

a b
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clinical suspicion. It is important to remember that
cytological evaluation of thef  cystic content mayt  often
show only a meager cellular content consisting of
histiocytes and cytoplasmic debris. The patient shouldt
be asked to present fort ar  repeat aspirationt  if thef lesion
reappears, which generally occurs within hours to a
few days after the first evacuation of thef  cyst. The
second aspiration inevitably provides an abundant
cellular sampler  and the definitive diagnosis of cysticf
metastasis of papillaryf  carcinoma is easily obtained.

3.8.3.2 Poorly Differentiated Follicular
(“Insular”) Carcinoma

• Background: blood and stromal fragments, no
colloid, with possible necrotic debris.

• Cellularity: moderate to abundant (Fig.t  3.30a).
• Cell types present: follicular thyrocytes with

enlarged nuclei, a coarsely granular chromatinr with
occasional prominent nucleoli, no clefts or

pseudonucleoli, and sparse or barely discernible
cytoplasm (Fig. 3.30b), and possibly histiocytes
with hemosiderin granules or ar foamy cytoplasm.

• Aggregation pattern: microfollicular structuresr with
a great tendencyt  to cellular non-cohesion.r

Poorly differentiated follicular carcinomar can occur
as a single nodular tumefactionr  or asr a diffuse enlarge-
ment of anf  entire thyroid lobe. Patients tend to be
elderly and they report a rapid enlargement of thef
lesion. The diagnosis of malignancyf  is straightforward
due to the lesion’s high cellularity and cellular atypia.r
The most prominentt findingt is the great tendencyt  of
cells to non-cohesion [92].

3.8.3.3 Poorly Differentiated Hürthle Cell
Carcinoma

• Background: blood and stromal fragments, no
colloid with possible necrotic debris.

• Cellularity: moderate to abundant.

Fig. 3.30 a Low-power viewr showing abundant cellularityt in
the FNB sample; cells are detected in follicular aggregatesr or asr
isolated single elements. P stain, ×200. b High-power view
showing medium-sized cells characterized by round nuclei
containing a coarsely granular chromatin and little or barely
discernible cytoplasm. P stain, ×400. c A stromal fragment witht
entrapped large and pleomorphic Hürthle cells characterized by
abundant cytoplasm, a large nucleus, and sometimes a large
prominent nucleolus.t Compare the size of thesef cells with that oft
normal thyrocytes seen in the upper rightr portiont  of thef  image. P
stain, ×400

a

b

c
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• Cell typesl  present: large and pleomorphic Hürthle
cells with abundant cytoplasm,t  a large nucleus with
a coarsely granular cytoplasm,r and a large promi-
nent nucleolust  (Fig. 3.30c).

• Aggregation pattern: syncytial-like three-dimen-
sional aggregates or non-cohesiver cells.

Poorly differentiated Hürthle cell carcinoma is a
rare and rather aggressive malignancy occurring in
adults in middle age and in the elderly [31]. The most
prominent findingt in FNB smears is a great pleomor-t
phism of tumorf cellsr  [93]. The differential diagnosis
includes medullary carcinoma and anaplastic cell
carcinoma (see below).

3.8.3.4 Medullary Carcinoma

• Background features:d blood with no colloid and
few if any histiocytes; occasionally with
eosinophilic ground substance (amyloid).

• Cellularity: moderate to abundant.
• Aggregation pattern: great tendency to cellular

dissociation, with the detection of clustersf of fewf
cells.

• Cell features: intermediate to large size, round,
oval, or elongatedr to spindled shape with marked
cellular pleomorphism (Fig. 3.31a); green or
grayish, granular cytoplasm in Papanicolaou-
stained preparations (Fig. 3.31b), blue to metachro-
matic in smears stained with the May Grünwald
Giemsa method (Fig. 3.31c) with possible detection
of intenselyf red (“magenta”) granules (Fig. 3.31d).

• Nuclei: round (Fig. 3.31c,e) to elongated
(Fig. 3.31a), centrally or eccentricallyr placed, in the
latter case giving the cell a plasmacytoid appear-
ance (Fig. 3.31a, arrow); finely granular chromatinr
with a “salt andt  pepper” appearance (Fig. 3.31e) or
coarsely granular with occasional prominent
nucleoli; pseudonucleoli (i.e., nuclear cytoplasmicr
inclusions) as a frequent finding (Fig. 3.31c) but
rare or absentr nucleart grooves.r

The cytomorphology of medullaryf carcinoma in
FNB smears is variable [94–96] and reflects the
diverse histopathological appearance of thisf tumor inr
surgical pathology. As a caveat, the FNB diagnosis of
medullary carcinoma should not bet  released without
laboratory confirmation of anf increased calcitonin titer
in the serum. The differential diagnosis includes

Hürthle cell tumors (which show a higher degreer of
atypia and a homogeneous, not granular,t  cytoplasm),
some papillary carcinoma variants (which show abun-
dant nuclear grooves and few or any nuclear inclu-
sions), metastatic neuroendocrine carcinoma, and
intrathyroid parathyroid tumors. Since the latter mayr
be indistinguishable from medullary carcinoma (see
below), the distinction is based on proper correlationr
with clinical findings as well as imaging and labora-
tory data.

3.8.3.5 Anaplastic Carcinoma

• Background: necrotic cellular debris,r with inflam-
matory cells (possibility of an “abscess-like”
sample), and stromal fragments.

• Cellularity: variable in amount, with possible acel-
lular samples.r

• Cell features:l intermediate to large size, epithelioid,
spindled, or bizarrer  shape (Fig. 3.32a,b) and bright
eosinophilic squamoid cytoplasm (squamous-cell-
like variant, Fig. 3.32c) or clear cytoplasm with
possible lymphophagocytosis (“emperipolesis”),
possibility of af  biphasic population of spindlef cells
and giant multinucleatedt  cells (Fig. 3.32d).

• Nuclei: large size with possible bizarre shape,
large and prominent nucleoli, multinucleation
(Fig. 3.32a–d).

The diagnosis of anaplasticf carcinoma is easy when
highly pleomorphic and bizarre cells are observed in
the smear [41–97], but in about half thef cases the
sample can be completely acellular or necrotic, with
sparse inflammatory cells, thus preventing a conclu-
sive diagnosis. Such samples are due to the extensive
fibrosis or the necrosis and inflammation that can
occur within the tumor as a consequence of itsf  active
growth. The patient frequently reports a rapidly
enlarging tumor mass, and a stone-hard neck mass is
palpated. If thef  sample is indeed necrotic or “abscess-
like,” the differential diagnosis should include suppu-
rative thyroiditis or necrotic de Quervain’s thyroiditis.
However, since these disease entities are not likely to
cause the dramatic symptomatology, then, especially
when the clinical evidence is contradictory, a repeat
FNB sampling of thef tumor should be done to acquire
a more representative cellular yield. A repeat biopsy
commonly allows proper documentation of the
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diagnosis, which is of paramountf importance in these
patients to permit palliative treatment without surgical
intervention. The differential diagnosis of anaplasticf
carcinoma from the FNB sample should always
include intrathyroid metastatic malignancies, i.e.,
carcinomas primary in the lung and pancreas (large-
cell anaplastic variants), the kidney (clear-cell

variants), or the aerodigestive tract (squamous-cell-
like variants), and amelanotic malignant melanoma.
The clinical onset of anaplasticf  carcinoma of thef
thyroid can be also characterized by the appearance of
a metastatic tumor massr in the viscera (especially lung
and liver) or bone, thus simulating a tumor primary in
these sites.

Fig. 3.31 a Loosely cohesive spindle cells of mediumf  size with
elongated nuclei containing a coarsely granular chromatin;r  the
arrow indicates a cell with a definite plasma cell-like appear-
ance. P stain, ×400. b The cytoplasm is green or grayishr  and
granular inr  P-stained preparations; ×1000. c Sometimes the cells
are large or polygonal,r  with an oncocytoid appearance; in prepa-
rations stained by the May Grünwald Giemsa method their cyto-r
plasm contains red or metachromaticr granules. Note the pres-
ence of severalf  nuclear inclusionsr but not  nuclear clefts;r ×400.
d The arrows indicate minute cytoplasmic intensely red
(“magenta”) granules within the cytoplasm ofm thesef polygonal or
round oncocytoid cells. May Grünwald Giemsa stain, ×1000.
e Cells are non-cohesive and have a plasma-cell-like configura-
tion; the chromatin has a finely granular (“saltr andt pepper”) or
coarsely granular texture.r P stain, ×400

a b

c d
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3.8.3.6 Intrathyroid Parathyroid Tumors

• Background features:d blood with an amorphous
proteinaceous ground substance (no colloid and
few, if any,f  histiocytes).

• Cellularity: moderate to abundant (Fig.t  3.33a).
• Aggregation pattern: variable, with large, tight

three-dimensional clusters, sheets, and syncytia,
trabeculae, rare microfollicles (Fig. 3.33a,b), and a
strong tendency to cellular dissociation,r  resulting in
bare nuclei (Fig. 3.33b).

• Cell features:l mostly medium sized cells, round to
oval to polygonal in shape; occasionally elongated
and somewhat spindle-shaped; abundant eosino-
philic but also amphophilic and clear cytoplasm
(Fig. 3.33b).

• Nuclei: generally round in shape with slight
pleomorphism; sometimes eccentrically placed
(Fig. 3.33b), finely granular chromatinr  with small
occasional nucleoli, rare multinucleation, occasional
pseudonucleoli (intranuclear cytoplasmicr inclusion),
nuclear groovesr  always absent (Fig.t 3.33c).

On FNB cytology, intrathyroid parathyroid lesions
may be confused with several cytomorphological look-
alikes of thyroidf  neoplasms [98–101], thus posing true
diagnostic challenges especially in the absence of
overt hyperparathyroidism.t The differential diagnosis
includes medullary carcinoma, and Hürthle cell or
follicular cell tumors. Careful evaluation of thef  cell
size, the complexity of thef  cellular arrangement,r with a
rich capillary component andt abundantd  monomorphict

a

c d

Fig. 3.32 a Large polygonal or elongatedr  cells with pleomorphic nuclei are a characteristic finding in FNB samples of anaplasticf
thyroid carcinoma. May Grünwald Giemsa stain, ×400. b Large elongated to spindle cells with occasional multinucleation; note an
atypical mitotic figure in one of thef  elements. P stain, ×400. c Cells sometimes have an eosinophilic cytoplasm and contain hyper-
chromatic nuclei, thus resembling atypical squamous cells. Coagulative necrosis is also prominent int  this field. P stain, ×400. d A
biphasic population of spindlef  cells and giant multinucleatedt cells. P stain, ×200
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bare nuclei, and the concomitant presence of onco-f
cytoid and clear cellsr  can help exclude the possibility
of the above-listed tumor entities. Nonetheless, a
prudent correlationt with clinical findings, in particular
increased titers of parathyroidf  hormone in the serum
and hypercalcemia, is sometimes the only basis for ar
conclusive diagnosis. FNB cytological findings cannot
provide any conclusive preoperative data regardinga  the
lesion’s malignant behavior since the distinction
of benignf lesions of thef parathyroid from those that
are well-differentiated carcinoma is practically im-
possible.

3.8.3.7 Metastatic Malignancies and Malignant
Lymphoma

The thyroid, as already mentioned, may be the site of
involvement of epithelialf  malignancies that originate

in various primary sites (mainly the lower respiratory
tract and kidney); this generally happens in the setting
of widespread metastatic dissemination. Indeed,
the tumor that most commonly involves the thyroid
even at an early stage of thef  disease is malignant
melanoma [31], including of thef uveal tract [102].
The main differential diagnoses in FNB thyroid
samples are medullary carcinoma and anaplastic
carcinoma, especially the spindle and epithelioid cell
variants. Due to the protean morphology of melanomaf
cells, the correct diagnosis can be difficult to achieve,
especially when careful inspection of thef FNB sample
fails to demonstrate melanin granules in the cyto-
plasm. Malignant lymphoma primarily involving
the thyroid generally manifests as a high-grade
tumor composed of largef  cells. The FNB sample is
characterized by the presence of lymphoglandularf
bodies in the background and the lack of thyroidf
follicular cells.

Fig. 3.33 a Abundant cellularityt  consisting of cohesivef  cells in
three-dimensional clusters or non-cohesiver  cells. P stain, ×100.
b Cells are medium-sized and round to polygonal in shape. They
have an abundant cytoplasm which may look eosinophilic or
clear; round bare nuclei are abundant int  the background. P stain,
×450. c Distinct nucleart  vacuolesr  are sometimes seen in parathy-
roid tumor cells.r P stain, ×1000
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4.1 Introduction

Fine-needle biopsy (FNB) is a convenienta andt reliabled
first-line diagnostic procedure for ther  investigation of
superficial and deep seated lymphadenopathies. Its
application can vary according to the clinical context,
the age of thef  patient, and thed  anatomic site of thef  lesion
[1–3]. Morphological assessment oft thef  cellular sampler
serves as the basis for identifyingr several inflammatory
conditions of thef lymph nodes, as well as most high-t
grade lymphoid malignancies and non-lymphoid
metastatic tumors, but itt hast significant limitationst in the
study of low-gradef  lymphomas as it doest  not allowt  their
differentiation from severalm  reactive conditions [4–7].
However, this limitation can be overcome by the use of
ancillary laboratory techniques in FNBn samples, as these
often reveal important immunophenotypict and biomole-d
cular informationr  that assistst in obtaining a definitivea
diagnosis. Finally, a tissuea incisional biopsy, using
cutting needles, can be performed ind  parallel with FNB
sampling of thef  lymph node. This approach may add
relevant morphologicalt data toa the cytological evalua-
tion as well as provide a significanta amountt oft  cellularf
sample for ancillaryr  techniques.

FNB sampling is easily accomplished in experi-
enced hands. The procedure is very well-tolerated by
the patient; it is virtually risk-free, inexpensive,
simple, and immediately repeatable if required.f The
main practical limitation is that thet diagnostic yield is
strongly operator-dependent, which influences the use
of FNBf  in clinical practice. In addition, interpretation
of thef cellular sampler requires considerable expertise
and an extensive knowledge of thef histopathology of
lymphoid lesions. Both these factors represent signifi-t
cant potentialt  disadvantages that, in practice, narrow
the wider user of FNBf  [4,5,8].

4.2 Histological vs. Cytological
Approach to Lymphoid Lesions

The conventional histopathological approach to the
morphological analysis of lymph node lesions
consists of: (1) evaluation of possiblef effacement
of lymphf  node structure, (2) morphological recogni-
tion of thef  lymph node’s cellular components, with
their relative quantification, and (3) identification of
the cellular distribution within the different lymph
node compartments. These steps serve as the basis for
the conventional tissue diagnosis of lymphoidf malig-
nancies and for planning additional studies, if
required, for further evaluation and diagnostic confir-
mation. It is important to point out that the cytological
evaluation of af  lymph node cellular sample collected
by FNB and smeared onto a slide cannot provide
the same data as the conventional approach, because it
is not possible to determine the actual structure
of the lymph node. Also, the cellular population
is not representative of allf  the cellular components
present within the sampled lymph node, nor is it
possible to define the location of each cellular
component within the different lymph node compart-
ments because they are haphazardly mixed on the
smear. Since the cellular population of most
lymphomas of low-gradef malignancy is qualitatively
the same as that seen in reactive conditions, a defini-
tive diagnosis of lymphomasf of thisf type is practically
not feasible by FNB alone. Instead, the diagnosis of
malignant lymphoma should rely on non-morpholog-
ical criteria, such as the monoclonality of thef cell
population and/or peculiar chromosomal transloca-
tions, both of whichf can be determined by ancillary
techniques [9–22].

Nonetheless, FNB allows examination of thef fine
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morphology of allf  the cells in cytological smears
prepared from representative samples of lymphoidf
proliferations, with prompt andt  precise identification
of eachf cellular component within the harvest. This
offers an advantage in that a definitive diagnosis of
high-grade non-Hodgkin’s lymphomas and several
variants of Hodgkin’sf  lymphoma can be made by FNB
sampling [12–14]. These latter malignanciesr  are char-
acterized by an abnormal prevalence of largef cells or

the presence of peculiarf cellr  types, such as Reed-Stern-
berg cells, which are not seen in reactive lymphoid
proliferations. Concurrent microhistologicalt sampling
of thef  lesional lymph node can amplify the diagnostic
yield of thef procedure and provides an invaluable
opportunity to perform ancillary studies [23]. Table
4.1 summarizes the main lymphoma variants
according to the 2008 World Health Organization
(WHO) classification [24].

Table 4.1 2008 WHO classification of lymphomasf  [24]

Precursor lymphoidr neoplasmsd

B lymphoblastic leukemia/lymphoma NOS
B lymphoblastic leukemia/lymphoma with recurrent genetict

abnormalities
B lymphoblastic leukemia/lymphoma with t(9;22); bcr-abl1
B lymphoblastic leukemia/lymphoma with t(v;11q23); MLL

rearranged
B lymphoblastic leukemia/lymphoma with t(12:21); TEL-

AML1 & ETV6-RUNX1
B lymphoblastic leukemia/lymphoma with hyperploidy
B lymphoblastic leukemia/lymphoma with hypodiploidy
B lymphoblastic leukemia/lymphoma with t(5;14); IL3-IGH
B lymphoblastic leukemia/lymphoma with t(1;19); E2A-PBX1

& TCF3-PBX1
T lymphoblastic leukemia/lymphoma

Mature B-cell neoplasmsl

Chronic lymphocytic leukemia/small lymphocytic lymphoma
B-cell prolymphocytic leukemia
Splenic marginal zone lymphoma
Hairy cell leukemia
Lymphoplasmacytic lymphoma/Waldenstrom
macroglobulinemia
Heavy-chain disease
Plasma cell myeloma
Solitary plasmacytoma of bonef
Extraosseous plasmacytoma
Extranodal marginal zone B-cell lymphoma of mucosa-f

associated lymphoid tissue (MALT) type
Nodal marginal zone lymphoma
Follicular lymphomar
Primary cutaneous follicular lymphomar
Mantle cell lymphoma
Diffuse large B-cell lymphoma, NOS

(T-cell/histiocyte-rich type; primary CNS type ; primary
leg-skin type & Epstein-Barr virus+r elderly type)

Diffuse large B-cell lymphoma with chronic inflammation
Lymphomatoid granulomatosis
Primary mediastinal large B-cell lymphoma
Intravascular larger  B-cell lymphoma
ALK+ large B-cell lymphoma
Plasmablastic lymphoma
Large B-cell lymphoma associated with HHV8 + Castleman

disease
Primary effusion lymphoma
Burkitt’s lymphoma
B-cell lymphoma, unclassifiable, Burkitt-like
B-cell lymphoma, unclassifiable, Hodgkin’s lymphoma-like

Mature T-cell andl naturald killerl  (NK)-cellr  neoplasmsl

T-cell prolymphocytic leukemia
T-cell large granular lymphocyticr  leukemia
Chronic lymphoproliferative disorder ofr NKf  cellsK
Aggressive NK-cell leukemia
Systemic Epstein-Barr virusr  + T-cell lymphoproliferative

disorder ofr  childhoodf
Hydroa-vacciniforme-like lymphoma
Adult T-cellt  lymphoma/leukemia
Extranodal T-cell/NK-cell lymphoma, nasal type
Enteropathy-associated T-cell lymphoma
Hepatosplenic T-cell lymphoma
Subcutaneous panniculitis-like T-cell lymphoma
Mycosis fungoides
Sézary syndrome
Primary cutaneous CD30+ T-cell lymphoproliferative disorder
Primary cutaneous γδ-T-cell lymphoma
Peripheral T-cell lymphoma, NOS
Angioimmunoblastic T-cell lymphoma
Anaplastic large-cell lymphoma, ALK+-type
Anaplastic large-cell lymphoma, ALK-type

Hodgkin’s lymphoma (Hodgkin’s disease)

Nodular lymphocyte-predominantr  Hodgkin’st  lymphomas
Classic Hodgkin’s lymphomas
Nodular sclerosisr Hodgkin’s lymphoma
Lymphocyte-rich classic Hodgkin’s lymphoma
Mixed cellularity Hodgkin’s lymphoma
Lymphocyte depletion Hodgkin’s lymphoma

Post-transplant lymphoproliferativet  disorders (PTLD)

Plasmacytic hyperplasia
Infectious-mononucleosis-like PTLD
Polymorphic PTLD
Monomorphic PTLD (B- and T-/NK-cell types)
Classic Hodgkin’s Disease-type PTLD

Histiocytic and dendriticd  cell neoplasmsl

Histiocytic sarcoma
Langerhans cell histiocytosis
Langerhans cell sarcoma
Interdigitating dendritic cell sarcoma
Follicular dendriticr cell sarcoma
Fibroblastic reticular cellr tumor
Indeterminate dendritic cell sarcoma
Disseminated juvenile xanthogranuloma
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4.3 Indications for Fine-Needle Biopsy
of Lymphf  Nodes

The use of FNBf  in the diagnostic work up of af
lymphadenopathy is variable according to the clinical
scenario and the diagnostic expectations. It can
serve as a first-line screening test aimed simply at
assessing whether lymphr node enlargement ist  due to a
lymphoid proliferation or a metastatic malignancy.
While FNB is not expected to provide a conclusive
diagnosis, it is used to support further clinical and
pathological assessment. At the opposite end of
the spectrum, and keeping a higher profile,r  FNB may
be used to provide a conclusive diagnosis in the
context oft therapeuticf decision-making; for example,r
in the evaluation of af  deep-seated lymph node enlarge-
ment int  a patient whot presents in poor conditionr  such
that thet  use of anyf alternative diagnostically invasive
procedure is contraindicated. In such cases, FNB is
often complemented by microhistological core-needle
biopsy (CNB) sampling of thef  lymph node.

Based on these considerations, the indications for
lymph-node FNB are the following:
• Diagnosis of inflammatoryf  granulomatous condi-

tions or acuter inflammation.
• Staging of malignantf  lymphomat (when the disease

has been already diagnosed by means of af  conven-
tional excisional biopsy).

• Diagnosis of lymphomaf  relapse.
• Primary diagnosis of malignant lymphoma in

patients with rapidly progressive disease (high-
grade lymphoma) or deep-seatedr  and poorly acces-
sible lymph node involvement, especially in
patients in poor clinicalr  condition [25].

• Diagnosis of lymphf node involvement by non-
lymphoid metastatic malignancies (see Chapter 5).r

4.4 Evaluation of thef  Cellular Sample

4.4.1 Cellularity

The cellularity should be first evaluatedt  microscopi-
cally at a low power view. FNB sampling of anf
enlarged lymph node that is the site of af  lymphoid
proliferation, whether benignr or malignant,r  generally
yields a highly cellular harvest. Sparse cellularity
can be due to intranodal sclerosis, necrosis, or
blood contamination and contraindicates any further

assessment; instead, a repeat biopsy should be
performed to obtain a more representative sample.
Intranodal sclerosis can occur in some variants of
malignant lymphoma as well as in metastatic carci-
noma. Coagulative necrosis can develop in granulo-
matous inflammation or as a consequence of lymphf
node infarction, the latter beingr  a common complica-
tion of somef  high-grade lymphomas. Blood contami-
nation is often seen in inguinal lymph nodes and is due
to vascular transformationr of thef sinuses.

4.4.2 Lymphoglandular Bodiesr

The detection of lymphoglandularf bodiesr  in the smear
is required to establish that the sample has been
obtained from a lymphoid organ. Lymphoglandular
bodies consist oft  fragmentsf  of thef cytoplasmic content
of lymphoidf cells and are totally delimited by a plasmaa
membrane (Fig. 4.1). They are characterized by a
globular mophology and their size is less than the
diameter ofr af  red blood cell. It shouldt be noted that
similar structures can be observed in samples from
small-cell carcinoma of thef  lung and from metastatic
seminoma [26].

4.4.3 Identification of Cellf  Typel

Examining the smear atr  ant  intermediate magnification
allows lymphoid cells and non-lymphoid ancillary

Fig. 4.1 High-magnification view of lymphoglandularf bodiesr
(blue arrows), which appear asr  globoid structures interspersed in
the background among red blood cells and lymphocytes. Papan-
icolaou (P) stain, ×1000
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elements to be identified. The latter representr ant  inte-
gral part oft thef lymph node parenchyma. All of thef  cell
types that mayt be recognizable in a cytological smear
are listed in Table 4.2. Lymphoid cells are very well
visualized in ethanol-fixed smear preparationsr stained
according to the Papanicolaou method, and cytomor-
phology correlates well with the appearance of cellsf in
paraffin tissue sections. Conversely, the morphology
of cellsf in air-dried smears stained according to the
May Grünwald Giemsa method correlates poorly with
the appearance of thef  same cells in routine histopatho-
logical preparations. Based on these considerations,
Papanicolaou staining of ethanol-fixed smears is
considered to provide better insight into the
cytopathology of lymphomasf  and is preferred over ther
May Grünwald Giemsa method. Lymphoid cells
commonly appear as dispersed and non-cohesive,
although there may be a sorta  oft pseudoaggregationf  (see
below). Non-lymphoid cellsd consist oft  thef supportive
stromal components of eachf lymph node compartment
and several elements appearing in inflammatory or
regressive conditions. The third cellular component
that mayt be detected in a FNB lymph node sample is

the so-called alien cellular populationr and is due to
lymph node colonization by a metastatic malignancy.
The approach to metastatic malignancies appearing in
lymph nodes and in other anatomic sites, such as
viscera and soft tissues, is beyond the scope of thisf
chapter butr  ist  described elsewhere in this book.

4.4.3.1 Lymphoid Cells

A smear ofr thef lymph node sample obtained by FNB
allows for ther identification of af  large variety of cellf
types of lymphoidf  lineage, most of whichf  are seen
both in reactive conditions and in various malignant
non-Hodgkin’s lymphomas of thef  “low grade” cate-
gory (Table 4.2). Since only a minority of cellf types
appears exclusively in malignant lymphomas, such
cells represent the key diagnostic feature of thesef
malignancies. Table 4.3 schematically outlines the
main features distinguishing the large majority of thef
elements of lymphoidf lineage in Papanicolaou-stained
smears. The approach to classification is based
on the evaluation of thef size of thef  cells and on the

Table 4.2 Cell types of thef  lymph node

Cell types seen in reactive and neoplastic conditions Cell types seen only in neoplastic conditions

Cortical compartmentl Burkitt-type blastic B-cells
Small B lymphocytes, lymphoplasmacytoid B-lymphocytes, plasma cells Reed-Sternberg and Hodgkin’s cells
Follicular centerr  cells:r centrocytes, centroblasts, immunoblasts Pleomorphic and anaplastic T-cells
Tingible-body histiocytes B- and T-lymphoblasts
Follicular dendriticr cells
Intrafollicular smallr  T-lymphocytes
Mantle zone lymphocytes
Marginal zone lymphocytes (spleen)

Paracortical compartmentl
Small T-lymphocytes
Histiocytes (including epithelioid and multi-nucleated histiocytes)
Small B lymphocytes, lymphoplasmacytoid B-lymphocytes, plasma cells
Langerhans’ cells
Endothelial cells
Plasmacytoid monocytes

Medullary compartment
Small T-lymphocytes
Histiocytes (including epithelioid and multi-nucleated histiocytes)
Endothelial cells
Mast cellst
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Table 4.3 Main morphologic features distinguishing the large majority of thef  elements of lymphoidf  lineage
in Papanicolaou-stained smears

Cell type Size (fold difference Morphological features Corresponding cell type
with the diameter
of af  RBC)

Small 1.2–1.5 Small nucleus, round nuclear outline,r Small B-lymphocyte
lymphocyte dense chromatin, no nucleoli, sparse Small T-lymphocyte

or minimalr cytoplasm

Small centrocyte 1.5–2.0 Small nucleus, irregular nuclearr Follicular centerr  smallr  centrocyte,
and centrocyte- profile (cleaved), dense chromatin, mantle zone lymphocyte,
like cells no nucleoli, sparse cytoplasm marginal zone lymphocyte

Large centrocyte 2.1–3.0 Medium-sized nucleus, irregular Follicular centerr  larger  centrocyte
nuclear outliner  (cleaved), dense Normal activated mantle cell
or finelyr granular chromatin,r lymphocyte
no or smallr nucleoli, sparse cytoplasm Mantle cell lymphoma elements

Plasma cell 2.1–3.2 Medium-sized nucleus Resting and activated plasma
(may be eccentrically placed), round cells
nuclear profiler  with a central nucleolus Lymphoplasma-cytic/cytoid
of variablef  size, finely granular tor cells in some B-cell lymphomas
clumped chromatin, moderate to
abundant cytoplasmt  with Golgi zone

Centroblast 2.6–3.2 Medium-sized nucleus, round or Follicular centerr  centroblastr
multilobated nuclear outline,r  vesicular Centroblast cellst  in follicular
or finelyr granular chromatin,r  2–4 lymphoma
nucleoli (at leastt  onet  attached to the Large-cell, B-cell-type
nuclear membrane),r sparse cytoplasm lymphoma elements

Immunoblast 3.0–3.9 Large nucleus, round nuclear B- and T-immunoblasts
outline, single centrally located Large cell, B-cell type
and prominent nucleolus,t lymphoma elements
basophilic and abundant cytoplasmt Large cells in PTCL, unspecified

Lymphoblast 2.0–4.5 Intermediate to large nucleus, round B-, null-, or T-phenotyper
(non-convoluted to irregular tor convoluted nuclear profiler lymphoblast int  precursor cellr
or convoluted)r (pleomorphic), dense to grossly granular lymphomas

chromatin, no nucleoli, sparse and
vacuolated cytoplasm (MGG stain)

Burkitt-type 2.2–3.5 Intermediate to large nucleus, round Burkitt-type lymphoma cell
blast cellt nuclear profile,r coarsely granular Large-cell, B-cell lymphoma

chromatin, multiple nucleoli, sparse elements
cytoplasm

Anaplastic > 4.0 Giant, possibly polylobated, nucleus PTCL, anaplastic large-cell
or polynucleation,r  vesicular chromatin,r lymphoma elements
multiple sometimes prominent andt Lacunar typer  Reed-Sternberg cell
bizarre nucleoli, variable amount Large-cell B-cell lymphoma
of cytoplasm,f indistinct plasmat elements
membrane Mantle cell lymphoma,

blastoid variant elementst
Large cells in PTCL, unspecified

Polynucleated > 4.0 Large, possibly polylobated nucleus Reed-Sternberg cell,
Reed-Sternberg prominent, eosinophilic and diagnostic type
cell multiple nucleoli, vesicular tor finely Reed-Sternberg-like cells in

granular chromatin,r  microvacuolated various non-Hodgkin’s
or partiallyr  disintegrated cytoplasm, lymphoma types
barely evident externalt membrane

Mononuclear > 4.0 Intermediate to large, non-lobated, Reed-Sternberg cell,
Reed-Sternberg nucleus, prominent eosinophilict lymphohistiocytic type
cell nucleolus with a clear halo,r vesicular Reed-Sternberg-like cells in

chromatin, microvacuolated or various non-Hodgkin’s
partially disintegrated cytoplasm, lymphoma types
barely evident externalt membrane

PTCC = peripheral T-cell lymphoma
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morphological features of theirf  nuclei and the cyto-
plasm. Figures 4.2–4.12 provide examples of thef  cyto-
morphological features of thef listed cell types.

Cell size is approximately determined by
comparing the median cellular diameterr tor  the diam-
eter ofr  redf  blood cells (RBCs) detected in the smear.
This approach provides a distinction in three broad
categories: small cellsl , with diameters ≤2×RBC; large
cells, with diameters between >2×RBC and ≤4×RBC;
and atypical blastic elements, which mostly appear
larger than 4×RBC. The first category basically

includes the following cells, which appear both in
normal and neoplastic conditions: reactive small
lymphocytes of Bf and T lineage; centrocytes present int
reactive follicles; the lymphoid elements of thef  follic-
ular mantle in normal conditions; the population of
cells seen in small lymphocytic non-Hodgkin’s
lymphoma/B-cell chronic lymphocytic leukemia, in
B-cell mantle cell non-Hodgkin’s lymphoma (classical
variant), and in nodal and extranodal marginal zone
B-cell non-Hodgkin’s lymphoma; and the neoplastic
follicular center cells with centrocytic features

Fig. 4.2 A tingible-body hystiocyte is indicated by the red
arrow. The cell is characterized by an abundant cytoplasm
containing numerous phagocytosed basophilic fragments repre-
senting nuclear debris.r Blue arrows point tot  characteristic small
lymphocytes. P stain, ×1000

Fig. 4.3 Small centrocytes (blue arrows) contain a small
nucleus characterized by variably deep infoldings. These cells
are interspersed with small lymphocytes and apparently clus-
tering cells forming pseudoaggregates. P stain, ×1000

Fig. 4.4 Centroblasts (yellow arrows) and large centrocytes
(blue arrows). The background contains numerous lymphoglan-
dular bodies.r P stain, ×1000

Fig. 4.5 Cytological appearance of immunoblasts (blue
arrows), centroblasts (green arrows), and large centrocytes (red
arrows). P stain, ×1000
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appearing in follicular type B-cell non-Hodgkin’s
lymphoma [12–14]. In fact, all these elements have in
common a small nucleus with a round or cleaved
profile, a finely granular orr denser  chromatin with no
prominent nucleoli,t  and sparse cytoplasm. The second
category comprises large centrocytes, centroblasts, and
the immunoblasts appearing in reactive follicular
centers as well as in several types of B-cell
non-Hodgkin’s lymphoma; activated plasma cells; the

large cells proliferating in different typest of peripheralf
T-cell lymphomas; and in B-cell and T-cell
lymphoblastic lymphomas. These elements have in
common a large nucleus and a variable amount of
cytoplasm. The nuclear profiler can be round, cleaved,
or convoluted.r  Nucleoli can be single or multipler  and
their positionr within the nucleus is relevant tot the iden-
tification of thef cell type. The chromatin is finely to
coarsely granular. The cytoplasm in Papanicolaou-

Fig. 4.6 Cytological appearance of plasmaf  cells (blue arrows),
seen interspersed with eosinophilic granulocytes (red arrowsd )
and histiocytes (green arrow). P stain, ×1000

Fig. 4.7 Cytological appearance of lymphoblastsf in a sample
obtained from a patient with precursor cellr lymphoma, T-cell
type. Note that thet  chromatin texture is markedly monotonous in
these cells but thet  size and shape of thef nucleus are markedly
variable, depicting cellular pleomorphism.r  P stain, ×1000

Fig. 4.8 Several Burkitt-type blasts. These cells (indicated by
blue arrows) are characterized by a large nucleus containing
multiple basophilic nucleoli that only rarely are close to the
nuclear membrane.r P stain, ×1000

Fig. 4.9 Cytological appearance of thef cellular harvest in a
sample obtained from a patient with peripheral T-cell
lymphoma, anaplastic type. The cells (indicated by blue arrows)
are pleomorphic and contain a moderate amount oft  cytoplasm.f
P stain, ×1000
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stained smear preparationsr  is amphiphilic or clearr orr
finely vacuolated. The third category of atypical
blastic elements includes Reed-Sternberg cells and
their variants, anaplastic cells of some peripheral
T-cell lymphomas and large B-cell lymphomas, and
the large bizarre cells seen in the blastoid variant oft
mantle cell lymphoma [12–14]. The nuclei of thesef
cells are very large and their shape is variable. The
nuclear outliner can be round and irregular, multilobed

simulating multinucleation, or absolutelyr  bizarre. The
chromatin generally appears finely granular. Nucleoli
are generally prominent andt can be single or multiple.r
Atypical blastic cells occur almost exclusively in
lymphoid malignancies and their recognition,r irrespec-
tive of theirf  quantity,r  is a key factor inr  the diagnosis of
these tumors.

4.4.3.2 Ancillary Cellular Components

The ancillary cells can vary in amount and type in
FNB samples of lymphf nodes, reflecting their differentr
activation states in reactive and neoplastic conditions.
Histiocytes are intermediate to large in size and
contain a large nucleus with a finely granular chro-
matin and a small nucleolus. The cytoplasm is abun-
dant and multiple phagocytic vacuoles are seen that
contain irregularly shaped highly basophilic bodies
measuring <1×RBC (Fig. 4.2). These “tingible bodies”
consist oft  nuclearf fragmentsr  that aret  basophilic due to
their contentr  oft denselyf  stained chromatin substance.
Tingible-body histiocytes are an integral cellular
component oft thef  follicular centerr ofr thef  lymph node
and in FNB samples they can be considered as a reli-
able indicator ofr thef  presence of hyperplasticf lymphoid
follicles within the lymph node. True tingible bodies
are, as noted above and by definition, only fragments
of nuclei;f  they should not be confused with entire

Fig. 4.12 Cytological appearance of af  mononuclear Reed-
Sternberg cell with a voluminous single nucleus that ist charac-
terized by multilobation. Each lobe contains a basophilic nucle-
olus. Hematoxylin & eosin (H&E) stain, ×1000

Fig. 4.10 Cytological appearance of af  Reed-Sternberg cell,
diagnostic type; the cell is large and apparently contains two
nuclei, each containing a prominent centrallyt  placed nucleolus.
An additional cell on the right sidet  of thef  figure contains a singlea
nucleus with multiple infoldings of thef  external membrane.
P stain, ×1000

Fig. 4.11 Cytological appearance of af mononuclear Reed-
Sternberg cell. The cell contains a large nucleus with a bizarre
nucleolus (green arrow). Small lymphocytes are seen in the
background. P stain, x100
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nuclei, the presence of which,f  conversely, indicates
active apoptosis within the cellular proliferation.
Active apoptosis is infrequent int  benign conditions and
is much more commonly observed in some variants of
malignant lymphoma,t such as Burtkitt’s and Burkitt-
like B-cell non-Hodgkin’s lymphoma (see below). For
this reason, histiocytes containing entire nuclei or
entire apoptotic cells are not tot  be defined as tingible-
body histiocytes, and the implications of theirf detec-r
tion are completely different. True tingible-body histio-
cytes should also be distinguished from the mono-
nucleated or multinucleatedr histiocytes that appeart tor
engulf entiref  non-apoptotic lymphocytes or plasma
cells and which are seen in Rosai-Dorfman disease
(see below). Other typesr  of histiocytesf have a nuclear
morphology resembling that of tingible-bodyf histio-
cytes but they contain lipid vacuoles, phagocytosed
hemosiderin, or melanin pigment within their cyto-
plasm. Epithelioid histiocytesd are cells of intermediatef
size, with a round to oval nucleus containing vesicular
chromatin and sometimes a small nucleolus. The cyto-
plasm is amphiphilic or slightly eosinophilic, may
contain small vacuoles, and appears somewhat fragilet
(Fig. 4.13). These cells occur in granulomatous
inflammatory conditions and in various types of malig-f
nant lymphomast [27]. In addition, they are activated in
lymph nodes draining carcinoma or seminoma.r Retic-
ular dendritic cells are difficult to discern from
endothelial cells. In smears from reactive lymphoid
hyperplasia or follicular B-cell lymphomas, they

generally are seen to entrap follicular center cells
(centrocytes and centroblasts). Endothelial cellsl have a
vesicular nucleusr  and, albeit rarely,t show a prominent
nucleolus; they are easily recognized delimiting capil-
lary walls. Fibrocytes may be present int stromal frag-
ments but aret  rarely prominent int  lymph node samples.
They may be admixed with epithelioid histiocytes
(Fig. 4.13).

