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Background: Thyroid cancer (TC), was the fastest-rising tumor of all malignancies in the world and China, predominantly differentiated thyroid cancer (DTC). However, evidence on TC stage distribution and influencing factors of late-stage were limited in China.

Methods: We carried out a retrospective study and enrolled TC patients who were first diagnosed and hospitalized in 8 hospitals in China in 2017. Logistic regression was used to evaluate associations between influencing factors and DTC stage. We extracted eligible primary DTC records newly diagnosed in 2017 from the USA's Surveillance, Epidemiology, and End Results (SEER) database. We compared clinicopathological features and surgical treatment between our DTC records and those from the SEER database.

Results: A total of 1970 eligible patients were included, with 1861 DTC patients with known stage. Among patients ≥45 years old, males (OR = 1.76, 95%CI 1.17–2.65) and those with new rural cooperative medical scheme insurance (NCMS) (OR = 1.99, 95%CI 1.38–2.88) had higher risks of late-stage DTC (stage III-IV). Compared with SEER database, over-diagnosis is more common in China [more DTC patients with onset age< 45 years old (50.3 vs. 40.7%, P < 0.001), with early-stage (81.2 vs. 76.0%, P < 0.001), and with tumors<2cm (74.9 vs. 63.7%, P < 0.001)]. Compared with the USA, TC treatment is more conservative in China. The proportion of lobectomy in our database was significantly higher than that in the SEER database (41.3 vs. 17.0%, P < 0.001).

Conclusions: Unique risk factors are found to be associated with late-stage DTC in China. The differences in the aspect of clinicopathological features and surgical approaches between China and the USA indicate that potential over-diagnosis and over-surgery exist, and disparities on surgery extent may need further consideration. The findings provided references for other countries with similar patterns.
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Background

Thyroid cancer (TC) is the most common endocrine and head and neck malignancy worldwide. According to Global Cancer Statistics 2020, 586,202 new cases and 44,000 deaths occurred worldwide in 2020 (1). TC incidence has been rising at the fastest speed, predominantly differentiated thyroid carcinoma (DTC) (2, 3), and has already become a huge health concern in the current era. The incidence rate of TC has been increasing rapidly in China in the past decades. According to the national report released by the National Cancer Center in China, TC became the fastest-growing malignant tumor in China (4–7). Despite the slow progression for TC, gaps in 5-year survival exist between China and developed countries such as the USA (84.30 vs. 98.16%) (8, 9). Compared with advanced TC patients, early-stage patients are more likely to be cured and have a better prognosis (10–12). The stage information in the USA was collected in the Surveillance, Epidemiology, and End Results (SEER) database. Identifying stage distribution and influencing factors is beneficial to narrow the survival gap and improve the prognosis of TC. However, so far, evidence on TC stage distribution and influencing factors of late-stage were limited in China.

Because of the increasing prevalence of excessive BMI around the world, the impact of obesity on cancer risk has been extensively studied. Epidemiological evidence confirmed that BMI was independently associated with an increased incidence of DTC (13). However, the possible associations between BMI and aggressive clinicopathologic features of thyroid cancer have remained controversial. Several studies showed that Obesity was associated with several poor clinicopathologic prognostic features: extrathyroidal extension, multifocality, and advanced tumor/node/metastasis stage (14). On the contrary, others showed that there was no independent association between obesity and more aggressive clinicopathological features of TC (15). Previous related studies in China were limited to small samples from one or a small number of hospitals, and evidence at the population-based level was not available. Therefore, based on the multicenter, large-scale, population-based study in China, we further explored the associations between BMI and aggressive clinicopathological characteristics.

What's more, the reasons for the differences in TC disease burden may lie in the differences in cancer screening policies and clinical guidelines between China and the USA, which can be reflected by comparing clinicopathological features and therapeutic schedules between the two countries. However, few multicentered and large-scale studies focus on stage distribution, clinicopathological characteristics and surgical treatment of TC in China. To fill the evidence gap, the National Cancer Center in China initiated a multicenter hospital-based retrospective survey in 2017. We aimed (1) to ascertain DTC stage distribution at diagnosis and investigate relevant risk factors for late-stage DTC patients, and (2) to compare clinicopathological disparities and surgical treatments of DTC between our data and SEER data.



