

[image: Prognosis of clear cell renal cell carcinoma patients stratified by age: A research relied on SEER database]
Prognosis of clear cell renal cell carcinoma patients stratified by age: A research relied on SEER database





ORIGINAL RESEARCH

published: 12 October 2022

doi: 10.3389/fonc.2022.975779

[image: image2]


Prognosis of clear cell renal cell carcinoma patients stratified by age: A research relied on SEER database


Zhouning Liao 1, Dang Wang 2, Ning Song 3, Yang Xu 4, Heming Ge 2,4* and Zhangzhe Peng 1*


1 Department of Nephrology, Xiangya Hospital, Central South University, Changsha, China, 2 Department of General Surgery, Xiangya Hospital, Central South University, Changsha, China, 3 Division of Translational Immunology, III, Department of Medicine, University Medical Center Hamburg-Eppendorf, Hamburg, Germany, 4 Department of General, Visceral and Thoracic Surgery, University Medical Center Hamburg-Eppendorf, Hamburg, Germany




Edited by 

Vadim S. Koshkin, University of California San Francisco, United States

Reviewed by 

Stefano Luzzago, European Institute of Oncology (IEO), Italy

Rahul Mannan, University of Michigan, United States

*Correspondence 

Zhangzhe Peng
 lzn829@foxmail.com 

Heming Ge
 geheming@outlook.com

Specialty section: 
 This article was submitted to Genitourinary Oncology, a section of the journal Frontiers in Oncology


Received: 22 June 2022

Accepted: 21 September 2022

Published: 12 October 2022

Citation:
Liao Z, Wang D, Song N, Xu Y, Ge H and Peng Z (2022) Prognosis of clear cell renal cell carcinoma patients stratified by age: A research relied on SEER database. Front. Oncol. 12:975779. doi: 10.3389/fonc.2022.975779




Objective

Clear cell renal cell carcinoma may affect patients of any age. To date, there are only a limited number of large data studies on renal clear cell carcinoma in different age groups. This study assessed CCRCC risk factors in different age groups using the Surveillance Epidemiology and End Results (SEER) database.



Methods

We selected 58372 cases from the SEER database. These patients were divided into seven different age groups. Cox regression models were used to find independent risk factors for the survival of CCRCC patients. Based on independent risk factors, a nomogram was drawn with R software. Kaplan-Meier method for survival analysis and X-tile software were used to find the optimal age group for diagnosis.



Results

Univariate analysis revealed that patients’ age, sex, race, marital status, grade, TNM (tumor, node, metastasis) stage, surgery, WHO/ISUP grade were correlated with survival (P<0.01). Age was an independent risk factor for survival in patients with CCRCC according to multivariate Cox regression analysis (p<0.01). All-cause mortality and tumor-specific mortality increased according to the increasing age of the patients. The optimal cut-off values for age were defined as 58 and 76 years and 51 and 76 years, respectively, according to overall survival (OS) and cause-specific survival (CSS).



Conclusion

There is a negative correlation between age and survival of CCRCC patients. The difference in prognosis of patients in different age groups has important implications for clinical treatment. Therefore, the diagnosis and treatment plan should be based on more detailed age grouping, which is more beneficial to improving the prognosis and survival of patients.
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Introduction

Renal cell carcinoma (RCC) affects >430,000 people worldwide every year (1), the incidence is about twice as high in men as in women (2).RCC includes chromophobe renal cell carcinoma (CHRCC), papillary renal cell carcinoma (PRCC), and clear cell renal cell carcinoma (CCRCC), which are three main histological subtypes with distinct molecular and genetic characteristics (3). Among them, CCRCC is the most prevalent histological subtype (approximately 80%).

Age is an indicator used to assess prognosis in many solid cancers, especially in CCRCC, and is a significant risk factor (4, 5). CCRCC may affect patients of any age, but it is more likely to affect people aged 60-70 years, with younger people rarely being affected. Meanwhile, the prognosis of CCRCC in older patients is poor, and patients are usually diagnosed at an advanced stage, which may be related to the insidious nature of CCRCC symptoms and low level of diagnosis (6–8). There have been many studies on risk factors for the prognosis of patients with CCRCC, which have revolutionized the treatment options for CCRCC. Population based data suggest that the incidence of CCRCC varies by age group. In addition, a comparison of the vascular features of patients aged <65 and >65 years has shown that age can affect the molecular features and vascular structure of CCRCC (9).

