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Objective

This study aims to assess the long-term prognostic significance of the log odds of positive lymph nodes (LODDS) in patients diagnosed with papillary thyroid cancer (PTC) and to develop a novel nomogram for predicting long-term overall survival (OS).





Methods

The cohort was randomly divided at a ratio of 7:3 from the Surveillance, Epidemiology, and End Results (SEER) database. Additionally, patient data from a medical center in China served as an external validation cohort. Nomograms were constructed using data from the training cohort and subsequently validated using both internal and external validation cohorts to predict 120- and 180-month OS in PTC patients. The predictive performance and clinical utility of the nomogram were assessed using various metrics, including the concordance index (C-index), time-dependent receiver operating characteristic (ROC) curves, calibration curves, decision curve analysis (DCA), Integrated Discriminant Improvement Index (IDI), and Net Reclassification Improvement Index (NRI).





Results

LODDS is an independent prognostic factor for PTC, a nomogram demonstrating high accuracy in predicting long-term OS. The C-index values, and time-dependent area under the curve (AUC) indicated well discriminatory ability of the nomogram. Calibration plots exhibited high concordance, while DCA, NRI, and IDI analyses revealed superior performance of the nomogram compared to AJCC staging system.





Conclusion

The clinical prediction model incorporating LODDS exhibits robust predictive performance, aiding in the assessment of long-term prognosis post-surgery in PTC patients. It serves as a valuable adjunct to the AJCC system, offering a scientific basis for guiding interventions and rehabilitation strategies for PTC patients following surgery.
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Introduction

Papillary thyroid cancer (PTC) is the most common thyroid malignancy, accounting for approximately 85% of cases (1). In the last 30 years, the incidence of PTC has continued to increase globally (2). Generally, the 5-year survival rate of PTC is higher than 95%, which has a better prognosis than other malignant tumors, but it should not be ignored that lymph node metastasis (LNM) still exists in 30%-80% of PTC patients (3), which affects the long-term prognostic situation. Therefore, exploring postoperative lymph nodes (LN) is of practical clinical significance for the long-term prognostic assessment and further treatment of PTC patients. Currently, variables related to the comprehensive assessment of lymph nodes, such as the total number of postoperative LN, the number of positive lymph nodes (PLN), and the area of lymph node metastasis, have been included in other studies related to the prognostic assessment of malignant tumors (4–6). However, N staging in existing the 8th edition of AJCC staging does not include the number of LN in the consideration of assessment (7), which may affect the accuracy of assessing the long-term prognosis of patients with PTC. Therefore, further studies may be needed to explore new lymph node staging and to further optimize the grading system for PTC.

As a class of scientific clinical prognostic assessment tools, nomogram have gradually become a common method to study the prognosis of patients with various types of cancers by visualizing the calculation and combining the prognostic factors to predict the survival rate scientifically (8–10). In recent years, several studies have developed nomograms based on clinical features, pathologic factors, and blood and imaging tests to assess the prognosis of patients with PTC (11–15). The predictive power of the prediction model was assessed by analyzing the receiver operating characteristic (ROC) curves, the area under the curve (AUC), concordance index (C-index), and decision curve analysis (DCA) curves of the nomogram to compare with the existing clinical staging systems. The nomogram constructed based on different prognostic factors demonstrated superior individualized survival prediction efficacy and clinical applicability.

Currently, new LN staging modalities, such as positive LN logarithmic ratio based on the log odds of positive lymph nodes (LODDS) or LN ratio (LNR). There have also received increasing attention, and several studies have demonstrated more accurate predictive ability than the traditional TNM staging system (16–18). However, relevant studies addressing the long-term prognostic value of new LN staging modalities in PTC are still lacking. Our study aimed to clarify whether the LODDS could be utilized to predict long-term overall survival (OS) in patients with PTC as a way to explore the feasibility of establishing a new LN staging system. On this basis, a new LN staging prognostic model based on nomogram was established by analyzing the relevant factors affecting the prognosis of postoperative PTC patients. Different prognostic risk groups were distinguished as a way to predict the long-term prognosis of PTC patients more accurately.





