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Abstract
Background: The thyroid gland is a treasure trove of pathology
ranging from the benign to the overtly malignant. Both neo-
plastic and nonneoplastic thyroid lesions can exhibit oncocytic
change. Here we present an overview of cytologic and histo-
pathologic findings encountered in these oncocytic neoplasms
with a focus on the molecular aspects that drive their tumor-
igenesis. Summary: Oncocytic change is unique to a subset of
thyroid lesions ranging from nonneoplastic nodular hyperplasia
to high-grade malignancy. It can also be encountered in non-
follicular-derived neoplasms as well as in the adjacent para-
thyroid glands. At the genetic level, these lesions demonstrate a
different genetic signature from classic follicular-derived lesions,
often involving alterations of mitochondrial genes. Key
Messages: Oncocytic change can be seen in nonneoplastic
and neoplastic thyroid pathology. Rarely, oncocytic change can
be seen inmedullary thyroid carcinoma and certain subtypes of
papillary thyroid carcinoma as well as the parathyroid gland.
Oncocytic neoplasms of the thyroid harbor molecular alter-
ations often involving mitochondrial genes, which is distinct
from other thyroid neoplasia. © 2025 S. Karger AG, Basel

Introduction

The thyroid gland harbors a variety of pathology
ranging from reactive metaplasia to follicular adenoma to
high-grade carcinoma [1–3]. Throughout this spectrum
of malignancy, one can observe oncocytic change, a
phenomenon whereby the congregation of mitochondria
within the cytoplasm renders an eosinophilic appearance
to the cell as observed under the microscope by the
pathologist [4, 5]. The thyroid gland can show oncocytes
either as few scattered cells lining follicles, cellular ag-
gregates or well-defined unencapsulated, partially or
completely encapsulated nodules [6–8]. The cellular
aggregates are commonly encountered in chronic lym-
phocytic thyroiditis as focal proliferations confined to a
lobe or scattered throughout the entire gland. Similarly,
oncocytic change or cellular proliferations can also be
seen in euthyroid multinodular and diffuse or nodular
toxic goiter [1, 5, 6, 8, 9]. Notably, oncocytic change has
been described in neoplastic processes in several organ
systems including the kidney, pancreas, and adrenal
gland, so it is not a specific change localized to the
thyroid. However, its presence should be documented as
it has certain clinical implications in this organ [6, 10].

As compared to other follicular cell derived thyroid
tumors, oncocytic tumors are rare. The follicular thyroid
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carcinoma comprises 5–10% of differentiated thyroid
carcinomas, while oncocytic carcinoma (OCA) accounts
for 3–5% [1, 6, 11]. In the 2004 edition of WHO Clas-
sification of the Endocrine Organs [12], the oncocytic
tumors of the thyroid gland were classified under the
umbrella term of “Oncocytic Follicular Neoplasms”;
however, this was changed to “Hürthle (oncocytic) cell
tumors” in the current version published in 2017 [13]. In
the latest 2022 WHO classification of thyroid tumors, the
nomenclature has been updated to “Oncocytic Tumors”
and is defined as neoplasms comprising 75% or more
oncocytic cells [2, 3].

In the early literature, some authors considered all
oncocytic tumors of the thyroid gland as malignant be-
cause some of the lesions classified as benign “Hürthle cell
neoplasms” behaved in a malignant fashion [14–16].
However, these findings were later disputed by reports
based on strict application of diagnostic criteria to dif-
ferentiate between benign and malignant oncocytic
neoplasms specifically using the histopathological pa-
rameters established for follicular-patterned thyroid tu-
mors, such as capsular and/or vascular invasion, along-
side meticulous clinical follow-up [17–21]. These more
detailed approaches have helped clarify the behavior of
these tumors and led to a more accurate understanding of
their clinical implications.

Given the increased number of mitochondria
within these oncocytic cells, it is not surprising that
such oncocytic lesions show greater degrees of FDG
avidity than their more metabolically inert counter-
parts [22]. Therefore, patients with this pathology may
be more likely to undergo fine needle aspiration (FNA)
or biopsy to differentiate benign from malignant
etiologies, particularly in incidentally identified le-
sions. While FNA cannot differentiate between ade-
noma and carcinoma, the resultant molecular studies
that have become increasingly incorporated into the
workflow of cytology practice can provide clues as to
the nature of a tumor. In cases of malignant etiology,
OCA often shows worse overall survival vis-à-vis other
differentiated thyroid carcinoma [23]. Additionally,
while OCA can demonstrate somatic alterations
within MAPK and MTOR pathways [24], many of the
oncocytic neoplasms of the thyroid are linked to al-
terations in mitochondrial DNA, making them ge-
nomically unique among other follicular-derived
neoplasms [25–27]. Here we present a contempo-
rary review of oncocytic lesions of the thyroid with an
emphasis on the algorithmic approach to cytopatho-
logic and histopathologic diagnosis considering mo-
lecular signatures.

Oncocytic Thyroid Lesion – Establishing the
Derivation
Evaluating oncocytic lesions of the thyroid can present

diagnostic challenges, particularly when limited tissue
samples are available from FNA or core biopsies. To avoid
common pitfalls in interpretation, certain morphological
and clinical clues are essential.

