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Background

Anaplastic thyroid carcinoma (ATC) is a highly aggressive malignancy, and there is currently a lack of up-to-date epidemiological data. Traditional survival analysis fails to capture the dynamic changes in prognosis for long-term survivors, while conditional survival (CS) analysis, a critical tool for adaptive risk stratification, remains underexplored in ATC.





Methods

Patients diagnosed with ATC between 2000 and 2021 were identified from the Surveillance, Epidemiology, and End Results (SEER) database. Temporal trends in age-adjusted incidence and incidence-based mortality were analyzed using Joinpoint regression to calculate annual percentage changes (APCs) with 95% confidence intervals (CIs). Overall survival (OS) was estimated using the Kaplan-Meier method. CS rates were calculated using the formula: CS(y/x) = OS(y+x)/OS(x). Prognostic factors were identified using Best Subset Regression (BSR), LASSO, and univariate and multivariate Cox regression analyses, and these factors were incorporated into a CS-nomogram model. The predictive performance of the model was validated using evaluation metrics, including the area under the receiver operating characteristic curve (AUC). Point values were assigned to the model’s predictive factors, and a risk stratification system was developed based on the optimal threshold of the total score.





Results

From 2000 to 2021, the age-adjusted incidence of ATC increased from 0.066 to 0.077 per 100,000 (APC: 2.308%, 95% CI: 1.187–3.441), peaking at 0.119 in 2018. Mortality trends paralleled this rise, with age-adjusted mortality increasing from 0.037 to 0.051 per 100,000 (APC: 2.380%, 95% CI: 1.129–3.646). CS analysis demonstrated a progressive increase in survival rates over time, with the 24-month cumulative survival rate rising from 14.0% to 93.8%, with the most pronounced temporal changes observed in patients with distant disease. Prognostic factors identified through BSR, LASSO, and Cox regression included age, SEER stage, and treatment. A novel CS-nomogram was successfully developed and validated for dynamic real-time survival prediction, enabling identification of high- and low-risk patient groups.





Conclusion

The incidence and incidence-based mortality of ATC have increased over the past few decades. The CS rates of ATC patients have dynamically improved over time. The CS-nomogram, integrating age, SEER stage, and treatment, provides clinicians with a personalized, dynamic, and real-time survival prediction tool that helps alleviate survivors’ psychological distress, reduces anxiety, and optimizes precision follow-up strategies.
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Introduction

The global incidence of thyroid cancer has increased threefold over the past four decades (from 5.0 to 14.6 per 100,000), while mortality rates have paradoxically remained stagnant at 0.5 per 100,000, sparking debates about overdiagnosis (1). Anaplastic thyroid cancer (ATC) is a rare but highly aggressive malignancy, accounting for only 1–2% of thyroid cancers, yet responsible for more than 50% of thyroid cancer-related deaths, with a median overall survival (OS) of only 3 to 5 months (2–4). Unfortunately, the current epidemiological data on ATC remain outdated; available statistics extend only through 2015 or earlier (5–8) and therefore lack the most recent information on this aggressive cancer.

Due to the rarity and aggressive nature of ATC, patients often experience heightened anxiety regarding their prognosis following diagnosis. Conventional survival models, such as the AJCC TNM staging system, typically offer static survival predictions based solely on initial staging parameters (9). Although contemporary nomograms have integrated additional clinicopathological variables for predicting ATC survival, these models remain fundamentally limited in their ability to capture the temporal evolution of survival probabilities (10–12). This limitation proves particularly consequential in aggressive malignancies like ATC, where approximately 80% of mortality events cluster within the first year post-diagnosis. To address this critical gap, conditional survival (CS) methodology emerges as an innovative prognostic tool that dynamically recalibrates survival estimates based on accrued survival time (13–15). By integrating both baseline prognostic factors and the duration of survival achieved, CS not only provides a time-adaptive risk assessment that may alleviate psychological distress in survivors who have overcome the initial high-risk period, but also enables dynamic risk stratification to inform personalized surveillance protocols and therapeutic decision-making.

In this study, we aim to investigate the latest epidemiological evidence of ATC using the Surveillance, Epidemiology, and End Results (SEER) database from the National Cancer Institute (NCI) and explore the dynamic changes in survival probabilities over time through CS analysis. Furthermore, we developed and validated the first CS-based prognostic nomogram for ATC patients, which provides real-time updated survival estimates, enhances personalized risk stratification, and optimizes follow-up scheduling for better patient management.





Methods




Data source

This study utilized the SEER Incidence Research Data, 17 Registries, Nov 2023 Subset (2000–2021) for incidence cases and CS analyses, while mortality data for incidence-based mortality (IBM) analysis were obtained from the SEER IBM Research Data, 17 Registries, Nov 2023 Subset (2000–2021). SEER database, a comprehensive resource managed by the National Cancer Institute, covers approximately 34.6% of the U.S. population through 17 population-based cancer registries, providing valuable incidence and survival data for epidemiological analyses (16, 17), which were accessed using SEER*Stat software (version 8.4.4; seer.cancer.gov/seerstat). Since the SEER database is publicly accessible and contains de-identified data, this study was exempt from ethical approval by the Ethics Committee of Central Hospital Affiliated to Shenyang Medical College, and adhered to the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) guidelines (18).





