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Abstract

Purpose—Standard therapy for newly diagnosed glioblastoma (GBM) is surgical resection, 

followed by concurrent radiotherapy and temozolomide chemotherapy. In this phase 2 clinical 

trial, the addition of an autologous heat shock protein vaccine to standard therapy was evaluated. 

Tumor-induced immunosuppression, mediated by expression of PD-L1 on tumor and circulating 

immune cells, may impact the efficacy of vaccination. Expression of PD-L1 on peripheral myeloid 

cells was evaluated for the first time as a predictor of survival.

Experimental Design—In this single arm, phase 2 study, adult patients with GBM underwent 

surgical resection followed by standard radiation and chemotherapy. Autologous vaccine 

(Prophage) was generated from resected tumors and delivered in weekly vaccinations after 

completion of radiotherapy. The primary endpoint was overall survival.

Results—Forty-six patients received the vaccine with a median overall survival of 23.8 months 

(95% Confidence Interval [CI], 19.8 – 30.2). Median overall survival for patients with high PD-L1 

expression on myeloid cells was 18.0 months (95% CI, 10.0 – 23.3) as compared to 44.7 months 

(95% CI, incalculable) for patients with low PD-L1 expression (hazard ratio 3.3; 95% CI, 1.4 – 

8.6; p=0.007). A multivariate proportional hazards model revealed MGMT methylation, 
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Karnofsky performance status, and PD-L1 expression as the primary independent predictors of 

survival.

Conclusions—Vaccination with autologous tumor-derived heat shock proteins may improve 

survival for GBM patients when combined with standard therapy, and warrants further study. 

Systemic immunosuppression mediated by peripheral myeloid expression of PD-L1 is a recently 

identified factor that may significantly impact vaccine efficacy.
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INTRODUCTION

Glioblastoma (GBM), the most common primary brain malignancy, is associated with a 

generally poor prognosis and a median overall survival of approximately 16 months. (1, 2) 

The current standard of care for GBM at initial diagnosis is surgical resection followed by 

radiation therapy and temozolomide chemotherapy. (3) Recent studies investigating the 

addition of bevacizumab to radiation and temozolomide have been disappointing, with no 

improvement in overall survival compared to placebo. (2, 4) The addition of immunotherapy 

to standard treatment has been explored in a variety of studies through vaccination with 

tumor specific antigens. (5-8) The efficacy of immunotherapy has been limited, in part, by 

glioma-induced immunosuppression. (9) Although multifactorial, immunoresistance of 

tumors is largely mediated by expression of immunosuppressive proteins such as the 

programmed death ligand- 1 (PD-L1). (10) Like many solid-organ tumors, gliomas express 

cell-surface PD-L1 (11, 12), but expression has not been associated with clinical outcome. 

(13, 14) We have shown that gliomas also induce PD-L1 expression on circulating myeloid 

cells and tumor-infiltrating macrophages, which may promote significant systemic 

immunosuppression and resistance to vaccination. (15) The clinical implications of this PD-

L1 expression have not previously been demonstrated.

Heat-shock proteins (HSP), which function as intracellular chaperones, can be used to 

deliver tumor antigens for immune stimulation. (16) Tumor proteins bound to the gp96 HSP 

can be internalized by antigen presenting cells through the CD91 receptor, resulting in 

cleavage and cross-presentation of antigenic peptides on MHC class I and II. (17) By 

purifying HSP complexes from a patient’s tumor, an autologous, polyvalent vaccine can be 

developed and administered for treatment.

The safety and efficacy of a heat shock protein peptide complex-96 vaccine (HSPPC-96, 

Prophage) has been previously been studied in phase 1 and phase 2 single-arm trials for the 

treatment of recurrent GBM. (18, 19) These studies demonstrated robust peripheral immune 

stimulation in response to vaccination and modest improvements in survival compared to 

historical standards. Here we report the results of a phase 2, single-arm, multi-centered trial 

of HSPPC-96 vaccination in combination with standard radiation and chemotherapy for the 

treatment of newly diagnosed GBM. We also evaluate the impact of PD-L1 expression in 

circulating myeloid cells on clinical response to vaccination.
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METHODS

