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Abstract

This review focuses on the latest advancements in using biomarkers to diagnose, predict outcomes, and
guide the treatment of different types of thyroid cancer, such as anaplastic, papillary, medullary, and
follicular thyroid carcinoma. We highlight the key role of both traditional and new biomarkers in
improving the treatment of these cancers. For anaplastic thyroid cancer, biomarkers are crucial for
detecting distant metastases and making treatment decisions. In papillary thyroid carcinoma, biomarkers
are used to predict patient survival, taking into account factors like age, the presence of metastasis, and
the extent of the tumor. Medullary thyroid carcinoma has seen advancements due to genetic research,
particularly in identifying RET mutations, which help in selecting targeted treatments. In follicular thyroid
carcinoma, understanding the tumor's molecular profile is important for assessing its aggressiveness and
potential to spread. The review also discusses the therapeutic use and variability of various biomarkers in
advanced thyroid cancers. Among the most relevant innovations are advancements in detection
techniques such as the detection of circulating tumor DNA (ctDNA) and microRNA is emerging as a
promising tool for monitoring the disease and predicting treatment response. The integration of these
biomarkers into clinical practice, including the most recent detection techniques, is a significant step
toward personalized medicine, leading to more accurate diagnoses and better outcomes for thyroid
cancer patients
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1. Introduction

The evolving landscape of thyroid cancer
treatment is witnessing significant advancements due
to the integration of established and emerging
biomarkers. This progress is notably impacting the
diagnosis, treatment, and prognosis of various types
of thyroid cancer, including anaplastic thyroid cancer

(ATC), papillary thyroid carcinoma (PTC), medullary
thyroid carcinoma (MTC), and follicular thyroid
carcinoma (FTC).

Regarding the epidemiology of thyroid cancer, it
can be divided according to histological presentation.
Firstly, anaplastic thyroid cancer, although rare,
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accounting for less than 5% of thyroid cancers, is
notable for its aggressive behavior and predominantly
affects older adults, generally over 60 years of age,
with a slight female predominance. The median
survival is around 6 months after diagnosis. The rapid
progression and poor prognosis of this subtype
demand urgent clinical attention and research [1,2]. In
contrast, papillary thyroid carcinoma is the most
common form, constituting approximately 80-85% of
thyroid cancer cases. It is more frequently diagnosed
in women, typically between the ages of 30 to 50, and
is characterized by a generally favorable prognosis.
However, aggressive variants of PTC present
significant challenges in treatment and outcome
prediction [3,4]. Adding complexity to thyroid
cancers, medullary thyroid carcinoma (MTC)
represents about 2-3% of these cancers. Originating
from the parafollicular C-cells of the thyroid, MTC
can occur both sporadically and as part of hereditary
syndromes. Its management is heavily influenced by
genetic factors, especially mutations in the RET
proto-oncogene, underscoring the importance of
genetic insights in its treatment [5,6]. Finally, follicular
thyroid carcinoma arises from the thyroid’s follicular
cells. While it represents a smaller portion of thyroid
cancers, FTC is significant for its potential for
lymphovascular invasion and progression to
metastatic disease. The clinical behavior of FTC
varies, ranging from minimally to widely invasive
forms, which significantly impacts its prognosis and
therapeutic approaches [7].

It is important to highlight that several
biomarker detection techniques are offering
promising results in current studies and are expected
to be implemented in clinical practice in the future.
These techniques include the detection of circulating
tumor DNA (ctDNA), microRNA, spatial
transcriptomics  (SPT), and single-cell RNA
sequencing (scRNA-seq).

The integration of biomarkers into thyroid
cancer management heralds a significant shift
towards more precise and personalized treatment
strategies. The diversity in epidemiology and
prognosis across thyroid cancer subtypes, ranging
from the aggressive and challenging ATC to the more
common and treatable PTC, underscores the
complexity of this disease spectrum. The crucial role
of genetic factors in MTC and the invasive nature of
FTC further emphasize the need for individualized
approaches in treatment planning. As we continue to
expand our understanding and application of both
established and emerging biomarkers, the prospects
for improved diagnostic accuracy, treatment efficacy,
and patient outcomes in thyroid cancer care become
increasingly attainable. This progress not only reflects

the dynamic nature of thyroid cancer research but
also highlights the need for ongoing innovation and
exploration in this field.

2. Papillary Thyroid Cancer

Papillary Thyroid Cancer (PTC) stands as the
most prevalent type of thyroid malignancy,
constituting approximately 80-85% of all thyroid
cancer cases. PTC is distinguished by its indolent
nature and excellent prognosis, with most patients
experiencing a 5-year survival rate exceeding 95%.
This favorable outcome is largely due to the typically
slow growth rate of PTC and its responsiveness to
established treatments, including surgical resection,
radioactive iodine ablation, and thyroid hormone
therapy. We should highlight that its higher incidence
is among women and is most frequently diagnosed in
individuals in their 30s and 40s, though it can occur at
any age [8]. Despite its generally favorable prognosis,
the clinical course of PTC can vary significantly based
on tumor size, histological characteristics, the
presence of lymph node or distant metastases, and
patient age at diagnosis. Certain histological variants
of PTC, such as tall cell, columnar, and hobnail
variants, are associated with a more aggressive
behavior and may necessitate more comprehensive
therapeutic approaches [9]. The identification and
integration of biomarkers specific to PTC have
become crucial for refining diagnostic accuracy,
tailoring treatment plans, and enhancing prognostic
assessments. These biomarkers, including genetic
mutations such as BRAF V600E and rearrangements
like RET/PTC, not only offer insights into the
pathogenesis of PTC but also open avenues for
targeted therapy options.

This section of the article explores the different
role of diverse biomarkers in PTC that would allow
deeper understanding of molecular mechanisms in
the line to advance towards more effective and
individualized patient care.

2.1. Histological Biomarkers

The diagnosis of papillary thyroid carcinoma is
based on architectural features along with nuclear
clearing, overlap, grooves, and pseudoinclusions.
When this papillary architecture is absent,
distinguishing follicular variant papillary thyroid
carcinoma from cellular adenomatous nodules and
classic ~ papillary carcinoma from papillary
hyperplastic nodules can be challenging [10].

Although immunohistochemistry is considered
useful in this process, there is controversy over the
best markers to distinguish papillary thyroid
carcinoma from its mimickers. Various immunostains
have been studied to aid in the differential diagnosis
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of papillary thyroid carcinoma, such as cytokeratin 19
(CK19), Hector Battifora Mesothelial 1 (HBMEL1), or
Fibronectin 1 (FN1) among others [11].

2.1.1. Histological Use of HBMEI and CK19

HBME1 (Hector Battifora Mesothelial-1) is a
monoclonal  antibody  directed against the
microvillous surface of mesothelial cells, originally
developed as a marker for mesothelioma but
subsequently applied to the diagnosis of malignant
thyroid conditions. To consider staining positive for
HBME]1, it must stain the basolateral membrane.
Cheung et al. [12] reported HBMEI positivity in 70%
of patients included in the study with classic papillary
thyroid carcinomas and 45% with the follicular
variant of papillary thyroid carcinomas. Conversely,
HBME1 expression was not observed in 40% of
nodular hyperplasia cases and 35% of follicular
adenomas. It's worth mentioning that HBME1
expression may be present in focal areas of
Hashimoto's thyroiditis, and cells in these areas may
exhibit nuclear features of papillary thyroid
carcinoma, so HBMEI positivity per se should not be
equated with a diagnosis of papillary thyroid
carcinoma in this setting [13]. In summary, HBME-1
serves as a valuable tool in the diagnostic workup of
PTC, aiding in the differentiation of malignant from
benign thyroid lesions but is not entirely specific and
can be expressed in other types of thyroid carcinomas,
such as follicular carcinoma and, less commonly, in
medullary thyroid carcinoma.

The diagnostic utility of CK19 in papillary
thyroid carcinoma has been controversial. Some
studies have observed negative staining of CK19 in
benign thyroid lesions and high frequencies of CK19

expression in papillary thyroid carcinoma. The main
utility of CK19 relies in its high sensitivity for
papillary thyroid carcinoma, so negative staining for
CK19 is a strong indication against papillary thyroid
carcinoma. FN1 has been proposed as a useful marker
for the diagnosis of papillary thyroid carcinoma;
however, several studies have observed that the low
sensitivity of this staining significantly impairs the
utility of FN1 in a diagnostic setting [14,15]. Therefore,
the utility of HBME1 has been demonstrated, and it is
suggested that the combination of HBME1 and CK19
achieves high sensitivity and specificity in the
diagnosis of papillary thyroid carcinoma [16].

2.2. Serological Biomarkers

In the case of epithelial lineage thyroid tumors,
one of the first tissue-specific biomarkers used was
thyroglobulin (TG). TG is a glycoprotein produced by
the follicular cells of the thyroid gland and is a key
component in the synthesis of thyroid hormones.

In patients with papillary thyroid cancer, serum
levels of TG may be elevated due to the excessive
production of this protein by cancer cells. Therefore,
measuring serum thyroglobulin levels can be useful
as a marker of residual or recurrent disease after
initial treatment, such as thyroidectomy or radioactive
iodine ablation therapy [17]. Although TG is a useful
marker in monitoring papillary thyroid cancer, there
are some limitations to its use. For example, patients
who still have residual thyroid tissue may have
elevated levels of thyroglobulin, which complicates
the interpretation of results. Additionally, patients
who are under suppressive therapy with thyroid
hormone may have lower levels of thyroglobulin,
which can affect the sensitivity of the marker [18].

Table 1. This table provides an overview of critical biomarkers for Papillary Thyroid Cancer (PTC), categorized by type: histological,
serological, genetic, and circulating. These markers are essential for diagnosing, prognosticating, and determining the treatment course for

PTC.
Marker Type Marker Name Marker Utility References
Histological HBME1 Differentiation of papillary thyroid carcinoma from benign lesions; expressed in papillary carcinoma 12,13
marker and its variants.

CK19 High sensitivity for PTC; useful in differentiating PTC from benign lesions. 14,15,16
Serological marker Thyroglobulin (TG) Marker for residual or recurrent disease following initial treatment in PTC. 17,18

Genetic marker BRAF V600E Mutations

in PTC and anaplastic cancers.

RET/PTC Rearrangements  Specific for PTC, common in radiation-associated tumors. Important for diagnosis and targeted

therapies.
RAS Mutations
TERT Mutations

metastases.
NTRK Fusions

therapies.

Circulating CTCs (Circulating Tumor

biomarkers Cells) treatment response in PTC.

ctDNA (Circulating Tumor  Potential for non-invasive diagnosis, monitoring of progression, and treatment response in PTC.

DNA)
MicroRNAs

Common in follicular variants of PTC, involved in tumor dedifferentiation and aggressiveness.

