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Purpose

The aim of this study is to investigate the trends in incidence and mortality, and explore any change in survival of penile cancer in the United States.



Methods

We obtained data from the Surveillance, Epidemiology, and End Results (SEER) database (2000–2018) utilizing the SEER Stat software. The joinpoint regression was used to analyze the secular trend of incidence and incidence-based mortality (IBM) stratified by age, race, and summary stage. The 5-year relative survival rate was also calculated.



Result

The age-adjusted rates of penile cancer patients were 0.38 (0.37–0.39) and 0.21 (0.2–0.21) for overall incidence and IBM, respectively. The 5-year relative survival rates were 67.7%, 66.99%, and 65.67% for the calendar periods of 2000–2004, 2005–2009, and 2010–2014, respectively. No significant changes in incidence by era were observed from 2000 to 2018 [annual percentage change (APC) = 0.5%, p = 0.064]. The IBM rate of penile cancer showed an initial significant increase from 2000 to 2002 (APC = 78.6%, 95% CI, −1.7–224.6) followed by a deceleration rate of 4.6% (95% CI, 3.9–5.3) during 2002 to 2018. No significant improvement in 5-year relative survival was observed. The trends by age, race, and summary stage in incidence and IBM were significantly different.



Conclusion

This study, using population-level data from the SEER database, showed an increasing trend in IBM and no significant improvement in the 5-year relative survival rate. Meanwhile, the incidence of penile cancer exhibited a relatively stable trend during the study period. These results might be due to the lack of significant progress in the treatment and management of penile cancer patients in the United States in recent decades. More efforts, like increasing awareness among the general population and doctors, and centralized management, might be needed in the future to improve the survival of this rare disease.
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Introduction

Penile cancer is a relatively rare neoplasm in Western countries, presenting an incidence rate of less than 1 per 100,000 men (1). However, a prominent geographic variation in incidence can be observed, and it may be due to different socioeconomic status, hygiene, religious, and cultural conditions (2, 3). For example, incidence rates in some developing countries like India (up to 2.3 per 100,000) and Eastern and Southern Africa (up to 2.7 per 100,000) were significantly higher than 1 per 100,000 men (1, 4). Brazil is one of the countries with the highest penile cancer incidence rates, which reached up to 3.3 per 100,000 based on record. A relatively higher mortality and a gradually increasing trend with an annual percent change (APC) of 1.4% are also reported in these countries during 1996 to 2010 (1, 5). Relative survival rates also showed a geographic variation between countries. For instance, the relative 5-year survival rate in Norway is 80%, while this value is only 62% in Finland from 1999 to 2003 (6). Risk factors confirmed to be associated with penile cancer include human papillomavirus (HPV) infection, smoking, circumcision status, and lower socioeconomic status (7–9). Although the exact pathogenesis is still unclear, some studies suggested that inflammation may play an essential role in tumor development or progression because tumors may likely arise from sites of penile infection and chronic irritation (10, 11).

Significant differences in incidence and mortality rate trends of penile cancer existed among different countries. For example, the trend in the incidence of penile cancer has been presented as increasing in Denmark during 1978–2008. However, in the United States, the trend of penile cancer incidence showed a significant decrease with a rate of 0.84, 0.69, and 0.58 per 100,000 for 1973 −1982, 1982−1992, and 1993−2002, respectively (12).

The trend of incidence rate and mortality rate of a disease can reflect the prevention, treatment, and management level of the disease, thereby deepening the understanding of disease and making recommendations for disease guidelines. As a developed country, America’s advanced medical technology and disease management strategy are often explored and used for reference by other countries. To our knowledge, there has been a lack of studies describing the trend of incidence, mortality, and survival of penile cancer in the United States over the past 10 years. In addition, a comparative study to explore the association between incidence, mortality, and survival rate has not been performed. This analysis, based on the Surveillance, Epidemiology, and End Results (SEER) database (2000–2018), aims to explore the up-to-date epidemiology of penile cancer in the United States. The trends in incidence, mortality, and survival of penile cancer by age, race, and summary stage are investigated according to the up-to-date information of epidemiology.



Materials and Methods


Data Sources and Study Population

We obtained penile cancer patients from the SEER Program of the National Cancer Institute (ID: 20420-Nov2020). Patients diagnosed with penile cancer as their first malignancy according to the list of Site Recode the International Classification of Diseases for Oncology, Third Edition (ICD-O-3) and cases who were coded with penis were enrolled in our study.