Study Design

Patients 18 years of age or older with newly diagnosed, histopathologically confirmed GBM 

were eligible for participation in the study. Patients were initially screened for inclusion at 

the time of radiographic diagnosis and underwent surgical resection with collection of tissue 

for vaccine generation. Additional eligibility criteria included a post-operative Karnofsky 

performance status (KPS) of at least 70 (on a scale of 0 to 100), an extent of surgical 

resection in excess of 90% of the contrast-enhancing tumor on post-operative MRI within 30 

days of surgery, and sufficient tumor tissue collected to generate a minimum of four 25 μg 

doses of vaccine. Patients were excluded from the study for known systemic autoimmune 

diseases, primary or secondary immunodeficiency, concurrent malignancy within the past 5 

years, a bleeding diathesis, uncontrolled active infection, or other serious unstable medical 

condition. Following surgical resection, patients received conformal radiotherapy with 

concurrent temozolomide chemotherapy according to the standard of care. Patients were 

excluded from receiving vaccine if repeat MRI at the completion of radiotherapy 

demonstrated evidence of tumor progression. Patients were required to begin vaccine 

therapy within 2 to 5 weeks following completion of radiotherapy. All patients were required 

to provide written informed consent. The study was approved by the institutional review 

board at each center prior to patient enrollment. The study was registered on 

ClinicalTrials.gov (NCT00905060).

Study Treatment

Patients were registered for participation before surgical resection. All patients underwent 

aggressive resection with intra-operative collection of tissue to generate autologous vaccine. 

Fresh frozen tumor tissue was shipped to the vaccine manufacturing facility (Agenus, Inc., 

Lexington, MA) to generate vaccine after confirmation of the diagnosis. Approximately 7 

grams of tissue were necessary to produce a minimum of four 25 μg vaccine doses. Vaccine 

quality was confirmed by post-production testing according to good manufacturing practice 

guidelines. Extent of surgical resection and participation eligibility was determined by the 

principle investigator at each site based on the post-operative MRI.

After surgical resection, patients received radiotherapy (60 Gy administered in 2 Gy 

fractions 5 days a week for 6 weeks) and oral temozolomide (75 mg per square meter of 

body-surface area daily for a maximum of 49 days). At completion of radiotherapy, patients 

underwent clinical and radiographic evaluation to demonstrate disease stability. Patients with 

stable disease received the HSPPC-96 vaccine beginning 2 to 5 weeks post radiotherapy. 

Vaccine was administered in 25 μg doses through intradermal injection every week for 4 

weeks.

Maintenance temozolomide treatment began 2 weeks after administration of the 4th vaccine 

at an initial dose of 150 mg per square meter for 5 consecutive days in a 28-day cycle. The 

dose was increased to 200 mg per square meter for 5 days in subsequent cycles if no 

treatment-related adverse events greater than grade 2 were noted. The 5th vaccine dose (if 

available) was given on the same day as the start of maintenance temozolomide. Subsequent 
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vaccine doses were given beginning 3 weeks after the 5th vaccine and administered on a 

monthly basis. Vaccinations continued until depletion of the vaccine or tumor progression. 

Maintenance temozolomide was planned for 6 cycles with the option of extension to a total 

of 12 cycles if there were no significant adverse events. The extent of temozolomide therapy 

and subsequent treatment at tumor progression was at the discretion of the patient’s primary 

neuro-oncologist.

Patient Evaluation

Baseline evaluation including neurologic assessment, complete blood analysis, and tumor 

imaging with contrast-enhanced MRI was performed pre-operatively and immediately post-

operatively, usually within 48 hours. KPS was graded by the treating provider. Repeat 

assessment by physical examination and imaging was performed at the completion of initial 

chemoradiotherapy, just prior to the first vaccine administration. Final eligibility to receive 

vaccine was determined at this time point. After initiation of vaccine therapy, patients were 

evaluated every 4 weeks by clinical examination, and every 8 weeks by radiographic 

imaging with contrast-enhanced MRI. Tumor progression was assessed according to the 

modified RANO criteria (Supplementary Table S1). (20) Adverse events were assessed and 

graded according to the National Cancer Institute Common Terminology Criteria for 

Adverse Event (CTCAE), version 4.0.

Immunologic Evaluation

Patients undergoing surgical resection at sites capable of processing of blood for 

immunologic assays had 30 mL of peripheral blood obtained for laboratory analysis at the 

time of craniotomy. Peripheral blood leukocytes (PBL) were extracted from whole blood by 

centrifugation on a Ficoll-Paque Plus (GE Healthcare) gradient. Extracted leukocytes were 

washed and suspended in phosphate-buffered saline (PBS) with 2% bovine serum albumin 

(BSA) in 96-well round bottom plates (Costar), plating 5 × 104 cells per well. Cells were 

stained extracellularly with CD45 FITC (clone HI30, eBioscience), CD11b PE-Cy7 (clone 

ICRF44, eBioscience), and PD-L1 PE (clone MIH1, eBioscience) or IgG1k isotype control 

(eBioscience) diluted in PBS with 2% BSA on ice for 30 minutes. After washing, cells were 

fixed with 2% paraformaldehyde (Sigma) prior to analysis. Cell counts and relative 

fluorescence were measured by flow cytometry on a FACSCalibur cytometer with CellQuest 

Software (BD Biosciences) and analyzed using FlowJo Software (TreeStar).

