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Introduction 
 
Anaplastic thyroid cancer (ATC) represents a rare 
form of poorly differentiated thyroid cancer ac-

counting for about 2% of all thyroid cancers. 
However, due to its rapid progression, aggressive 

Abstract 
Background: BRAF V600E mutation is proved critical in the progression and invasion of thyroid cancer, and 
as a prognostic biomarker. As anaplastic thyroid cancer (ATC) is a rare and aggressive form of thyroid cancer, 
this study was conducted to provide a view on prevalence of BRAF V600E as well as the best molecular diag-
nostic method in ATC patients.  
Methods: A comprehensive literature search was performed from their inception to Oct 2022 in PubMed, 
Scopus, Google Scholar, and Web of Science (WoS). The data of the prevalence of ATC were extracted. More-
over, the diagnostic feature of the available diagnostic tools was extracted to measure the sensitivity and speci-
ficity. To pool the prevalence data, we used meta-proportion analysis and diagnostic meta-analysis was con-
ducted to determine the specificity and sensitivity of the immunohistochemistry method in detecting BRAF 
V600E mutation among patients with ATC. 
Results: Overall, 34 studies were included in this meta-analysis. The incidence of BRAF V600E was shown 
33% in the 978 patients. The sensitivity and specificity of IHC in detecting BRAF V600E were detected 78.9% 
(95%CI: 60.1-97.2), and 69.7% (95%CI: 41.2-98.1), respectively.  
Conclusion: IHC had an acceptable prognostic profile for detecting BRAF V600E in ATC patients. The diag-
nosis of BRAF mutation is critical in clinical trials and may be helpful for choosing proper-targeted therapy 
strategies in ATC patients. 
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behavior and short median survival of patients 
(almost 3 to 6 months), ATC is responsible for 
over 30%–40% of total thyroid cancer deaths (1-
3). ATC is derived from follicular cells of thyroid 
cancers and could develop and progress in a 
stepwise fashion from well-differentiated thyroid 
cancers such as papillary thyroid carcinomas 
(PTCs) and follicular thyroid carcinomas (FTCs) 
to poorly-differentiated thyroid carcinomas and 
then to ATC (4-7). 
Through the dedifferentiation and anaplastic 
transformation of PTC or FTC to ATC, genomic 
alterations in some oncogenic and tumor sup-
pressor genes, including RET rearrangements, 
BRAF, RAS, TERT, TP53 genes, accumulate in-
volved in thyroid tumorigenesis (8, 9). Besides, 
additional alterations in several pathways, includ-
ing the Wnt-β-catenin, the PTEN-AKT, the 
PI3/AKT/mTOR pathways, and mutations in 
the SWI/SNF complex, AID/APOBEC family 
of cytidine deaminases, histone modification 
genes, cell cycle genes and loss of function muta-
tions in DNA repair genes have been reported in 
ATC (10-14). Acquisition of various genetic aber-
rations in the multi-step progression of ATC 
causes high rates of metastasis and mortalities, 
resistance to RAI and conventional therapies, so 
understanding the genetics involved in the pro-
cess of development of ATC provides identifying 
novel targeted therapies and methods for thera-
peutic options in ATC patients (2, 15, 16). 
Among the genetic changes involved in thyroid 
tumorigenesis, BRAF V600E mutation, a com-
mon driver variant in in PTC (18%–87%) and in 
poorly differentiated thyroid carcinoma (PDTC), 
ATC, and Hürthle cell thyroid carcinoma, pre-
sents a beneficial therapeutic effect from target-
ing BRAF. The diagnosis of ATC is based on 
clinical suspicion, neck ultrasound, fine needle 
aspiration (FNA) biopsy, and by light microscopy 
and immunohistochemistry to discover anaplastic 
thyroid tumors (17-19). The diagnosis of ATC is 
based on clinical suspicion, neck ultrasound, 
FNA biopsy, and by light microscopy and im-
munohistochemistry to discover anaplastic thy-
roid tumors (9, 20). However, the discrimination 
of ATC from other poorly differentiated carci-

nomas in the neck is laborious and not definitely 
confirmed by typical diagnostic methods (19, 21, 
22). 
Because of the frequency (10%-50%) of BRAF 
V600E mutation and consistency with poor 
prognosis in ATC (17, 18, 23), applying the ge-
netic analysis for this mutation proffer a straight-
forward and useful tool in addition to conven-
tional diagnostic procedures. Numerous molecu-
lar techniques including PCR-based techniques 
and sequencing and immunohistochemistry 
methods adopted to identify the presence of 
BRAF V600E mutation. 
On account of restricted and controversial stud-
ies addressing the frequency of BRAF mutations 
(24, 25), we performed this systematic review and 
meta-analysis to investigate the prevalence of 
BRAF V600E mutation and to consider the 
methods, such as immunohistochemistry (IHC), 
for molecular detection of BRAF V600E muta-
tion in ATC patients. 
 
