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Objectives: To analyze the diagnostic benefit of fine needle aspiration biopsy cytology
(FNAB-C) and core needle biopsy tissue (CNB-T) with the addition of thyroglobulin (Tg) in
the washout of the needle or BRAF VB0OE mutation assessment in assessing cervical
lymph node metastasis (LNM) in papillary thyroid carcinoma.

Materials and Methods: A total of 186 lymph nodes were punctured by fine or core
needle. The diagnostic performance of FNAB-C and CNB-T with Tg in the washout or
BRAF V600E mutation assessment was compared.

Results: The optimal cutoff value of FNAB-Tg was 1.0 ng/ml, with an AUC of 0.976. The
sensitivity and specificity of FNAB-C in predicting cervical LNM were 97.4% and 71.4%,
respectively, and the addition of FNAB-Tg could contribute to a sensitivity of 100% and a
specificity of 95%, but the introduction of BRAF VB0OE mutation assessment was
associated with a decreased sensitivity of 96.3% and a decreased specificity of 50.0%.
The FNAB-Tg level showed a comparable distribution in malignant lymph nodes with
different TgAb statuses, serum TSH levels, and serum Tg levels. The sensitivity and
specificity of CNB-T in predicting cervical LNM were 98.9% and 100%, respectively. The
addition of CNB-Tg did not alter the diagnostic ability, but the introduction of BRAF V600E
mutation assessment obtained the best performance, with a sensitivity of 100% and
specificity of 100%.

Conclusion: The sensitivity and specificity of FNAB-C could be increased if combined
with FNAB-Tg. CNB-T alone could provide satisfactory diagnostic reliability.
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INTRODUCTION

Papillary thyroid carcinoma (PTC) is the most common
endocrine malignancy and accounts for more than 90% of all
thyroid cancers (1). Unilateral or bilateral thyroidectomy
combined with central neck dissection is the routine method of
operation according to our guidelines (2). Lateral neck dissection
is performed if cervical lymph node metastasis (LNM) is
pathologically confirmed preoperatively or intraoperatively.
Even if the operation is successful, a number of patients suffer
from regional recurrence (3, 4); for these patients, it is important
for the surgeon to accurately assess the lesion status
preoperatively to avoid unnecessary surgery.

Ultrasound-guided fine needle aspiration biopsy cytology
(FNAB-C) and core needle biopsy tissue (CNB-T) play an
important role in evaluating cervical lymph node status in
thyroid cancer and head and neck squamous cell carcinoma
(SCQ), respectively (5-21). However, the value of FNAB-C is
greatly limited if the number of specimens is small or the
specimens are obtained from cystic lymph nodes. Since it was
first described by Pacini et al. (11), the measurement of
thyroglobulin (Tg) in the washout of the needle (FNAB-Tg)
has attracted increasing attention because of its higher reliability
than FNAB-C (12-15). However, there is still great controversy
regarding the best cutoff value of FNAB-Tg and whether serum
thyroid stimulating hormone (TSH), thyroglobulin antibody
(TgAb), serum Tg, and thyroid tissue interfere with the
accuracy of FNAB-Tg (16, 17). Some researchers have reported
that the clinical performance of FNAB-Tg was not affected by
TgAb and TSH (10, 12), but others have asserted that the
diagnostic value of FNAB-Tg could be greatly influenced by
the presence of thyroid tissue, serum Tg, and TgAb (7, 14,
15, 18).

No researchers have yet analyzed the association between
cervical LNM and CNB-T in thyroid cancer, so it remains
unclear whether CNB-T is superior to FNAB-C in indicating
LNM. In addition, the BRAF V600E mutation is the most
common genetic alteration in thyroid cancer and occurs in
nearly 80% of primary tumors and 50% of metastatic lymph
nodes (22, 23). It therefore remains unknown whether the
introduction of BRAF V600E mutation assessment could
increase the diagnostic reliability of CNB-T and FNAB-C.

Thus, in the current study, we aimed to determine the answer
to optimal value of Tg in the washout and compare the
diagnostic performance between CNB-T and FNAB-C
combined with/without Tg or BRAF 600E mutation assessment.

