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Leptomeningeal disease (LMD) is a serious cancer complication associated with poor prognosis. Approximately 5%–25% of patients with melanoma develop LMD. Currently, no standard treatment protocol exists and very few cases have been reported. Despite ongoing advances in new therapies, treatment options for LMD remain limited. Herein, we report a case of intrathecal pembrolizumab administration in a patient with melanoma and LMD. Intrathecal pembrolizumab administration was feasible and safe at the doses tested. Drawing from this case, along with our expertise and the existing evidence on systemic immunotherapy, we propose that an immunotherapy approach involving intrathecal administration for patients with LMD from melanoma warrants additional exploration in clinical trials.
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1 Introduction

Leptomeningeal disease (LMD) entails malignant seeding to the connective tissue layers of soft meninges (arachnoid and pia mater). The prevalence of LMD in solid cancers is as follows: breast cancer (12%–35%), lung cancer (10%–26%), melanoma (5%–25%), and gastrointestinal malignancies (4%–14%) (1). Thakkar et al. (2) reported melanoma as having the highest incidence of LMD (23%), followed by lung and breast cancers. While novel treatment options have arisen for metastatic melanoma, such as targeted therapy and immunotherapy, patients with LMD related to melanoma have a poor prognosis, with an overall survival of approximately only 3.5 months (3, 4). In addition, patients with LMD have been excluded from most clinical trials; therefore, LMD remains relatively unexplored, with limited treatment approaches and few clinical trials.

Immunotherapy can double the overall survival rate of melanoma patients with brain metastases (5). However, data on the safety and efficacy of immunotherapy in patients with LMD are limited. To the best of our knowledge, this is the first report of intrathecal (IT) pembrolizumab administration in a patient with metastatic melanoma and LMD. This case report demonstrates the safety and feasibility of IT immunotherapy and supports further clinical studies in this challenging patient population.




2 Case description

A 58-year-old female patient presented with persistent nonhealing and progressive enlargement of an ulcerated mass in the left temporoparietal region. She underwent radical scalp skin lesion excision under general anesthesia in September 2021 for continuous bleeding in the mass region. The postoperative pathology report (Figure 1A) clearly demonstrated cutaneous melanoma (approximately 2.4 cm × 2 cm) with Breslow thickness (1.1 cm) and ulceration (0.1 cm) from the closest point of the basal cut edge. Positron emission tomography/computed tomography (PET/CT) scans were performed, and it was observed that the melanoma had metastasized to the left cervical lymph node, and a metabolic mass was present in the cervix, which was considered a cervical cancer. In October 2021, the patient underwent radical cervical cancer surgery and left cervical lymph node dissection. Postoperative pathological examination showed metastatic melanoma in the left cervical lymph node (Figure 1B) and stage Ib cervical squamous cell carcinoma (7 cm × 5.5 cm × 3 cm) without lymph node metastasis (Figure 1C). Combined with the first postoperative pathology report, cutaneous melanoma was diagnosed as stage IIIB (T2bN1bM0). Scalp mass and blood genetic tests showed a BRAF V600E mutation, positive PD-L1 expression, and CPS of 10. The patient was then administered dabrafenib (150 mg, bid, PO) and trametinib (2 mg, qd, PO) for adjuvant therapy but stopped due to a grade 3 gastrointestinal reaction with fever (fever peak 41 °C) after 1 week. The patient was treated with pembrolizumab (200 mg, q3w, IV) between November 2021 and March 2023 as adjuvant therapy. In the subsequent follow-ups, no progression was observed in the cervical cancer primary site until the patient died.




Figure 1 | (A) Histopathology of the scalp tumor resection specimen showing a malignant melanoma. (B) Histopathology of the cervical lymph node resection specimen showing a malignant melanoma. (C) Histopathology of the cervical resection specimen, showing squamous cell carcinoma.



In April 2022, cranial magnetic resonance imaging (MRI) revealed multiple brain metastases. Dabrafenib (75 mg, bid, PO) and trametinib (1 mg, qd, PO) both at half dose of adjuvant therapy, considering patient tolerance,were added to the treatment and kept at the same dosage in the later combination therapy. During subsequent follow-ups, cranial MRIs revealed disease stabilization until February 2023. The patient developed bilateral lower limb weakness, and whole spinal cord MRI showed leptomeningeal disease in March 2023 (Figure 2). Subsequently, whole-brain radiotherapy at a regimen of 30 Gy/10 F was performed, during which pembrolizumab combined with dabrafenib and trametinib therapy was resumed.