Methods and Materials 
 
The latest version of the PRISMA statement was 
used to conduct this review. All the studies inves-
tigating the BRAF V600 were included if eligible 
for the study (26). The protocol of this study was 
registered prospectively in PROSPERO 
(CRD42022385426).  
 
Literature Searches, Search Strategies, and Eli-
gibility Criteria 
An expert librarian (OA), a specialist in design 
search queries was responsible for the literature 
search. In brief, a search strategy aimed to re-
trieve all related documents from human studies 
published up to Jun 2022 that explore the inci-
dence of BRAF V600E mutation among patients 
with ATC. Citations were found by searching the 
following sources: PubMed, Scopus, Google 
Scholar, and Web of Science (WoS). Combina-
tions of subject headings, keywords, and syno-
nyms used included all two key terms: 1) BRAF 
V600E and 2) anaplastic thyroid carcinoma.  
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Study Selection  
We included all the studies that specifically de-
termined the mutation of BRAF V600E in pa-
tients with ATC with any molecular method. Be-
sides, non-English records, case reports and case 
series with less than 5 patients were excluded. 
However, we included one study with less than 
five patients; since in this particular study diag-
nostic function of different molecular method 
were assessed among patients with different thy-
roid lesions (27). After duplicates were removed, 
two reviewers (FA, PR) independently screened 
retrieved publication. The initial screen of the 
title & abstract for full-text assessment was de-
termined based on the mention of thyroid cancer 
and consideration of possible mutations. An ad-
ditional 7 articles were added from other sources 
especially from the screening of related reviews 
of the topic. These sources include a review of 
references in published reviews and included arti-
cles and additional articles recommended by ex-
pert researchers and clinicians in the field. Case 
reports and review articles studies were excluded. 
The reviewers independently determined if stud-
ies met inclusion and exclusion criteria. Discrep-
ancies were settled by a third reviewer (MA). 
 
Data extraction 
Three reviewers (ME, SC, AKB) were inde-
pendently extracted the data. Among the articles 
that met inclusion and exclusion criteria for anal-
ysis. We included studies that exclusively report 
the number of ATC patients with BRAF V600E 
mutation using different detection methods. Case 
reports, very low sample sized case series (n <5), 
pre-clinical studies, and any type of reviews were 
excluded. In brief, quantitative measures includ-
ed, sample size, number of ATC cases with 
BRAF mutation, and diagnostic profile of detec-
tion method. Binary measures included the pres-
ence of genetic mutations. Data management was 
performed with Microsoft Excel. Any discrepan-
cy in this stage were resolve by the re-evaluation 
of the third reviewer (AKB). 
 
 

Statistical Analysis 
The data entry and analysis were conducted for 
the meta-analysis using Stata 14.0 (Stata Corpora-
tion, College Station, Texas, USA) software. We 
used the “metaprop” command to estimate the 
pooled incidence of BRAF V600E mutation in 
ATC. Heterogeneity was assessed by I2 values. If 
I2<50% and P>0.1 between studies, the fixed-
effects model was used, and if I2>50% and 
P<0.1, the chi-square analysis indicated study 
heterogeneity, and the random-effects model was 
used. All the analysis was performed using Free-
man–Tukey Double arcsine transformations. Doi 
plot were made to assess publication bias in the 
included studies, and if large, it was further as-
sessed using Egger’s test. Moreover, “midas” and 
metandi commands were used to performed di-
agnostic meta-analysis. Firstly, we performed a 
univariate analysis to calculate weighted mean 
sensitivity and specificity with regarded 95% con-
fidence intervals (CIs). Furthermore, a bivariate 
random-effects model was employed for the 
analysis and pooling of diagnostic performance 
measurements, in regards to both sensitivity and 
specificity. P-value < 0.05 was considered as sta-
tistically significant. 
 
Results 
 
Study Selection and Study Characteristics 
Overall, 2241 citations were retrieved according 
to our systematic search. After removing of du-
plicates and screening of title and abstract of the 
retrieved studies, 78 records were remained for 
full text assessment. Finally, 34 articles published 
up to Oct 2022 were included in the pool study. 
Figure 1 shows the flow diagram of the selection 
process. Each study included 5-126 patients, with 
978 patients in total. In these studies, 15 were 
performed in the USA, 4 in Korea, 3 in China 
and Japan each, and one in each of Italy, India, 
Russia, Ukraine, UK, France and Spain. The 
characteristics of the included studies were sum-
marized in Table 1. 
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Fig. 1: The PRISMA flow-chart shows the flow of study selection through the different phases of a meta-analysis 