Study End Points

The primary end point for the study was duration of overall survival, defined as the time 

from surgical resection to death of any cause. The secondary endpoint was duration of 

progression-free survival, defined as the time from resection until either documented disease 

progression or death. All patients were followed on study protocol with regular clinical and 

radiographic assessment for evidence of progression for 24 months, then peripherally until 

death. Investigator assessment of medical records beyond the 24 month period was utilized 

to define further dates of progression.
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Statistical Analysis

The trial was designed to test the alternative hypothesis that median survival for patients 

treated with the HSPPC-96 vaccine would be 23 months or greater against the null 

hypothesis that median survival would be 15 months or less. An exponential distribution 

with a 1 year accrual period and 2 years of follow-up was assumed. To achieve a power of 

80% using a log-rank test with a two-sided alpha of 10%, a target accrual of 55 patients was 

planned.

The Kaplan-Meier method was used to estimate the survival distributions of the primary and 

secondary endpoints. To determine the relative impact of vaccine therapy on progression-

free and overall survival within molecularly defined subgroups, survival analysis was 

performed on patient subsets separated by MGMT methylation status and peripheral 

myeloid cell PD-L1 expression. Differences between groups were assessed using the log-

rank test, and a univariate proportional hazards model was fit to calculate hazard ratios. A 

multivariate proportional hazards model was developed to incorporate other known 

predictors of survival and vaccine efficacy, including age, KPS, time to vaccination, and 

number of vaccine doses administered. Differences between groups were accepted as 

statistically significant for p values less than 0.05.

RESULTS

Patients

From July 2009 to April 2012, 109 patients were screened for enrollment at 8 centers in the 

United States. Forty-six patients met all pre and post-operative criteria for enrollment and 

constitute the intention-to-treat population. (Supplementary Figure S1) The baseline 

characteristics of the 46 treated patients are shown in Table 1. Patients received a median of 

9 vaccine doses (range 3 – 26). Vaccine administration was discontinued in 28 (61%) 

patients due to depletion of vaccine, 15 (33%) patients due to disease progression, and 3 

(6%) patients due to withdrawal from the study. All patients were followed until death or 

closure of data analysis on January 16, 2015. No patients were lost to follow-up.

Treatment Outcomes

At the time of data analysis, 12 of 46 patients (26%) were alive and 12 of 46 (26%) had no 

evidence of progression. Median progression-free survival was 18.0 months (95% 

Confidence Interval [CI], 12.4 – 21.8). (Figure 1A) Median overall survival was 23.8 months 

(95% CI, 19.8 – 30.2) with actuarial 2-year survival of 50.0% (95% CI, 35.1% to 64.9%) 

and 3-year survival of 32.6% (95% CI, 20.0% to 48.1%). (Figure 1B)

MGMT methylation status was evaluated as a prognostic factor for overall survival. The 

MGMT promoter was methylated in 23 of 46 patients (50%), with methylation status 

unavailable for 4 patients (9%). The median overall survival for MGMT unmethylated 

tumors was 18.0 months (95% CI, 13.4 – 24.2) as compared to 44.7 months (95% CI, 27.4 – 

incalculable) for MGMT methylated tumors (hazard ratio for death in unmethylated tumors 

3.9; 95% CI, 1.8 – 8.8; p<0.001). (Figure 2)
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Impact of Myeloid Cell PD-L1 Expression on Survival

Expression of PD-L1 on circulating myeloid cells has previously been suggested to be an 

important contributor to tumor-induced immunosuppression. (15) Therefore, PD-L1 

expression on peripheral myeloid cells was evaluated as a prognostic factor for overall 

survival. Circulating myeloid cells (CD45+/CD11b+) obtained from patients at the time of 

surgery were analyzed for PD-L1 expression to determine the percent of myeloid cells 

positive for PD-L1 (cutoff for positivity determined relative to FMO and isotype control). 

Peripheral blood was available for analysis from 32 vaccine-treated patients. Median PD-L1 

positivity in circulating myeloid cells was 54.5% (range 5.9% to 91.8%). (Figure 3) Patients 

were categorized as high PD-L1 expressors (% PD-L1 greater than the median) or low PD-

L1 expressors (% PD-L1 less than or equal to the median). The baseline patient and tumor 

characteristics did not differ significantly between PD-L1 expression groups. 

