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Background: Accurate assessment of lateral cervical lymph node metastasis (LLNM) involvement is
important for treating papillary thyroid carcinoma (PTC). Thyroglobulin is associated with LLNM, but
there may be differences in the diagnostic value of serum thyroglobulin (sTg) and fine needle aspiration
washout fluid thyroglobulin (FNA-Tg). Herein, we investigated the optimal cutoff value (OCV) of sTg and
FNA-Tg and their diagnostic performance.

Methods: We enrolled 116 PTC patients who underwent radical resection of thyroid carcinoma with
lateral cervical lymph node dissection at the Affiliated Hospital of Zunyi Medical University from June 2018
to July 2022. We used the receiver operating characteristic (ROC) curve analysis to determine the OCV for
sTg and FNA-Tg to diagnose LLNM in PTC patients. We also evaluated the performance of FNA-Tg,
sTg, fine needle aspiration cytology (FNAC), and their combinations for diagnosis. Pathological results were
the gold standard.

Results: We performed 125 lymph node dissections, 106 had metastasis, and 19 did not. The OCV for
sTg was 17.31 ng/mL [area under the curve (AUC) =0.760, sensitivity =78.30%, specificity =73.68%, and
accuracy =77.60%]. Meanwhile, the OCV for FNA-Tg was 4.565 ng/mL (AUC =0.948, sensitivity =89.62%,
specificity =100%, and accuracy =91.20%). The combination of FNAC and FNA-Tg presented the greatest
diagnostic performance for LLNM detection in PTC patients. Moreover, serum antithyroglobulin antibody
(TgAb) was not correlated with sTg or FNA-Tg levels.

Conclusions: The cutoff value for the diagnosis of LLNM in PTC are sTg >17.31 ng/mL or FNA-
Tg >4.565 ng/mL. The combination method of FNA-Tg and FNAC is the most optimal choice for the
diagnosis of LLNM and is highly recommended for further clinical application.

Keywords: Papillary thyroid carcinoma (PTC); lateral cervical lymph node metastasis (LLNM); fine needle
aspiration; thyroglobulin (Tg)

A ORCID: Baolin Chen, 0000-0002-6086-0841; Junyuan Lv, 0000-0001-8467-6603.

© Translational Cancer Research. All rights reserved. Transl Cancer Res 2024;13(2):1043-1051 | https://dx.doi.org/10.21037/ter-23-1490


https://crossmark.crossref.org/dialog/?doi=10.21037/tcr-23-1490

Chen et al. The diagnostic performance of FNA-Tg and sTg

1044
Submitted Aug 16, 2023. Accepted for publication Dec 07, 2023. Published online February 02, 2024.
doi: 10.21037/ter-23-1490
View this article at: https://dx.doi.org/10.21037/tcr-23-1490

Introduction

As a common pathological type of thyroid carcinoma (TC),
papillary thyroid carcinoma (PTC) is the most frequently
diagnosed TC (approximately 80-90%) (1). Despite the
good prognosis and low mortality rate of PTC, 20-50% of
PTC patients present cervical lymph node metastasis at the
early stage, but the vast majority are central lymph node
metastases (2). The incidence of lateral cervical lymph node
metastasis (LLNM) is low; however, compared to PTC
patients with central lymph node metastasis, those with
LLNM exhibit higher local recurrence and lower survival
time (3). Prophylactic lateral cervical lymph node dissection
is not recommended for PTC patients (4). Hence, accurate
preoperative evaluation of LLNM plays a decisive role in
the extent of lymph node dissection in PTC patients, which
helps select the appropriate surgical approach. Therefore,
preoperative LLNM identification in PTC patients is
crucial.

Ultrasound (US) is the most common auxiliary
examination used for preoperative evaluation of lymph
node status and has an important guiding value in clinical
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* Fine needle aspiration washout fluid thyroglobulin (FNA-Tg)
showed good diagnostic performance with a cutoff value of
4.565 ng/mL, representing an effective procedure for lateral
cervical lymph node metastasis (LLNM) diagnosis in papillary
thyroid carcinoma (PTC) patients preoperatively.
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performance in detecting LLNM of PTC.

What is the implication, and what should change now?

