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Abstract
Differential diagnosis is important for clinical management of cases with thyroid diseases. We aimed to find the most useful 
diagnostic panel including immunohistochemistry markers and BRAF 600E mutation for papillary thyroid carcinoma. The 
study included 99 papillary thyroid carcinoma, 95 benign thyroid disease and 6 well differentiated tumour of uncertain malig-
nant potential cases. Three groups were compared for immunohistochemistry marker expressions (CK19, Gal-3, HBME-1, 
p63, CD56). Diagnostic contribution of BRAF V600E mutation and its relationship with the immunohistochemistry and 
prognostic parameters were evaluated. CK19, Gal-3, HBME-1 and p63 positivity and loss of CD56 expression were signifi-
cantly higher in papillary thyroid carcinoma than in benign thyroid disease. Gal-3 was the most useful marker to differentiate 
both papillary thyroid carcinoma and well-differentiated tumour of uncertain malignant potential cases from benign thyroid 
disease. CK19&HBME-1 and CK19&-Gal-3 dual panels had the highest sensitivities and high specificities for distinguish-
ing papillary thyroid carcinoma from benign thyroid disease. Moreover, CK19&Gal-3 dual panel had the highest sensitivity 
and specificity to distinguish well-differentiated tumour of uncertain malignant potential from benign thyroid disease. In 
addition, CK19&Gal-3&HBME-1 was the most sensitive triple panel in differentiating both papillary thyroid carcinoma 
and well-differentiated tumour of uncertain malignant potential cases from benign thyroid disease. When combined with 
immunohistochemistry markers, the BRAF V600E reduced sensitivities and increased specificities towards malignancy, and 
it was not associated with prognostic parameters except for histological subtypes.
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Introduction

Papillary thyroid carcinoma (PTC) is the most common 
endocrine malignancy that represents approximately 85% of 
all well-differentiated thyroid cancers of follicular origin [1, 

2]. Accurate diagnosis of PTC is important for determining 
the clinical management of the cases. Therefore, the usage 
of immunohistochemical (IHC) markers for the diagnosis of 
PTC is of research interest [3].

Cytokeratin 19 (CK19), a member of the keratin family 
that is an intermediate filament protein in epithelial cells, is 
highly expressed in PTC [4]. Galectin-3 (Gal-3) is a b-galac-
toside-binding lectin [5]. Its overexpression was found to be 
associated with angiogenesis, invasion, apoptosis, metasta-
sis and tumour cell growth in tumours including PTC [6]. 
Hector Battifora mesothelial-1 (HBME-1), a monoclonal 
antibody targeting an antigen of mesothelial microvilli, was 
reported to be expressed abnormally in PTC [7]. P63, a p53 
homolog, plays an important role in cell cycle and squamous 
cell differentiation [8]. CD56 is a neural cell adhesion mol-
ecule involved in cell-to-cell adhesion and its expression 
is downregulated in PTC [9]. It has been reported that the 
most sensitive marker in the diagnosis of PTC is HBME-1, 
with a rate of 95.9% for the classical variant PTC (CVPTC) 
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and 81.1% for the follicular variant PTC (FVPTC). On 
the contrary, CD56 expression was reported as decreased 
or absent in PTC; this marker is mostly expressed in BTD 
and follicular carcinomas [10]. Furthermore, PTC harbours 
point mutations of the BRAF and RAS genes or RET/PTC 
rearrangements that activate the mitogen-activated protein 
kinase pathway [11]. BRAF V600E, an activating point 
mutation, is the most common genetic change in PTC and 
leads to the conversion of valine to glutamic acid at posi-
tion 600 [12, 13]. The BRAF V600E mutation is found in 
approximately 70% of PTC cases [14].

We first aimed to evaluate the role of IHC markers CK19, 
Gal-3, p63, HBME-1 and CD56 in differentiating PTC, well-
differentiated thyroid tumour of uncertain malignant poten-
tial (WDT-UMP) and benign thyroid disease (BTD). Our 
second aim was to investigate the association of IHC expres-
sions and BRAF V600E mutation with clinicopathological 
prognostic parameters.

