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Purpose

This study aimed to explore a visual model for predicting the prognosis of patients with parathyroid carcinoma (PC) and analyze related biochemistries in different groups of stage.



Methods

The training dataset of 342 patients with PC was obtained from the Surveillance, Epidemiology, and End Results (SEER) database, and the validation dataset included 59 patients from The First Affiliated Hospital of Zhengzhou University. Univariate and multivariate Cox regression analyses were performed to evaluate significant independent prognostic factors. Based on those factors, nomograms and Web-based probability calculators were constructed to evaluate the overall survival (OS) and the cancer-specific survival (CSS) at 3, 5, and 8 years. The concordance index (C-index), receiver operating characteristic (ROC) curve, calibration curve, and decision curve analysis (DCA) were used to evaluate the nomogram in the training set and validation set. Moreover, biochemistries from the validation set were retrospectively analyzed in different groups of stage by Kruskal–Wallis test.



Results

Age, marital status, tumor size, stage, lymph node status, and radiation were identified as prognostic factors of OS. In contrast, only tumor size and stage were predictive for CSS. The nomogram was developed based on these independent factors. The C-index, ROC curve, calibration curve, and DCA of the nomogram in both training and validation sets showed that the nomogram had good predictive value, stability, and clinical benefit in predicting 3-, 5-, and 8-year OS and CSS in PC patients. Among the 59 PC patients from our hospital, lower albumin (ALB) levels and higher postoperative parathyroid hormone (PTH) levels were found in patients with distant metastasis (Distant vs. Regional ALB levels: p = 0.037; Distant vs. Local ALB levels: p = 0.046; Distant vs. Regional postoperative PTH levels: p = 0.002; Distant vs. Local postoperative PTH: p = 0.002).



Conclusion

The established nomogram application can provide accurate prognostics for patients with PC in the Chinese population, but it must be validated on prospectively collected real-world data.
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Introduction

Parathyroid carcinoma (PC) is one of the rarest causes of primary hyperparathyroidism (PHPT), accounting for 0.5%–5% of the total PHPT cases (1). The incidence rate of PC in the population is increasing (2, 3). A meta-analysis reported 234 cases of PC patients in China, and the number of cases increases yearly (4).

Surgery leads to the best chance of survival with a 5-year and 10-year overall survival (OS) rate of 78%–91% and 60%–72%, respectively (1). The cancer-specific survival (CSS) rate was recorded as 89.4%, with a median number of 75 months (3). The indolent course of PC, compared with other invasive tumors, had better survival, but it shows frequent recurrence (1). In a center where the management and patient outcomes of PC have not changed significantly over the past 35 years, the 5-year disease-free survival rate was about 62.3% (5). In addition, almost all patients died from this cancer due to complications of hypercalcemia rather than tumor burden (1, 6). Currently, surgical resection with negative margin therapy is the only effective treatment strategy, as there is no evidence that radiotherapy and chemotherapy are effective for PC (7, 8).

Recently, the 8th American Joint Committee on Cancer (AJCC) staging system adopted Schule’s staging system for tumor patients (9). Another mainstream staging method is proposed by Shaha and Shah (10), including both tumor size and disease progress. Nevertheless, some elements that have been reported to be related to PC, including age, serum calcium levels, intact parathyroid hormone (PTH) levels, vascular invasion, local excision, and absence of parafibromin staining, are not considered in the TNM staging system (2, 11–14). Therefore, to a certain extent, the TNM staging is incomplete and does not provide an individual prediction of PC patients.

Considering the various clinicopathological characteristics that could influence the prognosis of PC, an instrument integrating the relevant predictors is urgently needed for facilitating advanced therapy and improving the quality of life of patients. A nomogram is a simplified visual model for statistical predictions combining independent factors. Many researchers reported possible prognostic factors for PC, but there is no corresponding nomogram.

In this study, prognostic nomograms regarding OS and CSS were developed from PC patient data registered between 2000 and 2018 in the Surveillance, Epidemiology, and End Results (SEER) database. External data from a single Chinese center were utilized to validate these nomograms, and the patient characteristics reported by our hospital were analyzed.