4.5 Pattern Profiling of FNBf Samples

The interpretation and pattern profiling of representa-f
tive FNB samples of lymphoidf lesions is based on two
key features: (1) cytomorphological characterization of
all the lymphoid cellular componentsr in the smear, and
(2) recognition of thef possible prevalence of onef or
more cellular component(s)r  over ther  others in the
harvest, quantifying it int  relative terms. The first andt
basic result oft  thisf analytical process leads to the iden-
tification of thef  potential monomorphism, polymor-
phism, or pleomorphismr of thef  cellular harvest.r  The
term monomorphism implies that thet  large majority of
cells (approximately >80–90%) are similar inr appear-
ance; that is,t  the cellular changesr  mostly coincide and a
single cell type is absolutely prevalent. The term pleo-
morphism is meant tot indicate that withint  the homoge-
neous cellular population,r  which is equally prevalent int
the sample (approximately >80–90%), a significant
morphological variability is detected. Thus, in both
monorphism and pleomorphism a single cell type
strongly prevails, but int  monomorphism them  cells retain
a strikinglya  similar morphologicalr appearance, while in
pleomorphism them  cellular changesr do not completelyt
coincide due to, for example,r variability in the chro-
matin pattern, nuclear outline,r  nucleolar features,r  etc.
Nonetheless, this variability does not preventt thet  char-
acteristic morphology of thatf  cellt type to be fully recog-
nized. The term polymorphism is used when in a givena
cellular populationr  multiple cell types are easily recog-
nized and no absolute prevalence of af  singlea  compo-
nent ist detected. A polymorphic cellular populationr
can, however, contain a dominant cellt  type but itt  ist
lesser thanr 80% of thef harvest. Thus, according to the
above definitions, the terms polymorphism andm pleo-
morphism denotem completely different situations.t

Pattern profiling of FNBf samples is based on recog-
nition of thef  monomorphism, pleomorphism, or poly-r
morphism of the cellular population and upon

Fig. 4.13 Cytological appearance of typicalf epithelioid cells.
These medium to large cells contain a round nucleus with finely
granular chromatin. A small nucleolus is occasionally seen.
P stain, ×1000
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recording the presence or absence of tingible-bodyf
histiocytes and atypical blastic cells. This approach
produces a tiered system for classifyingr  lymph node
FNB samples that comprisest  six diagnostic categories,
as seen in Table 4.4. The scheme reflects the different
risks of possiblef  malignancies and delineates different
disease groups with intrinsically homogeneous cyto-
morphological features.

4.5.1 Polymorphous Small- and
Large-Cell Pattern, Tingible-Bodyl
Histiocytes Present

Observations at low-power magnificationr  commonly
show an intermediate to abundant cellularity in the
harvest, which is an essential prerequisite for ther  defi-
nition of thisf  pattern. The detection of sparsef  cellu-
larity may be due to improper samplingr  or reflectr  intra-t
nodal fat substitution,t  sclerosis, or evenr  a metastatic
malignancy; it thereforet represents a contraindication
to making a definitive diagnosis. The cellular popula-r
tion in representative samples consists of a large
variety of cellf types, including follicular centerr cellsr
(centrocytes and centroblasts), small lymphocytes,
plasmacytoid lymphocytes, plasma cells, immuno-
blasts, and inflammatory cells (neutrophilic and
eosinophilic granulocytes, histiocytes) (Fig. 4.14). By
definition, the large-cell component (centroblastst and
immunoblasts) in the harvest rangest  between 10% and
40%, and the small-cell component (small lympho-
cytes, plasmacytoid cells, plasma cells, centrocytes)
between 60 and 90%. Tingible-body histiocytes are
always seen, although their amount varies consider-
ably. Atypical blastic cells are absent, by definition.
The background contains other cell types, such as
endothelial cells, reticular dendritic cells, fibrocytes,

and mononuclear andr multinucleated histiocytes, and,
possibly, necrotic debris. Epithelioid cells may also be
present andt  tend to aggregate in loose sheets or evenr in
well-defined granulomata. Amorphous accumulations
of af highly basophilic substance are probably to be
interpreted as necrotic sheets of follicularf  centerr  cells.r
When the described polymorphous small- and large-
cell pattern is complemented by the presence of thef
characteristic tingible-body histiocyte component, the
cytological picture can be confidently considered as
diagnostic of follicular lymphoidr hyperplasiad of thef
lymph node [28]. Clinical findings and ultrasound
examination of thef  enlarged lymph node generally
support thist  diagnosis. Different etiologiest  should be
taken into account in the clinical work-up of thef
patient (toxoplasmosis, infectious mononucleosis,
etc.). Lymph node excision for histologicalr examina-
tion should be considered for ar  morea definite diagnosis
if afterf  4–6r weeks following the cytological diagnosis
no possible etiological factor has been found and,
more importantly, lymph node enlargement persists
and is not modifiedt despite treatment. Surgical biopsy
can confirm the diagnosis of reactivef follicular hyper-r
plasia in most cases,t although sometimes, especially in
young patients, a diagnosis of lymphocyte-predomi-f
nant Hodgkin’st disease is established.

Table 4.4 Pattern profiling of lymphf node samples

Polymorphous small- and large-cell pattern, tingible-body
histiocytes present

Polymorphous small- and large-cell pattern, tingible-body
histiocytes absent

Polymorphous cell pattern, large-cells prevalent
Polymorphous cell pattern, small lymphocytes prevalent, with

atypical/blastic cells
Monomorphous small lymphocytic pattern
Pleomorphic small- and/or large-cellr  pattern

Fig. 4.14 Typical microscopic view of af lymphoid sample with
a polymorphous cell pattern, including the presence of tingible-f
body histiocytes. The cells consist of small lymphocytes,
centroblasts, and centrocytes. A tingible-body histiocyte is seen
in the lower halfr  off thef image. P stain, ×1000
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4.5.2 Polymorphous Small- and
Large-Cell Pattern, Tingible-Bodyl
Histiocytes Absent

The cytological picture seen in the smear isr  similar tor
that previouslyt described, as far ther  cellularity and thed
composition of thef cellular populationr  are concerned,
but not  tingible-body histiocytes are detected (Fig.d  4.15).
A significant histiocytict  component cant  be observed butd
these cells contain lipoid material, hemosiderin
pigment, or otherr  phagocytosedr products.d  The absence
of tingible-bodyf  histiocytes within the sample deprives
the observer ofr af reliablea  indication that thet  lesion is
benign. In fact, in this author’s experience, about 40%t
of thef patients presenting with this pattern have a
lymphoma, generally of low-gradef malignancy. This
pattern represents the real “gray zone” of FNBf  of thef
lymph nodes because its negative predictive value is
very low; thus, the overall picture should bed considered
as indeterminate for possibler malignancy. Proper clin-r
ical correlation is of paramountf  importancet  to decide
whether orr notr  investigationt  of thef enlarged lymphd  node
should be immediately pursued by surgical biopsy.
Since malignant lymphomas with this cytological
pattern are rare in patients under ther  age of 20f years, a
reasonable approach is to postpone surgical biopsy for
4–6 weeks only in this age group. Surgical excision of
the lymph node for histologicalr examination should bed
performed after ther  elapsed time, provided that ant
extensive clinical and laboratory investigation of

possible causal factors has yielded negatived results and,
most importantly,t  the lymph node tumefaction has not
subsided. Cytohistological correlation shows that
several pathological conditions can be responsible for
this pattern. These are described below.d

4.5.2.1 Non-Specific Reactive Lymph Node
Hyperplasia

The lack of tingible-body histiocytes in the FNB
sample of an enlarged lymph node with reactive
lymphoid hyperplasia is generally due to poor orr nor
activation of thef follicular B-cell compartment and,
conversely, to an expansion of the paracortical
T-dependent areast and a consequent “diffuse”t  pattern
on histological examination. This histological picture
is typical of severalf  conditions and the exact causal
factor oftenr  remains undiscovered despite an extensive
clinical work-up. The presence of af significant histio-t
cytic component int  which these cells contain lipid or
hemosiderin in their cytoplasmr is not unusualt  in FNB
samples but oftent  of nof diagnostic significance. The
detection of melaninf  pigment can suggest the diag-
nosis of dermatopathic lymphadenopathy, in the
proper clinical context (Fig. 4.16) [29]. In addition,
Rosai-Dorfman disease can present witht  this cytolog-
ical pattern, in which case the diagnosis is based on
detection of the characteristic histiocytes showing
prominent lymphophagocytosist  [30].

Fig. 4.15 A polymorphous cellular population consisting of
small lymphocytes (blue arrows), large centrocytes (red
arrows), and centroblasts (green arrows). Tingible-body histio-
cytes are absent. P stain, ×1000

Fig. 4.16 Histiocyte-like cells admixed to small lymphocytes
are seen in FNB smears from dermatopathic lymphadenopathy.
The arrow points to a cell containing melanin granular pigmentr
in the cytoplasm. P stain, x1000
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4.5.2.2 Reactive Lymph Node Hyperplasia with
Florid Immunoblastic Proliferation

FNB sampling of enlargedf lymph nodes in patients
with infectious mononucleosis [31,32] or HIVr infec-
tion [33,34] can show this cytological pattern, in which
there may also be a significant proliferation of
immunoblasts–otherwise unusual in a conventional
reactive lymph node. The proportion of immunoblastsf
in the cellular harvestr shouldt  not exceed,t by definition,
40%. Proper correlationr  with serological and clinical
findings is generally required to make a correct diag-t
nosis, obviating the need for tissue biopsy and
allowing the prompt initiationt of treatment.f

4.5.2.3 Necrotizing Histiocytic Lymphadenitis,
Kikuchi Type

Kikuchi-Fujimoto lymphadenitis is typically seen in
laterocervical and supraclavicular locationsr in young
patients and is generally a localized disease [35]. It ist
self-limited and may be associated with systemic
symptoms. Histologically, the affected lymph node
shows a necrotizing process characterized by patchy
or confluent coagulative necrosis, with karyorrhexis
and an absence or paucity of granulocytes.f There is
also a proliferation of large cells consisting of a
mixture of T-lymphocytesf and histiocytes. On FNB,
the cytological picture is that of a polymorphous

lymphoid population with abundant karyorrhectic
debris and histiocytes, many of whichf show a small
and eccentrically placed crescent-shaped nucleus
(Fig. 4.17) [36–38]. In many cases, however, these
diagnostic features are lacking such that theset  samples
are indistinguishable from those of other non-
specific reactive lymphadenopathies. Because of
the morphological similarities between lupus
lymphadenitis and Kikuchi’s lymphadenitis, however,
serology studies are warranted to exclude systemic
lupus erythematosus [35].

4.5.2.4 Non-Hodgkin’s Lymphomas, B-Cell Type

In FNB samples, some variants of mature B-cell
neoplasms, namely, low-grade variants of follicularf
lymphoma and diffuse large B-cell lymphoma, can
show a polymorphous small- and large-cell pattern in
which tingible-body histiocytes are absent. The
harvest from lymph nodes harboring follicular
lymphomas grade 1 or 2 consists of smallf  lympho-
cytes, small centrocytes, centroblasts, and, rarely,
immunoblasts [28]. The relative amount of centro-f
blasts and immunoblasts, which account for the large-
cell component, is definitely <40% (Fig. 4.18). The
only suggestion of possiblef lymphoma in the smear is
the frequent detection of pseudoaggregations of
lymphoid cells. Cells with larger vesicular nuclei are
intimately admixed with lymphoid cells within these

Fig. 4.17 Numerous histiocytic cells, each with a large and
sometimes crescenteric nucleus (blue arrows). The cells contain
phagocytosed globoid structures in their cytoplasm,r  a character-
istic finding in necrotizing Kikuchi-type lymphadenitis. P stain,
×1000

Fig. 4.18 Cytological appearance of follicularf  lymphoma.r  The
harvest contains centroblasts and centrocytes that sometimes
appear inr pseudoaggregates (yellow arrow). P stain, ×1000
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aggregations and correspond to reticular dendritic
cells. Likewise, FNB sampling of diffusef large B-cell
lymphomas often fails to disclose a significant compo-t
nent of largef  cells, and the cytological picture falls in
the category of thef  polymorphous small- and large-
cell pattern.

4.5.2.5 Nodular, Lymphocyte-Predominant
Hodgkin’s Lymphoma

This variant oft  Hodgkin’sf lymphoma mostly occurs in
young and middle-aged patients. The clinical onset ist
marked by localised lymph node involvement (mainlyt
in the neck, inguinal area, and axilla), and the patient
reports a history of af slowly growing and asympto-
matic mass [39]. Histologically, the tumor consistsr of af
nodular proliferation of smallf lymphocytes admixed
with intermediate-size histiocyte-like cells with a
vesicular nucleusr  that lookst multilobed due to multiple
deep membrane foldings and contains small nucleoli
[37,39]. These cells represent lymphohistiocytict  (LH)
Hodgkin’s cells. Classical Reed-Sternberg cells are not
present. In FNB samples, LH cells can be completely
lacking [40]. When present, they are easily misinter-
preted as conventional histiocytes or hypertrophic
endothelial cells and generally are overlooked
(Fig. 4.19). Tingible-body histiocytes are never seen.r
The cellular harvestr  mayt  include small lymphocytes,
plasma cells, centroblast-like cells, and the overall

morphological picture is classified within a polymor-
phous small- and large-cell pattern. The diagnosis of
Hodgkin’s lymphoma is generally obtained upon
histological investigation of thef excised lymph node.

4.5.3 Polymorphous Cell Pattern, Largel
Cells Prevalent

The cytological picture is characterized by a mixturea of
small lymphocytes and large lymphoid elements, with
the latter componentr  representingt >40% of thef  harvest
population. When examining the smear atr high-powert
magnification, one should pay close attention to the
size of eachf cell type present andt  evaluate the preva-
lence of cellsf measuring >2×RBC in their largestr diam-t
eter inr at leastt tent  high-power fields.r  Large lymphoid
elements may consist oft largef  centrocytes, centroblasts
and/or immunoblasts,r  plasmablasts or immaturer plasma
cells, Burkitt-type blasts, or larger  unclassified blastic
cells. By definition, the size of thesef cells almost nevert
exceeds 4×RBC. They are intimately admixed with
small lymphocytes and small centrocytes (Fig. 4.20).
A marked morphological similarity among the large
cells may occur, which confers an overall monomor-
phous appearance to the cellular harvest.r Ancillary cells
may even include occasional tingible-body histiocytes
or histiocytesr  containing lipoid material, hemosiderin
pigment, or otherr phagocytosedr products, as well as
endothelial cells. In some actively growing tumor

Fig. 4.19 Cytological appearance of af  lymphohistiocytic (LH)
Hodgkin’s cell (blue arrow). The cell is large and contains a
voluminous nucleus, with multiple infoldings of thef nuclear
membrane and small nucleoli. P stain, ×1000

Fig. 4.20 A polymorphous cell population with a prevalence of
large cells representing >40% of thef  harvest. Scattered small
lymphocytes are seen in the background. P stain, ×1000
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variants, a large number of histiocytes containing
entirely apoptotic lymphocytes can be observed; these
are not tot  be confused with tingible-body histiocytes.
The background often contains apoptotic bodies,
necrotic debris, and aggregates of amorphousf highly
basophilic material (Fig. 4.21).

Cytohistological correlation discloses that thet  poly-
morphous cell pattern with prevalent larget lymphoid
cells is typical of malignantf lymphoma.t In fact, reac-
tive lymphoid hyperplasia hardlya ever containsr a large-a
cell component exceedingt  40% of thef  harvest. By far,
the most commonly detected lymphomas presenting
with this pattern belong to the group of maturef  B-cell
neoplasms and are represented by the diffuse large
B-cell non-Hodgkin’s lymphoma and its variants,
large B-cell lymphoma of the mediastinum, and
Burkitt’s lymphoma.

4.5.3.1 Diffuse Large B-Cell Non-Hodgkin’s
Lymphoma

Diffuse large B-cell non-Hodgkin’s lymphoma is
the most frequently detected lymphoid malignancy

worldwide, accounting for justr overt  30%r  of allf  cases
[41]. The peak incidencek is in the seventh decade of
life, with a slight prevalencet  of malesf  over females;r
the disease almost nevert occursr  in pediatric patients.
Patients can present witht  nodal or extranodalr  involve-
ment. The clinical onset is generally marked by a
rapidly progressive disease associated with “B symp-
toms” (slight fever, night sweating, asthenia, etc.).
Histologically, the tumor isr characterized by a diffuse
proliferation of mediumf  to large lymphoid cells with a
large nucleus displaying a round, cleaved, multilobed,
or “floret-like” profile, and containing two to three
nucleoli or a single and prominent and centrally
located nucleolus. The counterparts of thesef  cells in
cytological preparations are large centrocytes, centro-
blasts, and immunoblasts. In some variants, the cells
can contain up to five nucleoli and appear definitelyr
bizarre (Burkitt-like and anaplastic variants). Immuno-
histochemically, the tumor cells display a B-cell
phenotype (CD20+/CD79a+/CD3-) and are consis-
tently positive for CD10, inconsistently positive for
bcl-2, and infrequently positive for CD5 [42]. Co-
expression of thesef  latter twor  markers seems to confer
a worse prognosis [43]. CD30 can be expressed in the
anaplastic variant [42]. Genetic studies are not
required for ther diagnosis. Since the differential diag-
nosis includes several entities, immunohistochemistry
is of helpf in problem solving (Table 4.5).

The mediastinal largel  B-cell lymphomal is a subtypea
of diffusef  large B-cell lymphoma of putativef thymic
B-cell origin [41,44]. It ist seen in young adults, with a
slight female prevalence. Patients generally present
with signs and symptoms relating to a large anterior
mediastinal mass, often causing superior vena cava
syndrome. The tumor isr frequently diffusely necrotic
and/or undergoesr massive sclerosis, thus precluding a
definitive diagnosis by percutaneous FNB [45]. The
tumor cells are large and pleomorphic with an
amphiphilic cytoplasm (Fig. 4.22) that lookst  clear onlyr
in tissue sections prepared from a core biopsy.

Early intensive treatment oft  thisf  form of lymphomaf

Fig. 4.21 The large majority of cells shown here are
immunoblasts and centroblasts. P stain, ×1000

Table 4.5 Differential diagnosis of largef B-cell lymphoma

Carcinoma CD45-/CK+ or CK-/EMA+r
Melanoma CD45-/CK-/S100P+/HMB45+ and/or Melan-A+r
Anaplastic large-cell lymphoma T-cell type CD45+/CD3+/CD30+/CD20-/EMA+ or -/CK-r
Plasma cell myeloma CD45±/CD20-/CD3-/CD138+/CD31+
Myeloid sarcoma CD45-/CD20-/CD3-/CK-/S100P-/MPO+/CD68+
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is generally followed by a gooda  response and complete
remission [44], making prompt diagnosist by FNB of
paramount importance.t

In FNB samples, follicular lymphomar grade 3 is
practically indistinguishable from diffuse large B-cell
lymphoma because of thef enormous component of
proliferating centroblasts. The smear mayr also contain
an additional polymorphous cellular population,
including small lymphocytes and small and large
centrocytes, perhaps with pseudoaggregation. This
picture is also seen in cases of diffusef  large B-cell
lymphoma arising secondarily in patients with follic-
ular lymphoma.r

4.5.3.2 Burkitt’s Lymphoma

This highly aggressive malignancy occurs endemically
in equatorial Africa and sporadically throughout thet
world in children and young adults [46]. An AIDS-
related variant hast  also been described [47]. The tumor
consists of af  diffuse proliferation of intermediatef  to
large blast cellst  somewhat monotonoust in appearance.
In FNB samples, the nuclei of thesef cells are round, the
chromatin is coarsely granular, and two to five
basophilic nucleoli are detected (Figs. 4.8, 4.23) [48].
The cytoplasmic rim ism minimal and looks basophilic or
slightly vacuolated. Cytoplasmic vacuoles are much

better seenr  on air-dried smears stained with May Grün-
wald Giemsa stain.a  There is evidence of apoptosisf and
mitotic figures are frequent ast  well (Fig. 4.23). Other
lymphoid elements include small lymphocytes and rare
plasma cells.a Eosinophils are not infrequentlyt detected.
Ancillary cells consist oft  abundantf  histiocytest that havet
ingested apoptotic cells; as noted above, these cells are
not tot  be confused with tingible-body histiocytes.

4.5.3.3 Lymph Node Involvement by Plasma
Cell Myeloma

Multiple myeloma ina  patients with disease of advancedf
stage can localize within lymph nodes. Although a rarea
occurrence, it ist well-documented in the literature and
several cases have been diagnosed by FNB. The
medium to large tumor cellsr  are characterized by large
nuclei with a prominent centrally located nucleolus
and a sparse cytoplasm. Necrosis may be prominent.
The overall morphology of thef cellular infiltrate is
much more similar to that of diffusef  large B-cell
neoplasms. Lymph node involvement byt  plasma cell
myeloma should be differentiated from primary
extramedullary plasmacytoma arising in the lymph
nodes [49]. The latter tumorsr  are differentially distin-
guished by the characteristic proliferation of maturef
plasma cells [50].

Fig. 4.22 In large cell B-cell lymphoma of thef mediastinum,
the neoplastic elements tend to form syncytial-like aggregates
and are characterized by a vesicular chromatinr  with prominent
nucleoli. P stain, ×1000

Fig. 4.23 In samples from Burkitt lymphoma,t numerous blast
cells are admixed with apoptotic nuclei (yellow arrows) and
small lymphocytes. P stain, ×1000
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4.5.4 Polymorphous Cell Pattern, Smalll
Cells Prevalent, with Scattered
Large Atypical Blastsl

The salient finding in this pattern is the presence of
scattered large atypical blast cellst with morphological
features of mononucleatedf  or multinucleated Reed-
Sternberg cells as well as large and atypical B- or
T-immunoblasts within a prevalenta populationt  of smallf
lymphoid cells (lymphocytes, plasma cells, small
centrocytes, rare centroblasts, and inflammatory cells).
By definition, the atypical blastic cells represent a
small minority of thef  cellular harvestr andt  may be very
sparse, detected after an extensive search. In fact,
atypical blast cellst  are the only malignant cellt  compo-
nent within the harvest whereas the polymorphous
small-cell population is reactive in nature. FNB
sampling reveals three main disease entities with
this cytological pattern. Their overlappingr  morpholog-
ical features often preclude their distinction
unless proper immunohistochemical studies are
performed.

4.5.4.1 Classical Hodgkin’s Lymphoma

The four subtypes of classicalf  Hodgkin’s lymphoma
differ with respect to the site of diseasef  involvement,
clinical presentation, growth pattern, composition of
the cellular background,r  number ofr  atypicalf  neoplastic
cells, and/or their degree of atypiaf  [39]. In all four
subtypes, the neoplastic cell component, i.e., mononu-
clear Hodgkin’s cells and multinucleated Reed-Stern-
berg cells, resides in a reactive infiltrate containing a
polymorphous population of small lymphocytes,
plasma cells, and inflammatory cells. The subtypes
vary widely in the morphology of theirf component
neoplastic cells and the composition of thef  reactive
infiltrate. The morphology of Reed-Sternbergf cells
differs in cytological preparations depending on
whether the tissue section has been formalin-fixed or
paraffin embedded. In particular, in histological
preparations, at least four variants of thesef cells have
been recognized (diagnostic, mononuclear, lacunar,
and pleomorphic) according to their nuclear profile,
nucleolar appearance and size, nuclear membrane
thickness, and cytoplasmic features [37,39]. In
smears, the likelihood of examiningf the cells in their
entirety allows for a better and more accurate evalua-

tion of nuclearf  and cytoplasmic features. In fact, in
most casest  these very large cells contain a single volu-
minous nucleus that is actually subdivided into
multiple deep lobes (Figs. 4.10–4.12) [40,51,52]. The
examination of suchf  cells on multiple focus planes
demonstrates that each lobe is nonetheless connected
to the others such that the multinucleation seen in
histological preparations is an artifact of viewingf  the
cell in a single tissue section. Moreover, in smears,
the cytoplasm never looks clear or empty; thus, a
lacunar type of Reed-Sternbergf  cell cannot be recog-
nized. The cytological features of Reed-Sternbergf
cells are listed in detail in Table 4.4. These large cells
with their voluminous nuclei appear as isolated
elements in the smear and stand out, due to their size
and peculiar morphology, against a background of
reactive small cells (Figs. 4.10–4.12). Each nuclear
lobe or each nucleus contains a prominent nucleolus
surrounded by clear chromatin. The size and number
of thef  nucleoli can vary greatly. Pleomorphic and
bizarre cells are also recognized (Fig. 4.24). The
background may contain numerous plasma cells,
eosinophilic granulocytes, endothelial cells, and
fibroblasts but characteristically lacks a significant
component of follicular center cells (especially
centroblasts) or tingible-bodyr  histiocytes. There may be
numerous epithelioid cells, imparting a typical
lymphoepithelioid appearance to the harvest. Stromal
fragments composed of fibrocytesf and collagen are
commonly present. The cellular harvestr ist  often poor
due to intralesional sclerosis and/or necrosis,r  such that at
diagnosis cannot bet rendered. The above considerations

Fig. 4.24 A pleomorphic Reed-Sternberg cell containing
multiple nucleoli and a fragile cytoplasm. P stain, ×1000
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explain why FNB sampling does not distinguish
among the four subtypes of classical Hodgkin’s
lymphoma: lymphocyte-rich, nodular sclerosis, mixed
cellularity, and lymphocyte depleted. In general, in
FNB samples these subtypes differ regarding the
number of atypicalf  blast cells, the composition of thef
reactive infiltrate, and the amount of cellularity,
although these differences do not play a relevant diag-
nostic role. A cytohistological correlation demon-
strates only that the nodular sclerosis and mixed
cellularity subtypes are characterized by a more poly-
morphous reactive component and a sufficient
number of diagnosticallyf  atypical cells, while the
lymphocyte-depleted subtype is characterized by the
poor cellularity of thef  harvest, which includes pleo-
morphic and bizarre cells against a necrotic back-
ground. Finally, the lymphocyte-rich subtype can be
marked by sparse or no Reed-Sternberg cells, entering
the differential diagnosis with other lymphomas.
Since a conclusive diagnosis of Hodgkin’sf  lymphoma
relies on a demonstration of thef peculiar immunohis-
tochemical reactivity of Reed-Sternberg cells, a
concomitant CNB of thef  lymph node and a represen-
tative cellular sample are needed. Reed-Sternberg
cells display the unusual CD45-/CD30+ profile and
coexpress CD15 and CD20 in, respectively, about 75
and 50% of casesf [39,53]. CD30 immunohistochem-
ical positivity is typically accentuated along the
external membrane and appears as a dot-like cyto-
plasmic accumulation. PAX-5 positivity in these cells
is an additional finding with a promising diagnostic
role [54].

4.5.4.2 T-Cell/Histiocyte-Rich Large B-Cell
Lymphoma

In this variant oft largef B-cell lymphoma, the majority
of thef  cells are small lymphocytes of T-cellf  lineage,
with or withoutr at significant numbert ofr  histiocytes;f
neoplastic B-cells comprise <10% of thef  entire popula-
tion [41]. The large cells may resemble large centro-
blasts, immunoblasts (Fig. 4.25), or Reed-Sternberg-r
like cells, and the reactive ancillary component consistst
of smallf lymphocytes and rared  plasma cells.a  This variant
can be accurately diagnosed by FNB complemented by
ancillary techniques aimed at identifyingt  the clonality
of thef large cells of B-cellf lineage [15,17,23]. The
differential diagnosis includes nodular lymphocyte-r

predominant Hodgkin’st  lymphoma and the lympho-
cyte-rich subtype of classicalf Hodgkin’s lymphoma.

4.5.4.3 Peripheral T-Cell Lymphoma, Anaplastic
Large-Cell Type

CD30+ anaplastic large-cell lymphoma can overlap
morphologically with Hodgkin’s lymphoma, especially
when the neoplastic elements simulate pleomorphic
Reed-Sternberg cells and appear inr  the smear scatteredr
within a polymorphous lymphoid infiltrate mainly
composed of smallf  lymphocytes and plasma cellsa  [52].
A correct diagnosist  is based on the immunohisto-
chemical typing of tumor cells, which show a
CD45+/CD15-/CD30+/CD3+/CD20- profile [39].

4.5.5 Monomorphic, Small Lymphoidl Celld
Pattern

The main feature of thisf pattern is the marked preva-
lence (>80–90%) within the sample of a cellular
component consistingt of smallf lymphoid cells showing
moderate to marked monomorphism. There is abun-
dant cellularityt against at background that ist clean or
moderately contaminated by blood. A survey of thef
smear atr  intermediatet  to high power demonstratesr that
the harvest ist  dominated by a single cellular compo-r
nent composed of smallf  cells (<2×RBC) with the

Fig. 4.25 In samples from T-cell-rich B-cell lymphomas, the
harvest is characterized by scattered large cells of
immunoblastic type and a prevalenta  populationt of smallf lympho-
cytes. P stain, ×1000
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cytological features of small lymphocytes, small
centrocytes, or lymphoplasmocytoid lymphocytes.
These cells are admixed with a small minority of
plasma cells,a granulocytes, or epithelioidr  histiocytes.
The monomorphous, small lymphoid cell pattern is
seen in about 90%t  of malignantf  lymphomast  of differentf
types but int no more than 10% of benignf conditions,
specifically, reactive lymphoid hyperplasia. The posi-
tive predictive value of thisf pattern thus is about 90%.t

4.5.5.1 Chronic Lymphocytic Leukemia/Small
Lymphocytic Lymphoma

This type of maturef  B-cell neoplasm ism  typically seen in
patients older thanr  50 years of agef and has a definitea
male prevalence. The clinical onset ist  marked by a
generalized lymphadenopathy, with splenomegaly and
involvement oft thef bone marrow and peripheral blood.
The lymphocyte count ist generally >10×109/L [55].
Histologically, the architecture of thef involved lymph
node is totally obliterated by the presence of af  diffusea
or focally pseudofollicular proliferation of small
lymphocytes of monotonous morphology. Both in
tissue sections and FNB samples, the neoplastic cell
population consists of smallf  lymphocytes with round
nuclei, dense chromatin, and a barely evident cyto-t
plasmic rim (Fig. 4.26). Pseudofollicles in tissue
sections represent focit  of cellularf  proliferationsr in

which the cells are slightly pleomorphic and larger thanr
the surrounding small and monomorphic neoplastic
cells. In smears, these latter elements,r  referred to as
“paraimmunoblasts,” are easily discerned and appear
to be randomly dispersed within the cellular harvest.r
The diameter ofr  thesef cells can exceed 2×RBC; the
chromatin is dispersed within the nuclei, which contain
small nucleoli, and the cytoplasm ism  sparse but easilyt
recognizable (Fig. 4.27). Immunohistochemical exami-
nation of CNBf or needle-rinser samples shows small
lymphoid cells positive for ther B-cell markers CD20
and CD79a and with the additional profile
CD5+/CD10-/CD23+/CD43+. Follicular dendriticr cells
expressing CD21 are sparse or absentr  [55].t Molecular
studies, which can be performed in cytological prepara-
tions or core biopsies, show a monoclonal IgH
rearrangement [18,19,23].t

4.5.5.2 Lymphoplasmacytic Lymphoma/
Waldenstrom ‘s Macroglobulinemia

This neoplasm of maturef  B-cells consists of af  prolifer-
ation of smallf lymphocytes, plasmacytoid lympho-
cytes, and plasma cells. The lymph nodes, bone
marrow, and spleen are usually involved and there is a
characteristic production of af  monoclonal IgM serum
paraprotein [55,56]. In FNB samples collected from
affected lymph nodes, the cellular harvest is

Fig. 4.26 In samples from B-cell-type small lymphocytic
lymphoma/chronic lymphocytic leukemia. the harvest is
composed of af monotonous population of smallf  lymphocytes
with a round nucleus, a finely granular orr  stippledr chromatin,
and sparse cytoplasm. P stain, ×1000

Fig. 4.27 In samples from B-cell-type small lymphocytic
lymphoma/chronic lymphocytic leukemia, it mayt  be possible to
observe scattered larger cellsr displaying a small nucleolus and a
larger amountr oft  cytoplasmf  (red arrowsd ). P stain, ×600
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dominated by a monotonous population of small
lymphocytes as well as plasmacytoid lymphocytes and
a significant component of mature plasma cells
(Fig. 4.28). Cells express the B-cell associated anti-
gens CD20 and CD79a and are CD5-/CD10-/CD23-.
Positivity for CD138 is an additional immunohisto-
chemical finding [57].

4.5.5.3 Mantle Cell Lymphoma, Classical Variant

Mantle cell lymphoma is a mature B-cell neoplasm
generally occurring in middle-aged and older adults,r
with a male predominance. A marked and dissemi-
nated lymph node involvement dominatest  the clinical
picture at disease onset and is generally associated
with splenomegaly, bone marrow involvement, and
possible extranodal disease [58]. In FNB samples
(Fig. 4.28), the neoplastic population mainly consists
of monomorphicf  lymphoid cells with markedly irreg-
ular nuclearr profilesr due to multiple and deep clefts.
The chromatin is rather denser or coarselyr  granular, no
prominent nucleolit  are detected in the nucleus, and the
cytoplasm is sparse or barelyr evident. The size of thesef
cells generally does not exceed 2×RBC. Additional
cell components are small lymphocytes, plasma cells,
endothelial cells, and histiocytes. The general appear-
ance of the smear is that of a marked cellular
monomorphism (Fig. 4.28). Immunohistochemical
evaluation in CNB or needle-rinser  samples discloses,
other thanr expression of thef  B-cell associated markers
CD20 and CD79a, the profile CD5+/CD10-/CD23-
[59]. The additional expression of cyclinf D1 or, better,
demonstration of thef t(11;14)(q13;q32)(bcl-1) trans-
location by molecular genetic analyses provides
confirmatory evidence for the diagnosis [16,17]. As
mantle cell lymphoma is a rather aggressive malig-
nancy, its distinction from otherm  lymphomasr composed
of smallf lymphocytes is of utmostf  importance.t

4.5.5.4 Follicular Lymphoma, Grades 1 and 2

Follicular lymphoma mainly affects middle-aged
adults and without at sex predominance. The clinical
onset ist  characterized by lymph node enlargement int
multiple sites (mainly the neck andk  retroperitoneum)
and frequently by concomitant splenomegalyt and bone
marrow involvement [60]. Histologically, the lymph

node architecture is effaced by a nodular, or nodularr
and diffuse proliferation of centrocytesf  and centro-
blasts. In FNB samples, the cellular populationr is simi-
larly composed of smallf lymphocytes, plasmacytoid
lymphocytes, small and large centrocytes, centroblasts,
and occasional immunoblasts [7,8,12,14,59]. The
prevalence of cellf  types is variable according to the
histological grade of thef tumor [60].r The three-grade
system is based on the absolute number ofr  centroblastsf
in ten neoplastic follicles counted per 40r × high-power
microscopic field (hpf). Grade 1 and 2 lesions have,
respectively, 0–5 and 6–15 centroblasts/hpf. In fact,
the cytological harvest obtainedt from tumors of histo-f
logical grade 1 or 2 can show an overwhelming
component of small cells (centrocytes and small
lymphocytes) with sparse or absentr  centroblasts;t  thus,
it is best classified within the monomorphic, small-
cell-predominant cytologicalt pattern (Fig. 4.29). The
tendency of centrocytesf to pseudoaggregation may be
the only hint as to the diagnosis of follicular
lymphoma (Fig. 4.30). A definitive diagnosis relies
on the demonstration of thef  t(14;18)(q32;q21)bcl-2
translocation by means of molecularf  geneticr studies in
cytological or microhistological specimens [17,61].
Immunohistochemically, small cells express the B-cell
markers CD20 and CD79a as well as the profile
CD5-/CD10+/CD23±. Immunohistochemical and DNA-d
ploidy studies can contribute to determining the grade
of thisf  lymphoma also on cytological samples [62].

Fig. 4.28 In B-cell non-Hodgkin’s lymphoma, mantle cell type,
the harvest consistst  of af monotonous population of smallf  cells
with an irregularly shaped and cleaved nucleus. P stain, ×1000
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4.5.5.5 Marginal Zone Lymphoma

Marginal zone lymphoma is mainly an extranodal
malignancy; a concomitant lympht  node involvement
occurs in only a small minority of cases.f  Primary sites
of involvement include the mucosa-associated
lymphoid tissue in the gastrointestinal tract, the lung,
ocular adnexae, thyroid, salivary glands, and breast
[39,40,63]. A primary splenic involvement is also
recognized [41]. Significant lympht  node enlargement
occurs late in the course of thef  disease [64]. Retroperi-
toneal lymph nodes may be sampled by FNB even if af
primary lesion in the stomach or small intestine has
not beent recognized yet [32].t  Likewise, a concomitant
cervical lymph node enlargement mayt  be detected in
patients with marginal zone lymphoma in the thyroid
or salivary glands and the sampling of thesef lymph
nodes contributes to a definitive diagnosis. The
appearance of thef cellular harvest is best classified
within the monomorphic, small-cell-predominant
pattern (Fig. 4.31). In fact, the cellular harvestr consistst
of smallf  lymphocytes with irregular nucleir resembling
those of centrocytes,f  finely granular chromatin,r  incon-
spicuous nucleoli, and sparse cytoplasm. Additional
cells include small monocytoid cells, small lympho-
cytes, but fewt if anyf plasma cells. Immunohistochem-
ically, the cells express the B-cell markers CD20 and
CD79a and are non-reactive for CD5, CD10, and
CD23 [65]. A conclusive diagnosis is based upon

demonstration of af  monoclonal IgH gene rearrange-
ment byt  molecular studies.r

4.5.5.6 Nodular Lymphocyte-Predominant
Hodgkin’s Lymphoma

The clinical and pathological features of thisf variant oft
Hodgkin’s lymphoma were discussed in an earlier
section of this chapter. Nonetheless, it is worth

Fig. 4.29 In follicular B-cellr  lymphoma, grade 1, the harvest
mainly consists of a population of small centrocytes and
lymphocytes. P stain, ×1000

Fig. 4.30 In follicular B-cellr lymphoma, grade 1, the only hint
to the correct diagnosis is obtained by observing, at medium
microscopic power, the tendency of cellsf  to form pseudoaggre-
gates. P stain, ×400

Fig. 4.31 In B-cell lymphoma, marginal zone type, the harvest
contains a monotonous population of smallf  to medium-sized
cells with an irregularly shaped (centrocyte-like) nucleus and
very sparse cytoplasm. P stain, ×1000
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emphasizing that thet cellular infiltrater  collected by
FNB typically consists of anf  entirely monomorphic
population of small lymphocytes [39], with only
the occasional presence of larger cells expressing
the features of LHf cells, which, however, are often
not recognized or are confused with conventional
histiocytes or endothelialr  cells (Fig. 4.19). The morpho-
logical picture is thus of a monomorphic, small
lymphoid cell pattern. There may also be a significanta
component oft epithelioidf  histiocytes, thus imparting a
lymphoepithelioid appearance to the cellular harvestr
(Fig. 4.32).

