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Purpose: We developed a nomogram to predict the possibility of lymph node metastasis in patients with squamous cell carcinoma of the penis.

Methods: Identifying patients with squamous cell carcinoma of the penis diagnosed between 2004 and 2015 in the Surveillance, Epidemiology, and End Results (SEER) database. Univariate and multivariate analyses were carried out by logistic regression to assess significant predictors associated with lymph node metastasis. A nomogram was established and validated by a calibration plot and receptor operating characteristic curve (ROC) analysis.

Results: A total of 1,016 patients with penile squamous cell carcinoma (SCCP) were enrolled in this study. One hundred and ninety-five patients (19%) had lymph node involvement (N1-3). Multivariate analysis showed that age, primary tumor site, grade, tumor size, and T stage were identified as being significantly (p < 0.05) associated with lymph node involvement. All the above factors that showed a statistically significant predictive capability were selected for building the nomogram. This model had a calibration slope of 0.9 and a c-index of 0.776, indicating the good discrimination and effectiveness of the nomogram in predicting lymph node status.

Conclusion: Although the prediction model has some limitations, the nomogram revealed the relationship between the clinicopathological characteristics of SCCP patients and the risk of lymph node metastasis. This tool will assist patients in counseling and guide treatment decisions for SCCP patients.
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INTRODUCTION

Penile cancer is a rare malignant tumor of the genitourinary system, accounting for <0.1% of all malignancies in men living in the developed world, while its incidence rates are higher in parts of South America and Africa (1). Squamous cell carcinoma is the most common histology of penile cancer, accounting for more than 95% (2), and commonly occurs in men between 50–70 years old (3). Besides, 80% of the primary tumors are localized at the glans and prepuce (4).

Lymph node metastases of squamous cell carcinoma of the penis (SCCP) affects the selection of surgical therapy and is also a strong predictor of prognosis, patients with lymph node metastases were proven to have a worse prognosis (5). About 80% of men with low-grade penile cancer can achieve prolonged survival, but as the degree of lymph node metastasis increases, the survival rate decreases precipitously (6, 7). The 5-year survival of patients with inguinal lymph node (ILN) metastasis can be as high as 80%, while patients with pelvic lymph node (PLN) metastasis and distant metastases have a survival rate of 0–33% (8, 9). Early metastatic spread to regional lymph nodes can be life-threatening (10).

Because of the high possibility of lymph node dissection, it is very important to determine the appropriate surgical candidate. However, few studies to date have evaluated the risk factors or predictive models of lymph node metastases. Ficarra et al. (11) formed the first nomogram to predict lymph node involvement based on a cohort of 265 patients. The clinical stage of the inguinal lymph node, histological grade, and other tumors pathological features w included in the model, and multivariate analysis showed that only lymphovascular invasion and clinically palpable lymph nodes were significant predictors of lymph node status. Velazquez et al. (12) later developed a more specific nomogram to predict lymph node metastasis, found that perineural infiltration and grade were significant predictors. Also, Bhagat et al. (13) demonstrated that age, tumor grade, lymphatic vascular infiltration, and clinically palpable lymph nodes were predictors of lymph node involvement. However, the tumor stage had not proven to be significant which is analogous to some other research (12, 14). Recently, a cohort study including 380 penile cancer patients between 2000 and 2010 was implemented to identify predictors of lymph node involvement, multivariable analysis demonstrated that age, pathological stage, tumor grade were independently associated with lymph node involvement. Moreover, the accuracy tests of the risk stratification scheme suggested that there were no significant differences between different risk group systems (15). The result is still controversial. It is worth noting that in terms of demographics and clinicopathological information, there is great heterogeneity among SCCP patients, such as age, race, marital status pathological type, tumor size, and primary tumor site (16). Therefore, a well-designed predictive model for lymph node metastases in SCCP patients covering more factors is needed. This study aimed to identify clinical and pathology characters of SCCP, to predict lymph node metastases of non-metastatic (M0) squamous cell carcinoma of the penis, then construct and validate a novel nomogram for predicting lymph node metastases in M0 SCCP using a cohort from the Surveillance, Epidemiology, and End Results (SEER) database.



