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Brain tumors are one of the leading causes of cancer related death in both the adult and pediatric patient population. Gliomas represent a cohort of brain tumors derived from glial cell lineages which include astrocytomas, oligodendrogliomas and glioblastomas (GBMs). These tumors are known to grow aggressively and have a high lethality with GBM being the most aggressive tumor in this group. Currently, few treatment options exist for GBM outside of surgical resection, radiation therapy and chemotherapy. While these measures have been shown to marginally improve patient survival, patients, especially those diagnosed with GBM, often experience a recurrence of their disease. Following disease recurrence, treatment options become more limited as additional surgical resections can pose life threatening risk to the patient, patients may be ineligible for additional radiation, and the recurrent tumor may be resistant to chemotherapy. Immune checkpoint inhibitors (ICIs) have revolutionized the field of cancer immunotherapy as many patients with cancers residing outside the central nervous system (CNS) have experienced a survival benefit from this treatment modality. It has often been observed that this survival benefit is increased following neoadjuvant administration of immune checkpoint inhibitors as tumor antigen is still present in the patient which enables a more robust anti-tumor immune response. Interestingly, results for ICI-based studies for patients with GBM have been largely disappointing which is a stark contrast from the success this treatment modality has had in non-central nervous system cancers. In this review, we will discuss the various benefits of neoadjuvant immune checkpoint inhibition such as how this approach reduces tumor burden and allows for a greater induction of an anti-tumor immune response. Additionally, we will discuss several non-CNS cancers where neoadjuvant immune checkpoint inhibition has been successful and discuss why we believe this approach may provide a survival benefit for GBM patients. We hope this manuscript will foster future studies aimed at exploring whether this approach may be beneficial for patients diagnosed with GBM.




Keywords: glioblastoma, GBM, immunotherapy, ICI, neoadjuvant, brain



Introduction

Brain tumors are now the leading cause of cancer related death in males aged 39 years and below, and females aged 19 years and below (1). Gliomas are one of the drivers of brain tumor mortality as these tumors are known to grow aggressively and respond poorly to chemoradiation therapy (2). Gliomas arise from various glial cell types, whose normal function is to support neurons within the brain and include tumors defined as astrocytomas, oligodendrogliomas, and glioblastomas (GBMs) (2, 3). Oligodendrogliomas are characterized by 1p/19q chromosomal codeletion which is accompanied by an IDH mutation (4). The median survival time for those diagnosed with an oligodendroglioma is 10-12 years, with 5-year progression-free (PFS) and overall survival (OS) rates of 51-83% (5–8). IDH mutant astrocytomas, often do not boast as good of a prognosis as these tumors are known to grow more aggressively as compared to oligodendrogliomas (4). GBM which is classified as an IDH wildtype tumor is the most common glioma and associated with a dismal prognosis (4). The five-year survival for patients diagnosed with GBM aged 20-44, 45-54 and 55-64 is 22%, 9%, and 6% respectively (9). The current standard of care for patients diagnosed with GBM includes surgical resection, chemotherapy, and radiation therapy (10). However, these treatments often induce a host of negative side effects for patients and only marginally improve a patient’s OS.

Multiple factors contribute to GBM having such a high lethality. The first is that GBMs typically grow in a diffuse manner and infiltrate the surrounding brain (11). This makes it nearly impossible for surgeons to completely resect the tumor as tumor cells reside beyond the main tumor bulk mass. These infiltrative tumor cells are difficult to visualize during surgery and are also difficult to be imaged by MRI. The inability to achieve a full resection of the tumor often leads to tumor recurrence within months after initial surgery and the ultimate demise of GBM patients (11).

A second contributor to GBM progression is the immunosuppressive nature of the tumor microenvironment (TME) (12) (13). Specifically, GBM overexpresses immune inhibitory proteins such as ICAM-1 which interacts with LFA-1 and enables myeloid derived suppressor cell (MDSC) accumulation within the TME (14). MDSCs suppress anti-tumor T-cells through the expression of anti-inflammatory molecules such as TGF-beta and arginase (15). GBMs also express Fas ligand, CD70, as well as PD-L1 (16). These molecules result in either T-cell death or T-cell inhibition. It has also been well documented that there are a limited number of T-cells that are present within the TME. T-cells that are present within the TME are typically classified as exhausted and may even function as immune suppressors (17). This immunosuppression is only amplified in GBM patients as most patients receive dexamethasone to control cerebral edema (18). Dexamethasone has been shown to upregulate immunosuppressive checkpoint molecules such as CTLA4 which inhibits T-cell anti-tumor activity (18). Additionally, dexamethasone has been shown to lead to an overall reduction in T-cell proliferation (18).

Intertumoral heterogeneity is an additional contributor to GBM progression as some studies have shown that 50% of recurrent GBM samples share only half the genetic mutations that were housed in the original tumor (19). Studies by Soeda and colleagues were some of the first to show that GBM subclones, derived from a single patient, had distinct cell populations and the sensitivity of each subclone to an inhibitor of epidermal growth factor receptor were dissimilar (20, 21). Later studies by Dirkse and colleagues expanded upon this work, by revealing that phenotypic heterogeneity that is observed in GBM, is derived from cancer stem cells undergoing reversible state transitions that are instructed by the tumor microenvironment (22). Additionally, it has been observed that the anatomical location of GBM within different sites of the brain, impacts the mutational landscape of the tumor (23).

A final contributor to GBM progression is the blood brain barrier (BBB) (24). The BBB is a complex of tight junctions joining endothelial cells which prevent most substances from passing into the cranial vault (25). This blocking of substances also includes the blocking of most antineoplastic therapies due to their large size. Therapies that can make it past the BBB are often not targeted directly to the tumor which leads to the host of treatment-associated negative side effects observed in patients (26).

Immunotherapy has shown tremendous promise for treating cancers residing outside the CNS. However, in brain tumors, immunotherapy trials have had underwhelming results (Table 1). Clinical trials such as the CheckMate 143 study were aimed at evaluating the effectiveness of using an ICI (nivolumab) compared to an anti-angiogenic agent (bevacizumab) in patients diagnosed with recurrent GBM (27). The findings for this trial were a disappointment for the field as patients who received nivolumab did not experience a survival benefit compared to bevacizumab-treated (control) patients (27). While the findings from this trial were quite disappointing, subgroup analysis indicated that corticosteroid use at baseline appeared to be unfavorably associated with outcomes in patients that received nivolumab (27). Corticosteroids have previously been shown to negatively impact T-cell function (12, 18, 28). Additionally, it was reported that patients bearing tumors with MGMT promoter methylation had a longer median overall survival compared to patients with unmethylated tumors (27). An additional study that is critical to highlight is a phase 3 study by Lim and colleagues which found that nivolumab in addition to chemoradiation therapy did not improve survival for patients with newly diagnosed GBM with methylated or indeterminate MGMT promoter as compared to patients receiving placebo and chemoradiation (29). The findings from these glioma-targeted ICI-based studies as well as others clearly highlight the need for the field to reconsider whether adjuvant immune checkpoint inhibition is beneficial for patients with GBM.


Table 1 | Major immune checkpoint inhibitor studies targeting gliomas.



Trials evaluating vaccines targeted to GBM have failed as well (10, 30–33). Often, what many of these trials have in common is that these experimental therapies are administered to patients following surgical resection, rather than before. This approach is problematic as surgical resection removes the bulk of the antigen present within the patient which decreases the number of antigenic targets for the immune system. A study by Cloughesy and colleagues reinforces this hypothesis as the research team found that neoadjuvant ICI with anti-PD1 promoted a survival benefit in patients diagnosed with GBM (34).

There are numerous advantages to administering neoadjuvant immunotherapy to patients diagnosed with solid tumors. The first advantage is that this approach allows for a decrease in the size of the tumor allowing for an increased likelihood of achieving a full surgical resection (35). A study by Xu and colleagues found that neoadjuvant immune checkpoint inhibition in patients with squamous cell lung cancer aided in facilitating surgical resection of the disease due to a decrease in tumor size (35). An additional advantage of using a neoadjuvant approach is that one can fully assess whether a patient has the capacity to respond to immunotherapy. Following surgical resection, patients are often immunosuppressed due to receiving agents aimed at reducing cerebral edema (dexamethasone) in addition to receiving cytotoxic chemotherapy and radiation therapy (12, 18). Additionally, the antigen that was present has now been removed due to surgical resection. This combination of factors makes patients poor candidates to receive immunotherapy and limits a clinician’s ability to properly assess whether the patient can respond to immunotherapy. Trials such as NCT04817254 are aimed at designing a novel approach that can assess whether patients with GBM or Gliosarcoma can respond to ICIs.

In this review we will highlight clinical trials and laboratory studies where neoadjuvant ICIs were administered to combat solid tumors residing outside the CNS. In addition to evaluating whether this approach provided an OS and/or PFS benefit, we will also discuss the specific ways this approach enhanced immunological response. We will compare these observations to what has been observed in brain tumor immunotherapy studies as we hope to inspire future studies that evaluate whether neoadjuvant immunotherapy for GBM is an efficacious approach.



Melanoma

Historically, chemotherapy and interleukin-2 have been the standard of care for advanced melanoma despite their inability to demonstrate a meaningful survival advantage (36). Even with advances in adjuvant immune and targeted therapies, the risk of relapse for higher risk melanomas (stage IIC and IIIB-D) remains high with 10-year OS rates of 24% to 77% (37). The application of neoadjuvant immunotherapy could be viewed as a major disruptor to the current standard of care, with a promise for greater longevity for patients with advanced melanoma. In the last decade, randomized controlled trials using anti-BRAF/MEK targeted therapies such as dabrafenib/tramentinib (DAB + TRAM) or vemurafenib/cometinib, paired with ipilimumab or nivolumab, have demonstrated a dramatic improvement in PFS and OS for unresectable melanoma (38–40). As it stands, there are 52 active, planned, or ongoing interventional trials evaluating neoadjuvant approaches in high-risk melanoma that are registered on clinicaltrials.gov (41). This section will focus on several clinical trials where immunotherapies were administered in a neoadjuvant setting with significant pathological response rates.