There have been several achievements regarding the role of age in patients with CCRCC. However, data on CCRCC in different age groups are limited. This study used the constructed SEER database to assess the risk factors for CCRCC in various age groups.



Materials and methods

Data Sources together with Selection Criteria CCRCC clinical data were acquired from the SEER database through employing the SEER Stat 8.3.9 software (https://seer.cancer.gov/data/). SEER is the authoritative source of the cancer statistics in the U.S., with its database covering socioeconomic status, population statistics, incidence rate and survival rate among the cancer patients. The patient data included: The patient ID, marital status, sex, grade, American Joint Committee on Cancer (AJCC) TNM stage, surgery, WHO/ISUP grade, survival (months). The database used the 7th (2010–2015) and 6th (2004–2015) TNM staging systems from 2004 to 2015, so we converted the 6th edition to the 8th edition based on CS Extension and CS Lymph Nodes.

Inclusion criteria: (1) Histologically diagnosed with CCRCC. (2) the year at time of diagnosis was 2004-2015.

Exclusion criteria: (1) Non-pathological diagnosis and patient was not CCRCC; (2) T stage=T0, Tis, Tx, NA or N stage= Nx, NA or M stage=Mx, NA; (3) patient without surgery or unknown.


Variables and results

The variables included marital status, sex, grade, T stage, N stage, M stage, Surgery, WHO/ISUP grade, Survival (months).These patients were classified as seven groups in accordance with age, that is, 0-30, 30-39, 40-49, 50-59, 60-69, 70-79, and above 80. Subgroup analysis was conducted by marital status(unmarried vs. married vs. unknown), sex(male vs. female), grade(grade I vs. grade II vs. grade III vs. grade IV), T stage(T1 vs. T2 vs. T3 vs. T4), N stage(N0 vs. N1), M stage(M0 vs. M1), surgery(no surgery vs. local tumor excision vs. partial nephrectomy vs. complete nephrectomy), WHO/ISUP grade(low grade vs. high grade vs. unknown). The survival analysis was implemented, containing cancer special survival together with overall survival.



Statistical method

With an aim of comparing the baseline features of patients in various age groups, Fisher test and Chi-square test were applied. In the univariate analysis, Kaplan Meier approach was utilized to explore the survival rate under each factor of risk. Chi-square test was employed for the comparison between groups. In univariate analysis, univariate Cox regression model was applied to assess the prognostic risk factors. In the multivariate analysis, Cox regression model was exploited to analyze the independent risk factors of survival in patients with CCRCC. R software (version 4.1.3) and SPSS 26.0 software were conducted for complete analysis. Eventually, X-tile software (version 3.6.1) was applied to classify the patients as three subgroups, namely, low risk, medium risk and high risk. No ethical statement consent was required for this study, as the SEER data were publicly available and analyzed anonymously. All authors signed the research agreement form and had access to the SEER database.




Results


Baseline characteristics of the patients

58,372 eligible patients with CCRCC were acquired (Figure 1). 412 cases, aged between 0 and 29 years; 2348 patients aged 30 to 39, 7572 patients aged between 40 and 49, and 14729 patients aged 50 to 59, 17575 patients aged 60 to 69, 11908 patients aged between 70 and 79 together with 3828 patients aged 80 and over. Compared with patients aged below 30 years, patients over 80 years of age had a higher rate of node-positive tumors (2.9% vs. 2.4%; P<0.001), gradeIII tumors (25.1% vs 16.1%; P<0.001) and gradeIV tumors (5.2% vs 1.9%; P<0.001). Meanwhile, patients aged 80 years and above less frequently harbored T1(86.4% vs. 64%), and more frequently harbored T2(8.9% vs. 9.1%), and T3 (3.8% vs. 25.1%;all P<0.001). In contrast to patients under 60 years of age, patients over 80 years of age are more frequently diagnosed at M1 (7.5% vs 0.9%). Notably, among the seven different age groups, patients aged 60-69 years had the highest percentage of node-positive tumor (3.5%), gradeIII tumors (25.3%), T4(1.1%) and M1(9.0%). The highest rates of grade IV tumors (5.9%) and T4 (1.1%) were found in patients aged 50-59 years. Patients’ data include gender, marital status, race, grade, TNM stage, surgery and WHO/ISUP grade. See (Table 1) for a summary.




