

[image: All-cause mortality in patients with medullary thyroid carcinoma of different ages: an inverse L-curve analysis study]
All-cause mortality in patients with medullary thyroid carcinoma of different ages: an inverse L-curve analysis study





ORIGINAL RESEARCH

published: 10 June 2025

doi: 10.3389/fendo.2025.1574985

[image: image2]


All-cause mortality in patients with medullary thyroid carcinoma of different ages: an inverse L-curve analysis study


Jiahua Chen 1†, Jiafei Chen 2†, Mi Zhang 1* and Yong Hong 1*


1 Department of Thyroid and Breast Surgery, Nanxishan Hospital of Guangxi Zhuang Autonomous Region, Guilin, China, 2 Department of General Medicine, Shazi Health Center, Liuzhou, Guangxi Zhuang Autonomous Region, China




Edited by: 

Nerina Denaro, IRCCS Ca ‘Granda Foundation Maggiore Policlinico Hospital, Italy

Reviewed by: Javier Ismael Altamirano García, National Institute of Cancerology (INCAN), Mexico

Lei Lee, Wuhan University, China

*Correspondence: 

Mi Zhang
 296427995@qq.com
 Yong Hong
 hongyong0001@126.com

†These authors have contributed equally to this work


Received: 11 February 2025

Accepted: 19 May 2025

Published: 10 June 2025

Citation:
Chen J, Chen J, Zhang M and Hong Y (2025) All-cause mortality in patients with medullary thyroid carcinoma of different ages: an inverse L-curve analysis study. Front. Endocrinol. 16:1574985. doi: 10.3389/fendo.2025.1574985






Background

Medullary thyroid carcinoma (MTC) is a malignancy with a high mortality rate and a wide age range. However, there are relatively few studies on the relationship between age and all-cause mortality in patients with MTC. As one of the important factors influencing cancer prognosis, the association between age and all-cause mortality in MTC patients needs to be further investigated.





Objective

The aim of this study was to investigate the relationship between age and all-cause mortality in MTC patients, especially whether there is an inverse L-shaped curve relationship, in order to provide new insights for clinical management and prognostic assessment.





Methods

A detailed retrospective cohort analysis of 1291 MTC patients diagnosed between 2000 and 2021 was included in this study using the Surveillance, Epidemiology, and End Results (SEER) database. Cox regression modelling, curve fitting, Kaplan-Meier (KM) survival curves and subgroup analyses were used to assess the association between age and all-cause mortality in MTC patients. Potential confounders, including patient sex, race, Summary stage, surgery, Lymph.node.dissection, tumour size and lymph node metastasis (LNM), were rigorously controlled.





Results

The risk of all-cause mortality in MTC patients increased by 6% per 1-year increase in age (hazard ratio HR=1.06, 95% confidence interval CI: 1.05-1.06, p<0.001). Further analysis revealed a significant inverse L-shaped relationship between age and all-cause mortality in MTC patients. Specifically, before the age of 50 years, the hazard ratio increased slowly with age (HR=1.024, 95% CI: 0.991-1.059) and the difference was not statistically significant (p=0.1616). After the age of 50 years, the hazard ratio accelerated with increasing age (HR=1.066, 95% CI: 1.051-1.081) and the difference was statistically significant (p<0.001).





Conclusion

The results of this study confirm that there is an inverse L-shaped relationship between age and all-cause mortality in MTC patients. The risk of all-cause mortality in MTC patients increased significantly with age after age >50 years. This finding provides new insights into understanding the complex relationship between age and all-cause mortality in MTC, which may help inform clinical management and prognostic assessment.
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1 Introduction

Medullary thyroid carcinoma (MTC) is a rare neuroendocrine tumour that originates from the parafollicular (C) cells of the thyroid gland (1). It accounts for approximately 3% of all thyroid cancers (2–4). Its clinical presentation differs significantly from the more common differentiated thyroid cancer. Based on aetiology, MTC can be divided into sporadic MTC (sMTC, approximately 75%) and hereditary MTC (hMTC, approximately 25%) (5–7). Among these, hereditary MTC is associated with several inherited diseases, such as multiple endocrine neoplasia type 2 (MEN2) (8, 9). Due to its high aggressiveness, MTC is prone to early lymphatic metastasis and extensive systemic spread, leading to a poor prognosis (10). In fact, MTC accounts for approximately 13% of thyroid cancer deaths (10–14), a proportion that underscores the urgency of advancing research into MTC. The age of onset of MTC patients spans a wide age range, and age has been shown to be a key factor influencing the progression and prognosis of MTC (15). However, due to the low proportion of MTC among thyroid cancers, there is a paucity of relevant data, which limits the in-depth understanding of the age-related prognosis of MTC patients as well as the optimisation of clinical management. Therefore, there is a strong need for large sample studies to fill this gap. The aim of this study was to investigate whether all-cause mortality in MTC patients is associated with age and related confounders, and to further analyse whether there is a non-linear relationship between age and all-cause mortality in MTC patients. To this end, we conducted a retrospective cohort study of 1291 cases of medullary thyroid carcinoma using the Surveillance, Epidemiology, and End Results (SEER) database.



