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Abstract

Glioblastoma is the most common primary brain tumour in adults. Prognosis is poor: even with 

the current gold-standard first-line treatment—maximal safe resection and combination of 

radiotherapy with temozolomide chemotherapy—the median overall survival time is only 

approximately 15–17 months, because the tumour recurs in virtually all patients, and no 

commonly accepted standard treatment for recurrent disease exists. Several targeted agents have 

failed to improve patient outcomes in glioblastoma. Immunotherapy with immune checkpoint 

inhibitors such as ipilimumab, nivolumab, and pembrolizumab has provided relevant clinical 

improvements in other advanced tumours for which conventional therapies have had limited 

success, making immunotherapy an appealing strategy in glioblastoma. This Review summarizes 

current knowledge on immune checkpoint modulators and evaluates their potential role in 

glioblastoma on the basis of preclinical studies and emerging clinical data. Furthermore, we 

discuss challenges that need to be considered in the clinical development of drugs that target 

immune checkpoint pathways in glioblastoma, such as specific properties of the immune system in 

the CNS, issues with radiological response assessment, and potential interactions with established 

and emerging treatment strategies.
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Introduction

Glioblastoma is the most common primary tumour of the CNS in adults, representing 

approximately 50% of all gliomas and 15% of primary brain tumours.1 The median age at 

diagnosis of glioblastoma is 64 years and the prognosis of patients with glioblastoma is 

poor, with median overall survival time of approximately 15–17 months.2

Despite advances in therapy, such as the widespread adoption of temozolomide for 

chemotherapy in newly diagnosed glioblastoma in 2005,3,4 improvements in survival for 

patients with glioblastoma have been modest.5,6 The current standard of care for newly 

diagnosed glioblastoma is maximal resection of the tumour, followed by radiotherapy and 

temozolomide.7 Unfortunately, glioblastoma ultimately relapses in almost all patients, and 

none of the current treatments can effectively prolong survival after relapse.7 Consequently, 

given the poor prognosis and limited treatment options for patients with glioblastoma, 

considerable interest has been directed in the development of new therapeutic approaches 

for this disease.

In the past 5 years, immunotherapy with immune checkpoint inhibitors has provided clinical 

advances in the treatment of other tumours for which conventional therapies have had 

limited success.8-14 These drugs facilitate effective antineoplastic immune response by 

suppressing co-inhibitory receptors and pathways that are activated by tumours to suppress 

T-cell response against tumour cells. Of particular rele vance is the finding that immune 

checkpoint inhibitors can induce deep and durable remissions that sometimes last for several 

years, and that even though treatment-related toxicities and adverse events can be 

considerable, they are manageable in most cases.8-14

The FDA approved the first two checkpoint inhibitors that target programmed cell death 

protein 1 (PD1) in late 2014 (pembrolizumab and nivolumab for unresectable or metastatic 

melanoma), and approved nivolumab for non-small-cell lung cancer (NSCLC) in March 

2015.15,16 The first large phase III trial of nivolumab in patients with glioblastoma 

(NCT02017717) was initiated in 2014. In this Review, we summarise the involvement of 

immune checkpoint pathways in cancer, and evaluate the potential of immune checkpoint 

modulators in glioblastoma. We discuss preclinical data and emerging clinical studies on 

immune checkpoint inhibitors in glioblastoma. We also consider challenges that could occur 

in the clinical development of these agents in brain tumours, which might arise from specific 

characteristics of the CNS immune system, issues with radiological response assessment, 

and potential interactions with established and emerging treatment strategies. The aim of this 

Review is to promote rational and focused investigations into the clinical utility of immune 

checkpoint inhibitors in this devastating disease.

Immune checkpoint modulators

Immune checkpoint system

The interaction of tumour cells with the immune system (Figure 1) is a major determinant of 

cancer pathogenesis. The immune system attempts to eliminate tumour cells via a response 

cycle that comprises several steps, beginning with the release of antigens from tumour cells 
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at cell death, followed by the presentation of these antigens by antigen-presenting cells 

(APCs) to T cells that are then primed and activated against cancer-specific antigens in the 

lymph nodes.17 These cytotoxic T cells, referred to as CD8+ cells, migrate to tumour sites 

where they infiltrate the tumours, specifically recognize the cancer cells, and elicit tumour-

cell death, which then causes the release of more tumour-associated antigens, thereby 

continuing the cycle.17 Throughout this process, various ligand–receptor interactions, or 

checkpoint pathways, between APCs and T cells and between tumor cells and T cells 

provide signals to stimulate or inhibit T-cell activation, and to regulate the duration and 

extent of the immune response.17

Two signals are involved in the activation or inhibition of the T-cell response: the primary 

signal occurs when antigens are presented through the MHC to the T-cell receptor, and the 

secondary signal that is either co-stimulatory or co-inhibitory and determines the T-cell 

response.18-20 Checkpoint molecules reflect these signals, and can be either co-stimulatory 

or co-inhibitory: CD28, CD80, CD86, CD40L, CD137, TNFRSF4 (also known as OX40), 

CD58, and CD28 promote immune activation, whereas cytotoxic T-lymphocyte-associated 

antigen 4 (CTLA4), PD1, lymphocyte activation gene 3 (LAG-3), TIGIT, and T-cell 

immunoglobulin and mucin domain-3 (TIM3; also known as hepatitis A virus cellular 

receptor 2) suppress immune activation.18,20-23 These immune checkpoint pathways are 

exploited by tumour cells to evade immune detection, and can be targets for therapies.17,20 It 

is important to note, however, that much of the data on the function of these molecules has 

been derived from models of melanomas and other tumour types; at present, the exact 

involvement of checkpoint pathways in brain tumour pathogenesis is unknown.