Background Colloid and Cytomorphology
In FNA samples, the presence of background colloid is a

significant indicator of follicular cell origin. Additionally,
oncocytic follicular cells are often seen forming follicles
that are partially rimmed by colloid, resembling “flame
cells.” These characteristics suggest a thyroid origin rather
than a non-follicular tumor. When considering medullary
thyroid carcinoma (MTC), the presence of amyloid de-
posits or spindled tumor cells can indicate the oncocytic
subtype of this cancer. Recognizing these specific features
can aid in differentiating it from benign oncocytic changes.
In cases where the differentiation is unclear, additional
tests such asmeasuring parathyroid hormone (PTH) levels
from FNA needle rinses or performing immunohisto-
chemistry can help clarify the diagnosis [6, 28–33].

Clinical Context
A critical aspect of cytomorphologic diagnosis is

considering the overall clinical picture. A history of
hypercalcemia may raise suspicion for intrathyroidal
parathyroid lesions, especially if accompanied by ultra-
sound findings indicative of parathyroid lesion. While
some oncocytic parathyroid adenomas may show mini-
mal elevation in serum PTH levels, the clinical findings
should guide further evaluation [34–36].

Benign Oncocytic Lesions

Adenomatous Oncocytic Nodules and Oncocytic
Adenoma
A well-documented process in the thyroid is adenoma-

tous nodules, colloquially referred to as “nodular goiter,” a
clinical term not recommended to be used in pathologic
diagnosis [2, 3, 37]. It is not uncommon to encounter focal
oncocytic change in most adenomatous nodules; however,
some cases are exclusively comprised oncocytic cells, usually
occurring in the background of chronic lymphocytic thy-
roiditis [38]. It is prudent to recognize that in the “recent
past,” such proliferation was termed as “hyperplastic”;
however, molecular profiling has shown that greater than
70% of adenomatous nodules are clonal proliferations and
can be associated with mutations in specific genes (TSH
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receptor, GNAS, NAI symporter) [3, 39–41]. On ultrasound,
the adenomatous nodules are hypoechoic or hyperechoic
with varying degree of extra and intramodular vascularity.
The FNA specimen show a preponderance of oncocytic cells
and are often classified as atypia of undetermined signifi-
cance or follicular neoplasm with oncocytic features (Be-
thesda categories III and IV) [42, 43] (Fig. 1, 2). Therefore,
the correlation with diagnostic surgical pathology is critical
as it may be challenging to make this distinction on cyto-
pathologic preparations alone given the inability to assess the
entire landscape of the thyroid in FNA specimens. From a
surgical pathology standpoint, these nodules are typically
diffusely scattered throughout the thyroid parenchyma,
most lack a well-defined capsule, differentiating them from
true oncocytic adenoma (OA) [3, 6, 38]. At the molecular
level, the genomic changes seen in OA (see below) are not
found adenomatous nodules [44]; thus, molecular pathology
can be a helpful adjunct if the distinction between hyper-
plasia and adenoma is inconclusive even after careful his-
topathologic examination. Regardless of these differences,
there is essentially no clinical significance between adeno-
matous nodules and OA.

The OA is a specialized type of follicular adenoma with
distinct molecular profile (Fig. 3). It is an encapsulated
oncocytic neoplasm without evidence of capsular and/or
vascular invasion, differentiating this entity from OCA [3].
Thus, distinction from carcinoma can only be made via
surgical pathology with submission of the entire tumor
capsule as these latter features cannot be rendered on cy-
tologic assessment [6, 28, 45]. Something that must be
considered is the propensity for OAs to infarct following
FNA. Such changes following FNA, collectively referred to as
WHAFFT (WorrisomeHistologicAlteration Following Fine-
Needle Aspiration), are notably frequent in oncocytic neo-
plasms compared to other thyroid pathologies (Fig. 4). These
can include reactive atypia, inflammation, and infarction,
complicating the differentiation between adenoma and
carcinoma. In instances of near-total or complete infarction,
it may be necessary to categorize these tumors as “oncocytic
neoplasm with extensive infarction without definite evidence
of invasive features,” reflecting the diagnostic difficulties
encountered [6, 46, 47]. Thus, careful evaluation of any
necrosis and correlation with prior biopsy must be made to
differentiate from bona fide tumor necrosis [3, 28, 37].

Fig. 1. Oncocytic adenomatous nodule. The FNA specimen shows a monotonous population of oncocytic cells
with ample granular cytoplasm with round nuclei arranged in loosely cohesive clusters and monolayer sheet (air-
dried smear preparation, Diff-Quik® stain (a, b), ThinPrep® preparation (c)). The surgical pathology following
shows a follicular and papillary patterned encapsulated nodule with abundant watery colloid (hematoxylin and
eosin stain (d–f)).
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From the molecular perspective, these tumors are
genetically disparate from more traditional-appearing
follicular adenomas. As mentioned previously, these
neoplasms can show changes in mitochondrial genes,
particularly in complex 1 subunit genes [48, 49] as well
mutations in GRIM-19, a gene also involved in mito-
chondrial metabolism and cell death [26]. These tumors
share some overlap with their malignant counterparts in
terms of frequency of RAS and EIF1AX mutations;
however, in OAs, these molecular alterations, if present,
are not seen in conjunction with copy number alterations
as observed in OCA [50]. In terms of prognosis, these
tumors are considered benign and completely cured if
totally resected, which is akin to the behavior of the classic
follicular adenoma entity.