Methods




Patient sources and study design

This study was based on a multicenter retrospective cohort from the United States and China following the Transparent Reporting of Individual Prognostic or Diagnostic Multivariate Predictive Models (TRIPOD) (19). The modeled patient clinical data for this study were obtained from the Surveillance, Epidemiology, and End Results (SEER) 17 Registry Research Database in the U.S. Covering approximately 30% of the U.S. population, the SEER database includes many items such as patient demographics, tumor information, and follow-up status, providing a large sample of clinically valuable information for prognostic studies of tumors (20). Patient follow-up data from a medical center in China was used as an external validation cohort to verify the generalizability of the prediction model. Because the SEER database is publicly available and anonymous, the modeling data did not require institutional review board approval and individual patient consent applications. The Chinese dataset for this study was derived from clinical consultation data of PTC patients kept from January 1, 2000, to December 31, 2010, at Cixi Hospital of Wenzhou Medical University, Zhejiang Province, China. The establishment of this dataset was approved by the Ethics Committee of the hospital (No. 2023-LP-LW007), and the follow-up information was obtained by verbal communication confirmed by telephone, and the process of obtaining patient information followed the requirements of the Ethics Committee. This study complies with the Declaration of Helsinki (21).





Clinical cohort screening and definitions

Patients with thyroid cancer diagnosed and treated between 2004 and 2015 (anatomical code: C73.9) with a follow-up date up to October 31, 2022, were selected according to the International Classification of Diseases in Oncology, version 2023 (ICD-O-3) codes in the SEER database and further screened. Inclusion criteria: 1. papillary cancer were selected as study subjects (histologic codes: 8040/3, 8042/3,8043/3,8044/3); 2. surgical procedure was localized thyroidectomy, thyroid isthmus resection, or more extensive (surgical codes: 20,21,22,23,26,27,30,40,50); and 3. patients who were non-dead or post-mortem post mortem diagnosis. Exclusion criteria: 1. patients younger than 18 years of age; 2. pathological confirmation not performed; 3. first primary site of the tumor was not the thyroid gland; 4. survival time after treatment was less than one month; 5. incomplete or unknown clinical information about the patient. Patients were randomly assigned according to a ratio of 7:3 to construct a training cohort and an internal validation cohort, respectively; the training cohort (n=2303) was used for prediction modeling, and the internal validation cohort (n=986) was used for internal validation of the prediction model. According to the recording criteria of the SEER database, the years 2004-2015 could correspond to the sixth or seventh edition of AJCC staging information. The study team reclassified the TNM classification according to the eighth edition. The external validation cohort (n=215) had a follow-up date up to December 31, 2023. Inclusion criteria for patients: 1. PTC confirmed by postoperative pathology. Exclusion criteria: 1. no pathologically confirmed diagnosis; 2. non-primary thyroid tumor; 3. lost to follow-up; 4. survival time <1 month after diagnosis; 5. unknown tumor TNM stage. Pathologic staging records for the external validation cohort were also based on the 8th edition of AJCC staging system.

Baseline demographic data from the SEER database included age, gender, and race. The baseline of tumor characteristics included tumor differentiation and TNM stage. Additionally, information regarding surgical interventions (local thyroidectomy/thyroidectomy isthmus, subtotal thyroidectomy, total thyroidectomy), radiotherapy, chemotherapy, and LN were extracted. LNR was defined as the ratio of the number of positive lymph nodes (PLN)/total number of removed lymph nodes (RLN). LODDS was defined as lg[(PLN + 0.50)/(negative lymph nodes (NLN) + 0.50)]. To avoid infinite numbers, 0.50 was added to both the numerator and denominator (16). OS in all cohorts was defined as the time interval from the date of diagnosis to death from any cause or the end of the last follow-up.





Constructing and validating nomogram models

Lasso-multifactorial Cox regression analyses of all variables with p < 0.05 were further included in the construction of the final model, which was cross-validated 10 times to construct a nomogram composite scoring system for predicting the probability of overall survival. Internal validation was accomplished by taking a bootstrap procedure of 1000 resamples to the internal validation cohort. External validation was performed using the external validation cohort. Nomogram performance was assessed using subject ROC curves and calibration curves with AUC of ROC, ranging from 0.5 (no discrimination) to 1 (full discrimination). DCA was utilized to determine the predicted net benefit threshold. The constructed line plots were compared to the traditional AJCC/TNM staging by calculating the net reclassification improvement (NRI) and the integrated discrimination improvement (IDI), and the Z-test was used to test for differences.

After building the predictive model, the survival status, survival time, and linear predictors of the predictive model from the training cohort were selected separately and imported into the X-tiles software, and the linear predictors were used as markers for the analysis. Statistical analysis by the X-tiles software will result in a score against the linear predictors on the risk stratification for all predicted probability points calculated as a score based on the linear prediction of the patient’s nomogram.