Clinical experience with checkpoint inhibitors

Clinical data and ongoing clinical studies—Immunotherapies that specifically target 

co-inhibitory checkpoints have proven highly successful in several types of advanced 

tumour. Inhibition of CTLA4 is one approach that has shown clinical benefit.24 Ipilimumab, 

a fully humanized monoclonal antibody against CTLA4, was approved in 2011 by the FDA 

and the European Medicines Agency for the treatment of unresectable or metastatic 

melanoma, and has also shown benefit in patients with brain metastases of advanced 

melanoma, especially in patients who did not require corticosteroids for oedema at 

enrolment.8,9,25-28

Another effective approach is the inhibition of the pathway involving PD1, PDL1, and 

PDL2.29 Nivolumab and pembrolizumab are monoclonal antibodies that inhibit the PD1 

receptor and its interaction with its ligands PDL1 and PDL2, thereby overcoming PD1 

pathway-mediated inhibition of the antitumour immune response. Both agents were 

approved in 2014 by the FDA for the treatment of unresec table or metastatic melanoma and 

disease progression following ipilimumab treatment.11,15,16,30-32 In addition, nivolumab was 

approved by the FDA for NSCLC in March 2015. These agents have also shown benefit in 

other advanced tumours, including those associated with Hodgkin lymphoma and renal cell 

cancer.12,33-37

Several other PD1–PDL1 checkpoint inhibitors—pidilizumab and AMP-224 that target 

PD1, and MEDI4736, MPDL3280A, and MSB0010718C that target PDL1—are under 
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investigation for both solid tumours and haematological malignancies. Modulation of other 

co-inhibitory checkpoints, such as TIM3 and lymphocyte activation gene 3 protein (LAG3), 

is also being explored (Table 1). TIM3 regulates T-cell exhaustion,38 and high expression of 

TIM3 has been found in tumours from patients with melanoma, NSCLC, lymphoma and 

other cancers.20,39 Similarly, LAG3 has been shown to be highly expressed in tumour-

infiltrating lymphocytes (TILs) from patients with melanoma, colorectal cancer or 

fibrosarcoma, and seems to act synergistically with PD1 to control the expansion of 

activated T cells.40,41 Moreover, agents that activate co-stimulatory molecules are being 

investigated; for example MEDI6469, which targets TNFRSF4, is undergoing phase I 

clinical testing in a variety of advanced solid tumours.

Adverse effects—The most important treatment-related adverse effects associated with 

immune checkpoint inhibition are inflammatory and autoimmune events. Of note, some data 

suggest a correlation between treatment response and immune-related adverse events, 

although this association requires further investigation.42 Adverse effects are particularly 

common in patients treated with the CTLA4 inhibitor ipilimumab: severe cases of colitis, 

pneumonitis and hypophysitis have been reported, among other serious immune-related 

toxicities.8,9,43-45 Patients receiving ipilimumab monotherapy for melanoma were much 

more likely to discontinue treatment because of adverse events—such as diarrhoea, colitis, 

rash, or fatigue—than were patients treated with nivolumab (13.2% vs 5.1%, respectively). 

Combination therapy with nivolumab plus ipilimumab was associated with particularly high 

rate of discontinuation because of severe adverse effects (29.4%).45

Adverse events have also been reported with the PD1 inhibitors nivolumab and 

pembrolizumab, although these agents seem to have a more favourable safety profile, 

perhaps suggesting a more restricted role of PD1 in inhibiting the immune 

response.8,10,11,30-32,46 Because of these experiences, detailed algorithms have been 

developed to manage specific immune-related adverse events—such as skin-related, 

gastrointestinal, hepatic and endocrine events—and these algorithms are now well 

established in clinical practice.47

A key challenge in the development of immunotherapy for CNS tumours will be to balance 

the intensity of the immune response with the potential for inflammatory and autoimmune 

events, including autoimmunity directed at the brain (allergic encephalomyelitis).46,48,49 