Methods


Ethics Statement

This research was approved by the Ethics Committee of the First Affiliated Hospital of Zhengzhou University (Number: 2021-KY-1062-001). Patients from the SEER database had consented to be studied publicly in any scientific research worldwide.



Population

The primary training dataset was downloaded with the SEER*Stat Software (Version 8.3.9.2; National Cancer Institute, Bethesda, MD, USA). The primary site code C75.0 for PC was applied in the SEER research Plus Data,18 Registries, Nov 2020 Sub (2000–2018) database. The exclusion criteria were listed as follows: 1) International Classification of Childhood Cancer (ICCC) site recode International Classification of Disease for Oncology-3 (ICD-O-3)/WHO 2008 was not parathyroid; 2) patients diagnosed at autopsy or via death certificates; 3) survival months were 0; 4) unknown race record, stage, surgery, marital status, tumor size, or cause-specific death classification (Figure 1).




Figure 1 | The data process flowchart.



The validation dataset was obtained from The First Affiliated Hospital of Zhengzhou University, a single Chinese center. Patients diagnosed with PC and hospitalized for the first resection between 2012 and 2020 were included in this study. Patients with inaccessible follow-up information were excluded (Figure 1).



Variables

The variables utilized for analysis were age at diagnosis, sex, race record, marital status at diagnosis, tumor size, surgery information, stage, laterality, lymph node (LN) status, and radiotherapy data. Moreover, laboratory and clinicopathologic variables were obtained from our hospital, such as blood calcium, PTH levels, tumor volume, and Ki-67. The TNM staging of PC was not included in this analysis because they were not proposed until 2017 at the eighth edition guideline of AJCC (15).

1) The tumor size included “Extent of Disease (EOD) 10-size (1988–2003),” “Collaborative Stage (CS) tumor size (2004–2015),” and “Tumor Size Summary (2016+)” in the SEER*Stat Software.

2) Age and tumor size were converted into two groups in the training set, and the optimal cutoff was calculated by X-tile software (Version 3.6.1; Robert, MD) (16). As shown in Figure 2, the optimal cutoff for age was 66 years, and the optimal cutoff for tumor size was 41 mm. Age was classified as greater than 66 years and less than or equal to 66 years, and tumor size was classified as greater than 41 mm and less than or equal to 41 mm.




Figure 2 | Identification of the optimal cutoff values of age and tumor size. The optimal cutoff values of age were identified as 66 years based on both overall survival and cancer-specific survival (A–C). The optimal cutoff value of tumor size was identified as 41 mm based on both overall survival and cancer-specific survival (D–F).



3) “Marital status” contained “Married,” “Single,” and “Others” groups. Furthermore, patients in the “Others” group were “Divorced,” “Separated,” Unmarried or Domestic Partner,” or “Widowed,”.

4) The stage was composed of “COMBINED SUMMARY STAGE (2004+)” and “historic stage A (1973–2015).” Furthermore, the staging was aligned to the Summary Stage 2018 Coding Manual v2.0 from the SEER website (Supplementary Material) (17). Tumors confined to the parathyroid glands without distant metastasis are called localized group; tumors infiltrating the thyroid, surrounding muscles, recurrent laryngeal nerve, trachea, esophagus, or other tissues and organs without distant metastasis are called regional group; tumors transferring to other organs or distant lymph node were defined as distant metastasis group.

5) Radical surgery referred to the resection extension of the lesion parathyroid, ipsilateral thyroid, and central neck dissection. “Excisional biopsy”, “Local tumor excision, nos (with pathology specimen),” “Photodynamic therapy (PDT),” “Simple/partial surgical removal of primary site,” “debulking,” “Surgery, NOS,” and “Total surgical removal of primary site” were defined as “others.” “None; no cancer-directed surgery of primary site” was defined as “No surgery.”

6) OS and CSS were selected as the outcomes. OS refers to death due to any cause, while CSS represents PC-specific death. The survival months were defined as from the surgery date to November 2020 and June 30, 2021, respectively, for the SEER and Chinese single-center datasets.