The Spectrum of Oncocytic Malignancy

OCA
Formerly known as “Hürthle cell” carcinoma, OCAof the

thyroid is a specialized type of follicular carcinoma where
most tumor cells (at least 75%) display an oncocytic phe-

notype. This neoplasm occurs in the adult population with a
predominance in women [3, 23, 51, 52]. To reiterate, cy-
tology alone cannot distinguish between OA and OCA [28].

On gross pathologic examination, oncocytic neo-
plasms are typically observed as encapsulated, solitary
nodules often displaying a distinctive mahogany brown
cut surface, sometimes featuring a central scar, resem-
bling oncocytic lesions in other organs. While the ma-
jority of OCA measure over 3.0 cm, smaller tumors have
been documented [5, 6, 53].

Intratumoral hemorrhage and infarction, which occa-
sionally result from preoperative FNA procedures, are
common findings in these neoplasms. On microscopic
examination, the growth patterns of OCA can vary; solid
and trabecular are the most prevalent. However, they can
also exhibit microfollicular, macrofollicular, pseudopa-
pillary, and, although rarely, true papillary structures.
Notably, concentric calcifications resembling psammoma
bodies may be present, and features such as intranuclear
grooves and poorly formed intranuclear pseudo-inclusions
can further complicate the diagnosis, especially when at-
tempting to differentiate these oncocytic neoplasms from
papillary thyroid carcinoma (PTC) [1, 3, 6].

Fig. 2. FNA specimen representing an oncocytic neoplasm. The specimen shows a population of oncocytic cells
shows dense cytoplasm with sharp cytoplasmic borders, round to oval shaped nuclei with prominent nucleoli
(air-dried smear, Diff-Quik® stain (a, b)) The oncocytic cells are arranged in cohesive groups with transgressing
vessels. The lesional cells do demonstrate random atypia in the form of variable sizes and binucleation (alcohol-
fixed smear, Papanicolaou stain (c, d)).
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The classification of OCA hinges on the presence of
invasive characteristics (Fig. 2). Specifically, the distinc-
tion between OA and OCA is made based on whether
there is invasion of the tumor capsule and/or vascular
invasion (angioinvasion) [3, 6, 11, 54]. Malignant be-
havior has not been consistently observed in cases di-
agnosed solely based on capsule invasion, leading to
controversy over what constitutes significant capsular
invasion. In clinical practice, adequately sampled cases
defined by invasion into or through the tumor capsule
can be classified as minimally invasive [11]. When vas-
cular invasion occurs, particularly involving four or more
vessels, the prognosis may be worse, indicating a higher
risk for tumor recurrence and metastasis [2, 52, 54, 55].
Ultimately, widely invasive OCAs are more straightfor-
ward to diagnose due to their clear invasive characteristics
into surrounding thyroid tissue and vascular structures
[54–57]. Interestingly, in contrast to classic follicular
carcinoma which spreads uniformly by hematogenous
route, OCA can metastasize via both venous and lym-
phatic mechanisms. However, it has been shown that soft
tissue deposits of OCA, once considered to represent
completely replaced lymph nodes are nodular aggregates
of OCA within vessels [58].

Cytomorphologic Features
If more than 75% of the cells in an aspirate are oncocytic

follicular cells, it is classified as “follicular neoplasm with
oncocytic features” (Bethesda category IV). These speci-
mens typically show hypercellularity with oncocytic cells
arranged in cohesive groups or sheets, with some follicle
formation possible. Background colloid is usually scant or
absent, though watery colloid may be noted, especially in
macrofollicular cases [37, 59–61]. Random nuclear atypia
can include nuclear enlargement, multinucleation, cellular
pleomorphism, and prominent nucleoli in aspirates of
oncocytic neoplasms [28, 29, 45]. Presence of intra-
cytoplasmic holes or lumens and transgressing vessels
among cell groups may be indicative of a neoplastic process
compared to nonneoplastic oncocytic proliferations [62].

Some studies have shown that the cytomorphologic
diagnosis of follicular neoplasm with oncocytic features
carries a higher risk of malignancy as compared to cases
without oncocytic features. However, this claim has been
disputed by other authors. Table 1 highlights selected
studies which report FNA specimens of oncocytic thyroid
lesions and associated risks of malignancy [19, 63–71].

Oncocytic cell atypia, characterized by nuclear pleo-
morphism, hyperchromasia, and prominent nucleoli, has

Fig. 3. Oncocytic adenoma (hematoxylin and eosin stain (a, b)). An encapsulated oncocytic neoplasm showing
follicular growth pattern with random nuclear atypia and no evidence of invasive features. Oncocytic carcinoma
(hematoxylin and eosin stain (c, d)). An encapsulated oncocytic tumor with follicular and solid growth pattern
showing angioinvasion (arrow (c)) characterized by a tumor thrombus in a vessel lumen with tumor capsule
attached to the vessel wall.
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been considered as a useful indicator in FNA cytology for
differentiating between benign and malignant oncocytic
lesions (Fig. 2) [75]. However, it is important to note that
atypical oncocytic cells are frequently observed in benign
thyroid conditions, including adenomatoid nodules, es-
pecially those associated with chronic lymphocytic thy-
roiditis, as well as in diffuse toxic goiter, toxic nodular
goiter, and dyshormonogenetic goiter [6, 10, 28]. This
highlights the significance of considering the clinical
context and the background pathology when interpreting
cytological findings to avoid misdiagnosis of malignancy
in cases where atypical oncocytic cells are present, par-
ticularly in lesions that are otherwise benign. In diag-
nostic practice, integrating cytological features with
clinical presentation and imaging findings remains es-
sential for accurate diagnosis and management.