Methods


Study design and participants

We carried out a retrospective investigation and included TC patients from 8 grade A tertiary hospitals in 8 provinces (Henan, Hubei, Shenzhen, Hunan, Heilongjiang, Xinjiang, Yunnan and Qinghai) in China. Inclusion criteria: (a) newly diagnosed as TC in 2017; (b) hospitalized between January to December in 2017; (c) resident of the province where the hospital was located. We excluded patients with other primary tumors that metastasized to the thyroid. The study flowchart was shown in Figure 1. Considering the unknown risks in the research process, the total target sample size of TC was determined as 1,920 cases (240 cases in each hospital). We allocated sample sizes evenly to each month, which was 20 cases per month for each hospital. We sorted all eligible TC cases according to discharge time in each month and selected the cases via simple random sampling.


[image: Figure 1]
FIGURE 1
 Flowchart of the study.


The third edition of the International Classification of Diseases for Oncology (ICD-O-3) topography was used for identifying TC (C73.9). Trained investigators extracted information using a case report form from electronic medical records, including (1) demographic characteristics; (2) clinicopathological characteristics; and (3) therapeutic information.



Staging

First, we started by abstracting TC patients with complete information on T stage, N stage, M stage and histologic type to stage I-IV according to the 7th edition of the American Joint Committee on Cancer (AJCC) Tumor-Node-Metastasis (TNM) staging system (16). If the above information (T, N, M and histologic type) were not sufficient, staging abstraction was supplemented by the stage variable diagnosed by clinicians in the questionnaire. If the stage still cannot be filled, it was defined as an unknown stage (Figure 1). Stage I and II were defined as early-stage, and stage III and IV were defined as late-stage.



SEER database in the USA

SEER*Stat was used to generate a case listing. We extracted eligible primary TC records diagnosed in 2017 from the SEER database, collecting information including age, sex, histologic type ICD-O-3, derived SEER combined T, derived SEER combined N, derived SEER combined M, derived SEER combined stage (the 7th edition AJCC), tumor size summary, focality, surgery primary site, reason no cancer-directed surgery. A total of 13,053 TC cases in 2017 were downloaded from the SEER database. In order to be comparable with the subjects included in this study, we only included DTC patients with a known stage in the SEER database (n = 11,006).



Statistical analysis

We used the Chi-square test or Fisher's exact test to compare the stage distribution, clinicopathological characteristics and therapeutic information among different groups. We estimated adjusted odds ratios (ORs) for late-stage DTC patients using logistic regression. In model 1, only sex at diagnosis was adjusted. In model 2, area and medical insurance were added. NCMS is a new community-based rural health insurance system now covering over 98% of rural residents in China, first implemented in 2003. In model 3, multiple factors including BMI, smoking, drinking, history of thyroid diseases and family history of TC were included by the enter method. In model 4, the main model, we used the stepwise method to identify significant variables. No collinear among variables was found in logistic regression. Data management, programming, and analyses were carried out using SAS 9.4. All tests of significance were two-tailed, and P < 0.05 was considered statistically significant.




Results


The risk factors of late-stage DTC patients
 
Characteristics of DTC patients by stage distribution

A total of 1,970 eligible patients were included, with a mean age of 44.3 ± 11.5 years, of which 96.7% (n = 1905) had known stage (Figure 1; Supplementary Table S1). 94.8% of TC with the known stage was DTC (n = 1868), and the characteristics of DTC patients were shown in Table 1. The proportion of DTC patients in urban areas, with urban insurance, was higher than patients living in rural areas and those with NCMS (52.9 vs. 47.1%, 31.6 vs. 23.2%). The female/male sex ratio was 3.3. As shown in Table 1, the proportion of early-stage and late-stage of DTC were 81.2 and 18.8%. Significant differences in stage distribution were found among different regions (P < 0.001). The characteristics of DTC patients by stage distribution, by age were presented in Supplementary Table S2.