 
Table 1: The characteristics of the included studies 

 
Author Year Country Total Pop-

ulation 
Sample Diagnostic Tool BRAF Positive 

(No.) 
Choi et al. (23) 2016 USA 15 FFPE sequencing 6 
Nikiforova et al. (25)  2003 Italy 29 FFPE Light Cycler 

FMCA, SSCP, 
and direct se-

quencing 

3 

Duan et al. (28) 2019 China 25 FFPE NGS 14 

Begum et al. (19) 2004 USA 16 FFPE PCR / codon1796 8 

Xing et al. (29) 2004 Ukraine 10 FFPE Sequencing 2 
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Iyer et al. (30) 2018 USA 44 cfDNA NGS 20 

Qin et al. (31) 2021 USA 87 cfDNA Targeted NGS 41 

Rashid et al. (32) 2019 India 34 FFPE RFLP -sequencing 10 

Song et al. (33) 2020 Korea 16 Tissue NGS 6 

Jeon et al. (34) 2016 Korea 11 FFPE NGS 10 

Chen T et al.(35) 2020 USA 28 FFPE IHC 10 

Shi et al. (36) 2015 China 106 FFPE Sequencing 16 

Titov et al. (37) 2021 Russia 10 FNA AS-PCR 4 

Nakamura et al. (38) 2005 USA 10 FFT/FFP
E 

Sequencing 1 

Sandulache et al. (39) 2016 USA 23 cfDNA NGS 9 

Mitsiades et al. (40) 2007 USA 7 FFPE Sequencing 1 

Ronald et al. (41) 2013 USA 22 FFPE IHC 15 

Bae et al. (42) 2016 Korea 5 FFPE Sequencing 4 

Kim et al. (43) 2004 USA 37 NR NR 8 

Rushton et al. (44) 2016 UK 53 FFPE IHC 7 

Xu et al. (45) 2020 USA 126 FFPE Mix 57 

Costa et al. (46) 2008 Spain 36 FFPE Sequencing 11 

Zhu et al. (47) 2015 China 10 FFPE IHC 1 

Deeken-Draisey et 
al. (48) 

2018 USA 9 FFPE Sequencing 5 

Na et al. (49) 2015 Korea 9 FFPE IHC 6 

Romei et al. (13) 2018 Italy 21 Fresh 
frozen 
tissue 

sequencing 4 

Quiros et al. (50) 2005 USA 8 NR sequencing 5 

Gauchotto et al. (51) 2011 France 14 FFPE sequencing 2 

Takano et al. (52) 2007 Japan 20 FFPE sequencing 4 

Ricarte-Filho et al. 
(53) 

2009 USA 18 FFPE sequencing 7 

Fukushima et al. (54) 2003 Japan 7 NR sequencing 0 

Namba et al. (55) 2003 Japan 6 FFPE sequencing 2 

NGS: next generation sequencing, FFPE: formalin-fixed, paraffin-embedded tissue, cfDNA: cell free DNA, IHC: 
immunohistochemistry, AS-PCR: Allele-specific polymerase chain reaction, SSCP: single-strand conformation poly-
morphism, FMCA: fluorescence melting curve analysis, NR: not reported 

Table 2: Continued … 
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Prevalence of BRAF V600E mutation among 
patients with ATC 
The pooled incidence of BRAF V600E was 33% 
(95%CI: 0.26-0.40, I2=77.55%, P=0.001) in the 
884 patients (Fig. 2). Besides, in two steps we ex-
clude low sample size studies, to see the effect of 
low sample size studies on the pooled prevalence. 
In this regard we observed that if we only con-
sidered the studies with sample size above 20 pa-
tients, the pooled estimate will become 31% 
(95%CI: 0.26-0.40) and if the studies with more 
than 30 participants are considered the estimate 
will remain similar, 31% (95%CI: 0.22-0.40) (Fig. 
3). Moreover, if we exclude the patients with the 
accompanying differentiated lesion this estimate 

would reduce to 20% (95%CI: 0.06-0.40, 
I2=83.4%, P=0.001) (Fig. 3). According to our 
analysis, we observed LFK index value of -0.66 
which indicates no asymmetry in the effect of 
included studies. Besides, the egger test also re-
jected the presence of publication bias (P-
Egger=0.657). Upon existence of data on differ-
ent countries we depict the prevalence of BRAF 
mutation in different region of the world (Fig. 4). 
In this regard, the pooled prevalence of BRAF 
V600E mutation in USA is 40% (95%CI: 0.33-
0.47, ranged from 14% to 68%). Furthermore, in 
the South Korea the similar parameter is about 
70% which is the highest among all included 
countries.  