* As an effective procedure for the diagnosis of LLNM in PTC
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diagnosis. However, US highly relies on the radiologists’
experience and skill level (5). Fine needle aspiration
cytology (FNAC) is widely used to evaluate lymph node
metastasis in PTC patients, providing diagnostic cytology
support for suspicious lymph nodes in the lateral cervical
region. However, FNAC has some challenges due to small-
diameter lymph nodes or cystic lesions (6). Thyroglobulin
(Tg) is a thyroid follicular cell-secreted glycoprotein stored
in the follicular lumen. T'g has tissue specificity and is highly
expressed in metastatic lymph nodes, well-differentiated
TCs, and normal thyroid tissues (7). Huang et al. (8)
showed that PT'C patients with preoperative serum Tg (sTg)
<77 ng/mL might skip cervical lymph node metastases, and
preoperative s T'g levels might help predict LLNM. In 1992,
Pacini er al. (9) first proposed that fine needle aspiration
washout fluid thyroglobulin (FNA-Tg) improved the
diagnosis rate of cervical lymph node metastasis (CLNM)
in differentiated TC. Until now, no consensus on the
diagnostic cutoff value for FNA-Tg is available, ranging
from 0.2-100 ng/mL (10). Therefore, determining the
optimal cutoff value (OCV) for FNA-Tg is important for
LLNM diagnosis in PTC patients. Hence, in the present
study, we determined the OCV for sTg and FNA-Tg to
diagnose LLNM in PTC patients. We present this article in
accordance with the STARD reporting checklist (available
at https://tcr.amegroups.com/article/view/10.21037/ter-23-
1490/rc).

Methods
Patients

We retrospectively analyzed 116 PTC patients who
underwent radical resection of thyroid carcinoma with
lateral cervical lymph node dissection at the Affiliated
Hospital of Zunyi Medical University from June 2018 to
July 2022. Patients included 39 males with 42 lymph nodes
and 77 females with 83 lymph nodes. The average age
was 42.92+12.01 years, ranging from 17 to 77 years. The
study was conducted in accordance with the Declaration
of Helsinki (as revised in 2013). The Research Ethics
Committee of the Affiliated Hospital of Zunyi Medical
University reviewed and approved this study (No. KLLY-
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Figure 1 Ultrasonography is used to evaluate lateral cervical lymph nodes. The arrow refers to cervical lymph nodes. (A) Normal lymph

nodes; (B) irregular shape; (C) L/S <1.5; (D) cystic necrosis; (E) lymph hilar structure disappeared; (F) calcification. L/S, long diameter/short

diameter.

2021-010). The requirement for patient informed consent
was waived due to the retrospective nature of the study.
The inclusion criteria were: patients diagnosed using a
pathological method; complete clinicopathologic data;
underwent lateral cervical dissection and first-time surgery.
Meanwhile, we excluded patients with other tumors or who
received chemotherapy or radiotherapy.

Measurement of sTg and antithyroglobulin antibody (TgAb)

After venous blood extraction (3-5 mL), we applied an
automated electrochemiluminescence immunoassay to
measure the blood samples for each patient. The value
ranges of the sTg assay were the same as the FNA-T'g assay.
A relative TgAb value >115 IU/mL was considered positive
(normal, 0-115 TU/mL).

FNA-Tg and FNAC analysis

All enrolled patients signed the informed consent form
before the puncture process. The US was conducted to
evaluate the cervical lymph node status and mark suspicious
lymph nodes on the body surface, which included irregular
shape, calcification, long diameter/short diameter (L/S)
<1.5, cystic necrosis, and lymph hilar structure disappeared

© Translational Cancer Research. All rights reserved.

(Figure 1) (11). After routine disinfection, we laid the drapes
and performed local anesthesia (2% lidocaine, 2 mL). Under
US guidance, we punctured the target lymph nodes using
22G needles. Needle retraction and insertion were performed
several times forth and back in different needle channels.
Punctuation was performed for each lymph node at least
three times. Subsequently, the aspirated tissues were smeared
and fixed on the slide for pathological exanimation after
pulling out the puncture needle. After fine needle aspiration
tissue acquisition, we flushed each needle with 2 mL of 0.9%
normal saline and prepared washout fluid. The automated
electrochemiluminescence immunoassay was used to detect
Tg level with a range of 0.04-500 ng/mL.