PATIENTS AND METHODS

Ethics Statement

The Our Hospital Institutional Research Committee approved
our study, and all participants provided written informed
consent. All methods were performed in accordance with the
relevant guidelines and regulations. All procedures performed in
studies involving human participants were in accordance with

the ethical standards of the institutional and/or national research
committee and with the 1964 Declaration of Helsinki and its
later amendments or comparable ethical standards.

Patient Selection

From January 2018 to October 2020, medical records of patients
with surgically treated primary or recurrent/metastatic PTC were
retrospectively reviewed. Enrolled patients must meet the
following criteria: the patient underwent preoperative fine or
core needle biopsy for suspicious lymph nodes and the
punctured lymph nodes had been surgically excised. Then, 306
patients who had lymph node biopsy for suspicious metastasis
from PTC were selected. A total of 143 patients had negative
CNB-T or FNAB-C results and did not receive surgical treatment
for the lymph nodes, and 8 patients had positive CNB-T or
FNAB-C results but did not receive surgical treatment for the
lymph nodes. These 151 patients were excluded, therefore, a total
of 155 patients were enrolled for analysis.

Treatment Principles

Based on our guidelines for thyroid cancer (2), central neck
dissection was routinely performed on patients treated for the
first time, and lateral lymph node status was first assessed by
ultrasound if there was suspicion of lateral LNM, FNAB-C or
CNB-T combined with or without Tg in the washout or BRAF
600E mutation assessment.

For patients suspected of having regional recurrence,
FNAB-C or CNB-T combined with or without Tg in the
washout or BRAF 600E mutation assessment was performed
for lateral neck lymph nodes, and FNAB-C or CNB-T combined
with or without BRAF 600E mutation assessment was performed
for central neck lymph nodes.

Cervical LNM was suggested if there were the following
features, for ultrasound: absence of an echogenic hilum, round
shape, microcalcification, peripheral blood flow on color
Doppler images, or cystic changes (7-18); for CT: area with
clear evidence of nonfat, low-density, or liquid components;
largest diameter >15 mm at level II and >10 mm at other
levels; and ratio of the longest to smallest diameter <2.

The FNAB-C and CNB-T results were both classified into
three groups: inadequate or nondiagnosis, negative, or positive
for metastatic PTC. Immunohistochemistry was performed if
there was a need for accurate diagnosis.

For patients treated for the first time, lateral neck dissection
was performed if there was a positive FNAB-C or CNB-T result
regardless of the value of Tg in the washout or BRAF 600E status;
if there was a negative or nondiagnosis FNAB-C or CNB-T result
but high Tg in the washout or BRAF 600E mutation assessment,
frozen sectioning of the suspicious lymph nodes was
also performed.

For patients suspected of having regional recurrence, an
operation was performed if there was a positive FNAB-C or
CNB-T result regardless of the Tg value in the washout or BRAF
600E status; if there was a negative or nondiagnosis FNAB-C or
CNB-T result but high Tg in the washout or BRAF 600E
mutation assessment, different procedures, including repeated
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aspiration, close monitoring, direct surgery, etc., were
selected accordingly.

Important Variable Definition

The normal ranges for serum TSH, Tg, and TgAb were from 0.27
mIU/L to 4.2 mIU/L, from 3.5 ng/ml to 77 ng/ml, and from 0 to
115 TU/ml, respectively. TgAb(+) was indicated if its value was
higher than 115 IU/ml.

Fine and Core Needle Aspiration
Technique and BRAF 600E

Mutation Assessment

Fine needle aspiration biopsy was performed using a 22-gauge,
and core needle biopsy was performed using an 18-gauge needle.
Each aspiration was repeated at least three times to allow
cytological or tissue examination and Tg in the washout
determination or BRAF 600E mutation assessment.
Immediately after aspiration, the needle and syringe were
washed with 1 ml of normal saline and then sent to the
laboratory if the Tg assay was required. A sufficient sample
with an adequate number of tumor cells was used for real-time
PCR analysis if BRAF 600E mutation assessment was required.

Statistical Analysis

The final outcome was confirmed by postoperative pathology, and
the diagnostic abilities of FNAB-C and CNB-T were assessed with
respect to their sensitivity, specificity, positive predictive value
(PPV), and negative predictive value (NPV). The Mann-Whitney
U test was used to compare the FNAB-Tg values between different
groups. All statistical analyses were performed with SPSS 20.0, and
p<0.05 was considered to be significant.