METHODS


Patients and Selection Criteria

This retrospective study analyzed the data of patients with squamous cell carcinoma of the penis diagnosed between 2004 and 2015, extracted from the Surveillance, Epidemiology, and End Results (SEER) database (accession number is 15779-Nov2019). Incomplete records on primary tumor site, grade, TNM stage, marital status, tumor size were excluded from the study. and non-squamous cell carcinoma [According to the “International Classification of Diseases-Oncology, 3rd edition” (ICD-O-3), the code of squamous cell carcinoma of the penis was 8051–8052 and 8070–8075 (17)] and patients with distant metastasis were also not included. Patients were excluded if they underwent any type of neoadjuvant therapy (including radiation, chemotherapy, hormone, therapy, or other systemic therapy). All the patients we included underwent surgical treatment, including partial penectomy, total penectomy, and organ sparing surgery. And lymph node staging was identified through surgery. The demographic variables of marital status at diagnosis, age at diagnosis, race and primary tumor site, tumor characteristics of differentiation grade, histological type, T stage, N stage, and tumor size were collected from the SEER database using SEER-stat software.

TNM stages of the penile tumor were determined according to the American Joint Committee on Cancer (AJCC) 6th edition staging system using available clinical and pathologic data on tumor invasion, lymph nodes status, and distant metastasis, respectively. The definitions are as follows: T1 is defined as a tumor invading subepithelial connective tissue; T2 is defined as a tumor invading corpus spongiosum with or without invasion of the urethra; T3 is defined as a tumor invading corpus cavernosum with or without invasion of the urethra; T4 is defined as a tumor invading other adjacent structures; N0 means no palpable or visibly enlarged inguinal lymph nodes; N1 means palpable mobile unilateral inguinal lymph node; N2 means palpable mobile multiple or bilateral inguinal lymph nodes; N3 means fixed inguinal nodal mass or pelvic lymphadenopathy, unilateral or bilateral; M0 means no distant metastasis; and M1 means distant metastasis. The histopathological grading of penile carcinoma was determined according to the SEER cancer grade system. Data of marital status at diagnosis, age at diagnosis, race, and tumor size were divided into different groups after being processed.

The SEER database is a public database and has patient anonymization, the use of a public database without patient identification information meets the requirements of the institutional review board and the ethics committee.



Statistical Analysis

Statistical analyses to identify prediction factors were performed using SPSS 15.0 for Windows (SPSS, Chicago, IL). The Chi-square-test was used to determine the significance of differences between categorical variables. Some variables such as tumor size were grouped based on the median of the overall data. Univariate and multivariate analyses were carried out by logistic regression, and odds ratios (ORs) and 95% confidence intervals (CIs) were calculated. All reported p-values were two-sided, and a p-value of <0.05 was considered statistically significant.

A mosaic plot was constructed to show the distribution and relationship of clinicopathological characteristics of SCCP patients by using the package of vcd in R version 2.14.1 (http://www.r-project.org/). Nomograms from multivariable logistic models are a popular visual plot to display the predicted probabilities of an event for decision support (18). A nomogram was formulated based on the results of multivariate analysis and by using the package of rms in R version 2.14.1 (http://www.r-project.org/), to predict lymph node metastases in M0 squamous cell carcinoma of the penis. To test the performance of the nomogram, it was subjected to 1000 bootstrap resamples for internal validation to calculate the corrected c-index. A calibration curve was created using the observed lymph node status and the predicted lymph node status. Moreover, the ROC curve was used to evaluate the effectiveness of the nomogram.




RESULTS


Patient Characteristics

We identified a cohort of men with penile squamous cell carcinoma from the SEER database. Of the 7,316 patients diagnosed with penile cancer, a total of 1,016 men were included in our analysis. A summary of study selection criteria can be seen in Figure 1.


[image: Figure 1]
FIGURE 1. The flow diagram of patient selection.