Statistical analysis

Statistical analyses were performed using Statistical Package
for Social Science (SPSS) software (v. 18.0). The x* and
Fisher’s exact tests were used to compare groups. Using the
pathological results as the gold standard, we conducted the
receiver operating characteristic (ROC) curve analysis and
calculated the area under the curve (AUC) to determine
the OCV of FNA-Tg, sTg, and FNAC. Diagnostic
performance was evaluated using the AUC, accuracy,
negative predictive value (NPV), positive predictive value
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Table 1 Clinical characteristics of the 125 lymph nodes

Pathology results

Characteristics P value
Metastatic Nonmetastatic
Sex 0.128
Male 39 3
Female 67 16
Age (years) 0.755
>55 16 4
<55 90 15
Tumor size (cm) <0.001
>1.0 90 9
<1.0 16 10
Multifocality 0.037
Yes 61 6
No 45 13
FNAC <0.001
Positive 71 0
Negative 35 19
Ultrasound feature of lymph nodes
Calcification 0.29
Yes 39 4
No 67 15
Irregular shape 0.960
Yes 13 3
No 93 16
L/S <15 0.187
Yes 82 12
No 24 7
Cystic necrosis 0.041
Yes 20 0
No 86 19
Lymph hilar structure disappeared 1.00
Yes 93 17
No 13 2

FNAC, fine needle aspiration cytology; L/S, long diameter/short
diameter.

(PPV), specificity, and sensitivity. Results were calculated
with 95% confidence intervals. A P<0.05 was set as the
significant difference.

© Translational Cancer Research. All rights reserved.
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Results
Clinical and cytopathological characteristics

We collected 125 lymph nodes, 106 were diagnosed as
metastatic and 19 as nonmetastatic by postoperative
pathology; their clinical characteristics are shown in Table 1.
Positive LLNM groups presented significantly higher sTg
and FNA-Tg levels than LLNM negative groups (P=0.016,
P<0.001, Figure 2A4,2B). However, the serum TgAb level did
not differ between the two groups (P=0.891, Figure 2C).

Cutoff values of sTg for LLNM diagnosis

Furthermore, we constructed a ROC curve for sTg based on
the pathological results and obtained an OCV of 17.31 ng/mL
(Figure 3). Then, the sTg cutoff value revealed that among
the 83 lymph nodes metastasized, 23 had missed diagnoses,
representing a diagnostic accuracy of 77.60% (Table S1).

Cutoff value of FNA-Tg for LLNM diagnosis

Regarding the FNA-Tg cutoff value, no uniform standard
is currently available, but it mainly comprises three types:
(I) FNA-Tg >1.00 ng/mL (12); (Il) FNA-Tg/sTg >1 (13);
(III) using ROC curves, we can calculate the OCV of FNA-
Tg to diagnose LLNM in PTC patients (Figure 4). When
the FNA-Tg cutoff value was set as 4.565 ng/mL, the AUC
was 0.948, the Youden index was 0.896, the sensitivity was
89.62%, and the specificity was 100%. Meanwhile, using a
1.00 ng/mL cutoft, the sensitivity, specificity, and AUC were
93.40%, 84.21%, and 0.888, respectively. At an FNA-Tg/sTg
cutoff value >1, the sensitivity, specificity, and AUC values
were 72.64%, 94.74%, and 0.837, respectively (Tuble 2).
Therefore, FNA-Tg showed the best diagnostic performance
when the cutoff value was 4.565 ng/mL (Table S2).

Diagnostic performance of different procedures

Herein, we included 125 suspicious lymph nodes. Using
pathological results, we constructed ROC curves for FNA-
Tg + FNAC + sTg, FNA-Tg + sTg, FNA-Tg + FNAC,
FNA-Tg, FNAC, and sTg (Figure 5). The combination of
FNA-Tg and FNAC presented the best performance. The
accuracy, sensitivity, and AUC value of combined FNA-Tg
and FNAC were significantly higher than FNA-Tg, FNAC,
and sTg. Additionally, compared to the FNA-Tg + FNAC +
sTg and FNA-Tg + sTg, the combination of FNA-Tg and
FNAC showed a significantly higher AUC value (Table 3).
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Figure 2 Preoperative indexes in metastatic and nonmetastatic LLNM: (A) sTg; (B) FNA-Tg; (C) TgAb. LLNM, lateral cervical lymph
node metastasis; sTg, serum thyroglobulin; FNA-Tg, fine needle aspiration washout fluid thyroglobulin; TgAb, antithyroglobulin antibody.
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Figure 3 ROC curve of sTg in PTC patients. ROC, the receiver
operating characteristic; sTg, serum thyroglobulin; PTC, papillary

thyroid carcinoma.

Table 2 FNA-Tg diagnostic performance with different cutoff values
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Figure 4 FNA-Tg ROC curve with different cutoff values. FNA-
Tg, fine needle aspiration washout fluid thyroglobulin; ROC, the

receiver operating characteristic; s Tg, serum thyroglobulin.

