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Abstract
Background: Thyroglobulin measurement with fine-needle aspiration (Tg-FNA) is a sensitive method for detecting
metastatic papillary thyroid carcinoma (PTC). However, the diagnostic threshold is not well established and the
influence of the thyroid gland on the cutoff value is also controversial. In this study, patients were classified into
two groups according to the presence or absence of thyroid tissue, to determine an appropriate cutoff value for
clinical practice.
Methods: Patients with a history of thyroid nodules or surgery for PTC and with enlarged cervical lymph nodes on
an FNA examination were enrolled for Tg-FNA detection.
Results: One hundred ninety-six lymph nodes (189 patients) were included: 100 from preoperative patients, 49
from patients treated with partial thyroid ablation, and 47 from patients with total thyroid ablation. In 149 lymph
nodes from patient with thyroids, the cutoff value for Tg-FNA was 55.99 ng/mL (sensitivity, 95.1%; specificity, 100%),
whereas in 47 lymph nodes from patients without a thyroid, it was 9.71 ng/mL (sensitivity, 96.7%; specificity, 100%).
Thus, the cutoff value for Tg-FNA was higher in patients with thyroids than in patients without thyroids.
Conclusions: The cutoff value for Tg-FNA is influenced by residual thyroid tissue, and a higher cutoff value is
recommended for patients with thyroids than for patients without thyroids.
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Background
In the last three decades, thyroid carcinoma has become
the most rapidly increasing disease throughout the
world, including on the Chinese mainland [1]. Papillary
thyroid carcinoma (PTC) accounts for the majority of all
thyroid cancers. Lymph-node metastasis is a frequent
finding at the onset or during the follow-up of PTC, and
ultrasonography and fine-needle aspiration cytology
(FNAC) are the most important modalities for the evaluation of lymph-node metastasis. Ultrasonography is
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highly sensitive in detecting cervical metastases, but its
specificity is low [2]. Although FNAC is highly specific,
its false-negative rate can be as high as 8.6%–24% because of sampling error [3, 4].
Thyroglobulin measurement with fine-needle aspiration (Tg-FNA) was initially proposed in 1992 by Pacini
et al. for the detection of neck lymph-node metastasis in
patients with PTC [5]. Several studies have reported that
Tg-FNA is more sensitive than FNAC in detecting metastasis and that the sensitivity of FNAC is increased
when combined with Tg-FNA [6–15]. However, the diagnostic threshold has not been well established. Apart
from differences in the sample treatments and Tg assays,
the Tg-FNA cutoff may differ in the presence or absence
of the thyroid gland because thyroglobulin can be
detected in the FNA washout fluid from nonmetastatic
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lymph nodes in the presence of a thyroid gland [13].
However, few studies have investigated the different cutoff values for Tg-FNA measurements in athyrotic patients and patients with thyroid glands [15–17].
We separated patients into two groups according to
the presence or absence of the thyroid gland. One group
contained patients with a thyroid, including patients
awaiting surgery or after partial thyroid resection. The
other contained patients who had undergone total thyroid ablation (followed or not by 131I ablative therapy).
We analyzed the difference in the cutoff values for these
two groups and evaluated the influence of the presence/
absence of the thyroid gland on the cutoff value.

Methods
Case selection

The specimens were collected consecutively from the
National Cancer Center/Cancer Hospital, Chinese Academy of Medical Sciences, between September 2012 and
June 2015. The patients included in the study were selected on the basis of the following criteria: [1] enlarged
cervical lymph nodes and referred to our institution by
their physicians for an FNA examination; and [2] a
history of thyroid nodules or surgery for PTC. In total,
189 patients and 196 lymph nodes were evaluated. The
study protocol was reviewed and approved by the Ethics
Committee of the National Cancer Center/Cancer
Hospital. All patients gave their informed consent.
FNA cytology

Palpable lesions were aspirated by cytopathologists, and
nonpalpable lesions were aspirated by experienced radiologists under real-time ultrasound guidance. FNA was
performed with a 22-gauge needle attached to a 10-mL
syringe, without the aid of a syringe holder. If there was
enough aspirated fluid, several drops of it were first
added to 0.5 mL of normal saline solution for the Tg
measurement. The residual aspirate in the needle was
then rinsed in CytoLyt (Hologic, Marlborough, MA,
USA) to prepare a ThinPrep (Hologic) slide. If there
was little aspirate, it was only rinsed in CytoLyt (Hologic, Marlborough, MA, USA) to prepare a ThinPrep
(Hologic) slide. Another aspiration was performed and
the material of the second aspirate was added to
0.5 mL of normal saline solution for Tg measurement.
The cytology slides were fixed in alcohol and stained
with Papanicolaou stain. They were then interpreted
by cytologists with experience ranging from 5 to
18 years. The cytological diagnosis was categorized as
benign, atypical, suspected PTC/malignant, or PTC/
malignant. All cases, except those diagnosed cytologically as benign, were reviewed by these cytopathologists
in daily conferences.
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Measurement of Tg-FNA, serum Tg, and TgAb