Study population

Patients diagnosed with ATC were identified using the ICD-O-3 codes (C73.9) for site and the ICD-O-3 histology codes (8021) for histological classification. For incidence analysis, cases diagnosed between 2000 and 2021 with diagnostic confirmation via positive histology were included; IBM analysis further restricted to cases with ‘One primary only’ in sequence number and excluded those reported solely by death certificates or autopsy. CS analysis excluded patients with unknown survival data, 0-month survival time, missing SEER combined summary stage, or incomplete treatment records (surgery, radiation, chemotherapy).





Clinical variables

The clinical variables analyzed in this study, obtained from the SEER database, included patient demographics (age, sex, race), SEER combined summary stage (localized, regional, distant), and treatment history (surgery, radiation, chemotherapy). Disease staging followed the SEER combined summary criteria, categorizing tumors as localized (restricted to the thyroid), regional (propagated beyond the thyroid to the surrounding tissue or lymph nodes), or distant (metastasized to other organs) (19). Radiotherapy was defined per SEER criteria as receipt of ‘beam radiation’ (radiation targeted to malignant tissue). Treatment strategies were classified into eight categories based on the receipt of surgery, radiation therapy (RT), and/or chemotherapy (CT): Untreated, Only RT, Only CT, Only Surgery, Surgery+CT, Surgery+RT, RT+CT, and Surgery+RT+CT.





Overall and conditional survival analysis

The primary endpoint was OS, defined as the time from diagnosis to death from any cause, with living patients censored at last follow-up. OS was estimated via the Kaplan-Meier method, with comparisons between subgroups assessed by log-rank tests. CS, a dynamic prognostic metric reflecting the evolving likelihood of survival after surpassing initial time thresholds, was calculated as: CS(y/x) = OS(y+x)/OS(x) (20), where OS(x) and OS(x+y) denote the Kaplan-Meier survival probabilities at x years and x+y years post-diagnosis, respectively.





CS-nomogram construction and validation

The full cohort of ATC patients was randomly divided into training and validation groups in a 7:3 ratio for the construction and validation of the CS-Nomogram. In the training group, prognostic variables for ATC patients were comprehensively selected using three methods: Best Subset Regression (BSR), Least Absolute Shrinkage and Selection Operator (LASSO), and univariate and multivariate Cox regression. The BSR method systematically evaluated all possible combinations of variables by exhaustively testing each combination, with the optimal variables selected based on the highest adjusted R2 value. LASSO, combined with strict 10-fold cross-validation, determined key variables based on the lambda-1se value. Variables with a P-value < 0.05 in the univariate Cox model were further analyzed in the multivariate Cox regression. Variables consistently identified by all three methods were integrated into the CS-nomogram.





Statistical analysis

Continuous variables following a normal distribution are presented as the mean ± standard deviation (SD). Continuous variables with skewed distributions are expressed as medians with interquartile ranges (IQR). Categorical variables are presented as frequencies and corresponding percentages. The age-adjusted incidence and IBM rates were calculated using SEER*Stat software, version 8.4.4. The annual percentage change (APC) was determined by fitting a linear regression model. This involved regressing the logarithm of the age-adjusted rates over time, with the resulting slope transformed to calculate the yearly percentage change. Survival analyses were conducted using R software (version 4.1.3) and the Free Statistics software (version 2.1). A P-value < 0.05 was considered indicative of statistical significance in all analyses.






Results




Annual incidence and mortality trends of ATC from 2000 to 2021

From 2000 to 2021, the age-adjusted incidence of ATC exhibited a significant upward trajectory, rising from 0.066 to 0.077 per 100,000 (APC = 2.308%, 95% CI: 1.187–3.441), with a pronounced peak in 2018 (0.119 per 100,000) (Figure 1A). Sex-stratified analyses revealed persistently higher acceleration in males (APC = 2.718%, 95% CI: 1.296–4.161) compared to females (APC = 2.081%, 95% CI: 0.598–3.585) (Figure 1B). Racial disparities were pronounced, with White individuals driving the majority of the increase (APC = 2.390%, 95% CI: 1.223–3.569), while Black (APC = 1.369%, 95% CI: –1.713–4.547) and Others (APC = 1.303%, 95% CI: –1.334–4.011) racial groups exhibited non-significant trends (Figure 1C).




Figure 1 | Annual age-adjusted incidence and mortality of ATC (2000–2021). (A) Overall incidence; (B) Incidence by sex. (C) Incidence by race. (D) Overall mortality. (E) Mortality by sex. (F) Mortality by race.



Mortality trends paralleled rising incidence, with age-adjusted rates increasing from 0.037 to 0.051 per 100,000 (APC = 2.380%, 95% CI: 1.129–3.646) (Figure 1D). Sex-stratified analyses revealed accelerated mortality escalation in males (APC = 2.773%, 95% CI: 0.852–4.732) compared to females (APC = 2.154%, 95% CI: 0.886–3.438) (Figure 1E). With regard to racial disparities (Figure 1F), the mortality rate for White individuals increased from 0.033 to 0.049 per 100,000, corresponding to an APC of 2.477% (95% CI: 1.287–3.680%). Meanwhile, the APC for Black individuals was 0.779% (95% CI: –2.374–4.034%), and for Others, the APC was 0.078% (95% CI: –0.019–0.019%).





