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Abstract
The Thyroid Carcinomas (TCs) have 5 main histological types: papillary, follicular or differentiated, poorly differentiated,
anaplastic (the most destructive type), and medullary TC. Significant variability has been observed, both among and within
neoplasms, in these different types of TCs. The first 4 kinds of TCs arise from thyroid follicular cells exhibiting significant variability.
It is noteworthy that this variability encompasses histo-pathological variation, difference in the quantities of interactions between
the tumor and neighboring microenvironment and inter-patient dissimilarities. Such elements give rise to pronounced complexity
in tumor development from malignant cells. The present review summarizes the knowledge regarding heterogeneity of TCs.
Furthermore, such research can help to attain improved conception of the basic structures giving rise in growth and TCs variability,
hence contributing towards more effective management approaches.
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Introduction
The most prevalent endocrine cancer, Thyroid Carcinoma (TC),
affects the parenchymal cells of the thyroid and accounts for 3.5%
of all cancer cases identified each year [1]. The thyroid parenchyma is made up of of two main cell kinds: (a) the thyroid follicular
cells accounting for Differentiated Thyroid Cancer (DTC) and (b)
the parafollicular cells (also called C-cells) accounting for Medullary Thyroid Carcinoma (MTC). DTC includes Papillary Thyroid
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Cancer (PTC), Follicular Thyroid Cancer (FTC) and Hurthle cell cancer accounting for approximately 95% of all thyroid cancers; MTC
comprises of approximately 1 - 2%, and anaplastic thyroid cancer
comprises of approximately < 1% of all thyroid malignancies [2,3].

The World Health Organization (WHO) classification 2017
restructured the diagnostic standards and genetic and molecular
features of the thyroid tumors for biology and activities of such tu-
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mors; in this, the type of borderline cancer or unclear malignant potential were also introduced [4]. As per WHO classification, 5 major
histological TC types are defined: PTC, FTC, poorly differentiated TC
(PDTC), MTC and Anaplastic Thyroid Carcinoma (ATC) [5]. Among
these, Differentiated TCs (DTCs) include PTC and FTC accounting
for 80 and 10% of all TC cases respectively. The DTCs can give rise
to further poorly differentiated and toxic undifferentiated types of
TC. MTC develops in the stromal microenvironment arising from C
cells and exhibits clinical progress and molecular grounds that are
entirely different from those of non-MTCs [6].
The utmost acknowledged theory of follicular carcinogenesis
is alteration of thyroid follicular cells into differentiated or undifferentiated malignancy [7,8]. Here, diverse molecular changes are
linked with precise phases, resulting in development of undifferentiated follicular-derived thyroid carcinomas from well-differentiated TCs. Also, the malignant stem-like cells theory was suggested,
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conferring to generation of phenotypically diverse malignant cells
by a minor subpopulation of stem cells, ensuing genetic and epigenetic modifications [9,10]. PDTC and ATC are infrequent tumors
accounting for 5% and 1% cancers, respectively; these exhibit destructive behavior and petite median survival time i.e. 5 years and 6
months, respectively [8].

Methodology

The literature analysis was done via PubMed and Google Scholar for published studies and articles from 2017 - 2022, using the
keywords: thyroid cancers, classification of thyroid cancers and
heterogeneity of thyroid cancers, which resulted in 17,300 articles.
Only those abstracts were reviewed that related to general overview on thyroid cancers. Articles included were published in English, had full text availability and provided sufficient information on
general overview of TC and its subtypes (i.e. 87 articles) (Figure 1).

Figure 1: Article selection flow diagram.

Discussion
Etiology
The hereditary manifestation of thyroid carcinoma is about 15
to 30% for MTC and 5% for PTC and FTC [11]. In the genetic basis of
most thyroid malignancies, variations and relocations in the genes

coding have been involved [12-15]. Numerous other uncommon
gene mutations e.g. TERT mutations, have been related to the progression of thyroid cancer, particularly highly destructive PTC [1621]. DTC may be inherited by autosomal dominance or may arise as
a part of tumor-susceptibility syndromes [22] (Figure 2).
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Figure 2: Schematic illustration of thyroid cancer mutation.

