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Thyroglobulin (Tg) is secreted by thyroid follicular cells and stored in the thyroid follicular lumen as a component of thyroid hormone. It is known that both benign and well-differentiated malignant thyroid tissue can secrete Tg. In recent years, growing lines of evidence have shown that Tg plays an important role in the diagnosis and metastasis of preoperative differentiated thyroid carcinoma (DTC). The levels of Tg, whether in the serum or in a fine-needle aspiration washout fluid, are usually viewed as an excellent indicator in the monitoring of postoperative DTC, including the guidance and evaluation of radioactive iodine ablation. Nevertheless, some factors limit the application of Tg, such as the method used to measure Tg and the presence of Tg antibodies. This review aimed to summarize the role of Tg in the preoperative and postoperative evaluation of patients with DTC, and the factors influencing Tg. This review could provide a reference for a more accurate application of Tg in patients with DTC.
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1 Introduction

Thyroid cancer, the most common endocrine malignant tumor, has shown an increasing incidence rate, ranking ninth in 2020 globally (1). It is predicted that thyroid cancer will be the fourth most common cancer in 2030 (2). Owing to the stable incidence of other pathological types of thyroid cancer, the increasing tendency noted above occurs with differentiated thyroid carcinoma (DTC), and DTC accounts for the greatest proportion of thyroid cancer (3, 4). At present, owing to the extensive use of clinical imaging and the deep awareness of the importance of health examinations, more than 68% of the general population have been diagnosed with thyroid nodules (TNs) (5). The preliminary screening of thyroid nodules includes thyroid ultrasound, which is crucial for the identification of benign and malignant TNs, contrast-enhanced ultrasound, and ultrasonic elastography used for further diagnosis. Ultrasound-guided fine needle aspiration (FNA) is the most effective method for the diagnosis of DTC before surgery (6). However, nodule size, features, and clinicians’ experience may affect the accuracy of ultrasound and FNA (7). Moreover, results are uncertain in 15%–20% of thyroid cytology and a quarter of these nodules are malignant (8). Therefore, predictive factors are particularly important for identifying benign and malignant TNs. Molecular biomarkers are used for the evaluation of TNs, including RET/PTC, BRAF, and RAS. Preoperative serum Tg is also useful (9). Apart from the diagnosis of TNs, accurate and effective prognostic evaluation is also vital for thyroid cancer. Some methods are used for follow-up after thyroidectomy and the formulation of treatment plans, including ultrasound and the serum thyroid function and thyroglobulin (Tg) (10).

Tg is a large protein dimer of 660 kDa produced by thyroid follicular cells and is integral to thyroid hormone synthesis. In this process, tyrosine residues of Tg are iodinated to form monoiodotyrosines and diiodotyrosines. Iodinated Tg is stored in the thyroid follicular lumen, and its release is influenced by thyroid stimulating hormone (TSH). Subsequently, these iodotyrosines undergo oxidative coupling to form T3 and T4 (Figure 1). Some researchers have shown that Tg gene mutation can facilitate the development of thyroid cancer by obstructing thyroid hormone synthesis (11), highlighting the significance of Tg in the identification of malignant thyroid nodules. Tg is produced by both benign and well-differentiated malignant thyroid cells, which means that it marks the existence of thyroid tissue (12, 13). Consequently, the level of Tg after thyroidectomy for thyroid cancer is used to predict tumor recurrence and metastasis. However, a recent study found that some methods of Tg measurement may not accurately reflect serum Tg in vivo. The existence of Tg antibodies (TgAb) might reduce the level of Tg and result in a false-negative test. These factors limited the application of Tg in DTC.




Figure 1 | Synthesis and secretion of thyroglobulin and thyroid hormones. Thyroid follicular cells synthetize Tg and secrete it into the thyroid follicular lumen by exocytosis. Reactive iodide is covalently linked to specific tyrosyl residues of thyroglobulin (Tg) and generate MIT and/or DIT. MIT/DIT form T3 and T4 through coupling. When TSH combines with TSH-R in thyroid follicular cells, the newly synthesized thyroid hormone will be increasingly transported to the bloodstream.



In this review, we summarize the role of Tg in DTC, including preoperative prediction and postoperative evaluation and the factors that influence Tg levels (Figure 2). We comprehensively expound Tg measurement and the best applications to be used in different situations. References are provided for the accurate preoperative evaluation of Tg, the prognostic prediction of DTC, and the selection of the Tg measuring method.




Figure 2 | Outline of the role of thyroglobulin in patients with differentiated thyroid cancer.





2 The Role of Tg in Preoperative Patients With DTC


2.1 The Evaluation Value of Tg in Preoperative DTC

Preoperative serum Tg evaluation of patients with DTC remains controversial in the assessment of TNs. Because of deviations in Tg in thyroid disease, some early studies suggest against the routine measurement of serum Tg levels, considering it to be a hyposensitive and non-specific test (14). The level of serum Tg is closely associated with the total mass of the thyroid in vivo, thyroid stimulation induced by TSH, and invasive surgeries such as FNA (15). For instance, when benign TNs are complicated by goiter and thyroiditis, preoperative Tg also rises owing to an increase in the number of follicular cells or damage to follicular cells (16). Giovanella et al. (17) stated that preoperative serum Tg was undetectable or reduced among 3.0%–5.1% of patients with DTC, by whatever means. In contrast, recent studies considered serum Tg as a risk factor and an independent predictor for thyroid cancer. Kars et al. (18) found that the prevalence rate of thyroid cancer was higher with preoperative serum Tg >188.5 ng/ml. Wang et al. (19) showed that an increasing ratio of preoperative serum TSH and Tg was more relevant to thyroid cancer compared with TSH alone, and the ratio was viewed as a risk factor for malignancy. Scheffler et al. (20) produced the McGill Thyroid Nodule Score + (MTNS+) and found that when a preoperative serum Tg value was 75 ng/ml, it added one point to the MTNS; whereas a Tg value of 187.5 ng/ml added two points. They showed that the practical use of MTNS+ was superior to that of MTNS because of Tg. Furthermore, MTNS+ could produce an accurate risk stratification of highly differentiated malignant tumors of the thyroid gland. Preoperative Tg is also helpful for predicting cervical lymph node (CLN) metastasis and choice of surgery (21). In the same year, Huang et al. (22) initially proposed that Tg was related to skip metastasis of papillary thyroid carcinoma (PTC). Preoperative serum Tg was verified as an effective predictor in initial distant metastasis (DM) of DTC (23). A systematic review showed that preoperative serum Tg should be measured, especially along with uncertain cytology (24). At present, we see preoperative serum Tg as a reference to predict malignant TNs. In general, further research, including prospective studies, regarding the value of preoperative serum Tg in thyroid cancer is still needed.



2.2 The Role of Tg Measurement With FNA-Tg in Preoperative DTC

FNA-Tg is the measurement of Tg level in the washout fluid from FNA. Notably, many recent studies have verified that FNA-Tg was helpful for evaluating CLN metastasis. In 1992, FNA-Tg was firstly shown by Pacini et al. (25) to indicate CLN metastasis of DTC. Subsequently, several studies have proposed that FNA-Tg could be used for preoperative CLN detection in DTC (26). Uruno et al. (27) considered CLNs with FNA-Tg levels higher than serum Tg levels as positive. The results showed that the sensitivity of FNA-Tg was 81.4%, which was higher than the 78.0% of fine-needle aspiration cytology (FNA-C). It was concluded that FNA-Tg was an effective method for the diagnosis of preoperative CLN metastasis in PTC. Al-Hilli et al. (28) also confirmed that the sensitivity of FNA-Tg was superior to that of FNA-C and using the two methods together could improve the detection efficiency of CLN metastases by 13%. In 2012, Kim et al. (29) obtained FNA-Tg levels within suspected metastatic CLNs in PTC. FNA-Tg concentrations of >50 ng/ml were viewed as positive. The authors suggested that FNA-Tg could be used to assess CLN metastasis of PTC and that its diagnostic performance was not influenced by the existence of thyroid gland tissue, which suggested the reliability of FNA-Tg for the evaluation of preoperative CLNs of PTC. However, the cutoff value of FNA-Tg has not been informative. Pak et al. (30) suggested that when FNA-Tg was >32.04 ng/ml, it indicated CLN metastasis. In the same year, Jeon et al. (31) found that the cutoff value of FNA-Tg was related to the level of serum Tg. When serum Tg value was ≤1.0 μg/L, they recommended viewing 1.0 μg/L as the cutoff value of FNA-Tg. However, when serum Tg was >1.0 μg/L, a ratio of 0.5, which was the level of FNA-Tg divided by the level of serum Tg, showed better performance. Later, Liu et al. (32) demonstrated that FNA-C and FNA-Tg/serum-Tg performed together showed higher specificity when compared with combined FNA-C and FNA-Tg. Furthermore, they found that multilevel FNA-Tg was also helpful in identifying lateral CLN metastasis. In summary, although the cutoff value of FNA-Tg has remained controversial, the value of FNA-Tg and FNA-Tg value/serum-Tg is acknowledged by most authors.