 

 
Fig. 2: The forest plot of the prevalence of BRAF V600E mutation among the ATC patients 
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Fig. 3: The forest plot of the prevalence of BRAF V600E mutation A) In studies with more than 20 patients B) In 
studies more than 30 patients C) The prevalence of BRAF V600E mutation among the ATC patients without ac-

companying differentiated component 
 

 
Fig. 4: The prevalence of BRAF V600E mutation among the ATC patients in different countries 

 
Diagnostic accuracy of IHC  
Based on our search, only seven studies reported 
the diagnostic profile of sequencing and IHC in 
detecting BRAF V600E mutation in patients with 
ATC. Among these seven studies, five assessed 
(27, 35, 41, 44, 49) the IHC and two evaluated 
the diagnostic function of sequencing in liquid 
base samples (30, 31). Iyer et al. used two differ-
ent diagnostic methods to detect the BRAF mu-
tation in cell free DNA sample of patients with 
ATC (30). Based on their report, next generation 

sequencing had the sensitivity and specificity of 
79% and 100%, respectively. Furthermore, the 
same parameters for the ddPCR method were 
85% and 100% respectively (30). Besides, Qin et 
al used the targeted NGS as the detection route, 
which provided the better sensitivity (88%) and 
similar specificity (100%) (31). Since the data on 
sequencing methods was limited, we performed 
the diagnostic meta-analysis only for the IHC 
method. Based on our analysis the pooled sensi-
tivity and specificity of IHC in detecting BRAF 
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V600E were 94% (95%CI: 73-99) and 88% 
(95%CI: 46-98), respectively. During this analysis, 
we added a one value to the number of false neg-
atives in the study by Na J, et al (49). This was 

inevitable since there were some mathematical 
problems that prevented the conduction of the 
analysis. Moreover, the HSROC of the IHC is 
demonstrated in Fig. 5.  

 

 
 

Fig. 5: A) Forest plot from a random effect meta-analysis examining specificity of BRAF V600E immunohisto-
chemistry in anaplastic thyroid cancer B) The hierarchical summary receiver operating characteristic (HSROC) curve 
shows the summary of the sensitivity and specificity of the immunohistochemistry for diagnosis of BRAF V600E in 

patients with anaplastic thyroid carcinoma 
 
Discussion 
 
Thyroid cancers are counted as the most com-
mon neoplasms of endocrine system. The aber-
rancy of genetic regulation leads to abnormal 
gene expression and dysfunction. In thyroid can-
cer particular genes such as BRAF V600E has 
been extensively studies and  considering the 
promising results this gene found its route to the 
clinics and currently used as a biomarker in man-
agement of thyroid cancer. Despite the very low 
incidence rate of ATC, several studies from the 
bench revealed the possible role of this gene mu-
tation in pathogenesis of ATC. In this study we 
demonstrate the prevalence of BRAF V600E 
mutation among patients with ATC. Actually, 
this disease is considered as a very rare disease 
with an age-adjusted incidence rate of 0.2 per 1 
million people (56). Despite the low incidence 
rate, the trend shows inflation since the early 70s 
(56). We observed that 33% of patients with 
ATC had a BRAF V600E mutation. This meas-
ure belongs to patients who simultaneously have 

differentiated thyroid cancer. Previously it has 
been observed that the presence of BRAF is as-
sociated with poor prognosis and worse out-
comes in thyroid cancer patients with this muta-
tion (57). Therefore, the targeted therapy against 
BRAF mutation in ATC has been studied in both 
experimental and clinical trial settings.  
Regarding the anti-BRAF targeted therapies, sev-
eral phase I and II clinical trials have been con-
ducted. In a phase I trial on 14 patients with 
ATC, it was shown that dabrafenib single therapy 
led to a partial response in one participant and 
stable disease in two patients (58). Moreover, 
BRAF/MEK targeted therapy combination of 
dabrafenib and trametinib in 36 patients with 
ATC. According to their report, 17 patients 
yielded partial responses besides 3 had complete 
responses (59). This combination has been ap-
proved for the treatment of locally advanced or 
metastatic ATC patients who carried BRAFV600E 
mutation and had no suitable treatment options 
(60). The results of these trials lead these agents 
to get FDA approval for treatment of ATC and 