A total of 1,016 patients with penile non-metastatic (M0) squamous cell carcinoma were enrolled in this study, and the specific tumor site was identified in all patients. Among the 1,016 included patients, 195 (19%) had lymph node involvement (N1-3) and 821 (81%) had N0 status. The median age of patients was 60 years, and the mean tumor size was 3 cm. The majority of patients where white (855, 84.2%), with a significantly smaller percentage of men being black (96, 9.4%) or other (65, 6.4%). Most of the cases were married (703, 69.2%). Patients characteristics and the association of lymph node status with demographic characteristics and clinicopathological characteristics were presented in Table 1.


Table 1. Comparison of demographics and clinicopathological characteristics of patients with different lymph nodes status.
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There were no significant differences in the race category by lymph node status. And there was a statistically significant difference in age, marital status, the primary site of the tumor, tumor size, different grade of differentiation, and T stage between the patients with lymph node involvement and those without (p < 0.05 for all).



Comparison of Oncology Features of Patients With Different Primary Tumor Site

In this group of patients, tumors occurred in the prepuce, glans, the body of the penis, and some were overlapping lesions, the numbers were 189 (18.6%), 652 (64.2%), 93 (9.1%), and 82 (8.1%), respectively. Patients were grouped concerning their primary tumor site and compare the oncology features of each group, the result was shown in Figure 2. T stage, N stage, tumor grade, and tumor size had a different distribution in patients with different primary tumor site (all p < 0.001). Most patients with primary tumors that localized at the prepuce were in T1 and T2 stage, and a higher proportion of tumors with overlapping lesions were in stage T3 compared with those localized at other sites (Figure 2A); Compared with primary tumors that localized at the prepuce, tumors that localized at the body of the penis had a higher probability of lymph node involvement (Figure 2B); Compared with tumors located in other sites, tumors with overlapping lesions or localized at the body of the penis had a worse differentiation grade (Figure 2C); Compared with tumors located in other sites, tumors with overlapping lesions had a larger tumor size (Figure 2D); In general, the primary tumor site was closely related to the pathological characteristics of the tumor.


[image: Figure 2]
FIGURE 2. Comparison of oncology features of patients with different primary tumor site. T-stage (A), N-stage (B), tumor grade (C), and tumor size (D) had different distribution in patients with different primary tumor site (all p < 0.001).




Distribution and Relationship of Clinicopathological Characteristics in Patients With SCCP

A mosaic plot was applied to show the distribution and relationship of clinicopathological characteristics of SCCP patients. In the mosaic plot, the area of the nested matrix is proportional to the cell frequency, where the frequency is the frequency in the multi-dimensional contingency table. The color and shading can indicate the residual value of the fitted model. Patients with lymph node involvement (N1-3) had higher tumor grade, more advanced clinical tumor stage, larger tumor size, and its primary tumor site was also significantly different from patients without lymph node involvement (N0). The result was shown in Figure 3.


[image: Figure 3]
FIGURE 3. Mosaic plot. (A) Distribution and relationship of N-stage, primary site, and tumor grade. (B) Distribution and relationship of N-stage, T-stage, and tumor size.




Univariate and Multivariate Analyses and Identification of Predictive Factors

Binary classification logistic regression was applied to investigate the predictive factors associated with lymph node metastases in patients with M0 SCCP. The results of the univariate analysis showed that age, marital status, primary tumor site, grade, tumor size, and T stage were identified as being significantly (p < 0.05) associated with lymph node involvement (N1-3). Further multivariate analysis showed that younger age [(<50 years vs. 50–69 years, OR 0.534, 95% CI, 0.331–0.863), (<50 years vs. ≥70 years, p = 0.01 OR 0.357, 95% CI, 0.215–0.594), p < 0.0001], larger tumor (OR 1.461, 95% CI, 1.017–2.098, p < 0.0001), higher grade [(II vs. I, OR 2.84, 95% CI, 1.679–4.805), (III, IV vs. I, OR 5.629, 95% CI, 3.201–9.900), p < 0.0001] and T stage [(T2 vs. T1, OR 3.717, 95% CI, 2.306–5.991), (T3, T4 vs. T1, OR 6.173, 95% CI, 3.677–10.362), p < 0.0001] were high risk factors of lymph node involvement. Moreover, the primary tumor was localized in the body of the penis (OR 1.456, 95% CI, 1.013–1.565, p = 0.034), overlapping lesion of the penis (OR 1.613, 95% CI, 1.035–1.781, p = 0.023) were also predictors of lymph node metastasis in penile squamous cell carcinoma. A summary of the results was displayed in Table 2.