Figure 1 | Flow chart for selecting patients with CCRCC. 2004-2015 CCRCC patients were selected in detail from the SEER database.




Table 1 | Patient demographics and clinical characteristics.





Influence of age on cancer special survival and overall survival

In accordance with Kaplan-Meier curves, both cancer special survival (CSS) and overall survival (OS) were revealed to decrease with age (P<0.001; Figure 2). In univariate analysis, it was found that in addition to age, gender, marital status, race, grade, TNM stage, surgery and WHO/ISUP grade were also correlated with survival (OS and CSS). Analysis of these variables using Cox regression and Kaplan-Meier curves revealed that age, gender, marital status, race, grade, TNM stage, surgery and WHO/ISUP grade were also the independent risk factors of survival (P<0.01; Tables 2, 3; Figures S1, S2).




Figure 2 | (A) The overall survival (OS) based on age upon diagnosis; (B) cancer-specific survival (CSS) based on age upon diagnosis.




Table 2 | Uni- and Multivariate Cox Regression Analysis of OS (n=58372).




Table 3 | Uni- and Multivariate Cox Regression Analysis of CSS (n=58372).





Nomogram for forecasting OS and CSS in CCRCC patients

Nomograms are widely applied in cancer prognosis, principally owing to they can simplify the model of statistical prediction into a single numerical estimation of the event probability (recurrence or death), which is tailored to the patients’ condition. In the training set, ten variables form a nomogram. The specific phases of utilizing the nomogram are as follows: based on the classification (for instance, marital status is classified as unmarried, married and unknown) of each prognostic variable (age, gender, marital status, race, grade, TNM stage, WHO/ISUP grade and surgery), a vertical line was drawn at the top of the nomogram on the horizontal axis labeled “points”. Each prognostic variable was assigned a score at the site where vertical line crosses the “point” axis. The total score was the sum of the scores of the ten variables. Drawn a vertical line on the horizontal axis labeled “Total Score” with the 1-, 3- and 5-year OS as the axis. The intersection of the 1-year OS axis with the vertical line represents the 1-year OS rate (Figure 3).




Figure 3 | Nomogram for forecasting OS and CSS in CCRCC patients. (A) Nomogram forecasting 1-year, 3-year, and 5-year OS in CCRCC patients; (B) Nomogram forecasting 1-year, 3-year, and 5-year CSS in CCRCC patients.





X-tile analysis determines the optimal cut-off value for age

The correlation between patient age and mortality was explored by using X-tile software. The plots were generated through randomly classifying the age as three groups: low, medium and high. The best dividing point was determined via black/white circles on the χ 2 axis. It was concluded that the optimal cut-off values for age based on overall survival (OS) were determined to be 58 and 76 years. Kaplan-Meier survival curves were formulated according to the age subgroups of OS (Figure 4A); Simultaneously, the best age cut-off depending on cause-specific survival (CSS) was 51 and 76 years and the survival curves were drawn for these age subgroups of CSS using the Kaplan Meier method (Figure 4B).




Figure 4 | (A) Optimal cut-off point for OS defined with X-tile software; (B) Optimal cut-off point for CSS defined with X-tile software.