A B 
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suggested as a treatment option in the current 
guidelines (4). 
In our country-based analysis of BRAF mutation 
in ATC patients revealed that there was a disequi-
librium on the prevalence of BRAF mutation in 
different geographical regions. As an instance, 
the prevalence of this mutation in the Asian pop-
ulation is rather higher compared to the rest of 
world. One reason for this observation can be 
the fact that in the majority of the reports from 
this area, it was not disclosed if the samples of 
ATC have the simultaneous accompanying PTC. 
The other reason is the small sample size of the 
Asian studies. As so, there was only one study 
with 57 sample numbers of ATC patients (36). 
Besides, the US population with ATC have high-
er mutation rate compared to European country. 
The heterogeneous population of the USA from 
ethnicity perspective can be somehow justifying 
for this finding although low sample size of stud-
ies may have effect on accuracy of this finding.  
DNA-based and genomic methods are still con-
sidered as the gold standard for detection of the 
BRAF V600E mutation clinical samples (4, 61). 
However, IHC is also recommended as valid di-
agnostic method in detecting this mutation in 
ATC patients (4). Immunohistochemistry using 
the VE1 antibody was developed to detect the 
BRAF V600E mutation. Nevertheless, it was un-
certain whether it could switch molecular testing 
in clinical practice. False-negative/-positive re-
sults might occur while IHC performed to detect 
BRAF V600E mutation due to unsatisfactory 
specificity of the antibody, or suboptimal IHC 
procedure (62). However, other reports indicated 
that immunohistochemistry with Anti-BRAF 
V600E antibody is a Sensitive method in Cancer 
patients (63). In this study, IHC had an accepta-
ble diagnostic method in detecting BRAF V600E. 
Although the IHC method has shown acceptable 
accuracy results, the number of included studies 
was limited. Hence, more studies are needed to 
produce a strong standpoint about the IHC diag-
nostic accuracy. We recommend that performing 
additional molecular tests may help to evaluate 
BRAF mutational status in IHC samples with 
equivocal staining pattern results. Besides, intro-

ducing a specific panel of biomarkers and thera-
peutic targets may enlighten the clinical teams in 
both disease progression and management of 
ATC. Similar strategy has been already applied 
for other thyroid and endocrine tumors (64, 65).  
The study limitation is that different diagnostic 
molecular methods were used in the included 
studies, which limited the number of pooled 
studies. 
 
Conclusion  
 
The prevalence of BRAF V600E mutation is 
considerable among the ATC patients. Therefore, 
diagnosis of the BRAF mutation is critical in clin-
ical and targeted therapy. Based on our study, 
IHC was accepted as a proper diagnostic method 
for detecting BRAF V600E.  
 
Journalism Ethics considerations  
 
Ethical issues (Including plagiarism, informed 
consent, misconduct, data fabrication and/or 
falsification, double publication and/or 
submission, redundancy, etc.) have been 
completely observed by the authors.  
 
Data availability 
 
Part of the datasets generated during and/or ana-
lyzed during the current study are represented in 
Table 1. Full access to datasets is available from 
the corresponding author upon reasonable re-
quest. 
 
Funding  
 
The research received no external funding. 
 
Conflict of interest 
 
The authors declare that there is no conflict of 
interests. 
 
 
 



Karimi Behnagh et al.: An Overview on Prevalence and Detection Approaches of BRAF … 
 

Available at:    http://ijph.tums.ac.ir   1505    

References 
 

1. Smallridge RC, Copland JA (2010). Anaplastic 
thyroid carcinoma: pathogenesis and 
emerging therapies. Clin Oncol (R Coll Radiol), 
22 (6):486-97. 

2. Reddi HV, Kumar A, Kulstad R (2015). 
Anaplastic thyroid cancer an overview of 
genetic variations and treatment modalities. 
Adv Genom Genet, 2015 (5):43-52. 

3. Dijkstra B, Prichard RS, Lee A, et al (2007). 
Changing patterns of thyroid carcinoma. Ir J 
Med Sci, 176 (2):87-90. 

4. Bible KC, Kebebew E, Brierley J, et al (2021). 
2021 American Thyroid Association 
Guidelines for Management of Patients with 
Anaplastic Thyroid Cancer. Thyroid, 31 
(3):337-386. 

5. Smallridge RC, Ain KB, Asa SL, et al (2012). 
American Thyroid Association guidelines for 
management of patients with anaplastic 
thyroid cancer. Thyroid, 22 (11):1104-39. 

6. McIver B, Hay ID, Giuffrida DF, et al (2001). 
Anaplastic thyroid carcinoma: a 50-year 
experience at a single institution. Surgery, 130 
(6):1028-34. 

7. Cornett WR, Sharma AK, Day TA, et al (2007). 
Anaplastic thyroid carcinoma: an overview. 
Curr Oncol Rep, 9 (2):152-8. 

8. Oishi N, Kondo T, Ebina A, et al (2017). 
Molecular alterations of coexisting thyroid 
papillary carcinoma and anaplastic carcinoma: 
identification of TERT mutation as an 
independent risk factor for transformation. 
Mod Pathol, 30 (11):1527-1537. 

9. Chintakuntlawar AV, Foote RL, Kasperbauer JL, 
et al (2019). Diagnosis and Management of 
Anaplastic Thyroid Cancer. Endocrinol Metab 
Clin North Am, 48 (1):269-284. 

