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Preface

“Wherever the art of Medicine is loved, there is also a love of Humanity.”

— Hippocrates

Fine needle aspiration can be traced back to the most influential book of Arab
medieval medicine, Kitab al-Tasrif (The Method of Medicine), written by Albucasis,
the court physician to the caliph of the Andalusia, who was the first to describe
therapeutic punctures of the thyroid gland. Recent advancements in medical science
and practice have led to fine needle aspiration becoming a highly useful diagnostic
method for suspicious masses and cysts in different organ systems, including various
infectious lesions as well as benign and malignant neoplasms in the salivary glands,
thyroid glands, breast, lung, liver, pancreas, kidney, and adrenal glands.

This book presents an up-to-date overview of the techniques of fine needle aspiration,
including image-guided acquisition and liquid-based and thin-layer preparations,
as well as the application of ancillary diagnostic techniques such as immunobhis-
tochemistry, flow cytometry, genomics, proteomics, and molecular diagnostics.
Expert pathologists, oncologists, radiologists, surgeons, and researchers discuss the
indications, contraindications, specificity, and sensitivity of fine needle aspiration
cytopathological assessment. Contributors also present the technique’s documented
limitations, which are largely due to the absence of tissue architectural patterns.
Additionally, the authors highlight the role of fine needle aspiration cytology within
the context of a patient’s clinical history, physical examination, and investigative
laboratory tests.

I would like to thank everyone at IntechOpen publishing who helped with this publi-
cation. I dedicate this book to my family, my colleagues, my mentors, and students.

Hilal Arnouk MD Ph.D.,

Associate professor,

Department of Pathology,

Chicago College of Osteopathic Medicine,
College of Dental Medicine-Illinois,
Chicago College of Optometry,

Precision Medicine Program,

College of Graduate Studies,

Midwestern University,

Illinois, United States






Chapter1

Introductory Chapter: Fine-Needle
Aspiration Cytopathology as a
Valuable Tool in the Pathologist’s
Toolbox

Sofia Khan, Rameen K. Walters and Hilal Arnouk

1. Introduction

Fine needle aspiration (FNA) is a widely used initial diagnostic procedure uti-
lized to evaluate the cellular characteristics of bodily masses found superficially or
lesions in the internal organs. The first report on the use of surgical instruments that
resemble modern-day aspiration needles can be traced back to the most influential
book of Arab Medieval Medicine, Kitab al-Tasrif (The Method of Medicine), writ-
ten by Albucasis, the court physician to the caliph of the Andalusia, who was first to
describe the therapeutic punctures of the thyroid gland. Albucasis called the thyroid
tumor “Elephant of the throat” and described it as a large tumor that has the color of
the body and commonly occurs in women.

Subsequent medical advancements in the nineteenth century allowed for the use of
FNA for the diagnosis and treatment of palpable masses or lesions [1]. The application
has since been extended to different organs, the technique was refined, imaging modali-
ties were utilized, and the procedure gained worldwide acceptance during the twentieth
century [2-5]. Today, FNA is a standardized technique, allowing for a rapid and reliable
method of evaluating masses ranging from the thyroid, lymph nodes, and even the
bones. It is a minimally invasive, relatively painless, rapid, and inexpensive procedure.

2. The fine needle aspiration procedure

To prepare the sample for cytologic interpretation, options include a conventional
preparation or liquid-based preparation. Conventional smears involve directly apply-
ing aspirated material on the glass slide, followed by air drying or alcohol fixation and
subsequent staining [6]. Liquid-based preparation, an automated method of prepar-
ing cell samples, involves collecting the aspirate sample in a liquid fixative, removing
obstructing debris and cells, and placing the cells in a monolayer for examination [7].
There are several factors that make liquid-based preparation a superior method com-
pared to conventional preparation. The automated process allows for well-distributed
cells for examination without artifacts or obstruction from red and white blood cells.
Liquid-based preparations also allow for ancillary tests for additional information on
cellular characteristics (Figure1).

1 IntechOpen



Advances in Fine Needle Aspiration Cytopathology

Ultrasound Smear preparation
probe and staining

| r—» [T e\
-\ Syringe
and needle o

N s
B S AN
Immunohistochemistry

DI

Molecular testing

Tumor or Protein biomarkers
nodule Ancillary tests Cytological evaluation
Figure 1.

Schematic showing the procedures for acquiring fine needle aspiration, smear preparation, cytological evaluation,
and ancillary tests to increase the diagnostic accuracy of FNA cytopathology. This oviginal figure was created by
the authors using Microsoft Office PowerPoint and BioRender software.

Ancillary tests can be performed on aspirated samples which include immuno-
histochemistry, molecular testing, and flow cytometry amongst others. Choosing an
ancillary test is dependent on the type of specimen, the quality of the specimen, and
type of cellular information needed. For example, FNA with an immunohistochem-
istry test is used to diagnose melanoma using S-100 staining [8]. Flow cytometry is
particularly useful for lymphoid tissue to identify cell surface markers or white blood
cell clonality [9].

The fine needle aspiration has evolved significantly, from a simple diagnostic tool
to a sophisticated procedure incorporating various imaging modalities and molecular
techniques. Looking to the future, FNA continues to evolve and improve in various
ways. One complication to FNA involves internal bleeding, and if performed on the
thyroid, can lead to swelling and constriction of the airway space. To reduce the risk
of bleeding during fine needle aspiration biopsy of thyroid nodules rich in blood
supply, a method uses microwave or radiofrequency energy to block the blood supply
to the target lesion. Color Doppler flow imaging identifies the arteries to that supply
oxygen and nutrients to the target nodule where the ablation antenna or electrode is
inserted to the site of color signals of arteries to coagulate them until the blood signals
related to the nodule disappear. This method reduces the risk of bleeding during
FNAB, while maintaining the natural state of the cellular specimen obtained [10].

The “9+X” needle passage puncture modality for FNA sampling of thyroid nodules
involves dividing the target nodule into nine partitions and taking cellular compo-
nents from each partition using a fine needle, which only requires one entry and exit
of the patient’s body. An extra FANB sampling may be conducted if there are special
ultrasonic features present in the target lesion. This modality improves the stan-
dardization and rigor of thyroid nodule FNA by increasing the comprehensiveness,
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adequacy, and quality of the sampling sites while minimizing mechanical injury. The
multi-puncture technique, which involves multiple needle entries and exits, increases
the risk of bleeding and pseudo-aneurysm formation. The “9+X” needle passage
puncture mode is recommended as the first choice for large thyroid nodules to obtain
sufficient and high-quality specimens [11].

Indeed, a vast amount of information can be derived from tissue acquisition by
FNA, which influences patient management. Here we describe the most common
organ systems where FNA is utilized as well as the advantages of FNA in comparison
to other diagnostic tools where applicable.

3. Salivary glands lesions

According to the American Society of Clinical Oncology, providers should per-
form a tissue biopsy, either fine needle aspiration or core needle biopsy, to differenti-
ate between salivary gland cancers and benign salivary gland lesions. Diagnosing
salivary gland lesions is especially challenging for the pathologist due to the variety
of benign and malignant salivary gland tumors that exist [12]. Several classification
systems for salivary gland tumors were proposed, with the most recent one being the
Milan system for reporting salivary gland cytopathology, reported to be a useful tool
in risk stratification (Figure 2) [13].

The sensitivity and specificity of FNA in identifying benign versus malignant
parotid lesions was found to be as high as 78% and 98%, respectively, in prospec-
tive cohort studies [14]. The same study found 13.3% of all FNAs performed to be
non-diagnostic. The reported sensitivity and specificity for core-needle biopsy
(CNB) to detect malignancy in the parotid gland is 94% and 98% respectively, with
non-diagnostic samples reported to be 3.6% [15]. CNB has many advantages over
FNA: larger sample sizes, perseverance of histological architecture, and ability to
determine tumor type and grading, more suitable for immunohistochemical tests
compared to FNA, and higher accuracy rate in identifying salivary gland tumor
subtypes than FNA [16].

DIAGNOSTIC CATEGORY ROM

I. Non-diagnostic 25%
Il. Non-neoplastic 10%
lll. Atypia of Undetermined Significance (AUS) 20%
IV. Neoplasm

IVA. Neoplasm: Benign <5%

IVB. Neoplasm: Salivary Gland Neoplasm 35%

of Uncertain Malignant Potential (SUMP)
V. Suspicious for Malignancy 60%
VI. Malignant 90%

Figure 2.

Diagnostic categories and risk of malignancy (ROM) according to the Milan System for Reporting Salivary Gland
Cytopathology (MSRSGC).
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4. Thyroid gland lesions

The American Thyroid Association Management Guidelines recommends that
thyroid sonography should be performed on all patients with thyroid nodules >1 cm
to determine if the nodule has malignant or benign characteristics [17]. One study has
found FNA to have a sensitivity of 90% and specificity of 79% in detecting malignancy
[18]. FNA poses a significant limitation due to its high rate of non-diagnostic results,
which may be mitigated with a subsequent CNB [19]. To standardize and classify
the cytological findings in thyroid FNA samples, the Bethesda System for Reporting
Thyroid Cytopathology is utilized to determine the risk of malignancy (Figure 3).

FNA can be useful in determining the histological types of thyroid cancer: dif-
ferentiated histology includes papillary or follicular thyroid cancer, undifferentiated
thyroid cancer include anaplastic thyroid cancer, and medullary thyroid cancer.

DIAGNOSTIC CATEGORY ROM (%)

Non-diagnostic or Unsatisfactory 1-4
Benign 0-3
Atypia of Undetermined Significance or Follicular Lesion of ~5-15
Undetermined Significance

Follicular Neoplasm or Suspicious for a Follicular Neoplasm 15-30
Suspicious for Malignancy 60-75
Malignant 97-99

Figure 3.

Diagnostic categories and risk of malignancy (ROM) according to the Bethesda System for Reporting Thyroid
Cytopathology (TBSRTC).

5. Breast lesions

Fine needle aspiration is highly utilized in the setting of a new breast mass and
is highly dependent on findings on imaging. The sensitivity and specificity of FNA
is 93.4% and 97.5%, respectively, in diagnosing carcinoma in one study [20]. The
inadequate biopsy rate is found to be higher in FNA compared to CNB [21]. Lack of
adequate aspiration and inability to determine characteristics of the tissue itself isa
recurring issue with FNA of the breast as well as other organ systems, which can be
mitigated by CNB. A relatively new alternative to CNB is Vacuum Assisted Biopsy
(VAB), with the main difference being the use of a vacuum to gather a larger sample
and requiring insertion of the needle only once. VAB is shown to provide accurate
diagnostic information [22], which may replace the use of CNB or FNA altogether.
FNA can have therapeutic utility by removing fluid from cystic breast masses; the
aspirated fluid can also be evaluated for malignant characteristics. To standard-
ize FNA cytological findings of the breast, the International Academy of Cytology
published the IAC Yokohama Reporting System; however, only about 17% of survey
respondents were aware of the IAC Yokohama Reporting System [23] (Figure 4).
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Insufficient 2.6-4.8
Benign 1.4-2.3
Atypical 13-15.7

Suspicious 84.6-97.1

Malignant 99-100

Figure 4.
Diagnostic categories and risk of malignancy (ROM) according to the International Academy of Cytology
Yokohama System for Reporting Breast Fine Needle Aspiration Biopsy Cytopathology.

FNA can aid in classifying fibroadenoma, invasive ductal carcinoma and mastitis,
while presenting a challenge in classifying lobular carcinomas, metaplastic carcino-
mas, papillary carcinomas, and fibrocystic changes [24].

6. Lymph nodes lesions

Malignancy can either originate in the lymph node or malignant cells can be
seeded in the lymph node from a nearby primary tumor. For example, the first
sign for head and neck cancer can first present as a suspicious cervical lymph
node. Alternatively, lymphomas such as Hodgkin’s and Non-Hodgkin’s lymphoma
can begin in a cervical lymph node itself. According to the American Academy of
Otolaryngology and American Academy of Family Physicians, FNA is recommended
for masses suspicious of malignancy. One study reported the sensitivity and specific-
ity of FNA in identifying malignancy to be 97 and 98%, respectively [25]. Several
options for ancillary tests can be performed for lymphomas, including immunocyto-
chemistry, flow cytometry, polymerase chain reaction, fluorescent in situ hybridiza-
tion, southern blot technique. These tests provide further information regarding
cell-surface markers, cell clonality, and chromosomal translocation to help determine
the diagnosis [26, 27].

7. Conclusion

In conclusion, the fine needle aspiration biopsy can be a valuable tool to estab-
lish diagnoses for several benign and malignant lesions, especially when obtaining
surgical excision biopsies is not feasible. The application of FNA can even extend to
internal organs, bones, bacterial infections, and more. Subsequent ancillary tests
increase the diagnostic yield, providing a wealth of information on cellular character-
istics that ultimately helps classify and diagnose tumors. In comparison to CNB and
excisional biopsies, FNA is relatively painless, rapid, inexpensive, and results have
quick turnaround times. While the advantages of FNA are plentiful, there are notable
drawbacks. Inadequate sample sizes and indeterminate samples obtained by FNA are
especially problematic, raising concern over FNA’ position as the initial diagnostic
step in suspicious masses.
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Chapter?2

Advances in Concepts, Ideas,

and Methods Relevant to Fine
Needle Aspiration Biopsy of
Thyroid and Cervical Lymph Node

Jianquan Zhang, Lei Yan, Honggiong Chen, Jie Cheng
and Xuedong Teng

Abstract

With the increasingly used semi-thyroidectomy and rapid progress in
ultrasound-guided thermal ablation therapy for treatment of papillary thyroid
carcinoma (PTC) and cervical lymph node metastasis from PTC, ultrasound-guided
fine needle aspiration biopsy (FNAB) has got the mainstream position in pre-treatment
cytopathologic diagnosis of PTC. How to acquire adequate and qualified cellular speci-
men for cytological examination has been described in several published expert consen-
sus and practice guidelines. However, new issues continue to emerge in the real world
of thyroid FNAB practice, and most of them are rooted in the perception and skills of
the physician or technician who conduct FNAB. In this chapter, a series of new con-
cept, idea, and technical methods are to be introduced and discussed. We believe that
properly addressing these issues will facilitate the better implementation of FNAB and
promote the new therapeutic modalities such as the thermal ablation to better progress.

Keywords: thyroid nodule, papillary thyroid carcinoma, cervical metastatic lymph
node, parathyroid adenoma, benign sub-mandibular neoplasm, fine needle puncture,
fine needle aspiration, fine needle injection, fine needle aspiration biopsy, fine needle
aspiration cytopathology, needle channel vacuum aspiration, artificial vacuum
aspiration, one puncture modality, 9 plus X-needle passages puncture modality, multiple
puncture modality, liquid isolation method, liquid separation test, target shifting
method, liquid dissection method, isolation liquid agent, saline, sodium hyaluronate

gel, fine needle aspiration eluent, assay of thyroid hormone, assay of thyroglobulin,
tumor infiltration adhesion, inflammatory adhesion, swallowing action, probe compress
action, thermal ablation treatment, ultrasound guidance, systematic thinking and design

1. Introduction

Ultrasound-guided fine needle aspiration biopsy (FNAB) technology has been
widely used for pathological diagnosis of thyroid nodule, and highly relevant expert
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consensus or practice guidelines have been published at home and abroad [1-3]. It
shows that its safety, accuracy, effectiveness, rapidity, and convenience have been
widely recognized by many disciplines related to thyroid diseases and can be regarded
as the mainstream method of preoperative pathological diagnosis of papillary thyroid
carcinoma. However, the more extensive the clinical application it gets, the more
likely to arise new problems it is. The more problems were promptly resolved, the
better develop and improve can FNAB with times.

At present, the focus for not few operators in the implementation of FNAB is still on
obtaining sufficient and high-quality cellular materials, preparing more standard cyto-
logical smears, and drawing exact cytopathological conclusions. There is no doubt that
this is the goal of FNAB and must be perfect [4]. However, in face of the real situations
of multiple thyroid nodules coexistence, metastatic lymph node coexistence, blood-rich
nodules coexistence, and especially the situation of rapid popularity of thermal-abla-
tion therapy for thyroid diseases, the authors consider it necessary and possible as well
to further optimize the operation process of FNAB so as to explore its multi-purpose
value and give play to other incidental functions while optimizing its main functions. In
brief, we aim to make FNAB a versatile and unusual application technology.

In this chapter, the authors are to introduce their new original ideas, concepts, and
methods relevant to thyroid gland and cervical metastatic lymph node and to share
their clinical experience.

2. Concepts associated in the basic operation of fine needle aspiration
biopsy

Fine needle aspiration (FNA) is not a fresh term in the field of interventional
ultrasound medicine. As a pure modality of minimally invasive biopsy, it was devel-
oped nearly 30 years ago for achieving cytopathological diagnosis of liver neoplastic
diseases. But it did not get widely used in clinic until the high-frequency ultrasound
imaging techniques were increasingly used to examine thyroid glands and cervical
lymph nodes. With the minimally invasive therapeutic concept gains popularity
among the public, ultrasound-guided thermal ablation and hemithyroidectomy or
even sub-lobectomy have been increasingly used to treat thyroid nodules or even
papillary carcinomas. These new trends in surgical management of thyroid diseases
have promoted the advance in concepts, ideas, and methods related to fine needle
aspiration biopsy of thyroid and cervical lymph nodes.

21FNP

FNP is the abbreviation of the phrase of fine needle puncture, which refers to a
kind of super-minimally invasive operation by using a metal needle with an outer
diameter less than 1 mm (called Chiba fine needle) to make percutaneous puncture
into a target in the human body under real-time ultrasound guidance. Percutaneous
puncture is the fundamental technic to perform interventional ultrasound medicine.
Accordingly, FNP is the essential step for fine needle aspiration.

2.2FNA

FNA is the abbreviation of the phrase of fine needle aspiration. To conduct FNA,
one must perform FNP and operate the fine needle to aspirate the biomaterials from
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the target lesion within the human body. Without FNP, FNA cannot be accomplished.
Without aspiration, no biomaterials can be obtained.

2.3FNAB and FNAC

FNARB is the abbreviation of the phrase of fine needle aspiration biopsy, while FNAC
the phrase of fine needle aspiration cytopathology. In term of biopsy, there are two
major ways. One way is incisional biopsy which used to be done by surgeon but has been
seldom used nowadays. The other way is percutaneous puncture biopsy which recurs
to handling a metallic needle under modern imaging guidance and has been increas-
ingly used all over the world. FNAB is one of frequently used imaging-guided puncture
biopsy. The goal of biopsy is to obtain adequate and qualified cellular specimen. From
the term of FNAB, it can be concluded that the modality to implement biopsy is by
FNA, not exfoliating cell examination or other methods. Only adequate and quali-
fied cellular specimen has been available, can cytologists make effective microscopic
examination of the specimen and accurate interpretation of the microscopic findings,
i.e., the cytopathological diagnosis. The whole process from conducting FNA to ending
FNAB and further from specimen processing to establishing cytopathological diagnosis
is called fine needle aspiration cytopathology (FNAC). It is well known that FNAC is
a frequently used modality to achieve fast cytopathology diagnosis of various thyroid
diseases and cervical lymph adenopathy, especially the neoplastic diseases. Without
the advances in FNAC, there would have been no progress in the minimally invasive
thyroid surgery, including the ultrasound-guided thermal ablation treatment. FNA gets
specimen through the action of aspiration. However, which force drives the aspira-
tion? Universally, it is the native vacuum within the needle channel that generates the
natural suction force to drive aspiration. However, under certain conditions, artificial
suction force is needed to strengthen the vacuum for obtaining adequate specimen. FNP
constitutes the base of FNA, but its roles are not limited to FNA.

2.4 FNI

FNI is the abbreviation of fine needle injection. It means to inject a liquid
medium into a certain space in the human body through the fine needle channel.
FNP is also the initial step for carrying out FNI, and FNI is another application of
FNP. Compared with FNA, little concern has been given to the application of FNI.

As a specific concept, FNI has not been raised ever before. However, this plain but
important technic has been applied almost in every thermal ablation treatment for
thyroid nodules, parathyroid adenomas, and cervical lymphatic metastasis, which is
known as the liquid isolation method. With the progress of thermal ablation therapy
in thyroid, parathyroid, cervical lymph node, and other neck organs, FNI has been
given more missions. The missions of FNI include injection of anesthesia liquids,
therapeutic liquids, and protective liquids into the peri-space of target nodule or
target organ, to achieve analgesic, sclerotherapy or anti-infective therapy, and spatial
separation as well.

Ultrasound-guided FNAB has been favored by multiple clinical disciplines such as
the department of endocrinology, department of ultrasound medicine, department
of head and neck surgery, and department of oncology. It has been playing a pivotal
role in promoting the routine pathological diagnosis, special pathological diagnosis,
and even genetic diagnosis of thyroid nodules. Unfortunately, in most cases, the work
stays on conducting FNA only, and seldom has been done to FNI in the meantime.

11



Advances in Fine Needle Aspiration Cytopathology

Presently the surgical treatment mode of thyroid nodule is undergoing significant
changes, that is, the treatment mode of preserving the native function of the gland
to provide patients with long-term benefits is emerging gradually. Not only is the
surgical resection method developing toward minimally invasive, but also the thermal
ablation technology has become a new form of surgical treatment for benign nodules,
hyperthyroidism, and even papillary thyroid carcinoma together with the metastatic
cervical lymph nodes.

In this new situation, FNP of thyroid nodule should be done not only to meet the
purpose of FNA but also to fully play the role of FNI in the mean time of FNA. With
the help of action of aspiration (FNA) and injection (FNI), goals with integration of
diagnosis and treatment can be readily achieved in the process of FNP of thyroid and
cervical lymph nodes.

3. New concepts and methods associated in FNAB of thyroid nodules
and cervical lymph nodes

3.1Liquid isolation method

As a concept, liquid isolation method was created early in 2005 and was originally
named as “hydro-dissection maneuver” by Zhang et al. [5]. It was designed purely as
a protective measure for conducting a safe thermal ablation treatment of thyroid nodules
under ultrasound guidance. With the expansion of thermal ablation modality to neoplastic
diseases of parathyroid glands, sub-mandibular glands, parotid glands, and cervical lymph
nodes, liquid isolation method has been applied almost in the whole neck area in Zhang’s
medical team [6]. The basic idea of this method is to inject some amount of saline into the
peri-thyroid space to drive the adjacent structures move so much away as to insulate the
heat radiation generated from microwave or radiofrequency conduction when thyroid
nodule was in ablation (Figure1). The area where the saline collects is called isolation
zone. The shape of the zone is irregular. The width of the zone is variable. It gets narrow-
ing as saline is absorbed and gets widening as more saline is injected (Figure 2). With the
accumulation of clinical practice, we have found that the potential roles of liquid isolation
method can be developed and optimized far beyond the role of protection from heat injury.

3.2 Isolation liquid agent

Isolation liquid means the liquid agent used for liquid isolation method. Saline
or saline mixed with small amount of lidocaine is the most commonly used type
of agent. Since its introduction into the procedure of thyroid thermal ablation for
reducing post-ablation local adhesion in 2017 by Zhang et al. [7], sodium hyaluronate
gel (SHG) was found to have the capability of forming an isolation zone which can
provide more powerful driving force and last much longer time than saline isolation
zone. Therefore, SHG has been increasingly used as new type of isolation liquid
agent to provide safety for thermal ablation treatment of large thyroid nodule and/or
multiple thyroid nodules which commonly needs much operation time.

3.3 Liquid separation test

Liquid separation test is derived from liquid isolation method with focus on the judg-
ment of whether a thyroid lesion especially malignant tumor develops adhesion with the
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Figure 1.

Cognduction of liquid isolation method under ultrasound guidance. (A) shows the natural state of a thyroid
nodule in the vight lobe, it was located closely adjacent to the trachea, right common carotid avtery, strap muscle,
and collilongus. (B) shows the introducing of fine needle and the tip of the needle reaches at the sternothyroid
muscle. (C) shows an anechoic area of saline (isolation zone) appeared in the lateral space of thyroid. (D) shows
the isolation zone branched out from the lateral interspace to the anterior interspace of thyroid. (E) shows the
isolation zone developed in the medial interspace of thyroid to separate the thyroid nodule away from trachea.

closely adjacent structures. For doctors, to judge whether a thyroid lesion is indicated or
contraindicated to thermal ablation treatment, it is essentially necessary to make it clear
whether the lesion has been adhesive to adjacent structure especially the trachea, esopha-
gus, recurrent laryngeal nerve, or vital blood vessels (Figure 3). If adhesion is presented,
thermal ablation treatment is strictly forbidden to be used. As grows the demands for
thermal ablation therapy by the patients with papillary thyroid carcinoma (PTC) or with
cervical lymph node metastasis post-surgical resection of PTC, liquid separation test has
been increasingly performed in the meanwhile of FNAB. The practice under this new
concept has facilitated the doctors to promptly learn the real state of patient’s condition
and make appropriate treatment protocol with saving consultation time.

3.4 Target shifting method

Target shifting method means an artificial method to make the target lesion in thy-
roid or other organs move to intended location fit to FNAB or thermal ablation by the
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Figure 2.

Dynamic changes in the shape and width of isolation zone. (A) shows the natural state of a thyroid nodule at the
isthmus, it was located closely adjacent to the sternothyroid muscle and the trachea. (B) shows that the isolation
zone was formed in the anterior interspace of the thyroid but the width of the zone rightly before the isthmus
was markedly smaller than what before the bilateral lobes. (C) shows that the isolation zone was formed in the
posterior interspace of the isthmus but the anterior isolation zone got narrowed due to the absorption of saline.

driving force of the liquid injected. With the assistance of this method, the puncture
route can be optimized with the target lesion moving to the appropriate puncture route
or the neighboring structures moving away to open an appropriate puncture route
(Figure 4). Meanwhile the display quality of the target lesion can be simultaneously
improved (Figure 5).

3.5 Liquid dissection method

Liquid dissection method is also derived from liquid isolation method. It focuses
on how to highlight the display of cervical metastatic lymph nodes, normal parathy-
roid glands, nerves, and sympathetic ganglion. Like surgical dissection to make clear
exposure of target lesion in surgery, in the process of ultrasound-guided thermal
ablation the target lesion needs clear display as well, and otherwise the operator cannot
make definite location of the target and cannot treat the lesion safely and efficiently.
However, the surgical tools and surgical dissection method cannot be directly used in
this situation. Liquid driving force is the only available to make the target separated
from the surroundings and come to the best display on ultrasound imaging (Figure 6).
This process is so called as liquid dissection.

3.6 FNAB immediately after heat blocking nutrient arteries
The core idea of this method lies in blocking the blood supply to the target lesion

with microwave or radiofrequency energy rightly before doing FNAB. Thyroid
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Figure 3.

Ideguntiﬁcation of adhesion between thyroid nodule and adjacent structure by liquid separation test. (A) shows that
a hypoechoic nodule was located at the isthmus and closely adjacent to the trachea but the adhesion of the nodule
with trachea was beyond confirmation. (B) shows the microvasculature blood perfusion of the nodule on contrast-
enhanced ultrasonography of the nodule but no valuable information was obtained to diagnose the adhesion. (C)
shows the isthmus nodule failed to be separated from the trachea and no isolation zone developed in the posterior
interspace behind the nodule while saline was injected. (D) shows that a hypoechoic nodule was located at the
lower pole of right thyroid lobe and closely adjacent to the right lateval wall of the trachea with high suspicion

of adhesion to the trachea. (E) shows that isolation zone was formed in the anterior interspace of the thyroid
indicating absence of adhesion between the nodule and strap muscle. (F) shows that isolation zone failed to form
in the medial interspace with failure of separation of the nodule away from the trachea indicating the presence of
tight adhesion. This nodule was not believed to meet the indication for thermal ablation therapy. (G) shows that a
relatively large hypoechoic nodule was located at the lower pole of vight thyroid lobe which had close contact both
to the trachea and common carotid artery. (H) shows that isolation zone was formed in the media and lateral
interspace of thyroid indicating the separation of the nodule away from the trachea and common carotid artery.
This nodule was believed to meet the indication for thermal ablation thevapy.
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Figure 4.