Diagnostic procedures AUC (95% ClI) PPV (%) NPV (%) Sensitivity (%)  Specificity (%)  Accuracy (%)
FNA-Tg >1.00 ng/mL 0.888 (0.788-0.988) 97.06 69.57 93.40 84.21 92.00
FNA-Tg/sTg >1 0.837 (0.754-0.919) 98.72 38.30 72.64 94.74 76.00
FNA-Tg >4.565 ng/mL 0.948 (0.911-0.985) 100 63.33 89.62 100 91.20

FNA-Tg, fine needle aspiration washout fluid thyroglobulin; AUC, area under the curve; Cl, confidence interval; PPV, positive predictive

value; NPV, negative predictive value; sTg, serum thyroglobulin.
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Subgroup analysis

To analysis FNA-Tg-related factors of LLNM in PTC
patients, we evaluated the correlation between sTg and TgAb
levels. the Pearson correlation analysis indicated sTg and
TgAb levels were not correlated (r=-0.145, P=0.106, Figure
6A). Similarly, we explored the connection between FNA-
Tg and TgADb, the results indicated no significant correlation
between these two factors (r=-0.06, P=0.948, Figure 6B).

Discussion

The incidence of TC has increased (20%) yearly, becoming
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Figure 5 ROC curve of LLNM in PTC diagnosed by different
procedures. ROC, the receiver operating characteristic; sTg, serum
thyroglobulin; FNA-Tg, fine needle aspiration washout fluid
thyroglobulin; FNAC, fine needle aspiration cytology; LLNM,
lateral cervical lymph node metastasis; PTC, papillary thyroid

carcinoma.

Table 3 Diagnostic performance of different procedures

Chen et al. The diagnostic performance of FNA-Tg and sTg

one of the most common malignant tumors in women
in China (14). As a frequently diagnosed TC type, the
10-year overall survival rate of PTC is 97% (15). Lymph
node metastasis is an independent survival risk factor, and
approximately 20% of PTC patients present LLNM (16).
However, PTC patients with LLNM commonly have a poor
prognosis, with 10-year overall survival rates of 81% (17).
Previous studies showed that the occurrence of LLNM in
PTC patients is closely related to its clinical characteristics
(18-20). We found that tumor size, multifocality, and cystic
necrosis of lymph nodes were associated with lymph node
metastasis in PTC patients. They may serve as an important
predictor of lymph node metastasis for PT'C patients.

As a popular procedure, FNAC can diagnose PTC
preoperatively and evaluate cervical lymph nodes. The
sensitivity of FNAC can decrease from 80.6% to 70.9%,
influenced by lymph node size, puncture technique, and
cystic changes (21). On the other hand, FNAC often leads to
false negatives in 6% to 8% of cases and inconclusive results
in 20% to 28.5% (22). Herein, the sensitivity of FNAC
was 66.98%, the specificity was 100%, and 35 metastatic
lymph nodes were missed. FNAC is regarded as the gold
standard to diagnose lymph node metastasis preoperatively
in PTC patients, but it generates false negatives. Thus,
we hypothesized that the missed diagnosis case might be
caused by insufficient puncture sample size and excessive
red blood cells obscuring the visual field. Hence, exploring
a procedure with higher diagnostic performance to improve
the diagnostic rate of metastatic lymph nodes is essential.

When normal thyroid tissue becomes cancerous, the
follicular lumen might be disrupted, releasing a small quantity
of Tg into the blood. Preoperative sTg >188.5 ng/mL can
be used as an effective tumor marker of differentiated

TC (23). Meanwhile, Kim er a/. (24) reported that

Diagnostic procedures AUC (95% ClI) PPV (%) NPV (%) Sensitivity (%)  Specificity (%)  Accuracy (%)
sTg 0.760 (0.636-0.884) 94.32 37.84 78.30 73.68 77.60
FNA-Tg 0.948 (0.911-0.985) 100 63.33 89.62 100 91.20
FNAC 0.835 (0.765-0.905) 100 35.19 66.98 100 72.00
FNA-Tg + FNAC 0.958 (0.924-0.991) 100 67.86 91.51 100 92.80
FNA-Tg + sTg 0.854 (0.734-0.975) 95.37 82.35 97.17 73.68 93.60
FNA-Tg + FNAC + sTg 0.859 (0.738-0.980) 95.41 87.50 98.11 73.68 94.40

AUC, area under the curve; Cl, confidence interval; PPV, positive predictive value; NPV, negative predictive value; sTg, serum thyroglobulin;

FNA-Tg, fine needle aspiration washout fluid thyroglobulin; FNAC, fine needle aspiration cytology.
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Figure 6 Scatter plots based on Pearson correlation analysis: (A) sTg levels and TgAb; (B) FNA-Tg levels and TgAb. sTg, serum

thyroglobulin; TgAb, antithyroglobulin antibody; FNA-T'g, fine needle aspiration washout fluid thyroglobulin.

preoperative sT'g levels were positively correlated with the
number of lymph node metastasis in differentiated TC
patients. In the present study, we confirmed that patients
with lymph node metastasis showed increased preoperative
sTg compared to those without. Preoperative sTg levels
>17.31 ng/mL exhibited 78.30% sensitivity and 73.68%
specificity, indicating a certain diagnostic value for LLNM
detection in PTC patients. However, it presented lower
sensitivity, with missed diagnoses of 23 lymph nodes and 5
misdiagnoses.