Baseline characteristics

Baseline characteristics of the study cohort are summarized in Table 1. Between 2000 and 2021, a total of 946 ATC patients were included and randomly divided into a training set (n=662) and a validation set (n=284). The mean age at diagnosis was 67.5 years, with a higher proportion of females (56.7%) than males (43.3%), and 79.5% of the patients were White. At diagnosis, 67.2% presented with distant metastasis. In terms of treatment, with 26.7% of patients receiving combination therapy (Surgery + RT + CT), while 10.7% did not receive any treatment.


Table 1 | Patients demographic and clinical characteristics.







Overall and conditional survival

The median follow-up duration was 4 months (interquartile range, 2-9 months). Among the 946 patients, 826 (87.3%) died during the follow-up period. The 6-, 12-, and 24-month OS rates of the overall population were 37.1%, 21.1% and 14.0%, respectively (Supplementary Figure S1A). The 6-month and 12-month OS rates for patients with localized, regional, and distant disease were as follows: 58% and 43% for localized disease, 51.9% and 33% for regional disease, and 28% and 14% for distant disease, respectively(Supplementary Figure S1B). CS analysis demonstrated a progressive increase in cumulative survival over time (Figure 2A). The 24-month cumulative survival rate increased incrementally from 14.0% to 24.8%, 37.9%, 54.8%, 66.5%, 77.8%, 87.8%, and ultimately reached 93.8% after surviving 3 to 21 months (Table 2). The CS(3|x) curve shows that as patients accumulate survival time, the probability of surviving an additional 3 months progressively increases (Figure 2B). In addition, the CS showed more significant changes over time in patients with distant disease. The 3-month CS at different time points for patients with various SEER stages is shown in Figure 2C.




Figure 2 | Conditional-survival dynamics in ATC. (A) Kaplan-Meier curves showing conditional survival (y-axis) for patients who had already survived 0, 3, 6, 9, 12, 15, 18, 21, or 24 months after diagnosis (x-axis). (B) CS(3/x) curve showing the probability of survival another 3 months after surviving for x months. (C) 3-month conditional survival stratified by SEER stage: localized, regional, and distant.




Table 2 | The conditional survival for ATC patients at a given time point.







Construction a prognostic CS nomogram

First, the BSR model was used to identify variables influencing OS in ATC patients, with age, SEER stage, and treatment emerging as key prognostic factors (Figure 3A). Next, the LASSO regression method was employed to further refine the selection of variables, and age, SEER stage, and treatment were consistently identified as major prognostic factors (Figures 3B, D). Subsequently, univariate Cox regression analysis was conducted to identify variables associated with OS, including age, race, SEER stage, and treatment (Table 3). These variables were then included in a multivariate Cox regression model, confirming that age, SEER stage, and treatment modality were independent prognostic factors (Table 3; Figure 3C). Following this, we incorporated CS into the nomogram model, using these selected variables to develop a CS-based prediction tool (Figure 4). Compared to traditional survival prediction models, the CS-nomogram not only predicted 3-, 6-, 12-, and 24-month OS based on personalized clinicopathological features but also provided 24-month CS predictions, contingent upon the number of months the patients had survived post-diagnosis.




Figure 3 | Identification of prognostic factors. (A). Best subset regression (BSR). (B, D). The least absolute shrinkage and selection operator (LASSO) regression. (C). Multivariable analysis. RT, Radiation; CT, Chemotherapy.




Table 3 | Univariate and multivariate cox regression analysis of factors influencing overall survival.






Figure 4 | Conditional-survival nomogram for ATC patients. The nomogram incorporates three prognostic factors—Age, SEER stage, and Treatment. Draw a vertical line from each patient’s value to the Points scale. Sum the three point values to obtain the Total Points. Project downward to read predicted overall-survival probabilities at 3, 6, 12, and 24 months and multiple 24-month CS probabilities. OS, overall survival; CS, conditional survival; RT, radiotherapy; CT, chemotherapy.







CS-nomogram validation

The prognostic CS-nomogram model for predicting ATC patients was rigorously validated and evaluated in both the training and validation cohorts. In the training cohort, the model achieved a C-index of 0.695 (95% CI: 0.671–0.719), and in the validation cohort, it reached 0.708 (95% CI: 0.671–0.744). The model’s predictive performance was further assessed using the area under the receiver operating characteristic (AUC) curve. In the training cohort (Figure 5A), the AUCs at 3, 6, 12, and 24 months were 0.742, 0.762, 0.758, and 0.792, respectively. In the validation cohort (Figure 5B), the AUCs were 0.749, 0.779, 0.801, and 0.809. Calibration curves for the 3-, 6-, 12-, and 24-month OS nomograms in both the training (Figure 5C) and validation (Figure 5D) cohorts demonstrated excellent consistency between the predicted and actual survival. Finally, clinical decision curve analysis (DCA) revealed significant net benefits at 3, 6, 12, and 24 months, further highlighting the model’s clinical applicability and potential value (Figures 5E, F).