Incident cases were obtained from the database of incidence–SEER 18 registries of the US National Cancer Institute from 2000 to 2018, which collected data on cancer incidence and mortality involving approximately 26.4% of the U.S. population.

Incidence-based mortality (IBM) cases were obtained from the database of IBM–SEER 18 registries of the US National Cancer Institute from 2000 to 2018.

Survival cases were obtained from the database of incidence–SEER 18 registries of the U.S. National Cancer Institute from 2000 to 2014. We failed to acquire more data considering the 5-year relative survival rate was not recorded after 2014 in the SEER database. The study period was averagely divided into three time periods (2000–2004, 2005–2009, and 2010–2014) to observe prominent survival rate disparities.



Outcomes and Descriptions

Three primary outcomes were calculated in this study: incidence, IBM, and 5-year relative survival rate. Incidence and IBM rates were adjusted to the 2000 U.S. standard population and calculated by 100,000 person-years. We calculated IBM rates as the number of all-cause death cases diagnosed with penile cancer among cases diagnosed over person-time at risk among people in areas of the SEER. In the registries of population-based SEER cancer, the incidence of individuals was linked to their mortality outcomes. It could calculate mortality rates by variables like the stage at diagnosis. This special mortality measure was defined as IBM (13, 14). Relative survival estimates were defined as the ratio of the observed survival of penile cancer patients and the expected survival of the underlying general population (15).

Then, we analyzed the annual percentage change (APC) of incidence and IBM rates stratified by age (15–44, 45–54, 55–64, 65–74, and 75+), race [White, Black, American/Indian/Alaska/Native (AIAN), and Asian/Pacific Islander (API)], and summary stage (localized, regional, and distant). Localized stage referred to an invasive neoplasm confined entirely to the penis (mainly including T1-4N0M0) and tumor staged as regional was defined as extending to surrounding organs, tissues, or regional lymph nodes (mainly including T4N0M0 or T1-4N1-3M0). Distant disease referred to the tumor that had spread to remote sites of the body (mainly including M1).



Statistical Analysis

SEER_Stat version 8.3.2 was used to calculate incidence, mortality rates, and 5-year relative survival rate of penile cancer. Then, joinpoint regression was performed to identify the best-fitting log-linear regression model, which appropriately demonstrated the incidence and mortality rate trend by era. The National Cancer Institute’s Joinpoint Regression Program, Version 4.6.0.0, was utilized to calculate the APC and 95% confidence intervals (95% CIs) (16). The Joinpoint Regression software utilized t-tests to confirm whether statistical differences existed between APC and zero, and p < 0.05 was considered statistically significant. All statistical results were two-sided. Notably, we excluded the data not recorded from the joinpoint regression because no cases were reported at a certain year.




Results


Patient Characteristics

Finally, 6,397 patients diagnosed with penile cancer, who were from 18 SEER registries from 2000 to 2018, were enrolled in our study. Table 1 demonstrates the characteristics of patients for incidence and IBM analysis. For all cases, the most common age group was 75+ years [2,132 (33.33%)], and White cases accounted for the most significant proportion in the study population [5,017 (83.55%)]. Compared to patients with other stages, patients with localized stage were more commonly seen [3,032 (47.4%)]. Of the eligible patients, 3,348 patients with penile cancer died during the study period. Of all the deaths, 1,399 (45.85%) patients were observed to be aged 75+ years, and 2,572 (84.3%) cases were White patients. A total of 1,495 (49%) patients who were recorded as dead were diagnosed with localized stage.


Table 1 | Penile cancer incidence (2000–2018) and incidence-based mortality (2000–2018): the SEER-18 registry database.





Overall Incidence and Mortality Rates and Trends Over Time

Of all study populations, the age-adjusted rates of penile cancer patients were 0.38 (0.37–0.39) and 0.21 (0.2–0.21) for incidence and IBM rate, respectively (Table 1). The incidence of penile cancer had no significant change from 2000 to 2018 (APC = 0.5%, 95% CI = −1.1–2.0; p = 0.064) (Figure 1A and Table 2). The IBM rate of penile cancer showed an initial significant increase from 2000 to 2002 (APC = 78.6%, 95% CI, −1.7–224.6) followed by a deceleration rate of 4.6% (95% CI, 3.9–5.3) during 2002 to 2018 (Figure 1B and Table 2).




