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Metastases from prostate cancer (PCa) to the penis are extremely rare, and few case reports exist in the literature. Because most patients usually present with multiple distant metastases at diagnosis, the prognosis is very poor. With the wide application of prostate-specific membrane antigen (PSMA) PET/CT, penile metastases may be detected at an early stage. Thus, questions regarding whether early diagnosis and precise treatment will equate to a survival advantage have recently been raised. In the present study, we reported 3 cases of penile metastasis from castration-resistant PCa. Moreover, a patient with asymptomatic penile metastases was diagnosed by 18F-PSMA PET/CT followed by lesion biopsy, and the prognosis was very well, despite with an aggressive pathological feature and low treatment intensity. In addition, we performed a literature review and found 62.5% of asymptomatic penile metastases were diagnosed by PSMA PET/CT in past seven years. Thus, we believe that PSMA PET/CT may detect more asymptomatic penile metastases in future, which led to early diagnosis, treatment and survival advantage.
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Introduction

The common sites of metastasis from prostate cancer (PCa), in order of decreasing frequency, are the bone, pelvic lymph nodes, lung and liver. Metastases from PCa to the penis are extremely rare, with a frequency of less than 0.3% (1, 2). The prognosis for these patients is very poor, as they usually present with disseminated disease. Kotake et al. reviewed the data of 25 PCa patients with penile metastasis and found that 41% of patients died within 6 months after diagnosis (1). However, the incidence of penile metastasis from PCa may be more frequent than previously thought, with wide application of prostate-specific membrane antigen (PSMA) PET/CT. In addition, penile metastasis from PCa may be detected at an early stage. Thus, questions regarding whether accurate diagnosis and appropriate treatment lead to better outcomes have recently been raised.



Case Description


Case 1

A 77-year-old male presented to our clinic in October 2009 with a 5-year history of dysuria. The serum prostate-specific antigen (PSA) level was 1145 ng/ml, and prostate biopsy was subsequently performed. The histopathology showed prostatic adenocarcinoma (Gleason score: 5 + 5 = 10). No bone metastases were observed by bone scan. Then, the patient received hormonal therapy (bilateral orchiectomy and 50 mg/day bicalutamide).

Regular follow-up showed no evidence of tumor recurrence until November 2010. He presented with a 2-month history of priapism, and the serum PSA level was found to be 0.09 ng/ml. Doppler ultrasonography revealed a high-resistance flow pattern in the penile artery. No lymph nodes and bone metastases were observed. Then, radical penectomy was performed, and the histopathologic examination of the surgical specimen revealed diffuse, poorly differentiated adenocarcinoma cells growing in the corpora cavernosa (Figure 1A). An immunostaining panel revealed that the tumor cells were positive for prostatic acid phosphatase but negative for PSA, which was consistent with metastatic prostatic adenocarcinoma. The patient refused radiotherapy and chemotherapy but continued hormonal therapy. After one year, multiple, subcutaneous, nontender, erythematous nodules over the right lower leg were found, and the PSA level increased to 0.26 ng/ml. Biopsy of a skin nodule revealed neoplastic cells with prominent atypical nucleoli, brisk mitotic activity, and clear cytoplasm, consistent with metastatic adenocarcinoma, and tumor cells were positive for prostatic acid phosphatase. These findings confirmed the diagnosis of metastatic PCa to the skin. The patient refused further active treatment and died due to progression of the disease 3 months after initial presentation with skin metastases. A timeline with relevant data of Case 1 was shown in Figure 3.




Figure 1 | Hematoxylin and Eosin staining of penile metastatic lesions showed poorly differentiated prostatic adenocarcinoma (A: case 1; B: case 2; C: case 3). Two micrographs illustrate (D) PSA+, (E) NKX3.1+ tumor cells of the penile metastatic lesion in case 3.





Case 2

A 76-year-old male presented to our clinic in November 2019 with a 2-month history of a painless lump at the base of the penis. Four years previously, he was diagnosed with metastatic prostatic adenocarcinoma based on a markedly elevated serum PSA level (2241 ng/ml), a left supraclavicular mass, imaging studies, and pathologic results of ultrasound-guided core needle biopsy of the supraclavicular mass and prostate. The histopathology results showed prostate adenocarcinoma (Gleason score: 4 + 4 = 8). No bone metastases were observed by bone scan. Then, he received intermittent hormonal therapy (1.2 mg/month goserelin and 50 mg/day bicalutamide).

After hormonal therapy, the left supraclavicular mass gradually disappeared, and the PSA level decreased to 0.01 ng/ml (October 2015). In November 2019, the patient found a painless lump at the base of the penis, and the serum PSA level was up to 21.4 ng/ml. Magnetic resonance imaging (MRI) showed prostate cancer invading the bladder neck and a heterogeneous mass of the bulb of the penis. Moreover, multiple bone metastases were observed by bone scan. Then, ultrasound-guided biopsy of the penile lump was performed, and the histopathology results of the specimen showed poorly differentiated prostatic adenocarcinoma (Figure 1B). Because of personal preference, the patient chose to receive abiraterone acetate (1000 mg/day) plus prednisone (10 mg/day). After treatment, the mass on the penis gradually disappeared, and serum PSA decreased to 7.6 ng/ml (September 2020). A timeline with relevant data of Case 2 was shown in Figure 3.