Differentiated High-Grade and Poorly
Differentiated OCA
The concept of poorly differentiated carcinoma is

gaining clarity as we continue to parse apart differences
from high-grade differentiated thyroid carcinoma. As
the name suggests, poorly differentiated thyroid tumors
do not retain the cytologic features of their precursor

and must meet specific criteria set forth by the Turin
doctrine [76]. In contrast, differentiated high-grade
tumors retain cytomorphologic and architectural fea-
tures of a prior well-differentiated tumor, which can
include OCA. These histologically aggressive oncocytic
tumors can create a challenge as they occasionally blur
the line between these two entities. For example, OCA
may exhibit a solid growth pattern. If sufficient pro-
liferative activity is identified, a solid OCA may in fact
meet the Turin criteria for a poorly differentiated
neoplasm [3, 77, 78]. However, it must be noted that
differentiated high-grade carcinoma can show foci of
poorly differentiated histology, further muddying the
waters between these two entities. In any event, both
differentiated high-grade and poorly differentiated
carcinoma portend poor prognosis and the distinction
may be academic. Additionally, necrosis must be
carefully evaluated as infarct-type necrosis, often seen
in oncocytic neoplasms as mentioned above particu-
larly following FNA, must not be used as criteria of one
of these aggressive histologic variants. Rather true
tumor necrosis with karyorrhectic debris must be
present for this feature to be conclusively identi-
fied [2, 3].

Fig. 4. Oncocytic neoplasm showing prominent post-FNA changes (hematoxylin and eosin stain (a–d)) con-
sisting of near-total infarction (a), spindle cell proliferation (b), fibrosis and hemorrhage (c, d).
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It has been shown that only a subset (approximately
20%–30%) of FNA specimens from high-grade well-
differentiated and poorly differentiated carcinomas ex-
hibit diagnostic features, such as solid growth, tumor
necrosis, and mitoses, sufficient to render a diagnosis or
raise suspicion for these malignant tumors. Inmost series,
these cases comprise around 10%–20% of FNA specimens
and are classified as follicular neoplasms with oncocytic
features [79–81].

Though distinct molecular features are not currently
defined in the diagnosis of either differentiated high-
grade or poorly differentiated carcinomas, it is likely
that most of these aggressive neoplasms acquire molec-
ular alterations during their evolution to promote adverse
biologic behavior such as changes in TP53 or TERT
promoter, the latter of which can be associated with
distant spread of tumor [82].

The Differential Diagnosis of Oncocytic Thyroid
Neoplasm

Differential Diagnosis
As aforementioned, the differential diagnosis of an

oncocytic thyroid neoplasm includes PTC subtypes with
oncocytic features, oncocytic subtype of MTC, oncocytic
lesions of the parathyroid gland, and metastatic tumors
[6, 28, 83, 84].

PTC Subtypes with Oncocytic Features
PTC is indeed distinct among cancers due to its well-

defined nuclear characteristics that are integral for di-
agnosis. These features, such as nuclear enlargement,
chromatin clearing, and irregularities in the nuclear
membrane, form the basis for identifying this malignancy
in histopathological examinations [3, 85–88].

The following subtypes of PTC have their own unique
characteristics including oncocytic features. Much like
its namesake, the Warthin-like PTC shows papillae
composed of cells with oncocytic cytoplasmic features
and abundant lymphoplasmacytic inflammation. A di-
agnostic pitfall is the fact that these neoplasms often
arise in conjunction with severe chronic lymphocytic
thyroiditis, which can in and of itself lead to oncocytic
metaplasia [89, 90]. Therefore, careful assessment must
be made both at the time of FNA and during evaluation
of surgical resection specimens for lymphocytic thy-
roiditis to discern a true neoplastic process from a re-
active metaplasia. Tall cell subtype of PTC can also
show cells with abundant eosinophilic cytoplasm.
Though not perhaps meeting the exact criteria for on-
cocytic change as it is currently defined, we mention it
here as this variant of PTC arises in the differential
diagnosis, particularly in the rare instances of OCA with
papillary architecture. As these tumors have been shown
to clinically behave aggressively than other subtypes of
PTC, in pathology specimens, a 30% threshold is

Table 1. Selected studies with
reported risk of malignancy in
thyroid fine needle aspirates
with oncocytic (Hürthle) cells