1.1 Data extraction

In our study, we chose age as the main relevant exposure variable. The aim of our study was to examine the relationship between age and all-cause mortality in patients with cancer. Potential confounders include: sex, race, summary stage, surgery, lymph node dissection,tumour size and lymph node metastasis. Data were extracted using SEER stat version 8.4.4. Data extracted from SEER Research Data, 17 registries, Nov 2023 Sub (2000-2021). 4066 patients with medullary thyroid carcinoma with ICD-0-3/WHO 2008 as thyroid and histology of 8510/3 and 8345/3 were included. Excluded:1. Autopsy and death certificate only 2. Not one primary only3.Age<20 4. Race missing 5. Summary stage missing 6. Primary site surgery missing 7. Number of lymph node dissection missing 8. Tumour size missing 9. Tumour size>200mm, tumour size<1mm 10. Lymph node missing:1291 eligible patients were included in the SEER primary cohort. All codes from the SEER database at https://seer.cancer.gov/.




1.2 Statistical analysis

All statistical analyses were performed using Free Statistics software (version 2.0). Categorical variables were expressed as frequencies and corresponding percentages, and continuous variables were expressed as means and standard deviations (SDs). After covariate selection, Cox proportional risk regression models were used to assess overall survival (OS) and cancer-specific survival (CSS) of medullary thyroid cancer patients at different ages. In this context, OS is defined as the time from diagnosis to death from any cause; and CSS refers specifically to the time from diagnosis to definitive death from medullary thyroid carcinoma (MTC). In this study, age was primarily used as a continuous variable in the analyses. Survival status was coded as a dichotomous variable, i.e. alive or dead. In multivariate Cox regression analyses, we adjusted for potential confounders, including sex, race, summary stage, surgery, lymph node dissection, tumour size, and lymph node metastasis. The results of the analyses were presented as hazard ratios (HRs) and their 95% confidence intervals (CIs). In addition, we further explored how the variables of gender and ethnicity affected age-related survival outcomes through subgroup analyses. In this study, the statistical significance level was set at p < 0.05.





2 Results



2.1 Patient characteristics

Based on established inclusion criteria, we screened patient records for medullary thyroid cancer (MTC) from the SEER database (2000-2021) for ICD-O-3 codes 8510/3 and 8345/3. Inclusion criteria included a confirmed diagnosis of MTC and the availability of complete clinicopathological information. In the end, we constructed a cohort of 1291 patients. Figure 1 shows the detailed patient selection process, while Table 1 summarises the demographic characteristics of each patient group. In this study cohort, the mean age of the 1291 patients was 51.0 ± 15.2 years, of which 301 patients died, resulting in a mortality rate of 23.32%. The mean age of the deceased patients was 60.0 ± 15.2 years, which was significantly higher than the mean age of the surviving patients (48.2 ± 14.1 years, p < 0.001). This suggests that there may be a significant association between age and risk of death in MTC patients. Further analysis revealed significant differences between patients in the death and survival groups on several variables, including age, sex, tumour stage, surgery, lymph node metastasis and tumour size. These differences suggest that these variables may be potential factors influencing the prognosis of MTC patients.
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Figure 1 | Flow diagram of inclusion and exclusion.




Table 1 | Baseline characteristics of participants.






2.2 Core regression results



2.2.1 Univariate analysis of age and all-cause mortality in MTC patients

Univariate Cox regression analysis (see Table 2) showed that the risk of all-cause mortality in patients with medullary thyroid cancer (MTC) increased by 5% (risk ratio HR=1.05, 95% confidence interval CI: 1.05-1.06) for every 1-year increase in age (p-value <0.001).


Table 2 | Univariate analysis of age and all-cause mortality in MTC patients.






