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Background

Accurate evaluation of the risk of papillary thyroid microcarcinoma (PTMC) is the key to treatment. However, the maximum diameter (MD), which is currently used in various staging systems, may not truly reflect the aggressiveness of multifocal tumors.



Methods

Clinical and pathological data for 1001 patients with papillary thyroid carcinoma who underwent surgery at the Hangzhou First People’s Hospital were retrospectively analyzed. First, the relationship between total tumor diameter (TTD) and clinicopathological features in multifocal PTMC was explored. Then, patients were divided into subgroups according to the TTD. The baseline was consistent after using the propensity score matching method, and the differences between groups were compared. In addition, the effectiveness of TTD and MD in evaluating central lymph node metastasis (CLNM) was analyzed and compared.



Results

TTD is associated with a range of clinicopathological features, including lymph node metastasis, extrathyroidal extension, and risk stratification. Assuming the same MD and number of foci, the invasiveness of multifocal PTMC with TTD >1 cm was significantly higher than that with TTD <1 cm, and even higher than unifocal non-PTMC. Moreover, the efficiency of TTD in predicting CLNM was also significantly higher than that of MD.



Conclusion

For multifocal PTMC, TTD is a more realistic indicator of tumor biological characteristics than MD. The aggressiveness of PTMC with TTD >1 cm was significantly enhanced, and surgical treatment should be actively sought in such cases.
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Introduction

Papillary thyroid microcarcinoma (PTMC) is defined as papillary thyroid carcinoma with the largest diameter ≤1 cm. In recent years, due to its high incidence rate but relatively benign biological behavior, concerns have been raised about overdiagnosis and overtreatment of PTMC. There is a growing debate about whether active surveillance (AS) or immediate surgery are the best approaches for PTMC treatment (1, 2). The 2015 American Thyroid Association (ATA) guidelines suggest that AS can be used as an alternative to thyroidectomy for low-risk PTMC (3). However, some practitioners oppose this practice, because some PTMC cases still show aggressive characteristics, such as lymph node metastasis or extrathyroidal extension (ETE). In the latest 5th edition of the World Health Organization classification of thymoid neoplasts, PTMC is no longer considered a separate subtype, which is consistent with the management guidelines for non-PTMC (4). Therefore, the key to solving this dispute is to accurately identify the PTMC with high aggressiveness in order to make an appropriate choice between surgery and AS and provide a more personalized treatment.

Multifocality is common in PTMC, with an incidence of 26.8–36.9% according to different sources (5–7). It has been confirmed by many studies that multifocality is a risk factor affecting the aggressiveness and prognosis of thyroid carcinoma (8). However, the size of multifocal tumors in the current staging system is still described in the same way as that of unifocal tumors, focusing on the maximum diameter (MD) (9). Therefore, evaluating MD while ignoring other lesions in multifocal tumors is problematic as it may underestimate tumor grade and affect treatment. In recent years, the concept of total tumor diameter (TTD) has also been reported by many studies (10–12) and has been demonstrated to be closely related to many tumor characteristics and prognosis. Therefore, it has been suggested that TTD is closely related to tumor invasiveness.

However, previous studies were retrospective studies under natural conditions, and related confounding factors, such as MD and number of foci, were not excluded. The present study sought to evaluate the relationship between TTD and PTMC using the propensity score matching (PSM) method in order to provide an updated and more comprehensive perspective for assessing the risk of PTMC.



Materials and methods


Data collection

Data for pathologically confirmed PTC patients who underwent thyroid surgery in the Department of Surgical Oncology of Hangzhou First People’s Hospital between 2009 and 2020 were collected and reviewed. The exclusion criteria were as follows: 1. lack of pathological data; 2. combination with other malignant tumors; 3. second operation; 4. mixed PTC; and 5. prior non-curative surgery. The collected patient data included age, gender, MD, number of tumor foci, central lymph node metastasis (CLNM), lateral lymph node metastasis (LLNM), capsular invasion, and ETE. All of the above pathological data were independently reviewed by two experienced pathologists. In addition, all patients were assigned into low-, intermediate-, and high-risk groups based on tumor size, multifocal characteristic, lymph node involvement, and degree of ETE according to the 2015 ATA risk stratification system.