(Supplementary Table S2) Notably, MGMT methylation was balanced between high and low 

PD-L1 expressors (40% vs. 53%, p=0.27) and IDH1 mutation was evaluated by 

immunohistochemistry demonstrating no IDH1 mutant tumors in the entire cohort. The 

median progression-free survival for high PD-L1 expressors was 11.3 months (95% CI, 7.7 – 

21.1) as compared to 27.2 months (95% CI, 16.1 – incalculable) for low PD-L1 expressors 

(hazard ratio for progression in high expressors 3.1; 95% CI, 1.3 – 7.5; p=0.009). (Figure 

4A) The median overall survival for high PD-L1 expressors was 18.0 months (95% CI, 10.0 

– 23.3) as compared to 44.7 months (95% CI, 21.1 – incalculable) for low PD-L1 expressors 

(hazard ratio for death in high expressors 3.3; 95% CI, 1.4 – 8.6; p=0.007). (Figure 4B)

A multivariate proportional hazards model was developed for overall survival incorporating 

MGMT methylation status, PD-L1 expression in monocytes, and previously reported 

predictors of outcome (age, KPS) as well as vaccine administration factors (number of 

vaccines administered, time to first vaccination). (Supplementary Table S3) Only MGMT 

methylation (hazard ratio for unmethylated tumors 6.3; 95% CI, 2.1 – 22.0; p<0.001), PD-

L1 expression (hazard ratio for high expression 4.0; 95% CI, 1.4 to 12.7; p=0.008), and KPS 

(hazard ratio for KPS < 90 5.1; 95% CI, 1.5 – 18.0; p=0.009) were found to be independent 

predictors of overall survival.

Adverse Events

All patients were followed for 24 months for safety. Adverse events of any type and severity 

were identified in 44 of 46 patients (96%). (Table 2) Adverse events attributable to the 

vaccine were identified in 34 patients (74%) with no serious (grade 3 or 4) events related to 

vaccination. The most common vaccine related events were minor injection site reactions or 

constitutional symptoms.

DISCUSSION

Vaccination with autologous tumor-derived heat shock protein peptide complexes has 

previously been shown to stimulate a specific anti-tumor response in the majority of treated 

patients. (19) These results prompted a phase 2 trial of the vaccine in recurrent GBM with 

modest improvement in survival over historical controls. (18) The current study was 

designed to evaluate the benefit of autologous HSPPC-96 vaccination in combination with 
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standard radiation and chemotherapy for patients with newly diagnosed GBM. Overall 

survival was selected as the primary endpoint since determination of progression by 

radiographic criteria can be misleading, particularly in patients with an immune-mediated 

inflammatory response.

The current standard of care for newly diagnosed GBM was established by Stupp and 

colleagues in a phase 3 trial of radiation and temozolomide in which they reported a median 

overall survival of 14.6 months. (3) More recently, two randomized phase 3 clinical trials of 

bevacizumab combined with standard chemoradiotherapy for newly diagnosed GBM (RTOG 

0825 and AVAGlio) have reported no significant benefit of the addition of bevacizumab. (2, 

4) Median overall survival in the placebo groups from both studies ranged from 16.1 to 16.7 

months. Compared to these results, patients treated with the HSPPC-96 vaccine had a 

median overall survival of 23.8 months with nearly 33% of patients surviving greater than 3 

years. It must be noted that patients enrolled in the HSPPC-96 vaccine trial were highly 

selected for positive predictors of outcome by requiring a near-total surgical resection and 

excluding early progressors after radiation. The extent of surgical resection has previously 

been shown to be a positive predictor of outcome for GBM patients (21, 22), and all patients 

in the current study had at least 90% extent of resection. However, in the RTOG 0825 study, 

greater than 60% of patients had a complete resection and the remainder had at least a partial 

resection, with biopsy-only patients excluded from the analysis. (2) Nonetheless, given the 

strict inclusion criteria of the current study, the best comparison cohort for expected survival 

is most appropriately found in a concurrent vaccine trial with similar inclusion criteria. ACT 

IV, the phase 3 randomized trial of rindopepimut, an EGFRvIII targeted peptide vaccine for 

newly diagnosed GBM, required similar criteria for enrollment, including a near-total 

surgical resection and disease stability after completion of radiation therapy. 

