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VABSTRACT
Differentiated thyroid tumors (DTC) are the most common indolent tumors associated with a good prognosis com-
pared with other tumors. Its incidence during the last few decades has increased. DTC includes papillary carcinoma 
and follicular carcinoma. The BRAF is the most prevalent genetic mutation in thyroid carcinoma, occurring in more 
than 50% of  papillary thyroid cancers (PTCs). The study aimed to evaluate BRAF expression in differentiated thyroid 
tumors with papillary-like nuclear features. Formalin-fixed paraffin-embedded blocks (FFPE) were collected from 
archival samples of  patients in private histopathology labs in Al-Najaf  city from 55 cases, which included 27 papillary 
thyroid carcinoma (PTC) cases, 10 cases of  NIFTP, 13 FVPTC cases, 2 papillary microcarcinoma cases, and 3 NIFTP 
coexist with papillary microcarcinoma cases. All samples were stained using the immunohistochemistry method in the 
Middle Euphrates unit for cancer research at the University of  Kufa/Faculty of  Medicine. 15/55 (27.3%) of  cases 
increased BRAF expression. The BRAF expression was statistically significant with tumor type (p=0.008). The high-
er expression was associated with 13 (48.15%) of  PTC cases. However, the BRAF expression did not correlate with 
gender (p=0.2), tumor size (p=0.07), and tumor focality (p=0.09). BRAF V600E has prognostic value as it correlates 
with tumor progression.
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INTRODUCTION

Papillary thyroid cancer (PTC) is considered a common his-
tological type of  thyroid malignancy. PTC carries a good prog-
nosis with up to 95% survival rate after ten years [1]. In Iraq, 
according to cancer registration from the Ministry of  Health 
in 2012, thyroid cancer was the 7th common malignant tumor 
among the ten most common malignancies in females, which 
accounts for 3.76% [2]. There are two most common variants 
of  PTC, including the follicular variants and classic variants 
[3]. PTC was identified based on the characteristic nuclear fea-
tures such as chromatin margination, nuclear enlargement, nu-
clear overlapping, intra-nuclear pseudo-inclusions, and nuclear 
grooves [4]. In 2006, the follicular variant of  papillary thyroid 
carcinoma (FVPTC) was classified into two types [5]: infiltrative 

follicular variant papillary thyroid cancer (I-FVPTC) and encap-
sulated follicular variant papillary thyroid carcinoma (E-FVPTC) 
[6]. Infiltrative FVPTC tumors typically behave similarly to clas-
sical papillary thyroid carcinoma [7]. The encapsulated FVPTC 
(EFVPTC) behaves more similarly to a follicular adenoma [8–9]. 
Papillary thyroid microcarcinoma (PTMC) is characterized as 
papillary thyroid carcinoma with a 10 mm diameter or less [10]. 
Over the last few years, it has been increasing in incidence and 
accounts for nearly half  of  the rise in papillary thyroid cancer 
[11, 12]. PTMC is considered an indolent illness in general, but 
it does carry the risk of  distant metastasis and local recurrence 
[13]. Non-invasive follicular thyroid neoplasm with papillary-like 
nuclear features (NIFTP) represented the indolent behavior of  
thyroid neoplasm [14], with a low risk of  relapse [15]. NIFTP 
is a non-invasive thyroid neoplasm of  follicular cell derivation 
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characterized by nuclear features of  PTC and follicular growth 
pattern and has an extremely low malignant potential [8]. NIFTP 
is neither definitely benign nor definitely malignant tumor [16]. 
BRAF mutations are common in both benign and malignant hu-
man tumors. According to the Catalogue of  Somatic Mutations 
in Cancer, it is estimated that 5–7% of  all human neoplasms have 
BRAF alterations [17]. The BRAF is the most prevalent muta-
tion in thyroid cancer, which occurs in more than 50% of  papil-
lary thyroid cancers (PTCs) and approximately 45% of  anaplas-
tic thyroid cancer [18]. Asian populations have a higher BRAF 
mutation rate than Western countries [19].