O;’timizing the puncture route by targeting shifting method. (A) shows a hypoechoic nodule with fuzzy boundary
was located at the upper pole of right thyroid lobe and was closely adjacent to the thyroid cartilage and common
carotid artery. It was not believed safe and convenient to perform either FNAB or thermal ablation in its plain
state. (B) shows the nodule was shifted to the new position under the driving force of saline injection. (C) and (D)
show respectively the nodule was appropriate for safe and convenient FNAB and thermal ablation treatment after
shifting to the new position. (E) shows a small cervical lymph node suspicious of metastasis in Region VI was
located closely adjacent to the trachea, common carotid artery and internal jugular vein. (F) shows after injection
of some amount of saline the common carotid artery and internal jugular vein moved away far from the lymph
node and the lymph node moved away from the trachea. (G) shows with the adjacent vital structures shifting
somewhere the implementation of FNAB was under safe guaranty.
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G

Figure 5.

Opgtimizing the ultrasonic display of tiny thyroid nodule by liquid shifting method. (A) shows no definite nodule
on the section of thyroid. (B) shows a tiny hypoechoic nodule appeared at the joint part of isthmus and left lobe

of thyroid with the aid of injection of saline to form the isolation zone in the anterior interspace compavred to (A),
indicating liquid isolation zone significantly improved the ultrasonic display of target lesion. (C) shows the process
of FNAB of the tiny nodule. (D) shows the cellular appearance of the specimen obtained from the tiny nodule,
which highly indicated the presence of papillary thyroid carcinoma. (E) shows that a moderately hypoechoic
nodule with unclear boundary was located at the lower pole of right thyroid lobe. (F) shows that the nodule
turned clear in boundary with the injection of saline to the anterior interspace of thyroid. (G) shows that the
process of FNAB and cytopathologist confirmed the diagnosis of this nodule as PTC.
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nodules rich in blood supply are not uncommon. The color Doppler flow imaging
(CDFI) mode is sensitive in detecting the blood flow associated with the thyroid
nodules and presenting them as fruitful color signals. FNAB on such nodules, if
without any preparation for processing, can inevitably induce active bleeding within
the thyroid gland or even among the peri-thyroid space. Moderate to severe bleeding
would bring the patient a swollen neck or even difficult breathing, which needs an
intensive care. For the part of such cases, it is most appropriate to implement FNAB
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Figure 6.

Idegntlf)zing and conducting FNAB of parathyroid lesion by liquid dissection method. (A) shows that two small
hypoechoic nodules were located beneath the posterior capsule at the middle portion of the left thyroid lobe with
one in homogenously hypoecho and the other in heterogeneously hypoecho with multiple calcifications. (B) shows
the nodule in homogenously hypoecho on transverse section ready for administration of local anesthesia for FNAB.
(C) shows that the nodule was separated from the left thyroid lobe, indicating the nodule was not originated
from thyroid. (D) shows that the nodule was totally surrounded by the saline and free to the left thyroid,
esophagus, and trachea, indicating a lesion arising from superior parathyroid gland. (E) shows a moderately and
homaogenously hyperechoic nodule in oval shape closely beside the hypoechoic nodule shown in D, indicating as a
part of normal parathyroid tissue. (F) shows the fine arterial vessels supplying the normal part of the parathyroid
gland on CDFI scanning. (G) shows the fine arterial vessels supplying the lesion of the parathyroid gland on
CDFI scanning. (H) shows the homogenous hyperenhancement within the microvasculature of the parathyroid
lesion on contrast-enhanced ultrasonography. (I) shows that microwave antenna was inserted to the hypoechoic
area of parathyroid lesion. (J) shows that the hypoechoic parathyroid lesion turned extensively hyperechoic
immediately after microwave energy was output. (K) shows that the hypoechoic lesion of parathyroid gland had
changed in size, shape, and echogenicity after MWA, indicating the diseased part of the parathyroid got well
treated with heat coagulation. (L) shows the previously normal part of parathyroid stayed almost unchanged in
size, shape, and echoes after MWA, indicating the normal part of the pavathyroid gland got well protected from
the heat injury. (M) shows that a core needle biopsy (CNB) was conducted with a 16G core-cutting needle on the
thermally ablated lesion for veaching a histopathological diagnosis. (N) shows the entire left superior parathyroid
gland on longitudinal section, indicating that the normal part was still normal and the diseased part was treated
as well. There was no active bleeding visible on the ultrasonographic examination. It is true that the discovery,
identification, microwave ablation, and core needle biopsy of such tiny incidentaloma of parathyroid gland in
this case would have not been possible if without the help of liquid dissection method.
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together with the thermal ablation treatment of the nodules in view of safety. With
color Doppler scanning, the nutrient arteries to the target nodule are clearly and
thoroughly identified. While MWA or RFA was started, the ablation antenna or elec-
trode was first inserted to the site of color signals of arteries closely prior to nodule

to coagulate them until repeated CDFI scanning showed the blood signals related to
the nodule had thoroughly disappeared (Figure 7). Then, FNAB of the nodule was
implemented immediately. As the ablation needle was set outside of the nodule, so the
tissue within the nodule was free of coagulation. By this method, the risk of severe
bleeding secondary to FNAB was significantly reduced, but the cellular specimen
obtained remained in natural state without heat injury [8] (Figure 8).

3.7 FNAB immediately after heat coagulation of nodule tissue

This method is derived from the method of FNAB immediately after heat blocking
nutrient arteries. It is not uncommon that follicular thyroid nodules are rich in colloid
contents and blood supply as well. FNAB on such nodules would not only cause active
bleeding but also extract unqualified cellular specimens. If the specimen contains more
colloid and blood but less follicular cells, it gets hard for cytologist to make an accurate
assessment. Such cellular specimen is believed unqualified. However, heat coagulation
can close the blood vessels to reduce the risk of bleeding and evaporate water to reduce
colloid with a joint result of improving the quality of biopsy specimen. For the part of
such cases, one can coagulate the entire nodule first and conducts FNAB afterwards.
Due to the intensive action of heat, part of the cells in the biopsy specimen would pres-
ent spindled morphology under microscopy (Figure 9), but if the cytologist had been
informed how the specimen was taken off, the correct cytopathological diagnosis would
be reached all the same.

3.8“9 + X”-needle passages puncture modality

This concept was raised first by Zhang et al. in 2019 [9]. In the definition of this
puncture modality, the target nodule is divided into three areas, that is the superior, the
middle, and the inferior area on the longitudinal section with ultrasound imaging. Each
area is subsequently subdivided into another three small parts, that is the anterior, the
middle, and the posterior part on the transverse section. Thus, the target nodule can be
divided into nine partitions as needed (Figure 10). While performing FNA, the opera-
tor successively introduces the fine needle into the nine partitions to collect cellular
components from the nine needle passages before withdrawing the fine needle out of
the body. By the modality of nine needle passages puncture, the fine needle needs only
one entry and exit of the patient’s body to obtain sufficient cell samples from nine parti-
tions of the target lesion. A complete FNAB operation means that the fine needle enters
and leaves the patient’s body only once, no matter how many times the needle aspirates
within the target lesion. This is called one needle puncture skill. Through this skill
specimen of biopsy can be obtained adequately with less mechanical damage to patient’s
body. The nine needle passages puncture modality fits the feature of one-puncture
operation. Although there are nine needle passages within the target lesion, there is only
one subcutaneous needle passage from the skin to the thyroid capsule.

Here, X refers to the uncertain number of extra needle passage. If there are special
ultrasonic features presenting in areas of the target lesion such as microcalcification,
extremely rich of or lack of blood flow signal, or relatively high elastic strain ratio, an extra

20



Advances in Concepts, Ideas, and Methods Relevant to Fine Needle Aspiration Biopsy of Thyroid...
DOIT: http://dx.doi.org/10.5772/intechopen.110801

Figure 7.

Mfthod and flow for conducting FNAB immediately after heat blocking nutrient arteries. (A) shows that a
homaogenously hypoechoic thyvoid nodule was in entire hyperenhancement on CEUS scanning. (B) shows that the
thyroid nodule was filled with a wheel-like color signal on CDFI scanning, indicating the high risk of bleeding
associated with FNAB. (C) shows that there was a mess of brightly mosaic-like color signal closely prior to the
thyroid nodule, which was the major artevial branch to nutrient the nodule. (D) shows that a microwave antenna
was inserted into the avea of mosaic-like color signal and the area appeared extensively hyperechoic, indicating
that the microwave ablation was undergoing. (E) shows the original color signal covering the entire thyroid nodule
disappeared thoroughly immediately after heat coagulation of the supplying vessels, indicating a successful block of
nutrient arvtery. (F) shows the nodule turned entively filling-defected on CEUS scanning, furtherly confirming the
successful complete block of nutrient artery.
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Figure 8.
Comprehensive figures of thyroid nodule immediately after heat blocking nutrient arteries. (A) shows that FNAB

was conducted immediately after the nutrient artery was blocked. (B) shows the fresh appearance of cellular
specimen from the nodule in colloid-like and no blood component. (C) shows the microscopic findings of the
specimen that the thyroid epithelial cells were in uniform distribution and arvangement, with small follicles but
not any atypia, indicating the diagnosis of benign thyroid nodule.

Figure 9.

Mgthod and flow for conducting FNAB immediately after coagulation of nodule tissue. (A) shows that microwave
ablation was conducted on the entire nodule, indicating the cells in nodular tissue suffering heat damage. (B)
shows that FNAB was performed immediately after the entire nodule was ablated. (C) shows the fresh appearance
of cellular specimen from the ablated nodule, indicating quite difference from what after blocking nutrient artery.
(D) shows the microscopic findings of the specimen from the nodule that a small clump of thyroid epithelial cells
were agglutinated, unlike the uniform distribution and arrangement before ablation, indicating the cells suffering

heat damage.
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"SMIX" method

Figure 10.
Schematic diagram of “9 + X -needle passages (or SMIX) puncture modality.

FANB sampling at the site of special feature is subsequently conducted for additional smear
slice. This is the concept of 9 + X needle passage puncture mode. As the cellular specimen
comes from the superior(S), middle(M), inferior(I) partitions, and uncertain foci(X) of the
nodule lesion, 9 + X needle passage puncture mode can be called as SMIX puncture mode
alternatively.

The advantage of adoption of “9 + X needle passage puncture mode” is to take into
consideration the comprehensiveness of the sampling sites as much as possible, the
adequacy of the sampling quantity, the optimization of the sampling quality, and the
evidence of the ultrasonographic manifestations. It is the high efficiency, sufficient
quantity, high quality and minimal injury that the progressiveness of “9 + X”-needle
passages puncture modality lies in. It is a beneficial innovative exploration for
improving the standardization and rigor of thyroid nodule FNAB.

The counterpart of one-puncture technique is multi-puncture technique. Multi-
puncture technique means that the puncture needle enters and exits patient’s body
commonly 3 to 4 times. Although this method can also increase the total amount of
specimens, it is obvious that multi-puncture will increase the mechanical injury of the
subcutaneous tissue, thyroid capsule, thyroid parenchyma, and easily increase the risk of
bleeding or even the formation of pseudoaneurysm. As illustrated in Figure 11, a 24-year-
old girl underwent the procedure of FNAB of her right thyroid nodule and FNAC revealed
the cellular feature of benign tumor. Unexpectedly, one week after FNAB. A painful

Figure 11.

Multimode ultrasonographic features of intvathyroidal pseudoaneurysm induced by FNAB. (A) shows that an
echo-free avea within the thyroid nodule was filled with bright mosaic color signal on CDFI scanning. (B) shows
that pulsed-wave Doppler detection revealed arterial flow profiles of the mosaic color signal, indicating the
presence of pseudoaneurysm.
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enlargement appeared at the site of her right thyroid. Follow-up ultrasound examination
discovered that an echo-free area was formed within the thyroid nodule, which was not
present at time of the FNAB. CDFI scanning revealed bright mosaic color signals filled the
echo-free area in a pulsed rhythm. Pulsed-wave Doppler ultrasound detection presented
the arterial flow profiles of the color signals. According to findings on CDFI and PW
integrated with the history of FNAB, the diagnosis of FNAB-inducing intrathyroidal
pseudoaneurysm was established. Afterwards, the pseudoaneurysm together with the
thyroid nodule was successfully treated by using microwave ablation in our team.

For a qualified FNAB, it must be confirmed on the spot that the quantity of speci-
mens is sufficient and up to cytopathological standard to avoid the second puncture
operation caused by insufficiency of specimens. In particular, the “9 + X needle pas-
sage” puncture mode can not only obtain more comprehensive and adequate speci-
mens, but also reduce the damage caused by multiple needle puncture. Therefore, it
can be used as the first choice for large thyroid nodules.

4. New perception on issues involved in fine needle aspiration biopsy of
thyroid nodule

4.1 Advocating comprehensive biopsy of multiple thyroid nodules
Thyroid nodule can develop with solitary or with multiple lesions, and multiple

nodules are more common. The multiple nodules can be concentrated in one lobe, but
also can be distributed in both lobes and even isthmus. On ultrasonography, multiple

Figure 12.

Mg;;iple thyroid nodules in benign ultrasonic features and all confirmed as benign lesions by FNAC. (A) shows

a homogenously isoechoic nodule with intact halo ring at the middle-to-upper portion of right thyroid lobe in a
56-year-old female patient, rating the scove of TH-RADS 4a. (B) shows another homogenously isoechoic nodule with
incomplete halo ring at the lower pole of right thyroid lobe in the same patient, rating the scove of TH-RADS 4a. (C)
shows that three nodules were at the middle portion of vight thyroid lobe and isthmus in different size and echogenicity
in the same patient, rating the score of TH-RADS 4a. (D) shows that one nodule was at the middle portion of left
thyroid lobe in homogenous and slightly low echo in the same patient, rating the score of TI-RADS 4a.
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c D

Figure 13.

Multiple thyroid nodules in malignant ultrasonic features and all confirmed as PTC by FNAC. (A) shows that a
small hypoechoic nodule was at the upper pole of right thyroid lobe, rating the scove of TI-RADS 4b in a 33-year-
old female patient. (B) shows that a small hypoechoic nodule was at the upper pole of left thyroid lobe, rating the
scove of TI-RADS 4b in the same patient. (C) shows that a tiny hypoechoic nodule was at the middle portion of
right thyroid lobe, rating the score of TI-RADS 4b in the same patient. (D) shows that a small hypoechoic nodule
was at the isthmus of thyroid, vating the scove of TI-RADS 4b in the same patient. All the four nodules were
eventually confirmed as papillary thyroid microcarcinoma by FNAC.

C D

Figure 14.

Multiple thyroid nodules with co-existence of benign and malignant ultrasonic features. (A) shows that a nearly
isoechoic nodule was at the middle-to-lower portion of left thyroid lobe in a 41-year-old male patient, rating the
score of TI-RADS 4a. FNAC confirmed it as benign thyroid nodule. (B) shows that a hypoechoic nodule was at
the middle portion of right thyroid lobe in the same patient, rating the score of TI-RADS 4b. FNAC confirmed

it as PTC. (C) shows that two hypoechoic nodules were at the middle portion of left thyroid lobe in the same
patient, rating the score of TI-RADS 4a to 4b. FNAC finally confirmed them all as PTC. (D) shows that a cystic-
dominant solid nodule was at the isthmus of thyroid with a papillary and calcified solid clump at the bottom of
the cyst in the same patient, rating the score of TI-RADS 4b. FNAC finally confirmed the solid nodule as PTC.
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nodules may be all in benign ultrasonic features (Figure 12) or all in malignant ultrasonic
features (Figure 13), or part of them may be benign and the rest malignant (Figure 14).
The critical goal of puncture biopsy is to identify malignant tumors. Therefore, puncture
biopsy should be performed on both the nodules in benign ultrasonographic features and
the nodules in malignant ultrasonographic features. Only biopsy of nodules with ultra-
sonographic features that are subjectively considered to be malignant, while ignoring

Figure 15.

Mgltiple malignant nodules with single benign nodule in bilateral thyroid lobes. This patient was firstly admitted
at a certain hospital in Shanghai city. Ultrasound-guided FNAB was conducted only on the fifth nodule, while
no FNAB was performed on the rest nodules in her thyroids. After FNAC confirmed the fifth nodule as PTC,

she came to our hospital to seek for thermal ablation treatment of her PTC. By a detailed ultrasonographic
examination, we found that four of her five nodules were highly suspicious of PTC, and the fifth nodule was
highly adhesive to the trachea. With informed consent, we conducted FNAB on all her five thyroid nodules and
liquid separation test on the fifth nodule in pre-ablation phase. As a result, FANC confirmed that nodule 2
through nodule 5 was of PTC and nodule 1 was of benign lesion, while liquid separation test confirmed that the
nodule 5 was tightly adhesive to trachea. Her thyroid conditions were contraindicated to thermal ablation therapy,
and she was transferred to Department of thyroid surgery. (A) shows that a solid-dominant cystic nodule (the
nodule number 1) was at the upper pole of left thyroid lobe in a 55-year-old female patient, vating the score of
TI-RADS 3. (B) shows two solid nodules at the middle portion of right thyroid lobe in the same patient, rating
the score of TI-RADS 4a (the nodule number 2) and 4c¢ (the nodule number 3), respectively. (C) shows a entirely
calcified nodule (the nodule number 4) at the middle to lower portion of right thyroid lobe in the same patient,
rating the score of TI-RADS 4b. (D) shows an extremely hypoechoic nodule at the lower pole of right thyroid

lobe in the same patient, rating the scove of TI-RADS 5. (E) shows the nodule in Figure D closely adjacent to the
trachea in high suspicion of adhesion to trachea on the transverse section.
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biopsy of some nodules with ultrasonographic features that appear to be benign, will
most likely miss the underlying malignancy (Figure 15). This practice is undesirable,
because some malignant tumors can present as benign in ultrasonic characteristics.
Unfortunately, the practice to biopsy only the nodules with obvious malignant acoustic
features for multiple nodules or only one of the multiple nodules with malignant acoustic
features is still popular. Such disposal is not conducive to comprehensively and accurately
recognizing the patient’s condition before treatment and formulating reasonable surgi-
cal plans. If the patient is to be treated with non-total thyroidectomy surgery, such as
lobectomy, tumor resection, or even thermal ablation, disposal like this is unfavorable for
predicting the postoperative progress of the disease too. Comprehensive puncture biopsy
for multiple nodules can not only prevent the above problems, but also improve the abil-
ity of sonographers to predict the pathologic diagnosis based on the ultrasonic character-
istics of nodules and promote the optimization of diagnostic research. In addition, it can
also meet patients’ need to know the final pathological diagnosis of multiple nodules.

4.2 FNAB ought to be performed on all nodules suspected of malignancy

Whether surgical resection or thermal ablation is recommended for patients with
papillary thyroid carcinoma (PTC), the prognosis of PTC is the focus of high attention
of both doctors and patients. The number of cancer foci during initial treatment has a
significant impact on the adverse prognosis of cervical lymph node metastasis and/or
intraglandular recurrence after treatment. When total thyroidectomy is no longer the
only treatment option, especially when thermal ablation has become an increasingly
popular treatment option, if FNAB is not fully applied to all the multiple suspected
PTC foci, it is impossible to accurately define the risk degree of patients’ disease before
treatment and to accurately judge their prognosis. Therefore, in the face of multiple
suspected thyroid papillary carcinoma nodules appearing at the same time, biopsy
sampling must be done one by one, and definite pathological diagnosis results must be
obtained for each nodule. If the pathological diagnosis is confirmed to be two or more
multiple papillary carcinomas, preoperative communication with the patient should be
truthful to warn of the risk of poor prognosis. It not only helps patients and their fami-
lies to warn themselves in advance but also facilitates the high coordination between
doctors and patients to avoid the breeding of discontent from patients after operation.

4.3 FNAB ought to be performed on benign nodules with coexisting benign and
malignant sonographic features in those who choose thermal ablation therapy

At present, thermal ablation of thyroid nodules is in the initial stage of application
and popularization, and the standardization of technical operation has not been gen-
erally implemented. In the face of multiple nodules, some medical institutions do not
perform puncture biopsy for each thyroid nodule, and ablation treatment only targets
malignant nodules that have been confirmed by pathological diagnosis. Nodules with
benign sonographic appearance but not confirmed yet by pathology were not treated
simultaneously. Under such therapeutic strategies, the treatment protocol would lack
foresight and holistic view and may lead to patients’ dissatisfaction or even disputes.

4.4 FNAB of malignant nodule prior to the benign one in order

On the premise of paying attention to comprehensive puncture biopsy of benign
and malignant nodules, attention should be paid to their puncture sequence. For
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puncture biopsy, the key issue that both doctors and patients pay attention to is the
final pathological diagnosis results of suspected malignant nodules in ultrasonic
images. Therefore, the proper order of puncture sampling should be to complete

the sampling of acoustically malignant nodules first, then to perform sampling of
acoustically benign nodules, so that such a strategy can not only consider the compre-
hensiveness of the biopsy but also highlight the key concerns.

4.5 Keeping alert on the factors reducing ultrasonic visibility of tiny nodule
4.5.1 Influence factors originating from the vapid glandular swelling
FNAB can cause several fissure-like sonographic changes in thyroid tissue instan-

taneously, accompanied by gland swelling and boundary blurring of nodular lesions
(Figure 16), making the piercers lose clear puncture targets. Glandular swelling usually

Figure 16.

Feature of glandular edema induced by FNAB. (A) shows that two large nodules scoving TI-RADS 4a were at
the left thyroid lobe in a 42-year-old female patient shortly before undergoing FANB and microwave ablation
treatment. (B) shows edema developed shortly after implementation of FNAB in the peri-nodule glandular tissue
in appearance of numerous fissure-like anechoic aveas. (C) shows immediate starting of microwave ablation of
the large nodules. (D) shows the display of target nodules got blurved under impact of edema and MWA was
ceased due to loss of definite target.
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occurs in the gland on the biopsy side, but it can also spread to the isthmus or even to
the contralateral glandular lobe. It occurs suddenly and progresses rapidly. In most
situations, neither cloudy echoes originated from the red cells deposited due to bleed-
ing on gray-scale ultrasonography nor signals of active bleeding on CDFI scanning can
be detected within the fissure-like area. The author speculated that the mechanism of
this swelling phenomenon might be that thyroglobulin in follicular cavity oozed out of
the follicle along the puncture needle path. This thyroglobulin stimulated sympathetic
nerve endings in the glands and caused neurohumoral reflex, and serotonin in thyroid
microvasculature oozed rapidly from the vascular cavity into the tissue space to form
the fissures. In rare cases, the puncture needle may pierce the tiny blood vessels in the
gland and cause bleeding in the interstitial space. Although the incidence of rapid glan-
dular swelling is not high, once it occurs, the ultrasonographic definition of small target
nodules is seriously reduced, which greatly affects the accuracy of FNAB procedure.

So far, there has been no definite method to prevent this swelling event. Only correct
puncture sequence can eliminate its adverse effects on FNAB.

4.5.1.1 Micro-nodules ought be preferentially punctured when multiple puncture
targets coexist

Once edema occurs in the glands, the boundary of nodules will be blurred quickly.
Among multiple nodules of various sizes, small nodules especially those less than
1 cm will be affected by edema most significantly. Edema can compress small nodules
to become smaller. Edema can blur the boundary of small nodules to decrease their
visibility. The joint result is that the small target nodules can easily lose their definite
positioning, leaving FNAB or MWA off-target. Therefore, to prevent unexpected
events, puncture of small nodules should be given priority in specific operations,
followed by puncture of small nodules, medium nodules, and large nodules in order.
This strategy ensures that all target nodules can be punctured even in the event of
glandular edema.

4.5.1.2 Hypo-vascular nodules ought be preferentially punctured when multiple
punctuve tavgets coexist

Although bleeding is not believed the primary cause of glandular edema, it can
also reduce the ultrasonographic visibility of micro-nodules of thyroid. Therefore, it
is necessary to give priority to puncture the hypo-vascular nodules according to the
blood supply shown by CDFI of each nodule.

4.5.2 Influence factors originating from the medial margin of sternocleidomastoid muscle

When the thyroid is scanned in transverse section, the medial margin of the
sternocleidomastoid muscle is prone to side echo loss effect due to its curved shape,
and an echo blind area like acoustic shadow is formed behind it. The blind area is usu-
ally not wide but deep and often runs through the transverse section of the thyroid,
seriously reducing the clear display of the thyroid nodule located in the blind area,
especially the microcarcinoma foci adjacent to the anterior thyroid capsule. It is not
uncommon to miss a diagnosis of microcarcinoma. The method to avoid or reduce the
lateral echo loss effect originating from the medial margin of the sternocleidomastoid
muscle is to adopt unconventional longitudinal scan, that is, the probe acoustic beam
is tilted outwards at a large angle, as close to the horizontal plane as possible, and
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avoid the sternocleidomastoid muscle. While FNAB is conducted, liquid isolation
method can be used to reduce the echo loss effect at the medial edge of sternocleido-
mastoid muscle and eliminate the blind area.

4.5.3 Influence factors originating from liquid isolation method

Liquid isolation method was originally created to enhance the safety of thermal
ablation of thyroid nodules and prevent the adjacent organs and tissue structures
around the thyroid from being scalded. However, after continuous optimization and
expansion, it has now played an important role in the implementation of FNAB and
CNB in thyroid nodules, parathyroid nodules, and cervical lymph node metastases.
However, the liquid isolation method has a “double-edged sword” effect. Taking
thyroid nodule FNAB as an example, it can improve the clarity of thyroid nodule
display and enhance puncture accuracy, which is its positive effect. It can also reduce
the visibility of the target nodules or even cause the target to be lost, which is its
negative effect. Whether positive or negative effects occur depends on the size, hard-
ness, and location of the lesion, as well as on the amount of liquid spacer injected. As
mentioned above, when scanning the thyroid in the transverse section, echo-blind
areas were formed in the thyroid section due to the lateral echo loss effect from the
medial edge of the sternocleidomastoid muscle, which reduced the clear display of
tiny nodules located in the blind area. By injecting isolation agent into the anterior
thyroid space to form a certain width of isolation zone, the sternocleidomastoid
muscle will be displaced anterolaterally (ventral side), and the thyroid gland will be
displaced backwards (dorsal side), so that the thyroid nodule will be removed from
the echo loss area. As the isolation agent to be used is saline or hyaluronate gel, echo
enhancement effect will yield behind the isolation zone. Under this effect, the defini-
tion of the thyroid nodule will be significantly improved. However, it should be noted
that if the nodules are relatively small, soft in texture, and the amount of isolation
fluid injected is relatively large, the nodules may be compressed and lose their original
ultrasonic manifestations, resulting in target blur or even target loss. Thus, how to
make good use of the positive effect of liquid isolation method and avoid its negative
effect is bound to require FNAB operators to balance various influencing factors.