Patients and Methods

A total of 200 thyroidectomy materials diagnosed in the 
pathology department of a university hospital, between 2012 
and 2014, were included in this study. Haematoxylin & eosin 
and IHC-stained slides were re-evaluated together with the 
pathology reports. The tumours were classified according to 
recommendations of the World Health Organization (WHO) 
revealed in 2017 [1]. The patients whose lesions did not 
have full coverage for the morphologic signs of PTC and did 
not confirm affirmation of capsular and/or vascular invasion 
were classified as WDT-UMP [1, 15]. Clinicopathological 
prognostic parameters were recorded for PTC cases. AJCC/
TNM 8th edition was used to determine the stage [16].

The expressions of IHC markers were analysed using 
an IHC panel which included CK19 (CK19 mouse mono-
clonal antibody, clone A53-B/A2.26; RTU; Cell Marque), 
Gal-3 (galectin-3, clone 9C4; 1:100; Novocastra), HBME-1 
(HBME-1 mouse monoclonal antibody; RTU; Cell Marque), 
p63 (p63 mouse monoclonal primary antibody, clone 4A4; 
RTU; Roche) and CD56 (CD56 rabbit monoclonal antibody, 
clone MRQ-42; RTU; Cell Marque). BRAF V600E muta-
tion was examined by pyrosequencing on paraffin-embedded 
tumour specimens during the routine practice, and the results 
were recorded from the pathology reports. The study is in 
accordance with the Helsinki Declaration. The study pro-
tocol was accepted by the Clinical Research Ethics Com-
mittee of a local university. Written and signed consent was 
obtained from all participants.

Statistical analysis was performed with the SPSS ver-
sion 21 (IBM Corp. NY, USA). Student’s t test was used to 
compare continuous variables, and chi-square and Fisher’s 
exact tests were used to compare categorical variables. The 

receiver operating characteristic (ROC) curve analysis was 
performed using MedCalc software, Version 20.110 (Med-
Calc Software Ltd, Ostend, Belgium) in order to determine 
the diagnostic usefulness of IHC expressions among study 
groups. The test classification system according to the values ​​
that the area under curve (AUC) can take was considered as 
excellent (0.90–1.00), good (0.80–0.90), bad (0.70–0.80), 
poor (0.60–0.70) and fail (0.50–0.60) [17]. A p value 
of < 0.05 was considered statistically significant.

Results

The study included 99 PTC, 95 BTD and 6 WDT-UMP 
cases. BTD cases were as follows: 26 nodular hyperpla-
sia (NH), 21 Hashimoto thyroiditis (HT), 21 follicular 
adenoma (FA), 14 Graves disease and 13 lymphocytic thy-
roiditis. Women: men ratio was 3.3:1 (5.2:1 in PTC, 2.2:1 
in BTD, 5:1 in WDT-UMP). The mean age was 47.44 
SD12.69 years in PTC, 46.78 SD11.68 years in BTD and 
48.67 SD14.02 years in WDT-UMP. There was no signifi-
cant difference between three groups in terms of the patient’s 
age and gender. The subtypes were as follows in PTC cases: 
40 classical, 49 follicular, 5 diffuse sclerosing, 2 oncocytic, 
1 cystic and 2 tall cell variants. Multifocality was present in 
25 (25.3%) cases. The mean and median tumour sizes were 
1.55 SD1.43 and 1.1 (0.3–8) cm. While 68 (68.7%) cases 
were non-capsulated, 31 (31.3%) cases were encapsulated. 
Extrathyroidal extension was present in 11 (11.1%) cases. 
There was intratumoural and non-tumoural lymphocytic 
infiltration in 6 (6.1%) and 19 (19.2%) cases, respectively. 
The tumoural stages were as follows: 77 (77.8%) pT1, 7 
(7.1%) pT2, 11 (11.1%) pT3 and 4 (4%) pT4. There was 
lymph node metastasis in 7 (7.1%) cases, and distant metas-
tasis was in only one (1%) case.

