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Objective

Antithyroglobulin antibody (TgAb) is a potential tumour marker for detecting differentiated thyroid cancer (DTC) recurrence, but insufficient data have supported its clinical applications. Our study aimed to describe the changing trend of TgAb after surgery and identify the relationship between this trend and clinical outcomes.



Patients and Methods

We reviewed the electronic records of 1,686 DTC patients who had undergone total thyroidectomy (TT) and radioactive iodine (131I) therapy at West China Hospital of Sichuan University from January 2015 to December 2017. Finally, 289 preoperative TgAb-positive DTC patients were included and divided into four subgroups depending on the clinical outcome: Group A (tumour free), Group B (uncertain), Group C (incomplete biochemical response), and Group D (structural disease). The patient demographics, tumour characteristics, operations, pathology reports, and all serological biomarkers were reviewed and compared, and the prognostic efficacy of TgAb was evaluated.



Results

Among all 1,686 patients, 393 (23.65%) were TgAb positive (>40 IU/ml) preoperatively. The TgAb level in Group A decreased significantly after surgery and 131I therapy and stabilised at a low level after 1–2 years of 131I therapy. However, in the other three groups, the decrease in TgAb was not significant after treatment. Conversely, TgAb declined slowly and remained stable or increased. The variations in TgAb relative to the preoperative level of Group A were significantly larger than those of Groups B, C, and D at most time points of follow-up (p < 0.001). By receiver operating characteristic (ROC) analyses, the variations of TgAb > −77.9% at 6 months after 131I therapy (area under the curve (AUC) = 0.862; p < 0.001) and TgAb > −88.6% at 2 years after 131I therapy (AUC = 0.901; p < 0.001) had good prognostic efficacy in tumour-free survival. When the variation in TgAb > −88.6% at 2 years after 131I therapy was incorporated as a variable in the American Thyroid Association (ATA) categories, both intermediate- and high-risk patients also had a significantly increased chance of being tumour free (from 75.68% to 93.88% and 42.0% to 82.61%, respectively).



Conclusions

For preoperative TgAb-positive DTC patients, variations in TgAb > −77.9% at 6 months after 131I therapy and TgAb > −88.6% at 2 years after 131I therapy had good prognostic efficacy. Their incorporation as variables in the ATA risk stratification system could more accurately predict disease-free survival.
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Introduction

Thyroid cancer is currently the fifth most common cancer diagnosis in women. By 2030, it is estimated to be the second leading cancer diagnosis in women and the ninth leading cancer diagnosis in men (1). Differentiated thyroid cancer (DTC) accounts for most thyroid cancers, mainly papillary thyroid cancer (PTC) and follicular thyroid cancer (FTC). The prognosis of DTC patients is good; however, instances of persistent or recurrent disease, such as local lymph node metastasis, are not uncommon; thus, long-term observation after the surgery of DTC patients is necessary. In the follow-up of DTC patients, thyroglobulin (Tg) is the most sensitive and specific tumour marker for the early detection of recurrence (2). However, antithyroglobulin antibody (TgAb) shows potential interference with the Tg assay, particularly the immunometric assay (IMA), by forming the Tg–TgAb complex, compromising the clinical usefulness of monitoring Tg in DTC patients for recurrence (3, 4). Thus, simultaneous measurement of TgAb is essential (5).

In the follow-up of DTC, the greatest challenge is patients with serum Tg–IMA concentrations suggesting tumour absence in whom it is not possible to ensure whether this finding indicates complete remission or underestimated Tg due to the interference of TgAb (6). Many studies have focused on improving Tg detection technologies, such as liquid chromatography/tandem mass spectrometry and radioimmunoassay, but the former may cause false-negative results in many patients with structural disease (7–9); the latter is unsuitable for large-scale clinical applications and may cause false-positive results positives.

Currently, Tg measurement is widely performed using second-generation IMA in practical clinical work, and interference with detectable TgAb is inevitable. Currently, no optimal assay exists to detect Tg that can avoid interference from TgAb. Theoretically, the body produces TgAb because of Tg expression; thus, TgAb concentrations should respond to changes in Tg-secreting thyroid tissue. For DTC patients who have undergone total thyroidectomy (TT) and 131I therapy, no residual thyroid tissue should be detected in the body theoretically; ideally, TgAb should be undetectable. Therefore, we are justified in holding that the TgAb trend can be used as a more reliable tumour marker in the follow-up of DTC patients and can be a better predictor of persistent/recurrent disease.