4.6 Keeping alert on the influence of nodule retreat against puncture

Some small and soft nodules, or some small and hard with ring-calcification
nodules, tend to retreat while the needle tip approaches. The retreating phenomenon
makes it difficult for the puncture needle to successfully enter the nodule. When
these nodules are located at the edge of glands, their retreat will be more significant.
Increasing the puncture force and needle speed can improve the hit rate, but the
operator will inevitably avoid using force and fast needle insertion due to the fear of
puncture needle injury to the common carotid artery, trachea, and esophagus. In this
case, if the position of thyroid nodule can be fixed with the help of external forces
and the degree of retreat can be reduced, it will be beneficial for puncture needle
to penetrate the nodule to obtain specimens. Liquid isolation method is an effective
means to form the external forces. By liquid isolation method, the liquid zone gets
certain tension, and the tension is higher with the more liquid is injected. The liquid
tension can maintain a greater and more lasting external forces to fix the thyroid
nodule to reduce its retreat, especially when sodium hyaluronate gel is used as isola-
tion agent. Taking the soft nodules located beneath the lateral thyroid capsule as an
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example, the isolation zone in the lateral thyroid space forms a large tension between
the common carotid artery and the lateral thyroid capsule, which not only has a “drive
away” effect on the common carotid artery to avoid being injured by the puncture
needle and improve the puncture safety, but also has a “backrest” effect on the thyroid
nodules. This “backrest” effect makes the retreat amplitude of nodules significantly
reduced during puncture.

4.7 Avoiding puncture approach directly through the thyroid capsule invaded by
suspected PTC foci

Although it is very rare for FNAB of PTC to cause cancer cells to grow along the
needle path and then cause tumor to spread out, it is possible for cancer cells to escape
from the primary cancer focus and implant in the needle path with the withdrawal of
the needle. It is just that most of the time, those cancer cells that shed do not develop into
new cancer foci that can be shown by high-frequency ultrasound. To reduce the escape
of cancer cells into peri-thyroid space as much as possible, the puncture route should
avoid the thyroid capsule where the cancer focus has invaded. In principle, the puncture
needle should enter the target nodule through a certain range of normal thyroid tissue.

4.8 Avoiding needle breakthrough the sternocleidomastoid as much as possible

There are generally two puncture routes for FNAB of thyroid nodule. One is R1,
which means the needle advances from medial to lateral, and the other is R2, which
means the needle advances from lateral to medial [10]. The R1 route is usually pre-
ferred, where the puncture needle enters the side lobe of thyroid by the cervical alba
or strap muscle, or the isthmus. The R2 route is not preferred because the puncture
needle must go through the sternocleidomastoid muscle before entering the thyroid
lobe. In the neck area, the sternocleidomastoid muscle is the thickest and most power-
ful in contraction. The thick muscle has a large binding force on the puncture needle,
causing it not convenient to adjust the advancing direction of the puncture needle. The
powerful contraction of the muscle can cause the needle to deflect in advancing direc-
tion. Moreover, there are abundant blood vessels within the muscle, but some of them
are potentially not open, and there is no active blood flow through them, making it
difficult to be identified even by scanning with CDFI. These latent blood vessels might
have been hit by the puncture needle without being aware of it. Unfortunately, it is not
arare case that hematoma was formed in the sternocleidomastoid muscle after needle
extraction. Moreover, the middle thyroid vein emanates laterally from the glandular
lobe and is prone to be incidentally injured from puncture needles to form peri-thy-
roid hematoma while R2 route was taken. For these reasons, it is recommended to take
R2 route as less as possible to avoid puncture across the sternocleidomastoid muscle.

4.9 Advocating simultaneous puncture biopsy of lymph nodes suspected of
cancer metastasis

Thyroid malignancies are easy to metastasize to cervical lymph nodes, and the
risk of PTC metastasis to cervical lymph nodes is much higher than that to distant
organs. For PTC, whether surgical resection or ultrasound-guided thermal ablation
is adopted, determining whether there is cancer metastasis in cervical lymph nodes
before surgery is obliged, because it is not only directly related to whether lymph
nodes should be included in the treatment plan, but also related to more accurate
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prediction of postoperative progress of patients. Patients should be clearly informed
of the illness before surgery so that they can adjust their psychological expectations
as much as possible. However, in some medical institutions, it is not uncommon to
only take biopsy samples from thyroid lesions with disregarding of lymph nodes.
Therefore, it is indeed necessary to enhance the overall working concept and perform
puncture biopsy on suspected malignant nodules of thyroid and suspected metastasis
of cervical lymph nodes at the same time.

4.9.1 Liquid isolation method should be used too in lymph node biopsy to improve
safety or optimize puncture path

Cervical lymph nodes were widely distributed from region I to region VII, and
most of them were adjacent to arteries, veins, trachea, esophagus, and nerves. These
important structures have potential influence on the safety of puncture operation.
When performing FNA on lymph nodes, liquid isolation method can not only opti-
mize the puncture path, making the target lymph nodes move to the ideal puncture
path, but also drive the above adjacent structures leave the lymph nodes, improving
the safety of the puncture operation.

4.9.2 The puncture needle must avoid the common carotid artery, transverse carotid
artery, inferior thyroid artery, and internal jugular vein

Lymph nodes in region II, III, and IV are concentrated in the common carotid
artery sheath. Around the beginning of the transverse carotid artery is located the
region IV cervical lymph nodes, while near the inferior thyroid artery is located the
region VI lymph nodes. All these lymph nodes are high incidence sites of PTC metasta-
sis. To conduct cervical lymph node puncture biopsy, it is necessary to be familiar with
the ultrasonic image features of the above vessels, especially the transverse carotid
artery, and be skilled in separating lymph nodes from them by fluid isolation method.

4.9.3 Lymph nodes behind the internal jugular vein should not be sampled through
venipuncture after venous closure by probe compression

The posterior compartment of the internal jugular vein is a common location of
deep cervical lymph nodes, and lymph node metastasis in this location is not rare.
Possibly due to the low wall tension of the internal jugular vein, the vascular cavity
is easy to collapse after compression, so it has been reported that the internal jugular
vein (IJV) is compressed to collapse, and the puncture needle penetrates the vein to
reach the deep cervical lymph node to obtain sample materials. Although it may not
cause serious bleeding, the rationale for this performance was questionable because
it was not certain whether the tumor cells were artificially introduced into the blood-
stream. The proper way to conduct biopsy of the lymph nodes deep to the IJV is to
make the lymph nodes separated from the vein to form a safe and accessible puncture
path under the aid of fluid isolation technique.

4.9.4 The target lymph nodes should be clearly differentiated from the transverse
plane of cervical plexus and brachial plexus

The transverse plane of cervical plexus and brachial plexus is almost echoless.
Lymph nodes in zone II are more adjacent to cervical plexus, and lymph nodes in zone
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V are more adjacent to brachial plexus. Target lymph nodes should be clearly distin-
guished from cervical plexus and brachial plexus to avoid accidental injury of nerves
by puncture needles.

4.10 Clearly labelling whether FNA samples taken before or taken after thermal
ablation

Using ultrasound-guided thermal ablation is the new trend in treatment of
benign thyroid nodules, Grave’s thyroid disease, papillary thyroid carcinoma, and
associated cervical lymph node metastasis. Pre-ablation puncture biopsy to obtain
pathological diagnosis is the key step to perform thermal ablation therapy. Core
needle biopsy (CNB) especially FNAB can be commonly applied for various thyroid
diseases. However, some of thyroid nodules are rich in blood supply, some are rich in
colloid component, and this structural performance can reduce the quality of biopsy
samples or can cause severe bleeding. As a countermeasure, thermal ablation can be
performed before the puncture biopsy to block the blood supply to the target lesion
and coagulate the target tissue. After this management, the quality of biopsy samples
can be raised, and bleeding can be reduced. For example, for the target nodules with
plentiful blood supply, heat blocking the nourishing blood flow of the lesion first
(only blocking the blood flow without coagulating the nodular tissue) before punc-
ture biopsy is beneficial to reduce the blood composition of the specimen and reduce
the bleeding in the puncture needle path. For follicular nodules rich in gelatinous
content, it is beneficial to improve the specimen shaping degree and facilitate patho-
logical examination. However, the morphologic changes of the cells occurred immedi-
ately after heat and dehydration, resulting in appearance of short rod or spindle cells.
When biopsy material is submitted to the pathologist, it is necessary to clearly claim
that the biopsy material is taken after block of blood supply or after coagulation of the
nodular tissue, otherwise the cell morphology seen under the microscope may easily
cause the pathologist to misjudge the nature of the nodules.

4.11 Strongly advocating determination of whether the cancer foci of thyroid
gland are adherent with adjacent structures during the process of FNA

Nodular goiters and adenomas are rarely adhesive to surrounding structures, no mat-
ter how large they are. However, once thyroid malignancies and inflammatory nodules
break through the thyroid capsule, the risk of adhesion to adjacent structures is greatly
increased. Adhesion can make the thyroid gland and adjacent structures involved in
each other, which can cause the suffer to develop irritation cough, foreign body sensa-
tion during swallowing. Severe adhesion can cause failure to separate the thyroid gland
from the adjacent structure and failure to remove the lesion in surgical resection as
well. Adhesions can cause even more adverse effects on the thermal ablation process of
thyroid because surgical instruments such as curets and separators cannot be used in the
thermal ablation to separate the adhesions. Only the tension formed by the liquid separa-
tor can only be relied on to promote the separation of adhesive structures. Adhesion
not only affects the completeness and thoroughness of the lesion ablation, but also may
cause serious consequences by scalding the tracheal wall, the esophageal wall, the nerve,
and other important structures due to thermal radiation. Therefore, for PTC, whether
surgical resection or thermal ablation is taken, it is of great guiding significance for the
formulation of appropriate treatment plan to determine whether the cancer foci and
adjacent structures are adhered together and the degree of adhesion before operation.
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The primary intention of FNAB is to obtain thyroid lesion samples for cytolog-
ical examination and diagnosis through fine needle puncture, which is a routine
means to achieve preoperative pathological diagnosis of papillary thyroid carci-
noma. Cervical liquid isolation method is a routine protective measure used in the
process of thyroid nodule thermal ablation. The protective effect of the method
is achieved by separating the thyroid gland from the surrounding structures with
fluid. The fundamental marker for determining adhesion is whether the thyroid
gland can be separated from the surrounding structures. Therefore, the liquid
isolation method when performing FNAB can not only help to achieve the purpose
of cytological examination, but also help to determine whether the thyroid lesion
and adjacent structures are adhered to, which can be said to kill two birds with
one stone.

4.11.1 For the carcinoma focus to be treated with thermal ablation

Papillary carcinoma nodules are prone to occur beneath the thyroid capsule. A
retrospective analysis of a group of 955 patients with PTC treated by microwave
ablation showed that the incidence of cancer lesion invading the thyroid capsule was
about 41.97% (396/955), and the ratio of invasion of the thyroid capsule ranged from
15.11 t0 92.54%.

4.11.1.1 For the carcinoma focus adjacent to trachea
1. For the carcinoma focus located at the isthmus

The isthmic thyroid gland is thin, and the posterior capsule of this glandular
tissue is immediately attached to the anterior wall of the trachea all the dimension.
Therefore, the cancer nodules located in the isthmus are highly likable to break
through the posterior capsule and approach the trachea even if they are small. Ina
group of 14 patients with PTC that was not suitable for thermal ablation, seven cases
were due to adhesion of the cancer focus to the trachea, among which the cancer focus
of five patients was in the isthmus. Three cases of the isthmus-located cancer were
found to get the lesions 1 year ago, but they were not treated in time. While they came
to our center for thermal ablation therapy, the cancer foci were found being closely
adhered to the trachea, liquid isolation method could not separate the cancer focus
away from trachea. Therefore, the author suggests that attention should be paid to
early diagnosis and treatment of papillary thyroid carcinoma located in the isthmus.
Once found, puncture biopsy is performed, and once diagnosed, thermal ablation is
performed.

2.For the carcinoma focus located beneath the medial capsule of thyroid

The medial thyroid capsule is adjacent to the lateral wall of the trachea, and the
cancer focus under the medial capsule breaks through the capsule and is easy to
adhere to the trachea. Among the above seven patients whose cancer foci adhered to
the trachea and failed to undergo thermal ablation, the cancer foci of the other two
patients were located just beneath the medial thyroid capsule, but all of them were
non-micro carcinomas with a diameter greater than 1 cm.
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4.11.1.2 For the carcinoma focus adjacent to the esophagus

In most cases, the esophagus is located on the left side of the trachea, descend-
ing behind the left thyroid gland. The anterior wall of the esophagus is adjacent to
the posterior thyroid capsule, and there is little fatty tissue filling between them.
Therefore, cancer foci under the posterior capsule of thyroid can potentially invade
the esophagus while breaking through the capsule. Through swallowing action, tumor
infiltration adhesion can be initially judged on real-time ultrasonography, but it can
be more convincingly determined through liquid isolation method. But so far, the
author has not found the thyroid cancer foci closely adhered to the esophagus.

4.11.1.3 For the carcinoma focus adjacent to the strap muscle

There is a risk of carcinoma closely beneath thyroid capsule to break through
the capsular membrane and infiltrate the strap muscle. The mutual pulling between
thyroid and strap muscle can be seen on real-time ultrasonography during swallow-
ing, and it can be more clearly determined whether there is infiltrating adhesion
between them through liquid isolation method. Surgeons would both resect thyroid
cancer lesion and strap muscle if the cancer focus has invaded the strap muscle. While
thermal ablation is adopted for PTC, both the thyroid cancer lesion and infiltrated
strap muscle would be ablated together too. So far, the PTC foci invading strap muscle
is not contraindicated to thermal ablation therapy in our center.

4.11.1.4 For the carcinoma foci adjacent to the laryngeal nerve

The laryngeal nerves which are closely related to the surgical treatment of
papillary thyroid carcinoma include recurrent laryngeal nerve (RLN) and lateral
branch of superior laryngeal nerve (SLN). If the cancer focus has invaded the RLN
or the lateral branch of the SLN, it will usually cause changes in the patient’s voice,
which is often hoarse, deep voice, and reduced volume. However, it is not sufficient
to determine whether the laryngeal nerve is invaded by cancer foci only based on
the changes of voice, which should be combined with the movement status of vocal
cords seen by direct laryngoscopy. The lateral branch of the SLN is adjacent to the
upper pole of the thyroid gland, and the entry of the RLN is close to the suspensive
ligament of the thyroid gland. Special attention should be paid to the PTC located at
the above corresponding position to distinguish whether the cancer focus is adhered
to the laryngeal nerve.

1. For the tumor foci adjacent to the entrance of RLN into the larynx

Figure 17a shows the location of the cancer focus near the RLN into the larynx.
Fluid is injected into the medial thyroid space to move the thyroid cancer focus later-
ally as much as possible away from the RLN in the risk triangle (Figure 17b). If the
lesion is not displaced, it is highly suggested that the lesion is located near the suspen-
sory ligament. Even if there is no adhesion to the RLN, there is still a risk of injury to
the RLN during thermal ablation of the PTC focus.

2.For the tumor foci adjacent to the lateral branch of SLN
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A B

Figure 17.

PTC foci closely adjacent to the entrance of RLN into the larynx. (A) Shows that an irvegular hypoechoic nodule
was located close to the trachea and entrance of RLN into the larynx; (B) shows that the nodule was driven away
from the trachea and entrance of RLN into the larynx.

Figure 18.
PTC foci located at upper pole of thyroid.

Figure 18 shows that the cancer focus is on the upper pole of the thyroid gland,
which is normally disconnected from the trachea and can be completely separated. If
the cancer focus cannot be separated away from trachea after liquid isolation, it can
be judged that adhesion developed, indicating there is a risk of injury to SLN during
thermal ablation of the PTC focus.

4.11.2 For the ablation areas of thyroid lesions

No matter for PTC or benign thyroid nodules, various degrees of local adhesion
may occur after thermal ablation of them. The adhesion of the ablation area to the
adjacent structure can also cause irritation, choking, and foreign body sensation
during swallowing. Conversely, these symptoms may not necessarily be caused by
the ablative adhesions. Therefore, to identify the cause of the patient’s discomfort
symptoms after ablation therapy, a liquid isolation test could be performed by the
chance of post-operative FNAB assessment to determine whether there was local
adhesion and the degree of adhesion according to the separability shown on real-time
ultrasonography. Adhesion area can present local adhesion to the trachea, the anterior
cervical strap muscle, the esophagus, the cervical plexus or brachial plexus and causes
relevant signs and discomfort. If the adhesions can be loosened by liquid separation,
it will help relieve the discomfort.
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4.12 Recommend making identification of hormone secretion status of nodules
during FNAB process

The essence of hyperthyroidism is that the gland produces excessive thyroid
hormone. The excess hormone can come from diffuse hyperplasia of the gland tissue
in Grave’s disease or from benign thyroid tumors called functional adenomas. When
Grave’s disease is associated with adenoma, does the thyroid hormone come from the
adenoma tissue or from extra-tumoral gland tissue? Microwave ablation has not only
been effective for treating benign thyroid nodular and papillary carcinoma [11-15],
but also successfully treated hyperthyroidism [16-19]. Identifying the real source
of excess hormones is of great significance for accurate positioning and guidance of
thermal ablation in the treatment of hyperthyroidism. Although iodine-131-PET can
indicate the presence of rich iodine uptake in the thyroid, iodine uptake is not directly
equivalent to thyroid hormone synthesis. The essence of precision ablation therapy
is to find the site of excess thyroid hormone synthesis and destroy it, which requires
direct sampling of thyroid adenoma and extra-tumoral glands to determine their
respective thyroid hormone levels. This can be achieved by thyroid FNA manipulation
and preparation of FNA puncture eluent.

Ultrasound-guided puncture biopsy and puncture ablation have become an
irresistible new force in the surgical treatment of thyroid nodule, tumor, and other
space-occupying diseases. Above, the author’s brand-new thinking and analysis on
the technical improvement and functional expansion of fine needle puncture of
thyroid nodules from nine aspects mainly focus on full preoperative planning and
preparation to obtain more perfect treatment results, which is of significance to
promote the progress of thyroid surgery and thermal ablation therapy.

5. Conclusion

In this chapter, the authors firstly give an independent description of FNI in the
basic technical concept of fine needle puncture biopsy. We aim to remind people
not only to pay attention to FNA technology, but also to the function of FNI. This
is because FNI is an important support for the implementation of liquid isolation.
Liquid isolation method is the core safety protection measure for the thermal abla-
tion of thyroid and other cervical tumors, but its role is much more than that. Over a
decade, it has been developed into a special liquid separation method, liquid shifting
method, and liquid dissection method and has made a positive contribution to the
clinical application and progress of FNAB.

The goal of FNAB is always to obtain sufficient and qualified cellular speci-
mens, while the premise of FNAB is always to keep the target lesion under clear
ultrasonic display, and the fine needle can safely enter the target lesion. Based on
the structural complexity and diversity of thyroid nodules, the authors establish
concepts associated with methods of “9 + X”-needle passages puncture modality,
FNAB immediately after heat blocking nutrient arteries, and FNAB immediately
after heat coagulation of nodule tissue. These methods have effectively optimized
FNAB and FNAC.

In the face of the rapid development of thermal ablation in treatment of thyroid
nodules especially papillary carcinoma and related cervical lymph node metastasis, the
authors especially suggest that determination of whether the suspected cancer foci are
adherent to adjacent structures should be done in meanwhile of FNAB. In addition,
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comprehensive FANB for multiple nodules and simultaneous FNAB for cervical lymph
nodes with suspected metastasis should be conducted, so that the major illness of the
patient’s thyroid and cervical lymph nodes can be fully understood through a single FNAB
operation to facilitate the patient to make an appropriate and prompt choice between
surgical resection and ultrasound-guided thermal ablation for the thyroid diseases.

Last but not least, the author emphasizes that systematic thinking and design are
important for premium diagnosis and treatment of thyroid nodules with fine needle
puncture.
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Chapter 3

Recent Advances and Researches in
the Field of Fine Needle Aspiration
Cytopathology

Anjali Goyal

Abstract

Fine needle aspiration cytology/biopsy (FNAB) is quite often one of the first tests
for the initial evaluation of lesions/swellings which are accessible to the needle tracts.
The technique has its limitations in certain cases owing to the non-representative or
inadequate material aspirated or due to the confusion arising from the lack of histo-
logic pattern as observed on a biopsy. An immediate rapid on-site evaluation (ROSE) is
valuable in minimizing the limitations arising from the non-representative/inadequate
material. The introduction and application of several ancillary modalities, like immu-
nocytochemistry, molecular tests and the advancements in interventional radiology,
has further revolutionized the diagnostic scope of FNA biopsy. Molecular tests on the
FNAC samples can aid in the distinction of benign from malignant lesions, in deter-
mining the genetic abnormalities and genetic makeup of tumors that can be useful not
only for making a more specific diagnosis but also for determining prognosis, response
to therapy and for the selection of patients for targeted therapy. FNAB biopsies have
an added advantage in comparison with the core needle biopsies for molecular analysis
since they have a much lower contamination of stroma. The chapter will be discussing
the advancements and the uses of these ancillary techniques in the field of FNAC.

Keywords: FNAB, advances, ROSE, TME, cellular multiplexing, cytogenetics, ABCD,
SCANT, FAST - PDL1, FAST cold/hot score, FISH, PCR, gene microarrays, scRNA Seq

1. Introduction

FNAB is the most frequently the first ordered investigation for palpable or
non-palpable deep-seated lesions in the body, along with the advantage of acquiring
tissues from small lesions and multiple sites. FNAB biopsies have an added advantage
in comparison with the core needle biopsies for molecular analysis since they have a
much lower contamination of stroma.

An advancement in the skill and the application of the various ancillary techniques
has significantly reduced the need for an open biopsy.

Immunocytochemistry performed on direct smears, monolayered preparations
and cell block sections of FNAB is the most commonly utilized ancillary technique,
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helping in knowing the histogenesis of the tumor and its origin in cases of metastatic
tumors, typing of tumors and determining prognostic and predictive markers [1].

Significant advancements have been made in the fields of pulmonary/bronchial
cytology, breast FNAB, thyroid and the head and neck cancers along with the identi-
fication and advancements in the field of tumor microenvironment (TME) [2, 3].

The advent of the potential use of cytogenetics would aid as an adjunct to the
sensitivity and specificity for the FNAB samples, thereby minimizing the indications
of an open biopsy. The molecular tests are being studied to be carried out on FNAB
samples from any site as an adjunct to the cytomorphologic diagnosis. These can be
used for cancer detection, distinguishing benign from malignant tumors, targeted
therapy and risk assessment for tumors, detection of clonality in hemopoietic neo-
plasms, typing of soft tissue sarcomas and the genetic make-up of tumors.

2. Newer advancements and procedures
2.1 The importance of tumor microenvironment

The tumor microenvironment includes the immune cells, fibroblasts, blood vessels
and the stomal elements which play a role in the cancer progression as well as the
treatment efficacy. A mapping of the same at the cellular and molecular levels will
help in the decision making and treatment. The tumor microenvironment is reshaped
dynamically as the cancer evolves, and hence, a repeated sampling of the tumor tissue
to track the TME changes under treatment pressure is required. A FNAB biopsy hence
becomes an important marker for the management of the cancer patients. " Moreover,
studying the tumor microenvironment at protein level is more important than the
RNA studies due to the discrepancy between the protein and the RNA expression [4].

2.2 Cellular multiplexing technologies

Single-cell analytic technologies help in the further understanding of the TME.
These involve the broad multiplexing and the cycling methods. Sample multiplexing/
multiplex sequencing allows a large number of libraries pooled and sequenced simul-
taneously during a single run, which exponentially increases the number of samples
analyzed without increasing the cost and time drastically. It is useful when targeting
specific genomic regions [5, 6].

The ability to multiplex FNA samples opens new venues for a deeper and more
informative analyses of TME, which in turn defines the tumor/immune biomarkers to
predict the treatment options and outcomes [3].

2.3 Rapid on-site adequacy evaluation (rose)

The major drawback in FNAB procedures can be a sampling error, giving a high
non-diagnostic (ND) rate, which can be minimized by an immediate on-site assess-
ment. This could also provide a real-time communication of information including
tissue triage recommendations for other ancillary tests including flow cytometry,
cytogenetics and molecular testing [1, 3].

Principle: The principle of the ROSE remains the same, although the technique
of specimen preparation may vary with the institutions and personnel. The most
common practice is to deposit the sample on a slide and smear it by the second. The
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various stains used can vary between laboratories and include Diff-Quik, toluidine
blue, rapid papanicolaou or hematoxylin and eosin stain. One slide is stained with a
fast stain for an immediate review, while the other is fixed in alcohol. The needle is
rinsed in a collecting media and later processed along with the fixed slide.

In few of the studies, the average reported ND rate was improved by 12% when ROSE
was implemented, in addition to the overall cost effectiveness, although an increase in the
number of passes was recorded. The drawbacks included an increased cost of the proce-
dure, prolonged procedure time and increased burden on the laboratories [7, 8].

2.4 ABCD and SCANT

Most of the cycling methods developed earlier were meant for paraffin-embedded
sections and were not compatible with the FNAB samples. Hence, gentler cycling
methods were developed including DNA-barcoded antibody technologies such as
antibody barcoding with cleavable DNA (ABCD) and single-cell analysis for tumor
phenotyping (SCANT).

DNA barcode-modified antibodies are used in both the methods. After staining,
each barcode type is read out by beads, hybridization probes or sequencing [9].

The SCANT method has been used to interrogate drug relevant pathways in
FNAB samples from breast cancer tissues. One of the obstacles with SCANT is its
long destaining times between cycles (0.5-1 hour). Hence, additional methods with a
faster turnaround time were developed in the form of fast analytical staining tech-
nique (FAST-FNA) [10].

2.5 Fast-FNA technology

The technology involves ultrafast destaining chemistry and automated image
cytometry readers for a rapid analysis. The method bypasses the shortcoming of other
cellular cycling technologies and allows a fast cycling while maintaining the integrity
of the dispersed cells. The studies have been performed using both mouse and human
FNAB samples of head and neck squamous cell carcinoma (HNSCC) [3, 6].

Two newly developed scores include FAST PD-L1 (programmed cell death-Ligand1)
and FAST cold/hot scores on the FNAB samples. The PD-L1 score is used to define
PD-L1 expression in various cells like the tumor cells, macrophages and the other
immune cell in reference to a minimum of Viable Cells analogous to the combined posi-
tive scoring (CPS) score on histologic sections. Although false positive scores were not
recorded in the cell blocks and aspiration specimen, an excisional biopsy may be recom-
mended for the negative results [11]. The FAST PD-L1 score is more quicker (<2 hours
from cell harvesting to report), serially deployable and more cost effective [10].

The FAST cold/hot score is based on the observation that the efficacy of immuno-
therapies depends on the presence of a baseline immune response, or a pre-existing
immunity, and quantifies relevant immune components to define whether a given
tumor is hot, altered or cold [1].

2.6 Molecular techniques in FNAC

Several molecular tests including in-situ hybridization, polymerase chain reaction
(PCR), Southern blotting and gene microarrays have been described using the FNA
specimen, indicating the excellent potential of molecular tests in FNAB acquired
material. The need for a molecular testing arises where a core needle biopsy is not
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available, in cases with an indeterminate or suspicious cytology. Multitargeted FISH
assays can be used to distinguish benign from malignant lesions, in addition to their
role for targeted therapy, e.g., epithelial growth factor receptor (EGFR) inhibitors for
NSCLC. The FNAB biopsies have an additional advantage in comparison with the core
needle biopsies in having a much lower contamination of stroma [1].