Involved in the development and progression of PTC. Potential therapeutic targets for directed

Indicative of tumor progression and metastasis; correlated with aggressive tumor features and

Markers for diagnosis, prognosis, and recurrence prediction in PTC. Distinguish between thyroid

Associated with high-risk clinical features and worse prognosis in PTC. Options for targeted therapy 26, 27, 28, 29, 30

21,22,23,24,25

32,33,34

Indicator of persistent disease and prognosis in PTC. Associated with aggressive behavior and distant 35, 36, 37, 38

39, 40, 41, 42
44, 45,46, 47,48
49, 50, 51, 52, 53,

54,55
56, 57, 58

cancer types and predict tumor invasion.
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2.3. Genetic Biomarkers

Advances in the understanding of genomic
alterations in thyroid cancer have transformed clinical
practice. Fine-needle aspiration cytology provides an
accurate diagnosis in approximately 80% of cases,
while the remaining 20% yield indeterminate results.
Previously, nodules with indeterminate cytology
often required diagnostic surgery, which identified
cancer in about one-third of cases. Today, molecular
tests with broad panels of DNA/RNA or RNA/NGS
markers have been validated and offer high
sensitivity and specificity for detecting follicular
cell-derived thyroid cancers, as well as parathyroid
nodules that may resemble follicular nodules. The
introduction of these molecular tests has significantly
reduced the need for diagnostic surgeries in patients
with thyroid nodules showing indeterminate
cytology.

The genetic alterations of papillary thyroid
cancer are related to the mitogen-activated protein
kinase (MAPK) pathway, which promotes cell
division. These tumors may exhibit various genetic
anomalies such as activating mutations (BRAF, RAS)
and rearrangements (RET and NTRK1) that lead to
sequential activation of MAPK. Additional drivers
include rearrangements of anaplastic lymphoma
kinase (ALK), mutations in EIF1AX, and mutations in
the promoter region of the telomerase reverse
transcriptase (TERT) gene. The 9% of these tumors
may present combined mutations in TERT and BRAF
or RAS [19]. These exhibit a more aggressive behavior
than papillary thyroid cancers carrying a single
mutation. RAS mutations are considered weak as they
are common in benign thyroid neoplasms and other
cancers, whereas RET, NTRK, and ALK
rearrangements, along with mutations in BRAF,
EIF1AX, and the TERT promoter, are termed strong
and are often associated with malignant tumors.
Identifying these strong drivers in thyroid nodules
suggests a high risk of malignancy and is employed in
DNA analyses by various commercial laboratories
[20].

2.3.1. Rearrangements of RET and NTRK

Papillary thyroid cancers are associated with
rearrangements in three different transmembrane
tyrosine kinase genes: RET, NTRK1, and NTRKS3.
These rearrangements produce chimeric proteins with
constitutive tyrosine kinase activity that contributes to
the development of the malignant phenotype. The
resulting chimeric genes from RET rearrangements
are known as RET/PTC, while those from NTRK1
rearrangements are termed TRK. RET encodes a
neurotrophic factor receptor, and NTRK1 and NTRK3

encode nerve growth factor receptors, none of which
are expressed in normal thyroid cells. Somatic
rearrangements of RET or NTRK result in increased
tyrosine kinase activity, activating growth pathways
and potentially causing papillary cancer and leading
to constitutively unregulated activation of TRK
kinases and downstream pathways, contributing to
tumor development and progression. The frequency
of these rearrangements in papillary thyroid cancer
varies. In adults, around 40% of sporadic papillary
cancer cases have these rearrangements, with RET
being the most common. In children, the incidence of
RET  rearrangements is  higher,  reaching
approximately 60%. This percentage increases
significantly in pediatric papillary cancers exposed to
radiation [21,22].

In this sense we should highlight that RET gene
rearrangement, particularly RET/PTC, is highly
specific for papillary thyroid carcinoma and is
associated with the characteristic nuclear features
seen in this type of cancer [23]. As reported before,
diverse studies have shown that RET/PTC rearrange-
ments are more common in radiation-associated
thyroid tumors, and experimental evidence suggests
that exposure to ionizing radiation can induce
RET/PTC rearrangements in human thyroid cells
[24,25].

The identification of RET and NTRK
rearrangements in PTC is crucial for understanding
the molecular mechanisms underlying the disease and
for developing targeted therapies. The recent
approval of anti-TRK agents like larotrectinib and
entrectinib underscores the significance of identifying
NTRK rearrangements as actionable targets in cancer
therapy. Furthermore, genomic-based targeted
therapies have been developed for NTRK and RET
gene fusion-positive DTCs, emphasizing the
importance of molecular profiling in guiding
treatment decisions for patients with thyroid cancer.

2.3.2 BRAF Mutations

BRAF mutations are known to play a significant
role in papillary thyroid cancer (PTC), with the BRAF
V600E mutation being the most common genetic
alteration in this type of cancer, occurring in about
45% of sporadic PTC cases in Western countries and
up to 90% in Korea [26]. It should be noted that the
presence of BRAF mutations has been associated with
high-risk  clinicopathological characteristics like
tumor size, extrathyroidal invasion, lymph node
metastasis, and higher TNM stage. In this sense it has
been linked with tumor recurrence, and reduced
sensitivity to radioiodine therapy in adult patients
with PTC [27,28]. We should remark the importance
of BRAF mutations providing opportunities for
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targeted drug therapy in thyroid cancer. For instance,
the BRAFV600E mutation, found in 50% of PTC cases,
offers a potential target for therapy in both PTC and
anaplastic thyroid cancers [29,30]. However, the
correlation  between = BRAF  mutation and
clinicopathological parameters may vary among
different variants of PTC, with the mutation being
significantly more common in conventional PTC
compared to the follicular variant [31]. In conclusion,
BRAF mutations, particularly the V600E mutation, are
crucial in the pathogenesis of PTC, influencing tumor
characteristics, treatment response, and providing
avenues for targeted therapies. Understanding the
role of BRAF mutations in PTC is essential for
improving diagnostic accuracy, treatment strategies,
and patient outcomes in thyroid cancer management.

2.3.3 RAS Mutations

On the other hand, mutations in RAS genes are
less common compared to BRAF gene mutations and
have been reported in the follicular variant of
papillary thyroid cancers. Studies have shown distinct
patterns of RAS mutations in different histological
subtypes of PTC. For instance, RAS mutations were
observed in 36% of the encapsulated group compared
to 10% in infiltrative tumors, indicating a potential
association with specific PTC subtypes [32].
Furthermore, RAS mutations have been linked to
tumor dedifferentiation and are more prevalent in
anaplastic (undifferentiated) thyroid carcinomas,
suggesting a role in disease progression and
aggressiveness [33].

Within these mutations, NRAS mutations are
more common than HRAS mutations. RAS gene
mutation acts by activating cellular signaling
pathways that promote cell proliferation, survival,
and invasion, thereby contributing to tumor growth.
Several studies have suggested that the presence of
the RAS mutation in papillary thyroid cancer may be
associated with more aggressive clinical features and
a worse prognosis. This includes a higher likelihood
of recurrence and a lower disease-free survival rate
compared to patients without this mutation [34].

In conclusion, RAS mutations play a significant
role in the molecular pathogenesis of papillary
thyroid cancer, influencing tumor behavior,
dedifferentiation, and potentially serving as markers
for specific histological subtypes. Understanding the
implications of RAS mutations in thyroid cancer is
crucial for advancing diagnostic and therapeutic
strategies in the management of this disease.

2.3.4. TERT Mutations

Mutations in the TERT gene (telomerase reverse
transcriptase) are genetic alterations that have been

associated with various types of cancer, including
thyroid cancer. These mutations, which can occur in
different regions of the genome, including the TERT
gene promoter, may increase telomerase activity, an
enzyme that helps maintain the length of telomeres.
Telomerase activation can lead to cellular
immortalization and promote uncontrolled cell
proliferation, contributing to cancer development and
progression [35].

In a study that included 332 cases of papillary
thyroid cancer, the presence of the TERT mutation
was identified as an independent indicator of
persistent disease in well-differentiated thyroid
cancer. These mutations have been identified in 7-22%
of cases of papillary thyroid cancer, although they are
more common in aggressive variants such as
anaplastic cancer and have been associated with a
worse prognosis [36].

Furthermore, TERT mutations have been shown
to enhance the prognostic effects of coexisting BRAF
or RAS mutations in differentiated thyroid cancer
patients, strengthening risk prediction models and
providing valuable insights into the clinical
management of thyroid malignancies [37]. The
association of TERT promoter mutations with distant
metastases in PTC underscores their role in predicting
aggressive behavior and aiding in risk stratification
for patients with this type of tumor [38]. In
conclusion, TERT mutations play a crucial role in the
pathogenesis of papillary thyroid cancer, influencing
tumor aggressiveness, recurrence, and patient
prognosis. Understanding the implications of TERT
promoter mutations in thyroid cancer is essential for
personalized treatment strategies, risk assessment,
and improving clinical outcomes in individuals with
PTC.

2.3.5. NTRK Fusion

NTRK gene fusions (Neurotrophic Tyrosine
Receptor Kinase) can lead to a hybrid NTRK protein
with abnormal signaling activity. This abnormal
activation can contribute to the development and
progression of cancer in certain types of tumors.
These fusions are rare but have been identified in
different histological variants of thyroid carcinoma
[39]. NTRK fusion, like other genetic alterations, is
more commonly associated with an earlier age of
diagnosis, has been linked to a follicular growth
pattern, and may be more associated with
locoregional disease and distant metastasis.

Furthermore, NTRK gene fusions have been
found to be mutually exclusive with other primary
oncogenic drivers, such as RAS family genes and
BRAF mutations, in thyroid carcinoma [40]. This
exclusivity suggests that NTRK fusions may represent
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a unique molecular subtype of thyroid cancer with
specific biological implications. Additionally, NTRK
fusion-positive PTCs have been associated with
increased metastatic capacity and persistent disease,
highlighting the clinical significance of these genetic
alterations in predicting patient outcomes and
guiding treatment decisions [41].

In terms of therapeutic implications, NTRK
inhibitors have shown promise in the treatment of
NTRK fusion-positive cancers, including thyroid
carcinomas. Targeted therapies, such as larotrectinib,
have demonstrated efficacy in patients with NTRK
fusion-positive  high-grade cancers, leading to
remission and improved clinical outcomes. The
identification of NTRK gene fusions in thyroid
cancers has opened up new avenues for precision
medicine approaches, offering potential targeted
treatment options for patients with this molecular
subtype of PTC [42].

In conclusion, NTRK gene fusions represent a
distinct molecular alteration in papillary thyroid
cancer, with implications for tumor biology, clinical
behavior, and therapeutic interventions.
Understanding the prevalence, clinical significance,
and therapeutic implications of NTRK fusions in PTC
is essential for advancing personalized treatment
strategies and improving outcomes for patients with
this type of thyroid cancer.

2.4. Circulating Tumor Cells, Circulating
Tumor DNA, and MicroRNAs

Liquid biopsy, as a non-invasive and accessible
method for detecting tumor cells or tumor-derived
products in bodily fluids, has seen significant
development in recent years. It can identify genetic
material generated by tumors, such as circulating
tumor cells (CTCs), circulating tumor DNA (ctDNA),
exosomes, circulating free DNA (cf-DNA), and
circulating free RNA (cf-RNA), present in peripheral
blood, saliva, urine, and cerebrospinal fluid. CTCs,
ctDNA, and exosomes are more stable and specific
than cf-RNA and cf-DNA, making them stand out in
the clinical application of liquid biopsy [43].

2.4.1 Circulating Tumor Cells (CTCs)

Circulating tumor cells (CTCs) are cancer cells
that detach from the primary tumor and enter the
bloodstream or lymphatic circulation. They can be
quantified using techniques such as flow cytometry,
immunomagnetism, fluorescence  microscopy,
quantitative PCR, and microfluidics-based
techniques. These cells are responsible for cancer
spread, which can lead to metastasis in other organs.