RESULTS

Characteristics of the Patients

and Lymph Nodes

Finally, 155 patients (50 male and 105 female) were enrolled, with a
mean age of 43.7 (range: 19-78) years. Ninety-five (61.3%) patients
had received no prior treatment, 49 (31.6%) patients had previously
undergone total thyroidectomy, and 11 (7.1%) patients had
previously received unilateral thyroid lobectomy (Table 1). A total
of 186 solid lymph nodes were punctured and surgically treated;

TABLE 1 | Information of the enrolled 155 patients.

Variables Patients (%)
Age
<55 116 (74.2%)
>55 40 (25.8%)
Sex
Male 50 (32.3%)
Female 105 (67.7%)
Prior treatment
None 95 (61.3%)
Total thyroidectomy 49 (31.6%)
Unilateral thyroid lobectomy 11 (7.1%)

among them, 88 (47.3%) lymph nodes underwent fine needle
aspiration and 98 (52.7%) lymph nodes underwent core needle
aspiration. Fifteen (8.1%) lymph nodes were located at level 6, and
171 (91.9%) lymph nodes were located at the lateral neck (levels 2-
5). Postoperative pathology confirmed metastatic disease in 174
(92.6%) lymph nodes. BRAF 600E mutation assessment was
performed in 88 lymph nodes, and a mutation was identified 41
(46.6%, 41/88) patients. Tg in the washout was evaluated in 98
lymph nodes, and its value was less than 1 ng/ml in 13 (13.3%, 10/
98) patients and greater than 1 ng/ml in 85 (86.7%, 88/98) patients
(Table 2).

ROC Curve of the Optimal Cutoff

Value of FNAB-Tg

According to the ROC analysis (Figure 1), the optimal cutoff
value of FNAB-Tg was 1.0 ng/ml, with an AUC of 0.976, and its
sensitivity and specificity in predicting cervical LNM were 94.4%
and 100%, respectively.

Diagnostic Performance Between FNAB-C
and CNB-T

In 78 lymph nodes with positive FNAB-C results, 76 lymph
nodes were confirmed to be metastatic by positive pathology; 7
lymph nodes had negative results, and 2 lymph nodes were
confirmed to be metastatic by positive pathology. The sensitivity
and specificity of FNAB-C in predicting cervical LNM were
97.4% and 71.4%, respectively (Table 3).

In 91 lymph nodes with positive CNB-T results, all lymph
nodes were confirmed to be metastatic by positive pathology; in 7
lymph nodes had negative results, and 1 lymph node was
confirmed to be metastatic by positive pathology. The
sensitivity and specificity of CNB-T in predicting cervical LNM
were 98.9% and 100%, respectively (Table 3).

Effect of BRAF 600E Mutation Assessment
on the Diagnostic Performance of FNAB-C
and CNB-T

In 32 lymph nodes, both FNAB-C and BRAF 600E mutation
assessments were performed; in 28 lymph nodes with positive

TABLE 2 | Information of the 186 punctured lymph nodes.

Variables Number (%)

Puncture type

Fine needle 88 (47.3%)

Core needle 98 (562.7%)
Location

Level 2-5 171 (91.9%)

Level 6 15 (8.1%)
Postoperative pathology

Malignant 174 (93.5%)

Benign 12 (6.5%)
BRAF 600E mutation assessment

Positive 41 (46.6%, 41/88)

Negative 47 (53.4%, 47/88)
Tg in the wash-out

<Ing/ml 13 (13.3%, 10/98)

>1ng/ml 85 (86.7%, 88/98)
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FIGURE 1 | The ROC curve of thyroglobulin in the washout of the needle for
indicating lymph node metastasis.

TABLE 3 | Diagnostic performance of between FNAB-C and CNB-T.

Postoperative pathology

Malignant Benign
FNAB-C
Positive 76 (97.4%) 2 (28.6%)
Negative 2 (2.6%) 5 (71.4%)
CNB-T
Positive 91 (98.9%) 0
Negative 1(1.1%) 6 (100%)

FNAB-C results or BRAF 600E mutation assessments, 27 lymph
nodes were found to be metastatic. The sensitivity and specificity
of FNAB-C combined with BRAF 600E mutation assessment in
predicting cervical LNM were 96.4% and 50%, respectively
(Table 4).