2.7 Emerging advances

A few other scores identified by small conditional RNA sequencing (scRNA Seq)
mapping are emerging involving the FNA mapping of the other tumor microenviron-
ment (TME) cell types. Immuno-FNA grams can rapidly convey the TME landscape
and its changes during treatment.

An additional aspect to automating the FNAB staining interpretation is the develop-
ment of automated image cytometers which incorporate the advances in bioengineer-
ing and artificial intelligence (AI) for a rapid analysis. The use of automated systems
incorporates quality measures of control and lowers the variation in interpretation [3].

3. FNA advances in the specific fields
3.1 Advances in the diagnosis of pulmonary carcinoma

Pulmonary nodules are frequently encountered in routine imaging which can
range from benign nodules to cancerous nodules. An early, accurate diagnosis is
of paramount importance for initiating therapy in malignant lesions and avoiding
unnecessary investigations for the benign ones. Hence, a direct tissue sampling is
essential which can be accomplished by non-invasive techniques like FNAB.

The FNAB sampling can be performed via airways (endobronchial/transbron-
chial) or the chest wall (CT-guided percutaneous FNAB.), which can be used for
molecular studies and therapeutic decision making.

With the newer advances in the field of pulmonary pathology, an accurate classifi-
cation of the lung tumors is mandatory along with the need for a characterization of
the correct molecular alterations which predict the response to certain drugs.

Because of the availability of a limited material, an efficient panel of immunobhis-
tochemical (IHC) markers is required for the cytology samples, to largely differenti-
ate the poorly differentiated squamous cell carcinoma (SQC) from small cell lung
carcinoma (SCLC) and adenocarcinomas from metastasis [12].

All SQC (irrespective of differentiation) showed expression of p63 and negative
for TTF-1. Adenocarcinomas showed a positive staining for both the markers. SCLC
has an expression similar to adenocarcinoma which can be differentiated by the
morphologic criteria and the neuroendocrine markers. The following algorithm can
be useful to classify the lung carcinomas.

Expression of three markers—TTF-1, p63 and HMW-Cytokeratin-can be used for
a fair assessment of the histogenesis of the lung tumors (Table1).

4. Biopsy procedures

1. Fiberoptic bronchoscopy (FBS) has a high diagnostic yield for endobronchial
lesions, but a low diagnostic yield for the non-endobronchial and peripheral lesions.
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Type of Lung TTF1 P63(Nuclear) HMWCK Napsin A Desmocolin 3
Tumors cytoplasmic

SQC Negative Positive Positive Negative Positive

ADC Positive +/— +/— Positive 80% +/—

SCC Positive +/— Negative +/— +/=

SQC—squamous cell carcinoma, ADC—adenocarcinoma, SCC—small cell carcinoma.

Table1.
IHC algorithm for lung carcinomas [12].

2.Endobronchial ultrasound-guided transbronchial needle aspiration (EBUS-
TBNA) helps in the acquisition of real-time ultrasound images with an acces-
sibility to the central lung lesions and surrounding lymph nodes (mediastinal,
paratracheal, subcarinal, hilar and interlobar). The technique recently emerged
as a minimally invasive method for mediastinal staging of lung cancers and
diagnostic work up for centrally located mases, with a limitation for evaluating
the peripheral lung lesions, other lymph nodes and diagnostic material for small
lesions.

3.Endobronchial ultrasound using a guide (EBUS-GS) helps in the acquisition of
real-time ultrasound images with an improved accessibility to more peripheral
lesions. However, it is an expensive technique and requires professional training.

4. Navigation bronchoscopy helps in an improved accessibility to more peripheral
lesions along with a virtual road map to target. The technique is expensive and
requires a navigation programme.

5. Computerized tomography (CT)-guided percutaneous biopsy (CT-NAB) pro-
vides a high diagnostic yield for the peripheral lung lesions (diameter > 1 cm)
with possible complications of hemorrhage and pneumothorax.

6. Gun biopsy, high diagnostic yield using core-biopsy needles. Patient cooperation
is required along with the complications including pneumothorax and pulmo-
nary hemorrhage.

7.Electromagnetic navigation bronchoscopy (ENB)—This is a recently emerg-
ing technology. It makes use of a localization device which assists in placing the
forceps/brush in the desired foci. Low-frequency electromagnetic waves are used
with a 3D reconstruction of the signals. The technique localizes and samples
lesions in the lung parenchyma and mediastinum that are beyond the reach of a
standard endoscopy [1, 12, 13].

The commonly used molecular markers for lung cancer include epithelial growth
factor receptor (EGFR), receptor tyrosine kinase (ROS1) and gene encoding protein
B-raf (BRAF) mutations for adenocarcinomas and anaplastic lymphoma kinase
(ALK) mutations for non-small cell carcinoma (NSCLC), used as targets for lung
carcinoma treatment. Other gene mutations including vascular endothelial growth
factor (VEGF), KRAS oncogene, rearranged during transfection), and mesenchymal
epithelial transition factor (MET) are also being used for cancer treatment in addition
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to the immunologic markers like PD1 and PD-L1. Other molecular techniques like the
next generation sequencing (NGS)-based tests and transcriptome analysis—involving
the RNA sequencing and microarrays are being studied as the diagnostic and prog-
nostic markers in lung cancer management [12].

4.1 Head and neck cancers

The success of FNAB in the initial evaluation of the head and neck masses has
been established. It is especially useful for clinically and radiologically equivocal
nodules, initial tumor staging and treatment planning and the surveillance of post-
operative lymph nodes.

The newer advancements include the incorporation of ultrasound-guided FNA
(UGFNA) into the existing practice of palpation-guided FNA (PGFNA) [14].

Additional studies employed on FNA material may be crucial for arriving at a
diagnosis. Various antibody panels being explored for FAST-FNA analysis in human
HNSCC [3, 6].

4.2 Breast pathology

The International Academy of Cytology (IAS) Yokohama system for breast
carcinoma reporting for FNAB has been proposed by the NIH for a uniformity of the
cytology reports. The system is providing an impetus for further research and a focus
on contentious areas, in addition to providing the practice guidelines for indications,
techniques of breast FNAB and smear making it provide the key diagnostic cytopa-
thologic features of breast lesions.

The system defines the breast lesions into five reporting categories including
insufficient/inadequate, benign, atypical, suspicious of malignancy and malig-
nant—each stratified with a distinct risk of malignancy (ROM) and a direct link to
management algorithm. It also reviews and recommends appropriate ancillary testing
to improve the quality assurance (Table 2) [15, 16].

Evaluation of EGFR (HER2/neu) gene amplification is an important application of
FISH using FNAB material, particularly important in inoperable cases which is valu-
able in targeted therapy with Trastuzumab. FNAB smears or cell block sections from
metastatic tumors can be used for evaluating the same [1, 17].

Several molecular tests like FISH can be applied for chromosomal aneusomy,

PCR for allelotyping and clonality assays. The results have been reported to give
reproducible results in conjunction with cytomorphology for diagnosis, risk

Diagnostic category Risk of malignancy
1 Insufficient 30.3
2 Benign 4.7
3 Atypical 51.5
4 Suspicious of malignancy 854
5 Malignant 98.7

TAC—International Academy of Cytology; ROM—Risk of Malignancy.

Table 2.
Yokohama system for classification of breast lesions [15].
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assessments, clinical progression and therapy. Numerous studies and researches on
the transcriptional profiling on the FNAB specimen are under research and need to be

validated [1].
4.2.1 Fractal analysis of Kirsh edge images for tissue (FKT) fragment innerstructure

Recent advances in high-precision mammography and ultrasound screening have
led to an increase in the detection of early lesions, appearing as micro-calcified or
microcystic images. These need to be an improvement in the accuracy of FNAB in
assessing these lesions. Fractal analysis of Kirsh edge images for the tissue fragment
inner structure is useful in breast FNAB. FKT measures tissue fragment chromasia of
hyperchromatic crowed tissue fragments (HCG), tissue fragment shape unevenness
and the inner structure complexity. This might serve as a useful system assisting in
the cytopathological assessment of the breast FNAB.

The cluster gray image-fractal analysis evaluating the darkness of clusters, cluster
unevenness and complexity of the hyperchromicity/cluster density of the deep-
stained clusters known as hyperchromatic crowed cell groups (HCG) on breast FNAB
is a useful cytology assistance system for breast FNA [18].

1. Cluster size classification: clusters were classified into small, middle and large
clusters (small cluster: <40 x 102 um?; large cluster >100 x 102 pm” or larger. Fi-
broadenomas showed the presence of small, middle and large clusters at a similar
frequency with a higher frequency of large clusters, in contrast to infiltrating
breast carcinoma where the small clusters were more frequent and a lower fre-
quency of large clusters was seen.

2.Cluster gray image-fractal analysis: (a) the darkness of clusters (luminance), (b)
cluster unevenness (complexity) and (c) complexity of cluster density (round-
ness-corrected fractal value) were assessed.

The FNA from the infiltrating breast carcinoma (NST), the luminance of the
small clusters was low (dark), with a high unevenness and a higher complexity of
the cluster density. The luminance of the large clusters was high(bright), with a high
unevenness and complexity as compared to that in fibroadenomas [18].

4.3 Soft tissue neoplasms

FNAB specimen can be used for the karyotypic analysis of soft tissue sarcomas.
Cytospin and monolayer preparations of the FNAB samples of the primary or recur-
rent sarcomas are excellent specimen for FISH testing because of the availability of
single cells for analysis.

Molecular analysis to demonstrate c-kit mutations can also be performed on the
FNAB material making a diagnosis of primary and recurrent gastrointestinal stromal
tumors (GIST) [1, 3].

4.4 Hemapoetic neoplasms

FNAB can performed on the lymphoid lesions. Cytomorphology between the
reactive and the low-grade lymphomas can be confusing and has a limited value in the
classification and the typing of the various lymphoma subtypes.
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Ancillary techniques like immunophenotyping and molecular analysis are neces-
sary for establishing monoclonality (differentiate benign from malignant) and the
typing of malignant lymphomas. The analyses can be done on FNAB samples with a
good cellularity. However, the inability to procure a satisfactory aspirate because of
fibrosis or necrosis can lead to failure in rendering a specific diagnosis. This can be
overcome by practising ROSE, hence reducing the ND rate in these tumors.

Whereas the cytomorphologic features coupled with IHC can provide a diagnosis
in most of the cases, additional molecular testing might be required for confounding
cases, wherein molecular testing using FISH or PCR may be asked for. The specific
molecular tests can be used to detect gene rearrangements and chromosomal abnor-
malities useful for targeted therapy and prognosis [1, 3].

4.5 Thyroid neoplasms

FNARB is routinely used for screening and preoperative evaluation of the thyroid
nodules. The most prestigious of the thyroid associations like American Association
of Clinical Endocrinologists (AACE), American Thyroid Association (ATA) and
the European Thyroid Association (ETA) provide detailed guidelines on which the
nodules should be biopsied, which was revised in 2017 and named as the Bethesda
system. It divided the FNA categories into six groups.

The results of the cytologic examination on the FNAB material provide the basis
for the further clinical assessment. However, the assessment of the cells can be chal-
lenging in some instances and assessed into the Bethesda Class III (indeterminate),
or class IV (suspicious of follicular neoplasm), thereby resulting in a resection where
more than 70% are benign nodules (Table 3)[19].

Hence, the use of molecular markers in routine assessment of such nodules would
be helpful to assess the risk of malignancy, as recommended in the second edition
of Bethesda System for Reporting Thyroid Cytopathology (TBSRTC) and in the
American Thyroid Association(ATA) guidelines. Additionally, the introduction of a
new diagnosis by the WHO in 2017 is an important aspect in the diagnosis of thyroid
cancer and included a new section termed “other encapsulated follicular patterned
thyroid tumors” (Figure 1) [19, 20].

In lesions like the (NIFTP), the features of invasion are required to exclude the
malignancy, and the cytomorphologic features alone are not helpful. Hence, the use

Category Reporting Management

1 Inadequate/non-diagnostic Repeat FNA (with USG guidance)

11 Benign Clinical follow up

111 Atypia of unknown significance (AUS)/ Repeat FNA/molecular testing/lobectomy
follicular lesion of unknown significance (diagnostic)
(FLUS)

1v Follicular neoplasm/suspicious of follicular Molecular testing/lobectomy (diagnostic)
neoplasm

\Y% Suspicious for malignancy Lobectomy/near total thyroidectomy

Vi Malignant Lobectomy/near total thyroidectomy

Table 3.

Bethesda system for veporting thyroid cytopathology (TBSRTC) [18].
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THYROID FNAC

Follicular 5
neoplasm or Suspicious for
suspicious for malignancy

a follicular
neoplasm

1
Nondiagnostic
or
unsatisfactory

Clinical and Repeat FNA, Repeat FNA, ) Near-total
sonographic Molecular Molecular bisarstorel
follow-up ferg testing,

Repeat FNA with
ultrasound

thyroidectomy or

thyroidectomy or lobectomy

Lobectomy Lobectomy lobectomy

guidance

High NPV High PPV
{Benlgn Malignant

Figure 1.
Preoperative management of thyroid nodules [19, 20]. (AUS-Atypia of unknown significance, FLUS-follicular
lesion of unknown significance).

of molecular markers is indicated to assess the malignancy in these lesions to avoid an
unnecessary surgical treatment.

The use of immunohistochemical (IHC) markers that assess the malignancy in
the lesions would increase the sensitivity of FNAC. The postulated markers included
galectin 3, HBME, fibronectin 1 and cytokeratin 19, which proved insufficient for
assessment of the biopsy material. Hence, the molecular markers become the next
option for assessment of these lesions.

One of the first molecular markers to be used was the commonly observed molec-
ular markers in papillary thyroid carcinoma (PTC) such as BRAF gene mutations,
RET and NTRK rearrangements or PAX8/PPARYy fusion characteristic of follicular
tumors.

Multi gene panels with mutations characteristic of follicular and papillary thyroid
cancers like point mutations within BRAF, KRAS, HRAS and NRAS for follicular
and RET/PTC1,RET/PTC3 and PAX8/PPARY rearrangements for papillary carci-
noma, respectively. The sensitivity of the techniques is further improved with the
introduction of the oligonucleotide arrays and next-generation sequencing (NGS),
which allows the assessment of many gene alterations in one analysis. The classifiers
are grouped into two broad groups—rule out a malignant lesion “Rule out test” or
to confirm a malignant lesion “Rule in test” determined by the negative predictive
value (NPV) or the positive predictive value (PPV). The higher negative the NPV, the
higher probability of benign lesion. Similarly, the higher positive the PPV, the higher
probability of malignant lesion (Table 2, Figure 1) [21].

The use of ultrasound guided biopsies has become a common practice in all
nodules measuring >10 mm [7].
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Rapid on site evaluation (ROSE) is a useful adjunct to the thyroid FNAC for
the specimen adequacy and diagnosis. A comparison of the ROSE and non-ROSE
groups improves the specimen adequacy with a decrease in the number of needle
passes [8].

Hurthle cell predominant nodules present with a confounding picture on FNAC in
terms of their malignant potential and hence assigned a Bethesda Category III or IV.
Thyroseq V3 molecular profiling can be used for tailoring the surgical management of
the Hurthle cell neoplasms. A molecular profiling with ThyroSeq V3 helps in predict-
ing the malignant potential of these nodules [22].

Mutation of BRAF gene occurs almost exclusively in papillary thyroid carcinoma.
(PTC), which can be detected by the IHC marker BRAF(V600E) [23].

Low-cost qualifiers based on the PCR method which support FNAC are being
developed which need to be validated.

Telomerase activity is shown to distinguish benign from malignant lesions in vari-
ous studies. Telomerase activity with hTERT gene expression is seen in malignancy
along with in few inflammatory conditions like lymphocytic thyroiditis and follicular
adenomas in some cases.

Molecular testing is a useful adjunct to surgical decision making. Mutational
profiling of thyroid nodule, and mainly the BRAF and RAS can be done using
droplet digital PCR. Gene expression profiling by RT-PCR helps in the distinction
of benign from malignant thyroid nodules. Upregulation of genes like (extracellular
matrix protein (ECM1) and transmembrane protease serine 4 (TMPRS4) mRNA
was determined to be an independent predictor of malignant thyroid neoplasm [24].
Classification of the thyroid neoplasms can be done on cell blocks using FISH [25].

Other molecular tests are being increasingly used which can help in differentiating
benign from the malignant nodules more accurately. The Afirma gene sequencing
classifier (Thryoseq v2) and other molecular tests are based on micro-RNA altera-
tions [26, 27]. The tests can help in improving the diagnosis for appropriate therapy.
ThyGEnX/ThyraMIR is another combination test waiting for validation.

TERT promoter mutations have a diagnostic and prognostic significance in the
thyroid FNAC. TERT mutation positive nodules might be indeterminate on FNAC
and present with aggressive clinicopathological behaviors like extra thyroid invasion,
lymph node metastases, distant metastases, disease recurrence or patient death,
underscoring the importance of the TERT analysis.

Telomerase activity is shown to distinguish benign from malignant lesions in vari-
ous studies. Telomerase activity with hTERT gene expression is seen in malignancy
along with in few inflammatory conditions like lymphocytic thyroiditis and follicular
adenomas in some cases [28].

Use of analytical chemistry procedures allows for the potential recognition of
cancer-based metabolites for the purposes of advancing the era of personalized
medicine. Nuclear magnetic resonance (NMR) spectroscopy and mass spectrom-
etry (MS) coupled with separation techniques, e.g., gas chromatography (GC)
and liquid chromatography (LC), are the main approaches for metabolic studies in
cancers [29].

The immense metabolite profiling has provided a chance to discover novel bio-
markers for early detection of thyroid cancer and reduce unnecessary aggressive
surgery.

An assessment of the cyclooxygenase-1and 2 gene expression levels in chronic
autoimmune thyroiditis, papillary thyroid carcinoma and non-toxic nodular goiter
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showed that an up-regulation of cyclooxygenase-2(COX-2) activity is associated with
the papillary thyroid cancer (PTC) [30].

The metabolic alterations in thyroid cancer can serve as potential therapeutic
targets. Altering the balance between cancer and stromal cells might serve as a prom-
ising therapeutic strategy [31].

4.6 Lymph nodes

PCR for selected markers has been studied for their utility in increasing the
sensitivity of cytomorphology for detecting the metastasis and their histogenesis,
particularly pertaining to the endoscopic ultrasound (EUS)-guided FNAB, and detec-
tion of micro-metastasis.

Various studies involving the aberrations in genes like the Cyclin D1 by FISH for
squamous cell carcinoma and FNA-PCR for tyrosinase to detect metastasis in mela-
noma [1, 3, 32].

The results could serve as an independent marker for prognosis, tumor aggressive-
ness and recurrence.

4.7 Pancreatic neoplasms

The EUS-FNA for the diagnosis of pancreatic neoplasms has the potential draw-
backs of a paucity of diagnostic material along with the overlapping features of a
low-grade tumor and reactive processes like chronic pancreatitis [33].

Franseen Needle used for EUS-guided FNAB has a role in tissue acquisition for
study of microsatellite instability in unresectable pancreatic lesions, required for a
treatment with the immune checkpoint inhibitors for the unresectable pancreatic
lesions [34].

Mutations of the K-ras oncogene have been most frequently studied as an adjunct
to conventional cytology to aid in the diagnosis of pancreatic adenocarcinoma. Other
markers being studied include PLAT by RT-PCR and Lipocalin 2.

An expression of S100P, IMP3 and Maspin with a non-expression of von Hippel-
Lindau gene product (pVHL) were significantly correlated with pancreatic ductal
adenocarcinoma (PDAC) [35].

4.8 Renal neoplasms

Molecular tests have been studied as an ancillary adjunct for the diagnosis of malig-
nancy in renal FNAB. However, a very few reports are available on the same [1, 3].

4.9 Infectious diseases

A PCR is one of the most popular diagnostic adjuncts in addition to the cytomor-
phology with microbiologic staining and cultures for the diagnosis of tuberculous
lymphadenitis. Molecular tests can be used to increase the rate of detection and
identify the resistant strains [1].

Various studies have advocated the use of RT-PCR to detect M. Tuberculosis
with a higher sensitivity. Primers and Probes for the real-time PCR were designed
on the basis of the internal transcribed spacer sequence, enabling the recognition of
Mycobacterium Avium and Mycobacterium Tuberculosis. The tests showed no false
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positive with other mycobacterial species and other pathogens causing lymphadenitis.
The technique needs no hybridization or further processing time for analysis [36].

Even in the absence of epithelioid granulomas/necrosis, Avidor et al. developed a
PCR method for amplification of Bartonella Henselae DNA for an accurate diagnosis
of Cat Scratch disease, obviating the need for excisional biopsy [1].

Starac et al. reported the presence of human papilloma virus (HPV) DNA by PCR
which can be successfully performed on FNA material. This can guide the clinicians in
assigning the site of origin of metastatic squamous cell carcinoma, since the anogeni-
tal SCC has a high prevalence of high-risk HPV DNA particularly in the cervix [37].

4.10 Salivary glands

FNAB has a well-established role in the evaluation of salivary gland tumors.
However, they have a significant morphologic diversity with a confounding presenta-
tion on FNAC which may not allow a specific diagnosis in many cases, making it a
challenging area in cytopathology.

There has been an emergence of newer entities in the salivary gland tumors over
the last decade, along with the characterization of specific translocations in a subset
of these tumors.

Mammary analogue secretory carcinoma is a recently described entity char-
acterized by a t(12;15) (q21;p13) translocation resulting in ETV6-NTRK3 fusion.
Hyalinizing clear cell carcinoma is a low-grade tumor with infrequent nodal and
distant metastasis, shown to harbor EWSR1-ATF1 gene fusion. The CRTC1-MAML2
fusion gene resulting from a t(11,19) (q21:13) translocation is now known to be a
feature of mucoepidermoid carcinoma associated with an improved survival. A t(6,9)
(q22-23:p23-24) translocation resulting in MYB-NFIB gene fusion has been identified
in majority of adenoid cystic carcinomas.

Polymorphous low-grade adenocarcinoma is characterized by hot spot E710D
mutations in PRKD1 gene, whereas the cribriform carcinomas are characterized by
translocations in PRKD1-3 genes.

Notably, salivary duct carcinoma is a high-grade adenocarcinoma with the molec-
ular and morphologic features similar to the invasive ductal carcinoma of breast,
including the HER2 gene amplification, mutations of TP53, PIK3CA and HRAS and
loss or mutation of PTEN. A subset of SDC with apocrine morphology is associated
with overexpression of the androgen receptors [38].

As these mutations are recurrent, they serve as powerful diagnostic tools in the
salivary gland tumor diagnosis and refinement of salivary gland cancer classification,
along with serving as promising prognostic biomarkers and targets of therapy.

Although the molecular consequences of these translocations and their potential
prognostic and therapeutic values are not well characterized, the resulting fusion onco-
genes and oncoproteins can be used as diagnostic clues in salivary gland FNAB material
in order to overcome the limitations of the cytomorphological evaluation alone [33].

4.11 Upper gastrointestinal lesions

Automated multiband imaging system can be used for EUS-FNA biopsy specimen
for the evaluation of upper gastrointestinal subepithelial lesions.

Sample isolation processing by spectromicroscopy (SIPS) has been introduced as
an alternative to rapid on-site cytologic evaluation, which is a useful but complicated
procedure.
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Automated multiband imaging system (AMUS) helps in calculating the whitish
core amounts in EUS-FNA samples in patients with subepithelial lesions, which is

found to be more useful than SIPS for an on-site evaluation for the gastrointestinal
SEL [39].

5. Conclusions

The effectiveness of FNAB for rendering a specific diagnosis can be improved
tremendously by the application of several ancillary modalities. Although in many
cases cytomorphologic features alone might be sufficient for making a diagnosis, the
use of ancillary tests is often necessary not only for rendering a specific diagnosis
but, where malignant lesions are involved, for determining prognostic and predictive
factors from the procured aspirate. Most currently available ancillary techniques can
be used on FNAB specimens. Immunocytochemistry performed on direct smears,
monolayered preparation and cell block sections of FNAB is the most commonly uti-
lized ancillary technique. This can be widely routinely used on FNAB specimens for
determining the organ of origin of a metastatic tumor, for classification and typing of
tumors and for determining prognostic and predictive markers.

There are, however, no immunostains that can help in the distinction of benign
from malignant lesions on FNAB. In comparison with immunocytochemistry,
molecular tests can aid in the distinction of benign from malignant lesions, in deter-
mining the genetic abnormalities and genetic makeup of tumors that can be useful
not only for making a more specific diagnosis but also for determining prognosis,
response to therapy, and determining the presence or absence of specific molecular
targets for selection of patients for targeted therapy.

The emerging concepts and technologies have a potential to affect the field of
cytopathology and clinical practice. Although many of the advances are in a trial
phase, further researches in the fields like FAST-FNA, Kisher image analysis, along
with a biomarker cocktail would be useful to predict treatment options, targeted drug
therapy and outcomes.
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Abbreviations

FNAC fine needle aspiration cytology

FNAB fine needle aspiration biopsy

IHC immunohistochemistry

ROSE rapid on-site evaluation

TME Tumor microenvironment

ND non-diagnostic

ABCD antibody barcoding with cleavable DNA
SCANT single-cell analysis for tumor phenotyping
FAST-FNA fast analytic screening technique for fine needle aspirates
PD-L1 Programmed cell death ligand 1

53



Advances in Fine Needle Aspivation Cytopathology

FAST
HNSCC
PCR
FISH
EGFR
scRNA Seq
Al

SQC
SCLC
NSCLC
TTF-1
HMW
FBS
EBUS-TBNA
EBUS-GS
CT-NAB
ENB
ROS1
ALK
VEGF
RET
MET
NGS
UGFNA
PGFNA
HER2
TBSRTC
NIFTP

TMPRS4
ECM1
PDAC
SIPS
AMIS

cold/hot score

head and neck squamous cell carcinoma

polymerase chain reaction

fluorescent in situ hybridization

epithelial growth factor receptor

small conditional RNA sequencing

artificial intelligence

squamous cell carcinoma

small cell lung carcinoma

non-small cell carcinoma

thyroid transcription factor-1

high molecular weight

fiberoptic bronchoscopy

endobronchial ultrasound guided transbronchial needle aspiration
endobronchial ultrasound using a guide

Computerized Tomography (CT)-guided percutaneous biopsy
electromagnetic navigation bronchoscopy

receptor tyrosine kinase

anaplastic lymphoma kinase

vascular endothelial growth factor

rearranged during transfection

mesenchymal epithelial transition factor

next genomic sequencing

ultrasound-guided FNA

palpation-guided FNA

human epidermal growth factor receptor 2

the Bethesda system of reporting thyroid cytopathology
non-invasive follicular thyroid neoplasm with papillary like nuclear
features

transmembrane protease serine 4

extracellular matrix protein

pancreatic ductal adenocarcinoma

sample isolation processing by spectromicroscopy
automated multiband imaging system
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Abstract

Fine needle aspiration cytology (FNAC), being minimally invasive, rapid,
cost-effective provides a valuable first-line diagnostic tool in the evaluation of
lymphadenopathies both benign and malignant. Various ancillary techniques namely
immunocytochemistry, flow cytometry, cell blocks, and molecular studies further
improve the diagnostic accuracy of FNACs. Targeted FNAC under ultrasound guid-
ance optimizes cellular yield in palpable and non-palpable lymphadenopathies. FNAC
proves to be indispensable at establishing tissue diagnosis in cases when surgical
excision is unfeasible, as in elderly patients with comorbidities or in metastatic set-
tings. Nevertheless, lymph node FNAC represents a daunting task owing to the mul-
titude of benign and malignant causes of lymphadenopathy. To aid categorization and
better communication to the clinician, an emphasis on classification and reporting of
lymph node cytopathology using Sydney system is laid upon.