The FNA wash-out specimens were stored at −20 °C
and transferred to the clinical laboratory within 1 month
for the analysis of Tg. Serum Tg was only measured in
patients on the advice of their physicians. The Tg concentrations in both the serum and FNA wash-out were
measured with an automated electrochemiluminescence immunoassay (Cobas e 601, Roche Diagnostics,
Mannheim, Germany). The minimum detectable Tg
concentration was 0.04 ng/mL. The maximum Tg concentration detectable in our laboratory was 500 ng/mL.
If the Tg level of the sample was above the maximum
value (500 ng/mL), the sample was diluted and examined again. According to previous reports, the cutoff
value was far lower than the maximum value [5–14].
Therefore, we decided to perform no further examination of the samples with maximum values, and
recorded these values as 500+ ng/mL. Serum TgAb was
also measured with an automated electrochemiluminescence immunoassay (Cobas e 601, Roche Diagnostics,
Mannheim, Germany) with a functional sensitivity of
10 IU/mL.

Data analysis and statistical analysis

The final positive diagnoses were based on histological confirmation of metastatic PTC or a cytological diagnosis of PTC. The final negative
diagnoses were made based on malignancy-free
lymph nodes according to cytology and negative
follow-up imaging for at least 6 months, or histologically or cytologically confirmed lymph-node metastases from extrathyroidal malignancies.
The cytological results were grouped into two categories according to the cytology reports. Cases with reports
documenting PTC and those documenting suspected
PTC were considered positive. Negative diagnoses were
assigned to (1) cases with reports where ‘atypical’ was
mentioned but ‘PTC’ was not; (2) cases of lymph nodes
with reactive hyperplasia; and (3) cases with reports of
extrathyroidal malignancies.
‘TgAb positive’ was defined as serum TgAb > 60 IU/
mL and ‘TgAb negative’ as serum TgAb ≤60 IU/mL, according to a previous report [18].
A receiver operating characteristic (ROC) curve
analysis was conducted to determine the most appropriate threshold value for Tg-FNA, with the areas
under the ROC curves (AUCs) and confidence intervals (CIs) assessed with MedCalc version 14.10.2.
Comparisons of significant differences between
groups were made with the χ2 test. Statistical analyses were performed with SPSS 12.0 (SPSS Inc.,
Chicago, IL, USA), and P < 0.05 was considered
statistically significant.
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Results
Characteristics of patients and lymph nodes

In this study, 196 lymph nodes (189 patients) were
enrolled: 100 (51.0%) from preoperative patients, 49
(25.0%) from patients treated with partial thyroid ablation, and 47 (24.0%) from patients with total thyroid
ablation. Thirty-seven of the 91 patients (96 lymph
nodes) who underwent surgery did so in our hospital,
and the details of their operations are shown in
Additional file 1: Table S1. (Because the other 54 patients did not undergo surgery in our hospital, we cannot present the details of their operations; the presence/
absence of thyroid was evaluated with ultrasound at our
hospital). Of the lymph nodes from patients who had
undergone total thyroid ablation, 24 had been treated
with 131I ablation therapy.
In the final diagnosis, 111 nodes were positive for
metastatic PTC (one special case was diagnosed as metastatic thyroid carcinoma, in which the tumor was mainly
composed by squamous carcinoma, with a small amount
of papillary carcinoma), and the remaining 85 were
negative (50 lymphadenitis and 35 metastases from
extrathyroidal malignancies). In patients with metastatic
PTC, 17 (15.3%) lymph nodes had a maximum diameter
of ≤1 cm and 49 (44.1%) were cystic (Table 1).
Optimal cutoff value for Tg-FNA measurement

The values for Tg-FNA ranged from 0.642 ng/mL to 500+
ng/mL (median 500+ ng/mL) in metastatic PTC lymph
nodes; from 0.04 ng/mL to 13.06 ng/mL (median
1.525 ng/mL) in lymphadenitis; and from 0.1 to 52.2 ng/
mL in metastases from extrathyroidal malignancies
(median 1.24 ng/mL). We used ROC curves to evaluate
the diagnostic capacity of Tg-FNA to detect metastatic
PTC. The AUCs were 0.999 (95% CI, 0.997–1.000) in
patients with thyroids and 0.984 (95% CI, 0.952–1.000)
in patients without thyroids. The cutoff value for TgFNA was higher in patients with thyroids than in
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patients without thyroids. In the 149 lymph nodes from
patients with thyroids, the cutoff value for FNA-Tg was
55.99 ng/mL (sensitivity, 95.1%; specificity, 100%),
whereas in the 47 lymph nodes from patients without
thyroids, it was 9.71 ng/mL (sensitivity, 96.7%; specificity, 100%).
Cutoff value at Tg-FNA/serum-Tg ratio > 1.0 for Tg-FNA
measurement

