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            Abstract
Glioblastoma is the most common primary central nervous system malignancy and has a poor prognosis. Standard first-line treatment, which includes surgery followed by adjuvant radio-chemotherapy, produces only modest benefits to survival1,2. Here, to explore the feasibility, safety and immunobiological effects of PD-1 blockade in patients undergoing surgery for glioblastoma, we conducted a single-arm phase II clinical trial (NCT02550249) in which we tested a presurgical dose of nivolumab followed by postsurgical nivolumab until disease progression or unacceptable toxicity in 30 patients (27 salvage surgeries for recurrent cases and 3 cases of primary surgery for newly diagnosed patients). Availability of tumor tissue pre- and post-nivolumab dosing and from additional patients who did not receive nivolumab allowed the evaluation of changes in the tumor immune microenvironment using multiple molecular and cellular analyses. Neoadjuvant nivolumab resulted in enhanced expression of chemokine transcripts, higher immune cell infiltration and augmented TCR clonal diversity among tumor-infiltrating T lymphocytes, supporting a local immunomodulatory effect of treatment. Although no obvious clinical benefit was substantiated following salvage surgery, two of the three patients treated with nivolumab before and after primary surgery remain alive 33 and 28 months later.
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                    Fig. 1: Study design and efficacy results.[image: ]


Fig. 2: Immune composition of tumors before and after neoadjuvant nivolumab.[image: ]


Fig. 3: TCR clonality assessments by mRNA-based next-generation-sequencing analysis of tumor samples before and after surgical resection.[image: ]


Fig. 4: Multiplex immunofluorescence assessment of immune cells in the tumor microenvironment before and after treatment.[image: ]
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Extended data

Extended Data Fig. 1 Swimmer plot graph of treated patients.
Progression of patients included in the trial in months, including subsequent anticancer treatments that the patients received. Duration of nivolumab treatment is also included. DT, death from tumor; DO, death from other cause; RT, radiotherapy; TMZ, temozolamide; UK, unknown.


Extended Data Fig. 2 PD-1 receptor occupancy on tumor-infiltrating CD8 T cells.
Cell suspensions, as in Fig. 2f, from three indicated cases that had sufficient CD8 cells with PD-1 surface expression were immunostained with a nivolumab-competing monoclonal antibody and with a non-competing anti-PD-1 monoclonal antibody. Top, mean intensity of fluorescence (MFI) of cells. Bottom, percentage of positive cells.


Extended Data Fig. 3 TCRγδ clonality assessments by mRNA sequencing of tumor samples before and after surgical resection.
a,b, Charts showing the number of TRG (a) and TRD clones (b) detected in pre- and postsurgical samples of patients from the neoadjuvant nivolumab and control groups. Only cases with detectable TRD sequences are shown. P values were obtained using paired two-tailed Wilcoxon rank-sum tests and corrected with Benjamini–Hochberg method and are indicated above each graph. ns, not significant (P < 0.05).
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