Definition

In the present study, MD was defined as the diameter of the largest tumor focus for multifocal PTC or the primary tumor focus for unifocal PTC. Papillary thyroid carcinoma with MD >1 cm was termed non-PTMC. The multifocality was defined as two or more tumor foci within the unilateral thyroid. For multifocal PTC, TTD was defined as the total combined diameter of each tumor lesion within a lobe, and both lobes were counted separately. CLNM was defined as tumor metastasis in lymph nodes of level VI of the neck region after postoperative pathological diagnosis. LLNM was defined as tumor metastasis in lymph nodes of levels II, III, IV, and V of the neck region after postoperative pathological diagnosis. Capsular invasion was defined as the tumor involving the capsule but not breaking through after the diagnosis of postoperative pathology. ETE was defined as the tumor breaking through the thyroid capsule and invading surrounding tissues or organs. It was stratified into two levels: minimal extension (perithyroid soft tissue, sternothyroid muscles) and gross extension (subcutaneous soft tissue, larynx, trachea, esophagus, or recurrent laryngeal nerve).



Study design and grouping

The above data were further screened and divided into three groups according to the tumor diameter and tumor multifocality as follows: Group A: multifocal PTMC with TTD ≤1 cm, Group B: multifocal PTMC with TTD >1 cm, and Group C: unifocal non-PTMC. A total of 1001 patients participated in the study, including 172 in group A, 388 in group B, and 441 in group C. The relationship between TTD and other clinicopathological features was explored first. PSM was performed based on age, sex, TTD, and number of foci between groups A and B to minimize the effect of confounders on the outcomes between these groups. In addition, PSM was also performed based on age, sex and TTD/MD between groups A and C. After reducing the impact of potential confounding factors, the clinicopathological features were compared between the groups.

Preoperative diagnosis of CLNM is a challenge for clinical decision making. The present study performed univariate logistic regression analysis on CLNM, calculated the predictive efficacy of TTD and MD, plotted receiver operating characteristic (ROC) curve, and compared the area under the curve (AUC) values.



Surgical strategy

All patients enrolled in the study underwent radical surgery. Thyroidectomy and cervical lymph node dissection were performed simultaneously. Ipsilateral lobe and isthmus resection were performed for unilateral lesions. Total thyroidectomy was carried out for unilateral lesions requiring iodine-131 and bilateral lesions. Central lymph node dissection was performed routinely. Lateral lymph node dissection was done in patients with cervical lymph node metastasis diagnosed via fine-needle aspiration biopsy or preoperative imaging and confirmed by the intraoperative frozen sections.



Statistical analysis

Categorical variables were described using frequencies and percentages. Continuous variables were expressed as the mean ± standard deviation (mean ± SD). The chi-square test or Fisher’s exact test was used to analyze categorical variables, while the t-test was applied to compare continuous variables. The “matchit” package was used to perform PSM analysis. The nearest neighbor algorithm was used as the matching method, with the ratio set to 1:1 and the caliper value set to 0.02. R software (R Core Team, Version 4.1.2, Vienna, Austria) and MedCalc software (MedCalc 19.2.1; MedCalc, Mariakerke, Belgium) were used for all data analysis in the study. Bilateral P < 0.05 served as the significance threshold.




Results


Comparison of baseline characteristics between groups before PSM

The clinical and pathological features were analyzed and compared between each group before PSM. First, significant differences were present in all characteristics except age (46.49 ± 12.32 vs. 47.48 ± 10.44, P = 0.748; Table 1) between groups A (TTD >1 cm) and B (TTD ≤1 cm). The group with TTD >1 cm had a higher proportion of males (22.09 vs. 14.95%, P = 0.039), larger MD (7.56 ± 1.60 vs. 4.54 ± 1.53, P = 0.039), and more lesions (2.45 ± 0.70 vs. 2.06 ± 0.26, P = 0.039). PTMC with TTD >1 cm also exhibited a higher level of aggressiveness, which was manifested by a higher proportion of CLNM (55.23% vs. 29.12%, P < 0.01) and LLNM (11.64% vs. 3.61%, P < 0.01). There was also a higher proportion of capsular invasion (29.65% vs. 12.37%, P < 0.01) and ETE (P < 0.01). In terms of risk stratification, patients with TTD >1 cm had a higher proportion of medium- and high-risk (P < 0.01).


Table 1 | Comparison of baseline characteristics between multifocal PTMC with TTD >1 cm and TTD ≤1 cm before PSM.



Groups A and C were then compared. The baseline comparison between the two groups before PSM is shown in Table 2. There was no significant difference in age and sex between the two groups, but the baseline TTD/MD comparison was inconsistent (13.19 ± 2.35 vs. 14.14 ± 2.78, P < 0.01). No difference in CLNM, capsular invasion, and risk stratification was found between the two groups, while the non-PTMC group showed a higher proportion in LLNM (11.64% vs. 22.90%, P < 0.01). In terms of ETE, the multifocal PTMC group showed a higher proportion of medium- and high-risk.