3 The Role of Tg in Postoperative Patients With DTC


3.1 The Prognostic Role of Tg in Postoperative Patients With DTC

Due to the excellent curative ratio of DTC after thyroidectomy and the adjuvant administration of radioactive iodine (RAI) ablation, most postoperative patients have no obvious clinical symptoms at follow-up. Therefore, there needs to be highly specific and sensitive monitoring methods for long-term follow-up so that recurrent patients can receive timely and effective intervention and patients without recurrent cancer can avoid unnecessary tests and treatments (33). The 2015 American Thyroid Association (ATA) management guidelines proposed the measurement of Tg as a valid way to dynamically monitor the prognosis of DTC. It was recommended that a stimulated Tg (sTg) of <0.2 ng/ml or 0.1 ng/ml was used for the cutoff to evaluate DTC recurrence (34). In the past several years, a series of studies verified the prognostic evaluation role of Tg. Durante et al. (35) found that the serum Tg level of most patients without RAI ablation dropped down to undetectable level during 5–7 years after thyroidectomy, meaning that once serum Tg level went up, it might forebode a poor prognosis of DTC. Besides serum Tg, there are also other Tg types used in the monitoring of DTC (Table 1).


Table 1 | Evaluation forms of thyroglobulin in the monitoring of differentiated thyroid cancer.



Stimulated serum Tg by recombinant human TSH (rhTSH) or thyroid hormone withdrawal was initially used for prognostic evaluation. The ATA strongly recommended that high-risk patients should undergo a serum Tg test every 6–12 months. A study reported that sTg <1 ng/ml in high-risk PTC patients indicated a good prognosis (36). Jayasekara et al. (37) suggested that measuring sTg during the early postoperative period could accurately quantify the risk of DTC recurrence. A retrospective study measured rhTSH-stimulated Tg level again after an initial undetectable rhTSH-stimulated Tg level. It drew a conclusion that the initial low or negative rhTSH-stimulated Tg level was a good indicator for slow disease progression and the second negative rhTSH-stimulated Tg level suggested a reassuring result. Under these circumstances, postoperative follow-up could be performed by a nonstimulated Tg every few years (38). Another retrospective study measured serum Tg after thyroxine withdrawal for 4 weeks (LT4 withdraw) to evaluate the prognosis of recurrence after reoperation. It suggested that recrudescent patients should routinely be measured for Tg after LT4 withdrawal, particularly when it was >10 ng/ml. Tg after LT4 withdrawal was an excellent indicator for supervision recurrence after reoperation (39). The latest study found that high-sensitive Tg (hsTg) measurement could greatly simplify postoperative management of DTC by avoiding stimulation (40, 41). Malandrino et al. (42) confirmed that hsTg could identify patient disease progression, and in most patients, it was sufficient to measure hsTg. When hsTg level was ≥1 μg/L or increased with time in TgAb-negative patients, a neck ultrasound was recommended (43).

When serum Tg is used as the indicator to evaluate residual thyroid tissue, some factors influence the accuracy, such as the concentration of TSH and the existence of TgAb (15). Some researchers consider the change of serum Tg with time after thyroidectomy, especially the Tg doubling time (DT). Multivariate analysis indicated that Tg-DT was not only an independent prognostic factor of survival, distant metastasis, and local recurrence, but also a more accurate prognostic predictor compared with other classical predictors including TNM stage, age, and gender (44). Rössing et al. (45) evaluated Tg-DT and other prognostic factors by uni- and multivariate analysis in progressing DTC. They found that the mortality risk with Tg-DT >14 months was twofold lower than Tg-DT <5 months. The study indicated that Tg-DT was not an independent predictor of survival in progressive DTC. In summary, most authors support the significance of Tg-DT for dynamic risk assessment in postoperative patients.

Postoperative positive Tg is related to CLN metastasis and DM. A series of studies have shown that the Tg test in FNA of CLNs is an effective way to identify CLN metastasis after thyroidectomy. In a study by Cunha et al. (46), the sensitivity of FNA-Tg was 100% in early CLN recurrence. Even if TgAb were present, it enhanced the accuracy of cytologic examination (47). A retrospective study showed that FNA-Tg measurement might replace CLN cytologic examination (48). Pacini et al. (25) suggested that improvement of FNA-Tg in CLNs was indicative of CLN metastasis from DTC. The cutoff of FNA-Tg in CLNs does not have a standard. Borel et al. (49) verified that low FNA-Tg levels of CLNs were irrelevant to serum Tg levels and could imply metastasis of DTC. Jeon et al. (30) recommended FNA-Tg in CLNs of 0.9 ng/ml as the cutoff to identify CLN metastasis. A further study measured FNA-Tg level in lung metastasis guided by CT and determined that it was an effective method and also reduced the number of invasive operations at the same time (50). In addition to FNA-Tg, serum Tg showed a certain value for predicting DM of DTC (51). Demir et al. (52) used serum Tg and Tg/TSH values associated with DM and found that their areas under ROC were 0.990 and 0.991, respectively. Tg/TSH was therefore confirmed as an early biomarker for DM (53). A later study demonstrated that sTg levels >117.5 ng/ml indicated DM in DTC, whose negative predictive value was up to 93.7% (54). Particularly in children and adolescent patients with DTC, sTg showed a higher accuracy in predicting DM (55, 56).

Apart from the above-mentioned papers, some researchers have also tried to study the role of serum Tg in DTC lobectomy. Some authors consider that after lobectomy, patients still have a normal thyroid gland, and it is not possible to identify whether improvement of serum Tg comes from normal or recurrent tissue. A series of studies showed that there was limited value for serum Tg measurement after lobectomy to identify local recurrence (57, 58). Tourani et al. (59) even found that serum Tg was useless for the management of patients following a lobectomy.

Tg measurement, neck ultrasound, and 131I whole-body scan (WBS) are the primary assessment methods for follow-up patients with DTC (60). Because of the complex technology needed and the high testing cost, serum Tg value and neck ultrasound have gradually replaced 131I WBS in low- and medium-risk patients, and they provide a credible postoperative evaluation (61, 62). Fernandes et al. (63) stated that Tg measurement and neck ultrasound should be recommended 6 and 12 months postoperatively, and then annually if the results are negative. During a 1-year evaluation, low- and medium-risk patients with negative neck ultrasound and Tg level <1 ng/ml could be monitored solely by unstimulated serum Tg and clinical assessments (64, 65). Neck ultrasound was suggested when the Tg level trend was increasing (66, 67). The ATA and NCCN guidelines recommend repeated Tg measurement with rhTSH stimulation when the initial Tg value is undetectable. Some researchers showed that rhTSH-stimulated Tg value did not change the postoperative management if suppressed Tg was <1 ng/ml and neck ultrasound was negative (68, 69). Castagna et al. (70) proposed that rhTSH-stimulated Tg should be repeatedly measured at a first positive rhTSH-stimulated Tg and negative neck ultrasound. For most low- and medium-risk patients, suppressed Tg measurement and neck ultrasound are sufficient to predict recurrence of DTC. However, if some indicators are positive, it is crucial to perform further tests.



3.2 The Role of Tg in Postoperative RAI Ablation

As early as the 1970s, RAI had been viewed as the best method of remnant ablation after thyroidectomy. At that time, RAI ablation therapy was limited in patients with poor prognosis, because the heritability and carcinogenicity of RAI caused panic (71). Nevertheless, a report by Mazzaferri et al. (72) found that RAI ablation could improve overall survival and reduce recurrence rate. Since the 1980s, when residual thyroid malignant tissue after thyroid surgery became common, RAI remnant ablation has been recommended for most patients with DTC. However, RAI remnant ablation in low-risk patients does not seem to have much value compared with its side effects and treatment costs. Current guidelines recommend that RAI ablation should be used more selectively, instead of as a routine, and administration dose should be lower. Currently, there needs to be further clarification regarding the individual use of RAI ablation and the number of doses. Tg was considered as a strong prognostic factor in DTC. There have also been many reports that have studied its influence on RAI ablation. Next, we summarize the role of Tg for RAI ablation with the aim of suggesting protocols for RAI ablation therapy.


3.2.1 Guidance Regarding the Role of Tg Before RAI Ablation

In recent years, increasing number of scholars consider that serum Tg after thyroidectomy is an indicator guiding the use of RAI ablation. As Ibrahimpasic et al. (73) reported, it is safe for low- and moderate-risk patients with DTC after total thyroidectomy not to receive RAI ablation therapy, when their serum Tg is undetectable. Similarly, Mourão et al. (74) found that it was unnecessary to perform RAI ablation in postoperative patients with low unstimulated Tg [uTg (uTg <0.3 ng/ml)] and a negative neck ultrasound. In the same year, a different cutoff of uTg was proposed by Rosario et al. (75). They suggested that with low uTg (<0.25 ng/ml) and negative TgAb and neck ultrasound, low-risk patients with PTC whose tumor size was >1 cm should not undergo RAI ablation. However, what about low-risk patients with a tumor size >4 cm? Mourão et al. (74) had followed up patients with PTC >4 cm for 5 years, whose sTg was ≤2 ng/ml or uTg <0.3 ng/ml with negative imaging results. None of these patients received RAI ablation, and no structural recurrence was found during the 5-year follow-up. In a series of studies by Orlov et al. (76), all patients without RAI ablation (including those with nidus >4 cm) showed no recurrence, when their postoperative serum sTg values were <5 ng/ml. They allowed patients with undetected sTg or an sTg of 1–5 ng/ml to not receive RAI ablation, while patients with sTg >5 ng/ml received RAI ablation. Thus, those patients with undetected sTg or sTg 1–5 ng/ml whose tumors were >4 cm, whose ages were greater than 45 years, and whose CNLs were involved avoided RAI overtreatment. There were no recurrent cases in patients without RAI ablation and only patients receiving RAI ablation showed recurrent clues. More importantly, sTg seemed to be helpful in determining the dose of RAI ablation. Nonmetastatic patients with sTg <5 ng/ml receiving low-dose RAI had a similar outcome to those receiving high-dose RAI (77). Therefore, we suggest that low postoperative sTg or uTg might be one of the standards to address the unnecessary treatment of RAI ablation. The cutoff of sTg and uTg still needs to be further determined (78).

