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Papillary thyroid carcinoma (PTC) is the most common thyroid malignancy, characterized by a range of subtypes that differ in their cyto-
logic features, clinical behavior, and prognosis. Accurate cytologic evaluation of PTC using fine-needle aspiration is essential but can be
challenging due to the morphologic diversity among subtypes. This review focuses on the distinct cytologic characteristics of various
PTC subtypes, including the classic type, follicular variant, tall cell, columnar cell, hobnail, diffuse sclerosing, Warthin-like, solid/trabecu-
lar, and oncocytic PTCs. Each subtype demonstrates unique nuclear features, architectural patterns, and background elements essen-
tial for diagnosis and differentiation from other thyroid lesions. Recognizing these distinct cytologic patterns is essential for identifying
aggressive subtypes like tall cell, hobnail, and columnar cell PTCs, which have a higher risk of recurrence, metastasis, and poorer clini-
cal outcomes. Additionally, rare subtypes such as diffuse sclerosing and Warthin-like PTCs present unique cytologic profiles that must
be carefully interpreted to avoid diagnostic errors. The review also highlights the cytologic indicators of lymph node metastasis and
high-grade features, such as differentiated high-grade thyroid carcinoma. The integration of molecular testing can further refine subtype
diagnosis by identifying specific genetic mutations. A thorough understanding of these subtype-specific cytologic features and molecu-
lar profiles is vital for accurate diagnosis, risk stratification, and personalized management of PTC patients. Future improvements in di-
agnostic techniques and standardization are needed to enhance cytologic evaluation and clinical decision-making in thyroid cancer.
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In recent decades, there has been a significant increase in the
incidence of thyroid cancer, primarily due to improved detection
methods and greater public awareness [1,2]. Thyroid cancer is
the fifth most prevalent malignancy among females and the sev-
enth most common among both sexes worldwide [1]. Papillary
thyroid carcinoma (PTC) represents the most prevalent form of
thyroid malignancy, accounting for approximately 90% of all
thyroid cancer cases. Characterized as a well-differentiated neo-
plasm, PTC originates from the follicular cells of the thyroid
gland and is known for its relatively favorable prognosis and
high long-term survival rates [3]. Despite its generally indolent
nature, certain aggressive subtypes of PTC are associated with a
higher propensity for lymph node metastasis, tumor recurrence,
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and patient mortality, necessitating careful clinical management
and surveillance [4-7].

The cytologic evaluation of thyroid nodules is pivotal in the
initial assessment and diagnosis of PTC [8]. Fine-needle aspira-
tion (FNA) cytology stands as the primary diagnostic modality,
offering a minimally invasive method for obtaining cellular ma-
terial from thyroid nodules for examination. The Bethesda System
for Reporting Thyroid Cytopathology provides a standardized
framework for interpreting FNA results, aiding in the stratifica-
tion of malignancy risk and guiding clinical management [9,10].
The Korean Thyroid Association guidelines have also adopted
the Bethesda System as a standard method for diagnosing thy-
roid nodules, emphasizing its utility in categorizing cytological
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findings and informing appropriate clinical decisions in the man-
agement of thyroid nodules [11].

While subtyping PTC in surgical specimens for histological
assessment is relatively straightforward, subtyping PTC based
on cytology alone presents significant challenges and limitations.
This includes sample adequacy, the subtlety of distinguishing
features, and the lack of pathologists’ experiences with rare sub-
types, often leading to underreporting and misclassification [12].
Advances in molecular testing, such as next-generation sequenc-
ing, have enhanced the diagnostic precision of FNA cytology by
identifying specific genetic mutations associated with PTC sub-
types [13,14]. Despite these advancements, the limitations of
FNA in reliably subtyping PTC highlight the need for continued
improvement in diagnostic techniques and protocols. While the
Bethesda System does not mandate the identification of specific
PTC subtypes during ENA, it allows for the possibility of favor-
ing or suggesting mote prevalent subtypes, such as tall cell PTC,
when characteristic features are observed [15].

This review article aims to provide a comprehensive overview
of PTC subtypes, focusing on their cytological hallmarks and dif-
ferential diagnosis. Additionally, we provide an overview of cyto-
logical features associated with lymph node metastasis and oth-
er aggressive indicators of PTC in liquid-based specimens that
can be used to evaluate and stratify the risk for tumor aggres-
siveness. We also give a brief overview of high-grade neoplasms
such as differentiated high-grade thyroid carcinoma (DHGTC)
and the differentiating cytologic features that set DHGTC apart
from PTC.

OVERVIEW OF PAPILLARY THYROID
CARCINOMA SUBTYPES

Thyroid neoplasms constitute a heterogeneous group of tu-
mors originating from the thyroid gland, exhibiting a spectrum
of malignancy and clinical behavior. Most thyroid neoplasms
arise from follicular epithelial cells and parafollicular cells and
are classified under the guidelines provided by the World Health
Organization (WHO) [16-18]. The most prevalent types arising
from follicular cells are differentiated thyroid carcinomas (DTC),
including PTC and follicular thyroid carcinoma (FTC), which
generally have a favorable prognosis and respond effectively to
treatments such as thyroid hormone suppression and radioiodine
therapy [19]. This group of neoplasms demonstrates a spectrum
of molecular alterations, predominantly characterized by muta-
tions in the BRAF and RAS genes as primary driver mutations,
which critically delineate distinct tumor subtypes with varied
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clinical behaviors. In contrast, aggressive thyroid neoplasms, such
as poorly differentiated thyroid carcinoma (PDTC) and anaplastic
thyroid carcinoma (ATC), exhibit poor behavior and adverse out-
comes. Distinct molecular alterations play a significant role in the
development of these entities. A stepwise progression from DTC
is believed to occur due to additional mutations, such as TERT
promoter and TP53 mutations [20].

As the most common type of thyroid carcinoma, the diagno-
sis of classic PTC is characterized by distinctive macroscopic and
microscopic features. Gross examination typically reveals a tumor
with a solid and papillary architecture, which can present as a
well-demarcated or ill-defined mass. Microscopically, PTC exhib-
its an infiltrative border with papillary, follicular, and solid pat-
terns. The pathognomonic nuclear features crucial for diagnosing
PTC include nuclear enlargement, crowding and overlapping,
elongation, irregular nuclear contours, nuclear grooves, nuclear
pseudoinclusions, and chromatin clearing. Additional findings
such as tumor fibrosis and psammoma bodies are frequently ob-
served [21].

