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aspiration thyroglobulin in the
diagnosis of lymph node
metastasis of differentiated
papillary thyroid carcinoma
and its influencing factors
Xuejiao Su1, Lei Shang2, Can Yue1 and Buyun Ma1*

1Department of Medical Ultrasound, West China Hospital of Sichuan University, Chengdu,
Sichuan, China, 2Department of Medical Ultrasound, XinQiao Hospital, Army Medical University,
Chongqing, China
Background: Ultrasound-guided fine needle aspiration thyroglobulin (FNA-Tg) is

recommended for the diagnosis of lymph nodemetastasis (LNM) in differentiated

thyroid cancer (DTC), but its optimal cutoff value remains controversial, and the

effect of potential influencing factors on FNA-Tg levels is unclear.

Method: In this study, a retrospective analysis was conducted on 281 patients

diagnosed with DTC, encompassing 333 lymph nodes. We analyze the optimal

cutoff value and diagnostic efficacy of FNA-Tg, while also evaluating the potential

influence of various factors on FNA-Tg.

Results: For FNA-Tg, the optimal cutoff value was 16.1 ng/mL (area under the

curve (AUC)= 0.942). The optimal cutoff value for FNA-Tg/sTg was 1.42 (AUC =

0.933). The AUC for FNA combined with FNA-Tg yielded the highest value

compared to other combined diagnostic methods (AUC = 0.955). It has been

found that serum thyroglobulin (sTg) is positively correlated with FNA-Tg (Rs =

0.318), while serum thyroglobulin antibodies (sTgAb) is negatively correlated with

FNA-Tg (Rs = -0.147). In cases where the TNM stage indicated N1b, the presence

of large or high volume lymph node metastasis(HVLNM), lymph node

lateralization/suspicion (L/S) ratio ≤ 2, ultrasound findings indicating lymph

node liquefaction, calcification, and increased blood flow, patients with

coexisting Hashimoto’s thyroiditis (HT), a tumor size ≥10 mm, and

postoperative pathology confirming invasion of the thyroid capsule, higher

levels of FNA-Tg were observed. However, the subgroup classification of DTC

and the presence or absence of thyroid tissue did not demonstrate any significant

impact on the levels of FNA-Tg.
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Conclusion: The findings of this study indicate that the utilization of FNA in

conjunction with FNA-Tg is a crucial approach for detecting LNM in DTC. TNM

stage indicated N1b, the presence of HVLNM, the presence of HT, lymph node L/

S ratio, liquefaction, calcification, tumor diameter, sTg and sTgAb are factors that

can impact FNA-Tg levels.In the context of clinical application, it is imperative to

individualize the use of FNA-Tg.
KEYWORDS

fine needle aspiration, fine needle aspiration thyroglobulin, differentiated thyroid
cancer, lymph node metastasis, serum thyroglobulin, serum thyroglobulin antibodies,
large or high volume lymph node metastasis
1 Introduction

DTC, comprising papillary thyroid cancer(PTC) and follicular

thyroid cancer, represents the predominant histological subtype of

thyroid malignancies, constituting approximately 85-90% of cases

(1, 2). Despite the generally slow progression of DTC in terms of

clinical and biological behavior, the occurrence of LNM is not

uncommon. This metastasis has been found to be closely linked to

both recurrence and prognosis (3, 4), thereby significantly

influencing the surgical approach chosen for patients.

Consequently, the accurate identification of LNM and the

exclusion of benign reactive lymphadenopathy are crucial for

enhancing patient survival rates and preventing unnecessary

lymphadenectomy procedures.

Currently, ultrasound and FNA are frequently employed

diagnostic techniques for evaluating LNM in clinical settings.

Nevertheless, the intricate neck anatomy contributes to significant

variability (ranging from 33% to 70%) in the sensitivity of

conventional ultrasound, thereby limiting its diagnostic

effectiveness (5). Furthermore, the diagnostic capacity of FNA

diminishes in cases where lymph nodes are small, contain

lymphocytic infiltrates or necrosis, and lack epithelial components

in cyst aspirates (6) exhibiting insufficient cell numbers, or suffering

from inadequate sample representation (7). Recent research has

demonstrated that the measurement of Tg from FNA eluates is a

reliable method for detecting cervical LNM, exhibiting a

commendable diagnostic efficacy (3, 8), particularly for smaller

lymph nodes (9). The American Thyroid Association (ATA)

management guidelines advocate for the incorporation of FNA-

Tg measurement as a supplementary tool to FNA cytology when

encountering suspicious LNs during ultrasound examination (10).