Postoperative sTg can both guide RAI ablation treatment and predict the curative effect before RAI ablation. Some studies showed that patients with low sTg and limited LN metastasis after total thyroidectomy tended to be cured after the first RAI ablation therapy (79). Spaas et al. (80) determined that an sTg value before RAI ablation was a good indicator of recrudescence of DTC. Measurement of serum Tg on the first day and third day of rhTSH administration (Tg1; Tg3) was performed by Ledwon et al. (81). They identified that the cutoff of Tg1 and Tg3, respectively, was 0.7 ng/ml and 1.4 ng/ml, which were able to independently predict RAI ablation success in DTC patients with total or near-total thyroidectomy. Besides sTg, the data analysis of Trevizam et al. (82) indicated that the sTg/TSH ratio was as reliable as sTg in the prediction of the RAI ablation effect. Prpic et al. (83) evaluated 740 patients and determined Tg/TSH to be a more reliable factor compared with serum Tg alone. In multivariable logistic regression analysis, elevated Tg/TSH was identified as an independent prognostic factor for RAI ablation. Based on the proposition of Tg/TSH, further studies are needed to verify the predictive value at the time of TSH stimulation.

In summary, postoperative serum Tg is a significant factor in the decision to perform RAI ablation therapy and prediction of the RAI ablation effect. Of note, serum Tg is not the only indicator for evaluation of RAI ablation treatment. Moreover, the 2015 ATA guidance does not have a specific value of serum Tg to guide and predict ARI ablation (34). More importantly, with increasing numbers of thorough studies, the ratio of Tg/TSH has gradually gained importance as a predictive indicator in RAI ablation.



3.2.2 The Prognostic Role of Tg After RAI Ablation

After RAI ablation therapy, the level of Tg similarly has a prognostic and instructional function. Initially, one thing must be understood: the level of serum Tg rises transitorily during an early stage of post-RAI ablation in DTC patients with total thyroidectomy. Destruction and inflammation of thyroid tissue by RAI reflection induce the release of Tg in residual thyroid tissue, which might lead to the transient rise of Tg. This value will not drop below baseline for approximately 6 months (84). Frank et al. (85) stated that the level of Tg would slightly increase after RAI ablation in total thyroidectomy, and they recommend sequential surveillance and follow-up instead of additional RAI ablation. Moreover, the increase of Tg after 2 days following RAI ablation might predict a good result in DTC patients with distant metastasis, which indicates that more thyroid tissue was destroyed (86). Accordingly, we concluded that Tg after RAI ablation should be measured at least 6 months later to predict the effect of RAI ablation and guide subsequent therapy. The level of Tg in most patients with RAI ablation was very low or undetected. Padovani et al. (87) suggested that patients with DTC might only need close follow-up when the Tg value at 6 months of RAI ablation dropped to 1–5 ng/ml. In this situation, neck US became an unnecessary examination during the period of follow-up. Neck US was only performed with Tg values of >1.0 μg/L (43). In WBS-positive and Tg-negative patients (WBS+Tg-), Lim et al. (88) proposed that the best treatment option might be continued observation without repeated RAI ablation. A study by Piccardo et al. (89) found that a Tg level of ≥50 μg/L was a valuable cutoff to predict recrudescence in high-risk patients with DTC. Afterward, Wong et al. (90) used ROC analysis of sensitivities and specificities and suggested a 1 ng/ml cutoff of sTg after ARI ablation at around 6 months to predict adverse clinical results. In contrast, it has been reported that a patient with an extremely low level of Tg after RAI ablation developed distant metastases in the brain and lungs, even when his WBS was negative. This report implied that it seemed unsafe to view Tg level or WBS as a single marker (91). Notably, the level of Tg after the first RAI ablation was also regarded as an effective decisive and prognostic indicator for the second RAI ablation (92). Abe et al. (93) proposed that patients with a serum Tg >9 ng/ml after the first RAI ablation might need a subsequent higher dose of RAI. Recently, Huang et al. (94) found a new biomarker in thyroid cancer named urinary exosomal thyroglobulin (U-Ex Tg), which may replace serum Tg in the future. In their study, U-Ex Tg was high in patients with CLN metastasis and lymph-vascular invasion. Additionally, serum Tg was undetectable after RAI ablation while the rising tendency of U-Ex Tg implied possible recurrence.





4 Factors Influencing Tg Level

Serum Tg concentration is influenced by many factors. Full details are given in Table 2. In this section, we focus on the influence of the methods used to measure Tg and TgAb.


Table 2 | Factors influencing serum thyroglobulin levels in patients with differentiated thyroid cancer.




4.1 The Influence of Measuring Methods on Tg Level

Tg measurements include immunometric assays (IMA), radioimmunoassay (RIA), and liquid chromatography/tandem mass spectrometry (LC-MS/MS) assays. Tg measured by IMA is the most common method used in clinical laboratories. Essentially, it is a two-site reaction involving a solid-phase antibody and a labeled antibody. The second-generation IMA with a functional sensitivity (FS) of <0.2 ng/ml gradually replaced the first-generation IMA with an FS of 1 ng/ml, which reduced the need for TSH stimulation (95). For patients with positive TgAb, IMA might not be satisfactory. Because of the interference of TgAb, the serum Tg measured by IMA might be fictitiously reduced, even when the level of TgAb is low or lower than the cutoff (96). Apart from TgAb, the presence of heterophile antibodies (HAb) might result in high Tg measured by interacting with antibodies in IMA (97).

Tg measured by RIA indicates that serum Tg is combined with a limited amount of a high-affinity rabbit polyclonal TgAb competing with a radiolabeled (125I) human Tg (98, 99). The FS of RIA ranges from 5 to 15 μg/L (100). Currently, because of the need to handle radioactive materials, RIA has not been widely applied. However, it is extensively used to evaluate the interference of TgAb, though its FS remains unsatisfactory; its polyclonal antibodies binding with TgAb can still recognize Tg epitopes (98). Compared with IMA, the interference of TgAb seems lower than that for Tg levels by RIA. A study tested Tg levels, respectively, using IMA and RIA in normal thyroid subjects with positive and negative TgAb. Tg levels measured by RIA with negative TgAb were approximately the same as Tg levels with positive TgAb. However, Tg levels measured by IMA with positive TgAb were generally lower or even undetectable.

Tg measured by LC-MS/MS uses tryptic digestion and immunocapture to overcome TgAb interference, because all proteins, including TgAb and HAb, can be dissociated (101). The technique belongs to a new and cost-effective technology that could be used for Tg measurement in the presence of TgAb (102). The operation and maintenance of instrumentation and sample throughput limit its application to a certain extent (103). The levels of Tg with positive TgAb as detected by LC-MS/MS are commonly higher than the levels of Tg as detected by IMA (101). LC-MS/MS assays can identify serum Tg in the presence of TgAb when IMA cannot. Kushnir et al. (102) verified that 23% of positive TgAb samples could not detect Tg concentrations by IMA, while LC-MS/MS assay results gave Tg concentrations from 0.7 to 11 μg/L.

In summary, Tg measurements have advantages and disadvantages (Table 3). Currently, the IMAs are the most commonly used methods in clinical laboratories. It is known that IMAs always underestimate Tg levels in the presence of TgAb (104). RIA and LC-MS/MS could overcome the interference of TgAb. However, Tg measured by RIA can sometimes be falsely low or falsely high; the FS of RIA can be lower than the second-generation IMA. Crane et al. (105) proposed that Tg measured by RIA and IMA together should be viewed as a feasible monitoring method in the presence of TgAb. As for LC-MS/MS, more clinical trials are needed to verify the performance of Tg measurement in patients with positive TgAb and structural disease.


Table 3 | Thyroglobulin measuring methods in patients with differentiated thyroid cancer.