Study #Cases Surgical pathology F/U % Malignant

Giorgadze et al. [63], 2004 206 169 (82%) 45

Pu et al. [66], 2006 87 87 (100%) 31

Zhang et al. [72], 2008 55 55 (100%) 16

Sippel et al. [73], 2008 57 57 (100%) 21

Sorrenti et al. [67], 2009 140 140 (100%) 18.6

Raparia et al. [68], 2009 37 37 (100%) 41

Kim et al. [74], 2010 57 57 (100%) 46

Strazisar et al. [19], 2010 279 279 (100%) 50

Keskek et al. [69], 2010 37 37 (100%) 22

Roh et al. [70], 2011 401 287 (71.6%) 24

Yazici et al. [71], 2016 39 39 (100%) 35.8

Agarwal et al. [65], 2019a 760 288 (38%) 12.8–33.7

Wong et al. [29], 2020 698 576 (82%) 27

Ren et al. [64], 2020 300 300 16

aMeta-analysis reporting risk of malignancy in low and high ranges.
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required for the classification of the tall cell variant [3].
However, literature suggests that in cytology, the
identification of tall cell features can be inconsistent and
often unreliable. Preoperative assessments using FNA or
CNB may fail to capture the true histological repre-
sentation of the tumor, leading to discrepancies between
cytological findings and follow-up histopathology.
Given this limitation, treatment decisions should be
made cautiously, as reliance on cytological or core bi-
opsy findings alone may not accurately predict the
potential of tumor’s aggressiveness [91–93] (Fig. 5).

Oncocytic subtype of PTC is the least common and is
characterized by its complex branching papillae and a
predominance of oncocytic cells (greater than 75%) [3].
Despite its distinctive appearance, this subtype retains the
nuclear features typical of PTC. Recent research indicates
that while the oncocytic subtype tends to occur in an
older demographic and often presents with larger tumor
sizes, it does not significantly differ in terms of recurrence
or disease-specific survival rates when compared to
classic PTC (Coca-Pelaz, 2020 #436). This finding has
been consistent across multiple studies, suggesting that

despite the variability in presentation, the prognosis for
patients with different variants may be more similar than
previously thought [88, 94, 95].

Rare Oncocytic Subtype of Medullary Carcinoma
Unlike the other follicular-derived neoplasms covered in

this review, MTC arises from the C cells of the thyroid.
While some cases are sporadic, a significant proportion arise
in association with inherited RET mutations as seen in
multiple endocrine neoplasia type 2. Rarely, MTC can
display an oncocytic pattern analogous to that seen in other
oncocytic neoplasms which is why it must be noted in this
review [96]. As such, it is prudent to keep this admittedly
less common differential diagnosis in mind when one
encounters a tumor with oncocytic morphology and take
care to correlate the histopathologic findings with the pa-
tient’s clinical history. If warranted, one may perform
immunohistochemical staining for calcitonin to more de-
finitively characterize such lesions [83, 96–99].

MTC is indeed distinct from other follicular-derived
thyroid neoplasms, as it originates from the parafollicular
C cells, which produce calcitonin. While many cases of

Fig. 5. Tall cell subtype of papillary thyroid carcinoma. The FNA specimen (alcohol-fixed smears, Papanicolaou
stain (a–c)) showing elongated tumor cells with dense cytoplasm, and nuclear features of papillary thyroid
carcinoma including intranuclear inclusion (arrow (c)). The histopathologic features (hematoxylin and eosin
stain (d–f)) showing complex papillary architecture (d, e) and tall shaped (two-three times the width) tumor cells
with oncocytic cytoplasm with nuclear features of papillary thyroid carcinoma (f).
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MTC occur sporadically, a notable portion is linked to
germline mutations in the RET proto-oncogene, seen in
hereditary syndromes like multiple endocrine neoplasia
type 2. Given its potential oncocytic variant presentation, it
is crucial for pathologists to be aware of MTC when
evaluating tumors with oncocytic morphology. The onco-
cytic pattern in MTC, although less common, can pose
diagnostic challenges and distinguishing it from other
oncocytic tumors requires careful examination in both FNA
and histopathology specimens. Correlating pathological
findings with the patient’s clinical history is essential. Im-
munohistochemical staining for calcitonin can be partic-
ularly valuable, as positive staining supports a diagnosis of
MTC and helps differentiate it from other neoplasms ex-
hibiting oncocytic features. In FNA cases lacking a cell block
for immunostains, the diagnosis of MTC can be confirmed
by assessment of calcitonin levels in blood or FNA rinse.
Overall, a thorough andmultifaceted diagnostic approach is
critical to ensure accurate identification andmanagement of
this rare subtype of MTC [3, 83, 96, 97].

Oncocytic Change in Parathyroid Glands
While not emanating from thyroid parenchyma, the

adjacent or intrathyroidal parathyroid glands can exhibit
oncocytic change, a feature often seen in conjunction with
normal aging [6, 35]. This finding can present a diag-
nostic dilemma, particularly in cases where on ultrasound
a parathyroid lesion is mistaken for a thyroid nodule. In
addition, at the time of frozen section should one be
requested to assess the identity of a thyroid or thyroid-
adjacent nodule, as such changes render a definitive
diagnosis of parathyroid versus thyroid tissue quite dif-
ficult. Such cases may best be described as “oncocytic
endocrine tissue, defer to permanent.” At the time of
FNA, a parathyroid lesion can be confirmed by per-
forming PTH level assessment of FNA rinse (Fig. 6). If
necessary, immunostains for PAX8, TTF1, thyroglobulin,
and PTHmay be helpful in confirming parathyroid origin
in both cell block and histopathologic specimens. This
oncocytic change may be focal or more widespread; in the
latter situation, the term oncocytic/oxyphilic adenoma
may be used. Of clinical relevance, such oncocytic
parathyroid adenomas tend to be larger and more
symptomatic than non-oncocytic lesions [34, 35, 100].