In a study of neoadjuvant versus adjuvant ICI in the treatment of clinical stage III melanoma, Song and colleagues reported a neoadjuvant associated 3-year improvement in distant disease-free survival (DDFS) (42). Even after adjusting for ICI agents received, neoadjuvant sequencing remained associated with improved 3-year DDFS as compared to adjuvant therapy. A pathological response was evaluated in 39 patients who received neoadjuvant treatment, with 59% of patients receiving a pathologic partial response and 13% receiving a pathologic complete response. The study enrolled 59 patients, with 18 (31%) receiving adjuvant therapy and 41 (69%) receiving neoadjuvant therapy. Adjuvant therapy was defined as ICI administration after lymph node dissection (LND), while neoadjuvant was defined as administration of one to two cycles of ICI prior to LND, followed by continuation of therapy after surgery. ICI regimens included ipilimumab 3 or 10mg/kg every 3 weeks, pembrolizumab 200mg every 3 weeks, nivolumab 240mg every 2 weeks or 480mg every 4 weeks, or combination ipilimumab 3mg/kg and nivolumab 1mg/kg every 3 weeks in the induction phase followed by nivolumab 240 or 480mg in the maintenance phase.

A phase two study that enrolled patients with high-risk resectable melanoma, evaluated the efficacy and safety of neoadjuvant nivolumab versus combined ipilimumab with nivolumab (43). Despite the trial’s emphasis on monotherapy vs. combined neoadjuvant therapy, its findings support the overall efficacy of neoadjuvant immunotherapy administration. The RECIST overall response rates (ORR) was 25% with nivolumab monotherapy and 73% with combined ipilimumab and nivolumab therapy. Additionally, pathologic complete response rates were 25% and 45%, respectively. Although not statistically significant, combination therapy treatment was associated with improved PFS, relapse-free survival (RFS), distant metastasis-free survival (DMFS), and OS over treatment with nivolumab alone. Additionally, improved RFS, DMFS and OS were observed in pathologic complete response patients who received neoadjuvant therapy versus those who did not. However, these results did not reach statistical significance, likely due to small sample size. Consequentially, toxicity rates differed significantly in patients who received neoadjuvant treatment, with reports of grade 3 treatment related adverse events (trAEs) in 8% and 73% of monotherapy and combination therapy patients respectively. A total of 23 patients were enrolled in the trial, with 12 patients randomized to nivolumab therapy monotherapy and 11 patients to combined therapy with ipilimumab and nivolumab. Monotherapy patients received up to four doses of nivolumab 3mgkg-1 on weeks 1, 3, 5 and 7, while combined therapy patients received up to three doses of nivolumab 1mgkg-1 and ipilimumab 3mgkg-1 on weeks 1, 4 and 7.

A phase Ib clinical trial evaluated the feasibility of combined neoadjuvant ipilimumab and nivolumab treatment as compared to an adjuvant regimen for the treatment of melanoma. The study enrolled 20 patients (10: adjuvant; 10: neoadjuvant) with palpable stage III melanoma who were randomized to receive either four courses of combined adjuvant ipilimumab 3mgkg-1 and nivolumab 1 mgkg-1 every 3 weeks starting at week 6 post-surgery, or two courses of the same regimen, but with neoadjuvant administration every 3 weeks prior to surgery. The study concluded that neoadjuvant-treated patients demonstrated more expanded tumor-resident T-cell clones compared to the adjuvant cohort (44). Additionally, in the neoadjuvant group, 9 of 10 patients were found to have pathological response, 78% of which achieved profound pathological response.



Melanoma brain metastasis

Melanoma has the highest propensity for the development of brain metastasis among all solid tumors, with studies revealing that up to 44% of all patients with stage IV melanoma develop brain metastases, and 75% of patients have CNS involvement identified at autopsy (45). Until recently, many trials testing the efficacy of newer immunotherapy treatments have excluded patients with melanoma brain metastases (MBM).

A phase 2 clinical trial assessing the efficacy of ipilimumab in patients with melanoma and brain metastases reported activity in some patients, more specifically when metastases were small and asymptomatic (46). Patients older than 16 years with histologically confirmed metastatic melanoma were eligible to be enrolled in this study if they had at least one measurable index brain metastasis of 0.5-3cm in diameter, or two measurable lesions larger than 0.3cm in diameter (46). In the first stage of this study, patients were enrolled into cohort A if they were asymptomatic, to assess the effect of ipilimumab monotherapy on brain and extracranial metastases (46). Patients enrolled in this study received four doses of 10mg/kg of ipilimumab, one every four weeks, and should these patients be clinically stable at week 24, they would then be eligible to receive 10mg/kg of ipilimumab every 12 weeks (46). The primary endpoint for this study was the proportion of patients with complete response, partial response, or stable disease after 12 weeks which was assessed using modified WHO criteria (46). Following the reaching of efficacy parameters, the study proceeded into stage two where patient enrollment into cohort A continued, and patients with symptomatic metastasis controlled with corticosteroids began being enrolled into cohort B (46). The study reported intracranial and extracranial disease control rates of 24% and 27% respectively, in neurologically asymptomatic patients (46). In symptomatic patients, intracranial and extracranial disease control rates were 10% and 5% respectively (46).

Another phase 2 trial with pembrolizumab administration also showed activity in brain metastases in patients with melanoma or NSCLC (47). Patients were enrolled in this study if they were 18 years or older, were diagnosed with melanoma or NSCLC with untreated brain metastases, and had at least one untreated brain metastasis between 5 and 20mm in diameter without associated neurologic symptoms or a need for corticosteroids (47). A total of 18 patients with melanoma and 18 patients with NSCLC were enrolled in this study and patients were given 10mg/kg of pembrolizumab every 2 weeks until progression (47). The primary endpoint for this study was brain metastasis response assessed in all treated patients (47). Brain metastases were assessed by a neuroradiologist with unidimensional evaluation using Response Evaluation in Solid Tumors (RECIST) criteria (version 1.1) (47). Findings from this study were encouraging as a brain metastasis response rate of 22% and 33% was observed in melanoma and NSCLC patients respectively (47).

Finally, a combined nivolumab and ipilimumab phase 2 study also showed greater efficacy in patients with asymptomatic melanoma with brain metastases than prior monotherapy studies (48). In this study, patients aged 18 years or older with measurable melanoma brain metastases that were 0.5-3.0cm in diameter were enrolled into either cohort A if they were asymptomatic, had an Eastern Cooperative Oncology Group (ECOG) performance status of 0 or 1, no neurologic symptoms or baseline corticosteroid use, or cohort B if they were symptomatic, had an ECOG performance status of 0-2 with stable neurological symptoms (48). Patients in cohort B could be receiving low-dose dexamethasone (48). Patients in both cohorts received nivolumab 1mg/kg plus ipilimumab 3mg/kg every three weeks for four doses, followed by nivolumab 3mg/kg every 2 weeks for up to 2 years until either disease progression or unacceptable toxicity (48). The primary endpoint for this study was intracranial clinical benefit rate (complete responses, partial responses, or stable disease lasting 6 months or more) assessed in all patients that were treated (48). Response was determined via radiographic assessment that was performed every 6 weeks for the first year of study enrollment, and then every 12 weeks thereafter, until documented disease progression, using RECIST (version 1.1) criteria (48). The study reported an intracranial clinical benefit of 57.4% and 16.7% for neurologically asymptomatic and symptomatic patients respectively (48).



Non-small cell lung cancer

Many clinical trials have indicated that neoadjuvant immune checkpoint inhibition for patients with NSCLC could be a promising treatment modality. Few trials exist that have evaluated the efficacy of adjuvant ICIs for patients with NSCLC, let alone trials that have compared neoadjuvant ICI administration to adjuvant ICI administration. Given these findings, this section will focus on clinical trials where ICIs were administered in a neoadjuvant setting.

In a phase 2 clinical trial that evaluated the efficacy of administering neoadjuvant atezolizumab to patients with resectable NSCLC, 21% of the patient population achieved a major pathological response and 7% of patients achieved a complete pathological response (49–51). These findings were correlated with a major pathological response rate of 33% in 50% of patients expressing the highest PD-L1 protein level (49–51). The 50% of patients expressing the lowest PD-L1 protein levels had a major pathological response rate of 11% (49–51). NCT02259621 is another study that evaluated the efficacy of administering neoadjuvant checkpoint inhibition to patients with stage IB-IIIA NSCLC. The trial enrolled 15 patients who received 3 mg/kg of nivolumab and 1 mg/kg of ipilimumab intravenously 6 weeks prior to surgical resection (52). 3 mg/kg of nivolumab was then given again 4 and 2 weeks preoperatively. Due to toxicity the study was terminated early (52). However, of the six patients who underwent surgical resection three patients were alive with no recurrence of disease, two patients experienced a recurrence, and one patient died postoperatively of acute respiratory distress syndrome (52).

The NADIM trial enrolled patients with resectable stage IIIA NSCLC. These patients underwent three cycles of neoadjuvant nivolumab and chemotherapy prior to surgery, and one year of adjuvant nivolumab monotherapy following surgery. Following tumor resection, it was observed that 85.4% of patients survived without any recurrence of their disease (53). Additionally, down-staging occurred in approximately 90% of the cases within this study (53). Interestingly, the team notes that there were no significant associations identified between any clinical or molecular parameters analyzed at the time of diagnosis and a patient’s pathological response. However, the research team did observe that a PD-L1 tumor proportion score of 25% or more was associated with major or complete pathological response (53). However, this metric was insufficiently sensitive as 58% of patients with a PD-L1 tumor proportion score of less than 25% also demonstrated major or complete pathological responses (53). This trial enrolled a limited number of patients which may have impacted the ability to identify significant associations between clinical or molecular parameters identified at the time of diagnosis and pathological response.

Recently, a phase 2 study called the NEOSTAR trial was completed. The trial enrolled patients with surgically resectable NSCLC. This study sought to evaluate whether there was a survival benefit associated with administering neoadjuvant nivolumab and ipilimumab as opposed to administering nivolumab alone. This trial enrolled 44 eligible patients with 23 patients being assigned to the nivolumab monotherapy arm and 21 patients being assigned to the nivolumab plus ipilimumab cohort (54). Patients received doses of either nivolumab alone (3 mg/kg) or nivolumab and ipilimumab (3 mg/kg and 1 mg/kg respectively) at days 1, 15 and 29 (54). This regimen was followed by surgical resection which was planned for at least 21 days after and within 42 days of receiving the first dose of nivolumab. The research team found that 38% of patients in the nivolumab plus ipilimumab cohort achieved a MPR of 38% as compared to a 22% MPR in the nivolumab monotherapy cohort (54). In patients that underwent surgical resection, the MPR for the nivolumab plus ipilimumab cohort was 50% as compared to 24% for the nivolumab monotherapy cohort (54). Patients in the nivolumab plus ipilimumab cohort had higher complete pathological response rates (38% as compared to 10%), less viable tumor, and a greater number of effector, tissue resident memory, and effector memory T-cells (54).

