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Abstract: Objective: To evaluate the relationship between BRAF mutation and factors influencing the prognosis of 
papillary thyroid microcarcinoma (PTMC). Methods: Clinical data from patients with PTMC were subjected to retro-
spective analysis. A total of 86 patients were included, and the BRAFV600E mutation was identified in surgically dis-
sected tissues. Results: The incidence of BRAF mutation in patients with PTMC was 65.1% (56/86). Both univariate 
and multivariate analyses indicated a correlation between BRAF mutation and lymph node metastasis (P = 0.057). 
For patients with tumors ≤ 10 mm in diameter, BRAF mutation had no effect on lymph node metastasis (P > 0.05). 
No lymph node metastasis was found in patients with tumors ≤ 5 mm in diameter. Conclusion: BRAF gene mutation 
is an independent predictive risk factor for central lymph node metastasis in patients with PTMC. For patients with 
preoperative BRAF mutation positivity, it is important to perform central lymph node dissection (CLND) and lym-
phatic and adipose tissues should be routinely removed. However, in patients without BRAF mutation and tumors ≤ 
5 mm in diameter, the necessity of prophylactic CLND should be reevaluated. 
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Introduction

Papillary thyroid microcarcinoma (PTMC) refers 
to papillary thyroid carcinoma (PTC) with a 
diameter ≤ 10 mm and accounts for more than 
50% of all thyroid cancers [1]. The v-raf murine 
sarcoma viral oncogene homolog B1 (BRAF) 
gene mutation is the most common genetic 
event in thyroid carcinoma, with the highest 
prevalence in PTC (29-88%) [2]. PTMC exhibits 
relatively indolent behavior. Studies have found 
that BRAF mutation is strongly associated with 
PTMC invasiveness. However, the relationships 
between the BRAFV600E mutation and some cl- 
inicopathological features of PTMC remain co- 
ntroversial. This study examined the BRAFV600E 
mutation status in samples from a total of 86 
PTMC patients and also retrospectively ana-
lyzed the clinical data from these patients. 

Materials and methods

Patients and samples 

Paraffin-embedded specimens from a total of 
86 PTMC patients at our hospital collected 
between October 2011 and October 2013 were 

used in this study. All patients included in this 
study met the following requirements: (1) 
Unilateral tumor confirmed by ultrasound before 
surgery; (2) PTC diagnosis by both intraopera-
tive rapid pathology and postoperative pathol-
ogy; and (3) treatment via ipsilateral lobectomy, 
isthmectomy, and prophylactic ipsilateral cen-
tral lymph node dissection (CLND). 

Methods

Eluent containing DNA was obtained from 1-2 
paraffin-embedded tissue sections (8 µm in 
thickness) per sample using a DNA kit (Aide 
Biotechnology Inc., Xiamen, China) according to 
the manufacturer’s instructions. The BRAFV600E 
mutation was detected by analyzing real ti- 
me polymerase chain reaction signals using a 
human BRAFV600E mutation detection kit 
(Fluorescence PCR’ Aide Biotechnology Inc., 
Xiamen, China), to determine whether the sam-
ple carried a mutation-positive gene.

Statistical analysis

The SPSS 13.0 statistical software package 
(SPSS, Inc., Chicago, IL, USA) was used for all 
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deviations (SD), and non-nor-
mally distributed data were 
expressed as medians (quar-
tiles). Enumeration data were 
expressed as frequencies and 
rates. The independent sam-
ples t-test (normally distributed 
data), rank-sum test (non-nor-
mally distributed data), or χ2 
test (enumeration data) was 
used to compare 2 variables. 
Univariate and multivariate 
logistic regression analyses 
were used to evaluate the influ-
ences of clinicopathological 
factors on BRAFV600E mutation 
and lymph node metastasis 
(lymph node metastasis as the 
dependent variable). The level 
of significance was defined as 
P < 0.05.

Results

Clinicopathological data from 
patients with thyroid cancer

The clinical and pathological 
features of patients are shown 
in Table 1. A total of 86 cases 
of unilateral PTMC in 8 male 
and 78 female patients (male: 
female patient ratio = 1:9.75; 
age range = 25-73 years, aver-
age age = 43.7 ± 10.3 years) 
were included in this study. 