Molecular Profile of Oncocytic Neoplasms
The classification of molecular changes in OCA has

indeed been an area of growing research interest, helping
elucidate its distinct characteristics compared to other
thyroid cancers such as follicular carcinoma and PTC
[101]. Table 2 highlights the key morphologic features

and molecular profiles of oncocytic thyroid lesions. The
molecular profiles of OCAs typically involve at least some
of the following:

Complex I Mutations
Most mitochondrial DNA mutations in OCAs are as-

sociated with genes encoding complex I of the mito-
chondrial respiratory chain. This complex comprises seven
hydrophobic subunits (ND1, ND2, ND3, ND4, ND4L,
ND5, ND6), all of which have been found to be mutated in
OCA, albeit at varying frequencies. Among the ND genes,
studies, such as those by Gopal et al. [102], demonstrate
that ND5 is the most commonly mutated, followed by
ND2, ND4, and ND1. These mutations contribute to the
altered energy metabolism characteristic of oncocytic cells
found in OCA. Besides theND genes, other mitochondrial
genes have also been identified with mutations, including
CO1, CO2, CO3, CYB, and ATP6. These mutations have
been observed consistently across different studies, indi-
cating a recurrent pattern that may be significant for OCA.
Mitochondrial DNA mutations are not exclusive to on-
cocytic neoplasms. Similar mutations have been docu-
mented in other thyroid malignancies, such as papillary
and follicular thyroid carcinomas, as well as in various
other cancers. This suggests that while mitochondrial
mutations may be involved in the pathogenesis of OCA,
they are part of a broader oncogenic process present in
multiple tumor types. The concept of a common deletion
in mitochondrial DNA, originally thought to be prevalent
in oncocytic neoplasms, specifically between nucleotides
8,470 and 13,447, has been contested by recent studies that
found no significant association in oncocytic neoplasms
compared to other malignancies. The understanding of
mitochondrial DNA mutations in OCA underscores the
complex interplay between energy metabolism and tu-
morigenesis. These disruptive mutations, particularly in
complex I subunit genes, not only provide insights into the
unique biology of OCA but also highlight the need for
further research to understand their role in tumor pro-
gression and potential therapeutic implications [27, 103].

Chromosomal Abnormalities Associated with OCA
Corver et al. [104, 105] were pioneers in identifying the

near-haploid genome characteristic of OCA, distinguishing
it from the karyotypes observed in papillary and follicular
thyroid carcinomas. This unique genetic configuration
highlights the distinct biological behavior of these tumors.
During the analysis of OCAs, it was found that chromosome
7 consistently retains a heterozygous status. In subsequent
studies by Ganly et al. [106] and Gopal et al. [102], the
presence of additional copies of chromosome 7 was noted,
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attributed to genome-wide duplication events, leading to loss
of heterozygosity in other haploid chromosomes. Notably,
chromosome 7 harbors the BRAF gene, and the proliferation
of this chromosome could facilitate gene amplification and
overexpression, impacting tumorigenesis. Apart from
chromosome 7, chromosomes 5 and 12 also frequently
maintained a heterozygous state, with instances of additional
copies, possibly contributing to the tumor’s complexity and
behavior. Corver et al. [104, 105] also suggested that the
near-haploid genome may be driven by reactive oxygen
species (ROS), produced due to mitochondrial DNA mu-
tations in components of the respiratory chain. These
mutations are associated with a shift toward a glycolysis-
dependent metabolism, leading to further accumulation of
ROS which can perturb genomic stability [104, 105].

Both the near-haploid genome and mitochondrial
DNA mutations have been identified as early (truncal)
events in the evolution of OCA. These genetic changes are
not only present in primary tumors but are also shared in
recurrences and metastases, highlighting their potential
roles in the progression and persistence of the disease.
The association of a near-haploid genome with OCA
underscores the tumor’s unique genetic landscape, with
implications for understanding its pathophysiology and
potential therapeutic targets. The interplay between
mitochondrial dysfunction, oxidative stress, and chro-
mosomal alterations provides a rich area for ongoing
research, aiming to unveil the mechanisms driving on-
cocytic thyroid malignancy and identifies strategies for
intervention. Mitochondrial mutations in these tumors
lead to impaired oxidative phosphorylation, resulting in
reduced ATP production and a compensatory shift to-
ward glycolysis, a phenomenon known as the Warburg

effect. This metabolic adaptation contributes to increased
ROS levels, which in turn drive genomic instability,
promoting chromosomal alterations and tumor pro-
gression. Beyond fueling tumor growth, these metabolic
changes also shape the tumor microenvironment, po-
tentially influencing therapeutic responses [24, 82].