4.5.5.7 Diffuse Reactive Lymphoid Hyperplasia

A minority of samplesf  with a monomorphic, small
lymphoid cell pattern on FNB turn out to be reactive
lymphoid hyperplasia upon histological evaluation of
the excised lymph node. In these cases, there is promi-
nent activation of thef  T-cell-dependent paracortical
compartment of thef  lymph node. Histological criteria
allow the benign nature of thef lesion to be easily iden-
tified mainly because the lymph node architecture is
not effaced. By contrast, cytological evaluation
discloses a monomorphic population of small
lymphocytes with a minor component of plasmaf cells.
The ancillary cellular component may be made up of
endothelial cells and histiocytes, with the latter

sometimes containing melanin pigment granulest  in their
cytoplasm (dermatopathicm lymphadenopathy) [29].

4.5.6 Pleomorphic, Small- and/or
Large-Cell Patternl

A pleomorphic sample contains a continuuma  ofm  cellsf
that differt inr  size, shape, or nuclearr morphologyr but
which are still recognizable as a singlea  neoplastic cell
type. Pleomorphism refers,m for example,r  to cellular andr
nuclear sizer  and thus to a continuum of smallf  to
medium-sized to large cells that sharet  the same chro-
matin texture, nuclear profile,r  and nucleolar features.r
As an alternative, the cells may be approximately the
same size and retain the same chromatin texture but
their nucleir  vary significantly in shape due to different
extents of cleavagef  and convolution of thef  external
membrane. FNB samples showing the above-described
pleomorphic cell pattern represent malignant lym-
phomas of differentf  types.t Pleomorphism ism associated
with increased cell proliferation, apoptosis, and mitotic
activity. The background often includes necrotic debris
and the cells show frequent basophilict  changes, with
massive nuclear disintegration and fusion due to
smearing artifacts.

4.5.6.1 Peripheral T-Cell Lymphoma,
Unspecified

This is a heterogeneous group of malignant non-
Hodgkin’s lymphomas most often occurring in the
elderly and in association with immune disorders [66].
The clinical onset is marked by the involvement of
lymph nodes at multiplet  sites and concomitant generalt
symptoms, including fever, weight loss,t asthenia, and
malaise. In FNB samples, the cellular harvestr consistst
of atypicalf lymphoid cells showing slight tot  moderate
variability in size, with variably convoluted nuclei
containing coarsely granular chromatin and small
nucleoli (Fig. 4.33) [67,68]. The amount oft  cytoplasmf
is also variable but tends to be sparse. Necrotic
changes are seen, as are apoptotic bodies. Occasional
large cells simulate Reed-Sternberg cells. The ancil-
lary cell component comprises plasma cells,
eosinophils, and endothelial cells. In some cases, there
is a significant component of epithelioidf histiocytes
that may outnumber the lymphoid cells, thus

Fig. 4.32 In this FNB sample obtained from a patient with
lymphocyte-predominant Hodgkin’s lymphoma, the cellular
harvest consists of abundantf epithelioid histiocytes and small
lymphocytes with a “lymphoepithelioid” appearance. P stain,
×1000
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producing a lymphoepithelioid smear. Immunohisto-
chemically, the lymphoid cells variably express the
T-cell markers CD3, CD4, and CD8 while larger cellsr
may express CD30. A conclusive diagnosis relies on
the detection of af T-γ gene rearrangement int  microhis-
tological specimens.

4.5.6.2 Peripheral T-Cell Lymphoma, Anaplastic
Large-Cell Type

This lymphoma variant shows a peak ofk agef  incidence
in the second and third decades of life.f At clinical
onset, there is a disseminated lymph node involve-
ment as well as concomitant extranodal disease (in the
skin, bone, soft tissues, and gastrointestinal tract). The
bone marrow is also frequently involved [69]. In FNB
samples, the lymphoid cells are medium to large in
size with a moderate amount of cytoplasm.f Their
nuclei are large and kidney-shaped or more elongated
and horseshoe-shaped and appear quite pleomorphic
(Fig. 4.34) [70-72]. Multiple nucleoli are present. In a
minority of cases,f  the cells form cohesive aggregates,
thus simulating a metastatic epithelial malignancy
of undifferentiatedf  type. The background is rich in
small lymphocytes, plasma cells, epithelioid histio-
cytes, eosinophils, and neutrophils. The ancillary
component may outnumber the atypical lymphoid
cells, giving rise to a cytological picture that may

be classified as a polymorphous, small-lymphoid-
cell-predominant pattern with scattered large
atypical blasts. This picture is seen in the Hodgkin-
like variant of anaplasticf  large-cell lymphoma [52].
A small-cell variant of thisf tumor is also recognized
[73] and the cellular infiltrate in FNB is likely to
resemble that of peripheralf T-cell lymphoma, unspec-
ified type. Immunohistochemical studies show
that the anaplastic large cells have the profile
CD45+/CD3+/CD20-/CD15-/CD30+ [69] (Fig. 4.35).

Fig. 4.33 In peripheral T-cell lymphoma, unspecified type, the
harvest consistst  of af pleomorphic population of medium-sizedf
cells showing a variablya shaped nucleus with a coarselya  granular
chromatin. P stain, ×1000

Fig. 4.34 In peripheral T-cell lymphoma, anaplastic cell type,
the harvest consistst  of af  pleomorphic population of largef  cells
with large nuclei and well-evident cytoplasm.t  A mitotic figure is
seen in the upper rightr sidet  of thef image. P stain, ×1000

Fig. 4.35 Tissue section from a core biopsy of thef same lymph
node as shown in Fig. 4.34. Immunostaining for CD30r shows
the peculiar membranousr and dot-like positivity. Counterstained
with hematoxylin, ×1000
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In most of thef  cases occurring in young patients,
tumor cells are found to coexpress anaplastic large-
cell kinase (ALK) [69]. ALK positivity is more often
seen in males and seems to predict a better responser  to
chemotherapy. A T-γ gene rearrangement is detected
in 60–70% of patients.f The differential diagnosis of
this tumor includes metastatic carcinoma, Hodgkin’s
lymphoma, and, occasionally, reactive lymphoid
hyperplasia with florid immunoblastic proliferation.

4.5.6.3 Precursor B- and T-Lymphoblastic
Leukemia/Lymphoma

These malignancies are rarely encountered in a non-
hematological clinical context [74-76].t  The distinction
of lymphomaf  (for casesr  with predominant lympht  node
and visceral involvement) vs. leukemia (for casesr  with
bone marrow and peripheral blood involvement) is
purely academic since the two modalities always
coexist andt  are variably expressed in the course of thef
disease. Both the B- and the T-type occur inr the pedi-
atric age group but thet  latter canr  occur inr  young adults
and even elderly patients [74]. The lymphomatous
variant affectst the lymph nodes, soft tissues,t  skin, and
viscera in general. An important sitet  of involvementf ist
the retroperitoneum, where a hugea mass can be discov-
ered at presentation. Upon FNB sampling, the
lymphoid cells appear pleomorphic and of variablef
size (Fig. 4.36). B-lymphoblasts are generally charac-

terized by round nuclei while T-lymphoblasts manifest
varying degrees of convolution,f but theret  are signifi-
cant exceptionst  to this rule [12,13]. Apoptotic bodies
are frequently detected in the background. Histiocytes
containing entire cells or apoptotic bodies are also
present. Immunohistochemical studies show that
B-immunoblasts variably express the B-cell markers
CD20 and CD79a and coexpress TdT and CD10.
T-lymphoblasts are instead variably positive for CD3,r
CD4, and CD8 and may coexpress TdT and CD10.
The most frequent sites of FNBf  sampling of thesef
malignancies are the retroperitoneum, thyroid, and
salivary glands [74-76].

4.5.6.4 Mantle Cell B-Cell Lymphoma, Blastoid
Variant

Mantle cell lymphoma can appear atr  presentation,t  but
more commonly in recurring disease, with a character-
istic pleomorphic cell pattern which is defined under
the heading of “blastoid”f  variant. The proliferating
cells which are small and resemble centrocytes in the
classical variant, are intermediate to large in size in the
blastoid variant. Moreover, the nuclei manifest varyingt
degrees of convolution, with deep clefts and
pronounced lobation, coarsely granular chromatin,r and
prominent nucleolit  [77]. The occurrence of af  concomi-a
tant leukemict  involvement ist intriguing and suggests a
precursor B-lymphoblasticr  lymphoma. Immunohisto-
chemical findings include positivity for CD20 and
CD79a and a CD5+/CD10-/CD43+/cyclin D1+
profile. Molecular studiesr  demonstrate a bcl-1 t(11;14)
translocation and provide a conclusive diagnosis
[16,21].

4.6 Concluding Remarks

The suggested approach to classifying cytological
samples of lymphf  nodes collected by FNB is rooted
firmly in morphology as a springboard for selecting
the most likelyt diagnosis. Once the major patternr has
been identified, the diagnostic possibilities are dramat-
ically reduced. This is illustrated in Table 4.6, which
shows the possible corresponding pattern profile(s) of
most lymphomat  variants and benign lymphoid prolif-
erations. Pattern profiling of thef  cytological sample
provides a basis to select thet  diagnostic possibilities

Fig. 4.36 In precursor-type, lymphobastic lymphoma, T-cell
type, the cellular harvest is characterized by the prominent
cellular pleomorphism. Some elements have a convoluted
appearance. P stain, ×1000.
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and to build up a diagnostic algorithm to reach the
most conclusivet  diagnosis. If required,f  one can decide
to collect additional tissue samples by CNB of thef
lesion, with the aim of performingf ancillary investiga-
tions such as immunohistochemistry or molecular

biology. The importance of af  prudent correlationt  with
all available clinical data, finally, cannot bet overem-
phasized. Figure 4.37 illustrates the most convenientt
diagnostic algorithm for the three patterns that offer
the largest numbert  ofr  diagnosticf  possibilities.

Table 4.6 Lymphoid lesion and possible corresponding cytological pattern profile

Polymorphous, Polymorphous, Polymorphous, Polymorphous, Monomorphic, Pleomorphic,
small- and small- and large-cell small-cell small-cell small- and
large-cell, large-cell, prevalent prevalent witht large-cell
TBH+ TBH- atypical blast

LH, follicular • •
LH, diffuse •
NHL, small lymphocytic/CLL •
NHL, lymphoplasmacytoid •
NHL, follicular, G2 and G2 •
NHL, follicular, G3 •
NHL, marginal zone •
NHL, mantle cell, classic v. •
NHL, mantle cell, blastoid v. •
NHL, large B-cell, diffuse • •
NHL, T-cell-rich B-cell type • •
NHL, Burkitt typet •
NHL, lymphoblastic B- / T-type/ •
PTCL, pleom., small- / large-cell/ •
PTCL, anaplastic large-cell type • •
HL, LP, nodular • •
HL, Classical, MC •
HL, Classical, NS •
HL, NS, syncitial variant •
HL, Classical, LR • •
HL, Classical, LD •
CLL chronic lymphocytic leukemia; HL Hodgkin’s lymphoma; LD lymphocyte depleted; LH lymphoid hyperplasia; LP
lymphocyte predominant; LR lymphocyte rich; MC mixed cellularity; NHL non-Hodgkin’s lymphoma; NS nodular sclerosis;r
PTCL peripheral T-cell lymphoma; TBH tingible-body histiocytes.
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Fig. 4.37 Suggested diagnostic
algorithms for evaluationr of
FNB lymphoid samples with a
polymorphous small & large
cells, tingible body histiocytes
(TBHs) absent patternt  (a), a
monomorphic small cell pattern
(b), and a pleomorphic
small/large cells pattern (c)

a

b

c
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5.1 Preliminary Remarks

The cytological findings in FNB samples from the
large majority of primary and secondary tumors
detected in visceral sites, as well as those of metastaticf
tumors appearing in lymph nodes or softr  tissues,t  can
be classified according to the principles of patternf
analysis. In the given case, this approach first requirest
identifying the specific category that the constituent
cells belong to and then, if possible,f  classifying the set
of observed morphological changes according to
distinctive cytological patterns. The description of
cytological features should be reproducibly standard-
ized. At leastt ninet  major cytomorphologicalr  cell types
can be identified. These are listed in Table 5.1. Each
category includes a variable number of possible
distinctive patterns. Once the major patternr  has been
identified, the diagnostic possibilities are dramatically
reduced. The next stept  is to reach a conclusive diag-
nosis by prudent deductivet reasoning based on addi-
tional ancillary data and/or clinicalr  findings. Although
a definitive diagnosis is not alwayst  possible, the iden-
tification of af  specific pattern is nonetheless of impor-f
tance for furtherr clinicalr management oft thef  case.

5.2 Glandular-Cell Morphology

Definition. Glandular epitheliumr ism  made up of cellsf
with a cylindrical or cuboid morphology that are
endowed with several functional properties, including
the synthesis, secretion, and accumulation of mucin.f
Tumors of glandularf epitheliumr arem supported byd  a vari-a
able component oft  vascularf orr fibrousr stroma, which
strongly influences the morphological picture and the
number ofr epithelialf  cells in the cytological sample. The
cytological appearance of thef  harvest variest according
to the degree of differentiation.f In FNB samples from
well-differentiated tumors, epithelial glandular cellsr
tend tod  cluster inr  tubular, acinar, or papillaryr  aggregates,
and their cylindricalr  or cuboidr morphology is well-
preserved. By contrast, in the cells of poorlyf  differenti-
ated tumorsd  they tend tod  lose their organizedr patternd  and
their growthr is often “solid” and structureless,d  or theyr
appear partiallyr or totallyr  non-cohesive.

Moreover, they frequently lose their functional
properties, as manifested by a loss of thef original
cylindrical or cuboid morphology, by a reduced
amount oft cytoplasmf and, eventually, by an increase in
nuclear size and a significant change in nuclear
morphology. Five cytological patterns involving a
glandular epithelial morphology are recognized and
discussed in the following.

5.2.1 Tubulo-Acinar Patternr

• Clean background with the presence of stromalf
fragments, isolated fibrocytes, and histiocytes.

• Variable cellularity of thef  sample, more often abun-
dant.

• Prevailing tendency to cellular aggregation.r

Table 5.1 Major categoriesr of cellf  morphology in FNB smears
(excluding lymphoid lesions)

- glandular
- squamous or squamoidr
- basaloid
- transitional
- small
- large
- clear
- oxyphil/oncocytic or oncocytoidr
- epithelioid and spindle
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• Two-dimensional sheets with little or no nuclear
overlap.

• Tubular cordsr and variably large three-dimensional
aggregates.

• Minimal molding and possible “streaming” of
nuclei within the aggregates.

• Frequent peripheralt nuclear palisading.r
• Luminal spaces within the aggregates variably

present.
• Well-evident external membrane with a variable

amount oft  cytoplasm.f
• Small and uniform nuclei with minimal variability

in size.

• Nuclear membraner well-outlined.
• Finely granular chromatinr  with small nucleoli.

Cytomorphology. The main feature of thef tubulo-
acinar pattern is well-evident at low-power view and
is represented by a tendency of cellsf  to form two- or
three-dimensional aggregates. The latter mayr  be in the
form of elongated cords, trabeculae, or syncytia.
Nuclear palisading is prominent at the periphery
of the aggregates. At higher magnification, it is
evident that the cells retain a cylindrical or cuboid
appearance. Nuclear morphology is monotonous
(Fig. 5.1). The background is clear and shows the

Fig 5.1 a Two-dimensional sheet-like aggregates or three-
dimensional aggregates with a trabecular, tubular, or papillaryr
configuration and composed of cylindricalf or cuboidr cells. FNB
sample from a well-differentiated ductal adenocarcinoma of thef
pancreas. Papanicolaou (P) stain, ×200. b Two-dimensional
aggregate of cellsf  with a glandular cell morphology showing
focal nuclear overlap.r FNB sample from a bronchioloalveolar
carcinoma, mixed mucinous and non-mucinous type. P stain,
×400. c Same case as in b. Closer view shows monotonous
nuclear morphologyr with finely granular chromatinr  and minute
nucleoli. P stain, ×800

a b

c
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presence of fibrocytes,f stromal fragments, and histio-
cytes.

Interpretation. The tubulo-acinar patternr  is typically
seen in well-differentiated epithelial tumors, both in
primary and in metastatic sites. In some cases, the
chance of af  tumor-like lesion, a benign tumor, or a
tumor withr borderline malignancy should be taken into
account, for exampler in the liver (biler duct adenoma)t
or ovaryr  (serous or mucinousr tumors).

5.2.2 Tubulo-Papillary Patterny

• Papillary or morularr aggregatesr composed of cylin-f
drical cells with nuclear overlap.r

• Minor componentr oft two-dimensionalf  sheets.
• Elongated cylindrical cells (especially as isolated

elements).
• Elongated nuclei with variable chromatin pattern.
• Nuclear inclusions, pseudoinclusions, or nuclear

grooves.
• Small nucleoli.
• Amphophilic pale cytoplasm or eosinophilicr  cyto-

plasm (thyroid, kidney).

Cytomorphology. The tubulo-papillary pattern of
aggregation is mainly or mostlyr papillary, with well-
evident nuclear overlap (Fig. 5.2a–d). The nuclei
may appear elongated and pseudostratified. True
papillary aggregates, when present, show a definite
connective-tissue core (Fig. 5.2a,d). More frequently,

Fig 5.2 a Large papillary aggregate showing a connective-tissue stalk. The tumor cellsr  are cylindrical and elongated, appear tor
radiate from the stalk, and show a tendency to loose cohesion; isolated cells are seen in the background. FNB sample from a poorly
differentiated duct carcinomat  of thef pancreas. P stain, ×200. b Pseudopapillary aggregate of mucin-secretingf  cylindrical cells. Note
that thet  cells are clustered as palisades and radiate from a central core; necrotic cells are seen in the background. FNB sample from
a metastatic adenocarcinoma of thef colon into the liver. P stain, ×400. c Elongated cells are aggregated in micropapillary structures
lacking a connective-tissue stalk. FNB sample from a papillary renal cell carcinoma. P stain, ×400. d Large and ramified papillary
aggregate showing a well defined connective-tissue stalk. FNB sample from a papillary carcinoma of thef  thyroid. P stain, ×200

a b

c d
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the aggregates are three-dimensional, with a peripheral
palisade of nucleif  (pseudopapillae), and lack ak connec-
tive-tissue stalk (Figk 5.2b). Sometimes, the papillae are
composed of onlyf  a few cells (micropapillae) and are
intimately admixed with one another (Figr 5.2c).

Interpretation. The tubulo-papillary pattern is typi-
cally seen in well-differentiated epithelial tumors
arising in sites including the pancreas, ovary, kidney,
lung, and thyroid. The amount oft truef  papillary aggre-
gates is variable and may even be completely lacking
(as seen in papillary carcinoma of thef thyroid). The
micropapillary pattern is mainly seen in papillary renal
cell carcinoma and in the micropapillary variant of
breast carcinoma. Close examination of thef cellular
features is of helpf to possibly demonstrate eosinophilic
nuclear inclusionr  bodies (bronchoalveolar carcinoma),r
pseudoinclusions due to endonuclear cytoplasmic
invagination (serous papillary carcinoma of thef ovary,
papillary carcinoma of the kidney and thyroid),
nuclear groovesr (serous papillary carcinoma of thef

ovary and pancreas, papillary carcinoma of the
thyroid), or cilia (bronchoalveolar carcinoma,r  serous
papillary carcinoma of thef ovary and pancreas).

5.2.3 Mucinous Pattern

• Mucoid substance in the background, with histio-
cytes and inflammatory infiltrate.

• Cellularity variable.
• Two-dimensional aggregates with a sharp outline.
• Three-dimensional aggregates sometimes in the form

of cords,f trabeculae, papillae, or pseudopapillae.r
• Amphophilic cytoplasm of cells with possible

vacuoles of mucinf accumulation.
• Isolated cells with or without a signet-ring-cell

morphology variably present.

Cytomorphology. The presence of af variable amount
of mucoidf substance in the background is the main
feature of thef  mucinous pattern (Fig. 5.3). The aggre-

a

b

c

Fig 5.3 a Low-power viewr  of af  smear,a showing abundant muci-t
nous ground substance in the background and abundant cellu-t
larity consisting of two-f  and three-dimensional aggregates of
cuboid or cylindricalr  cells. FNB sample from a liver metastasisr
of colorectalf  mucinous adenocarcinoma. P stain, ×200. b Tumor
cells are found as isolated elements or are clustered in large
three-dimensional aggregates. They have a variable amount oft
cytoplasm, which appears optically clear. Same case as in a. P
stain, ×480. c Tumor cellsr  are non-cohesive or looselyr cohesive
and display a moderatea  amount oft  cytoplasmf containingm  multiple
mucin vacuoles. FNB smear fromr a poorly differentiated muci-
nous carcinoma of thef  ovary. P stain, ×1000
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gation pattern tends to be two- or three-dimensional,r
respectively, in well-differentiated and poorly differ-
entiated tumors. The number of non-cohesivef cells
increases in the latter.

Interpretation. The mucinous pattern is typically seen
in metastatic deposits of adenocarcinomaf  ofa  colorectalf
and gastric origin; in tumors of thef  pancreas, ovary,
and lung; and in cholangiocarcinoma in primary
and metastatic sites. Detection of this pattern
in a sample collected from an intra-abdominal or
peri-intestinal tumor massr strongly suggests pseudo-
myxoma peritoneia secondary to a mucinousa carcinoma
of thef appendix or ovary.r

5.2.4 Solid, Three-Dimensional
(Structureless) Pattern

• Variably necrotic, hemorrhagic, or mucoid back-
ground with granulocytes and histiocytes.

• Three-dimensional aggregation prevalent.
• Solid structureless aggregates, or cords and/or

branching trabeculae with a “peritheliomatous”
appearance.

• Prominent nuclear molding,r with possible periph-
eral nuclear palisading.r

• Cellular dissociationr variably expressed, with small
cellular aggregates.r

• Anisonucleosis, with prominent nucleoli.t

• Grossly granular chromatin.r
• Fragile cytoplasm often with indistinct cellular

borders.

Cytomorphology. The cells in a structureless sample
tend to form three- rather than two-dimensional
aggregates. The background often contains necrotic
cellular debris and/or red blood cells. Nuclei are
highly variable in size and shape, with prominent
nucleoli and a grossly granular chromatin texture.
Larger aggregates are composed of severalf nuclear
layers and appear structureless or as cords or trabec-
ulae (Fig. 5.4). Smaller aggregates consisting of lessf
than ten cells are often detected. Cellular dissociation
and necrosis may be prominent; sometimes the cells
are attached to branching blood vessels in a perithe-
liomatous pattern, with necrosis and/or dissociation of
tumor cells farther away from the vessels.

Interpretation. The solid, three-dimensional pattern
is seen in samples collected from poorly differentiated
adenocarcinomas originating in different sites. The
primary tumor siter may be identified in some patients
on the basis of immunocytochemical data and
proper correlationr with clinical findings and imaging
data. The differential diagnosis encompasses other
tumors with a non-glandulara phenotype,r such as poorly
differentiated urothelial carcinoma, neuroendocrine
carcinoma, and poorly differentiated squamous cell
carcinoma.

a b

Fig 5.4 a A large aggregate of cellsf  with a glandulara cellr morphology, composed of severalf  nuclear layers,r  and appearing practically
structureless. FNB smear fromr  pancreatic duct carcinoma.t  P stain, ×400. b A large trabecular aggregater  of cellsf  with a glandular cellr
morphology showing focal peripheral palisading of cells.f  Same case as in a. P stain, ×400.
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5.2.5 Non-Cohesive Cell Patternl

• Variably necrotic, hemorrhagic, or mucoid back-
ground with granulocytes and histiocytes.

• Mostly or exclusivelyr  non-cohesive cells.
• Possible signet-ring-like cellular changes.r
• Anisonucleosis, with prominent nucleoli.t
• Grossly granular chromatin.r
• Fragile cytoplasm often with indistinct cellular

borders.

Cytomorphology. The non-cohesive pattern is, as the
name implies, dominated by the tendency of cellsf  to
non-cohesiveness (Fig. 5.5a). Tumor cellsr can have a
signet-ring appearance, which is characterized by a
voluminous intracytoplasmic vacuole that displaces
the nucleus to the periphery (Fig. 5.5b).

Interpretation. The non-cohesive pattern is character-
istically seen in metastatic adenocarcinoma of gastricf
origin; in peculiar variantsr  of adenocarcinomasf of thef
breast, urinary bladder, and pancreas;d and ind  cholangio-
carcinoma. In general, a signet-ring appearance (due
to the accumulation of mucin)f is characteristic of af
gastric primary tumor, while a targetoid appearance of
the vacuole (due to the presence of af centrally located
inclusion body) is a strong indication of af primary
breast tumor.t

5.2.6 Immunohistochemical
Identification of thef  Primary
Tumor Siter

The epithelial glandular-cell morphology is rather
frequently encountered in FNB samples of superficialf
and deep tumor masses in adult patients. In such
patients, it is necessary to differentiate between a
primary and a metastatic tumor atr the site of needlef
sampling, or tor  identify the site of thef  primary when
confronted with a clearlya  metastatic lesion. The former
situation occurs, for example, in the liver, lung, or
ovary because primary and metastatic tumors in these
organs can share the morphology of epithelialf tumors
of glandularf  origin.r  The latter situationr occurs when,
for example,r  an enlarged lymph node in a superficial
or deepr location is sampled and the cytological picture
indicates an epithelial tumor withr  features of glandularf
origin. In this case, the site of thef primary tumor
should be identified with reasonable certainty.

Since morphological data are unlikely to provide
specific hints as to the tumor primary,r  an additional
immunohistochemical evaluation of thef  specimen is
required along with judicious correlation with clinical
data. To confront thist task, a wide armamentarium of
immunohistochemical reagents has traditionally been
employed, including hormone products (thyro-
globulin, calcitonin, parathyroid hormone), hormonal

Fig 5.5 a Round to polygonal cells that appeart totallyr non-cohesive. FNB sample from a breast carcinomat  metastatic into a supra-
clavicular lymphr node. P stain, ×400. b Loosely cohesive or non-cohesiver cells containing a voluminous intracytoplasmic mucin
vacuole that displacest  the nucleus (signet-ring cell appearance). FNB sample from a pulmonary metastasis of gastricf carcinoma.
P stain, ×400

a b
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receptors (estrogen, progesterone, androgens), organ-
specific markers (PSA for prostatic carcinoma or
GCDFP-15 for breastr  carcinoma).t More recently, an
approach based on the combined investigation of
cytokeratin 7 (CK7) and cytokeratin 20 (CK20)
expression in tumor cells has gained considerable
popularity [1–10]. Epithelia from different viscerat  or
from different segments of thef gastrointestinal tract
differ inr  their expressionr of thesef cytokeratins and a
sort oft  “site-specific”f CK7/CK20 profile can be delin-
eated [1,2]. Many published studies have been aimed
at establishing whether tumors originating in these
different sitest  retain the same site-specific CK7/CK20
immunohistochemical profile in metastatic sites.
Despite early enthusiasm, a general consensus has
never beenr reached mainly due to different method-
ologies (for reviewr  see Tot, 2002 [1]). It ist  possible,
however, to identify two main categories: a constant
and strong expression of CK20,f  and poor or absent
expression of CK7f  [1]. Tumors belonging to the first
category include adenocarcinoma of thef large intestine
and stomach as well as urothelial carcinoma. The
second category includes carcinomas arising in the
prostate, kidney, and large intestine. Moreover, there
are tumors that show a predictably different
CK7/CK20 profile in their primaryr location compared
to in their metastaticr sites. In particular, adenocarci-
nomas of thef  stomach, biliary tract, or endometriumr
show a tendency to lose CK20 expression at metastatict
sites, while carcinomas of thef prostate and lung tend to
gain CK20 expression in metastatic sites [1]. Finally,
the strong expression of CK7,f characteristic of adeno-f

carcinoma ofa thef pancreas and breast ast  well as of non-f
mucinous ovarian carcinoma in primary sites,
inevitably disappears at metastatict sites.

If onef takes the above limitations into account, eval-
uating the CK7/CK20 profile turns out tot be useful in
the identification of groups of possiblef  primary sites.
Table 5.2 illustrates the immunoreactivity profiles of
each primary tumor according to frequency. Three
different profilest can thus be delineated [1–10]: a morea
frequent onet  (50–60% of patients),f a less frequent onet
(30–40% of patients),f and one that ist only occasionally
seen (<10% of patients).f Some of thef tumors on the list
(non-mucinous ovarian carcinoma and endometrial
carcinoma) tend to retain their profiler more than others
but significant exceptions do occur. Consequently,
different groups of possiblef  primaries can be ident-
ified according to a probabilistic approach.

The immunohistochemical armamentarium has
been expanded recently by two additional markers,
thyroid transcription factor 1 (TTF-1) and CDX-2,
which can provide useful discriminating criteria
[11–23]. Both of themf  show nuclear positivity. The
former is preferentially expressed in tumors of thef
thyroid and lower respiratoryr  tract, but theret  are a few
exceptions, i.e., some ovarian carcinomas [16] and
some colorectal carcinomas that metastasize to the
lung [18]. The cytoplasmic expression of TTF-1f has
been described in hepatocellular carcinomar and, occa-
sionally, in cholangiocellular carcinomar [19]. CDX-2
is expressed in tumors with enteric differentiation and
is thus also detected at sitest  other thanr  the gastroin-
testinal tract, e.g., in some ovarian and endocervical

Table 5.2 CK7, CK20, CDX-2, and TTF-1 immunohistochemical reactivity in adenocarcinoma cells according to the site of originf

Tumor primaryr  site Combined CK7/CK20 profile CDX-2 (%) TTF-1 (%)

More frequent Less frequent Occasional

Stomach CK7+/CK20+ CK7+/CK20- CK7-/CK20+ 70 0
Small intestine CK7+/CK20+ CK7+/CK20- CK7-/CK20- 60 0
Large intestine CK7-/CK20+ CK7+/CK20+ CK7-/CK20- 95 10
Rectum CK7+/CK20+ CK7-/CK20+ CK7+/CK20- 95 0
Pancreatic-biliary tree CK7+/CK20- CK7+/CK20+ CK7-/CK20+ 30 0
Lung CK7+/CK20- CK7+/CK20+ CK7-/CK20- 15 90
Breast CK7+/CK20- CK7+/CK20+ CK7-/CK20- 0 0
Ovary, mucinous CK7+/CK20+ CK7+/CK20- CK7-/CK20+ 80 0
Ovary, non-mucinous CK7+/CK20- CK7+/CK20- CK7-/CK20- < 5 20
Endocervix CK7+/CK20+ CK7+/CK20- CK7-/CK20+ 0 < 5
Endometrium CK7+/CK20- CK7+/CK20+ CK7-/CK20- 0 20
Prostate, acinar CK7-/CK20- CK7+/CK20- CK7+/CK20+ < 5 0
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tumors and in tumors of the nasal mucosa
[13,15,20,21]. Finally, “aberrant” expression of CDX-2f
has been detected in acinar carcinomar of thef prostate
[22] and in carcinoma of thef  lung [23]. If thesef  limita-
tions are considered, testing for CK7,r  CK20, TTF-1,
and CDX-2 in a combined approach (Table 5.2) is
potentially useful to increase the predictive value of
immunohistochemistry in identifying the primary
tumor siter  in many patients [24].

5.3 Squamous or Squamoid Cell
Morphology

Definition. Tumors recapitulating the morphology of
squamous cell epithelium are widespread in the body
and differ fromr one another accordingr to the degree of
cellular differentiationr and the presence of concomi-f
tant intracellular and/or extracellular keratinization.
Two cytological patterns are observed.

5.3.1 Keratinizing Pattern

• Amorphous eosinophilic or orangeophilicr  material
in the background with necrotic detritus, inflamma-
tory cells, and histiocytes.

• Three-dimensional aggregates alternate with non-
cohesive cells or smallr  cellular aggregates.r

• Triangular-shaped, oval, or elongated cells some-
times with long prolongations.

• Round, oval, or elongatedr  hyperchromatic nuclei.
• Dense chromatin with occasional small nucleoli.
• Single-cell keratinization demonstrated by cyto-

plasmic orangeophilia.

Cytomorphology. The main peculiarity of thef  kera-
tinizing pattern is the presence of amorphousf  masses
of eosinophilicf or orangeophilicr  material in the back-
ground (Fig. 5.6a). The latter mayr  contain parakera-
totic cells with hyperchromatic nuclei having an oval,
elongated, or angulated profile. While three-dimen-

Fig 5.6 a Three-dimensional aggregate of elongatedf cells often
showing hyperchromatic (“india ink”) nuclei. The arrows indi-
cate amorphous masses of eosinophilicf  or orangeophilicr  material
in the background. FNB sample from bronchogenic squamous
cell carcinoma. P stain, ×400. b Large three-dimensional aggre-
gate containing cells with hyperchromatic nuclei. In most oft  thef
cells, the cytoplasm is granular and eosinophilic or
orangeophilic but sometimes it is optically clear and the cell
assumes a koilocyte-like appearance (arrows). Same case as in
a. P stain, ×400. c Prominent tendencyt to non-cohesion of tumorf
cells displaying a round to elongated darkly staining nucleus.
The cytoplasm, which is fragile and fragmented, appears
eosinophilic and granular. FNB sample from a laterocervical
lymph node metastasis of esophagealf squamous cell carcinoma.
P stain, ×400

a b

c
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sional aggregates are present, the cells tend to be non-
cohesive or grouped in small aggregates. Squamous
cells characteristically have a dense hyperchromatic
nucleus of variablef shape and size and a variable
amount of cytoplasm.f  Sometimes, a definite perinu-
clear clearr halor  is seen and the cells assume a koilo-
cyte-like appearance (Fig. 5.6b).

Interpretation. The keratinizing pattern is typically
seen in samples from keratinizingm squamous cell carci-
noma. The upper aerodigestiver  tract, lower respiratoryr
tract, and thed  skin are the most commont  primary sites.
The lymph nodes of thef  head andd neckd andk  mediastinumd
are most frequentlyt  involved byd  metastatic disease.

5.3.2 Non-Keratinizing Pattern

• Necrotic detritus or abundantr blood,t inflammatory
cells, and histiocytes in the background.

• Three-dimensional aggregation prevalent.

• Intermediate to large cells with an ovoid, elongated,
or spindler  shape.

• Round, oval, or elongatedr  vesicular nuclei.r
• Coarsely granular chromatin texture with small

nucleoli.
• Well-defined outer cytoplasmicr borders.

Cytomorphology. The non-keratinizing pattern is
dominated by three-dimensional aggregates (cords and
trabeculae) that aret never larger  but rathert  variablyr
branch and interconnect witht one another. The nuclei
may be polarized or inr pseudopalisades. They are
characterized by a coarsely granular chromatin
while prominent nucleolit  are practically never seenr
(Fig. 5.7a,b). In a distinct variant,t tumor cellsr  are of
intermediate to small size, due to sparse cytoplasm;
their nucleir  may show a variablea  extent oft crushingf  arti-
facts, thus simulating small-cell carcinoma (Fig.a 5.7c).
The differentiation from this variant is obtained
morphologically only when it ist possible to detect thet
distinct intercellulart  bridgesr  typical of squamousf cell

a b

c

Fig 5.7 a Branching cords of medium-sizedf cells with large
nuclei and moderate amounts of cytoplasm.f  The chromatin
texture is coarsely granular andr nucleoli are lacking; the cyto-
plasm is amphophilic and occasionally infiltrated by granulo-
cytes. FNB sample from a bronchogenic non-keratinizing squa-
mous cell carcinoma. P stain, ×400. b In this three-dimensional
and trabecular-type aggregate, tumor cellsr  are round to polyg-
onal. Their nucleir are rather variabler in size and shape and occa-
sionally contain small nucleoli. Same case as in a. P stain, ×400.
c Tumor cellsr  display a coarsely granular chromatinr  with focal
“crushing” artifacts. Same case as in a. P stain, ×400
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carcinoma. Immunohistochemically, the detection of
neuroendocrine markers and/or CD56r  favors small-cell
carcinoma [25]a while positivity for CK5r  and p63 indi-
cates a diagnosisa  of squamousf cell carcinoma [26].a

Interpretation. The detection of af  squamous cell
carcinoma is frequent in endothoracic tumor masses
due to a high incidence of bronchogenicf  malignancies
showing this phenotype. This pattern can also be seen
in tumors metastatic to the lung or mediastinalr lymph
nodes but originatingt from a large number ofr possiblef
primary sites, mainly, the superior aerodigestiver tract,
skin, female genital tract, and urinary tract. Anaplastic
carcinoma of thef  thyroid can present ast a squamous
cell carcinoma especially in metastatic sites. In the
abdomen, this pattern can be detected in tumors
metastatic to the liver, adrenal gland, and retroperi-
toneal lymph nodes. The primary sites of thesef  malig-
nancies are the same as those listed above, with the
addition of bronchogenicf carcinoma, which shows a
peculiar propensityr  to early localization in the adrenal
gland. Primary tumors with a squamous cell pattern
that occur in the abdomen are quite unusual and
consist oft  thef  squamous cell variant oft carcinomaf of
the gallbladder and squamous cell carcinoma orig-
inating in ovarian teratoma. Squamous cell carcinoma
in metastatic sites is almost nevert  well-differentiated.r

5.4 Basaloid-Cell Morphology

Definition. Basaloid cells are similar tor the basal cells
of squamousf cell epithelium. They are small due to
their poor cytoplasmic content and have a round to
angulated nucleus that ist  hyperchromatic and always
lacks a well-evident nucleolus.t  Basaloid cells are the
integral component of thef basaloid variant of squa-f
mous cell carcinoma and adenoid cystic carcinoma.
These tumors differ widelyr  with respect tot their naturalr
history and histogenesis but aret  included in this cate-
gory due to their possibler  morphological similarities in
FNB samples.

5.4.1 Basaloid Squamousd  Cell Carcinomal
Pattern

• Erythrocytes and necrotic debris in the background
with stromal fragments.

• Cellular aggregationr  definitely prevalent.
• Three-dimensional aggregates that formt  cords and

trabeculae.
• Small cells with a narrow cytoplasmic rim and

round to oval hyperchromatic nuclei.
• Rather markedr nuclear pleomorphismr  with frequent

mitotic figures and apoptosis.
• Elongated or spindler  cells occasionally seen.