TABLE 1 Characteristics of DTC patients by stage distribution.
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Multivariate analysis for late-stage DTC patients

Considering only 1.0% of DTC patients aged <45y were stage II, the multivariate analysis for late-stage was performed in DTC patients aged ≥45y (Table 2). The sex-adjusted ORs between late-stage and rural area, NCMS, BMI ≥ 25.0, smoking, drinking, history of thyroid diseases and family history of TC were 1.33 (1.02–1.74), 2.08 (1.44–2.99), 0.93 (0.67–1.30), 0.81 (0.50–1.34), 1.06 (0.57–2.00), 1.10 (0.74–1.65) and 1.21 (0.27–5.50), respectively. Male patients (1.76, 95%CI 1.17–2.65, P = 0.006) and those with new rural cooperative medical scheme insurance (NCMS) (OR = 1.99, 95%CI 1.38–2.88, P < 0.001) had a higher risk of late-stage DTC, after adjusting for area, BMI, smoking history, drinking history, history of thyroid disease and family history of TC.


TABLE 2 Adjusted ORs (95% CIs) for late-stage DTC patients aged ≥ 45y.
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The association between BMI and aggressive clinicopathological features of DTC patients

As shown in Supplementary Table S3 and Table 3, compared with underweight and normal DTC patients, we found no evidences that overweight and obese was associated with tumor size (OR = 1.07, 95%CI 0.80–1.41, P = 0.655), pathologic T4 stage (OR = 1.30, 95%CI 0.72–2.38, P = 0.387), lymph node metastasis (OR = 0.89, 95%CI 0.70–1.14, P = 0.366), distant metastasis (OR = 0.70, 95%CI 0.22–2.24, P = 0.552) and late-stage (OR = 0.97, 95%CI 0.70–1.34, P = 0.838). Similar patterns were shown in the subgroup analysis stratified by age and sex.


TABLE 3 The association between BMI and aggressive clinicopathological features of DTC patients.
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Comparations of clinicopathological features of DTC patients between the study and SEER database

As shown in Supplementary Table S4, compared with the 7th edition TNM staging system, we found the 8th staging downstages many DTC patients. 78.4 and 2.8% of DTC patients were distributed in stage I and stage II by the 7th edition TNM staging system. In contrast, 92.9 and 4.9% of DTC patients were distributed in stage I and stage II with the 8th edition staging. The dominant early-stage features were more obvious when we tried the 8th edition TNM staging (increased by 16.6%, P < 0.001) (Supplementary Table S4).

As shown in Table 4, compared with the SEER database, our study had more early-stage DTC patients (81.2 vs. 76.0%, P < 0.001). The proportion of stage I in the study and SEER database in the USA were 78.4 and 69.0%, respectively. Besides, compared with the SEER database, we have higher proportion of DTC with 2 cm or smaller (P < 0.001), more TC patients aged < 45y (P < 0.001), higher proportion of lymph node metastasis (P < 0.001) and more unifocal tumors (P < 0.001). There were younger aged and < 2cm tumors in early-stage DTC patients in China than in the USA (P < 0.001) (Figure 2).


TABLE 4 Comparisons of clinicopathological features of DTC patients between the study in China and SEER database in the USA.
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FIGURE 2
 Stage distribution of DTC patients between the study in China and SEER database in the USA, by age at diagnosis, sex and tumor size (A) Age at diagnosis, (B) Sex, and (C) Tumor size.




Comparations of surgery and extent of surgery of DTC patients between the study and SEER database

The surgery rate of DTC patients of the study in China was slightly higher than that of SEER in the USA (99.9 vs. 97.2%, P < 0.001) (Table 5). There was no significant difference in the choice of surgery among stages in the study (P = 0.964), and almost all hospitalized patients underwent surgery in China. We found a significant difference of surgical treatment among stages in the USA (P < 0.001), and the surgical rate of stage IV was the lowest (90.4%). The surgical rate of stage IV was significantly higher than that in the USA (100.0 vs. 90.4%, P < 0.001). Besides, significant differences in surgery and extent of surgery were found among different regions in China (all P < 0.001)


TABLE 5 Comparisons on surgery of DTC patients between the study in China and SEER database in the USA.
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In Table 6, total thyroidectomy was more common than lobectomy both in the study and the SEER database (58.7 vs. 41.3% in the study; 83.0 vs. 17.0% in the SEER database). Significant differences were shown in surgical extensiveness (thyroid lobectomy vs. total thyroidectomy). With the aggravation of stage, the proportion of total thyroidectomy increased (P < 0.001). The proportion of total thyroidectomy at stage I, II, III and IV were 51.6, 55.1, 4.0, and 95.3% in our study, respectively (P < 0.001), and the corresponding proportion of total thyroidectomy at each stage were 79.6, 83.1, 91.3, and 96.2%, respectively (P < 0.001).