Figure 1 | The overall trends in incidence (A) and incidence-based mortality (B) of penile cancer.




Table 2 | Trends in the incidence rates and incidence-based mortality of penile cancer (2000–2018): the SEER-18 registry database.





Incidence and Mortality Rates and Trends by Age, Race, and Summary Stage

The penile cancer incidence rates were highest among cases aged over 75 years (2.31, 95% CI, 2.22–2.42), White patients (0.402, 95% CI, 0.391–0.413), and patients diagnosed with localized stage (0.18, 95% CI, 0.18–0.19) (Table 1). Similarly, the IBM rates of penile cancer were highest among patients aged 75+ years (0.094, 95% CI, 0.089–0.099), AIAN patients (0.259, 95% CI, 0.172–0.37), and patients with localized stage (0.098, 95% CI, 0.093–0.104) (Table 1).

The incidence rates among penile cancer patients in the age group of 45–54 and 75+ years exhibited a slight increase with an APC of 1.9% (95% CI, 0.1–3.7, p = 0.043) and 1.2% (95% CI, 0.5–1.9, p = 0.002), respectively, for the period of 2000–2018 (Figures 2B, E and Table 2). We did not obtain statistically significant trends in incidence rates in other age groups. For IBM rate analysis by age, patients diagnosed at ages 45–54, 55–64, and 75+ years exhibited an increasing trend at the rate of 7.1% (95% CI, 3.4–10.8, p = 0.001), 1.8% (95% CI, 0.6–3.2, p = 0.008), and 4.8% (95% CI, 2.6–7.0, p = 0.001), respectively, in 2000 to 2017 (Figures 2G, H, J and Table 2). In addition, for those aged 65–74 years, the trend of IBM presented a rapid initial increase (APC = 99.1%, 95% CI, −0.2–297.1) and then showed a deceleration for 2002–2017 (APC = 4.3%, 95% CI, 2.8–5.8, p < 0.001). (Figure 2I and Table 2).




Figure 2 | Trends in the annual incidence (A–E) and incidence-based mortality (F–J) of penile cancer in patients stratified by age at diagnosis.



A slightly increased incidence trend was observed from 2000 to 2017 with an APC of 0.7% (95% CI, 0.01–1.5, p = 0.044) among White penile cancer patients (Figure 3A and Table 2). No noticeable change in incidence was observed in other races. Of Black and API patients, the trend of IBM rates demonstrated a slowly rising trend with an APC of 4.6% (95% CI, 3.6–5.5, p < 0.001) and 4.9% (95% CI, 0.6–9.4, p = 0.029), respectively (Figures 3F, H and Table 2). The IBM rate in White patients increased sharply at the initial time of 2000 to 2002 (APC = 96.2%, 95% CI 24.0–210.4, p = 0.007), and the increasing trend had slowed down in 2002 (APC = 4.6%, 95% CI 3.6–5.5, p < 0.001). (Figure 3E and Table 2).




Figure 3 | Trends in the annual incidence (A–D) and incidence-based mortality (E–H) of penile cancer in patients stratified by race.



No significant changes were observed in the incidence trend by summary stage from 2000 to 2015. We failed to obtain a best-fitting line and APC for patients with distant stage due to the relatively low incidence and the lack of regular variation (Figure 4F). Of patients diagnosed with localized stage, the trend of IBM rates showed an initial prominent increase during 2000 to 2005 (APC = 29.6%, 95% CI = 11.2–51.1, p = 0.003), followed by a deceleration thereafter (APC = 2.7%, 95% CI, 0.6–4.9, p = 0.015) (Figure 4A and Table 2). For patients with regional stage, a continuous increasing IBM rate was observed from 2002 to 2015 (APC = 4.7%, 95% CI, 3.0–6.5; p < 0.001), but a steep decline in the trend of IBM rates was exhibited after 2015 (APC = −32.5%, 95% CI, −49.9–−9.2, p = 0.014) (Figure 4B and Table 2).




Figure 4 | Trends in the annual incidence (D–F) and incidence-based mortality (A–C) of penile cancer in patients stratified by summary stage.





