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Background: Different proportions of Gleason pattern 3 and Gleason pattern 4 lead to various prognosis of prostate cancer with Gleason score 7. The objective of this study was to compare the survival outcomes of Gleason score 3+4 and 4+3 based on data from the Surveillance, Epidemiology, and End Results cancer registry database, and to investigate independent prognosis-associated factors and develop nomograms for predicting survival in Gleason score 7 prostate cancer patients.

Methods: A retrospective study was conducted on 69,116 cases diagnosed as prostate adenocarcinoma with Gleason score 7 between 2004 and 2009. Prognosis-associated factors were evaluated using univariate and multivariate Cox regression analysis, and a 1:1 ratio paired cohort by propensity score matching with the statistical software IBM SPSS, to evaluate prognostic differences between Gleason score 3+4 and 4+3. The primary cohort was randomly divided into training set (n = 48,384) and validation set (n = 20,732). Based on the independent factors of prognosis, nomograms for prognosis were established by the training group and validated by the validation group using R version 3.5.0.

Results: After propensity score matching, Cox regression analysis showed that Gleason 4+3 had an increased mortality risk both for overall survival (HR: 1.235, 95% CI: 1.179–1.294, P < 0.001) and cancer-specific survival (HR: 1.606, 95% CI: 1.468–1.762, P < 0.001). Nomograms for overall survival and cancer-specific survival were established with C-index 0.786 and 0.842, respectively. The calibration plot indicated an optimal agreement between the actual observation and nomogram prediction for overall survival and cancer-specific survival probability at 5 or 10 year.

Conclusions: Prostate cancer with Gleason score 4+3 had worse overall survival and cancer-specific survival than Gleason score 3+4. Nomograms were formulated to predict 5-year and 10-year OS and CSS in patients with prostate cancer of Gleason score 7.
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INTRODUCTION

Prostate cancer remains the most common non-skin male cancer worldwide, with 164,690 estimated new cases and 29,430 estimated deaths in 2018 (1). The Gleason scoring system, the most powerful tool to predict prognosis of patients with prostate cancer (2), was firstly described by Gleason in 1966 (3), and modified in 2005 and more recently in 2014 (4, 5). However, Gleason score 3+4 and 4+3 are often considered the same prognostic group of Gleason score 7, which is one of the major deficiencies of the Gleason scoring system (6). Based on data from Johns Hopkins Hospital, a new grading system was proposed, in which Gleason score 7 is not considered as a single group, but divided into Gleason score 3+4 (prognostic grade group II) and Gleason score 4+3 (prognostic grade group III) (7). Several studies have investigated the prognostic differences between Gleason score 3+4 and Gleason score 4+3; however, the results are inconsistent, and the primary end points emphasize on biochemical free survival (BFS) and progression-free survival (PFS) (7–12). There is still a deficiency in evaluating the survival outcomes of Gleason score 3+4 and 4+3 from perspective of overall survival (OS) and cancer-specific survival (CSS).

Nomograms have been widely proposed as new standards to predict the occurrence and prognosis of various cancer types, including esophageal cancer (13), rectal cancer (14), bladder cancer (15). With regard to prostate cancer, several groups have investigated prognostic nomograms in prostate cancer (16–18). A nomogram consisting of preoperative prostate-specific antigen (PSA), PSA at the time of biochemical recurrence (BCR), the time to BCR, and pathological features, was established and validated to predict the risk of cancer specific mortality after radical prostatectomy (17).

In this study, we aimed to identify independent prognostic factors and specifically, investigate prognosis differences between Gleason score 3+4 and Gleason score 4+3 from the perspective of overall survival and cancer-specific survival using Surveillance, Epidemiology, and End Results (SEER) data. Moreover, the present study also established and validated nomograms to predict OS and CSS in prostate cancer patients with Gleason score 7.

MATERIALS AND METHODS

Data Source

A retrospective analysis of the SEER Program (www.seer.cancer.gov) database was performed under the permission to access the SEER data. The SEER data includes information on cancer incidence in 18 registries across the United States between 1973 and 2015, released April 2018, based on the November 2017 submission. SEER*Stat 8.3.5 software was used to extract information from the SEER database (19).