TABLE 6 Comparisons on extent of surgery of DTC patients between the study in China and SEER database in the USA.
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Besides, we found the proportion of total thyroidectomy in our study was significantly lower than that in the SEER database (58.7 vs. 80.7%, P < 0.001). Similar findings were observed in stage I-III (P < 0.001). No significant difference was observed in the extent of surgery in stage IV between China and the USA (P = 0.604).




Discussion

To our knowledge, this was the first large-scale, multicentered study collecting updated and comprehensive clinicopathological and surgery information on DTC in China. Findings from the present study showed that the prevalence of late-stage DTC was 18.5%. Male, patients with NCMS had an increased risk of late-stage. Compared with the SEER database, more early-stage and young-aged DTC patients with smaller sizes were detected in China. The proportion of lobectomy in our database was significantly higher than that in the SEER database. Our findings gave us a better understanding of clinicopathological characteristics of hospitalized DTC patients in China and provided informative evidence for decision-making in DTC prevention and control.

Stage information is crucial for prognosis and survival (10–12). Compared with stage I DTC, the 10-year disease-specific survival of stage IV patients decreased by almost 27.9% (11). Over 80% of TC cases were diagnosed as early-stage in China, exceeding the USA (73.4%). The increasing use of ultrasonography for TC screening in routine check-ups in China might be one of the reasons for this phenomenon. However, it was not recommended in the USA (17). The proportion of early-stage in this study was also higher than that in South Korea in 2008 (53.8%) (18). However, the proportion of early-stage in the study (81.2%) was lower than that in a previous single-center analysis in northeast China (99.6%) and in eastern China (83.91%), and lower than that in a population-based cohort study in East Asia (84.4%) (19, 20). This difference could be due to this time trend analysis only covering one hospital, which may cause bias. Our study is the first large-scale, multicenter study in China, which could truly reflect the staging of DTC patients in grade A tertiary specialized hospitals in China.

In this multicentered study, the female/male sex ratio of DTC was 3.3, while male patients aged ≥45y had a higher risk of advanced DTC than females. According to the National Cancer Registry of China, the incidence rate of TC in women was 3.04 times that of men in 2015 (6). A similar female/male ratio (three-fold) was found in Global Cancer Statistics 2020 (1). The interaction between reproductive hormones in women, particularly estrogen, and the thyroid may lead to the generation of thyroid nodules (21, 22). However, autopsy evidence indicated that the actual incidence of thyroid nodules might not be much different between women and men (23). Since perinatal care and gynecological and obstetric clinics can provide women with more access to medical services, they may have additional opportunities to receive thyroid examinations (22, 24). This can harm both females who are subject to over-detection, and males who may be at risk of under-detection. In the study, although the numbers of males were fewer than females, male patients aged ≥45y had a higher risk of advanced DTC than females, in line with the existing evidence that DTC presented more advanced stage, higher mortality and recurrence rates in males than in females (25–27).

We found that access to NCMS was a risk factor for advanced DTC. Patients living in urban areas have a higher detection rate, but patients with NCMS were more likely to be diagnosed as late-stage (28). Considering the medical insurance system in China, this risk factor largely reflected the disease difference between urban and rural areas (29). Similar results were found in the latest study covering five major cancers in China, which showed a persistent diagnostic disparity that patients with NCMS had a higher risk of late-stage diagnosis compared with patients with urban insurance (OR = 1.4) (30). This phenomenon may be related to urban-rural inequities in medical utilization. Patients with urban medical insurance have better socioeconomic conditions and more access to medical resources, screening and other healthcare services (31, 32). Besides, compared with rural residents with NCMS, urban dwellers with urban medical insurance might also have a higher awareness of cancer prevention and regular doctor appointment in China (33, 34). Geographic disparities were also found in a prior report (30, 31, 35). Urban-rural disparities reflected that the current allocation of medical resources in China may be inequitable (36). This inequity should be considered in future TC prevention and control policy-making.