Statistical analysis

Descriptive analysis was performed for all patients. Categorical variables are expressed as numbers and percentages (%). Continuous variables conforming to normal distribution are expressed as mean ± standard deviation, and continuous variables conforming to skewed distribution are expressed as median and interquartile range. Categorical variables were compared using the χ2 test or Fisher’s exact test, and continuous variables were compared using the t-test. Hazard ratios (HR) and 95% confidence interval (CI) were recorded for the multifactor Cox proportional risk model. Survival curves were plotted using the Kaplan-Meier method and differences in survival between curves were analyzed using the log-rank test. The best cutoff point most relevant to clinical prognosis was determined by X-tile software. Prognostic risk stratification was also performed (22).

SEER patient data were extracted based on SEER * Stat 8.4.3 software. The collected data were fully statistically analyzed using R v.4.4.1 statistical software (http://www.R-project.org, R Foundation, Vienna, Austria) and Free Statistics Software version 1.9 statistical software (23). A two-tailed p < 0.05 for the final results was considered statistically significant.






Results




Training and validation cohort characteristics

A total of 3504 patients participated in the analysis, assessing the demographic and clinical characteristics of the different cohorts. Of these, 2303 belonged to the training cohort, 986 to the internal validation cohort, and 215 to the external validation cohort (Figure 1). In terms of age, young and middle-aged people predominated in the training cohort (1,558, 67.7%), while the mean age of the external validation cohort was 47.7 ± 12.8 years, with a predominance of young and middle-aged patients (145, 67.4%). In the distribution of tumor characteristics in the training cohort, highly differentiated tumors were present in 76.0% of patients. The number of patients with stage I was (155, 89.6%) who underwent total thyroidectomy. The distribution of patient tumor characteristics for the external validation cohort was similar to that of the training cohort. In the training cohort, the median RLN was 3.0 (IQR: 1.0-7.0), the median PLN was 0.0 (IQR: 0.0-1.0), the median NLN was 2.0 (IQR: 1.0-6.0), the median LNR was 0.0 (IQR: 0.0-2.0), the median RLN was 3.0 (IQR: 1.0-7.0), and the median LODDS was -0.1 (IQR: -0.2 -0.0). In the external validation cohort, the median LODDS was -0.5. No statistically significant differences were observed between the training cohort and the internal validation cohort (p-value > 0.05). Detailed information about the different cohort can be found in Tables 1, 2 respectively.




Figure 1 | Flow chart for PTC patients. PTC, papillary thyroid cancer; SEER, the Surveillance, Epidemiology, and End Results; Sub, submission; ICD-O-3, International Classification of Diseases for Oncology, 3rd Edition.




Table 1 | Baseline characteristics of patients for training cohort and internal validation cohort from SEER database.




Table 2 | Baseline characteristics of patients for external validation cohort from China hospital database.







Predictive model construction and validation

Lasso-multifactorial regression analysis identified age, gender, grade of differentiation, TNM staging, and LODDS as prognostic correlates of PTC (p < 0.05) (Supplementary Figure S1; Table 3), and nomograms were constructed to assess the probability of survival for different individuals, as detailed in Figure 2. The C-index of the training cohort was 0.858 (0.827-0.888), the C-index of the internal validation cohort was 0.882 (0.836-0.929), and the C-index for the external validation cohort was 0.942 (0.918-0.965). Figure 3 compares the ROC curves of the nomogram with AJCC staging at 120 months and 180 months, respectively, and the corresponding AUC at 120 months (74.7% vs. 85.6%) and 180 months (72.5% vs. 85.6%). The AUC of the nomogram was greater than the AUC of AJCC staging for both the training cohort and validation cohort. The comparative accuracy analyses showed that IDI or NRI of the OS of the training or validation cohorts at 120 and 180 months were greater than 0, both p < 0.05 (Table 4), indicating that the predictive ability of the nomogram was superior to that of the traditional staging of AJCC. Further application of DCA to evaluate its clinical applicability based on the training and validation cohorts, and comparison of DCA of nomogram with AJCC staging showed (Figures 3–5) added more net benefit than AJCC staging for almost all threshold probabilities, which suggests that the use of nomogram for predicting the OS of radiotherapy in post-surgical PTC patients is more applicable to clinical decision-making than AJCC staging.


Table 3 | Multivariate Cox analysis on variables for the prediction of overall survival of PTC patients.






Figure 2 | Nomogram predicting 120-month and 180-month OS of patients with PTC. OS, overall survival; PTC, papillary thyroid cancer; LODDS, log odds of positive lymph nodes.






Figure 3 | Comparison of the ROC curves (A, B), calibration plots (C, D), and decision curve analysis curves (E, F) of the two candidate models (AJCC stage and Nomogram) for 120- and 180-month OS prediction in the training cohort. ROC, receiver operating characteristic; OS, overall survival; AJCC, American Joint Committee on Cancer.