A final study that is critical to highlight is a phase 3 trial led by Forde and colleagues which found that neoadjuvant nivolumab plus chemotherapy had promising findings in patients with NSCLC. In this study patients with stage IB to IIIA resectable NSCLC were randomly assigned to receive nivolumab (360mg) plus platinum-based chemotherapy or platinum-based chemotherapy alone every three weeks for three cycles (55). Surgery was planned to take place within 6 weeks following the completion of neoadjuvant treatment (55). Following surgery, patients in either the neoadjuvant nivolumab plus chemotherapy group, or the neoadjuvant chemotherapy alone group could receive up to four cycles of adjuvant chemotherapy, radiotherapy, or both (55). There were two primary endpoints for this trial, the first being event-free survival (55). The second primary endpoint was pathological complete response (55). In this trial, 352 patients received treatment, with 176 patients receiving neoadjuvant nivolumab plus chemotherapy, and 176 patients receiving chemotherapy alone (55). Findings from this trial were encouraging as the median event-free survival was 31.6 months for patients in the nivolumab plus chemotherapy group as opposed to a median event-free survival of 20.8 months for patients in the chemotherapy alone group (55). The percentage of patients with a pathological complete response was 24% for patients in the nivolumab plus chemotherapy group, and 2.2% for patients in the chemotherapy alone group (55). These findings highlighted that neoadjuvant nivolumab plus chemotherapy resulted in significantly longer event-free survival and a higher percentage of patients with a pathological complete response.

Pembrolizumab is an additional ICI that has been approved for the treatment of advanced NSCLC however there are few trials that have evaluated its usefulness in a neoadjuvant setting. In the NEOMUN trial, patients with stage IIA-IIIA NSCLC will receive two cycles of pembrolizumab as a neoadjuvant immunotherapy and clinical and pathological tumor response will be assessed (56).



Breast cancer

Breast cancer is the most common cause of cancer in women worldwide. The development of new immunotherapies to treat cancer, such as ICIs, have shown success in treating cancers such as malignant melanomas, non-small cell lung cancer, colon, and rectal cancer. While these types of treatments have shown efficacy in other types of cancer, breast cancer pathogenicity is somewhat unique in that it’s considered to be immunologically “cold,” thus immunotherapeutic approaches to treating breast cancer still have many unresolved issues (57). Immunotherapy, when provided in the neoadjuvant setting, is expected to be used as a new treatment modality when treating breast cancer, especially for phenotypes which have high immunogenicity, such as triple negative breast cancer (TNBC). Here, we will review clinical trials where neoadjuvant immunotherapeutic treatments were administered to patients with breast cancer.

A randomized phase 2 I-SPY2 trial examined the efficacy of neoadjuvant treatment that included pembrolizumab, on participants with early-stage, high-risk, ERBB2 (formerly HER2)-negative breast cancer. In the neoadjuvant setting, drug efficacy can be evaluated using pathological complete response (pCR) as a survival endpoint, which is defined as the absence of invasive tumor in breast and regional lymph nodes at the time of surgery (58). Based on accumulated results, pCR after neoadjuvant treatment correlates significantly with the PFS and OS rate (59). Out of the 250 women included in the final analysis, 181 were randomized to receive standard NACT therapy (control arm), which included paclitaxel for 12 weeks, in addition to 4 cycles of doxorubicin plus cyclophosphamide every 2 to 3 weeks (AC). 69 participants in the intervention group received the standard NACT therapy in addition to neoadjuvant pembrolizumab every 3 to 4 cycles concurrently with paclitaxel. 40 participants were hormone receptor (HR) positive and 29 were triple-negative. Estimated pCR rates showed an increase in pCR for all cohorts of pembrolizumab vs. control, (44% vs. 13%) in ERBB2-negative, (30% vs. 13%) in HR-positive/ERBB2-negative, and (60% vs. 22%) in triple-negative. Adverse reactions to the intervention included thyroid abnormalities (13%) and adrenal insufficiency (8.7%). As stated, pCR significantly correlates with survival rate and this study showed that participants with pCR following pembrolizumab plus chemotherapy had high 3-year event-free survival rates (93% at 2.8 years’ median follow-up). Findings from this study showed that the addition of pembrolizumab to standard neoadjuvant chemotherapy more than doubled pCR compared to chemotherapy alone for hormone receptor-positive/ERBB2-negative and triple-negative breast cancer (60).

A phase 3 KEYNOTE-522 clinical trial similarly evaluated the benefit of adding neoadjuvant pembrolizumab to neoadjuvant chemotherapy for participants diagnosed with early TNBC. Participants diagnosed with untreated stage 2 or stage 3 TNBC were randomly assigned to receive either 4 cycles of neoadjuvant chemotherapy (paclitaxel and carboplatin) plus placebo every three weeks (control), or 4 cycles of pembrolizumab in addition to paclitaxel and carboplatin every 3 weeks. Both groups also received doxorubicin-cyclophosphamide or epirubicin-cyclophosphamide. Following surgery, participants then received 9 cycles of adjuvant pembrolizumab or chemotherapy every 3 weeks. After subsequent analysis, it was reported that out of the 602 participants who were randomized in the study, the pCR rates for the pembrolizumab-chemotherapy group and the chemotherapy-placebo groups were 64.8% and 51.2%, respectively. The estimated treatment difference was calculated to be 13.6%. After follow-up, 7.4% of participants in the pembrolizumab-chemotherapy group and 11.8% of participants in the chemotherapy-placebo group were found to have either disease progression post-surgery, distal or local recurrence of disease, a second primary tumor, or died from any cause. Findings from this study demonstrated that among participants diagnosed with early, untreatable stage 2/3 TNBC, the pCR was significantly higher among participants in the cohort who received neoadjuvant pembrolizumab plus neoadjuvant chemotherapy compared to those who received neoadjuvant chemotherapy plus neoadjuvant placebo (61).

A randomized, double-blind phase 3 clinical trial, IMpassion031, compared the efficacy and safety of the drug atezolizumab vs. placebo in combination with nab-paclitaxel followed by doxorubicin plus cyclophosphamide for patients with TNBC. Participants of the study had to be 18 years or older and diagnosed with previously untreated stage 2 or stage 3 TNBC. Participants received either neoadjuvant IV atezolizumab plus chemotherapy every 2 weeks or received neoadjuvant placebo plus chemotherapy. The chemotherapy regimen consisted of nab-paclitaxel every week for 12 weeks, followed by doxorubicin and cyclophosphamide every 2 weeks for 8 consecutive weeks then followed by surgery. Out of the 333 eligible participants of the study, 165 were randomly assigned to receive atezolizumab plus chemotherapy and 168 were assigned to receive placebo plus chemotherapy. The median follow-up for the atezolizumab plus chemotherapy group was 20.6 months and 19.8 months for the group who received placebo plus chemotherapy. A pCR rate of 58% was reported in 95 patients who received the atezolizumab plus chemotherapy and a pCR rate of 41% was reported in 69 participants who received the placebo plus chemotherapy. The rate difference between the two groups was reported as 17%. For the population of participants that were PD-L1 positive, pCR was reported as 69% in 53 out of the 77 participants that received the atezolizumab plus chemotherapy. For the PD-L1 positive participants who received placebo plus chemotherapy, 37 out of the 75 participants reported a pCR rate of 49%. The rate difference between the two groups was reported as 20%. Findings from this study demonstrated that in patients with previously untreated, diagnosed early-stage TNBC, neoadjuvant treatment with atezolizumab in combination with chemotherapy significantly improved pCR rates compared to patients who received placebo in combination with chemotherapy (62).



Colon and rectal cancer

Numerous strategies have been utilized to activate cancer immunity in colorectal cancer (CRC) with major modalities of immunotherapy including monoclonal antibodies, ICIs, cancer vaccines, adoptive cell therapies, and bispecific T-cell engagers (63). Implementation of immunotherapy has long been a desired goal for treating CRC due to its tailorability and promising potential for inducing longer-term forms of immune surveillance, theoretically decreasing risks of future recurrence of disease (63). Even though much of the evidence supporting the use of ICIs is most abundant in cases of metastatic treatment-refractory cases of gastric cancer and hepatocellular carcinoma (64); these findings have highlighted the potential of using ICIs for the treatment of CRC. Previous studies found that response rates were independent of biologic marker status, such as microsatellite instability-high (MSI-H)/deficient MisMatch Repair (dMMR) or programmed cell death-ligand 1 (PD-L1) expression (63). Despite initial studies of ICIs demonstrating limited activity in unselected CRC patients, this section will focus on several clinical trials where ICIs were administered in a neoadjuvant setting allowing for significant pathological response rates.

In a phase three clinical trial that evaluated efficacy of administering neoadjuvant pembrolizumab to patients with MSI-H advanced CRC (65), patients experienced a median PFS of 16.5 months compared to 8.2 months when chemotherapy alone was administered. Correlative to these findings was an increase in overall response (complete or partial response as evaluated with Response Evaluation Criteria in Solid Tumors), with 43.8% of patients in the pembrolizumab group and 33.1% in the chemotherapy group achieving an overall response. Of the patients with an overall response, 83% in the pembrolizumab group, compared with 35% in the chemotherapy group, had continual responses at 24 months, changing the standard of care for metastatic CRC with dMMR (66). The trial enrolled 307 patients who received 200 mg of pembrolizumab every three weeks or chemotherapy (5-fluorouracil-based therapy with or without bevacizumab or cetuximab) every two weeks. The study allowed patients in the chemotherapy cohort to subsequently convert to pembrolizumab therapy with any sign of disease progression.