Cytomorphology. In the basaloid squamous cell car-
cinoma pattern, cellular aggregation prevails over
dissociation, and nuclei appear atypicalr to the extent
that small-cellt  carcinoma can enter ther differential
diagnosis. The presence of elongatedf or spindler  cells,
frequent necrotict cells, and a necrotic debris back-
ground is highly characteristic (Fig. 5.8).

Interpretation. The basaloid variant oft squamousf  cell
carcinoma is an aggressive malignancy that originatest
mostly in the upper respiratory tract, oral cavity,
esophagus, and trachea [27–29]. It affectst  middle-aged
and elderly people. Early metastases occur inr regional
lymph nodes, the lung, and liver.

5.4.2 Adenoid Cysticd Carcinomac  Pattern

• Clear backgroundr  with stromal fragments and vari-
able number ofr  roundf  bare nuclei.

• Globoid accumulations of mucin-likef  material in
the background.

• Cellular dissociationr  prevalent.
• Three-dimensional aggregates that form cords,

trabeculae, acini, sometimes rosette-like.
• Aggregation of cellsf  around globoid deposits of

mucin-like material.
• Small cells with a narrow cytoplasmic rim and

round to oval vesicular nuclei.r

Cytomorphology. In adenoid cystic carcinoma, at
least int the non-anaplastic variant, cellular dissociationr
is characteristically prevalent. Cell nuclei appear morer
regular in size and shape as well as vesicular and
monomorphous. The background contains a variable
amount oft globoidf  accumulations of mucin-likef  mate-
rial. Cells clustering around these globules in a grape-
like fashion are a typical and diagnostic feature of
adenoid cystic carcinoma (Fig. 5.9).
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Interpretation. Adenoid cystic carcinoma can be
observed in a wide age group, including young adults,
and is a rather ubiquitousr  tumor asr  it cant originate in
major andr  minor salivaryr glands, nasal cavities, breast,
lung, prostate, and uterine cervix. The tumor isr most
frequently sampled by FNB in the salivary glands [30]
and breast [31]. Metastatic dissemination occurs via
blood vessels; thus, lymph node metastases are rarely
seen. These tumors sometimes present int the liver orr
lung as a metastatic malignancy with an unknown
primary.

5.5 Transitional-Cell Morphology

Definition. Transitional epithelium is a pseudostrati-
fied epithelium containing cells that appear elongated,
cuboidal, squamoid, or flat—hence the name “transi-
tional.” Tumors with a transitional cell histogenesis
display a peculiar cytological pattern that is easily
demonstrated by FNB; but in poorly differentiated
variants there is a significant morphological over-
lap with tumors of glandular- or squamous-cell
morphology.

Fig 5.8 a Three-dimensional aggregate of elongatedf  or spindler cells of smallf size with darkly staining elongated nuclei and a small
amount oft  cytoplasm.f Crushing artifacts of nucleif are seen. FNB sample from a lymph node metastasis of af basaloid carcinoma
of thef oral floor. P stain, ×400. b Same case as in a. Closer viewr  of thef characteristic darkly staining and homogeneous nuclei.
P stain, ×600

a b

a b

Fig 5.9 a In adenoid cystic carcinoma, the smear typicallyr contains small cells, with darkly staining nuclei, dispersed in the back-
ground or clusteredr in tubulo-acinar aggregates.r Peculiar globularr structuresr  of mucoidf substance are also seen in the background.
P stain, ×400. b High-power viewr of af  globular mucinousr  structure that appearst  to be enveloped by cells with barely discernible
cytoplasm and darkly staining nuclei. P stain, ×1000
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• Tendency to cellular aggregation.r
• Prevailing three-dimensional and syncytial-like

two-dimensional aggregates.
• Medium-sized to large cells, with an elongated,

triangular, or racket-liker shape.
• Round to oval nuclei, often eccentrically placed.
• Grossly granular tor  dense chromatin.
• Amphophilic, basophilic, or “clear” cytoplasm

(never eosinophilicr  or orangeophilic).r

Cytomorphology. In cytological samples from well-
differentiated neoplasms, three-dimensional aggre-
gates of variablef  size and shape predominate, while
cellular dissociation is minimal or absent. The cells
within the aggregates are round to elongated, with
distinct cytoplasmic borders. The cytoplasm is
well-evident, homogeneous, amphophilic, and never
eosinophilic. Nuclei are round to oval or elongated
with possible lobation. Chromatin texture is grossly
granular; prominent nucleoli are never seen
(Fig. 5.10a,b). At thet  periphery of thef aggregates, or

present ast  isolated elements, are cells that aret globoid
at one end and pointed at the other (“cercariform
cells”) [32] (Fig. 5.10c). In poorly differentiated
tumors, by contrast, the overall morphology changes
due to the appearance of af  larger numberr ofr elongatedf
and spindle-shaped cells, with elongated nuclei, an
increased nuclear tor cytoplasmic ratio, and dense chro-
matin with gross granules. Nucleoli are never promi-r
nent. The cytological picture can overlap with that oft
non-keratinizing squamous cell carcinoma such that
the distinction between the two is at timest  impossible.

Interpretation. Primary neoplasms composed of tran-f
sitional cells can be encountered in the abdomen,
urinary tract (urothelialt  carcinoma), or ovaryr (Brenner’s
tumor). Not unusually, urothelial carcinoma of thef
renal pelvis expands, simulating a tumor massr of thef
renal parenchyma. Transitional-cell carcinoma typi-
cally occurs in the nasal cavity and paranasal sinuses,
and is frequently associated with early metastasis to
the lymph nodes of thef  neck. Tumors composed of

Fig 5.10 a A three-dimensional aggregate of elongatedf  cells
with a homogeneous amphophilic and basophilic cytoplasm and
round to oval or elongated nuclei. The chromatin texture is
grossly granular and prominent nucleoli are not seen. FNB
sample from a liver metastasis of urothelialf carcinoma of thef
urinary bladder. P stain, ×400. b A two-dimensional aggregate
of cells with similar cytomorphological features. Note the
absence of nucleolif  and the variability in nuclear size.r Same case
as in a. P stain, ×400. c “Cercariform” cells (arrows) are globoid
at one end and pointed at the other. They are dispersed as
isolated elements in the background or arer seen within the aggre-
gate. Same case as in a. P stain, ×400

a b
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transitional cells are much more commonly sampled
by FNB at metastatict  sites than at thet  primary tumor
site. Typically, the liver andr  the lung are common sites
of metastatic spread of urothelial carcinoma. The
coexpression of CK20f and CD10 is helpful in ident-
ifying the tumor [33,34]r

5.6 Small-Cell Morphology

Definition. A large variety of tumorsf  show a solida andd
trabecular growthr  of cellsf that appeart  tor be small in size.
The small appearance of thef  cells is due to the barely
perceptible amount oft  cytoplasmf whereasm  the longer
axis of thef  nuclei of thesef cells can exceed 2×RBC.
Thus, the cellular sizer  is roughly equal to that oft thef
nucleus. Additional features are a peculiara chromatinr
texture that ist  variably granular, the lack ofk af prominenta
nucleolus, and a variable tendency to chromatin

degradation. Tumors composed of smallf  cells display
different cytologicalt  patterns on FNB; these are classi-
fied accordingd  to the degree of cellularf pleomorphism,r
the extent oft  cellularf  non-cohesion,r and nucleard atypia.r

5.6.1 Monomorphous Cell Patternl with
Tendency toy  Aggregation and Mildd
Nuclear Atypiar

• Aggregation of cells highly prevalent, with a
tendency to form large aggregates.

• Small nuclei (<2×RBC) (Fig. 5.11a).
• Round to oval nuclei.
• Finely granular chromatin texture (“salt and

pepper” appearance) (Fig. 5.11b).
• Small nucleoli, single or multipler (2–3).
• Significant amount of cytoplasm,f with frequent

eccentric displacement oft thef  nucleus (Fig. 5.11b).

Fig 5.11 a Sheets of smallf to medium-sized cells with scanty cytoplasm and round and monotonous nuclei. The chromatin is finely
granular andr no nucleoli are visible. FNB sample from a liver metastasisr  of smallf  intestinal carcinoid tumor. P stain, ×800. b Small
to medium-sized cells with a moderate amount oft cytoplasm,f  round nuclei, and a slight tendencyt  to non-cohesion; sometimes the
nucleus is displaced at thet periphery. The chromatin texture is characteristically finely and slightly coarsely granular (“saltr andt
pepper” appearance), with occasional small nucleoli. FNB sample from a well differentiated endocrine carcinoma of thef  pancreas.
P stain, ×1200

a b
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• Possible “button-like” cytoplasmic inclusions
(better seenr in smears stained according to the May
Grünwald Giemsa method).

Cytomorphology. Cellularity in samples showing a
monomorphous pattern is generally abundant. The
cells are clustered in large two-dimensional aggre-
gates that show little tendency to nuclear overlap,
or in microacini, tubules, Indian files, or pseudo-
rosettes. The cytoplasm is generally moderate in
amount andt  finely granular. The small, round nucleus
is eccentrically displaced, giving the cell a plasma-
cell-like morphology (Fig. 5.11b). Nucleoli are only
occasionally seen and are small (Fig. 5.11a,b). The cell
is round to oval or sometimesr  has an elongated end. In
paraffin sections from cell blocks, the nuclei appear tor
be of uniformf  size and equidistant fromt one another;
the cytoplasmic borders are indistinct. In addition, the
nuclei may polarize as palisades at thet periphery of thef
aggregates.

Interpretation. The monomorphous pattern is typi-
cally observed in well-differentiated neuroendocrine
tumors (typical carcinoid) of thef  gut andt  lower respira-r
tory tract, as well as in endocrine tumors of the
pancreas, both in primary and metastatic sites. The
aggregation pattern and cellular morphologyr  are quite
characteristic and the diagnosis is readily made.
Immunohistochemical demonstration of neuro-
endocrine markers in tumor cells is of help in
confirming the diagnosis (see below).

5.6.2 Pleomorphic Cellc Patternl  with
Tendency toy Aggregation and
Marked Nucleard  Atypiar

• Aggregation of cellsf  prevalent, with a tendency to
form small aggregates (Fig. 5.12a).

• Nuclear size variable, usually ranging mostly
between 2× and 3×RBC.

Fig 5.12 a Two-dimensional cluster containing small to
medium-sized cells characterized by significant nuclear pleo-
morphism and coarsely granular chromatin. The cytoplasm is
barely visible at thist  magnification and the nuclear sizer  is mostly
<3×RBC. FNB sample from a pulmonary poorly differentiated
neuroendocrine carcinoma. P stain, ×400. b Three-dimensional
aggregate of cellsf with significant chromatin degradation and
fusion (Azzopardi phenomenon). The nuclei are round to elon-
gated and the cytoplasm is practically not discernible;t the chro-
matin texture is coarsely granular with occasional nucleoli.
Same case as in a. P stain, ×400. c High-power viewr of nuclearf
details in small cell neuroendocrine carcinoma of thef  lung. The
nuclear sizer is significantly larger thanr 2×RBC; nuclear shaper
varies from round to elongated; the chromatin texture is coarsely
granular; and numerous apoptotic bodies are seen. P stain,
×1000

a b

c



5.6 Small-Cell Morphology 127

• Elongated nuclei, with possible lobation and clefts.
• Nuclear fragilityr  with variable degree of crushingf

artifact (Azzopardi’st  [35] phenomenon) (Fig. 5.12b).
• Chromatin texture granular with a tendency to

coarse granules (Fig. 5.12a).
• Presence of small single or multiple nucleoli

(Fig. 5.12a,c).
• Possible detection of mitoticf  figures.
• Barely perceptible cytoplasm, forming a narrow

perinuclear rimr (Fig. 5.12a–c).
• Possible detection of perinuclearf “button-like”r cyto-

plasmic inclusion bodies (better seen in smears
stained according to the May Grünwald Giemsa
method).

Cytomorphology. The pleomorphic pattern is typi-
cally seen in poorly differentiated and small-cell
neuroendocrine carcinomas but is less pronounced in
the former than in the latter. In poorly differentiated
neuroendocrine carcinoma, there is a greater tendency
to cellular aggregation, the nuclei are less fragile, and
a small amount of cytoplasmf  is retained (Fig. 5.12a).
Conversely, in small-cell carcinoma, there is a marked
tendency to necrosis and a less cellularity. The nuclei
are very fragile and often resemble filaments of highlyf
basophilic material (Fig. 5.12b). Cellular aggregates
may be replaced by accumulations of amorphousf
highly basophilic material, which is derived from
massive nuclear disintegration and fusion (Azzopardi
phenomenon [35]). In addition, blood vessels
dispersed in the background appear to be “encrusted”
with this peculiar necrotic material. In aggregates
containing viable cells, the nuclear profile is irregular
due to the presence of cleftsf  or partial lobation; the
cytoplasm is practically absent, the chromatin texture
is grossly granular, and small nucleoli are seen.
Nuclear size in most cells is >2×RBC (Fig. 5.12c).

Interpretation. While poorly differentiated and small-
cell neuroendocrine carcinomas are practically ubiqui-
tous, the main sites of thef primary tumor arer the lower
respiratory tract, urinary bladder, gallbladder, and
skin (Merkel cell carcinoma). Immunohistochemical
demonstration of neuroendocrinef  markers in tumor
cells is of paramountf  importancet to confirm the diag-
nosis. Chromogranin is easily demonstrated in
well-differentiated neuroendocrine tumors but its
expression may be completely lacking in poorly
differentiated and small-cell carcinomas. Instead,

synaptophysin and protein gene product 9.5t are more
sensitive markers. In addition, small-cell carcinoma
expresses CD56 [25] and CK8/18, at least focally.
Testing for the combined expression of CDX-2
and TTF-1 allows primary tumors of thef intestine
(CDX-2+/TTF-1-) to be distinguished from those of
the lung (CDX-2-/TTF-1+) and other possibler  primary
sites (CDX-2-/TTF-1-) [36,37]. Of note,f  TTF-1 is
expressed in 25% of neuroendocrinef  carcinomas of thef
urinary bladder andr  occasionally those of endocervicalf
origin [38,39]. Merkel cell neuroendocrine carcinoma
shows a characteristic globular or button-like
immunopositivity for CK20r and EMA and is TTF-1
negative [40]. The differential diagnosis of small-cellf
carcinoma mainly includes poorly differentiated non-
keratinizing squamous cell carcinoma composed of
small elements. Immunohistochemistry is of helpf in
this distinction (see above). Finally, the tendency of
cells to aggregate is a useful criterion to rule out a
highly pleomorphic malignant lymphoma.t

5.6.3 Pleomorphic Cellc Patternl  with
Marked Cellulard  Dissociationr

• Necrotic, hemorrhagic, or myxoidr  background.
• Abundant cellularity.t
• Cells are semi-cohesive with focal pseudoaggrega-

tion (Indian files, rosettes).
• Small to intermediate-sized cells.
• Sparse cytoplasm (occasionally, more abundant),

with nuclear displacement.r
• Round to oval nuclei, with possible marked nuclear

pleomorphism.
• Coarsely granular chromatinr texture and no nucleoli

(constant).
• Occasional mitotic figures.
• Occasional large bizarre cells or multinucleatedr  or

spindle cells.

Cytomorphology. This pleomorphic pattern is domi-
nated by the presence of smallf  to medium-sized cells
(up to 3×RBC in diameter) having sparse or nor  cyto-
plasm and a characteristic coarsely granular chromatinr
texture with no nucleoli. The cells show little tendency
to aggregation and often form semi-cohesive clusters.
In contrast tot  the monotony of thef chromatin texture
and cytoplasmic features, there is a rathera markedr  vari-
ation in cellular shaper (round to oval to spindle-like)
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and size (mostly small and intermediate, but with
possible large elements) that accountst  for ther pleomor-
phic appearance of thef  cellular harvestr  (Fig.t  5.13).

Interpretation. This type of pleomorphismf is typi-
cally seen in small- and round-cell sarcomas, e.g.,
Ewing’s sarcoma/primitive neuroectodermal tumor
(ES/PNET), rhabdomyosarcoma, some malignant
peripheral nerve sheath tumors, and sometimes in
malignant melanoma, especially in metastatic sites.
The tendency to form semi-cohesive clusters is of
help to rule out lymphoblastic lymphoma or the blas-
toid variant of mantlef cell lymphoma, both of whichf
share many morphological features with pleomorphic-
type tumors but are generally characterized by a non-
cohesive cell pattern. The correct interpretation of
such samples is based not only on a proper clinico-
pathological correlation but also on immunohisto-
chemical and molecular studies of thef cell population.
Tumor cells belonging to the ES/PNET group are
characterized by membrane positivity for CD99, with
variable expression of NSE,f PGP 9.5, neurofilaments,
Leu-7, synaptophysin, and cytokeratins [41]. CD99
positivity is also encountered in lymphoblastic
lymphomas, synovial sarcoma, mesothelioma, neuro-
endocrine carcinoma, and rhabdomyosarcoma; thus,
its expression is not sufficient to allow a diagnosis of
ES/PNET tumors. For thisr  reason, demonstration of thef
fusion product oft  thef  t(11;22)(q24;q12) translocation

represents the gold standard for a reliable diag-
nosis [42]. The diagnosis of rhabdomyosarcomaf is
obtained by immunohistochemistry, specifically, by
demonstrating cell positivity for desmin, muscle-
specific actin, MyoD1, and myogenin [43]. Malignant
melanoma can be ruled out by the determination of
cellular expression of S100P,f  HMB45, and Melan-A.

5.7 Large-Cell Morphology

Definition. Cells are defined as “large” if theirf largestr
diameter isr ≥4×RBC. Tumor cellsr appear larger  due to
the presence of af  voluminous nucleus and an abundant
cytoplasm. The latter isr  homogeneous or microvacuo-r
lated and, by definition, should neither be clear nor
intensely eosinophilic. A predominance of largef cells
in the harvest ist generally indicative of thef monophasic
pattern; the biphasic pattern is associated with a
spindle cell component.

5.7.1 Monophasic Patternc

• Necrotic or hemorrhagicr  background.
• Marked tendency to cellular non-cohesion and

prevalence of isolatedf  elements.
• Prevalence of large cells (always >4–5×RBC)

(Fig. 5.14a,b).

Fig 5.13 a Loosely cohesive or non-cohesiver  round cells with scant cytoplasmt  and pleomorphic nuclei with coarsely granular chro-r
matin and no prominent nucleoli.t  Nuclear sizer  is ≥2×RBC. FNB sample from a peripheral neuroectodermal tumor (PNET)r  primary
in the kidney. P stain, ×400. b Medium-sized cells with pleomorphic nuclei and focal tendency to pseudoaggregation; the cytoplasm
is sometimes well-evident andt responsible for nuclearr displacementr tot  the periphery. The chromatin texture is coarsely granular andr
there is frequent nucleart  lobation.r  The background contains necrotic debris. FNB sample from a patienta witht alveolar rhabdomyosar-r
coma. P stain, ×400

a b
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• Polygonal, or oval,r  round, or elongatedr shape.
• Intermediate-sized to large nuclei that may be

eccentric (Fig. 5.14a,b).
• Pleomorphic chromatin texture, i.e., homogeneous,

dense, alternating to coarsely granular or “band-
like” (Fig. 5.14b).

• Prominent singlet or multipler  nucleoli, sometimes of
bizarre shape.

• Atypical mitoses.
• Amphophilic, rarely basophilic, and abundant, not

fragile, cytoplasm (Fig. 5.14a).
• Cytoplasmic vacuoles with lymphophagocytosis or

erythrophagocytosis (Fig. 5.14a).

Cytomorphology. Large cells may represent thet only
component oft thef  sample or theyr  may be mixed with a
minor component (<20%) of poorly differentiated
adenocarcinoma or squamousr  cell carcinoma. In both
cases, cellular atypiar markedly stands out. The cells
are highly variable in size and shape, with more than
occasional bizarre elements including large and

pleomorphic nuclei as well as large and/or multiple
nucleoli. The cytoplasm is abundant and frequently
appears vacuolated. Phagocytosis of smallf  lympho-
cytes or erythrocytes (cell-in-cell phenomenon) is
seen. When a component oft moref typical adenocarci-
noma or squamous cell carcinoma fails to be
recognized, the differential diagnosis includes highly
pleomorphic malignancies such as melanoma, high-
grade peripheral T-cell lymphoma, or pleomorphic
sarcoma. Generally, large-cell carcinoma cells show
the characteristic cytoplasmic lymphophagocytosis
(emperipolesis), which is useful in their distinction
from otherm  pleomorphicr  tumors. Amelanotic malignant
melanoma may retain at leastt  focalt  melanin pigment
granules, which helps in correct identificationt  of thef
tumor. It is noteworthy that both carcinoma and
melanoma may be characterized by large cells having
a rhabdoid appearance and accumulations of largef
eosinophilic cytoplasmic inclusions. The distinction
between the two can be made only on the basis of
immunohistochemical data.

Fig 5.14 a Large polygonal cells with large nuclei, abundant
cytoplasm, and distinct cellt  borders. In some cases, the greatest
cellular diameterr isr  about ten-foldt the diameter ofr  af RBC. One
cell contains granulocytes in its cytoplasm. FNB smear fromr  a
large cell bronchogenic carcinoma. P stain, ×400. b In smears
stained using the May Grünwald Giemsa  method, the cytoplasm
of largef cells is gray to green and nuclear pleomorphismr  is well-
evident. ×600. c Spindle cells and large giant andt  multinucleated
cells coexist in the biphasic pattern. FNB sample from an
anaplastic carcinoma of thef  thyroid gland. P stain, ×400
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Interpretation. Typical examples of large-cellf  carci-
noma occur primarily in the lower respiratory tract,
pancreas, and thyroid. Less frequently, this pattern is
seen in renal cell carcinoma, adrenal cortical car-
cinoma, hepatocellular carcinoma,r  and choriocarcinomad
(in its pure form or inr association with other germr cell
tumors). As already pointed out, these tumors gener-
ally enter the differential diagnosis with malignant
melanoma, pleomorphic sarcoma, and large-cell
lymphomas. Immunohistochemistry is almost alwayst
the only option in a difficult differentialt diagnosis, but
large cells may not express any lineage-specific
markers, probably due to a virtual intracytoplasmic
“dilution” of thesef substances. For this reason, the
sensitivity of somef  immunohistochemical tests may
be reduced and a conclusive result therebyt precluded.
Vimentin immunopositivity is generally well
preserved and it servest at leastt  ast  a demonstration that
the negativity for allr other markersr is not duet to poor
fixation or otherr  artifacts.r  The first approacht  is to test
for ther wide-spectrum cytokeratins (CK), S100P, and
CD45 together. The CK+/CD45- profile suggests a
carcinoma irrespectivea  of possiblef  positivity for S100P;r
the CK-/S100P+/CD45- profile is indicative of af malig-a
nant melanoma,t and CK-/S100P-/CD45+ of malignantf
lymphoma. A vimentin+/CK-/S100P-/CD45- profile
suggests a sarcoma but itt  ist  important tot  point outt  thatt
this result ist frequently encountered in large-cell car-
cinoma. Moreover, actin positivity in this setting does
not rule out carcinoma, as sarcomatoid carcinomas
may express actin rather thanr cytokeratin.

5.7.2 Biphasic Patternc

• Necrotic or hemorrhagicr  background with variable
cellularity.

• Concomitant larget multinucleated cells and aggre-
gates of spindle cells (in variable proportion)
(Fig. 5.14c).

• Some or mostr larget cells showing a large number ofr
clustered, overlapping, bland-appearing nuclei
containing prominent nucleoli, consistent with an
osteoclast-type multinucleated giant cell.t

• Spindle cells of smallf  to intermediate size and tightlyd
clustered ind  large three-dimensional aggregates.

Cytomorphology. The biphasic pattern is referred to
as such because of thef  presence of twof  apparently

unrelated cellular components: one comprising very
large, frequently multinucleated cells with a definite
“osteoclast-like” appearance (Fig. 5.14c), and the other
made up of medium-sized,f definitely spindled cells.
The latter are found in large and thick three-dimen-k
sional aggregates and have a fibrocyte-like appear-
ance. There is no apparent transitiont  between the two
cell types, which appear to proliferate together
although in variable proportions.

Interpretation. The biphasic cytological pattern is
mainly seen in the sarcomatoid variant oft anaplasticf
carcinoma of thef  thyroid with “osteoclast-like” cells
and in a peculiar variant of pancreaticf carcinoma of
undifferentiated type.

5.8 Clear-Cell Morphology

Definition. Primary tumors may be partly or entirelyr
composed of intermediatef  to large cells that int  paraffin
sections of tissuef samples processed for histological
examination contain a clear empty-lookingr  cytoplasm.
In ethanol-fixed and Papanicolaou-stained cytological
smears, the cytoplasm of thesef “clear” cells is, instead,
pale and amphophilic, due to the presence of finelyf
granular material. Moreover, in aggregates with
multiple layers of cells, the cytoplasm may even
become eosinophilic. In air-dried smears stained with
Romanowsky stain, the otherwise clear cytoplasm
contains a finely granular grayr material. By definition,
the term “clear-cell morphology” is reserved for cyto-r
logical samples in which the clear-cell component ist
≥80%.
• Clear and proteinaceous to hemorrhagic back-

ground, with necrotic debris (Fig. 5.15a).
• Tendency to cellular aggregationr  (wide variability

in the number ofr cellsf  per aggregate).r
• Polygonal, oval, round, or elongated shape or

partially spindled.
• Abundant and homogeneous cytoplasm, pale and

amphophilic with peripheral vacuolization
(Fig. 5.15b).

• Well-defined peripheral outline (Fig. 5.15 a,b)
• Nuclear size variable, from small (1–2×RBC) to

large (>2×RBC).
• Dense or vesicular and peripherally marginated

chromatin.
• Nucleoli evident onlyt  in high-grade tumors.



5.8 Clear-Cell Morphology 131

Cytomorphology. Tumors with a clear-cell
morphology can be graded as well-differentiated or
poorly differentiated. Nuclear size is a reliable indi-
cator ofr  thef grade of tumorf differentiation,r  as it variest
from small (diameter <2r ×RBC) in well-differentiated
tumors to large (diameter >3r ×RBC) in poorly differen-
tiated tumors. Similarly, in the former, the chromatin
texture is finely granular and nucleoli are absent or
difficult tot demonstrate, while in the latter ther  chro-
matin is coarsely granular, dense, or fragile.r  Nucleoli
are prominent and possibly of bizarref shape. The
aggregation pattern is variable. The tendency to cell
clustering is more common in well-differentiated
tumors while the cells in poorly differentiated tumors
tend to non-cohesion (Fig. 5.15a,b). In addition, the
cells often appear tor be peripherally anchored to the
wall of dissociatedf blood vessels.

Interpretation. Tumors composed of clearf  cells are
ubiquitous and may be epithelial or non-epithelialr in
origin. Clear-cell carcinoma primarily arises in the
kidney, lung, thyroid, adrenal cortex, or ovary.r  These
tumors show a somewhat predictable and peculiar
pattern of metastaticf  seeding as they localize in organs
that aret sites of primaryf clear-cell tumors themselves.
Thus, clear-cell renal cell carcinoma frequently metas-
tasizes into the liver, adrenal cortex, or the thyroid,
posing difficult problems in the differential diag-
nosis—as it willt thus include primary clear-cell tumors
in these sites. Similarly, early metastasis of clear-cellf
hepatocellular carcinomar  may often occur withinr  the

adrenal cortex, and clear-cell carcinoma of thef  ovary
may frequently metastasize to the liver. The retro-
peritoneal lymph nodes are the site of earlyf  metastatic
involvement byt  both renal and adrenal cortical clear-
cell carcinomas, and both malignancies rapidly
progress, with pulmonary metastases. Finally, the
liver, adrenal cortex, and mediastinal and retroperi-
toneal lymph nodes are preferential sites of metastaticf
seeding for clear-cellr  carcinomas arising in the lung,
thyroid, and parathyroid glands. Malignant melanomat
and its soft-tissue counterpart, i.e., clear-cell sarcoma
of thef tendon sheath, should also be added to the list oft
metastatic malignancies possibly having a clear-cell
morphology.

5.8.1 Immunohistochemistry ofy Clear-f
Cell Tumorsl

Immunohistochemistry is of helpf  in determining the
lineage of clear-cellf  tumors (epithelial vs. non-epithe-
lial) and, sometimes, their site of origin.f  Carcinoma
can be distinguished from melanoma by investigating
the immunoreactivity for cytokeratin and melanoma
markers. It is important, however, to point out that in
roughly 10% of casesf metastatic melanoma is posi-
tive for CK8,18 [44] and CEA [45]. The site of originf
of af  clear-cell carcinoma can be determined by testing
for CK8,18, the high molecular weight cytokeratin
CK34βe12, monoclonal CEA (mCEA), and TTF-1
expression [46]. Positivity for CK34βe12 excludes a

a b

Fig 5.15 a A syncytial cluster ofr largef  polygonal cells with clear cytoplasmr  and distinct cellt  borders. FNB sample from a clear cellr
renal carcinoma. P stain, ×400. b In P-stained smears, the cytoplasm of “clear”f cells is sometimes amphophilic and finely granular,
with only peripheral microvacuolization. Same case as in a. ×400
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renal or hepatic primary tumor, instead favoring a
pulmonary site of origin;f  this can be confirmed by the
demonstration of TTF-1f  and mCEA immunoposi-
tivity. CK8,18 expression is indicative of af  renal or
hepatic primary only. Vimentin is coexpressed with
CK8,18 in renal cell carcinoma but not in hepato-
cellular carcinoma.r  To distinguish renal cell carcinoma
from adrenal cortical carcinoma it is useful to test for
EMA expression, which is detected in the former but
not in the latter [47]. The distinction between clear-
cell thyroid carcinoma and parathyroid carcinoma can
be accomplished by immunohistochemically testing
for TTF-1 and parathyroid hormone (PTH). The
former isr  expressed in thyroid carcinoma and the latter
in parathyroid carcinoma; their positivitiesr are mutu-
ally exclusive. The detection of increasedf serum levels
of PTHf  obviously provides additional evidence of af
parathyroid carcinoma. Germ cell tumors, in particular
seminoma and yolk-sac tumor, can include a cellular
component witht clear-cell features. Both metastasize
to the retroperitoneal lymph nodes, liver, and lung, or
they can occur asr  an extragonadal primary tumor massr
in the retroperitoneum and mediastinum.

5.9 Oxyphil/Oncocytic- or Oncocytoid-
Cell Morphology

Definition. Oxyphil or oncocytic cells (or Hurthle
cells in the thyroid) comprise a peculiar cellr type that
in hematoxylin and eosin (H&E) routinely stained
paraffin sections is characterized by an abundant
eosinophilic cytoplasm. These cells are typically
round-oval or polygonalr  in shape, and intermediate to
large in size. In cytological preparations, they retain
their abundantr cytoplasm,t  which stains eosinophilic in
Papanicolaou-stained smears or pink tok  gray-blue in
Romanowsky-stained smears. The designation
“oxyphil morphology” requires that att leastt  80%t of thef
cytological sample is composed of suchf cells. Oxyphil
cells are rarely encountered in normal tissues but mayt
represent at  significant componentt  oft severalf tumoral
and pseudotumoral proliferations. The increase in
cytoplasmic content andt the peculiar granularr appear-r
ance of thef  cytoplasm reflect the accumulation of
mitochondria (oncocytic tumors of the thyroid,
parathyroid, salivary glands, kidney, adrenal cortex,
and gonadal stroma), neuroendocrine granules
(medullary carcinoma of thef  thyroid, neuroendocrine

carcinoma of thef pancreas, pheochromocytoma), or
fibrils of different type (gastrointestinal stromal
tumors, granular cellr  tumors, rhabdomyoma, angiomyo-
lipoma). In addition, the accumulation may assume a
globular appearance, with the formation of af  large
intracytoplasmic inclusion (rhabdoid appearance) [48].
• Prevalence of aggregatesf made up of fewf cells, with

tendency to cellular dissociation.r
• Cells of intermediatef (Fig. 5.16a) to large size

(Fig. 5.16b) due to abundant cytoplasm.t
• Nuclei variable in size, from small to large, some-

times with a prominent nucleolust  (Fig. 5.16b).
• Bare nuclei in the background mostly in small

chains, often characterized by dense chromatin.
• Possible intranuclear cytoplasmic inclusions

(pseudonucleoli).
• Oxyphil cells frequently admixed with endothelial

cells or anchoredr  to isolated blood vessels.

Cytomorphology. The main cytomorphological
features of thisf  type of samplef is the diverse aggrega-
tion pattern, since cells in the same sample may
present ast trabeculae, cords, or folliclesr (Hürthle cell
tumors). Nuclear pleomorphismr may be prominent butt
is not a marker of malignancy. Similarly, large
nucleoli can be seen more than occasionally in benign
tumors. Nuclear pseudoinclusionsr are a characteristic
finding in Hürthle cell tumors of thef  thyroid and in
pheochromocytoma. Necrotic cells or bare isolated
nuclei are rather commonr  (Fig. 5.16a,b).

Interpretation. Oxyphil cells represent a major
component of severalf  tumors originating primarily in
the abdomen, such as hepatocellular carcinoma, renal
oncocytoma, some tumors of thef pancreas, pheochro-
mocytoma and paraganglioma, yolk-sac tumor, and
sex cord-stromal tumors of thef  ovary. In addition,
tumors entirely composed of oxyphilf cells (onco-
cytomas) occur primarily in the thyroid, salivary
glands, and parathyroid glands. Apocrine carcinoma
of thef  skin and breast also belong to this category.
Tumors exhibiting oncocytic features and most
frequently arising within the chest are bronchogenic
carcinoid tumors and salivary-gland-type tumors.
Finally, it is worth mentioning the occurrence of af
peculiar variant of carcinoma,f composed of oncocy-f
toid cells closely resembling hepatocytes and desig-
nated “hepatoid carcinoma.” This tumor variant can
develop in the stomach [49], ovary, pancreas, or lung,
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and may be associated with the secretion of α-fetopro-
tein (AFP). In general, an oncocytic or oncocytoidr  cell
tumor in typical sites does not pose any diagnostic
problems, especially when a correct correlation with
clinical findings and imaging data is available. The
distinction of benignf  vs. malignant oncocytict tumor,
particularly in the thyroid, parathyroid, and salivary
glands, cannot be accomplished solely by FNB. Simi-
larly, oncocytomas of thef kidney are generally benign
tumors but the partial sampling of FNBf  cannot deter-
mine whether the oncocytic cells in the sample merely
represent a component of anf otherwise typical clear-
cell carcinoma, papillary carcinoma, or chromophobe-r
cell carcinoma. Therefore, any judgment regarding
malignancy should be deferred to histological exami-
nation of thef entire lesion. Immunohistochemistry can
be used in the differential diagnosis of primaryf vs.
metastatic tumor, especially in the liver. EMA posi-
tivity of thef tumor cells favors the diagnosis of af renal
malignancy [47]. Tumor cell expression of Heparf 1
and AFP supports a diagnosis of hepatocellularf  car-
cinoma. The lack of anyf  of thesef  markers would indi-
cate an adrenal cortical origin of thef tumor [48]. In the
salivary glands, primary oncocytoma can be distin-
guished from metastatic renal cell carcinoma with
oncocytoid features by testing for CK20 and CD10
expression. The former is frequently CK20+/CD10-
while the latter shows the opposite profile [50].

5.10 Epithelioid- and Spindle-Cell
Morphology

Definition. Epithelioid cells are non-epithelial cells
but havet a distinct epithelial-liket appearance. They are
oval to elongated in shape, intermediate to large in
size, and have well-demarcated external outlines. The
nucleus is centrally or eccentricallyr placed, the chro-
matin is generally vesicular, and a nucleolus of vari-f
able size is regularly present. The cytoplasm is homo-
geneous or granularr inr  but nott vacuolated.t In cytolog-
ical smears, these cells tend to be non-cohesive.
Epithelioid cells should be distinguished from epithe-
lioid histiocytes, which have a similar sizer  and shape
but lackt  nucleolik  and frequently contain cytoplasmic
vacuoles. Moreover, the features of typicalf  epithelioid
cells merge with those of elongatedf and definitely
spindle-shaped cells, having an elongated nucleus and
a similarly granular orr  homogeneousr  appearing cyto-
plasm. By contrast, epithelioid histiocytes are always
mixed withd small lymphocytes, plasma cells,a  and multi-d
nucleated giant cells. Epithelioid cells are important
constituents in several types of mesenchymal,
melanocytic, and mesothelial tumor proliferationsr  and
almost always merge morphologically with spindle
cells. Since epithelioid andd spindle-shapedd cellsd  always
coexist int such tumors, although in rather variabler
proportions, the definition of this morphological

Fig 5.16 a A cluster ofr medium-sizedf  oncocytic cells displaying abundant andt  granular cytoplasmr that stainst  pink tok  red in P-
stained smears. The nuclei are round and look somewhatk monotonous.t FNB sample from a renal oncocytoma. ×400. b Pleomorphic
oncocytic cells showing nuclei of variablef size and shape with a granular andr  eosinophilic cytoplasm. FNB sample from pulmonary
metastasis of oncocyticf  carcinoma primary in the thyroid gland. P stain, ×400

a b
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pattern includes both cell types and covers a large
spectrum of lesions.f
• Background clear to hemorrhagic, with stromal

fragments.
• Variable amount oft cellularity.f
• Prevalence of non-cohesivef  cells with a tendency to

form aggregates of fewf cells.
• Elongated ovoid, sometimes polygonal cells with a

centrally placed nucleus.
• Large nucleus with possible prominent nucleolus.t
• Finely or coarselyr granular orr denser  chromatin.
• Possible intranuclear cytoplasmicr vacuoles.
• Finely granular amphophilic or basophilic cyto-

plasm and a distinct cellulart  membrane.r
• Possible melanin pigment granulest within the cyto-

plasm (malignant melanomat  and related tumors).
• Large pleomorphic cells possibly present.

Cytomorphology. In samples in which the epithe-
lioid-cell morphology prevails, the most salientt cyto-t
logical findings are the prevalent cellulart  non-cohesionr
and a variablea degree of cellf  pleomorphism as opposed
to the rather monomorphicr nuclei, which are mostly
oval to elongated in shape (Fig. 5.17). In such samples,
one should diligently search for intranuclear cyto-
plasmic inclusions, which are frequent morphologicalt
indicators of malignantf melanoma.t Melanin granules
in the cytoplasm may assist int  confirming this diag-
nosis but itt  ist important tot stress that intranucleart cyto-r
plasmic inclusions are seen in tumors other than

melanoma, including medullary carcinoma of the
thyroid and some epithelioid sarcomas. In samples in
which spindle cells are prevalent, the cells are rarely
non-cohesive and tend to cluster around capillary
vessels (Fig. 5.18a). The cytoplasm can be moderately
abundant (Fig.t 5.18b) or sparser to the extent thatt  itt ist
practically not discerniblet  (Fig. 5.18a).