Keywords: fine needle aspiration cytology, lymphadenopathy, non-neoplastic,
neoplastic, ancillary techniques, Sydney system

1. Introduction

Lymph node enlargement can occur due to a variety of causes including benign,
primary neoplastic, and metastatic. Fine-needle aspiration cytology (FNAC) provides
a valuable tool in the diagnostic workup of lymphadenopathy due to a variety of
causes namely reactive, infective, metastatic, and neoplastic. It is rapid, accurate,
reliable, economic, safe, and more or less painless. FNAC can provide material for
various ancillary investigations such as flow cytometry (FCM), immunocytochemis-
try (ICC), microbial culture, cell block, and molecular studies.

1.1 Normal anatomy and histology of lymph node

The lymph node (LN) is a bean-shaped, capsulated spongy sieve, which filters the
lymph entering via the afferent lymphatics on the convex side and flowing out via the
efferent lymphatics through the hilus [1]. The lymph node is a secondary lymphoid
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organ along with spleen, mucosal, and cutaneous lymphoid tissues. Thymus and bone
marrow constitute the primary lymphoid organs [2].

LNs are aggregates present along the lymphatic channels. The LNs are situated at
strategic sites in our body which helps in a quick and effective immune response [3].
The lymphocytes enter the LNs through blood or afferent lymphatics and get orga-
nized in T- and B-cell areas in the LN similarly, antigens enter the LN via afferent
lymphatic channels, and are presented to the lymphocytes by dendritic cells (DC)
which are the most efficient antigen-presenting cells (APC) [4].

The LN is divided into compartments by the connective tissue trabeculae which
provide the framework for circulatory sinuses which are lined by the endothelial cells
and divided into three regions: cortex, medulla, and paracortex [1]. Cortex is the area
beneath the capsule and medulla is toward the hilus; cortex and medulla represent B-
cell region. The paracortex is the area between cortex and medulla; represents T-cell
region having a CD 4:CD 8 ratio of 3:1 along with presence of DC [1]. The cortex,
depending on the activity of the LN, contains primary as well as secondary follicles.
Primary follicles (unstimulated node) have small resting B cell aggregates and second-
ary follicles (stimulated LN) have an outer narrow mantle zone (containing B lympho-
cytes) and an inner germinal center (containing centrocytes and centroblasts) [5].
Table 1 highlights the antigen expression of B lymphoid cells according to the stage of
maturation. Table 2 highlights the antigen expression according to their location.

1.2 Approach to lymph node FNAC
1.2.1 Clinical history and examination

A prior detailed clinical history is required in each case to correlate the cytological
findings. Patient’s age, duration of LN enlargement, history of fever, malaise, signifi-

cant weight loss are all pertinent to be included. Any previous history of malignancy,
surgery, or prolonged illness along with relevant blood and radiological investigations

B lymphoblast CD 34, TdT, CD 19

B lymphoblast (pre-B cell) CD 10, CD 19, CD 79a, PAX5, TdT

Immature B cell (attached with IgM) CD 10, CD 19, CD 20, CD 79a, PAX5, TdT

Naive B cell (loss of TdT) (mantle cell zone) CD 19, CD 20, CD 22, CD 79a, PAX5, CD 5+/—, CD 23
Table 1.

Immunohistochemistry (IHC) of B lymphocytes according to their maturation.

Sub capsular sinus histiocytes CD 68, CD 163

Marginal zone CD 5—-, CD 10—, CD 20+, CD23—, CD 11c+, cyclin D1—, CD 103—
Mantle zone CD 5—/+, CD 10—, CD 20+, CD 23—, CD 11c-, cyclin D1+, CD 103—
Germinal center CD 10+, Bcl 6+

Centrocytes and centroblast (CD 10+, Bcl 6+)
Helper T cell (CD 3, CD 4, CD5, CD7)
Follicular DC (CD 21, CD 23, CD35)

Tingible body macrophage

Table 2.
IHC of cells according to location in LN.
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if available should be duly noted. The site, size, consistency, mobility, and number of
LN involved should be carefully palpated and recorded. Any LN >2 cm is significant.
Supraclavicular lymph nodes mostly harbor metastatic disease as compared to poste-
rior cervical which is often reactive [6]. Soft, tender lymph nodes are seen in the
inflammatory process while hard, fixed tend to be often malignant whereas rubbery
consistency is suspicious of lymphoma.

1.2.2 Sample collection and cytologic preparation

Peripheral LNs can be easily palpable, thus FNAC of such LN is a simple proce-
dure, which can be done blindly, preferably by a cytopathologist and does not require
any local anesthesia. Site of FNAC is properly palpated, node fixed between two
fingers of one hand and needling followed by aspiration done using the other hand.
The needle used should be 22-24G and hand movement be brisk to avoid dilution of
sample with blood since LNs are highly vascular structures (Figure 1). Once aspirated,
the material should be checked for color and consistency as this provides a valuable
information about the disease process. For example, infective lesions such as tubercu-
losis yield a thick purulent aspirate while that involved by lymphoma usually yield
blood mixed aspirate. A necrotic aspirate is often seen in large metastatic LNs with
areas of tumor necrosis. Aspirating only the cystic necrotic focus in such cases leads to
a misdiagnosis if the firm areas containing viable tumor cells are missed. It is therefore
important to completely aspirate the purulent material followed by needling of the
firm areas. The sample obtained is gently spread over a glass slide with the help of
another slide in a smearing fashion. Both air-dried and wet fixed smears are prepared
and stained with routine stains such as May-Grunwald Giemsa (MGG), Papanicolaou
(PAP) stain, and Hematoxylin& Eosin (H&E) stains. Extra smears can be air-dried

N

Figure 1.
Needle aspiration of lymph node by using 24-guage needle with plunger.
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and fixed with methanol for further usage. Additionally, cell blocks must be prepared
for ancillary studies.

1.2.3 Ancillary techniques

Ancillary studies in LN aspirates include cell block preparation, special stains,
immunocytochemistry (ICC), flowcytometry (FCM), molecular studies, and electron
microscopy (EM). Adding to the advantages of FNAC, the ancillary studies help to
arrive at a diagnosis, almost always, thus avoiding the need for an open biopsy.
Cytology report when combined with the reports of ancillary techniques is well
accepted by the clinicians and other cytopathologists [7].

It is, thus, advisable to always aspirate extra material which could be further
helpful in performing the ancillary techniques. The cases are triaged based on exam-
ination of the MGG, PAP, and H&E-stained slides. In cases which are suspected to be
infective, mycobacterial, or fungal in origin, special stains such as Ziehl-Neelson (ZN)
stain and Periodic Acid Schiff (PAS) stain along with culture and PCR can be
performed [5].

In cases of clinically suspected metastasis to the lymph nodes, cell blocks are
prepared using various methods such as plasma thrombin method, fixed sediment
method, scraping of cytology smears, histogel method, gelatin embedding method,
colliding bag method, albumin method, bacterial agar method, and many more [8].
Cell blocks are micro biopsies embedded in paraffin section using the FNA technique.
The residual clot or tissue in the hub of the needle is carefully removed and rinsed in
10% buffered formalin, centrifuged at 4000 rpm for 6 mins to form pellet. Superna-
tant is discarded and the sediment is placed on filter paper and processed as a routine
histopathology specimen. Cell blocks are useful in better preservation of the mor-
phology, architecture, and further help in performing IHC to find the primary [8, 9].

When evaluating a case of lymphoproliferative disorder, FCM and ICC are both
helpful. FCM helps in immunologically characterizing the aspirated cells which are
suspended in borate buffered saline (BBS) solution at pH 7.4. For complete charac-
terization, cell concentration of approximately 1 million cells per ml buffer is required.
FCM utilizes the principle of light scatter which measures the physical properties of a
cell. Forward scatter (FS) depicts cell size and side scatter (SS) depicts cytoplasmic
complexities. The fluorescence data is collected by a photodetector. Various antibody
panels are used depending upon the cell morphology on giemsa stained smears.

In suspected cases of B-cell lymphoma antibodies which may be used are CD5,
CD10, CD19, CD20, kappa, and lambda. In cases of suspected T-cell lymphoma CD 3,
CD4, CDS8, CD5, CD2, and CD7 are utilized. For immature blast identification TdT,
CD34, HLA-DR, and CD38 are helpful markers. FCM provides the advantage of
performing discrete measurements on millions of cells in a single sample.

FCM has a rapid turnaround time as compared to ICC, however, the morphology
and staining characteristics are more preserved in ICC on cell blocks. Also, large
cells, such as Reed-Sternberg (RS) cells, are better appreciated by ICC/IHC on cell
blocks [9].

Transmission electron microscope (TEM) uses a fine electron beam, created by a
tungsten filament heated by a high-voltage, electric current-heated and focused by
magnetic lenses. The electron beam passes through an ultrathin plastic section in
which tissue and cellular components have been post-fixed in osmium and impreg-
nated with heavy metals such as uranyl and lead. A differential transmission of
electrons occurs due to difference in densities of these heavy metals. An image is then
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captured on a fluorescent screen and viewed through a binocular microscope. It
enables the visualization of details not apparent via light microscopy. TEM has an
important role in cytopathology. Cells in effusions and FNAC samples can be readily
prepared for TEM. It allows easy distinction of epithelial cells from mesothelial cells.
They can be optimally fixed by directly injecting the aspirate into glutaraldehyde and
treated as a cell suspension. As compared to IHC stains, TEM often is at least as
specific and is also more economical in solving a diagnostic problem in specific
conditions [10].

Molecular studies such as fluorescence in situ hybridization (FISH), Polymerase
chain reaction (PCR), mutation analysis, laser-assisted microdissection (LMD), and
DNA sequencing (classical and next-generation sequencing [NGS]) are valuable tools
for the detection of genetic changes and hence provide improved early diagnosis of
malignancy, prognostication, and prediction of response to therapy [11]. Detailed use
of these studies will be discussed in subsequent sections.

FNAC from LN, benign or malignant, usually have a high cell count. The aspirates
show lymphoid cells having fragile cytoplasm along with the presence of cytoplasmic
fragments in the background called “lymphoglandular bodies,” measuring around 8
microns [1, 12]. They are round, small, pale and basophilic and their presence is
important to identify the lymphoid origin of any lesion [1]. The cells seen in a normal
LN lesion include mature lymphocytes (B or T phenotype), plasma cells, centrocytes
(B cells, with cleaved nucleus), centroblasts (larger than centrocytes, marginal nucle-
oli), immunoblasts (largest of all lymphoid cells, with an eccentric round nucleoli)
and macrophages [5].

2. Non-neoplastic lymphadenopathy
2.1 Reactive lymphoid hyperplasia

Reactive or follicular lymphoid hyperplasia is a common cause of lymphadenopa-
thy, particularly in the younger age group and children. FNAC smears are highly
cellular comprising a polymorphous population of small lymphocytes, follicular center
cells (centrocytes and centroblasts), immunoblasts, plasma cells, dendritic cells,
tingible body macrophages, occasional eosinophils, and polymorphs in a background
of lymphoglandular bodies. It is divided into germinal center type, paracortical type,
mixed type, and histiocytic reactions.

2.2 Granulomatous lymphadenitis

Granulomatous lymphadenitis is a chronic inflammatory response to foreign bod-
ies or infectious agents. It is characterized by syncytial aggregates of epithelioid cells
forming granulomas, varying number of multinucleated giant cells surrounded by
small lymphocytes and plasma cells. Granulomas can be associated with necrosis
(necrotizing granulomas) or be present without it (non-necrotizing/naked
granulomas).

2.2.1 Tuberculosis

Tuberculosis is the commonest cause of granulomatous lymphadenitis in India. It is
caused by infection by Mycobacterium tuberculosis. Tuberculous lymphadenitis is the
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most common manifestation of extrapulmonary tuberculosis and can be seen in any
age group [7]. Patient usually presents with painless enlargement of LN accompanied
with or without fever, cough, and weight loss.

Cytology smears show multiple epithelioid cell granulomas, Langhans type of
multinucleated giant cells, and reactive lymphoid cells in a necrotic background.
Epithelioid cells are histiocytes with characteristic elongated nuclei resembling the
sole of a shoe [12]. The nuclear chromatin is fine, granular and the cytoplasm is
abundant, pale, without distinct cell outlines. Multinucleated giant cells have abun-
dant cytoplasm with multiple nuclei arranged peripherally in a horse-shoe shape
pattern (Langhans giant cells). Necrosis seen in tuberculous lesion is characteristic
caseous necrosis, getting its name from its cheesy appearance which on microscopy
appears extracellular, eosinophilic, and granular in appearance. In cases where only
finding is necrosis, demonstration of acid-fast bacilli (AFB) by Z-N staining or AFB
culture helps clinch the diagnosis.

2.2.2 Sarcoidosis

Sarcoidosis is a disease of unknown etiology, seen more commonly in women and
African Americans in the 3rd-4th decade [12]. It is associated with non-necrotizing
granulomatous lymphadenitis and is often indistinguishable from other causes of
granulomatous lymphadenitis, hence is a diagnosis of exclusion. Cytology smears
show multiple non-caseating epithelioid cell granulomas, multinucleated giant cells,
reactive lymphoid cells, and plasma cells. Calcium oxalate crystals and asteroid bodies
may sometimes be seen in giant cells of sarcoidosis. However, no necrosis or any
organism is demonstrable.

2.2.3 Leprosy

Leprosy, a systemic chronic infection caused by Mycobacterium leprae was
completely eradicated in 2000 from 98 countries of the world, although it is found in
underdeveloped countries with variable prevalence [13]. Cytology smears show clus-
ters of foamy histiocytes formed by cells having multivacuolated bubbly cytoplasm,
central nuclei, fine nuclear chromatin, and prominent nucleoli. Epithelioid cell gran-
ulomas and multinucleated giant cells may also be seen depending on the immune
status of the patient. The air-dried Romanowsky stained smears may show presence of
negative shadows representing the bacilli. When the bacillary load is high as in case of
lepromatous leprosy, the cytoplasm of the histiocytes is filled with parallel arrange-
ment of bacilli in the form of globi (Virchow’s/globus cell). Modified Z-N staining
helps stain these bacilli.

2.2.4 Fungal lymphadenitis

Fungal lymphadenitis can be caused by a variety of fungal organisms such as
Histoplasma capsulatum, Cryptococcus neoformans, Coccidioides immitis, etc. Cytology
aspirates from fungal lymphadenitis are variable, having: (1) purely neutrophilic
infiltrate, (2) only granuloma, (3) an admixture of the two, or (4) only demonstrate
fungal organisms, with or without necrosis [7]. Histoplasma measures around 2-3 pm
in diameter, has a rigid cell wall and resides in the cytoplasm of macrophages. C.
neoformans measures around 5-10 pm and has a thick mucopolysaccharide capsule.
Both demonstrate a narrow-based budding [7]. Histochemical stains such as
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methenamine silver, mucicarmine, and PAS along with fungal culture help confirm
the diagnosis.

2.2.5 Foreign body granulomas

Granulomatous lymphadenitis can be elicited against foreign substances which are
large enough to be removed by the body’s immune system. Some examples of the
same include talc, silicone, suture material, or beryllium [7]. Cytology smears are
mainly composed of giant cells containing foreign body particles, mature
lymphocytes, and histiocytes.

2.2.6 Leishmania

Leishmania donovani is the causative agent of visceral leishmaniasis and is carried
by sandfly which injects the promastigote form of leishmania into the skin. The
promastigote form converts into amastigote form inside the histiocytes, which are
released into the reticuloendothelial system (RES) upon rupture of the histiocyte.
Cytology smears reveal amastigotes as oval structures of 1-3 pm size with a fine
membrane, large nucleus, and a rod-shaped kinetoplast, present both intra and extra-
cellularly admixed in a population of lymphocytes, histiocytes, and plasma cells [7].
Epithelioid cell granulomas and giant cells may also be seen occasionally.

2.2.7 Filarvia

Wuchereria bancrofti, Brugia malayi, and Brugia timori are the commonest nema-
todes causing filariasis. Cytology smears can sometimes show microfilarial parasite in
the LN aspirates. The microfilariae of both Wuchereria and Brugia are sheathed
ranging in size from 200 to 300 pm in length, 2-8 pm in diameter, the former has a
pointed tail that is free of nuclei and the latter has two distinct nuclei in the tip of the
tail [14]. Smear may also show many eosinophils and epithelioid cell granulomas in
the background.

2.2.8 Toxoplasma

Toxoplasmosisis a zoonotic disease caused by Toxoplasma gondii. Cytology smears
show necrotic, polymorphous lymphoid background admixed with loose collections of
epithelioid cell histiocytes and tingible body macrophages. Numerous small, elon-
gated, crescent-shaped organisms may be seen [15].

2.3 Rosai Dorfman disease

Destombes first described Rosai Dorfman disease (RDD) in 1965. Later Rosai and
Dorfman observed as separate entity in 1969 as Sinus histiocytosis with massive lymph-
adenopathy (SHML). It is a rare self-limiting benign disease. Etiology is unknown, is
more prevalent among African Negros and males have more predilection (male:
female = 2:1). Although any age group can be affected, most of the patients are younger
than 20 years [16]. It presents with gradual painless bilateral cervical lymphadenopathy,
fever, raised ESR, hypergammaglobulinemia, and occasionally anemia [17].

FNAC aspirate shows the proliferation of histiocytes with abundant eosinophilic to
vacuolated cytoplasm, vesicular nuclei, and lymphophagocytosis or emperipolesis
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[16]. The diagnosis can be confirmed by using IHC markers. Characteristically, S100
is always positive along with other markers, like CD68, CD163, a1 anti-chymotrypsin,
and ol anti-trypsin, negative for CD1a and Langerin (CD207) [17]. The differential
diagnoses include reactive lymph node hyperplasia (RLH), infectious lymphadenitis,
Langerhans cell histiocytosis (LCH), non-Hodgkin’s lymphoma, and metastatic
carcinoma [18].

2.4 Kimura’s disease

It is a rare chronic inflammatory disorder of unknown etiology. Patients often have
enlarged lymph nodes predominantly in the head and neck region [19]. Caused by
trauma, allergic reactions to arthropod bites or parasites [20]. It is seen commonly in
young adults with the age range of 27-40 years and male to female ratio of 3:1. It is
endemic in Asia, especially in China and Japan [19]. Peripheral blood eosinophilia and
raised serum IgE levels are usually noted.

FNAC smears shows features of RLH with numerous eosinophils, Warthin-
Finkeldey polykaryocytes and epitheloid cell granuloma. IHC cell block for IgE and
CD3 may help in cytodiagnosis [21].

2.5 Kikuchi-Fujimoto disease

Kikuchi-Fujimoto disease (KFD) also known as histiocytic necrotizing lymphade-
nitis is self-limited benign disease. Kikuchi and Fujimoto et al. first described this
disease in Asia. It often manifests in young adults (younger than 40 years) [22], but it
can occur in any age group with male to female ratio of 1:1 [23]. Most commonly seen
in posterior cervical LN, with concomitant involvement of axillary and/or
supraclavicular LNs. Infrequently lymphadenopathy is generalized. Most frequent
extranodal involvement is skin, bone marrow, and occasionally in the liver. Affected
LNs are tender and painful.

Smears examined in such patients show large accumulations of histiocytes and
abundant karyorrhectic nuclear debris in a background of necrosis. Neutrophils and
eosinophils are rare or absent, an important clue in the diagnosis of this entity.
Lysozyme, myeloperoxidase, CD68, CD163, and CD4 are expressed in the histiocytes.
Lymphocytes are mostly CD3 positive T-cells. The differential diagnosis includes
infectious lymphadenitis, autoimmune lymphadenopathy (primarily SLE lymphade-
nopathy), and non-Hodgkin lymphoma [22].

2.6 Dermatopathic lymphadenitis

Dermatopathic lymphadenitis (DLN) was first coined by Hurwitt et al. It is also
known as lipomelanotic reticulosis [24]. It is a benign form of LN hyperplasia. It is
often seen in patients with skin diseases exfoliative or eczematoid inflammatory
erythrodermas, neoplastic conditions like mycosis fungoides, Sezary syndrome and
uncommonly in the absence of skin disease. Involvement of axillary and inguinal LNs
are most commonly seen. Head and neck region LNs involvement is also seen in few
patients. DLN is rare entity described in association with human immunodeficiency
virus (HIV) infection. FNAC from such patients show numerous noncohesive, pale
histiocyte-like cells. Macrophages contain pigment—either hemosiderin or melanin.
These have small oval nuclei and a better-defined cytoplasm. Eosinophils may also be
seen. The background is predominantly of small lymphocytes which may appear
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slightly atypical but blast forms are less common [24]. IHC should be considered for
confirmation. Histiocytes are S-100, langerin and CD1a positive. DLN is self-limited
and often does not require any therapy [25]. Differential diagnosis include Hodgkin’s
lymphoma and Mycosis fungoides.

2.7 Langerhans cell histiocytosis

Langerhans cell histiocytosis (LCH) is a rare disease, and the estimated annual
incidence ranges from 0.5 to 5.4 cases per million persons [26]. LCH may occur at any
age, but majority of the cases are seen in children younger than 15 years [26]. It has a
varied clinical spectrum from a solitary lesion, to multifocal unisystem to multisystem
lesions. The unifocal form usually involves the bone while the multifocal unisystem
form always involves the bone. The multifocal multisystem form can involve multiple
organs such as bone, skin, liver, spleen, hematopoietic system, and lymph node.

The characteristic cytological features are high cellularity composed of sheets and
isolated Langerhans cells (LC) admixed with polymorphous population of cells com-
posed of eosinophils, neutrophils, lymphocytes, plasma cells, and histiocytes. The key
to the diagnosis is to identify the LC with its characteristic nuclear features; indenta-
tion and nuclear grooves. LCs show positivity for S-100, CD1a, and langerin (CD207).
Ultrastructural hallmark is the presence of Birbeck granule [27].

2.8 HIV lymphadenitis

Human immunodeficiency virus infection/acquired immunodeficiency syndrome
(HIV/AIDS) is a disease caused by the human immunodeficiency virus. LNs are the
major sites of emergence and spread of infection. Hence, frequently these patients
present with lymphadenopathy. Cytologically it is associated with spectrum of
changes from follicular hyperplasia to follicular depletion [28]. Cytological findings
are florid follicular hyperplasia in the background of mature lymphocytes, plasma
cells, and macrophages. These findings are however not pathognomonic [29]. Pres-
ence of many immature cells may be suggestive of lymphoma. Immunophenotyping is
helpful in confirming a polyclonal nature of these cells and are mostly B-cells but
mature T-cells can also be seen [15, 29].

2.9 Rheumatoid arthritis, systemic lupus erythematosus (SLE)

Smears from patients show numerous small lymphocytes, transformed
lymphocytes, and tingible body, some containing Russel bodies [29].

2.10 Castleman’s disease

Castleman’s disease, also known as giant lymph node hyperplasia, is a disease of
unknown etiology. Microscopically, based on histological pattern, two types are
described: hyaline vascular (HV) and plasma cell type.

Hyaline vascular type is more common. It presents as localized enlarged LN
whereas plasma cell type presents with systemic manifestations. FNAC findings in
HV type include follicular hyperplasia admixed with lymphocytes, eosinophils,
immunoblast, and hyalinised capillaries [30]. Cytological findings in plasma cell
type are lymphoid follicular hyperplasia with numerous plasma cells [31].
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2.11 Infectious mononucleosis

Infectious mononucleosis (IM), also known as the kissing disease, is a benign, self-
limited lymphoproliferative disorder due to exposure to Epstein-Barr virus (EBV) or
cytomegalovirus (CMV). The commonest clinical manifestations are pharyngitis,
tonsillitis, LN enlargement (typically affecting cervical LNs) [32]. FNAC show
lymphobhistiocytic aggregates, loose granuloma formations of epithelioid histiocytes
and a spectrum of immunoblast maturation. Some of these immunoblast are atypical
with large irregular nuclei [33].

2.12 Progressive transformation of germinal center (PTGC)

Benign peripheral lymphadenopathy is often under diagnosed. Etiology and path-
ogenesis of PTGC is unknown. It can precede or coexist Hodgkin’s lymphoma (HL) or
nodular lymphocyte-predominant Hodgkin’s lymphoma (NLPHL). FNAC is charac-
terized by reactive follicular hyperplasia along with mantle zone expansion into the
adjacent sinusoids and germinal centers (GC), the follicles with GC become enlarged
and are replaced by small lymphocytes [34]. Differential diagnosis are nodal marginal
zone B-cell lymphoma, small lymphocytic lymphoma (SLL) and mantle cell lym-
phoma. Immunostain help in ruling out differential diagnosis. CD3 and CD20 are
positive in PTGC in B and T cell regions and are negative for CD15, CD30, and EMA.
It is also negative for bcl-2 which is positive in follicular lymphoma [35].

3. Lymphomas

Lymphomas are neoplastic proliferations of lymphoid origin. Broadly classified as
Hodgkin’s and Non-Hodgkin’s lymphomas, they can be both picked up on FNAC
which is also the first line of investigation in their workup. Role of FNAC here is to
diagnose, subclassify and stage the lymphomas. World Health Organization’s (WHO)
classification [36] is relatively easy to apply to cytology smears and requires detailed
cytomorphological, immunophenotypic and molecular features which are easily
obtained by using ancillary techniques on cytology material.

3.1 Hodgkin’s Lymphoma

The global incidence of Hodgkin’s lymphoma is 0.98 per 100,000 population [37].
It shows bimodal peak with first peak in young adults of 15-30 years and second peak
in old age [7, 12]. A third peak is believed to occur in childhood in developing
countries. About 70% patients present with lymphadenopathy affecting the cervical
group of lymph nodes, followed by mediastinal, axillary, and paraaortic nodes [5, 12].
The systemic manifestations including fever, night sweats, and significant weight loss
may be seen in advanced disease. The WHO has classified Hodgkin lymphoma in
following categories [36].

1. Classical Hodgkin lymphoma (CHL)
¢ Nodular sclerosis

* Lymphocyte rich
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* Mixed cellularity
* Lymphocyte depletion
2.Nodular lymphocyte predominant Hodgkin lymphoma (NLPHL)
3.1.1 Classical Hodgkin lymphoma

The smears show the presence of Reed-Sternberg (R-S) cells lying in a polymorphic
cell population comprising of small mature lymphocytes with eosinophils, plasma cells,
histiocytes, and immunoblasts in varying proportions. The classical R-S cells are large
in size ranging from 20 to 50 p in diameter, have moderate to abundant amphophilic
cytoplasm with usually bilobed nuclei however true binucleation or multinucleation
may also be seen. The nuclei have coarsely clumped chromatin and two centrally
placed prominent nucleoli which appear pale gray with MGG stain [6, 7, 12]. A
perinuclear clear halo is also frequently seen. The classical R-S cells are easily
demonstratable in mixed cellularity HL however this typical morphology is often
lacking in other subtypes of CHL. The variants include mononuclear cells which
contain single nucleus with all the above-described features (Hodgkin cells). The
lacunar type of R-S cell is characteristic of nodular sclerosis Hodgkin lymphoma in
histological sections however is occasionally found in cytology smears. These are large
cells having abundant pale cytoplasm with indented or overlapping segmented nuclei.
The nodular sclerosis HL is the most common subtype, yield scanty aspirate with an
increased number of fibroblasts and collagen material. The hypocellular smears often
result in false negative interpretations. The R-S and Hodgkin cells in mixed cellularity
HL are present in a background comprising of small- to medium-sized lymphocytes,
eosinophils, plasma cells, centroblasts, and histiocytes with an epithelioid morphology.
This subtype may mimic suppurative lymphadenitis in cases where neutrophils domi-
nate. The lymphocyte-rich HL shows rare R-S cells and Hodgkin cells of the above-
described features but a background rich in lymphoid cells exhibiting full spectrum
from mature lymphocytes to germinal center formation. Eosinophils and histiocytes
are usually not seen in this subtype.