Although some studies have focused on the relationship between TgAb and the clinical outcomes of DTC, the current literature does not provide sufficient data to provide evidence-based answers to many questions arising in the care of TgAb-positive DTC patients (10). The general conclusion is that a reduction >50% in the TgAb concentration is associated with a low risk of persistent/recurrent disease (11, 12). However, a 50% TgAb decline was established empirically, not statistically. Our study calculated variations in TgAb at every follow-up time point for each subject, describing the long-term dynamic change trend of TgAb and finding the relationship between this trend and the clinical outcome.



Materials and Methods


Study Objectives

This was a retrospective study approved by the Ethics Committee of West China Hospital of Sichuan University. We reviewed the electronic records of 1,686 DTC patients who had undergone TT and radioactive iodine (131I) therapy at our hospital from January 2015 to December 2017. The patient demographics, tumour characteristics, operations, pathology reports, and all serological biomarkers were carefully reviewed. The tumours were grouped into stages according to the 8th Tumour-Node-Metastasis Classification of the American Joint Committee on Cancer, and the risk of recurrence category followed the 2015 American Thyroid Association (ATA) risk stratification system (2).

In this study, all operations were performed by three experienced thyroid surgeons who had more than 10 years of experience in thyroid operations in West China Hospital. All the patients had undergone TT, and neck lymph node dissections were performed according to preoperative imaging studies, the levels of serological indicators, and intraoperative morphological appearance. After surgery, all the study patients had received ablative 131I therapy. Treatment dosing was determined empirically using 30 to 100 mCi for thyroid remnant ablation and 100 to 200 mCi for postoperative residual neck lymph node metastases.



Follow-Up

The thyroid-stimulating hormone (TSH), FT3, FT4, Tg, and TgAb levels were measured 1 month after surgery, before ablative 131I therapy, and 1 and 6 months after ablative 131I therapy. Next, the patients were followed up by annual measurements of the TSH, FT3, FT4, Tg, and TgAb levels and neck ultrasound. Other imaging methods, such as chest and mediastinal CT and fluorine-18 fluorodeoxyglucose–positron emission tomography (FDG–PET)/CT, were performed when the basal Tg level (with suppressed T4 and TgAb negativity) >1 ng/ml or the TgAb level remained positive or was increasing. For patients with persistent/recurrent disease, additional 131I therapy and repeated surgery were performed at the discretion of the attending physician.



Definitions of Clinical Outcomes

All the clinical data, including imaging findings (neck ultrasound in all patients, diagnostic whole-body 131I scintigraphy, and chest and mediastinal CT, and FDG-PET/CT in selected patients), the basal Tg levels, TgAb levels, fine-needle aspiration (FNA), and postoperative pathological reports, were used to define the clinical outcomes.

Patients were considered tumour free if they had suppressed Tg < 1 ng/ml, TgAb < 40 IU/ml, and no structural evidence of disease. Patients were considered to have persistent disease if they had suppressed Tg ≥ 1 ng/ml or TgAb ≥ 40 IU/ml with a continuous increase, any evidence of disease on imaging, or biopsy-proven disease (cytology or histology). Patients with persistent disease were further classified as having an incomplete biochemical response (suppressed Tg > 1 ng/ml or TgAb ≥ 40 IU/ml with a continuous increase without a structural correlate). Patients were considered to have structural disease if cytology/histology was positive or imaging findings were highly suspicious for metastatic disease. Patients with suppressed Tg < 1 ng/ml, TgAb ≥ 40 IU/ml, and stability during the entire follow-up were considered uncertain.



Laboratory Analysis

The high-sensitivity electrochemiluminescence immunoassay (Roche Diagnostics GmbH; cobas e 601 from 2015 to 2020 and cobas e 801 from 2020) was used to measure TSH (measuring range: 0.005–100 μIU/ml), FT3 (0.6–50 pmol/L), FT4 (0.5–100 pmol/L), Tg (0.1–1,000 ng/ml from 2015–2016 and 0.04–500 ng/ml from 2016), and TgAb (10–4,000 IU/ml). All the TSH, FT3, FT4, Tg, and TgAb levels were measured at the same laboratory in our hospital. Sera showing TgAb levels >40 IU/ml were considered positive for DTC patients (13).