Figure 5 | Evaluation of the discriminatory power, calibration, and clinical utility of the CS-nomogram. (A) The ROC curves for the training cohort depict the model’s ability to predict overall survival at 3, 6, 12, and 24 months, with corresponding AUCs of 0.742, 0.762, 0.758, and 0.792. An AUC closer to 1 indicates greater discriminative power. The x-axis represents the false-positive rate and the y-axis the true-positive rate. (B) The ROC curves for the validation cohort show AUCs of 0.749, 0.779, 0.801, and 0.809 for 3, 6, 12, and 24 months, respectively, confirming the model’s consistent discriminative performance in an independent dataset. (C) Calibration plots in the training cohort for 3-, 6-, 12-, and 24-month overall survival. The x-axis shows nomogram-predicted probability, and the y-axis the observed survival. The grey 45° reference line denotes perfect calibration; error bars indicate bootstrap-derived 95% confidence intervals. (D) Calibration plots for the validation cohort, confirming good agreement between predicted and observed survival probabilities. (E) DCA in the training cohort. The y-axis displays net benefit and the x-axis the threshold probability. Solid curves represent the CS nomogram at 3, 6, 12, and 24 months; color-matched dashed curves indicate a “treat-all” strategy, and the black dashed line a “treat-none” strategy. A nomogram curve that lies above both reference strategies indicates greater clinical benefit across that threshold range. (F) DCA for the validation cohort, corroborating the nomogram’s clinical utility in an external dataset. ROC, receiver-operating characteristic; AUC, area under the ROC curve; CS, conditional survival; DCA, decision-curve analysis; FP, false-positive rate; TP, true-positive rate; OS, overall survival.







CS-nomogram-based risk stratification

The CS-nomogram was used to calculate prognostic scores for %all patients. Based on the optimal cut-off value of 156 identified from the training cohort, patients were divided into low-risk and high-risk groups (Figure 6A). Kaplan-Meier survival analysis was then conducted to compare survival outcomes between the two groups in both the training and validation cohorts. The results showed significant survival differences between the low-risk and high-risk groups (Figures 6B, C), further confirming the CS-nomogram’s utility in risk stratification and survival prediction.




Figure 6 | Risk-stratification derived from the CS-nomogram. (A) Log-rank statistic plotted against all possible total-point cut-points; the maximum statistic identifies 156 as the optimal threshold that separates patients into high- and low-risk groups. (B) Kaplan–Meier curves for overall survival in the training cohort stratified by this threshold (high risk; low risk). Numbers at risk are shown below the x-axis. (C) Kaplan–Meier curves for the validation cohort, demonstrating that the same 156-point cut-off reproduces a highly significant separation of survival in an independent dataset.








Discussion

In this SEER database-based study, we provide the latest epidemiological analysis of ATC. From 2000 to 2021, age-adjusted incidence (APC = 2.308%) and mortality (APC = 2.380%) exhibited near-synchronized growth, with accelerated progression observed in males (incidence APC = 2.718% vs. 2.081% in females; mortality APC = 2.773% vs. 2.154%). White individuals dominated the increase in both incidence (APC = 2.390%) and mortality (APC = 2.477%). This contrasts with earlier SEER-based studies documenting stable ATC incidence during 1973-2002 and 1986-2015 (5, 21), as well as with reports from Europe and other regions of the world showing similarly plateaued incidence (7, 8, 22), suggesting a potential recent acceleration in disease trends. These epidemiological trends reflect the disproportionate rise in disease burden within specific populations, emphasizing the urgent need for targeted intervention strategies.

We present a large cohort of ATC patients and provide a comprehensive survival analysis.The OS data reflect the disease’s lethality, with 24-month OS rates of 14.0% for the entire cohort and 14% at 12 months for distant disease. Notably, our CS analysis reveals dynamic prognostic improvement: 24-month CS increased from 14.0% at diagnosis to 93.8% in patients already surviving 21 months. This aligns with prior observations by Xiang et al. (23), who reported that 1-year conditional cancer-specific survival in ATC rose incrementally with each additional survival year. Similarly, Yu et al. (24) highlighted the significant impact of tumor differentiation on prognosis, with ATC patients showing the highest mortality risk yet the greatest improvements in CS. Additionally, we found that the most significant improvement in conditional survival (CS) occurred in patients with distant ATC disease. This pattern is similar to what has been observed in distant oncocytic cell carcinoma (OCC) of the thyroid (19). Static OS metrics inadequately represent the time-dependent evolution of prognosis in aggressive malignancies, overlooking temporal dependency. CS estimates empower clinicians to progressively refine survival projections, offering critical decision-support for metastatic ATC patients who surpass early treatment phases.

