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Background

Leptomeningeal carcinomatosis is an exceptionally rare pattern of metastases in genitourinary cancer, described in less than 0.1% of cases. We report two cases of patients with metastatic urothelial cancer who initially responded to enfortumab vedotin (EV) before developing leptomeningeal metastases.





Case presentation

Case 1: A 55 year-old man was diagnosed with metastatic urothelial carcinoma. He was initially treated with cisplatin/gemcitabine chemotherapy, followed by second-line pembrolizumab, with progression on both of these regimens. He was started on EV therapy and had a sustained partial response. After 12 cycles of treatment, he developed neurologic symptoms with imaging showing extensive leptomeningeal metastases. A lumbar puncture was performed with cytology positive for metastatic carcinoma. Case 2: A 63 year-old man was diagnosed with metastatic urothelial carcinoma. He received 6 cycles of platinum/gemcitabine chemotherapy followed by avelumab maintenance, after which he developed radiographic progression. He was started on EV therapy and developed a complete radiographic response. After 13 cycles of treatment, he developed neurologic symptoms and imaging revealed extensive leptomeningeal disease. Cytology confirmed metastatic urothelial carcinoma.





Conclusion

This uncommon pattern of spread observed in two patients treated with EV in short succession represents a potentially significant and novel pattern of progression within this population.
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Introduction

Leptomeningeal carcinomatosis refers to metastatic spread of cancer to the arachnoid and pia mater (1). It is an exceedingly uncommon complication of genitourinary cancers, reported in only 0.03% of cases (2). A recent literature review described only 33 known cases of leptomeningeal carcinomatosis in bladder cancer to date (3). Since this report, there have been a few additional described cases (4–6), however it remains a very rare entity within bladder cancer patients. Here, we report a case series of 2 patients with metastatic urothelial carcinoma on enfortumab vedotin (EV) who subsequently developed leptomeningeal metastases. EV is a novel and effective treatment for patients with metastatic urothelial cancer, consisting of an antibody-drug conjugate directed against Nectin-4, a protein highly expressed in urothelial carcinoma cells (7). EV has been shown to prolong survival in patients with advanced urothelial cancer previously treated with platinum-based chemotherapy and a PD-1/PD-L1 inhibitor, and more recently, the combination of EV and pembrolizumab has demonstrated superiority over platinum-based chemotherapy in the first-line metastatic setting (8, 9). While EV has shown promising results in these trials, its efficacy within the central nervous system (CNS) and patterns of progression remain poorly understood. Patients with active CNS metastases were excluded from these trials. This report of 2 cases of leptomeningeal metastases in patients treated with EV highlights an important, novel pattern of CNS spread within this population.





Case description: case 1

A 55 year-old man was diagnosed with metastatic high-grade muscle invasive bladder cancer in 2022. He initially presented with hematuria and underwent a transurethral bladder tumor resection revealing a muscle invasive urothelial carcinoma, as well as an area of high-grade urothelial carcinoma with focal anaplastic features. Staging investigations revealed para-aortic, iliac, pelvic sidewall and retroperitoneal lymphadenopathy. He completed 4 cycles of cisplatin/gemcitabine chemotherapy, with subsequent radiographic progression. He had ongoing progression on second-line pembrolizumab with worsening lymphadenopathy. He was then started on EV in December 2022, at which time his lymph nodes were the only sites of metastases. His best response on EV was a partial response, with significant improvement in his lymphadenopathy which was sustained throughout treatment. In November 2023, following cycle 12 of treatment (11 months total), he began to develop headaches, blurry vision, and balance issues. A CT angiogram showed prominent leptomeningeal enhancement in the cerebellum and bilateral cerebral hemispheres, suspicious for leptomeningeal metastasis. An MRI demonstrated extensive leptomeningeal enhancement within the posterior cranial fossa and the cerebrum, the cord and cauda equina (Figure 1). A lumbar puncture confirmed cytology consistent with metastatic carcinoma. Restaging CT scans showed interval enlargement of his bladder mass, with no other areas of new metastases. He was seen by Radiation Oncology in consultation, who felt that craniospinal radiation would be unlikely to provide symptom or mortality benefit in his case. He was managed supportively and passed away in hospital shortly thereafter (Figure 2).




Figure 1 | Post gadolinium axial T1 weighted MRI (MP-RAGE, i.e.,: Magnetization Prepared - RApid Gradient Echo) demonstrates smooth leptomeningeal thickening and enhancement along the vermis and cerebellar folia in posterior cranial fossa (blue arrow) and along the temporo-occipital sulci in the cerebrum (pink arrows), consistent with leptomeningeal carcinomatosis.






Figure 2 | Case presentation of patient 1. EV, enfortumab vedotin; CTs, computed tomography scans; CNS, central nervous system; LP, lumbar puncture.