10. Landa I, Ibrahimpasic T, Boucai L, et al (2016). 
Genomic and transcriptomic hallmarks of 
poorly differentiated and anaplastic thyroid 
cancers. J Clin Invest, 126 (3):1052-1066. 

11. Pozdeyev N, Gay LM, Sokol ES, et al (2018). 
Genetic analysis of 779 advanced 
differentiated and anaplastic thyroid cancers. 
Clin Cancer Res, 24 (13):3059-3068. 

12. Pozdeyev N, Rose MM, Bowles DW, Schweppe 
RE (2020) Molecular therapeutics for 
anaplastic thyroid cancer. Semin Cancer Biol, 
61:23-29. 

13. Romei C, Tacito A, Molinaro E, et al R (2018). 
Clinical, pathological and genetic features of 
anaplastic and poorly differentiated thyroid 
cancer: A single institute experience. Oncol 
Lett, 15 (6):9174-9182. 

14. Shiraiwa K, Matsuse M, Nakazawa Y, et al 
(2019). JAK/STAT3 and NF-κB Signaling 
Pathways Regulate Cancer Stem-Cell 
Properties in Anaplastic Thyroid Cancer 
Cells. Thyroid, 29 (5):674-682. 

15. Carcangiu ML, Steeper T, Zampi G, Rosai J 
(1985). Anaplastic thyroid carcinoma. A study 
of 70 cases. Am J Clin Pathol, 83 (2):135-58. 

16. Cabanillas ME, McFadden DG, Durante C 
(2016). Thyroid cancer. Lancet, 388 
(10061):2783-2795. 

17. Rao SN, Zafereo M, Dadu R, et al (2017). 
Patterns of treatment failure in anaplastic 
thyroid carcinoma. Thyroid, 27 (5):672-681. 

18. Al-Jundi M, Thakur S, Gubbi S, Klubo-
Gwiezdzinska J (2020). Novel targeted 
therapies for metastatic thyroid cancer—a 
comprehensive review. Cancers (Basel), 12 
(8):2104. 

19. Begum S, Rosenbaum E, Henrique R, et al 
(2004). BRAF mutations in anaplastic thyroid 
carcinoma: implications for tumor origin, 
diagnosis and treatment. Mod Pathol, 17 
(11):1359-63. 

20. Bishop JA, Sharma R, Westra WH (2011). PAX8 
immunostaining of anaplastic thyroid 
carcinoma: a reliable means of discerning 
thyroid origin for undifferentiated tumors of 
the head and neck. Hum Pathol, 42 (12):1873-
7. 

21. LiVolsi VA, Brooks JJ, Arendash-Durand B 
(1987). Anaplastic thyroid tumors. 
Immunohistology. Am J Clin Pathol, 87 
(4):434-42. 

22. Sweeney P, Haraf D, Recant W, Kaplan E, 
Vokes E (1996). Anaplastic carcinoma of the 
thyroid. Ann Oncol, 7 (7):739-744. 

23. Choi S, Shugard E, Khanafshar E, et al (2016). 
Association between BRAF V600E mutation 
and decreased survival in patients 
locoregionally irradiated for anaplastic thyroid 
carcinoma. International Journal of Radiation 
Oncology, Biology, Physics, 96 (2S):E356. 

24. Davies H, Bignell GR, Cox C, et al (2002). 
Mutations of the BRAF gene in human 
cancer. Nature, 417 (6892):949-54. 



Iran J Public Health, Vol. 53, No.7, Jul 2024, pp.1496-1507  
 

1506  Available at:    http://ijph.tums.ac.ir       

25. Nikiforova MN, Kimura ET, Gandhi M, et al 
(2003). BRAF mutations in thyroid tumors 
are restricted to papillary carcinomas and 
anaplastic or poorly differentiated carcinomas 
arising from papillary carcinomas. J Clin 
Endocrinol Metab, 88 (11):5399-404. 

26. Page MJ, McKenzie JE, Bossuyt PM, et al 
(2021). The PRISMA 2020 statement: an 
updated guideline for reporting systematic 
reviews. BMJ, 372:n71. 

27. Fisher KE, Neill SG, Ehsani L, et al (2014). 
Immunohistochemical Investigation of 
BRAF p.V600E mutations in thyroid 
carcinoma using 2 separate BRAF antibodies. 
Appl Immunohistochem Mol Morphol, 22 (8):562-
7. 

28. Duan H, Li Y, Hu P, et al (2019). Mutational 
profiling of poorly differentiated and 
anaplastic thyroid carcinoma by the use of 
targeted next-generation sequencing. 
Histopathology, 75 (6):890-899. 

29. Xing M, Vasko V, Tallini G, et al (2004). BRAF 
T1796A transversion mutation in various 
thyroid neoplasms. J Clin Endocrinol Metab, 89 
(3):1365-1368. 

