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Background: Bone metastasis (BM) is one of the typical metastatic types of head and neck cancer (HNC). The occurrence of BM prevents the HNC patients from obtaining a long survival period. Early assessment of the possibility of BM could bring more therapy options for HNC patients, as well as a longer overall survival time. This study aims to identify independent BM risk factors and develop a diagnostic nomogram to predict BM risk in HNC patients.
Methods: Patients diagnosed with HNC between 2010 and 2015 were retrospectively evaluated in the Surveillance, Epidemiology, and End Results (SEER) database, and then eligible patients were enrolled in our study. First, those patients were randomly assigned to training and validation sets in a 7:3 ratio. Second, univariate and multivariate logistic regression analyses were used to determine the HNC patients’ independent BM risk factors. Finally, the diagnostic nomogram’s risk prediction capacity and clinical application value were assessed using calibration curves, receiver operating characteristic (ROC), and decision curve analysis (DCA) curves.
Results: 39,561 HNC patients were enrolled in the study, and they were randomly divided into two sets: training (n = 27,693) and validation (n = 11,868). According to multivariate logistic regression analysis, race, primary site, tumor grade, T stage, N stage, and distant metastases (brain, liver, and lung) were all independent risk predictors of BM in HNC patients. The diagnostic nomogram was created using the above independent risk factors and had a high predictive capacity. The training and validation sets’ area under the curves (AUC) were 0.893 and 0.850, respectively. The AUC values of independent risk predictors were all smaller than that of the constructed diagnostic nomogram. Meanwhile, the calibration curve and DCA also proved the reliability and accuracy of the diagnostic nomogram.
Conclusion: The diagnostic nomogram can quickly assess the probability of BM in HNC patients, help doctors allocate medical resources more reasonably, and achieve personalized management, especially for HNC patients with a potentially high BM risk, thus acquiring better early education, early detection, and early diagnosis and treatment to maximize the benefits of patients.
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INTRODUCTION
According to the latest GLOBOCAN 2020 compiled by the International Agency for Research on Cancer, head and neck cancer (HNC) is the seventh most prevalent malignant tumor globally. There were approximately 932,000 new HNC patients worldwide in 2020, of which 467,000 patients had died (Sung et al., 2021). Although in the past 40 years, with the continuous developments in detection and treatment technologies, the 5-years survival rate of HNC has grown from 54.1% to 66.8%, but it still cannot meet the needs of patients for a more extended survival period (Guo et al., 2021). The incidence of distant metastases from HNC ranges from 8.9–13.8%, and distant metastases is one of the main challenges that restrict the successful treatment of HNC patients (Lee et al., 2012; Duprez et al., 2017). Among them, bone metastasis (BM) is the second most prevalent type of distant metastases after lung metastasis, accounting for about 15–39% of all distant metastases’ patients, which leads to a poor prognosis and seriously affects life quality of those patients (Suzuki et al., 2020). Since the previous studies have shown that more than 90% of the histological types of HNC were related to squamous cell carcinomas (SCC), even under the best systemic treatment, the median overall survival (OS) of patients with metastatic SCC was only 10.1 months (Mourad et al., 2017), while patients with multi-organ or polyostotic metastases had a median survival time of fewer than 5.7 months (Suzuki et al., 2020). According to reports, the proportion of HNC patients who died of distant metastases was about 15–20%, but the autopsy series of observations revealed distant metastases was 3–4 times greater than those described in the clinical series (Duprez et al., 2017). Early diagnosis of BM is essential to avoid skeletal-related events with altered performance status and reduce the chance of receiving adequate systemic treatment. In the actual treatment process, due to the insidious nature of distant metastases, most of them were easily overlooked or missed, making many patients already have advanced metastasis with skeletal-related events by the time they arrive at the hospital and need to take adequate systemic treatment. Therefore, effective prediction of the risk of distant metastases in HNC patients is essential to ensure the best benefit for patients.
Currently, the prognosis of HNC patients with BM and the OS prediction of HNC patients have been described (Carvalho et al., 2005; Mourad et al., 2017; Chi et al., 2021). However, to our knowledge, there are few studies based on big data to explore which factors cause BM in HNC patients and to establish effective risk prediction models to predict the risk of BM in newly diagnosed HNC patients, which is crucial in the intervention and treatment of early BM. Therefore, we developed a diagnostic nomogram model based on the SEER database for predicting the risk of BM in HNC patients, aiming to assist clinicians to manage HNC patients better, detect and intervene in BM early, and effectively prolong the survival period of HNC patients, especially those who are at a greater risk of developing BM.