Case 3

A 72-year-old male who was presented in March 2017 with a 13-year history of worsening dysuria. The volume of his prostate was measured at 70 mL by transrectal ultrasound, and the PSA level was normal. Urinary flow rate assessment showed a Qmax was only 6 mL/s, and postvoid residual urine was 220 mL. Then he was diagnosed as benign prostatic hyperplasia and the transurethral resection of the prostate was performed. The histopathology examination of the surgical specimen showed poorly differentiated prostatic adenocarcinoma, and the serum PSA level after the operation was 1.3 ng/ml. Because of personal preference and economic burden, the patient chose to receive oral bicalutamide (50 mg/day) and was maintained under surveillance for serum PSA every 3 months.

In April 2018, the serum PSA level was found to be 2.64 ng/ml, and multiparametric MRI showed a heterogeneous mass in the prostate, extensively invading the bladder neck, bilateral seminal vesicles and anterior rectum wall. No bone or pelvic lymph node metastases were observed. Then, he received transrectal ultrasound-guided prostate biopsy, and histopathology verified prostate adenocarcinoma with focal intraductal carcinoma (Gleason score: 4 + 4 = 8). An immunostaining panel revealed that the tumor cells were positive for HCK, P63, CK5/6 and P53 but were negative for Syn and CD56. Subsequently, the patient underwent radical radiotherapy and hormonal therapy (1.2 mg/month goserelin and 50 mg/day bicalutamide).

After radiotherapy, the PSA level decreased to 0.018 mg/L (December 2018). The patient remained asymptomatic until March 2020, and serum PSA was found to be 2.4 ng/ml. 18F-prostate specific membrane antigen (18F-PSMA) PET/CT was performed and revealed suspicious tracer uptake in the base of the penis as well as multiple bone metastases (Figure 2). Ultrasound-guided core needle biopsy was performed, and the histopathology results showed poorly differentiated prostatic adenocarcinoma (Gleason score: 5 + 5 = 10) (Figure 1C). An immunostaining panel revealed that the tumor cells were positive for PSA (Figure 1D) and NKX3.1 (Figure 1E). The patient refused radical penectomy and chemotherapy while opting for continuing hormonal therapy (1.2 mg/month goserelin and 50 mg/day bicalutamide). Until now, there has been no evidence of tumor recurrence or progression, and the recent serum PSA level was 2.12 ng/ml (April 2021). A timeline with relevant data of Case 3 was shown in Figure 3.




Figure 2 | 18F prostate-specific membrane antigen PET/CT showed suspicious tracer uptake in the base of the penis and multiple bone metastases.






Figure 3 | A timeline with relevant data of the 3 cases.






Discussion

Although the corpora cavernosum of the penis is rich in blood supply, the incidence of penile metastases from PCa is extremely low. A plausible explanation for its presumed low incidence may be that imaging for PCa does not typically include the penis. PSMA is a type II transmembrane protein that is overexpressed on the cell membrane of nearly all prostatic cancer cells, especially in advanced-stage and castration-resistant PCa (3). Thus, PSMA is a promising and specific target for PCa imaging and shows great promise for improving the management of patients with PCa.

Comparing conversation imaging (i.e., bone scan, CT and MRI), PSMA PET/CT does not increase the accuracy of primary staging but identifies distant uncommon site metastases, such as those in the brain and penis. To provide a summary list of case reports, we performed a search of PubMed-indexed biomedical journals. We identified 17 individual cases with penile metastases from PCa reported between 2015 and January 2021, and PET/CT had gradually become the main imaging diagnoses of penile metastases (Table 1). Of 8 cases with asymptomatic penile metastases, 5 cases (62.5%) were diagnosed by PSMA PET/CT, especially for 68Ga-PSMA PET/CT. Vadi et al. reported that a patient with PCa was diagnosed with penile metastases by 68Ga-PSMA PET/CT and underwent 177Lu-labeled PSMA radioligand therapy (12). However, patient clinical course information or patient outcomes were not detailed. Recently, Mansbridge et al. outlined a history of castration-resistant PCa patients with asymptomatic penile metastases found on PSMA PET/CT (15). Currently, 68Ga-PSMA is a widely used tracer for PET imaging applications in the detection and staging of PCa. However, the disadvantage of 68Ga-PSMA PET/CT is that it has more bladder activity, which may influence the uptake evaluation of the prostate bed. 18F-PSMA is a novel PSMA-based radiopharmaceutical that has several advantages over 68Ga-PSMA, such as high labeling yields, outstanding tumor uptake and fast, nonurinary background clearance. Hence, it may have better diagnostic performance than 68Ga-PSMA in local recurrence and micrometastases. To our knowledge, this is the first report of asymptomatic penile metastases detected by 18F-PSMA PET/CT. In our report, 18F-PSMA PET/CT revealed unusual tracer uptake in the base of the penis, and the lesion was subsequently proven to be metastatic adenocarcinoma from the prostate by biopsy. Thus, we assumed that PSMA PET/CT, especially using 18F-labeled tracers, may lead to more reports of incidental cases in the future and broaden our understanding of the pathogenesis of penile metastases.