Several findings in PTC can influence its clinical behavior.
PTC often exhibits multicentric foci in one or both thyroid lobes,
lymphatic invasion, and extrathyroidal extension [21]. Vascular
invasion is less commonly observed except in the follicular sub-
type of PTC. Lymph node metastases are frequently seen in PTC,
although there is a lower propensity for distant metastasis. The
WHO classification delineates several subtypes of PTC based on
microscopic appearance and distinct prognostic characteristics.
Each subtype presents unique histological and cytological fea-
tures that can influence the clinical course and prognosis of the
disease. Certain subtypes, for example, are associated with more
aggressive behavior and poorer outcomes, necessitating different
therapeutic approaches compared to the classic form [15]. The
latest WHO classification includes the classic, encapsulated, in-
filtrative follicular, diffuse sclerosing, solid/trabecular, Warthin-
like, oncocytic, clear cell, spindle cell, PTC with fibromatosis/
fasciitis-like/desmoid-type stroma, tall cell, hobnail, and colum-
nar cell subtypes. Understanding the various subtypes of PTC is
crucial for accurate diagnosis and tailored treatment strategies.

The classic PTC is characterized by a tumor with a papillary
structure and cells exhibiting typical nuclear features. When a
fibrous capsule surrounds this tumor, it is classified as the en-
capsulated subtype of PTC. The infiltrative follicular subtype of
PTC is characterized by a tumor with an infiltrative pattern pre-
dominantly consisting of follicular structures. It has been high-
lighted that the encapsulated follicular variant of PTC (FVPTC)
with invasion is excluded from this subtype and reclassified as a
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distinct entity due to different molecular alterations. The infil-
trative follicular subtype of PTC is more akin to BRAF-like tu-
mors, while the invasive encapsulated FVPTC is classified as
RAS-like tumors. The oncocytic PTC is a rare subtype that
shows a papillary structure lined by oncocytic cells with typical
PTC nuclear features. Warthin-like PTC has a similar appear-
ance to the Warthin tumor of the salivary gland but is composed
of oncocytic cells exhibiting PTC nuclear features. This subtype
usually occurs in the background of chronic lymphocytic thy-
roiditis. Clear cell PTCs should be differentiated from other sec-
ondary neoplasms including renal cell carcinoma. The diffuse
sclerosing PTC shows squamous metaplasia, extensive lymphatic
invasion, dense sclerosis, and numerous psammoma bodies in
the background of Hashimoto thyroiditis. The tall cell PTC is
characterized by a tumor comprising more than 30% of cells
whose height is at least three times their width, exhibiting abun-
dant eosinophilic cytoplasm and a prominent cell membrane.
The clinical behavior of this subtype was more aggressive com-
pared to classic PTCs. A diagnosis of the solid subtype of PTC
requires the presence of a solid or trabecular growth pattern in
more than 50% of the tumor mass. The hobnail PTC is rare and
exhibits peculiar morphology, with tumor nuclei bulging from
the apical surface and displaying pleomorphism. The columnar
PTC is characterized by tumors with columnar cells, nuclear pseu-
dostratification, and pale eosinophilic to clear cytoplasm. The
chromatin is typically dark, and typical PTC nuclear features are
only present focally.

The American Thyroid Association’s risk stratification system
incorporates clinical and pathological data, and molecular alter-
ations such as BRAF VG60OE and TERT promoter mutations.
This system categorizes tumors into low, intermediate, and high-
risk groups, providing tailored therapeutic recommendations [8].
PTCs such as the tall cell, hobnail, and columnar subtypes are
considered aggressive and are categorized into the intermediate
risk group.

CYTOLOGIC FEATURES OF PAPILLARY THY-
ROID CARCINOMA SUBTYPES

The cytologic features for each morphologic subtype are de-
tailed in Table 1.

Classic PTC

Histologically, papillary structures lined by typical PTC nu-
clear features are crucial for diagnosing classic PTC. FNA sam-
ples from classic PTC show various papillary-like architectural
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patterns in different sizes, syncytial-like appearance (Fig. 1), and
occasionally cellular swirls. True papillary architecture is defined
by cells arranged in papillae containing a fibrovascular core and
covered by atypical cells on the surface. Cellular swirls appear as
concentric aggregates of 50200 tumor cells with oval-shaped
cells on the surface (Fig. 2). The long axis of the cells is oriented
perpendicular to the radius of the switls, often described as the
“onion skin” pattern [22]. The papillary scructures must be dis-
tinguished from hyperplastic or degenerative papillae, which
show incomplete or absent fibrovascular cores with subfollicular
formations [23].

Classic PTC cells are typically arranged in syncytial-like flat
sheets or monolayers with nuclear enlargement, crowding, and
molding. This feature is essential for distinguishing PTC from
benign thyroid lesions [15]. Nuclear enlargement is defined as
a size more than 1.5 times that of a normal nucleus, while nucle-
ar elongation refers to a width exceeding 1.5 times that of a nor-
mal nucleus. Enlarged nuclei cause adjacent nuclei to deform,
resulting in nuclear molding [22]. Nuclear crowding indicates
that atypical cells are closely packed, while nuclear overlapping
occurs when one nucleus covers another [22]. The nuclei typi-
cally exhibit pale, finely textured, and evenly distributed chro-
matin (powdery chromatin), in contrast to the nuclei of benign
follicular cells that exhibit dark chromatin [15].