3.1.2 Nodular lymphocyte predominant Hodgkin lymphoma

The smears of NLPHL show the presence of L and H cells in a background chiefly
composed of small mature lymphocytes. These are giant cells with scant cytoplasm
and multilobated extremely folded popcorn-like nucleus with vesicular nuclear chro-
matin and many small nucleoli. The diagnosis of NLPHL on FNA smears is challenging
as L and H cells are usually difficult to find and are outnumbered by a sea of reactive
small B and T lymphocytes.

Cytologically, NLPHL may be confused with T-cell-rich large B-cell lymphoma
which shows abundant reactive small lymphocytes with only a few neoplastic cells
[10]. These cells on IHC show uniform positivity for CD20 and are negative for CD15
and CD30, thus ruling out the possibility of CHL.

Anaplastic large cell lymphoma (ALCL) also shows large multinucleated cells
which may be indistinguishable from R-S cells though neoplastic cells in ALCL are
much more numerous in contrast to HL, wherein the R-S cells comprise only about
0.1-10% of the total cell population [10]. In addition, ALK1 positivity and gene
rearrangement studies are helpful in the diagnosis of former [15].
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Nasopharyngeal carcinoma commonly metastasizes to cervical LNs and shows
large neoplastic cells simulating R-S cells in an abundant lymphoid background on
cytology. Immunostaining with CK and EMA may be used to exclude HL in such

cases.

A variety of other benign conditions like infectious mononucleosis, toxoplasmosis,
drug-induced lymphadenopathy, post vaccinal lymphadenopathy may show large
atypical immunoblasts with similar morphology as R-S cells, however these cells
usually have coarse nuclear chromatin and smaller nucleoli.

The Hodgkin and R-S cells of CHL show positive immunostaining with both CD15
and CD30 and are negative for CD45, EMA and usually negative for both B and T-cell
markers. Those associated with EBV are positive for EBV-LMP [5, 7, 12].

The L and H cells of NLPHL are positive for CD45 and CD20 and are positive for
EMA in 50% cases. They are however negative for CD15 and may show occasional

positivity for CD30 [5, 7, 15].

There is limited role of FCM in diagnosis of HL. An increase in the CD4+ T cells
with a CD4+/CD8+ of more than 4:1 may serve as a clue, however, is not diagnostic.
NLPHL may show an increased proportion of CD4 + CD8+ (double positive) or CD57

+ T-cells [6, 10].

3.2 Non-Hodgkin lymphoma

3.2.1 Small cell lymphoma

Small cell lymphomas are a group of lymphomas, with predominate monotonous
cell type on first inspection of cells (Table 3). They are encountered on regular basis
by cytopathologist and needs a good understanding of various differentials to make

correct diagnosis highlighted in Table 4.

Precursor B lymphoid neoplasms

Precursor T lymphoid neoplasms

B-lymphoblastic leukemia/lymphoma, NOS

T-lymphoblastic leukemia/lymphoma

B-Lymphoblastic leukemia/lymphoma with
recurrent genetic abnormalities

Mature B-cell neoplasms

Mature T-cell neoplasms

B-cell prolymphocytic leukemia

T-cell prolymphocytic leukemia

Chronic lymphocytic leukemia (CLL)/small

T-cell large granular lymphocytic (LGL) leukemia

lymphocytic lymphoma
Follicular lymphoma NK-lymphoblastic leukemia/lymphoma
Mantle cell lymphoma Adult T-cell leukemia/lymphoma (ATCL)

Marginal zone lymphoma—Nodal and extranodal

Angioimmunoblastic T-cell lymphoma (AITL)

Lymphoplasmacytic lymphoma

Anaplastic large cell lymphoma, (ALCL) T/null-cell

T-cell/histiocyte-rich large B-cell lymphoma

Mycosis fungoides

Burkitt lymphoma

Hepatosplenic T cell lymphoma

Diffuse large B-cell lymphoma (DLBCL), NOS

Table 3.

Simplified WHO classification for Non-Hodgkin’s lymphoma.
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Differential Cytology Immunocytochemistry
diagnosis
Mantle cell * Monomorphic population of small * Positive: CD5, FMC-7, Cyclin D1
lymphoma lymphoid cells * Negative:CD10, CD23, CD38
Small cell * Admixed larger paraimmunoblasts and * Positive: CD23, CD5
lymphocytic centroblasts * Negative:CD10, CD38, FMC-7,
lymphoma Cyclin D1
Follicular lymphoma ¢ Positive: CD10, BCL2, CD23

* Negative: CD5, CD38, Cyclin D1
Marginal zone * Heterogeneous population of cells * Positive: Surface Ig
lymphoma including monocytoid cells, plasma cells, ¢ Negative: CD5, CD10, CD23,

and centroblasts

CD38, Cyclin D1

Lymphoplasmacytic *
lymphoma

Small lymphocytes, plasmacytoid, and
plasma cells.
PAS positive intranuclear inclusions

¢ Positive: CD38
* Negative: CD5, CD10, CD23,
Cyclin D1

Table 4.

Types of small cell lymphomas and their distinguishing features [7].

Next, individual small B cell NHLs are discussed in detail, to provide all the
available information to the cytopathologists and help them in differentiating these

similar pathologies.

3.2.1.1 Mantle cell lymphoma

Mantle cell lymphoma (MCL) is an aggressive B-cell lymphoma, which mainly
affects elderly men. MCL represents 3-10% of all NHLs. Most common presentation is
generalized lymphadenopathy and hepatosplenomegaly, with lymphoma cells seen in
blood of 25% of cases. Sometimes extranodal sites like gastrointestinal tract are
involved. The median survival is 3-5 years.

Cytology smear shows a monomorphic population of small to intermediate cells
with nuclear membrane irregularities and indentations, fine nuclear chromatin,
inconspicuous nucleoli, and scant cytoplasm. An aggressive blastoid variant can have
intermediate to large cells with large nuclei having irregular margin, finely dispersed
chromatin, and multiple small nucleoli. Blastoid variant has high mitotic activity

[7, 38, 39].

Neoplastic cells express CD19, CD20, CD5, CD79b, Cyclin D1, and FMC7 while
negative for CD10 and CD?23. Light chain restriction is seen mostly in the form of

kappa restriction.

Mantle cell lymphoma shows diploid cells while blastoid variant mostly shows a
tetraploid population with high proliferative activity, suggestive of a high-grade

lymphoma [39].

Characteristic genetic abnormality seen is t(11;14) (q13q32) translocation, leading
to overexpression of cyclin D1, a cell-cycle protein [40].

3.2.1.2 Follicular lymphoma

Follicular lymphoma is a tumor of follicular center B-cells. It is a common NHL,
constituting 20-35% and is seen mostly in elderly patients. Most common presentation
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is generalized lymphadenopathy with spleen and bone marrow involvement [7, 36].
This is a mildly aggressive lymphoma with high 5 years survival rate.

Follicular lymphomas show a mixture of small, irregular lymphocytes, and larger
cells. The small lymphocytes, have irregular nuclear contours and inconspicuous
nucleoli while larger cells (centroblasts) are characterized by sharply demarcated
basophilic cytoplasm, round, noncleaved nuclei with finely granular chromatin and
prominent 2-3 peripheral nucleoli.

FL is positive for CD19, CD20, CD10, and bcl-2 while it is negative for CD5.

Neoplastic cells show t(14;18) (q32; 21) translocation that results in the
rearrangement of the bcl-2 gene and in the expression of the “antiapoptosis” gene [41].

3.2.1.3 Lymphoplasmacytic lymphoma

Lymphoplasmacytic lymphoma (LPL) accounts for only 1.5% of all nodal lym-
phoma and is seen mostly in elderly. Most common involvement is seen in lymph
node, spleen, and bone marrow along with peripheral blood. Elevated levels of mono-
clonal serum paraprotein of the immunoglobulin M type are seen in most of the
patients that sometimes result in symptoms of hyperviscosity (Waldenstrom macro-
globulinemia). LPL shows an indolent course and may very rarely transform into
DLBCL.

Cytology smears show abundant small lymphocytes, plasmacytoid, and plasma
cells. Occasionally, PAS-positive intranuclear inclusions known as Dutcher bodies
may be observed.

Neoplastic cells are positive for CD19, CD20, CD22, CD79a, CD38 and shows light
chain restriction while being negative for CD5, CD10, CD23.

Neoplastic cells may show a variety of immunoglobulin heavy chain and light
chain genes rearrangement, but no single characteristic chromosomal abnormality is
known.

3.2.1.4 Marginal zone lymphoma

Marginal zone lymphoma (MZL) is a relatively uncommon low-grade B-cell lym-
phoma. MZL may be nodal or extranodal. Extranodal MZL is commonly known as
MALT lymphoma and constitute 7-8% of all lymphomas. Most common sites of
extranodal MZL are stomach, eye, thyroid, salivary gland, lung, and skin [42]. MALT
lymphoma shows a strong association with autoimmune diseases, such as Hashimoto’s
thyroiditis, Sjogren’s syndrome, and Helicobacter pylori infection-induced gastritis.

Cytology smear shows a heterogeneous population of monocytoid cells, small,
cleaved cells, large cells, and plasma cells. The monocytoid cells have moderate to
abundant amounts of pale cytoplasm. The nuclei can vary from oval to reniform
shape, with vesicular or coarse chromatin and inconspicuous nucleoli [43].

Neoplastic cells are positive for CD19, CD20, CD22 and surface Ig while are
negative for CD5, CD10, CD23, and CD103.

Trisomy 3 and t(11;18), (q21;q21) translocations have been reported in extranodal
MZL [44].

3.2.1.5 Small lymphocytic lymphoma

Small lymphocytic lymphomas (SLL) are seen mostly in older adults, with bone
marrow and peripheral blood involvement in many cases. It is an indolent disease. It
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may undergo transformation into high grade lymphoma like prolymphocytic lym-
phoma (PLL) or large-cell lymphoma (Richter syndrome).

SLL shows a monomorphic population of small, round lymphocytes with nuclei
that have a checkerboard pattern of clumped chromatin. Prolymphocytes and
paraimmunoblasts are scattered in the background. Prolymphocytes are slightly larger
than paraimmunoblasts, but both have gray-blue cytoplasm, round nuclei and a
prominent nucleolus (Figure 2). Unfavorable cytological features are, increase in the
number of paraimmunoblasts, presence of plasmacytoid cells, mitotic figures,
apoptotic bodies, necrosis, and a myxoid, dirty background [45].

Neoplastic cells are positive for CD19, CD20, CD5,CD43, CD23 and shows light
chain restriction while they are negative for CD10 and FMC?7.

Deletion of chromosome 13q14 is the most common genetic abnormality, followed
by trisomy 12 [46].

3.2.1.6 Burkitt lymphoma

Burkitt lymphoma (BL) is a highly aggressive and potentially curable lymphoma
commonly occurring in children. It can occur in three clinical settings. (1) The
endemic BL is seen almost exclusively in children aged 4-7 years old in Africa and to a
lesser extent in Middle east and south America. Jaw and facial bones are the most
common sites, other extranodal sites being intestine, breast, and ovary. (2) The
sporadic variant commonly presents as an abdominal mass and occurs in children and
young adults. (3) The immune deficiency-associated variant is commonly seen to be
associated with HIV. BL has a very high tumor burden with a doubling time of
24 hours in some cases [47]. EBV is seen to be commonly associated with BL: almost
all cases of endemic, 30% cases of sporadic and 25-40% cases of immune deficiency
associated BL [48].

The aspirates are hypercellular with a uniform monotonous population of
medium-sized cells with round nuclei, coarse chromatin, and multiple (2-5) small but

Figure 2.
Small lymphocytic lymphoma showing mature lymphocytes with vound nucleus, coarsely clumped chromatin and
indistinct nucleoli (MGG-600x).
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prominent nucleoli. The cytoplasm is abundant, blue, and vacuolated (especially in
air dried Romanowsky smears) (Figure 3). The formalin-fixed cell blocks as well as
tissue sections have a starry sky appearance due to the abundance of tingible body
macrophages and numerous apoptotic cells (Figure 4).

The diagnosis of BL is imperative because it warrants a more aggressive chemo-
therapy regimen than DLBCL. The cells of BL are positive for CD19, CD20, CD10, slg,
IgG heavy chain or kappa/lambda light chains and BCL6. Ki67 index is usually 100%.
The diagnosis is done based on morphology, characteristic immunophenotype, and
demonstration of MYC translocation via karyotyping or FISH. Demonstration of MYC
translocation can also be done by ICC/IHC, with nuclear immunoreactivity in >40%
of cells termed as positive [49]. The most common translocation (80%) is t(8,14)
where MYC translocate from chromosome 8 to Ig heavy chain on 14. Other trans-
locations seen are t(2,8) and t(8,22) where the translocation occurs with the light
chain. MYC translocation is highly characteristic but not specific.

3.2.2 Large cell lymphomas
3.2.2.1 Diffuse large B cell lymphoma

Diffuse large B cell lymphoma is a very commonly encountered NHL and com-
prises 30-40% of adult NHLs. Extranodal disease is seen in about 40% of patients,
with stomach being the most common site [50]. Previously, three morphologic sub-
types were recognized which later proved to be clinically irrelevant. Two molecular
subtypes are now recognized based on gene expression profiling: germinal center B
cell (GCB) like and activated B cell (ABC) like with the latter having poor prognosis
and poor survival after chemotherapy.

FNA smears show variable cellularity with mediastinal and extranodal sites fre-
quently having low cellularity. This might be because of extensive sclerosis or sparse

Figure 3.
Large cell lymphoma (Burkitt lymphoma) dirty proteinaceous background with cells showing marked
pleomorphism, scanty to moderate cytoplasm, indented nuclei and frequent mitosis (MGG; 400X ).
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Figure 4.

Large cell lymphoma (Burkitt lymphoma) dirty proteinaceous background with cells showing marked
pleomorphism, scanty to moderate cytoplasm, indented nuclei and frequent mitosis (Hematoxylin and eosin 200 x
cell block preparation,).

distribution of cells commonly seen in these sites. However, most smears are moder-
ately cellular with sheets of large, atypical cells. The cells are categorized as large when
the nucleus size is more than histiocytes nucleus or twice more than a lymphocyte’s
nucleus.

The centroblastic variant comprises of a predominant population of centroblasts
with characteristic round nuclei and multiple small nucleoli. The immunoblastic var-
iant has a pleomorphic cell population with large blast cells having abundant blue
cytoplasm, perinuclear pale zone and round-irregular nucleus with single prominent
nucleoli. Anaplastic variant has cells with bizarre pleomorphic nucleus with
multinucleation. These cells may resemble RS cells or ALCL cells (Figure 5).

Cell blocks are useful to differentiate these large cell lymphomas from indolent
low-grade ones by providing architectural insight. DLBCL is positive for CD19, CD20
and CD10 (Figure 6). Approximately 40-60% of these lymphomas are positive for
MUM1 and BCLS6 is positive in majority (60-90%) [51]. Aberrant co-expression of
CDS5 and aberrant loss of immunoglobulin expression can also be seen. The GCB type
DLBCL is positive for BCL6, negative for MUM1, and positive/negative for CD10. The
non-GCB subtype (including ABC) are either double negative for CD10 and BCL6 or
positive for both BCL6 and MUML. Positivity for both BCL2 and MYC on IHC clas-
sifies it as double expressor DLBCL, seen in about 30% of DLBCL, NOS cases [52].
Positivity is defined as >30% cells expressing the marker. These cases portend a poor
prognosis for the patient with relapse and CNS involvement being more commonly
seen. If MYC and BCL2 rearrangements are confirmed by FISH, it used to be termed
double hit DLBCL, but it has been categorized as a separate entity now: high grade
lymphoma with MYC and BCL2 rearrangement. Virtually all cases of DLBCL have
heavy or light chain gene rearrangements. Some cases might have t(14,18), if there is a
history of follicular lymphoma. On FCM, the large cells may appear outside of the
usual lymphoid gate with higher SS and FS.(Sometimes, the cell count in FCM is low
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Figure 5.
Diffuse large B-cell lymphoma-highly cellular smear with large atypical lymphoid cells, marked nuclear
pleomorphism and high N:C ratio (MGG; 1000 x).

- TSP -

Figure 6.
Diffuse large B-cell lymphoma-CD2o0 positive large atypical lymphoid cells (ICC; 600x).

as the large cells are fragile and may not survive processing. However in most of the
cases on gating CD45 dim population with CD10 (mayor may not be present) CD19
and CD79 expression with light chain expression (Figure 7).

3.2.2.2 T cell/histiocyte rich B-cell lymphoma

It is subtype of DLBCL where histiocytes and reactive T cells are present in such
abundance as to obscure the tumor cells. It commonly affects men in middle age [53].
The smears are cellular with a predominant population of small mature lymphocytes.
Variable number of scattered histiocytes are also seen along with scattered large cells
such as anaplastic, centroblasts, popcorn like or occasionally RS cells. It is diagnosed
on cytological smears with difficulty and usually immunophenotyping on cell/tissue
blocks is needed for definitive diagnosis. The smaller cells are positive for CD3, CD5,
and CD8 and the large cells express DLBCL phenotype.
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Figure 7.
Expression of CD19 and kappa chain restriction (FCM).

3.2.2.3 Precursor lymphoblastic lymphoma/leukemia

Precursor Lymphoblastic Lymphoma/Leukemia (LBL) is commonly seen in older
children or young adults and is a neoplasm of immature lymphoid ells. T-LBL is more
common and constitutes 90% of lymphoblastic lymphomas [54]. The patients usually
present with a mediastinal mass and can rapidly progress to involve the peripheral
blood, bone marrow, CNS, and gonads. B-LBL is less common and involves lymph
nodes, skin, and even bones.

The FNA smears are hypercellular and show a homogenous population of small to
medium-sized cells with high N:C ratio, lobulated, convoluted, or round nuclei and
speckled chromatin with 2-3 prominent nucleoli. There will be frequent mitosis and B
and T LBLs are morphologically similar. Certain clues like exaggerated convolution,
cerebriform nuclei point toward T-LBL.

Demonstration of immunoexpression of TdT by IHC or FCM that occurs exclu-
sively in LBL help in differentiating them from rest of the lymphomas. T-LBL would
demonstrate positivity with surface/cytoplasmic CD3 and other T cell markers like
CD5, CD7 depending on the stage of development. Other markers include CD2, CD34,
CD4, and CD8. 20% of T-LBLs show positivity for NK cell markers like CD16 and
CD56 [55].

B-LBL expresses B lineage markers like CD19, CD79a, and PAX5. CD20 is positive
in 50% of the cases. CD10 is positive in the CALLA variant. While surface IG are
usually negative, cytoplasmic Ig can be expressed in pre-B LBLs.
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3.2.2.4 Anaplastic large cell lymphoma (ALCL)

Anaplastic large cell lymphoma (ALCL) is a separate entity for T-cell and null cell
types in WHO classification of haematolymphoid neoplasms. It accounts for about 3%
of adult non-Hodgkin lymphomas and 10-20% of childhood lymphomas [56]. ALCL
affects children and young adults but can occur in any ages. Apart from lymph nodes,
the extranodal sites involved are skin, bone, lung and soft tissues.

The aspirate smears are moderately to highly cellular. The most common morpho-
logic variant of ALCL is pleomorphic type in which large pleomorphic cells with
eccentric, horseshoe-shaped or kidney-shaped nuclei are present: hallmark cells.
These cells have fine or clumped chromatin with prominent basophilic nucleoli and
usually abundant amphophilic cytoplasm. Another characteristic cell type are
Doughnut cells which are multinucleated giant cells with abundant clear or basophilic
cytoplasm and multilobate nuclei in wreath like pattern. There is a paucity of
lymphoglandular bodies. Necrosis and inflammation are also seen commonly.

Small cell variant of ALCL has small to medium sized cell with irregular nuclei and
moderate amount of cytoplasm. The other two common morphologic types are
small cell variant (that might resemble PTCL) and lymphobhistiocytic variant which
has numerous histiocytes that might mask the tumor cells. Both small cell and
lymphohistiocytic variant have a worse prognosis with more tendency for leukemic
spread [57].

IHC on cell block with CD30 markers shows perinuclear dot-like or strong mem-
branous positivity while being negative for CD15. ALCL also expresses T-cell markers
such as CD2 and CD4 but 15% cases have null-type phenotype [58]. The chromosomal
translocation t(2,5) is seen where ALK gene on chromosome 2 fuses with NPM
(nucleophosmin) gene on chromosome 5. This gene product (ALK) can also be dem-
onstrated by ICC. EMA immunoexpression also helps to differentiate ALCL from
other lymphomas. FCM is rarely useful with necrosis and surrounding inflammation
confounding the results. Demonstration of TCR-gamma/delta is usually helpful to
establish clonality. FISH can also be used for demonstration of the translocation using
the break apart probe.

3.2.2.5 Peripheral T-cell lymphoma

Peripheral T-cell lymphoma (PTCL), has a mature or post thymic phenotype,
unspecified accounts approximately half of the case of PTCL. PTCL affects adult
population more commonly but can also affect children. Along with generalized
lymphadenopathy, there might be involvement of bone marrow, liver, spleen, and
extranodal tissues too.

The aspirate smears of PTCL are highly cellular and pleomorphic. They show a
spectrum of atypical cells from large to small cell type [59]. The larger cells have large
single to multiple nuclei that have fine to clumped chromatin, smooth to irregular
border and huge nucleoli (Figure 8). The presence of multiple nuclei and prominent
nucleoli may give the appearance of RS cells/variants. However, cytoplasm is usually
abundant and pale gray and may point toward it being a T-cell lymphoma rather than
B-cell. The small morphologic type has tumor cells which are only slightly bigger than
small mature lymphocytes, however have irregular nuclear contour with nuclear
indentations, cleaving and folding. The nuclei have clumped chromatin and incon-
spicuous nucleoli. Intermediate sized cells of PTCL show features which are a mix of
both large and small cell type.
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Figure 8.

T-cell lymphoma; large pleomorphic cells with indented, folded nuclei and 1—2 distinct nucleoli (MGG; 1000 X).

ICC can be used to demonstrate the T cell phenotype. There is variable expression
of pan T-cell markers like CD3, CD5, and CD2. CD7 expression is seen to be frequently
lost. There is variable expression of CD4 and CD8 and CD4 positivity is more com-
monly seen than CD8 (Figure 9). The cells can also be dual negative or dual positive
for CD4 and CD8. CD30 and CD52 are other markers that can be positive in 50% of
the tumor cells [60, 61]. FCM can be helpful to isolate the clonal subset with aberrant
T-cell phenotype but usually falls short of making a definitive diagnosis. PCR can be
used to demonstrate T-cell receptor rearrangement.
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Expression of CD7 and CD34 (on FCM).
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4. Metastatic lymph node disease

Lymph nodes contain blood, lymphatic vessels and stromal tissue.

Metastatic disease of LN often shows diffuse involvement and can be picked up on
cytology. FNAC is of considerable value in disease staging and documentation of
metastasis in both known and occult tumors. In more than 90% cases of lymph node
metastasis, primary site of origin is already known [62].

Carcinomas show lymphatic pattern of dissemination thus lymph nodes are com-
monly involved. In well-differentiated squamous cell carcinoma (SCC), the tumor
cells have hyperchromatic nuclei with individual cell keratinization. The tumor cells
often show necrotic background. Thus, in case of low cellularity smears with abun-
dant necrosis, a careful search for the tumor cells is required (Figure 10) [63].
Branchial cleft cyst and epidermal inclusion cyst are close differentials due to presence
of amorphous debris with necrotic parakeratotic cells. Poorly differentiated squamous
cell carcinoma which might demonstrate cell clusters showing thick nuclear mem-
brane and prominent nucleoli pose a diagnostic challenge and often becomes difficult
to distinguish from adenocarcinoma [64].

In Metastatic adenocarcinoma, the cells are usually arranged in acinar or glandular
pattern and are large, cuboidal to columnar with moderate amount of cytoplasm and
pleomorphic nuclei with prominent nucleoli. Vacuolated cytoplasm usually indicates
intracellular mucin accumulation (Figure 11). Presence of intracellular mucin and
necrosis, usually suggests gastro intestinal tract as primary site of origin. Moderately
pleomorphic glandular cells with gland-in gland formation suggests metastasis from
prostatic carcinoma. Metastasis from renal cell carcinoma shows large cells with
abundant pale, granular vacuolated cytoplasm and prominent nucleoli. Similarly,
large cells with prominent nucleoli supports the diagnosis of anaplastic carcinoma of
lung and nasopharynx. Metastatic deposit of Papillary thyroid carcinoma displays a

Figure 10.

Squamous cell carcinoma cellular smears with necrotic background showing polygonal cells with intercellular
bridges, blue cytoplasm, Ink dot pyknotic nuclei and bizzare nuclear forms. Also seen are tumor giant cells (MGG;
400X).
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Figure 11.
Cuboidal to columnar cells in acini with palisaded glands. Cells show cytoplasmic extension, vacuolation,
moderate nuclear pleomorphism, and compact chromatin (MGG; 40 x).

papillary pattern with central fibrovascular core along with nuclear grooving and
intranuclear inclusion. Metastatic ductal carcinoma of breast shows high cellularity
with several loose clusters of tumor cells having moderate to abundant cytoplasm with
pleomorphic nuclei and prominent single to multiple nucleoli [63].

The role of FNA for searching unknown primary tumor can be facilitated by ICC
on aspirated smears/cell block. In metastasis from epithelial tumors, the IHC/ICC
expression of CK7 and CK20 profile helps to triage according to the origin from
primary tumor. Table 5 summarizes CK7 and CK 20 immunohistochemical markers
in various epithelial malignancies.

Though the risk of LN metastasis is low in malignant round cell tumors (SRCT),
they may be seen on LN aspirates, for example, Ewing sarcoma, rhabdomyosarcoma,
retinoblastoma, neuroblastoma, hepatoblastoma, Wilms tumor and osteogenic sarcoma
(small cell variant). These tumors can be differentiated with the help of IHC markers.
Cytologically, these tumors are composed of uniform population of round to oval cells
with scanty, basophilic cytoplasm; mixed populations of small and large cells present in
some tumors like neuroblastomas. These tumors consist of cells size of approximately
three times the small mature lymphocyte and hyperchromatic nucleus with evenly
distributed chromatin with cytoplasm usually scanty with lack of nucleoli and very high
nucleo-cytoplasmic ratio [63]. Metastasis from small cell carcinoma undifferentiated
type arising from lung show cohesive clusters of tumor cells with scant cytoplasm,
coarse chromatin, frequent mitosis and necrosis thus, it is important to differentiate
from small and medium sized lymphoma and large cell lymphoma [65].