4.2 The Interference of TgAb With Tg Level

TgAb is the most important interfering factor in the measurement of Tg level. To some extent, it limits the application of Tg testing in DTC. About 20% of patients with DTC have detectable TgAb (106). In theory, the higher the concentration of TgAb, the stronger its influence on Tg level, but this theory is not absolute. In some cases, low-concentration TgAb can be accompanied by a strong interference, which means that, sometimes, the qualitative characteristics of TgAb are associated with whether the interference actually occurs rather than the concentration (107). Positive TgAb is related to continuous antigenic stimulation and reflects immune system activity (108). Okosieme et al. (109) found that TgAb in patients with DTC had restricted and broad specificities. Antibodies with restricted specificities might result in a higher interference, which were mainly for analytical binding sites. However, antibodies with broad specificities are able to bind with different epitopes and can thereby be associated with lower interference. A typical interference performance of TgAb is the different Tg levels produced between RIA and IMA measurements (98). Compared with RIA measurements, IMA shows more low or undetectable Tg in the presence of TgAb (110). Alternatively, Tg measured by RIA could be used for most patients with positive TgAb as RIA measurements are less affected by TgAb (101). However, Crane et al. (105) stated that TgAb interfered with Tg measurements regardless of whether IMA or RIA measurement was used. They suggested that IMA and RIA measurements could be used in combination to detect Tg levels. In addition, LC-MS/MS is gradually becoming regarded as an effective tool to detect Tg in the presence of TgAb. Kushnir et al. (102) verified that MS could identify undetected Tg by immunoassay in the presence of TgAb. Similarly, Netzel et al. (101) found that 22% of cases with positive TgAb had detectable Tg by MS, but not by immunoassay. For the moment, LC-MS/MS appears to be the most suitable test for Tg detection in the presence of positive TgAb. However, the analytical sensitivity of LC-MS/MS was inferior and it could not detect Tg in patients with the structural disease (104).

In summary, each measurement for detecting Tg has its advantages and disadvantages. There are no clear rules regarding which measurement should be used for Tg in the clinical setting. Furthermore, it may be preferable for each patient to be continuously monitored using the same method. Compared with the interference of TgAb with serum Tg, the interference of serum TgAb with FNA-Tg seems to be insignificant. In follow-up patients, FNA-Tg was verified as a useful test, independently of TgAb (111). However, Jeon et al. (112) also found that excessive levels of serum TgAb might reduce FNA-Tg level by interfering with its measurement.




5 Conclusion

Researchers and clinicians have recently paid more attention to the role of Tg in DTC. It is known that malignant cells in DTC are well-differentiated and close to normal follicular epithelial cells; they retain the functions of iodine uptake, TSH stimulation, and Tg secretion. Therefore, Tg can be viewed as a tumor marker in DTC, but not in medullary and undifferentiated thyroid carcinoma. Current research suggests that Tg may have some effect in the diagnosis of malignant TNs before surgery. Preoperatively, normal thyroid tissue can also secrete Tg. In addition to normal tissue, when the patients have acute thyroiditis, thyroid cells are destroyed and stored Tg is released, which increases Tg serum levels. Therefore, it is difficult to define “elevated Tg”. The role of Tg in preoperative evaluation of patients with DTC needs further study. Postoperatively, elevated Tg is associated with a poor prognosis, and it is instrumental in guiding the treatment of RAI ablation. Nevertheless, the level of FNA-Tg plays a notable role in CLN metastasis whether preoperatively or postoperatively. Owing to the interference of TgAb, the Tg level often does not reflect the true situation and has limited application. In order to solve the problem, LC-MS/MS and other novel detection methods are gradually being applied in Tg clinical measurement; however, more studies are needed to convincingly demonstrate their clinical applicability.



Author Contributions

SL, CR, and YG conceived and designed the study. Administrative support was provided by YG and JH. Study materials were provided by FY, JX, YT, and CG, who collected information and assembled the reviews. Review analysis and interpretation were performed by SL, CR, and FY. All authors contributed to the article and approved the submitted version.



Funding

This work was supported by the National Key R&D Program of China under Grant 2019YFE0190500.



Acknowledgments

The authors would like to thank Leiyi Zhang for valuable discussions during revision of the manuscript and support in language corrections.



References

1. Siegel, RL, Miller, KD, and Jemal, A. Cancer Statistics, 2020. CA Cancer J Clin (2020) 70(1):7–30. doi: 10.3322/caac.21590

2. Rahib, L, Smith, BD, Aizenberg, R, Rosenzweig, AB, Fleshman, JM, and Matrisian, LM. Projecting Cancer Incidence and Deaths to 2030: The Unexpected Burden of Thyroid, Liver, and Pancreas Cancers in the United States. Cancer Res (2014) 74(11):2913–21. doi: 10.1158/0008-5472.CAN-14-0155

3. Chmielik, E, Rusinek, D, Oczko-Wojciechowska, M, Jarzab, M, Krajewska, J, Czarniecka, A, et al. Heterogeneity of Thyroid Cancer. Pathobiology (2018) 85(1-2):117–29. doi: 10.1159/000486422

4. Davies, L, and Welch, HG. Current Thyroid Cancer Trends in the United States. JAMA Otolaryngol Head Neck Surg (2014) 140(4):317–22. doi: 10.1001/jamaoto.2014.1

5. Kant, R, Davis, A, and Verma, V. Thyroid Nodules: Advances in Evaluation and Management. Am Fam Physician (2020) 102(5):298–304.

6. Tryggvason, G, and Briem, B. [Evaluation of a Thyroid Nodule]. Laeknabladid (2017) 102(1):23–7. doi: 10.17992/lbl.2017.01.117

7. Zhu, Y, Song, Y, Xu, G, Fan, Z, and Ren, W. Causes of Misdiagnoses by Thyroid Fine-Needle Aspiration Cytology (Fnac): Our Experience and a Systematic Review. Diagn Pathol (2020) 15(1):1. doi: 10.1186/s13000-019-0924-z

8. Trimboli, P, Treglia, G, Guidobaldi, L, Saggiorato, E, Nigri, G, Crescenzi, A, et al. Clinical Characteristics as Predictors of Malignancy in Patients With Indeterminate Thyroid Cytology: A Meta-Analysis. Endocrine (2014) 46(1):52–9. doi: 10.1007/s12020-013-0057-1

9. Adeniran, AJ, Zhu, Z, Gandhi, M, Steward, DL, Fidler, JP, Giordano, TJ, et al. Correlation Between Genetic Alterations and Microscopic Features, Clinical Manifestations, and Prognostic Characteristics of Thyroid Papillary Carcinomas. Am J Surg Pathol (2006) 30(2):216–22. doi: 10.1097/01.pas.0000176432.73455.1b

10. Araque, KA, Gubbi, S, and Klubo-Gwiezdzinska, J. Updates on the Management of Thyroid Cancer. Horm Metab Res (2020) 52(8):562–77. doi: 10.1055/a-1089-7870

11. Lin, J-D. Thyroglobulin and Human Thyroid Cancer. Clin Chim Acta (2008) 388(1-2):15–21. doi: 10.1016/j.cca.2007.11.002

12. Giovanella, L, Feldt-Rasmussen, U, Verburg, FA, Grebe, SK, Plebani, M, and Clark, PM. Thyroglobulin Measurement by Highly Sensitive Assays: Focus on Laboratory Challenges. Clin Chem Lab Med (2015) 53(9):1301–14. doi: 10.1515/cclm-2014-0813

13. Mazzaferri, EL, Robbins, RJ, Spencer, CA, Braverman, LE, Pacini, F, Wartofsky, L, et al. A Consensus Report of the Role of Serum Thyroglobulin as a Monitoring Method for Low-Risk Patients With Papillary Thyroid Carcinoma. J Clin Endocrinol Metab (2003) 88(4):1433–41. doi: 10.1210/jc.2002-021702

14. Suh, I, Vriens, MR, Guerrero, MA, Griffin, A, Shen, WT, Duh, Q-Y, et al. Serum Thyroglobulin Is a Poor Diagnostic Biomarker of Malignancy in Follicular and Hurthle-Cell Neoplasms of the Thyroid. Am J Surg (2010) 200(1):41–6. doi: 10.1016/j.amjsurg.2009.08.030

15. Baloch, Z, Carayon, P, Conte-Devolx, B, Demers, LM, Feldt-Rasmussen, U, Henry, J-F, et al. Laboratory Medicine Practice Guidelines. Laboratory Support for the Diagnosis and Monitoring of Thyroid Disease. Thyroid (2003) 13(1):3–126. doi: 10.1089/105072503321086962

16. Latrofa, F, Ricci, D, Montanelli, L, Rocchi, R, Piaggi, P, Sisti, E, et al. Lymphocytic Thyroiditis on Histology Correlates With Serum Thyroglobulin Autoantibodies in Patients With Papillary Thyroid Carcinoma: Impact on Detection of Serum Thyroglobulin. J Clin Endocrinol Metab (2012) 97(7):2380–7. doi: 10.1210/jc.2011-2812

17. Giovanella, L, Ceriani, L, Ghelfo, A, Maffioli, M, and Keller, F. Preoperative Undetectable Serum Thyroglobulin in Differentiated Thyroid Carcinoma: Incidence, Causes and Management Strategy. Clin Endocrinol (Oxf) (2007) 67(4):547–51. doi: 10.1111/j.1365-2265.2007.02922.x

18. Kars, A, Aktan, B, Kilic, K, Sakat, MS, Gözeler, MS, Yörük, Ö, et al. Preoperative Serum Thyroglobulin Level as a Useful Predictive Marker to Differentiate Thyroid Cancer. ORL J Otorhinolaryngol Relat Spec (2018) 80(5-6):290–5. doi: 10.1159/000491932

19. Wang, L, Li, H, Yang, Z, Guo, Z, and Zhang, Q. Preoperative Serum Thyrotropin to Thyroglobulin Ratio Is Effective for Thyroid Nodule Evaluation in Euthyroid Patients. Otolaryngol Head Neck Surg (2015) 153(1):15–9. doi: 10.1177/0194599815579877