CK19, Gal-3, HBME-1 and p63 expressions were found 
significantly higher in PTC cases compared to BTD cases 
(p < 0.0001, p < 0.0001, p < 0.0001, p = 0.009, respec-
tively). CD56 expression was found to be significantly 
higher in BTD cases than PTC cases (p = 0.001) (Fig. 1). 
The results are summarized in Table  1.  When we ana-
lyzed the IHC parameters to distinguish PTC from BTD, 
Gal-3 (AUC = 0.934, p ≤ 0.0001), CK19 (AUC = 0.879, 
p ≤ 0.0001) and HBME-1 (AUC = 0.870, p ≤ 0.0001) had 
the largest AUC with the highest sensitivities which were 
88%, 99% and 92%, respectively. Gal-3 was the most spe-
cific (99%) marker. AUC values, sensitivities and specifici-
ties were very high in double combinations of CK19, Gal-3 
and HBME-1. CK19&Gal-3 (AUC = 0.934, p ≤ 0.0001), 
CK19&HBME-1 (AUC = 0.923, p ≤ 0.0001) and Gal-
3&HBME-1 (AUC = 0.899, p ≤ 0.0001) had the largest AUC 
with the highest sensitivities which were 100%, 94% and 
99%, respectively. Their specificities were 87%, 91% and 
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81%, respectively. Among triple IHC panels, CK19&Gal-
3&HBME-1 had the largest AUC (AUC = 0.899, p ≤ 0.0001) 
with a 80% sensitivity and 100% specificity. AUC, 95% CI, 
sensitivity, specificity and p values of IHC parameters for 
differentiating PTC from BTD are given in Table 2. Posi-
tive expression of more than one of the CK19, Gal3 and 
HBME-1 IHC markers favored malignancy (p < 0.001). This 
was the case in only one patient in BTDs.

CK19, Gal-3, HBME-1, p63 and CD56 expressions 
were significantly higher in WDT-UMP cases compared to 
those with BTD (p < 0.0001 for all) (Table 1). According 
to ROC curve analysis, the most sensitive markers to dis-
criminate WDT-UMP from BTD were Gal-3 (AUC = 0.995, 
p ≤ 0.0001), HBME-1 (AUC = 0.911, p ≤ 0.0001) and CK19 
(AUC = 0.884, p ≤ 0.0001) all with a sensitivity of 100% 
and specificities of 99%, 82% and 77%, respectively. When 
we analyzed the IHC parameters in a double panel form, 
CK19&Gal-3 (AUC = 0.999, p ≤ 0.0001), CK19&HBME-1 

(AUC = 0.968, p  ≤ 0.0001) and Gal-3&HBME-1 
(AUC = 0.995, p ≤ 0.0001) had the largest AUC with the 
highest sensitivities which were all 100%. Their specifici-
ties were 100%, 94% and 99%, respectively. When the triple 
panels were analyzed, CK19&Gal-3&HBME-1 had the larg-
est AUC (AUC = 0.999, p ≤ 0.0001) with 100% sensitivity 
and specificity (Table 3).

PTC and WDT-UMP cases were statistically similar in 
terms of IHC panel (Table 1). According to ROC curve 
analysis, the most sensitive marker was p63 and the most 
specific markers were CK19, Gal-3 and HBME-1 to differ-
entiate PTC from WDT-UMP. However, IHC panels failed 
to differentiate PTC from WDT-UMP.

All cases with CVPTC and FVPTC had expressions for at 
least one of Gal-3, HBME-1 or CK19, but this was not the 
case for p63 and loss of CD56 expression. None of the mark-
ers we analysed were able to be distinctive between CVPTC 
and FVPTC or other PTC subtypes. Data are not shown.