Metastasis from malignant melanoma have dissociated cells, well defined
cytoplasm, eccentric nuclei, dense chromatin, and rarely cells have intracytoplasmic
pigment. ITHC analysis for S-100, Melan A and HMBA45 are of great value in diagnosing
the melanoma [66].
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CK7+/CK20— CK7-/CK20+ CK7+/CK20+ CK7—-/CK20—
Breast carcinoma Colorectal Urothelial carcinoma Prostatic

Lung adenocarcinoma adenocarcinoma Pancreatic adenocarcinoma
Endometrial Merkel cell carcinoma adenocarcinoma Renal (clear cells)
adenocarcinoma Bladder carcinoma Hepatocellular
Endocervical Cholangiocarcinoma carcinoma
adenocarcinoma Adrenocortical
Ovarian (serous) carcinoma

carcinoma

Small cell lung carcinoma
Thyroid carcinoma
Salivary gland tumors
Kidney (papillary)

Gastric adenocarcinoma

Table 5.
Immunohistochemistry for carcinoma of unknown primary.

Metastatic sarcomas are very uncommon in lymph nodes [67]. Cytological features
of sarcomas are varied in different types. More common sarcomas metastatic to lymph
node include synovial sarcoma, Kaposi sarcoma, Follicular dendritic cell sarcoma,
epitheloid sarcoma rhabdomyosarcoma. and epithelioid sarcoma.

5. Lymph node FNA cytology reporting using Sydney system

The current WHO classification of lymphoproliferative disorders incorporates
clinical, morphological, and ancillary data that are required for specific diagnoses.
Despite the tremendous progress made in performing and interpreting LN-FNAC
and its correlation with ancillary tests, the technique is not uniformly accepted by
clinicians and pathologists. This is mainly due to the lack of widely shared and
accepted guidelines and a cytopathological classification that directly relates to
management. The proposal of the Sydney system for performing classification and
reporting of lymph node cytopathology was published by an expert panel. Table 6
highlights the proposed Sydney classification for reporting the lymph node cyto-
pathology [68].

Fine needle aspiration cytology is an invaluable tool in the workup of lymphade-
nopathy, neoplastic and non-neoplastic. Lymph nodes offers the most fulfilling diag-
nostic experience to a cytopathologist. This is considered first line investigation for
superficial or deep seated and inoperable lymphoid masses.

The introduction of a standardized reporting system viz The Sydney system shall
help in streamlining the quality of procedure, optimal utilization of material for
ancillary testing and better understanding of the report communicated to the clini-
cian, overall aiding patient care. With proper utilization of FNAC, unnecessary surgi-
cal interventions in cases of infective, lymphoproliferative, and metastatic disorders
might be avoided. The ever increasing use of FCM and molecular testing in the
diagnostic workup of lymphoproliferative disorders and the ease and suitability of
FNAC in obtaining tissue sample for these testing, an increasing reliance on FNAC as
preferred modality can be foreseen.
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1.Inadequate/non-diagnostic

Blood only
Necrosis

Repeat FNAC

2. Benign

Acute lymphadenitis

Reactive hyperplasia
Granulomatous lymphadenitis
Necrotising granulomatous
lymphadenitis

1.PCR and microbiological culture
for organisms.

2.Methanamine staining of a cell
block to confirm or demonstrate a
specific fungal infection.

3.Flow cytometry confirming a
reactive lymphoid population.

3. Atypical cells of
undetermined significance/
atypical lymphoid cells of
uncertain significance.

Atypical non-lymphoid cell
Atypical lymphoid cell

1.Flowcytometery
2.Core needle biopsy
3.Wait and watch.

4. Suspicious for malignancy

Suspicious for metastasis
Suspicious for lymphoid malignancy

1.Flowcytometery

2.Cell Block IHC

3.If no ancillary test available:
Excisional biopsy.

5. Malignant

Metastases

Metastatic squamous cell carcinoma
Metastatic adenocarcinoma
Metastatic breast carcinoma
Metastatic small cell carcinoma
Metastatic melanoma
Metastatic poorly differentiated
carcinoma

Metastatic thyroid carcinoma
Non-Hodgkin’s lymphoma
Hodgkin’s lymphoma

Leukemia infiltration

Burkitt lymphoma

1.IHC on a cell block to diagnose
the type and origin of a metastatic
carcinoma.

2.Flow cytometry
immunophenotyping and
conventional cytogenetics or FISH
for specific type of lymphoma.

Table 6.
Sydney system classification.
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Chapter 5

Histopathologic Diagnosis of

Neuroendocrine Neoplasms
of Head and Neck, Lung and
Gastrointestinal Tract

Liberty Bonestroo and Emilian Racila

Abstract

Neuroendocrine neoplasms are classified as epithelial and non-epithelial based
on their origin being from epithelial neuroendocrine progenitor cells or derived
from the neural crest. The latter are negative for cytokeratin (hence non-epithelial)
and mostly result from neoplastic transformation of paraganglia. Here, we are
reviewing the most important histologic and immunophenotypic characteristics of
neuroendocrine carcinomas as well as the current WHO classification guidelines. The
terminology of neuroendocrine neoplasms is confusing due to various classification
systems employed for each internal organ. In the lung and GI tract, for example,
“neuroendocrine tumors” comprise carcinomas of different degree of differentiation
and histologic grade. While in the lung the term refers strictly to low-grade neuro-
endocrine carcinomas, in the GI tract it comprises both low- and high-grade neuro-
endocrine carcinomas. Despite concerted efforts to unify the overall classification of
neuroendocrine carcinomas across organs, major differences continue to persist.

Keywords: neuroendocrine neoplasms, histopathologic diagnosis,
immunohistochemistry, Ki-67, small cell carcinoma

1. Introduction

The diagnosis of neuroendocrine neoplasms of the head and neck, lung, ad GI tract
share many common features, however, as mentioned, terminology can be confusing
among the entities. We aim to provide clarity and simplify the schema for making a
histopathologic diagnosis of neuroendocrine neoplasms while maintaining the cur-
rent WHO guidelines for neuroendocrine tumor classification based on each organ.
Misdiagnosing neuroendocrine carcinomas is not unusual and lead to improper thera-
peutic management. We occasionally come across such cases in our practice. The most
common cause for misdiagnosis of a low-grade neuroendocrine tumor of the lung as
small cell lung carcinoma (SCLC), for example, is limited tissue obtained as part of a
biopsy combined with lack of experience and inadequate or insufficient use of ancil-
lary studies that can aid in proper classification. We would strongly recommend the
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use of Ki-67 immunohistochemistry study whenever typical morphologic features of
SCLC are not seen in a biopsy specimen (e.g., rather nested growth pattern than large
sheets of tumor cells, no or only focal necrosis, mitoses are not readily observed etc.). In
general, the pathologist should refrain from classifying a neuroendocrine neoplasm as
SCLC if Ki-67 proliferation index is less than 50% overall. Rather, obtaining more tissue
for diagnosis may be suggested. The management of typical and atypical carcinoids is
entirely different than SCLC, as in the later surgical resection is not an option in most
patients. Neuroendocrine neoplasms variably express markers of neuroendocrine dif-
ferentiation (synaptophysin, chromogranin, neural specific enolase (NSE), CD56 and
INSM1), are comprised of tumor cells of epithelial or neuronal/neuroectodermal origin
and occur at various anatomic sites throughout the body. Since in poorly differentiated
tumors the expression of commonly used neuroendocrine markers like chromogranin
and synaptophysin may be lost, the use of second-generation neuroendocrine differ-
entiation biomarkers, especially the INSM1 (nuclear transcription factor that regulates
neuroendocrine differentiation) has been shown to be helpful. Within the category of
“neuroendocrine neoplasms” these tumors share similar morphologic and cytologic fea-
tures, though features can vary depending on anatomic site and degree of differentiation.
A word of caution regarding use and interpretation of neuroendocrine markers: there are
malignancies that are not neuroendocrine but may be misinterpreted as either small cell
or large cell neuroendocrine carcinomas due to aberrant expression of above-mentioned
markers. In alveolar rhabdomyosarcomas of nasal cavity, for example, in addition to
neuroendocrine markers, even unusual expression of cytokeratin may be seen. In such
cases, the reviewing pathologist’s experience in pattern recognition and keeping an

open mind to alternative possibilities, is of most importance. Equally important is good
communication among all medical staff involved in patient’s care. In larger centers, it is
common practice to discuss complex cases in interdisciplinary tumor boards, where all
those involved, surgeons, oncologists, radiologists and pathologists, are present, ensuring
that the therapy is appropriately tailored to the needs of every patient.

The histopathologic diagnosis of neuroendocrine neoplasms begins with the
identification of neuroendocrine morphology. Classification and grading of the
neoplasm varies based on the anatomic site. Generally, poorly differentiated neuro-
endocrine neoplasms are high-grade, with well-differentiated neoplasms falling into
the low-grade category. The immunohistochemical profile and expression of neuro-
endocrine differentiation markers (synaptophysin, chromogranin, INSM1 and CD56)
are essential for diagnosis. One should also evaluate for the presence and degree of
necrosis. Mitotic count and Ki-67 proliferation index are important, with mitotic
activity expressed as mitoses per 2 mm? area or 10 high-power fields (hpfs). When
evaluating the Ki-67 proliferation index, the count should be performed on “hotspot”
regions within the neoplasm, per WHO classification guidelines. When finalizing
the pathologic report, the number of mitoses counted within the total area should
be included in the final report, either as number of mitoses per 10hpfs or per mm”.
Additionally, in some cases, neuroendocrine tumors may have both neuroendocrine
and non-neuroendocrine elements such as squamous cell or adenocarcinoma, encom-
passing the so-called “mixed” or “combined” malignancies.

2. Head and neck

Head and neck neuroendocrine carcinomas are rare neoplasms, accounting for
less than 5% of all head and neck malignancies. With the 5th edition of the WHO
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head and neck neuroendocrine neoplasms (NEN), classification has been revised to
include both the WHO and IARC unified terminology framework. With this classifi-
cation, the upper aerodigestive tract and salivary gland NENSs are included as a group.
The classification of neuroendocrine neoplasm (NEN) can be further subclassified
into well-differentiated neuroendocrine tumors (NETs) and assigned to prolifera-
tive grades 1, 2, and 3, while the poorly differentiated neuroendocrine carcinomas
(NECs), including small cell and large cell neuroendocrine carcinoma, are grouped
separately, similarly to general classification used for GI tract malignancies. To date,
the G3 NET category remains provisional (Figure 1, Table1).

Figure 1.

Loi)u-gmde neuroendocrine tumors of lung. Carcinoids ave chavacterized by organoid histologic pattern,
frequently nested or trabecular, with no or only focal areas of necrosis (a, 100X; B, 200X). There is mild to
moderate cytologic/nuclear atypia and mitoses ave either absent or varely observed (C, 400X). Cytokeratin is
diffusely expressed (D, cytokeratin AE1/AE3 immunostain, 200X). These tumors are also diffusely positive for
neuroendocrine markers (E, synaptophysin, 100X; F, chromogranin, 100X).

Well differentiated
~— Neuroendocrine Tumor,
Grade 1 (NET, G1)

Well differentiated
Neuroendocrine Tumor,
Grade 2 (NET, G2)

Well differentiated
neuroendocrine tumors

Well differentiated
——  Neuroendocrine Tumor,
Neuroendocirne Neoplasms— Grade 3 (NET, G3)*

Small cell Neuroendocrine
Carcinoma

Poorly differentiated
neuroendocrine carcinoma

Large cell Neuroendocrine
Carcinoma
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Neoplasm Tumor category Diagnostic criteria
Well differentiated Well differentiated Neuroendocrine Necrosis absent AND < 2
neuroendocrine neoplasm Tumor, Grade 1 (NET, G1) mitoses/2 mm?>
(Neuroendocrine Tumor, NET) Ki-67 < 20%*
Well differentiated Neuroendocrine Necrosis present AND/
Tumor, Grade 2 (NET, G2) OR > 2-10 mitoses/2 mm”
Ki-67 < 20%*
Well differentiated Neuroendocrine SCNEC or LCNEC
Tumor, Grade 3 (NET, G3)* cytomorphology absent >10

mitoses/2 mm?
Ki-67 > 20%*

Poorly differentiated Small cell Neuroendocrine Carcinoma SCNEC cytomorphology™*

neuroendocrine neoplasm (SCNEC) >10 mitoses/2 mm?

(Neuroendocrine Carcinoma, Ki-67 > 70%

NEC) . . ok
Large cell Neuroendocrine Carcinoma LCNEC cytomorphology
(LCNEC) >10 mitoses/2 mm’

Ki-67 > 40%

*Provisional criteria applied at this time.

**Small cell NEC cytomorphology: minimal cytoplasm, hyperchromatic molded nuclei, finely granular chromatin,
inconspicuous nucleoli, and cell size smaller than combined diameter of three lymphocytes, prominent apoptotic bodies,
and necrosis.

***Large cell NEC cytomorphology: nested, organoid or trabecular growth with abundant cytoplasm, round nuclei with
prominent nucleoli, peripheral palisading, rosette formation, comedo-pattern necrosis.

Table 1.
Epithelial neoplasms of the upper aerodigestive tract and salivary glands.

2.1 Neuroendocrine tumor (NET)

Neuroendocrine tumors of the head and neck are well-differentiated neoplasms
of neuroendocrine differentiation and can arise in the nasal cavity, paranasal sinuses,
nasopharynx, oropharynx, larynx, and rarely in salivary glands and the oral cavity.
Sinonasal NETSs occur within the sinuses and the nasal cavity. The tumors macro-
scopically appear as polypoid, nodular or exophytic masses that may ulcerate and
bleed. Histologically, these tumors are well-differentiated epithelial neoplasms.
Architecturally, they are comprised of nests, trabecula, or cords of neuroendocrine
cells with monotonous nuclei containing salt-and-pepper finely granular chromatin
and moderately abundant cytoplasm, in a background of highly vascular stoma. It
is important to assess for the degree of necrosis and mitoses per 2 mm?2. The overall
Ki-67 proliferation index is generally <20% and can be useful in determining Grade 1
versus Grade 2 NETs. All NETs will show diffuse positivity for neuroendocrine mark-
ers (INSM1, synaptophysin, chromogranin-A), keratins (CK7/8), and are negative for
TTF-1 in most cases. NETs do not exhibit anormal p53 staining and show no loss of
Rb. Rare cases of mixed neuroendocrine and non-neuroendocrine tumors have been
described in the nasal cavity and larynx.

2.2 Small cell neuroendocrine carcinoma (SCNEC)
SCNEC of the head and neck is a poorly differentiated neuroendocrine carcinoma.

By the time of clinical detection, the submucosal SCNECs are generally large, with
areas of necrotic tumor or ulceration commonly seen. SNECs are comprised of sheets

92



Histopathologic Diagnosis of Neuroendocrine Neoplasms of Head and Neck, Lung...
DOI: http://dx.doi.org/10.5772/intechopen.109096

or nests of epithelial tumor cells with hyperchromatic nuclei, finely granular chroma-
tin, inconspicuous nucleoli, and scant cytoplasm. The tumor cells are small (less than
the combined diameter of three lymphocytes), with peripheral palisading, rosettes,
or trabeculae often seen and often show nuclear molding. SCNECs have high mitotic
counts (required: >10 per 2mm®*) and necrosis. The SCNEC immunohistochemical
profile includes reactivity for at least one cytokeratin (usually low-molecular weight),
TTF1 (subset), and variable routine neuroendocrine markers (synaptophysin,
chromogranin). Ki-67 proliferation index is >20% (often >70%), though the use of
Ki-67 in grading has not yet been standardized and thus it is not established. p16 can
be expressed independent of HPV infection. Particular anatomic sites have a higher
frequency to occur as a combined lesion, with 5% of laryngeal SCNEC and up to 80%
of oropharyngeal SCNEC occurring in combination with another histology, usually
squamous cell carcinoma [1, 2].

2.3 Large cell neuroendocrine carcinoma (LCNEC)

LCNEC of the head and neck, like SCNEC, is a poorly differentiated neuroendo-
crine carcinoma most frequently occurring in the larynx, oropharynx, and sinonasal
tract [3]. Of carcinomas arising in the larynx, 80% arise in the supraglottis [4].
Anatomic site LCNECs have independent risk factors, with laryngeal LNCECs associ-
ated with tobacco use in greater than 90% of cases, oropharyngeal and sinonasal
LCNECs associated with high-risk HPV and smoking history, and the rare nasopha-
ryngeal LCNECs associated with EBV positivity [5, 6]. LCNECs are comprised of
nests or sheets of tumor cells with moderately hyperchromatic nuclei, vesicular or
speckled chromatin, prominent nucleoli, and abundant cytoplasm. The tumor cells
are large (greater than the combine diameter of three lymphocytes), with trabecular
or organoid growth and peripheral palisading, rosettes, or comedo necrosis often
seen. LCNECs have high mitotic counts (required: >10 per 2mm?) and necrosis. The
immunohistochemical profile of LCENC is similar to that of other well differentiated
neuroendocrine carcinomas and includes reactivity for at least one cytokeratin (usu-
ally low-molecular weight), TTF1 (minority of cases), p63 (variable), p40 (variable),
and variable routine neuroendocrine markers (synaptophysin, chromogranin). Ki-67
proliferation index is always >20% (>40% in most cases), and while increased, is typi-
cally less than that of SCNECs. p16 can be overexpressed independent of HPV status.

3.Lung

Within the lung, neuroendocrine neoplasms are classified as follows: low grade
typical carcinoid (TC), intermediate grade atypical carcinoid (AC), and high grade
large cell neuroendocrine carcinoma (LCNEC) and small cell lung carcinoma (SCLC)
(Table 2). These classifications can be grouped collectively as lung neuroendocrine
neoplasms (NENs), with further subclassification of well differentiated typical
carcinoid and moderately differentiated atypical carcinoid as neuroendocrine tumors
(NETs), and the poorly differentiated neuroendocrine carcinomas (NECs) including
SCLC and LCNEC. Among primary lung neuroendocrine carcinomas, SCLC is most
frequent, with a prevalence of approximately 14% among lung cancers in the United
States. In contrast, typical and atypical carcinoids account for less than 2% of all lung
malignancies.
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Typical carcinoid Atypical LCNEC SCLC
(TC) carcinoid (AC)
Mitoses per <2 2-10 >10 (median: 70) > 10 (median: 80)
2 mm?
Necrosis No Rare, focal Yes Yes
Neuroendocrine Yes Yes Yes Yes
morphology
Ki-67 <5% 5-20% 40- > 90% 70- > 95%
proliferation
index
TTF1 Peripheral Peripheral Frequently Frequently
expression tumors = positive tumors = positive positive positive
Central Central

tumors = negative tumors = negative
p40 expression Negative Negative Negative Negative
Combined No No Up to 25% of Up to 25% of
with NSCLC resected cases resected cases
component

Table 2.

Histologic and immunophenotypic characteristics of low and high-grade neuroendocrine tumors of the lung.

LCNEC and SCLC are poorly differentiated and can contain different histologic
components of other non-small cell carcinomas (usually adenocarcinoma or squa-
mous cell carcinoma) and can be further classified as combined LCNEC or combined
SCLC. For typical and atypical carcinoids, it is exceedingly rare to contain these other
histologic components. These tumors are classified according to the degree of necrosis
and the mitotic count, and for high grade LCNEC and SCLC, the cytologic features.
Ki-67 is also commonly used by pathologists to differentiate the carcinoid tumors
from the high-grade tumors, although it is not among the WHO diagnostic criteria.
Further research is required to determine the optimal approach for using Ki-67 to dif-
ferentiate typical versus atypical carcinoid, and carcinoids from LCNEC and SCLC.
Classification is based primarily on mitotic counts per mm?2, presence or absence
of necrosis, and small cell versus large cell cytological features. Mitoses should be
counted in areas of highest mitotic activity. Ki-67 is used to aid in distinguishing car-
cinoid tumors (NETSs) from LCNEC and SCLC (NECs). Regarding Ki-67 proliferation
index, based on most experts opinion, tumors with a Ki-67 index <5% are likely TC,
>5% to <20% are AC, and > 40% are most likely high grade NEC (LCNEC or SCLC).

3.1 Diffuse idiopathic pulmonary neuroendocrine hyperplasia (DIPNECH)

Diffuse idiopathic pulmonary neuroendocrine hyperplasia (DIPNECH) represents
the precursor lesion in a subset of carcinoid tumors and is comprised of multifocal
areas of neuroendocrine cell hyperplasia associated with tumorlets in small airways.
While the pathogenesis remains unclear, the underlying etiology is thought to be sec-
ondary to chronic pulmonary (airway) injury. The proliferating neuroendocrine cells
have round to oval nuclei with salt-and-pepper chromatin, with moderate amounts
of amphophilic cytoplasm. Proliferations of >5 (single cells or in clusters) measur-
ing <5 mm that invade beyond the bronchoalveolar wall are classified as tumorlets.
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DIPNECH expresses neuroendocrine markers (chromogranin, synaptophysin,
CD56), TTF-1, and pancytokeratins, and is negative for p40, p63, and high-molecular
weight cytokeratins. All neuroendocrine hyperplastic nodules larger than 5 mm are
classified as carcinoids.

3.2 Typical carcinoid (G1 NET), atypical carcinoid (G2 NET), and carcinoid
tumor NOS

Well differentiated carcinoid tumors are rare and commonly seen in younger
patients with no smoking history. They occur both centrally and peripherally
(TC = more central; AC = more peripheral). Current terminology proposed by the
International Agency for Research on Cancer (IARC) and WHO Classification of
Tumors Group includes well differentiated grade 1 (G1 NET) corresponding to TC,
and well differentiated grade 2 (G2 NET) corresponding to AC. Carcinoids are associ-
ated with the precursor lesion diffuse idiopathic pulmonary neuroendocrine cell
hyperplasia (DIPNECH) in 60-75% of cases [7]. The tumors have well differentiated
architecture and neuroendocrine morphology. Tumor cells are small to intermediate
in size, cuboidal to polygonal and uniform, with finely granular salt-and-pepper
chromatin and abundant eosinophilic cytoplasm and inconspicuous nucleoli.
Trabeculae, rosettes, palisading, and organoid nesting may be seen. Carcinoid
tumors are typically positive for low molecular weight cytokeratins, chromogranin A,
synaptophysin, CD56, INSM1, and can express TTF-1, the latter being more com-
mon in peripheral lesions (Figure 1). Ki-67 is not required for diagnosis, with still
no consistent threshold for Ki-67 proliferation index in distinguishing TC (G1 NET)
from AC (G2 NET), with its main function in excluding NEC (LCNEC and SCLC).
Typical carcinoids have a Ki-67 index of <5% with <2 mitoses/2 mm2 without necro-
sis. Atypical carcinoids exhibit a Ki-67 index of 5-20% with 2-10 mitoses/2 mm?2 and
foci of necrosis (Table 2). The distinction of TC versus AC on biopsy can be chal-
lenging and should be reserved for the resection specimen, with the terminology of
“carcinoid tumor NOS” being recommended. If features suggestive of AC are present
(higher Ki-67 index, punctate necrosis) this can be mentioned in a comment favoring
classification as AC even on limited tissue. For patients with metastatic pulmonary
carcinoids, the term “metastatic carcinoid tumor NOS” is preferred. 3.3 Large Cell
Neuroendocrine Carcinoma (LCNEC).

Large cell neuroendocrine carcinomas (LCNEC) are primarily located in the
lung periphery. Metastases are present in 40-50% of patients at presentation,
with common sites including liver and bone, with brain metastases occurring in
approximately 50% of patients [8]. LCNEC is highly associated with smoking and
represents 3% of resected lung carcinomas [9]. On gross appearance, the cut surface
appears tan-red, well circumscribed, and necrotic. The tumor is high grade, poorly
differentiated, and exhibits a neuroendocrine growth pattern with organoid nest-
ing, trabecular, peripheral palisading, and rosettes. The tumor cells are large (usu-
ally greater than 3 lymphocytes), with coarsely granular chromatin, moderate to
abundant cytoplasm, and prominent nucleoli. There is abundant necrosis and high
mitotic counts (>10 mitoses/2 mm2, generally very high) (Figure 2). A majority of
tumors express at least two neuroendocrine markers (synaptophysin, chromogranin
A, CD56), pankeratins, and 50% also express TTF1 [10]. Tumor cells usually lack
napsin A, with weak staining in a minority of cases, therefore the combination
of strong TTF1 staining with negative/weak napsin A is likely to represent a NEC
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Figure 2.

La%}gle cell neuroendocrine carcinoma (LCNEC). In LCNEC, neoplastic cells form large nests with extensive areas
of central necrosis (a, 40X; B, 100X). At higher magnification the contrast to small cell carcinoma is obvious:

The cytoplasm is conspicuous, there is no nuclear molding, the chromatin is condensed or clear with prominent
nucleoli, crush artifact is absent ov, at most, focal (C, 200X). Pan-cytokeratin is diffusely positive (D, AE1/AE3,
100X). Neuroendocrine markers may be weak or patchy, but usually are move consistently positive than in SCLC
(E, synaptophysin, 200X). CDs56 is very useful as a surrogate neuroendocrine marker when diffusely and strongly
positive (F, CD56, 100X).

Figure 3.

Smg;ll cell lung carcinoma (SCLC). SCLC is comprised of sheets of atypical cells with extensive necrosis and
crush artifact due to nuclear fragility (a, 200X). Tumor cells display high nuclear to cytoplasm ratio and there

is nuclear molding due to close nuclear vicinity. Mitotic activity is brisk, nuclei are hyperchromatic or have
granular (salt and pepper) appearance with inconspicuous or very small nucleoli (B, 400X). Cytokeratin is
present in majority of cases, but frequently is discontinuous or punctate (C, AE1/AE3, 200X). Neuroendocrine
markers, when expressed, are seen in most neoplastic cells, but occasionally may be patchy, focal or entirvely absent
(D, chromogranin, 200X). In cases with absent neuroendocrine differentiation, the diagnosis relies solely on
morphology. Proliferation index is markedly increased, typically more than 70% (E, Ki-67, 200X). Expression of
nuclear TTF-1 is not organ specific, but when present, indicates that the neoplasm is more likely to originate from
lung than other organs (F, TTF-1, 200X).
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(LCNEC or SCLC) versus adenocarcinoma. The Ki-67 index is >40%. LCNEC can
exist as a combined tumor, combined LCNEC, with components of adenocarcinoma,
squamous cell carcinoma, spindle cell carcinoma, or giant cell carcinoma. 3.4 Small
Cell Lung Carcinoma (SCLC).

Small cell lung carcinomas are typically centrally located in major airways, and can
frequently involve mediastinal lymph nodes, with metastatic spread to other organs
common at the time of presentation. Patients may present with acute symptoms due
to intrathoracic tumor growth, extrapulmonary spread, or paraneoplastic syndromes,
the latter being most common in SCLC and can be the patient’s initial presentation.
SCLC is a malignant epithelial tumor comprised of small cells with finely granular
chromatin, scant cytoplasm, and inconspicuous or absent nucleoli. The tumor cells
are small to mid-size (usually less than the size of 3 resting lymphocytes) and are oval
to spindle shape. They have a high mitotic count (>10 mitoses/2 mm2) with frequent
and vast necrosis (Figure 3). Most SCLCs express neuroendocrine differentiation
markers (synaptophysin, chromogranin, CD56). SCLC may be negative for neuro-
endocrine markers in 5-10% of cases. INSM1 is consistently positive in SLCL with
positive staining for pancytokeratins and TTF1, and is generally negative for CK20,
Napsin A, p63, and p40 [11]. On gross examination, the tumor appears as a large
perihilar mass with a tan, necrotic cut surface. SCLC can exist as a combined lesion of
non-small cell carcinoma which can include LCNEC, adenocarcinoma, squamous cell
carcinoma, large cell carcinoma, spindle cell carcinoma, or giant cell carcinoma. In
combined SCLC, the second component should make up > = 10% of the tumor. While
not part of the diagnostic criteria, Ki-67 can be useful in crushed biopsies to avoid
the pitfall of misdiagnosing carcinoid tumors, which may also show significant crush
artifact, with a very high Ki-67 index (>70%) excluding TC or AC.