Mutations in Nuclear DNA OCA
The TERT promoter mutation is notably frequent in

OCA, with reported prevalence ranging from 13% to 32%
across multiple studies. However, TERT promoter mu-
tations are indeed prominent in OCA, and they also occur
in other aggressive thyroid malignancies, suggesting that
this mutation may not be unique to this malignant tumor.
Minimally invasive and low-risk OCAs are less likely to
harbor TERT promoter mutations compared to widely
invasive or angioinvasive types. However, TERT pro-
moter mutations found in minimally invasive cases are
associated with focal angioinvasion. It has been shown
that mutations in OCA tend to cluster in specific cellular
pathways, particularly signaling pathways and tumor
suppressor pathways. Notably, mutations in the MAPK
and mTOR signaling pathways were identified in ap-
proximately 55% of cases. Key genes in this context in-
clude EGFR, EIF1AX, ERBB2,MET, NF1, PDGFR, PTEN,
RAS, RET, TSC1/2, and TSHR. [24, 50, 107–109].

Mutations in genes related to DNA damage and repair
have also been identified in OCA includingATM, BRCA1,
CDKN1A, CHEK2, RB1, TP53, and others involved in the
DNA repair mechanisms. A significant percentage of
OCAs cases display mutations associated with epigenetic
modifications, including ARID1A, CREBBP, DNMT1,
EZH1, KMT2C, SWI/SNF, and genes, among others.

Fig. 6.Oncocytic adenoma of parathyroid gland. The FNA specimen showing a cohesive group of oncocytic cells
(alcohol-fixed smear, Papanicolaou stain) (a). The histopathology (hematoxylin and eosin stain) shows an
oncocytic neoplasm (inset (b)) with an associated rim of normocellular parathyroid tissue.
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Table 2. Key pathologic and molecular features of oncocytic thyroid lesions

Cytomorphologic features Histopathologic features Molecular findings

Adenomatous
oncocytic nodule

• Predominance of oncocytic cells
• Limited population of benign

appearing follicular cells
Background watery colloid

• Often classified as TBSRTC
category III and rarely IV

• Multiple oncocytic nodules
scattered throughout normal
thyroid parenchyma lacking a
well-developed capsule

• Can show changes related to
preoperative FNA

• No specific findings

Oncocytic adenoma • >75% oncocytic cells in cohesive
groups/sheets, possible follicle
formation

• Intracytoplasmic lumens and
transgressing vessels

• Random cellular atypia
• Scant or lack of watery colloid
• Often classified as TBSRTC IV

• Discrete oncocytic nodule with
well-demarcated tumor capsule

• Lack of capsular invasion or
angioinvasion

• Can show changes related to
preoperative FNA

• Mutations in mitochondrial
complex 1 subunit genes,
GRIM-19, RAS, EIF1AX

• Copy number
alterations – rare

Oncocytic carcinoma • Cytomorphology like oncocytic
adenoma

• Often classified as TBSRTC IV

• Discrete cellular oncocytic tumor
in solid, trabecular,
microfollicular, macrofollicular,
pseudopapillary, or true papillary
architecture with or without
psammoma bodies

• Presence of either tumor capsule
invasion (either minimal or
extensive) and/or angioinvasion

• Can show changes related to
preoperative FNA

• Mutations in mitochondrial
complex 1 subunit genes
(ND1-6), CO1-3, CYB, ATP6, RAS,
EIF1AX

• TERT promoter, MAP-kinase
and mTOR signaling pathway
alterations (EIF1AX, NF1, PTEN,
TSC1/2, RAS, EGFR, ERBB2,
PDGFR, TSHR, MET, and RET)

• DNA damage and repair
pathways (ATM, TP53, CHEK2,
CDKN1A, RB1, BRCA1)

• Epigenetic pathways (SWI/
SNF, ARID1A, CREBBP, KMT2C,
EZH1, and DNMT1)

• Presence of copy number
alterations including
polysomy 7, possible gain of
chromosome 5 and 12

Differentiated high-
grade/poorly
differentiated
carcinoma

• Cytomorphology like oncocytic
adenoma

• Often classified as TBSRTC IV
• Potential necrosis or mitotic

activity can be found and will
lead to a diagnosis of TBSRTC V
but is not always present on FNA
due to sampling

• Solid oncocytic neoplasm with
tumor necrosis and/or mitotic
activity

• TP53 or TERT promoter
mutations are common

Papillary thyroid
carcinoma

• Monomorphic cell population
arranged in papillary structures
with nuclear features of papillary
thyroid carcinoma, including
pseudo-inclusions and clear
powdery chromatin

• Often classified as TBSRTC V or VI

• Papillary structures with true
fibrovascular cores

• Presence of readily identifiable
nuclear features of papillary
carcinoma

• Scattered psammomatous
calcifications

• Warthin-like papillary thyroid
carcinoma shows abundant
lymphoplasmacytic infiltrates
within the stroma of papillae

• Oncocytic subtype shows >75%
oncocytic change with nuclear
features of papillary thyroid
carcinoma

• BRAF or RAS mutations
• RET fusions
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Mutations in genes playing a vital role in angiogenesis
have also been reported in a subset of OCAs [24, 39, 40,
51, 54, 110–112].

The complex mutational landscape of OCA not only
elucidates the tumorigenic processes underlying its
pathogenesis but also highlights potential avenues for
targeted therapies and further research into its biological
behavior and clinical outcomes [101]. Understanding these
mutations could facilitate the stratification of patients and
the development of personalized treatment approaches in
the context of aggressive thyroid cancers [39, 40, 110].

