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ABSTRACT 

 

 
 ARTICLE DETAILS

 
Talking about thyroid carcinomas leaves a fairly wide slope, in which it should be considered not only 

the variants and their clinical frequency, but the mutant genetic finding that gives preamble to the 

malignancy, its clinical variability, histological as well as the prognosis. It is important to note that the 

most frequent thyroid carcinoma in the population is papillary, with an index greater than 80% of all 

cases, being rare in pediatrics. The papillary thyroid subtype is the result of one of two possible 

alterations affecting the genes encoding tyrosine kinase, either in the RET gene of chromosome 10q11 

or in the BRAF gene, by an early mutation in the MAP kinase signaling pathway. Statistically, it is 

known that the mutation in the BRAF gene represents most of the alterations that give rise to papillary 

thyroid carcinoma, and in turn, this BRAF gene presents an alteration in the amino acid 600, which 

gives rise to the BRAF 600E gene. That is why, in this research work focuses on the role BRAF V600E 

and papillary thyroid carcinoma, from the pathogenic mechanism that gives rise to the mutation, the 

genetic location of the mutation. Clinical and histopathological relationship with the BRAF mutation 

as well as prognosis and certain related complications are mentioned. 
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INTRODUCTION 

Thyroid carcinomas are infrequent, representing 1.5% of all 

cancers, with a predominance in the female sex and in 

patients at the beginning or in mid-adulthood. However, 

when the carcinoma appears in childhood or late adulthood 

the ratio between males and females is equalized. [23] 

Among thyroid carcinomas, four variables stand out and the 

frequency is relative: [23]. 

● Papillary carcinoma (>85% of cases). 

● Follicular carcinoma (5 - 15% of cases). 

•  Anaplastic (undifferentiated) carcinoma (<5% of 

cases). 

•  Medullary carcinoma (5% of cases) 

 

Most thyroid carcinomas (except medullary carcinomas) are 

derived from thyroid follicular epithelium and the vast 

majority are well differentiated. [23] 

Papillary thyroid carcinoma (PTC) has been identified as a 

malignant epithelial tumor evidencing follicular cell 

differentiation typically with both papillary and follicular 

structures, as well as characteristic nuclear changes. [23] 

The key to its diagnosis is the nuclear features, whereas the 

presence of vascular or capsular invasion, is not a necessary 

requirement. nuclear features have become the equivalent of 

papillae in the diagnosis of PTCC and tumors that in the past 

were designated as "mixed papillary-follicular carcinoma" 

should be reclassified as PTCC. [23] 

Variants of papillary carcinoma have been described, 

considering its anatomopathological particularities, such as 

size (papillary microcarcinoma); the nature of its boundaries 

(encapsulated); its architecture (modular-cribiform, solid, 

micro and macro papillary, etc.); cellular characteristics (tall, 

columnar, oncocytic, clear cells, etc.); additional tumor 

components (focal insular component, with squamous cell 

carcinoma); stromal characteristics (stromal-type fasciitis) 

[12]. 

These variants are: conventional papillary thyroid carcinoma 

(CPTC), papillary thyroid carcinoma follicular variant 

(PPTVF), papillary thyroid carcinoma high cell thyroid 

carcinoma (PPTCA). 

Approximately 70% of papillary thyroid cancers have 

mutually exclusive genetic mutations encoding RET or 

NTRK1 growth factor receptors, the three isoforms of RAS 

(N, H, K) and BRAF. [6] 

BRAF encodes an intermediate signal transmission 

component in the MAP kinase pathway. 

Patients with papillary thyroid cancer who have the BRAF 

V600E gene mutation very frequently develop lymph node 
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metastases as well as recurrent tumors.[22] In addition, 

patients with papillary thyroid cancer who have the BRAF 

V600E gene mutation often develop lymph node metastases 

as well as recurrent tumors. 