20. Scheffler, P, Forest, VI, Leboeuf, R, Florea, AV, Tamilia, M, Sands, NB, et al. Serum Thyroglobulin Improves the Sensitivity of the Mcgill Thyroid Nodule Score for Well-Differentiated Thyroid Cancer. Thyroid (2014) 24(5):852–7. doi: 10.1089/thy.2013.0191

21. Kim, H, Park, SY, Choe, J-H, Kim, JS, Hahn, SY, Kim, SW, et al. Preoperative Serum Thyroglobulin and Its Correlation With the Burden and Extent of Differentiated Thyroid Cancer. Cancers (Basel) (2020) 12(3):625. doi: 10.3390/cancers12030625

22. Huang, Z, Song, M, Wang, S, Huang, J, Shi, H, Huang, Y, et al. Preoperative Serum Thyroglobulin Is a Risk Factor of Skip Metastasis in Papillary Thyroid Carcinoma. Ann Transl Med (2020) 8(6):389. doi: 10.21037/atm.2019.10.92

23. Kim, H, Kim, YN, Kim, HI, Park, SY, Choe, J-H, Kim, J-H, et al. Preoperative Serum Thyroglobulin Predicts Initial Distant Metastasis in Patients With Differentiated Thyroid Cancer. Sci Rep (2017) 7(1):16955. doi: 10.1038/s41598-017-17176-6

24. Trimboli, P, Treglia, G, and Giovanella, L. Preoperative Measurement of Serum Thyroglobulin to Predict Malignancy in Thyroid Nodules: A Systematic Review. Horm Metab Res (2015) 47(4):247–52. doi: 10.1055/s-0034-1395517

25. Pacini, F, Fugazzola, L, Lippi, F, Ceccarelli, C, Centoni, R, Miccoli, P, et al. 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. doi: 10.1210/jcem.74.6.1592886

26. Frasoldati, A, Toschi, E, Zini, M, Flora, M, Caroggio, A, Dotti, C, et al. Role of Thyroglobulin Measurement in Fine-Needle Aspiration Biopsies of Cervical Lymph Nodes in Patients With Differentiated Thyroid Cancer. Thyroid (1999) 9(2):105–11. doi: 10.1089/thy.1999.9.105

27. Uruno, T, Miyauchi, A, Shimizu, K, Tomoda, C, Takamura, Y, Ito, Y, et al. Usefulness of Thyroglobulin Measurement in Fine-Needle Aspiration Biopsy Specimens for Diagnosing Cervical Lymph Node Metastasis in Patients With Papillary Thyroid Cancer. World J Surg (2005) 29(4):483–5. doi: 10.1007/s00268-004-7701-0

28. Al-Hilli, Z, Strajina, V, McKenzie, TJ, Thompson, GB, Farley, DR, Regina Castro, M, et al. Thyroglobulin Measurement in Fine-Needle Aspiration Improves the Diagnosis of Cervical Lymph Node Metastases in Papillary Thyroid Carcinoma. Ann Surg Oncol (2017) 24(3):739–44. doi: 10.1245/s10434-016-5625-1

29. Kim, D-W, Jeon, SJ, and Kim, CG. Usefulness of Thyroglobulin Measurement in Needle Washouts of Fine-Needle Aspiration Biopsy for the Diagnosis of Cervical Lymph Node Metastases From Papillary Thyroid Cancer Before Thyroidectomy. Endocrine (2012) 42(2):399–403. doi: 10.1007/s12020-012-9636-9

30. Pak, K, Suh, S, Hong, H, Cheon, GJ, Hahn, SK, Kang, KW, et al. Diagnostic Values of Thyroglobulin Measurement in Fine-Needle Aspiration of Lymph Nodes in Patients With Thyroid Cancer. Endocrine (2015) 49(1):70–7. doi: 10.1007/s12020-014-0410-z

31. Jeon, MJ, Kim, WG, Jang, EK, Choi, YM, Lee, Y-M, Sung, T-Y, et al. Thyroglobulin Level in Fine-Needle Aspirates for Preoperative Diagnosis of Cervical Lymph Node Metastasis in Patients With Papillary Thyroid Carcinoma: Two Different Cutoff Values According to Serum Thyroglobulin Level. Thyroid (2015) 25(4):410–6. doi: 10.1089/thy.2014.0544

32. Liu, R-B, Zhou, D-L, Xu, B-H, Yang, X-H, Liu, Q, Zhang, X, et al. Comparison of the Diagnostic Performances of Us-Guided Fine Needle Aspiration Cytology and Thyroglobulin Measurement for Lymph Node Metastases in Patients With Differentiated Thyroid Carcinoma: A Meta-Analysis. Eur Radiol (2021) 31(5):2903–14. doi: 10.1007/s00330-020-07400-9

33. Liu, RQ, and Wiseman, SM. Quality Indicators for Thyroid Cancer Surgery: Current Perspective. Expert Rev Anticancer Ther (2016) 16(9):919–28. doi: 10.1080/14737140.2016.1222274

34. Haugen, BR, Alexander, EK, Bible, KC, Doherty, GM, Mandel, SJ, Nikiforov, YE, et al. American Thyroid Association Management Guidelines for Adult Patients With Thyroid Nodules and Differentiated Thyroid Cancer: The American Thyroid Association Guidelines Task Force on Thyroid Nodules and Differentiated Thyroid Cancer. Thyroid (2016) 26(1):1–133. doi: 10.1089/thy.2015.0020

35. Durante, C, Montesano, T, Attard, M, Torlontano, M, Monzani, F, Costante, G, et al. Long-Term Surveillance of Papillary Thyroid Cancer Patients Who Do Not Undergo Postoperative Radioiodine Remnant Ablation: Is There a Role for Serum Thyroglobulin Measurement? J Clin Endocrinol Metab (2012) 97(8):2748–53. doi: 10.1210/jc.2012-1123

36. Tian, T, Kou, Y, Huang, R, and Liu, B. Prognosis of High-Risk Papillary Thyroid Cancer Patients With Pre-Ablation Stimulated Tg <1 Ng/Ml. Endocr Pract (2019) 25(3):220–5. doi: 10.4158/EP-2018-0436

37. Jayasekara, J, Jonker, P, Lin, JF, Engelsman, AF, Wong, M-S, Kruijff, S, et al. Early Postoperative Stimulated Serum Thyroglobulin Quantifies Risk of Recurrence in Papillary Thyroid Cancer. Surgery (2020) 167(1):40–5. doi: 10.1016/j.surg.2019.06.048

38. Klubo-Gwiezdzinska, J, Burman, KD, Van Nostrand, D, and Wartofsky, L. Does an Undetectable Rhtsh-Stimulated Tg Level 12 Months After Initial Treatment of Thyroid Cancer Indicate Remission? Clin Endocrinol (Oxf) (2011) 74(1):111–7. doi: 10.1111/j.1365-2265.2010.03898.x

39. Park, DJ, Lim, JA, Kim, TH, Choi, HS, Ahn, HY, Lee, EK, et al. Serum Thyroglobulin Level Measured After Thyroxine Withdrawal Is Useful to Predict Further Recurrence in Whole Body Scan-Negative Papillary Thyroid Cancer Patients After Reoperation. Endocr J (2012) 59(11):1021–30. doi: 10.1507/endocrj.EJ12-0128

40. Giovanella, L. Circulating Biomarkers for the Detection of Tumor Recurrence in the Postsurgical Follow-Up of Differentiated Thyroid Carcinoma. Curr Opin Oncol (2020) 32(1):7–12. doi: 10.1097/CCO.0000000000000588

41. Giovanella, L, Castellana, M, and Trimboli, P. Unstimulated High-Sensitive Thyroglobulin Is a Powerful Prognostic Predictor in Patients With Thyroid Cancer. Clin Chem Lab Med (2019) 58(1):130–7. doi: 10.1515/cclm-2019-0654

42. Malandrino, P, Tumino, D, Russo, M, Marescalco, S, Fulco, RA, and Frasca, F. Surveillance of Patients With Differentiated Thyroid Cancer and Indeterminate Response: A Longitudinal Study on Basal Thyroglobulin Trend. J Endocrinol Invest (2019) 42(10):1223–30. doi: 10.1007/s40618-019-01044-3

43. Verburg, FA, Mäder, U, Giovanella, L, Luster, M, and Reiners, C. Low or Undetectable Basal Thyroglobulin Levels Obviate the Need for Neck Ultrasound in Differentiated Thyroid Cancer Patients After Total Thyroidectomy and I Ablation. Thyroid (2018) 28(6):722–8. doi: 10.1089/thy.2017.0352

44. Miyauchi, A, Kudo, T, Miya, A, Kobayashi, K, Ito, Y, Takamura, Y, et al. Prognostic Impact of Serum Thyroglobulin Doubling-Time Under Thyrotropin Suppression in Patients With Papillary Thyroid Carcinoma Who Underwent Total Thyroidectomy. Thyroid (2011) 21(7):707–16. doi: 10.1089/thy.2010.0355

45. Rössing, RM, Jentzen, W, Nagarajah, J, Bockisch, A, and Görges, R. Serum Thyroglobulin Doubling Time in Progressive Thyroid Cancer. Thyroid (2016) 26(12):1712–8. doi: 10.1089/thy.2016.0031