In 56 lymph nodes, both CNB-T and BRAF 600E mutation
assessments were performed; in 52 lymph nodes with positive
CNB-T results or BRAF 600E mutation assessments, all lymph
nodes were found to be metastatic. The sensitivity and specificity
of CNB-T combined with BRAF 600E mutation assessment in
predicting cervical LNM were 100% and 100%, respectively
(Table 4).

TABLE 4 | Diagnostic performance in FNAB-C and CNB-T combined with or
without Tg in the wash-out or BRAF 600E mutation assessment.

Sensitivity Specificity PPV NPV

FNAB-C 97.4% 71.4% 97.4% 71.4%
FNAB-C and FNAB-Tg 100% 95% 98%  100%
FNAB-C and BRAF 600E mutation 96.4% 50.0% 96.4% 50.0%
CNB-T 98.9% 100% 100% 85.7%
CNB-T and CNB-Tg 97.6% 100% 100% 66.7%
CNB-T and BRAF 600E mutation 100% 100% 100%  100%

Effect of Tg on the Diagnostic
Performance of FNAB-C and

CNB-T in the Washout

In 55 lymph nodes, both FNAB-Tg and FNAB-C were
performed, and all 49 lymph nodes with positive FNAB-C
results or high FNAB-Tg (=1 ng/ml) were confirmed to be
metastatic postoperatively. The sensitivity and specificity of
FNAB-C combined with FNAB-Tg in predicting cervical LNM
were 100% and 95%, respectively (Table 4).

In 43 lymph nodes, both CNB-Tg and CNB-T were
performed, and all 40 lymph nodes with positive CNB-T
results or high CNB-Tg (=1 ng/ml) were confirmed to be
metastatic postoperatively. The sensitivity and specificity of
CNB-T combined with CNB-Tg in predicting cervical LNM
were 97.6% and 100%, respectively (Table 4).

Association Between TgAb, Serum TSH,
Serum Tg, Thyroid Tissue and FNAB-Tg

In 40 positive lymph nodes from TgAb(+) patients, the mean
FNAB-Tg value was 228.1 + 211.8 ng/ml, and in 58 positive
lymph nodes from TgAb(-) patients, the mean FNAB-Tg value
was 284.1 + 211.8 ng/ml; the difference was not significant
(p=0.188). (Table 5)

In 36 positive lymph nodes from low TSH patients, the mean
FNAB-Tg value was 293.3 + 211.6 ng/ml, in 35 lymph nodes
from normal TSH patients, the mean FNAB-Tg value was
263.3 + 214.1 ng/ml, and in 27 lymph nodes from high TSH
patients, the mean FNAB-Tg value was 224.1 + 184.9 ng/ml.
However, this difference was not significant (p=0.413) (Table 5).

In 33 positive lymph nodes from low serum Tg patients, the
mean FNAB-Tg value was 260.0 = 207.6 ng/ml, in 35 lymph
nodes from normal serum Tg patients, the mean FNAB-Tg value
was 252.7 + 204.9 ng/ml, and in 30 lymph nodes from high
serum Tg patients, the mean FNAB-Tg value was 282.0 + 210.0
ng/ml. However, this difference was not significant (p=0.846)
(Table 5).

In 23 positive lymph nodes from patients without thyroid
tissue presence, the mean FNAB-Tg value was 214.9 + 194.0

TABLE 5 | Distribution of FNAB-Tg in positive lymph nodes with different
characteristics.

Characteristic FNAB-Tg (ng/ml) p
TgAb

Positive 228.1 +211.8

Negative 2841 +211.8 0.188
Serum TSH

High 2241 +184.9

Normal 263.3 + 2141

Low 293.3 +211.6 0.413
Serum Tg

High 282.0 + 210.0

Normal 252.7 +204.9

Low 260.0 + 207.6 0.846
Thyroid tissue

Yes 264.1 +207.2

No 214.9 + 194.0 0.331
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ng/ml, and in 75 positive lymph nodes from patients with
thyroid tissue presence, the mean FNAB-Tg value was 264.1 +
207.2 ng/ml. However, this difference was not significant
(p=0.331) (Table 5).

