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Abstract

BACKGROUND

Thyroglobulin (Tg) is one of the markers of thyroid cancer, and its concentration
may be elevated in patients with malignant thyroid tumors. Thyroid-stimulating
hormone (TSH) is secreted by the pituitary gland, which has a significant impact
on thyroid gland function. Excessively high or low TSH levels may be associated
with an increased risk of thyroid cancer. Thus, in-depth studies on the association
of serum Tg and TSH levels with thyroid cancer risk in patients with thyroid
nodules are warranted. This can help determine whether Tg and TSH levels can
predict the degree of malignancy of thyroid nodules, which can in turn guide
doctors in making accurate diagnoses and treatment decisions. Furthermore, such
studies can provide more accurate diagnostic methods for thyroid nodules and
help patients become aware of the presence of thyroid cancer as early as possible,
thereby improving the success rate of treatment and prognosis.

AIM
To investigate the association of serum Tg and TSH levels with the risk of thyroid
cancer in patients undergoing thyroid nodule surgery.

METHODS

The clinical data and laboratory examination results of 130 patients who
underwent thyroid nodule surgery were retrospectively analyzed. Furthermore,
their preoperative serum Tg and TSH levels were recorded. Histopathological
examination conducted during follow-up revealed the presence of thyroid cancer.
Correlation analysis were used to analyze the association of Tg and TSH levels
with the risk of thyroid cancer.

RESULTS

Of the 130 patients, 60 were diagnosed with thyroid cancer. Statistical analysis
revealed a significant positive correlation between serum Tg levels and the risk of
thyroid cancer (P < 0.05). This suggests that high serum Tg levels are associated
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with an increased risk of thyroid cancer. However, no significant correlation was observed between serum TSH
levels and the risk of thyroid cancer (P > 0.05).

CONCLUSION

In patients who underwent thyroid nodule surgery, serum Tg levels exhibited a significant correlation with the risk
of thyroid cancer but serum TSH levels did not. These findings suggest that serum Tg can serve as an important
biomarker for assessing the risk of thyroid cancer in these patients.

Key Words: Thyroid nodule surgery; Serum thyroglobulin; Serum thyroid-stimulating hormone; Thyroid cancer; Risk
correlation; Prediction of thyroid nodules
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Core Tip: This study aimed to investigate the potential association of serum thyroglobulin (Tg) and thyroid-stimulating
hormone (TSH) levels with the risk of thyroid cancer among patients undergoing thyroid nodule surgery. Moreover, we
retrospectively analyzed the clinical data and laboratory results of 130 patients who underwent thyroid nodule surgery. Their
preoperative Tg and TSH levels were recorded, and subsequent histopathological examinations were conducted during
follow-up to determine the presence of thyroid cancer. These results indicated that serum Tg levels were significantly
correlated with the risk of thyroid cancer (P < 0.05), suggesting that high Tg levels are associated with an increased
likelihood of developing thyroid cancer. However, no significant correlation was observed between serum TSH levels and
thyroid cancer risk (P > 0.05). In conclusion, this study highlighted that in patients undergoing thyroid nodule surgery,
serum Tg can serve as an important biomarker for assessing the risk of thyroid cancer, whereas serum TSH does not exhibit
a significant predictive relationship.
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INTRODUCTION

Thyroid nodules are among the most common clinical problems in thyroid diseases, and their incidence is increasing year
by year worldwide[1,2]. While most thyroid nodules are benign, approximately 5%-15% of cases are ultimately diagnosed
as thyroid cancer[3-5]. Therefore, when evaluating and managing them, early identification of malignant lesions is crucial
to the patients’ treatment and prognosis[6]. Furthermore, early diagnosis of thyroid cancer is important and allows early
administration of appropriate treatment. Thyroid cancer usually appears early as a small lump or nodule confined to the
thyroid before the cancer spreads to nearby tissues or lymph nodes|[7]. Early treatment improves the chances of successful
treatment and reduces the risk of disease recurrence and death. Early diagnosis is usually associated with lesser tumor
burden and local spread, which may lead to simpler treatment[8]. Patients with early-stage thyroid cancer can often
achieve effective tumor control with local treatments, such as thyroidectomy surgery or radioactive iodine therapy
without the need for complex treatment options, thus reducing the risk of side effects and complications. Early diagnosis
is associated with better prognosis[9]. In general, patients with early-stage thyroid cancer have higher survival rates and
lower rates of disease recurrence. Early detection and treatment can reduce the risk of disease progression and metastasis
as well as improve patients” quality of life and long-term survival rate[10].