The serum Tg levels were evaluated in 68 patients before
the FNA examination. The periods between the serum
Tg examination and the FNA examination ranged from
0 to 60 days (median 7.5 days). In 68 patients with recorded serum Tg levels, 59 had metastatic PTC and nine
had reactive lymph nodes on the final diagnosis. When
the cutoff value of the Tg-FNA/serum-Tg ratio was >1.0,
the sensitivity and specificity of the Tg-FNA measurement were 89.8% and 77.8%, respectively.
Diagnostic ability of FNAC

FNAC correctly diagnosed 99 of 111 metastatic PTCs,
but failed to diagnose 12. Among the 12 cytology-missed
lymph nodes, nine were cystic and three were solid. The
maximum diameter of two of the solid nodes was
<1 cm. FNAC correctly diagnosed all 50 nodes from
patients with lymphadenitis, whereas in 35 lymph nodes
from patients with metastases from extrathyroidal malignancies, FNAC missed one case of cystic squamous carcinoma and correctly diagnosed the others (Table 2).
When identifying metastatic PTC, the sensitivity, specificity, and diagnostic accuracy of FNAC were 89.2% (99/
111), 100% (85/85), and 93.9% (184/196), respectively.
Diagnostic performance of FNAC combined with Tg-FNA
measurement

The diagnostic strategy using FNAC alone had a sensitivity of 89.2% and a specificity of 100% in determining
metastatic PTC, whereas a higher sensitivity (99.1%,

Table 1 Clinical characteristics of 196 lymph nodes
Metastatic PTC (n = 111)

Lymphadenitis (n = 50)

Metastases from extrathyroidal
malignancies (n = 35)

48 (43.2%)

19 (38.0%)

33 (94.3%)

Patient’s thyroid conditions
No-surgery
Partial ablation

33 (29.7%)

14 (28.0%)

2 (5.7%)

Total ablation

30 (27.0%)

17 (34.0%)

0 (0%)

≤ 1 cm

17 (15.3%)

8 (16.0%)

0 (0.0%)

> 1 cm

94 (84.7%)

42 (84.0%)

35 (100.0%)

cystic

49 (44.1%)

3 (6.0%)

16 (45.7%)

solid

62 (55.9%)

47 (94.0%)

19 (54.3%)

Size of lymph node

Characteristics Of lymph node
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Table 2 Fine-needle aspiration cytology vs. final diagnosis
Cytology
diagnosis

Final diagnosis
Metastatic PTC

Lymphadenitis

Metastases from
extrathyroidal
malignancies
(n = 35)

(n = 111)

(n = 50)

Benign

7

49

1

Atypical

5

1

0

Suspicious
PTC/Malignance

22

0

6

PTC/Malignant

77

0

28

P = 0.002) and similar specificity (100%, P = 1.000) were
obtained with a diagnostic strategy that combined TgFNA and FNAC. With this strategy, the cutoff value was
55.99 ng/mL for patients with thyroids and 9.71 ng/mL
for patients without thyroids (Table 3). Twelve lymph
nodes with metastatic PTC were misdiagnosed by
FNAC. Among these 12 cases, 11 were detected by TgFNA measurements. The specific Tg-FNA levels in the
12 cases missed by FNAC are listed in Table 4.
Influence of serum TgAb on the diagnostic efficacy of
Tg-FNA

The influence of serum TgAb on the diagnostic performance of Tg-FNA is shown in Table 5. In the TgAbpositive group, Tg-FNA had a sensitivity of 92.3% in
identifying metastatic PTC. However, in the TgAbnegative group, the sensitivity of Tg-FNA was 95.7%.
Therefore, the diagnostic capacity of Tg-FNA was similar in the two different groups (P = 0.628).
Cases managed with FNAC combined with Tg-FNA
measurement

In the last stage of the study, a Tg-FNA measurement
was made as a clinical assessment. The decision for surgery was based not only to the FNA results but also on
the Tg-FNA level. Additional file 2: Table S2 shows all
the patients managed with FNAC combined with TgFNA measurement. Among the nine patients, the clinical management of three was altered based on their
Tg-FNA measurements. Two patients (case 5 and case
9), with negative cytology results, showed significantly
elevated Tg-FNA levels, and were therefore easily diagnosed with metastatic PTC. Another patient (case 3)

with negative cytology results showed slightly elevated
Tg-FNA (12.8 ng/mL). In this situation, it was hard for
surgeons to make a decision. Because this patient had a
history of total thyroid ablation and a serum Tg level of
<0.04 ng/mL, the surgeon believed that 12.8 ng/mL was
abnormal for this patient and suggested that the patient
be managed with surgery. This lymph node was ultimately found to be metastatic PTC during surgery.