Figure 2 | Whole spinal cord MRI showing multiple foci of striated enhancement of the spinal nerves, assessing metastasis in the soft spine (arrows are foci of spinal nerve enhancement).



Disease progression was evaluated 2 months later using MRI, and two cycles of cadonilimab combined with dabrafenib and trametinib were administered. In May 2023, the patient presented with paraplegia, subumbilical hyperalgesia (grade 1 muscle strength of both lower limbs), nausea, vomiting, and headache. Cranial MRI was used to assess disease progression (Figure 3). A reservoir was placed, and cerebrospinal fluid (CSF) cytopathology was negative. After MDT evaluation, we decided to adjust the regimen to IT injections of 25 mg pembrolizumab and 175 mg intravenous pembrolizumab (q3w), with continuation of dabrafenib and trametinib. No adverse events were reported following the first IT infusion. The symptoms of nausea, vomiting, and headache were relieved, and the muscle strength of both lower limbs improved to grade 2. Albumin and glucose levels in the CSF decreased (Figure 4). In June 2023, nausea, vomiting, and headache were aggravated, and after communication with the patient and her family, we treated her with mannitol and dexamethasone, and the symptoms improved. The patient underwent a second IT infusion of pembrolizumab (25 mg) and IV pembrolizumab (175 mg) 3 weeks after the first dose but exhibited no significant symptom relief.




Figure 3 | Lumbar spine MRI showing multiple cord shadows at the cauda equina, which were significantly thickened and increased, indicating the rapid progression of the disease. (A) Sagittal T1 sequence; (B) Sagittal T2 sequence; (C) Coronal enhancement sequence; (D) Transverse enhancement sequence (arrows indicate tumor foci).






Figure 4 | Albumin and glucose concentrations in CSF after IT pembrolizumab therapy.



The patient subsequently experienced disease progression with intermittent respiratory and cardiac arrest and died 2 weeks after the second IT pembrolizumab infusion from unrecoverable respiratory arrest (Figure 5). After IT administration, we did not assess the radiographic response due to deterioration of the patient’s clinical condition.




Figure 5 | Clinical timeline.






3 Discussion

To the best of our knowledge, this is the first case report of a metastatic melanoma patient with LMD treated with pembrolizumab IT. Two IT infusions were administered without any infusion reactions and no adverse events were directly associated with their administration. The symptoms were relieved after the first IT dose, and CSF analysis was performed. Due to the limitation of not assessing imaging, we cannot conclude that the patient benefited from IT therapy. However, this case showed the feasibility of IT pembrolizumab administration in melanoma patients with LMD, which may have the potential for extrapolation across LMD from other solid tumors and supports further studies to identify its safety and efficacy.

Radiation, systemic therapies, or a limited number of IT therapies are the current treatment options for patients with LMD (6, 7). As systemically administered agents find it difficult to enter the central nervous system (CNS) due to the blood–brain and blood–cerebrospinal fluid barriers (BBB and BCSF) (8, 9), direct IT infusion is an attractive treatment strategy. A pool analysis of 27 published studies with 2,161 patients (79 patients with melanoma) receiving IT therapy for LMD demonstrated that 44.7% of patients showed clinical improvement and 29.9% showed negative CSF cytology after treatment (10). The most commonly used drugs are chemotherapeutic agents with limited data on IT immunotherapy. The administration of interleukin-2 (IL-2) via the IT route in patients with metastatic melanoma or lung adenocarcinoma has been reported previously, demonstrating the feasibility of IT immunotherapy (11–13). A study retrospectively analyzed 43 patients with metastatic melanoma with LMD treated with IT IL-2 and demonstrated a survival benefit in a subset of patients; however, significant toxicity concerns were noted (14).