A phase two study that enrolled patients with metastatic MSI-H/deficient MisMatch Repair (dMMR) CRC, evaluated the two-year long-term efficacy and safety of neoadjuvant nivolumab plus low-dose ipilimumab (67). Patients were treated with nivolumab every two weeks plus low dose ipilimumab every six weeks until disease progression. An objective response rate and disease control rate of 69% and 84%, respectively, were observed, with a complete response rate of 13%. The team noted that even though a median duration of response was not reached, 74% of responders had ongoing responses at data cutoff. Interestingly, a post hoc analysis of 14 patients who had discontinued treatment was also performed and ten remained progression-free. Additionally, at the end of the 24-month period, the team noted a median PFS and OS of 74% and 79% respectively. A consequential finding of this study was that regardless of baseline demographic and tumor characteristics, including BRAF or KRAS mutation status, clinical benefit was still observed (67).

Another study that is important to highlight is a phase two study that investigated the activity of a neoadjuvant nivolumab/ipilimumab regimen in both dMMR and proficient MisMatch Repair (pMMR) early-stage (Stage I-III) resectable colon adenocarcinomas (68). Patients received combination treatment of ipilimumab and nivolumab on day one (1mgkg-1 and 3mgkg-1, respectively) as well as a dose of nivolumab (3mgkg-1) on day fifteen. Following radical tumor resection at four weeks post initial treatment, it was observed that all (100%) patients with dMMR tumors showed pathological response via tumor regression. 95% of those patients had a major pathological response (MPR, <10% residual viable tumor). Additionally, 27% of patients with pMMR tumors showed a pathological response, with 50% of those showing complete pathological response. Changes in the microenvironments were also noted for dMMR tumors, with a significant increase in CD8+ and CD3+ T-cell infiltrates, as well as IFN-γ scores compared to pretreated biopsies (68). At the time of resection, these tumors also noted a significant increase in tertiary lymphoid structures (TLS), which have been found to harbor most PD-1+ tumor infiltrating lymphocytes (TILs) in lung cancer (69). Forty patients were enrolled in this trial with 21 dMMR and 20pMMR tumors (one patient had both pMMR and dMMR colon cancer).

Finally, results from the NICHE-2 study, a study treating patients with deficient mismatch repair (dMMR) colon cancer with neoadjuvant nivolumab and ipilimub has shown promising findings. Specifically, in this study, patients with non-metastatic dMMR colon cancer were treated with one dose of ipilimumab (1mg/kg) and two doses of nivolumab (3mg/kg) followed by surgery (70). The two primary endpoints for this study were safety, and 3-year disease-free survival (DFS) (70). A total of 112 patients were treated in this study with radiographic assessment performed at baseline revealing 89% of tumors to be stage III, 77% being high-risk stage III and 64% being considered T4 tumors (70). A major pathological response was observed in 95% of patients, and complete response was observed in 67% of patients (70). The findings from this trial were some of the first to clearly indicate that there is a strong potential for neoadjuvant immunotherapy to become the standard of care for patients with dMMR colon cancer (70).



Brain tumors

There have been numerous studies where patients with brain tumors have undergone adjuvant immune checkpoint inhibition. Many of these trials have failed which have led many to believe that ICIs may not be a useful treatment for brain tumors, especially GBM (27, 71–73). While there are numerous contributors that may have led to the failure of these trials some of the most likely reasons include, patients receiving corticosteroids prior to study enrollment or while on the study, and tumor resection prior to treatment initiation.

One of the first studies to explore the effectiveness of administering neoadjuvant immunotherapy to patients with brain tumors was a study by Cloughesy and colleagues which evaluated whether patients with recurrent GBM experience a survival benefit when receiving neoadjuvant anti-PD1 prior to undergoing surgical resection (34). Patients with recurrent GBM receiving neoadjuvant anti-PD1 were compared to those with recurrent GBM receiving adjuvant anti-PD1 following surgical resection. There were 35 total patients enrolled in this study with 16 patients being assigned to the neoadjuvant cohort and 19 patients being assigned to the adjuvant cohort (34). Following patient enrollment and cohort assignment, those patients assigned to the neoadjuvant cohort received 200 mg intravenous infusions of pembrolizumab 14 ± 5 days prior to surgical resection. Following resection, patients in both cohorts received 200 mg intravenous infusions of pembrolizumab every three weeks until tumor progression or until the occurrence of an adverse event requiring treatment discontinuation.

The research team found that patients receiving neoadjuvant anti-PD1 had a median OS of 13.7 months and those receiving adjuvant anti-PD1 had a median OS of just 7.5 months. Additionally, PFS was enhanced for those receiving neoadjuvant therapy as these patients had a median PFS of 3.3 months as compared to those receiving adjuvant therapy who had a median PFS of 2.4 months (34). Outside of a survival benefit, it was also noted that patients receiving neoadjuvant therapy experienced an increase in T-cell and interferon-gamma related gene expression within their tumors as well as a downregulation of cell cycle-related gene expression (34). This was not observed in patients receiving adjuvant therapy. It was also observed that those undergoing neoadjuvant treatment had an enhanced clonal expression of T-cells as well as a decreased expression of PD-1 on T-cells within the peripheral blood (34). This study was one of the first of its kind and highlighted the promise of not only using immunotherapy to treat GBM, but also the potential of administering this therapy neoadjuvantly.

Since the study by Cloughesy and colleagues there have been few studies that have explored the benefit of administering neoadjuvant immunotherapy to patients with GBM. A study by Prins and colleagues found that neoadjuvant anti-PD1 induces T-cell and cDC1 activation in patients with recurrent GBM however, this treatment modality failed to overcome immunosuppressive tumor associated macrophages that have a large presence in the TME of patients with GBM (74). A clinical trial by a group of collaborators at Duke University (NCT04434560) explored the efficacy of administering neoadjuvant ICIs to patients with brain metastases however this trial was terminated due to poor enrollment.

Few other studies have been performed to date that explore the efficacy of administering neoadjuvant immunotherapy to patients with GBM. Additionally, studies that have been performed have only evaluated whether there is a survival benefit for patients with recurrent GBM. This is problematic as patients with recurrent GBM are typically immunosuppressed as they have undergone treatment with corticosteroids, cytotoxic chemotherapy as well as radiation therapy. More studies are needed that explore whether there is an even larger benefit to treating patients with their initial GBM with neoadjuvant immunotherapy as these patients have not undergone the immunosuppressive milieu of treatments that most GBM patients undergo.

While some success has been observed in studies targeting ICIs to brain metastases, few ICI studies have demonstrated success when adjuvant ICIs were targeted to GBM. One of the reasons for this lack of success could be differences in the tumor microenvironment between brain metastases and GBM. While there is a paucity of literature that clearly outlines differences in the tumor microenvironment of brain metastases compared to that of GBM, some studies have shown that both microenvironments are characterized by high numbers of myeloid cells that are associated with an immunosuppressive phenotype (75, 76). However, a key difference in the microenvironments of brain metastases and GBM may involve spatial heterogeneity, as a recent study by Schaettler and colleagues found that GBMs display more spatial heterogeneity at the genomic and neoantigen levels as compared to brain metastases (77). Additionally, the spatial diversity that was observed in this study was recapitulated in T-cell clone distribution as some GBMs possessed highly expanded yet spatially restricted clonotypes as compared to less spatially restricted clonotypes for brain metastases (77). These findings clearly indicate that far more research is needed to fully understand differences in the tumor microenvironments of GBMs and brain metastases as these differences may highlight areas of vulnerability that can be exploited when targeting neoadjuvant immunotherapies to GBM.



Conclusion

In this review we have highlighted several clinical studies that have demonstrated the effectiveness of administering neoadjuvant ICIs to patients diagnosed with tumors of the skin, lung, breast, as well as the colon and rectum (see Table 2). We selected these tumors due to their comparability to GBM, as these tumors are often classified as “immunologically cold”, grow aggressively, and are often accompanied by a poor patient prognosis. In most of the studies highlighted throughout this review neoadjuvant immune checkpoint inhibition had a profound impact on OS as well as PFS, as this treatment modality allowed for an increased patient immune response. Beyond the malignancies treated with neoadjuvant immune checkpoint inhibition that we have highlighted in this manuscript, promising results have also been observed in patients diagnosed with squamous-cell carcinoma (78). In a phase 2 trial led by Gross and colleagues, patients with stage II, III, or IV cutaneous squamous-cell carcinoma received cemiplimab at a dose of 350mg every 3 weeks for up to four doses prior to undergoing surgery with curative intent (78). A pathological complete response was observed in 51% of patients that received neoadjuvant cemiplimab, and an objective response on imaging was observed in 68% of patients (78).


Table 2 | Neoadjuvant immune checkpoint inhibitor studies targeting non-CNS and CNS cancers.



While results have been encouraging for treating cancers outside the brain with neoadjuvant ICIs, very few studies have evaluated the effectiveness of administering neoadjuvant ICIs to patients with GBM. We believe this is an area in need of further investigation as currently, GBM patients receive ICIs following surgery when the antigen has been removed from the cranial compartment. This antigen removal can be a barrier to the induction of a robust anti-tumor immune response due to decreased antigen load.

Additionally, GBM patients are often immunosuppressed and are therefore not best positioned to fully respond to ICIs (79, 80). Studies by Fecci and colleagues observed that patients with GBM have T-cell sequestration in the bone marrow due to the loss of the S1P1 receptor, while Giles and colleagues describe how dexamethasone (a corticosteroid commonly given to GBM patients to control cerebral edema) induces immunosuppression (18, 81). These are just some of the many ways that GBM patients become immunosuppressed throughout their tumor course which ultimately contribute to treatment failure (10, 12, 28). There may be major benefits to neoadjuvant immune checkpoint inhibition as this is when patients may be best positioned to respond to treatment as they are earlier in their treatment course and have not undergone surgical resection as surgery is known to create an anti-inflammatory tumor microenvironment. Given the large number of ICI clinical studies that have failed in neuro-oncology, phase 0 studies may be beneficial in evaluating whether neoadjuvant ICI is beneficial for patients with GBM as these studies are often first in human, enroll a small number of patients (lowering study-associated expenses), and can help investigators determine (via blood and/or tissue analysis) whether neoadjuvant ICI better primes the immune system as compared to adjuvant ICI.

In Table 3 we highlight several other benefits for the neoadjuvant administration of immune checkpoint inhibitors such as a reduction in tumor burden prior to surgery, the assessment of a pathologic immune response to immunotherapy, in addition to other benefits. We believe that the time is now for the field of neuro-oncology to begin evaluating whether there is increased benefit to administering ICIs prior to surgery as this may be the time the patient is most likely to respond to treatment and experience a survival benefit.