Discussion
Tg-FNA measurement is a useful tool for detecting metastases from PTC, with high sensitivity and specificity,
in both the preoperative and postoperative context. Although this procedure is now recommended by the
American and European Thyroid Association guidelines
[19, 20], the cutoff value for Tg-FNA is still controversial
[6–17]. In previous reports, the functional sensitivity of
Tg measurements was the most commonly used threshold values [7, 10–12]. However, this threshold value suffers from several limitations. Tg-FNA may be higher if
the patient has a remnant thyroid gland. The aspirate
may be contaminated with blood containing high levels
of Tg, or the Tg secreted by the remnant thyroid may be
transported to the regional lymph node, like the dye
used to map the sentinel lymph node during the operation. In patients awaiting surgery or even in postoperative patients with partial thyroid ablation, Tg secretion
may not be suppressed, which can confuse the diagnosis.
However, few studies have investigated the difference in
the cutoff values for athyrotic patients and patients with
intact thyroid tissue [15–17].
In the past, the surgical and radioiodine ablation of
cancerous and all noncancerous thyroid cells is the most
common management regimen for PTC in Western
countries. Therefore, the influence of an intact thyroid
can be ignored in postoperative patients in the West.
However, in the Chinese population, various surgical
procedures are used for PTC, including total ablation,
lobectomy, lobe and isthmus resection, and affected lobe
and isthmus resection plus opposite-side subtotal lobectomy [21]. In this study, 96 lymph nodes were from patients after thyroid surgery. Of these, 47 were from
collected patients who had undergone total thyroid ablation, and 49 were from patients after partial resection.
Therefore, the influence of the remnant thyroid gland

Table 3 Evaluation of metastatic PTC according to the diagnostic modality
Modalities

SN

SP

PPV

NPV

FNAC

89.2% (99/111)

100%(85/85)

100%(99/99)

87.6%(95/107)

93.9%(184/196)

Tg-FNAa

95.5%(106/111)

100%(85/85)

100%(106/106)

94.4%(85/90)

97.4%(191/196)

FNAC + Tg-FNAb

99.1%(110/111)

100%(85/85)

100%(110/110)

98.8%(85/86)

99.5%(195/196)

Abbreviations: SN sensitivity; SP specificity; PPV positive predictive value; NPV negative predictive value; AC accuracy
a
Optimal cutoff value for Tg-FNA is 55.99 ng/mL for patients with thyroids and 9.71 ng/mL for patients without thyroids
b
Positive result was determined if the positive criteria were met in either criteria

AC
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Table 4 Specific Tg-FNA levels of 12 lymph nodes missed by FNAC
No.

Thyroid condition

Lymph-node
characteristics

Cytological diagnosis

Tg-FNA (ng/mL)

Final diagnosis

1

Partial ablation

Cystic

Atypical cells

>500

Metastatic PTC

2

Partial ablation

Cystic

Atypical cells

>500

Metastatic PTC

3

Partial ablation

Cystic

Atypical cells

>500

Metastatic PTC

4

Before surgery

Cystic

Atypical cells

259.6

Metastatic PTC

5

Before surgery

Cystic

Histocytes

>500

Metastatic PTC

6

Before surgery

Cystic

Histocytes

>500

Metastatic PTC

7

Total ablation

Cystic

Histocytes

>500

Metastatic PTC

8

Before surgery

Cystic

Histocytes

166.5

Metastatic PTC

9

Total ablation

Cystic

Histocytes

0.642

Metastatic carcinoma
(squamous carcinoma + a small
amount of PTC)