Moreover, any increase in intracranial pressure and cerebral oedema that is associated with 

enhanced inflammatory response against tumour manifestations, owing to effective immune 

checkpoint inhibition, could reduce tolerability.49 Of note, autoimmune events in the CNS 

have not been reported in the approximately 250 patients with brain metastases from 

melanoma who were treated with ipilimumab, though long-term follow-up data from such 

patients have not yet been published.25,26,28

Biomarkers for response to checkpoint inhibition—In several cancer types, 

including melanoma and lung cancer, expression of PDL1 in the tumour positively 

correlates with response to inhibitors of the PD1–PDL1 axis, although responses have also 

been observed in patients with PDL1-negative tumours and the true predictive role of this 

marker is under intense investigation.10,50 Importantly, several immunohistochemical assays 
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for the assessment of PDL1 expression exist and evaluation of PD1 as potential predictive 

biomarker will require detailed comparison of analytical test performance using various 

antibodies and cut-offs. Interestingly, studies in patients with melanoma and lung cancer 

have demonstrated that response to immuno therapy could be related to genetic signatures: 

patients with distinct neoantigen signatures responded better to immune checkpoint 

inhibition.51,52

The immune system and glioblastoma

CNS immune privilege revisited

The traditional assumption has been that immune responses in the CNS were limited, 

because the blood–brain barrier, an absence of a conventional lymphatic drainage system, 

and low levels of APCs, MHC, and T cells, provided immune privilege or immune isolation 

for the brain.19,48,53 This view has recently been challenged, as it has become clear the CNS 

actively communicates with the immune system. In 2015, a lymphatic system within the 

CNS was discovered; this system drains CNS antigens from the cerebrospinal fluid into the 

cervical lymph nodes, thus facilitating immune surveillance of the CNS.54 It is also clear 

that some immune cells readily migrate into the CNS and have a crucial role in the 

pathobiology of various neurological diseases such as multiple sclerosis, CNS infections and 

neuro degenerative disorders; these cells are also present in brain tumours including 

gliomas.48,53,55 The CNS contains high numbers of microglia, which are the main effector 

cells of the innate immune system in the CNS and exert a number of critical functions 

including cytotoxicity via nitric oxide release, phagocytosis, and T-cell activation through 

antigen presentation.

In glioblastoma, increased permeability of the of the blood–brain barrier, associated with 

pathologically structured microvessels and vascular endothelial growth factor (VEGF) 

expression, could also contribute to the interaction between tumour cells and the immune 

system. Interestingly, tumour cells have been detected in the peripheral circulation of 

patients with glioblastoma; further studies should determine whether and how these cells are 

involved in immune stimulation.56,57

Tumour-associated immunosuppression

Several mechanisms within the glioblastoma microenvironment facilitate the tumour’s 

evasion of the immune response, making glioblastoma a particularly immunosuppressive 

tumour. Glioblastoma tumours express various potent immunosuppressive factors, such as 

prostaglandin E2, TGF-β, indoleamine 2,3-dioxygenase (IDO), IL-10 and STAT3.58-60 

Moreover, ineffective presentation of tumour antigens by APCs or recruitment of 

immunosuppressive cells such as regulatory T cells (TREG cells), or myeloid-derived 

suppressor cells to the tumour microenvironment seem to contribute to immune evasion of 

tumour cells in glioblastoma.20,61-63

Increased PDL1 expression in glioblastoma—Expression and activity of immune 

checkpoint molecules—in particular PDL1—that inhibit T cells, has emerged as an 

important immunosuppressive mechanism in glioblastoma.64-66 In an analysis of 135 
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glioblastoma specimens, diffuse or fibrillary PDL1 expression was present in 88% of 

samples from patients with newly diagnosed glioblastoma and in 72% of samples from 

patients with recurrent glioblastoma (Figure 2), although no correlation between PDL1 

expression and survival was found.65

It is important to note that the level of PDL1 expression in the healthy CNS tissue that 

surrounds glioblastomas is very low. The glioblastoma tumours themselves seem to be more 

likely to express PDL165 than are other tumour types (~30% of melanomas30 and 25–36% 

of NSCLC tumours67). Interestingly, examination of 446 glioblastoma samples from The 

Cancer Genome Atlas showed that PDL1 gene expression differed according to molecular 

subtype of glioblastoma: the mesenchymal subtype showed much higher PDL1 expression 

than did other subtypes.65 This finding is in line with other studies showing that the 

mesenchymal glioblastoma subtype is particularly immunogenic, with overexpression of 

genes involved in antitumour pro-inflammatory responses, including both adaptive and 

innate immunity, and immunosuppression.68,69

On a functional level, PDL1 produced by glioma cell lines inhibits T-cell activation and 

reduces the production of cytokines—such as IFN-γ, IL-2 and IL-10—by lymphocytes.70,71 

Moreover, glioma cells were also shown to upregulate PDL1 expression in circulating 

monocytes and tumour-infiltrative macrophages via modulation of autocrine–paracrine 

IL-10 signalling.66 Microglia strongly inhibit T-cell function via PD1–PDL1 signalling in in 

vitro models of inflammatory and autoimmune CNS disorders,72 and PDL1 expression has 

also been reported in microglial cells in human glioblastoma specimens.65 Notably, PD1-

expressing TILs and PDL1 expression has also been observed in other CNS neoplasms such 

as brain metastases and primary CNS lymphoma; suggesting thera peutic relevance of 

targeted inhibition of the PD1–PDL1 axis in these tumour types.73-75

Overall, the recent success of immune checkpoint inhibitors in other tumour types and the 

accumulating data showing a prominent involvement of checkpoint molecules in immune 

evasion of glioblastoma provide a sound rationale for clinical trials with such agents in this 

tumour.