However, the determination of the optimal cutoff value for FNA-Tg

remains a subject of controversy, with various methods suggesting

values ranging from 0.2 to 36 ng/mL (11). Standardization of the

FNA-Tg procedure has yet to be achieved.

Several factors, including serum thyroid-stimulating hormone

(TSH), sTgAb, sTg, and the presence or absence of thyroid tissue in

situ, may contribute to the variability of FNA-Tg results (3, 9).
02
While some researchers have reported that the clinical

manifestations of FNA-Tg are unaffected by sTgAb and TSH

levels (12, 13), it has also been suggested that the presence of

thyroid tissue, sTg, and sTgAb can significantly impact the

diagnostic value of FNA-Tg (14–17).

HVLNM is defined as the presence of more than five metastatic

lymph nodes (10). Previous studies have demonstrated that patients

with HVLNM experience worse outcomes compared to those with

small-volume LNM, including higher rates of recurrence and lower

disease-free survival rates (18, 19). Consequently, ATA

incorporated HVLNM as an intermediate risk factor for

recurrence in its 2015 update on recurrence risk stratification.

This increased risk is associated with a higher probability of

structural recurrence, estimated to be approximately 15% (10).

Nevertheless, few studies have investigated the relationship

between HVLNM and FNA-Tg levels in suspicious lymph nodes.

Therefore, the objective of this study is to determine the optimal

cutoff value and diagnostic efficacy of FNA-Tg, and to compare the

diagnostic performance of FNA, FNA-Tg, and their combination

for detecting metastasis of DTC in lymph nodes, and to evaluate the

potential factors that may influence FNA-Tg levels.
2 Method

2.1 Patients

In this study, we conducted a retrospective analysis of the

pertinents who sought medical care at West China Hospital,

Sichuan University, for suspected thyroid cancer, suspected

recurrence, or suspected LNM subsequent to thyroid cancer

surgery, during the period from January 2018 to May 2021. The

inclusion criteria for this analysis were as follows: 1) confirmation of

DTC through final pathological diagnosis; 2) preoperative

assessment involving ultrasound examination of the thyroid and

cervical lymph nodes, FNA of suspicious lymph nodes, FNA-Tg

testing, and sTSH, sTg, and sTgAb detection prior to puncture; 3)

postoperative procedures including either total or partial
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thyroidectomy and bilateral cervical lymph node dissection or

partial lymph node dissection; 4) postoperative ultrasound follow-

up time was exceeding two years. Patients were excluded if they had

a final pathologic diagnosis of non-DTC, previous thyroid ablation,

or imperfect data.
2.2 Ultrasonography

Ultrasonography was conducted using a Mindray (Resona 7), 7-

13 MHz high-frequency linear array probe to examine the thyroid

and cervical lymph nodes. Two experienced sonographers with

more than 10 years of expertise in thyroid subgroups independently

evaluated the sonographic characteristics of suspicious nodules and

lymph nodes. The following information was gathered: the size of

the suspicious mass, the ultrasound image characteristics of the

suspicious lymph nodes (including L/S ratio, calcification,

liquefaction, focal hyperechoic regions are observed within the

cortex of lymph nodes, blood flow, and other conditions). Blood

flow in lymph nodes was assessed using the Adler grading (20).
2.3 Ultrasound-guided FNA and FNA-Tg

FNA cytology were primarily conducted using 21-25 gauge

needles, although the needle size was adjusted based on the

characteristics of the nodules. The needle was inserted parallel to

the ultrasound probe. The thyroid samples were obtained through

aspiration by retracting the needle for a duration of 5 to 10 seconds.

Subsequently, the aspirate was promptly spread onto a slide and

preserved in 95% alcohol. The operator evaluated the sufficiency of

the specimen in the smear.

After FNA, the needle and syringe were rinsed with 1 ml of

saline solution, and the resulting solution was gathered and

dispatched to the laboratory for the determination of FNA-Tg

(21). FNA-Tg levels were quantified using an immunoradiometric

Tg assay(CIS Bio International, located in Saclay, France).
2.4 Data collection

The clinical data gathered encompassed patients’ gender, age, and

serological-related discoveries. Serum levels of TSH, Tg, and TgAb

were assessed utilizing a chemiluminescent immunoassay analyzer

prior to puncture. The established reference ranges for sTSH were

0.27-4.2 mU/L, and sTg were 3.5-77 ug/L, and sTgAb < 115 IU/mL.