10

Total ablation

Solid

Lymphocytes

12.80

Metastatic PTC

11

Total ablation

Solid

Lymphocytes

20.12

Metastatic PTC

12

Partial ablation

Solid

Atypical cells

447.40

Metastatic PTC

Optimal cut-off value for Tg-FNA is 55.99 ng/mL for patients with thyroids and 9.71 ng/mL for patients without thyroids

on the cutoff value for Tg-FNA must be considered,
even in postoperative patients in the Chinese population.
Recently, the 2015 American Thyroid Association guidelines recommended that, for low-risk papillary and follicular carcinomas between 1 and 4 cm in size, thyroid
lobectomy alone may be sufficient as an initial treatment
[19]. Therefore, we believe that the influence of the
remnant thyroid gland on the cutoff value for Tg-FNA is
a common problem throughout the world.
We separated the patients into two groups, with or
without thyroid, to evaluate the influence of intact thyroid tissue. The group with thyroids was composed of
patients awaiting surgery and patients after partial thyroid resection. The other group, without thyroids, was
composed of patients after total thyroid ablation (with
or without subsequent 131 I ablative therapy). The optimal cutoff value we recommend for patients with thyroids is 55.99 ng/mL (sensitivity, 95.1%; specificity,
100%), whereas that for patients without thyroids is
9.71 ng/mL (sensitivity, 96.7%; specificity, 100%). In
clinical practice, PTC generally behaves indolently.
Table 5 Influence of presence/absence of serum TgAb on the
diagnostic capacity of Tg-FNA
Tg-FNA+a

Tg-FNA−

Metastatic PTC (n = 13)

12

1

Lymphadenitis (n = 0)

0

0

Metastatic PTC (n = 46)

44

2

Lymphadenitis (n = 9)

0

9

b

Serum TgAb+

Serum TgAb−

Tg-FNA positive (Tg-FNA+) was defined as a Tg-FNA level ≥ 55.99 ng/mL for
patients with thyroids and 9.71 ng/mL for patients without thyroids
b
TgAb positive (TgAb+) was defined as a serum TgAb >60 IU/mL
a

Therefore, we consider that the specificity of Tg-FNA is
highly significant, in reducing false positive results as
far as possible and avoiding unnecessary surgery.
Therefore, we selected a cutoff value with high specificity as the optimal cutoff value.
Our results support the hypothesis that remnant thyroid increases the Tg-FNA level. For patients with thyroids, the high cutoff level for Tg-FNA can be
attributed to the remnant thyroid, as is readily understandable. An elevated cutoff value of 32.04 ng/mL was
also recommended for preoperative patients in the
study by Pak et al. [17]. However, the high levels of TgFNA in the group of patients who had undergone total
thyroid ablation are more difficult to understand. In
Western countries, surgical and radioiodine ablation of
cancerous and all noncancerous thyroid cells is the
most common management regimen for PTC. However, in our study, less than half the patients had undergone total thyroid ablation had 131I ablative therapy.
Residual thyroid tissue without 131I ablation may have
also contributed to the elevated level of Tg-FNA.
Therefore, the influence of remnant thyroid gland must
be considered in all FNA patients, even in those in the
Chinese population who have undergone total thyroid
ablation.
Actually, the influence of residual thyroid tissue on
Tg-FNA levels has also been noted in reports from
Western countries. In a series of reports from American and Australia, although the functional sensitivity of
Tg-FNA was recommended as the cutoff value, the specificity of Tg-FNA was as low as 50%–87.5% [10–12].
This means that 12.5%–50% of reactive lymph nodes in
postoperative patients in those studies had elevated TgFNA levels. An elevated threshold can reduce the false
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positive rate and avoid unnecessary surgery, which is
important for thyroid carcinoma patients who have
already undergone many rounds of surgery.
The serum Tg level has also been used as the threshold value in previous studies [22, 23]. If the Tg-FNA/
serum-Tg ratio is >1.0, it is assumed that Tg-FNA is
positive. However, using the Tg-FNA/serum-Tg ratio as
the detection threshold may be dubious in the following
situations. First, when patients who have not undergone
a serum-Tg evaluation, we cannot compare the Tg-FNA
levels with the serum levels. Second, in patients where
blood is not sampled at the same time for serum-Tg and
Tg-FNA, but are only sampled within a certain time
period, there can be hormonally induced variations in
the serum-Tg within this period, which may skew the
data. In our study, serum Tg levels were only evaluated
in 68 patients, so patients with serum Tg data accounted
for 36.0% of all the patients. The time intervals ranged
from 0 to 60 days (median 7.5 days) from the time of
serum Tg sampling to the time of FNA. Using a cutoff
value of FNA-T/serum-Tg ratio > 1.0, the sensitivity and
specificity of the Tg-FNA measurement were 89.8% and
77.8%, respectively. Both the sensitivity and specificity
based on a cutoff value of FNA-T/serum-Tg ratio > 1.0
were lower than those based on the optimal cutoff value
for Tg-FNA. This result is as same as that of Moon [15].
Consistent with previous reports, the false negative
diagnoses made with FNAC in our study were mainly
attributable to cystic changes in the lymph nodes.
Twelve metastatic lymph nodes were missed by FNAC.
Among these, nine were cystic and two were small
lymph nodes, with maximum diameters of ≤1 cm. The
inefficiency of FNAC has also been attributed to small
lymph nodes in a previous study [24]. The sensitivity
of detecting lymph-node metastasis was greatly increased by combining Tg-FNA and cytology, and 11 of
12 metastatic lymph nodes with negative cytology
were correctly identified. The one case of metastatic
PTC missed by Tg-FNA was diagnosed histologically
as metastatic thyroid carcinoma, which was mainly
composed of a squamous carcinoma and a small
amount of papillary carcinoma. It has been reported
that undetectable Tg not only occurs in metastatic
lymph nodes from anaplastic or undifferentiated
PTCs, but also in metastatic lymph nodes from recurrent PTCs [16]. Of all differentiated thyroid carcinomas, 2%–5% will lose their differentiated features
[25], and the case reported in this study falls into this
category. This patient had a history of thyroidectomy
for PTC, which had recurred three times. Therefore,
we recommend, as discussed previously, the use of
combined cytology and Tg-FNA, rather than either
technique alone, to detect metastasis from any histological type of thyroid cancer [16].
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It is also unclear whether serum TgAb can influence
the Tg-FNA level. Studies by Baskin and Boi et al. have
shown that serum TgAb did not interfere with the TgFNA measurements when diagnosing metastatic PTC
[2, 16]. However it has recently been suggested in the
study by Shin et al. that the presence of serum TgAb
can reduce the diagnostic performances of Tg-FNA
[26]. Our data showed no difference in the diagnostic
capacity of Tg-FNA in two groups, with and without
TgAb. However, data on serum TgAb levels were only
available for 36.0% (68/189) of the patients. These results require validation with a larger sample.