 

Framework: 

Papillary thyroid cancer is the most common malignant 

endocrine neoplasm cancer; it accounts for 85 - 90 % of all 

thyroid cancers. [16, 23 ]. Most papillary carcinomas (70%) 

have gain-of-function mutations affecting genes encoding 

tyrosine kinases, RET receptor, NTRK1, or in the BRAF 

serine/threonine kinase, located in the MAPK pathway. [6, 

23] 

The histologic peculiarity of these conventional thyroid 

cancers is characterized by papillary architecture and nuclear 

features, nuclear enlargement, crowding, clearing and 

irregular nuclear contours resulting in the formation of 

nuclear grooves and, in extreme cases, nuclear 

pseudoinclusions. As previously mentioned, histologic 

features exhibit different types of papillary cancers, among 

these are: 1. conventional papillary thyroid carcinoma 

(CPTC), 2. papillary thyroid carcinoma follicular variant 

(PTCVF), 3. papillary thyroid carcinoma of tall cells 

(PTCCA), 4. papillary columnar cell carcinoma (PTCCC), 5. 

papillary carcinoma of diffuse cells sclerotic type (PTCDCS). 

[6] 

Papillary carcinomas invade lymph nodes and cause lymph 

node metastasis and multifocality. Venous invasion is seen 

less frequently (5-7%) and causes lung and bone metastases. 

[6] 

Taking into account the existence of papillary carcinoma 

variables it can be determined that among these there is a 

more aggressive behavior one from another and prognosis; 

conventional papillary thyroid carcinoma (CPTC) has better 

prognosis, however the tall cell variant, columnar cell variant 

and diffuse sclerotic type and in stratifications are generally 

classified in high risk groups. [6] 

BRAF V600E mutation is the most frequent alteration found 

in PTC, with a prevalence of approximately 45%. [20] 

 

Epidemiology:  

Papillary thyroid cancer is the most common neoplasm in the 

endocrine system. The survival rate of patients with this 

affectation is estimated to be about 5 years in an average of 

95 to 97%[5]. There are several risk factors that lead to 

present the disease such as age since it is a neoplasm that 

tends to occur in older people, cervical lymph node 

metastasis, extra-thyroid invasion, etc [4]. 

This type of thyroid cancer is the most common type of 

thyroid cancer, characterized by its papillary appearance, 

accounting for approximately 80% of all thyroid 

carcinomas[13]. Radiation exposure during childhood is a 

well-established risk factor for thyroid cancer, it is 

conceivable that the rising incidence may reflect the 

increasing use of medical radiation procedures such as 

computed tomography. Other possible risk factors include 

smoking, chemicals, environmental etc. [19] 

Along with the development of molecular technologies, 

changes have been found in the practice of thyroid FNA 

cytology. The central event marking this recent change was 

the National Cancer Institute's State of Thyroid Science and 

Aspiration Conference (in October 2007 in Bethesda, 

Maryland) of pathologists, cytopathologists, radiologists, 

endocrinologists, and surgeons to standardize the various 

aspects of thyroid cytology.[2] 

A large number of studies have addressed the application of 

BRAF mutation testing in thyroid cytology specimens. 

However, only a subset of these studies correlated BRAF 

mutation results with indeterminate diagnoses that were 

stratified into ≥ 2 subcategories and only 6 studies used the 

BSRTC or a comparable system; in addition, the vast 

majority of studies involving thyroid cytology specimens 

specifically examined the V600E mutation only.[2] In 

addition, the vast majority of studies involving thyroid 

cytology samples specifically examined the V600E mutation 

only.[2] 

The incidence of this BRAF mutation in the pediatric 

population is thought to be lower than in adults with rates of 

0% to 37%, although a recent series revealed a rate of 63% 

lower than in adults with rates of 0% to 37%, although a 

recent series revealed a rate of 63%.[18] According to a 

publication in the Archives of Pathology and Laboratory 

Medicine by Ryan J. Gertz, the rate of pediatric BRAF 

mutation is still significantly lower than that in the adult 

population [18]. 