2.2.2 Multifactorial analysis of age and all-cause mortality in MTC patients

To more fully assess the effect of age on the risk of all-cause mortality in medullary thyroid cancer (MTC), we constructed three different Cox risk models that progressively adjusted for potential confounders as follows: see Table 3. Model 1: Only sex and race were included as confounders. cox regression analyses showed that each 1-year increase in age was associated with a 5% increase in all-cause mortality in patients at risk for MTC (risk ratio HR=1.05, 95% confidence interval CI: 1.05-1.06, p-value <0.001). Model 2: After further adjustment for tumour stage (summary stage) and surgical status (surgery) based on model 1, Cox regression analysis (see Table 3) showed that the risk of all-cause mortality in patients with MTC increased by 6% with each additional year of age (hazard ratio HR=1.06, 95% confidence interval CI: 1.05-1.07, p-value <0.001). Model 3: Further adjustments for lymph node dissection, tumour size and lymph node metastasis (LNM) were made based on model 2. Cox regression analyses (see Table 3) showed that for each 1-year increase in age, the risk of all-cause mortality in MTC patients increased by 6% (hazard ratio HR=1.06, 95% confidence interval CI: 1.05-1.07, p-value <0.001).


Table 3 | Multifactorial analysis of age and all-cause mortality in MTC patients.



By progressively adjusting for confounders, we found that the effect of age on the risk of all-cause mortality in MTC remained consistent across models and that the risk estimates became more precise with the progressive inclusion of confounders. This suggests that age is an independent predictor of the risk of all-cause mortality in MTC.




2.2.3 Curve fitting and turning point test

In model 3, we adjusted for confounders such as sex, race, Summary stage, surgery lymph.node dissection, tumour size and lymph node metastasis. Based on the adjusted model 3, we further analysed the association between age and all-cause mortality in medullary thyroid cancer (MTC). The results showed a statistically significant inverse L-shaped relationship between age and MTC all-cause mortality (P < 0.001, see Figure 2). Specifically, when age was less than 50 years, MTC all-cause mortality increased slowly with age, with a hazard ratio (HR) of 1.024 (95% confidence interval CI: 0.991-1.059), but the difference was not statistically significant (p = 0.1616). When age was greater than 50 years, all-cause mortality from MTC increased significantly with age, with a hazard ratio (HR) of 1.066 (95% confidence interval CI: 1.051-1.081, p < 0.001, see Table 4). This result suggests that before the age of 50 years, the effect of age on all-cause mortality in MTC was small and non-significant, whereas after the age of 50 years, the risk of all-cause mortality in patients with MTC was significantly increased by 6.6% for every 1-year increase in age. This non-linear relationship suggests that in clinical practice, more attention should be paid to the age-related prognostic risk of MTC patients over 50 years of age.
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Figure 2 | Curve fit of the relationship between age and all-cause mortality in MTC (age quantified with an upper limit of 100%). This figure shows the Hazard Ratio after multivariate adjustment for the association of the continuous variable AGE with all-cause mortality in medullary thyroid cancer.Solid deep red lines are multivariable-adjusted HR. Light red areas are the 95% CI derived from restricted cubic spline regressions with 4 knots.Horizontal light green dotted lines are reference lines for a hazard ratio of 1.0.All-cause mortality from medullary thyroid cancer increases with age. 100% of data shown. Adjusted for sex, race, summary stage, surgery, lymph node dissection, tumour size and LNM.Abbreviations: HR: hazard ratio, CI: confidence interval.




Table 4 | Turning point analysis (age was quantified using the upper limit of 100%).






2.2.4 Survival analysis

Based on the inflection point of age (50 years), we divided the patients into two groups: group 1 (age <50 years) and group 2 (age ≥50 years). In a cohort of 1291 patients, follow-up was 215 months. The 5-year overall survival (OS) was 94.9% (group 1) and 81.0% (group 2), as shown in Figure 3, while the 5-year cancer-specific survival (CSS) was 96.4% (group 1) and 87.2% (group 2) in the two cohorts, as shown in Figure 4.
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Figure 3 | Kaplan-Meier curves: comparison of overall survival for patients in group 1 (age <50) and group 2 (age ≥50).
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Figure 4 | Kaplan-Meier curves: comparison of cancer-specific for patients in group 1 (age <50) and group 2 (age ≥50).



In assessing CSS, we found a competing risk between tumour-related and non-tumour-related deaths. To better reflect this competing relationship, we used a multifactorial competing risk model for our analysis (see Table 5). The results showed that the risk of CSS in patients with medullary thyroid cancer (MTC) increased by 3% per 1-year increase in age (risk ratio HR=1.03, 95% confidence interval CI: 1.02-1.04, p-value <0.001). This result further suggests that after taking into account competing risks of non-tumour death, the risk of tumour-specific death in patients with MTC still increases significantly with age and that this increase is statistically significant.