METHODS
Database
The SEER database is a cancer database based on nearly 30% of the population of the United States of America. It includes demographic and clinical pathology information on cancer incidence and survival rates from 18 cancer registries (Lin et al., 2018). After obtaining permission to access the research data with reference number 16336-Nov 2020, we gained the SEER database. The included patients were those diagnosed as HNC with or without BM from 2010 to 2016 in the SEER database obtained through SEER Stat 8.3.9.2 [Incidence-SEER 18 Regs Custom Data (with additional treatment fields), November 2018 Sub (1975–2016 varying)]. The SEER database is an open-access database, and the data information obtained is anonymous and de-identified; therefore, the ethics committee’s approval and the informed consent of the patients do not apply to this study. Moreover, this study was conducted and reported following the STROCSS 2019 criteria (Riaz et al., 2019).
Patient Selection
The following were the criteria for inclusion: (1): HNC was the first or primary tumor; (2); the patient’s ICD-O-3 histological type was clear; (3); distant metastases (bone, liver, brain, and lung) was evident, especially bone; (4); complete follow-up data. Meanwhile, the following were the exclusion criteria: (1): HNC was not the first or primary tumor; (2); unclear histological classification; (3); information about distant metastases (bone, liver, brain, and lung), race, tumor grade, T stage, N stage, insurance status, and marital status was unknown; (4); the survival time was less than 1 month. Finally, a total of 39,561 HNC patients were enrolled in this study.
Variable Definitions
From the SEER database, we retrieved 13 characteristics that may be related to the development of BM in HNC patients. Age, sex, race, insurance status, and marital status were among the demographic characteristics studied. Age was divided into ≥60 and <60 (Han et al., 2021; Sarfraz et al., 2021; Tadros et al., 2021; Zhou et al., 2021), sex was divided into male and female; race was divided into black, white, and other; single, unmarried or domestic partner, widowed, separated, and divorced were classified as the unmarried group, while the insured/no specifics, insured, and any Medicaid were classified as the insured group. Tumor features included tumor grade (I, II, III, and IV), T stage (T1, T2, T3, and T4), N stage (N0, N1, N2, and N3); the histological type was divided into SCC and other. Distant metastases (bone, liver, brain, and lung) were divided into present and absent.
Statistical Analysis
SPSS (version 22.0) and R software (version 4.0.3) were used to conduct all statistical analyses in this study. Furthermore, a p-value <0.05 was considered to be statistically different. These included 39561 patients were randomly separated into a training set (n = 27693, 70%) and a validation set (n = 11868, 30%) in a 7:3 ratio using R software. We used the training set to evaluated the independent risk predictors of BM in HNC patients, constructed a diagnostic nomogram model, and verified the constructed nomogram using the validation set. Specifically, we used the training set to perform univariate logistic analysis in SPSS to determine the risk factors related to BM. The variables with a p-value <0.05 in the univariate logistic regression analysis were further incorporated into the multivariate logistic regression analysis to determine the independent risk predictors of BM in HNC patients. Then, those independent risk predictors were used to construct a diagnostic nomogram model using R software, and the corresponding score assignment of independent risk predictors was obtained (Supplementary Table S1). After that, a calibration curve was constructed to show the diagnostic nomogram’s correction ability. Then, a receiver operating characteristic (ROC) curve was performed, and the area under the curve (AUC) was used to indicate the diagnostic nomogram’s discrimination. Furthermore, we used the previously obtained scores assigned to independent risk predictors to calculate the patient’s total score and draw ROC curves by SPSS and R software to gain and compare the AUC of each independent risk factor and the diagnostic nomogram. Finally, a decision curve analysis (DCA) was constructed to assess the diagnostic nomogram’s clinical applicability utility.
RESULTS
Baseline Characteristics
According to our inclusion and exclusion criteria, 39,561 HNC patients from 2010 to 2015 were finally included in the study, with 27,693 patients in the training set and the remaining 11,868 patients in the validation set. The goal of the study was to explore and verify independent risk predictors of BM in HNC patients. Patients in the training set showed male and white bias characteristics, accounting for 73.3% and 82.9% of the total patients, respectively. The majority of patients were insured (95.5%), while age and marital status had no significant difference. The primary common histological type of HNC patients was SCC (90.1%), and the top three primary sites were oral cavity (38.0%), larynx (24.0%), and oropharynx (18.1%). The most prevalent tumor grade, T stage, and N stage were grade II (48.8%), T2 (29.2%), and N0 (50.7%), respectively. At the same time, patients with distant metastases accounted for a small number of patients. The baseline information for all patients is shown in Table 1.