OAs: Molecular Features and Distinctions from
Carcinomas
OAs share molecular features with OCAs but with

some distinct characteristics. These benign tumors fre-
quently harbor mitochondrial DNA mutations, particu-
larly in Complex I genes, yet lack the extensive chro-
mosomal losses and near-haploidy seen in OCAs, they
may display random chromosomal gains, especially in-
volving chromosome 7, and less frequently, losses on
chromosome 22. RASmutations have been identified in a
subset of cases, though at a lower frequency than in
carcinomas. Overall, OAs exhibit a less complex mo-
lecular profile, with fewer high-risk alterations and lower
frequencies of TERT and TP53 mutations. While mito-
chondrial abnormalities are common in both adenomas
and carcinomas, the genomic stability and absence of
widespread chromosomal imbalances in adenomas sug-
gest that mitochondrial dysfunction alone is not neces-
sarily indicative of malignancy [49, 102, 106].

Molecular Testing of Cytologically Indeterminate
Oncocytic Lesions
The differentiation between benign and malignant

oncocytic lesions, particularly in the context of thyroid
FNA, can be challenging due to overlapping cytomor-

phologic characteristics. As mentioned above, oncocytic
thyroid lesions or those containing variable proportions
of oncocytic cells may cause diagnostic conundrums.

To address the limitations of traditional cytological
evaluation, the integration of adjunct molecular tests has
emerged as a valuable strategy. These tests often assess
genetic mutations, gene expression profiles, or other
molecular markers that can enhance diagnostic accuracy
and provide additional information regarding the po-
tential for malignancy and clinical risk stratification. By
utilizing these molecular tools in conjunction with
traditional cytological assessment, clinicians can reduce
the rate of unnecessary surgeries for benign lesions and
improve patient management through more accurate
risk stratification. As the field continues to evolve, on-
going research is expected to further refine these mo-
lecular diagnostics and enhance their clinical utility in
the evaluation of oncocytic thyroid lesions [113–118].
Some of the commercially available molecular tests for
indeterminate thyroid FNA specimens include the
following:

ThyroSeq®

A next-generation sequencing panel that analyzes
multiple genes associated with thyroid cancer, helping
clarify the risk of malignancy in indeterminate cases.
The current third iteration of the ThyroSeq® panel
demonstrates advancements in its ability to detect ge-
netic alterations that can indicate the likelihood of
malignancy in these indeterminate cases. Over the years,
ThyroSeq® has shown improvements in the classifica-
tion of oncocytic thyroid lesions as compared to its prior
version. It has been shown that the most frequent al-
teration in oncocytic thyroid lesions classified as
TBSRTC III or IV show copy number alteration alone
and RAS (KRAS and NRAS) mutations [60, 114, 115,
119, 120].

Table 2 (continued)

Cytomorphologic features Histopathologic features Molecular findings

Medullary thyroid
carcinoma,
oncocytic

• Spindled or plasmacytoid cells
• “Stippled nuclear chromatin”
• Prominent nucleoli, focal
• Acellular deposits of amyloid

with or without associated cells
• Elevated calcitonin levels in

serum or FNA rinse

• Spindled or nested architecture
with oncocytic change

• Stromal amyloid may be present

• RET mutations
• RAS mutations

TBSRTC, The Bethesda System for Reporting Thyroid Cytology; FNA, fine needle aspiration.
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Afirma®

This sequencing-based test evaluates the gene expres-
sion of specific markers to classify indeterminate thyroid
nodules as benign or suspicious for malignancy. Its earlier
version known as Afirma® Gene Expression Classifier
(GEC) showed low predictive value for oncocytic thyroid
lesions [121, 122]. However, its recent version Afirma®

Genomic Sequencing Classifier (GSC) has been designed
to improve upon the predictive capabilities of the GEC,
especially for oncocytic thyroid lesions, which showed
lower predictive value in previous assessments. This im-
provement allows for better differentiation between benign
and malignant nodules [123–128].

Other commercially available molecular tests, such as
RosettaGX Reveal (miRNA)®, ThyGeNEXT®/ThyraMIR®,
and ThyroidPRINT®, along with multigene expression
panels, have shown potential in enhancing the predictive
value of indeterminate oncocytic thyroid FNA specimens.
However, there is currently insufficient data in the liter-
ature, particularly for oncocytic lesions, to draw definitive
conclusions [118, 129–132].

Conclusion

Overall, oncocytic thyroid tumors are relatively un-
common, but it is crucial to accurately identify them due
to their distinct histopathological, molecular, and clin-
ical characteristics. These tumors, though rare, can
present diagnostic challenges and must be carefully

differentiated from other more prevalent thyroid lesions,
as misdiagnosis could impact clinical management and
treatment decisions. In the process of distinguishing
oncocytic lesions from other thyroid pathologies, it is
also important to consider the involvement of nearby
endocrine structures, particularly the parathyroid
glands. Such scenarios can lead to diagnostic conun-
drums, especially when the specimen’s cellularity is
limited, such as FNA biopsies. In such cases, the cellular
composition may not be sufficient to draw clear con-
clusions. The ability to recognize these subtle nuances
ensures a more accurate diagnosis and guides appro-
priate management strategies for patients.
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