In recent years, several studies have focused on identifying reliable predictors to facilitate the assessment of benign and
malignant thyroid nodules. Among these studies, serum thyroglobulin (Tg) and thyroid-stimulating hormone (TSH) have
gained significant attention and have been considered as potential markers associated with the risk of thyroid cancer[11,
12]. Tg is a glycoprotein synthesized by thyroid follicular cells and mainly functions to store and transport thyroid
hormones within the thyroid gland[13-16]. In patients with thyroid cancer, elevated level of Tg produced by malignant
cells is observed[17,18]. Thus, measurement of serum Tg levels can provide valuable insights into the presence or absence
of thyroid cancer, particularly for the initial screening of patients with thyroid nodules and prediction of cancer risk,
which has significant clinical implications. Alternatively, TSH is a hormone secreted by the pituitary gland that stimulates
the synthesis and release of thyroid hormones[19,20]. Research has demonstrated a complex association between TSH
and thyroid carcinogenesis[21-23].

Many people with early-stage thyroid cancer have no noticeable symptoms. Thyroid cancer is often discovered
incidentally during a physical exam or during tests for other diseases, or other tests that may be the result of a neck lump
or neck discomfort. The most commonly employed screening method for thyroid cancer is ultrasonography; however, it
does not determine whether a lump is cancer. Ultrasonography can only show lump size, shape, and structure; however,
it cannot determine whether it is benign or malignant[24,25]. Therefore, further tests such as fine needle aspiration biopsy
are usually conducted to determine the nature of the mass. With some types of thyroid cancer, particularly early-stage
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microscopic cancers, pathologists may have experienced difficulty in identifying the presence of cancer in a fine needle
aspiration biopsy sample, leading to misdiagnosis of or failure to detect cancers. The multiple subtypes and variability of
thyroid cancer make early diagnosis more difficult. Some subtypes may exhibit nonspecific morphological features,
making accurate diagnosis on fine needle aspiration biopsy challenging. In economically backward areas, early diagnosis
of thyroid cancer is limited by insufficient medical resources, as well as insufficient medical institutions, imperfect
technical equipment, and lack of professionals. These will affect the feasibility and accuracy of early diagnosis. Although
there are some difficulties in the early diagnosis of thyroid cancer, continuous research and technological advances are
expected to improve diagnostic accuracy. The development of new imaging techniques, molecular markers, and
biological indicators may facilitate earlier detection and diagnosis of thyroid cancer. This study aimed to delve deeper
into the potential significance of serum Tg and TSH levels in the diagnosis and screening of thyroid cancer. This will be
accomplished by analyzing the association between these indicators and the risk of thyroid cancer in patients undergoing
thyroid nodule surgery. The findings from this research are expected to provide clinicians with a more precise basis for
assessment, thereby improving their ability to guide treatment decisions and management strategies for patients with
thyroid nodules.

MATERIALS AND METHODS

General information of the research hospital and patients: This study was conducted in Meishan City People's Hospital,
and the clinical data and laboratory examination results of patients undergoing thyroid nodule surgery were
retrospectively collected. Patients were enrolled from January 2021 to January 2023. The patients’ grouping information
basic information (including age, gender, and medical history) is presented in Figure 1A, Table 1.

Inclusion and exclusion criteria

The inclusion criteria were patients aged > 18 years, with single or multiple thyroid nodules confirmed by ultrasono-
graphy, who received surgical treatment of thyroid nodules with serum Tg and TSH and pathological examination
results, and who signed informed consent. The exclusion criteria were patients who received thyroid surgery or radiation
therapy; who were diagnosed with thyroid cancer and underwent surgical treatment; with other obvious thyroid
diseases, such as hyperthyroidism or thyroiditis; who were pregnant or breastfeeding; with serious heart disease, liver
and kidney dysfunction, or other serious complications; and who refused to participate in the study.