Table 2 | Comparison of baseline characteristics between multifocal PTMC and unifocal non-PTMC before PSM.





Relationship between TTD and clinicopathological features in PTMC

The relationship between TTD and various clinicopathological features was explored in 560 PTMC patients included in the study. The results showed that there is no difference in TTD between different ages and genders, which means that there is no correlation between them (Figure 1). For lymph node metastasis, both CLNM and LLNM were significantly correlated with TTD. The TTD of tumors with metastasis was higher than that of tumors without metastasis (Figure 1). There were significant differences between intrathyroidal and extensional tumors in terms of ETE, but no differences between minimal and gross extension. The risk stratification was similar (Figure 1). The TTD of the medium- and high-risk groups was significantly higher than that of the low-risk group, but there was no difference between the medium- and high-risk groups (Figure 1).




Figure 1 | Relationship between TTD and clinicopathological features in multifocal PTMC, including Age (A), Sex (B), CLNM (C), LLNM (D), ETE (E) and Risk stratification (F). TTD, total tumor diameter; PTMC, papillary thyroid microcarcinoma; CLNM, central lymph node metastasis; LLNM, lateral lymph node metastasis; ETE, extrathyroidal extension. *P < 0.05; **P < 0.01; ***P < 0.001; ****P < 0.0001; ns, not significant.





Comparison of clinicopathological features between multifocal PTMC with TTD >1 cm and TTD <1 cm

A total of 124 patients were included in the analysis after 1:1 PSM was carried out. There was no significant difference in age, sex, MD, and number of lesions between the two groups (Table 3). Interestingly, there were also significant differences between the two groups in terms of other aspects, except LLNM. CLNM (61.29% vs. 41.94%, P < 0.01), capsular invasion (P < 0.01), and ETE (P < 0.01) were greater in the TTD >1 cm group. However, the vast majority of ETE cases could be classified as those with minimal extension, while the proportion of gross extension was very low. In terms of risk stratification, the TTD >1 cm group included more medium-risk patients, while the number of high-risk patients was lower in both groups.


Table 3 | Comparison of clinicopathological features between multifocal PTMC with TTD >1 cm and TTD <1 cm after PSM.





Comparison of clinicopathological features between multifocal PTMC and unifocal non-PTMC

Groups A and C were compared in order to further explore the effect of TTD on invasiveness. A total of 224 patients were included after 1:1 PSM was performed. The interference of confounding factors was eliminated and the baseline was consistent (Table 4). The results showed that there was no significant difference in CLNM between the two groups, while the non-PTMC group had a higher proportion of LLNM. Different from the general belief that PTMC exhibits a benign biological behavior and similar to the TTD/MD results, the multifocal PTMC group demonstrated a greater level of capsular invasion (P < 0.01) and more cases of ETE (P < 0.01). There were also differences in risk stratification. Specifically, there were more medium-risk patients in the multifocal PTMC group and more high-risk patients in the unifocal non-PTMC group.


Table 4 | Comparison of clinicopathological features between multifocal PTMC and unifocal non-PTMC after PSM.





Comparison of prediction efficiency of TTD and MD for CLNM

Multivariate logistic regression analysis was performed on MD and TTD, combining age, sex, and ETE (Table 5). The respective calculated AUC values of 0.658 and 0.682 were statistically significantly different. This suggests that TTD may be a better predictor of CLNM for multifocal PTMC (Figure 2).


Table 5 | Logistic regression analysis of CLNM-related risk factors.






Figure 2 | Comparison of prediction efficiency of TTD and MD for CLNM. TTD, total tumor diameter; CLNM, central lymph node metastasis; ETE, extrathyroidal extension.






Discussion

The significance of multifocality, as well as total diameter, has been reported in other cancers. For example, in breast cancer it is associated with a higher rate of metastasis and worse prognosis (13, 14), and in renal cancer it is associated with adverse biological characteristics (15). The significance of TTD in thyroid cancer has also been reported in previous studies. By reviewing 275 patients with thyroid cancer, Zhao et al. (10) have found that the risk of CLNM was significantly increased in patients with multifocal PTMC with TTD >1 cm and have recommended that central neck dissection should be performed routinely. Tam et al. (16) have grouped 912 patients according to TTD and found that PTMC with TTD >1 cm confers a similar risk of aggressive histopathological behavior as uniform non-PMTC with MD >1 cm. Feng et al. (12) have analyzed 442 patients and found that TTD was associated with lymph node metastasis and ETE and suggested that TTD can better assess tumor aggressiveness. However, the above studies did not mention the results after adjusting for confounding factors, such as age, gender, and MD, which are related to the characteristics of tumors. The present study used a PSM method to explore the relationship between TTD and clinicopathological features based on about 1000 thyroid cancer patients in our center.