Trend of the 5-Year Relative Survival Rate of Penile Cancer

The overall 5-year relative survival rates showed a slight decrease with a rate of 67.7% (SE = 1.76%), 66.99% (SE = 1.7%), and 65.67% (SE = 1.66%) for the time periods 2000–2004, 2005–2009, and 2010–2014, respectively (Table 3). However, this change was not statistically significant (p = 0.12). The descending trend in relative survival rates was observed in White and Black patients, and it was relatively prominent in Black patients (change −8.08%, p < 0.001) (Table 3). For patients diagnosed with localized stage, the 5-year relative survival rates exhibited an increasing trend with a rate of 76.6% (SE = 2.2%), 79.57% (SE = 2.11%), and 81.55% (SE = 2.1%) for time periods 2000–2004, 2005–2009, and 2010–2014, respectively (change 4.95%, p < 0.001) (Table 3). For API, the 5-year relative survival rates increased from 72.62% in 2000–2004 to 91.52% in 2005–2009, and then dropped to 65.72% in 2010–2014. Similar trends were observed in patients diagnosed with regional stage and diagnosed at 15–44, 45–54, and 75+ years. However, none of these trends was regular and easily to explain.


Table 3 | Five-year relative survival rate of penile cancer patients by race, stage, and age.






Discussion

This study comprehensively explored the trend of incidence, IBM, and 5-year relative survival rate of penile cancer in the United States during 2000–2018, and further examined the trend by stratifying age, race, and tumor stage. There were no significant changes in the trend of incidence of penile cancer from 2000 to 2018. However, we found that the IBM rate of penile cancer significantly increased and that there was no significant improvement in the 5-year relative survival rate over the study period.

The incidence rate of penile cancer, at 0.38 per 100,000 over 2000 to 2018, was relatively lower than the result from a previous study based on the SEER database (12). They found an incidence rate of 0.84, 0.69, and 0.58 per 100,000 for the calendar periods 1973−1982, 1982−1992, and 1993−2002, respectively, and the data were collected from 9 SEER registries, which cover approximately 9.4% of the U.S. population. Compared to the previous incidence, the incidence in this study had still decreased. However, considering the geographical variation, we should seriously explain this discrepancy considering that our data came from 18 registries.

There is a relatively big difference between the trend in the incidence rate of different countries. For instance, the trend in the incidence of penile cancer was increasing for Denmark over 1978–2008 and England over 1979–2009 (17, 18), whereas this tendency was inverse in Finland during 1971–1995 and the United States during 1973–2002 (19, 20). In this study, we found a stable trend in the incidence of penile cancer in the United States during 2000–2018, although we obtained a slight upward best-fitting line (p > 0.05, Figure 1A). Although we observed a slight increase in incidence rate for patients aged 45–54 and 75+ years and White patients, the extent of this change was quite small. Previous studies usually explain the decreasing incidence rate with improved sanitation, declining smoking rate, and newborn male circumcision (21–23). For example, several data-based studies suggested that the rate of male circumcision ranged from 42% to 80% in the United States, and the procedure is commonly performed during the newborn period (24). The available evidence proved that male circumcision had special benefits in preventing urinary tract infection, HIV infection, the transmission of some sexually transmitted infections, and penile cancer (25). A relatively higher rate of male circumcision was considered a protective factor for penile cancer, and it might be a crucial reason for the stable incidence in the United States. Another notable reason was chronic inflammation, which was considered as a significant pathogenic pathway of penile cancer (25–28). A relatively perfect healthcare system and universal sex education might account for the lower rate of chronic inflammation than those in developing countries. These results showed that the prevention of penile cancer in the United States had a good performance.

There were relatively few studies focusing on the trend of penile cancer mortality. A retrospective study, whose data were from the Netherlands during 1989–2006, suggested a slight decrease in mortality (11, 29). Similarly, a decrease in mortality was also observed in England for 1979–2009 (30). Nevertheless, we found a prominent increase in the IBM rate in the United States for the period of 2000–2018. Interestingly, a rapid increase of IBM was observed at the initial period of 2000–2002 (APC = 78.6%), but it failed to obtain a statistically significant p-value due to the relatively short study period. Similarly, of patients aged 65–74 years, White cases, and patients with regional stage, we also observed a sharp increase in IBM in the initial period of 2000–2002 (Figures 2I, 3A, 4B). In addition, we also did not observe any improvement in the 5-year relative survival rate of penile cancer in the United States. The phenomenon of no significant improvement in the 5-year survival rate and increased mortality of penile cancer might be due to the lack of significant progress in the treatment and management of penile cancer (31).