Fig. 1   Microscopic view of 
classical variant papillary 
thyroid carcinoma and its 
immunohistochemical panel: 
the tumour is positive for CK19, 
Gal-3 and HBME-1, while it is 
negative for p63 and CD56 (A 
H&E × 200, B CK19 × 200, C 
Gal-3 × 200, D HBME-1 × 200, 
E p63 × 200, F CD56 × 200)
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BRAF V600E mutation was detected in 31 (31.3%) of 
99 PTC and in 1 (16.7%) of 6 WDT-UMP cases. In the 
PTC group, a strong significance was found between BRAF 
V600E mutation and the histological subtypes. The muta-
tion was higher in CVPTC compared to other subtypes 
(p < 0.0001). It was present in 21 (52.5%) of 40 CVPTC and 
7 (14.3%) of 49 FVPTC cases. It was significantly higher in 
CVPTC cases than that of FVPTC (X2 = 14.915, p < 0.0001, 
OR: 0.27, 95% CI: 0.128–0.574). There was no difference 
between the cases with and without BRAF V600E mutation 
in terms of the other clinicopathological prognostic param-
eters (Table 4).

There was no significant association between BRAF 
V600E mutation and the expression status of each IHC 
marker (CK19, Gal-3, HBME-1, p63, CD56) for each group 
(PTC, PTC subtypes and WDT-UMP) where the statisti-
cal studies could be performed. When presence of BRAF 
V600E was combined with single, double or triple IHC 
panels, the sensitivity of IHC markers decreased, while the 
specificity increased up to 100% in differentiating PTC from 
BTD. There was also no statistical difference between PTC 
and WDT-UMP cases for the presence of BRAF V600E 
(p = 0.655, Fisher’s exact test). When ROC curves were 
performed for panels with IHC & BRAF V600E, all single, 

double and triple panels had sensitivities under 31%, while 
the specificities were all 100%. Data are not shown.

Discussion

Although the pathological diagnosis of PTC is based on 
both cytological and histological examination of the typical 
nuclear morphology [18], additional studies may be required 
for the differential diagnosis. Therefore, the usage of IHC 
markers for the diagnosis of PTC remains a research topic. 
Various IHC markers such as CK19, Gal-3, HBME-1, p63 
and CD56 have been reported to be useful for the differential 
diagnosis of malignant and benign thyroid lesions [19].

Dunderovic et al. reported HBME-1 as the best balanced 
marker in terms of sensitivity and specificity and Gal-3 
as the most sensitive marker, while Nechifor-Boila et al. 
reported HBME-1 as the most sensitive marker in the diag-
nosis of PTC [10, 20]. In another study, CK19 was reported 
as the most specific marker for PTC, but it should not be 
used alone because of its expression in 40% in NH cases 
[19]. In a study, CK19 expression was diffuse and intensively 
positive in PTC, but a serious number of benign cases also 
had focal and weak expression of CK19 [20]. Gal-3 was 

Table 2   Discriminatory powers 
of IHC markers for PTC against 
BTD

* Loss of CD56 expression
IHC immunohistochemistry, PTC papillary thyroid carcinoma, BTD benign thyroid disease

IHC AUC​ 95% CI p value Sensitivity (%) Specificity (%)

Single
IHC marker

CK19 0.879 0.825–0.921  < 0.0001 98.99 76.84
Gal-3 0.934 0.890–0.965  < 0.0001 87.88 98.95
HBME-1 0.870 0.815–0.914  < 0.0001 91.92 82.11
p63 0.544 0.471–0.615 0.0664 17.17 91.58
CD56* 0.630 0.558–0.698  < 0.0001 82.83 43.16