Statistical Analysis

All the continuous variables were tested for a normal distribution using the Kolmogorov–Smirnov (K-S) normality test. Next, the normally distributed variables were expressed as means ± standard deviation (M ± SD), and skewed variables were expressed as medians (minimum value, maximum value). The differences between the two groups were examined using unpaired two-tailed Student’s t-test and the Mann–Whitney U test for normally and non-normally distributed parameters, respectively. Categorical variables were compared by chi-squared test. Receiver operating characteristic (ROC) curves were used to evaluate the predictive effect of TgAb on the clinical outcome. Binary logistic regression was used to analyse the risk factors for the persistence/recurrence of disease. p-Values <0.05 were considered statistically significant. All statistical analyses were performed using SPSS 25.0.




Results


Characteristics of the Patients

Of the 1,686 consecutive DTC patients managed at our hospital from January 2015 to December 2017, 24 were excluded because preoperative TgAb was missing. Among the 1,662 patients, 393 (23.65%) had a preoperative TgAb > 40 IU/ml. Subsequent exclusions comprised 81 cases in which the patients had missing essential indicators [missing TgAb in the follow-up (n = 52), missing essential items to define the outcome (n = 29)], 20 cases in which a follow-up period was less than 2 years and 3 cases with lung metastasis at the initial diagnosis. Thus, the final cohort comprised 289 patients (Figure 1).




Figure 1 | Flowchart of patient selection.



Most of the patients were female (85.12%) and had classic PTC (96.54%). The median age at diagnosis was 39 years (range: 16–74 years). The median lesion diameter was 1.2 cm (range: 0.3–6.0 cm), and bilateral and multifocal lesions were present in 103 patients (35.64%) and 118 patients (40.83%), respectively. Extrathyroidal invasion was documented in 227 patients (78.55%), of whom 198 (68.52%) had capsular or fatty tissue invasion and 29 (10.03%) had invasion of nerves, muscles, blood vessels, and the windpipe. A total of 250 (86.51%) patients presented with lymph node involvement, with a median number of invaded lymph nodes of 4 (range: 0–36). The ATA risk stratification was classified as low in 17 patients (5.88%), intermediate in 222 patients (76.82%), and high in 50 patients (17.30%). The characteristics of the study cohort are indicated in Table 1.


Table 1 | Characteristics of the study patients.





Change Trends of Antithyroglobulin Antibody and Comparisons of the Levels of Antithyroglobulin Antibody at Different Time Points

Change trends of TgAb in the four groups are displayed in Figure 2. In the tumour-free group (A), TgAb significantly decreased after surgery and 131I therapy. Approximately 1 year after 131I therapy (f), TgAb decreased slightly, and the concentration remained low. In the uncertain group (B), TgAb decreased after surgery and 131I therapy, but not significantly. In the follow-up, TgAb declined slowly and remained positive. In the incomplete biochemical response (C) and structural disease (D) groups, no significant decrease in TgAb was observed after treatment, and the TgAb concentrations remained high or increased during the follow-up. In all groups except Group C, small increases were observed in the levels of TgAb at 1 month after 131I therapy (d) compared with those before 131I therapy (c) (Table 2).




Figure 2 | Change in the antithyroglobulin antibody (TgAb) level in the follow-up of four groups. Patients in Group (A) had lower TgAb concentrations than the other three groups at every time point in the follow-up (p < 0.05). Patients in Group (B) had lower TgAb concentrations than those in Group (C) at the late follow-up (p < 0.05). No significant difference was found in the TgAb values at other time points among Groups (B–D) (Table 2).




Table 2 | Levels of TgAb at every time point in the 4 groups.






Comparisons of the Variations in Antithyroglobulin Antibody Relative to the Preoperative Levels

At every time point of follow-up after surgery, variations in TgAb relative to the preoperative levels were calculated as [(TgAb at every time point) − (preoperative TgAb)]/(preoperative TgAb). The variations in TgAb in Group A were significantly larger than those in Groups B, C, and D at every time point of the follow-up except “1 month after surgery” (p < 0.001). The variations in TgAb in Group B were significantly larger than those in Group C at every time point except “1 month after surgery” (p < 0.05). The variations in TgAb in Group C were significantly larger than those in Group D after 131I therapy (p < 0.05) (Table 3).