Statistical Analysis

The number and the percentage [N (%)] were used to describe the categorical data, and these data were compared by the chi-square test and Kruskal-Wallis test. The mean ± standard deviation (SD) and median with range were used to describe the normally and non-normally distributed quantitative variable, respectively. Kruskal–Wallis test was used to compare the levels of quantitative variables in different groups. The Kaplan–Meier method was used to estimate the survival and was compared by a log-rank test. The prognostic factors significantly affecting OS and CSS were explored by univariate and multivariate Cox regression analysis. Additionally, the hazard ratio (HR) and 95% confidence interval were reported for prognostic factors, and the receiver operating characteristic (ROC) curves and calibration curves were calculated to validate the nomogram. The bilateral p < 0.05 was regarded as significant. All data were analyzed by R software (Version 4.0.3) and IBM SPSS software (Version 22.0).




Results


Demographic and Clinical Characteristics

A total of 342 patients from the SEER database and 59 patients from our hospital were identified in this study. The baseline demographics and clinical characteristics are listed in Table 1. The mean age of the patients was 55.7 ± 13.8 years, and the mean tumor size was 29.6 ± 15.4 mm. In the training set (n = 342), there were 178 (52%) female patients and 255 (74.6%) white patients; 5 (1.5%) patients did not undergo surgery, and 30 (8.8%) underwent radical surgery treatment. In terms of stage, 18 patients (5.3%) developed distant metastasis. In addition, 112 patients (32.7%) underwent cervical lymph node resection, of whom 10 patients had lymph node metastasis. Moreover, 48 patients (14.0%) received radiation therapy. In the validation set (n = 59), there were 27 men and 32 women, the mean age was 49.0 ± 15.4 years, and the mean tumor size was 32.1 ± 12.7 mm; all populations were Asian; 2 patients’ tumors were “intraglandular parathyroid cancer.” There were no statistically significant differences in gender, age, clinical stage, radiotherapy, overall deaths, and cancer-specific deaths between the training and validation sets (p > 0.05). There were differences in marital status (p < 0.001), surgery (p < 0.001), and lymph node status (p = 0.002).


Table 1 | Demographic and clinical characteristics in the SEER database and a single Chinese center*.





Prognostic Factors of Overall Survival and Cancer-Specific Survival

As shown in Table 2, 10 variables were enrolled for univariate Cox regression analysis. The significant variables were analyzed by multivariate Cox regression (backward methods) later. As shown in Table 3, age, marital status, tumor size, stage, LN status, and radiation were identified as independent variables for OS. However, only tumor size and stage were independent factors for CSS.


Table 2 | Univariate Cox regression analysis of OS and CSS in patients with parathyroid cancer in the training set.




Table 3 | Multivariate Cox regression analysis of OS and CSS in patients with parathyroid cancer in the training set.





Construction of Nomograms

Based on the above variables, we constructed a visualized model to predict the OS and CSS of PC patients at 3, 5, and 8 years. The total score predicts the OS/CSS probabilities through the nomograms and is obtained by adding the score of each variable (Figure 3).




Figure 3 | Nomograms to predict 3-, 5-, and 8-year overall survival (A) and cancer-specific survival (B) for patients with parathyroid carcinoma.





Evaluation and External Validation of Nomograms

The nomograms from the SEER set (training set) and Chinese single-center set (validation set) were evaluated and validated by the concordance index (C-index), the area under the curve (AUC), calibration curves, and decision curve analysis (DCA). In the training set, the C-index of the nomogram for OS was 0.736 (95% CI, 0.674–0.798; p < 0.001) and 0.820 (95% CI, 0.668–0.972; p < 0.001) in the validation set. The AUC of ROC curves in predicting OS at 3, 5, and 8 years in the training set was 0.749, 0.744, and 0.794 (Figures 4A-C), respectively, while the AUC of ROC curves for the validation set was 0.846, 0.896, and 0.702, respectively (Figures 4D-F). The 3-, 5-, and 8-year calibration curves in the training set and validation set for OS prediction proved to have a satisfying fit (Figure 5). The ordinate represents the net benefit, and the abscissa is the threshold probability in DCA curves. “All” refers to all interventions, “None” refers to no intervention, and “Nomogram” refers to the intervention under a certain threshold probability. As shown in Figure 6, the DCA curves show a better net clinical benefit.