Study Population

The study population was retrieved from SEER cancer registry with specific inclusion criteria. The inclusion criteria were as follows: (1) Diagnosis of prostate adenocarcinoma (primary sites: C61.9 and ICD-O-3, Hist/behave: 8140/3); (2) diagnosed between 2004 and 2009 with active follow-up to ensure adequate Gleason score records and at least 5-year follow-up data; (3) Gleason scores limited to 3+4 and 4+3; (4) known survival months and specific causes of death; (5) prostate cancer diagnosed as the only primary cancer; (6) known marital status and ethnicity; (7) diagnostic confirmation based on positive histology; (8) known 6th American Joint Committee on Cancer (AJCC) TNM stage, 6th AJCC T status, 6th AJCC N status, and 6th AJCC M status at diagnosis; (9) known PSA values at diagnosis; and (10) surgical conditions limited to no surgeries or radical prostatectomies.

Study Variables

Study variables extracted from the SEER database included age at diagnosis, race, Gleason score, PSA, AJCC stage, T status, N status, M status, surgical conditions, radiation conditions, and marital status. Patients were divided by age into ≤60 years, 60–70 years, and >70 years. Race was classified as black (African American), white (Caucasian), and others (American Indian/AK Native, Asian/Pacific Islander). Marital status was categorized as married or unmarried (divorced, separated, single, and widowed). PSA was divided into ≤10, 10–20, and >20 ng/ml. AJCC stage was divided by stage II and stage III/IV. T status was categorized as T1/2 and T3/4. N status was described as N0 (negative) and N1 (positive), and M0 indicated negative while M1 indicated positive for M status. Based on surgical and radiotherapy conditions, the therapeutic methods were categorized into four types as follows: no surgery and radiation, only radiation without surgery, only surgery without radiation, and both radiation and surgery.

Statistical Analysis

Patient demographic characteristics and clinicopathological information were depicted in descriptive method. The chi-squared test was used to assess differences in baseline characteristics between Gleason score 3+4 and 4+3 groups. OS and CSS were the primary end points of the study. OS was defined as time from diagnosis to death due to any cause. CSS was defined as time from diagnosis to the date of cancer specific death. Univariate Cox regression analysis was initially performed to determine factors associated with OS and CSS, then all the related factors were included in the multivariable Cox regression model to assess for prognostic effects on survival. Survival curves were plotted using the Kaplan-Meier method and stratified by prognostic factors identified in the multivariable model. Specifically, a 1:1 ratio paired cohort stratified by Gleason score 3+4 and 4+3 were used to judge the prognostic differences in Gleason score 7 patients.

Then, all the included patients were randomly grouped into training and testing set by a ratio of 7:3. Nomograms for OS and CSS, respectively, were established on the results of multivariate analysis of training group using the package “rms” and “survival” in R version 3.5.0 (http://www.r-project.org). Internal validation of the nomograms was performed using two components. Firstly, the strength of rank correlation between the predicted probability and actual responses was estimated by a concordance index (C-index) in both training and testing set. Secondly, calibration was evaluated by plotting the relationship between actual probability and predicted probabilities with bootstrapping method (1,000 replications) (20).

A 1:1 ratio paired cohort matching by Gleason score was performed by propensity score matching (PSM) using the statistical software IBM SPSS, version 24 (SPSS Inc., Chicago, IL, USA). Survival curves were plotted by Graphpad Prism for windows, version 7.00 (GraphPad, La Jolla, CA, USA). P values were two-sided and a threshold of 0.05 was used to determine statistical significance.

RESULTS

Patient Characteristics

A total of 69,116 cases diagnosed as prostate adenocarcinoma with either Gleason score 3+4 (50,369) or Gleason score 4+3 (18,747) between 2004 and 2009 were included in the study. Supplementary Figure 1 demonstrated the detailed selection procedure. The clinicopathologic characteristics including age, race, marital status, AJCC stage, T status, N status, M status, PSA level, and therapeutic methods were listed in Supplementary Table 1. Moreover, all the variables stratified by Gleason score 3+4 and 4+3 were compared and demonstrated significant difference (P < 0.05). Patients with Gleason score 4+3 were older and had higher PSA values at diagnosis than those with Gleason score 3+4. Moreover, subjects with Gleason score 4+3 were more likely to have advanced AJCC stage, T status, N status, and M status (P < 0.05) (Supplementary Table 1). Specifically, the rate of metastasis was 0.8 and 2.3% in patients with Gleason score 3+4 and 4+3 tumors, respectively, suggesting that Gleason score 4+3 is associated with a relatively worse prognosis.