46. Cunha, N, Rodrigues, F, Curado, F, Ilhéu, O, Cruz, C, Naidenov, P, et al. Thyroglobulin Detection in Fine-Needle Aspirates of Cervical Lymph Nodes: A Technique for the Diagnosis of Metastatic Differentiated Thyroid Cancer. Eur J Endocrinol (2007) 157(1):101–7. doi: 10.1530/EJE-07-0088

47. Salmaslıoğlu, A, Erbil, Y, Cıtlak, G, Ersöz, F, Sarı, S, Olmez, A, et al. Diagnostic Value of Thyroglobulin Measurement in Fine-Needle Aspiration Biopsy for Detecting Metastatic Lymph Nodes in Patients With Papillary Thyroid Carcinoma. Langenbecks Arch Surg (2011) 396(1):77–81. doi: 10.1007/s00423-010-0723-1

48. Snozek, CLH, Chambers, EP, Reading, CC, Sebo, TJ, Sistrunk, JW, Singh, RJ, et al. Serum Thyroglobulin, High-Resolution Ultrasound, and Lymph Node Thyroglobulin in Diagnosis of Differentiated Thyroid Carcinoma Nodal Metastases. J Clin Endocrinol Metab (2007) 92(11):4278–81. doi: 10.1210/jc.2007-1075

49. Borel, A-L, Boizel, R, Faure, P, Barbe, G, Boutonnat, J, Sturm, N, et al. Significance of Low Levels of Thyroglobulin in Fine Needle Aspirates From Cervical Lymph Nodes of Patients With a History of Differentiated Thyroid Cancer. Eur J Endocrinol (2008) 158(5):691–8. doi: 10.1530/EJE-07-0749

50. Righi, I, Rosso, L, Grisorio, G, and Fugazzola, L. Fine Needle Aspiration Wash Out for Thyroglobulin Determination in the Differential Diagnosis of Lung Lesions. Endocrine (2021) 71(1):253–5. doi: 10.1007/s12020-020-02363-9

51. Lin, JD, Huang, HS, Chen, SC, and Chao, TC. Factors That Predict Metastasis of Papillary and Follicular Thyroid Cancers in Taiwan. Otolaryngol Head Neck Surg (1997) 116(4):475–82. doi: 10.1016/S0194-5998(97)70297-3

52. Demir, F, Şimşek, FS, and Ansal Balcı, T. The Role of Pre-Ablative Stimulated Thyroglobulin and Thyroglobulin/Thyroid-Stimulating Hormone Ratio for Predicting Metastasis in Thyroid Cancer. Mol Imaging Radionucl Ther (2019) 28(1):21–6. doi: 10.4274/mirt.galenos.2018.09825

53. Zhao, T, Liang, J, Li, T, Gao, W, and Lin, Y. Serial Stimulated Thyroglobulin Measurements Are More Specific for Detecting Distant Metastatic Differentiated Thyroid Cancer Before Radioiodine Therapy. Chin J Cancer Res (2017) 29(3):213–22. doi: 10.21147/j.issn.1000-9604.2017.03.07

54. Couto, JS, Almeida, MFO, Trindade, VCG, Marone, MMS, Scalissi, NM, Cury, AN, et al. A Cutoff Thyroglobulin Value Suggestive of Distant Metastases in Differentiated Thyroid Cancer Patients. Braz J Med Biol Res (2020) 53(11):e9781. doi: 10.1590/1414-431X20209781

55. Zanella, A, Scheffel, RS, Pasa, MW, Dora, JM, and Maia, AL. Role of Postoperative Stimulated Thyroglobulin as Prognostic Factor for Differentiated Thyroid Cancer in Children and Adolescents. Thyroid (2017) 27(6):787–92. doi: 10.1089/thy.2016.0559

56. Liu, L, Huang, F, Liu, B, and Huang, R. Detection of Distant Metastasis at the Time of Ablation in Children With Differentiated Thyroid Cancer: The Value of Pre-Ablation Stimulated Thyroglobulin. J Pediatr Endocrinol Metab (2018) 31(7):751–6. doi: 10.1515/jpem-2018-0075

57. Ritter, A, Mizrachi, A, Bachar, G, Vainer, I, Shimon, I, Hirsch, D, et al. Detecting Recurrence Following Lobectomy for Thyroid Cancer: Role of Thyroglobulin and Thyroglobulin Antibodies. J Clin Endocrinol Metab (2020) 105(6):dgaa152. doi: 10.1210/clinem/dgaa152

58. Park, S, Jeon, MJ, Oh, H-S, Lee, Y-M, Sung, T-Y, Han, M, et al. Changes in Serum Thyroglobulin Levels After Lobectomy in Patients With Low-Risk Papillary Thyroid Cancer. Thyroid (2018) 28(8):997–1003. doi: 10.1089/thy.2018.0046

59. Tourani, SS, Fleming, B, and Gundara, J. Value of Thyroglobulin Post Hemithyroidectomy for Cancer: A Literature Review. ANZ J Surg (2021) 91(4):724–9. doi: 10.1111/ans.16459

60. Franceschi, M, Kusić, Z, Franceschi, D, Lukinac, L, and Roncević, S. Thyroglobulin Determination, Neck Ultrasonography and Iodine-131 Whole-Body Scintigraphy in Differentiated Thyroid Carcinoma. J Nucl Med (1996) 37(3):446–51.

61. Elaraj, DM, and Clark, OH. Changing Management in Patients With Papillary Thyroid Cancer. Curr Treat Options Oncol (2007) 8(4):305–13. doi: 10.1007/s11864-007-0040-2

62. Santhanam, P, and Ladenson, PW. Surveillance for Differentiated Thyroid Cancer Recurrence. Endocrinol Metab Clin North Am (2019) 48(1):239–52. doi: 10.1016/j.ecl.2018.11.008

63. Fernandes, JK, Day, TA, Richardson, MS, and Sharma, AK. Overview of the Management of Differentiated Thyroid Cancer. Curr Treat Options Oncol (2005) 6(1):47–57. doi: 10.1007/s11864-005-0012-3

64. Grani, G, Ramundo, V, Falcone, R, Lamartina, L, Montesano, T, Biffoni, M, et al. Thyroid Cancer Patients With No Evidence of Disease: The Need for Repeat Neck Ultrasound. J Clin Endocrinol Metab (2019) 104(11):4981–9. doi: 10.1210/jc.2019-00962

65. Campennì, A, and Tulchinsky, M. Should the Use of Neck-Ultrasonography Be Reduced During the Follow-Up of Differentiated Thyroid Cancer Patients With Undetectable or Low (I.E., < 1 µg/L) Thyroglobulin Levels and Negative Thyroglobulin Antibody? J Endocrinol Invest (2019) 42(1):105–6. doi: 10.1007/s40618-018-0957-2

66. Lamartina, L, Leboulleux, S, Terroir, M, Hartl, D, and Schlumberger, M. An Update on the Management of Low-Risk Differentiated Thyroid Cancer. Endocr Relat Cancer (2019) 26(11):R597–610. doi: 10.1530/ERC-19-0294

67. Elisei, R, Agate, L, Viola, D, Matrone, A, Biagini, A, and Molinaro, E. How to Manage Patients With Differentiated Thyroid Cancer and a Rising Serum Thyroglobulin Level. Endocrinol Metab Clin North Am (2014) 43(2):331–44. doi: 10.1016/j.ecl.2014.02.002

68. Chindris, AM, Diehl, NN, Crook, JE, Fatourechi, V, and Smallridge, RC. Undetectable Sensitive Serum Thyroglobulin (<0.1 Ng/Ml) in 163 Patients With Follicular Cell-Derived Thyroid Cancer: Results of Rhtsh Stimulation and Neck Ultrasonography and Long-Term Biochemical and Clinical Follow-Up. J Clin Endocrinol Metab (2012) 97(8):2714–23. doi: 10.1210/jc.2011-3017

69. Domínguez, JM, Nilo, F, Contreras, T, Carmona, R, Droppelmann, N, González, H, et al. Neck Sonography and Suppressed Thyroglobulin Have High Sensitivity for Identifying Recurrent/Persistent Disease in Patients With Low-Risk Thyroid Cancer Treated With Total Thyroidectomy and Radioactive Iodine Ablation, Making Stimulated Thyroglobulin Unnecessary. J Ultrasound Med (2017) 36(11):2299–307. doi: 10.1002/jum.14260

70. Castagna, MG, Brilli, L, Pilli, T, Montanaro, A, Cipri, C, Fioravanti, C, et al. Limited Value of Repeat Recombinant Human Thyrotropin (Rhtsh)-Stimulated Thyroglobulin Testing in Differentiated Thyroid Carcinoma Patients With Previous Negative Rhtsh-Stimulated Thyroglobulin and Undetectable Basal Serum Thyroglobulin Levels. J Clin Endocrinol Metab (2008) 93(1):76–81. doi: 10.1210/jc.2007-1404

71. Tubiana, M, Schlumberger, M, Rougier, P, Laplanche, A, Benhamou, E, Gardet, P, et al. Long-Term Results and Prognostic Factors in Patients With Differentiated Thyroid Carcinoma. Cancer (1985) 55(4):794–804. doi: 10.1002/1097-0142(19850215)55:4<794::AID-CNCR2820550418>3.0.CO;2-Z

72. Mazzaferri, EL, Young, RL, Oertel, JE, Kemmerer, WT, and Page, CP. Papillary Thyroid Carcinoma: The Impact of Therapy in 576 Patients. Med (Baltimore) (1977) 56(3):171–96. doi: 10.1097/00005792-197705000-00001