MATERIAL AND METHODS

The study was conducted in Iraq at Al-Najaf  city, in the 
Middle Euphrates Unit for Cancer Research at the University 
of  Kufa, Faculty of  Medicine from September 2020 to August 
2021. All included tumors were reexamined microscopically by 
two pathologists to confirm the diagnosis. The hematoxylin and 
eosin-stained sections from each case were revised concerning 
the pathological type to prove the diagnosis. The cases were clas-
sified according to the World Health Organization (WHO) clas-
sification of  thyroid tumors.

Primary antibody

Rabbit monoclonal BRAF V600E (BIO-SB, USA) is ready 
to use (RTU) for an in vitro diagnostic medical device (IVD). 

BRAF En Vision complex Immunohistochemistry

Positive and negative control slides were added with each 
run. We utilized the EnVision complex IHC technique using 
4 microns of  tissue sections from the formalin-fixed paraffin-em-
bedded blocks. We continued with the deparaffinization and 
antigen retrieval step (AR) by using the water bath method at 
90–95°C for 20 minutes, followed by adding a peroxidase-block-
ing reagent. Next, BIO-SB BRAF V600E primary antibody for 
24 hours in a humid container, then HRP polymer was added for 
30 minutes, followed by substrate chromogen and hematoxylin 
for 2 minutes. Each step was separated by rinsing with TBS. 

Statistical analysis

Data were analyzed using SPSS program version 26. The 
Chi-square test and Fisher exact test were used to assess the re-
lationship between categorical variables such as focality. At the 
same time, continuous variables were presented as mean and 

standard deviation (SD). Kruskal-Wallis test was used for com-
paring the tumor size as it was not normally distributed.

RESULTS

As shown in Table 1, 15/55 (27.3%) of  cases had increased 
BRAF expression. The BRAF expression was significantly asso-
ciated with tumor type (p=0.008), and the higher expression was 
associated with 13 (48.15%) PTC cases.

As shown in Table 2, gender is an important clinicopath-
ological parameter but did not reach statistical significance 
(p=0.2). The mutated BRAF V600E is more common in females 
48/55(87.3%) than males. Also, the study results did not show a 
significant relationship between BRAF V600E and age (p=0.7). 
Larger tumor sizes associated with cases of  NIFTP coexist with 
papillary microcarcinoma. Tumor size did not reach the level of  
statistical significance (p=0.07). In most cases, tumor focality is 
demonstrated as solitary in a large percentage of  included cases. 
In malignant cases, PTC was documented as a solitary tumor 
in 17/27 (63%) of  the cases. Tumor focality was not statistically 
significant (p=0.09).

As illustrated in Figure 1, persistent activation of  BRAF 
leads to activation of  the mitogen-activated protein kinase 
(MAPK) pathway, which finally enhances tumor progression.

As shown in Figure 2, papillary thyroid carcinoma cases 
showed strong positive cytoplasmic stain of  BRAF V600E im-
munohistochemistry, score index 12, and quick H score 300 with 
magnification power 10, 40, in (A) and (B), respectively.

In Figure 3 papillary thyroid carcinoma showed a negative 
cytoplasmic stain of  BRAF V600E immunohistochemistry, score 
index 0, and quick H score 0 with magnification power 10, 40, in 
(A) and (B), respectively.

The papillary micro carcinoma demonstrated with positive 
BRAF V600E immunohistochemistry, score index 3, and quick 
H score 70 as demonstrated in Figure 4 in magnification power 
10×4, 10×40, in (A) and (B), respectively.

The cytoplasmic stain of  BRAF V600E immunohistochem-
istry showed negative results in non-invasive follicular variant 
papillary thyroid carcinoma cases, with a score index of  0 and 
quick H score of  0, as shown in Figure 5 with a magnification 
power of  microscope 10×4. 