TABLE 1 | The clinical and pathological characteristics of the 39,561 individuals with head and neck cancer who were enrolled in our retrospective cohort analysis.
[image: Table 1]Identification of Independent Risk Predictors of Bone Metastasis in HNC Patients
Of the 39,561 HNC patients, 332 (0.8%) patients were diagnosed with BM, while 39,229 (99.2%) HNC patients were diagnosed without BM. Univariate logistic analysis was performed by incorporating the 13 variables. The results showed that race, insurance status, histological type, primary site, tumor grade, T stage, N stage, and distant metastases (brain, liver, and lung) were associated with the development of BM in HNC patients (p < 0.05) (Table 2). Then, based on the variables mentioned above, multivariate logistic regression analysis revealed that race, primary site, tumor grade, T stage, N stage, and distant metastases (brain, liver, and lung) were independent risk predictors of BM in HNC patients (Table 2). In other words, black HNC patients with nasopharynx lesion, grade III, T4 stage, and N3 stage, and distant metastases (brain, liver, and lung) had a high risk of BM.
TABLE 2 | The logistic regression analysis of independent risk factors of bone metastasis in head and neck cancer patients in our retrospective cohort study.
[image: Table 2]Establishment and Verification of the Diagnostic Nomogram for BM in HNC Patients
The above eight independent risk variables obtained from multivariate logistic regression analysis were used to create a diagnostic nomogram. (Figure 1). By assigning values to related variables and calculating the total score of patients, the probability of BM in HNC patients was obtained. The training and the validation sets’ calibration curves showed a relatively similar agreement between the actual probability of BM and the predicted results (Figure 2). The AUC values of the training and the validation sets’ ROC curves were 0.893 and 0.850, respectively (Figure 3). At the same time, ROC curves also revealed that in the training and validation sets, the AUCs of all independent risk predictors were lower than that of the diagnostic nomogram (Figure 4). Furthermore, DCA curves demonstrated that the diagnostic nomogram had a high clinical application value and was an effective tool for evaluating and diagnosing the risk of BM in newly diagnosed HNC patients (Figure 5).
[image: Figure 1]FIGURE 1 | The nomogram was used to predict the risk of bone metastasis in head and neck cancer patients. Each independent risk factor predicting the occurrence of BM in an individual patient is located on the left side of the nomogram, and its corresponding point is located on the variable axis above, with a line drawn upward to the point axis to determine the number of points assigned to each independent risk factor. A total point line is located at the bottom of the nomogram, and the points corresponding to each independent variable are summed to give a total point. Then, a vertical line is drawn from the total point scale to the BM axis to obtain the probability of BM. For example, a patient of white race has no distant metastasis (liver, brain, lung), and the primary site is in the oropharynx with N1 stage, T4 stage, and Grade III. The corresponding total points of this patient’s is 1 (white race) + 16 (no lung metastasis) + 16 (no liver metastasis) + 16 (no brain metastasis) + 13 (oropharynx site) + 40 (N1 stage) + 48 (T4 stage) + 53 (Grade III) = 203, and this patient’ corresponding risk possibility of BM is 0.016.
[image: Figure 2]FIGURE 2 | The training and the validation sets’ calibration curves of the constructed nomogram in our study were used to predict the risk of bone metastasis in head and neck cancer patients. Grey line denotes ideal; black line logistic calibration; dotted line apparent.
[image: Figure 3]FIGURE 3 | The training (A) and the validation (B) sets’ receiver operating characteristic (ROC) curve and area under the curve (AUC) of the constructed nomogram were used to predict bone metastasis of head and neck cancer patients.
[image: Figure 4]FIGURE 4 | Comparison of the area under the receiver operating characteristic curve between the constructed nomogram and the independent predictors in the training (A) and test sets (B). Moreover, the AUC’s results built by SPSS software show that the combined model had the highest AUC in the training (A) and test sets (B), which showed that the constructed nomogram had excellent predictive ability in predicting the probability of bone metastasis in patients with head and neck cancer.