Table 3 | Summary of the potential benefits of neoadjuvant administration of ICIs.





Author contributions

SF, CD, JB, and AD performed a review of the literature and wrote the manuscript. XZ and CH provided their expertise on the clinical aspects of the manuscript. GK conceptualized and supervised the writing of the manuscript. All authors contributed to the article and approved the submitted version.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Abbreviations

GBM, Glioblastoma; TME, Tumor Microenvironment; MDSC, Myeloid Derived Suppressor Cell; BBB, Blood Brain Barrier; ICI, Immune Checkpoint Inhibitor; CNS, Central Nervous System; OS, Overall Survival; PFS, Progression Free Survival; DDFS, Distant Disease-Free Survival; LND, Lymph Node Dissection; OSS, Overall Response Rate; RFS, Relapse-Free Survival; DMFS, Distant Metastasis-Free Survival; trAE, Treatment Related Adverse Event; MBM, Melanoma Brain Metastases; NSCLC, Non-Small Cell Lung Cancer; MPR, Major Pathological Response; TNBC, Triple Negative Breast Cancer; pCR, Pathological Complete Response; TLS, Tertiary Lymphoid Structures; TIL, Tumor Infiltrating Lymphocyte; RECIST, Response Evaluation in Solid Tumors22. ECOG, Eastern Cooperative Oncology Group23.



References

1. Ostrom, QT, Patil, N, Cioffi, G, Waite, K, Kruchko, C, and Barnholtz-Sloan, JS. CBTRUS statistical report: Primary brain and other central nervous system tumors diagnosed in the united states in 2013-2017. Neuro-oncology. (2020) 22(12 Suppl 2):iv1–iv96. doi: 10.1093/neuonc/noaa200

2. Louis, DN. Molecular pathology of malignant gliomas. Annu Rev Pathol (2006) 1:97–117. doi: 10.1146/annurev.pathol.1.110304.100043

3. Louis, DN, Perry, A, Wesseling, P, Brat, DJ, Cree, IA, Figarella-Branger, D, et al. The 2021 WHO classification of tumors of the central nervous system: a summary. Neuro Oncol (2021) 23(8):1231–51. doi: 10.1093/neuonc/noab106

4. Kurokawa, R, Kurokawa, M, Baba, A, Ota, Y, Pinarbasi, E, Camelo-Piragua, S, et al. Major changes in 2021 world health organization classification of central nervous system tumors. RadioGraphics. (2022) 42(5):1474–93. doi: 10.1148/rg.210236

5. Ohgaki, H, and Kleihues, P. Population-based studies on incidence, survival rates, and genetic alterations in astrocytic and oligodendroglial gliomas. J Neuropathol Exp Neurol (2005) 64(6):479–89. doi: 10.1093/jnen/64.6.479

6. Van den Bent, MJ, Reni, M, Gatta, G, and Vecht, C. Oligodendroglioma. Crit Rev Oncol Hematol (2008) 66(3):262–72. doi: 10.1016/j.critrevonc.2007.11.007

7. Buckner, JC. Factors influencing survival in high-grade gliomas. Semin Oncol (2003) 30(6 Suppl 19):10–4. doi: 10.1053/j.seminoncol.2003.11.031

8. Kim, YZ, Kim, CY, Wee, CW, Roh, TH, Hong, JB, Oh, HJ, et al. The Korean society for neuro-oncology (KSNO) guideline for WHO grade II cerebral gliomas in adults: Version 2019.01. Brain Tumor Res Treat (2019) 7(2):74–84. doi: 10.14791/btrt.2019.7.e43

9. Ostrom, QT, Cioffi, G, Gittleman, H, Patil, N, Waite, K, Kruchko, C, et al. CBTRUS statistical report: Primary brain and other central nervous system tumors diagnosed in the united states in 2012-2016. Neuro Oncol (2019) 21(Suppl 5):v1–v100. doi: 10.1093/neuonc/noz150

10. Frederico, SC, Hancock, JC, Brettschneider, EES, Ratnam, NM, Gilbert, MR, and Terabe, M. Making a cold tumor hot: The role of vaccines in the treatment of glioblastoma. Front Oncol (2021) 11. doi: 10.3389/fonc.2021.672508

11. Claes, A, Idema, AJ, and Wesseling, P. Diffuse glioma growth: a guerilla war. Acta Neuropathol. (2007) 114(5):443–58. doi: 10.1007/s00401-007-0293-7

12. Ratnam, NM, Frederico, SC, Gonzalez, JA, and Gilbert, MR. Clinical correlates for immune checkpoint therapy: significance for CNS malignancies. Neuro-Oncology Advances. (2020) 3(1). doi: 10.1093/noajnl/vdaa161

13. Frederico, SC, Zhang, X, Hu, B, and Kohanbash, G. Pre-clinical models for evaluating glioma targeted immunotherapies. Front Immunol (2023) 13. doi: 10.3389/fimmu.2022.1092399

14. Harjunpää, H, Llort Asens, M, Guenther, C, and Fagerholm, SC. Cell adhesion molecules and their roles and regulation in the immune and tumor microenvironment. Front Immunol (2019) 10:1078. doi: 10.3389/fimmu.2019.01078

15. Monu, NR, and Frey, AB. Myeloid-derived suppressor cells and anti-tumor T cells: a complex relationship. Immunol Invest (2012) 41(6-7):595–613. doi: 10.3109/08820139.2012.673191

16. Pearson, JRD, Cuzzubbo, S, McArthur, S, Durrant, LG, Adhikaree, J, Tinsley, CJ, et al. Immune escape in glioblastoma multiforme and the adaptation of immunotherapies for treatment. Front Immunol (2020) 11. doi: 10.3389/fimmu.2020.582106

17. Woroniecka, K, and Fecci, PE. T-Cell exhaustion in glioblastoma. Oncotarget. (2018) 9(82):35287–8. doi: 10.18632/oncotarget.26228

18. Giles, AJ, Hutchinson, M-KND, Sonnemann, HM, Jung, J, Fecci, PE, Ratnam, NM, et al. Dexamethasone-induced immunosuppression: mechanisms and implications for immunotherapy. J ImmunoTherapy Cancer. (2018) 6(1):51. doi: 10.1186/s40425-018-0371-5

19. Parker, NR, Khong, P, Parkinson, JF, Howell, VM, and Wheeler, HR. Molecular heterogeneity in glioblastoma: Potential clinical implications. Front Oncol (2015) 5. doi: 10.3389/fonc.2015.00055

20. Soeda, A, Hara, A, Kunisada, T, Yoshimura, S-i, Iwama, T, and Park, DM. The evidence of glioblastoma heterogeneity. Sci Rep (2015) 5(1):7979. doi: 10.1038/srep07979

21. Sottoriva, A., Spiteri, I., Piccirillo, S.G., Touloumis, A., Collins, V.P., Marioni, J.C., et al. (2013). Intratumor heterogeneity in human glioblastoma reflects cancer evolutionary dynamics. (National Academy of Sciences) Proceedings of the National Academy of Sciences. 110(10):4009–14. doi: 10.1073/pnas.1219747110

22. Dirkse, A, Golebiewska, A, Buder, T, Nazarov, PV, Muller, A, Poovathingal, S, et al. Stem cell-associated heterogeneity in glioblastoma results from intrinsic tumor plasticity shaped by the microenvironment. Nat Commun (2019) 10(1):1787. doi: 10.1038/s41467-019-09853-z

23. Behnan, J, Finocchiaro, G, and Hanna, G. The landscape of the mesenchymal signature in brain tumours. Brain. (2019) 142(4):847–66. doi: 10.1093/brain/awz044

24. Akindona, FA, Frederico, SC, Hancock, JC, and Gilbert, MR. Exploring the origin of the cancer stem cell niche and its role in anti-angiogenic treatment for glioblastoma. Front Oncol (2022) 12:947634. doi: 10.3389/fonc.2022.947634

25. Kniesel, U, and Wolburg, H. Tight junctions of the blood-brain barrier. Cell Mol Neurobiol (2000) 20(1):57–76. doi: 10.1023/A:1006995910836

26. Wesolowski, JR, Rajdev, P, and Mukherji, SK. Temozolomide (Temodar). AJNR Am J Neuroradiol (2010) 31(8):1383–4. doi: 10.3174/ajnr.A2170

27. Reardon, DA, Brandes, AA, Omuro, A, Mulholland, P, Lim, M, Wick, A, et al. Effect of nivolumab vs. bevacizumab in patients with recurrent glioblastoma: The CheckMate 143 phase 3 randomized clinical trial. JAMA Oncol (2020) 6(7):1003–10. doi: 10.1001/jamaoncol.2020.1024

28. Ratnam, NM, Sonnemann, HM, Frederico, SC, Chen, H, Hutchinson, MND, Dowdy, T, et al. Reversing epigenetic gene silencing to overcome immune evasion in CNS malignancies. Front Oncol (2021) 11:719091. doi: 10.3389/fonc.2021.719091

29. Lim, M, Weller, M, Idbaih, A, Steinbach, J, Finocchiaro, G, Raval, RR, et al. Phase III trial of chemoradiotherapy with temozolomide plus nivolumab or placebo for newly diagnosed glioblastoma with methylated MGMT promoter. Neuro Oncol (2022) 24(11):1935–49. doi: 10.1093/neuonc/noac116

30. Weller, M, Butowski, N, Tran, DD, Recht, LD, Lim, M, Hirte, H, et al. Rindopepimut with temozolomide for patients with newly diagnosed, EGFRvIII-expressing glioblastoma (ACT IV): a randomised, double-blind, international phase 3 trial. Lancet Oncol (2017) 18(10):1373–85. doi: 10.1016/S1470-2045(17)30517-X

31. Datsi, A, and Sorg, RV. Dendritic cell vaccination of glioblastoma: Road to success or dead end. Front Immunol (2021) 12. doi: 10.3389/fimmu.2021.770390

32. Kong, Z, Wang, Y, and Ma, W. Vaccination in the immunotherapy of glioblastoma. Hum Vaccin Immunother. (2018) 14(2):255–68. doi: 10.1080/21645515.2017.1388481

33. Xu, LW, Chow, KKH, Lim, M, and Li, G. Current vaccine trials in glioblastoma: A review. J Immunol Res (2014) 2014:796856. doi: 10.1155/2014/796856