DISCUSSION

In the last several decades, thyroid carcinoma has become 
the most rapidly developing malignancy [21]. Thyroid tumor 
growth incidence has long been a controversial subject among 

BRAF
Total P

Positive Negative

PTC (13) 48.15% (14) 51.85% (27) 100%

0.008

Papillary micro carcinoma (1) 50% (1) 50% (2) 100%

FVPTC (1) 7.69% (12) 92.31% (13) 100%

NIFTP (0) 0% (10) 100% (10) 100%

NIFTP + Papillary micro carcinoma (0) 0% (3) 100% (3) 100%

Total (15) 27.3% (40) 72.7% (55) 100%

Table 1. The correlation between BRAF and tumor types.
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Figure 1. An overview of the Mitogen-activated signaling pathway kinase (MAPK) [20].
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6
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5
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NA

0
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0
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NA
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0%

0
0%

NA
-BRAF 2
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0
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NA

0
0%

0
0%

NA NA

0
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0
0%

NA
-BRAF 1

33.33%
2

66.67%
2

66.67%
1

33.55% 4.03±0.9 3
100%

0
0%

Total 7
12.7%

48
87.3%

27
49.1%

28
50.9% 3±2.9 38

69.1%
17

30.9%

Table 2. The correlation of tumor type with clinicopathological parameters.

specialists. Some writers hypothesized that the observed increase 
in incidence was due to the increased use of  precise diagnos-
tic techniques and the identification of  small subclinical tumors, 
which they termed overdiagnosis [22]. On the other hand, some 
authors hypothesized that the increased incidence is related to 
exposure to hormonal factors and unknown environmental 
carcinogens [23]. This study shows that the female gender is 

more predominant in PTC than males. This finding is consis-
tent with Rashid et al., who demonstrated a high female prev-
alence compared to males [19], and more studies agreed with 
this finding [24, 25]. Another study demonstrated no differenc-
es between females and males [26]. According to Jukkola et al., 
male gender correlated with a poor prognosis, a higher rate of  
tumor recurrence, and a higher risk of  death [27]. Furthermore, 
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Nikiforova et al. found a correlation between male gender preva-
lence and BRAF mutation [28]. The age group in our study did 
not reach statistical significance (p=0.7), which agreed with other 
studies [29, 30]. In contrast, other studies demonstrated import-
ant benefits for the age group (mean 45) [31, 32]. In our study, 
there is no documented relationship with tumor size. This finding 
agreed with Szymonek et al. [33]. Also, Jian et al. demonstrated 
no association with tumor size [34], while Kim et al. document-

ed tumor size as an important correlated parameter to deter-
mine tumor prognosis and recurrence [35]. Several other studies 
show a link between large tumor size and BRAF mutations [36, 
37]. Our study found no significant relationship between BRAF 
V600E and tumor focality. This result is incomparable with the 
finding of  the Sanguisi et al. [38], while other studies demon-
strated a positive correlation between BRAF V600E and tumor 
focality [34].

Figure 3. PTC, negative for BRAF V600E IHC. (A) 10×10, (B) 10×40.

BA

Figure 4. Papillary microcarcinoma, positive for BRAF V600E IHC (A) 10×4, (B) 10×40.

BA

Figure 2. PTC, diffuse strong positive for BRAF V600E IHC (A) 10×10, (B) 10×40.

BA
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Figure 5. NIFTP, negative for BRAF V600E IHC (10×4).

CONCLUSION

Our study demonstrates that BRAF V600E IHC is more 
common among malignant tumors, especially in papillary thy-
roid carcinoma than in other tumors. The BRAF V600E IHC 
mutation is strongly associated with the female rather than male 
gender, but it was not statistically significant. Also, BRAF V600E 
showed a negative relationship with age and tumor size. How-
ever, there was a strong correlation with tumor focality. BRAF 
V600E IHC can be used as an alternative to molecular biology to 
detect mutations in patients with thyroid neoplasm. This finding 
needs to be approved by molecular approaches, so we compared 
our results with previous immunohistochemistry (IHC) and mo-
lecular studies in Iraq and other countries.
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