Figure 4 | Receiver operating characteristic (ROC) curves at 3, 5, and 8 years in the training set (A–C) and validation set (D–F) for validating the overall survival (OS) prediction nomogram.






Figure 5 | Calibration curves at 3, 5, and 8 years in the training set for validating the overall survival (OS) prediction nomogram (A–C). Calibration curves at 3 and 5 years in the validation set for the OS prediction nomogram (D–F).






Figure 6 | Decision curve analysis at 3, 5, and 8 years in the training set for the overall survival (OS) prediction nomogram (A–C). Decision curve analysis at 3, 5, and 8 years in the validation set for the OS prediction nomogram (D–F).



The C-index of the nomogram for CSS was 0.772 (95% CI, 0.661–0.883; p < 0.001) in the training set and 0.943 (95% CI, 0.881–1; p = 0.003) in the validation set. The AUC of ROC curves in predicting CSS at 3, 5, and 8 years in the training set was 0.750, 0.744, and 0.779, respectively (Figures 7A-C). The AUC of ROC curves in predicting CSS at 3, 5, and 8 years in the validation set was 0.926, 0.935, and 0.935 (Figures 7D-F). Furthermore, the 3-, 5-, and 8-year calibration curves and DCA curves in the training set for CSS prediction proved to have a satisfying fit and net benefit (Figures 8A-F). The 3-, 5-, and 8-year CSS calibration curves and DCA curves in the validation set could not be obtained because there were few cancer-specific deaths.




Figure 7 | Receiver operating characteristic (ROC) curves at 3, 5, and 8 years in the training set (A–C) and validation set (D–F) for validating the cancer-specific survival (CSS) prediction nomogram.






Figure 8 | Calibration curves at 3, 5, and 8 years in the training set for validating the cancer-specific survival (CSS) prediction nomogram (A–C). Decision curve analysis at 3, 5, and 8 years in the training set for the CSS prediction nomogram (D–F).





Web-Based Probability Calculator

Applying the above results, dynamic Web-based probability calculators for predicting OS (https://parathyroidcancer.shinyapps.io/dynnomapp/) and CSS (https://parathyroidcancercss.shinyapps.io/dynnomapp/) were constructed (Figure 3). The calculators provide a convenient way to predict the individual OS and CSS rates at 3, 5, and 8 years based on PC patient clinical characteristics (Figure 9).




Figure 9 | Web-based probability calculators. The 3-, 5-, and 8-year overall survival rate probability was calculated (A). The 3-, 5-, and 8-year cancer-specific survival rate probability was calculated (B).





Laboratory and Pathological Indices of Parathyroid Carcinoma Patients

Considering the effects of the stage on OS and CSS of PC, further exploration of the validation set would provide valuable insight. The laboratory and pathologic characteristics of PC patients in our hospital were collected, as shown in Table 4. Some variables had missing values, such as correction serum calcium (crCa), albumin (ALB), creatinine (Cr), alkaline phosphatase (ALP), and Ki-67. The postoperative serum calcium and PTH levels were continuously monitored. Patients with distant metastasis was identified in eight cases during the follow-up interval. The detailed information is described in the Supplementary Material.


Table 4 | Laboratory and clinicopathologic indices of parathyroid carcinoma patients in the single Chinese centera.



The differences between laboratory indicators and Ki-67 between different stages were evaluated (Figure 10). The levels of ALB, crCa, tumor size, tumor volume, and postoperative PTH demonstrated statistically significant differences between stages. Lower ALB levels and higher postoperative PTH levels were found in patients with distant metastasis. The tumor size and tumor volume in the local disease group were smaller than those in the regional and distant metastasis groups. The level of crCa in the distant metastasis group was statistically higher than that in the local disease group.




Figure 10 | Laboratory and pathologic indicator levels among different stages in Chinese single-center parathyroid carcinoma patients.