Discussion

Despite many studies on CCRCC, limited studies have reported novel findings on age as a prognostic factor for CCRCC and many studies have reported widely divergent findings. To our knowledge, no studies have independently analyzed the prognostic differences between different age groups of patients with CCRCC using a large database. Various studies have shown that children and adults show different features and outcomes of CCRCC. Age is a significant prognostic factor in patients with CCRCC (10–12). The current studies have focused on children, adults, or a particular age point and ignored the differences between age groups (6, 10, 11, 13). Several studies have shown that younger patients with RCC have better pathological characteristics and histological subtypes as well as significantly lower disease-specific mortality than older patients (13–16). Notably, in the treatment decision-making of patients with CCRCC, older patients should be provided with better treatment options and more attention. In contrast to young people, older patients have worse treatment results, lower survival rates, and a greater deterioration risk. This is probably associated with the poor physical activity or underlying diseases in older patients (6). Many studies have found differences between young and older people, but no studies have reported differences between age groups and their impact on the prognosis of patients with CCRCC (15, 17, 18). Several studies comparing mortality rates in older and younger cohorts have found that mortality rates were significantly higher in older adults than in younger adults. Therefore, it has been hypothesized that mortality in patients with CCRCC increases with age (17, 19). This hypothesis is supported by the outcomes of our study, revealing an evident increase in both tumor-specific and all-cause mortality with age in seven different age subgroups of patients with CCRCC, analyzed using univariate and multivariate analyses. Therefore, we recommend individualized treatment for patients with CCRCC to achieve better survival.

The present study included 58,372 patients with CCRCC from the SEER database. According to our age grouping, we found that the TNM stage gradually increased with age. However, patients aged 60-69 years had the highest percentage of node-positive tumor, gradeIII tumors, T4 and M1. The highest rates of grade IV tumors and T4 were found in patients aged 50-59 years. Moreover, 51 and 76 years were used as the cutoff age according to cancer-specific survival rates. The results of the survival analysis suggested that younger age was an independent predictor of CCRCC.

Several studies have suggested a higher stage, smaller size and lower nuclear grade in older patients aged over 50 years with RCC (11). A cutoff age of 40 years to categorize young and older patients with CCRCC. Taccoen et al. observed that age <40 years is a CCRCC-independent prognostic factor, and the prognosis is better (12). Aziz et al. discovered a significantly lower rate of all etiologies, morbidity, and mortality in young patients aged <40 years with RCC (20). Kang et al. also discovered that young age was related to good pathological features, although it was not an independent prognostic factor for survival in patients with surgically treated RCC. Nevertheless, the outcomes of Kaplan–Meier analysis indicated that the younger group aged <40 years had significantly better CCS rates than the middle-aged group aged 40–60 years and older group aged ≥60 years (13). Kim et al. found a more favorable histological subtype for young patients with RCC aged 20–39 years than for those aged 40–79 years (17). Komai et al. have reported that 45 years is the best critical cutoff age to categorize patients into the older and younger groups. Although younger patients with RCC have relapse-free survival rates similar to those of older patients, they have higher CSS rates (15). Jung et al. reported that young age was an independent predictor of prognosis according to multivariate analysis. Moreover, 55 years is a critical cutoff age for distinguishing between older and young patients with CCRCC (11). In this study, we evaluated all possible ages using X-tile plots and selected 51 and 76 years as the cutoff age based on cancer-specific survival. The younger group had better overall survival and CSS than the older group.

However, our study has some limitations. First, in the SEER database, studies utilizing population databases have inherent limitations due to heterogeneity in clinical practice at the participating centers. Second, important treatment information is missing from the SEER database, such as the use of systemic therapy, chemotherapy regimens, metastasectomy, dose of radiation therapy, completeness of surgery, or any other information related to treatment intensity. In addition, information on socioeconomic status and other clinical variables is lacking. The major known risk factors for CCRCC are hypertension, obesity, and smoking (21–26). Nonetheless, owing to the lack of associated data in the renal cancer database, we could not analyze these factors. Third, there may be selection bias due to the retrospective nature of this analysis. Therefore, a prospective randomized trial should be designed to test our study hypothesis and to validate or refute any of the above explanations for the observed relationship between age and prognosis in patients with CCRCC. Despite these limitations, our study was a population-based study in which a large number of patients with CCRCC were included and the results were convincing.



Conclusion

Negative correlation between age and survival of CCRCC patients was found through SEER database. In other words, the older the patient was, the lower the survival rate. Discovering differences in the patients’ prognosis with CCRCC in various age groups has important implications for clinical treatment. Therefore, individualized treatment of patients with CCRCC is imperative. It is unreasonable to distinguish the clear cell renal cell carcinoma only in accordance with the situation of the children, adults and elderly, the diagnosis and treatment plan should be based on more detailed age grouping, which is more beneficial to improving the prognosis and survival rate of the patients.
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