Details of the grouping plan

The patients were divided into two groups according to their serum Tg and TSH levels: Cancer and noncancer groups.
The cancer group consisted of 60 patients (25 men and 35 women). They were diagnosed with thyroid cancer by
pathological examination. The noncancer group consisted of 70 patients (30 men and 40 women). The pathological
examination results of the patients in the noncancer group indicated benign nodules or no malignant lesions. The purpose
of this detailed grouping was better comparison and analyses of the differences between the two groups so as to deeply
study the pathogenesis and related factors of thyroid cancer.

Details of outcome measures

The main outcome measure was the association of serum Tg and TSH levels with the risk of thyroid cancer. The levels of
serum Tg and TSH were measured using the following standard laboratory methods. Immunoradiometric assay uses
antibodies labeled with a radioactive isotope to measure the serum Tg levels. The specific steps include combining the
antibody labeled with a radioactive isotope with the Tg in the sample and then determining the Tg concentration by
measuring the radioactive count of the label using a radiometer. Chemiluminescent immunoassay measures the serum
TSH levels using antibodies labeled with a fluorescent substance. The specific steps include combining TSH in the sample
with a fluorescently labeled antibody and determining the TSH concentration by optically measuring the luminous
intensity of the fluorescent substance. The enzyme linked immunosorbant assay (ELISA) method combines Tg with a
specific enzyme-labeled antibody and generates a detectable signal through the reaction of the enzyme substrate
thereafter. Finally, the Tg concentration is determined by optical density measurement. ELISA can also be used to
determine the TSH concentration. Similar to the Tg ELISA method, the TSH ELISA generates a measurable signal through
the reaction of an enzyme-labeled antibody and a substrate, thereby determining the TSH concentration.

Statistical analyses

After data collection, data analysis was conducted using SPSS19.0 (https://www.ibm.com/cn-zh). First, descriptive
statistical analysis is conducted to calculate the mean (mean) and standard deviation of serum Tg and TSH levels in the
thyroid cancer and noncancer groups. Next, the independent sample f-test is employed to compare the differences in
serum Tg and TSH levels between the two groups. This helps to determine whether there are significant differences
between the groups. Furthermore, Pearson’s correlation coefficient is used to evaluate the association of serum Tg and
TSH levels with the risk of thyroid cancer. The value of the correlation coefficient is between -1 and +1, in which close to
-1 means negative correlation; close to +1, positive correlation; and close to 0, no correlation. Correlation coefficients and
their corresponding P values are calculated to assess the strength and statistical significance of the linear relationship
between these variables. In all statistical tests, P < 0.05 is used as the threshold of the significance level; P < 0.05 indicates
that the difference or correlation is significant. These statistical methods can help in evaluating the association of serum
Tg and TSH levels with the risk of thyroid cancer and in obtaining the correlation results to provide reference and
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Table 1 Comparison of general clinical data between the cancer group and the non-cancer group

Groups Thyroid cancer group Non-cancer group P value
Average age (yr) 45.21+8.35 45.63 +7.94 >0.05
Gender (Male/Female) 25/35 30/40
ROC curve
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Figure 1 Serum thyroglobulin levels can be used as an important biomarker to assess the risk of thyroid cancer in patients with thyroid
nodules. A: Comparison of gender composition between the two groups; B: Serum thyroglobulin (Tg) levels were significantly increased in thyroid patients; C:
Serum Tg levels are highly sensitive to the diagnosis of thyroid cancer. ROC: Receiver operating characteristic; TSH: Thyroid-stimulating hormone.

guidance for further research.

RESULTS

Analysis of serum Tg levels revealed that the mean serum Tg level in the cancer group was 10.24 + 2.63 ng/mL, whereas
that in the noncancer group was 5.8 + 1.91 ng/mL. Statistical analysis revealed that the difference between the two groups
was statistically significant (P < 0.05) (Figure 1B), indicating that the serum Tg level of the cancer group was significantly
higher than that of the noncancer group. These findings suggest that serum Tg levels are positively associated with the
risk of thyroid cancer. High serum Tg levels may be an indicator of thyroid cancer, as serum Tg levels in the cancer group
were significantly higher than those in the noncancer group. This means that when a patient’s serum Tg level is elevated,
there may be a risk of thyroid cancer. However, it is noteworthy that an increase in serum Tg level cannot be used as the
only diagnostic criterion for thyroid cancer because it may also be affected by other factors. Thus, further clinical
evaluation and other detection methods, such as ultrasonography and tissue biopsy, are warranted to confirm the
diagnosis and staging of thyroid cancer. Table 2 presents the comparison results of serum Tg levels between the two
groups obtained in this experiment. These results provide important insights for further understanding of the
pathogenesis and diagnosis of thyroid cancer as well as the treatment and prognostic evaluation of patients.