73. Ibrahimpasic, T, Nixon, IJ, Palmer, FL, Whitcher, MM, Tuttle, RM, Shaha, A, et al. Undetectable Thyroglobulin After Total Thyroidectomy in Patients With Low- and Intermediate-Risk Papillary Thyroid Cancer–Is There a Need for Radioactive Iodine Therapy? Surgery (2012) 152(6):1096–105. doi: 10.1016/j.surg.2012.08.034

74. Mourão, GF, Rosario, PW, and Calsolari, MR. Low Postoperative Nonstimulated Thyroglobulin as a Criterion to Spare Radioiodine Ablation. Endocr Relat Cancer (2016) 23(1):47–52. doi: 10.1530/ERC-15-0458

75. Rosario, PW, Mourão, GF, Siman, TL, and Calsolari, MR. A Low Postoperative Nonstimulated Serum Thyroglobulin Level Excludes the Presence of Persistent Disease in Low-Risk Papillary Thyroid Cancer Patients: Implication for Radioiodine Indication. Clin Endocrinol (Oxf) (2015) 83(6):957–61. doi: 10.1111/cen.12668

76. Orlov, S, Salari, F, Kashat, L, Freeman, JL, Vescan, A, Witterick, IJ, et al. Post-Operative Stimulated Thyroglobulin and Neck Ultrasound as Personalized Criteria for Risk Stratification and Radioactive Iodine Selection in Low- and Intermediate-Risk Papillary Thyroid Cancer. Endocrine (2015) 50(1):130–7. doi: 10.1007/s12020-015-0575-0

77. Zhang, Y, Liang, J, Yang, X, Yang, K, and Lin, Y. Low-Dose Radioiodine Ablation in Differentiated Thyroid Cancer With Macroscopic Extrathyroidal Extension and Low Level of Preablative-Stimulated Thyroglobulin. Nucl Med Commun (2015) 36(6):553–9. doi: 10.1097/MNM.0000000000000296

78. Rosario, PW. Is Radioiodine Ablation Necessary for Patients With Low-Risk Papillary Thyroid Carcinoma and Tumor >4 Cm? Eur J Surg Oncol (2017) 43(9):1802–3. doi: 10.1016/j.ejso.2017.05.025

79. Shangguan, L, Fang, S, Zhang, P, Han, S, Shen, X, Geng, Y, et al. Impact Factors for the Outcome of the First I Radiotherapy in Patients With Papillary Thyroid Carcinoma After Total Thyroidectomy. Ann Nucl Med (2019) 33(3):177–83. doi: 10.1007/s12149-018-01321-w

80. Spaas, M, Decallonne, B, Laenen, A, Billen, J, and Nuyts, S. Prognostic Value of Stimulated Thyroglobulin Levels at the Time of Radioiodine Administration in Differentiated Thyroid Cancer. Eur Thyroid J (2018) 7(4):211–7. doi: 10.1159/000489849

81. Ledwon, A, Paliczka-Cieślik, E, Syguła, A, Olczyk, T, Kropińska, A, Kotecka-Blicharz, A, et al. Only Peak Thyroglobulin Concentration on Day 1 and 3 of Rhtsh-Aided Rai Adjuvant Treatment Has Prognostic Implications in Differentiated Thyroid Cancer. Ann Nucl Med (2021) 35(11):1214–22. doi: 10.1007/s12149-021-01663-y

82. Trevizam, PGC, Tagliarini, JV, Castilho, EC, de Alencar Marques, M, Kiy, Y, and Mazeto, G. Thyroglobulin Levels and Thyroglobulin/Thyrotropin Ratio Could Predict the Success of the Ablative/Therapeutic I in the Differentiated Thyroid Cancers. Endocr Res (2017) 42(1):42–8. doi: 10.3109/07435800.2016.1173056

83. Prpic, M, Kust, D, Kruljac, I, Kirigin, LS, Jukic, T, Dabelic, N, et al. Prediction of Radioactive Iodine Remnant Ablation Failure in Patients With Differentiated Thyroid Cancer: A Cohort Study of 740 Patients. Head Neck (2017) 39(1):109–15. doi: 10.1002/hed.24550

84. Stevic, I, Dembinski, TC, Pathak, KA, and Leslie, WD. Transient Early Increase in Thyroglobulin Levels Post-Radioiodine Ablation in Patients With Differentiated Thyroid Cancer. Clin Biochem (2015) 48(10-11):658–61. doi: 10.1016/j.clinbiochem.2015.04.009

85. Frank, RW, Middleton, L, Stack, BC, Spencer, HJ, Riggs, AT, and Bodenner, DL. Conservative Management of Thyroglobulin-Positive, Nonlocalizable Thyroid Carcinoma. Head Neck (2014) 36(2):155–7. doi: 10.1002/hed.23272

86. Choi, JH, Lim, I, Lee, I, Byun, BH, Kim, BI, Choi, CW, et al. An Enhanced Treatment Effect Can Be Expected From a Higher Serum Thyroglobulin Level After Radioactive Iodine Therapy. Ann Nucl Med (2019) 33(2):128–34. doi: 10.1007/s12149-018-1313-5

87. Padovani, RP, Robenshtok, E, Brokhin, M, and Tuttle, RM. Even Without Additional Therapy, Serum Thyroglobulin Concentrations Often Decline for Years After Total Thyroidectomy and Radioactive Remnant Ablation in Patients With Differentiated Thyroid Cancer. Thyroid (2012) 22(8):778–83. doi: 10.1089/thy.2011.0522

88. Lim, D-J, JH, O, Kim, M-H, Kim, J-H, Kwon, H-S, Kim, S-H, et al. Clinical Significance of Observation Without Repeated Radioiodine Therapy in Differentiated Thyroid Carcinoma Patients With Positive Surveillance Whole-Body Scans and Negative Thyroglobulin. Korean J Intern Med (2010) 25(4):408–14. doi: 10.3904/kjim.2010.25.4.408

89. Piccardo, A, Arecco, F, Puntoni, M, Foppiani, L, Cabria, M, Corvisieri, S, et al. Focus on High-Risk Dtc Patients: High Postoperative Serum Thyroglobulin Level Is a Strong Predictor of Disease Persistence and Is Associated to Progression-Free Survival and Overall Survival. Clin Nucl Med (2013) 38(1):18–24. doi: 10.1097/RLU.0b013e318266d4d8

90. Wong, KCW, Ng, TY, Yu, KS, Kwok, JSS, Chan, KCA, Suen, JJS, et al. The Use of Post-Ablation Stimulated Thyroglobulin in Predicting Clinical Outcomes in Differentiated Thyroid Carcinoma - What Cut-Off Values Should We Use? Clin Oncol (R Coll Radiol) (2019) 31(2):e11–20. doi: 10.1016/j.clon.2018.10.009

91. Li, W, Sun, D, Ming, H, Zhang, G, and Tan, J. A Rare Case Report of Very Low Thyroglobulin and a Negative Whole-Body Scan in a Patient With a Solid Variant of Papillary Thyroid Carcinoma With Distant Metastases. Med (Baltimore) (2017) 96(7):e6086. doi: 10.1097/MD.0000000000006086

92. Wang, L, Yun, C, Huang, F, Xiao, J, Ju, Y, Cheng, F, et al. Preablative Stimulated Thyroglobulin and Thyroglobulin Reduction Index as Decision-Making Markers for Second Radioactive Iodine Therapy in Patients With Structural Incomplete Response. Cancer Manag Res (2021) 13:5351–60. doi: 10.2147/CMAR.S314621

93. Abe, K, Ishizaki, U, Ono, T, Horiuchi, K, Kanaya, K, Sakai, S, et al. Low-Dose Radioiodine Therapy for Patients With Intermediate- to High-Risk Differentiated Thyroid Cancer. Ann Nucl Med (2020) 34(2):144–51. doi: 10.1007/s12149-019-01432-y

94. Huang, T-Y, Wang, C-Y, Chen, K-Y, and Huang, L-T. Urinary Exosomal Thyroglobulin in Thyroid Cancer Patients With Post-Ablative Therapy: A New Biomarker in Thyroid Cancer. Front Endocrinol (Lausanne) (2020) 11:382. doi: 10.3389/fendo.2020.00382

95. Schlumberger, M, Hitzel, A, Toubert, ME, Corone, C, Troalen, F, Schlageter, MH, et al. Comparison of Seven Serum Thyroglobulin Assays in the Follow-Up of Papillary and Follicular Thyroid Cancer Patients. J Clin Endocrinol Metab (2007) 92(7):2487–95. doi: 10.1210/jc.2006-0723

96. Cubero, JM, Rodríguez-Espinosa, J, Gelpi, C, Estorch, M, and Corcoy, R. Thyroglobulin Autoantibody Levels Below the Cut-Off for Positivity Can Interfere With Thyroglobulin Measurement. Thyroid (2003) 13(7):659–61. doi: 10.1089/105072503322240013

97. Preissner, CM, O'Kane, DJ, Singh, RJ, Morris, JC, and Grebe, SKG. Phantoms in the Assay Tube: Heterophile Antibody Interferences in Serum Thyroglobulin Assays. J Clin Endocrinol Metab (2003) 88(7):3069–74. doi: 10.1210/jc.2003-030122