Through BSR, LASSO, and univariate/multivariate Cox proportional hazards modeling, we identified age, SEER stage, and treatment as independent prognostic factors for ATC. Age remained a significant factor, as observed in prior studies (11, 25, 26). We also found that SEER stage was an important prognostic factor, as the risk of mortality for patients with distant metastasis was 2.45 times that of patients with localized primary tumors, which is similar to findings in previous studies (26–30). Additionally, Our analysis highlights the critical role of multimodal therapy. Previous studies on ATC treatment often employed single-variable analyses, which are prone to multicollinearity interference. By using combined treatment strategies, we capture the synergistic effects of different therapies. Compared to untreated patients, all treatment modalities, including monotherapy, significantly reduced the mortality risk. Among all treatment combinations, the combination therapy showed a hierarchical survival advantage: Surgery + RT + CT provided the strongest protection (HR = 0.29, 95% CI:0.21–0.39), followed by Surgery + CT (HR = 0.34, 95% CI:0.22–0.54) and RT + CT (HR = 0.46, 95% CI:0.34–0.63). These findings align with recent SEER-based studies. Zhou et al. (31) demonstrated that radiotherapy combined with chemotherapy (RCT) improved survival regardless of metastasis status (adjusted HR = 0.69 for OS). The survival benefit of surgery in advanced ATC deserves emphasis. While guidelines recommend surgery for early-stage ATC (stage IVA and IVB) (32), Guo et al. (33) and Yin et al. (34) reported that surgery combined with adjuvant radiation and chemotherapy improves OS in stage IVC ATC patients. Notably, chemotherapy emerged as a cornerstone of treatment—both as monotherapy (HR = 0.45) and in combinations. This aligns with the mechanistic rationale that cytotoxic agents may mitigate systemic progression. More prospective trials are needed to validate these multimodal strategies, particularly in the era of targeted and immunotherapy.

The nomogram stands out for its evidence-based, individualized, and precise risk evaluation, making it a valuable tool for survival prediction in various cancers. Previous studies have established prognostic nomograms for ATC by identifying key survival determinants (10, 11, 26, 35). However, the biggest limitation of these models is their static nature, as they rely solely on initial patient characteristics for prediction and fail to reflect real-time changes in disease progression and risk. We developed the first CS nomogram for ATC patients. Compared with previous static models, this CS-based nomogram continuously updates survival probability estimates according to the time already survived, providing more dynamic and individualized prognostic predictions. This dynamic approach captures the evolving prognosis of ATC patients during follow-up more accurately. The CS-based nomogram model demonstrated excellent predictive performance in both the training and validation cohorts, providing continuously updated survival probability estimates for ATC patients. Additionally, a key feature of this model is its ability to stratify risk by assigning risk scores to ATC patients. For high-risk patients with a total score > 156, follow-up examinations can be scheduled at shorter intervals after diagnosis, with earlier multidisciplinary reassessment. Conversely, for low-risk patients, the surveillance interval may be safely extended, reducing both cost and anxiety. In addition, the nomogram can generate an updated survival probability at every outpatient visit, offering objective data for survivorship management and psychological counseling. When a patient’s conditional survival improves markedly, this information can be shared to alleviate fear of recurrence and guide targeted psychological support. Finally, the nomogram can be integrated into the electronic medical record system so that automatic alerts are triggered whenever a patient’s conditional risk exceeds a predefined threshold, prompting timely treatment-planning discussions or referral to supportive-care services.

We acknowledge several limitations in this study. First, the retrospective nature of this study inherently risks selection bias, particularly due to exclusion of cases with incomplete treatment documentation, which may underrepresent real-world heterogeneity. Secondly, although leveraging the SEER database enabled the inclusion of a large cohort, detailed treatment information—such as specific chemotherapy regimens, radiation dosimetry, surgical intent, molecular profiling, targeted therapies, and immunotherapy—is unavailable. This lack of granularity limits our ability to perform treatment-specific survival analyses and could substantially affect the clinical interpretation of our findings. Third, the lack of external validation is an important limitation that affects the generalizability of our findings. Given the differences in healthcare systems, clinical practice patterns, population genetics, and resource availability, the predictive performance and applicability of our CS-nomogram in different healthcare settings or diverse populations remain uncertain. Future studies must validate this nomogram externally across multiple regions and healthcare systems to confirm its broader utility and robustness. Finally, the SEER database has limitations in the range of variables it includes, omitting factors that could impact the survival of ATC patients, such as access to healthcare, imaging features, and molecular biomarkers. Future efforts should prioritize prospective and multicenter cohorts, coupled with API-enabled platforms for dynamic model refinement and clinician engagement.





Conclusions

ATC has shown an increasing incidence (APC = 2.308%) and mortality (APC = 2.380%) over the past two decades. CS analysis revealed dynamic prognostic improvements, particularly in distant disease. The novel CS-nomogram we developed, incorporating age, SEER stage, and treatment, enables real-time adaptive risk stratification, helping clinicians adjust surveillance intensity and reduce patient anxiety through precise prognostication.
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Supplementary Figure 1 | Overall survival of ATC patients. (A). Kaplan–Meier curve for the entire cohort, showing a rapid decline in survival within the first 6 months after diagnosis. (B). Kaplan–Meier curves stratified by SEER stage—Localized, Regional, and Distant.Tick marks denote censored observations.