Double
IHC panel

CK19, Gal-3 0.934 0.901–0.968  < 0.0001 86.87 100
CK19, HBME-1 0.923 0.876–0.956  < 0.0001 90.91 93.68
CK19, p63 0.586 0.549–0.623  < 0.0001 17.17 100
CK19, CD56* 0.841 0.789–0.892  < 0.0001 80.81 87.37
Gal-3, HBME-1 0.899 0.847–0.937  < 0.0001 80.81 98.95
Gal-3, p63 0.576 0.540–0.611  < 0.0001 15.15 100
Gal-3, CD56* 0.848 0.802–0.894  < 0.0001 70.71 98.95
HBME-1, p63 0.565 0.527–0.604 0.0009 15.15 97.89
HBME-1, CD56* 0.831 0.779–0.883  < 0.0001 76.77 89.47
P63, CD56* 0.535 0.497–0.572 0.0687 11.11 95.79

Triple
IHC panel

CK19, Gal-3, HBME-1 0.899 0.848–0.938  < 0.0001 79.80 100
CK19, Gal-3, p63 0.576 0.540–0.611  < 0.0001 15.15 100
CK19, Gal-3, CD56* 0.848 0.803–0.894  < 0.0001 69.70 100
CK19, HBME-1, p63 0.576 0.540–0.611  < 0.0001 15.15 100
CK19, HBME-1, CD56* 0.848 0.800–0.895  < 0.0001 72.73 96.84
Gal-3, HBME-1, p63 0.566 0.532–0.599  < 0.0001 13.13 100
Gal-3, HBME-1, CD56* 0.813 0.764–0.862  < 0.0001 63.64 98.95
HBME-1, p63, CD56* 0.540 0.510–0.570 0.0093 9.09 98.95
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reported as a useful marker for malignant thyroid lesions 
particularly non-follicular ones from BTD. P63 expression 
was reported between 6.9 and 74% in thyroid carcinomas 
[19]. Unlike the other markers, loss of CD56 was very spe-
cific for the malignancy [10, 20]. In a meta-analysis study, 
loss of CD56 expression was significantly higher in PTC 
and follicular carcinoma, than in FA, NH and HT, and CD56 
can be a useful marker in differing FVPTC from FA [9]. In 
our study, CK19, Gal-3, HBME-1 and p63 expressions were 
significantly higher in PTC, while CD56 expression was sig-
nificantly higher in BTD cases, as consistent with the litera-
ture. When used alone, CK19 was the most sensitive and 
Gal-3 was the most specific marker to differentiate PTC from 
BTD. Although most of them were focal and weak, CK19 
expression was present in 23% of the BTD cases. However, 
Gal-3 was not expressed in 99% of BTD cases. Therefore, 
we think that Gal-3 is more useful as a single marker.

Archolia et al. reported that CK19, Gal-3 and HBME-1 
combinations had high sensitivity and specificity [21]. 
Nechifor-Boila et  al. found that both CK19&HBME-
1&Gal-3 and CK19&HBME-1&CD56 panels had high sen-
sitivities [10]. Dunderovic et al. showed that the best combi-
nations for differentiating PTC from FA and non-neoplastic 
lesions were CD56&Gal-3 and CK19&Gal-3, respectively. 

They also reported that co-expression for combination of 
markers in the diagnosis of follicular lesions decreases sen-
sitivity, but increases specificity for malignancy [20]. We 
found that CK19&HBME-1 co-expression was the most 
balanced double panel to differentiate PTC from BTD. 
CK19&Gal-3 was another useful panel with a little less sen-
sitivity. Double panels including p63 with CK19 or Gal-3 
had 100% specificity, but their sensitivities were very low. 
In addition, CK19&Gal-3&HBME-1 was the most sensitive 
triple panel. It was reported that HBME-1 expression was 
higher in CVPTC than in FVPTC. Taştekin et al. found that 
HBME-1&Gal-3 panel was useful particularly for CVPTC 
[19]. In our study, there was expression of at least one of 
CK19, Gal-3 or HBME-1 in all CVPTC and FVPTC cases. 
However, there was no difference between two variants for 
expression of each marker.