sTgAb (+) represents patient sTgAb ≥115 IU/mL. Staging adhered to

the guidelines outlined by the Joint Committee on TNM Staging of

Thyroid Cancer in the United States (8th edition, 2017).
2.5 Final diagnosis

To ascertain the presence of metastasis in DTC, a definitive

malignant diagnosis necessitates confirmation through postoperative

pathology. Conversely, a benign diagnosis entails either confirmation
Frontiers in Endocrinology 03
through postoperative pathology or a benign repeat FNA result,

coupled with unchanged findings from lymph node ultrasound

follow-up over a duration of two year (22). Diagnosis of HT is

based on postoperative pathology or thyroid function tests combined

with ultrasound (positive anti-thyroid peroxidase and/or sTgAb,

diffuse enlargement of the thyroid gland and heterogeneous

ultrasound echogenicity), with consideration given only to patients

exhibiting the presence of thyroid tissue. Furthermore, the assessment

of extrathyroidal extension relies on postoperative pathological

examination, encompassing the evaluation of infiltration into the

thyroid peritoneum, adjacent soft tissues, nerves, blood vessels, and

other relevant structures.
2.6 Statistical analysis

Statistical analyses were performed using SPSS software version

22.0 (IBM Corp., Armonk, NY, USA). Non-normally distributed

continuous variables (age, FNA-Tg, sTSH, sTg, sTgAb, mass size,

lymph node size) were presented as medians and interquartile

ranges or means and standard deviations; categorical variables

were reported as numbers and percentages. The groups were

subjected to comparison using the Chi-square test or Mann –

Whitney U test. Receiver operating characteristic (ROC) curve

analysis was conducted to ascertain the optimal cutoff value for

the FNA-Tg, FNA-Tg/sTg by calculating the AUC. Sensitivity,

specificity, NPV, PPV, and accuracy were computed to evaluate

the diagnostic performance of FNA-Tg, FNA-Tg/sTg, and the

combined FNA-Tg and FNA. All statistical tests were two-sided,

and a significance level of P < 0.05 was employed.
3 Result

3.1 Patient characteristics

This study included a cohort of 281 patients (333 lymph nodes),

consisting of 176 females and 105 males, with ages ranging from 12 to

80 (40.09 ± 12.72) years. The average maximum tumor diameter was

13.87 ± 9.91 mm (range 3-85 mm), while the maximum lymph node

diameter was 12.01 ± 7.05 mm (range 3-63 mm). The pathological

classification of DTC comprised 253 cases of classical papillary thyroid

carcinoma (PTC), 13 cases of classical PTC combined with follicular

PTC, 12 cases of follicular PTC, and 3 cases of follicular carcinoma.

A total of 240 patients, who had not undergone any

thyroid related surgery in the past, underwent total or

hemisection of the thyroid gland, along with ipsilateral or

bilateral central lymphadenectomy, as well as other required neck

lymphadenectomy procedures. Additionally, 15 patients had

previously undergone partial thyroidectomy, with 5 patients(7

lymph nodes)exhibiting suspicious nodules in the remaining

thyroid and 10 patients(13 lymph nodes) presenting suspicious

metastases in the cervical lymph nodes (ultrasound findings did not

indicate the presence of suspected malignant nodules in the

remaining thyroid).Furthermore, 26 patients(42 lymph nodes)

had previously undergone the necessary lymphadenectomy due to
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lymph node recurrence subsequent to total thyroidectomy for

thyroid cancer (Figure 1).Among patients with thyroid suspicious

lesions, there were 143 cases of single lesions, 102 cases of multiple

lesions. Among the cohort of patients exhibiting thyroid tissue, a

total of 188 individuals were found to be devoid of HT, while 67

patients were diagnosed with HT. Additionally, 74 patients (with a

total of 88 lymph nodes) underwent both FNA-Tg and FNA-TgAb

procedures. Detailed patient information can be found in Table 1.
3.2 Lymph node characteristics

The final diagnosis revealed that 180 lymph nodes were classified as

metastatic, while 153 were classified as non-metastatic. All malignant

lymph nodes were confirmed through postoperative histopathology

analysis. 102 lymph nodes were diagnosed as benign based on

postoperative pathology examination. Furthermore, a total of 51

lymph nodes remained benign following repeated FNA and

demonstrated no noteworthy alterations throughout the two-year

ultrasound monitoring period. Notably, the metastatic group

exhibited a higher prevalence of L/S ≤ 2 in lymph nodes compared to

the benign group(p=0.008). The presence of calcification was observed
Frontiers in Endocrinology 04
to be significantlymore frequent in lymph nodes of themetastatic group

compared to that in the benign group (p = 0.000, subgroup analysis,

calcified vs non-calcified, p = 0.000 < 0.017). Additionally, blood flow

was found to be significantly richer in the metastatic group (p = 0.000,

subgroup analysis, grade 0 VS 1, p = 0.007 < 0.017; grade 0 VS 2, 3, p =

0.000 < 0.017; grade 1 VS 2, 3, p = 0.006 <0.017).