Table 3 | Comparison of the variations in TgAb relative to the preoperative levels.





Prediction Efficacy of Variations in Antithyroglobulin Antibody Relative to the Preoperative Levels on Clinical Outcomes

ROC analyses to predict the clinical outcomes at the end of follow-up were used in the following three comparisons: 1) tumour free with all others, 2) tumour free + uncertain group with incomplete biochemical response + structural disease group, and 3) the structural disease group with all other groups  (Figure 3 and Table 4).




Figure 3 | Diagnostic benefit of the variations in antithyroglobulin antibody (TgAb) relative to the preoperative levels in predicting the clinical outcome during receiver operating characteristic (ROC) analyses. (A) Tumour-free versus uncertain + incomplete biochemical response + structural disease at the end of follow-up. (B) Tumour free + uncertain versus incomplete biochemical response + structural disease at the end of follow-up. (C) Tumour-free + uncertain + incomplete biochemical response versus structural disease at the end of follow-up.




Table 4 | Diagnostic benefit of variations in TgAb relative to the preoperative levels in predicting the clinical outcome (by ROC analyses).



The area under the curve (AUC) values measured during ROC analyses showed good diagnostic values, and the p-value was <0.001 in most cases. Considering the AUC values, the prediction efficacy of the variations in TgAb on the clinical outcome of tumour free was better than on other clinical outcomes, and the prediction efficacy of the variations in TgAb on the clinical outcome of tumour free at time points after 131I therapy was better than that before 131I therapy.



Predictors of the Tumour-Free Status at the End of Follow-Up in Univariate and Multivariate Analyses

By applying univariate analyses, some risk factors were identified as predictors of tumour-free survival at the end of follow-up (Table 5). In multivariate analysis, variations in the TgAb at 1 year after 131I therapy ≥ −77.4%, and 2 years after 131I therapy ≥ −88.6% were indipendent predictive factors for a tumour-free status at the end of follow-up (Table 6).


Table 5 | Univariate analysis of predictors of a tumour-free clinical outcome.




Table 6 | Multivariate analysis of predictors of a tumour-free clinical outcome.





Integrating the Variation in Antithyroglobulin Antibody With American Thyroid Association Risk Categories

In our study cohort, when patients were stratified according to the ATA categories, the disease-free status declined progressively, with the level of initial risk estimated at 82.35% in the low-risk patients, 75.68% in the intermediate-risk patients, and 42.0% in the high-risk patients.

When the variation of TgAb ≥ −77.9% at 6 months after 131I therapy was incorporated as a variable in the ATA categories, both intermediate- and high-risk patients showed a significantly increased chance of being tumour free (from 75.68% to 91.28% and 42.0% to 78.26%, respectively). Similarly, when the variation of TgAb ≥ −88.6% at 2 years after 131I therapy was incorporated as a variable in the ATA categories, both intermediate- and high-risk patients also showed a significantly increased chance of being tumour free (from 75.68% to 93.88% and 42.0% to 82.61%, respectively) (Table 7).


Table 7 | Restratification of the ATA risk categories according to the variation in TgAb relative to the preoperative level.






Discussion

Usually, TgAb is a serum biomarker for the diagnosis and follow-up of thyroid autoimmune diseases. However, because of the following three characteristics, TgAb has been more valued as a prognostic indicator for DTC patients: 1) approximately 20%~30% of patients with DTC are TgAb positive on initial postoperative assessment (14, 15); 2) the presence of TgAb compromises the authenticity of Tg, and it is recommended to measure the level of TgAb during Tg measurement; 3) ideally, for DTC patients who undergo TT and 131I therapy, the TgAb level should decrease until undetectable without stimulation of Tg. Many cross-sectional studies focus on the relationship between the level of TgAb and DTC, but the prognostic significance of the TgAb status (positive/negative) is unclear (16). Compared with observing TgAb at a single time point, TgAb trends appear to have more clinical usefulness as a surrogate tumour marker in the surveillance of TgAb-positive DTC patients (16) because the trend of TgAb is associated with higher tumour metabolism (17). Most existing studies have concluded that an increase in TgAb can indicate disease presence (18–20), and some studies empirically used a reduction of 50% of TgAb to group subjects, finding that a reduction >50% can represent a good prognosis (21). Based on these studies, our study described overall TgAb change trends after surgery in preoperative TgAb-positive DTC patients and compared changes in TgAb among patients with different clinical outcomes, aiming to further elucidate the prognostic value of TgAb.