Tumour-associated immune cells in glioblastoma—The inflammatory infiltrates in 

glioblastomas are usually relatively sparse and are comprised of various cell types including 

CD8+ cells, CD4+ (T-helper) cells, CD20+ cells (also known as B cells), TREG cells, natural 

killer cells, microglia and macrophages.65,76-78 PD1-expressing T cells are found in 

approximately one-third of glioblastoma samples.65 Usually, TILs are found predominantly 

in the perivascular area, but also in the tumour tissue. These lymphocytes are particularly 

numerous in mesenchymal glioblastomas with NF1 and RB1 mutations.78 TILs have been 

reported to correlate with survival times in glioblastoma; however, the studies that reported 

this correlation were small and retrospective in nature, meaning that the finding should be 

validated in further investigations.76,77 Future studies should also investigate whether 

density or composition of TIL infiltrates could be used as predictive biomarkers for response 

to immunomodulatory therapy in glioblastoma.
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Checkpoint inhibitors in glioblastoma

Preclinical evidence

Modulation of the checkpoint pathways has been investigated with in vitro and in vivo 

models.59,79-82 Activation of specific co-stimulatory receptors, such as OX40, and blockade 

of specific co-inhibitory receptors, such as PD1 and CTLA4, induced tumour regression and 

promoted long-term survival in animal models of glioma.79,80,82 The immunosuppressive 

potential of various combinations of co-inhibitory and co-stimulatory checkpoint inhibitors 

(for example, PDL1, CTLA4 and CD137) and/or radiation have also been explored in 

murine models of glioblastoma. Both the combination of several immunosuppressive drugs

—such as combined treatment with IDO, CTLA4 and PDL159—and the combination of 

immune checkpoint inhibition with radiotherapy82-83 prolonged survival. In addition, 

infiltration of TILs and the ratio of effector T cells to TREG cells were frequently altered, 

indicating enhanced immune function.59,79-83

Directions for future clinical trials

Given the prominent role of the PD1–PDL1 axis in glioblastoma pathophysiology, several 

clinical trials have been initiated to determine the potential of PD1–PDL1 checkpoint 

inhibitors for glioblastoma, both as monotherapy and in combination with other agents 

(Table 2). In addition, a number of clinical trials are evaluating immune checkpoint 

molecules in brain metastases, and could yield important information on adverse events, 

response patterns, and effects of combination with other therapies such as corticosteroids or 

radiation. In the foreseeable future, the results of these trials should provide further direction 

regarding the utility of targeting immune checkpoints in CNS tumours.

Combination immunotherapy—The multitude of immunosuppressive mechanisms 

observed in glioblastoma might necessitate combination of several immunomodulatory 

agents to achieve an optimal therapeutic activity. Indeed, emerging data from patients with 

melanoma indicate that combination of inhibitors that target different immune checkpoint 

molecules can increase efficacy in comparison with monotherapy, at least in some 

subgroups of patients: the combination of ipilimumab and nivolumab is more effective than 

ipilimumab alone in previously untreated patients with melanoma, especially in patients 

with PDL1-negative tumours.45 The combination treatment had higher adverse event rates 

than did monotherapy, but adverse events were manageable and were not associ ated with 

treatment-related deaths.45 Other emerging checkpoint molecules that might be targeted 

effectively include OX40 and LAG3; future studies will show whether combined targeting 

of these molecules increases therapeutic activity.

Overall, combination of various immune checkpoint modulators in patients with 

glioblastoma shows promise; however, deeper insights into the interplay of co-stimulatory 

and co-inhibitory molecules is needed for rationally designing clinical studies to explore 

such strategies. In addition, recent studies indicate a role for vaccination against tumour-

associated antigens in patients with glioma who have epithelial growth factor receptor 

variant III (EGFRvIII) or isocitrate dehydrogenase (IDH) mutations.84,85
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Gliomas, including glioblastomas, have been shown to have relatively low mutation rates86 

and are, therefore, presumed to have relatively low basal immune stimulation compared with 

tumour types that have high response rates to immunotherapies, such as those associated 

with melanoma and NSCLC. Combination of vaccination and immune checkpoint inhibition 

could offer synergistic antitumour activity and should be explored in future studies.

Local delivery of immunotherapies—Local delivery of immune checkpoint inhibitors 

to the tumour tissue, with the goal of achieving maximum therapeutic effect while limiting 

systemic toxicity, is a theoretically appealing opportunity. At present, however, it is unclear 

to what extent the therapeutic effect of immune checkpoint inhibitors relies on local activity 

in the tumour tissue microenvironment, as opposed to activity in lymph nodes or other 

peripheral components of the immune system. Furthermore, the feasibility of local delivery 

methods, such as drug-releasing wafers and convection-enhanced delivery, is limited in 

patients with glioblastoma.87

Predictive immunotherapy response biomarkers—Well designed translational 

research projects that accompany clinical trials are of paramount importance to identify 

predictive biomarkers for response to immune checkpoint inhibition in glioblastoma. Such 

studies should investigate the predictive value of the expression of immune checkpoint 

molecules (such as PDL1) and the presence, density or composition of TILs in tumour 

tissues. In addition, high-dimensional profiling of tumour tissue samples for immune-related 

gene expression patterns and molecular tumour subtypes seems reasonable, and might help 

distinguish responsive or insensitive patient subpopulations.88 ‘Liquid biopsies’ to identify 

blood biomarkers might also be useful.