Furthermore, postoperative lymph node dissection revealed that

77.8% of the metastatic group had HVLNM, whereas only 17.0% of

the benign group had the same (p = 0.000). The median values of

FNA-Tg in lymph nodes from the metastatic and benign groups

were4376.5 (4791.50) IU/ml and 0.36 (2.38) IU/ml, respectively (P =

0.000). Among the 88 lymph nodes that also underwent FNA-TgAb

testing, the median FNA-TgAb value was higher in the metastatic

group compared to the benign group (12.15 (5.68) ng/mL and 26.10

(50.05) ng/mL, respectively, P = 0.000). Notably, lymph nodes

displaying ultrasound characteristics indicative of metastasis possess

a greater propensity for developing metastases compared to lymph

nodes exhibiting structural abnormalities or reactive hyperplasia

(p=0.000, comparison between subgroups, p < 0.017). Masses larger

than 10mm in maximum diameter exhibit a higher likelihood of

cervical LNM compared to those smaller than 10mm(p = 0.000,

subgroup analysis, <10mm VS 10-20 mm, p = 0.002; <10mm VS
FIGURE 1

Population detail chart.
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≥20mm, p = 0.000; 10-20 mm VS ≥20mm, p = 0.238 >0.017). The

occurrence of thyroid peritoneal involvement is more probable in

cases of lymph node metastasis.

There were no statistically significant differences observed

between the two groups in terms of other serum parameters

(such as sTg, sTSH, sTgAb), liquefaction in lymph nodes, slightly

hyperechogenicity in the cortex, lymph node location partition,

pathological types of thyroid cancer, and presence of HT (Table 2).
3.3 The diagnostic efficacy of FNA, FNA-Tg,
and their combined assays

Among these, the FNA-Tg cut-off value of 16.1 ng/ml

demonstrated the highest diagnostic accuracy(AUC= 0.942, 0.917-
TABLE 1 Characteristic of study population.

Variables Patients(n=281)

Sex

Male 105

Female 176

Age

<55 232

≥55 49

Prior treatment

None 240

Unilateral thyroid lobectomy 15

Total thyroidectomy 26

TSH a 2.165(1.965)mU/L

sTg a 13.6(27.183)ng/ml

sTgAb a 16.05(72.9)IU/ml

Hashimoto’s thyroiditis Patients(n=255)b

No 188

Yes 67

Suspected malignant thyroid nodules Patients(n=245)c

Single 143

Multiple 102

Maximum diameter

<10 mm 100

10-20 mm 100

≥20 mm 45
F
rontiers in Endocrinology
aExpressed as Mean (interquartile range).
bAmong the 281 patients, 26 had a history of total thyroidectomy.
cOut of the total cohort of 15 patients who had previously undergone partial thyroidectomy, 5
sought medical attention due to suspicious thyroid nodules, while 10 presented with
suspicious lymph node metastases (as indicated by thyroid ultrasound, which did not
detect any suspicious nodules in the remaining thyroid tissue).
05
TABLE 2 Characteristic of lymph nodes.

Variables Final Diagnosis P

Benign
(n = 153)

Metastatic
(n = 180)

Location

Zone1/2/3/4/5 5/6/51/83/3 1/5/58/102/1 0.146b

Zone 6/7 4/1 12/1

TNM staging 0.000b

N0 53 0

N1a 69 8

N1b 31 172

High volume
lymph
node metastasis

0.000 c*

No 127 40

Yes 26 140

FNA 0.000 c*

Benign 151 59

Metastases 2 121

FNA-Tg(cut-off
value =16.1
ng/ml)

0.000 c*

Benign 136 23

Metastases 17 157

Lateralization/
suspicion (L/S)

0.008c*

≤2 61 98

>2 92 82

Liquefaction 0.059 b

No 138 161

Yes 8 17

Suspicious 7 2

Calcification 0.000 b*

No 106 81

Yes 33 77

Suspicious 14 22

Focal hyperechoic
areas in cortex

0.053 c*

No 147 164

Yes 6 16

Ultrasound
diagnosis of
lymph nodes

0.000 b*

(Continued)
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0.967), with a sensitivity of 87.2% and specificity of 89.9%. The PPV

and NPV were calculated to be 90.2% and 85.5%, respectively.