Typical nuclear features of PTC include intranuclear pseudoin-
clusions, pale nuclei, irregular nuclei with a ground-glass appear-
ance, solitary or multiple micronucleoli, and nuclear grooves. In-
tranuclear pseudoinclusions and nuclear grooves reflect increased
nuclear membrane plasticity in tumor cells, making their nuclei
more easily deformed than those of normal thyroid cells (Fig. 3).
Intranuclear pseudoinclusions are cytoplasmic invaginations into
the nucleus, bounded by the nuclear membrane, and vary in
shape and size [15]. The diagnostic intranuclear pseudoinclu-
sions are surrounded by condensed chromatin and display the
same color or texture as the cell’s cytoplasm, in contrast to nuclear
bubbles or vacuoles that lack a clear boundary and vary in size
and shape (Fig. 4). The vacuole size is at least one-quarter of the
nucleus, with sharply defined membranes and no nuclear mate-
rials [15,24]. Nuclear grooves are invaginations of the nuclear
membrane along the long axis of nuclei, more commonly seen
in oval-shaped atypical cells than in round-shaped ones (Fig. 5)
[15,25]. Nuclear grooves alone are not enough to definitively
diagnose PTC, as they can also be present in other conditions
such as lymphocytic thyroiditis and benign nodules. Therefore,
a definitive diagnosis of PTC requires the presence of multiple
characteristic features related to cell architecture and nuclear char-
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Papillary thyroid carcinoma subtypes 269

acteristics [15]. Psammoma bodies are concentric calcified bod-
ies and are also commonly observed in classic PTC (Fig. 6). In
FNA samples, psammoma bodies can be solitary, multiple, or
attached to cells, and they are found less frequently than in his-
topathology samples [15,26]. While psammoma bodies are read-
ily observed in conventional smears, they are often lost during the
preparation process in liquid-based cytology. As a result, they
may be more challenging to detect on glass slides in liquid-based
preparations.

Fig. 1. Cytological features of classic papillary thyroid carcinoma Folicular variant of PTC

show a monolayer sheet of cells with a syncytial-like appearance The FVPTC is the second most prevalent subtype of PTC, con-
observed on liquid-based cytology (ThinPrep). stituting a significant percentage of overall PTCs. FVPTC can

o=

Fig. 2. Cellular swirls (arrows), identified by flat, two-dimensional, concentrically organized aggregates of tumor cells devoid of colloid, are
specific features of papillary thyroid carcinoma (A & B, ThinPrep).

. ®

Fig. 3. (A) Classic papillary thyroid carcinoma demonstrating typical nuclear features, including enlarged nuclei, glassy chromatin, prominent
nucleoli, and intranuclear pseudoinclusions on conventional smear. (B) Liquid-based cytology smear showing a monolayer syncytial-like
sheet of tumor cells with marked nuclear irregularities (ThinPrep).
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Fig. 4. (A) Various sizes of intranuclear pseudoinclusions are visible with well-defined borders and coloration similar to the cell cytoplasm (Thin-
Prep). (B) Nonspecific pseudoinclusion (arrow) lacks a clear nuclear border and may resemble bubbles, making them less distinct (ThinPrep).

Fig. 5. Nuclear grooves are observed as nuclear longitudinal folds.
While not entirely specific, the presence of grooves in at least one-
third of the tumor cell clusters, often forming branching patterns or
parallel lines (insets), indicates papillary thyroid carcinoma.

manifest as either infiltrative or encapsulated forms. Histopath-
ologically, FVPTC with an infiltrative growth pattern is charac-
terized by a follicular growth pattern (micro-, normo-, or mac-
ro-follicular) with minimal papillary areas (< 19%) and nuclear
features consistent with classic PTC (Fig. 7) [15,27]. Infiltrative
FVPTC shares similarities with classic PTC, including a high
frequency of lymph node metastases, risk of recurrence, and BRAF
V600E mutation. Conversely, invasive encapsulated FVPTCs
tend to exhibit better behavior with a significant tendency for
RAS-like genetic profiles [17,28]. Due to its distinct molecular,
phenotypic, and clinical characteristics compared to other PTC
subtypes, the recent WHO classification distinguishes invasive
encapsulated FVPTC from other PTC subtypes [16-18].

The cytological diagnosis of tumors with a follicular pattern is
difficult for pathologists. These tumors can range from benign
follicular adenomas to carcinomas, and they are typically classi-
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fied as Bethesda category IV (follicular neoplasms). However, a
conclusive diagnosis requires histopathological evidence of in-
vasion of the capsule and blood vessels, which cannot be deter-
mined with cytology alone. Remember the following text:

Despite the recent WHO classification of tumors categorizing
infiltrative FVPTC and invasive encapsulated FVPTC as dis-
tinct neoplastic entities, differentiating between the two in cyto-
logical smears remains quite challenging. This often leads to a
diagnosis classified as Bethesda category IV (follicular neoplasm)
or V (suspicious for malignancy) in these tumors [29]. However,
several cytological characteristics must be considered when dis-
tinguishing between the two subtypes. Infiltrative FVPTC, akin
to classic PTC, exhibits a significant prevalence of the BRAF
V600E mutation. Consequently, infiltrative FVPTC is believed
to have more distinct and well-defined nuclear characteristics,
resulting in a higher total nuclear score than the subtle nuclear
features found in invasive encapsulated FVPTC with RAS-like
genetic profile [30]. The distribution of nuclear features in in-
filtrative FVPTC is typically more diffuse than the focal nuclear
features displayed in encapsulated types. Higher cellularity also
serves as a distinguishing feature that differentiates infiltrative
FVPTC from the relatively indolent invasive encapsulated FVPTC
[30]. Invasive encapsulated FVPTC typically reveals microfollic-
ular structures with smaller, round to oval nuclei, nuclear over-
lapping, and darker chromatin [29].

FNA aspirates of the FVPTC with infiltrative growth pat-
terns may predominantly exhibit microfollicular cell clusters
consisting of small to medium-sized follicles, occasionally ac-
companied by dense globus colloids in the background. These
patterns can mimic other follicular neoplasms. Key features in-
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clude increased tumor cellularity, follicles or syncytial clusters,
and the prominent variable nuclear features characteristic of clas-
sic PTC [15,27,31,32]. Notably, FVPTC lacks papillary struc-
tures and psammoma bodies [33]. The nuclear features frequent-
ly associated with FVPTC include prominent nuclear grooves
along the long axis of the nuclei [31], nuclear enlargement, nu-
clear elongation, and finely dispersed chromatin (powdery chro-
matin) [15,32]. Although nuclear crowding and intranuclear
pseudoinclusions may occasionally be observed, they are typi-
cally limited compared to classic PTC [33].