Independent Prognostic Factors and Impact of Gleason Score on OS

The results of univariate and multivariate Cox regression analysis on OS were listed in Table 1. Except AJCC stage, all the other variables including Gleason score, age, race, marital status, T status, N status, M status, PSA level, and therapeutic methods were associated with OS significantly in the univariate and multivariate analysis. All the independent prognostic factors except Gleason score were demonstrated in Kaplan–Meier curves, including age (Figure 1A), marital status (Figure 1B), race (Figure 1C), T status (Figure 1D), N status (Figure 1E), M status (Figure 1F), PSA levels (Figure 1G), and therapeutic methods (Figure 1H). Specifically, impact of Gleason score 3+4 and Gleason score 4+3 on OS using Kaplan-Meier curves was showed in Figure 2A, which indicated OS advantage of Gleason score 3+4 over Gleason score 4+3 (P < 0.001). The Gleason score 3+4 group had better 5-year OS (93.5 vs. 89.60%) and 10-year OS (82.8 vs. 74.4%) than the Gleason score 4+3 group. In the multivariate Cox regression analysis, Gleason score 4+3 was associated with an increased risk for overall mortality compared with Gleason score 3+4 (HR: 1.184, 95% CI: 1.138–1.232, P < 0.001) (Table 1).


Table 1. Univariate and multivariate Cox analysis of OS.
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FIGURE 1. (A) Survival curves of OS for age, P < 0.001; (B) Survival curves of OS for marital status, P < 0.001; (C) Survival curves of OS for race, P < 0.001; (D) Survival curves of OS for T status, P < 0.001; (E) Survival curves of OS for N status, P < 0.001; (F) Survival curves of OS for M status, P < 0.001; (G) Survival curves of OS for PSA levels, P < 0.001; (H) Survival curves of OS for therapeutic methods, P < 0.001.




[image: image]

FIGURE 2. (A) Survival curves of OS for Gleason score 3+4 and Gleason 4+3, P < 0.001; (B) Survival curves of CSS for Gleason3+4 and Gleason 4+3, P < 0.001; (C) Survival curves of OS for Gleason 3+4 and Gleason 4+3 after PSM in 1:1 ratio, P < 0.001; (D) Survival curves of CSS for Gleason 3+4 and Gleason 4+3 after PSM in 1:1 ratio, P < 0.001.



Independent Prognostic Factors and Impact of Gleason Score on CSS

The results of univariate and multivariate Cox regression analysis on CSS were listed in Table 2. All the variables including Gleason score, age, race, marital status, AJCC stage, T status, N status, M status, PSA level, and therapeutic methods were associated with CSS significantly in the univariate and multivariate Cox analysis (Table 2).


Table 2. Univariate and multivariate Cox analysis of CSS.
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Except Gleason score, independent prognostic factors on CSS were demonstrated in Figure 3, including age (Figure 3A), marital status (Figure 3B), AJCC stage (Figure 3C), T status (Figure 3D), N status (Figure 3E), M status (Figure 3F), race (Figure 3G), PSA levels (Figure 3H), and therapeutic methods (Figure 3I). Specifically, impact of Gleason score 3+4 and Gleason score 4+3 on CSS was showed in Figure 2B, which also indicated CSS advantage of Gleason score 3+4 over Gleason score 4+3 (P < 0.001). Gleason score 3+4 had a better 5-year CSS (98.7 vs. 96.6%) and 10-year CSS (96.3 vs. 91.4%) than Gleason score 4+3. In the multivariate analysis, Gleason score 4+3 had a significantly higher cancer-specific mortality risk than Gleason score 3+4 (HR: 1.617, 95% CI: 1.495–1.749) (Table 2).
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FIGURE 3. (A) Survival curves of CSS for age, P < 0.001; (B) Survival curves of CSS for marital status, P < 0.001; (C) Survival curves of CSS for AJCC stage, P < 0.001; (D) Survival curves of CSS for T status, P < 0.001; (E) Survival curves of CSS for N status, P < 0.001; (F) Survival curves of CSS for M status, P < 0.001; (G) Survival curves of CSS for race, P < 0.001; (H) Survival curves of CSS for PSA levels, P < 0.001; (I) Survival curves of CSS for therapeutic methods, P < 0.001.