Furthermore, the cut-off value of FNA-Tg/sTg ratio was determined

to be 1.41(AUC = 0.933, 0.905 – 0.961), exhibiting a sensitivity of

88.3% and specificity of 88.9%. The PPV and NPV for this ratio

were calculated to be 90.3% and 86.1%, respectively. Additionally, a

positive correlation was observed between sTg and FNA-Tg

levels (Rs=0.318, P=0.000), while a negative correlation was

found between sTgAb and FNA-Tg levels(Rs=-0.147, P=0.008)

(Table 3). Diagnostic efficacy of each diagnostic tool and

combined diagnostic method in Table 4 and Figure 2.

3.4 Analysis of possible influencing factors
of FNA-Tg

In the context of lymph node metastatic staging, it was observed

that lymph node FNA-Tg levels exhibited higher values in N1b

compared to N0 and N1a(p = 0.000, subgroup analysis; N0 VS N1b,

p = 0.000,N1a VS N1b, p = 0.000; N0 VS N1a, p = 0.999, Bonferroni

correction). The optimal cut-off value for patients with N1b was

higher than for those with N1a(1214.5 ng/ml, AUC=0.895(0.845-

0.945) VS 115.5 ng/ml AUC=0.982(0.946-1.000), p=0.0065<0.05,

DeLong test). In the presence of LNHVM, the levels of FNA-Tg

were found to be elevated. When the L/S ratio of lymph nodes was ≤

2, the levels of FNA-Tg were found to be higher compared to those

with an L/S ratio>2. Patients diagnosed with HT exhibited higher

levels of FNA-Tg compared to those without HT. The statistical

analysis revealed a significant disparity in FNA-Tg levels between

tumors with a maximum diameter below 10 mm and those

exceeding 10 mm. However, no significant difference was

observed between tumors measuring 10-20 mm and those

surpassing 20 mm. Ultrasound examination revealed higher levels

of FNA-Tg when lymph nodes exhibited liquefaction, calcification,

and increased abundance. Furthermore, FNA-Tg levels were found

to be higher in patients who were determined to have invaded the

capsule based on postoperative pathology. Additionally, a positive

correlation was observed between sTg and FNA-Tg levels.
TABLE 2 Continued

Variables Final Diagnosis P

Benign
(n = 153)

Metastatic
(n = 180)

Benign or
reactive

hyperplasia

82 19

Abnormal
structure

32 22

Metastases 39 139

LN Alder Grade 0.000 b*

0 95 77

1 57 87

2, 3 1 16

Pathological types
of thyroid cancer

0.430 b

Classical PTC 134 167

Classical +
Follicular

PTC variant

8 6

Follicular
PTC variant

8 5

Follicular
carcinoma

3 2

sTg (ng/ml)a 13.2(21.39) 17.75(41.15) 0.052d

sTgAb (IU/ml) a 15.08(51.05) 16.10(79.73) 0.971 d

TSH(mU/L) a 2.13(2.08) 2.18(1.97) 0.507 d

FNA-Tg (ng/m) a 0.375(2.45) 4376(4790.50) 0.000 d*

FNA-TgAb (IU/
ml) a

12.15(5.68) 24.05(45.97) 0.000 d*

Hashimoto’s
thyroiditis

Benign (n
= 134)e

Metastatic (n
= 157)e

0.426 c

No 96 119

Yes 38 38

Suspected
malignant
thyroid nodules

Benign (n
= 128)f

Metastatic (n
= 150)f

0.116c

single 80 80

multiple 48 70

Maximum
diameter of
the nodule

0.000b

<10mm 68 43

10-20mm 44 67

≥20mm 16 40

Nodules invading
the

0,007c

(Continued)
TABLE 2 Continued

Variables Final Diagnosis P

Benign
(n = 153)

Metastatic
(n = 180)

thyroid
peritoneum

NO 31 17

Yes 97 133
aExpressed as Mean (interquartile range).
bFischer ‘s exact test.
cChi-square test.
dMann Whitney U test.
e26 patients (42 lymph nodes) previously underwent total thyroidectomy.
fOut of the total cohort of 15 patients who had previously undergone partial thyroidectomy, 5
(7 lymph nodes) sought medical attention due to suspicious thyroid nodules, while 10(13
lymph nodes) presented with suspicious lymph node metastases (as indicated by thyroid
ultrasound, which did not detect any suspicious nodules in the remaining thyroid tissue).
*P Value of <0.05 was considered statistically significant.
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Conversely, FNA-Tg levels were lower in cases where sTgAb (+).