Interpretation. The prototypes of neoplasms
presenting with an epithelioid-cell morphology are
metastatic malignant melanoma and gastrointestinal
stromal tumors. Immunohistochemically, melanoma
cells express S100P, HMB-45, and Melan-A. S100P is
a very sensitive marker butr itst  reactivity in metastatic
tumors may be reduced in up to 50% of casesf  and/or
patchily distributed within the lesion [51]. Conversely,
HMB-45 and Melan-A are less sensitive but more
specific, and more frequently expressed in metastatic
sites. Therefore, S100P expression should be tested
along with that oft  HMB-45f  and Melan-A to warrant at
reliable sensitivity of thesef  markers. Gastrointestinal
stromal tumors typically coexpress CD34 and CD117
(see Chapter 6) [49]. Synovial sarcoma is another
example of af mesenchymal tumor withr  an epithelioid-
cell morphology. This ubiquitous tumor canr originate
primarily in the soft tissues of thef  trunk or it may
induce metastatic deposits in the retroperitoneal or
mediastinal lymph nodes, the liver, or the lung.
Synovial sarcoma cells are typically reactive for
CD99, EMA, and bcl-2, and 50–80% of thesef tumors

a b

Fig 5.17 a Epithelioid cells are ovoid or elongated,r  sometimes polygonal, cells with a centrally placed nucleus and a distinct nucle-t
olus. FNB sample from a patient witht amelanotic malignant melanoma.t  P stain, ×400. b Epithelioid and spindle cells coexist int this
field; while the elements share a common nuclear morphology,r their shaper  varies from ovoid or elongatedr to definitely spindle-like.
FNB sample from a patient witht  renal cell sarcomatoid carcinoma. P stain, ×400.
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coexpress a wide spectrum of cytokeratinsf [52]. The
spindle cell tumor mostr  frequentlyt detected in visceral
sites is sarcomatoid carcinoma. Due to its
morphology, this tumor must be differentiated from
true sarcomas of high-grade malignancy. In this
setting, the demonstration of EMAf or cytokeratinr is of
little diagnostic help due to the reduced expression of
these markers in sarcomatoid carcinoma. Instead, the
investigation of p63f  expression provides a more reli-
able and sensitive approach [53].
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6.1 Focal Liver Lesions

6.1.1 Hepatocellular Carcinomar

6.1.1.1 Clinicopathological Correlates

Hepatocellular carcinoma (HCC) is associated with
cirrhosis in the large majority of patientsf [1]. The
tumor canr  present int  nodular, multinodular, or diffuser
forms. Clinically, the serum α-fetoprotein (AFP) titer
is increased and the value correlates with the size of
the tumor mass.r  Histologically, the tumor consistsr  of af
proliferation of cellsf  variably resembling normal hepa-
tocytes, according to the degree of differentiation.f
Diverse growth patterns are recognized, including
trabecular, acinar, pseudoglandular or adenoid, and
scirrhous [1]. Tumor cellsr in well-differentiated malig-
nancies typically are usually made up of oxyphil-typef
cells but at  significant proportiont of tumorsf assume a
clear-cell morphology. The fibrolamellar and scler-
osing variants of HCCf are two important tumor en-
tities, both occurring in young age groups and in the
non-cirrhotic liver. The latter variantr ist  often associ-
ated clinically with hypercalcemia [1].

6.1.1.2 Cytomorphology

• Moderate to abundant cellularityt (Fig. 6.1).
• Concomitant aggregated and non-cohesive cells

(Fig. 6.2).
• Laminar, trabecular, or acinarr  patternr  of aggrega-f

tion (Fig. 6.2).
• Non-cohesive cells admixed with bare and atypical

nuclei (Fig. 6.3).
• Hepatocyte-like morphology in well-differentiated

tumors with abnormally increased nuclear/cyto-
plasmic ratio and intermediate to large nuclei
containing a single prominent nucleolust (Fig. 6.4)

• Eosinophilic and granular (oxyphil)r  cytoplasm with
variable content oft  pigmentf  granulest (Fig. 6.5).

• Possible clear-cell change in a variable proportion
of elementsf  (Fig. 6.6).

• Presence of af crowded network ofk  capillaryf lumina
within aggregates (Fig. 6.7a) delimited by endothe-
lial cells (Fig. 6.7b).

• Integration with core-needle biopsy (CNB)
histology required to possibly detect: (a) architec-
tural changes, such as nuclear crowding,r increased
cell thickness of hepatocytef plates, or acinarr struc-r
tures (Fig. 6.8); (b) biliary thrombi (Fig. 6.9);

Fig. 6.1 Low-power viewr  of af  FNB sample collected from a
well-differentiated hepatocellular carcinoma,r  showing abundant
cellularity. Papanicolaou (P) stain, ×40
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(c) immunohistochemical evidence of sinusoidalf
capillarization (CD34 and CD31 immunopositivity)
(Fig. 6.10); or (d) bile canalicular pattern (CEA
and/or CD10r  positivity) (Fig. 6.11); and (e) histo-
chemical evidence of stromalf  rarefaction, as seen
by silver impregnationr (Fig. 6.12).
The cytopathological diagnosis of well-differenti-f

ated HCC is very often very problematic [2–6], such
that an examination that combines smears and cell-
block histological material will potentially provide
more informative and conclusive data [4]. In fact, the
sensitivity of thef  cytopathological evaluation alone is
rather poor, 75–80%, even in highly experienced
hands, whereas a combined examination of smearf andr

Fig. 6.2 Cohesive cells form laminar orr  trabecularr  clustersr  and
are associated with dissociated cells. P stain, ×200

Fig. 6.3 Bare and naked atypical nuclei are seen in the back-
ground. Compare their sizer with that oft  redf blood cells. P stain,
×400

Fig. 6.4 Well-differentiated hepatocellular carcinoma tumor
cells assume a distinct hepatocyte-liket  morphology; their nucleir
are large and contain a singlea prominent nucleolus.t P stain, ×400

Fig. 6.5 At hight magnification, hepatocellular carcinomar  cells
may have an eosinophilic and granular (oxyphilic) cytoplasm
with a variable content of pigmentf  granules; in this case, a
distinct nucleart  vacuoler  is seen. P stain, ×100

Fig. 6.6 Clear cellr  change is seen in the cytoplasm of mostf  oft
these cells. P stain, ×400
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Fig. 6.7 a A large three-dimensional aggregate containing a crowded network ofk  capillaryf lumina which are easily discerned due to
their contentr oft redf blood cells. P stain, ×200. b Endothelial cells having elongated and hyperchromatic nuclei (arrows) are admixed
with hepatocytes and sometimes appear tor  delimit capillaryt lumina. P stain, ×400

a b

Fig. 6.8 Microhistological view of a needle-rinse sample
showing increased cell thickness of hepatocytef plates and focal
clear cellr change. Hematoxylin and eosin (H&E) stain, ×400

Fig. 6.9 A pseudoglandular aggregate of hepatocytesf (on the
left) contains a biliary thrombus; the other aggregate has an
acinar configuration.r  Note that botht aggregates are surrounded
by endothelial cells. Paraffin section stained with H&E, ×400

Fig. 6.10 CD34 immunopositivity is seen in endothelial cells.
This finding is a marker ofr  thef “capillarization” of sinusoids.f
Paraffin section counterstained with hematoxylin, ×400

Fig. 6.11 CD10 immunostaining discloses a peculiar “bile
canalicular” pattern of positivityf on the membrane of neoplasticf
hepatocytes. Paraffin section counterstained with hematoxylin,
×400



142 6 Abdomen

microhistological samples increases the sensitivity to
85–90% [2]. The specificity of morphologicalf investi-
gation is not influencedt by the combined approach and
is always high (about 98%) [2,4]. The aim of thef
combined microhistological evaluation is to collect
additional data concerning structural atypia, changes
in the microcirculation, the immunohistochemical
reactivity of thef cell membrane, and the histochemical
properties of thef  interstitial ground substance, all of
which may support thet  diagnosis. Finally, most expertst
recommend also acquiring an adequate core-needle
sample of thef extralesional parenchyma [7–9].

Early and well-differentiated HCC is a hypercel-
lular nodule made up of acini,f thin trabeculae, and
remodeling of thef  cord structure [9]. Microhistological
evaluation is of helpf in the diagnosis as it discloses
nuclear crowding,r three or morer  cell-thick hepatocytek
plates, and a trabecular arrangementr  [7–9].t  The capil-
larization of sinusoidsf is manifested by the linear
CD34 immunoreactivity detected on the sinusoidal
surface in HCC [10], in contrast witht a complete lack
of reactivityf for thisr  marker inr normal or hyperplasticr
liver (Fig.r 6.10). This is a sensitive feature for HCCr
but ist  not totallyt specific as it alsot can be detected in
cirrhosis as well as regenerative and dysplastic
nodules. The bile canalicular pattern of immuno-
reactivity for polyclonalr  CEA and CD10 of HCCf  cells
denotes a changea in the chemical composition of tumorf
cell membranes on the pole opposite the sinusoidal
surface, as evidenced by a linear reactivityr  (Fig. 6.11).

This finding is a poorly sensitive but highlyt  specific
change in HCC [11–13]. Rarefaction occurs in the
argentophilic fibrils within the interstitium of well-f
differentiated HCC, a feature easily detected by
common silver impregnation stains (Fig. 6.12).
Combined with the disappearance of portalf tracts, this
provides a rather sensitiver  but nott optimallyt specific
criterion for the diagnosis [7,8]. Finally, positive
immunostaining of tumor cells for glypican-3, a
heparan sulfate proteoglycan, is the latest and most
promising tool in the differential diagnosis of HCCf  as
the marker is expressed in HCC but not in hepato-
cellular adenoma,r regenerative nodules, or dysplasticr
nodules. Conflicting data have been reported,
however, on the sensitivity of glypican-3f in fine-
needle biopsy (FNB) material [14–16].

HCC can be differentiated from a high-grade
dysplastic nodule based mainly on the detection of
three or morer cell-thick hepatocytek  plates, substantial
nuclear crowding,r the formation of pseudoglands,f  and
a diffuse (not focal) capillarization of thef sinusoids
[7,17]. Large regenerative nodules are properly diag-
nosed by a very effective diagnostic criterion, i.e., the
complete similarity in architectural pattern and cellular
features between intra- and extralesional tissue
collected by CNB [7]. Hepatocellular adenomar also
enters the differential diagnosis with well-differenti-
ated HCC [7,9]. This benign tumor is typically
unifocal, does not developt in a cirrhotic background,
and mostly occurs in female patients of reproductivef
age or inr male patients undergoing hormone medica-
tion (anabolizing drugs) [1]. In general, cytopathologi-
cal or histopathologicalr observations in needle-biopsy
samples do not assistt int  the differential diagnosis of
well-differentiated HCC; thus, a definitive diagnosis
of benignancy in ambiguous cases is generally
discouraged.

The diagnosis of intermediatelyf to poorly differenti-
ated HCC in smear cytologyr is facilitated by the detec-
tion of af  higha tendency to cellular non-cohesion,r the
presence of three-dimensionalf aggregates of variablef
size formed by the complex ramification of trabeculaef
or plates of hepatocyte-like cells with a high
nuclear/cytoplasmic ratio, and significant nuclear
changes (Fig. 6.13). The aggregation pattern can
include tubular structures,r acini, and pseudopapillae,
thus imitating poorly differentiated adenocarcinoma.
This is particularly true for ther  pseudoglandular variantr
of HCC,f which poses a challenging problem in a

Fig. 6.12 Silver impregnationr stain documents a rarefaction in
argentophilic fibrils within the interstitium of well-differentiatedf
hepatocellular carcinoma.r  Paraffin section counterstained with
nuclear fastr red,t ×400
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differential diagnosis that includes cholangiocarci-
noma. In addition, tumor cellsr  can display an overt
clear-cell change, or evenr  a “signeta ring”t appearance,
or assumer  an Indian file arrangement. Clear-cell HCC
can enter ther  differential diagnosis with a metastatic
carcinoma primary located in the kidney, adrenal
cortex, ovary, lung, or thyroid,r  or withr other non-r
epithelial tumors made up of clearf  cellsr  (malignant
melanoma, sarcoma, gastrointestinal stromal tumors)
[1]. In some cases, the tumor cellsr  are large and pleo-
morphic with abundant cytoplasmt  and bizarre nuclei
(pleomorphic variant); in others, the cells are small,
contain sparse cytoplasm, and have a greata tendencyt to
non-cohesion, thus imitating a metastatic small-cell
carcinoma. In all these cases, proper diagnosisr of HCCf
relies upon the results of immunohistochemicalf  studies
of microhistologicalf  samples. It ist worth noting that
HCC cells in well-differentiated tumors are poorly
reactive for cytokeratins,r  as they may express CK8,18
but usuallyt  not CK7t  or CK20r [18]. TTF-1, Hep-Par,
and AFP positivity of the cytoplasm is seen in,
respectively, 70–90%, 70–80% and <50% of casesf
[12,19,20]. Furthermore, poorly differentiated tumors
may show positivity for CK7r  and CK19 as well [21].

6.1.1.3 Diagnosis of Hepatocellularf Carcinoma

Nowadays, FNB is used to diagnose HCC only in a
minority of cases.f  Instead, imaging techniques are the
gold standard procedure for diagnosing lesions of

small size that appeart inr the cirrhotic liver [3,7,8,12].r
Imaging diagnosis of HCCf in cirrhosis is based on the
detection of abnormalf  arterial vascularization, espe-
cially by contrast techniques such as CT, MRI, or
contrast ultrasound (US). Pathognomonic findings
include early enhancement in the arterial phase and
subsequent washout.t  Progression of suchf  to the extent
that thet nodule becomes hypovascular (orr isovascular)r
compared to the surrounding parenchyma is the most
specific finding. If itf  ist detected in a nodule >2 cm,
then HCC can be diagnosed with confidence [3,22]. In
addition, even a single imaging technique showing
typical findings in a nodule ≥1 cm that newlyt  appeared
during a surveillance program is sufficient fort ar  reli-
able diagnosis of HCCf [22]. Imaging techniques allow
a confident andt conclusive diagnosis of HCCf  in about
70% of patients,f with a 2.5% false-positive rate [22].
In the remaining patients, a tissue diagnosis is required
and should be accomplished by US-guided fine-needle
and core-needle biopsy samplings of thef  nodular lesionr
[7,8]. US-guided biopsy of HCCf  has only few false-
negative results, which can be minimized by a repeat
biopsy. In fact, FNB provides the only possibility to
diagnose HCC in hospitals or clinics lacking the
above-mentioned diagnostic imaging facilities and
when the tumor is unexpectedly encountered in a
patient witht a non-cirrhotic liver. The latter situationr
seems to be more frequent int patients with hepatitis B
virus (HBV)-related chronic hepatitis and is typically
observed in those residing in less-developed countries,
where HBV infection is endemic [23]. HCC,

Fig. 6.13 a In FNB smears from poorly differentiated hepatocellular carcinoma, the tumor cells may assume a small cell
morphology. P stain, ×400. b A core-needle sample showing a peculiara tubularr orr trabecularr configurationr  of neoplasticf hepatocytes.
Paraffin section stained with hematoxylin and eosin, ×400

a b
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moreover, can develop as a second malignancy espe-
cially in the setting of chronicf  infection hepatitis C
virus (HCV) infection and may represent an unex-
pected finding in patients under follow-upr  surveillance
after the diagnosis and treatment of otherf  malignan-r
cies (mainly malignant lymphoma)t [24,25].

6.1.2 Cholangiocarcinoma

Cholangiocarcinoma originatesa in the intrahepatic and
extrahepatic biliary ducts. It ist typically seen in elderly
patients, with a certaina  predilection for malesr [1]. The
clinical onset ist  mainly characterized by symptoms
caused by obstructive jaundice. In the liver, the tumor
presents as a single mass or asr  multiple confluent
nodules localized close to the hilar regionr  (central
cholangiocarcinoma) or inr  the subcapsular parenchymar
(peripheral cholangiocarcinoma). There is also a
diffuse form of thef tumor thatr involvest multiple ad-
jacent segments.t  “Klatskin’s tumor” refers to a varianta
of cholangiocarcinomaf originatinga in the large perihilar
extrahepatic biliary ducts; it secondarilyt  and retro-
gressively involves the hilar liverr parenchymar  and
forms a space-occupying tumor massr [1]. Histologi-
cally, cholangiocarcinoma isa an adenocarcinoma ofa thef
usual type, with intracellular mucinr  synthesis and a
tubular, trabecular, or cord-liker pattern of invasivef
growth that elicits a generally intense desmoplastic
reaction. The latter isr  probably the only morphological
peculiarity of thef tumor, as an intense stromal reaction
is less frequently seen in metastatic adenocarcinoma.
In a minoritya  of cases,f the tumor cellsr  may also assume
a clear-cella  or signet-ringr  morphology. Finally, cholan-
giocarcinoma also may assume an adenosquamous or
lymphoepithelioma-like appearance [1]. On FNB, the
cytological sample demonstrates a glandular-cell
morphology. Since there are no specific features
distinguishing a primary from a secondary metastatic
adenocarcinoma, the term “adenocarcinoma, uncertain
if primaryf  or metastatic”r  should be used in the patho-
logical report. Immunohistochemically, well-differen-
tiated forms of cholangiocarcinoma cells are
CK7+/CK20- while poorly differentiated tumors may
express CK20 [18]. No specific marker demonstratingr
a biliary-tracta  origint  of thef tumor isr available; rather,
cholangiocarcinoma cellsa share the same immunohisto-
chemical profile as tumors of thef  pancreatic ducts [1].
The diagnosis of cholangiocarcinomaf is often made

by exclusion if the patient presents with huge
liver involvement by a sclerosing and mucinous
adenocarcinoma but has no evidence of anf extra-
hepatic primary tumor.

6.1.3 Carcinoma of thef  Gallbladder
Involving the Liver

Adenocarcinoma of thef  gallbladder anterior wall is
much more frequent thant cholangiocarcinoma and can
involve the adjacent hepatict parenchyma early in the
course of thef  disease, thus presenting as a tumor massr
in the liver. Histologically, the tumor’s appearance is
typical of adenocarcinomaf but in about 15–20% of
patients it mayt assume the morphology of squamousf
cell carcinoma, or mucinous,r  clear-cell, or small-cellr
carcinoma. The latter isr  often combined with an other-
wise typical adenocarcinoma ora  ar typical carcinoid [1].
Consequently, the FNB sample recapitulates a glan-
dular-cell morphology or thatr oft af squamous cell car-
cinoma, etc., with no distinct featurest allowing a clear-
cut distinctiont  from cholangiocarcinoma or metastaticr
adenocarcinoma. Involvement oft hepaticf  hilar lymphr
nodes is an early event. Adenocarcinoma arising from
the posterior wallr  of thef  gallbladder mayr infiltrate the
duodenal wall, transverse mesocolon, or gastricr wall
and may grow as a retroperitoneal mass. Tumor
relapse following surgical excision of thef  gallbladder
occurs within the anterior abdominalr wall close to the
surgical scar; this site is therefore frequently used as a
target oft  FNBf (see below).

6.2 Pancreatic Tumors

6.2.1 Ductal Adenocarcinomal

6.2.1.1 Clinicopathological Correlates

Ductal adenocarcinoma is the most frequent malig-
nancy of thef pancreas and occurs mainly in individuals
older than 40 years. In about two-thirds of such
patients, the tumor isr  located in the pancreatic head,
while in the remaining one-third it ist in the body and
tail of thef  pancreas [26]. At clinical onset, patients
with the tumors of thef  former type typically have a
rapidly progressive obstructive jaundice, while the
symptomatology is much more attenuated and
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non-specific for patientsr  with tumors in the latter site.r
There is early metastatic involvement oft  thef regional
and hilar hepaticr  lymph nodes. Early metastasis within
the liver fromr  an occult pancreatict  tumor isr  generally
induced by an adenocarcinoma arising in the body and
the tail of thef organ. Histologically, ductal carcinoma
presents as an otherwise typical adenocarcinoma anda is
composed of tubularf  structuresr  of variablef  shape and
size that aret lined by cylindrical cells that accumulatet
mucin intracellularly. Less frequently, the tumor pre-r
sents either as an adenosquamous carcinoma, as a
mixed ductal-type and endocrine carcinoma, or as a
ductal-type and acinar carcinomar  [26].

6.2.1.2 Cytomorphology

The diagnosis of pancreaticf  tumors by FNB can be
accomplished percutaneously and through echo-
endoscopy [27–34]. In samples collected from these
tumors, the cells display a glandular-cell morphology
but a wide repertoire of cytologicalf  patterns can be
seen. The diagnosis of moderatelyf  to poorly differenti-
ated adenocarcinoma is sufficiently easy due to abun-
dant cellularity, well-evident cellular atypia, the
tendency to cellular non-cohesion,r  and the detection of
necrotic debris in the background. Recognition of
well-differentiated tumors is, by contrast, made diffi-
cult by the possible overlap in cellular changes
between bland-looking malignant cellst  and the hyper-

plastic ductal or acinar cells induced by chronic
pancreatitis, especially sclerosing pancreatitis. In fact,
the exclusive evaluation of tissuef sections prepared
from microhistological samples may be of littlef  or nor
help in the differential diagnosis; instead, a definitive
diagnosis may be obtained by confirming the presence
of characteristicf patterns of aggregationf and cytolog-
ical changes seen in smears. The following observa-
tions support at diagnosisa  of af well-differentiateda ductal
adenocarcinoma: (a) marked tendency of nuclearf  over-r
lapping in aggregates (Fig. 6.14); (b) a marked vari-
ability in nuclear size, with nuclei two- to four-fold
larger thanr  others in the same aggregate (Fig. 6.15);

Fig. 6.14 a A large three-dimensional aggregate of epithelialf  glandular cellsr showing secondary lumina within the cluster andr  a
marked tendency to nuclear overlapping.r  P stain, ×400. b A large three-dimensional aggregate of epithelialf  glandular cellsr  showing
a bizarre configuration with focal pseudopapillae or acinarr  structuresr at thet  periphery. P stain, ×200

a b

Fig. 6.15 High-power view discloses a marked variation in
nuclear sizer  and shape within the same aggregate. P stain, ×400
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(c) the presence of significantf nucleart  moldingr  (Fig.
6.16); (d) marked irregularity of thef  nuclear profile,
with nuclear folds and notching (Fig. 6.17); (e) the
detection of prominentf eosinophilict nucleoli together
with a coarsely granular chromatinr and parachromatin
clearing (Fig. 6.18) [27–34]. Additional findings
favoring the diagnosis of adenocarcinomaf include the
presence of necroticf debris and/or inflammatoryr cells
and/or mucin in the background (Fig. 6.19), or the
presence of baref nuclei. In many cases of well-differ-f
entiated tumors, however, a conclusive diagnosis

cannot bet reached and the case should be reported as
“suspicious” for carcinoma.r

6.2.2 Acinar Cellr Carcinomal

Acinar cell carcinoma of thef pancreas is a rare malig-
nancy occurring in individuals at any age, including
those in the first and second decades of life.f This
aggressive tumor can develop in any segment of thef
pancreas [26,35]. Nonetheless, if diagnosedf early, it is

Fig. 6.16 Nuclear molding is obvious in these clusters of
epithelial glandular cells.r  Note also marked variation in nuclear
size. P stain, ×400

Fig. 6.17 Marked irregularity of the nuclear profile, with
nuclear foldsr  and notching, is particularly evident int this aggre-
gate. P stain, ×1000

Fig. 6.18 Prominent nucleoli are seen in this aggregate of
epithelial glandular cells.r  Note that nucleart  sizer  variation is not
prominent int  this particular field.r  P stain, ×400

Fig. 6.19 Large and irregular three-dimensionalr  aggregates are
seen in a mucinous background. P stain, ×200
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amenable to surgical resection. Accordingly, overall
survival and disease-free survival are significantly
higher than for patients with ductal-type adenocarci-
noma. Histologically, pancreatic acinar cell carci-
noma comprises a solid and trabecular growth of
medium to large cells with a characteristic oncocytoid
appearance: abundant granular cytoplasm with a
monomorphous and regular polarized nucleus
containing a well-evident nucleolus. Acinar tumor
cells are immunoreactive for lipase, trypsin, and
chymotrypsin and may have an otherwise typical
ductal-type and/or endocrine cellular component.
There is very little reported experience regarding FNB
sampling and subsequent diagnosis of acinarf cell
carcinoma; less than ten cases have been reported
in the literature [36,37]. The cytological yield has
been generally described as made up of cellsf  with an
oncocytic/oncocytoid morphology and nuclei charac-
terized by a prominent nucleolus. Cytoplasmic
immunohistochemical reactivity for lipase is diag-
nostic [26].

6.2.3 Mucinous Cystic Neoplasmsc

6.2.3.1 Clinicopathological Correlates

Mucinous cystic neoplasms are almost exclusively
encountered in middle-aged women. The tumor canr be
located in the body or the tail of thef pancreas and
generally consists of af cystic component witht  a minor

solid portion [26]. Cystic tumors can be uniloculated
or multiloculated, their size varying between 2 and
30 cm in the largest diameter. Benign (mucinous
cystoadenoma) and malignant (cystoadenocarcinoma)t
tumors are recognized. In the former, the cyst wallt  is
covered by a mucinousa epithelium lackingm any atypical
features while in the latter the epithelial cells show
frankly atypical features and a papillary or pseudo-
papillary growth pattern. The differential diagnosis
should include intraductal papillary tumors involving
the large pancreatic ducts.

6.2.3.2 Cytomorphology

Percutaneous or endoscopic-ultrasoundr FNB sampling
can provide valuable diagnostic information but the
procedure may be poorly sensitive [38,39]. When the
FNB yield is richly cellular, a reliable diagnosis of
cystic mucinous tumor is easily made if thef sample
shows the features of glandular-cellf  morphology and a
papillary growth pattern (Fig. 6.20). In some cases,
the mucinous epithelial cells look morek  atypical and
pleomorphic (Fig. 6.21). If the sample is poorly
cellular, then any diagnostic hypothesis should be
considered only with great caution due to the high
false-negative rate of thef procedure. In tumors >3 cm,
FNB exclusion of malignancy is not reliable and
strongly discouraged [39]. Hemosiderin-laden macro-
phages are characteristically found in benign tumors
but thist  is not at  specific feature.

Fig. 6.20 a A papillary aggregate of epithelialf glandular cellsr showing well-evident nucleoli.t  P stain, ×400. b Microhistological
view of af papillary aggregate showing a connective-tissue stalk. Paraffin section from cell-block materialk  collected by needle rinse,
stained with H&E, ×200

a b
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6.2.4 Serous Cystic Neoplasmsc

Serous cystic neoplasms of thef  pancreas are benign
tumors made up of confluentf cystst  of variablef  size lined
by a monolayered epithelium of cylindrical cells
containing a non-mucinous, glycogen-rich cytoplasm
[26,40,41]. Epithelial cells are typically monomor-
phous and lack anyk atypia; sometimes and focally, they
cover smallr  papillary vegetations. The aspirated fluid is
typically clear andr often acellular. In cytological prepa-
rations, epithelial cells, when detected, form loose
aggregates, appear cylindricalr  or polygonal,r and have a
round to oval and vesicular nucleus.r  CNB sampling is
useful to document thet  multiple microcystic nature of
the lesion and can demonstrate the intense PAS posi-
tivity of epithelialf  cells. A typical example of benignf
serous cystic neoplasm of thef pancreas is illustrated
in the internet att  thet Foro de Diagnostico por Imagenr
(Foropat) website [42]. The differential diagnosis
includes mucinous cystic tumor ofr thef  pancreas, cystic
lymphangioma, cystic renal tumor [43]r  and multicystic
mesothelioma [44]. Cystic lymphangioma is easily
diagnosed in core-biopsy samples if thef endothelial
nature of cellsf lining the empty-looking and confluent
cavities can be demonstrated. In cytological samples
prepared from the aspirated fluid, the endothelial
cells are very sparse and the diagnosis is generally
made by exclusion due to the lack ofk  cylindricalf  and/or
cuboid cells.

6.2.5 Tumors of thef  Endocrine Pancreas

6.2.5.1 Clinicopathological Correlates

Endocrine tumors of thef  pancreas are rare but allt  are
potentially malignant. Endocrine symptoms are noted
in 60–80% of thesef  patients. The tumors are typically
localized in the body and tail of thef  pancreas and their
largest sizet at diagnosist  is about 1–5t  cm [45]. Due to
their preferential site of origin,f these tumors do not
generally induce obstruction of thef  main pancreatic
ducts, thus, if notf  functional,t  these tumors are discov-
ered only at at  relatively late stage. In fact, the chance
of identifyingf a tumor of thef  endocrine pancreas is
directly proportional to its ability to induce a clinically
relevant endocrine syndrome. Histologically, the
tumor consistsr  of af  solid trabecular, ribbon-like, gyri-
form, or solid patternless “medullary” growth of
essentially cuboid and uniform cells with a round
nucleus and a well-evident nucleolus.t The cytoplasm
is finely granular andr eosinophilic. Large cells with a
clear cytoplasm or a rhabdoid appearance are occa-
sionally evident.

6.2.5.2 Cytomorphology

The cytological picture is of af  small-cell pattern,
with marked cellular monomorphism and little
tendency to cellular dissociation (see Chapter 5 and
Fig. 6.22a,b) [46,47]. The immunohistochemical eval-
uation in CNB tissue sections or cell-blockr prepara-k
tions obtained by needle rinse discloses positive reac-
tivity for neuroendocriner  markers (Fig. 6.22c) and for
Leu-7(CD15). The cells do not generallyt  stain positive
for CK7 or CK20, but CK8, 18 and CK19 may be
expressed and expression seems to bear prognostic
significance [48].

6.2.6 Undifferentiated andd  Spindled Cell
Carcinoma

This rare variant of carcinoma of the pancreas
has a definitea  pleomorphic and/or sarcomatoidr  morpho-
logy [26]. In addition, these tumors show similarities
with anaplastic carcinoma of the thyroid. The
FNB sample may appear highly necrotic, with a
variable number of aggregatesf of pleomorphicf  cells

Fig. 6.21 Marked variation in nuclear sizer  and nuclear hyper-r
chromasia are occasionally found in FNB samples of mucinousf
cystic tumors of thef  pancreas. P stain, ×400
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with a definite spindle cell shape. The chromatin
pattern is coarsely granular and prominent nucleoli
are rarely seen (Fig. 6.23).

6.3 Renal Tumors

6.3.1 Clear-Cell Carcinomal

6.3.1.1 Clinicopathological Correlates

Clear-cell carcinoma is the most frequentt malignancyt
of thef kidney. It occurst  only in adults, with the highest
incidence in the sixth decade. Clinical manifestations
appear later in the course of thef  disease and generally
consist oft  painf in the flank andk  hematuria; a palpable
mass is rarely detected. Indeed, the tumor is most
frequently discovered incidentally in a patient under-t
going imaging evaluation for otherr  reasons.r The onset
with metastatic disease from an occult primaryt  is the
least frequent modality of clinical presentation.
Tumors arising in the upper poler  of thef  organ can grow
into the suprarenal space to simulate an adrenal
primary. On imaging, the tumor canr  appear solid,r  or
partly or completelyr cystic. Histologically, there is a

Fig. 6.22 a A three-dimensional aggregate of cellsf showing
monotonous nuclei and a small amount of cytoplasm;f at the
periphery, there is a tendency to loss of cellularf cohesion.
P stain, ×400. b Cell-block paraffink section shows small cells
with round nuclei and the characteristic “salt and pepper”
appearance of chromatin; there is a small amount of
eosinophilic, somewhat granulart cytoplasm.r  H&E stain, ×400.
c Immunostaining for chromograninr decorates the cytoplasm of
tumor cells.r  Paraffin section from cell-block material,k  counter-
stained with hematoxylin, ×400

Fig. 6.23 In spindle cell carcinoma ofa  thef  pancreas, the cells are
large, elongated, and pleomorphic in shape, and are character-
ized by coarsely granular chromatin.r  P stain, ×400

a b

c
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solid trabecular orr  syncytialr proliferation of clearf cellsr
with a conspicuous component of capillaries.f The
tumor cells have a clear cytoplasm and may coexist
with a minor component of cellsf  having a granular
cytoplasm (granular cells).r  Stromal blood extravasa-
tion and hemorrhagic necrosis of the tumor are
frequently detected. The histopathological grade of thef
tumor, determined by evaluation of nuclearf shaper and
size, has a great impactt ont  prognosis [49].

6.3.1.2 Cytomorphology

The cytological picture on FNB is prototypical of
those tumors with a clear-cell morphology (see

Chapter 5) (Fig. 6.24). However, the samples are
generally contaminated by blood and necrotic debris,
and cellularity may be sparse [50]. The neoplastic cells
tend to lose their characteristicr features in tumors of
high grade and may instead be highly variable in
shape, with enlarged or bizarre nuclei and a sparse
amphophilic cytoplasm (Fig.m 6.25). In the sarcomatoid
variants of thef  tumor, highly pleomorphic spindle and
epithelioid cells with bizarre and giant elementst  may
predominate (Fig. 6.26) [50]. CNB sampling is gener-
ally not requiredt for ar definitivea  diagnosis provided thatd
the cytological picture is properly correlated with the
imaging data. Clear-cell carcinoma showsa  some prefer-
ential sites of metastaticf  involvement, namely, the
adrenal and thyroid glands, lung, ovary, and liver [49].r

a b

Fig. 6.24 a High-power viewr of mediumf  to large cells displaying an abundant andt  clear cytoplasm.r P stain, ×1000. b A large three-
dimensional aggregate of clearf  cells.r  Note that int thicker areasr  the cytoplasm no longer looksr clear butr  insteadt appears eosinophilic.
P stain, ×400

Fig. 6.25 In poorly differentiated tumors, the cells are large and
their cytoplasmr is amphophilic. Note the marked nuclear pleo-r
morphism. P stain, ×400

Fig. 6.26 In high-grade sarcomatoid variants of renalf  cell car-
cinoma, the picture may be dominated by giant multi-
nucleated cells
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In these sites, the tumor should be differentiated
from primary clear-cell malignancies in the above-
mentioned organs. An immunohistochemical evalua-
tion is of helpf  in the differential diagnosis; it mustt  bet
performed on cell-block paraffink  sections from core-
biopsy or needle-rinser  samples. Clear-cell carcinoma
is typically CK±/EMA+/VIM+/CD10+; adrenal cor-
tical carcinoma, CK-/EMA-/VIM+/CD10-; and hepato-
cellular carcinoma, CK-/EMA-/VIM±/CD10+ [51].
Additional markers that aret not expressedt in renal cell
carcinoma help differentiate this tumor from other
malignancies possibly sharing the same clear-cell
morphology: TTF-1 (bronchogenic and thyroid carci-
nomas), calretinin (mesothelioma), placental alkaline
phosphatase (yolk-sac tumor and seminoma), the
melanoma markers S100P, HMB-45, and Melan-A
(clear-cell and balloon-cell malignant melanoma),
neuroendocrine markers (large-cell and clear-cell
neuroendocrine carcinoma), and specific hormone
products such as thyroglobulin (clear-cell carcinoma
of the thyroid of follicular derivation), calcitonin
(medullary thyroid carcinoma), and parathyroid
hormone (parathyroid carcinoma).

6.3.2 Papillary Carcinomay

6.3.2.1 Clinicopathological Correlates

Papillary carcinoma can occur in individuals of anyf
age, with the highest incidencet  in the fifth and sixth

decades of life.f It representst 10–15% of renalf  malig-
nancies and is less aggressive than classical clear-cell
carcinoma [49]. The tumor massr is typically cortical in
location or may appear to grow outside the organ.
Histologically, the tumor consistsr  of af  tubulo-papillary
growth often containing dispersed psammoma bodies.
Epithelial cells covering the papillary structures and
tubules are of intermediatef  size, cuboid to cylindrical
in shape, with a small nucleus and pale to clear or
finely granular cytoplasm. A specific variant of thef
tumor is composed of oncocytic/oncocytoid cells.
Papillary structures have a connective-tissue stalk
containing numerous histiocytes with a foamy cyto-
plasm. Tumor cells show the characteristic
CK7+/CD10+ immunohistochemical profile [51].

6.3.2.2 Cytomorphology

The FNB yield of papillaryf carcinoma generallya shows
an abundant cellularity, with a prevalence of aggre-f
gates having a two-a  or three-dimensionalr configuration
[50]. The cells are small to intermediate in size and
their shaper  is oval or spindlyr elongated. They have an
amphophilic or basophilicr  fragile cytoplasm and their
nuclei are oval to elongated, with finely granular or
vesicular chromatin. Focally within the aggregates,
the elongated cells tend to form peripheral palisades,
tufts, or pseudorosettes, which are the only hints of
a papillary or micropapillary pattern of growth
(Fig. 6.27a). Non-cohesive cells are also observed in

Fig. 6.27 a Three- and two-dimensional clusters of elongatedf cells that tendt  to form palisades or pseudorosettes.r P stain, ×400.
b Cell-block paraffink section, from the same case as in a, allows for betterr  identificationr  of thef  characteristic micropapillary pattern
of tumorf growth.r  H&E stain, ×400

a b
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the background, as are foamy histiocytes. The exami-
nation of cell-blockf  paraffink sections, when available,
is of helpf in confirming the diagnosis (Fig. 6.27b).

6.3.3 Chromophobe-Cell Carcinomal

Chromophobe-cell carcinoma is a rare malignancy,
accounting for nor  more than 5% of renalf tumors [49].
Its clinical presentation is similar tor  that oft  clear-cellf
carcinoma. Its salient featuret is a peculiar proliferatingr
cell type of intermediatef size with a small nucleus and
an abundant cytoplasmt that ist microvacuolar, reticu-
lated, or floccular in appearance. These tumor cells
grow in laminar structures.r

The cytological features upon FNB of thisf  tumor
have been reported only rarely in the literature [50,52].
The cellularity is moderate to high, with the cells
arranged in small clusters and as single cells. The cyto-
plasm of thef  tumor cellsr is abundant, and the cell
membrane is thickened. The nuclei are hyperchromatic,
with occasional intranuclear inclusions..r  The cytoplasm
is positively stained by colloidal iron and shows strong
immunohistochemical expression of CK7.f  Additional
immunohistochemical properties are a positivea reaction
for c-kitr  andt  negative expression of PAX-2f  [53]. A
variant oft  chromophobe-cellf  carcinoma isa  characterized
by cytoplasmic eosinophilia anda  the tumor hasr an onco-
cytic/oncocytoid appearance. Like oncocytoma cells,
chromophobe-cell carcinoma cells show immuno-
reactivity for progesteroner  receptor andr CD117 [54].