Table 5 | A multifactorial competing risk model for tumour-specific survival.






2.2.5 Subgroup analyses

To further explore the association between age and all-cause mortality in medullary thyroid cancer (MTC), this study performed subgroup analyses including variables such as sex and race (see Figure 5). We performed 2-test subgroup analyses for sex and ethnicity in our study. To control for the risk of false positives, we adjusted the p-value threshold using the Bonferroni correction method. Dividing the original significance level (0.05) by the number of tests (2) gave an adjusted p-value threshold of 0.025. The results were assessed as follows: the p-value for the gender subgroup was 0.092, which was greater than the adjusted p-value threshold of 0.025, and for the ethnicity subgroup the p-value was 0.107, which was also greater than the adjusted p-value threshold of 0.025. Thus, none of the results were statistically significant at the adjusted p-value threshold. statistically significant. The results of the statistical analyses showed that there were no statistically significant interactions between age and all-cause mortality in the gender and race subgroups. This suggests that the effect of age on all-cause mortality in MTC is consistent across gender and race subgroups, with no significant heterogeneity.
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Figure 5 | Forest plot of age versus MTC all-cause mortality in different subgroups.








3 Discussion



3.1 A summary of the findings of the study is presented below

In this study, we explored the complex relationship between age and all-cause mortality in patients with medullary thyroid cancer (MTC) through a detailed retrospective cohort analysis of the SEER database. In this study, we used a curve-fitting technique to reveal an inverse L-shaped curve relationship between these two variables. Specifically, when age was less than 50 years, all-cause mortality in MTC increased slowly with age, but the difference was not statistically significant (p > 0.05). However, when age was greater than 50 years, all-cause mortality in MTC increased significantly with age and the difference was statistically significant (p < 0.001). This finding not only deepens our understanding of the biological characteristics of MTC, but also provides an important basis for the clinical development of personalised treatments based on age inflection points.




3.2 This study differs from previous research in a number of ways

In this retrospective cohort study, we systematically examined the relationship between survival outcomes in medullary thyroid cancer (MTC) cases and patient age using the comprehensive Surveillance, Epidemiology, and End Results (SEER) database, a key dataset maintained by the National Cancer Institute. The database provides clinical information on a large sample of patients from 1291 cases, increasing the generalisability and reliability of our conclusions (16–21). Previous studies have documented significant differences in survival between the paediatric and adult populations, highlighting the centrality of age in prognostic decisions (21). Previous studies have amply demonstrated that paediatric cohorts have a significant survival advantage in terms of OS and CSS compared to adult cohorts (22), further emphasising age as an important prognostic determinant in MTC10. In contrast to these pioneering efforts, our study provides unique contributions and insights in multiple dimensions that contribute to a deeper understanding of the topic.

First, previous studies have shown that age is one of the prognostic factors for patients with medullary thyroid carcinoma (MTC). The present study not only confirmed this idea, but also further clarified the quantitative relationship between age and the risk of all-cause mortality in MTC using Cox regression analysis: for every 1-year increase in age, the risk of all-cause mortality in MTC patients increased by 6% (hazard ratio HR = 1.06, 95% confidence interval CI: 1.05-1.07, p < 0.001). In addition, this study found a complex non-linear relationship between age and all-cause mortality in MTC, manifested as an inverted L-shaped curve. This finding is an innovative contribution to the field. Specifically, when age was less than 50 years, all-cause mortality in MTC increased slowly with age, but the difference was not statistically significant (HR = 1.024, 95% CI: 0.991-1.059, p = 0.1616). However, at age >50 years, all-cause mortality from MTC increased significantly with age (HR = 1.066, 95% CI: 1.051-1.081, p < 0.001). This novel perspective not only deepens our understanding of the biological behaviour of MTC, but also provides an important theoretical basis for the development of clinical risk assessment and intervention strategies.

Second, due to the low incidence of medullary thyroid cancer (MTC), there is relatively little clinically available data. This study ensured the reliability and generalisability of the findings by including a large amount of patient data using the Surveillance, Epidemiology, and End Results (SEER) database managed by the National Cancer Institute. This large sample size provides a solid basis for in-depth investigation of the clinical characteristics and prognostic factors of MTC.