In 1998, Ringel et al. confirmed the presence of
CTCs in the blood of patients with thyroid cancer and

local recurrence or distant metastasis [44]. Since then,
interest in the role of CTCs in this type of cancer has
grown considerably. CTC detection could offer new
opportunities for cancer diagnosis, especially in early
stages, as it can anticipate metastasis presence and
provide accurate prognostic data.

Moreover, it has been observed that patients
with a higher number of CTCs present more
aggressive tumor characteristics, such as larger
tumors, multifocality, and vascular invasion, resulting
in overall poorer survival and worse treatment
response. This suggests their utility in risk
stratification and clinical decision-making. However,
it is important to note that most studies are
retrospective and have limitations, such as small
sample sizes and limited follow-up times [45].

Several studies have demonstrated a correlation
between the number of CTCs and tumor stage, as well
as with the response to radioactive iodine (131I)
treatment. For instance, Xu et al. [46] used the
CellSearch system to detect CTC numbers in the
peripheral blood of metastatic thyroid cancer patients
and found that patients with CTCs = 5 had a median
overall survival of 51.5 months, whereas that of
patients with CTCs > 5 was 13 months. Qiu et al.
detected CTCs in patients with differentiated thyroid
carcinoma and found that those with 27 CTCs were
related to poor response to 1311 therapy, suggesting a
poor prognosis [46, 47]. Winkens et al. identified CTCs
in patients with differentiated thyroid cancer before
and after radioactive iodine (RAI) treatment and
found that a decrease in CTC quantity in the early
stages of RAI  therapy could identify
treatment-sensitive patients [48].

In conclusion, CTCs represent a promising
avenue for improving the diagnosis, monitoring, and
prognostication of papillary thyroid cancer. The
assessment of CTCs in PTC patients holds significant
potential for enhancing risk stratification, treatment
selection, and overall clinical management of thyroid
cancer, ultimately contributing to improved patient
care and outcomes.

2.4.2. Circulating Tumor DNA (ctDNA)

Circulating tumor DNA (ctDNA) is a fraction of
cell-free DNA that represents genetic changes present
in tumors and has been highlighted as a promising
biomarker for cancer diagnosis and monitoring. Its
detection in bodily fluids requires highly sensitive
techniques such as quantitative real-time PCR and
next-generation sequencing (NGS). Although NGS
offers advantages in sequence data generation, its
clinical applicability may be limited. However,
ctDNA's short half-life allows real-time monitoring of
cancer progression, making it a valuable tool for
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understanding tumor heterogeneity and improving
disease management [49].

So far, the role of ctDNA in thyroid cancer has
been evaluated in few research studies, so its role is
not yet clearly defined; however, there is some
evidence of its potential applications. For example,
Chuang et al. [50] discovered that 21% of patients with
papillary thyroid carcinoma had detectable BRAF
mutations in their circulating DNA, while benign
patients did not show such mutation. About 44.07% of
thyroid tumors were positive for BRAF-V600E
ctDNA, suggesting its utility in thyroid nodule
detection. Lan et al. [51] observed a higher ctDNA
detection rate in papillary thyroid cancer with distant
metastasis compared to those without metastasis.
Allin et al. [52] detected ctDNA in 67 % of patients with
a sensitivity of 76%, suggesting that ctDNA could be a
useful biomarker in therapeutic monitoring of thyroid
cancer due to its rapid variation in response to disease
status compared to traditional markers.

The ctDNA methylation has been associated
with specific tumor alterations and is considered a
promising biomarker in various cancer types,
including thyroid cancer. Hypermethylation of CpG
island promoters has been highlighted as a crucial
component in the inactivation of tumor suppressor
genes in this cancer type. Several studies have shown
that hypermethylation of specific genes, such as
MGMT, SLC5A8, and SLC26A4, may be useful in the
diagnosis and monitoring of thyroid cancer
recurrence [53]. Serum DNA methylation has
emerged as an effective diagnostic tool, with markers
such as CALCA, CDH1, TIMP3, DAPK, and RARP2
showing utility in both initial diagnosis and
recurrence detection [54].

The use of ctDNA detection in thyroid cancer
patients is currently a topic of debate. Despite its
potential as a diagnostic biomarker, its clinical
application in this context is still limited. Several
studies have encountered challenges in detecting
specific mutations, such as BRAFV600E, in ctDNA
from thyroid cancer patients, even with highly
sensitive techniques. Moreover, there is a lack of clear
correlation between mutations found in tumor tissue
and those identified in plasma mutational data in
comparative studies. These findings indicate that the
effectiveness of ctDNA in diagnosing and monitoring
thyroid cancer is not yet fully established, suggesting
caution in its incorporation into current clinical
practices, as indicated by some research [55].

In conclusion circulating tumor DNA emerges as
a promising tool for non-invasive cancer monitoring,
showing potential in thyroid cancer for detecting
mutations and disease monitoring. However, its
clinical application is still limited by challenges in

mutation detection and correlating ctDNA with
tumor tissue. Further research is needed to validate
ctDNA's utility in clinical practice for thyroid cancer.

2.4.3. MicroRNAs

MicroRNAs (miRNAs) are a class of small RNA
molecules that play an important role in gene
expression regulation in cells. These are short RNA
fragments of approximately 20 to 22 nucleotides in
length.  These  molecules are crucial in
post-transcriptional gene expression regulation. In the
context of cancer, miRNAs can influence tumor
progression, angiogenesis, invasion, and metastasis,
among other processes. Therefore, studying miRNAs
in cancer can provide valuable information about
tumor biology, as well as offer possible therapeutic
opportunities or biomarkers for cancer diagnosis and
monitoring. Several studies demonstrate the efficacy
of miRNA-based analyses in discriminating high-risk
tumor mutations and for detecting metastases [56].

Recent studies have assessed the expression of
specific miRNAs in patients with papillary thyroid
carcinoma. These miRNAs can serve as useful
markers for predicting the likelihood of cancer
recurrence after initial treatment. Their early detection
in treated patients can help identify those at higher
risk of recurrence and allow for more effective and
personalized interventions.

Some studies have revealed that various
miRNAs can serve as biomarkers for the diagnosis of

papillary thyroid cancer, such as miR-223-3p,
miR-34-5p, miR182-5p, miR-146b-5p, miR-29a,
miR-223-5p, miR-16-2-3p, miR-34a-5p, miR-346,
miR-10a-5p,  miR-485-3p, miR-4433a-5p, and

miR-5189-3p. Additionally, studies have shown that
certain miRNAs like miR-31 and miR-21 can help
distinguish between different types of thyroid cancer,
such as papillary carcinoma and follicular carcinoma.
MiR-145 has also been identified as a promising
marker for papillary thyroid cancer invasion, while
miR-6879-5p and miR-6774-3p show a significant
increase in patients with lymph node metastasis [57].

On the other hand, early detection of thyroid
cancer recurrence is crucial. Studies have
demonstrated that miRNAs play a role in thyroid
cancer metastasis and recurrence.  Specific
concentrations of exosomal miRNAs, such as
miR-29a, have been linked to recurrence of papillary
thyroid carcinoma. Additionally, miR-146b and
miR-222 may serve as recurrence markers in papillary
thyroid carcinoma [58].

In papillary thyroid carcinoma, specific miRNAs
have been identified as potential markers for cancer
diagnosis, prognosis, and recurrence prediction.
These miRNAs, including miR-223-3p, miR-34-5p,
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and others, offer insights into the likelihood of cancer
recurrence and can distinguish between thyroid
cancer types. Furthermore, miRNAs such as miR-145
and miR-6879-5p are linked to cancer invasion and
lymph node metastasis, respectively. Early detection
of these miRNAs can facilitate personalized treatment
strategies, highlighting their importance in improving
patient outcomes in thyroid cancer.

3. Thyroid Follicular Carcinoma

Thyroid follicular carcinoma stands as a
significant entity among thyroid cancers, representing
a subset distinct from the more prevalent papillary
thyroid carcinoma (PTC). Characterized by its unique
histological features that differentiate it from PTC,
follicular carcinoma accounts for approximately
10-15% of all thyroid malignancies. Unlike PTC,
follicular carcinoma often presents a more aggressive
behavior, particularly in its ability to invade blood
vessels and metastasize to distant organs [59].

The prognosis for patients with follicular thyroid
carcinoma is generally good, but it is characterized by
its tendency to invade blood vessels and spread to
distant locations such as bones and lungs through the
bloodstream, with distant metastasis rates reported
between 6-20%. Distant metastasis can either be an
initial sign of FTC or develop post-initial treatment.
Post-total thyroidectomy distant metastasis incidence
ranges from 7% to 23%, while initial presentation with
distant metastasis occurs in about 1-9% of cases so the
prognosis is related to distant metastatic disease [60].

Advancements in molecular diagnostics have
begun to delineate a more precise therapeutic
landscape for follicular carcinoma. For instance,
targeted therapies against specific genetic alterations

are being explored, offering hope for more
personalized and effective treatment approaches.
Despite these advances, the challenge remains to
integrate these biomarkers into clinical practice fully,
ensuring that patients with follicular thyroid
carcinoma receive the most informed and tailored
care possible.

In conclusion, while follicular thyroid carcinoma
presents a generally favorable outcome, its
management is nuanced by the tumor's potential for
aggressive behavior and distant metastasis. The
ongoing identification and integration of specific
biomarkers are crucial for enhancing diagnostic
accuracy, enabling risk stratification, and guiding
therapeutic decisions, ultimately leading to improved
patient outcomes in this diverse group of thyroid
cancers.

3.1. Histological Biomarkers

The follicular-patterned thyroid lesions (FPTLs)
include hyperplastic nodules (HN), follicular
adenoma (FA), non-invasive follicular neoplasm with
papillary-like nuclear features (NIFTP), follicular
carcinoma (FC), and the follicular variant of papillary
carcinoma (FVPTC). Sometimes the pathologists
cannot accurately separate these lesions from each
other on a histological basis.

At times, the histological distinction between
well-differentiated thyroid carcinomas with follicular
patterns (FVPTC and FC) and benign FPTLs (HN and
FA) can be complicated. Therefore, obtaining
information about the differences in the expression
pattern of some immunostains in FPTLs can help
resolve this issue [61].

Table 2. This table outlines the diverse array of biomarkers relevant to the diagnosis, prognosis, and treatment of Thyroid Follicular

Carcinoma (FTC).

Marker Type Marker Name Marker Utility References

Histological marker HBME-1, Galectin-3, CK19, CD56 Differentiation of FTC from benign follicular-patterned thyroid lesions and 61, 62, 63, 64, 65, 66,
other thyroid cancers. 67

Serological marker Thyroglobulin (TG) Monitoring and detecting residual or recurrent disease after treatment. 68

Genetic marker RAS mutations

Found in approximately 40% of FTCs, indicating potential aggressiveness 69,70

and higher mortality.

PAX8-PPAR gamma 1 rearrangement  Distinguishes between follicular adenoma and carcinoma, associated witha 71, 72,73
more favorable prognosis.
TERT mutations Associated with aggressive tumor behaviors and poor clinical outcomes, 74,75

including recurrence and mortality.

PTEN mutations

Related to familial neoplastic syndrome and a higher risk of recurrence and 76

metastasis in FTC.

TSHR mutations

Found in hyperfunctioning nodules and cancers, associated with a higher risk 77, 78, 79

of recurrence and metastasis.

EIF1AX mutations

Associated with benign and malignant follicular thyroid neoplasms, linked to 80

a more favorable prognosis.