4, Gastrointestinal tract

Overall, based on the NCI-SEER database, the gastrointestinal tract has the highest
incidence of neuroendocrine tumors (NETs) in the body, comprising about 55% of
all NETs. By contrast the second most common site is the bronchopulmonary system,
accounting for 25% of NETs. In the gastrointestinal tract, the small intestine is by far the
site with highest incidence, accounting for approximately 45% of all neuroendocrine
tumors, followed by rectum (20%), appendix (17%), colon (11%) and stomach (7%).

4.1 Esophagus

Esophageal neuroendocrine neoplasms (NENs), like other organ systems, are com-
prised of well differentiated neuroendocrine tumors (NETs), poorly differentiated
neuroendocrine carcinomas (NECs), and mixed neuroendocrine-non-neuroendocrine
neoplasms (MiNENSs), which includes mixed adenoneuroendocrine carcinoma
(MANEC). NEN are typically small lesions most commonly occurring in the lower
esophagus, often associated with Barrett esophagus, and infiltrative at the time of
diagnosis [12, 13]. Esophageal NEN share similar features of NEN of other anatomic
sites. While NET of the esophagus has been described in the literature, the majority
of cases are in fact NECs, and are further subclassified as small cell NEC (SNEC) and
large cell NEC (LCNEC) [14]. The NEC is comprised of medium-sized to large cells
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(SNEC and LCENC, respectively) arranged in solid, rosette-like, or palisading archi-
tecture with elongated nuclei with fine chromatin, inconspicuous nucleoli in SNEC
and large nucleoli in LCNEC, and scant basophilic cytoplasm. Mitotic activity and
necrosis are substantial. The immunohistochemical profile of NEC is similar to that of
other neuroendocrine carcinomas and includes variable reactivity for neuroendocrine
markers (synaptophysin > chromogranin), TTF1 (majority of cases), and absence

of p40 and CK5/6 expression. NET share similar histopathologic features with NEC,
however NET will have less necrosis, with stronger reactivity for chromogranin (ver-
sus NEC). Additionally, many NETs express hormone immunoreactivity (glucagon,
PP, gastrin, and calcitonin) [15, 16]. MiNENSs of the esophagus usually consist of NEC
and either squamous cell carcinoma or adenocarcinoma (if underlying Barrett mucosa
or ectopic gastric mucosa is identified) [17]. Grading of esophageal NENs is performed
using the same grading system as used for gastroenteropancreatic NENs.

4.2 Stomach

The classification for neuroendocrine neoplasms of the stomach is identical to that
of the esophagus, as follows: neuroendocrine neoplasms (NENs) comprised of well
differentiated neuroendocrine tumors (NETs), poorly differentiated neuroendocrine
carcinomas (NECs), and mixed neuroendocrine-non-neuroendocrine neoplasms
(MiNENSs) including MANEC. NEN of the stomach occur with a site-specific
anatomic distribution based on tumor subtype. Enterochromaffin-like—cell (ECL-
cell) NETs arise in the corpus/fundus, D-cell and G-cell NETs in the antrum, and
enterochromaffin-cell (EC-cell) NETs in both the antrum and corpus/fundus [18].
NECs and MiNENSs usually occur in the antral or cardiac regions but can occur at any
site. NETs are comprised of a population of monotonous cells with round nuclei and
finely stippled chromatin, with NECs composed of sheets of small or large poorly
differentiated cells. The immunohistochemical profile of gastric NENs is like that
of other gastrointestinal neuroendocrine neoplasms at other anatomic sites. Gastric
NECs are comprised of sheets of poorly differentiated small or large cells, and are fur-
ther subtyped as small cell NEC (SCNEC) and large cell NEC (LCNEC) based on cell
cytomorphologic size. LCNECs are comprised of large cells with vesicular nuclei with
prominent nucleoli and abundant eosinophilic cytoplasm. SCNECs are comprised
of small to mid-sized cells with scant cytoplasm and hyperchromatic nuclei and
inconspicuous or absent nucleoli. NECs have a high mitotic count (> 20 mitoses/mm?)
and high Ki-67 proliferation index (>40-50%). NECs express positivity for neuroen-
docrine markers (synaptophysin > chromogranin), may be focally positive for TTF-1,
and have high mitotic counts and an increased Ki-67 proliferation index. Mixed
adenocarcinoma neuroendocrine carcinomas (MANECs) are MiNENs composed of
adenocarcinoma associated with NEC component. The neuroendocrine component of
MANEQC has a high Ki-67 proliferation index (> 55%) [19]. Mixed adenocarcinoma-
NETs are comprised of areas of tubular, papillary, or mucinous adenocarcinoma
mixed with areas of G1 or G2 NET.

Gastric ECL-cell NETs are histamine-producing, and typically show smaller
microlobular or trabecular architecture and lack necrosis. They are comprised of
monotonous well differentiated cells with abundant cytoplasm and round nuclei
and have inconspicuous or absent nucleoli. Mitotic figures are rare to absent. Type
1 ECL-cell NETs usually infiltrate beyond the muscularis mucosae, with a majority
of cases classified as G1 or G2. Type 2 ECL-cell NETs are confined to the mucosa
and submucosa when they are G1, with Type 3 NETs (G1 to G3) invading into the
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gastric wall with distant and lymph node metastases common. ECL-cell NETs are
immunoreactive for VMAT2, HDC, and SSTR2A, and can show scattered positiv-

ity for serotonin, ghrelin, somatostatin, and a-hCG [20, 21]. Gastric EC-cell NETs
produce serotonin and have histomorphological features similar to ileal EC-cell NETs,
with nests of uniform tumor cells with peripheral palisading. EC-cell NET cells are
immunoreactive for serotonin, SSTR2A, and CDX2. Gastric G-cell NETs produce
gastrin and usually show monotonous cells with scant cytoplasm in a trabecular or
gyriform pattern, and are immunoreactive for gastrin and SSTR2A. Gastric D-cell
NETs produce somatostatin and are comprised of well differentiated monomorphic
cells that are immunoreactive for somatostatin, chromogranin, synaptophysin, and
SSTR2A. Grading of gastric NENSs is performed by using the same system used for
other gastroenteropancreatic NENSs. Staging of gastric NETs is performed using NET-
specific Union for International Cancer Control (UICC) TNM staging system; NEC
and MiNEN are staged following the system used for adenocarcinomas.

4.3 Small intestine and ampulla

Neuroendocrine neoplasms (NENs) of the small intestine and ampulla, like other
NEN of the GI tract, are epithelial neoplasms with neuroendocrine differentiation
of the duodenum, jejunum, and ileum, are classified as follows: well differentiated
neuroendocrine tumors (NETs) and poorly differentiated neuroendocrine carcino-
mas (NECs). In the small intestine MiNENs have an exocrine component (commonly
adenocarcinoma) and a neuroendocrine component (usually NEC), each accounting
for >30% of the neoplasm. NETs are further subclassified based on hormone pro-
duction, and include gastrinoma, somatostatin-producing neuroendocrine tumor,
gangliocytic paraganglioma, NEC (further subtyped as small cell neuroendocrine
carcinoma (SNEC) and large cell neuroendocrine carcinoma (LCNEC), and MiNEN.
Duodenal NETs are located in part 1 or 2, with those in part 2 predominating in
the ampullary region in 95% of cases. Somatostatin-producing NET, gangliocytic
paraganglioma, and NEC are almost exclusively located in the ampullary region.
Uniquely, jejuno-ileal NETs are often multifocal (2-100 tumors) in at least 30% of
cases [22, 23], and those located in the upper jejunum tend to be large and locally
infiltrative [24].

NETs of the small intestine are composed of rather bland appearing tumor
cells with oval to round nuclei with finely granular chromatin. High-grade poorly
differentiated NECs grow in sheets, although poorly formed trabeculae or nests
may be seen. The tumor cells are moderately pleomorphic and may show large
cell or small cell architecture. Some NETs may have a concurrent adenocarcinoma
component (MiNEN), while some arise in association with an adenoma. Duodenal
gastrin-expressing NETs (G-cell NETs) are more commonly arranged in trabeculae.
Ampullary Somatostatin-expressing NETs (D-cell NETs) have tubuloglandular
architecture and may contain psammoma bodies. Jejuno-ileal serotonin-expressing
NETs (EC-cell NETs) are composed of nests cells with peripheral palisading, often
with pseudoglandular formation. Triphasic histology is typically seen in gangliocytic
paraganglioma, and includes neuroendocrine, Schwannian, and ganglion cell-like
components. NENs are comprised of round to oval shaped cells with neuroendocrine
architecture with round nuclei and finely stippled chromatin. The immunohisto-
chemical profile of NENs includes expression of neuroendocrine markers (synapto-
physin and chromogranin) and keratins (cytokeratin AE1/AE3 and CAM5.2). NENs
may also express peptide hormones and/or biogenic amines. A unique consideration is
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ileal serotonin-producing EC-cell NETSs, as they and their metastases are positive for
CDX2, and > 90% show positivity for SSTR2A [25]. NECs are comprised of sheets of
poorly differentiated cells of either small or large size, and similar to NENs of other
anatomic sites, have a high mitotic count and Ki-67 index, however, NECs are less
likely to express the typical markers of neuroendocrine differentiation. In comparison
with G3 NETs, NECs have loss of RB1 and aberrant p53. NENs of the small intestine
and ampulla are graded using the same system used for other gastroenteropancreatic
NENS. A staging system for NETs is in place; staging of NECs and MiNENs should be
performed using the same staging system used for adenocarcinoma.

4.4 Appendix

Keeping consistent with other neuroendocrine neoplasms of the GI tract, appen-
diceal neuroendocrine neoplasms (NENs) of the appendix are epithelial neoplasms
with neuroendocrine differentiation and are classified as well differentiated neuroen-
docrine tumors (NETs) and poorly differentiated neuroendocrine carcinomas (NECs,
further subclassified as small cell neuroendocrine carcinoma (SNEC) and large
cell neuroendocrine carcinoma (LCNEC)). MiNENs of the appendix are epithelial
neoplasms with a neuroendocrine component combined with a non-neuroendocrine
component, with each component comprising at least 30% of the neoplasm. Many
small NETs are not macroscopically visible, and as such, grossing of appendiceal
specimens should include the entirety of the appendiceal tip in two longitudinal sec-
tions [26, 27]. EC-cell and L-cell NETs are composed of large nests of cells; peripheral
palisading and glandular formation is often seen. L-cell NETs show a distinct glan-
dular or trabecular growth pattern. Mitotic figures are rare to absent, and necrosis is
typically not seen. Examination of the stroma will show a fibrotic response in most
cases. NECs of the appendix are rare and histomorphologically identical to colonic
NECs, with small or large cell cytomorphology (SCNEC and LCNEC, respectively),
sheets of poorly differentiated cells, and high Ki-67 proliferation indices [26, 28, 29].
Serotonin production can be determined by immunohistochemistry in EC-cell
NETs, along with reactivity for typical neuroendocrine markers (chromogranin,
synaptophysin). There may be S100-positive spindle cells surrounding the nests of
tumor cells. Interestingly, L-cell NETs are immunoreactive for chromogranin B rather
than chromogranin A. Appendiceal NENs are graded using the same system used for
other gastroenteropancreatic NENs and staged using the parameters for appendiceal
adenocarcinomas.

4.5 Colon and Rectum

Colorectal neuroendocrine neoplasms (NENs), like other gastrointestinal NENS,
are epithelial neoplasms with neuroendocrine differentiation, and include well
differentiated neuroendocrine tumors (NETs), poorly differentiated neuroendocrine
carcinomas (NECs), and mixed neuroendocrine-non-neuroendocrine neoplasms
(MiNENs). NETs can be further subclassified into serotonin-producing enterochro-
maffin-cell neuroendocrine tumor and glicentin-PYY-producing L-cell neuroendo-
crine tumor, while NECs can be further subclassified as small cell neuroendocrine
carcinoma (SNEC) and large cell neuroendocrine carcinoma (LCNEC).

Colorectal NETSs are comprised of a bland appearing monotonous population
of cells with round nuclei and finely stippled salt-and-pepper chromatin. NETs
are immunoreactive for neuroendocrine markers (synaptophysin, chromogranin)
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and are usually G1 or G2. EC-cell NETs are immunoreactive for neuroendocrine
markers (synaptophysin, chromogranin), serotonin, SSTR2A, and CDX2 (minority
of cases). L-cell NETs are immunoreactive for neuroendocrine markers (synap-
tophysin > chromogranin) and PYY, glicentin, GLP-1, GLP-2, SSTR2A, and PAP
(minority of cases) [30-32]. Colorectal NECs are comprised of sheets of poorly
differentiated small cell or large cells with organoid architecture. Trabecular,
rosette-like, palisading, and solid patterns can be seen. Necrosis is often present.
The poorly differentiated carcinoma cells may have small cell features (small cells
with scant cytoplasm) or large cell features (large cells, abundant cytoplasm).
NECs have a high degree of cellular pleomorphism, a high mitotic count, and
elevated Ki-67 proliferation index. NECs are immunoreactive for neuroendocrine
markers (CD56, synaptophysin > chromogranin). TTF1, SSTR2A, and CDX2 may
also be positive [33-35]. Colorectal MiNENSs are usually comprised of both a poorly
differentiated NEC component mixed with an adenocarcinoma component [36-38].
Staging of colorectal NETSs follows the criteria of the Union for International Cancer
Control (UICC) TNM classification and the American Joint Committee on Cancer
(AJCC) cancer staging manual. Staging of NEC and MiNEN follows the criteria for
adenocarcinoma.

4.6 Anal Canal

Anal canal neuroendocrine neoplasms (NENs) are epithelial neoplasms with
neuroendocrine differentiation and include well differentiated neuroendocrine tumor
(NET), poorly differentiated neuroendocrine carcinomas (NECs), including small
cell neuroendocrine carcinoma (SNEC) and large cell neuroendocrine carcinoma
(LCNEC), and mixed neuroendocrine-non-neuroendocrine neoplasms (MiNENs).
Anal NENs are comprised of various architectures of cells with neuroendocrine
differentiation that express immunoreactivity for neuroendocrine differentiation
(synaptophysin, chromogranin). NETs are graded using the same system used for
other gastroenteropancreatic NETs, and are often G1 or G2 [39]. NEC is comprised of
sheets of cells with severe nuclear pleomorphism, high nuclear to cytoplasmic ratio,
high mitotic activity, and increased Ki-67 proliferation index. NECs of the anal canal
are often immunoreactive for TTF1. MiNENS, like in MiNENSs of other gastrointesti-
nal sites, are usually comprised of a NEC component mixed with an adenocarcinoma
component [40, 41]. MiNENSs consisting of SCNEC and SCC can also occur.

In the anal canal, the differentiation of NEC and MiNEN from poorly differenti-
ated/basaloid SCC, poorly differentiated adenocarcinoma, melanoma of the anal
canal, and basal cell carcinoma of the perianal skin is important. An immunohisto-
chemical workup can be helpful in distinguishing these entities; with chromogranin
and synaptophysin confirming the diagnosis of NEC or a NEC component in MiNEN,
p63/p40 positivity excluding NEC (positive in SCC and basal cell carcinoma), and
CK7 positivity excluding NEC. Additional melanoma markers can be useful in ruling
out melanoma of the anal canal.

4.7 Liver

Hepatic neuroendocrine neoplasms (NENs) are epithelial neoplasms with mor-
phological and immunohistochemical features of neuroendocrine differentiation and
include well differentiated neuroendocrine tumors (NETs), poorly differentiated neu-
roendocrine carcinomas (NECs) including small cell neuroendocrine carcinoma and
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large cell neuroendocrine carcinoma (SCNEC and LCNEC, respectively), and mixed
neuroendocrine-non-neuroendocrine neoplasms (MiNENs). Primary hepatic NENs
are much rarer than metastatic lesions. Hepatic NETs are comprised of a monotonous
population of cells with mild cytologic atypia and coarse chromatin and are generally
graded as G1 or G2. Hepatic G3 NETs have yet to be described in the literature [42].
NETs are strongly and diffusely immunoreactive for neuroendocrine markers (synap-
tophysin, chromogranin), with a Ki-67 index of <20% [43]. Hepatic NECs are com-
prised of sheets of poorly differentiated small or large cells with frequent necrosis and
mitotic figures that are immunoreactive for neuroendocrine markers (synaptophysin >
chromogranin). The Ki-67 index is markedly increased (>50%). Commonly, NEC will
be identified as a component of a mixed hepatocellular-neuroendocrine carcinoma.
Hepatic MiNENS are generally more common than NECs. MiNENs are comprised of a
NEC component mixed with a non-neuroendocrine component, either hepatocellular
carcinoma or cholangiocarcinoma. Each component is required to be morphologically
and immunohistochemically discrete, and account for >30% of the neoplasm. Most
cases include a component of hepatocellular carcinoma, which may be the predomi-
nant component [44-47]. Hepatic NETs are staged using the Union for International
Cancer Control (UICC) criteria for neoplasms of the intrahepatic bile ducts. There is
no staging system specific for hepatic NECs or MiNENS.

4.8 Gallbladder and bile ducts

Gallbladder and bile duct neuroendocrine neoplasms (NENSs) are very rare epithelial
neoplasms with neuroendocrine differentiation, and include well differentiated neuro-
endocrine tumors (NETs), poorly differentiated neuroendocrine carcinomas (NECs)
including small cell neuroendocrine carcinoma and large cell neuroendocrine carcinoma
(SNEC and LCNEC, respectively), and mixed neuroendocrine-non-neuroendocrine
neoplasm (MiNEN). NETs of the gallbladder and bile ducts are comprised of nests,
trabeculae, or tubules of bland appearing cells with mild cytologic atypia. Tumor cells
have uniform round to oval nuclei, inconspicuous nucleoli, and moderate amounts of
cytoplasm. NETs are immunoreactive for neuroendocrine markers of differentiation
(chromogranin, synaptophysin). A unique subtype of NET found in the gallbladder,
clear cell NET, is characterized by abundant tumor cells with characteristic foamy
cytoplasm. Of note, clear cell NETs of the gallbladder can be associated with VHL, and
unlike sporadic cases, may stain positive for inhibin [48, 49]. NECs of the gallbladder
and bile duct include small cell and large cell subtypes. SNECs are comprised of sheets
of molded round cells with hyperchromatic nuclei and inconspicuous nucleoli. Tubules
and rosette-like structures can be seen. LCNEC is comprised of sheets of large poorly
differentiated pleomorphic cells with vesicular nuclei, prominent nucleoli, and moderate
cytoplasm. NECs have a markedly increased Ki-67 proliferation index and high mitotic
activity, with both single cell and confluent necrosis. NECs are variably immunoreactive
for neuroendocrine markers of differentiation (synaptophysin > chromogranin), and
epithelial markers (AE1/AE3), with SNECs often positive for TTF1. Gallbladder and bile
duct NENSs are staged in a similar manner to other gallbladder carcinomas.

4.9 Pancreas - introduction

Akin to other neuroendocrine neoplasms, pancreatic NENs (PanNENs) show neu-
roendocrine differentiation and express synaptophysin and usually chromogranin.
PanNEN includes malignant well differentiated NENs, neuroendocrine tumors
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(NETs), and poorly differentiated NENs, neuroendocrine carcinomas (NECs).
PanNENs are further classified into functioning and non-functioning neoplasms.
PanNENSs associated with a clinical syndrome secondary to abnormal hormone secre-
tion are classified as functioning PanNETs and include insulinomas, gastrinomas,
glucagonomas, and VIPomas, along with tumors that produce serotonin, ACTH,
GHRH, PTHrP, and CCK. Functioning tumors the pancreas will not be discussed in
this chapter. Non-functioning PanNENSs may secrete hormones or biogenic substances
(PP, somatostatin, chromogranin), however not to an extent to produce symptoms or
cause a clinical syndrome. PanNETs are well differentiated tumors of low, intermedi-
ate, or high grade, based on their proliferative activity; G1 (<2 mitoses/2 mm? and

a Ki-67 proliferation index <3%), G2 (2-20 mitoses/2 mm? or a Ki-67 proliferation
index of 3-20%), and G3 (>20 mitoses/2 mm? or a Ki-67 proliferation index >20%).
PanNECs are poorly differentiated high grade NENs comprised of markedly atypical
small or large cells, and have markedly increased proliferative activity (>20 mito-
ses/2 mm?” or a Ki-67 proliferation index >20%). PanNENSs should be differentiated as
NET or NEC based on histology and immunohistochemistry. PanNETs are graded as
G1, G2, or G3, while PanNECs are high grade, by default. MiNEN is a mixed neoplasm
with a neuroendocrine component mixed with a non-neuroendocrine component.
Staging of PanNEN follows the Union for International Cancer Control (UICC) TNM
classification and the American Joint Committee on Cancer (AJCC) cancer staging
manual. Tumor site, size, and metastatic extent should be evaluated.

4.10 Pancreas - nonfunctioning neuroendocrine tumors

Pancreatic non-functioning (non-syndromic) neuroendocrine tumors
(NF-PanNETs) are well differentiated epithelial neuroendocrine neoplasms
(PanNENs). NF-PanNETs usually are >0.5 cm and lack a distinct hormonal syn-
drome. NF-PanNETs measuring <0.5 cm are subclassified as microadenomas,
with the multifocal occurrence of microadenomas known as microadenomatosis.
NF-PanNETs can be further subclassified as oncocytic NF-PanNET, pleomorphic
NF-PanNET, clear cell NF-PanNET, and cystic NF-PanNET.

NF-PanNETs are comprised of well differentiated cells growing an organoid
growth pattern with mild cytologic atypia and salt-and-pepper chromatin. While
organoid architecture is the most common growth pattern, solid-nesting, solid-
paraganglioma-like, trabecular, gyriform, and glandular growth patterns can be seen.
NF-PanNETs lack necrosis and mitoses, and have a vascular, dense, collagenized
stroma. The stroma may contain calcifications (including psammoma bodies). The
tumor cells will contain variable amounts of membrane-bound nonspecific granules.

A subset of NF-PanNETs have unique cytological features. Oncocytic
NF-PanNETs are comprised of cells with markedly abundant eosinophilic cytoplasm,
and nuclei with prominent and enlarged nucleoli. Pleomorphic NF-PanNETs are
comprised of cells with marked pleomorphism, however, the tumors cells have a
normal N:C ratio and a low Ki-67 proliferation index. Clear cell NF-PanNETs are
comprised of tumor cells with markedly increased cytoplasmic lipid vacuoles and
nuclear scalloping. Like NENSs of the gallbladder and bile duct, clear cell NF-PanNETs
are often identified in patients with VHL. NF-PanNETs associated with VHL are usu-
ally immunoreactive for HIF1A and CAIX [50, 51]. NF-PanNETs are immunoreactive
for synaptophysin (diffuse, strong) and chromogranin (focal), and NSE, CD56, and
CD57. Expression of CEA and CA19-9 may be seen. NF-PanNETSs also express ISL1,
which can be helpful in determining pancreatic primary versus metastasis.
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Despite being clinically nonfunctional, a large proportion of NF-PanNETs express
positivity for peptide hormones, with 40% of tumors being multihormonal [52]. The
hormones typically expressed include glucagon, PP, and somatostatin, with hormone
expression linked with unique histomorphology. Glucagon-positive NF-PanNETs may
show cystic change with a trabecular or reticular pattern [53]. Somatostatin-positive
NF-PanNETs may show paraganglioma-like pattern with glandular structures and
psammoma bodies [54]. Serotonin-positive NF-PanNETs may show small cell nests and
tubules within dense stromal sclerosis arising adjacent to the main duct, causing duct
obstruction and dilatation [55, 56]. Staging of NF-PanNETs follows the (UICC) TNM
classification and the American Joint Committee on Cancer (AJCC) cancer staging.

4.11 Pancreas: neuroendocrine carcinoma

Pancreatic neuroendocrine carcinoma (PanNEC) is a high-grade malignant
epithelial neoplasm with neuroendocrine differentiation, and includes small cell neu-
roendocrine carcinoma (SNEC) and large cell neuroendocrine carcinoma (LCNEC).
PanNECs are comprised of sheets of small or large poorly differentiated tumor cells.
The tumor cells of NECs of small cell type have round nuclei with finely granular
chromatin and scant cytoplasm. Molding is often seen. The tumor cells of NECs of
large cell type often have a nesting or trabecular pattern, with round large nuclei
with vesicular chromatin, prominent nucleoli, and moderate amphophilic cytoplasm.
Necrosis is often seen in addition to increased mitoses (>20 mitoses/2 mm?) and a
markedly elevated Ki-67 proliferation index (typically >60-80%). It is important to
identify the immunohistochemical profile of NEC, as many markers of neuroendo-
crine differentiation can be variably or focally expressed. The carcinoma cells will
often be synaptophysin positive, with variable expression of chromogranin. Small
cell carcinomas lack abundant cytoplasmic granules and are more commonly negative
for chromogranin [57]. CD56 has low specificity and may or may not be expressed.
Additionally, focal expression of neuroendocrine markers is not uncommon in some
non-neuroendocrine neoplasms of the pancreas [58].

If neuroendocrine architecture and expression of neuroendocrine markers is identi-
fied in a tumor with a low Ki-67 index, other possibilities should be considered. Acinar
cell carcinomas are often confused for NECs due to their similar appearance, high-
grade nature, and common expression of neuroendocrine markers (at least focally).
NECs can be associated with other non-neuroendocrine carcinoma types, including
ductal adenocarcinoma or acinar cell carcinoma. If each component accounts for
>30% of the tumor, the term “mixed neuroendocrine-non-neuroendocrine carcinoma
(MINEC)” is appropriate. Staging of PanNECs is based on the Union for International
Cancer Control (UICC) TNM classification for carcinomas of the exocrine pancreas,
rather than the staging for more well differentiated NETs (PanNETs).

4.12 Pancreas: MiNENs

Pancreatic mixed neuroendocrine-non-neuroendocrine neoplasms (MiNENs)
are mixed neuroendocrine and non-neuroendocrine neoplasms with each compo-
nent constituting >30% of tumor volume, with the neuroendocrine component
being substantiated by immunohistochemistry (expression of synaptophysin or
chromogranin). While the majority of the neuroendocrine component of MiNENs
is composed of carcinomas, MiNENs with a component of a well differentiated
neuroendocrine tumor also exist. If a MiNEN is identified with a well differentiated
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neuroendocrine component, exclusion of collision tumor is appropriate. MiNEN
itself is a conceptual category and not a discrete entity, and as such, diagnoses indicat-
ing the specific cellular components should be applied.

5. Conclusion

While the general classification of neuroendocrine neoplasms follows a similar
overall structure for most organs, there is now a concerted effort to bridge the gap
that exists in the lung regarding classification of neuroendocrine tumors with high-
grade morphology that maintain general morphologic features of neuroendocrine
tumors, but demonstrate a higher mitotic activity than what is accepted for atypical
carcinoid tumors. Although the behavior of these neoplasms falls between atypical
carcinoid group and high-grade neuroendocrine carcinomas (SCLC and LCNEC)
these tumors are still classified as either small or large cell neuroendocrine carci-
nomas. It is the general expectation that this category will be better defined and
accepted as separate group of neoplasms and will render the classification of lung
tumors more consistent and closer to general classification of neuroendocrine neo-
plasms in other organs.
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