[image: Figure 5]FIGURE 5 | The training and the validation sets’ decision curve analysis (DCA) of the nomogram in our study for predicting bone metastasis in head and neck cancer patients. Black line denotes none; grey line all; dotted line nomogram.
DISCUSSION
HNC patients’ OS rate and survival time increase as diagnosis and treatment technology improve. However, due to the inherent malignancy of HNC, the prolongation of its survival period inevitably increases the risk of distant metastases. For such distant metastases, there is currently no effective treatment. According to the study of Calhoun et al., the average time from the diagnosis of any part of the distant metastases to the death of the patient was 4.3–7.3 months, and 86.7% of those patients would die within 12 months (Calhoun et al., 1994), while Bhandari and Jain proposed that the survival time did not exceed 8 months (Bhandari and Jain, 2013). Bone metastasis is involved in approximately 2–4% of HNC patients and 20–40% of HNC patients with distant metastases, making it one of the three most prevalent types of distant metastases (Pietropaoli et al., 2000). However, the low incidence of distant metastases and the lack of obvious early symptoms in most patients is easy to overlook or miss. By the time apparent symptoms appeared, such as those causing extreme pain, pathological fractures, and spinal cord compression, the patient was likely to have progressed to an advanced stage or to have developed multisite metastasis, thus lost the best treatment chance and failed to prolong OS even with radiotherapy and chemotherapy (Peters et al., 2015). Meanwhile, BM is prone to the thoracolumbar spine, and once paraplegia occurs, it will seriously affect the survival quality of patients (Bhandari and Jain, 2013).
Suzuki et al. analyzed the specific pattern of BM in head and neck squamous cell carcinoma (HNSCC) and concluded that patients with bone exclusive and single BM had a considerably higher median survival time than multiple organs and polyostotic metastases significantly (Suzuki et al., 2020). Sakisuka et al. also showed that early single BM in HNC had a longer survival time than those with multiple BM (Sakisuka et al., 2021). Thus, effective early prediction and intervention for distant metastases in HNC patients is expected to lead to better survival. Although the use of 18F-FDG PET/CT has dramatically improved the chances of detecting distant metastases, especially lung and bone metastases, the high cost limits its practical implementation, and the number of patients who can benefit is also limited. Deurvorst et al. used 18F-FDG PET/CT to screen distant metastases in 190 HNC patients with high-risk distant metastases. The results showed only a 12% positive detection rate, with sensitivity and negative predictive values of 46.2% and 82.6%, respectively. It could be seen that in HNSCC patients with high-risk distant metastases, 18F-FDG PET/CT exhibited a low sensitivity and a high negative predictive value for the detection of distant metastases in long-term follow-up (Deurvorst et al., 2018). The use of genomics and proteomics techniques and radiomics to evaluate the molecular characteristics of the primary tumor can also help predict the occurrence of BM (Han et al., 2021).
However, using these biomarkers to clinical decision-making right away is difficult and impractical, especially for newly diagnosed HNC patients (de Bree et al., 2018). In addition, Duprez et al. concluded that HPV negativity, positive lymph nodes, extra-nodal extension, increased N grade, and advanced tumor stage were associated with the development of distant metastases (Duprez et al., 2017). Other studies have shown that increased T grade, lesions located in the oropharynx, hypopharynx, and supraglottic, lymph nodes larger than 6 cm, local tumor recurrence, or second primary tumor were also risk factors for distant metastases in HNC patients (de Bree et al., 2000; Loh et al., 2005; Peters et al., 2015). The different conclusions reached in these studies may also be related to the bias in patient selection and the small sample size.
However, no studies have developed a diagnostic model for the risk of BM in newly diagnosed HNC patients, meaning that the risk of BM in individual patients cannot be assessed by integrating all independent BM-related risk indicators. In order to address this issue, we used a population-based database to identify independent risk predictors for BM in HNC patients and created a diagnostic nomogram based on demographic and tumor features to assess and predict the risk of BM in those newly diagnosed HNC patients. The discriminatory power of the diagnostic nomogram had been proved to be higher than that of any single predictor, indicating the importance of using an integrated diagnostic model. The present study identified race, primary site, tumor grade, T stage, N stage, and distant metastases (brain, liver, and lung) as independent risk predictors of BM development by analyzing 39,561 HNC patients from the SEER database. Furthermore, based on these eight risk factors obtained, we constructed a diagnostic nomogram to predict BM’s risk in HNC patients. According to reports, only a limited percentage of patients were diagnosed with BM simultaneously as the initial diagnosis of HNC, and most patients were found BM only when there were more obvious skeletal-related events in the subsequent course of the disease. The median time between confirmed BM and the initial diagnosis of HNC was approximately 11.5 months, leading to the progression of the distant metastases and the loss of treatment opportunities (Peters et al., 2015). With this nomogram, it is possible to predict the risk of BM for each newly diagnosed HNC patient simultaneously by simply assigning a value to a specific patient based on the variable information on the nomogram and calculating the total score, thus allowing for early intervention and individualized management of the risk, rather than waiting until the onset of typical skeletal-related events to intervene.