MicroRNA miR-21, miR-181a-5p, miR-197,

miR-346

Differentiation between FTC and PTC, and potential indicators of FTC
aggressiveness and prognosis.

83, 84, 85, 86, 8
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These immunostains include HBME-1,
Galectin-3, cytokeratin 19 (CK19), and CDb56. The
expression of HBME-1, Galectin-3, and CK19 is absent
in normal thyroid follicular cells (2). HBME-1 is a
marker of mesothelial cells [62] found in their
microvilli. Galectin-3 is a lectin family protein that
binds to cell surface glycoprotein and participates in
cell signaling, cell-cell adhesion, cell-matrix
interaction, metastasis, and apoptosis. Galectin-3 is
absent in normal thyroid follicular cells [63]. CK19 is a
small cytokeratin that participates in the organization
of myofibrils within simple and complex epithelial
cells. CD56 is a neural cell adhesion molecule encoded
by a gene located on chromosome 11q23. The
reduction or loss of CD56 expression correlates with
thyroid cancer [64].

Some previous studies suggested a diagnostic
utility of HBME-1, Galectin-3, CK19, and CD56 to
separate malignant PTC from benign FPTL (such as
FA and HN), but none of these immunostains is
individually reliable to establish a firm diagnosis
[64-66]. Their main limitation in diagnosing malignant
FPTL is their inconsistent expression in some benign
FPTL. In this sense Nechifor-Boila, et al. examined the
expression of HBME-1, Galectin-3, Cytokeratin-19,
and CD56 in a series of PTC and FTUMP [67]. CD56,
whose expression is reduced or absent in thyroid
carcinomas, was the most sensitive marker (81.8%),
showing a "malignant" profile in most of the PTC. It
was followed by HBME-1 (63.6% sensitivity).
Cytokeratin-19 and Galectin-3 were the least sensitive
antibodies (45.6%) but the most specific (100%). In
FTUMP, Cytokeratin-19, Galectin-3, HBME-1, and
CD56 were negatively stained in most cases [67].

Although some studies have been conducted on
the expression of individual markers, especially in
PTC, our knowledge about the expression profile of
the four markers in various benign FPTLs (HN and
FA) and malignant FPTLs (FVPTC and FC) is limited.
Understanding the expression patterns of these
lesions will provide valuable information for their
diagnosis.

In summary, FPTLs remain a diagnostic
dilemma for pathologists and clinicians. The
discrepancy in their diagnostic utility among different
studies is due to the use of different cutoff values and
the lack of consensus on the staining pattern of these
proteins (cytoplasmic + membranous). HBME-1,
Galectin-3, and CK19 are frequently expressed in
malignant FPTLs, but they are also inconsistently
expressed in benign FPTLs. Therefore, it is prudent to
use all four markers in combination to help
differentiate carcinomas from HNs and FA.

Additionally, the evaluation of routine
hematoxylin/eosin-stained sections will continue to

be the gold standard for the diagnosis of FPTLs until
future studies can find more reliable markers.

3.2. Serological Biomarkers

Thyroglobulin (TG) is a protein specifically
produced by the follicular cells of the thyroid and is a
key component in the synthesis of triiodothyronine
(T3) and thyroxine (T4). The detection of
thyroglobulin in the biopsy determines a thyroid
origin of the tissue.

In the case of follicular thyroid cancer, TG can be
a useful marker for disease monitoring. Serum TG
levels may be elevated due to the excessive
production of this protein by tumor cells. Measuring
serum TG levels is very useful in monitoring and
detecting residual or recurrent disease after initial
radical treatment such as thyroidectomy or
radioactive iodine ablation therapy. Currently, serum
thyroglobulin is measured using immunometric
assays "sandwich" of two antibodies with isotopic
labeling method (immunoradiometric assay, IRMA)
or non-isotopic (usually immunochemilumin escent
assay, ICMA). These immunometric assays are faster
and more sensitive, allowing detection of
thyroglobulin levels from 0.1 to 1 ng/ml [68].

However, there are some limitations in the use of
TG as a marker. For example, in those patients with
residual thyroid tissue that continue to produce TG, it
may be difficult to interpret elevated TG levels.
Therefore, TG can be a useful marker in the
monitoring of follicular thyroid cancer, but it is
important to know its limitations and consider other
clinical factors when interpreting the results.

3.3. Genetic Biomarkers

Although  most FICs are  sporadic,
approximately 5% of cases are associated with a
genetic predisposition. Several genetic markers have
been identified that may be involved in the
development and progression of FTC.

3.3.1. RAS Mutations

Point mutations in the RAS oncogene, including
HRAS, KRAS, and NRAS, are observed in
approximately 40% of FTCs [69]. RAS oncogene
mutations occur more frequently in follicular thyroid
cancers than in follicular adenomas. However, RAS
mutations are not specific to FTC; they are also found
in a small proportion of papillary thyroid cancers,
particularly in the follicular variant of papillary
thyroid cancer [69,70]. RAS mutations in FTC can
activate the MAPK signaling pathway, which may
promote cell proliferation and survival and appear to
be associated with more aggressive tumors and
consequently higher mortality [70].
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3.3.2 PAX8 PPAR-gamma-1 Rearrangement

PAX8-PPAR gamma 1 is a  genetic
rearrangement observed in 10% of adenomas and 41%
of follicular cancers. This fusion protein can help
distinguish between follicular adenoma and
carcinoma [71]. It is believed that PAX8-PPAR gamma
1 induces a negative effect on the activation of
thiazolidinediones by PPAR gamma, leading to the
loss of growth inhibitory controls [72,73].

In conclusion the genetic rearrangements
involving the PAX8 and PPARG genes are
characteristic of thyroid follicular cancer and are
associated with a more favorable prognosis and
greater survival.

Thyroid follicular cancer presents either the RAS
mutation or the PAX8-PPAR gamma 1 rearrangement,
but not both.

3.3.3. TERT Mutations

Mutations in the TERT (telomerase reverse
transcriptase) gene are an important genetic
biomarker in FTC. Telomerase is an enzyme that helps
maintain the length of telomeres, which are the
protective structures at the ends of chromosomes.
Mutations in the TERT gene can activate telomerase
and promote uncontrolled cell proliferation, which
can contribute to the development and progression of
cancer [74]. TERT promoter mutation has been
detected in 17% of FTC, a frequency that is higher
than that seen in PTC (9%) [75]. In this sense these
mutations are also more commonly associated with
aggressive tumor behaviors and poor clinical
outcomes, including tumor recurrence and patient
mortality.

3.3.4. PTEN Mutations

PTEN is a tumor suppressor gene that regulates
the PI3K/AKT/mTOR signaling pathway, which is
involved in cell proliferation and survival. Mutation
of this gene is associated with a familial neoplastic
syndrome (Cowden syndrome) characterized by the
predominant formation of multiple hamartomas and
a predisposition to the development of thyroid cancer,
predominantly papillary, although FTC may be
overrepresented compared to the general population
and is associated with a higher risk of recurrence and
metastasis in FTC. [76].

3.3.4. TSHR Mutations

Mutations in the TSHR gene (thyroid-
stimulating hormone receptor) are an important
genetic biomarker in follicular thyroid cancer. TSHR
is a receptor on the surface of thyroid cells that
responds to thyroid-stimulating hormone (TSH) and
plays a crucial role in regulating thyroid function.

Mutations in the TSHR gene can alter receptor
function and contribute to the development and
progression of follicular thyroid cancer. They are
found in 20%-82% of hyperfunctioning nodules,
hyperfunctioning FTC, and PTC [77]. In vitro studies
suggest a possible role for EGF as a modulator of
angiogenesis in thyrocytes lacking TSHR [78].
Mutations in the TSHR gene have been associated
with a higher risk of recurrence and metastasis in FTC
[79].

3.3.5. EIF1AX Mutations

Mutations in the EIFIAX gene (eukaryotic
translation initiation factor 1A, X-linked) are an
important genetic biomarker in follicular thyroid
cancer. EIF1AX is a translation initiation factor that
plays a crucial role in the initiation of protein
synthesis in cells. EIF1AX mutations occur in benign
and malignant follicular thyroid neoplasms [80].
Mutations in the EIF1AX gene can alter the function of
this factor and contribute to the development and
progression of follicular thyroid cancer. It also should
be noted that these mutations have been associated
with a more favorable prognosis and greater survival
in follicular thyroid cancer [80].

3.4. MicroRNAs

Numerous studies have examined the use of
miRNAs as potential biomarkers for the diagnosis,
prognosis, and therapeutic targets of human TC; they
need to be further validated using a sizable cohort of
samples. There is significant evidence that miRNAs
are essential for regulating the development and
progression of malignant tumors [81].

Unlike papillary thyroid cancer, follicular
adenomas and carcinomas share the same
tumorigenic pathway. Many studies have shown that
the mRNA/miRNA expression profiles of follicular
neoplasms differ from those of papillary carcinoma;
however, molecular signatures that clearly
distinguish between follicular adenoma and follicular
carcinoma need further validation in large studies
[82]. In a search for biomarkers to distinguish
follicular thyroid cancer and PTC, dysregulated
miRNA expression is well documented in follicular
neoplasms.

Samsonov et al. found that miRNA-21 and
miRNA-181a-5p (exosomal miRNA) can differentiate
between the two types of thyroid cancer with high
sensitivity (100%) and specificity (77 %) [83].

The expression of certain miRNAs such as
miR-197 and miR-346 is more frequently observed in
follicular carcinoma than in follicular adenoma
[84,85]. In this meta-analysis [84], miR-637,
miR-181c-3p, miR-206, and miR-7-5p were identified
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as potential biomarkers of FTC, with miR-7-5p being
particularly significant as a biomarker to distinguish
between benign and malignant thyroid tissue.

The distribution of miRNAs in human tumors
exhibits traits associated with a cancer diagnosis,
prognosis, staging, and therapeutic response. miR-19a
is one of the oncomiRs whose impact on TC has been
studied. When this member of the miR-17-92 cluster
is overexpressed, the cells it is associated with become
more invasive and less well-defined in TC tissues.
This miRNA was over-expressed artificially in
well-differentiated FTC cells, and the result was
increased cell proliferation and a change in the
expression profile of genes involved in thyroid cell
differentiation and aggressiveness, such as TSH
receptors and thyroglobulin [86].

MiRNAs are known for their ability to influence
various signaling pathways, either by stimulating or
inhibiting them. They are also highly stable
molecules, resistant to RNases, and can be found in
numerous cellular compartments and fluids. These
characteristics make miRNAs a promising avenue for
cancer research, particularly in the areas of diagnosis,
treatment, and monitoring. In thyroid cancer (TC),
miR-221, miR-146, and miR-222 have shown
particular promise. MiR-221-3p has demonstrated
100% specificity in certain populations, while
miR-146b has shown a sensitivity of 94.3% [87]. The
altered expression of these miRNAs (miR-146b and
miR-221) has been associated with a worse prognosis
in FTC.

3.5 Clinical Applications in Differentiated
Thyroid Cancer

Biomarkers play an essential role in thyroid
cancer by facilitating early diagnosis, stratifying risk,
predicting treatment response, and improving
long-term patient monitoring. Their integration into
clinical practice can significantly contribute to more
personalized and effective patient care. Liquid
biopsies offer a less invasive alternative to tumor
biopsies, allowing for repetitive sampling and
reducing financial costs and potential complications.
Results from liquid biopsies can guide disease
diagnosis and management. Thyroid cancer, being
one of the most common endocrine tumors, has been
the subject of numerous studies related to liquid
biopsies [88].