In a study including 22 WDT-UMP cases, the presence 
of HBME-1 and the absence of CD56 were found to be the 
most frequent association. They stated that WDT-UMP 
trended towards the IHC panel of PTC, suggesting a pos-
sible pathogenetic link between the two entities [15]. We 
had only six cases of WDT-UMP in this study. Although the 
number of WDT-UMP cases is small, when we compared 
the WDT-UMP and PTC groups, we found that each IHC 

Table 3   Discriminatory powers 
of IHC markers for WDT-UMP 
against BTD

* Loss of CD56 expression. WDT-UMP well-differentiated thyroid tumour of uncertain malignant potential, 
BTD benign thyroid disease, IHC immunohistochemistry

IHC AUC​ 95% CI p value Sensitivity (%) Specificity (%)

Single
IHC marker

CK19 0.884 0.842–0.927  < 0.0001 100 76.84
Gal-3 0.995 0.984–0.999  < 0.0001 100 98.95
HBME-1 0.911 0.872–0.949  < 0.0001 100 82.11
p63 0.625 0.416–0.833 0.0664 33.33 91.58
CD56* 0.534 0.309–0.759  < 0.0001 50 56.84

Double
IHC panel

CK19, Gal-3 0.999 0.999–0.999  < 0.0001 100 100
CK19, HBME-1 0.968 0.944–0.993  < 0.0001 100 93.68
CK19, p63 0.667 0.460–0.873 0.1138 33.33 100
CK19, CD56* 0.687 0.465–0.909 0.0986 50 87.37
Gal-3, HBME-1 0.995 0.984–1.000  < 0.0001 100 98.95
Gal-3, p63 0.667 0.460–0.873 0.1138 33.3 100
Gal-3, CD56* 0.745 0.525–0.964 0.0288 50 98.95
HBME-1, p63 0.656 0.449–0.863 0.1395 33.33 97.89
HBME-1, CD56* 0.697 0.476–0.919 0.0805 50 89.47
P63, CD56* 0.562 0.398–0.727 0.4583 16.67 95.79

Triple
IHC panel

CK19, Gal-3, HBME-1 0.999 0.999–0.999  < 0.0001 100 100
CK19, Gal-3, p63 0.667 0.460–0.873 0.1138 33.33 100
CK19, Gal-3, CD56* 0.750 0.531–0.969 0.0253 50.00 100
CK19, HBME-1, p63 0.667 0.460–0.873 0.1138 33.3 100
CK19, HBME-1, CD56* 0 734 0.514–0.954 0.0368 50 96.84
Gal-3, HBME-1, p63 0.667 0.460–0.873 0.1138 33.3 100
Gal-3, HBME-1, CD56* 0.745 0.525–0.964 0.0288 50 98.95
HBME-1, p63, CD56* 0.578 0.414–0.742 0.3498 16.67 98.95
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marker had statistically similar expression. According to 
ROC curve analysis, the most sensitive marker was p63 and 
the most specific markers were CK19, Gal-3 and HBME-1 
to differentiate PTC from WDT-UMP. However, since the 
AUC’s were in the range considered ‘poor/fail’, none of the 
markers can be considered distinctive. Expressions of four 
markers were found significantly higher in WDT-UMP than 
in BTD cases. Gal-3, HBME-1 and CK19 alone had high 
sensitivity and specificity to differentiate WDT-UMP from 

BTD. CK19&Gal-3, CK19&HBME-1 and Gal-3&HBME-1 
as double panels, and CK19&Gal-3&HBME-1 as a triple 
panel all had 100% sensitivity and up to 100% specificity.

The frequency of BRAF V600E mutation in PTC in 
the Turkish population was reported as 52.8% [22]. In 
this study, the frequency of BRAF V600E mutation was 
31.3% and 16.7% in PTC and WDT-UMP groups, respec-
tively. However, there was no statistical difference between 
the two groups in terms of the presence of BRAF V600E 

Table 4   Association of 
BRAF V600E status with 
clinicopathologic prognostic 
parameters in PTC

* p < 0.05 was considered statistically significant. PTC papillary thyroid carcinoma, FE Fisher’s exact test