The current study demonstrated the prognostic value of variations in TgAb relative to the preoperative level after surgery in predicting clinical outcomes. In particular, variations of TgAb at 6 months after 131I therapy ≥ −77.9% and at 2 years after 131I therapy ≥ −88.6% were excellent predictors of tumour-free survival, with negative predictive values (NPVs) as high as 90.2% and 91.4%, respectively. Our study indicated that the integration of the variations of TgAb into the ATA categories more effectively predicted the clinical outcome of tumour-free patients. Additionally, 23.65% of DTC patients had positive preoperative TgAb, which was comparable with the 23.2% reported by Lee et al. (22). Using the change in TgAb during follow-up, we found that TgAb in the tumour-free group declined significantly after surgery and 131I therapy, but we did not observe this phenomenon in the other three groups. Additionally, after 1–2 years of 131I therapy, the TgAb of patients in the tumour-free group stabilised at a very low level. However, in the uncertain group, the TgAb decline was slow. In the incomplete biochemical response group, TgAb increased. In the structural disease group, the TgAb levels continued to be high and positive. This result was consistent with the general view that persistent/increasing trends in TgAb were associated with a compromised DTC prognosis (16, 23). Additionally, we observed a slight rise in TgAb at 1 month after 131I therapy in most groups, likely attributed to the response to an acute increase in Tg antigen after 131I therapy (24).

In this study, to predict the clinical outcomes, five variations in TgAb—1 month after surgery, before 131I therapy, and 6 months, 1 year, and 2 years after 131I therapy—were evaluated in 289 preoperative TgAb-positive DTC patients. The AUC values obtained in the ROC analysis were mostly good (>0.75); in one-third of the cases, they were excellent (>0.85). The variation of TgAb > −88.6% at 2 years after 131I therapy showed the highest AUC value (0.901) to predict a tumour-free status, with 84.9% sensitivity, 83.3% specificity, 82.7% diagnostic accuracy, 91.4% NPV, and 67.3% positive predictive value (PPV). For the good performance of the variation of TgAb in predicting a disease-free status, we combined the three groups with the tumour-free group into the non-disease-free group, and we found that the variations of TgAb > −77.4% at 1 year after 131I therapy, and TgAb > −88.6% at 2 years after 131I therapy were indipendent predictive factors for a tumour-free status at the end of follow-up. We also combined the subgroups because both the uncertain clinical outcome and incomplete biochemical response reflect that residual cancer could not be ruled out.

The prognostic role of TgAb has been studied in some studies (11, 12, 15, 25). Although the studies differed in patient grouping, the authors found that the trend and reduction of TgAb > 50% are critical prognostic factors. In our study, the cut-off values of TgAb reduction at different time points in the follow-up were determined by ROC analysis and were generally consistent with other studies. The major advantage of our study is that a relatively large population (considering that TgAb-positive patients account for only 20%~30% of DTC patients) undergoing standardised diagnostic and therapeutic processes in West China Hospital (third-class hospital) could be evaluated. Additionally, a strength of our study is that the changes of TgAb during follow-up are shown intuitively, providing new insight into the prognostic value of TgAb in the clinical outcomes and integrating the variation of TgAb into the ATA risk categories to increase the chance of having a tumour-free status in intermediate- and high-risk patients.

However, our study has limitations. First, this study has a single-centre and retrospective study design, which may lead to selection biases. Second, although a median follow-up period of 4.83 years was a reasonable starting point to assess the clinical outcome, a longer follow-up is still necessary to assess the risk of late recurrences. However, most recurrences occurred within the first 5 years of follow-up after initial therapy (26). Finally, although we concluded that the variation of TgAb had good prognostic efficacy in disease-free patients, the prognostic efficacy was poor to predict disease persistence/recurrence. Under this circumstance, more imaging examinations, such as 131I whole body scan (WBS) and FDG PET/CT, may be needed to identify whether the disease has recurred.



Conclusion

For preoperative TgAb-positive DTC patients, the variations of TgAb > −77.9% at 6 months after 131I therapy and TgAb > −88.6% at 2 years after 131I therapy showed good prognostic efficacy for a tumour-free status. Their incorporation as variables in the ATA risk stratification system could more accurately predict disease-free survival.
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