Risk Factors
The major risk factors for DTC are female gender [23], exposure
to radiation of the thyroid gland and a history of thyroid cancer in
bloodline [3,24].

Mechanism of Thyroid Cancer

Due to the genome sequence availability, much advancement
has been observed in explicating the molecular mechanisms for TC
in the past 3 decades [8,25]. Genetically TC is a simple illness having somewhat little burden of somatic mutation in every neoplasm.
Driver mutations which deliver a selective growth benefit thereby
stimulating cancer progression; have been observed in>90% TCs
[8]. The progression of TC and dedifferentiation to PDTC and ATC
implicates several other mutations influencing different cell signaling pathways like p53 and Wnt/β-catenin. Moreover, TERT promoter mutations are defined in all the histological types of TC, with
a considerably greater prevalence in destructive and undifferentiated neoplasms, signifying their part in TC development [26]. For
most MTC cases, there are RET (Rearranged during transfection)
proto-oncogene mutations. In the multiple endocrine neoplasia
type 2A (MEN2A) and 2B (MEN2B) disorders, the mutations can
also occasionally occur or as a result of genetic germ line processes.
H-, K-, and N-RAS mutations are responsible for very few sporadic
MTC [8].

Heterogeneity of Thyroid Cancers

There is extensive heterogeneity of TC cases amid all cancers:
ranging from a thyroid papillary micro carcinoma (incidence reported up to 30% in healthy individuals) to ATC, one of the most
fatal malignancies that become fatal in massive cases even though
resected radically at preliminary phase. Certain subtypes of TCs
were also categorized from benign to cancerous e.g. Non-Invasive
Follicular Thyroid Neoplasm with papillary-like nuclear characteristics (NIFTP). Several research have been conducted to explicate
the heterogeneity of various common malignancies like melanoma
and cancers of breast, lung, colon, etc., yet TCs have been seldom
addressed [6].

Papillary Thyroid Carcinoma

PTC neoplasms mostly have an infiltrating parenchyma and
asymmetrical borders. Variation within a histological class exhibits

multiple foci in the thyroid. When this diversity is identified, it may
not demonstrate the level of molecular heterogeneity [27,28]. PTC
seldom exhibits as a homogenous neoplasm microscopically. The
typical variant is frequently complemented by the follicular variant. This co-occurrence of the histological variants may be clinically
pertinent if one of them signifies a more destructive form i.e. the
Tall-cell Variant (TCV). The TCV is involved as the dominant variant
in 10% PTCs only with signs of an aggressive variant. Nevertheless,
relapses and metastases in these circumstances can be linked with
a greater percentage of TCV. With reports of 10-70% TCV cells, regarding the smallest region of tall-cell morphology required to diagnose TCV, the literature is divided. At present, TCV in PTC is taken
into consideration when at the minimum 50% of the cells display
typical TCV morphology [6,29-31].