3.3 Clinical usefulness of this study

The results of this study have important implications for clinical practice, and surveillance strategies can be significantly optimised by accurate risk stratification. For high-risk individuals ≥50 years of age, it is recommended to establish a ‘3+X’ intensive surveillance model, i.e. thyroid ultrasound and serum calcitonin every 3 months, CT scan of the lungs, neck, abdomen and head every 6 months, and whole-body bone scan every year. For low-risk individuals <50 years of age, thyroid ultrasound and serum calcitonin were performed every 6 months, and CT scans of the lungs, neck, abdomen, and head, and whole-body bone scans were performed annually. For patients with no metastatic recurrence after 5 years of follow-up, thyroid ultrasound and serum calcitonin testing can be extended to yearly, ensuring effective monitoring and rational allocation of medical resources.




3.4 Changes in the immune microenvironment with age and mechanisms of inverted L-curve

In the field of immune senescence interacting with the tumour microenvironment, recent studies have provided insights into its multi-level biological mechanisms (23, 24). Ageing triggers T-cell immune remodelling, which is strongly associated with poor clinical outcomes in age-related diseases such as cancer. Increased myelopoiesis and lymphoid tissue remodelling are accentuated with age, and the synergistic effect of these two factors creates an immunosuppressive environment that can have a significant negative impact on tumour immunity. At the same time, ageing is associated with thymic degeneration and defective T cell development, which directly limits the diversity of T cells needed to fight tumours. In addition, T cell function declines with age and exhibits a number of senescent features, including metabolic dysfunction, genomic instability, telomere shortening and cellular senescence. In addition, senescent T cells show a lack of adaptability in the immune response process, resulting in varying degrees of decline in their ability to respond to cancer, infection and autoimmune disease (23).

In addition, studies have shown that the senescent microenvironment has a significant impact on tumour progression. Under normal physiological conditions, senescence-related changes can contribute to the transition of tumour cells from an initial or slow-growing state to a highly aggressive and metastatic disease. The accumulation of senescent cells in aged tissues is a key feature of this process. These senescent cells not only undergo extensive epigenetic gene expression changes, but also significantly increase the secretion of pro-inflammatory cytokines, chemokines and growth factors. The senescence-associated secretory phenotype (SASP), which consists of a group of factors secreted by senescent cells, including IL-6, IL-8 and growth factors, has the potential to promote tumour growth and metastasis in the tumour microenvironment. With increasing age, the immune function of the human body gradually declines and the ability of the immune system to recognise and eliminate senescent cells decreases, which in turn promotes the accumulation of senescent cells in tissues (24).

Taking the above mechanisms together, we hypothesise that the particular shape of the inverted L-shaped curve may reflect the following process. In the early stages of ageing (<50 years of age), the diversity of the T cell repertoire maintains basic immunosurveillance functions. However, once the cumulative senescence burden crosses a critical threshold (≥50 years), the SASP-driven immunosuppressive microenvironment and T-cell exhaustion dominate the kinetics of tumour progression. This non-linear transition may be a key intrinsic mechanism for the formation of this curve pattern.




3.5 Limitations of the study

Unfortunately, the present study is not without limitations. As a retrospective study based on the SEER database, the present study is inevitably subject to the biases inherent in this type of design, which may result in an uneven representation of the patient cohort and limit the broad applicability of our findings. Despite our efforts to mitigate the effects of confounding variables through multivariate analyses, the lack of data on patients’ body mass index (BMI), complex patterns of comorbidities, and precise details of therapeutic interventions (including the modality and dose of radiotherapy and chemotherapy) in the SEER database may have hindered the full elucidation of the mechanisms underlying the survival differences and may have biased our results. Finally, no sensitivity analyses were performed. Failure to perform sensitivity analyses may lead to increased reliance on statistical modelling, which may introduce a degree of bias. Future research could build on the results of this study and continue with multi-centre studies in European and Asian populations.




3.6 Conclusion

In conclusion, this study demonstrated a significant association between age and the risk of all-cause mortality in medullary thyroid cancer (MTC) through a retrospective cohort analysis based on the SEER database. Specifically, the risk of all-cause mortality in MTC patients increased by 6% for every 1-year increase in age (HR=1.06, 95% CI: 1.05-1.06, p<0.001). In addition, the present study further confirmed an inverse L-shaped relationship between age and all-cause mortality in MTC: before the age of 50 years, increasing age had a small effect on the risk of all-cause mortality, whereas after the age of 50 years, increasing age significantly accelerated the increase in the risk of all-cause mortality. These findings not only enrich our understanding of the biological properties of MTC and their prognostic influences, but also provide an important basis for age-based personalised treatment strategies in clinical practice. In particular, for MTC patients over 50 years of age, the results of this study suggest that the risk of all-cause mortality is significantly increased, and therefore closer follow-up and monitoring in clinical management is recommended to detect and manage potential recurrence or metastatic risk in time to improve the long-term prognosis of patients.
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