FNA-Tg is an additional examination procedure on
FNAC, which is rarely affected by subjective factors. Due
to the high concentration of T'g in metastatic lymph nodes,
FNA-Tg can directly indicate the presence of metastasis. Jia
et al. (25) reported that FNA-T'g has a high diagnostic value
for PTC patients with LLNM, with a sensitivity of 96.25%
and a specificity of 96.36%. Meanwhile, due to differences
in sample size, T'g assay methods, and T'g assay kits, the
OCV of FNA-Tg remained undetermined (22). Sigstad
et al. (13) reported that an FNA-T/sTg ratio >1 had the
highest sensitivity (100%) with 83.3% specificity. In
contrast, Song et al. (12) documented that the OCV
of FNA-Tg for LLNM diagnosis in PTC patients was
1.0 ng/mL. Here, FNA-Tg levels >4.565 ng/mL had
the best diagnostic performance. Hence, the cutoff value
calculated by the ROC curve is the optimal criterion for
establishing FNA-Tg positivity compared to FNA-Tg/sTg
>1 and FNA-Tg >1.00 ng/mL.

In the present study, FNA-Tg had the best diagnostic
performance but presented 11 false negatives. Thus, some
factors might also interfere with FNA-Tg results. Previous
studies have reported that serum TgAb can influence the
FNA-Tg level, with lower FNA-Tg levels in TgAb-positive
patients than in TgAb-negative (26). However, consistent

© Translational Cancer Research. All rights reserved.

with Wang er al. (27), TgAb and FNA-Tg levels were
not correlated in our study. Possibly, the was an excessive
binding of Tg to TgAD sites in patients with high FNA-
Tg levels, eliminating the effect of TgAb (28). Baskin (29)
suggested that due to no exposure of the intracellular Tg to
circulating TgAb, TgAb cannot affect FNA-Tg levels.

The use of a combination of methods is useful in
improving the diagnosis of LLNM in thyroid cancer (30).
We demonstrated that the sensitivity of FINAC combined
with FNA-Tg increased from 66.98% to 91.51% and
greatly reduced the false negative rate. Al-Hilli ez a/. (31)
reported that combining FNA-Tg and FNAC significantly
increased the detection rate of metastatic lymph nodes
in PTC patients by 13%. However, FNA-Tg combined
with sTg was not optimal for detecting LLNM in PTC
patients. Compared to the combination of FNA-Tg with
FNAC, the combination of sTg, FNAC, and FNA-Tg
showed significantly lower diagnostic performance. Thus,
combining FNAC with FNA-Tg was the best option for
diagnosing LLNM in PTC patients.

Conclusions

In conclusion, FNA-Tg showed good diagnostic
performance with a cutoff value of 4.565 ng/mL,
representing an effective procedure for LLNM diagnosis in
PTC patients preoperatively. Also, FINA-Tg combined with
FNAC reduced the rate of missed diagnosis and improved
the detection rate of suspicious LLNM in PTC patients.
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Supplementary

Table S1 Diagnosis results of sTg in PTC with LLNM

Pathology results

Diagnostic procedures Qutcome Total
Metastatic Nonmetastatic
sTg >17.31 ng/mL Positive 83 5 88
Negative 23 14 37
Total 106 19 125

sTg, serum thyroglobulin; PTC, papillary thyroid carcinoma; LLNM, lateral cervical lymph node metastasis.

Table S2 FNA-Tg results with different cutoft value

Pathology results

Diagnostic procedures Outcome Total
Metastatic Nonmetastatic

FNA-Tg >1.00 ng/mL Positive 99 3 102
Negative 7 16 23

Total 106 19 125

FNA-Tg/sTg >1 Positive 77 1 78
Negative 29 18 47

Total 106 19 125

FNA-Tg >4.565 ng/mL Positive 95 0 95
Negative 11 19 30

Total 106 19 125

FNA-Tg, fine needle aspiration washout fluid thyroglobulin; sTg, serum thyroglobulin.
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