Notably, no significant differences were observed in sTSH levels, the

number of masses, pathological types of thyroid cancer, presence or

absence of thyroid tissue, and presence or absence of slightly

hyperechogenicity in the lymph node cortex (Table 5).
3.5 Diagnostic efficacy of FNA- TgAb

Furthermore, the AUC of FNA-TgAb and FNA-TgAb/s TgAb

was smaller compared to that of FNA-Tg. However, it is worth

noting that the specificity and positive predictive value of FNA-

TgAb/s TgAb were high. The correlation between FNA-Tg and

FNA-TgAb was found to be highly significant (P = 0.000; Spearman

correlation coefficient = 0.537) (Figure 3, Table 6).
4 Discussion

The concept of FNA-Tg was initially introduced by Pacini et al.

in 1992, and it has been shown to be a valuable tool in the early

detection of cervical LNM in patients with PTC (23). Since FNA-Tg

is obtained during the FNA procedure, its implementation does not

impose any additional discomfort on the patient, thereby reducing

the reliance on individual expertise compared to cytology. However,

the optimal cutoff value for FNA-Tg remains uncertain in current

literature. Previous studies have proposed various cutoff values for

FNA-Tg, ranging from 0.2 to 36 ng/mL (11).

This study demonstrates that a cutoff value of 16.1 ng/ml for FNA-

Tg effectively diagnoses LNM. While FNA exhibits high specificity in

diagnosing LNM, its sensitivity is limited. However, when combined

with FNA-Tg, the sensitivity and NPV are improved. The AUC of

FNA-Tg was greater than that of FNA(p <0.001, DeLong test).FNA-Tg

exhibits high sensitivity and is effective in diagnosing both benign and
Frontiers in Endocrinology 07
malignant lymph nodes. The high specificity of FNA can be primarily

attributed to its notable diagnostic efficacy in identifying malignant

lymph nodes. However, it is important to note that in two cases, false

positives occurred when FNA results initially indicated malignancy but

were later pathologically confirmed as benign after surgical

intervention. There was a significant positive correlation observed

between FNA-Tg and sTg levels, with higher sTg levels

corresponding to higher FNA-Tg levels. The cutoff value for FNA-

Tg/sTg was determined to be 1.41.In comparison to other diagnostic

tests, the combination of FNA and FNA-Tg/sTg demonstrated the

highest sensitivity, which aligns with the findings of Liu et al. (11).

This study may be the first to report the correlation between

HVLNM and lymph node FNA-Tg levels. There are studies (24–26)

demonstrating that several factors, including younger age, male

gender, tumor size, extrathyroidal extension, multifocality, presence

of microcalcification, peritumoral infiltration, and abundant blood

flow, were found to be independent clinicopathological risk factors

associated with HVLNM.According to a study conducted by Hui

Huang (27) et al., it was found that patients without concomitant

HT exhibited a significantly higher risk of HVLNM compared to

those with concomitant HT. Furthermore, the presence of HVLNM

is associated with higher FNA-Tg levels, suggesting that patients

with elevated FNA-Tg levels may necessitate comprehensive lymph

node dissection to ensure the removal of hidden metastatic lymph

nodes in clinical settings.

There was no statistical difference in the distribution of

locations between benign and malignant lymph nodes.

Interestingly, the optimal cut-off value for patients with N1b was

higher than for those with N1a. One potential explanation for this

phenomenon is that thyroid cancer, upon developing extra-

thyroidal infiltration, exhibits a tendency to initially metastasize

to the central zone lymph nodes, followed by subsequent metastasis

to the cervical lateral zone lymph nodes. Consequently, patients

diagnosed with N1b demonstrate a greater extent of tumour cell

infiltration when metastasis occurs in the cervical lateral zone

lymph nodes, resulting in elevated levels of FNA-Tg cut-off values.

Currently, there is ongoing debate regarding the impact of

sTSH, sTg, sTgAb, and the presence of thyroid gland in situ on

FNA-Tg levels. Our study demonstrates a positive correlation

between sTg and FNA-Tg levels, aligning with the findings of

Konca et al (13). Therefore, elevated levels of sTg are associated

with higher FNA-Tg cutoff values (8, 28). The levels of FNA-Tg

were observed to be lower in individuals with sTgAb (+). Jia et al.
TABLE 3 Relationship between serum parameters and FNA-Tg.