Case description: case 2

A 63 year-old man was diagnosed with metastatic high-grade muscle invasive bladder cancer in 2021. He presented with hematuria and underwent a transurethral bladder tumor resection revealing invasive high-grade urothelial carcinoma. Staging investigations revealed periaortic, iliac and retroperitoneal lymphadenopathy. He received 6 cycles of platinum/gemcitabine chemotherapy followed by avelumab maintenance for 19 cycles. Upon radiographic progression, he started on EV therapy in January 2023, at which point the lymph nodes were the only sites of metastases. He had a complete response to EV, with no measurable disease seen on subsequent CT scans. In January 2024, while on cycle 13 of EV therapy (12 months total), he began to develop headaches, nausea and vomiting, and seizures. An MRI revealed leptomeningeal enhancement involving the cerebellum, occipital lobes, frontal and parietal lobes, and spine (Figure 3). There was no evidence of metastatic disease beyond the CNS. A lumbar puncture was performed, with cytology consistent with metastatic urothelial carcinoma. His case was discussed with Radiation Oncology, however it was not felt that he would benefit from or be able to tolerate craniospinal radiation. He was managed supportively, and passed away shortly after (Figure 4).




Figure 3 | Post gadolinium axial T1 weighted MRI (MP-RAGE, ie: Magnetization Prepared - RApid Gradient Echo) demonstrates nodular leptomeningeal enhancement involving the vermis of the cerebellum (blue arrows) in addition to temporal and frontal lobes (pink arrows).






Figure 4 | Case presentation of patient 2. EV, enfortumab vedotin; CNS, central nervous system; LP, lumbar puncture.







Discussion

Leptomeningeal carcinomatosis is extremely rare in bladder cancer, described in just over 30 patients with bladder cancer to date (3). Here, we describe 2 recent cases of leptomeningeal carcinomatosis in patients with metastatic urothelial carcinoma on EV therapy. This highlights a potentially important pattern of spread within this population. The underlying mechanism for this spread is not yet understood. One possibility is that EV has poor CNS penetration, and the meninges represent a sanctuary site. Enfortumab vedotin has not been well-studied within the CNS, with only 2 previous case series describing patients with CNS disease on EV (5, 6). One case series described 3 patients with CNS disease who responded to EV, while the other described 9 patients with CNS progression during or after treatment with EV. Interestingly, each series had 1 patient with leptomeningeal disease - one of whom responded to EV, and one who developed leptomeningeal disease while on EV. It is therefore not yet clear whether EV is effective in treating leptomeningeal disease.

Another possibility is that there is a subset of bladder cancer patients, not yet described, who have a propensity to develop leptomeningeal metastases. In non-small cell lung cancer, for example, it has been described that patients with EGFR mutations who have been treated with tyrosine kinase inhibitor (TKI) therapy are more likely to develop leptomeningeal disease (10, 11). One explanation for this is that these patients develop mutations conferring resistance to TKI therapy, with disease relapse manifesting as leptomeningeal metastases within the CNS. The acquired T790M mutation is one such known mutation, conferring first and second generation-TKI resistance. In patients with this mutation, osimertinib (a third-generation TKI), has been shown to improve clinical outcomes, including in patients who develop leptomeningeal disease (12, 13). There may be a similar phenotype in bladder cancer that we are only beginning to see now, as survival for these patients increases with novel treatments such as EV. Interestingly, the 2 patients we describe both had metastatic disease limited to the lymph nodes at the time of EV initiation, with initial excellent response to EV before the development of leptomeningeal disease. Recognizing this phenotype would have important clinical ramifications, representing an opportunity for targeted therapy in the future. Currently, the treatment for leptomeningeal carcinomatosis in bladder cancer patients is largely supportive, and prognosis remains poor (4). An identified molecular target within these patients has the possibility to significantly improve outcomes in this population.

Several potential mechanisms of resistance to EV exist. Decreased expression of Nectin-4 in patients with metastatic urothelial carcinoma has been shown to be associated with EV resistance (14). Resistance to the payload through upregulation of the P-glycoprotein drug efflux pump has also been described in in vitro and in vivo models (15, 16). Other proposed mechanisms include mutations affecting antigen binding, internalization and trafficking, and the cell cycle (17). There are similarly several described mechanisms of CNS tropism leading to the development of brain metastases. These include: an underlying genetic predisposition for detachment, dissemination and blood brain-barrier penetration; metabolic adaptation through transcriptomic and epigenetic changes in metastatic colonies; the development of an inflammatory microenvironment in the brain; and immune evasion preventing T-cell mediated cancer cell destruction (18). Likely, a combination of these factors resulted in our patients’ development of leptomeningeal progression, however a deeper understanding of these mechanisms in patients with metastatic urothelial carcinoma treated with EV is essential.

Finally, our report brings up the need for further research on the indications for craniospinal irradiation (CSI) in the management of leptomeningeal carcinomatosis. Currently, the use of CSI for management of leptomeningeal disease relies upon expert opinion, typically indicated in patients with good performance status and with disease outside of the CNS that is stable or for which effective treatment options exist (19). As survival for patients with metastatic urothelial carcinoma improves with effective systemic therapies, these indications may need to be re-evaluated in the future.

Overall, the relationship between EV and leptomeningeal disease remains unclear, but will become increasingly significant as EV moves into the first-line setting in patients with metastatic bladder cancer. While this pattern of spread is exceedingly rare in bladder cancer, this series of two cases in close temporal and geographic proximity who were responding systemically to enfortumab vedotin when they developed leptomeningeal disease highlights a potentially significant pattern of progression that requires further evaluation.
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