Association Between TgAb, Serum TSH,
Serum Tg, Thyroid Tissue and the
Diagnostic Performance of FNAB-Tg

As described in Table 6, both the sensitivity and NPV were 100%
in positive lymph nodes with different characteristics, and both
the specificity and PPV had a variation range of less than 5.0%.

DISCUSSION

The most important finding in the current study was that the
optimal cutoff value of FNAB-Tg was 1.0 ng/ml, and its addition
increased the sensitivity and specificity of FNAB-C. The
diagnostic performance was not affected by TgAb, serum TSH,
serum Tg, or thyroid tissue. CNB-T alone could provide
satisfactory diagnostic reliability, and the additional benefit was
greater with BRAF 600E mutation assessment than with FNAB-
Tg. In all groups, CNB-T combined with BRAF 600E mutation
assessment had the best diagnostic ability.

The optimal cutoff of FNAB-Tg value had been studied
previously and reported to be in the range of 0.9 ng/ml to 50
ng/ml (17). A meta-analysis by Grani et al. (17) indicated a
pooled sensitivity of 94.8% and a specificity of 91.2% with a cutoff
of 0.9-1.1 ng/ml, a pooled sensitivity of 87.7% and a specificity of
94.2% with a cutoff of 10 ng/ml, and a pooled sensitivity of 97.3%
and specificity of 94.9% with a cutoff of serum Tg in predicting
cervical NLM. Uruno et al. (5) analyzed 129 fine needle
punctured lymph nodes, of which 105 lymph nodes were
positive by FNAB-Tg (range 6.2-8000 ng/ml) and 24 lymph
nodes were negative (range 0.6-88.8 ng/ml). FNAB-Tg and
FNAB-C can compensate for the loss of the other based on the

TABLE 6 | Association between TgAb, serum TSH, serum Tg, thyroid tissue and
the diagnostic performance of FNAB-C and FNAB-Tg in positive lymph nodes.

Characteristics Diagnostic performance of FNAB-C and FNAB-Tg

Sensitivity Specificity PPV NPV

TgAb

Positive 100% 98.4% 100% 100%

Negative 100% 94.1% 96.9% 100%
Serum TSH

High 100% 92.3% 100% 100%

Normal 100% 94.7% 96.7% 100%

Low 100% 97.8% 98.3% 100%
Serum Tg

High 100% 93.7% 98.1% 100%

Normal 100% 95.2% 100% 100%

Low 100% 96.9% 97.2% 100%
Thyroid tissue

Yes 100% 96.6% 99.0% 100%

No 100% 93.5% 97.2% 100%

assumption that the lymph node is positive if the FNAB-Tg value
is higher than the serum Tg level, taking blood contamination
into consideration. However, in practice, the sample for FNAB-
Tg is diluted with 1 ml normal saline, with a typical dilution
between 50 and 200. In addition, Borel et al. (24) reported that
the maximum blood contamination of the needle washout fluid
in theory was approximately 20% and contamination was less
than 5% in experiments evaluating albumin concentration in
FNAB washout fluid; therefore, even if blood contamination did
occur, the FNAB-Tg value was still lower in a negative lymph
node than in a positive lymph node. This finding was supported
by our ROC results. Pathology results are typically the gold
standard for decision making in thyroid cancer; therefore, the
main contribution of FNAB-Tg assessment is in determining the
best balance between necessary and unnecessary surgery in
metastatic patients with a negative or nondiagnostic
pathological result. Konca Degertekin et al. (12) analyzed the
diagnostic accuracy of FNAB-C and FNAB-Tg in 51 lymph
nodes and found that FNAB-Tg>1 ng/ml was associated with
similar accuracy and even a higher specificity and PPV compared
to FNAB-C alone, and the authors concluded that the best cutoff
value was 1.0 ng/ml. Moon et al. (25) reported that the median
FNAB-Tg was 521.2 ng/ml in malignant lymph nodes, and the
optimal cutoff value of FNAB-Tg was 1.0 ng/ml, with a sensitivity
of 93.2% and a specificity of 95.9%. Combining FNAB-Tg and
FNAB-C showed superior diagnostic power compared with the
diagnostic strategy of using either FNAB-C or FNAB-Tg alone.
The finding was consistent with our own results: a cutoff value of
1.0 ng/ml is related to high sensitivity and specificity.