In terms of diagnosis, biomarkers can aid in
differentiating between benign and malignant thyroid
nodules, facilitating clinical  decision-making
regarding the need for biopsies or surgical
interventions. The histological distinction between
well-differentiated thyroid carcinomas with follicular
patterns and benign forms can be complicated.

Therefore, obtaining information about the
differences in the expression pattern of certain
immunostains can help resolve this problem. These
immunostains include HBME-1, Galectin-3,
cytokeratin 19, and CD56 [89].

Differentiated  thyroid cancer, especially
papillary thyroid carcinoma, are generally associated
with a better prognosis compared to other thyroid
cancer subtypes such as medullary or anaplastic.
However, certain genetic mutations have been linked
to a worse tumor prognosis, with BRAF V600E
mutation being the most common [90]. However,
other mutations such as those in the EIF1AX gene
have been associated with a favorable prognosis.
Additionally, quantification of circulating tumor cells
(CTCs) and certain miRNAs has been implicated in
biological processes favoring tumor growth and
spread, aiding in patient stratification and treatment
planning [91].

On the other hand, some biomarkers can predict
patients' response to certain treatments, such as
radioactive iodine therapy or targeted therapies. This
allows for a more precise selection of therapy and can
improve treatment outcomes. Some studies have
observed that patients with a higher number of CTCs
associate with a poorer treatment response, conferring
a more precarious prognosis [92]. A better
understanding of the molecular biology of thyroid
cancer allows for the identification of new therapeutic
targets, which may lead to the development of more
specific targeted treatments against the tumor. BRAF
inhibitors, such as vemurafenib, encorafenib, or
dabrafenib, have shown benefit in clinical trials in
patients with thyroid cancer carrying the BRAFV600E
mutation [93]. However, it is important to note that
not all patients respond in the same way to these
treatments, as some may experience resistance. MEK
inhibitors, such as trametinib, cobimetinib, or
binimetinib, are medications that have been
investigated in the treatment of thyroid cancer, often
combined with BRAF inhibitors as they block key
points in the MAPK signaling pathway; this
combination can improve efficacy and reduce
treatment resistance [93]. NTRK inhibitors, such as
larotrectinib and entrectinib, are being investigated in
the treatment of thyroid cancer, including the
papillary variant. Although these fusions are less
common compared to other types of cancer, their
presence has been documented in a small but
significant proportion of thyroid cancer -cases.
Wagquespack et al. [94] observed a benefit when using
larotrectinib ~ in  patients =~ with  advanced
non-medullary thyroid carcinoma and NTRK fusion.

Regarding disease monitoring in differentiated
thyroid cancer, serum thyroglobulin determination is
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an important tool in patient follow-up after initial
treatment. After thyroidectomy and radioactive
iodine ablation therapy, it is expected that serum
thyroglobulin levels will decrease. If thyroglobulin
levels are undetectable or very low, this suggests a
favorable treatment response and biochemical
remission. However, if thyroglobulin levels increase
or remain elevated, it may indicate the presence of
residual thyroid tissue or recurrence of the disease
[95].

4. Medullary Thyroid Carcinoma

Medullary thyroid carcinoma (MTC) is a
neuroendocrine malignant tumor that originates from
the parafollicular cells or C cells of the thyroid, which
embryologically derive from the neural crest. Its
frequency is not well established, but it accounts for
approximately 2-5% of all thyroid cancers and
0.4-1.4% of thyroid nodules [96]. Data from different
registries show an incidence of MTC in Europe of
1500-2000 new cases per year and a prevalence of 0.10
to 0.22 per 1,000,000 inhabitants [97]. It should be
noted that 75% of MTCs are sporadic, with the rest
being hereditary. The latter are part of multiple
endocrine neoplasia type 2 (MEN2). MEN2 is a
syndrome with autosomal dominant inheritance due
to a germline activating mutation of the RET
oncogene. [98].

Medullary thyroid carcinoma (MTC) is a rare
neuroendocrine malignant tumor derived from the
parafollicular cells or thyroid C cells. At the time of
diagnosis, over 50 % of patients have lymph node
metastases, and 10 % have distant metastases.

Prognosis is largely dependent on tumor stage and,
therefore, early diagnosis is essential.

4.1. Histological Biomarkers

Thyroid tumor pathology is diverse [99] and
often poses a significant diagnostic challenge. The
most common thyroid carcinoma is differentiated
carcinoma, which has a rather favorable prognosis
when managed with surgery and iodine therapy.
[100] Medullary thyroid carcinoma (MTC) is an
uncommon condition (3-10% of thyroid neoplasms)
arising from parafollicular C cells and may be
sporadic or familial in nature. Familial MTC, which is
associated with a characteristic phenotype, is the
predominant form [101].

MTC is an uncommon tumor and thus difficult
to study because of the limited number of patients
and series [102]. In addition, from the histological
viewpoint, MTC may show a great variability in its
cytoarchitectural characteristics, which makes it
difficult to recognize and may require the use of
immunochemistry techniques for diagnosis. There is
also no agreement regarding the classification of these
tumors into different cytoarchitectural patterns.

However, the immunohistochemical profile of
these tumors is poorly known because of their
uncommon occurrence and the heterogeneity of the
methods used. Thus, assessment of results obtained
with immunohistochemical staining is controversial,
because not all authors agree as to how positivity
should be quantified and there may be changes in the
sensitivity of the different antisera used [103].

Table 3. This table provides a detailed overview of the critical biomarkers used in the diagnosis, prognosis, and therapeutic management

of Medullary Thyroid Carcinoma (MTC).

Marker Type Marker Name

Marker Utility

References

Histological Markers Calcitonin

Essential for MTC diagnosis; high immunoreactivity indicates MTC origin.

99,104

Presence in tumor suggests C-cell derivation.

CEA (Carcinoembryonic Antigen) Used alongside calcitonin for monitoring MTC progression and recurrence. 104, 105
Less sensitive than calcitonin but provides prognostic value.

bel-2, Ki-67, p53, C-erb-B2

Indicate tumor proliferation rate (Ki-67), apoptosis inhibition (bcl-2), tumor 104

suppressor gene status (p53), and oncogene activation (C-erb-B2).

Serological Markers Calcitonin Gold standard for MTC diagnosis and monitoring. Elevated levels indicate 105, 106, 107
MTC presence and progression.
CEA Supports diagnosis and monitoring, especially in conjunction with 105, 107
calcitonin. Elevated levels correlate with tumor burden and prognosis.
Genetic Markers RET Oncogene Mutations Critical for identifying hereditary MTC within MEN2 syndrome. Predictive 98,110, 111

of disease aggressiveness and therapeutic response.

Circulating Biomarkers CTCs (Circulating Tumor Cells)

Indicative of metastatic disease and survival rates. Offer insights into

112,113,114, 115

disease aggressiveness and potential for targeted therapy.

Emerging Markers MicroRNAs (miRNAs)

Under investigation for their roles in MTC pathogenesis, prognosis, and
therapeutic targeting. Require further validation for clinical use.

(Referenced in
general discussion)

https://lwww.jcancer.org



Journal of Cancer 2025, Vol. 16

253

MTCs have a solid growth pattern and
plasmacytoid cells, with frequent presence of
amyloid, C-cell hyperplasia, multicentricity, and
neovascularization. Immunoreactivity is high for
calcitonin, CEA, and bcl-2, low for Ki-67, and
intermediate for p53 and C-erb-B2. A comparison of
sporadic and familial cases shows that C-cell
hyperplasia and multicentricity more commonly
occur in familial MTC, but are not exclusive to this
tumor, while necrotic foci, bleeding, vascular
invasion, and neovascularization are more common in
sporadic MTC. Neither histopathological nor
immunohistochemical criteria are helpful in
differentiating the familial and sporadic forms of
MTC [104].

4.2. Serological Biomarkers

In most cases, the reason for consultation is
usually the appearance of a palpable thyroid nodule
or cervical adenopathy. It can also manifest with
symptoms of dysphagia or dysphonia or present as an
incidental thyroid nodule discovered in an imaging
test.

Parafollicular cells secrete calcitonin, which is
the main biochemical marker for the diagnosis and
follow-up of these patients. Generally, this excess of
calcitonin does not produce symptoms, but
sometimes it is associated with hypersecretion of
calcitonin gene-related peptide and can present with
diarrhea or vasomotor flushing.

In addition, sometimes MTC can secrete other
peptides such as serotonin (which can produce a
carcinoid syndrome), corticotropin-releasing
hormone CRH, adrenocorticotropic hormone ACTH
(causing Cushing's syndrome), histamine, neuro-
tensin, somatostatin, and various gastrointestinal
hormones such as chromogranin A. It also produces
carcinoembryonic antigen (CEA) which, although less
sensitive and specific than calcitonin, is also useful in
the follow-up of MTC. [105]

The use of calcitonin as a screening tool in
patients with nodular thyroid disease is a
controversial topic. In favor, it is a highly sensitive
marker that could allow early diagnosis. However,
the cut-off points are unclear, and it is a tumor of low
prevalence. A recent systematic review of 72,368
patients from 16 studies found that only 0.32% of
patients with thyroid nodules were diagnosed with
MTC [106].

On the other hand, calcitonin elevation is highly
sensitive for MTC, but not very specific. Despite the
use of high-specificity immunoradiometric assays,
calcitonin elevations can be found for technical
reasons, other pathological conditions, various drug
treatments, and alcohol and tobacco consumption,

although levels are generally lower in these cases
[107].

Regarding the thyroid, almost half of C-cell
hyperplasia cases are associated with a slight
elevation of basal and stimulated calcitonin, and
papillary and follicular thyroid carcinomas can also
be associated with C-cell hyperplasia and slightly
elevated calcitonin levels. In addition, there are
conflicting data regarding autoimmune thyroiditis,
and cases of elevated calcitonin in multinodular goiter
have been described.

It should also be noted that calcitonin levels
should be interpreted according to age and gender.
Men have twice as many C cells as women, with
normal levels in men being less than 10 pg/ml and in
women less than 5 pg/ml [107].

On the other hand, although much less frequent,
false negatives can also be found. Rare cases of MTC,
generally sporadic, with calcitonin levels within the
normal range have been described [106], as well as
interference of immunoassays due to storage
problems or very high calcitonin levels (Hook effect).

Calcitonin levels above 100 pg/ml are
considered to have a positive predictive value (PPV)
of 100% for macroscopic MTC, but the difficulty lies in
the intermediate values. If levels are between 10 and
100 pg/ml, it may be useful to determine calcitonin
after stimulation with pentagastrin or calcium,
although some authors have not found superiority in
its diagnostic capacity compared to basal calcitonin
with the new immunoassays [108].

The pentagastrin test consists of the injection of
0.5 mg/kg of intravenous pentagastrin in 3 minutes
with determination of calcitonin at 3, 5, and 10
minutes after injection. The calcium stimulation test is
performed with the intravenous injection of 2 mg/kg
of calcium in 1 minute and the determination of
calcitonin at 2, 5, and 10 minutes. Due to the limited
availability of pentagastrin in recent years, calcium
stimulation has been used more and more frequently,
and a good correlation has been shown between the
two tests [109].