More young-aged, early-staged and small-sized TC patients were detected in our database compared with the SEER database. A population-based study proved that the incidence of young/middle-aged TC was on the rise in high-resource countries (37). Studies in South Korea and USA showed that the increased detection rate of early-stage and microcarcinoma may be related to the over-diagnosis caused by ultrasound screening (21, 22, 38–40). After TC screening was stopped, the proportion of localized stage of TC in South Korea declined gradually from 2005 to 2016 (39, 41). Previous studies indicated that the estimated proportion of TC cases attributable to overdiagnosis accounted for approximately 83% in women in China between 2008 and 2012 (5, 21). The high proportion of early-stage and small size tumors in our study also implied a warning signal of TC overdiagnosis caused by inappropriate ultrasonography screening for asymptomatic persons in China (5, 25, 42, 43). However, the acceleration of China's urbanization, the increasing access to routine physical examination, the improvement of diagnostic sensitivity and accuracy and the improvement of people's health awareness can also contribute to the specific clinicopathological characteristics of TC patients in this study (5, 24, 38, 44).

With the international attention to over-diagnosis and accumulation of evidence, many updated international recommendations recommend against screening for TC in asymptomatic adults using either neck palpation or ultrasound (Supplementary Table S5) (17, 45). Korea also called to stop TC screening in 2014 in order to turn the epidemic tide. The operation rate decreased significantly after TC screening was stopped in Korea (39). And the 5-year relative survival rate increased from 94.2% in 1993–1995 to 100.3% in 2011–2015 (46). Experience with TC screening in South Korea could serve as a cautionary tale for China. To date, there is no national TC screening plan in China. Only two provincial and municipal recommendations (Shanghai and Chongqing) on screening and prevention of common malignant tumors for residents, recommend thyroid-related examinations (clinical neck physical examination or ultrasonography) regularly for the general population. The wide application of ultrasound screening in China leads to the high detection of early-stage and small tumors (42). Evidence on the effectiveness of TC screening was at least insufficient if not disapproval. More considerations are needed for the necessity of TC screening in China. Considering the good prognosis of TC, large-scale and prospective studies are still needed to evaluate its long-term cost-effectiveness.

Subjects in this study were inpatients in oncology specialist hospitals, while patients in the SEER database were collected in cancer registries, including inpatients and outpatients, which may lead to a slightly higher surgery rate in China than in the USA. Before 2015, surgery for TC was the most preferred treatment. With the accumulation of evidence (47, 48), several international associations advocated active surveillance (AS) for small and low-risk TC instead of immediate surgery (Supplementary Table S6) (49, 50). The ATA 2015 Guidelines also represented a cost-effective strategy regarding AS and the extent of surgery (51). In accordance with international guidelines, the Chinese Society of Clinical Oncology also recommended active surveillance for low-risk papillary thyroid microcarcinoma patients in 2016 (52).

We found that more DTC patients with early-stage took lobectomy treatment in our database than in the SEER database, indicating that the choice of operation in China might be more conservative than that in the USA, which is in line with the updated guidelines. The high proportion of low-risk tumors with early-stage and small size in this study may result in more conservative surgery. Prior studies indicated that total thyroidectomy for the treatment of PTC measuring 1.0–4.0 cm does not result in a clinically significant improvement in disease-specific survival compared with lobectomy (53, 54). The health-related quality of life of DTC patients is not associated with the extent of surgery (55). With the accumulation of evidence, the extent of surgery of TC is constantly updated. We summarized global updated guidelines on surgery and the extent of surgery among DTC patients (Supplementary Table S6). The updated ATA guidelines promote surgical de-escalation by targeting low-risk patients (56). The global trend toward more partial thyroidectomy with a significant increase in the proportion of lobectomy (56). The number of unilateral thyroidectomies without neck dissection increased 2.56 times between 2007 and 2011 in Korea (57). There was a significant increase in the proportion of lobectomy over the last 10 years in France (2010–2019) (58). In addition, we observed increasing conservative surgery in the SEER database from 2015 to 2018 (Supplementary Figure S1). In recent years, surgery management in China gradually evolved from aggressive treatment to a more conservative approach. A Time trend analysis of TC surgery between 2008 and 2017 in a single institutional database of 15,000 Chinese patients showed that TC patients receiving total thyroidectomy decreased from 71 to 41% (59). A previous study showed that 53% of DTC with low to intermediate risk of recurrence took lobectomy in 2018–2019 (55). The proportion of lobectomy in early-stage DTC patients in our study was similar to previous studies. The decrease in total thyroidectomy indicated the benefits of evidence-based guidelines in accelerating changes to clinical practice to reduce overtreatment. Considering disparities in economic level, medical care level and surgical accessibility among regions, significant differences in stage and surgery extent among different regions.