Discussion

To our knowledge, few studies investigated prognostic factors for patients with PCs, but there was no research that developed a predictive nomogram (11–13, 18–20). This study includes the largest number of patients with a confirmed diagnosis of PC who underwent their first surgery in a single Chinese center. We constructed the nomograms to predict the OS and CSS according to the SEER database, and validation was performed with the Chinese single-center dataset. Extra analysis of the laboratory investigations at different stages was performed. Notably, the prognostic factors for disease-free survival of PC patients in our hospital were reported (21).

There were some differences between the SEER dataset and the Chinese single-center dataset. Some potential causal factors include religious beliefs, economic conditions, incidence, treatment strategy, and so on. Univariate and multivariate Cox regression proportional analysis showed that the independent prognostic factors for OS in patients with PC were age, marital status, tumor size, stage, positive lymph nodes, and radiation therapy. Larger tumor size and distant metastasis were identified as significantly poor prognostic factors of poor CSS.

Age was expected to have an essential role in predicting OS. Additionally, the view that the prognosis of cancer patients is worse with aging is acceptable. Sadler et al. (20) and Silva-Figueroa et al. (12)  showed the same effect of age on patients with PC as we did. Older patients tend to have worse comprehensive physical conditions, which results in a higher incidence of complications after surgery and a longer recovery time (22, 23). Therefore, better general geriatric medical management could lead to improved OS of PC patients.

Our finding indicates that marital status was associated with the OS of PC patients, and married patients had a better prognosis than that of single or other patients. Marital status is not only an independent prognostic indicator of many cancers (24–27) but also a risk factor for developing cancers (28, 29). A variety of reasons may lead to this result. With family support or spouse support, married patients were better equipped to overcome cancer better than patients with other marital statuses. Having relatively strong financial resources makes it easier to obtain better treatment for married patients, which is associated with a better prognosis. Our findings suggest that married PC patients have a better prognosis than other patients. However, we have no information on socioeconomic status available for prediction. It highlights the potentially significant impact that social support can have on survival. Nevertheless, these results still needed to be verified.

PC is a radioresistant tumor, and there is no indication that radiotherapy is performed as a regular treatment (30). The PC analysis in the National Cancer Data Base (NCDB) showed that radiotherapy did not improve the OS rate of patients (31). Among the largest series of patients published, the 5-year OS rate of patients receiving radiotherapy is lower. In contrast, this may reflect those patients with the more advanced disease who are referred for radiotherapy (20). The same result was observed in this study. Christakis et al. (32) showed that long-term disease control for high-risk patients could be achieved through reoperation and postoperative radiotherapy at Anderson Cancer Center. The effect of radiotherapy should be investigated in a long-term study including more patients, as there are only 8 cases in the above study (32).

It is controversial that a positive lymph node status is associated with a poor prognosis. However, this study and others revealed that lymph nodes status is significantly associated with poor prognosis (20, 33–35). Less than a third of the patients (Table 1) undergoing neck dissection have had the lymph nodes investigated. Therefore, a considerable proportion of patients likely have insufficient staging of the lymphatic involvement of the disease.

Tumor size and stage have always been considered the key factors affecting the prognosis of PC (3, 13, 18). The most common cutoff value of tumor size was recognized as 3 cm, although it was 4.1 cm in this study (10). This may be related to the number of patients and outcome indicators in different studies. The involvement of distant organs or lymph nodes in parathyroid cancer indicates poor outcomes. The OS and CSS Kaplan–Meier curves of the distant metastasis group showed a significant difference from the other in the validation set. Mostly, distant metastasis patients without reoperation suffered from hypercalcemia (36).

Therefore, the early identification of distant metastasis is valuable in parathyroid cancer management. Patients with distant metastases were likely to have lower ALB levels and higher postoperative PTH levels compared to other patients. The correlation between serum ALB and tumor prognosis was found in various tumors (37). A meta-analysis showed that lower ALB levels before treatment were significantly associated with poorer metastasis-free survival in nasopharyngeal carcinoma (38). In addition, lower ALB levels in gastric, rectal, and cervical cancers have also been shown to be prognostic predictors of tumors (39–41). ALB is closely associated with inflammatory and dystrophic status in cancer patients. ALB is mainly synthesized by the liver and is the most and smallest molecular in plasma (42). They also activate DNA replication in cancer cells, thereby promoting tumor proliferation and immune escape (43, 44). Thus, PC can lead to lower ALB levels by inducing malnutrition and anorexia, further leading to disease progression and forming a vicious circle. When evaluating PC patients, it is recommended that serum ALB levels be routinely checked and adequately evaluated accordingly. And for metastatic parathyroid cancer patients, early nutritional intervention to correct ALB levels may be a new idea.