However, it is not clear which cut-off points
consistently discriminate MTC from other conditions,
although generally in other pathologies or
circumstances other than MTC, calcitonin does not
increase after stimulus tests, or does so minimally.
Thus, stimulated calcitonin levels below 100 pg/ml
are associated with a very low risk of MTC and levels
above 1000 pg/ml would confirm the presence of
MTC with certainty [107].

On the other hand, some studies have observed a
high correlation between procalcitonin and calcitonin
in patients with MTC. Procalcitonin has greater
stability and less circadian variability than calcitonin,
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and some authors propose that it could be a
complementary tumor marker, both for diagnosis and
for follow-up of these patients. However, the
recommended cut-off point is not clear, although
most agree on considering 0.1 ng/ml. In addition, it
should be noted that its usefulness in hospitalized
patients is limited by the presence of intercurrent
infections that could elevate it [109].

4.3. Genetic Biomarkers

Medullary thyroid carcinoma (MTC) is a
neuroendocrine malignant tumor that originates from
the parafollicular cells or C cells of the thyroid, which
embryologically derive from the neural crest. It
should be remarked that 75% of MTCs are sporadic,
with the rest being hereditary. The latter are part of
multiple endocrine neoplasia type 2 (MEN2). MEN?2 is
a syndrome with autosomal dominant inheritance
due to a germline activating mutation of the RET
oncogene. The RET gene is located on chromosome
10, in the 10q11.2 region, consists of 21 exons, and
encodes a transmembrane tyrosine kinase receptor.
Two subtypes of MEN have been described: MEN 2A
and MEN 2B. In both, MTC is generally bilateral and
multicentric, and there is a high genotype-phenotype
correlation. MEN 2A is the most frequent, accounting
for 95% of hereditary MTC cases, and the classic form
associates hyperparathyroidism (HPT) and pheo-
chromocytoma with different frequencies. MEN 2B
accounts for 5% and is characterized by MTC in 100%
of carriers, is more aggressive, and appears in the first
years of life. Additionally, they may present with
mucosal ganglioneuromas, intestinal ganglioneuro-
matosis, pheochromocytoma, and a marfanoid
habitus. [98, 110, 111].

4.4. Circulating Tumor Cells and MicroRNAs

We should highlight that CTC evaluation has
been investigated also in MTC with promising results.
In 2022, in a cohort of 12 MTC patients out of 164
patients (7.3%), Weng and colleagues [112] evaluated
the number of CTCs at diagnosis using the CanPatrol
capture technique and found that 58.3% (7/12 MTC
patients) were CTC-positive while 5/12 (41.6%) were
not. The authors considered a cutoff of six CTCs and
found that, in that case, patients had shorter
progression-free survival and an increased metastasis
rate. The paper by Weng and colleagues strongly
validates the use of CTCs as a prognosis biomarker
once a clear cutoff is confirmed. In the same year, a
study involving 30 MTC patients out of 394 total
subjects (7.6%) validated a six-cell cutoff in an
independent series. The authors showed that in MTC,
overall survival (OS) was found to be significantly
shorter (p < 0.01) in individuals with more than six

CTCs compared to those with six or fewer CTCs [113].

One study from 2018 [114] searched for these
types of CTCs using an optimized technique in nine
MTCs with a serum calcitonin concentration ranging
from 48 to 10,600 pg/mL. Calcitonin-positive CTCs
were identified in eight out of nine (89%) patients, but
the CTC counts did not always align with the TNM
staging system. The authors found that one patient
classified as pT3N1bM1 did not exhibit detectable
calcitonin-positive CTCs, while another subject,
classified as pT1N1bMx, had five CTCs [114]. Even a
correlation between serum calcitonin concentrations
and CTC counts was missing [114]. On the contrary, a
correlation between the number of CTCs and the T
stage at initial diagnosis (Pearson r = 0.9837, p =
0.0163) was found in a study by Ehlers and colleagues
[115]. However, neither lymph node nor distant
metastasis nor CT levels had an impact on the number
of CTCs in that study [115].

The emerging message from these studies is that
the search for CTCs in MTC is feasible and represents
a specific test. An elevated number (from four to >six)
of circulating tumor cells in patients with MTC may
serve as a robust biomarker for predicting cancer
prognosis independently from the method used for
their extraction and characterization and may
improve patient outcomes using more personalized
and targeted treatments. Nevertheless, more efforts
are needed to find a clear cutoff that is able to detect
disease recurrence even many years after surgery and
particularly in CT-negative cases.

5. Anaplastic Thyroid Cancer (ATC)

ATC is characterized by its rapid progression,
resistance to conventional therapies, and poor
prognosis. This highly aggressive form of thyroid
cancer, although accounting for less than 5% of all
thyroid cancer cases, shows a higher incidence in
older adults, usually over the age of 60, with a slight
female predominance, mirroring trends observed in
other thyroid malignancies. The median survival for
patients diagnosed with ATC is starkly low,
approximately 6 months from the time of diagnosis,
reflecting the aggressive nature of this disease.
Survival rates have shown little improvement over
the years, underscoring the urgent need for novel
diagnostic and therapeutic approaches. The poor
prognosis is largely attributable to the rapid growth
and early metastatic spread of ATC, often rendering
surgical options infeasible and limiting the efficacy of
radiotherapy and chemotherapy [116].

In this context, the exploration and integration of
biomarkers in ATC offer a promising avenue for
enhancing our understanding of the disease,
improving diagnostic precision, and identifying
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potential targets for innovative treatments. This
segment of the article explores the critical role of
histological, serological, genetic biomarkers, as well as
circulating tumor cells (CTCs) and microRNAs, in
revolutionizing the management of ATC. These
biomarkers could represent a new approach for
personalized medicine, aiming to improve survival
and quality of life for this subgroup of patients.

5.1. Histological Biomarkers

Immunohistochemistry is a vital tool for
identifying histological markers in anaplastic thyroid
cancer (ATC). These markers provide crucial
information for accurate diagnosis and the design of
treatment strategies in this highly aggressive disease.

5.1.1 PDL-1

The interaction between PD-1 (T cell receptor)
and PDL1 (programmed death ligand) is crucial in
regulating the immune response. In anaplastic
thyroid cancer, elevated expression of PDL1 in tumor
cells can suppress the anti-tumor activity of T cells,
leading to cancer progression. PD1/PDL1 inhibitors,
such as pembrolizumab and nivolumab, have shown
efficacy in some ATC patients, especially those with
positive PDL1 expression. Approximately 22%-29% of
ATC tumor samples have been reported to express
PD-L1 [117]. A positive response to combined therapy
with BRAF inhibitors and PD-1 inhibitors has been
observed in ATC patients with BRAF mutation [118].
The underlying mechanism behind the observed
immune activation in ATC is unclear. The response to
PD-1 blockade is associated with higher levels of
neoantigens created by chronic exposure to mutagens,

such as tobacco smoke or UV light, or by defects in
DNA repair, as found in microsatellite instability
colorectal cancer [119]. In a multicenter study of
prospectively and retrospectively collected clinical
data and tissue samples, PD-L1 expression in poorly
differentiated thyroid cancers and ATC has been
investigated. Variable expression was found in both
aggressive thyroid malignancies, with higher
expression in ATC than in other poorly differentiated
cancers [120].

Spartalizumab, a PD-1 monoclonal antibody,
showed good tolerability and promising clinical
activity in ATC patients. Durable responses were
observed in a subset of patients, including complete
and partial responses, even in patients without BRAF
mutations. PD-L1 expression and the presence of an
inflamed tumor microenvironment were associated
with better treatment responses. Although the
underlying mechanism is still unclear, these findings
suggest that PD-1 blockade may be a promising
treatment option for ATC patients, especially those
with positive PD-L1 expression [121].

A greater response to these treatments has been
observed in patients with evidence of an inflamed
tumor microenvironment at baseline, as suggested by
higher PD-L1 expression, presence of CD8+
lymphocytes, and expression of genes involved in
IFNy signaling. An association between baseline
PD-L1 expression and survival was also observed,
with a median OS not reached in the subset of patients
with PD-L1 expression = 1% at baseline and poor
survival in those who progressed to immunotherapy
treatment [122].

Table 4. This detailed table encapsulates the vital biomarkers involved in the management of Anaplastic Thyroid Cancer (ATC),
highlighting their diagnostic and prognostic significance as well as their role as potential therapeutic targets.

Marker Type Marker Name Marker Utility References
Histological Markers PDL-1 Associated with immune evasion; predictive of response to PD-1/PDL-1 117,118, 119, 120,
inhibitors. 121,122
Beta-catenin, PAX8, E-cadherin Indicators of cell proliferation, differentiation, and adhesion; involved in tumor 123, 124, 125, 127
progression.
VEGF Promotes angiogenesis; correlated with tumor aggressiveness and metastasis. 128,129, 130
FGFRs Involved in cell growth and survival; target for FGFR inhibitors. 131,132
Serological Markers Thyroglobulin Not typically elevated in ATC due to its poorly differentiated nature. 133
Calcitonin Not useful in ATC diagnosis or monitoring. 134
CEA May be elevated in some ATC cases; used for monitoring treatment response. 135
Genetic and Molecular ~ TERT Promoter Mutations Associated with aggressive tumor behavior; prevalent in ATC. 136, 137
Markers BRAF, RAS Mutations Common in ATGC; early drivers of thyroid carcinogenesis. 138, 139, 140
TP53, PIK3CA Mutations Involved in tumor progression and resistance to therapy. 141, 142, 143
SWI/SNF, HMT, MMR Pathway Affect gene expression and DNA repair mechanisms; associated with advanced = 144, 145, 146
Alterations thyroid cancer.
RET/PTC Rearrangements, MET and Rare but contribute to pathogenesis; potential targets for therapy. 147,148, 149
EGFR Mutations
Circulating Biomarkers ~CTCs, miRNAs Provide information on tumor burden and disease extent; associated with 150, 151

prognosis and potential therapeutic targets.
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5.1.2 Beta-catenin, PAXS8, and E-cadherin

Beta-catenin is a protein that plays a significant
role in regulating cell growth and proliferation.
Abnormal activation of the Wnt/p-catenin signaling
pathway has been observed in anaplastic thyroid
cancer. Beta-catenin overexpression is associated with
uncontrolled cell proliferation, invasion, and
metastasis. Beta-catenin expression has been observed
to vary depending on the subtype of thyroid cancer,
as demonstrated by immunohistochemical techniques
[123].

PAX8 and E-cadherin are proteins that play
important roles in thyroid tissue differentiation and
development. PAXS is a transcription factor essential
for thyroid embryonic development and is expressed
in thyroid follicular cells and carcinomas derived
from these cells. On the other hand, E-cadherin is a
cell adhesion molecule expressed in epithelial cells
and regulates cell adhesion, migration, and polarity.
Loss of E-cadherin expression has been associated
with epithelial-mesenchymal transition, a significant
pathological mechanism in thyroid carcinoma tumor
progression [124].

Regarding  beta-catenin =~ expression, in
well-differentiated thyroid cancers, reactivity is
primarily localized in the lateral membrane, whereas
in poorly differentiated carcinomas or squamous
lineage, reactivity is continuously presented along the
cell membrane, called "fishnet pattern," and has a
weaker intensity, punctate intracytoplasmic positivity
near the nuclei, and nuclear positivity. In one study,
the rate of membrane positivity for B-catenin in ATC
patients was 82.8% [125].

Regarding PAXS, loss of its expression is more
typical of poorly differentiated thyroid cancers, and
ATC has been observed to have loss or discontinuous
patterns of E-cadherin expression [127].