Another aggressive variant of PTC is HV found in heterogeneous PTC cases [32]. A case series revealed that the HV-PTC type
classically denotes more than 30% of the tumor [30]. Distant bone,
liver, brain and lung metastases have been found in more than 50%
of all established cases of HV-PTC. In research performed by Chung
et al., the classical blunt projected (hobnail) characteristics of PTC
arose as signs that were intensely related to LNM risk [33]. If tumors are exposed apically localized cuboidal-to-oval cells, producing
a luminal development in more than 5% of a given tumor section,
then they are categorized as PTCs with hobnail features. Such heterogeneous tumors are often existent with LNMs. A higher risk of
LNMs is indicated when there is nonexistence of fibro vascular arrangements in > 20% of the neoplasm section but presence of micro papillary structures < 200 µm in size [33].
Mostly, PTCs are described through the existence of more than
1 anatomically alienated focus; this is defined in 18-87% of established PTC cases [6]. Still, there is a deficiency of agreement if this
existence is due to several independent tumors or owing to the
intra thyroidal spread from a primary sole tumor yet, the two hypotheses were established in several studies, as reported by Kuhn,
et al. The general conclusion, despite of the variances in molecular
techniques between these research, was that PTC diversity could be
due to either intra thyroidal spread or multicentricity [34]. Above
all, an interesting result was display of the similar X chromosome
inactivation form by ipsilateral PTC foci with inconsistency noticed
amid contralateral nodules [34].
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Follicular Thyroid Carcinoma
After PTC, FTC is the frequently seen TC. FTCs are more aggressive than PTCs; they are at a more advanced phase at diagnostic time, are not as much sensitive to customary treatment and
lead deaths frequently. The pre-operative FTC identification
is very challenging due to resemblance to FAs. FTC and FA are the
same histopathologically and demonstrate a common genetic context [35,36]. In FTCs and FAs, RAS somatic mutations and PAX8/
PPARγ reordering, and the main FTC modifications were observed
[37]. As compared to PTCs, FTCs display comparatively less phenotypic heterogeneity; about 80% of FTC cases encompass micro
follicular or solid/trabecular development and about 20% of cases
show well-developed colloid-containing follicles. Metastases were
displayed by just a minor group of patients presenting monotonous
follicular tumors with capsular incursion; this could be elucidated
by heterogeneity at molecular stage [6].

Regardless of its more destructive nature, FTCs heterogeneity has not been researched broadly as like PTCs. Apart from the
stated genetic modifications, numerous other genes have revealed
mutations in FTC, though with a much inferior occurrence, comprising DICER1, PTEN, EZH1, SPOP and PI3CA [38,39]. Several of
these genes have role in the PTEN/ AKT/PI3K pathway, which is
considered as main signaling pathway in FTC creation [40]. They
described 2 chromosomal gains existing in all compartments (11q
and 17q), proposing that these might be initial events in tumor
growth, and revealed that chromosomal gains were extra common
than the losses [41].
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thyroid parenchyma and to the neighboring soft tissues and neck
structures [47]. Clearly, ATCs are comprise of different features
corresponding to the heterogeneity noted microscopically. ATC
has monotonous paucicellular variant that is observed both at the
macro and microscopic examination. ATC presents a wide range of
differentiation, i.e., epithelioid cells, pleomorphic giant cells and
spindle cells. ATC may simulate fibrosarcoma, angiosarcoma or
rhabdomyosarcoma, solitary fibrous neoplasm, undifferentiated
pleomorphic sarcoma, morphologically [48,49].

Medullary Thyroid Carcinoma (MTC)

MTC is a malignant tumour that develops in thyroid parafollicular or C cells. The primary secretory component of MTC is calcitonin, a biomarker that is both specific and highly sensitive and is
produced by both healthy and malignant C cells. Neoplastic C cells
also yield the Carcinoembryonic Antigen (CEA). Typically, these
molecules are employed as markers for MTC case prognosis, diagnosis, and follow-up [50].

A subset of individuals who experienced both MTC and PTC
simultaneously showed a significant incidence of known familial
MTC. In other similar cases, co-expression of calcitonin and thyroglobulin was observed at both the protein and mRNA levels in
the tumour cells, suggesting the possibility of their shared origin
from stem cell differentiation. Nevertheless, this theory has not yet
been authenticated together with the validation of the embryologic
pathway [6,51-55].