Table 2. Univariate and multivariate analysis of factors associated with lymph node metastases.
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Construction and Validation of the Nomogram

All the above factors that showed a statistically significant predictive capability for lymph node metastasis were selected for building the nomogram. The factors included in the final nomogram were age, primary tumor site, grade, tumor size, and T stage. In the nomogram, tumor grade and T stage have a more significant impact on the lymph node metastasis. Besides, age, primary tumor site, and tumor size also had varying degrees of influence on lymph node involvement, shown in Figure 4.


[image: Figure 4]
FIGURE 4. A nomogram for predicting the probability of lymph node metastases. To use the nomogram, the value for each predictor is determined by drawing a line upward to the point reference line, the points are summed, and a line is drawn downward from the total points line to find the predicted probability of lymph node metastases.


The process of using the nomogram model to individually predict the risk of lymph node involvement of a patient is as follows: (1) Determine the score of each predictor on the scale, (2) calculate the total score of 5 predictors, (3) draw a straight line from the total points line down to the bottom risk line to find the risk of lymph node involvement of a patient.

The bootstrap method was applied to internally verify the prediction performance of the model, indicated that the model has better discrimination in predicting lymph node involvement in SCCP patients, and a calibration plot was forthput to assess the agreement between observed and predicted values, showed that this nomogram was well-calibrated (Figure 5A). Moreover, we evaluated the effectiveness of the nomogram in predicting lymph node metastasis by using the ROC curve (Figure 5B), according to Youden's method, optimal cutoff values of the nomogram were 0.189, and the sensitivity, specificity associated with the 0.189 cut-offs were 79.5 and 34.2%, respectively. According to the clinicopathological data of the studied cohort, we could assess the possible risk of lymph node involvement of patients with SCCP, and patients with the risk of lymph node invasion >0.189 were considered as a high-risk group, which it was recommended to perform a lymphadenectomy. In general, this model had a calibration slope of 0.9 and a c-index of 0.776, indicating the good discrimination and effectiveness of the nomogram in predicting lymph node status.


[image: Figure 5]
FIGURE 5. (A) Calibration plot of the nomogram for the probability of lymph node metastases (bootstrap 1,000 repetitions). (B) Receiving operating characteristic (ROC) curve of the prediction model.





DISCUSSION

The lack of expertise of clinicians and the public disgrace among patients have created an environment where up to 25% of men have advanced disease at the time of diagnosis (19), and treatment is delayed for over 1 year in up to 50% of patients (20). Therefore, many patients with penile cancer have metastatic disease, the progression of metastasis follows a predictable gradual invasion pattern from the primary tumor to the inguinal lymphatic pool, then spread to the pelvic lymph nodes and systemic spread (21), which is a major prognostic factor for penile cancer survival and associated with poor prognosis (22). Approximately 70% of patients were metastatic lymph nodes among patients with at least one clinically palpable nodule (cN+) (22). In other cases, lymph node enlargement is caused by inflammation, usually secondary to infection of the primary tumor (10). In the present study, 19% of patients were positive for lymph node metastasis among 1016 included SCCP patients identified in the SEER database. Meanwhile, the Incidence of lymph node involvement can be upwards of 49% in intermediate-high risk tumors (pT1b, T2- T4) (23). Early metastatic spread to regional lymph nodes can be life-threatening. Guidelines had recommended lymphadenectomy because of concerns about the adverse effects of a delayed intervention on survival for penile cancer patients diagnosed with lymph node involvement. Therefore, the management of regional lymph nodes is very important for patient survival (24). Additionally, clinicopathological characteristics of tumors can be used to stratify patients and to prompt the inguinal lymph node dissection (ilND) performance (25). We constructed a predictive nomogram to evaluate the probability of lymph node metastasis in patients with M0 SCCP based on the SEER database.