In summary, the expression pattern of f-catenin
and loss of expression of PAX8 and E-cadherin are
useful for detecting poorly differentiated thyroid
carcinoma subtypes such as ATC; therefore, their use
in an immunohistochemical panel is recommended
for a more comprehensive diagnosis of ATC.

5.1.3. Vascular Endothelial Growth Factor (VEGF)

Angiogenesis is a fundamental process in tumor
development and progression. VEGF is one of the
main inducers of new blood vessel formation in the
tumor microenvironment. In anaplastic thyroid
cancer, VEGF overexpression correlates with worse
prognosis and greater tumor aggressiveness.

Some studies have shown that VEGF levels are
significantly higher in ATC samples compared to
other forms of thyroid cancer and normal thyroid

tissue. This VEGF overexpression may contribute to
the formation of new blood vessels feeding tumor
growth, facilitating cancer spread to other parts of the
body  [128]. However, in one  study,
immunohistochemical staining of VEGF in thyroid
tumor cells was significantly more frequent in
well-differentiated thyroid cancers compared to
poorly differentiated thyroid cancers, such as ATC.
This suggests that this factor could play an important
role in the early stages of carcinogenesis by
supporting tumor growth through new blood vessel
formation and exerting an immunosuppressive
function [129].

Inhibition of VEGF or its receptor (VEGFR) has
been explored as a potential therapeutic strategy in
ATC treatment. Some preclinical studies have shown
that VEGF inhibition can reduce tumor growth and
angiogenesis in experimental models of ATC.
Furthermore, clinical trials have been conducted to
evaluate the efficacy of anti-VEGF drugs, such as
bevacizumab, in ATC patients, although the results so
far have been mixed, and more research is needed to
determine their efficacy and safety in this specific
context [130].

5.1.4. Fibroblast Growth Factor Receptors (FGFRs)

Fibroblast growth factor receptors are a family of
tyrosine kinase receptors that play a crucial role in
regulating cell growth, differentiation, and survival.
In ATC, mutations and overexpressions of FGFR have
been observed to be associated with tumor
progression and therapy resistance.

FGEFR inhibition has been proposed as a potential
therapeutic strategy in ATC treatment. Several
preclinical studies have shown that the use of FGFR
inhibitors can reduce tumor growth and invasion in
experimental models of ATC [131].

Lenvatinib is a tyrosine kinase inhibitor that acts
by blocking several signaling pathways involved in
cell growth and proliferation. This includes the
inhibition of VEGFR and FGFR. In the case of ATC,
where treatment options are limited, and the disease
is often resistant to conventional therapy, lenvatinib
has shown some efficacy in clinical studies. It has been
used both as monotherapy and in combination with
other drugs, such as immune checkpoint inhibitors
(e.g., PD-1/PD-L1 inhibitors), with varying results
[132].

5.2. Serological Biomarkers

Thyroglobulin, calcitonin, and CEA
(carcinoembryonic antigen) are tumor markers that
can be useful in the management and monitoring of
anaplastic thyroid carcinoma (ATC), although their
specific utility may vary depending on the patient and
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other individual disease characteristics.

5.2.1. Thyroglobulin

Thyroglobulin is a protein produced by the
follicular cells of the thyroid gland. Under normal
conditions, thyroglobulin is secreted into the blood in
very small amounts. However, in the presence of
thyroid cancer, thyroglobulin levels may increase. In
anaplastic thyroid carcinoma, thyroglobulin levels are
generally low or undetectable. This is because ATC is
a poorly differentiated form of thyroid cancer that
usually does not produce significant amounts of
thyroglobulin. Due to the low expression of
thyroglobulin in ATC, it has limited utility as a
biomarker in the diagnosis and monitoring of the
disease, unlike more differentiated thyroid cancers,
where elevated serum thyroglobulin levels may
indicate the presence of residual or recurrent disease
[133].

5.2.2. Calcitonin

Calcitonin is a hormone produced by the
parafollicular cells of the thyroid gland (C cells).
Calcitonin levels may increase in the presence of
medullary thyroid carcinoma as it originates from C
cells. In ATC, calcitonin levels are generally not
elevated, as ATC is very poorly differentiated or
usually derives from follicular cells. Therefore,
measuring calcitonin levels is usually not useful in the
diagnosis or monitoring of ATC, but may be relevant
in the evaluation of other types of thyroid cancer, such
as medullary carcinoma [134].

5.2.3. CEA

CEA is a protein found in normal amounts in
fetal tissues and in very small amounts in adult
tissues. CEA levels may be elevated in various types
of cancer, including thyroid cancers. In ATC, CEA
levels may be elevated in some patients, but this is not
uniform, and not all patients with ATC will have
elevated CEA levels. Determining CEA levels may be
useful in monitoring ATC and assessing response to
treatment, but it is not specific or sensitive for this
type of cancer and should be interpreted along with
other clinical findings and diagnostic tests [135].

Therefore, ATC, being a poorly differentiated
and highly aggressive cancer, limits the utility of
certain serological biomarkers that are commonly
used in differentiated thyroid cancers. For example,
thyroglobulin and calcitonin, which are specific
markers of functional thyroid cells, tend to be sparsely
expressed or absent in ATC due to its poorly
differentiated nature. Additionally, CEA, although
often elevated in various types of cancer, lacks
specificity, and its elevation may not be exclusive to

ATC. While CEA may provide some diagnostic
support, its utility is limited due to its lack of
specificity.

5.3. Genetic and Molecular Biomarkers

Genetic mutations play a fundamental role in the
development and progression of ATC, and their
identification can have important clinical and
therapeutic implications. Constitutive activation of
the MAPK signaling pathway plays a crucial role in
the carcinogenesis of various types of thyroid
carcinoma. This pathway involves tyrosine kinase
receptors such as VEGFR, RET, ALK, and TRK, as
well as proteins like RAS, RAF, MEK, and ERK. In
thyroid cancer, genetic alterations in the MAPK
pathway are highly prevalent and mutually exclusive.
These alterations lead to changes in cell proliferation,
differentiation, and survival, contributing to the
pathogenesis of various subtypes of thyroid
carcinoma. The detection of these genetic alterations
has become more precise and comprehensive thanks
to next-generation sequencing (NGS) technology,
allowing simultaneous analysis of multiple genes in a
single test, providing a comprehensive picture of the
genomic profile of a tumor quickly and efficiently.

5.3.1. Mutations in the TERT Promoter

Mutations in the TERT promoter are significant
findings in the context of thyroid carcinoma. TERT, or
telomerase, is an enzyme responsible for maintaining
the length of telomeres, the protective structures at
the ends of chromosomes. Telomerase activation
through mutations in the TERT promoter may
contribute to cell immortalization and uncontrolled
proliferation, key features of tumorigenesis.

In well-differentiated thyroid carcinoma, TERT
promoter mutations are detected infrequently. In
contrast, poorly differentiated carcinoma and
anaplastic carcinoma show significantly higher rates
of TERT promoter mutation, with a prevalence of 40%
in poorly differentiated carcinoma and 73% in ATC
[136] This high frequency of TERT promoter
mutations suggests a fundamental role in the
progression towards more aggressive and less
differentiated forms of thyroid cancer.

It is important to note that TERT promoter
mutations tend to be subclonal in differentiated
carcinomas, meaning they are present in only a
portion of tumor cells, while they are clonal in poorly
differentiated thyroid carcinoma (PDTC) and ATC,
indicating they are present in all or most tumor cells.
This pattern suggests that TERT promoter mutations
may be an early event in the tumorigenesis of PDTC
and ATC, and may play a crucial role in their
development and progression [137].
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5.3.2 Mutations in the BRAF and RAS Genes

Mutations in the BRAF and RAS genes remain
critical in the development of poorly differentiated
thyroid carcinoma and anaplastic thyroid carcinoma.
In the case of PDTC, these mutations occur in
approximately 33% and 45% of cases, respectively. On
the other hand, in ATC, they are present in around
29% and 23% of cases, respectively. The BRAF V600E
mutation is one of the most common genetic
alterations in ATC and is present in approximately
40-50% of cases. This mutation activates the MAPK
signaling pathway, promoting cell growth and
survival [138].

The frequency of these mutations may vary
depending on how the disease is defined and
classified. For example, when using the criteria
proposed by Turin to define poorly differentiated
thyroid carcinoma, which include a solid growth
pattern, absence of nuclear features of papillary
thyroid carcinoma, and presence of necrosis with a
mitotic index of 23/10 high-power fields (HPF) or
convoluted nuclei, a high frequency of RAS mutations
(42-64%) and a low frequency of BRAF V600E
mutations (6-9%) are observed [139]. However, when
different criteria, such as those from the Memorial
Sloan Kettering Cancer Center (MSKCC), based solely
on necrosis or a mitotic index of 25/10 HPF,
regardless of architectural pattern and nuclear
features, are used, both tumors that meet the Turin
criteria and an additional set of tumors that do not
meet them are found. This latter subgroup of tumors
tends to have a high frequency (67-78%) of BRAF
mutations and a low rate (6-13%) of RAS mutations
[140].

These differences in mutation frequency
according to classification criteria underline the
complexity and heterogeneity of ATC and suggest
that different subpopulations may have distinctive
genetic profiles, which could affect both prognosis
and treatment options.

5.3.3 Alterations in TP53

Inactivating mutations in TP53 are considered a
hallmark genetic feature of anaplastic thyroid
carcinoma. This tumor suppressor gene is essential in
regulating the cell cycle and DNA repair, so its
inactivation or mutation can lead to uncontrolled cell
proliferation and tumor progression.

In the context of well-differentiated thyroid
carcinoma, mutations in TP53 are quite rare. This low
frequency reflects the less aggressive and more
indolent nature of these tumors, while they are highly
prevalent in ATC, detected in approximately 73% of
cases [141]. This high incidence underscores the

crucial role of TP53 dysfunction in malignant
transformation and aggressiveness of ATC.

In addition to TP53, ATC also shows mutations
in other tumor suppressor genes, such as ATM, RB1,
MEN1, NF1, and NF2. These additional mutations
further contribute to cell cycle dysregulation and cell
survival, thus promoting tumor progression and
therapy resistance in these poorly differentiated
thyroid cancer types [142].

5.3.4. Alterations in PIK3CA

Alterations in the PIK3CA gene, which encodes
the alpha subunit of phosphatidylinositol 3-kinase
(PI3K), are observed in a significant proportion of
ATC  cases. Abnormal activation of the
PI3K/AKT/mTOR signaling pathway due to
mutations in PIK3CA can promote tumor growth,
angiogenesis, and resistance to apoptosis. Mutations
affecting components of the PIK3CA-AKT-mTOR
pathway have been observed in 2-11% of poorly
differentiated thyroid cancers and in 12-39% of ATC.
These mutations involve not only well-known genes
like PIKBCA and PTEN but also other members of the
pathway, including PIK3C2G, PIK3CG, PIK3C3,
PIK3R1, PIK3R2, AKT3, TSC1, TSC2, and MTOR
[143].

5.3.5 Mutations in SWI/SNF, HMT, and the MMR
Pathway

The SWI/SNF chromatin remodeling complex is
another important component of epigenetic genome
control and plays a crucial role in regulating gene
expression. Genes encoding components of the
SWI/SNF complex, such as ARID1A or ARID1B, can
alter chromatin structure and lead to changes in gene
expression that favor tumor development. These are
found in approximately 36% of anaplastic thyroid
carcinomas and 6% of poorly differentiated thyroid
carcinomas [144].