As described, patients with tumors positive for the V600E 

mutation were more likely to have a family history of cancer 

(p 1⁄4 .04) but this association was not significant when 

advanced age was taken into account. Patients who were 

mutation positive were less likely to have Hashimoto's 

thyroiditis and had a smaller tumor diameter (2.1 cm). [18] 

 

Pathogenesis: 

Thyroid carcinomas originating from follicular epithelium, 

present genetic alterations of the three malignant processes 

derived from follicular cells and can be activated in two 

pathways of oncogenesis: the MAPK (mitogen-activated 

kinase) pathway and the PI-3K/AKT (phosphatidylinositol 2-

cyanase) pathway. [23] 

In the papillary variable of thyroid carcinomas, activation of 

the MAPK pathway is characteristic in most papillary 

carcinomas, and can occur by two main mechanisms; either 

by gene rearrangement of RET or NTRKI, these genes 

encoding transmembrane receptor tyrosine kinases. Or 

mutation of BRAF, which is involved in a potent intermediate 

signaling component of the MAPK kinase pathway. [23] 

The frequency of the RET gene rearrangement-related 

mechanism is significantly higher in papillary cancers 

associated with a history of radiation exposure, in 20-40% of 

papillary carcinomas. [23] 
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Between 30 - 50% of carcinomas associated with a gain-of-

function mutation of the BRAF gene, of which the majority 

consist of BRAFV600E. A study conducted at the University 

of Cincinnati in Ohio showed that a somatic mutation in the 

BRAF gene, V009E is the most common genetic alteration in 

papillary thyroid carcinoma. [21, 23] 

The BRAF gene is a member of the RAF family of kinases 

that promotes signaling through the RAS-RAF-MAPK signal 

transduction cascade. [4] An activating mutation located in 

exon 15 of isoform B of the Raf kinase gene results in a 

valine-glutamate acid substitution at amino acid 600 (BRAF 

V600E). [20] 

This mutation leads to destabilization of the gene-encoded 

kinase, promotion of a constitutively activated state, 

increased BRAF kinase activity towards MAPK kinase and 

promotion of tumorigenesis through the MAPK pathway. 

[20] 

Mutations in BRAF exon 15 other than V600E are rarely seen 

in PTC. Some of these rare BRAF exon 15 (r-BRAF) 

alterations have also been described in thyroid neoplasms 

other than PTC (i.e., follicular carcinoma and follicular 

adenoma). [20] 

BRAF is a gene that encodes for a protein kinase belonging 

to the MAPK cascade. Activating mutations in the BRAF 

gene frequently occur in various solid tumors [5]. BRAF 

V600 mutations have been found in approximately 50% of 

cutaneous melanomas and result in constitutive activation of 

signaling through mitogen-activated protein kinase (MAPK). 

In more than half of the nonmelanoma cancers with BRAF 

V600 mutations that have been identified, the incidence of 

mutations is less than 5% [13]. 

Papillary thyroid carcinoma can present mutations in 

different genes, however the most frequently found mutation 

is in the BRAF gene, which is present in approximately 70% 

of papillary thyroid cases, according to a study performed in 

the department of pathology at the University of Pittsburgh, 

followed by mutations in the PIK3CA, TP53 and NRAS 

genes. Mutations in the TERT C228T gene have also been 

found, it is important to note that this mutation is less likely 

to occur once there is a mutation in the BRAF or RAS genes. 

[10] 

A variant of papillary thyroid carcinoma has been found in 

children, developed after the Chernobyl and Fukushima 

accident, with RET/PTC rearrangements [14]. The columnar 

variant is a rare tumor, affecting at least 0.2% of all cases of 

papillary thyroid cancer, originating from a metastasis of 

endometrial adenocarcinoma in which pseudo stratifications 

of elongated cells containing reminiscent vacuoles are 

observed, where BRAF gene mutation can be found in one 

third of cases. [15] 

 

Clinicopathological findings: 

Papillary thyroid carcinoma, being the most common variable 

of the most frequent endocrine neoplasia, has a favorable 

prognosis, with a 5-year survival rate of 97.8%. In some 

patients, recurrent or progressive disease after surgery or 

disease refractory to radioactive iodine therapy may occur. 

[22] 

It is important to know that papillary carcinomas are not 

functional neoplasms, so they manifest as a goiter, painless 

with the variant of being inside the gland or as metastasis in 

cervical lymph node. [23] 

It appears that isolated cervical lymph node metastases do not 

have an important influence on the prognosis, which is 

usually good, except in patients older than 40 years. [23] 

In papillary thyroid carcinoma, mutation in the BRAF V600E 

gene is known to be the most frequent alteration found in PTC 

[20]. 