Several limitations of this study should be addressed. Firstly, since this is a retrospective study, information and selection bias may be present. Secondly, the eighth edition of the AJCC staging system and much clinicopathological information, such as recurrence and calcium and PTH levels, and some individual molecular factors were not found in the SEER database. Lastly, the classification of age and tumor size based on this study may not apply to other studies. Larger cohorts are necessary for further validation of the present nomograms.

In conclusion, predictive nomograms integrating independent prognostic factors and Web-based probability calculators based on the SEER database were constructed to predict the OS and CSS rates of PC patients. The established nomogram application can provide accurate prognostics for patients with PC in the Chinese population, but it must be validated on prospectively collected real-world data.
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Footnotes

1Including Asian and American Indian.

2Including divorced, separated, unmarried, domestic partner, and widowed.

3c Including local tumor excision, simple/partial surgical removal of primary site, debulking, etc.

4d Without record.

5e Regional neck lymphadenectomy not performed.

6Including Asian and American Indian.

7Including divorced, separated, unmarried, domestic partner, and widowed.

8Including local tumor excision, simple/partial surgical removal of primary site, debulking, etc.

9Including divorced, separated, unmarried, domestic partner, and widowed.

10Including local tumor excision, simple/partial surgical removal of primary site, debulking, etc.
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SEER data

(N =342)

Sex

Women 164 (48.0%)

Men 178 (52.0%)
Age (years)

<66 258 (75.4%)

>66 84 (24.6%)
Race

White 255 (74.6%)

Black 53 (15.5%)

Others® 34 (9.9%)
Marital Status

Married 219 (64.0%)

Single 64 (18.7%)

Others® 59 (17.3%)
Tumor Size (mm)

1-41 288 (84.2%)

>41 54 (15.8%)
Surgery

No surgery 5 (1.5%)

Radical surgery 30 (8.8%)

Others® 307 (89.8%)
Stage

Localized 210 (61.4%)

Regional 114 (33.3%)

Distant 18 (5.3%)
Laterality

Left 23 (6.7%)

Right 29 (8.5%)

Unknown¢ 290 (84.8%)
LN Status

Negative 102 (29.8%)

Positive 10 (2.9%)

Unknown® 230 (67.3%)
Radiation

No 294 (86.0%)

Yes 48 (14.0%)
css

Alive 319(93.3%)

Death 23 (6.7%)
0s

Alive 267 (78.1%)

Death 75 (21.9%)
Survival months

Median [Min, Max] 81.5[1.0, 226.0]

? Including Asian and American Indian
® Including divorced, separated, unmarried, domestic partner, and widowed.

® Including local tumor excision, simple/partial surgical removal of primary site, debulking, etc.

¢ Without record.
° Regional neck lymphadenectomy not performed.

Single-center data
(N =59)

32 (54.2%)
27 (45.8%)

50 (84.7%)
9 (15.3%)

NA
NA
59 (100%)

56 (94.9%)
3(5.1%)
NA

45 (76.3%)
14 (23.7%)

NA
31 (52.5%)
28 (47.5%)

35 (59.3%)
16 (27.1%)
8 (13.6%)

29 (49.2%)
28 (47.5%)
2 (3.4%)

31 (52.5%)
2 (3.4%)
26 (44.1%)

56 (94.9%)
3(5.1%)

55 (93.2%)
4(6.8%)

49 (83.1%)
10 (16.9%)

44.0(5.0,117.0]

*SEER, Surveillance, Epidemiology, and End Results; LN, lymph node; CSS, cancer-specific survival: OS, overall survival.

p value

0.400

0.118

NA

<0.001

0.136

<0.001

0.069

<0.001

0.002

0.058

0.491

<0.001