30. Iyer PC, Cote GJ, Hai T, et al (2018). Circulating 
BRAF V600E cell-free DNA as a biomarker 
in the management of anaplastic thyroid 
carcinoma. JCO Precis Oncol, 2:PO.18.00173. 

31. Qin Y, Wang JR, Wang Y, et al (2021). Clinical 
utility of circulating cell-free DNA mutations 
in anaplastic thyroid carcinoma. Thyroid, 31 
(8):1235-1243. 

32. Rashid M, Agarwal A, Pradhan R, et al (2019). 
Genetic alterations in anaplastic thyroid 
carcinoma. Indian J Endocrinol Metab, 23 
(4):480-485. 

33. Song E, Song DE, Ahn J, et al (2020). Genetic 
profile of advanced thyroid cancers in relation 
to distant metastasis. Endocr Relat Cancer, 27 
(5):285-293. 

34. Jeon MJ, Chun S-M, Kim D, et al (2016). 
Genomic alterations of anaplastic thyroid 
carcinoma detected by targeted massive 
parallel sequencing in a BRAFV600E 
mutation-prevalent area. Thyroid, 26 (5):683-
690. 

35. Chen TY, Lorch JH, Wong KS, Barletta JA 
(2020). Histological features of BRAF 
V600E-mutant anaplastic thyroid carcinoma. 
Histopathology, 77 (2):314-320. 

36. Shi X, Liu R, Qu S, et al (2015). Association of 
TERT promoter mutation 1,295,228 C> T 
with BRAF V600E mutation, older patient 
age, and distant metastasis in anaplastic 
thyroid cancer. J Clin Endocrinol Metab, 100 
(4):E632-7. 

37. Titov SE, Kozorezova ES, Demenkov PS, et al 
(2021). Preoperative typing of thyroid and 
parathyroid tumors with a combined 
molecular classifier. Cancers (Basel), 13 (2):237. 

38. Nakamura N, Carney JA, Jin L, et al (2005). 
RASSF1A and NORE1A methylation and 
BRAFV600E mutations in thyroid tumors. 
Lab Invest, 85 (9):1065-1075. 

39. Sandulache VC, Williams MD, Lai SY, et al 
(2017). Real-time genomic characterization 
utilizing circulating cell-free DNA in patients 
with anaplastic thyroid carcinoma. Thyroid, 27 
(1):81-87. 

40. Yi T, Cho SG, Yi Z, et al (2008). Thymoquinone 
inhibits tumor angiogenesis and tumor 
growth through suppressing AKT and 
extracellular signal-regulated kinase signaling 
pathways. Mol Cancer Ther, 7 (7):1789-1796. 

41. Ghossein RA, Katabi N, Fagin JA (2013). 
Immunohistochemical detection of mutated 
BRAF V600E supports the clonal origin of 
BRAF-induced thyroid cancers along the 
spectrum of disease progression. J Clin 
Endocrinol Metab, 98 (8):E1414-21. 

42. Bae JS, Kim Y, Jeon S, et al (2016). Clinical utility 
of TERT promoter mutations and ALK 
rearrangement in thyroid cancer patients with 
a high prevalence of the BRAF V600E 
mutation. Diagn Pathol, 11:21. 

43. Kim S, Sreevidya CS, Ananthaswamy HN, et al 
(2004). The prevalence of BRAFV599E 
mutation in anaplastic thyroid carcinoma and 
in anaplastic thyroid carcinoma cell lines. 
Cancer Res, 64 (7_Supplement):261-262. 

44. Rushton S, Burghel G, Wallace A, Nonaka D 
(2016). Immunohistochemical detection of 
BRAF V600E mutation status in anaplastic 
thyroid carcinoma. Histopathology, 69 (3):524-
526. 

45. Xu B, Fuchs T, Dogan S, et al (2020). Dissecting 
anaplastic thyroid carcinoma: a 
comprehensive clinical, histologic, 
immunophenotypic, and molecular study of 
360 cases. Thyroid, 30 (10):1505-1517. 



Karimi Behnagh et al.: An Overview on Prevalence and Detection Approaches of BRAF … 
 

Available at:    http://ijph.tums.ac.ir   1507    

46. Costa AM, Herrero A, Fresno MF, et al (2008). 
BRAF mutation associated with other genetic 
events identifies a subset of aggressive 
papillary thyroid carcinoma. Clin Endocrinol 
(Oxf), 68 (4):618-634. 

47. Zhu X, Luo Y, Bai Q, et al (2016). Specific 
immunohistochemical detection of the BRAF 
V600E mutation in primary and metastatic 
papillary thyroid carcinoma. Exp Mol Pathol, 
100 (1):236-241. 