However, factors that could affect FNAB-Tg need to be
analyzed further. Li et al. (18) described 6 cases with very
elevated FNAB-Tg levels that were confirmed to be normal
thyroid tissue, in which 3 cases were labeled as metastatic
lymph nodes at level 6. It has been accepted that residual
thyroid tissue might be mistaken for suspicious lymph nodes
in patients with a history of thyroid surgery, and this viewpoint
was confirmed by Jeon et al. (7) and Tang et al. (15): some cases
with high FNAB-Tg levels were ultimately explained by remnant
thyroid tissue. Therefore, caution must be taken when a negative
FNAB-C result but a high FNAB-Tg level is observed in samples
collected from the central neck. However, the situation in lateral
cervical lymph nodes is more difficult to discern. Usually, the
needle path does not pass through the thyroid region during
puncture for levels 2-5, and our results also confirmed that there
was no thyroid tissue to be considered for a negative FNAB-C
but positive FNAB-Tg.

The interference effect of TgAb is most frequently evaluated
in the literature but remains unclear. Jo et al. (14) demonstrated
that the FNAB-Tg level was significantly higher in TgAb- patients
than in TgAb+ patients, and its sensitivity and PPV were
increased by >10% in TgAb- patients compared to TgAb+
patients when using the same cutoff value. However, Konca
Degertekin et al. (12) reported that TgAb+ and TgAb- patients
had comparable FNAB-Tg levels in malignant lymph nodes, and
the diagnostic performance of FNAB-Tg was independent of
TgAb status. Similar findings were also published by Boi et al. (10)
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and Duval et al. (26). There were at least two explanations for this
finding: on the one hand, TgAb was negative in FNAB from
patients with positive serum TgAb (27), and on the other hand, an
elevated FNAB-Tg level can easily override the effect of TgAb
caused by blood contamination.

The role of TSH and serum Tg has only been analyzed
occasionally. One study commented that TSH increased the
possibility of false-negative FNAB-Tg in malignant cases (7),
but there was no strong evidence to support this viewpoint.
In our opinion, blood contamination is a direct or indirect
cause that could explain the effect of TSH and serum Tg. In
the current study, FNAB-Tg was at the same level in patients
with positive lymph nodes who had different TSH and serum Tg
levels, and the diagnostic performance of FNAB-C had little
relationship with TSH and serum Tg. This finding might be
partially due to the abilities of our experienced thyroidologists
and cytopathologists.

BRAF 600E mutation was the most common genetic change
in PTC patients with geographical differences and occurred in
most of the primary tumors and metastatic lymph nodes. Chen
et al. (23) reported that 78% of positive lymph nodes had BRAF
600E gene changes, but the mutation was not associated with the
number, extranodal extension, or stage of the positive lymph
nodes. A slightly lower rate of 47.1% was reported by Kurtulmus
et al. (22), but the authors found that the presence of the BRAF
600E mutation in lymph nodes was not affected by mutation in
the primary tumor. This finding introduced the possibility of
BRAF 600E mutation assessment in predicting cervical LNM. Li
et al. (28) might be the only author to evaluate the utilization of
BRAF 600E mutation assessment in diagnosing cervical LNM; in
their study, 27 positive lymph nodes had a negative FNAB-C
result, but 17 of the 27 cases were positive for BRAF 600E
mutation. The authors concluded that BRAF 600E mutation
assessment could provide diagnostic support in PTC patients,
but the benefit extent was small. In our study, it was also noted
that compared to FNAB-C alone, the diagnostic performance of
FNAB-C combined with BRAF 600E mutation assessment was
reduced. One possible explanation is that the samples collected
from fine needle puncture ready for BRAF 600E mutation
assessment were very limited, increasing the misdiagnosis rate.

Core needle biopsy is another method for disease diagnosis.
Novoa et al. (21) confirmed its reliability based on a systemic
analysis revealing that CNB provided a correct specific diagnosis
in 87% of cases without major complications; however, no other
authors have tried to evaluate the feasibility of CNB in predicting
cervical LNM in PTC. We were the first to report the high
sensitivity and specificity of CNB alone, which could be
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explained by the fact that only clinically suspicious lymph
nodes were punctured, and all the procedures were performed
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