References

1. Chen, MM, Luu, M, Sacks, WL, Orloff, L, Wallner, LP, Clair, JM, et al. Trends in incidence, metastasis, and mortality from thyroid cancer in the USA from 1975 to 2019: A population-based study of age, period, and cohort effects. Lancet Diabetes Endocrinol. (2025) 13(3):188–95. doi: 10.1016/s2213-8587(24)00310-3

2. Molinaro, E, Romei, C, Biagini, A, Sabini, E, Agate, L, Mazzeo, S, et al. Anaplastic thyroid carcinoma: from clinicopathology to genetics and advanced therapies. Nat Rev Endocrinol. (2017) 13:644–60. doi: 10.1038/nrendo.2017.76

3. Lim, H, Devesa, SS, Sosa, JA, Check, D, and Kitahara, CM. Trends in thyroid cancer incidence and mortality in the United States, 1974-2013. Jama. (2017) 317:1338–48. doi: 10.1001/jama.2017.2719

4. Siegel, RL, Miller, KD, and Jemal, A. Cancer statistics, 2019. CA Cancer J Clin. (2019) 69:7–34. doi: 10.3322/caac.21551

5. Lin, B, Ma, H, Ma, M, Zhang, Z, Sun, Z, Hsieh, IY, et al. The incidence and survival analysis for anaplastic thyroid cancer: A seer database analysis. Am J Transl Res. (2019) 11:5888–96.

6. Nagaiah, G, Hossain, A, Mooney, CJ, Parmentier, J, and Remick, SC. Anaplastic thyroid cancer: A review of epidemiology, pathogenesis, and treatment. J Oncol. (2011) 2011:542358. doi: 10.1155/2011/542358

7. Locati, L, Cavalieri, S, Dal Maso, L, Busco, S, Anderson, LA, Botta, L, et al. Rare thyroid Malignancies in europe: data from the information network on rare cancers in europe (Rarecarenet).  Oncol. (2020) 108:104766. doi: 10.1016/j.oraloncology.2020.104766

8. Miranda-Filho, A, Lortet-Tieulent, J, Bray, F, Cao, B, Franceschi, S, Vaccarella, S, et al. Thyroid cancer incidence trends by histology in 25 countries: A population-based study. Lancet Diabetes Endocrinol. (2021) 9:225–34. doi: 10.1016/s2213-8587(21)00027-9

9. Chen, QY, Zhong, Q, Zhou, JF, Qiu, XT, Dang, XY, Cai, LS, et al. Conditional survival and recurrence of remnant gastric cancer after surgical resection: A multi-institutional study. Cancer Sci. (2020) 111:502–12. doi: 10.1111/cas.14231

10. Wang, L, Rao, Y, Lai, P, and Lv, Y. Development of a novel dynamic nomogram for predicting overall survival in anaplastic thyroid cancer patients with distant metastasis: A population-based study based on the seer database. Front Endocrinol (Lausanne). (2024) 15:1375176. doi: 10.3389/fendo.2024.1375176

11. Zhang, C, Li, B, and Yang, Y. Development and validation of a nomogram to predict overall survival in patients with redefined anaplastic thyroid carcinoma based on the seer database. Int J Clin Oncol. (2024) 29:744–54. doi: 10.1007/s10147-024-02495-2

12. Tang, J, Tian, Y, Xi, X, Ma, J, Li, H, Wang, L, et al. A novel prognostic model based on log odds of positive lymph nodes to predict outcomes of patients with anaplastic thyroid carcinoma after surgery. Clin Endocrinol (Oxf). (2022) 97:822–32. doi: 10.1111/cen.14729

13. Qaderi, SM, Dickman, PW, de Wilt, JHW, and Verhoeven, RHA. Conditional survival and cure of patients with colon or rectal cancer: A population-based study. J Natl Compr Canc Netw. (2020) 18:1230–7. doi: 10.6004/jnccn.2020.7568

14. Abdallah, NH, Smith, AN, Geyer, S, Binder, M, Greipp, PT, Kapoor, P, et al. Conditional survival in multiple myeloma and impact of prognostic factors over time. Blood Cancer J. (2023) 13:78. doi: 10.1038/s41408-023-00852-4

15. Hagens, ERC, Feenstra, ML, Eshuis, WJ, Hulshof, M, van Laarhoven, HWM, van Berge Henegouwen, MI, et al. Conditional survival after neoadjuvant chemoradiotherapy and surgery for oesophageal cancer. Br J Surg. (2020) 107:1053–61. doi: 10.1002/bjs.11476

16. Cronin, KA, Ries, LA, and Edwards, BK. The surveillance, epidemiology, and end results (Seer) program of the national cancer institute. Cancer. (2014) 120 Suppl 23:3755–7. doi: 10.1002/cncr.29049

17. Duggan, MA, Anderson, WF, Altekruse, S, Penberthy, L, and Sherman, ME. The surveillance, epidemiology, and end results (Seer) program and pathology: toward strengthening the critical relationship. Am J Surg Pathol. (2016) 40:e94–e102. doi: 10.1097/pas.0000000000000749

18. von Elm, E, Altman, DG, Egger, M, Pocock, SJ, Gøtzsche, PC, and Vandenbroucke, JP. The strengthening the reporting of observational studies in epidemiology (Strobe) statement: guidelines for reporting observational studies. Lancet. (2007) 370:1453–7. doi: 10.1016/s0140-6736(07)61602-x