Conclusions
The results of the present study demonstrate that Tg
measurement with fine-needle aspiration is a useful ancillary test that improves the detection of metastatic
PTC. The cutoff value for Tg-FNA is influenced by residual thyroid tissue and a higher cutoff value is recommended for patients with thyroids than for patients
without thyroids. This is our first study of the cutoff
values for Tg-FNA and a further large-scale study is required to validate these results.
Additional files
Additional file 1: Table S1. Detailed surgical methods used in patients
treated at our hospital. There are thirty-seven patients who underwent
surgery in our hospital. The details of their operations are shown in
Additional file 1: Table S1. (DOC 29 kb)
Additional file 2: Table S2. Cases managed by FNA cytology
combined with Tg-FNA measurement. There are 9 patients their decisions
for surgery were based not only to the FNA results but also on the TgFNA level. The detailed data of each patient were shown in Additional file 2:
Table S2. (DOC 38 kb)
Abbreviations
AUC: area under the curve; CI: confidence interval; FNA: fine-needle
aspiration; FNAC: fine-needle aspiration cytology; PTC: papillary thyroid
carcinoma; ROC: receiver operating characteristic; Tg: thyroglobulin;
TgAb: anti-thyroglobulin antibody; Tg-FNA: thyroglobulin measurement with
fine-needle aspiration
Acknowledgments
We sincerely thank Dr. Ming-rong Wang (State Key Laboratory of Molecular
Oncology, National Cancer Center/Cancer Hospital, Chinese Academy of
Medical Sciences and Peking Union Medical College) for his advice on
editing this manuscript.
Funding
This work was supported by Beijing Hope Run Special Fund (No.
LC2012A14). This funding body had no role in the design of the study and
collection, analysis, and interpretation of data and in writing the manuscript.
Availability of data and materials
All data generated or analyzed during this study are included in this article.
Authors’ contributions
HG and BZ designed the study and edited the manuscript. HZ and YW
performed the FNA and drafted the manuscript. ZZ made the cytological
diagnoses. MW made the Tg measurements. HW analyzed the data.
All authors have read and approved the final version of this manuscript.

Zhao et al. BMC Cancer (2017) 17:296

Competing interests
The authors declare that they have no competing interests.
Consent for publication
Not applicable.
Ethics approval and consent to participate
The study protocol was reviewed and approved by the Ethics Committee of
the National Cancer Center/Cancer Hospital. All the patients were required
to sign an informed consent form explaining the risks of FNA before the
FNA examination. At this time, they also gave their informed consent to the
present study.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Author details
1
Department of Pathology, National Cancer Center/Cancer Hospital,
Chinese Academy of Medical Sciences and Peking Union Medical College,
17 Nanli Panjiayuan Lane, Chaoyang District, Beijing 100021, People’s
Republic of China. 2Department of Diagnostic Radiology, National Cancer
Center/Cancer Hospital, Chinese Academy of Medical Sciences and Peking
Union Medical College, Beijing, People’s Republic of China. 3Department of
Clinical Library, National Cancer Center/Cancer Hospital, Chinese Academy
of Medical Sciences and Peking Union Medical College, Beijing, People’s
Republic of China. 4Department of Cancer Epidemiology, National Cancer
Center/Cancer Hospital, Chinese Academy of Medical Sciences and Peking
Union Medical College, Beijing, People’s Republic of China. 5Department of
Head and Neck Surgery, Peking University Cancer Hospital, Beijing, China.
Received: 4 January 2017 Accepted: 24 April 2017