Table 4 | NRI and IDI of the nomogram and the AJCC staging system in survival prediction for PTC patients.






Figure 4 | Comparison of the ROC curves (A, B), calibration plots (C, D), and decision curve analysis curves (E, F) of the two candidate models (AJCC stage and Nomogram) for 120- and 180-month OS prediction in the internal validation cohort. ROC, receiver operating characteristic; OS, overall survival; AJCC, American Joint Committee on Cancer.






Figure 5 | Comparison of the ROC curves (A, B), calibration plots (C, D), and decision curve analysis curves (E, F) of the two candidate models (AJCC stage and Nomogram) for 120- and 180-month OS prediction in the external validation cohort. ROC, receiver operating characteristic; OS, overall survival; AJCC, American Joint Committee on Cancer.



Using X-tiles software, patients were categorized into 3 subgroups based on the score calculated from the linear prediction of nomogram (Supplementary Figure S2): low-risk group (-1.67 ≤ linear score ≤ 0.55, 68 ≤ total score ≤ 107), medium-risk group (0.55 < linear score ≤ 2.19, 107 < total score ≤ 205) and high-risk group (2.19 < linear score ≤ 6.91, 205 < total score ≤ 378), which showed significant differences among the three risk groups by Kaplan-Maier curve analysis (Supplementary Figure S3).





Clinical applications of the nomogram

Each variable of the nomogram was divided equally into multiple score points, and each category of these predictor variables corresponded to a score on the counting point. The corresponding scores for each variable are summed to obtain a total score, which is positioned on the total score reference scale, and then a straight line of the survival probability scale is plotted at the bottom to estimate the OS at 120 and 180 months based on the summed total scores of the variables. For example, for a male patient aged 55-66 years, with a postoperative pathological grade of G2, T3, N1, and no distant metastases, the total score would be about 153, which corresponds to an OS of about 90% at 120 months, and an OS of about 83%-85% at 180 months (Figure 6).




Figure 6 | Nomogram clinical applications of nomogram predicting 120-month and 180-month OS of PTC patients. OS, overall survival; PTC, papillary thyroid cancer; LODDS, log odds of positive lymph nodes.








Discussion

PTC is one of the most common clinical subgroups of primary thyroid tumors. Accurate and rational categorization of LN status is essential for staging and prognostic assessment of patients with PTC. In this study, LODDS was shown to be independently associated with long-term clinical prognosis in postoperative PTC patients. Secondly, we constructed a visualized nomogram combining the LODDS and routinely available clinical information to predict the long-term OS of individual PTC patients. To the best of our knowledge, this study is the first to investigate the postoperative prognostic value of the LODDS for PTC based on a national and international multicenter cohort, with a relatively large sample size and a more comprehensive source of patients. It also found that LODDS is a new prognostic factor that can characterize the relationship between LN metastatic status and prognosis after surgery in PTC patients. Our nomogram using the LODDS in combination with six other variables (age, sex, grade of differentiation, and TNM stage) allowed us to assess the long-term prognosis of patients at 120 months (10 years) and 180 months (15 years). The predictive accuracy was higher than that of the conventional AJCC staging system. Prognostic analysis based on this nomogram can help clinicians to guide the postoperative rehabilitation of PTC patients, and can also more actively promote long-term follow-up.

Regarding prognostic studies in PTC, there have been retrospective studies focusing on risk factors associated with the long-term prognosis of patients. LODDS was not the only prognostic factor in the nomogram. Compared to previous studies, our results were similar to previous results where age, gender, grade of differentiation, and TNM stage were selected as prognostic factors for OS. Aamna et al. had a long-term follow-up study of 538 patients with PTC who underwent surgical intervention in a medical center over 20 years. They found that age was one of the factors associated with the prognosis of PTC (24). Luo et al. developed a nomogram prediction model based on LNM using patient data from a single center and found that LN, age, and other localized LNM in patients with PTC have been identified as the important factors affecting the prognosis of malignant tumors. The 8th edition of AJCC staging for thyroid cancer categorizes lymph node metastasis in the neck overall as N1, further subdividing metastasis to unilateral or bilateral level IV or VII lymph nodes as N1a, and metastasis to unilateral, bilateral, or contralateral levels I-IV or retropharyngeal lymph nodes as N1b, without consideration of the statistical count of metastatic lymph nodes. However, as a new prognostic indicator based on the LN ratio, LODDS can be used as an independent prognostic factor in many cancer types, whether they are common malignant tumors such as gastric cancer (4), colorectal cancer (25), and endometrial cancer (26); or rare malignant tumors such as neuroendocrine cancer of the lungs (16), pancreatic cancer (5), and bile duct cancer (17). This makes our study theoretically grounded and inspired to also explore the role of LODDS in the prognosis of thyroid cancer. Due to the favorable prognosis of thyroid cancer, with a near 100% short-term survival rate, it has prompted contemplation regarding long-term survival in our research endeavors.