Variables Rs p

sTg 0.318 0.000*

TSH 0.017 0.761

sTgAb -0.147 0.008*
*P Value of <0.05 was considered statistically significant.
TABLE 4 Diagnostic efficacy of each diagnostic tool and combined diagnostic method.

Diagnostic Tool Diagnostic Value

Sensitivity (%) Specificity (%) PPV (%) NPV (%) AUC

FNA 67.2 98.7 98.4 71.9 0.830(0.917-0.967)

FNA-Tg 87.2 88.9 90.2 85.5 0.942(0.917-0.967)

FNA-Tg/sTg 88.3 88.9 90.3 86.1 0.933(0.905 – 0.961)

FNA+FNA-Tg 88.9 92.2 93.0 88.1 0.955 (0.933 – 0.977)

FNA+ FNA-Tg/sTg 92.2 87.6 90.2 90.5 0.954(0.932 – 0.976)
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FIGURE 2

Comparison of area under the curve based on different
diagnostic methods.
TABLE 5 Analysis of possible influencing factors of FNA-Tg.

Variables Number FNA-Tga p

TNM staging 0.000e

N0 53 0.24(1.74)

N1a 77 0.46(3.41)

N1b 203 1711
(4969.80)

High volume lymph node metastasis 0.000d*

Yes 167 972(4983.43)

No 166 0.68(104.83)

LN lateralization/suspicion (L/S) 0.000
d*

>2 174 6.63
(1686.49)

≤2 159 409.00
(4998.83)

Liquefaction 0.007
d*

No 299 19.2
(4789.66)

Yes 25 3556.00
(4948.05)

Suspicious 9 0.46
(2500.85)

Calcification 0.015 d

No 187 5.70
(4906.76)

Yes 110 397.00
(4997.33)

Suspicious 36 16.45
(549.37)

Focal hyperechoic areas in cortex 0.2907
d

(Continued)
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TABLE 5 Continued

Variables Number FNA-Tga p

No 311 25.1
(4999.65)

Yes 22 377.5
(4747.23)

LN Alder Grade 0.000
d*

0 172 8.38
(2007.05)

1 144 202.50
(4999.26)

2, 3 17 5000
(4983.50)

TSH(mU/L) a 0.084 d

Low 38 253(4999.5)

Normal 256 15.65
(4287.21)

High 39 99.6
(4998.37)

sTg(ng/ml)a 0.000
d*

Low 76 4.325
(569.96)

Normal 211 30.2
(4999.63)

High 46 699(4989.84)

sTgAb (IU/ml) a 0.014
d*

Normal 259 65.6
(4999.56)

High 74 5.635
(399.80)

Pathological types of thyroid cancer 0.468 d

Classical PTC 301 30.2
(4999.64)

Classical + Follicular PTC variant 14 11.2
(2788.93)

Follicular PTC variant 13 49.8
(2558.05)

Follicular carcinoma 5 673(4988.2)

Thyroid gland N=291b 0.280 d

Existence 249 25.1
(4789.65)

Absent 42 51.95
(4999.4)

Hashimoto’s thyroiditis N=291b 0.016
d*

No 215 99.60
(4999.58)

(Continued)
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(22) also discovered a negative correlation between serum TgAb

levels and FNA-Tg levels in the central LN (Rs =-0.232,p = 0.028).

These findings align with previous research (15, 29), suggesting that

elevated sTgAb levels may impede accurate FNA-Tg measurements.

Limited research has been conducted on the correlation

between HT and FNA-Tg levels in lymph nodes. The findings of
Frontiers in Endocrinology 09
this study indicate that suspicious lymph nodes with HT exhibit

lower FNA-Tg levels compared to those without HT. The present

research have proposed a correlation between HT and an

augmented susceptibility to thyroid cancer, coupled with a

reduced occurrence of LNM, aligning with the outcomes of our

study (30). Our investigation revealed that FNA-Tg levels were

reduced in the presence of positive serum TgAb. This observation

may be attributed to elevated sTgAb levels in HT patients.

Ultrasound examination revealed higher FNA-Tg levels in cases

where lymph nodes exhibited L/S ≤ 2, liquefaction, calcification,

and increased blood flow. This observation suggests a positive

association between the malignancy of lymph nodes and their

FNA-Tg levels. Degertekin et al’s study additionally demonstrated

that FNA-Tg levels rise as lymph nodes exhibit a rounded shape on

ultrasonography (13). Further investigations are warranted to

explore the relationship between ultrasonographic characteristics

of lymph nodes and FNA-Tg levels.