Many studies have demonstrated a statistically significant 

association between BRAF V600E mutation and high-risk 

clinicopathologic features of PTC, including extrathyroidal 

extension, lymph node metastasis, distant metastasis, 

recurrent tumors, and advanced stages of PTC at diagnosis. 

Finding high predictive value between BRAF V600E 

mutation and PTC recurrence and mortality. [20, 22] 

 

Histopathologic findings: 

Most thyroid carcinomas (except medullary carcinomas) are 

derived from thyroid follicular epithelium and the vast 

majority are well differentiated. [12, 23] 

The manifestation of papillary thyroid carcinomas can vary 

from single or multifocal lesions within the thyroid gland. It 

may be delimited and encapsulated or it may infiltrate the 

adjacent parenchyma with diffuse, poorly defined borders. 

[12, 23] 

The lesions may have regions of fibrosis and calcification, 

they may even have the characteristic of being cystic. On the 

cut surface they may appear granular and sometimes contain 

papillary foci that are macroscopically distinguishable. [12, 

23] 

To make the clinical diagnosis of papillary carcinoma, the 

nuclear characteristics or lack of papillary structure are taken 

into account. [23] 

The nuclei of papillary carcinoma cells are characterized by 

very finely dispersed chromatin that acquires an appearance 

of transparency with light microscopy, giving the appearance 

of a ground-glass nucleus or pathologically known as 

<<Anita the orphan>>. [23] 

Within the papillae are concentric calcified structures called 

psammoma bodies. [23] 

A cross section often has the variability of giving an 

appearance of intranuclear inclusions which receives the 

name of pseudoinclusions. [23] 

Returning to what was stated in previous segments; histologic 

features exhibit different types of papillary cancers, among 

these are: 1. conventional papillary thyroid carcinoma 

(CPTC), 2. papillary thyroid carcinoma follicular variant 

(PTCVF), 3. papillary thyroid carcinoma of tall cells 

(PTCCA), 4. papillary carcinoma of columnar cells 
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(PTCCC), 5. papillary carcinoma of diffuse cells sclerotic 

type (PTCDCS). [6, 12,] 

 

Prognosis: 

This study identified the coexisting BRAF V600E and TERT 

C228T mutations as a genetic basis for the most aggressive 

subgroup of papillary thyroid cancer (PTC), whereas the 

occurrence of only one of these mutations has a much smaller 

impact on the aggressiveness of PTC. These genetic patterns, 

in separating patients with PTTC into different risk groups 

and particularly in defining the group with the most 

aggressive disease, have important prognostic and 

therapeutic implications. [3] 

It was proposed that the MAPK pathway could promote 

TERT expression through positive regulation of ETS factors 

binding the consensus DNA binding site created by TERT 

promoter mutations. The coexistence of BRAF V600E and 

TERT promoter mutations was shown to be associated with 

increased TERT expression in thyroid cancer. [3] 

Recent studies have indicated an important role of TERT in 

tumor growth and aggressiveness of various cancers in 

animal models. This provides a molecular mechanism that 

explains the close link between BRAF V600E and TERT 

promoter mutations in promoting CPT lethality. Because 

BRAF V600E and TERT promoter mutations are among the 

most common and prominent oncogenes in human cancers. 

[1] 

Patients with coexisting BRAF V600E promoter mutations 

and TERT likely received more aggressive treatments due to 

their more aggressive initial disease. Because such treatments 

generally improve the clinical outcomes of patients with 

aggressive thyroid cancer. [1] 

According to the American Joint Committee on Cancer 

(AJCC), the staging system is comprised of the sum of several 

tumor characteristics, such as size, node status and distant 

metastasis, which is occasionally considered aggressive. 

Stage III/IV cancers are those associated with a worse 

prognosis in terms of recurrence and overall survival than 

stage I/II tumors. Mutations in the BRAF gene are more 

frequent in stage III/IV [17]. 