CLNM is common among PTMC patients, but due to its specific anatomical location, the current imaging methods have insufficient diagnostic ability (17). In other words, clinical lymph nodes negative(cN0) is not reliable. There is still controversy about whether cN0 PTC patients are eligible for prophylactic central neck dissection (pCND) (18, 19). Therefore, the identification of high-risk factors for CLNM is helpful to guide clinical decision making. TTD in the present study was significantly correlated with CLNM. After PSM, 61.29% of patients in group A had CLNM, which was significantly higher than the level in group B and no different compared to group C. In addition, the efficiency of TTD in predicting CLNM is significantly higher than that of MD in PTMC. This suggests that TTD may be a better predictor of CLNM for multifocal PTMC. Moreover, for PTMC with TTD >1 cm, a more positive attitude towards pCND should be adopted. The general incidence of PTMC for LLNM was low at ~6.45%. Although TTD was correlated with it, there was no difference in metastasis rate between groups A and B. There are several possible reasons for this result. First of all, the capsular invasion and ETE are generally lower in PTMC. Tumor cells metastasize station by station along lymphatic drainage and follow the rule of progressive spread through the cervical lymphatic network. Second, there were few patients with LLNM in this study, making it difficult to demonstrate statistical difference. If more samples can be included in the future, the conclusion will be more convincing. Third, our center is located in economically developed areas, and most of the cases are early tumors found via physical examination, resulting in a certain selection bias. Multi-center studies will be carried out in the future. Therefore, preoperative LLNM diagnosis needs to be executed with care.

ETE is an important factor affecting the invasiveness of thyroid cancer and gross ETE is usually considered to be an indication for near-total or total thyroidectomy (20). Accurate preoperative prediction of ETE can help doctors to determine appropriate surgical strategies to reduce the risk of reoperation. TTD was correlated with ETE among the patients in the present study, which was consistent with the results of previous studies. In addition, with the same MD and number of foci values, the occurrence of ETE in PTMC with TTD >1 cm was significantly higher than that with TTD <1 cm. The results suggest that PTMC patients with TTD >1 cm need a more thorough surgical and radioactive iodine therapy. However, it should be noted that most of the cases had a minimal extension, while PTMC appearance with gross extension was very rare in the present cohort, which is significantly less than the values for non-PTMC. At present, there is controversy about minimal ETE (21, 22). Some studies have shown that minimal ETE is associated with adverse biological behavior, but not prognosis. However, this conclusion may still need more studies to verify.

The relationship between TTD and risk stratification is also discussed. ATA risk stratification is one of the most widely used risk stratification systems for assessing an individual patient’s risk of persistent or recurrent disease (23). It helps doctors to determine the necessity of postoperative radioactive iodine treatment, degree of TSH inhibition, and follow-up frequency (24). In this study, the ATA risk strategy was used to directly evaluate the impact on diagnosis The recurrence rate of low, medium and high risk was 1–5%, 5–20%, and >20%, respectively (25). It is possible that this can reveal the impact of TTD on prognosis to a certain extent. Although tumor size was not included in the risk stratification analysis, the present study found that there was a correlation between TTD and stratification. PTMC with TTD >1 cm had a greater proportion of medium- and high-risk cases than PTMC with TTD <1 cm. Therefore, AS is not suitable as a treatment for PTMC patients with TTD >1 cm, and immediate surgery is a better choice.

This research study has some limitations. First, the follow-up data are lacking in this study due to the large time span. Second, this was a single center study. Data from more centers should be included in the future. Third, lateral neck lymph node dissection was not performed on all patients. Therefore, occult LLNM may have been present.



Conclusion

In conclusion, the present study provides new evidence for the relationship between TTD and PTMC. For multifocal PTMC, TTD can better reflect the tumor biological characteristics and aggressiveness than MD. The aggressiveness was significantly increased for PTMC with TTD >1 cm and a more active treatment should be provided for such patients.
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2 (1.16%)

77 (44.77%)
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Positive 38 (61.29%) 26 (41.94%)
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