Factors such as TSH level, number of masses, pathological type,

presence or absence of thyroid tissue, location of lymph node

distribution, and presence or absence of slightly hyper-

echogenicity in lymph nodes did not exert a statistically

significant influence on FNA-Tg. Our study aligns with the

findings of Wang, Jiahui et al. (31), who determined that the

status of thyroid tissue does not impact the accuracy of FNA-Tg

in diagnosing LNM. The two AUC (0.969 and 0.987) showed no

significant difference. However, other studies (32) discovered that

patients with thyroid tissue (prior to primary surgery or after

lobectomy) exhibited higher FNA-Tg cutoff values compared to

patients without thyroid tissue (55.99 vs. 9.7 ng/mL, respectively).

While the influence of thyroid presence or absence requires further

clarification, it is crucial to consider the integrity of thyroid tissue in

clinical practice.

Furthermore, our investigation revealed that suspicious lymph

nodes exhibited heightened levels of FNA-Tg when the maximum

tumor diameter exceeded 10 mm, as opposed to cases of minimal

thyroid cancer. Consequently, a more cautious approach is

warranted when evaluating lymph nodes in the context of

minimal thyroid cancer within clinical.

Our study has demonstrated that FNA-TgAb exhibits limited

diagnostic efficacy in detecting LNM in DTC. However, it is worth

noting that both the specificity and PPV of FNA-TgAb and FNA-

TgAb/s TgAb were found to be high. Additionally, we observed a

positive correlation between FNA-Tg and FNA-TgAb (P = 0.000;

Spearman correlation coefficient = 0.537), which aligns with the

findings reported by Liu, Qianhui et al (33). Nevertheless, further

follow-up studies are necessary to fully understand the impact of

FNA-TgAb on the diagnostic efficacy of FNA-Tg in detecting LNM

in DTC.

This study is subject to certain limitations. Firstly, it should be

noted that this study adopts a retrospective analysis approach,

which introduces a potential selection bias. Secondly, due to the

retrospective nature of the study, it was not possible to guarantee

the exact correspondence between the lymph nodes that were

biopsied and subsequently surgically removed. The cases, where

the biopsied lymph nodes were situated at the same neck level, and

exhibited similar size, and were successfully removed, were deemed
TABLE 5 Continued

Variables Number FNA-Tga p

Yes 76 11.20
(569.83)

Number of Suspected malignant
thyroid nodules

N=278c 0.428 d

single 161 13.80
(3957.73)

multiple 118 45.00
(4929.87)

Maximum diameter of the nodule N=278c 0.000
d*

<10 mm 111 1.62(623.83)

10≤, 20 mm 111 105.00
(4999.62)

≥20 mm 57 566.50
(4990.62)

Nodules invading the
thyroid peritoneum

N=278c 0.004
d*

No 48 1.94
(181.106)

Yes 231 105.00
(4999.53)
aExpressed as Mean (interquartile range).
b26 patients (42 lymph nodes) previously underwent total thyroidectomy.
cOut of the total cohort of 15 patients who had previously undergone partial thyroidectomy, 5
(7 lymph nodes) sought medical attention due to suspicious thyroid nodules, while 10(13
lymph nodes) presented with suspicious lymph node metastases (as indicated by thyroid
ultrasound, which did not detect any suspicious nodules in the remaining thyroid tissue).
dMann Whitney U test.
eKruskal-Wallis test.
*P Value of <0.05 was considered statistically significant.
FIGURE 3

Comparison of area under the curve based on different
diagnostic methods.
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to be the same (34). The concordance of lymph nodes was

determined through the utilization of hook needle localization,

staining, or postoperative aspiration of FNA-Tg. Following this,

we will assess the agreement of lymph nodes through the utilization

of hook needle localization, staining, or postoperative aspiration of

FNA-Tg. Furthermore, it is imperative to expand the sample size by

including more patients and incorporating a wider range of cases

beyond classical PTC, while also enhancing the precision of

the findings.
5 Conclusion

In summary, this investigation proposes that the combination

of FNA and FNA-Tg holds significant diagnostic value in the

identification of LNM in DTC.Factors such as TNM stage

indicated N1b, the presence of HVLNM, lymph node L/S,

liquefaction, calcification, tumor diameter, the presence of HT,

sTg, and sTgAb can influence FNA-Tg levels.
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