6.3.4 Collecting-Duct (Bellini’s)t
Adenocarcinoma

This rare variant oft  renalf  malignancy is characterized
by a biphasica  growth of adenocarcinomaf  anda urothelial
carcinoma. It ist a highly aggressive tumor thatr  origi-t
nates within the renal medulla and shows early
involvement oft  hilarf structures.r

6.3.5 Oncocytoma

6.3.5.1 Clinicopathological Correlates

Renal oncocytoma in the pure form is a benign tu-
mor [49]. It is typically located in the renal cortex

and is generally discovered incidentally by imaging
techniques. By definition, tumor growth is locally
aggressive but does not produce distant metastases.
Histologically, it consists of af  solid proliferation of
oncocytic cells organized in laminar, trabecular, or
syncytial patterns. The stroma is sparsely vascularized
and edematous. Tumor cellsr are intermediate to large
in size, round to polygonal in shape, and contain an
abundant granular cytoplasm.r The nuclei are regular
and occasionally contain prominent nucleoli.t

6.3.5.2 Cytomorphology

The cytological picture on FNB is prototypical of
tumors with an oncocytic/oncocytoid cell morphology
(see Chapter 5) (Fig. 6.28). However, a definitive
diagnosis of oncocytoma cannot be made with
certainty based upon partial sampling of thef tumor,
such as in the setting of FNB,f since other primary
malignant tumors of thef kidney, namely, clear-cell
carcinoma, papillary carcinoma, and chromophobe-
cell carcinoma, may contain an oncocytic/oncocytoid
cellular component indistinguishable from that of
conventional oncocytoma. Therefore, pathological
evaluation of thef entirely excised tumor is generally
required for a conclusive diagnosis.

Fig. 6.28 Three-dimensional cluster ofr  cellsf with monotonous
round nuclei and an abundant granulart andr eosinophilic cyto-
plasm. P stain, ×400
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6.3.6 Angiomyolipoma

Angiomyolipoma isa  a rarea pseudotumor ofr  variablef  size
(1–20 cm inm  its largest diameter)t that ist usually asymp-
tomatic and in about halft thef  cases occurs in the setting
of thef  tuberous sclerosis complex. Histologically, it
consists of af hamartomatous proliferation of spindlef
and epithelioid cells admixed with adipocytes and
lipoblasts, as well as malformed vessels [55,56].
Angiomyolipoma shoulda be considered in aspirates of
renal and extrarenal masses when an admixture of
blood vessels, fat, and smooth muscle cells is encoun-
tered. Nonetheless, the FNB procedure is rarely diag-
nostic and no more than about 20t  cases have been
reported in the literature [57]. The cytological picture
can be classified within the category of samplesf  with
spindle cell and epithelioidd celld  morphologies. The cells
are arranged in loosely cohesive clusters. Nuclear
atypia isa occasionally identified, as well as naked nucleid
and intranuclear inclusions. The cytoplasm of the
spindle and epithelioid elements is delicate and some-
times vacuolated [56,57]. The differential diagnosis
includes other tumorsr  composed of similarf spindler  and
epithelioid cells (leiomyoma anda  leiomyosarcoma), or
lipoma anda liposarcomas. The constituting cells typi-
cally display cytoplasmic positivity for ther  melanoma-
associated markers HMB-45 and Melan-A but aret
S100P-negative; in addition, they are positive for ther
expression of calponin and muscle-specific actin
(HHF35) [55]. The epithelioid and spindle cells prefer-
entially stain for melanoma-associatedr and smooth
muscle antigens, respectively [55]. The detection of
this particular immunohistochemicalr profile plays a
decisive role in making the correct diagnosis.t

6.3.7 Special Problemsl in the Differential
Diagnosis of Renalf  Tumorsl

Primary renal tumors can show a rangea  of cytohistolog-f
ical microscopic patterns: clear-cell, tubulo-papillary,

oncocytic/oncocytoid, spindle cell, round cell, and
poorly differentiated gland-forming adenocarcinoma-
tous [50]. The first twot  patterns are most commonlyt
encountered in daily practice and reflect thet micro-
scopic appearance of conventionalf  clear-cell carcinoma
and papillaryd  carcinoma. Moreover, the oncocytic/onco-
cytoid cellular patternr  can be seen in several tumor
types other thanr oncocytoma (seea  above). In FNB mate-
rial, immunohistochemical studies can be of helpf in the
differential diagnosis of difficultf  cases,t  provided that
cell-block preparationsk are available. Table 6.1 summa-
rizes the immunohistochemical reactivity of the
different renalt  tumors for vimentin,r  CD10, CK7, c-kit,
and AMACRd  (R α-methylacyl-CoA racemase), according
to Allory et al.t  [58]. While CD10 is expressed in all
tumor types,r  although with differing intensity, the other
markers are preferentially or exclusivelyr  expressed in
selected tumors. For example, AMACR positivity
strongly favors a diagnosisa of papillaryf carcinoma. In
AMACR-negative tumors, one should considerd  conven-r
tional clear cell carcinoma if the cell profile is
VIM+/CK7-/c-kit-, and chromophobe-celld  carcinoma ora
oncocytoma ifa itf  ist  VIM-/CK7+/c-kit+. These latter twor
tumors share an unusual positivity for progesteroner
receptor [54]r  but, according to Memeo et al.t [53], chro-
mophobe-cell carcinoma isa PAX2-negative and onco-d
cytoma PAX2-positive. It should be noted that
mesenchymal neoplasms, such as angiomyolipomas, as
well as metastatic lesions, such as malignant melanoma,t
may display frankly epithelioid cellular featuresr and
cytoplasmic granularity, thus simulating a primary
oncocytic/oncocytoid neoplasmd ofm thef  kidney. In addi-
tion, adrenal cortical neoplasms are to be added tod  the
list oft  oncocyticf  tumors and, in fact, are sometimes
confused clinically, radiologically, and pathologically
with a renala  neoplasm arisingm at thet upper poler  of thef
kidney. The spindle cell patternl is rather commonlyr
encountered in high-grade sarcomatoid variants of
conventional clear-cell carcinoma, but alsot  in metastatic
malignant melanoma and pleomorphic sarcoma
metastatic to or secondarilyr  infiltrating the kidney. The

Table 6.1 Immunohistochemical reactivity of renalf  tumors [58]

Vimentin CD10 CK7 c-kit AMACR

Clear-cell carcinoma 2 2 0 0 0
Papillary carcinoma 2 2 2 0 2
Chromophobe-cell carcinoma 0 1 2 2 0
Oncocytoma 0 1 1 2 0

Percent positivity:t 0 ≤5% of cells;f 1= 5–50%; 2 ≥50%
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round-cell morphologyl is seen in neuroendocrine car-
cinoma and primitive neuroectodermal tumor/
Ewing sarcoma (PNET/ES)a  [59]. The latter isr  a verya
rare renal malignancy. The correct diagnosist is based
upon detection of thef immunohistochemical profile
Vimentin+/CD45-/S100P-/Melan-A-/CD99+/CK±/
CD117+/CD99+ and demonstration of the t(11;22)
(q24;q12) translocation by molecular characterization.r
The FNB cytological features of af histologicallya proven
case of PNET/ESf  of thef  kidney are illustrated in the
internet at the Foro de Diagnostico por Imagen
(Fotopat) website [60].

6.4 Adrenal Gland Tumors

Primary tumors may originate from the cortex or ther
medulla of thef adrenal gland [61]. The former are
defined as adenoma and carcinoma and are easily
investigated by FNB. The latter, i.e., pheochromocy-
toma, should not bet  punctured due to the potential risk
of inducingf  a life-threatening hypertension crisis and
fatal hemorrhage (“pheochromocytoma crisis”). Para-
ganglia are strictly correlated with the adrenal medulla
but are located outside the gland in the retroperi-
toneum. Tumors derived from the paraganglia show
the same features as pheochromocytoma. Most masst
lesions of thef  adrenal gland are metastatic malig-
nancies and are sampled at thet  time of tumorf staging.r
Immunohistochemical studies can provide an import-
ant contributiont  to the distinction between primary and
metastatic lesions and to the identification of the
tumor’s primary site. Thus, collecting material by FNB
for cell-blockr  andk  conventional smear preparationsr  is
of paramountf importance.t

6.4.1 Adenoma of thef  Adrenal Cortexl

6.4.1.1 Clinicopathological Correlates

Adenoma ofa thef  adrenal cortex occurs in adults, with an
equal male:female distribution. The tumor isr  frequently
responsible for anr  endocrine syndrome (hyperaldos-
teronism, Cushing’s syndrome, virilization, etc.).
Adenoma ofa thef adrenal cortex is usually detected by
imaging techniques and typically measures no more
than 4 cm inm  its largest diameter.t The presence of suchf
a mass, when correlated to endocrine symptoms, is

highly suggestive for ther  tumor andr  should not promptt
further evaluationr by FNB, which is, instead, used to
investigate an adrenal tumor massr in patients in whom
endocrine symptoms are absent [62].t FNB sampling is
also indicated to rule out at smalla  adrenal cortical carci-
noma, which is more typically unassociated with
endocrine symptoms. Histologically, adenoma of thef
adrenal cortex consists of af  solida  proliferation of cellsf
of intermediatef  size, polygonal in shape and containing
an eosinophilic or clearr cytoplasmr [62].m

6.4.1.2 Cytomorphology

Sampling by FNB can be performed percutaneously or
under endoscopicr ultrasound assistance [63] and gener-
ally yields a highlya cellular smear.r  The cells are often
non-cohesive or inr  loose sheets. Naked nuclei are
evident int the background as are lipofuscin pigment
deposits and lipidd vacuoles.d By definition, in the sample
there is no evidence of tumorf necrosis.r According to
Wu et al.,t  1998 [64], the combined cytological features
of baref  nuclei; foamy, vacuolated background; and
large, cohesive tissue fragments with sinusoidal
endothelial cells in a smalla (<3.5 cm) adrenal nodule
are highly specific for ar  FNBa  diagnosis of benignf
adrenal cortical nodule. The nuclei are round and small
with a finely granular chromatin,r  but thet  occasional
presence of nucleif that aret larger orr ofr bizarref shape is
not uncommon.t  This latter observationr  does not repre-t
sent at criteriona  of possiblef  malignancy; rather, adrenal
cortical carcinoma should only be suspected when
tumor necrosisr  is prominent andt nuclear chromatinr  is
definitely coarsely granular. A potential problem of
confusing primary adrenocortical neoplasms with
metastases from hepatocellular carcinomar  anda vice
versa hasa been reported byd  Dusenberry and Dekkerd [62].r
In addition, extraneous, benign cells of hepaticf origin
that contaminatet the needle sample may be misinter-
preted as adrenal cortical adenoma cellsa [65].

6.4.2 Carcinoma of thef Adrenal Cortexl

6.4.2.1 Clinicopathological Correlates

Carcinoma of thef adrenal cortex is a rare and aggres-
sive malignancy generally encountered in adults 50–60
years of agef  and older [61].r  Only in a minoritya  of casesf
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is the tumor associated with a clinically significant
secretion of glucocorticoidsf  or androgens.r  At presenta-t
tion, the tumor isr  commonly of largef  size (>5 cm) and
contains extensive areas of necrosisf  that mayt  induce a
pseudocystic change [61]. Histologically, carcinoma
of thef  adrenal cortex consists of af solid cellular prolif-r
eration of cellsf in a trabecular or alveolar pattern
together withr a hugea  vascular component.r The cells are
intermediate to large, their cytoplasmr ism  optically clear,
or itr  mayt  be granular andr  eosinophilic or amphophilic.r
The nuclei are large and frequently pleomorphic.
Multinucleated cells are commonly encountered. Intra-
tumoral coagulative necrosis is prominent.

6.4.2.2 Cytomorphology

The cytological appearance of the tumor in FNB
samples is best classifiedt  within the clear-cell or onco-r
cytic/oncocytoid morphology [66,67]. In fact, the
cytological picture in smears resembles that oft  renalf
cell carcinoma due to several overlapping features,
including an abundant clear cytoplasm, large nuclei
with prominent nucleoli, bare nuclei, and prominent
vascularity. According to Sharma et al., 1997 [66],
adrenal cortical carcinoma is typically characterized
by: the presence of cellsf  in sheets with a central, thin-
walled vascular core (endocrine vascular pattern); a
monomorphic cell population; eccentric nuclei; focal
dramatic anisonucleosis; and focal spindling with
crushing of thef  cell nuclei (Fig. 6.29a). By contrast,

renal cell carcinoma is mainly characterized by an
acinar pattern with only a focal endocrine pattern,
well-defined cytoplasmic angles and projections, and
cytoplasmic vacuolations. Pleomorphism, if present,f  is
gradual and seen uniformly in all the cells. In other
cases, the cytoplasm of adrenalf gland carcinoma cells
is not clear but rather granular and eosinophilic and
oncocytoid (Fig. 6.29b). In this author’s experience,
adrenal cortical carcinoma is also often confused with
a metastatic carcinoma originating in the lung, espe-
cially in patients presenting with concomitant massest
in the lung and adrenal gland. Due to massive necrosis
of the adrenal mass, any attempt to perform an
immunohistochemical investigation on cell-block
material may be unsuccessful, and the distinction is
rarely obtained by sampling only the adrenal mass.
Finally, in the presence of onlyf  slight atypia in the
cellular sample and no necrotic changes, adrenal
cortical carcinoma should be distinguished from
adrenal cortical adenoma. In general, the latter isr  asso-
ciated with an endocrine syndrome and the size of thef
mass, as determined by imaging techniques, is <4 cm.
Tumors of largerf  size should be considered benign
only with great cautiont  [61].

6.4.3 Pheochromocytoma

FNB sampling of pheochromocytomaf  is potentially
hazardous to the patient; consequently, there are very
few reports in the literature describing the cytological

Fig. 6.29 a Large pleomorphic cells are seen in a highly necrotic background in a FNB sample of af typical case of adrenalf  cortical
carcinoma. P stain, ×400. b Medium-sized and polygonal cells with a granular cytoplasmr  may be seen in some cases of adrenalf
cortical carcinoma. P stain, ×400

a b
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features of thisf tumor [63,68]. Pheochromocytoma
rarely appears as an incidental and asymptomatic mass
and in most patients it is responsible for the typical
endocrine syndrome induced by the hypersecretion of
adrenaline. The cellular yieldr  upon FNB is sparse and
rich in blood. The cells are aggregated or non-cohesiver
and have an oncocytic/oncocytoid cytomorphology.
Nuclear pleomorphismr  and intranuclear pseudoinclu-r
sions are common findings. The cytoplasm is granular
and rather abundant (Fig. 6.30). The presence of
synaptophysin and chromogranin in cytoplasmic gran-
ules, as demonstrated by immunohistochemistry of
cell-block material,k provides a conclusive diagnosis of
the tumor.

6.4.4 Metastatic Malignanciesc

Metastatic tumors of thef  adrenal gland are by far more
frequently encountered than primary tumors. In fact,
the adrenal gland is a preferential site of metastaticf
seeding for a large number of primary tumors,
including bronchogenic, mammary, pancreatic, hepa-
tocellular, ovarian, and colon carcinomas. In about
half thef cases, the metastatic lesions are located bilat-
erally and are small (<2 cm). HCC or renal cell car-
cinoma can grow into the adrenal gland due to its
contiguity, thus inducing a unilateral tumor mass that
simulates an adrenal primary [69]. In FNB samples,
adrenal cortical tumors can share the clear-cell and

oncocytic/oncocytoid cell morphologies characteristic
of thesef  latter malignancies. Immunohistochemistry
performed on cell-block material aids in differenti-
ating primary vs. metastatic malignancies, as adrenal
cortical carcinoma is typically non-reactive for cyto-
keratins, EMA, or CD10, and is strongly and diffusely
positive for vimentinr [70]. In addition, adrenal cortical
tumor cellsr  are positive for ther  expression of Melan-A,f
calretinin, inhibin, and bcl-2 [71]. Adrenal cortical
carcinoma can be easily distinguished from renal cell
carcinoma secondarily infiltrating the gland by inves-
tigating the immunohistochemical reactivity for EMA
and CD10, as both are consistently absent in the
former tumor [70]. Metastatic HCC can be diagnosed
if oncocytoidf cells show both CD10 and Hep-par posi-r
tivity. Adrenal cortical carcinoma can also share the
large-cell morphology of metastatic bronchogenic
carcinoma; in this context, positive immunostaining
for cytokeratin and EMA favors a bronchogenic
primary, and TTF-1 positivity, when present, provides
confirmatory evidence. Finally, the detection of af
glandular cell, small cell, or epithelioid and spindle
cell morphology completely supports the diagnosis of
a metastatic malignancy and identification of the
primary tumor site should be obtained based on the
use of properlyf planned immunohistochemical panels
(see Chapter 5).

6.5 Ovarian Tumors

Ovarian tumors commonly present as a cystic mass
and are easily and properly evaluated preoperatively
by imaging techniques. Fine-needle aspiration and
partial evacuation of thesef tumors under ultrasound
guidance for cytologicalr  investigation is often incon-
clusive due to the poor cellularityr of thef sample. More-
over, the procedure is characterized by a low sensi-
tivity as well as a low negative predictive value, and
actually often fails to identify the proliferating cell
type [72,73]. However, in young women, the pro-
cedure can safely differentiate functional and other
benign ovarian cysts from malignant ones [74–76];
nonetheless, fine-needle aspiration biopsy is not a
common practice in the preoperative evaluation of
ovarian cystic masses. Sampling of ovarianf masses by
FNB is instead indicated for investigating large
tumors, or tumorsr  that aret  totally or partiallyr  solid, at
least partiallyt  necrotic, and unilateral. In these cases,

Fig. 6.30 Large oncocytoid cells with nuclear pleomorphism
are seen in small clusters. FNB smear inr  a case of pheochromo-f
cytoma. P stain, ×400
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the main diagnostic problems include benignancy vs.
malignancy, the definition of histotype,f  whether tumorr
growth involves the ovary, and, if thef tumor isr  frankly
malignant, whether it is a primary or a metastatic
malignancy. The diagnostic yield of FNBf  of solidf
areas is greatly amplified if samplingf  is adequate
enough to provide both direct smearst  and a cell-block
preparation from a needle rinse. The latter materialr  is
essential for ther immunohistochemical categorization
of tumorf cells.r

6.5.1 Serous Tumors

Solid variants of serousf ovarian tumors are either
well-differentiated or poorly differentiated car-
cinomas. They are frequently bilateral and associated
with ascites. Cytological evaluation of asciticf  fluid is
often adequate for a proper diagnosis. Histologically,
the tumor consistsr of af  tubulo-papillary or microcystic
proliferation of cylindrical cells with frequent
psammoma bodies [77]. Cytologically, the FNB
picture is that of tumors with a glandular-cell
morphology, papillary pattern (see Chapter 5). The
cytological features of poorlyf  differentiated tumors
include hypercellularity, abundant papillary frag-
ments, and a necrotic background (Fig. 6.31a). The
characteristics of the tumor cells are a high
nuclear/cytoplasmic ratio, anisonucleosis, and promi-
nent nucleoli (Fig. 6.31b).

6.5.2 Mucinous Tumors

Solid variants of mucinousf  tumors are generally muci-
nous carcinoma. At onset,t this malignancy is often
unilateral and large. Proliferating cells belong to two
categories, the intestinal type and the mullerian (endo-
cervical-like) type, with the former occurringr more
frequently [77]. Cytologically, the cells of eitherf  typer
are classified as having a glandular-cell morphology
and a mucinous pattern (see Chapter 5). Mucin,
cellular detritus,r and foamyd histiocytes are prominent int
the background. Cells form tubularm  orr papillaryr aggre-
gates or, rarely, syncytial sheets (Fig. 6.32). The nuclei
of cellsf  of benignf proliferations as well as those of
tumors of low-gradef  malignancy are regular inr size and
shape, with small nucleoli. Any attempt tot  differentiate
mucinous tumors of borderline malignancy from
frankly malignant tumorst  upon FNB samples should be
highly discouraged and the diagnosis should be limited
to descriptive terms [74]. In addition, there should be a
high index of suspicionf  that at  mucinousa  tumor isr ac-
tually a metastasis from another organr  in order tor
prevent misdiagnosist of af metastatic neoplasm as a
primary ovarian tumor. The most frequentt sitest for ther
primary tumor arer  the gastrointestinal tract andt the
pancreas. Immunohistochemically, the intestinal-type
variant oft  ovarianf mucinous tumor hasr  a CK7+/CK20+a
profile, with frequent concomitantt  CDX2t positivity
and occasional positivity for chromogranin. The
endocervical-type variant ist CK7+/CK20-/CDX2- and

a b

Fig. 6.31 a A large papillary cluster containingr pleomorphic elongated cells; necrotic debris is seen in the background. P stain,
×200. b At higher-powert view,r tumor cellsr display a high nuclear/cytoplasmic ratio, with anisonucleosis and prominent nucleoli.t
P stain, ×400
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may show concomitant positivityt  for estrogenr  recep-
tors [77]. The term “pseudomyxomam ovarii”a  refers to
the induction of af  tumor massr secondary to mucin
extrusion into the ovarian stroma from mucinous
glands of af  mucinousa  tumor, with a subsequenta scle-t
rosing reaction. The term “pseudomyxomam peritonei”a
refers to the extrusion of mucinf  and epithelial cells into
the peritoneal cavity, eliciting a fibroplastic reaction
that simulatest a solida  tumor. The latter canr  develop in
association with ovarian mucinous and appendiceal
mucinous tumors or asr a consequencea of extraintestinalf
diffusion of af  mucinousa  “colloid” adenocarcinoma ofa
the large intestine.

6.5.3 Endometrioid Carcinomad

An endometrioid carcinoma of thef  ovary can be quite
large but ist  rarely bilateral at presentation.t In 10–20%
of patients, it is associated with a concomitant
endometrial carcinoma [78]. Histologically, the tumor
consists of af  tubular, glandular, papillary proliferation
of cylindricalf  cells with a basallya  located nucleus and a
sparse amphophilic or eosinophilicr cytoplasm. There
is often a squamoid or squamousr  cell component [78].t
Cytologically, the FNB samples show glandular-cell
morphological features and a tubulo-glandular or
papillary pattern (see Chapter 5), with a possible
concomitant squamoidt cell or definitelyr squamous cell
component [74–76].t  The nuclear/cytoplasmic ratio and
nuclear characteristicsr depend on the tumor grade.r  The
tumor cells may contain large clear vacuoles and

sometimes appear asr clear cells.r In addition, there is a
variant characterized by oncocytic/oncocytoid cells.
Immunohistochemically, tumor cellsr  express CK7 and
EMA and are non-reactive for CK20,r  inhibin, WT1,
and calretinin [78].

6.5.4 Clear-Cell Carcinomal

Clear-cell carcinoma of thef ovary occurs in middle
aged and elderly women and is always associated with
endometriosis [78]. It presents as a large solid and
cystic tumor massr which in about one-third of patientsf
is bilateral. Histologically, there is a heterogeneous
population of clearf cells, cells having an eosinophilic
granular cytoplasm, and hobnail-type cells associated
in a solid, tubular, papillary, or microcystic pattern
of growth. The cytological picture of the FNB
samples is typical of thosef belonging to the category
with clear-cell morphology. The tumor cells have a
well-defined external membrane surrounding an opti-
cally clear cytoplasm containing variable amounts of
fine vacuoles, and round nuclei with distinct or promi-r
nent nucleoli (Fig. 6.33a). So-called raspberry bodies
(globular, hyaline basement membrane stromal struc-
tures, either nakedr or surroundedr by neoplastic epithe-
lial cells) [79] and a tigroid background in Giemsa-
stained samples [80] are characteristic cytological
features. The combination of clear,f atypical cells and
a basement membrane stroma is highly specific to
this neoplasm. In CNB samples, the clear cells are
cuboid, cylindrical, or polygonal with nuclei of vari-f
able size and shape (Fig. 6.33b). Hobnail-like cells
have a hyperchromatic nucleus. Immunohistochemi-
cally, ovarian clear-cell carcinoma cells are distinc-
tively CK7+/EMA+/CD10- and are frequently
positive for cytokeratin 34βE12. This profile is
quite distinctive and of helpf in distinguishing ovarian
clear-cell carcinoma from renal cell and yolk-sac
carcinomas.

6.5.5 Mixed Mesodermald  Tumorsl

Mixed mesodermal tumors are biphasic malignancies
that include an epithelial component of common
epithelial origin (serous, mucinous, endometrioid, or
undifferentiated) and a mesenchymal component thatt
can be homologous (fibrosarcoma, leiomyosarcoma)

Fig. 6.32 A small aggregate of epithelial glandular cells
showing intracytoplasmic mucin vacuoles. P stain, ×500



6.5 Ovarian Tumors 159

or heterologous (chondrosarcoma, rhabdomyosar-
coma). These rare tumors occur almostr exclusivelyt in
the elderly [78]. Cytologically, there may be a
composite morphological picture reflecting the pecu-
liar intrinsicr  features of thef tumor; alternatively, only
one component may be represented in the FNB
sample. Only a few cases of thisf tumor have been
reported in the medical literature [81,82].

6.5.6 Transitional Celll Tumorsl

Transitional cell tumors of thef  ovary fall into two
distinct clinicopathologicalt categories: Brenner tumorsr
and transitional cell carcinomas. The latter isr  variably
associated with a squamous cell component or an
undifferentiated carcinoma. Residual areas of typicalf
Brenner tumorr  mustr  bet demonstrated in order tor define
the tumor asr primary in the ovary [78]. For thisr reason,
incomplete sampling, such as by FNB, is unable to
properly identify the tumor. Although the cytological
sample is morphologically interpretable as a transi-
tional cell tumor, a possible secondary involvement byt
a urothelial carcinoma cannot bet ruled out. Immuno-
histochemical investigation of p63f  expression may be
of helpf in this respect because it is a characteristic
finding of urothelialf  carcinoma but nott  oft transitionalf
cell carcinoma of thef  ovary [83].

6.5.7 Granulosa Cell Tumorl

6.5.7.1 Clinicopathological Correlates

There are two distinct variantst  of granulosaf  cell tumor,
namely, the juvenile variant, which occurs in younger
women, in the second and third decades of life,f and the
adult variant, occurring in women beginning at aboutt
age 40 [84]. The former isr associated with hyperan-
drogenism and virilization, the latter withr hyperestro-
genism accompanied by metrorrhagia in post-
menopausal or amenorrhear in premenopausal women.
In the adult variant,t there is a prevailing monolateral
ovarian involvement andt a large tumor isr  detected at
clinical onset. The tumor isr of low-gradef malignancy
and is poorly aggressive. Histologically, the prolifer-
ating cells are small to intermediate in size and round,
spindled, or polygonalr and epithelioid in shape. Their
nuclei show a characteristic “coffee bean” outline due
to the presence of deepf  clefts. The tumor proliferationr
is organized in microfollicular or macrofollicular
structures in which Call-Exner bodies can be seen.
Growth occurs in a solid trabecular patternr  or mayr  be
totally cystic [84]. Immunohistochemically, the tumor
cells are inconsistently positive for CK8,18r but showt
positive cytoplasmic expression of actinf  and inhibin,
membrane positivity for CD99, and nuclear staining
for calretininr  [84].

Fig. 6.33 a Cells appear polygonalr in shape and have a clear cytoplasm;r the nuclei are variable in size and contain single prominent
nucleoli. P stain, ×400. b Cell-block paraffink section, from the same case as in a, allows better identificationr of thef  characteristic
clear cellr morphology of thef  tumor cells.r  H&E stain, ×400

a b
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6.5.7.2 Cytomorphology

The cytological appearance in FNB suggests a tumor
having a small-cell morphology (Fig. 6.34). A correct
diagnosis cannot bet  made unless definite Call-Exner
bodies and nuclear grooves are detected. The
cytopathological features of granulosaf  cell tumors in
primary or metastaticr  sites have been described in a
limited number ofr  previousf reports [85–88].

6.5.8 Undifferentiated Small-Celld
Carcinoma

Undifferentiated small-cell carcinoma is a rare and
highly aggressive ovarian malignancy occurring most
frequently in the young adult age group. Clinically,
these patients typically present with hypercalcemia,
with normal parathyroid function and a large unilat-
eral ovarian mass [78]. Cytological evaluation of thef
FNB sample shows a tumor with a small-cell
morphology and a pattern of markedf  cellular dissoci-r
ation as well as marked nuclear atypia.r The tumor cellsr
are small and round to oval or spindle-shaped. The
cytoplasm is sparse and the nuclei are highly pleo-
morphic, with small nucleoli; the chromatin is dense or
coarsely granular. Necrotic debris is seen in the back-
ground. Immunohistochemically, the tumor cells
poorly express CK8, 18 but are positive for WT1,
EMA, and calretinin (with both nuclear and cyto-

plasmic positivity). Neither inhibin, nor CD99, nor
TTF-1 is expressed [89].

6.5.9 Dysgerminoma

Dysgerminoma isa the most commont  ovarian tumor ofr
germ cellm origin. It presentst  as a rapidlya  growing, unilat-
eral, and solidd  massd  that ist  characteristically associated
with an increased serum lactatem  dehydrogenase titer.
The tumor is prone to early involvement of the
reproperitoneal lymph nodes and liver. Histologically
and cytologically, it recapitulatest  the morphology of
testicular seminoma,r  classical variant. The FNB sample
shows tumor cellsr  that aret totally non-cohesive, of inter-f
mediate size, with a rounda nucleusd  and ad  well-evidenta
and centrally located nucleolus (Fig. 6.35). The cyto-
plasm ism  fragile and cand appear vacuolated.r A concomi-
tant granulomatoust inflammation and necroticd  detritus
are frequently detected withind  the tumor. Immunohisto-
chemically, the tumor cellsr show slight andt  inconsistentd
expression of CK8,f 18 whereas placental alkaline phos-
phatase and c-kitd  expressiont are constant featurest [89].

6.5.10 Squamous Cell Carcinomal  Arising
in a Mature Teratoma

Mature cystic teratomas are benign tumors accounting
for aboutr  25–30%t  of ovarianf masses. They are easily

Fig. 6.34 A cluster of smallf  cells with scant cytoplasm and
characteristic nuclear grooves. FNB sample from a granulosa
cell tumor ofr  thef  ovary. P stain, ×1000

Fig. 6.35 Tumor cellsr  are non cohesive and intermediate in size;
they display a fragile cytoplasm which can appear vacuolated;r
nuclei are characteristically round in shape and are centered by a
single well evident nucleolus.t FNB sample from ovarian disger-
minoma, P stain, ×400.
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identified preoperatively and are almost nevert  sampledr
by FNB. The secondary development oft  malignancyf of
a somatic component withint the teratoma is a rare but
well-known occurrence, and up to 80% of secondaryf
carcinomas are of thef  squamous-cell type [90]. These
tumors typically occur inr  women over 50r  years of age.f
The chance in this age group of af secondary malig-
nancy developing in a mature teratoma should always
be taken into consideration.

6.5.11 Metastatic Malignanciesc

The ovary is a preferential site of metastaticf involve-
ment byt tumors originating both within and outside the
abdominal cavity. The most commont primary sites are
the breast, the colon and rectum, the stomach, and the
endometrium. Less frequently, ovarian metastases are
induced by tumors of thef  vermiform appendix, the
pancreatic and biliary tracts, and the kidney. The cli-
nical onset ist  typically characterized by the develop-
ment oft af  bilateral ovarian mass of moderatef  size (<10
cm) in a patient previouslyt treated (usually within 2
years) for ar carcinoma in the above-mentioned sites.
Less frequently, a metastatic ovarian tumor originatesr
from an occult primaryt  and represents the first mani-t
festation of thef disease. This is typical of thef  so-called
Krukenberg tumor, which occurs in young women and
is prevalent int the right ovaryt  [91]. The stomach is the
most commont site of thef  primary tumor, which may be
totally asymptomatic. Histologically, the tumor is
composed of af diffuse proliferation of signet-ringf  cells
that elicit an intensely desmoplastic reaction in the
ovarian stroma. FNB sampling usually fails to docu-
ment the epithelial component of thef  tumor due to
massive sclerosis within the ovarian mass; instead,
core-biopsy sampling is essential for a correct diag-
nosis. Colonic carcinoma infiltrating the ovary
contiguously is practically indistinguishable from a
primary mucinous tumor, with the only difference
being a more pronounced necrosis and a conspicuous
intralesional inflammation. Immunohistochemically,
an ovarian mucinous carcinoma frequently, but nott al-t
ways, has a CK7+/CK20-a  profile whereas colorectal car-
cinomas have the reverse pattern, i.e., CK7-/CK20+.
CDX2 is expressed in both tumor typesr [77]. A carci-
noma of thef  breast that metastasizes into the ovary
is practically indistinguishable from a primary
endometrioid carcinoma and both are positive for ther

expression of estrogenf  receptor. In these cases, posi-
tive expression of GCDFP15 provides conclusive
evidence of thef  tumor’s mammary origin [91].

6.6 Tumors Growing into the Peritoneal
Cavity

6.6.1 Gastrointestinal Stromall  Tumorsl

6.6.1.1 Clinicopathological Correlates

Tumors of the gastrointestinal stroma occur most
frequently in the stomach and small intestine (respec-
tively, in 60–70% and 20–30% of patients)f and in no
more than 10% of patientsf in the remaining segments
of the digestive tract (esophagus, colon, and
rectum) [92]. By definition, these tumors originate
from mesenchymal components of thef gastrointestinal
tract and thus show no sign of neuralf or smooth-
muscle differentiation. They consist oft  af proliferation
of epithelioidf and spindle cells that grow in a solid,
fascicular, storiform, alveolar, or hemangiopericytoma-r
like pattern. A pseudocystic transformation of thef
tumor massr is rather commonr in tumors arising from
the stomach. A malignant course,t initially character-
ized by multiple relapses within the abdominal cavity
(with tumors arising intramurally in the intestinal wall
or on the peritoneal surface) and, later on, by
metastatic involvement oft thef liver andr  lung, is seen in
30–40% of these patients [92]. This malignant
behavior occurs more frequently in elderly patients
and in those with tumors >5 cm in diameter, located
distally in the intestinal tract, and characterized by
necrotic changes and/or highr  mitotic activity.

6.6.1.2 Cytomorphology and
Immunohistiochemistry

FNB, performed percutaneously or via endoscopic
ultrasound guidance, is a well-established and widely
accepted procedure for the diagnosis of thesef tu-
mors [93,94]. The cytological picture in FNB samples
is prototypical of tumorsf with an epithelioid andd  spindled
cell morphology (see Chapter 5).r The tumor cellsr tend
to cluster inr small aggregates, are rather monomorphousr
in appearance (Fig. 6.36a), and have a small and
elongated nucleus lacking prominent nucleoli. In
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cell-block material,k  they exhibit a fascicular andr vorti-
coid pattern of growthf (Fig. 6.36b). Gastrointestinal
stromal tumors are characterized by the overexpres-
sion and mutations of c-kit. FNB samples are
amenable to mutational analysis, as shown by Schmitt
et al., 2007 [95]. The immunohistochemical profile is
marked by the expression of vimentinf  and the frequent
coexpression of CD34f (Fig. 6.36c) and CD117 (c-kit).
Smooth-muscle actin and desmin are expressed in
40–50% of thef tumors while S100P is not expressed.
This profile aids in the differentiation of gastro-
intestinal stroma tumors from smooth-muscle tumors
(leiomyoma and leiomyosarcoma) [96], as the latter
express muscle markers but nott  CD34t  and CD117, and
from peripheralm nerve sheath tumors, which are charac-
terized by a S100P+/GFAP+/CD34- immunohisto-
chemical profile. According to Meara et al.,t  2007 [97],
p53 immunostaining may be useful in predicting the

outcome of gastrointestinalf  stroma tumors diagnosed
by FNB.

6.6.2 Intra-Abdominal (Mesenteric)l
Fibromatosis

Intra-abdominal fibromatosis is a benign expanding
tumor massr typically originating from the mesentery.
These tumors also may arise sporadically in individ-
uals who have previously undergone abdominal
surgery and in the setting of Gardner’sf syndrome. The
tumor isr  usually classified preoperatively by imaging
techniques as a gastrointestinal stromal tumor [98,99].r
FNB samples are characterized by sparse cellularity,
with rare fragments of regular wavy fibrocyte-
like spindle cells without atypia. CNB is required
to acquire a sufficient tissue amount for diagnostic

Fig. 6.36 a A three-dimensional aggregate of epithelioidf  and
spindle cells with round to elongated nuclei and an eosinophilic
cytoplasm. FNB sample from a well-differentiated gastro-
intestinal stromal tumor. P stain, ×400. b Cell-block paraffin
section illustrates a fascicular orr vorticoidr  pattern of growthf  of
spindle and epithelioid cells. Same case as in a. H&E stain,
×400. c CD34 immunostaining decorates the cytoplasm ofm  tumorf
cells. Same case as in a; sample counterstained with hema-
toxylin, ×400

a b

c
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evaluation. The tumor consistsr  of af  solid proliferation
of spindlef cells immersed in an enormous amount oft
collagen stroma. The immunohistochemical profile of
intra-abdominal fibromatosis is similar to that of
gastrointestinal stromal tumor (includingr  c-kit expres-t
sion) but thet tumor cellsr  do not expresst  CD34.

6.6.3 Peritoneal Lesionsl

6.6.3.1 Multicystic Mesothelioma

This is a quite rare psedotumoral lesion that almost
exclusively occurs in women of reproductivef  age,
many of whomf  have a history of endometriosisf  and/or
previous surgery involving the gastrointestinal
tract [100].t  The tumor consistsr  of af multicystic mass
growing on the pelvic peritoneum. The cysts
are delimited by flat or cuboid mesothelial cells
having a typical CK7+/calretinin+ immunohistochem-
ical profile and positivity for estrogen receptors. To
this author’s knowledge, the FNB cytology of thisf
lesion has been reported just oncet  [101]. The differen-
tial diagnosis includes cystic lymphangioma, develop-
mental cysts, and infectious cysts.

6.6.3.2 Malignant Mesothelioma

Malignant mesothelioma can develop in the peri-
toneum as either ar primary malignancy or ar  secondary
involvement by a pleural tumor or mesothelioma of
the tunica vaginalis testis. The cytological diagnosis is
obtained by examining the cellular content of thef
ascitic fluid. The tumor quiter rarely presents as a solid
mass without associatedt ascites and is therefore not at
target fort percutaneousr  FNB.

6.6.3.3 Desmoplastic Small Round-Cell Tumor

This is a quite rare malignancy mainly occurring in
male teenagers or youngr  adults. It ist  a highly aggres-
sive tumor that originates in the pelvic region and

secondarily involves the entire peritoneal cavity and
retroperitoneum [102]. Visceral metastatic involve-
ment oft thef liver, pancreas, or ovaryr occurs as a late
event. The tumor consistsr  of af proliferation of cellsf  of
intermediate to small size, with round and hyperchro-
matic nuclei and sparse cytoplasm. These cells grow in
cords that are separated by a desmoplastic stroma.
Immunohistochemically, they coexpress epithelial
markers and desmin (in globular cytoplasmicr  deposits)
and WT1 [102]. Detection of thef  EWS-WT1 gene
fusion transcript is required for the diagnosis [102].
The sample collected by FNB shows a small round-
cell morphology, with a pleomorphic pattern and
marked cellular non-cohesionr [103]. The tumor cellsr
are sometimes clustered, with a rosette-like feature.
The diagnostic yield of FNBf  can also be used to detect
the EWS/WT1 chimeric transcript in tumor cells by
molecular analysisr  [104].