Gleason Score on OS and CSS in 1:1 Matched Group by PSM

With regard to the significant impact of TNM stage on oncology results, and higher metastatic rate in the Gleason score 4+3 compared with Gleason score 3+4 previously described, it still remained unclear whether the OS and CSS advantage of Gleason score 3+4 was confounded with the effects of TNM status. Therefore, we divided the study population with AJCC stage, T status, N status, M status respectively, and then evaluated whether Gleason score 3+4 still exerted OS and CSS advantage over Gleason score 4+3 after TNM status stratification. As shown in Figure 4, compared with Gleason score 3+4, Gleason score 4+3 still showed OS and CSS disadvantage in Stage II (Figures 4A,C), Stage III/IV (Figures 4B,D), T1/2 (Figures 4E,G),T3/4 (Figures 4F,H), N0 (Figures 5A,C), N1 (Figures 5B,D), M0 (Figures 5E,G), and M1 (Figures 5F,H).
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FIGURE 4. (A) Survival curves of OS for Stage II divided by Gleason score, P < 0.001; (B) Survival curves of OS for Stage III/IV divided by Gleason score, P < 0.001; (C) Survival curves of CSS for Stage II divided by Gleason score, P < 0.001; (D) Survival curves of CSS for Stage III/IV divided by Gleason score, P < 0.001; (E) Survival curves of OS for T1/2 divided by Gleason score, P < 0.001; (F) Survival curves of OS for T3/4 divided by Gleason score, P < 0.001; (G) Survival curves of CSS for T1/2 divided by Gleason score, P < 0.001; (H) Survival curves of CSS for T3/4 divided by Gleason score, P < 0.001.
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FIGURE 5. (A) Survival curves of OS for N0 divided by Gleason score, P < 0.001; (B) Survival curves of OS for N1 divided by Gleason score, P < 0.001; (C) Survival curves of CSS for N0 divided by Gleason score, P < 0.001; (D) Survival curves of CSS for N1 divided by Gleason score, P < 0.001; (E) Survival curves of OS for M0 divided by Gleason score, P < 0.001; (F) Survival curves of OS for M1 divided by Gleason score, P = 0.01; (G) Survival curves of CSS for M0 divided by Gleason score, P < 0.001; (H) Survival curves of CSS for M1 divided by Gleason score, P = 0.002.



To further evaluate the impact of Gleason score and reduce the confounding effects of all the other prognostic factors on OS and CSS, we matched variables including race, marital status, AJCC stage, T status, N status, M status, PSA level, and therapeutic methods in a 1:1 matched cohort. Finally, 36,682 patients were analyzed including 18,341 patients with Gleason score 3+4 and 18,341 cases with Gleason score 4+3. The demographics and clinicopathological characteristics of the matched cohort are shown in Supplementary Table 2. The confounding factors including age (P = 0.922), race (P = 0.466), marital status (P = 0.98), AJCC stage (P = 0.938), T status (P = 0.819), N status (P = 0.816), M status (P = 0.695), PSA level (P = 0.944), and therapeutic methods (P = 0.996) showed no significant differences between the matched two groups. The survival analysis identified a prognostic advantage for Gleason score 3+4 over Gleason score 4+3 (Figures 2C,D). The 5-year OS and 10-year OS rates were 91.6 and 78.5%, respectively, in the Gleason score 3+4 group, and 89.6 and 74.4%, respectively, in the Gleason 4+3 group. The 5-year CSS and 10-year CSS rates were 97.9 and 94.8%, respectively, in the Gleason score 3+4 group, and 96.6 and 91.4%, respectively, in the Gleason 4+3 group. Multivariate Cox regression analysis showed that Gleason 4+3 had an increased mortality risk both for OS (HR: 1.235, 95% CI: 1.179–1.294, P < 0.001) and CSS (HR: 1.606, 95% CI: 1.468–1.762, P < 0.001) (Supplementary Table 2).