A likely explanation for these results was difficult to make. A recent study suggested that penile sparing surgery had been increasingly adopted, and no prominent differences in survival were observed between patients undergoing sparing and complete surgery (32). This improved surgical approach might lead to a better quality of life. Still, its contribution to high-risk patients, especially those with positive lymph nodes and distant metastasis, was not remarkable. In the past two decades, the most significant progress in the treatment of penile cancer was treating primary lesions, modified lymphadenectomy, and identifying and treating occult regional lymph node metastasis with the help of sentinel lymph node biopsy (SNB) (33, 34). About 80% of patients with one or two lymph nodes involved can be cured by lymphadenectomy. Even patients with pelvic lymph node involvement can still be cured by surgery.

The main goal of SNB was to reduce mortality and improve survival in clinical lymph node-negative (cN0) patients. Reported data showed that about 20% to 25% of the cN0 penile cancer patients had occult lymph node metastases at diagnosis, and early surgical resection of these occult lymph nodes could obtain better survival than those with clinically apparent nodes (35). The introduction of SNB might thus have improved survival, especially those with occult lymph nodes. An unpublished study from the Netherlands does show that cancer-specific survival in cN0 patients had improved since the introduction of SNB. However, we did not observe an improvement in 5-year relative survival, and even an increase in mortality in patients with penile cancer was obtained in this study. This result might account for the relatively low referral rate to hospitals specializing in the treatment of penile cancer, or the improvement of penile cancer treatment had not been fully implemented in hospitals.

For the management of penile cancer, several European countries have centralized management of penile cancer. The interval between diagnosis and treatment was significantly shortened, and compliance with the guidelines for patients with penile cancer was improved through this method (36, 37). Notably, the major delay in diagnosis of penile cancer was the time between the first symptom and diagnostic confirmation considering that patients and doctors might misinterpret the symptoms of penile cancer as condyloma, benign phimosis, or benign skin disease. This centralized management strategy could shorten this interval. In addition, this strategy was proved to work in improving survival and reducing mortality in the long run. Verhoeven et al. compared the 5-year relative survival rate of penile cancer patients between Europe and the United States over 1985–2007, and they found an increase from 65% to 70% and a decrease from 72% to 63% in the 5-year relative survival rate for Europe and the United States, respectively (38). For Norway and Denmark, the 5-year relative survival increased from 61% to 80% and 63% to 74%, respectively (6). However, the United States had not fully adopted this centralized management system, which might be an important explanation for the condition.

Another possible explanation for this result was that the main population of penile cancer patients was aging. For example, previous studies showed that the most common age of penile cancer patients was between 50 and 70 years (29, 39). However, patients aged 75+ years were the main population age group in our study. A higher proportion of elderly patients might lead to higher mortality and poor survival in penile cancer patients.

This is the first study that comprehensively explored the epidemiology of a rare disease from incidence, IBM, and 5-year relative survival for the period of 2000 to 2018 in the United States. The condition of penile cancer patients seemed to not have a noticeable improvement and progression considering the increasing IBM and the lack of significant change in the 5-year relative survival rate. Multiple comprehensive factors like changes in treatment and demographics, increase in exposure to HPV, and variation of cancer should be considered when interpreting results (22, 23, 40).

Several limitations should be noted when interpreting the results of this study. First, we selected a data list that collected epidemic information of approximately 26.4% of the U.S. population. Meanwhile, a relatively shorter study period was also chosen compared to previous similar studies. In addition, except for the low case numbers resulting in high standard errors of incidence, IBM, and survival estimates, essential pieces of information such as HPV infection, smoking, diagnosis, and follow-up treatment were not obtained in the SEER database. Finally, similar to the limitations of most epidemiological studies, our study has revealed a phenomenon in a period but cannot provide a definite explanation for the condition (6, 23, 38, 41). Therefore, more evidence was needed to explain these results.



Conclusion

The current study, using population-level data from the SEER database, provides valuable data on penile cancer. It shows an increasing trend in IBM and no significant improvement in the 5-year relative survival rate among penile cancer patients for the period of 2000 to 2018 in the United States. Meanwhile, the incidence of penile cancer exhibited a relatively stable trend during the study period. These results indicate the lack of significant progress in the treatment and management of penile cancer patients in the United States in recent decades. More efforts, like increasing awareness among the general population and doctors, and centralized management, may be needed in the future to improve the survival of this rare disease.
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