References
1. Chen W, Zheng R, Baade PD, Zhang S, Zeng H, Bray F, Jemal A, Yu XQ, He J.
Cancer statistics in China, 2015. CA Cancer J Clin. 2016;66(2):115–32.
2. Baskin HJ. Detection of recurrent papillary thyroid carcinoma by
thyroglobulin assessment in the needle washout after fine-needle spiration
of suspicious lymph nodes. Thyroid. 2004;14(11):959–63.
3. Ylagan LR, Farkas T, Dehner LP. Fine needle aspiration of the thyroid: a
cytohistologic correlation and study of discrepant cases. Thyroid. 2004;14(1):
35–41.
4. Lew JI, Snyder RA, Sanchez YM, Solorzano CC. Fine needle aspiration of the
thyroid: correlation with final histopathology in a surgical series of 797
patients. J Am Coll Surg. 2011;213(1):188–94; discussion 194-5.
doi:10.1016/j.jamcollsurg.2011.04.029. Epub 2011 May 20
5. Pacini F, Fugazzola L, Lippi F, Ceccarelli C, Centoni R, Miccoli P, Elisei R,
Pinchera A. Detection of thyroglobulin in fine needle aspirates of
nonthyroidal neck masses: a clue to the diagnosis of metastatic
differentiated thyroid cancer. J Clin Endocrinol Metab. 1992;74(6):1401–4.
6. Cignarelli M, Ambrosi A, Marino A, Lamacchia O, Campo M, Picca G,
Giorgino F. Diagnostic utility of thyroglobulin detection in fine-needle
aspiration of cervical cystic metastatic lymph nodes from papillarythyroid
cancer with negative cytology. Thyroid. 2003;13(12):1163–7.
7. Cunha N, Rodrigues F, Curado F, Ilhéu O, Cruz C, Naidenov P, Rascão MJ,
Ganho J, Gomes I, Pereira H, Real O, Figueiredo P, Campos B, Valido F.
Thyroglobulin detection in fine-needle aspirates of cervical lymph nodes: a
technique for the diagnosis of metastaticdifferentiated thyroid cancer. Eur J
Endocrinol. 2007;157(1):101–7.
8. Salmaslıoğlu A, Erbil Y, Cıtlak G, Ersöz F, Sarı S, Olmez A, Tunacı M,
Yılmazbayhan D, Colak N, Ozarmağan S. Diagnostic value of thyroglobulin
measurement in fine-needle aspiration biopsy fordetecting metastatic
lymph nodes in patients with papillary thyroid carcinoma. Langenbeck's
Arch Surg. 2011;396(1):77–81.
9. Lee YH, Seo HS, Suh SI, Lee NJ, Kim JH, Seol HY, Lee JH, Kwon SY, Kim NH,
Seo JA, Yang KS. Cut-off value for needle washout thyroglobulin in
athyrotropic patients. Laryngoscope. 2010;120(6):1120–4.
10. Yap NS, Maher R, Learoyd DL. Any detectable thyroglobulin in lymph node
biopsy washouts suggests local recurrence in differentiated thyroid cancer.
Endocr Connect. 2014;3(4):150–5.