6.7 Tumors of thef Abdominal Wall

Relapse of adenocarcinomaf  ofa  thef gastrointestinal tract,
pancreas, and ovary following excisional surgical
procedures is a frequenta occurrencet  involving the scar
of af  previous laparotomy. These tumors commonly
produce an expanding mass that originatest  from the
anterior abdominalr wall and grows into the abdominal
cavity. A concomitant ascitest  may be observed. FNB is
a simplea and convenient proceduret  to correctly diag-
nose these tumors, thereby expediting decision-making
regarding additional adjuvant therapy.t  The so-called
Sister Maryr Joseph’s nodule represents a peculiara pres-r
entation of manyf  types of relapsingf  gynecological and
gastrointestinal malignancies as well as those of thef
pancreatic and biliary tracts. The lesion consists of af
palpable mass that bulgest into the umbilicus as a resulta
of metastaticf involvement oft thef  subcutaneous fat andt
muscular wallr  in the umbilical area. The lesion can
even represent thet  primary manifestation of anf occult
malignancy and is commonly associated with multiple
nodular involvementr oft thef  parietal peritoneum. FNB is
the procedure of choicef to obtain a correcta diagnosist
[105–107] (Fig. 6.37).
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6.8 Tumors of thef Retroperitoneal
Space

6.8.1 Malignant Lymphomast

The retroperitoneum is a frequent site of originf for
non-Hodgkin’s lymphoma ofa  B-cellf  lineage, especially
follicular lymphoma.r  In this site, the latter canr  elicit at
florid desmoplastic reaction, which is responsible for ar
pathological picture resembling that of idiopathic
retroperitoneal fibrosis.

6.8.2 Soft-Tissue Tumors

The most commont  soft-tissue tumors occurring within
the retroperitoneal space are lipomatous tumors,
leiomyosarcoma, solitary fibrous tumor, and tumors of
the peripheral nerve sheath, all of which can be

sampled by FNB, both percutaneously and by endo-
scopic ultrasound. The latter approach is used espe-
cially for tumorsr occurring in the perigastric and peri-
duodenal compartments. Well-differentiated lipo-
sarcoma in the retroperitoneum is almost exclusivelyt
of thef  lipoma-like variant and grows as a space-
occupying tumor massr  that hast already become quite
large at thet time of diagnosis.f  Lipomatous tumors can
be diagnosed readily by FNB but thet role of thisf proce-
dure in the identification of variantsf  of liposarcomasf
and in the distinction of benignf  vs. malignant tumorst is
not sufficientlyt  reliable [108]. Liposarcoma undergoes
dedifferentiation; this is especially true of long-
standing tumors and/or tumors at sites of previousf
surgical tumor excision.r  Dedifferentiation is evidenced
by a pleomorphic cellular component composed of
spindle cells and giant cellst  with a tendency to tumor
necrosis. The malignant fibrous-histiocytoma-like
variant oft liposarcomaf  is characterized by the prolifer-
ation of large pleomorphic cells with a foamy

a b

c

Fig. 6.37 a Three-dimensional aggregate of epithelialf  glandular
cells in a FNB of af rapidly growing nodular lesionr  detected in
the umbilical skin in a 65-year-old woman. P stain, ×400.
b Cell-block paraffink  section of thef  same case as in a, showing
the typical histology of moderatelyf  differentiated adenocarci-
noma. H&E stain, ×400. c Diffuse nuclear immunostainingr for
CDX2 in the cell-block paraffink section is compatible with a
metastatic malignancy of colorectalf or ovarianr  origin. Additional
ultrasound evaluation disclosed a large solid mass in the left
ovary. At surgical pathology, the lesion was diagnosed as a
moderately differentiated mucinous adenocarcinoma of the
ovary. Counterstained with hematoxylin, ×400
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cytoplasm; these cells are admixed with a substantial
component oft  lymphocytesf and granulocytes. Pseudo-
cystic transformation of thef  tumor isr  not unusualt such
that tumort cellsr  are unexpectedly found in cytological
samples prepared by centrifugation of thef evacuated
fluid (Fig. 6.38). Dedifferentiated liposarcoma is prac-
tically indistinguishable from other high-grade
sarcomas of the retroperitoneal space, such as
leiomyosarcoma and malignant peripheral nerve
tumors. The sample collected by FNB shows a spindle
cell morphology with a pleomorphic pattern and
includes large and bizarre cells. FNB is an accurate
and useful diagnostic procedure for these tumors
[109]. Primary leiomyosarcoma of thef retroperitoneum
is a highly aggressive malignancy. The cytological
picture in FNB samples is prototypical of tumorsf  with
a spindle cell morphology (see Chapter 5)r  (Fig. 6.39)
[110] but sometimest an epithelioid cellular componentr
may predominate. In the latter case,r leiomyosarcoma
should be differentiated from a gastrointestinala stromal
tumor secondarily infiltrating the retroperitoneal
space. Benign schwannoma or neurilemmomar  is not
uncommonly found in the retroperitoneum. The FNB
sample shows a spindle cell morphology with a
monophasic pattern lacking cellular atypia [111]. In
the event oft partialf  or completer  pseudocystic change, a
proper diagnosisr  cannot bet obtained based on FNB. In
addition, nuclear atypias can be detected especially
in the “ancient” variant and they pose challenging

problems of interpretation,f especially in FNB material
[112]. Adult rhabdomyosarcomat can be added to the
list of soft-tissuef  sarcomas arising primarily in the
retroperitoneal space. This quite rare malignancy is
easily diagnosed on FNB provided that cell-block
material is made available for immunostaining. The
cytological picture in FNB samples is prototypical of
tumors with a small-cell morphology, i.e., a pleomor-
phic pattern with marked cellular dissociation
(Fig. 6.40a). Immunohistochemistry shows tumor cellsr
with cytoplasmic positivity for CD99r (Fig. 6.40b) and
desmin (Fig. 6.40c) but the diagnosis should be
supported by positivity for atr leastt  onet  of thef following
skeletal-muscle-specific markers: myoglobin, MyoD1,
fast skeletal muscle myosin, or muscle-specific
myogenin [113].

6.8.3 Germ Cell Tumorsl

Germ cell tumors commonly occur in the retroperi-
toneum in adult ment as a consequence of metastaticf
spread from a testicular tumorr [114].r  The latter mayr  be
clinically unapparent duet  to its small size or tor necrotic
and/or scleroticr  transformation (“burned out” testicular
primary) [115]; thus, the extragonadal tumor isr inter-
preted as a primary lesion. Extragonadal germ cell
tumors characteristically present ast  a midline mass in
the retroperitoneal compartment andt sometimes appear

Fig. 6.38 Large and pleomorphic cells with a vacuolated cyto-
plasm were unexpectedly found in the smears obtained after
centrifugation of af  clear fluid evacuated from a pseudocystic
mass detected in the retroperitoneum in a 52-year-old woman.
The tumor was subsequently diagnosed as a dedifferentiated
liposarcoma with diffuse pseudocystic change. P stain, ×400

Fig. 6.39 FNB sample of af  large retroperitoneal tumor infil-
trating the posterior muscular wall of thef  abdomen. A large
aggregate of pleomorphicf  spindle cells is seen; several round
normal striated muscle cells are present in the background.
P stain, ×400
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totally necrotic or undergoing cystic transformation
[114]. The most commonlyt  detected histological var-
ieties are seminoma, embryonal carcinoma, teratocar-
cinoma, and yolk-sac tumor. The detection of af tumor
mass in the midline in a young adult malet should raise
the suspicion of anf extragonadal germ cell tumor, a
contention supported by the detection of increasedf
titers of β human chorionic gonadotrophin and AFP. In
this setting, FNB is highly reliable in confirming the
diagnosis; in fact, several reports have documented its
value [116–118]. The procedure allows for the easy
identification of seminoma,f  embryonal carcinoma, and
choriocarcinoma while the diagnosis of immature
teratoma and mixed germ cell tumors can pose a
significant problem because of sampling error on
needle aspiration [118]. FNB of metastaticf  seminoma
generally yields a highly cellular smear. The back-
ground is typically rich in cellular detritusr  (Fig. 6.41a),

which is particularly evident in air-dried smears
stained by the May Grünwald Giemsa method
(Fig. 6.41b). The tumor cells are non-cohesive and
appear tor  be mixed with lymphocytes. They are small
to intermediate in size and contain large and round
nuclei generally centered by a prominent nucleolus
(Fig. 6.41a,b). Positive immunostaining for placentalr
alkaline phosphatase aids in confirming the diagnosis
(Fig. 6.41c). The cellular sample obtained by FNB
sampling of embryonalf  carcinoma consists of aggre-f
gates with a glandular cell morphology. The tumor
cells have a large nucleus with an irregular profiler and
display a well-evident nucleolus. The cytoplasm is
fragile and sparse and may contain clear vacuolesr or
hyaline globules (Fig. 6.42). The diagnosis of
metastatic yolk-sac tumor is particularly difficult in
FNB smears but itt  cant  be supported by the detection of
typical microcystic, glandular-alveolar (Fig.r 6.43), or

Fig. 6.40 a FNB sample collected from a large retroperitoneal
tumor inr a 25-year-old man, showing round to elongated pleo-
morphic small cells characterized by marked dissociation.
b Same case as in a. Immunostaining reactivity for CD99r in
tumor cellsr in a cell-blocka  paraffink  section. Counterstained withd
hematoxylin, ×400. c Same sample as in a and b. Immunostaining
reactivity for desmin.r Counterstained withd  hematoxylin, ×400

a

b

c
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Fig. 6.41 a FNB sample of metastatic seminoma into a
retroperitoneal lymph node. The harvest consists of medium-f
sized cells with a small amount oft  cytoplasm,f  a round nucleus,
and a central prominent nucleolus.t P stain, ×400. b The back-
ground of smearsf of FNBf  seminoma samples has a typical
tigroid appearance in air-dried slides stained with the May Grün-
wald Giemsa method. c Immunostaining for placentalr  alkaline
phosphatase of af  cell-blocka  paraffink section demonstrates a posi-a
tive cytoplasmic reaction in seminoma cells. Counterstained
with hematoxylin, ×400

a b

c

Fig. 6.42 FNB sample of anf  embryonal carcinoma that has
metastasized into a retroperitoneal lymph node. The cells have a
large nucleus with an irregular profiler  and display a well-evidenta
nucleolus. The cytoplasm is fragile and sparse and may contain
clear vacuolesr  or hyaliner  globules

Fig. 6.43 Cell-block paraffin section of af  FNB sample of af
yolk-sac tumor that has metastasized into a retroperitoneal
lymph node, displaying a glandular-alveolar patternr
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papillary (Fig. 6.44a) patterns if core-biopsyf speci-
mens of thef tumor are obtained. Positive immunos-
taining for AFP (Fig. 6.44b) provides supportive
evidence for ther diagnosis.
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7.1 Introduction

Fine-needle biopsy (FNB) of thoracicf  lesions became
commonplace in the USA in the 1980s due to the
economic restraints imposed by the escalating finan-
cial burden of healthf care. The procedure was widely
adopted due to its ability to yield expedient, minimally
invasive, cost-conservative and tissue-specific diag-
nostic information, comparable to that obtained by
histopathological evaluation, and to rationally and reli-
ably direct the most appropriate form of patient
management [1–31].t

The main pulmonary targets for percutaneousr  FNB
are lesions at anyt depth, most mediastinalt  masses,
pleural-based solid nodular lesions,r  and any soft-tissue
or boner  lesion of thef  chest wall.t  In experienced hands,
the procedure allows for ar reliablea identification of thef
cellular compositionr of primaryf pulmonary malignan-
cies in a tissue-equivalenta mannert [1–4,7,11,12,15,r
16,18,23,24,27,29]. Preoperative knowledge of cell
type and the extent oft  diseasef  may assist thet  surgeon in
planning the most appropriate intervention. If the
patient ist  considered inoperable, the cellular sampler
collected by FNB is potentially sufficient tot  provide
further identificationr of additionalf  biological factors
that mayt predict thet  therapeutic response. The chance
of identifyingf the malignant cellst  as metastatic in nature
is an additional advantage of pulmonaryf  FNB, and the
use of ancillaryf  techniques may provide a reliablea  basis
for identifyingr the tumor’s primary site. Finally, an
adequate FNB cellular sample can unexpectedly
disclose the benign nature of thef lesion, allowing the
clinician to follow the patient conservatively.t

The rationale for using FNB is to differentiate
benign from malignant disease reliably and with
minimal invasion, since the procedure can be

performed on an outpatient basis.t This advantage rev-
olutionized the previous conventional diagnostic
approach of radiologicallyf  detected pulmonary masses,
which included exfoliative cytology combined with
bronchoscopic investigation. This older approachr was
of veryf  low sensitivity, ranging between 0.49 and 0.58
depending on the site of thef  lesion and its size [32].
FNB dramatically increased the accuracy of preopera-f
tive diagnosis, as its sensitivity ranges between 0.62
and 0.99, with an average of aboutf 0.90,t and its speci-
ficity values are very close to 100% [32]. The factors
influencing diagnostic accuracy are the needle caliber,
the site and the size of thef lesion, and the number ofr
passes [7,8,16,19,23–26,32]. Proper diagnosticr triage
can vary according to many factors, but thet  patient’s
compliance is crucial. In general, exophytic tumors
located in the main bronchi and their majorr ramifica-r
tions are best investigatedt  by bronchoscopy while
lesions located more peripherally in the bronchial tree
represent thet  most appropriatet  targets for transthoracicr
FNB [33]. A computed tomography (CT) scan of
the chest providest  radio-graphic image enhancement
to facilitate guidance of thef needle to the target. As
an alternative, ultrasound (US) guidance can assist
FNB sampling of lungf lesions that aret adherent tot  the
parietal pleura anda  chest wallt  [2,7].

7.1.1 Indications for FNBr

The main indications for FNBr  sampling are the diag-
nostic evaluation of thef  following [33]:
• A solitary nodular lesion of the pulmonary

parenchyma, pleura, or mediastinum that was
recently detected, has grown rapidly, and raises
suspicion of af primary malignancy.
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• A solitary lesion or multipler  solid nodular lesionsr
that appeared in the above-mentioned sites in a
patient whot  was previously treated for ar  pulmonary
primary malignancy or another primary tumor in
other anatomicr districts and which is/are likely to
represent disease relapse, without excluding,
however, a new primary tumor orr ar  pseudotumor.

• Centrally located perihilar tumorr massesr that raiset
suspicion of af primary malignancy for whichr  alter-
native diagnostic procedures failed to provide a
conclusive diagnosis.
Another indication for FNB sampling that is

becoming increasingly important is the recruitment
of af representative cellular sample in patients with
inoperable non-small-cell bronchogenic carcinoma,
to predict a possible response to targeted cancer
therapies by molecular testingr  (EGFR and k-ras muta-
tional analyses). This is performed using cutting
needles.

Identification of thef  lesion’s cellular composition
will dictate assignment oft  thef  patient tot  thoracotomy,
radiation, chemotherapy, surveillance, or continued
diagnostic intervention. A general consensus is lacking
on the use of FNBf in the diagnostic evaluation of
tumor massesr of relativelyf  small size, because in this
context thet patient wouldt  in any case be a candidate
for lobectomy,r which is performed for bothr diagnostic
and therapeutic reasons [34]. This type of surgery,f
however, bears an estimated mortality risk ofk 2–3%f
and significant morbidity due to possible cardiovas-
cular andr respiratory complications. Thus, there is no
reason why FNB should not bet used in this context ast
a primary diagnostic modality, provided that thet  clini-
cian is well aware of itsf  possible low predictive value
for somer  lesions [35]. In fact, the procedure may help
in reliably identifying inflammatory conditions,
pseudotumors, or even malignant lymphoma, thus
warding off thef risks intrinsic to the surgical proce-
dure, which may not bet  justified.

7.1.2 Contraindications and
Complications

The contraindications to performing aspiration biopsy
of thef  thorax refer primarilyr  to the lung [36]. At thet  top
of thef list are hemorrhagic diathesis, anticoagulant
therapy, and pulmonary hypertension, which predis-
pose the patient to intraparenchymal hemorrhage or

hemoptysis following insertion and re-adjustment of
the needle. Uncontrolled cough may deflect thet  needle
from the target, thereby inflicting trauma to the
pulmonary parenchyma. Arteriovenous malformations
may threaten blood extravasation from the puncture
wound, while advanced emphysema complicated by
bullae may inflict pneumothorax.t

7.1.3 Diagnostic Accuracyc

The accuracy of transthoracicf  aspiration biopsy varies
with the expertise of thef radiologist int  puncturing the
lesion and acquiring a reliable sample, and with the
competence and experience of thef  pathologist int  the
cytomorphological interpretation of thef  sample. The
reader isr  referred to the exhaustive study published by
Schreiber etr  al.,t  2003, on the subject [32].t Table 7.1
provides a summary of thef  reported data.

7.1.4 Technical Considerationsl

The patient ist  selected as a candidate for ther  procedure
based on his/her clinicalr  history, the size and location
of thef lesion, and exclusion of thef  above-discussed
contraindications. The procedure is scheduled with the
cytopathologist. The patient ist  positioned horizontally;
the skin is prepared with betadine cleansing and anes-
thetized with 1% xylocaine, which is often directed
into deeper tissues. The radiologist carefully selects
the trajectory of thef approach. The patient ist continu-
ously asked to cooperate. The needle traverses its
selected trajectory to a predetermined depth under
image-intensified guidance and is re-adjusted until
there is unison of motionf  between the needle tip and
the lesion during respiratory excursions. When the
needle tip satisfactory resides within its destination,
the stylet ist  removed and the syringe is attached. The
plunger is withdrawn to create a vacuum and the
needle is oscillated gently. The evacuation process is
terminated the moment material enters the hub. The
vacuum is allowed to re-equilibrate before the needle
is removed. Following removal of thef  needle and the
syringe, the needle is disconnected from the syringe to
re-introduce air intor the syringe. The harvest ist  then
deposited onto the slide and a smear prepared.r Imme-
diate and 2-h post-biopsy chest films are taken to
detect possiblet complications.
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7.2 Lung

7.2.1 Classification and Clinicald
Presentation of Pulmonaryf
Epithelial Malignanciesl

Among the myriad of diversef  primary epithelial malig-
nancies, the only clinically significant distinction is
small-cell vs. non-small-cell carcinoma [37]. The
former accounts for 15–20%r of cases,f  and the latter
for the remaining 70–80%. The distinction is based
purely on therapeutic criteria because of thef  favorable
chemotherapeutic implications for small-cell carci-
noma and the reprieve from surgery. Conversely, non-
small-cell malignancies are potentially resectable and
treated by subsequent chemotherapyt  and radiotherapy.
Moreover, patients with inoperable non-small-cell

carcinomas may be candidates for newr  and promising
“targeted therapy” regimens while those with small-
cell carcinoma are not.

The main categories of lungf carcinoma are listed in
the WHO classification scheme, 2004 (Table 7.2) [37].
In the early stages of tumorf  development,r all types of
carcinoma may appear as a solitary mass that is
centrally or peripherallyr located and variably demar-
cated from the surrounding parenchyma. Centrally
located tumors originate from major bronchir and are
typically responsible for partialr  or completer bronchial
obstruction, which is the cause of obstructivef  symp-
toms, bronchopneumonia, and/or atelectasis rather
early in the course of thef  disease. Peripherally located
tumors are characterized by few or negligibler obstruc-
tive phenomena and are generally asymptomatic in
their early stages. With further evolution of the
disease, new tumor lesions appear within the same

Table 7.1 Sensitivity and Specificity of Transthoracicf  Needle Aspiration and/or Biopsyr for Diagnosisr  of Peripheralf
Bronchogenic Carcinoma adapted from Schreiber etr  al.,t 2003 [32], and including only studies with more than 100 cases reported

Reference no. Patients, No. Type of Needlef Sensitivity Specificity

1 440 A 0.97 0.97
2 120 A 0.62 1.00
3 147 B 0.89 1.00
4 130 A 0.92 0.93
5 367 A 0.97 0.96
6 197 A 0.87 1.00
7 128 A 0.95 0.95
8 219 A, B, C 0.89 1.00
9 176 A 0.84 1.00

10 129 B, C 0.94 1.00
11 390 A, B 0.94 0.99
12 100 A 0.84 1.00
13 103 A 0.69 1.00
14 589 A, C 0.93 0.99
15 371 A, C 0.99 0.94
16 227 B 0.82 1.00
17 129 A, C 0.95 1.00
18 114 A 0.94 1.00
19 400 B 0.98 0.94
20 220 A 0.93 0.99
21 119 A 0.93 1.00
22 284 C 0.78 1.00
23 133 C 0.78 1.00
24 612 C 0.96 0.99
25 165 A 0.77 1.00
26 202 C 0.94 1.00
27 120 B 0.98 0.94
28 185 C 0.93 1.00
29 150 B 0.97 1.00
30 200 A, B 0.95 0.98

A = aspiration needle; B = aspiration biopsy needle; C = cutting biopsy needle
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pulmonary lobe, in different lobest  of thef same lung, or
in the contralateral lung. This parallels the develop-
ment of lymphf  node involvement within the medi-
astinum and, finally, in distant organs,t  including the
liver, the adrenals, and the brain.

Generally, the detection of af  solitary nodule in the
lung suggests a primary tumor whiler  multiple nodular
lesions are indicative of af metastatic malignancy, but
there are several exceptions to this rule [38]. In fact,
the early development oft  af  lung primary may be char-
acterized by the appearance of multiple nodular
lesions; conversely, metastatic involvement oft  thef lung
from extrapulmonary malignancies may present ast a
solitary and slowly expanding tumor mass. Conse-
quently, one should by no means rule out at  priori the
chance of metastasisf following the detection of af  soli-
tary lesion or, vice versa, of af  lung primary if thef
tumor consistsr  of multiplef  nodules. In a minor propor-r
tion of cases, lung primary tumors may have an
unusual appearance that can bewilder the clinical
investigation and delay the diagnosis. Peripherally
located tumors can involve the pleura very early in the
course of thef disease and grow along the serosal
surface, closely simulating a mesothelioma (so-called
mesothelioid adenocarcinoma) [39]. In the early stages
of disease,f tumors originating in the apex of thef upper
lobes may invade the pleura as well as the nerve and
vascular structures of thef  base of thef neck, causing
symptoms that are apparently unrelated to a lung
primary (Pancoast tumor and Horner’s syndrome).
Finally, early-stage adenocarcinoma of thef  lung may
elicit ant intense desmoplastic reaction thus simulating
an intraparenchymal scar [37].r

7.2.2 Adenocarcinoma

Bronchogenic adenocarcinoma can occur in a wide
range of agef  groups and is preferentially located at thet
periphery of thef  lung. Histologically, this tumor gener-r
ally corresponds to an otherwise typical adeno-
carcinoma composed of tubularf and papillary struc-
tures of variablef  shape and size that aret lined by cylin-
drical cells with intracellular mucinr production [37,40].
A variably intense desmoplastic reaction is always
present. In well-differentiated tumors, the cells are
columnar to cuboidal in appearance, with a basal
nucleus and a basophilic to clear cytoplasmr  possibly
containing mucin droplets. In poorly differentiated
tumors, the glandular patternr of growthf is less evident
and the tumors mainly consist of solidf  cords and
trabeculae. Moreover, the cells have a reduced amount
of cytoplasmf and more pleomorphic nuclei.

The cytological picture on FNB is prototypical of

Table 7.2 WHO histological classification of tumorsf of thef
lung: malignant epithelialt  tumors [37]

Squamous cell carcinoma
Papillary
Clear cellr
Small-cell
Basaloid

Small-cell carcinoma
Combined small-cell carcinoma

Adenocarcinoma
Adenocarcinoma, mixed subtype
Acinar adenocarcinomar
Papillary adenocarcinoma
Bronchioloalveolar carcinomar

Non-mucinous
Mucinous
Mixed or indeterminater

Solid adenocarcinoma with mucin production
Fetal adenocarcinoma
Mucinous (“colloid”) carcinoma
Mucinous cystoadenocarcinoma
Signet-ring adenocarcinoma
Clear cellr adenocarcinoma

Large-cell carcinoma
Large-cell neuroendocrine carcinoma

Combined large-cell neuroendocrine carcinoma
Basaloid carcinoma
Lymphoepithelioma-like carcinoma
Clear cellr carcinoma
Large-cell carcinoma with rhabdoid features

Adenosquamous carcinoma

Sarcomatoid carcinoma
Pleomorphic carcinoma
Spindle cell carcinoma
Giant cellt carcinoma
Carcinosarcoma
Pulmonary blastoma

Carcinoid tumor
Typical carcinoid
Atypical carcinoid

Salivary gland tumors
Mucoepidermoid carcinoma
Adenoid cystic carcinoma
Epithelial-myoepithelial carcinoma

Preinvasive lesions
Squamous cell carcinoma in situ
Atypical adenomatous hyperplasia
Diffuse idiopathic pulmonary neuroendocrine hyperplasia
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tumors having a glandular cellr  morphology, and there
is a tendency to assume a tubulo-acinar (Fig.r 7.1a–c),
tubulo-papillary, mucinous, or solid structureless
pattern. It is important to stress that the cytomor-
phology of af  primary adenocarcinoma in the lung may
overlap with the cytological appearance of af  metastatica
deposit oft  adenocarcinomaf  from various primary sites,

including the breast, stomach, pancreas and biliary
tract, small intestine, ovary, fallopian tube, and endo-
cervix. The distinction between primary and metastatic
malignancy generally requires proper clinicalr  correla-
tion and immunohistochemical studies (Fig. 7.1d,e).

Some variants of primaryf adenocarcinoma merit
particular attentionr  as they show distinct cytological

a b

c d

e

Fig. 7.1 a Tubulo-acinar aggregatesr  of epithelialf glandular cellsr
are admixed with mononuclear histiocytes,r  which display a cleara
or microvacuolatedr cytoplasm. Smear, Papanicolaou (P) stain,
×400. b Glandular cellsr in acinar aggregatesr  have round to oval
nuclei with distinct nucleoli and a moderate amount of cyto-f
plasm. Smear, P stain, ×400. c Occasionally, neoplastic epithe-
lial cells are characterized by round intranuclear cytoplasmic
inclusions (arrows); their cytoplasm is dense or microvacuo-
lated, in contrast tot the microvacuolated and clear cytoplasmr  of
histiocytes. Smear, P stain, ×1000. d An acinar cellularr  aggre-r
gate is dispersed with necrotic debris. Paraffin section from a
cell-block sample,k  hematoxylin & eosin (H&E) stain, ×400. e
Tumor cellsr  in aggregates and within the necrotic background
show nuclear positivityr for TTF1.r Same sample as in d, counter-
stained with hematoxylin, ×400
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features whose recognition is important in order to
anticipate proper decision-makingr regarding treatment.
These are discussed below.

7.2.2.1 Bronchioloalveolar Carcinoma

Clinicopathological Correlates

Bronchioloalveolar carcinomar  representsa a somewhata
heterogeneous group of adenocarcinomaf variantsa  char-
acterized byd a higha degree of cellularf differentiation,r  the
peculiar tendencyr  to aerogenous spread, and evidenced  of
advancement alongt  the alveolar wallr without destruc-t
tion or effacementr  oft  thef  parenchymal architecture.
There is a clear-cuta  femalet  prevalence of thef tumor,
which is frequently asymptomatic at presentation.t  Radi-
ologically, it cant  present ast  a singlea  mass or asr multiple
lesions and mayd  be unilateral or bilateralr [37].

Cytomorphology

Mucinous Bronchioloalveolar Carcinomar

• Mucoid background (Fig. 7.2a) with histiocytes,
possible inflammatory cells.

• Abundant cellularity.t
• Cells almost equally distributed in aggregates

(Fig. 7.2b) and as isolated elements (Fig. 7.2c).
• Cellular aggregates almost exclusively of two-

dimensional type with a tendency to partial cellular
non-cohesion at thet periphery (Fig. 7.2b).

• Medium-sized and monomorphous cells with an
abundant homogeneous or microvacuolated cyto-
plasm and a round to oval nucleus (“histiocytoid”
appearance) (Fig. 7.2b–d).

• Nuclear size >2×RBC, with finely granular chro-
matin (Fig. 7.2d).

• Occasional intranuclear cytoplasmicr  inclusions (the
cytoplasmic matrix within the inclusion often being
eosinophilic) (Fig. 7.2e).

Non-mucinous Bronchioloalveolar Carcinomar

• Background rich in blood, with frequently detected
pigment macrophages.t

• Moderate to abundant cellularity.t

• Cellular aggregation prevalent, with a tendency
to three-dimensionality (pseudopapillae, morulae,
tubules) and peripheral palisading (Fig. 7.3a).

• Two-dimensional aggregates of smallf  size with a
tendency to form “Indian files”.

• Small to medium-sized monomorphous cells with
scant cytoplasmt  (Fig. 7.3b).

• Medium-sized nuclei (>2×RBC), occasionally large
and bizarre, oval to elongated in shape with a finely
granular chromatin and possible small nucleoli
(Fig. 7.3b,c).

• Nuclear membrane accentuation with frequent
clefts (Fig. 7.3c) and nuclear cytoplasmicr  inclusions
(Fig. 7.3d).

The above-described patterns can be seen as a
component oft  lungf adenocarcinoma or inr a pure form.
In addition, mucinous and non-mucinous tumor typesr
frequently coexist int the same sample (Fig. 7.4). In the
mucinous variant, there is often profuse cellularity; the
tumor cellsr  are organized in flat sheetst  and look highlyk
monotonous. The internuclear distancer within aggre-
gates may be rather variable but nuclear molding is
never seen. Nuclei vary only subtly in size and are
consistently round or oval,r  with finely granular chro-r
matin and slightly eccentric, punctate but intense
nucleoli. When detected as isolated elements, the
tumor cells characteristically assume a “histiocyte-
like” or “histiocytoid”r  appearance due to their abun-r
dant cytoplasmt and a relatively small and round and
regularly shaped nucleus. These elements can easily
be confused with atypical histiocytes; their proper
recognition may need to be based upon immunocyto-
chemical demonstration of cytokeratinf  products in the
cytoplasm [41].m Mucous strands incorporating epithe-
lial cells must bet  considered with caution in the separa-
tion of benignf  reactive bronchiolar cellsr  (other thanr
histiocytes) from malignantm mucinoust cells. In the non-
mucinous variant, there is a greata tendencyt for ther  cells
to form three-dimensional aggregates; also, the cells
look smallerk  duer to a reduceda  amount oft cytoplasm.f

Nuclear inclusionsr  occur inr  both variants although,
in our experience,r  they seem tom be more frequent int  the
non-mucinous variant. These inclusions are produced
by invagination of thef  nuclear membrane.r  In the muci-
nous variant, the interiorized cytoplasmic matrix looks
eosinophilic, thus contrasting with the clear staining
features of thef cytoplasm. The nuclear membrane is
somewhat more accentuated in the non-mucinous
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variant and has an irregular outline due to multiple
clefts. Similar intranuclear cytoplasmic inclusions
occur inr several non-bronchogenic neoplasms (papil-
lary carcinoma of thef  thyroid, melanoma, etc.), in
bronchogenic tumors (poorly differentiated adeno-

carcinoma, pleomorphic carcinoma), and in benign
bronchiolar epithelium.r Bronchioloalveolar carcinomar
cells can be confused with reactive bronchiolar epithe-r
lium showingm  nuclear atypiar [42,43].a  To compound the
issue, these benign cells frequently coexist int the same

Fig. 7.2 a An irregularly shaped and partially twisted epithelial
and stromal aggregate is seen within a mucinous background.
Smear, May Grünwald Giemsa stain, ×250. b Two-dimensional
aggregate of epithelialf  cells with fairly uniform and equidistant
nuclei. Smear, May Grünwald Giemsa stain, ×400. c Cells
appear loosely cohesive or non-cohesive; they have a round
shape, round nuclei, and a often a clear cytoplasm. d High-
power viewr of epithelialf  cells demonstrating a round and regular
nucleus with finely granular chromatinr  pattern and a microvac-
uolated cytoplasm. The cellular appearance is reminiscent of
that of histiocytes.f  Smear, P stain, ×1000. e In cell-block
paraffin sections from a needle-rinse fine-needle biopsy (FNB)
sample, aggregates have a papillary configuration; a voluminous
nuclear inclusionr is also noted (arrow). Paraffin section, H&E
stain, ×400

a b

c d

e
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FNB sample with malignant cellst  (Fig. 7.3b) and the
distinction can be very difficult. In general, reactive
bronchiolar cells cluster in small aggregates (while
malignant cellst form large clusters), contain a lesser
amount oft  cytoplasm,f and lack prominentk nucleolit or ar
significant numbert  ofr intranuclearf cytoplasmicr inclu-
sions.

7.2.2.2 Poorly Differentiated Adenocarcinoma

• Background rich in blood, necrotic debris, or mucin.r
• Variable extent oft cellularity.f
• Strong prevalence of three-dimensionalf  aggregates

(syncytia, trabeculae, papillae, large aggregates

with arbitrary cellular arrangement) with nuclear
overlapping and molding (Fig. 7.5a).

• Large, polyhedral to columnar cells with large
nuclei (3–4×RBC) (Fig. 7.5a).

• Prominent anisokaryosis, anisonucleosis, abnor-
mally disturbed nuclear cytoplasmic ratios
(Fig. 7.5b,c).

• Coarsely granular chromatinr with possible promi-
nent basophilict  nucleoli (Fig. 7.5b) and intranuclear
cytoplasmic inclusions.

• Variable amount oft cytoplasmf that ist  amphophilic
or basophilicr in appearance or mayr  contain mucin
droplets displacing the nucleus.

• Variable amount oft  cellsf with a squamoid appear-
ance.

Fig. 7.3 a Irregularly shaped papillary, acinar, and two-dimensional aggregates are seen in this FNB sample collected from a non-
mucinous brochioloalveolar carcinoma.r  Smear, P stain, ×400. b Higher magnificationr shows loosely cohesive medium-sized cells
with large nuclei and scant cytoplasm.t  A strand of normalf  bronchiolar cellsr is also seen centrally in the image (arrows). Smear, May
Grünwald Giemsa stain, ×1000. c Cells display round nuclei and have occasional small nucleoli. Smear, P stain, ×1000. d Acinar
aggregate in a smear fromr a non-mucinous bronchioloalveolar carcinomar  contains a cell with an evident nucleart inclusion.r  Smear,
P stain, ×1000

a b

c d
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Fig. 7.4 a This single aggregate of tumorf  cellsr  from a patient with mixed type bronchioloalveolar carcinomar  shows a distinct
component of non-mucinousf  cells (left) and of largerf  cells with more abundant cytoplasm, a clear mucinous content, and a
pseudopapillary configuration (arrows). Smear, P stain, ×400. b Surgical specimen from the same patient ast  in a; the distinct muci-t
nous component ist  seen in the upper halfr  off thef  image and an obvious non-mucinous component int the lower half.r Paraffin section,
H&E stain, ×40

a b

Fig. 7.5 a Aggregate of largef  epithelial glandular cells with
focal nuclear overlap and pleomorphic cells with evident
anisonucleosis. Smear, May Grünwald Giemsa stain, ×250.
b The cells show a significant variation in nuclear size and
shape, the chromatin pattern is coarsely granular andr  nucleoli
are well evident. Smear, ×400, P stain. c Same case as in b; May
Grünwald Giemsa staina  outlines prominent variabilityt in cellular
configuration and nuclear size.r  Smear, ×400

a b

c
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Poorly differentiated adenocarcinoma isa composed
of mediumf tom large cells forming cohesive and unstruc-
tured clusters without at definitivea  acinar configuration.r
The arrangement mayt be ambiguous, and thed only clues
to glandular differentiation may be the occasional
evidence of intracytoplasmicf  mucin droplets, or focalr
abortive acinar formationsr  with some resemblance to a
central lumen. These tumor cellsr  may contain intracy-
toplasmic inclusions. In FNB of moderatelyf  or poorlyr
differentiated adenocarcinoma, particularly in the pres-
ence of extracellularf mucin,r  the characteristic tumor
cell harvest may be seen in conjunction with the
appearance of multinucleatedf  histiocytic giant cells.t
The latter mayr lead the observer tor  rule out at  granulo-a
matous inflammatory condition but, in fact, the multi-
nucleated cellsd  are a responsea  to the extravasated mucin.d

7.2.2.3 Mucinous (Colloid) Carcinoma

Mucinous carcinoma of thef  lung is a rare malignancy
that generally grows as a solitary mass in the upper
lobes of thef lung [37,40]. The tumor canr  become quite
large size before the appearance of symptoms.f The
FNB cytological picture, which is prototypical of
tumors with a glandular cellr  morphology and a muci-
nous pattern, is highly reminiscent of colloidf car-
cinoma of thef  breast (Fig.t 7.6). The differential diag-
nosis thus includes a metastatic mucinous carcinoma

(primary in the breast ort  larger  intestine), the mucinous
variant of bronchioloalveolarf  carcinoma, and mucus
plugging in inflammatory processes.

7.2.2.4 Immunohistochemical Findings

Immunohistochemistry performed on cell-block mate-k
rial is a greatlya  useful adjunct tot  the FNB diagnosis of
pulmonary adenocarcinoma, and its role is sometimes
pivotal in differentiating a primarya  bronchogenic from
a metastatic adenocarcinoma. Bronchogenic adeno-
carcinoma cells frequently express the CK7+/CK20-
profile but at  significanta proportiont  of tumorsf  coexpress
these two markers, while the CK7-/CK20+ profile is
practically never seenr  [44,45]. Estrogen receptor posi-r
tivity is seen in about 20%t  of casesf  [46]. TTF-1 posi-
tivity is detected in 70–85% of casesf  whereas some
mucinous variants, namely, mucinous bronchoalveolar
adenocarcinoma, are completely unreactive [47]. TTF-1
positivity can be used in the proper contextr tot  demon-
strate a pulmonarya  origin of thef adenocarcinoma cellsa
but itt  shouldt  be kept int  mind that TTF-1t is expressed
in a minor proportion of ovarian carcinomas,
of endometrioid and serous types [48,49]. The
TTF-1+/CK5/6+/p63- profile is seen in about halft thef
cases of bronchogenicf  adenocarcinoma anda  represents
a specifica  profile for thisr  tumor [50].r  Finally, “aberrant”
coexpression of TTF-1f and CDX2 is described in about
12% of bronchogenicf adenocarcinomas [51].

7.2.3 Adenosquamous Carcinoma

• Background rich in blood, necrotic detritus,
or pyknotic bare nuclei with inflammatory cells
(Fig. 7.7a,b).

• Extent of cellularity variable, mainly poor to
moderate.