Besides, we found no aggressive association between higher BMI and clinicopathological characteristics in our study. Similar to our results, previous studies have shown that a higher BMI is not associated with more aggressive tumor features (late-stage, lymph node metastasis, distant metastasis, etc.) (15, 60). In addition, a prior study showed that subjects in the underweight group had a significantly greater risk for distant metastasis (OR = 34.5) and macroPTCs (OR = 3.99) when compared with the normal-weight group (61). Paes et al. even indicated that a higher BMI was associated with a lower risk of tumor invasion and nodal metastases (62). On the contrary, several studies suggested that obesity was significantly related to larger tumor size, lymph node metastasis and advanced stage of PTC (aggressive features) (14, 63, 64). The causes remain uncertain. Biological factors, such as thyroid-stimulating hormone serum levels, have been considered contributors to increasing PTC aggressiveness in obese patients. TSH level has a positive correlation with vascular endothelial growth factor expression, and vascular endothelial growth factor can stimulate angiogenesis and increase vascular permeability (65). Cheng et al. found that leptin mediated the migration of PTC by activating the PI3K/AKT and MAPK pathways (66). Experimental models have shown that adipokines such as leptin and hepatocyte growth factor may regulate cancer cell proliferation and invasiveness (67).



Strengths and limitations

This is a multicentered retrospective hospital-based study. Eight participating hospitals are distributed in 5 geographic regions of China, which enhances the representativeness of the study sample. What's more, since all TC patients are inpatients, detailed diagnostic and treatment information can be collected. However, several limitations of our study should be acknowledged. (1) Compared with the population-based SEER database, the sample size of our hospital-based database was limited, which cannot adequately represent current care in China. Even though, our multi-center hospital-based design took into consideration geographical variation, population density and socioeconomic status, which is the best available data at present. The extrapolation and interpretation of the differences should be cautious. (2) Information on height and weight was not available in individual hospitals, and the missing rate of BMI was relatively high (24.2%). This reduced the statistical power of tests, which might be the reason for the negative results between BMI and DTC stage. (3) Outpatients and non-hospitalized patients were not included, and the results may not be generalizable to the total population diagnosed and treated with TC during this period. (4) Affected by the geographical location, social and cultural background and other factors of China and the United States, the tumor biology may be different in the two countries, such as pathological type and stage. Further studies are warranted to confirm these findings and establish potential relationships between obesity and TC biology.



Conclusions

This multicentered epidemiology study depicts clinicopathological features of DTC in China and compared them with the SEER database. Unique risk factors are found to be associated with late-stage DTC in China. The differences in clinicopathological features and surgical approaches between China and the USA indicate that the two countries' screening strategies and clinical practices are different. Overdiagnosis and overtreatment exist. Surgical comparisons provide clinical recommendations for examining physicians and surgeons. More research is needed for DTC prevention and control policy-making in China. These findings are intriguing, provided scientific evidence to clinical practice and research, were informative for screening strategy and treatment guidelines in China and provided references for other countries with similar patterns.
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SEER database
in the USA

Total thyroidectomy
1 (%)

8,829 (80.7)
5,879 (79.6)
606 (83.1)
1,527 (91.3)
817 (96.2)

Study in China vs. SEER
database in the USA

P-value P-value

<0.001 <0.001
<0.001
<0.001
0.001
0.604
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