BRAFV600E mutation detection 
results

The results of gene mutation 
are shown in Figure 1. Of the 
86 evaluated cases of PTMC, 
56 were positive for BRAF mu-
tation and the mutation preva-
lence was 65.1% (56/86), as 
shown in Table 1. 

Association of BRAF mutation 
with clinicopathological fea-
tures of PTMC

The relationships between 
BRAF mutation and clinico-
pathological features of PTMC 

Table 1. Clinicopathological characteristics of 86 patients with 
PTMC
Clinicopathologic characteristics Patients (n) Percentage (%)
Gender
    Male 8 9.3
    Female 78 90.7
Age, yr 43.7 ± 10.3
    ≥ 45 41 47.7
    < 45  45 52.3
Tumor size, mm 6.8 ± 2.2
    5 < and ≤ 10 58 67.4
    ≤ 5 28 32.6
Multifocality
    Multiple (≥ 2) 5 5.8
    Single 81 94.2
Extrathyroid invasion
    Yes 3 3.5
    No 83 96.5
Hashimoto’s disease
    Yes 17 19.8
    No 69 80.2
Lymph node metastases
    Yes 22 25.6
    No 64 74.4
T stage*

    T3 2 2.3
    T1 84 97.7
BRAFV600E mutation
    Yes 56 65.1
    No 30 34.9
*TNM stage is based on the AJCC Cancer Staging Manual, 7th edition (2010).

Figure 1. Gene mutation test results (real time-polymerase chain reaction 
signal curves). Note: The taq enzyme corresponding to the Hex signal is 
DNA specific, whereas the taq enzyme corresponding to the FAM signal 
is BRAF gene specific. The elevated Hex signal curves indicate successful 
DNA extraction. Some elevated FAM signal curves indicate BRAF mutation 
positivity.

analyses. Normally distributed measurement 
data were expressed as means ± standard 

are shown in Table 2. The univariate analysis 
indicated a trend toward a correlation between 
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tion between BRAF 
mutation and the num-
ber of central lymph 
node metastases was 
observed in BRAF 
mutation positive pa- 
tients, as well as the 
ratio of the number of 
metastatic lymph no- 
des to the number of 
total dissected lymph 
nodes (P = 0.057). 
However, the mutation 
status was not signifi-
cantly associated with 
the number of lymph 
nodes dissected from 
the patients (P > 0.05).

Correlations between 
tumor size, BRAF mu- 
tation, and central 
lymph node metasta-
sis are shown in Table 
4. In patients with 
tumors ≤ 10 mm in 

Table 2. Univariate and multivariate analyses of the BRAFV600E mutation and clinicopathological fea-
tures in PTMC

Variable (n = 126)
Univariate analysis Multivariate analysis

OR (95% CI) P-value OR (95% CI) P-value
Gender (male/female) 1.7 (0.3-8.9) 0.542 2.2 (0.3-13.9) 0.416
Age, yr (≥ 45 vs. < 45) 1.1 (0.4-2.6) 0.891 1.7 (0.6-4.6) 0.304
Tumar size, mm (5 < and ≤ 10 vs. ≤ 5) 1.7 (0.7-4.2) 0.283 1.4 (0.5-3.4) 0.494
Multifocality (multiple/single) 2.2 (0.2-20.9) 0.482 3.0 (0.3-33.2) 0.365
Extrathyroidal invasion (yes/no) 1.1 (0.1-12.4) 0.954 0.7 (0.1-9.7) 0.793
Hashimoto’s disease (yes/no) 0.5 (0.2-1.5) 0.244 0.6 (0.2-1.9) 0.396
LNM (yes/no) 3.1 (0.9-10.1) 0.057 3.7 (1.0-13.5) 0.045
T stage (T3/T1) 0.5 (0.1-8.7) 0.655 0.2 (0.01-5.1) 0.339
Note: Age and tumor size were assessed as continuous variables in both the univariate and multivariate analyses.

BRAF mutation and lymph node metastasis (P 
= 0.057). The multivariate analysis indicated a 
significant correlation between BRAF mutation 
and lymph node metastasis (P < 0.05).