Despite a meta-analysis study [34] has shown significant dif-
ferences in the cytological features of FVPTC and noninvasive
follicular thyroid neoplasm with papillary-like nuclear feature
(NIFTP), distinguishing between the two entities based solely
on cytology remains challenging in clinical practice. Statistical-

®)
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ly, NIFTP tends to show a higher prevalence of microfollicles,
while FVPTC is more frequently associated with marginal nucle-
oli, multinucleated giant cells, nuclear elongation, nuclear en-
largement, nuclear grooves, and intranuclear inclusions [35]. Fur-
thermore, NIFTP is characterized by a lack of nuclear crowding,
smoother nuclear grooves, and smaller nuclei, less elongated and
rounder than those seen in classic PTC. It is also crucial to em-
phasize that cytological examination alone cannot differentiate
FVPTC from NIFTP, as the distinction is based on the presence
of invasion, which cannot be assessed in FNA aspirates. As a re-
sult, the diagnostic sensitivity of FNA for identifying the FVPTC
is lower than that for the classic PTCs [15].

In comparison to the FVPTC, follicular neoplasm (Bethesda
IV) often displays an image of mild to moderate cellularity with
microfollicle structure that includes <15 cells arranged in a flat

Fig. 6. Psammoma bodies, identified as concentric calcified structures (arrows), are typically found within the papillary stalk of papillary thy-
roid carcinoma cells. These bodies may be absent in liquid-based cytology specimens. (A, ThinPrep; B, SurePath).
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Fig. 7. Infiltrative follicular variant of papillary thyroid carcinoma. Tumor cells are arranged in a microfollicular pattern (A) with irregular nuclear

membranes, fine chromatin, and prominent nucleoli (B) (ThinPrep).
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circle that is at least two-thirds complete, with a lumen. Other
differentiating features of follicular neoplasm are monotonous
cell population and normal-sized or enlarged, relatively uniform
follicular cells. The background may present a scant or absent
colloid. Benign follicular lesions can be distinguished by their
monolayered cellular arrangement that can be present as a hon-
eycomb appearance, with well-defined cytoplasmic borders, reg-
ularly spaced cytoplasm, and uniform nuclear polarity. Thyroid
spherules can resemble microfollicles, but they are only found in
benign follicular nodular disease (Fig. 8) [36].

A presumed FVPTC, particularly those that display a solely
follicular architectural pattern with scarce PTC nuclear features
of intranuclear pseudoinclusion and psammoma bodies, should
be regarded as suspicious for malignancy instead of being classi-
fied as outright malignant (category VI). This approach to inter-
pretation is considered more appropriate in such cases to avoid
overdiagnosis and helps maintain a high positive predictive val-
ue for malignancy in suspicious for malignancy (category V).

Tall cell PTC

FNA materials from tall cell PTCs typically exhibit high cel-
lularity, with tumor cells arranged in a palisading or parallel pat-
tern on one side of the cluster, mimicking the tram-tracked pat-
tern observed histologically. Tall cell PTC is characterized by tall
columnar tumor cells with oncocytic features, and centrally lo-
cated nuclei, which may elongate and become cylindrical with
eccentric nuclei (resembling tail-like or tadpole cells). The nucle-
ar chromatin is less powdery and more granular, with prominent,
centrally located nucleoli. The cell cytoplasm is abundant, gran-
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ular eosinophilic, or cyanophilic with prominent cell membranes
(Fig. 9). Definitive diagnosis requires the identification of PTC
nuclear characteristics. Intranuclear pseudoinclusions are more
commonly observed and can appear multiple within a single tu-
mor cell nucleus, giving a “soap bubble” appearance. When tu-
mor cells form cohesive clusters, tall cells are identified at the
cluster margin; however, if the clusters are loose or non-cohesive,
the morphology of the tall cells is more apparent. The tumor
background usually consisted of minimal colloid and inflamma-
tory cells. Psammoma bodies are infrequently observed in this
subtype [12,15,37].

Columnar cell PTC

The columnar cell PTC is an uncommon but aggressive sub-
type, reptesenting less than 0.3% of all PTC cases [38-40]. The
tumor is typically large and invasive, with a higher prevalence in
females and older adults [39]. The subtype commonly exhibits
aggressive clinical features, such as local invasion, lymph node
metastasis, and distant metastasis. However, a smaller subset of
well-circumscribed tumors that arise in younger individuals tend
to exhibit a relatively more indolent behavior [40]. Histological-
ly, columnar cell PTC is defined by papillae or glandular-like
structures lined by columnar cells that display prominent nucle-
ar pseudostratification, occasionally accompanied by supranucle-
ar or subnuclear vacuoles [38]. Due to its rarity, there is a paucity
of studies focused on the cytomorphological features of this sub-
type, which presents challenges in columnar cell PTC subtyping
diagnosis.

The cytomorphological features of columnar cell PTC, akin

Fig. 8. (A) Papillary thyroid carcinoma with cystic degeneration demonstrating ball-like clusters, characterized by tight, round aggregates of
tumor cells with typical nuclear features such as nuclear grooves (ThinPrep). (B) Thyroid spherules, distinct from the carcinoma clusters and
microfollicles, are observed as well-circumscribed round structures often surrounded by follicular cells, representing a diagnostic feature dis-
tinguishing benign follicular nodules from malignant lesions and follicular neoplasms (ThinPrep).
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to other aggtessive PTC subtypes, are attributed to epithelial-
mesenchymal transition [41]. This phenomenon causes a loss of
cellular polarity, which changes the nuclear position within the
cytoplasm, leading to nuclear pseudostratification. In FNA sam-
ples, columnar cell PTC often presents as hypercellular smears
with an architectural arrangement of pseudostratified layers or
glandular structures lined by columnar cells [15,41]. The hall-
mark of nuclear features may include an enlarged, hyperchro-
matic, stratified nucleus with abundant basophilic cytoplasm.
There may be occasional PTC nuclear features such as nuclear
crowding, intranuclear pseudoinclusions, and nuclear grooves,
although they are often very scarce/absent. The background is
typically clean, with occasional findings of mucinous material
[38]. The overall morphology of columnar cell PTC may closely
resemble that of adenocarcinoma of the endometrium or gastro-
intestinal tract.