Prognostic Nomogram for OS

To establish a prognostic nomogram in predicting OS for prostate cancer patients with Gleason score 7, the study population were randomly divided into the training group (48,384) and testing group (20,732) in a 7:3 ratio. The nomogram integrating all the significant independent factors for OS based on the training cohort is shown in Figure 6A. The C-index for nomogram of OS prediction was 0.785 (95% CI, 0.779–0.791), and 0.788 (95% CI, 0.780–0.796) in the training and validation cohort, respectively. The calibration plots indicated an optimal agreement between the actual observation and nomogram prediction for OS probability at 5 and 10 year in the training cohort (Supplementary Figures 2A,C) and testing cohort (Supplementary Figures 2B,D).


[image: image]

FIGURE 6. (A) Nomogram for OS of Gleason score 7 prostate cancer; (B) Nomogram for CSS of Gleason score 7 prostate cancer.



Prognostic Nomogram for CSS

Compared with the nomogram for OS, the nomogram for CSS integrating all the significant independent factors including AJCC stage based on the training cohort is shown in Figure 6B. The C-index for nomogram of CSS prediction was 0.838 (95% CI, 0.828–0.848), and 0.852 (95% CI, 0.838–0.866) in the training and validation cohort, respectively. The calibration plots indicated an excellent accuracy in prediction for CSS probability at 5 and 10 year in the training cohort (Supplementary Figures 3A,C) and testing cohort (Supplementary Figures 3B,D).

DISCUSSION

The Gleason grading system was used globally in the 1960s to predict the prognosis of males diagnosed with prostate carcinoma (3). It is determined by the sum of the most prevalent pattern and the secondary prevalent pattern in each specimen, resulting in a robust predictor of postoperative progression and survival. Because of the different proportion of Gleason pattern 3 and Gleason pattern 4 leading to various prognosis, Gleason score 7 is categorized as Gleason 3+4 and Gleason 4+3. The dominant pattern in Gleason 7 tumors (score 3+4 vs. 4+3) provides significant prognostic information (7).

Previous studies confirmed the significant difference in biochemical recurrence-free survival (BRFS) following radical prostatectomy between Gleason score 3+4 and 4+36−11. In a study of 263 men with pathological Gleason 7 tumor after radical prostatectomy and a median follow-up of 6.7 years, patients with Gleason score 4+3 were more likely to have seminal vesicle involvement, a higher pathological stage, extraprostatic extension, and higher median preoperative PSA, whereas the score was not independently associated with PFS (11). Sakr et al. found that patients with Gleason score 4+3 had a significantly higher incidence of biochemical recurrence than those with Gleason score 3+4 in the subset of patients with organ-confined prostate cancer (10). Chan et al. investigated 570 cases of Gleason score 7 prostate cancer without lymph node metastasis, seminal vesicle invasion, or tertiary Gleason pattern, and found that a Gleason score of 4+3 was predictive of metastatic disease compared with a Gleason score of 3+4 (9). Alenda et al. found that primary Gleason pattern 4 is an independent predictor of PSA failure based on a single-center cohort of 1,248 patients with Gleason 7 tumors (21). Miyake et al. evaluated the significance of the primary Gleason pattern in 959 consecutive Japanese male patients with Gleason score 7 prostate cancer treated with radical prostatectomy and showed that primary Gleason pattern 4 is significantly associated with the biochemical outcome (12).

Regarding prostate cancer associated mortality, Stark et al. reported that Gleason score 4+3 is associated with a 3-fold increase in lethal prostate cancer compared with Gleason score 3+4 (22). In the present study, a large cohort of patients from the SEER database and a long follow-up time were used to investigate the effects of Gleason score 3+4 and 4+3 on the OS and CSS of prostate cancer. Gleason score 4+3 was associated with worse OS and CSS than Gleason score 3+4 in prostate cancer patients in the multivariate Cox regression analysis and in PSM analysis with other confounding factors excluded.