Histone methyltransferase (HMT) is an enzyme
that adds methyl groups to histones, thereby
modifying chromatin structure and regulating gene
expression. Mutations in genes encoding histone
methyltransferases can alter the epigenetic regulation
of genes and promote carcinogenesis. These
mutations are also more frequently found in ATC, at
an approximate rate of 24% [145].

Additionally, alterations in the DNA mismatch
repair (MMR) pathway, an essential DNA repair
mechanism that corrects errors occurring during
DNA replication, ensuring genomic integrity, have
been found. These include genomic alterations such as
MSH2, MSH6, and MLHI1, in 12% of ATC and 2% of
poorly differentiated cancers. Tumors with MMR
mutations showed a hypermutator phenotype, with a
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higher number of mutations compared to tumors
without these mutations. Dysfunction in the MMR
pathway is associated with a microsatellite instability
(MSI) phenotype, characterized by the presence of
DNA sequence repeat errors known as microsatellites.
Detection of MSI in ATC tumors may have
therapeutic implications, as tumors with MSI have
been shown to respond differently to certain
treatments, such as immune checkpoint inhibitor
immunotherapy [146].

5.3.6 RET/PTC Rearrangements and Mutations in RET

The RET/PTC rearrangements and mutations in
the RET gene are genetic events that are considered
relatively rare in anaplastic thyroid carcinoma (ATC).
However, they have been observed to be present in a
small proportion of ATC cases, indicating their
potential contribution to the pathogenesis of this
disease.

These genetic alterations involve changes in the
structure or function of the RET gene, which encodes
a tyrosine kinase receptor essential for the regulation
of cell growth and differentiation. Activation of the
RET signaling pathway can lead to uncontrolled cell
growth and prolonged survival of cancer cells,
thereby contributing to the development and
progression of anaplastic thyroid carcinoma. While
these genetic alterations may be less common
compared to mutations such as BRAF or RAS in ATC,
their presence suggests the genetic diversity and
molecular complexity of this disease [147].

5.3.7. Amplification and Mutations in MET

Amplification and mutations in the MET gene
are relatively common findings in anaplastic thyroid
carcinoma (ATC). The MET receptor tyrosine kinase is
a cell membrane protein that plays a crucial role in
regulating cell growth, proliferation, and survival.
When MET undergoes amplification or mutations
resulting in abnormal activation, it can lead to a series
of events that promote cancer invasion and
metastasis. Additionally, aberrant activation of MET
may confer resistance to targeted treatments, such as
tyrosine kinase inhibitors [148].

5.3.8. Mutations in the EGFR Gene

EGFR, also known as HER1 or ErbBl1, is a cell
membrane protein that belongs to the family of
receptor tyrosine kinases. Its activation triggers a
cascade of intracellular events that promote cell
growth and survival, among other processes.

In the context of ATC, mutations in EGFR can
abnormally activate the receptor signaling pathway,
resulting in increased proliferation and resistance to
apoptosis of cancer cells. This could significantly

contribute to the aggressiveness and rapid
progression of the tumor. However, it is important to
note that the frequency of these mutations in ATC is
low compared to other types of cancer where EGFR
mutations are more prevalent, such as non-small cell
lung cancer. In lung cancer, EGFR mutations have
been associated with favorable clinical responses to
EGFR inhibitors, such as erlotinib or gefitinib.
Therefore, the identification of EGFR mutations in
patients with ATC could suggest the possibility of
using specific EGFR-targeted therapies as part of the
treatment. However, further studies are needed to
fully understand the role of EGFR mutations in ATC
and their clinical relevance in terms of prognosis and
treatment response [149].

Therefore, mutations in the BRAF and RAS
genes remain consistent throughout the development
of thyroid cancer, from well-differentiated forms to
poorly differentiated and anaplastic carcinomas,
serving as early drivers of the disease. On the other
hand, other mutations such as those in the TERT
promoter, TP53, PIK3CA, SWI/SNF complex, and
tumor suppressor genes, among others, accumulate
progressively  during tumor dedifferentiation,
contributing to the progression towards more
aggressive forms of thyroid cancer such as ATC.

5.4. Circulating Tumor Cells and MicroRNAs

As it was the case with other thyroid cancer
subtypes, liquid biopsy has emerged as a promising
tool in the study and management of ATC, providing
information about the disease in a less invasive
manner than traditional tissue biopsies. The
quantification of the number of circulating tumor cells
present in the blood sample can offer information
about tumor burden and disease extent, as the
presence of CTCs is associated with a worse
prognosis. Additionally, in CTCs, the expression of
specific tumor cell markers, such as EGFR, MET
tyrosine kinase receptor, and other markers associated
with tumor aggressiveness, is analyzed. On the other
hand, circulating DNA sequencing can reveal specific
genetic mutations associated with ATC, such as
mutations in the BRAF, RAS, and TP53 genes. The
quantification and analysis of these mutations can aid
in the diagnosis and risk stratification of patients with
ATC [150].

Regarding miRNAs, specific miRNA expression
profiles have been identified in ATC. MiRNA
dysregulation has been associated with thyroid cancer
progression, suggesting their involvement in tumor
biology. Mutations in the miRNA biogenesis
machinery are related to thyroid carcinoma
progression, affecting the maturation and processing
of miRNAs and their regulatory function. It has been
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proposed that alterations in miRNA expression due to
these mutations underlie changes in proliferation,
migration, and epithelial-mesenchymal transition in
thyroid cancer, which may influence patient survival.

Misiak et al. [151] conducted a comprehensive
analysis to identify associations of microRNA and
messenger RNA targets relevant to anaplastic thyroid
carcinoma. The results obtained suggest that ATC is
characterized by significant miRNA expression
dysregulation, indicating that the extreme
reorganization of the mRNA transcriptome in ATC is
partially driven by this miRNA dysregulation. This
alteration affects various key oncogenes and tumor
suppressors, suggesting that miRNA-dependent
control in gene expression is a crucial factor in the
severe dysregulation observed in ATC. Among the
analyzed miRNAs, miR-146-5p and miR-210-3p were
observed to be associated with promoting aggressive
behavior in tumor cells. Conversely, miRNAs such as
miR-21-5p were associated with dedifferentiation and
transdifferentiation similar to epithelial-mesenchymal
transition, a distinctive feature of ATC.

6. Future Directions

6.1. Molecular Biology Techniques

Spatial transcriptomics (SPT) and single-cell
RNA sequencing (scRNA-seq) have revolutionized
the analysis of cellular and molecular biology by
providing unprecedented details on gene expression
in spatial contexts and at the individual cell level. SPT
enables the mapping of gene expression across tissue
sections, offering a detailed view of how RNA profiles
are distributed and vary within the tumor
microenvironment. On the other hand, scRNA-seq
provides an in-depth understanding of cellular
heterogeneity by analyzing the RNA of individual
cells, revealing the molecular diversity among
seemingly similar cells. However, despite the
significant advancements these technologies have
brought, the expertise of pathologists remains crucial.

Althoug most patients with papillary thyroid
carcinoma (PTC) have a favorable prognosis, a
significant proportion develop a more aggressive
form of the disease due to factors such as tumor
dedifferentiation, the presence of atypical follicular
cells (AFCs), and immune cells, leading to notable
cellular  heterogeneity. = Traditional pathology
techniques have limitations in assessing this cellular
heterogeneity in PTC. Therefore, high-precision
methods  like single-cell RNA  sequencing
(scRNA-seq) and spatial transcriptomics (SPT) are
being increasingly used. In a recent study [152] tissues
from four PTC patients were collected and SPT was
employed along with clinical pathological

identification =~ methods to analyze cellular
heterogeneity. RN A-clinical signature genes for each
cell type were identified, allowing precise mapping of
specific cell distribution regions in tissue sections.
AFCs were recognized as a transitional state towards
tumor cells. Key ligand-receptor interactions were
discovered, playing a crucial role in the transition
from typical follicular cells to tumor cells, correlating
with poorer prognosis. Additionally, the reduction of
certain immune interactions contributed to
tumorigenesis and increased cellular heterogeneity.

This  approach, integrating  RNA-based
clustering with clinical pathology information,
enhances the accuracy of spatial transcriptome
analysis and provides valuable insights for prognosis
evaluation in PTC patients.

ATC and PTC both originate from follicular
epithelial cells, but ATC is associated with a much
poorer prognosis and often shows resistance to
conventional treatments. A study [153] has shown
that immunotherapy is more effective in ATC
compared to advanced PTC. To investigate this,
researchers used scRNA-Seq to create a detailed
single-cell atlas of thyroid cancer and compared the
tumor microenvironment components between ATC
and PTC, including malignant, stromal, and immune
cells. They discovered that CXCL13+ T lymphocytes
were more prevalent in ATC, potentially enhancing
the tumor's sensitivity to immunotherapy.

6.2 New Targeted Therapies

There are ongoing clinical trials evaluating the
efficacy and safety of new targeted therapies.
Regarding tyrosine kinase inhibitors, a phase 1-2
clinical trial [154] evaluated selpercatinib in patients
with medullary thyroid cancer with a RET mutation
and patients with RET fusions thyroid cancer. The
results showed that selpercatinib had a high objective
response rate (79%) and good progression-free
survival (64% at one year), with mostly low-grade
side effects. A recent Phase 3 clinical trial has been
published  concluding that treatment with
selpercatinib resulted in superior progression-free
survival and treatment-free survival compared to
other therapies such as cabozantinib or vandetanib in
patients with RET-mutant medullary thyroid cancer
[155].

Another RET inhibitor, pralsetinib, which has
shown efficacy in lung cancer, has also been studied
in patients with thyroid cancer with this genetic
alteration. One phase 1-2 study [156] demonstrated
the efficacy and safety of pralsetinib in patients with
medullary thyroid cancer, with response rates of 71%
in treatment-naive patients, 60% in those previously
treated with cabozantinib and/or vandetanib, and
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89% in patients with RET fusions. Inhibitors such as
larotrectinib and entrectinib have shown promising
results in clinical trials, particularly in patients with
NTRK fusions and metastatic thyroid cancer
[157,158].

As for immunotherapy, PD-1/PD-L1 inhibitors,
such as pembrolizumab and nivolumab, are being
investigated in combination with other targeted
therapies, like BRAF inhibitors, to improve the
immune response in patients with refractory thyroid
cancer. These tumors, often resistant to conventional
treatments, may benefit from the combination of
therapies to enhance antitumor activity, leveraging
both the ability of targeted therapies to inhibit tumor
growth and the activation of the immune system to
eliminate cancer cells [159].

7. Conclusions

In conclusion, the review emphasizes the
indispensable role of biomarkers in refining the
management  of  thyroid cancer  towards
individualized therapy. It demonstrates that
biomarkers are key for detecting aggressive anaplastic
thyroid cancer, prognosticating outcomes for
papillary thyroid cancer, and selecting precise
treatments for medullary thyroid cancer, especially
for cases with RET gene mutations. This targeted
approach significantly improves diagnostic accuracy,
optimizes treatment effectiveness, and enhances
overall patient prognosis. Furthermore, the review
highlights the necessity for detailed genetic profiling
in follicular thyroid cancer to devise customized
treatment plans. Ultimately, it advocates for
expanded research into biomarkers and personalized
therapy options to advance patient care in thyroid
cancer.
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