Systemic Treatments for Thyroid Malignancy

Poorly Differentiated and Anaplastic Cancers

Radioactive iodine (RAI) in low-risk thyroid carcinoma

An incomplete tumor capsule with extensive progression is
characteristic of poorly differentiated carcinomas [42]. Monomorphic cancer cells can display a heterogeneous formation accompanied by trabecular, solid and insular forms in most of the cases,
microscopically. In uncommon cases, the key tumor may be seen
with nodular satellites. When a well-differentiated cancer dedifferentiates, it may look like a colloidal tumor that is well-differentiated
macroscopically and is nearly bordered by a solid tumor with necrosis which is the poorly differentiated element [6]. There is low
chance of dedifferentiation of a well-differentiated cancer [43].

The choice for RAI therapy and optimum quantity are related to
the goals of treatment by use of classifications as under:

PDTC is described by intensely decreased lymphocyte and
dendritic cell infiltrates and an enhanced quantity of Tumor-related Macrophages (TAMs). The most common genetic variations in
PDTC are TP53 gene mutations, reflecting chromosome instability
and TC advancement [6,44]. As RET/PTC and PAX8/PPRγ reordering and features of DTCs are seldom seen in PDTC so it is suggested
that such mutations are not linked with cell dedifferentiation [45].
RAS changes with metastatic capability may exist that have also
been defined in PDTC. BRAF mutations are fairly common in PDTC
related to papillary thyroid nuclear characteristics or PTC foci [46].

Among all subtypes of TCs, ATC is the most heterogeneous one.
ATCs are characteristically very invasive tumors extending into the

a) Remainder ablation occurs when normal thyroid tissue is
“ablated” during treatment to allow for long-term monitoring
and scan-directed staging.
b) Adjuvant therapy is used to treat cases when there is visible residual cancer or normal and malignant tissue;
c)
Treatment when individuals are diagnosed with recurrent
or residual thyroid cancer [56].

A “risk adapted” methodology has been encouraged for cases
with low/intermediate-risk thyroid carcinoma to define the cases
to be managed and to notify a quantity plan for treatment. This
individualized tactic reflects the pathology risk, magnitude and
entirety of surgical procedure along with response to procedure,
established on Tg levels on levothyroxine and imaging 2-3 months
post technique [57,58]. Cases of lesser risk TCs, (lymph nodes<5
and all are <2 mm), are not normally suggested for RAI, established
on research displaying negative survival advantage or decline in
residual/relapsing illness following RAI, principally if they have
attained outstanding response considerations post-surgery [5961]. Opinions exist that are in contradiction of this conventional
approach, referring to uncommon cases of identifying distant me-
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tastases regardless of low post-operative Tg level [62]. This is particularly relevant in cases where there is a fantastic response, but
the neoplasms have traits associated with intermediate to high-risk
pathology. In such instances, the risk-adaptive technique may have
a greater impact on the RAI dose provided than the decision to treat
or not to treat. Lastly, it is not obvious yet whether specific genomic
characteristics of thyroid carcinomas should affect the RAI usage
[57].

(NTRK) gene cause thyroid cancer. The selective inhibitors of TRK
kinases are Larotrectinib and Entrectinib that can be employed in
thyroid malignant cases concealing mutations or reordering in the
NTRK genes [78-80]. Pembrolizumab is the anti-PD-1 monoclonal
antibody which is official for neoplasms with greater microsatellite
variability or greater PDL-1 ligand expression; it was studied in thyroid malignancy. Spartalizumab is the PD1 inhibitor which showed
activity in ATC [81,82].