All the confounding factors including Gleason score, age at diagnosis, race, T stage, N stage, M stage, PSA level, marital status, and therapeutic methods were associated with OS and CSS. With respect to age stratified into different levels, it is easy to understand that the elder group was associated with worse OS and CSS regardless of Gleason score. Regarding race or ethnicity, African American was one of the factors significantly affecting prognosis, and the prostate cancer incidence and mortality of African Americans is among the highest in the world (23). In a study consisting of 1,527,602 eligible prostate cancer cases, Caucasian males had higher 1-year, 3-year, and 5-year net survival than African American males (24). In this study, Caucasian and other ethnic groups including American Indian/AK Native, or Asian/Pacific Islander showed an obvious survival advantage over African Americans. The extensive quality review and validation of the SEER PSA during the 2004–2013 period (25) enabled the inclusion of PSA values in the study, and patients were stratified into three levels: ≤10, 10–20, and >20 ng/ml. Consistent with previous reports and the risk grading of the NCCN guidelines (26), the highest level (>20 ng/ml) showed the lowest survival advantage in patients with Gleason score 7 tumors. Marital status, as a pivotal social exterior factor for cancer patents, has been investigated the associations with outcomes of prostate cancer patients previously (27–29). Although marital status does not affect biochemical recurrence-free and metastases-free survival after radical prostatectomy (28), it is reported to be an independent predictor of OS and CSS in men with prostate cancer, which is consistent with our study (27, 29).

Based on the prognostic factors, we established two nomograms to predict the OS and CSS of prostate cancer patients with Gleason score 7 using the data retrieved from the SEER database. The nomogram for CSS consists of age, race, marital status, AJCC stage, T status, N status, M status, PSA level, and therapeutic methods, and the C-index is 0.838 (95% CI, 0.828–0.848), and 0.852 (95% CI, 0.838–0.866) in the training and validation cohort, with an excellent accuracy in prediction for CSS probability at 5 and 10 year. Except AJCC stage, all the others variables were included in the nomogram for OS, and the C-index was 0.785 (95% CI, 0.779–0.791), and 0.788 (95% CI, 0.780–0.796) in the training and validation cohort, with an optimal agreement in prediction for OS probability.

Although nomograms may provide easier ways to predict OS and CSS of prostate cancer patients, there existed a noticeable point in the nomograms that therapeutic methods seemed to be the most important prognostic factors to predict OS and CSS. In this retrospective study, the therapeutic methods were divided into four groups, including no surgery and radiation, radiation only without surgery, surgery only without radiation, and both radiation and surgery, the latter two surgery groups showed OS and CSS advantage than the other two groups without surgeries. The underlying reason is that all cases included in this study were no surgeries or radical prostatectomy. However, the radiotherapy group was not limited to radical radiotherapy, also included some cases for adjuvant or salvage radiotherapy. Moreover, the group without surgery or radiation has higher positive metastatic rate than the other three groups. Due to advanced status and other socio-economic factors, the group without surgery or radiation had the poorest OS and CSS and exerted the most pronounced effect in the nomograms.

To the best of our knowledge, this study was the first population-based investigation using SEER data to evaluate the different prognostic effects of the Gleason score 3+4 and 4+3 on prognosis of prostate cancer patients. Furthermore, it provided evidence-based data on the largest population from SEER regarding the new grading system based on the proportion of Gleason 4 with regard to OS and CSS. Multivariate regression and PSM analyses indicated that Gleason score 3+4 confers a survival benefit regarding both OS and CSS in patients with prostate cancer. Moreover, the present study provided clinicians with nomograms to predict 5-year and 10-year OS or CSS for prostate cancer with Gleason score 7.

The present study had several limitations. Firstly, because of the lack of follow-up data, factors affecting disease progression after surgery or radiation, such as postoperative serum PSA levels >0.2 ng/ml, evidence of local recurrence, or radiological evidence of distant metastases could not be assessed during the follow-up. This limits further investigation regarding factors affecting biochemical recurrence free survival (BFS), Progression Free Survival (PFS), and other important prognostic indicators. Secondly, this was a retrospective study, and the potential for bias exists even after the application of multivariate analysis and PSM. Thirdly, some significant etiological factors were not recorded in SEER such as body mass index, tobacco, and alcohol use, and specific surgical factors such as positive lymph nodes or seminal vesicle invasion, which also play a significant role in prognosis.

CONCLUSION

Despite the limitations mentioned above, the present study demonstrated that Gleason score 4+3 was associated with worse OS and CSS than Gleason score 3+4 in prostate cancer patients and provided nomograms to predict 5-year and 10-year OS as well as CSS in prostate cancer patients with Gleason score 7.
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