98. Spencer, CA, and Lopresti, JS. Measuring Thyroglobulin and Thyroglobulin Autoantibody in Patients With Differentiated Thyroid Cancer. Nat Clin Pract Endocrinol Metab (2008) 4(4):223–33. doi: 10.1038/ncpendmet0757

99. Spencer, CA, Platler, BW, and Nicoloff, JT. The Effect of [125i]Thyroglobulin Tracer Heterogeneity on Serum Tg Ria Measurement. Clin Chim Acta (1985) 153(2):105–15. doi: 10.1016/0009-8981(85)90161-5

100. Ozata, M, Suzuki, S, Miyamoto, T, Liu, RT, Fierro-Renoy, F, and DeGroot, LJ. Serum Thyroglobulin in the Follow-Up of Patients With Treated Differentiated Thyroid Cancer. J Clin Endocrinol Metab (1994) 79(1):98-105. doi: 10.1210/jcem.79.1.8027262

101. Netzel, BC, Grebe, SKG, Carranza Leon, BG, Castro, MR, Clark, PM, Hoofnagle, AN, et al. Thyroglobulin (Tg) Testing Revisited: Tg Assays, Tgab Assays, and Correlation of Results With Clinical Outcomes. J Clin Endocrinol Metab (2015) 100(8):E1074–E83. doi: 10.1210/jc.2015-1967

102. Kushnir, MM, Rockwood, AL, Roberts, WL, Abraham, D, Hoofnagle, AN, and Meikle, AW. Measurement of Thyroglobulin by Liquid Chromatography-Tandem Mass Spectrometry in Serum and Plasma in the Presence of Antithyroglobulin Autoantibodies. Clin Chem (2013) 59(6):982–90. doi: 10.1373/clinchem.2012.195594

103. Grebe, SK, and Singh, RJ. Lc-Ms/Ms in the Clinical Laboratory - Where to From Here? Clin Biochem Rev (2011) 32(1).

104. Algeciras-Schimnich, A. Thyroglobulin Measurement in the Management of Patients With Differentiated Thyroid Cancer. Crit Rev Clin Lab Sci (2018) 55(3):205–18. doi: 10.1080/10408363.2018.1450830

105. Crane, MS, Strachan, MWJ, Toft, AD, and Beckett, GJ. Discordance in Thyroglobulin Measurements by Radioimmunoassay and Immunometric Assay: A Useful Means of Identifying Thyroglobulin Assay Interference. Ann Clin Biochem (2013) 50(Pt 5):421–32. doi: 10.1177/0004563213480492

106. Görges, R, Maniecki, M, Jentzen, W, Sheu, SNY, Mann, K, Bockisch, A, et al. Development and Clinical Impact of Thyroglobulin Antibodies in Patients With Differentiated Thyroid Carcinoma During the First 3 Years After Thyroidectomy. Eur J Endocrinol (2005) 153(1):49–55. doi: 10.1530/eje.1.01940

107. Verburg, FA, Luster, M, Cupini, C, Chiovato, L, Duntas, L, Elisei, R, et al. Implications of Thyroglobulin Antibody Positivity in Patients With Differentiated Thyroid Cancer: A Clinical Position Statement. Thyroid (2013) 23(10):1211–25. doi: 10.1089/thy.2012.0606

108. Madureira, D, Prazeres, S, Pedro, MS, Pereira, T, Font, AP, and Bugalho, MJ. In Vitro Assays to Test the Interference of Anti-Thyroglobulin Antibodies on Thyroglobulin Measurement. Endocrine (2008) 33(1):40–4. doi: 10.1007/s12020-008-9053-2

109. Okosieme, OE, Evans, C, Moss, L, Parkes, AB, Premawardhana, LDKE, and Lazarus, JH. Thyroglobulin Antibodies in Serum of Patients With Differentiated Thyroid Cancer: Relationship Between Epitope Specificities and Thyroglobulin Recovery. Clin Chem (2005) 51(4):729–34. doi: 10.1373/clinchem.2004.044511

110. Rosario, PW, Côrtes, MCS, and Franco Mourão, G. Follow-Up of Patients With Thyroid Cancer and Antithyroglobulin Antibodies: A Review for Clinicians. Endocr Relat Cancer (2021) 28(4):R111–R9. doi: 10.1530/ERC-21-0012

111. Duval, M, Zanella, AB, Cristo, AP, Faccin, CS, Graudenz, MS, and Maia, AL. Impact of Serum Tsh and Anti-Thyroglobulin Antibody Levels on Lymph Node Fine-Needle Aspiration Thyroglobulin Measurements in Differentiated Thyroid Cancer Patients. Eur Thyroid J (2017) 6(6):292–7. doi: 10.1159/000479682

112. Jeon, MJ, Park, JW, Han, JM, Yim, JH, Song, DE, Gong, G, et al. Serum Antithyroglobulin Antibodies Interfere With Thyroglobulin Detection in Fine-Needle Aspirates of Metastatic Neck Nodes in Papillary Thyroid Carcinoma. J Clin Endocrinol Metab (2013) 98(1):153–60. doi: 10.1210/jc.2012-2369




Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.


Publisher’s Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Li, Ren, Gong, Ye, Tang, Xu, Guo and Huang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fendo-13-872527-g002.jpg
Malignant TNs prediction (TQ)
CLNs metastasis evaluation
(FNA-Tg, FNA-Tg/serum TqQ)

Pre-operation

Recurrence risk assessment
(sTg, hsTg, Tg-DT)

The role of Tg in
patients with DTC

Dynamic monitoring and
prognostic assessment
CLNs metastasis and DM
evaluation (FNA-Tg, sTQ)

Influence factor of RAI ablation
decision (uTg, sTQ)

Pre- and post-RAl ablation effect
prediction (Tg, sTQ)

Post-operation

Guidance and prognostic
evaluation of RAIl ablation therapy





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        The Role of Thyroglobulin in Preoperative and Postoperative Evaluation of Patients With Differentiated Thyroid Cancer

      

        		

          1 Introduction

        



        		

          2 The Role of Tg in Preoperative Patients With DTC

        

          		

            2.1 The Evaluation Value of Tg in Preoperative DTC

          



          		

            2.2 The Role of Tg Measurement With FNA-Tg in Preoperative DTC

          



        



        



        		

          3 The Role of Tg in Postoperative Patients With DTC

        

          		

            3.1 The Prognostic Role of Tg in Postoperative Patients With DTC

          



          		

            3.2 The Role of Tg in Postoperative RAI Ablation

          

            		

              3.2.1 Guidance Regarding the Role of Tg Before RAI Ablation

            



            		

              3.2.2 The Prognostic Role of Tg After RAI Ablation

            



          



          



        



        



        		

          4 Factors Influencing Tg Level

        

          		

            4.1 The Influence of Measuring Methods on Tg Level

          



          		

            4.2 The Interference of TgAb With Tg Level

          



        



        



        		

          5 Conclusion

        



        		

          Author Contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fendo-13-872527-g001.jpg
secreton

transcription

Tg mRNA

//@ thyroid follicular cell

proteonS|s

“ lysosome

Tg
thyroid follicular cavity d@ @ ) ¥
iodination couplin
MIT,DIT





OEBPS/Images/table2.jpg
Influence factors Examples

Amount of residual thyroid tissue  Differentiated thyroid carcinoma tissue
and normal thyroid tissue
Invasive manipulation of thyroid ~ FNA, RAI ablation, and surgery

gland

Other concomitant thyroid Thyroiditis like Hashimoto thyroiditis (HT)

diseases

TSH receptor stimulation The serum TSH levels, rhTSH, and
thyrotropin receptor antibody (TRAb)

Tg measuring methods IMA, RIA, and LC-MS/MS

Thyroglobulin antibody (TgAb) ——





OEBPS/Images/table3.jpg
Methods

Immunometric assays (IMA)

Radioimmunoassay (RIA)

Liquid chromatography/tandem
mass spectrometry
(LC-MS/MS) assays

Advantages

Application in most clinical laboratories
Simple operation steps

Short turaround times

Pretty functional sensitivity.

Resistance to TgAb interference

Elimination of TgAb and HAb interference

Disadvantages

High susceptibility to TgAb
and HAb interference. (falsely low results)

Unsatisfactory functional sensitivity
Positive bias

Increased testing costs

Unsatisfactory functional sensitivity
Undetectable Tg in structural diseases
Potential differences in calibration





OEBPS/Images/logo.jpg
, frontiers ’ Frontiers in Endocrinology





OEBPS/Images/fendo.2022.872527_cover.jpg
, frontiers | Frontiers in Endocrinology

The Role of Thyroglobulin in
Preoperative and Postoperative
Evaluation of Patients With
Differentiated Thyroid Cancer





OEBPS/Images/table1.jpg
Evaluation forms

Tg measurement with fine-
needle aspiration (FNA-Tg)
Stimulated-Tg (sTg)

Unstimulated Tg (uTg)
High-sensitive Tg (hsTg)
Tg doubling time (Tg-DT)

Definition
Tg concentrations of washout fluid from FNA

Serum Tg levels after adopting recombinant
human TSH (rhTSH) or thyroid hormone
withdrawal

Serum Tg levels without TSH stimulation
Function sensitivity of 0.1-0.2 pg/L

The time of twice Tg concentration