The cytomorphology of columnar cell PTC may mimic that
of the tall cell PTC due to similar elongated nuclear features.
Both subtypes can exhibit a tram-track pattern; however, colum-
nar cell PTC can be distinguished by its clear cytoplasm, as op-
posed to the oncocytic-like cytoplasm typically observed in tall
cell PTC and the presence of nuclear pseudostratification. In
contrast, the tall cell PTC is characterized by bright eosinophilic
cytoplasm and more pronounced nuclear features, including nu-
clear grooves and abundant intranuclear pseudoinclusions [12].
The pseudostratified arrangement of columnar cell PTC may
also resemble the upper respiratory epithelium, sometimes un-
intentionally collected during thyroid aspirations. Key distin-
guishing factors of columnar cell PTC are the absence of cilia in
any of the cells and the occasional, subtle manifestation of PTC
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nuclear features [41].

Additional molecular testing may also be helpful. Like tall
cell and hobnail PTCs, columnar cell PTC has a high BRAF
VG600E proportion [42]. However, a recent publication by Hig-
gins et al. [43] discovered that columnar cell PTC is a heteroge-
neous entity consisting of similar proportions of RAS-like and
BRAF-like genetic profiles.

Hobnail PTC

The hobnail PTC is rare, but it tends to exhibit aggressive be-
havior with a tendency for distant metastasis, poor response to
radioiodine uptake, and high mortality rates. This tumor may
appear as a true hobnail subtype or a hobnail-like PTC. It is im-
portant to differentiate between the two because they have dis-
tinct prognoses [106].

In contrast to the true papillae found in classic PTC, hobnail
PTC is invasive and displays a complex micropapillary growth
pattern without a true vascular core in the papillae. The lack of
cohesiveness in this subtype suggests a possible role in metasta-
sis associated with epithelial-mesenchymal transition. The tu-
mor background often shows dense fibrosis and inflammation.
The hobnail cells still retain the nuclear features of PTC [44].

Cytologically, the aspirate is typically highly cellular, with tu-
mor cells dispersed as single cells or arranged in micropapillary
clusters and occasionally papillary structures. A follicular pattern
is rarely observed in this tumor. The colloid is usually scant, of-
ten accompanied by a bloody or cystic background. The tumor
cells are medium-sized, exhibiting characteristic hobnail mor-
phology with nuclei protruding from the apical surface, crowded
cellular arrangement, high nuclear-to-cytoplasmic ratio, promi-

T

k

Fig. 9. Liquid-based cytology specimen of tall cell subtype of papillary thyroid carcinoma shows parallel, elongated tumor cells with charac-
teristic nuclear features and abundant granular cytoplasm (A, B, ThinPrep).
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nent nucleoli, dense chromatin, and a rather discohesive appear-
ance. The tumor cells retain the nuclear features of PTC, such as
nuclear grooves and soap bubble-like intranuclear pseudoinclu-
sions, although they may show more pronounced nuclear atypia
and pleomorphism [44]. The cytoplasm is frequently scant, rang-
ing from clear to eosinophilic. Tumor cells that are arranged as
scattered single cells may appear comet-like or tear-drop-like
appearance due to tapered cytoplasm (Fig. 10) [45]. The classic
PTC and tall cell PTC serve as differential diagnoses for this en-
tity due to eccentric nuclei, abundant cytoplasm, and prominent
cell membranes. However, the absence of characteristic hobnail
or comet-like features excludes these subtypes [44].

FNA suggesting hobnail PTC may influence a shift towards
a more aggressive management approach. According to the
WHO classification, at least 30% of the tumor must exhibit a
hobnail component to be classified as the hobnail subtype. How-
ever, even a hobnail component as low as 10% is associated with
a poorer prognosis. Thus, any presence of a hobnail component
should be meticulously noted in the pathology report [46].

Diffuse sclerosing PTC

The diffuse sclerosing PTC typically occurs at a younger age
and carries a higher risk of extrathyroidal extension, lymph node,
and distant metastases than classic PTC [47-50]. The combina-
tion of sonogram and cytology is useful for diagnosing diffuse
sclerosing PTC preoperatively. The sonogram typically shows a
“snowstorm” pattern and is often present as hypoechoic solid
nodules. However, the sonogram of Hashimoto's thyroiditis may
show a heterogeneous background that mimics diffuse scleros-

ing PTC. This finding may mislead clinicians and delay the di-

agnosis [51].

The tumor may appear as a nodule or non-nodular macroscopi-
cally. The histopathologic features are unique, characterized by
classic PTC diffusely involving the thyroid gland, with squa-
mous metaplasia and psammoma bodies within a background of
dense sclerotic stroma associated with chronic lymphocytic thy-
roiditis and dilated lymphatic spaces. Several patterns can indi-
cate diffuse sclerosing PTC cytologically. Besides monolayered
papillary structures, solid ball-like clusters are common and char-
acterized by tumor cells arranged in spherical or three-dimen-
sional clusters. Mirror ball or hollow ball clusters containing faint
septate cytoplasmic vacuoles and large unilocular vacuoles, or
with squamous features, are also seen [52].

The tumor cells were polygonal or low columnar and mostly
did not show a ground-glass appearance. The chromatin pattern
of this subtype is mostly coarser than that of classic PTC. Intra-
nuclear pseudoinclusions and nuclear grooves may be seen. Some
cells may appear hobnail-like with scant to moderate dense cyto-
plasm with squamoid or metaplastic changes. The tumor back-
ground is characterized by many lymphocytes and foamy histio-
cytes with psammoma bodies (Fig. 11). Ropy colloids could be
found. These cytological characteristics help differentiate diffuse
sclerosing PTC from benign conditions such as Riedel’s and
Hashimoto’s thyroiditis [52,53].

Warthin-like PTC

The prevalence of Warthin-like PTC ranges from 0.2% to
1.9% of all PTC cases [15]. This subtype predominantly affects
women and tends to occur in younger ages, typically between
30 and 50 years of age, compared to classic PTC. Prognostically,
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Fig. 10. Hobnail subtype of papillary thyroid carcinoma. (A) Conventional smear shows papillary clusters of tumor cells with nuclei protruding
toward the apical surface, dense chromatin, and eosinophilic cytoplasm. (B) Liquid-based cytology smear displays discohesive tumor cells

with comet-like morphology (ThinPrep).
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Warthin-like PTC generally follows a favorable course, with in-
frequent extrathyroidal extension, low recurrence rates, and rare
lymph node metastasis. Furthermore, the tumor is associated
with the BRAF V60OE mutation in 65%—75% of cases. The 20-
year survival rate for Warthin-like PTC exceeds 90%, although
some cases demonstrate more aggtessive behavior [54-56].