34. Cloughesy, TF, Mochizuki, AY, Orpilla, JR, Hugo, W, Lee, AH, Davidson, TB, et al. Neoadjuvant anti-PD-1 immunotherapy promotes a survival benefit with intratumoral and systemic immune responses in recurrent glioblastoma. Nat Med (2019) 25(3):477–86. doi: 10.1038/s41591-018-0337-7

35. Xu, K, Yang, H, Ma, W, Fan, L, Sun, B, Wang, Z, et al. Neoadjuvant immunotherapy facilitates resection of surgically-challenging lung squamous cell cancer. J Thorac Dis (2021) 13(12):6816–26. doi: 10.21037/jtd-21-1195

36. Rosenberg, SA. IL-2: the first effective immunotherapy for human cancer. J Immunol (2014) 192(12):5451–8. doi: 10.4049/jimmunol.1490019

37. Gershenwald, JE, and Scolyer, RA. Melanoma staging: American joint committee on cancer (AJCC) 8th edition and beyond. Ann Surg Oncol (2018) 25(8):2105–10. doi: 10.1245/s10434-018-6513-7

38. Robert, C, Karaszewska, B, Schachter, J, Rutkowski, P, Mackiewicz, A, Stroiakovski, D, et al. Improved overall survival in melanoma with combined dabrafenib and trametinib. N Engl J Med (2015) 372(1):30–9. doi: 10.1056/NEJMoa1412690

39. Hodi, FS, O'Day, SJ, McDermott, DF, Weber, RW, Sosman, JA, Haanen, JB, et al. Improved survival with ipilimumab in patients with metastatic melanoma. N Engl J Med (2010) 363(8):711–23. doi: 10.1056/NEJMoa1003466

40. Robert, C, Long, GV, Brady, B, Dutriaux, C, Maio, M, Mortier, L, et al. Nivolumab in previously untreated melanoma without BRAF mutation. N Engl J Med (2015) 372(4):320–30. doi: 10.1056/NEJMoa1412082

41.ClinicalTrials.gov Bethesda (MD). National Library of Medicine, US. Available at: https://clinicaltrials.gov/ct2/results?term=neoadjuvant&cond=Melanoma&Search=Apply&recrs=b&recrs=a&recrs=f&recrs=d&age_v=&gndr=&type=Intr&rslt=.

42. Song, Y, Straker, RJ, Xu, X, Elder, DE, Gimotty, PA, Huang, AC, et al. Neoadjuvant versus adjuvant immune checkpoint blockade in the treatment of clinical stage III melanoma. Ann Surg Oncol (2020) 27(8):2915–26. doi: 10.1245/s10434-019-08174-1

43. Amaria, RN, Reddy, SM, Tawbi, HA, Davies, MA, Ross, MI, Glitza, IC, et al. Author correction: Neoadjuvant immune checkpoint blockade in high-risk resectable melanoma. Nat Med (2018) 24(12):1941. doi: 10.1038/s41591-018-0251-z

44. Blank, CU, Rozeman, EA, Fanchi, LF, Sikorska, K, van de Wiel, B, Kvistborg, P, et al. Neoadjuvant versus adjuvant ipilimumab plus nivolumab in macroscopic stage III melanoma. Nat Med (2018) 24(11):1655–61. doi: 10.1038/s41591-018-0198-0

45. Westphal, D, Glitza Oliva, IC, and Niessner, H. Molecular insights into melanoma brain metastases. Cancer. (2017) 123(S11):2163–75. doi: 10.1002/cncr.30594

46. Margolin, K, Ernstoff, MS, Hamid, O, Lawrence, D, McDermott, D, Puzanov, I, et al. Ipilimumab in patients with melanoma and brain metastases: an open-label, phase 2 trial. Lancet Oncol (2012) 13(5):459–65. doi: 10.1016/S1470-2045(12)70090-6

47. Goldberg, SB, Gettinger, SN, Mahajan, A, Chiang, AC, Herbst, RS, Sznol, M, et al. Pembrolizumab for patients with melanoma or non-small-cell lung cancer and untreated brain metastases: early analysis of a non-randomised, open-label, phase 2 trial. Lancet Oncol (2016) 17(7):976–83. doi: 10.1016/S1470-2045(16)30053-5

48. Tawbi, HA, Forsyth, PA, Hodi, FS, Algazi, AP, Hamid, O, Lao, CD, et al. Long-term outcomes of patients with active melanoma brain metastases treated with combination nivolumab plus ipilimumab (CheckMate 204): final results of an open-label, multicentre, phase 2 study. Lancet Oncol (2021) 22(12):1692–704. doi: 10.1016/S1470-2045(21)00545-3

49. Lee, J, Chaft, J, Nicholas, A, Patterson, A, Waqar, S, Toloza, E, et al. PS01.05 surgical and clinical outcomes with neoadjuvant atezolizumab in resectable stage IB–IIIB NSCLC: LCMC3 trial primary analysis. J Thorac Oncol (2021) 16(3):S59–61. doi: 10.1016/j.jtho.2021.01.320

50. Kwiatkowski, DJ, Rusch, VW, Chaft, JE, Johnson, BE, Nicholas, A, Wistuba, II, et al. Neoadjuvant atezolizumab in resectable non-small cell lung cancer (NSCLC): Interim analysis and biomarker data from a multicenter study (LCMC3). J Clin Oncol (2019) 37(15_suppl):8503. doi: 10.1200/JCO.2019.37.15_suppl.8503

51. Roller, JF, Veeramachaneni, NK, and Zhang, J. Exploring the evolving scope of neoadjuvant immunotherapy in NSCLC. Cancers (Basel). (2022) 14(3). doi: 10.3390/cancers14030741

52. Reuss, JE, Anagnostou, V, Cottrell, TR, Smith, KN, Verde, F, Zahurak, M, et al. Neoadjuvant nivolumab plus ipilimumab in resectable non-small cell lung cancer. J ImmunoTherapy Cancer. (2020) 8(2):e001282. doi: 10.1136/jitc-2020-001282

53. Provencio, M, Nadal, E, Insa, A, García-Campelo, MR, Casal-Rubio, J, Dómine, M, et al. Neoadjuvant chemotherapy and nivolumab in resectable non-small-cell lung cancer (NADIM): an open-label, multicentre, single-arm, phase 2 trial. Lancet Oncol (2020) 21(11):1413–22. doi: 10.1016/S1470-2045(20)30453-8

54. Cascone, T, William, WN Jr., Weissferdt, A, Leung, CH, Lin, HY, Pataer, A, et al. Neoadjuvant nivolumab or nivolumab plus ipilimumab in operable non-small cell lung cancer: the phase 2 randomized NEOSTAR trial. Nat Med (2021) 27(3):504–14. doi: 10.1038/s41591-020-01224-2

55. Forde, PM, Spicer, J, Lu, S, Provencio, M, Mitsudomi, T, Awad, MM, et al. Neoadjuvant nivolumab plus chemotherapy in resectable lung cancer. New Engl J Med (2022) 386(21):1973–85. doi: 10.1056/NEJMoa2202170

56. Eichhorn, F, Klotz, LV, Bischoff, H, Thomas, M, Lasitschka, F, Winter, H, et al. Neoadjuvant anti-programmed death-1 immunotherapy by pembrolizumab in resectable nodal positive stage II/IIIa non-small-cell lung cancer (NSCLC): the NEOMUN trial. BMC Cancer. (2019) 19(1):413. doi: 10.1186/s12885-019-5624-2

57. Zhao, J, and Huang, J. Breast cancer immunology and immunotherapy: targeting the programmed cell death protein-1/programmed cell death protein ligand-1. Chin Med J (Engl) (2020) 133(7):853–62. doi: 10.1097/CM9.0000000000000710

58. DeMichele, A, Yee, D, Berry, DA, Albain, KS, Benz, CC, Boughey, J, et al. The neoadjuvant model is still the future for drug development in breast cancer. Clin Cancer Res (2015) 21(13):2911–5. doi: 10.1158/1078-0432.CCR-14-1760

59. Berruti, A, Amoroso, V, Gallo, F, Bertaglia, V, Simoncini, E, Pedersini, R, et al. Pathologic complete response as a potential surrogate for the clinical outcome in patients with breast cancer after neoadjuvant therapy: a meta-regression of 29 randomized prospective studies. J Clin Oncol (2014) 32(34):3883–91. doi: 10.1200/JCO.2014.55.2836

60. Nanda, R, Liu, MC, Yau, C, Shatsky, R, Pusztai, L, Wallace, A, et al. Effect of pembrolizumab plus neoadjuvant chemotherapy on pathologic complete response in women with early-stage breast cancer: An analysis of the ongoing phase 2 adaptively randomized I-SPY2 trial. JAMA Oncol (2020) 6(5):676–84. doi: 10.1001/jamaoncol.2019.6650

61. Schmid, P, Cortes, J, Pusztai, L, McArthur, H, Kummel, S, Bergh, J, et al. Pembrolizumab for early triple-negative breast cancer. N Engl J Med (2020) 382(9):810–21. doi: 10.1056/NEJMoa1910549

62. Mittendorf, EA, Zhang, H, Barrios, CH, Saji, S, Jung, KH, Hegg, R, et al. Neoadjuvant atezolizumab in combination with sequential nab-paclitaxel and anthracycline-based chemotherapy versus placebo and chemotherapy in patients with early-stage triple-negative breast cancer (IMpassion031): a randomised, double-blind, phase 3 trial. Lancet. (2020) 396(10257):1090–100. doi: 10.1016/S0140-6736(20)31953-X

63. Sumransub, N, Vantanasiri, K, Prakash, A, and Lou, E. Advances and new frontiers for immunotherapy in colorectal cancer: Setting the stage for neoadjuvant success? Mol Ther Oncolytics (2021) 22:1–12. doi: 10.1016/j.omto.2021.05.001

64. Abdul-Latif, M, Townsend, K, Dearman, C, Shiu, KK, and Khan, K. Immunotherapy in gastrointestinal cancer: The current scenario and future perspectives. Cancer Treat Rev (2020) 88:102030. doi: 10.1016/j.ctrv.2020.102030

65. André, T, Shiu, KK, Kim, TW, Jensen, BV, Jensen, LH, Punt, C, et al. Pembrolizumab in microsatellite-Instability-High advanced colorectal cancer. N Engl J Med (2020) 383(23):2207–18. doi: 10.1056/NEJMoa2017699