Parameter BRAF V600E p value*

Negative Positive Total

n Mean ± SD /
%

n Mean ± SD /
%

n

Age 68 48.19 ± 13.48 31 45.81 ± 10.76 99 0.389
Gender

  Women
  Men

59
9

71.1
56.2

24
7

28.9
43.8

83
16

0.241

Histological variant
  Classical
  Follicular
  Diffuse sclerosing
  Oncocytic
  Cystic
  Tall cell

19
42
4
2
0
1

47.5
85.7
80.0
100
0
50

21
7
1
0
1
1

52.5
14.3
20.0
0
100
50

40
49
5
2
1
2

 < 0.0001

Multifocality
  Absent
  Present

52
16

70.3
64

22
9

29.7
36

74
25

0.559

Tumour size (cm) 68 1.58 ± 1.45 31 1.46 ± 1.39 99 0.698
Tumour growth pattern

  Non-capsulated
  Encapsulated

45
23

66.2
74.2

23
8

33.8
25.8

68
31

0.490

Extrathyroidal extension
  Absent
  Present

63
5

92.6
7.4

25
6

80.6
19.4

88
11

0.094 (FE)

Intratumoural lymphocytic infiltration
  Absent
  Present

65
3

69.9
50

28
3

30.1
50

93
6

0.374(FE)

Non-tumoural lymphocytic infiltration
  Absent
  Present

54
14

67.5
73.7

26
5

32.5
26.3

80
19

0.601

Disease stage
  pT1
  pT2
  pT3
  pT4

54
4
9
1

79.4
5.9
13.2
1.5

23
3
2
3

74.2
9.7
6.4
9.7

77
7
11
4

0.176

Lymph node metastasis
  Absent
  Present

58
3

70.7
42.9

24
4

29.3
57.1

82
7

0.127

Distant metastasis
  Absent
  Present

60
1

68.2
100

28
0

31.8
0

88
1

0.496

Total 68 68.7 31 31.3 99
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mutation. It has been reported that BRAF V600E mutation 
is associated with aggressive clinicopathological parame-
ters and poor prognosis in PTC cases [23–25]. In our study, 
there was no correlation between BRAF V600E mutation 
and clinicopathologic prognostic parameters including 
multifocality, tumour size, capsule status, extrathyroidal 
extension, intratumoural and non-tumoural lymphocytic 
infiltration, tumoural stage, lymph node metastasis and 
distant metastasis. However, a strong significance was 
found in terms of histological variants. BRAF V600E 
mutation was significantly higher in CVPTC compared to 
other subtypes similar to the literature [24].

Ramkumar et al. found a direct correlation between 
BRAF V600E mutation and HBME-1 and Gal-3 expres-
sion and reported that the combined usage of HBME-1, 
Gal-3 and BRAF V600E mutation could help differentiat-
ing FVPTC, FA and solitary nodules with papillary-like 
nuclear features [26]. In our study, we also evaluated the 
relationship between BRAF V600E mutation status and 
IHC markers, in PTC and WDT-UMP groups. However, 
we couldn’t find any correlation. When we added the 
BRAF V600E mutation to the CK19&HBME-1 combina-
tion, which is the most balanced IHC panel in terms of 
sensitivity and specificity, the sensitivity to distinguish 
PTC and BTD decreased dramatically and the specificity 
increased to 100%.

The limitation of the current study is the small number 
of WDT-UMP patients; however, they are rarely encoun-
tered in the clinic. Furthermore, there are other studies 
investigating the IHC markers and BRAF V600E muta-
tion in thyroid diseases. However, the number of studies 
evaluating these markers as panels is limited.

Conclusion

In conclusion, we suggest Gal-3, CK19 and HBME-1 and 
their dual and triple panels as precious markers in dis-
tinguishing both PTC and WDT-UMP from BTD. When 
BRAF V600E was combined with these IHC markers/pan-
els, the sensitivity decreased dramatically and the specific-
ity for malignancy increased. Further studies with larger 
groups are needed to identify WDT-UMP cases at risk for 
PTC transformation.
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