Systemic therapy in progressive metastatic differentiated thyroid carcinoma

Conclusion

In case of low to intermediate risk neoplasm with outstanding
or uncertain surgical outcome, if RAI is given for remnant ablation
or as adjuvant therapy, numerous randomized prospective research
upkeep the practice of lesser dose (30mCi) instead of higher dose
(100mCi) [63,64]. As per such data and consequent evidence-based
guidelines, the RAI usage rate and the dosages employed in lowrisk thyroid carcinoma cases is declining. The California Cancer
Registry was assessed by Park, et al. which revealed that the use
of RAI reduced for cases with localized disease from 55% in 1999
to 30% in 2015 [65]. Complications due to RAI contribute to worse
quality of life [66]. Many patients who had RAI never felt they had a
choice, emphasizing the value of patient and healthcare practitioner collaboration in decision-making [57].
Several patients of Differentiated Thyroid Cancer (DTC) with
distant metastases continue experience chronic sickness years
after surgery and RAI [67-69]. A subcategory of this cluster progresses over time, together with some that turn out to be swiftly
progressive even with RAI [70,71]. The principal treatment mode
for cases with advanced or huge extensive metastases previously
was to give additional and greater RAI doses. Some patients might
be benefitted yet, certain tumors carry on growing or no longer display iodine acceptance. Such a group of patients, along with those
who progress <1 year post-treatment or do not respond to very
high cumulative RAI dosages are regarded having RAIR (radio-iodine refractory) disease. In the cases with RAIR thyroid cancers
disease, progression rate is high which is established on diminutive
Tg or radiographic doubling times, large neoplasm sizes, poorly differentiated histology or indications. In such cases, systemic treatments are suggested [72,73].
Two official FDA-approved therapies with explicit signs for
treatment of patients with RAIR thyroid carcinoma are multikinase
inhibitors sorafenib and Lenvatinib [74]. There is lack of statistics
on enhanced overall survival yet, In a prospective, randomised,
crossover, phase III clinical trial, lenvatinib [76,77] and sorafenib
[75] were associated with median Progression-free Survival (PFS)
of 18.3 months vs. 3.6 months with placebo and 10.8 months vs. 5.8
months with placebo, respectively. There has been development of
more targeted therapies due to advancement in the previous times
in describing the molecular/genomic features of thyroid carcinoma.
Some targeted medicines have FDA approval for tumor-indifferent
usage based on the target’s or a biomarker’s expression. Rarely
can rearranging the Neurotrophic Tropomyosin Receptor Kinase

Cases of BRAFV600E-mutated DTC have displayed promising results with BRAFV600E inhibitors studies i.e. vemurafenib
was linked with medial PFS of 18.2 months in RAIR PTC cases
[49]. Moreover, for BRAFV600E-mutated ATC, the blend therapy of BRAFV600E and MEK inhibitors dabrafenib and trametinib
are FDA-approved. Redifferentiation RAS or BRAFV600E-mutated
RAIR DTC so for regaining RAI-sensitivity employing MEK inhibitors (RAS-mutated) or BRAFV600 ± MEK inhibitor (BRAFV600-mutated) are under study for particular cases of thyroid carcinoma
[83-85]. There are two second-generation inhibitors of RET namely
Selpercatinib [86] and Pralsatinib [87] that were FDA approved for
RET-mutated and RET-rearranged malignancies, including PTC and
MTC [57].
TCs heterogeneity is a clinical challenge, particularly the intratumor inconsistency. The researchers conducted until now reveal
a broad range of variations, demonstrating “drivers” and “passengers” that may be employed as molecular targets, in targeted
treatments. There is also some conflicting data indicating the sub
clonality of main TC mutations and the co-occurrence of diverse
mutations within a sole tumor. Drug development effective for
every discrete tumor clone is not possible due to the related toxicity. Hence, the ideal current methodology seems to be focusing
on the principal driving mutation existing in the entire tumor cell
population. Inhibition of the main signaling pathways causing neoplastic transformation and cancer progression may be a further approach. The greater intratumor heterogeneity of TCs also gives rise
to drug resistance. Besides, at present, majority available chemotherapeutic agents work by slaying actively dividing tumor cells.
Pathologists should be conversant with the many heterogeneity
stages in order to develop a clinically relevant diagnosis and collect
high-quality material for advanced molecular research, keeping in
mind the complications of inter- and intratumor heterogeneity. This
will help in stratifying patients risks appropriately, choose markers
for more efficacious therapeutic considerations and get individualized therapy as the standard management for malignant cases.
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