Recently, A study established an NCDB-based nomogram to predict lymph node metastasis in penile cancer, showed that tumor grade, tumor lymphovascular invasion, and clinical lymph node status were all related to the increased incidence of lymph node metastases (26). Our research showed that the following five factors were independently associated with lymph node metastasis, including age, tumor grade, tumor size, T stage, and primary tumor site. All the above factors were selected for building the nomogram. Previous studies reported that model with AUC between 0.7 and 0.9 have moderate accuracy, indicating an acceptable degree of discrimination. In our study, this model had a calibration slope of 0.9 and a c-index of 0.776, indicating the good discrimination and effectiveness of the nomogram in predicting lymph node status. According to Youden's method, optimal cutoff values of the nomogram were 0.189, and the sensitivity, specificity associated with the 0.189 cut-offs were 79.5 and 34.2%, respectively. As we couldn't have both high sensitivity and high specificity, higher sensitivity is what we more needed considering that the purpose of our nomogram is to prevent false negativity. Historically, prophylactic inguinal lymph node dissection (ILND) has demonstrated a survival advantage in this population of patients, and failed detection of micrometastatic disease can have a significant impact on survival. However, contemporary philosophy dictates that subjecting all patients with the intermediate-risk disease to radical ILND carries an unacceptable risk of complications and long-term morbidity. By using the optimal cutoff value and the nomogram, we could predict the risk of lymph node invasion correctly in patients with different clinicopathological characteristics and determine the optimal management of lymph nodes in penile cancer. Regarding the five parameters included in this nomogram, the T stage had the highest discriminating power. Previous research showed that the incidence of lymph node involvement is 0–30% in patients with low-grade tumors (≤ T1a), while in patients with ≥T1b tumors or lymphovascular invasion, the incidence of lymph node metastasis is close to 50% (27). Among patients with advanced tumors, 50–70% of T2 tumor patients, and 50–100% of >T3 tumor patients have lymph node metastasis (28). Our study was consistent with previous research which reported that men with higher T stage were at higher risk of lymph node metastasis (29, 30). Consistent with previous studies (14, 31), we found that younger age was a high-risk factor of lymph node involvement, which may be related to human papillomavirus (HPV) infection. In pathogenic pathways involved in the development of penile carcinomas, about one-third of cases are associated with HPV infection (32), meanwhile, HPV infection has been found to have different age distribution characteristics (33). Our study corroborated those previous studies (12–14), with the addition of tumor size and primary tumor site as significant predictors. Tumor size ≥3 cm was significantly associated with an increased risk of lymph node involvement. Also, we analyzed the correlation between the primary site and clinicopathological characteristics of patients with penile squamous cell carcinoma and whether it is a risk factor for lymph node metastasis. Our research showed that tumors that occur in the body of the penis and overlapping lesions had a higher probability of lymph node metastasis.

In addition, recent research found that some biomarkers such as plasma C-reactive protein (CRP) and IGFBP2 levels were associated with higher tumor stages and lymph node metastasis (34, 35). Related predictive models can be further improved by including additional biomarkers.

Several limitations exist in our study. First, lymphovascular invasion (LVI) of the SEER database was recorded from 2010. Considering that the data in the database is incomplete, so we did not include it. As LVI was associated with increased rates of lymph node metastasis (13), including this predictive factor may improve the sensitivity and specificity of our nomogram. Besides, the SEER database was retrospectively collected and contains limited clinicopathologic data, central pathology review was not recorded, and there was no specific type of lymph node metastasis, so we cannot distinguish between the inguinal lymph node and pelvic lymph node metastasis. Generally, metastatic progression follows a predictable and stepwise pattern of invasion from the primary tumor to inguinal lymph basin before spreading to pelvic nodes and systemic dissemination, but distinguish pelvic from inguinal nodes is important to the identification of suitable surgical methods for nodal dissection. In addition, the predictive accuracy of nomograms should be tested through externally validated.



CONCLUSION

In short, through retrospective analysis of 1,016 SCCP patients, this study established a new nomogram based on five independent risk factors to predict lymph node metastasis. The nomogram demonstrated well discrimination and effectiveness in predicting lymph node status. Although the prediction model has some limitations, the nomogram revealed the relationship between the clinicopathological characteristics of SCCP patients and the risk of lymph node metastasis. This tool will assist patients in counseling and guide treatment decisions for SCCP patients.
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