As in previous studies, age and gender were not risk factors for BM in HNC patients (Duprez et al., 2017). In contrast, the T and N stages at initial diagnosis were strongly associated with the probability of developing distant metastases. Specifically, a lower T stage was associated with a reduced prevalence of distant metastases, while a higher T stage was associated with a lower distant control rate of distant metastases. Lymph node-positive patients had a lower distant control rate than lymph node-negative patients (Duprez et al., 2017). Similar conclusions were obtained in our study, especially in HNC patients with the N3 stage, probably because cancer cells can invade surrounding tissues, capillaries, and lymphatic vessels, have more robust growth potential, and thus predisposing them to early metastasis. Our study identified the primary site as independent BM-related risk predictors in HNC patients, which showed that tumor biology features played an important role in disease progression and were linked to the onset and progression of BM. Kotwall et al. performed autopsies on 832 HNC patients and found the distant metastases’ prevalence in the hypopharynx HNC were as high as 60% (Kotwall et al., 1997). Our study also found that the larger tumor grade at the initial presentation, brain, lung, and liver metastases were independent risk factors for BM in HNC patients. Patients with grade IV cancer had the highest rate of distant metastases at the time of diagnosis (Kotwall et al., 1997). Although we found that HNC patients with brain, lung, and liver metastases were at higher risk for BM, the complex mechanisms behind this are still not well understood, and studies on whether metastases occur sequentially have not been reported and whether metastases from other sites contribute to the development of BM synergistically is also worthy of further study. Furthermore, while race as a risk factor for distant metastases is not as intuitive as the primary site, histology type, T stage, and N stage, the race is a risk factor for distant metastases in other cancers with some specificity. For example, white patients with HNC or thyroid cancer are more likely to develop BM than black patients. In contrast, Asian and Pacific Islander lung cancer patients have a higher probability of BM than whites, which may be related to socioeconomic status and specific biological factors, such as the high prevalence of SCC in white patients (Schwartz et al., 2003; Tong et al., 2020; Xu et al., 2020; Chi et al., 2021).
Our study has several advantages; first, to our knowledge, this is the first diagnostic nomogram used to predict the BM of HNC patients. The model was constructed based on a population with a sufficiently large enough sample size to cover almost all kinds of HNC, guaranteeing the representativeness and clinical value of the study results. Second, by performing ROC analysis on the independent risk factors with the constructed diagnostic nomogram, we found that the discriminative power of any independent risk factors was inferior to the integrated diagnostic nomogram, showing the superiority of the integrated predictive power of the diagnostic nomogram. Then, compared with the genetic and molecular level markers associated with BM, the independent risk factors identified in our study were readily available in daily practice, allowing for easy manipulation and personalized prediction.
However, our research inevitably has several limitations. First, the limited number of HNC-BM patients (n = 332) may cause potential errors. Secondly, it is a retrospective study, and selection bias is inevitable. Then, although it contains several of the most common metastatic sites in HNC patients, it lacks information on the order and severity of metastases and other critical locations of potential metastases, such as skin and pleura, which are also common metastatic sites for HNC. Finally, more data from other research centers for external verification will improve the applicability and accuracy of our diagnostic nomogram.
CONCLUSION
In conclusion, our study showed that race, primary site, tumor grade, T stage, N stage, and distant metastases (brain, liver, and lung) were independent risk factors for BM in HNC patients. The diagnostic nomogram constructed using the above risk factors could quickly determine the probability of BM in newly diagnosed HNC patients, assist doctors in providing personalized management of HNC patients, especially in HNC patients with potentially high-risk BM, and conduct better early education, early detection, and early diagnosis and treatment, to maximize the benefits of patients.
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