Guidelines for response evaluation

One of the difficulties with immunotherapy is that responses are not sufficiently explained 

by existing criteria for solid tumours, such as the Response Evaluation Criteria in Solid 

Tumours (RECIST), which updated earlier tumour response criteria from the World Health 

Organization.89 Experience with ipilimumab in metastatic melanoma showed that response 

to immunotherapy does not follow the same pattern as seen with conventional 

chemotherapeutic agents. Measureable response can take longer to achieve with 

immunotherapy than with conventional treatments, and durable stable disease could in fact 

indicate response. Additionally, response can occur even after disease progression (as 

measured by conventional criteria).90 An initial increase in tumour burden, typically 

representing failure for chemotherapeutic agents, can arise as a result of continued tumour 

growth prior to the stimulation of the immune response. However, it can also represent 

successful stimulation of the immune response, because movement of TILs into the tumour 

can lead to an apparent increase in the tumour size.90,91 As a result of these observations, 

specific immune response criteria were developed. In these criteria—unlike in RECIST—

new lesions do not necessarily represent progressive disease, but are considered a part of the 

total tumour burden for comparison with baseline disease.90,92,93 In addition, responses are 

based on bidimensional measurements rather than the unidimensional measurements used in 

RECIST.

Preusser et al. Page 8

Nat Rev Neurol. Author manuscript; available in PMC 2016 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A multidisciplinary, multinational panel is currently drafting the Immunotherapy Response 

Assessment in Neuro-Oncology (iRANO) guidelines to standardize response assessment 

criteria in patients with neuro-oncological malignancies who are undergoing 

immunotherapy. The iRANO guidelines build on the response assessment criteria that were 

originally developed in 2010 to address response assessment challenges associated with 

imaging-based evaluation of patients with CNS tumours; these challenges include 

pseudoprogression linked to temozolomide chemoradiotherapy, and pseudoresponse linked 

to antiangiogenic agents, such as bevacizumab.94

A major focus of iRANO is to provide recommendations for management of patients with 

early progressive changes seen on imaging after initiation of an immunotherapeutic agent. 

These changes can be caused by actual tumour growth that precedes the development of a 

sufficient antitumour immune response, or by pseudoprogression associated with an 

inflammatory immune infiltrate. In such cases, early progressive imaging changes do not 

preclude ultimate clinical benefit; indeed, some patients with advanced solid tumours have 

shown late clinical benefit of immune checkpoint blockade.8 The iRANO criteria will permit 

continuation of therapy beyond initial progression in patients who are clinically stable, to 

obtain confirmation of true tumour progression on follow-up imaging. These criteria will 

also address important nuances specific to neuro-oncological malignancies, including 

management of cerebral oedema and corticosteroid dosage.

Concomitant therapy

As immunotherapy becomes more widely available, the potential increases for both 

synergies and adverse interactions between conventional glioblastoma therapies and immune 

checkpoint inhibitors. Thus, questions yet to be resolved include how to combine checkpoint 

inhibitors with current standards of care for glioblastoma—radiotherapy, temozolomide, 

bevacizumab and corticosteroids—and whether the use of these agents is associated with 

positive or negative interactions.

Radiotherapy—After surgical resection, radiotherapy is the backbone of standard 

treatment for newly diagnosed glioblastoma, and it is also commonly used in recurrent 

glioblastoma.7 Whole-brain radiation therapy or stereotactic radiation is also recommended 

for the treatment of brain metastases.95 Radiation elicits tumour necrosis, primarily by DNA 

damage and apoptosis, leading to changes in the tumour microenvironment, which can 

suppress the immune response.96-98 However, the unmasking of tumour antigens and the 

antigen release associated with radiotherapy might improve the efficacy of immune 

checkpoint inhibitors. Indeed, some patients show the so-called abscopal effect, a 

phenomenon where localized irradiation of a tumour shrinks both the irradiated tumour as 

well as a metastasis far from the irradiated site.97 The abscopal effect is now generally 

acknowledged to be immune-mediated: an upregulation and release of tumour antigens in 

the microenvironment caused by radiation-induced tumour cell death, which leads to 

stimulation of the immune response via activation of immune checkpoint pathways.96,97

The potential relationship between radiotherapy and the immune system suggests that the 

combination of radiation with an immune checkpoint inhibitor has a synergistic effect.95 In 
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brain metastases from melanoma, for example, a retrospective analysis found evidence of 

the abscopal effect in over 50% of patients who received radiotherapy following treatment 

with ipilimumab, and median overall survival of patients who showed the abscopal effect 

was substantially longer (22 months) than that of patients who did not show the effect (8 

months).99 The abscopal effect might benefit patients with glioma, for example, by eliciting 

an immune response against tumour cells outside of the radiation field.