Cytomorphologically, Warthin-like PTC is distinguished by
the presence of tumor cells organized in monolayers with papil-
lary structures, along with a subset of tumor cells that are dis-
persed [15,57]. The follicular cells exhibit oncocytic features,
including large, polygonal shapes, inconspicuous nucleoli, and
abundant granular eosinophilic cytoplasm. The nuclear features of
classic PTC, such as nuclear enlargement, nuclear crowding, pow-
dery chromatin, and nuclear grooves, are also present [15,55,57].
The stroma in Warthin-like-PTC is characterized by fibrovascu-
lar stalks infiltrated with lymphocytes and plasma cells, result-
ing in a lymphoplasmacytic background. Intranuclear inclusions
are more readily identified in liquid-based cytology due to the
relatively high cellularity, whereas lymphoplasmacytic back-
ground and papillary structures are more prominent in conven-
tional smears [54,57].

The differential diagnoses of Warthin-like PTC include on-
cocytic PTC, classic PTC with concurrent Hashimoto thyroid-
itis, oncocytic carcinoma of the thyroid, and Hashimoto thy-
roiditis. In cases where the papillary architecture and nuclear
features of classic PTC are not well-defined, Warthin-like PTC
may be misdiagnosed as a follicular adenoma or follicular carci-
noma with oncocytic features [15,54,57]. According to Kim et

al. [54] in comparison to classic PTC without thyroiditis, War-
thin-like PTC identified on FNA cytology exhibits a greater
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abundance of lymphocytes and histiocytes within the tumor
clusters as well as in the background of the tumor [56]. Unlike
the oncocytic PTC, Warthin-like PTC exhibits lymphoplasma-
cytic infileration, though differentiating these entities caries min-
imal clinical implications for management or prognosis [15,54].
Differentiating Warthin-like PTC from Hashimoto thyroiditis
on FNA cytology requires attention to oncocytic cell characteris-
tics, as Hashimoto thyroiditis typically presents with round nu-
clei and prominent single nucleoli, whereas Warthin-like PTC
displays irregular nuclear contours and inconspicuous nucleoli
[15]. However, the limitations of FNA cytology necessitate his-
topathological examination as the gold standard for the defini-
tive diagnosis Warchin-like PTC [55,56].

Solid/trabecular PTC

The solid/trabecular PTC represents 1%—3% of adult cases and
occurs more frequently in pediatric patients [58]. Classically,
this subtype has been closely associated with radiation exposure,
with over 30% of children affected by the Chernobyl disaster
developing this cancer [58]. However, recent studies have shown
that solid/trabecular PTC can also occur sporadically and is asso-
ciated with a heterogeneous genetic profile, including RET gene
fusions, BRAF V600E, and TERT promoter mutations [58].

Histologically, solid/trabecular PTC is defined by solid, tra-
becular, or nested cellular growth pattern, which account for
more than 50% of the tumor and exhibit typical PTC nuclear
features [16,17]. The presence of this growth pattern is signifi-
cantly associated with higher rates of vascular invasion [59], tu-
mor recurrence, and mortality compared to classic PTC [58].
However, due to the lack of distinctive cytological markers, di-

Fig. 11. Diffuse sclerosing subtype of papillary thyroid carcinoma. (A) Cell block preparation shows tumor cells with squamous metaplasia
and numerous psammoma bodies. (B) Squamous metaplasia is observed in a liquid-based cytology smear (ThinPrep).
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agnosing this subtype based solely on cytology is challenging.
Most cases are typically classified as suspicious for malignancy
(Bethesda V) or simply as PTC [60].

In FNA samples, the solid/trabecular PTC often presents
moderately to highly cellular smears in a clean background with
minimal colloid [15,41]. The neoplastic cells typically form solid
or trabecular growth patterns, lacking the papillary or follicular
structures commonly seen in other subtypes. The nuclei exhibit
typical PTC nuclear features with prominent nucleoli, while the
cytoplasm of these cells is usually moderate to abundant and eo-
sinophilic [41]. Additionally, the presence of loosely or non-co-
hesive single cells is indicative of the infiltrative and aggressive
nature of this tumor [15]. Compared with the classic PTC, the
nuclear atypia in solid/trabecular PTC is particularly more pro-
nounced with nuclear overlapping, pleomorphism, and a higher
nuclear-to-cytoplasm ratio [41]. In contrast, the presence of
psammoma bodies is very rare in solid/trabecular PTC [41].

The occasional presence of microfollicular structures may lead
to diagnostic challenges in differentiating the solid/trabecular
PTC from follicular-patterned neoplasm [59]. Follicular-pat-
terned neoplasm typically exhibits a monolayered cellular archi-
tecture. In contrast, the solid/trabecular PTC is distinguished by
its characteristic three-dimensional cellular architectures, form-
ing syncytial structures in cytological samples [41]. Despite the
growth pattern observed in solid/trabecular PTC, it should not
be conflated with DHGTC and PDTC, as solid/trabecular PTC
lacks the features of tumor necrosis and a high mitotic rate that
are characteristic of DHGTC and PDTC. PDTC typically shows
no nuclear groove or intranuclear pseudoinclusion, which is typi-
cal of PTC.

Oncocytic PTC

The oncocytic PTC comprises approximately 1%—11% of all
PTC cases. It predominantly affects females, with a reported fe-
male-to-male ratio of 4:1. Classically, oncocytic PTC has been
associated with poor prognostic outcomes [61]. However, with
the implementation of more stringent histological diagnostic cri-
teria and the advent of radioiodine therapy, recent studies have
increasingly reported a more favorable prognosis [62], with 5-year
and 10-year survival rates of 93% and 81%, respectively. Local
recurrence and distant metastasis are infrequent, occurring in
fewer than 10% of cases [62-64].

Cytologically, the oncocytic PTC is characterized by a tumor
architecture comprising papillary structures, sheets, microfolli-
cles, or individual dispersed cells, with more than 75% of the tu-
mor cells exhibiting oncocytic features [15,63]. Oncocytic cells
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are polygonal with abundant granular cytoplasm due to mito-
chondrial accumulation, which reflects an adaptive response of
thyroid follicular cells to primary mitochondrial DNA altera-
tions. The presence of nuclear features characteristic of classic PTC
is crucial for the definitive diagnosis of oncocytic PTC [15,63].
Tumor necrosis and increased mitotic activity are typically ab-
sent [63]. The lymphocytic background is either minimal or
absent in the oncocytic PTC [15].