19. Shi, Y, Zheng, Y, Zhang, H, Dong, W, and Zhang, P. Dynamic estimates of survival in oncocytic cell carcinoma of the thyroid. Discov Oncol. (2023) 14:217. doi: 10.1007/s12672-023-00839-4

20. Zabor, EC, Gonen, M, Chapman, PB, and Panageas, KS. Dynamic prognostication using conditional survival estimates. Cancer. (2013) 119:3589–92. doi: 10.1002/cncr.28273

21. Davies, L, and Welch, HG. Increasing incidence of thyroid cancer in the United States, 1973-2002. Jama. (2006) 295:2164–7. doi: 10.1001/jama.295.18.2164

22. Amphlett, B, Lawson, Z, Abdulrahman, GO Jr., White, C, Bailey, R, Premawardhana, LD, et al. Recent trends in the incidence, geographical distribution, and survival from thyroid cancer in wales, 1985-2010. Thyroid. (2013) 23:1470–8. doi: 10.1089/thy.2012.0573

23. Xiang, J, Zhang, Z, He, L, and Zhang, H. Conditional survival analysis between primary squamous cell carcinoma of the thyroid and anaplastic thyroid carcinoma. Int J Surg. (2024) 111:1558–60. doi: 10.1097/js9.0000000000002012

24. Yu, RN, Zhang, ZQ, Zhang, P, Zhang, H, Qu, HL, and Dong, WW. Tumor differentiation-dependent conditional survival of patients with operable thyroid cancer. Front Endocrinol (Lausanne). (2024) 15:1446312. doi: 10.3389/fendo.2024.1446312

25. Wang, M, Wei, T, Gong, R, Zhu, J, and Li, Z. Risk stratification in patients with anaplastic thyroid carcinoma: role of age. Endocrine. (2022) 77:305–18. doi: 10.1007/s12020-022-03085-w

26. Gui, W, Zhu, W, Lu, W, Shang, C, Zheng, F, Lin, X, et al. Development and validation of a prognostic nomogram to predict overall survival and cancer-specific survival for patients with anaplastic thyroid carcinoma. PeerJ. (2020) 8:e9173. doi: 10.7717/peerj.9173

27. Lee, DY, Won, JK, Lee, SH, Park, DJ, Jung, KC, Sung, MW, et al. Changes of clinicopathologic characteristics and survival outcomes of anaplastic and poorly differentiated thyroid carcinoma. Thyroid. (2016) 26:404–13. doi: 10.1089/thy.2015.0316

28. Ito, K, Hanamura, T, Murayama, K, Okada, T, Watanabe, T, Harada, M, et al. Multimodality therapeutic outcomes in anaplastic thyroid carcinoma: improved survival in subgroups of patients with localized primary tumors. Head Neck. (2012) 34:230–7. doi: 10.1002/hed.21721

29. Fan, D, Ma, J, Bell, AC, Groen, AH, Olsen, KS, Lok, BH, et al. Outcomes of multimodal therapy in a large series of patients with anaplastic thyroid cancer. Cancer. (2020) 126:444–52. doi: 10.1002/cncr.32548

30. Rao, SN, Zafereo, M, Dadu, R, Busaidy, NL, Hess, K, Cote, GJ, et al. Patterns of treatment failure in anaplastic thyroid carcinoma. Thyroid. (2017) 27:672–81. doi: 10.1089/thy.2016.0395

31. Zhou, W, Yue, Y, and Zhang, X. Radiotherapy plus chemotherapy leads to prolonged survival in patients with anaplastic thyroid cancer compared with radiotherapy alone regardless of surgical resection and distant metastasis: A retrospective population study. Front Endocrinol (Lausanne). (2021) 12:748023. doi: 10.3389/fendo.2021.748023

32. Bible, KC, Kebebew, E, Brierley, J, Brito, JP, Cabanillas, ME, Clark, TJ Jr., et al. 2021 American thyroid association guidelines for management of patients with anaplastic thyroid cancer. Thyroid. (2021) 31:337–86. doi: 10.1089/thy.2020.0944

33. Guo, H, and Lin, H. The value of multimodal treatment in anaplastic thyroid cancer patients with distant metastasis. BMC Surg. (2024) 24:79. doi: 10.1186/s12893-024-02375-6

34. Yin, Y, Wang, L, and Huang, C. Surgery combined with adjuvant radiation and chemotherapy prolonged overall survival in stage ivc anaplastic thyroid cancer: A seer-based analysis. Endocrine. (2024) 85:250–7. doi: 10.1007/s12020-023-03662-7

35. Chen, X, Zhao, P, He, Y, Huang, K, Zhao, P, Liao, F, et al. Development and validation of survival nomograms for patients with anaplastic thyroid carcinoma: A seer program-based study. Discov Oncol. (2024) 15:650. doi: 10.1007/s12672-024-01537-5




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.