Page 7 of 7

11. Li QK, Nugent SL, Straseski J, Cooper D, Riedel S, Askin FB, Sokoll .
Thyroglobulin measurements in fine-needle aspiration cytology of lymph
nodes for thedetection of metastatic papillary thyroid carcinoma.Cancer
Cytopathol. 2013;121(8):440–448.
12. Holmes BJ, Sokoll LJ, Li QK. Measurement of fine-needle aspiration
thyroglobulin levels increases the detection of metastatic papillary
thyroidcarcinoma in cystic neck lesions. Cancer Cytopathol. 2014;122(7):521–6.
13. Chung J, Kim EK, Lim H, Son EJ, Yoon JH, Youk JH, Kim JA, Moon HJ, Kwak
JY. Optimal indication of thyroglobulin measurement in fine-needle
aspiration for detecting lateral metastatic lymph nodes inpatients with
papillary thyroid carcinoma. Head Neck. 2014;36(6):795–801.
14. Kim MJ, Kim EK, Kim BM, Kwak JY, Lee EJ, Park CS, Cheong WY, Nam KH.
Thyroglobulin measurement in fine-needle aspirate washouts: the criteria
for neck node dissection for patients with thyroidcancer. Clin Endocrinol.
2009;70(1):145–51.
15. Moon JH, Kim YI, Lim JA, Choi HS, Cho SW, Kim KW, Park HJ, Paeng JC, Park
YJ, Yi KH, Park do J, Kim SE, Chung JK. Thyroglobulin in washout fluid from
lymph node fine-needle aspiration biopsy in papillary thyroid cancer: largescalevalidation of the cutoff value to determine malignancy and evaluation
of discrepant results. J Clin Endocrinol Metab 2013;98(3):1061–1068.
16. Boi F, Baghino G, Atzeni F, Lai ML, Faa G, Mariotti S. The diagnostic value for
differentiated thyroid carcinoma metastases of thyroglobulin (Tg)
measurement in washout fluidfrom fine-needle aspiration biopsy of neck
lymph nodes is maintained in the presence of circulating anti-Tg
antibodies. J Clin Endocrinol Metab. 2006;91(4):1364–9.
17. Pak K, Suh S, Hong H, Cheon GJ, Hahn SK, Kang KW, Kim EE, Lee DS, Chung
JK. Diagnostic values of thyroglobulin measurement in fine-needle
aspiration of lymph nodes inpatients with thyroid cancer. Endocrine. 2015;
49(1):70–7.
18. Jeon MJ1, Park JW, Han JM, Yim JH, Song DE, Gong G, Kim TY, Baek JH, Lee
JH, Shong YK, Kim WB. Serum antithyroglobulin antibodies interfere with
thyroglobulin detection in fine-needleaspirates of metastatic neck nodes in
papillary thyroid carcinoma. J Clin Endocrinol Metab. 2013 Jan;98(1):153–60.
19. Haugen BR, Alexander EK, Bible KC, Doherty GM, Mandel SJ, Nikiforov YE,
Pacini F, Randolph GW, Sawka AM, Schlumberger M, Schuff KG, Sherman SI,
Sosa JA, Steward DL, Tuttle RM, Wartofsky L. 2015 American Thyroid
Association management guidelines for adult patients with thyroid nodules
and DifferentiatedThyroid cancer: the American Thyroid Association
guidelines task force on thyroid nodules and differentiated ThyroidCancer.
Thyroid. 2016;26(1):1-133.
20. Leenhardt L, Erdogan MF, Hegedus L, Mandel SJ, Paschke R, Rago T, Russ G.
2013 European thyroid association guidelines for cervical ultrasound scan
and ultrasound-guided techniques in thepostoperative management of
patients with thyroid cancer.Eur thyroid J. 2013;2(3):147-59.
21. Sun RH, Li C, Fan JC, Wang W, Li CH, Xu YQ, Li XX. Comparison of
recurrence and complication by different thyroidectomy in the treatment of
differentiated thyroid carcinoma asinitial treatment: a meta-analysis.
Zhonghua Er Bi Yan Hou Tou Jing Wai Ke Za Zhi. 2013;48(10):834–839.
22. Uruno T, Miyauchi A, Shimizu K, Tomoda C, Takamura Y, Ito Y, Miya A,
Kobayashi K, Matsuzuka F, Amino N, Kuma K. Usefulness of thyroglobulin
measurement in fine-needle aspiration biopsy specimens for diagnosing
cervical lymph nodemetastasis in patients with papillary thyroid cancer.
World J Surg 2005;29(4):483–485.
23. Sigstad E, Heilo A, Paus E, Holgersen K, Grøholt KK, Jørgensen LH, Bogsrud
TV, Berner A, Bjøro T. The usefulness of detecting thyroglobulin in fineneedle aspirates from patients with neck lesions using a
sensitivethyroglobulin assay. Diagn Cytopathol. 2007;35(12):761–7.
24. Giovanella L, Bongiovanni M, Trimboli P. Diagnostic value of thyroglobulin
assay in cervical lymph node fine-needle aspirations formetastatic
differentiated thyroid cancer. Curr Opin Oncol. 2013;25(1):6–13.
25. Braga-Basaria M, Ringel MD. Clinical review 158: beyond radioiodine: a
review of potential new therapeutic approaches for thyroid cancer. J Clin
Endocrinol Metab. 2003;88(5):1947–60.
26. Shin HJ1, Lee HS2, Kim EK1, Moon HJ1, Lee JH1, Kwak JY. A Study on Serum
Antithyroglobulin Antibodies Interference in ThyroglobulinMeasurement in
Fine-Needle Aspiration for Diagnosing Lymph Node Metastasis in
Postoperative Patients. PLoS One. 2015; 10(6):e0131096.

