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Treatment of brain metastases often includes surgical resection, chemotherapeutics and radiotherapy. Given the difficulty in obtaining therapeutic levels of medications within the immune-privileged central nervous system, chemotherapy as a stand-alone treatment modality for brain metastases is an uncommon option. However, there is a growing body of evidence to suggest that immunomodulatory agents can induce a robust immune response in the central nervous system. Here, we describe a 68-year old male who presented with radiographic evidence of new and enlarging lung nodules with mediastinal adenopathy. Lung biopsy was consistent with adenocarcinoma. Immunohistochemical staining demonstrated high expression of programmed cell death protein 1 with a tumor proportion score of 100%. Surveillance magnetic resonance imaging of the brain demonstrated a single enhancing 11 × 7 × 12 mm lesion along the mesial surface of the right frontal lobe. The patient deferred surgical resection as well as stereotactic radiosurgery but agreed to treatment with pembrolizumab. Repeat magnetic resonance imaging at 3-months after initiation of treatment demonstrated complete radiographic resolution of the brain lesion. To our knowledge, this is one of only a few reports in the current literature to document complete resolution of non-small cell lung cancer brain metastasis with pembrolizumab alone. We discuss the emerging literature regarding the efficacy of pembrolizumab in the treatment of brain metastases, central nervous system penetration, and emerging new treatment paradigms involving novel immunotherapy agents.
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BACKGROUND

Brain metastases are a common finding in non-small cell lung cancer (NSCLC) occurring in ~16–44% of patients (1–4). Improvement in systemic disease control and widespread availability of imaging has likely contributed to the increasing incidence of brain metastases (5, 6). While the advancement of immunotherapy has begun to become an integral part of the treatment paradigm for NSCLC, brain metastases continues to be managed with surgical resection and radiotherapy (7). Treatment of a single metastatic intracranial lesion often involves surgical resection in the appropriate patient population with accessible lesions followed by stereotactic radiosurgery (SRS). Historically, whole brain radiation therapy (WBRT) was the standard treatment of choice for the management of metastatic disease dissemination of the brain parenchyma with the aim in managing both the visible metastases as well as disease at the cellular level (8). However, due to the consequential cognitive decline experienced by many patients with WBRT, the field has moved away from WBRT and toward local control with SRS (9, 10). In patients deemed poor surgical candidates or lesions that are either deep seated or in eloquent areas, SRS alone has become a reasonable and reliable treatment option replacing WBRT in many patient subsets (8, 11).

While chemotherapy or immunotherapy are effective and necessary in the treatment and control of primary NSCLC, the literature depicting pembrolizumab as stand-alone treatment modality for NSCLC brain metastases is sparse (12–17). Limited studies have demonstrated control of brain metastases when used with WBRT and after failure of other treatment regimens (12, 13). As the use of immune checkpoint inhibitors have become more widespread, research has demonstrated some activity against brain metastases; however, given the lack of response by many patients, the effectiveness of immunotherapy in the treatment of intracranial metastatic disease has yet to be fully elucidated (14–17). Here, we describe a patient with newly diagnosed NSCLC who desired to follow his brain metastasis with serial imaging after initiating pembrolizumab immunotherapy. Imaging to date has demonstrated a complete radiographic response. To our knowledge, this is one of only a few reports in the current literature to document complete resolution of NSCLC brain metastasis with pembrolizumab alone.



CASE PRESENTATION

A 68-year old male, with a past medical history remarkable for an 88 pack-year smoking history and chronic obstructive pulmonary disease on supplemental oxygen, underwent an annual lung cancer screening with a computed tomography (CT) scan of the chest ordered by his primary care physician. CT demonstrated an increase in previously identified lung nodules as well as five new nodules, fluid within the right lung and ipsilateral mediastinal adenopathy. Subsequent bronchoscopy and lymph node biopsies demonstrated pulmonary adenocarcinoma that was EGFR negative, ALK negative, ROS1 negative, BRAF wild type, and highly positive for programmed cell death protein 1 (PD-1) (>50%) with a tumor proportion score of 100%. Surveillance magnetic resonance imaging (MRI) of the brain (1 mm cuts) demonstrated a single, avidly enhancing 11 × 7 × 12 mm lesion along the mesial surface of the right frontal lobe within the cingulate sulcus with surrounding vasogenic edema (Figures 1A,B). As such, his primary disease was considered stage IV (T0N2M1b). He was started on pembrolizumab immunotherapy by medical oncology and referred to neurosurgery for further treatment considerations of his single metastatic intracranial lesion.
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FIGURE 1. Magnetic resonance imaging pre- and post-treatment. (A,B) Pre-treatment imaging demonstrated an avidly enhancing 11 × 7 × 12 mm lesion along the mesial surface of the right frontal lobe within the cingulate sulcus with surrounding vasogenic edema. (C,D) Post-treatment imaging with complete radiographic resolution of the lesion and associated vasogenic edema.


Risks and benefits of treating and withholding treatment for the single metastatic intracranial lesion were discussed at length with the patient. Given the patient's poor pulmonary status and the location of the brain metastasis, we recommended SRS. However, the patient refused treatment other than pembrolizumab but was amenable to considering intervention should the lesion progress on follow-up imaging. Four cycles of pembrolizumab (200 mg every 3 weeks) were planned with follow up MRI thereafter to revisit treatment options based upon imaging findings. Repeat MRI (1 mm cuts) 3 months after initiating pembrolizumab demonstrated complete radiographic resolution of the intracranial lesion and associated vasogenic edema without any new interim findings (Figures 1C,D). Follow-up positron-emission tomography 9 months after starting treatment demonstrated no focal accumulations within the brain parenchyma but with persistent yet decreased uptake within the right upper lobe, two areas of new uptake and interval resolution of mediastinal and hilar lymph node activity. The patient completed ten cycles of pembrolizumab without any reported clinical sequelae throughout his treatment course. At 1-year follow up after initial diagnosis, the patient was doing well with his pulmonary function at baseline.