However, many questions regarding optimal treatment modalities remain to be answered: 

should these agents be used concomitantly or sequentially; should the checkpoint inhibitor 

be initiated before radiotherapy and continued throughout radiotherapy and beyond, or 

should a checkpoint inhibitor be administered after the completion of radiotherapy? In light 

of the potential synergisms, commencing checkpoint inhibitor treatment prior to 

radiotherapy would seem rational, however, clinical trials are needed to establish optimal 

combination strategies.100

Temozolomide—Temozolomide in combination with radiotherapy is the gold standard 

treatment for newly diagnosed glioblastoma, and temozolomide monotherapy can be used as 

maintenance therapy. However, the use of temozolomide is associated with 

myelosuppression, particularly leukopaenia and lymphopaenia.3,4,98,101 Although 

temozolomide-induced myelosuppression has been proposed to reduce the therapeutic effect 

of immunotherapies, some data demonstrate that lymphopaenia might in fact augment 

immunotherapy, because it could eliminate TREG cells or alter homeostatic mechanisms that 

limit the number of lymphocytes, thereby enabling rapid clonal expansion of tumour-

specific effector T cells. However, these results should be interpreted with caution because 

the studies were small.102-105 However, despite these theoretical considerations, to date the 

interactions between temozolomide and checkpoint inhibitors are unclear and need to be 

elucidated in further studies.

Bevacizumab—Bevacizumab is a recombinant humanized mono clonal antibody that 

inhibits the activity of human VEGF. Bevacizumab is indicated in some countries for the 

treatment of glioblastoma with disease progression after a prior therapy, as well as for other 

tumour types, including those found in patients with metastatic colorectal cancer, metastatic 

renal cell carcinoma, NSCLC or cervical cancer.106 Some studies suggest that bevacizumab 

has the potential to elicit an immune response107,108 and could, therefore, have synergistic 

effects with immune checkpoint inhibitors. In patients with metastatic melanoma, 

bevacizumab increased the number of CD8+ lymphocytes, which might stimulate immune 

responses.107

Tumour-derived VEGF-A, a member of the VEGF family of pro-angiogenic factors, has 

been shown to have immunosuppressive functions via the prevention of dendritic cell 

maturation and decrease in T-cell number and function.108 Bevacizumab specifically targets 

VEGF-A, and increases dendritic cell numbers and function in solid tumours.108 In patients 

with colorectal cancer, bevacizumab has been shown to reduce the amount of TREG cells in 

peripheral blood.108 Thus, it is reasonable to assume that combination therapy with 

bevacizumab and an immune checkpoint inhibitor is a favourable approach; early, promising 
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data from patients with metastatic melanoma treated with ipilimumab–bevacizumab 

combination therapy suggests this strategy to be worthy of further investigation.109,110

It must be noted that the data on the interaction between bevacizumab and the CNS immune 

function in gliomas are insufficient. Moreover, the interaction of immune checkpoint 

inhibitors with bevacizumab or other agents targeting the VEGF pathway cannot be 

predicted and needs to be evaluated carefully. The pronounced anti-oedematous and steroid-

sparing effect of bevacizumab2,111 could be of particular interest for brain tumours; 

bevacizumab could help avoid the immunosuppressive effects of corticosteroids and manage 

immune-related brain oedema in patients treated with immunomodulatory agents.

Corticosteroids—Corticosteroids, especially dexamethasone, are commonly administered 

to patients with brain tumours to reduce brain oedema.112,113 Corticosteroids are also used 

according to established treatment algorithms to manage immune-related adverse events 

associated with checkpoint inhibitors.44,47 Consequently, it is possible that the use of 

steroids might inhibit any immune responses elicited by checkpoint inhibitors. However, 

clinical evidence indicates that, in cases of treatment-related adverse immune events, the 

judicious use of steroids has successfully reversed toxicity with no apparent compromise of 

antitumour activity.11,44,114 Limiting steroid use to the minimum necessary dose—as is 

currently done for all patients—is important not only to avoid steroid-associated adverse 

events, but also to control inflammatory adverse events in patients receiving immunotherapy 

without reducing the antitumour efficacy of these agents.

Conclusions

The approval of the first CTLA4 inhibitor, ipilimumab, and the recent approval of two PD1 

checkpoint inhibitors for unresectable or metastatic melanoma (nivolumab and 

pembrolizumab) and NSCLC (nivolumab) have provided substantial improvements for these 

otherwise devastating diseases, and there is evidence of similar benefits in other advanced 

tumour types, such as metastatic renal cell carcinoma.13

The potential for immune checkpoint inhibitors to benefit patients with glioblastoma is of 

great interest, because these patients have a poor prognosis and few effective treatment 

options. However, many issues specific to CNS tumours—both primary tumours and brain 

metastases—must be addressed before the value of checkpoint inhibitors in CNS cancer can 

be determined. The conventional belief that the blood–brain barrier offers immune privilege 

no longer seems accurate, suggesting that immunotherapy could have benefits in CNS 

cancer. However, the relevance of this finding to drug delivery must be considered. The 

existence of multiple co-stimulatory and co-inhibitory pathways provides numerous targets 

for immunomodulatory agents, but current clinical evidence for their efficacy in 

glioblastoma is lacking.