Copyright © 2025 Guo, Zhang, Jia, Liu, Qi, Sun, Cai and Wu. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fendo.2025.1585679_cover.jpg
& frontiers | Frontiers in Endocrinology

Trends in incidence, mortality, and
conditional survival of anaplastic thyroid
cancer over the last two decades in the

USA





OEBPS/Images/fendo-16-1585679-g002.jpg
- i
i [
L !
I :






OEBPS/Text/toc.xhtml


  

    Table of Contents



    

    		Cover



  		

        Trends in incidence, mortality, and conditional survival of anaplastic thyroid cancer over the last two decades in the USA

      

        		

          Background

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          Introduction

        



        		

          Methods

        

          		

            Data source

          



          		

            Study population

          



          		

            Clinical variables

          



          		

            Overall and conditional survival analysis

          



          		

            CS-nomogram construction and validation

          



          		

            Statistical analysis

          



        



        



        		

          Results

        

          		

            Annual incidence and mortality trends of ATC from 2000 to 2021

          



          		

            Baseline characteristics

          



          		

            Overall and conditional survival

          



          		

            Construction a prognostic CS nomogram

          



          		

            CS-nomogram validation

          



          		

            CS-nomogram-based risk stratification

          



        



        



        		

          Discussion

        



        		

          Conclusions

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Conflict of interest

        



        		

          Generative AI statement

        



        		

          Supplementary material

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fendo-16-1585679-g004.jpg
- - »d - - . - " il vl
Points
Age
1 o 0 Roglonst 40 @ o) n " »
SEER Stage
[T -~ omycr oy Surgery Dt
Treatment
pr— SugoryRT RTICT ony AT
Total Points
o m e 0w w @ w  w  m me @ om0 %

3-month 0S Survval
6-month OS Survival

o o7 e o5 o4 o3 o2 o1
12-month O Survivel
24-month OS Survival
24-month CS(231) probabilty

06 055 05 0ds 04 035 03 026 02 a15 01 ass
24-month CS(2113) probabilty
24-month CS(18/6) probabilty

o7 o o5 o a3 ez o1

24-month CS(12/12) probabilty
24-month CS(6/18) probabilty

o35 as 03 e a7 oss as oss 05 oas
24-month CS(1123) probabity

_—

e

=0





OEBPS/Images/table2.jpg
Total survival time

Already survival

jpons 3months 6 months 9 months 12 months 15 months 18 months 21 months | 24 months
O month seen s 6% 2% 1% 160% 150% o
3 months sn 2% . prs 2w s P
G months % so% s s s wow
9 months n2s% 05% s sisw suw
12 months 5% % 709% s
15 months s sow S
18 months 936% wan

20 monhs s





OEBPS/Images/fendo-16-1585679-g006.jpg
Loghank sutiste

pr——

Cutpoints

T W

ook 383 %
Gadn e

H % % @ T % m o m h %
Time tontne) Time (oot
W74 s s w0 5 3z 4

TGt @ M e e o





OEBPS/Images/table3.jpg
Univariate Multivariable

analysis analysis
Characteristic
HR HR
(95%Cl) (95%Cl)
102 102
il aomiey | qoey | M
Sex
Mae
" 105
Female om0
Race
White
Lo L6
Black o P L
128 113
Obrtnkaown B oo (OB ame
SEER Stage.
Localzed
110 3
Regional ossaon | 0% | orany | 0072
243 245
prant aessy O aessy O
Treatment
Untrested
093 036
Sy [ R Y
. 039 015
T ©a0e) | M oo O
050 063
Only Surery owos M owos %7
¢ o 4
SurgerysCT ooz | <000 0001
o034
SurgerysRT ooz | <000 <0001
- 0 ot
RTsCT omosy | OO ooy | O
02 029
SEnRECT L gizeay O garesy

05, Overal Survivals KT, CT. Chemotherapy.






OEBPS/Images/fendo-16-1585679-g003.jpg
AdustR

05

Goafficents
o1 0z o

a0

o1

@

2

Partal Liihood Daviance

3

pr}

E S 2
Log Lambda

565555 58442222222222321





OEBPS/Images/fendo-16-1585679-g001.jpg
RIS

D =

“lN/”/ll/ﬁ‘ffﬁ-ﬁWlﬁ






OEBPS/Images/logo.jpg
, frontiers ’ Frontiers in Endocrinology





OEBPS/Images/fendo-16-1585679-g005.jpg





OEBPS/Images/table1.jpg
Characteristic Overall (N=946) Validation (N=284) P
Age. Mean = D 3 020) 6 022) s o383
Sex.n (%) 0247
Male 10 (13.3%) 295 (146%) 15 (105%)
Fenale 536 (567%) 367 (55.4%) 169 (59:5%)
Race, n (4) 0761
Whie 752 093%) 523 090%) 229 (806%)
Black 0% 503%) 204
Otherfunknown 91 (137%) 310209
SEER Stage, n (%) 0719
Localzed 0% 16 (69%) 21 a%)
Regonsl w s 175 (264%) @@
Disant 636 (672%) (666%) 195 687%)
Treatment, n (%) 0646,
Unirsted 101 (107%) © 04%) 213
Only KT 102 (103%) & 01%) 35 023%
onycr R 2% 13 16%)
Only Surery 136 144%) 94 (142%) 2018%)
SurgeryCT 7 60%) 3563% 122%)
Surgery KT 0% 969 0 (106%)
KTecT 181 195%) 137 ao7%) 7065%
Sugery RTCT 253 267%) 180 2r2%) s

R, Radiation: CT, Chemotherapy.