Table 1 | Reported Cases of Penile Metastases from Prostate Cancer in the Past Few Years.



The possible mechanisms of penile metastasis from PCa have been explained as follows: 1) direct invasion; 2) implantation (from prior instrumentation); 3) retrograde venous flow; and 4) arterial or lymphatic dissemination. A review conducted by Mearini et al. pointed out that the communication between the prostatic plexus of Santorini and the deep dorsal vein of the penis is the main reason for the higher incidence of penile secondary tumors from PCa (18). Moreover, they also found that most penile metastases were located in the corpora cavernosa. Subsequently, we also documented that penile shaft and corpora cavernosa were the mostly location of metastases (Table 1). Furthermore, one patient in our report received radical penectomy, and the histopathology results of the surgical specimen revealed the tumor emboli in the vein of the penile cavernosa. Therefore, retrograde venous flow was deemed the most common pathway of penile metastasis from the prostate.

Previous reports have shown that the prognosis of metastatic penile cancer is very poor, and few patients have been reported to survive for 2 years or more (19). Moreover, the average survival is reported to be 6 months upon presentation of penile metastases from PCa (20). In our report, the average survival after diagnosing penile metastases was 10 months, which was better than that previously reported. Early diagnosis and treatment were the major reasons. The choice of treatment generally depends on patient clinical status and disease burden, and treatments include chemotherapy, radiotherapy and hormonal therapy. Partial or radical penectomy may be performed for patients with priapism or uncontrollable pain (20). However, for metastatic PCa, the main treatment is androgen deprivation therapy (ADT). After developing to the lethal castration-resistant PCa (CRPC), new hormonal therapy (i.e., abiraterone, enzalutamide) and chemotherapy (i.e., docetaxel) have shown efficacy in improving overall survival for these patients. In addition, local radiotherapy will improve the control of locoregional tumor and relieve the local symptoms (uncontrollable pain), which also improve the prognosis and quality of life. Moreover, 177Lu-labeled PSMA radioligand therapy has also shown encouraging results.

PSMA PET/CT may identify asymptomatic penile metastases and has important implications for disease management. In a case report by Mansbridge et al., asymptomatic penile metastases were found by PSMA PET/CT, and then this patient received local palliative radiotherapy (15). Fortunately, after 18 months, this patient was still alive and was being prepared for chemotherapy. Furthermore, Davidson et al. recently reported the characteristics of 24 patients with penile metastases by reviewed 18F-FDG and 68Ga-PSMA PET/CT records in their institution (21). Subsequently, they pointed that prostate was the most common primary site of penile metastases, and 12 (50%) patients with penile metastases from PCa, which was higher than previous reported. All the penile metastases of these patients were detected by PSMA PET/CT, which was also consistent with our observation. This indicates that the incidence of penile metastasis from PCa may be more frequent than previous knowledge with wide application of PSMA PET/CT. Also, the median survival was 11.5 months in 6 cases with PCa, which was better than previous reports. The reason of this phenomena may be due to an early diagnosis and more effective treatment. However, the initial local symptoms of these patients were not detailed in their study. In our report, a patient with asymptomatic penile metastases was also diagnosed by 18F-PSMA PET/CT followed by lesion biopsy and at the stage of castration-sensitive. PSMA PET/CT have a better ability to identify asymptomatic penile metastases, when comparing with conventional imaging [ultrasonography (Case 1), MRI (Case 2)] and provide the accuracy staging of PCa. Based on the accurate staging of PCa, we will perform more effective treatment in advance (i.e., local radiotherapy, chemotherapy, abiraterone and enzalutamide), which will be helpful to improve survival. Despite an aggressive pathological feature (Gleason score 5 + 5 = 10) and low treatment intensity (hormonal therapy), there was no sign of tumor recurrence or progression after 13 months, which was better than previous reports. However, due to the limitation of cases, it is still too soon to assume that an early diagnosis through this technique leads to a survival advantage, but rather to an increase in the time of disease consciousness. PSMA PET/CT is a novel imaging technique, which can not only increase the accuracy of PCa staging, but also help to identify some distant uncommon site metastases (i.e, brain, penis) when comparing to other conventional imaging. Subsequently, it will lead to a more accurate diagnosis and effective treatment for patients. Early detection at the stage of hormone-sensitive PCa and more active treatment may contribute to a survival advantage. However, this conclusion still needs to be confirmed by more studies to rule out the effects of time bias in future.



Conclusion

Penile metastases from PCa are extremely rare and typically indicate an advanced stage disease and a poor prognosis. PSMA PET/CT may detect more asymptomatic penile metastases in the future. In addition, early diagnosis and treatment can result in survival advantages.
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