This study compared a group of patients diagnosed with thyroid cancer with a healthy group to understand the
relationship between serum TSH levels and thyroid cancer risk. The results indicated that the average serum TSH level in
the cancer group was 2.54 + 0.83 mIU/L, whereas that in the noncancer group was 2.3 + 0.61 mIU/L. However, statistical
analysis revealed no significant difference in serum TSH levels between the thyroid cancer and noncancer groups (P >
0.05) (Table 3), which showed that no significant correlation was observed between serum TSH levels and the risk of
thyroid cancer. This suggests that TSH level is not a reliable indicator of thyroid cancer. It is noteworthy that the results of
this study can only be applied to the study sample and study methodology. Other factors, such as thyroid cancer subtype,
disease stage, and individual differences, may have an impact on the relationship between serum TSH levels and thyroid
cancer risk. Therefore, when making clinical diagnosis and prediction, it is important to consider multiple factors and
conduct a comprehensive evaluation of other clinical indicators to accurately assess the risk of thyroid cancer.

Additional correlation analysis revealed a positive association between serum Tg levels and the risk of thyroid cancer.
However, no significant correlation was observed between serum TSH levels and thyroid cancer risk. To further assess
the relationship between serum Tg levels and cancer, a receiver operating characteristic analysis was conducted. The
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Table 2 Comparison of serum thyroglobulin levels between the two groups

Group Thyroid cancer group Non-cancer group t P value

Mean serum Tg level (ng/mL) 10.24 +2.63 58+1.91 1.863 0.013

Tg: Thyroglobulin.

Table 3 Comparison of serum thyroid-stimulating hormone levels between the two groups

Group Thyroid cancer group Non-cancer group t P value

Mean serum TSH level (mIU/L) 2.54+0.83 2.3 +0.61 3.483 0.373

TSH: Thyroid-stimulating hormone.

analysis showed a critical threshold of 6.7 ng/mL for serum Tg levels, with a sensitivity of 0.898. These findings suggest
that serum Tg levels hold a significant diagnostic value (Table 4 and Figure 1C).

DISCUSSION

The association between serum Tg and TSH levels and the risk of thyroid cancer is a trending topic in thyroid research.
Many studies aimed to explore this topic to improve the early diagnosis and management of thyroid cancer. Early
diagnosis can lead to better treatment outcomes and survival for patients with thyroid cancer. In the early stages, cancer
is usually confined inside the thyroid and does not spread to other tissues or organs. This makes surgical removal of the
thyroid and nearby lymph nodes possible and usually does not require radiation therapy or chemotherapy. In general,
treatment of early-stage thyroid cancer is simple, and surgical removal of the thyroid gland in such cases is a common
treatment alternative. Treatment of early-stage cancers often does not require major surgery or radiation therapy, thus
reducing the risk of complications and side effects. Early diagnosis can help prevent thyroid cancer from progressing and
metastasizing to other sites. If the cancer has spread to the lymph nodes or other organs, the treatment becomes more
complicated, and the chances of a cure are significantly reduced.

Serum Tg levels are commonly used as a marker of thyroid cancer. In patients with thyroid cancer, malignant thyroid
cells produce Tg with an elevated concentration. Therefore, serum Tg levels can be used as an indicator to assess the
presence or absence of thyroid cancer[11]. However, the sensitivity and specificity of Tg are not perfect. Furthermore,
elevated serum Tg levels can be observed in some benign conditions, such as thyroid nodules, inflammation, and
abnormal thyroid function[12]. Consequently, while considering serum Tg levels as a screening tool for thyroid cancer, a
comprehensive evaluation that combines other clinical and imaging features is necessary. TSH is a hormone secreted by
the pituitary gland, which plays a central role in thyroid gland function and metabolism[26,27]. Some studies have
demonstrated a potential correlation between TSH and the risk of thyroid cancer[27]. Elevated TSH levels are considered
a risk factor for thyroid cancer as they can stimulate the proliferation and malignant transformation of thyroid cells[28].
However, not all studies have yielded consistent results, and some studies have failed to establish a conclusive
association between TSH and thyroid cancer. Such an inconsistency may be attributed to study sample variations, study
design differences, and the complex nature of thyroid functional status.