• Prevalence of aggregated cells with a great
tendency to form trabeculae, cords, or aggregates
with arbitrary cellular arrangementsr  (Fig. 7.7a).

• Medium to large cells, polygonal to elongated in
shape.

• Round to oval, large, monotonous-looking nuclei
with finely to coarsely granular chromatinr  and well-
evident nucleolit  (Fig. 7.7a).

• Possibility of hyperchromaticf  nuclei with an elon-
gated shape (Fig. 7.7b).

Fig. 7.6 Cohesive and non-cohesive medium-sized cells are seen
in a mucoid (metachromatic) background in this FNB sample
from a patient with primary bronchogenic colloid carcinoma.
Smear, May Grünwald Giemsa stain, ×250
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• Scant denselyt basophilic to amphophilic cytoplasm
with a minor componentr  oft  cellsf displaying cyto-
plasmic eosinophilia (Fig. 7.7b).
Adenosquamous carcinoma is defined as a car-

cinoma showinga  glandular andr  squamous cell differen-
tiated components, with each comprising at leastt 10%t
of thef  tumor. The tumor isr often peripheral in location
and demonstrates a central scar.

7.2.4 Squamous Cell Carcinomal

Squamous cell carcinoma originates in the major
bronchi in about two-thirdst of casesf  and is peripherally
located in the remaining one-third. Proximal airway
masses often have an endobronchial component and
are responsible for earlyr  obstructive symptoms. In a
peripheral location, the tumor oftenr undergoes central
cavitation. Histologically, squamous cell carcinoma
may show varying degrees of differentiation and
extent oft  keratinizationf and it ist  completely similar tor
squamous cell malignancies arising in other anatomicr
sites [37,40].

The cytological picture on FNB is prototypical of
tumors having a squamous cell morphology. Well-
differentiated, poorly differentiated, keratinizing, and
non-keratinizing variants are appropriately diagnosed
cytologically. In keratinizing tumors, the cellular

harvest is strikingly polymorphous and diverse. The
background contains cytoplasmic fragments, inflam-
matory cells, and erythrocytes. Cells vary in shape
from polygonal to stellate, with elongated forms
exhibiting a tapering,a eosinophilic, homogeneous cyto-
plasm. Large three-dimensional aggregates (Fig. 7.8a)
or dissociatedr  elements are observed. Angular, oval,
sometimes lobulated nuclei vary considerably in size
but aret universally densely hyperchromatic and homo-
geneous (Fig. 7.8b). In tumors undergoing central
cavitation and necrosis, sampling of thef  lesion interior
may yield only necrotic tumor cellsr  and the elements
of diathesis.f A characteristic features of bronchogenicf
squamous cell carcinoma is the more than occasional
detection of round,f medium to large elements with a
densely hyperchromatic nucleus showing a smudged
external profile and a clear cytoplasmr  closely resem-
bling atypical koilocytes (Fig. 7.8b). In poorly differ-
entiated tumors, the cells become smaller, the nuclei
more fusiform and less hyperchromatic, and the
tendency to dissociation more common, such that indi-t
vidually dispersed cells are seen among tenuous aggre-
gates. Chromatin details may become more obvious,
so that a coarsely granular texture and nucleoli are
visible (Fig. 7.8c). Sometimes, the only clue to
squamoid differentiation is the pattern of organizationf
within loosely cohesive groups, with multiple stratifi-
cations and a tendency to a mosaic configuration.

a b

Fig. 7.7 a Large cluster showingr a mixture of medium-sizedf  polygonal cells with round nuclei containing prominent nucleolit  and
larger cellsr  with more abundant andt eosinophilic cytoplasm due to intracellular keratinization.r  Smear, P stain, ×400. b This large
cluster isr  characterized by two components: round to oval cells in a two-dimensional aggregation pattern (left, adenocarcinoma
component), and more elongated cells in multiple layers and with an eosinophilic cytoplasm (right, squamous cell carcinoma
component). Smear, P stain, ×400
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The differential diagnosis of non-keratinizingf squa-
mous cell carcinoma includes poorly differentiated
adenocarcinoma, small-cell carcinoma, and metastatic
urothelial carcinoma. Immunohistochemistry performed
on cell-block materialk  is of helpf  in properly identifying
the tumor. In fact, bronchogenic squamous cell car-
cinoma cells are characteristically positive for CK5/6r
and p63 [50] and practically never express TTF-1
nuclear positivity [47]. Testing for the presence of
these three markers helps to distinguish squamous cell
carcinoma from poorly differentiated adenocarcinoma
and small-cell neuroendocrine carcinoma, whose
profiles are, respectively, TTF-1+/CK5/6- /p63- and
TTF-1+/CK5/6+ /p63- [50]. Finally, the distinction
from metastatic urothelial carcinoma can be obtained
by testing for CD10r  and CK20, which are characteris-
tically coexpressed in this tumor.

7.2.5 Large-Cell Carcinomal

• Background rich in blood or necroticr  detritus with
inflammatory cells.

• Prevalence of irregularlyf  shaped two-dimensional
aggregates with a tendency to loose cohesiveness at
the periphery (Fig. 7.9a).

• Constituent cells large, pleomorphic, occasionally
bizarre, with abundant cytoplasmt (Fig. 7.9b).

• Large and pleomorphic nuclei with coarsely gran-
ular chromatin, prominent single or multiple
nucleoli, with possibly numerous karryorhexis.

• Densely basophilic to amphophilic and/or
microvacuolized cytoplasm with possible phagocy-
tosis of granulocytesf  (emperipolesis) (Fig. 7.9b).
Large-cell carcinoma is an example of undifferenti-f

ated carcinoma completely or mainly consisting of

a b

c

Fig. 7.8 a Three-dimensional cluster of cellsf with irregularly
shaped hyperchromatic nuclei and densely eosinophilic cyto-
plasm. Squamous cell carcinoma. Smear, ×1000, P stain.
b Trabecular aggregate of cellsf displaying irregularly shaped
and hyperchromatic nuclei. Note the two cells in the cluster withr
a round configuration, clear cytoplasm,r and densely hyperchro-
matic nuclei; these cells closely resemble koilocytes (arrow).
Squamous cell carcinoma. Smear, ×400, P stain. c Syncytial-like
aggregate of pleomorphicf  cells showing a coarsely granular
cytoplasm and obvious nucleoli; inflammatory cells are seen in
their cytoplasm.r  Poorly differentiated squamous cell carcinoma.
Smear, P stain, ×400
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large cells and lacking evidence of squamous or
glandular cell differentiation. The tumor tends to
appear in the periphery of thef lung, where it grows
rapidly. The main variants of thef tumor are large-
cell neuroendocrine carcinoma (see below),
lymphoepithelioma-like carcinoma, and clear cell
carcinoma. Lymphoepithelioma-like carcinoma is
characterized by large cells displaying a large vesic-
ular nucleus and prominent nucleoli, with a concomi-
tant massive infiltration of small lymphocytes
(Fig. 7.9c). Primary bronchogenic clear cell car-
cinomas are practically indistinguishable from clear
cell carcinomas arising in other anatomic sites.
Immunohistochemically, bronchogenic large-cell
carcinoma cells express CK7 and TTF-1 [51, 52] but
not CK5/6 or p63 [50].

7.2.6 Basaloid Celld  Carcinomal

Most basaloid cell carcinomas arise in the proximal
bronchi and display an endobronchial component.
Histologically, they have a lobular, trabecular, or
palisading pattern with foci of comedo-typef necrosis.
The tumor cells are small and monomorphic with a
cuboid or somewhat fusiform shape [37,40]. Due to
their proximalr location, they are more often diagnosed
by bronchoscopic biopsy but cant represent an unex-
pected encounter inr  FNB practice, especially when the
tumor isr more peripherally located. The FNB picture
(Fig. 7.10) is prototypical of tumorsf  with a basaloid
cell pattern. In the differential diagnosis, this tumor
variant should be differentiated from primary or
metastatic adenoid cystic carcinoma.

Fig. 7.9 a Two-dimensional aggregate of largef  cells with a pleo-
morphic and sometimes bizarre configuration and abundant
basophilic cytoplasm. Large-cell carcinoma. Smear, P stain,
×400. b Occasionally, large cells may contain polymorphonu-
clear granulocytesr in their cytoplasmr  (“emperipolesis”). Large-
cell carcinoma. Smear, P stain, ×1000. c Large cells with vesic-
ular nuclei containing occasional prominent nucleoli are
admixed with small lymphocytes in a large-cell carcinoma
displaying the lymphoepithelioma-like pattern. Smear, P stain,
×1000

a b
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7.2.7 Spindle Cell Carcinomal

• Clean background with histiocytes and few inflam-
matory cells.

• Tendency to cellular cohesion, with large aggre-
gates and three-dimensionality, or smaller aggre-
gates with partial loss of cohesionf  (Fig. 7.11a).

• Large elongated cells with a definite spindle-like
configuration (Fig. 7.11b).

• Elongated nuclei terminating with pointed ends.

• Coarsely granular tor densely hyperchromatic chro-
matin, multiple small nucleoli, frequent crushing
artifacts.

• Barely visible amount oft  cytoplasm.f
Spindle cell carcinoma is an unusual epithelial

malignancy whose main feature is the proliferation of
elongated cells resembling mesenchymal elements
[37,40]. The tumor belongsr  to the category of sarco-f
matoid carcinomas of thef  lung, which includes a spec-
trum of morphologiesf  of sarcomaf or sarcoma-like
neoplastic elements (spindle cells and giant cells).t The
spindle cells can take on a fascicular or storiform
appearance that includest  a fibrotic or myxoidr stroma.
The tumor isr a peculiar variantr oft  bronchogenicf  car-
cinoma but tumorst  with exactly the same features can
originate in other visceral sites, such as the urinary
tract, kidney, pancreas, and thyroid.

7.2.8 Pleomorphic Carcinomac

Pleomorphic carcinoma is a variant of sarcomatoidf
carcinoma, with a significant component of large,f
giant, and bizarre cells (Fig. 7.12) in addition to a
second component oft  anf  otherwise typical squamous
cell carcinoma, adenocarcinoma, large-cell carcinoma,
or spindler  cell carcinoma [37]. In FNB samples, giant
cells appear asr non-cohesive elements with very large
and polymorphous nuclei containing giant nucleoli.t A
huge inflammatory infiltrate accompanies the giant
cells in some cases.

Fig. 7.10 Pleomorphic small-cell pattern with cohesive and non-
cohesive cells is sometimes seen in poorly differentiated squa-
mous cell carcinoma, thus simulating a small-cell neuroen-
docrine carcinoma. Smear, P stain, ×400

Fig. 7.11 a Large three-dimensional aggregate of cohesivef and pleomorphic spindle cells in a sample obtained from a patient witht
spindle cell carcinoma. Smear, P stain, ×400. b High-power viewr  of fairlyf  elongated and large cells with a spindle-like morphology
and containing similarly elongated and fusiform nuclei terminating with sharp ends. Spindle cell carcinoma. Smear, P stain, ×1000

a b



7.2 Lung 187

7.2.9 Neuroendocrine Tumors

Neuroendocrine tumors represent at spectrum of malig-f
nant neoplasms comprising poorly aggressive, low-
grade malignancies (typical carcinoid tumor) and
intermediate-grade (poorly differentiated neuro-
endocrine carcinoma or “atypical”r  carcinoid tumors)
to high-grade (small-cell and large-cell neuroendocrine
carcinoma) malignancies [53]. With the exception of
large-cell carcinoma, the cytological picture of thesef
tumors on FNB is prototypical of tumorsf having a
small-cell morphology. In particular, typical carcinoid
tumors assume a monomorphous cell pattern with a
tendency to cellular aggregation and mild nuclear
atypia, while poorly differentiated and small-cell car-
cinomas assume a pleomorphica  pattern with a tendencya
to cellular aggregationr  and marked nuclear atypia.r

7.2.9.1 Typical Carcinoid

Typical carcinoid tumors mainly occur in major
bronchi (central carcinoid) but aret also often located
peripherally in the lung (peripheral carcinoid). Central
carcinoids are accessible to bronchoscopic biopsy and
thus rather infrequently represent a target for trans-
thoracic FNB. Peripheral carcinoid, by contrast, is
commonly encountered in FNB practice. The diag-
nostic yield consists of af  monotonous succession of
uniform cells with minimal cytoplasm, resembling

lymphocytes, but congregated in ribbons and amor-
phous clusters (Fig. 7.13a,b) [54–56]. Nuclei show
delicate chromatin with well-evident nucleolit  accentu-
ated by paranucleolar and crisply delineated nuclear
margins. Especially in peripherally located tumors, the
harvest mayt  consist oft  af population of uniform,f  short
spindle cells sometimes congregated in abortive
rosettes (Fig. 7.13c,d) [56]. The fusiform nuclei show
definite margins and a coarsely granular chromatin
with inconspicuous nucleoli. Metastatic involvement
of mediastinalf  lymph nodes is detected at thet  time of
diagnosis of carcinoidf tumor in about 10–15% of
patients [37,40]. These tumors are prone to produce
distant metastasest into the liver, bone, and brain even
several years after surgical excision. Immunohisto-
chemically, the tumor cells express low molecular
weight cytokeratint  and TTF-1 [47,50], in addition to
common neuroendocrine markers. The differential
diagnosis consists only of metastaticf  neuroendocrine
tumors of carcinoidf  type. Testing for both TTF-1
and CDX-2 is of helpf in demonstrating a pulmonary
(TTF-1+/CDX-2-) or intestinal (TTF-1-/CDX-2+)
primary site of thef tumor orr  inr  excluding both (TTF-1-/
CDX-2-) [57].

7.2.9.2 Poorly Differentiated and Small-Cell
Neuroendocrine Carcinoma

Poorly differentiated and small-cell neuroendocrine
carcinomas commonly present int  a central location, as
they arise from major bronchi.r  They are highly aggres-
sive tumors and metastases develop early in the course
of thef  disease. For thisr  reason, a majority of patientsf
present witht disease of advancedf  stage, i.e., with medi-
astinal lymph node involvement andt visceral dissemi-
nation. In FNB samples, the tumor cells may be
dispersed individually, randomly, and without archi-t
tectural design but the tendency to cell aggregation
prevails (Fig. 7.14a). The fragility of thef  cells results in
the characteristic crushing artifact such that nuclear
details are obliterated in most cellular elements
(Azzopardi’s phenomenon). Nuclear contours may
vary from round to oval to fusiform, with elliptical and
almond-shape configurations predominating. For thoser
cells spared from degenerative hyperchromasia, the
nuclear texture is generally delicate with evenly
distributed chromatin. The diagnostic yield of thesef
tumors fulfills the histopathological definition of

Fig. 7.12 Giant multinucleatedt  cells often containing large and
bizarre nuclei are characteristic of giantf cellt carcinoma. Smear,
P stain, ×400
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Fig. 7.13 a Monotonous-looking small and round cells displaying round nuclei with the characteristic “salt andt  pepper” chromatin
texture and scant cytoplasmt are characteristic of FNBf  samples from typical carcinoid tumor. Smear, P stain, ×400. b Histological
features of typicalf carcinoid tumor: tumor cellsr grow in ribbons and files. Paraffin section, H&E stain, ×400. c A somewhat pleomor-t
phic population of smallf cells with an elongated appearance and the characteristic granular chromatinr texture is typical of FNBf
samples from spindle cell carcinoid tumor. Smear, P stain, ×400. d Histological features of spindlef cell carcinoid tumor. Paraffin
section, H&E stain, ×400

a b

c d
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poorly differentiated neuroendocrine carcinoma; the
cells may appear largerr andr  nuclei are more variable in
size, contour, and configuration. Cellular non-cohesionr
is slightly more prevalent. Within the aggregates,
nuclear molding is quite obvious [56,58]. Immuno-
histochemically, there is reduced expressiond of neuroen-f
docrine markers and synaptophysin is more frequently
detected than chromogranin. Among the commonly
employed epithelial markers, only low molecular
weight cytokeratinst are expressed (CK8,18), and they

tend to appear in a characteristic linear or punctate
fashion (Fig. 7.14b). TTF-1 positivity is detected in
most oft  thef  cells (Fig. 7.14c) [47,50]. The differential
diagnosis encompasses poorly differentiated squamous
cell carcinoma and other high-grade neuroendocrine
malignancies, such as metastatic Merkel cell car-
cinoma. Testing for bothr TTF-1 and p63 is of helpf in
differentiating these tumors from the former (small-
cell neuroendocrine carcinoma is TTF-1+/p63- and
squamous cell carcinoma is TTF-1-/p63+) [50], while

Fig. 7.14 a Cohesive small cells with pleomorphic nuclei and
chromatin fragility are characteristic of poorlyf  differentiated
neuroendocrine carcinoma. Smear, P stain, ×400. b In cell-block
material immunostaining for cytokeratinr  8,18 reveals a some-
what lineart  andr button-like positivity in the cytoplasm of cellsf in
poorly differentiated neureondocrine carcinoma. Counterstained
with hematoxylin, ×400. c In cell-block material immuno-
staining for TTF-1r reveals a nuclear positivityr  in most of thef
cells in poorly differentiated neureondocrine carcinoma. Coun-
terstained with hematoxylin, ×400

b

a

c



190 7 Lung, Mediastinum, and Pleura

the detection of af  “button-like” positivity for cytoker-r
atin [59], in particular CK20r [60], is a quite distinctive
feature of Merkelf cell carcinoma and excludes small-
cell neuroendocrine carcinoma of thef  lung.

7.2.9.3 Large-Cell Neuroendocrine Carcinoma

Large-cell neuroendocrine carcinoma isa  a rarea malig-
nancy occurring almost exclusivelyt in the elderly. Most
of thef  tumors are localized peripherally in the lung and
are clinically and radiologically indistinguishable from
other typesr  of non-small-cellf  carcinomas. They are
responsible for anr  early dissemination into the pleural
cavity. Histologically and cytologically [61], the
tumors are characterized by a neuroendocrine
morphology, high mitotic activity, and a neoplastic
population of largef  polygonal cells with abundant cyto-t
plasm andm vesicular orr finelyr granular chromatin.r The
cytological morphology and immunohistochemical
findings in a pleurala effusion obtained from am patienta
with this tumor arer shown in Figure 7.15.

7.2.10 Pulmonary Metastaticy
Malignancies

Metastatic involvement oft  thef  lung by extrapulmonary
neoplasms is commonly characterized by the appear-
ance of multiplef  nodules and frequently associated

with pleural effusion. Alternative and less common
patterns of presentationf  take the form of af solitary
nodule, cavitation, or cyst.r  The latter isr  an indication
for FNBr  sampling to rule out at  possible new primary
tumor orr ar benign condition. Tumors most commonlyt
inducing a solitarya  nodular metastasisr are carcinoma ofa
the colon, breast, and kidney, urothelial carcinoma,
and melanoma. Cavitation is common in metastases
from colorectal carcinoma, head and neck carcinomas,k
and uterine cervical carcinoma. Cystic nodules are
reported as a common finding in metastases of
endometrial stromal sarcoma and leiomyosarcoma and
are complicated by pneumothorax [38].

In FNB samples, it is generally easy to diagnose
metastatic disease and its differentiation from primary
malignancy and infectious process can be accom-
plished readily and with confidence. Interpretative
problems can arise, however, in the presence of af  cyto-a
logical picture of adenocarcinoma. As mentioned
above, a reliable distinction between primary and
metastatic adenocarcinoma is totally based upon the
immunohistochemical survey. The adjunctive use of
immunohistochemistry may also allow identification
of thef  tissue of originf  of thef  metastatic malignancy.

TTF-1 is currently the most reliablet  marker ofr  thef
pulmonary origin of adenocarcinomaf  buta itt  ist  essential
to remember that,r  in FNB samples, follicular carcinomar
of thef  thyroid metastatic to the lung may simulate a
tumor of glandular cell morphology, tubulo-acinar
pattern, and is strongly positive for this marker.

Fig. 7.15 a Effusion cytology in a patient witht  pleural involvement byt  large-cell neuroendocrine carcinoma of thef  lung; tumor cellsr
show large nuclei with coarsely granular chromatin and prominent nucleoli. Smear, counterstained with hematoxylin, ×1000.
b Same case as in a; immunostaining of thef  smear forr chromograninr  reveals a cytoplasmic granular positivityr  in the tumor cells.r
Smear, counterstained with hematoxylin, ×1000

a b
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Figure 7.16 illustrates a case featuring this peculiar
cytomorphology and immunohistochemical reactivity,
as demonstrated ind  a core-needlea biopsy (CNB) sample.

7.2.11 Benign Lesions

7.2.11.1 Hamartoma

Pulmonary hamartomas are neoplastic mixtures of
mature mesenchymal tissue elements normally found
within the lung (cartilage, fibrovascular tissue,r  adipose
tissue, smooth muscle, and bone). The lesion is most
frequently localized peripherally. Due to its character-
istic features (inert ort indolentlyr expansive homoge-
neous opacity), pulmonary hamartoma is readily diag-
nosed on X-rays and CT scan. However, when it
is composed of an undifferentiated mesenchymal
fibromyxoid component, the appearance may be

interpreted as indeterminate for malignancy. FNB
samples show fibromyxoid stromal fragments
embedded in a mucoida matrix (Fig. 7.17) in addition to
adipocytes and normal bronchial cells. Cartilage frag-
ments are rarely detected. The cytological diagnosis is
easily made in about 75%t of thef  cases. In the remaining
25%, pulmonary hamartoma is a commona  source of
false-positive diagnoses and it cant be confused with
carcinoid tumord  andr  bronchioloalveolard carcinomar  [62].a
The latter entersr the differential diagnosis when there is
a concomitanta proliferationt of bronchiolarf epitheliumr
possibly containing nuclear vacuoles,r

7.2.11.2 Inflammatory Conditions

These may present on imaging as a coin lesion
and include nonspecific pulmonary abscess and gran-
ulomatous inflammation. Aspiration biopsy can

a b

c

Fig. 7.16 a Definite tubulo-acinar aggregationr pattern of tumorf
cells is seen in this FNB sample of thyroidf follicular carcinomar
metastatic into the lung; tumor cellsr have monotonous-looking
round nuclei and scant cytoplasm.t  Smear, P stain, ×400. b Same
case as in a; paraffin section from a core-needle biopsy (CNB)
of thef  tumor massr  reveals the characteristic histology of thyroidf
follicular carcinoma. H&E stain, ×250. c Same case as in a:
immunostaining for TTF-1 shows a diffuse positive nuclear
reaction. Counterstained with hematoxylin, ×250
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successfully isolate specific etiological agents of infec-f
tion for morphological and cultural identification,
resulting in the selection of appropriatef  therapy, the
avoidance of anf incorrect diagnosis of cancer,f and
circumvention of surgery.f  Granulomatous inflamma-
tion is easily diagnosed by detecting epithelioid histio-
cytes in cohesive clusters, lymphocytes, a variable
amount of granular,f mucoid, or amorphous necrotic
debris, and multinucleate giant cells.t  It ist worth noting
that squamous cell carcinoma can undergo massive
cavitation with subsequent colonizationt  by Aspergillus
species and aspergilloma formation.

7.2.12 Rare Tumors

There is a relatively long list oft unusualf  tumor entitiesr
occurring in the lung which thus far haver  been poorly
investigated by FNB sampling; in fact, their cytolog-r
ical features are described in only few single case
reports in the literature. This group includes epithelial
tumors, such as acinic cell carcinoma and mucoepider-
moid carcinoma, biphasic tumors (carcinosarcoma
and pulmonary blastoma), tumors of uncertainf histo-
genesis (sclerosing hemangioma, clear cell “sugar”
tumor), some lymphoproliferative disorders, malignant
melanoma, and unusual varieties of sarcoma.f

Primary lymphoproliferative disorders of thef  lung
are typically seen in the elderly, are mostly of thef  B-cell
phenotype, and poorly aggressive. The pulmonary

lesion is frequently associated with nodal involvement
in the mediastinum. Proliferating cells consist of
lymphoplasmacytoid cells associated with plasma cellsa
and lymphoepitheliald  lesions. The so-called lymphoma-
toid granulomatosis is a large-cella  lymphoma ofa  B-cellf
phenotype with a richa component oft  T-cellsf  having an
angiocentric pattern of growth. Large cells often
assume a Reed-Sternberg-likea  morphology.

Sarcomas developing primarily in the lung are
exceptionally rare. Pleuropulmonary synovial
sarcoma is increasingly recognized as a subtype of
sarcoma, due to the recent identification of af distinc-
tive chromosomal translocation specific to synovial
sarcoma [63]. Figure 7.18 illustrates the cytological
features of onef such case in a 36-year-old woman who
presented with a huge, sharply marginated tumor
mass in the right lung. The cytological picture was
prototypical of tumorsf with epithelioid or spindle cell
morphology and illustrates the issue of thef differential
diagnosis of tumorsf arising within the chest. The
harvest was very cellular, with large cohesive tissue
clusters containing spindled to epithelioid cells; their
nuclei were ovoid to elongated with a finely granular
chromatin and small nucleoli. Immunohistochemistry
performed on the cell-block sample demonstrated
cellular positivity for EMA, bcl-2, CD56, and CD99,
with negative expression of cytokeratins, CD34,
S100 protein, and calretinin. The conclusive diagn-
osis of monophasic synovial sarcoma was based
on the demonstration of thef t(x;18) chromosomal

Fig. 7.17 a FNB sample from pulmonary hamartoma shows fibromyxoid stromal fragments dispersed in a mucoid matrix. Smear, P
stain, ×250. b A cohesive aggregate of regularlyf  shaped and monotonous fibrocyte-like spindle cells is seen in a background of
mucoid matrix. FNB sample from pulmonary hamartoma; smear, P stain, ×250

a b
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translocation by fluorescence in situ hybridization on
cell-block material [63].

7.3 Mediastinum

Mediastinal lesions can be investigated by FNB, which
in these cases is a safe, efficacious, and cost-effective
technique. Patients tolerate the procedure well and
there are no serious complications resulting from
percutaneous tissue penetration of thef needle when the
procedure is carried out under CTr  scan or USr guid-
ance. A broad range of lesionsf  can be detected within
this anatomic compartment. Proper correlation with
the patient’s age and the location of thef lesion within
the mediastinal compartments are helpful in antici-
pating the possible diagnosis. In particular, lesions of
the anterior mediastinum are likely to be thymoma,
thymic cysts, lymphoma, thyroid lesions, or germ-cellr
tumors. Those in the middle mediastinum are

frequently lymphoma or benignr  pericardial and bron-
chogenic cysts, while those in the posterior medi-
astinum are nerve sheath or neuronalr tumors or bron-r
chogenic or entericr  cysts.

Metastatic disease is, however, the most frequent
malignancy identified in the mediastinum. In partic-
ular settings, for example, in patients with non-small-
cell lung cancers, the detection of mediastinalf  lymph
node metastases is a crucial determinant of oper-f
ability. CT-scan-assisted percutaneous fine-needle
aspiration (FNA) is not the procedure of choicef  for
such studies, and transbronchial needle aspiration is
of poorf  accuracy due to its low sensitivity. Medi-
astinoscopy used to be the “gold standard” for deter-
mining the presence of nodalf  metastases in the medi-
astinum, until recently, when significant advances
were made in alternative procedures based on the
same principles as FNA but with different access.
Lesions adjacent to the gastrointestinal tract are
sampled by endoscopic ultrasound FNA biopsy while

Fig. 7.18 a Medium-sized spindle to epithelioid cells, with
round to elongated nuclei and occasionally prominent nucleoli,t
appear as loosely cohesive or tightly cohesive elements in a
FNB sample of pulmonaryf synovial sarcoma. Smear, P stain,
×400. b Same case as in a; cell-block paraffink  section shows the
characteristic morphology of monophasicf synovial sarcoma.
H&E stain, ×400. c Same case as in a; immunostaining for
bcl-2 in a cell-block paraffink section shows a diffusely granular
positivity. Counterstained with hematoxylin, ×400

a b
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lesions along the more distal endobronchial wall are
easily accessed and sampled by endobronchial US-
guided FNA biopsy. The combination of thef two
procedures is a valid substitute for mediastinoscopy
[64]. These procedures employ 22G needles and allow
a highly representative sample to be obtained, facili-
tating the correct diagnosis.

Percutaneous FNB is well-accepted in the manage-
ment oft primaryf  mediastinal malignancies. The tech-
nique is used after imagingr  as the first-line diagnostic
procedure and, when possible, is coupled to CNB of
the lesion in order tor maximize the diagnostic yield.
Not allt  primary tumors can be conclusively diagnosed
using this approach, and mediastinoscopy or open
thoracomy is still needed in a minority of cases.
Powers et al.,t 1996 [65], carried out at largea multi-insti-
tutional study on the diagnostic accuracy of percuta-f
neous FNB of thef  mediastinum. They determined a
sensitivity of 87%f and a positive predictive value of
97% for ther  diagnosis of neoplasm.f

7.3.1 Tumors of thef  Thymus

Thymic epithelial tumors have been traditionally clas-
sified into two main types: thymoma, which may
be encapsulated or invasive and is histologically
benign, and thymic carcinoma, which comprises a
heterogeneous group of neoplasmsf that are histologi-
cally malignant. The prognosis of patients with
thymomas varies considerably and several classifica-
tions have been proposed for these tumors. In 1999,
the World Health Organization (WHO) proposed a
consensus classification of thymicf  epithelial tumors
[66]. This classification takes into account the
morphology of thef  epithelial cells as well as the ratio
of epithelialf cells to lymphocytes. It was recently
demonstrated that the WHO histological classification
reflects the oncological behavior of thymoma,f  thus
confirming the validity of thisf  classification system
for the assessment and treatment of patients withf
thymoma [67].

7.3.1.1 Thymoma

The WHO classification distinguishes six types: A,
AB, B1, B2, B3, and C [66]. Types A, AB, and B1
have a less aggressive nature than types B2 and B3.

Some variants are strongly associated with autoim-
mune disease but others are not. In our experience,
FNB is not useful in the preoperative prediction of
WHO histological types unless anaplasia is observed,
but itt ist  an invaluable method to confirm the diagnosis
within the correct clinical-radiologicalt  context.

Cytomorphology

• Polymorphous population of non-cohesive
lymphoid cells in the background (Fig. 7.19a).

• Cohesive tissue fragments consisting of ovalf  to
spindle epithelial cells intimately admixed with
lymphoid cells (Fig. 7.19b).

• Epithelial cells possibly dominating the picture and
appearing as aggregates of medium-sizedf  oval to
spindle-shaped elements (Fig. 7.19d).

Basically, the FNB appearance of thymoma is
represented by a spectrum of lesionsf composed of af
dual population of epithelialf cells and lymphoid cells,
which are variably admixed. At one end, there is a
significant prevalencet  of lymphoidf  cells, with epithe-
lial cells being barely perceptible (thymomas types
AB, B1, B2 according to the WHO criteria). At the
other end,r lymphoid cells are poorly represented, with
epithelial cells dominating the picture (thymoma type
A) and possibly characterized by atypical features
(thymoma type B3) [68,69]. Epithelial cells can be
properly demonstrated by immunohistochemistry in
cytological cell-block materialk  based on their positivityr
for cytokeratinsr  (Fig. 7.19c–e). Additional features are
positivity for CD57r  (thymoma B2a  type), and CD5d  and
bcl-2 (thymoma typea B3) [70]. The lymphoid cell
component showst  a B-cella phenotype and isd  CD20+.

7.3.1.2 Thymic Carcinoma

Thymic carcinoma (also known as type C thymoma)
is a thymic epithelial tumor that exhibits a definite
cytological atypia and a set of histologicalf features
non-specific to the thymus but rather similar to those
observed in carcinomas of otherf  organs. Variants
include squamous cell, lymphoepithelioma, sarcoma-
toid, clear cell, mucoepidermoid, papillary, and undif-
ferentiated tumors. Of note, the papillary adeno-
carcinoma variant can simulate mesothelioma
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cytomorphologically. Indeed, in about 30% of
patients the tumor cells show immunohistochemical
expression of calretinin and other mesothelioma
markers, which represents a potential trap in a correct
differential diagnosis [71].

7.3.1.3 Neuroendocrine Tumors

The thymus can harbor typicalr  and atypical carcinoid
tumors as well as poorly differentiated small-cell
carcinoma. These are very rare tumors. Upon FNB,

Fig. 7.19 a FNB sample of af thymoma shows a conspicuous
population of smallf lymphocytes dispersed in the background or
in tight clusters; at this magnification, epithelial cells are not
discernible. Smear, P stain, ×250. b Same case as in a; at highert
magnification, epithelial cells are barely discernible and appear
elongated in shape with a gray cytoplasm and round to oval
nuclei containing small nucleoli. Smear, P stain, ×1000. c Same
case as in a; immunostaining for cytokeratinsr in cell-block mate-k
rial allows for ther  decoration of epithelialf  cells, which represent
a minor componentr oft thef cellular sample.r Counterstained with
hematoxylin, ×250. d FNB sample of af  predominantly epithe-
lioid thymoma consists of aggregates of elongated cells
displaying pleomorphic nuclei. Smear, P stain, ×400. e Same
case as in d; immunostaining for cytokeratinr in cell-block mate-k
rial decorates the cytoplasm of epithelialf  cells. Counterstained
with hematoxylin, ×400
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carcinoid tumors display a uniforma populationm of smallf
round cells with central or slightlyr  eccentric nucleoli.
Nuclei dominate the cell and are conspicuous in their
conformity of patternf  or structure. Moderately and
poorly differentiated neuroendocrine carcinoma
primaries in the thymus are characterized by a more
pleomorphic cellular population. In a series of threef
cases, we were able to demonstrate cytoplasmic
button-like structures by May Grünwald-Giemsa
staining (Fig. 7.20) [72].

7.3.2 Germ-Cell Tumorsl

Germ cell tumors occur predominantlyr in the anterior
mediastinum and affect young adults, with most
tumors developing in male patients. About 50% the
tumors are mature cystic teratomas, approximately
18% are seminomas, 23% malignant mixedt germ-cell
tumors, and <10% immature teratoma or purer embry-
onal carcinoma [73]. The FNB diagnostic criteria are
the same as those for ther same tumors when detected
in gonadal and extragonadal sites.

7.4 Pleura and Chest Wall

7.4.1 Malignant Mesotheliomat

Mesothelioma is an aggressive malignancy that typi-
cally presents with pleural effusion due to diffuse
involvement of thef visceral and parietal surfaces of
the pleura. Rarely, onset of thef  tumor is characterized
by a concomitant solid nodule. The diagnosis is
almost universally accomplished by cytopathological
examination of the pleural fluid. In some cases,
however, there is a mild pleural effusion and
concomitant solid growth into the mediastinum and/or
the chest wall, clinically and radiologically simulating
a metastatic carcinoma. These nodular lesions are
potential targets for FNB investigation [74,75]; often
the likelihood of af  solid-type malignant mesothelioma
is underestimated in the differential diagnosis. In
addition, FNB is recognized as a reliable method to
diagnose recurrent malignant mesothelioma at the site
of previousf  surgery, or metastatic mesothelioma in
lymph nodes or ther liver [76–78].r  There are three main
types of malignantf mesothelioma cells: epithelioid,
spindle/sarcomatoid, and mixed/biphasic. Epithelioid
is the most common, accounting for 50–70% of cases.f
Figure 7.21 illustrates the FNB diagnostic yield of af
solid and multinodular mediastinal tumor in a 59-
year-old woman with a previous history of repeatedf
pleural effusions that had been diagnosed cytologi-
cally as “mesothelial hyperplasia.” The cytological
picture is prototypical of tumorsf with an epithelioid
cell morphology. Immunohistochemically, mesothe-
lioma cells express CK7, calretinin, and CK5/6
and are characterized by membrane positivity for
EMA. The distinction between pleural-based adeno-
carcinoma and mesothelioma may be an inordinately
difficult decision when based on FNB material, es-
pecially when the harvest is dominated by papillary
aggregates of smallf uniform polygonal cells with
bland, monotonous nuclei containing prominent
nucleoli. The differential diagnosis in this setting is
based upon the results of thef  immunohistochemical
survey, including the lack of calretininf positivity in
adenocarcinoma cells and the detection of TTF-1f
nuclear positivity, which demonstrates their deriva-
tion from the bronchial epithelium.

Fig. 7.20 FNB sample of af  poorly differentiated neuroendocrine
carcinoma growing primarily within the anterosuperior medi-
astinum; in May Grünwald Giemsa stained smears some charac-
teristic button like inclusion bodies are seen within the cyto-
plasm of tumorf cellsr (arrows). ×1000.
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7.4.2 Solitary Fibrousy  Tumor

Solitary fibrous tumor is the most common
mesenchymal tumor of thef pleura [79]. It is seen in
adult patients,t with a prevalence in the fifth and sixth
decades of life.f The patients are generally asympto-
matic. On imaging, the tumor isr  usually well delim-
ited, polypoid, and apparently encapsulated, and can
appear tor be attached to the pleura by means of af  short
pedicle. Histologically, solitary fibrous tumors are
characterized by a variegated appearance due to the
variable expression of af  solid spindle cell component
and a diffuse sclerosing component. The former canr
assume a fibrohistiocytic, hemangiopericytic, angio-
fibromatous, or neuroidr appearance, often leading to
misdiagnosis with other soft-tissuer  tumors. The cyto-
logical picture of thisf tumor inr FNB samples has been
studied in no more than 20 patients. In most cases,
the diagnosis was reported as inconclusive [80]. In
highly cellular tumors, smears show oval to spindle
cells found in irregular three-dimensionalr  aggregates
(Fig. 7.22) or asr loosely cohesive or isolatedr elements.
Within the aggregates, numerous capillary vessels
are seen. The definitive diagnosis is obtained by
testing the immunohistochemical reactivity of thesef
cells in cell-block material. They show the
CD34+/bcl-2+/CD99+ profile and lack thek expression

of cytokeratin,f EMA, S100P, and smooth muscle actin
[81]. These features help differentiate solitary fibrous
tumor fromr  other spindler  cell tumors, mainly malig-
nant mesothelioma,t spindle cell thymoma, and smooth
muscle tumors. No more than 10% of thef  tumors
behave aggressively. There is no chance of predictingf
malignancy by FNB cytological findings.

a b

Fig. 7.21 a FNB sample collected from a solid multinodular massr  growing into the anterior mediastinumr and associated with
pleural effusion. The smear consistsr  of af  population of largef  epithelioid cells with round nuclei and prominent nucleolit and seen in
microacinar clustersr or asr non-cohesive elements. P stain, ×400. b Same case as in a; positive immunostaining for calretininr  in cell-
block materialk provides conclusive evidence of thef  mesothelial origin of thef  tumor cells.r Counterstained with hematoxylin, ×400

Fig. 7.22 FNB sample from a pleural-based soft-tissue tumor
diagnosed as solitary fibrous tumor; the harvest consistst of tightf
clusters of fibrocyte-likef spindle cells arranged in a vorticoid
pattern. Smear, P stain, ×400
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