Much research activity has focused on the discovery of prognostic and predictive 

biomarkers that can identify patients who are most likely to benefit from therapy, but the 

clinical utility of these markers is yet to be confirmed. Challenges in the design and conduct 

of clinical trials for immunotherapies are numerous, particularly in trials involving patients 
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with glioblastoma: different measures of response are required for checkpoint inhibitors, and 

the management of immune-related adverse events in the CNS are a concern. No 

standardized and validated assays to measure immune response exist, and the current 

standard of care for glioblastoma—radiotherapy, chemotherapy and supportive steroid use—

can have immunosuppressive effects that could counteract the stimulatory effects of 

checkpoint inhibitors and thereby confound findings.

Conversely, certain glioblastoma therapies might have synergies that could be exploited, 

though the clinical application of combination strategies will require careful consideration of 

several factors, including dosage regimens, concurrent versus sequential administration, and 

the potential for increased toxicities. Other areas of interest will be the potential for targeting 

co-stimulatory pathways as well as co-inhibitory ones, and combining immunotherapeutics 

with other novel treatment modalities.

The introduction of immune checkpoint inhibitors has dramatically changed the prognosis 

for some advanced tumours. We hope that with careful attention to the particular issues 

associated with CNS tumours, and rational and ethical approaches to the design and 

execution of clinical trials, the clinical utility of immune checkpoint inhibitors in patients 

with glioblastoma will be confirmed, thus providing new treatment options for this 

devastating disease.
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Key points

• The prognosis for glioblastoma patients is poor, with median overall survival of 

approximately 15–17 months

• Immunotherapy has clinical benefits in other advanced tumours, such as 

melanoma and lung cancer, for which conventional therapies have had limited 

success

• The blood–brain barrier prevents macromolecules from entering the CNS, but 

readily allows traffic of activated lymphocytes; thus, communication occurs 

between the CNS and the immune system

• The success of immunotherapy in other cancers, and the current understanding 

of the interaction between the brain and the immune system provide a rationale 

for exploration of immune checkpoint inhibitors in glioblastoma

• Tumour progression could involve multiple immunosuppressive mechanisms, 

making combination of immunotherapeutic agents that target different pathways 

a promising approach

• Clinical trials evaluating immune checkpoint inhibitors in glioblastoma patients 

are ongoing
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Figure 1. 
Overview of the immune response and major immune checkpoint molecules in the immune 

cycle of glioblastoma. Antigens released from degenerating tumour cells are taken up by 

antigen-presenting cells, microglia and macrophages (1). Antigens are trafficked to lymph 

nodes via migration of antigen-presenting cells, and via drainage through lymphatic vessels 

in the meningeal sinuses (2). In the lymphatic tissues, antigen presentation and T-cell 

priming takes place. This interaction is tightly regulated by a multitude of co-inhibitory 

(CTLA4) and co-stimulatory (CD80, CD86, CD28) immune checkpoint molecules, and 

could be modulated by specific therapeutic antibodies, such as the CTLA4 inhibitor 

ipilimumab (3). Activated T cells reach the tumour via the blood stream and migration 

through the blood–brain or blood–tumour barrier (4). Tumour-associated 

immunosuppressive factors, including immune checkpoint molecules, inhibit tumour cell 

destruction by T cells. PDL1 is expressed on tumour cells and microglia and inhibits T cells 

via binding to PD1. PD1–PDL1 inhibitors (for example, nivolumab, pembrolizumab) block 

this immunosuppressive mechanism and thereby increase tumour cell lysis by lymphocytes 

(5). Abbreviations: CTLA4, cytotoxic T-lymphocyte-associated antigen 4; MHC, major 

histocompatibility complex; PDL1, programmed cell death 1 ligand 1; PD1, programmed 

cell death protein 1; TCR, T-cell receptor.
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Figure 2. 
PDL1 expression and tumour-infiltrating lymphocytes in glioblastoma. Expression of the 

immunosuppressive molecule PDL1 and sparse infiltration with cytotoxic lymphocytes are 

found in the majority of glioblastoma cases. a | Most samples from glioblastoma show 

prominent expression of PDL1 on tumour cells. Brown indicates areas immunolabelled with 

monoclonal anti-PDL1 antibody 5H1. b | Glioblastoma typically harbours sparse infiltration 

with tumour-infiltrating lymphocytes, accentuated around microvessels. Brown indicates 

immunolabelled CD8+ T cells. Both light microscopy images taken with an original 

magnification of ×200. Abbreviation: PD1, programmed cell death protein 1; PDL1, 

programmed cell death 1 ligand 1.
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Table 1

Examples of immune checkpoint inhibitors in development

Agent Target Tumour type(s) Highest
phase trial

Indication in the highest-phase
trial

Ipilimumab CTLA4 Glioblastoma, NSCLC, SCLC, gastric cancer,
melanoma, ovarian, pancreatic cancer, renal cancer,
multiple myeloma, lymphomas

Marketed Advanced melanoma

Tremelimumab CTLA4 NSCLC, mesothelioma, squamous cell cancer of the
head and neck, other solid tumours