Currently, the approved immune checkpoint inhibitors (ICIs) for metastatic melanoma therapy are IgG monoclonal antibodies with neonatal Fc receptor (FcRn) binding, which can cross an intact BBB (15). FcRn enables antibodies to enter cells residing in the choroid plexus via endocytosis and to be released into the CSF. The outcomes of ICIs used in patients with LMD from different malignancies have been reported (16–19). One study enrolled 18 patients with solid tumors and LMD, and all patients received ipilimumab and nivolumab treatment. The 3-month survival rate was 44% (8/18), and the study met the primary endpoint (16). Furthermore, a single-arm, phase-2 clinical trial enrolled 20 patients with breast, lung, and ovarian cancers along with LMD manifestations (17). The patients received IV pembrolizumab (200 mg) every 3 weeks. The findings showed that 60% of the patients survived for 3 months after enrollment. In another phase II clinical trial, pembrolizumab monotherapy induced a CNS response in 38% of patients at week 12, and the response was defined as cytological, radiological, or clinical (18). Thus, pembrolizumab is a feasible and relatively safe treatment option for LMD. However, the ABC study enrolled four patients with LMD receiving intravenous nivolumab, and none of the patients achieved intracranial responses (19); therefore, better administration strategies need to be explored. Recently, studies on the use of IT ICIs for LMD (20–22) have shown this to be a promising approach for LMD treatment. A case report of IT administration of pembrolizumab in a refractory triple-negative breast cancer patient with LMD demonstrated the feasibility and safety of this treatment (20). To the best of our knowledge, this is the only reported case of pembrolizumab IT administration. As our patient was treated with adjuvant pembrolizumab for more than 1 year with good tolerance and our experience of using pembrolizumab in patients with metastatic melanoma (pembrolizumab has been approved in China for metastatic melanoma but nivolumab has no melanoma indication in China), we considered the IT pembrolizumab strategy. A phase I/Ib study of nivolumab IT in patients with LMD from metastatic melanoma also revealed the safety and good tolerance of this approach, as no unexpected toxicity was observed (22). The study enrolled 25 patients treated with IT nivolumab monotherapy in cycle 1, and IV nivolumab was administered in subsequent cycles. The IT escalation doses were 5, 10, 20, and 50 mg of nivolumab, and no dose-limiting toxicity was observed. The recommended IT dose of nivolumab is 50 mg (IV, 240 mg) administered every 2 weeks. This study provides guidance for dose selection in our patient, as pembrolizumab has the same molecular weight as nivolumab. Considering that the body surface area of the patient was large and that there were no reports on the use of IT pembrolizumab in metastatic melanoma with LMD, we administered an IT dose of 25 mg with 175 mg IV pembrolizumab. The administration schedule was chosen every 3 weeks for consistency with pembrolizumab systemic infusion. It was considered a conservatively safe schedule given the limited literature on the safety and kinetics of IT PD-1 inhibitors.

Despite our findings, we cannot conclude that the patient may have benefitted from the two doses of IT infusion. Nevertheless, IT pembrolizumab might have contributed to temporary symptom relief and albumin and glucose decline in the CSF. Recently, a real-world study of IT anti-PD-1 treatment in patients with metastatic melanoma and LMD was reported (23). The study enrolled seven patients receiving IT nivolumab (n = 4) or pembrolizumab (n = 3). Four patients responded to treatment with symptom improvement and reduction or disappearance of linear enhancement on MRI, while three patients developed progressive disease. With a median follow-up of 13.3 weeks, the median intracranial progression-free survival (IPFS) and median OS for IT anti-PD-1 were 16.1 and 20.3 weeks, respectively. All treatment-related adverse events were of grade 1–2. Based on our case and the current evidence, we posit that the IT immunotherapy treatment approach for patients with LMD from melanoma is well tolerated and effective and merits further investigation in clinical trials.




4 Conclusion

In this study, we demonstrated the feasibility and safety of intrathecal pembrolizumab at the tested dosage. We believe that our study makes a significant contribution to the literature because makes a valuable contribution to the existing literature by addressing the critical and underexplored issue of leptomeningeal disease (LMD) in melanoma patients. As there is currently no standard treatment protocol for LMD, the findings of this study open new possibilities for therapeutic interventions. The results emphasize the need for further research on intrathecal immunotherapy, offering a potential avenue for improving outcomes in patients with LMD, which is a significant contribution to the oncology literature.
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