DISCUSSION

Metastatic brain tumors continue to be the leading cause of central nervous system malignancy in adults with NSCLC accounting for more than 30–60% of all cases (18). The development of immunotherapies, specifically those targeted at immune checkpoints, has led to significant progress in the field of medical oncology, especially for patients with advanced NSCLC. However, there is limited data on the permeability of pembrolizumab and other immune checkpoint inhibitors at the blood-brain barrier. Traditional chemotherapy agents, including platinum analogs, paclitaxel, docetaxel, gemcitabine and other anti-cancer drugs used to treat adenocarcinoma, have poor penetration and duration into brain tumor tissues at sufficient concentrations to cause significant anti-tumor effects (19–23). Immunotherapy for the treatment of NSCLC, including agents such as pembrolizumab, nivolumab, atezolizumab, and durvalumab, are fairly novel agents used in the treatment of metastatic NSCLC. Central nervous system penetration and efficacy have yet to been substantiated, though there are reports that suggest potential activity and therapeutic responses (14–16).

Pembrolizumab is a highly selective humanized monoclonal IgG4-kappa isotope antibody that is directed against PD-1 (24). PD-1 is located on T lymphocytes and pro-B lymphocytes and interacts with two ligands: programmed cell death ligand 1 (PD-L1) and ligand 2. T-cell function becomes inhibited when PD-L1 binds PD-1 (25). As such, pembrolizumab inhibits formation of the PD-1: PD-L1 complex, which allows for an improved T-cell response to tumor cells (25). As the KEYNOTE-001 clinical trial demonstrated, 23.2% of NSCLC patients not treated previously with chemotherapy and 15.5% of previously treated patients were alive after 5 years with pembrolizumab monotherapy (7). This is a significant improvement to a historical 5-year survival of 5.5% prior to immunotherapy (7). However, the question as to whether immunotherapy can be a stand-alone treatment for single brain metastases with the goal of avoiding invasive surgical procedures and radiation has yet to be answered. There are few case reports and one prospective trial of complete resolution of metastatic brain lesions in NSCLC, though many of these patients also received some type of additional therapy including WBRT, SRS or surgical resection (14–16, 22, 26, 27). Research is sparse in detailing the effectiveness of immunomodulatory agents in treatment of NSCLC brain metastases in the absence of previous radiation, though recent reports have begun to highlight this area (1, 14–16).

Pembrolizumab may be beneficial for stage IV NSCLC with brain metastasis as a monotherapy without the use of radiotherapy. To date, there is only one prospective study by Goldberg et al. investigating the efficacy of pembrolizumab in patients with NSCLC or melanoma with untreated brain metastases measuring 5–20 mm (15). The study consisted of two cohorts: cohort one was for patients with PD-L1 expression of at least 1% and cohort two was for patients with PD-L1 <1%. Eleven of 37 patients (29.7%) in cohort one exhibited a brain metastasis response on subsequent radiographic imaging. Specifically, seven patients exhibited a partial response on subsequent imaging whereas four patients exhibited complete radiographic resolution at a median follow up time of 1.8 months after the initiation of treatment. Moreover, none of the five patients in cohort two demonstrated a response. Interestingly, median overall survival did not differ significantly between patients with PD-L1 expression of at least 1% vs. PD-L1 expression <1% (15).

The resolution of intracranial lesions on follow-up imaging suggests permeability of the blood-brain barrier to pembrolizumab, though numerous questions remain to be answered regarding which patients may have a propensity to respond, and which imaging, clinical findings, or biomarkers may correlate with central nervous system efficacy (1). Accurate prediction of which patients with NSCLC brain metastases will respond to immunotherapy may help prevent or at least delay unnecessary invasive therapies. While some studies suggest that NSCLC patients with high tumor PD-1 expression show better response rates and longer survival with immunotherapy, this does not necessarily translate to the response rate of NSCLC brain metastases (28). The heterogeneity of PD-1 receptor status of tumor cells as well as potential variations in the immunophenotypes of the receptors between the primary lesion compared to the metastatic lesions make generalizations difficult (1, 29). Though receptor status of the brain metastases is inevitably of interest, other research has focused on the PD-1 status of the tumor infiltrating lymphocytes (TIL) in metastatic brain lesions. Higher TIL scores in metastatic brain lesions have correlated to improved progression free survival; however, other studies indicate that TIL scores of the metastatic brain lesion may not correlate with the primary lesion (17, 30). Moreover, the variability of currently available assays makes definitive analysis, and, thus, clinical correlations difficult (31).



CONCLUSIONS

As the median survival of NSCLC continues to improve with increasingly efficacious therapies, addressing secondary anticipated effects of longer survival times such as an increasing rate of brain metastases will become a more demanding issue. Patients choosing immunotherapy and forgoing more invasive modalities, such as surgical resection or radiation treatment, for asymptomatic, incidental lesions may become a challenge that needs further investigation and substantiation. Delaying surgical or radiation treatment with the hope that immunotherapy will successfully treat the metastatic process is only a feasible concept if research can accurately identify likely responders. A non-aggressive approach toward an aggressive lesion may lead to increased growth of the lesion and associated vasogenic edema that is often confounded by neurologic symptomatology, seizures, cognitive decline, and deterioration in the patient's performance status (32). Certainly, there is a direct correlation between performance status and clinical outcomes (33). Indeed, an improved understanding of immunotherapy and its effectiveness in the central nervous system may lead to better treatment paradigms for metastatic brain cancer and, ultimately, improved clinical outcomes.
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