48. Deeken-Draisey A, Yang G-Y, Gao J, Alexiev 
BA (2018). Anaplastic thyroid carcinoma: an 
epidemiologic, histologic, 
immunohistochemical, and molecular single-
institution study. Hum Pathol, 82:140-148. 

49. Na JI, Kim JH, Kim HJ, et al (2015). VE1 
immunohistochemical detection of the BRAF 
V600E mutation in thyroid carcinoma: a 
review of its usefulness and limitations. 
Virchows Arch, 467 (2):155-168. 

50. Quiros RM, Ding HG, Gattuso P, Prinz RA, Xu 
X (2005). Evidence that one subset of 
anaplastic thyroid carcinomas are derived 
from papillary carcinomas due to BRAF and 
p53 mutations. Cancer, 103 (11):2261-8. 

51. Gauchotte G, Philippe C, Lacomme S, et al 
(2011). BRAF, p53 and SOX2 in anaplastic 
thyroid carcinoma: evidence for multistep 
carcinogenesis. Pathology, 43 (5):447-52. 

52. Takano T, Ito Y, Hirokawa M, et al (2007). 
BRAF V600E mutation in anaplastic thyroid 
carcinomas and their accompanying 
differentiated carcinomas. Br J Cancer, 96 
(10):1549-53. 

53. Ricarte-Filho JC, Ryder M, Chitale DA, et al 
(2009). Mutational profile of advanced 
primary and metastatic radioactive iodine-
refractory thyroid cancers reveals distinct 
pathogenetic roles for BRAF, PIK3CA, and 
AKT1. Cancer Res, 69 (11):4885-93. 

54. Fukushima T, Suzuki S, Mashiko M, et al (2003). 
BRAF mutations in papillary carcinomas of 
the thyroid. Oncogene, 22 (41):6455-7. 

55. Namba H, Nakashima M, Hayashi T, et al 
(2003). Clinical implication of hot spot BRAF 
mutation, V599E, in papillary thyroid cancers. 
J Clin Endocrinol Metab, 88 (9):4393-7. 

56. Janz TA, Neskey DM, Nguyen SA, Lentsch EJ 
(2018). Is the incidence of anaplastic thyroid 
cancer increasing: A population based 

epidemiology study. World J Otorhinolaryngol 
Head Neck Surg, 5 (1):34-40. 

57. Wang Z, Chen JQ, Liu JL, Qin XG (2016). 
Clinical impact of BRAF mutation on the 
diagnosis and prognosis of papillary thyroid 
carcinoma: a systematic review and meta-
analysis. Eur J Clin Invest, 46 (2):146-157. 

58. Falchook GS, Long GV, Kurzrock R, et al 
(2012). Dabrafenib in patients with 
melanoma, untreated brain metastases, and 
other solid tumours: a phase 1 dose-escalation 
trial. Lancet, 379 (9829):1893-1901. 

59. Subbiah V, Kreitman R, Wainberg Z, et al 
(2022). Dabrafenib plus trametinib in patients 
with BRAF V600E-mutant anaplastic thyroid 
cancer: updated analysis from the phase II 
ROAR basket study. Ann Oncol, 33 (4):406-
415. 

60. De Leo S, Trevisan M, Fugazzola L (2020). 
Recent advances in the management of 
anaplastic thyroid cancer. Thyroid Res, 13 
(1):17. 

61. Smith AL, Williams MD, Stewart J, et al (2018). 
Utility of the BRAF p.V600E 
immunoperoxidase stain in FNA direct 
smears and cell block preparations from 
patients with thyroid carcinoma. Cancer 
Cytopathol, 126 (6):406-413. 

62. Szymonek M, Kowalik A, Kopczyński J, et al 
(2017). Immunohistochemistry cannot 
replace DNA analysis for evaluation of BRAF 
V600E mutations in papillary thyroid 
carcinoma. Oncotarget, 8 (43):74897-74909. 

63. Dvorak K, Higgins A, Palting J, Cohen M, 
Brunhoeber P (2019). Immunohistochemistry 
with Anti-BRAF V600E (VE1) Mouse 
Monoclonal Antibody is a Sensitive Method 
for Detection of the BRAF V600E Mutation 
in Colon Cancer: Evaluation of 120 Cases 
with and without KRAS Mutation and 
Literature Review. Pathol Oncol Res, 25 (1):349-
359. 

64. Hosseinkhan N, Honardoost M, Emami Z, et al 
(2022). A systematic review of molecular 
alterations in invasive non-functioning 
pituitary adenoma. Endocrine, 77 (3):500-509. 

65. Agarwal S, Bychkov A, Jung CK (2021). 
Emerging Biomarkers in Thyroid Practice 
and Research. Cancers (Basel), 14 (1):204. 

 