In recent years, there have also been studies examining the relationship between the number of LN and thyroid prognosis by combining data from publicly available databases and other medical centers. Wang et al. based on the SEER database and patient information from multiple centers, made improvements to the eighth edition of AJCC’s N staging by analyzing the number of LN in medullary cancer of the thyroid, which was similar to the way this study was conducted (27). However, this was performed only for medullary cancer with LN, and there is still a lack of studies related to LN for papillary cancer.

At this stage, the development of nomograms to assess the prognosis of patients with PTC has been widely studied. Garo et al. conducted a systematic evaluation and analysis of previously established nomogram related to PTC (28) and found only one nomogram model for OS, which had an accuracy value of only 0.77, and it was not validated using an external validation cohort. Our study bridges the gaping problem that existed in previous studies. Currently, there remains a deficiency in the identification of novel prognostic variables associated with prognosis when utilizing the nomogram system to assess the prognosis of patients with PTC. While existing staging categorizes PTC, its application by clinicians to evaluate individual patient cases is overly generalized. The AJCC staging system exhibits relatively lower accuracy in predicting long-term prognosis, necessitating further exploration for more precise prognostic methodologies.

Although the LODDS based nomogram constructed in this study showed high accuracy in predicting the prognosis of patients with PTC, there are still some limitations. First, although the SEER database contains a large volume of data, it lacks detailed patient medical histories and data on diagnostic procedures, such as past medical history, thyroid pathological molecular markers, radiotherapy dosage, and specific drugs and dosages used in chemotherapy. Second, patients’ genetic information is not available in databases. More and more studies have shown that genetic mutations (e.g., BRAF V600E, TERT promoter mutations) (29) and epigenetic alterations (e.g., DNA methylation, noncoding RNA expression) (30) play important roles in the occurrence, development, and prognosis of PTC. For example, BRAF V600E mutation is strongly associated with aggressiveness and poor prognosis of PTC, while the expression levels of certain miRNAs may be associated with the risk of lymph node metastasis and recurrence (15). Our study was mainly based on clinicopathologic factors and did not include genetic and epigenetic factors. In addition, single-center externally validated cases lacked pooling of hematology results and imaging results, and require further expansion and optimization both in terms of population size and source prevalence, which gives us further direction for future research efforts.

With the current study, we found that the LODDS was associated with prognosis in PTC and had a more significant prognostic correlation than other LN staging. The new nomogram also showed better prognostic assessment value in predicting postoperative OS in patients with PTC than the AJCC staging system counted in the SEER database. Patients stratified into low-risk, medium-risk, and high-risk groups based on their LODDS scores display significant differences in long-term OS according to Kaplan-Meier analysis, thereby facilitating better risk stratification for prognosis. In summary, our developed predictive LODDS staging system outperforms traditional staging systems, aiding clinicians in identifying high-risk populations and accurately assessing long-term prognosis.





Conclusions

In conclusion, we identified factors that influence postoperative survival in patients with PTC. For the first time, our population-based and aforementioned factor-based study established nomograms for PTC patients undergoing surgery that predicted patients’ 120-month survival and 180-month survival, as well as possible prognosis in the long-term. The established nomograms objectively showed good accuracy and clinical applicability and provided prognostic information of limited value, providing an individualized, long-term clinical prognostic reference for the treatment of PTC patients.
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Supplementary Figure 1 | To further narrow the range of variables involved in the regression analysis, the parameters were adjusted by 10-fold cross-validation, and established using the least absolute shrinkage and selection operator (LASSO) in the Cox model in the training cohort (A). Combining the distribution of LASSO coefficients for eleven variables (age, sex, grade, T stage, N stage, M stage, surgery, PLN, NLN, LODDS and chemotherapy) in PTC patients, an optimal lambda filter was used to generate six variables (age, sex, grade, T stage, N stage, M stage, and LODDS) with non-zero coefficients (B). PLN, positive lymph nodes; NLN, negative lymph nodes; LODDS, log odds of positive lymph nodes; PTC, papillary thyroid cancer.

Supplementary Figure 2 | X-tile cutoff analysis.

Supplementary Figure 3 | Risk stratification Kaplan-Meier overall survival curve for patients in the training cohort after completion of cut-off analysis at X-tile.
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