66. Grothey, A. Pembrolizumab in MSI-H-dMMR advanced colorectal cancer - a new standard of care. N Engl J Med (2020) 383(23):2283–5. doi: 10.1056/NEJMe2031294

67. Lenz, HJ, Van Cutsem, E, Luisa Limon, M, Wong, KYM, Hendlisz, A, Aglietta, M, et al. First-line nivolumab plus low-dose ipilimumab for microsatellite instability-High/Mismatch repair-deficient metastatic colorectal cancer: The phase II CheckMate 142 study. J Clin Oncol (2022) 40(2):161–70. doi: 10.1200/JCO.21.01015

68. Chalabi, M, Fanchi, LF, Dijkstra, KK, Van den Berg, JG, Aalbers, AG, Sikorska, K, et al. Neoadjuvant immunotherapy leads to pathological responses in MMR-proficient and MMR-deficient early-stage colon cancers. Nat Med (2020) 26(4):566–76. doi: 10.1038/s41591-020-0805-8

69. Thommen, DS, Koelzer, VH, Herzig, P, Roller, A, Trefny, M, Dimeloe, S, et al. A transcriptionally and functionally distinct PD-1. Nat Med (2018) 24(7):994–1004. doi: 10.1038/s41591-018-0057-z

70. Chalabi, M, Verschoor, YL, van den Berg, J, Sikorska, K, Beets, G, Lent, AV, et al. LBA7 neoadjuvant immune checkpoint inhibition in locally advanced MMR-deficient colon cancer: The NICHE-2 study. Ann Oncol (2022) 33:S1389. doi: 10.1016/j.annonc.2022.08.016

71. Lim, M, Weller, M, Idbaih, A, Steinbach, J, Finocchiaro, G, Raval, RR, et al. Phase III trial of chemoradiotherapy with temozolomide plus nivolumab or placebo for newly diagnosed glioblastoma with methylated MGMT promoter. Neuro Oncol (2022) 24(11):1935–49. doi: 10.1093/neuonc/noac116

72. Brahm, CG, van Linde, ME, Enting, RH, Schuur, M, Otten, RHJ, Heymans, MW, et al. The current status of immune checkpoint inhibitors in neuro-oncology: A systematic review. Cancers (Basel) (2020) 12(3). doi: 10.3390/cancers12030586

73. Wang, X, Lu, J, Guo, G, and Yu, J. Immunotherapy for recurrent glioblastoma: practical insights and challenging prospects. Cell Death Disease. (2021) 12(4):299. doi: 10.1038/s41419-021-03568-0

74. Lee, AH, Sun, L, Mochizuki, AY, Reynoso, JG, Orpilla, J, Chow, F, et al. Neoadjuvant PD-1 blockade induces T cell and cDC1 activation but fails to overcome the immunosuppressive tumor associated macrophages in recurrent glioblastoma. Nat Commun (2021) 12(1):6938. doi: 10.1038/s41467-021-26940-2

75. Niesel, K, Schulz, M, Anthes, J, Alekseeva, T, Macas, J, Salamero-Boix, A, et al. The immune suppressive microenvironment affects efficacy of radio-immunotherapy in brain metastasis. EMBO Mol Med (2021) 13(5):e13412. doi: 10.15252/emmm.202013412

76. Lin, Y-J, Wu, CY-J, Wu, JY, and Lim, M. The role of myeloid cells in GBM immunosuppression. Front Immunol (2022) 13. doi: 10.3389/fimmu.2022.887781

77. Cacho-Díaz, B, García-Botello, DR, Wegman-Ostrosky, T, Reyes-Soto, G, Ortiz-Sánchez, E, and Herrera-Montalvo, LA. Tumor microenvironment differences between primary tumor and brain metastases. J Trans Med (2020) 18(1):1. doi: 10.1186/s12967-019-02189-8

78. Gross, ND, Miller, DM, Khushalani, NI, Divi, V, Ruiz, ES, Lipson, EJ, et al. Neoadjuvant cemiplimab for stage II to IV cutaneous squamous-cell carcinoma. N Engl J Med (2022) 387(17):1557–68. doi: 10.1056/NEJMoa2209813

79. Frederico, S, Sneiderman, C, Pollack, I, and Kohanbash, G. 222 developing an adoptive cell transfer immunotherapy for pediatric high-grade gliomas. J ImmunoTherapy Cancer. (2022) 10(Suppl 2):A236–A. doi: 10.1136/jitc-2022-SITC2022.0222

80. Penas-Prado, M, Yuan, Y, Wall, K, Vera, E, Ikiddeh-Barnes, U, Blackburn, K, et al. CTIM-32. Immune checkpoint inhibitor nivolumab in people with recurrent select rare cns cancers: Results of interim analysis in a heavily pretreated cohort. Neuro Oncol (2021) 23(Suppl 6):vi57–8. doi: 10.1093/neuonc/noab196.224

81. Chongsathidkiet, P, Jackson, C, Koyama, S, Loebel, F, Cui, X, Farber, SH, et al. Sequestration of T cells in bone marrow in the setting of glioblastoma and other intracranial tumors. Nat Med (2018) 24(9):1459–68. doi: 10.1038/s41591-018-0135-2

82. O'Donnell, JS, Hoefsmit, EP, Smyth, MJ, Blank, CU, and Teng, MWL. The promise of neoadjuvant immunotherapy and surgery for cancer treatment. Clin Cancer Res (2019) 25(19):5743–51. doi: 10.1158/1078-0432.CCR-18-2641

83. Ahern, E, Solomon, BJ, Hui, R, Pavlakis, N, O'Byrne, K, and Hughes, BGM. Neoadjuvant immunotherapy for non-small cell lung cancer: right drugs, right patient, right time? J Immunother Cancer. (2021) 9(6). doi: 10.1136/jitc-2020-002248

84. Bilusic, M. What are the advantages of neoadjuvant immunotherapy over adjuvant immunotherapy? Expert Rev Anticancer Ther (2022) 22(6):561–3. doi: 10.1080/14737140.2022.2069097

85. Topalian, SL, Taube, JM, and Pardoll, DM. Neoadjuvant checkpoint blockade for cancer immunotherapy. Science (2020) 367(6477). doi: 10.1126/science.aax0182

86. Hogan, BV, Peter, MB, Shenoy, HG, Horgan, K, and Hughes, TA. Surgery induced immunosuppression. Surgeon (2011) 9(1):38–43. doi: 10.1016/j.surge.2010.07.011


Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2023 Frederico, Darling, Bielanin, Dubinsky, Zhang, Hadjipanayis and Kohanbash. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/table3.jpg
Benefits of Neoadjuvant Immunotherapy Citation

Reduces tumor burden prior to surgery, allowing for more optimal (82)
resection

Allows for the ability to fully assess pathologic response to (83)
immunotherapy

Allows for the utilization of treatment response as surrogate outcome (82)
markers for relapse-free and overall survival

Allows for a greater chance of immune to tumor microenvironment (84)
interaction, resulting from preservation of the lymphatic system

Induces a stronger immune response (tumor specific CD8" T-cells) (85)
against a higher tumor antigen load

More cost effective than adjuvant treatment as a result of fewer (84)
treatments needed

Can attenuate the immunosuppressive effects of surgery, such as the

systemic release of glucocorticoids, which suppress T-cell (86)
proliferation and induce apoptosis of naive T-cells





OEBPS/Images/fimmu.2023.1057567_cover.jpg
’ frontiers ‘ Frontiers in Immunology

Neoadjuvant immune checkpoint
inhibition in the management of
glioblastoma: Exploring a
new frontier





OEBPS/Images/logo.jpg
, frontiers | Frontiers in Immunology





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Neoadjuvant immune checkpoint inhibition in the management of glioblastoma: Exploring a new frontier

      

        		

          Introduction

        



        		

          Melanoma

        



        		

          Melanoma brain metastasis

        



        		

          Non-small cell lung cancer

        



        		

          Breast cancer

        



        		

          Colon and rectal cancer

        



        		

          Brain tumors

        



        		

          Conclusion

        



        		

          Author contributions

        



        		

          Conflict of interest

        



        		

          Abbreviations

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table1.jpg
Phase

Number

Glioma

Progression-Free Sur-
vival

Overall Survival

Trial
Status

Type

Arm 1: Radiation therapy,
Temozolomide

Not reported due to

Not reported due to

NCT04396860  Phase I11 Glioblast Si ded
ase HOPISIOME A vm 2: Radiation therapy, Ipilimumab,  termination termination uspende
Nivolumab

NCIOWATAT | Phisse it . Arm 1: Nxvoh.:mah Arm 1: 5.8% at 18 months Arm 1: 21.7% at 18 months Completed
Arm 2: Bevacizumab Arm 2: 8.9% at 18 months Arm 2: 21.6% at 18 months
Nivolumab, T lomide, and Active, not

NCT02667587  Phase 111 Glioblastoma fronuman, temozolomide an 10.64 months 2891 months W?,no
Radiotherapy recruiting

) ArmlNrolimgby RadiationiThergy || o e monthe Arm 1: 13.40 months
NCT02617589  Phase IIT Glioblastoma Arm 2: Temozolomide, Radiation Completed
Arm 2: 6.21 months Arm 2: 14.88 months
Therapy
Arm 1: Nivolumab, Ipilimumab 1mg/kg,
T lomide Not rted at ti f Not rted at ti f

NCT04817254  Phase Il Glioblastoma emozo omide N e i g Recruiting
Arm 2: Nivolumab, Ipilimumab 3mg/kg, | review review
Temozolomide

Not rted at ti f Not rted at ti f Active, not
NCT04479241  Phase IT Glioblastoma Lerapolturev, Pembrolizumab 0. “eperetantinel 0. FpORieatie < wfz.no
review review recruiting

Avelumab, with T lomide and

NCT03047473  Phase Il Glioblastoma FeMpAMIL emoroomice Median: 9.7 months Median: 15.3 months Completed
Radiotherapy
Arm 1: Radiation Therapy,

T lomide Not rted due t Not rted due t

NCT04396860  Phase I1 Glioblastoma emozo omide - i e SR Suspended
Arm 2: Radiation Therapy, Ipilimumab, termination termination
Nivolumab

Not reported at time of Not reported at time of

NCT02798406  Phase IT Glioblastoma ~ DNX-2401, Pembrolizumab SrIpenstattRe orIeponsCaREed Completed
review review
Not rted at ti f Not rted at ti f

NCT03673787  Phase II Glioblastoma Ipatasertib, Atezolizumab O reported at time o O reported at fime o Recruiting

review review

NCT05074992 | Phase i1 Glioblastoma Ipthuma‘b, Surgery, Nof reported at time of No? reported at time of Recruiting
Chemoradiotherapy review review

NCT03430791 | Phase II Glioblastoma Arm 1 N:wolumab Mo.r.lolherapy Resl{l‘s submitted, .awai[ing Resl{lls submitted, .awai(ing Terminated
Arm 2: Nivolumab, Ipilimumab quality control review quality control review

NCT02550249  Phase I1 Glioblastoma ~ Nivolumab Not reported at time of Notirepdrsd ttinierst Completed

review review
Nivol b, Ipili b, Short- 80% at 1

NCT03367715  Phase II Glioblastoma volumab, Ipilimumab, Short-course | ;) 1 onths % at 1 year Completed
radiation therapy Median: 16.85 months
Arm A: Nivolumab and Bevacizumab,

NCT03890952 | Phase Il Glioblastoma Salvage su.rgcry . Nof reported at time of Nof reported at time of Actxv.e,. not
Arm B: Nivolumab and Bevacizumab, review review recruiting
No salvage surgery
Arm 1: Radiotherapy, Nivolumab, Histeonal avdneot Not reported at time of Sickh .