The diagnostic accuracy of ENA for oncocytic PTC is limit-
ed, with a reported precision rate of approximately 60%. This
limitation arises from numerous differential diagnoses associat-
ed with oncocytic lesions [64]. The oncocytic PTC can resemble
other oncocytic proliferations, such as those seen in Hashimoto
thyroiditis, oncocytic medullary thyroid carcinoma, and onco-
cytic neoplasms originating from other organs, including meta-
static renal cell carcinoma. Distinguishing the oncocytic PTC
from other oncocytic lesions requires careful evaluation of onco-
cytic cell morphology. In non-oncocytic PTC, oncocytic cells
are typically round with prominent nucleoli, minimal nuclear
grooves, paler nuclear staining, and infrequent intranuclear in-
clusions [15]. In Hashimoto thyroiditis, oncocytic cells exhibit
greater cohesiveness, anisokaryosis, and lack nucleoli [64]. In
contrast, the oncocytic PTC is characterized by classic PTC nu-
clear features, abundant oncocytic cells, and papillary structures
with fibrovascular stalks [15,64]. However, when nuclear fea-
tures of the oncocytic PTC are not well-defined, the diagnosis
may be classified as a follicular neoplasm, an oncocytic follicular
neoplasm, or suspicious for an oncocytic PTC. If a significant
lymphocytic infiltration is observed in the tumor background,
consideration should be given to the diagnosis of Warthin-like
PTC [15].

CYTOLOGIC FINDINGS RELATED TO LYMPH
NODE METASTASIS IN PAPILLARY THYROID
CARCINOMA

The increasing incidence of thyroid cancer, particularly PTC,
has been significantly driven by advancements in diagnostic mo-
dalities such as ultrasound and FNA [65]. PTC remains the most
prevalent form of thyroid malignancy, characterized by a gener-
ally favorable prognosis, with a 10-year survival rate exceeding
90%, especially when detected early. However, recurrence is ob-
served in approximately 7%—23% of PTC cases. Recurrence risk
factors include age, sex, tumor size, extrathyroidal extension, dis-
tant metastasis, lymphovascular invasion, and lymph node me-
tastasis, particularly involving cervical and paratracheal lymph
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nodes. Among these, lymph node metastasis represents a critical
risk factor for recurrence [66]. Cervical lymph node metastasis is
detected in 40%—60% of PTC cases, particularly among younger
patients, which aligns with findings from Liu et al. [67]. This
study indicates an association between lymph node metastasis,
younger age, poorer prognosis, and decreased life expectancy
[68]. PTC patients younger than 45 years, with metastasis to
more than five lymph nodes, exhibit a higher mortality rate [69)].

Lymph node metastasis is common in epithelial malignancies,
with tumor cells infiltrating lymphatic vessels and spreading to
regional lymph nodes to form metastatic foci [69]. In addition
to lymphatic invasion, several histologic features are associated
with lymph node metastasis, including the presence of psammo-
ma bodies, micropapillary architecture, and distinct subtypes
such as hobnail and tall cell PTCs [70]. The clinical guidelines
recommend preoperative neck ultrasounds with FNA of suspi-
cious cervical lymph nodes, particularly in patients with malig-
nant or suspected malignant thyroid FNA results. The combina-
tion of FNA and ultrasounds approach offers high specificity and
sensitivity in detecting lymph node metastasis in thyroid carci-
noma [70]. This approach aims to reduce clinical management
errors [70].

The presence of PTC tumor cells in lymph nodes is definitive
evidence of metastasis, with characteristics metastatic features
including monolayer or papillary structures, powdery chroma-
tin nuclei, intranuclear pseudoinclusions, and nuclear grooves.
Additional findings may include multinucleated giant cells,
foamy histiocytes, colloid, and psammoma bodies [71]. How-
ever, these features may not always be observed in FNA speci-
mens from lymph nodes with suspected metastasis [72].

Cystic degeneration is frequently observed in PTC (Fig. 12),
both in primary tumors and in metastatic lymph nodes [72].
FNA of lymph nodes revealing cystic degeneration without iden-
tifiable tumor cells is more commonly associated with PTC me-
tastasis than with primary tumors [71,73]. Cystic degeneration
in lymph nodes can also occur in metastases from salivary gland
tumors, highlighting the importance of confirming the thyroid
origin of such changes. To reduce the risk of false-negative diag-
noses, immunohistochemical and biochemical markers such as
cytokeratin 19 and thyroglobulin can be utilized to confirm that
cystic degeneration is of thyroid origin. However, this approach is
limited to fresh cyst fluid aspirates or cell block preparations [73].

In addition to cystic degeneration, pigmented foamy histio-
cytes are frequently observed in PTC metastasis to lymph nodes.
A study by Ng et al. [73] demonstrated the presence of pigment-
ed foamy histiocytes, even in the absence of tumor cells in lymph
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node FNA, correlated with positive histopathological findings
of PTC metastasis. Histopathological examination of PTC typi-
cally reveals not only the characteristic nuclear features of classic
PTC but also calcification, multinucleated giant cells, and col-
loidal material. These features, which are commonly linked to a
positive diagnosis of PTC metastasis, can also be observed in
lymph node FNA. The presence of colloid alone in lymph node
FNA cytology can serve as a marker of PTC metastasis.

In addition to lymph node FNA, Choi et al. [70] suggested
that certain findings in preoperative thyroid FNA could predict
the likelihood of PTC metastasis to lymph nodes. Specifically,
the presence of atypical histiocytoid cells and multinucleated
giant cells may indicate an increased risk of metastasis. Atypical
histiocytoid cells, which resemble histiocytes or epithelioid cells,
with hyperchromatic to vesicular nuclei and abundant cytoplasm,
are often found in PTC with discohesive tumor cell structures or
micropapillary arrangements, both of which are correlated with
lymph node metastasis. Multinucleated giant cells, which vary
in size and number, are associated with PTCs that exhibit extra-
thyroidal extension, larger tumor size, and lymph node metas-
tasis. Both atypical histiocytoid cells and multinucleated giant
cells (Fig. 13) are more frequently found in PTC cases with
moderate to high cellularity, which further correlates with an
increased likelihood of lymph node metastasis. Therefore, the
presence of these cells in thyroid FNA may serve as a predictive
marker for PTC metastasis to lymph nodes before surgery [70].