III Mesothelioma

Nivolumab PD1 Colorectal cancer, glioblastoma, hepatocellular
carcinoma, NSCLC, SCLC, squamous cell cancer of
the head and neck, breast cancer, bladder cancer,
gastric cancer,melanoma, ovarian cancer, pancreatic
cancer, renal cancer, multiple myeloma, lymphomas

Marketed Metastatic melanoma, non-small
cell lung cancer

Pembrolizumab PD1 NSCLC, glioblastoma, squamous cell cancer of the
head and neck, pancreatic cancer, renal cell cancer,
other advanced solid tumours, lymphoma

Marketed Metastatic melanoma

Pidilizumab PD1 Multiple myeloma, glioblastoma, lymphoma III Lymphoma

AMP224 PD1 Advanced solid tumours, colorectal cancer I Advanced solid tumours,
colorectal cancer

AMP514/
MEDI0680

PD1 Advanced malignancies, aggressive B-cell
lymphomas

II Aggressive B-cell lymphomas

BMS936559 PDL1 Advanced solid tumours I Several

MEDI4736 PDL1 NSCLC, squamous cell cancer of the head and neck,
glioblastoma, and other advanced solid tumours

III Non-small cell lung cancer

MPDL3280A PDL1 Bladder cancer, NSCLC, renal cell carcinoma,
and other advanced solid tumours

III Non-small cell lung cancer

MSB0010718C PDL1 Advanced solid tumours II Merkel cell carcinoma

BMS986016 LAG-3 Advanced solid tumours, chronic lymphocytic
leukaemia, Hodgkin lymphoma, non-Hodgkin
lymphoma, multiple myeloma

I Advanced solid tumours, chronic
lymphocytic leukaemia, Hodgkin
lymphoma, non-Hodgkin lymphoma,
multiple myeloma

IMP321 LAG-3 Advanced pancreatic cancer, metastatic breast cancer,
metastatic kidney cancer, metastatic melanoma

I/II Melanoma

Lirilumab KIR Advanced solid tumours, multiple myeloma,
Hodgkin lymphoma, non-Hodgkin lymphoma,
acute myeloid leukaemia

II Acute myeloid leukaemia

IPH2101 KIR Squamous cell cancer of the head and neck,
multiple myeloma

II Multiple myeloma

1-7F9 KIR Multiple myeloma, acute myeloid leukemia II Multiple myeloma

KW-6002 A2aR Preclinical Preclinical Not applicable

Abbreviations: A2aR, adenosine A2a receptor; CTLA4, cytotoxic T-lymphocyte associated protein 4; KIR, killer-cell immunoglobulin-like 
receptors; LAG-3, lymphocyte activation gene 3; NSCLC, non-SCLC; PD1, programmed cell death protein 1; PDL1, programmed cell death 1 
ligand 1; SCLC, small-cell lung cancer.
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Table 2

Representative clinical trials of immune checkpoint inhibitors in glioblastoma and brain metastases

National Clinical
Trial registration
number

Mechanism
of tested
agent

Therapy and/or treatment groups Tumour type No. of
patients

Phase

NCT02017717 Anti-PD1,
anti-CTLA4

Nivolumab (anti-PD1) Nivolumab + ipilimumab 
(anti-CTLA4) Bevacizumab (control group)

Recurrent glioblastoma n = 372 III

NCT01952769 Anti-PD1 Pidilizumab (two cohorts) Relapsed glioblastoma, diffuse
intrinsic pontine glioma

n = 30 I/II

NCT02311920 Anti-PD1,
anti-CTLA4

TMZ + nivolumab
TMZ + ipilimumab
TMZ + nivolumab + ipilimumab

Newly-diagnosed glioblastoma
or gliosarcoma

n = 42 I

NCT02336165 Anti-PDL1 MEDI4736 MEDI4736 + radiotherapy
MEDI4736 + bevacizumab

Newly-diagnosed or recurrent
glioblastoma

n = 84 II

NCT02115139 Anti-CTLA4 Ipilimumab + whole-brain radiotherapy Melanoma BM n = 66 II

NCT02097732 Anti-CTLA4 Ipilimumab followed by stereotactic
radiosurgery, followed by ipilimumab
Stereotactic surgery followed by ipilimumab

Melanoma BM n = 40 II

NCT02107755 Anti-CTLA4 Ipilimumab followed by stereotactic
radiosurgery

Oligometastatic melanoma n = 32 II

NCT01703507 Anti-CTLA4 Ipilimumab + whole-brain radiotherapy
Ipilimumab + stereotactic radiosurgery

Melanoma BM n = 24 I

NCT01950195 Anti-CTLA4 Ipilimumab + stereotactic radiosurgery Melanoma BM n = 30 I

NCT02337491 Anti-PD1 Pembrolizumab monotherapy
Pembrolizumab + bevacizumab

Recurrent glioblastoma n = 79 II

NCT02085070 Anti-PD1 Pembrolizumab Non-small cell lung cancer BM
or melanoma BM

n = 64 II

Abbreviations: BM, brain metastases; CTLA4, cytotoxic T-lymphocyte antigen-4; PD1, programmed cell death protein 1; PDL1, programmed cell 
death 1 ligand 1; TMZ, temozolomide.
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