The relationship between BRAF mutation and 
central lymph node metastasis

The correlation between BRAF mutation and 
features of central lymph node metastasis is 
shown in Table 3. Compared with BRAF nega-
tive patients, a particular trend toward correla-

diameter, the BRAF mutation status was not 
associated with lymph node metastasis (P > 
0.05). Furthermore, no metastases were found 
in patients negative for the BRAF mutation or 
those with tumors ≤ 5 mm in diameter. 

Discussion

The mechanism by which BRAF mutation 
affects tumor onset and progression may be 
related to abnormal activation of the MAP 
kinase pathway [3]. Zheng et al. [4] found that 

Table 3. Correlation of central lymph node metastasis with BRAFV600E 
mutation

BRAFV600E mutation
P-value 

Positive Negative

LNM (n/%)
Yes 18 (81.8) 4 (18.2)

0.057
No 38 (59.4) 26 (40.6)

Lymph node dissection (n, mean ± s.d.) 4.5 ± 3.5 4.2 ± 2.8 0.634
LNM (n) 0 (0, 1) 0 (0, 0) 0.057
LNM/lymph node dissection (%) 0 (0, 29.9) 0 (0, 0) 0.057
Note: Data were abnormally distributed and are expressed as medians and inter-quartile 
ranges (P25-P75); these were analyzed using the Wilcoxon Rank Sum W Test.

Table 4. Correlations of tumor size and BRAFV600E mutation with lymph 
node metastasis

Tumor size, mm Mutation
Lymph node metastases P-

value Yes (n) Percentage, % No (n) Percentage, %
≤ 5 0.238

Positive 3 18.7 13 81.3
Negative 0 0 12 100

5 < and ≤ 10  0.251
Positive 15 37.5 25 62.5
Negative 4 22.2 14 77.8
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BRAF mutation was closely related to a poor 
clinicopathological outcome and could lead to 
an increase in PTMC recurrence. Through the 
multivariate analysis conducted in this study, 
BRAF mutation was found only to be associat-
ed with lymph node metastasis (P < 0.05). It is 
safe to believe that BRAF mutation is an inde-
pendent predictor of central lymph node metas-
tasis. This result is consistent with the study 
results published by Lin et al [5]. Also, the 
results of this study suggest the importance of 
CLND in preoperatively detected BRAF muta-
tion-positive PTMC patients and that lymphatic 
and adipose tissues should be routinely 
removed. However, a study by Cheng [6] sho- 
wed that BRAF mutation could not be used as 
an independent predictor of lymph node metas-
tasis in PTMC, and this represents a current 
area of contention.

The present study further analyzed the relation-
ships of lymph node metastasis with BRAF 
mutation and tumor size. Again, a certain cor-
relative trend was found between lymph node 
metastasis and BRAF mutation (P = 0.057). 
Although the presence of mutation was not 
associated with an increased number of surgi-
cally dissected central lymph nodes, it was 
related to an increased number and frequency 
of metastatic lymph nodes, indicating the 
effect and predictive value of BRAF mutation 
with respect to central lymph node metastasis. 
Moreover, the study also found that for patients 
with tumors ≤ 10 mm in diameter, BRAF muta-
tion did not correlate with lymph node metasta-
sis (P > 0.05); furthermore, no metastases 
were found in patients negative for BRAF muta-
tion and those with tumors ≤ 5 mm in diameter. 
Currently, very few studies have discussed how 
BRAF mutation influences surgical strategies 
for PTC patients. Although prophylactic CLND is 
well accepted in the field as a routine proce-
dure for PTC patients [7], CLND can increase 
the incidence of complications during surgery, 
and therefore, the patient indications for CLND 
remains under study. This study speculated 
that the necessity of CLND should be reconsid-
ered in BRAF mutation-negative patients with 
tumors ≤ 5 mm in diameter. 

In summary, this study found a BRAFV600E muta-
tion prevalence of 65.1% in PTMC patients and 
determined that BRAFV600E mutation is an inde-
pendent predictor of central lymph node metas-

tasis in PTMC. For patients determined to be 
BRAF mutation-positive during preoperative 
examinations, the importance of CLND should 
be seriously considered and lymphatic adipose 
tissues should be routinely removed. However, 
the necessity of CLND should be reevaluated 
for mutation-negative patients with tumors ≤ 5 
mm in diameter. 
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