Lymph node FNA is known to have a high false-negative rate,
estimated to be around 30%, primarily due to sampling errors.
Normal lymph node FNA specimens typically contain lym-
phoid fragments, germinal centers, and a background of abun-
dant inflammatory cells, which serve as indicators of sample ad-
equacy. The identification of these components may help reduce
false-negative rates. According to Ng et al. [73], ENA specimens
that contained normal lymph node components had a false-
negative rate of 18.8%, compared to 72.2% in FNA specimens
lacking these components.

CYTOLOGIC INDICATORS OF
AGGRESSIVENESS IN PAPILLARY THYROID
CARCINOMA

DHGTC is a novel entity that has emerged in the latest WHO
classification edition due to its significant clinical behavior. This
entity is classified as a high-grade follicular cell-derived non-an-
aplastic thyroid carcinoma, along with PDTC, exhibiting an in-
termediate prognosis between well-differentiated thyroid carci-
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Fig. 12. (A) Papillary thyroid carcinoma with cystic degeneration shows numerous foamy histiocytes (ThinPrep). (B) Careful examination of
tumor cell clusters with characteristic nuclear features is essential for accurate diagnosis (ThinPrep).
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Fig. 13. Metastasis of papillary thyroid carcinoma to the lymph node often presents with atypical histiocytoid cells resembling discohesive
histiocytes with vesicular nuclei and abundant cytoplasm (A, ThinPrep), along with multinucleated giant cells (B, smear).

nomas and ATC [16-18]. Patients with DHGTC often have a
poor prognosis due to the high likelihood of distant metastasis
and resistance to conventional therapies [74].

DHGTC refers to well-differentiated thyroid carcinomas (PTC,
FTC, or oncocytic carcinoma) with high-grade features, defined
by the presence of >5 mitoses per 2 mm?® or tumor necrosis.
The aggressive nature of DHGTC necessitates early and accu-
rate preoperative diagnosis to guide appropriate management.
A definitive diagnosis of DHGTC cannot be established from
cytology alone; however, suspicion of this entity can alter patient
management strategies. The cytological features of DHGTC are
challenging because they still contain components of well-differ-
entiated thyroid carcinomas and lead to inconsistent Bethesda
classifications depending on the underlying tumor type. Tondi
Resta et al. [75] reviewed 32 cases of DHGTC cytologically,
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showing that 43.8% of the cases were diagnosed as Bethesda
category VI (malignant) and 31.3% as follicular neoplasm. Most
cases diagnosed as Bethesda category VI were DHGTC originat-
ing from the PTC in histopathological specimens. Most cases of
DHGTC originating from tumors with oncocytic differentia-
tion, such as the oncocytic PTC and oncocytic carcinoma of the
thyroid, were diagnosed under the Bethesda category IV.
Cytologically, the FNA shows highly cellular specimens with
crowded and overlapping features. Some tumor cells may be ar-
ranged in small groups, clusters, or papillary structures with a
fibrovascular core. The tumor cells exhibit a syncytial arrange-
ment with abundant cytoplasm and indistinct cell borders. The
nuclei are round to irregular, significant atypia with coarse chro-
matin and sometimes prominent nucleoli. Mitosis can be found,
while necrosis or karyorrhexis debris may be present in the back-
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Fig. 14. Poorly differentiated thyroid carcinoma. (A) The tumor shows high cellularity with a trabecular architecture (ThinPrep). (B) The tumor
is composed of monomorphic cells characterized by a high nuclear-to-cytoplasmic ratio, coarse chromatin, and scant cytoplasm (ThinPrep).

ground. The presence of well-differentiated thyroid carcinomas
with such findings is crucial, raising suspicion of this entity [41].
The main differential diagnosis for this entity is PDTC. Several
cytological features are associated with PDTC, including highly
cellular smears with solid/insular architecture of monomorphic
follicular cells, high nuclear/cytoplasmic ratio, nuclear atypia,
irregular membrane so-called convoluted nuclei, scanty cyto-
plasm, and the presence of mitosis, apoptosis, or necrosis (Fig.
14). However, these findings are not specific [15]. The existence
of PDTC cases that still contain well-differentiated thyroid car-
cinoma elements complicates the differentiation from DHGTC.

CONCLUSION

PTC encompasses a wide range of cytologic and histologic
features that are crucial for accurate diagnosis, prognosis, and
treatment. FNA cytology is the primary method for evaluating
thyroid nodules, including those related to PTC. However, diag-
nosing different PTC subtypes can be challenging due to over-
lapping features and the presence of rare and aggressive sub-
types. This requires a careful and nuanced approach to diagnosis.

This review focused on the distinct cytologic characteristics of
various PTC subtypes, such as classic, follicular, tall cell, colum-
nar cell, hobnail, diffuse sclerosing, Warthin-like, solid/trabecu-
lar, and oncocytic subtypes. It underscores the importance of rec-
ognizing their unique nuclear features, architectural patterns,
and background elements in order to differentiate them from
benign thyroid conditions and other thyroid malignancies.

Accurate cytologic diagnosis is particularly crucial for aggres-
sive subtypes like tall cell, hobnail, and columnar cell PTCs, as
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they have different prognostic and therapeutic implications. The
review also explored cytologic indicators of tumor aggressive-
ness, such as lymph node metastasis and features associated with
high-grade thyroid carcinoma.

It emphasizes the need for careful cytologic evaluation and the
potential role of ancillary techniques, such as molecular testing,
to improve diagnostic accuracy. Looking ahead, standardized cy-
tologic criteria and advanced diagnostic techniques, including
imaging and molecular profiling, are needed to classify PTC sub-
types better and predict their clinical behavior. These advance-
ments will likely lead to more personalized and effective man-
agement strategies for thyroid cancer patients.

Continuous education and experience are essential for cytopa-
thologists to overcome diagnostic challenges and minimize the
risk of misclassification, ultimately improving patient outcomes.
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