This study aimed to investigate the association of serum Tg and TSH levels with the risk of thyroid cancer in patients
who underwent thyroid nodule surgery. In the retrospective analysis of the data of 130 patients, the following results and
discussions were obtained. Our study exhibited a significant correlation between serum Tg levels and thyroid cancer[29].
Specifically, the cancer group had significantly higher Tg levels than the noncancer group, which is consistent with
several previous studies. Malignant lesions in the thyroid often lead to increased production of Tg by cancer cells. Thus,
serum Tg levels can serve as an effective marker of thyroid cancer. These findings suggest that evaluation of serum Tg
levels holds potential clinical significance for the initial screening of patients with thyroid nodules and assessment of the
risk of thyroid cancer.

However, this study showed no significant association between serum TSH levels and the risk of thyroid cancer. This
finding is not entirely consistent with previous studies and could be influenced by various factors, such as the character-
istics of the study participants, study design, and assay methods used. Further investigation is warranted to better
understand the relationship between TSH and thyroid cancer risk. However, our correlation analysis revealed a positive
association between serum Tg levels and the risk of thyroid cancer. This suggests that elevated serum Tg levels are
associated with an increased risk of thyroid cancer. However, it is noteworthy that correlation does not imply causation
but rather indicates the extent of the relationship between the two variables. Therefore, serum Tg level can only serve as
an indicator of thyroid cancer and should not be used solely for diagnosing thyroid cancer.
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Table 4 Receiver operating characteristic test results

Area Standard error 95%Cl P value
0.898 0.028 Lower limit Upper limit <0.01
0.844 0.953
CONCLUSION

In conclusion, this study showed that serum Tg level as an important biomarker for assessing the risk of thyroid cancer in
patients with thyroid nodules. However, the role of serum TSH levels in thyroid cancer risk remains controversial to date,
and further studies are warranted to elucidate its accuracy and reliability. Moreover, future studies can consider the
incorporation of larger sample sizes and multicenter data to further verify and strengthen our findings.

ARTICLE HIGHLIGHTS

Research background

This study aimed to explore the relationship between serum thyroglobulin (Tg) and thyroid-stimulating hormone (TSH)
levels and the risk of thyroid cancer in individuals undergoing thyroid nodule surgery. The primary objective was to
ascertain whether these biomarkers could serve as predictive tools for thyroid cancer.

Research motivation

A retrospective analysis was conducted on clinical data and laboratory results from 130 patients who had undergone
thyroid nodule surgery. Preoperative serum Tg and TSH levels were recorded. Histopathological examination
determined thyroid cancer status during follow-up. Statistical methods were employed to evaluate the potential correl-
ations.

Research objectives
Among the 130 patients studied, 60 were diagnosed with thyroid cancer. Statistical analysis revealed a significant positive
correlation between serum Tg levels and thyroid cancer risk (P < 0.05), indicating higher Tg levels were linked to

increased risk. However, no significant correlation was found between serum TSH levels and thyroid cancer risk (P >
0.05).

Research methods

In the context of patients undergoing thyroid nodule surgery, serum Tg levels were observed to have a notable
correlation with the risk of thyroid cancer, while serum TSH levels did not exhibit such a correlation. These findings
underscore the potential of serum Tg levels as a valuable biomarker for assessing thyroid cancer risk in patients with
thyroid nodules.

Research results

The study's findings provide valuable insights into the clinical utility of serum Tg levels as a predictive tool for thyroid
cancer risk. Further research is warranted to validate these findings across larger and more diverse patient populations.
Additionally, exploring other potential biomarkers and refining predictive models could enhance the accuracy of thyroid
cancer risk assessment.

Research conclusions

Given the prevalence of thyroid nodules and the challenge of distinguishing between benign and malignant cases,
understanding the correlation between Tg and TSH levels and thyroid cancer risk is essential. Identifying reliable
biomarkers could enhance early detection and improve patient outcomes.

Research perspectives

Thyroid nodules are a common clinical concern, with some harboring the potential for malignancy. Detecting thyroid
cancer accurately is crucial. Serum Tg and TSH levels have been suggested as potential indicators of thyroid cancer risk,
prompting the need for a comprehensive investigation.
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