 

Complications related to BRAF gene mutation: 

PTC, which usually possesses a prognosis, but can progress 

clinically aggressively to poorly differentiated thyroid cancer 

with rapid growth and worse outcome. According to the 

article by David G. McFadden, in research involving the 

Department of Biology at the Institute of Technology and the 

Department of Pathology and Medicine at Massachusetts 

General Hospital. A high proportion of anaplastic thyroid 

carcinomas (ATC) are associated with the BRAF oncogene 

and the tumor protein p53, and above all, associated with a 

previous cancer, originally papillary thyroid carcinomas 

(PTC). That is, p53 restricts the progression from PTC to 

CAT. [7] 

BRAF mutation as an initiating somatic genetic event and 

P53 inhibition as a consequence of MAPK pathway 

activation may lead to the development of highly malignant 

and lethal CAT involving embryonic transcriptional program 

and PI3K activation, thus suggesting that MAPK pathway 

inhibitors are promising for the treatment of advanced thyroid 

carcinoma. [7] 

As explained, a papillary thyroid carcinoma with Trp53 allele 

crossover to accelerate the progression of the cancer to a more 

aggressive one revealed that the deterioration was rapid, 

showing neck masses and development of audible respiratory 

stridor. Pathologically, a differentiated thyroid carcinoma 

with highly pleomorphic cells and evidence of necrosis, 

tracheal invasion and extrathyroidal extension was 

confirmed. The predominant histologic pattern of ATC, with 

pleomorphic giant cell pattern also frequently observed. 

There were no regional lymph node metastases, only 

pulmonary metastases. [7] 

Potent MAPK blockade may be sufficient for a robust initial 

antitumor response. The combination of PLX4720 (selective 

BRAF inhibitor) and the mapk / Erk kinase (MEK) inhibitor 

PD0325901 completely suppressed MAPK pathway 

activation in human CTA cell lines with PTC. Combined 

MEK / BRAF inhibition enhances the efficacy of the mATC-

targeted MAPK pathway. [7] 

Thus, it was concluded that blockade of the more complex 

MAPK pathway enhances therapeutic responses in cultured 

ATC cell lines and BRAF-mutant autocrine tumors. Strong in 

vivo evidence is provided for the important role of p53 loss 

and PI3K pathway activation during progression to AT. [7] 

Among the different variants of papillary cancer, there is 

genetic variability which demonstrates how the same cancer 

can have a variety in prognosis. The mutation in the BRAF 

gene can influence prognosis as the original carcinoma as 

well as metastasis. According to a publication in the New 

England Journal of Medicine by Alan L. Ho, MD, cancer 

metastasis can be refractory to radioactive iodine treatment, 

so increases in iodine uptake were achieved in patients with 

papillary thyroid cancers and those with poorly differentiated 

carcinomas. Of the 20 patients who could be evaluated, 4 of 

9 with BRAF mutations had selumetinib-induced increases in 

iodine uptake-12, however, only a single patient with the 

BRAF gene mutation had an increase that exceeded the 

threshold for radioactive iodine treatment, having dramatic 

increases in iodine uptake in a right cervical lymph node and 

lung metastasis that was refractory to iodine in early stages. 

[6] 

The results show that inhibition of the MAPK pathway can 

renew the therapeutic efficacy of radioiodine by enhancing 

uptake in patients with radioiodine-refractory thyroid cancer 

whose mutation is in the BRAF gene. [6] 

 

CONCLUSION 

Papillary thyroid cancer is the most common malignant 

endocrine neoplasm cancer; it accounts for 85 - 90 % of all 
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thyroid cancers. Papillary carcinomas have a pattern of lymph 

node metastasis. Venous invasion is seen less frequently (5- 

7%) and causes metastases to the lungs and bones. The BRAF 

V600E mutation is the most frequent alteration found in PTC, 

with a prevalence of approximately 45%.as described 

throughout the article, patients with positive markers for the 

V600E mutation were more likely to have a family history of 

cancer. The BRAF gene is a member of the RAF family of 

kinases that induces signaling through the RAS-RAF-MAPK 

signal transduction cascade. 

A mutation of this gene induces destabilization of the kinase 

encoded by the gene, promotion of a constitutively activated 

state, increased BRAF kinase activity toward MAPK kinase, 

and promotion of tumorigenesis via the MAPK pathway. 

BRAF mutation as an initiating somatic genetic event and 

inhibition of P53 as a consequence of MAPK pathway 

activation may lead to the development of highly malignant 

CAT, thus MAPK pathway inhibitors proposed as a treatment 

scheme in highly advanced thyroid cancer. 
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