NCT04195139  Phase II Glioblastoma Temozolomide re:ie;jpo e attime o rejie::Po e at time o rec:::;i:u
Arm 2: Radiotherapy, Temozolomide e

Not rted at ti f Not rted at ti f
NCT04145115  Phase Il Glioblastoma ~ Ipilimumab, Nivolumab O reported at time o ©1 reported at fime o Recruiting
review review
Arm 1: Re-irradiation, Bevacizumab,

NCi03743662 | Phaseil Glioblastoma vaolumab,‘ No sugery No‘t reported at time of N°f reported at time of Actlv.e,' not
Arm 2: Re-irradiation, Bevacizumab, review review recruiting
Nivolumab, Re-resection surgery
Arm 1: Nivolumab, Bevacizumab 10mg/

NCT03452579 | Phase II Glioblastoma kg ) » Nof reported at time of N°f reported at time of AchfE,. not
Arm 2: Nivolumab, Bevacizumab 3mg/  review review recruiting
kg

NCT04704154  Phase I Glioblastoma | Regorafenib, Nivolumab Not reported st time of Not reported at time of Active; not

review review recruiting
-1 N i f N i
NCT03718767  Phase II IDHmutant: || immiab ot reposteil at Bmeio ot xeported:at. Hme/of Recruiting
Astrocytoma review review
Arm 1: Tremelimumab Arm 1: 2.746 months Arm 1: 7.246 months
NCT02794883  Phase I1 Glioblastoma Arm 2: Durvalumab Arm 2: 4356 months Arm 2: 11.71 months Completed

Arm 3: Tremelimumab, Durvalumab

Arm 3: 4913 months

Arm 3: 7.703 months





OEBPS/Images/table2.jpg
Neoadjuvant Treatment

Arm 1A: Ipilimumab

Arm 1B: Ipilimumab +

Adjuvant Treatment

Arm 2A: Ipilimumab

Arm 2B: Ipilimumab + Nivolumab

Progression-
free Survival

Arm 1A-C: 62%
at 36 months

Arm 2A-C: 31%

Overall Sur-
vival

Trial
Status

NCT01274338 Phase Melanoma Nivolumab at 36 months No& repone?d at Recruiting
it Stage 11T time of review
Arm 1C: Pembrolizumab or Arm 2C: Pembrolizumab or
Nivolumab Nivolumab
Arm 1 patients: | Arm 1 patients:
Arm 1: Nivolumab 58% at 22.6 76% at 22.6
months months
All patients undergoing surgery 5 5 :
Phase | Melanoma ) ) Arm 2 patients: | Arm 2 patients: | Active, not
N 2519322 2: 1 ffe 1 f Nivol
CI02E12 | Stage TIB-IV ':"l'" N";O iumgh o eced 19 doses of Nivolmaab: | o pavine 100% at 24 recruiting
ilimumal 0st-surges
L P L months months
Both arms completed cycles
prior to surgery
Arm 1: Ipilimumab Arm 1: 1.4 Arm 1: 26% at
Phase Melanoma B months 36 months
NCT00623766 it with Brain N/A Completed
Metastases Arm 2: Ipilimumab + corticosteroid | 1™ 2 12 Arm 2: 10% at
months 36 months
Arm 1: Nivolumab + Arm 1: 80% at Arm 1: 90% at
n— Ipilimumab Arm 2: Nivolumab + Ipilimumab 25.6 months 25.6 months Jrro—
NCT02437279 | Phasel g o after Complete Lymph Node i
age Complete Regional Lymph Dissection Arm 2: 60% at Arm 2: 60% at recrafing
Node Dissection at Week 6 25.6 months 25.6 months
Non-Small Atezolizumab Nota
11 L Not tabl Active, not
NCT02927301 el Lung N/A 0 @ rePOrtabie | eportable Gk
Phase Cancer Stage Resection at day 40 +/- 10 days outcome i — recruiting
I IB-ITIB
Non-Small .
Phase Cell Lung ) - All pauent.s o(fer.ed standard 33% at 25 Not a »
NCT02259621 Nivolumab + Ipilimumab postoperative adjuvant reportable Recruiting
n Caner Stage chemotherapy+/- radiation months outcome
IB-TIIA Py
Nivolumab + Paclitaxel +
Non-Small Carboplatin
Phase Cell Lung Adjuvant treatment commenced 3- 77.1% at 24 89.9% at 24 -
NCTo3081689 | ; Cancer Stage | Surgical resection planned 42-49 g weeks post-surgery months months Reanufing
A days after 1% day of third
treatment cycle
Arm 1: Nivolumab
Non-Small Arm 2: Nivolumab + Standard adjuvant chemotherapy
NCTosissiz | Phase | Cell Lung Ipilimumab andfor postoperative radiation Median PES Median OS was .
I Cancer Stage allowed at the discretion of treating  was not reached | not reached
L-IIIA Surgical resection at least 3 physician
weeks and within 6 weeks post
last dose of nivolumab
Non-small Pembrolizumab Adjuvant chemotherapy will be
NCT03197467 Cell Lung recommem‘.led accord.mg to ll.ue I\.Iot repom?d at I\.Im reporu?d at Acl)v.e,. not
Phase Cancer Stage g0 . current national and international time of review time of review  recruiting
urgical resection Day 50-60
s I/IIA guidelines
Arm 1: Chemotherapy +
Paclitaxel + Carboplatin + Arm 1: 85.3% at
Doxorubicin or Epirubicin- 18 months
Cyclophosphamide
Triple Adji t broli b
Phase R Arm 2: Pembrolizumab + Jovent pemom 1 e > O Not reported at | Active, not
NCT03036488 Negative : ) chemotherapy was given every 3 ) ) -
i Paclitaxel + Carboplatin + Arm2: 91.3% at | time of review recruiting
Breast Cancer . A weeks for up to 9 cycles
Doxorubicin or Epirubicin- 18 months
Cyclophosphamide
Surgical resection 3-6 weeks
after last cycle
Triple g::oj;gj:liadmxel * Arm 1: Nab-paclitaxel +
Phase ici i Not reported at Not reported at  Active, not
NCTO3157555 Negative Crelophosphamide Doxorubicin + Cyclophosphamide Not reporte Not reporte vepn
it time of review time of review recruiting
Breast Cancer
Arm 2: Atezolizumab
Arm 2: Atezolizumab + Nab-
paclitaxel + Doxorubicin +
Cyclophosphamide
Surgical resection followed
Arm I: Paclitaxel +
Doxorubicin + IV
Cyclophosphamide
ERBB2- " .
Phase 5 Arm 2: Paclitaxel + Adjuvant treatment was not Not reported at | Not reported at =
NCT01042379 Negative s P 3 . 5 . Recruiting
I Doxorubicin + IV mandated by this trial time of review time of review
Breast Cancer =
Cyclophosphamide +
Pembrolizumab
Definitive surgery followed
Arm 1A: Oxaliplatin + Arm 1A-F: Arm1A-F: 52%
Leucovorin + 5- 18.6% at 24 A
A at 32.4 months
Fluoropyrimidine months
Arm 1B: Oxaliplatin +
Leucovorin + 5- Arm 2: 48.3% at Arm 2: 63% at
Fluoropyrimidine + 24 months 32.4 months
Bevacizumab
Arm 1C: Oxaliplatin +
Leucovorin + 5-
Fluoropyrimidine + Cetuximab
Stage IV Arm 1D: Irinotecan + i
Phase Active, not
NCT02563002 Colorectal Leucovorin + 5- N/A e n
1 | recruiting
Carcinoma Fluoropyrimidine
Arm 1E: Irinotecan +
Leucovorin + 5-
Fluoropyrimidine +
Bevacizumab
Arm 1F: Irinotecan +
Leucovorin + 5-
Fluoropyrimidine + Cetuximab
Arm 2: Pembrolizumab
, Median PFS Median OS was
Phase Metastatic was not reached | not reached
NCT04008030 m Colorectal Nivolumab + Ipilimumab N/A (74% at 24 (79% at 24 Recruiting
Cancer
months) months)
Arm 1: Nivolumab
Arm 2: Nivolumab +
Ipilimumab
Ph; Early-St: Not it Not rted at
NCT03026140 ase “ly Stage N/A o re:,"me,d b " 'efp° €48 Recruiting
I Colon Cancer 3. Nivolumab + time of review time of review
Ipilimumab + Celecoxib
Surgery resection at 6 weeks
Arm 1: 99.5 Arm 1: 417
days days
NCT04201873 | Phase I Glioblastoma Arm 1: Pembrolizumab Arm 2: Pembrolizumab Recruiting
Arm 2: 72.5 Arm 2: 2285
days days
) Pembrolizumab & Ipilimumab - Not reported Not reported
Phase Brain Standard postoperative adjuvant .
NCT04434560 2 ¢ due to due to Terminated
1 Metastases Surgical resection 7 days post treatment - o
termination termination

treatment