(NCT01480479) This study was recently halted due to an interim analysis demonstrating 

futility, with an inability to reach statistical efficacy in the treatment arm. Reported outcomes 

from 405 patients on the study with minimal residual disease after surgery demonstrated a 

median OS of 20.1 months in vaccine-treated patients and 20.0 months in controls. (23) 

Unexpectedly, the control arm had substantially improved survival compared to the median 

survival reported in the RTOG 0825 and AVAGlio trials. The difference may highlight the 

importance of aggressive surgical resection and the bias of excluding early progressors. 

Despite these biases, the median overall survival of 23.8 months in the HSPPC-96 vaccine 

study remains promising when compared to ACT IV with equivalent selection bias.

In the current study, the greatest improvement in survival was observed during the initial 

treatment period from surgical resection to first progression. PFS from initial treatment for 

the entire cohort was 18 months, compared to 7.3 months and 6.2 months in the placebo 

arms of RTOG 0825 and AVAGlio, respectively. (2, 4) However, after initial progression the 

remaining median survival with further therapy was only approximately 6 months, similar to 

outcomes observed in numerous studies for recurrent GBM. (24, 25) The impact of immune 

stimulation from vaccination may be best appreciated in the initial period of tumor control 

because once the tumor has progressed, escape from immune surveillance has occurred. 

Immune escape may be due to selection for tumor cells without the neo-antigens that are 

presented by the vaccine, and/or by development of secondary mechanisms of 

immunoresistance. As these tumors have become refractory to the initial immune response, 
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they may be more aggressive than recurrent tumors in patients treated without 

immunotherapy, accounting for the relatively short survival from progression. Despite an 

apparently effective immune response at initial treatment, inflammatory pseudoprogression 

was not observed any more often than with standard therapies.

Another concern in comparing outcomes of this study with other trials is the number of 

patients with MGMT promoter methylation among vaccine-treated subjects. MGMT 

methylation was found in 50% of vaccine-treated patients compared to 30% in the 

bevacizumab trials. (2, 4) To ensure that MGMT methylation status alone did not account for 

the better than expected survival in vaccine-treated patients, overall survival was analyzed by 

MGMT methylation status. As expected, methylated patients had significantly improved 

survival compared to unmethylated patients, but both groups had better than expected 

survival compared to historical data. In the bevacizumab trials, median overall survival was 

25.0 months in methylated patients and 14.6 months in unmethylated patients. (2) In the 

current study, median overall survival was 44.7 months for methylated patients and 18.0 for 

unmethylated patients, suggesting that vaccinated patients may have received some clinical 

benefit beyond what was expected from chemotherapy alone, based on molecular phenotype.

Ultimately, the efficacy of any immunotherapeutic approach is predicated on the ability to 

induce a systemic antitumor response. This response is dependent on stimulation with a 

sufficiently immunogenic tumor-specific antigen, and the ability to overcome tumor-induced 

immunosuppression. Immunogenicity arises from development of neo-epitopes as a result of 

tumor mutations. Although GBM has a relatively low somatic mutation rate compared to 

other malignancies, recent studies show that many patients harbor numerous potentially 

immunogenic mutations. (26, 27) Prior studies have demonstrated the potential of heat shock 

proteins, such as gp96, to act as antigen presenters for intracellular peptides, including 

mutationally derived neo-epitopes. (28, 29) The improved survival of patients treated with 

vaccine in this study suggests that most tumors harbor neo-antigenic mutations capable of 

stimulating a systemic immune response, when carried by heat shock proteins. The degree of 

the response is, in part, dependent on overcoming tumor-associated immunosuppression.

GBM is known to be highly immunosuppressive, inhibiting peripheral T cell activation and 

cytotoxic function. (30, 31) The mechanisms of glioma-induced immunosuppression are 

multifactorial, but often involve modulation of key immune checkpoints now recognized as 

important regulators of immunity in many cancers. (15, 32-34) PD-L1 is a surface protein 

expressed by leukocytes that binds to the programmed death 1 (PD-1) receptor on activated 

T cells, inducing T cell anergy and/or apoptosis. (10) It has been recognized that most solid 

organ cancers, including GBM, can express PD-L1 on the tumor cell surface, inducing local 

T cell immunoresistance within the tumor microenvironment. (11, 12) Inhibitors targeting 

PD-L1 and PD-1 have shown clinical efficacy in multiple cancers and are now approved for 

use in melanoma and lung carcinoma. (35-37) The majority of literature on the role of PD-

L1 in tumor-induced immunosuppression has focused on tumor expression of the protein, 

which acts in the tumor microenvironment, but should not impact peripheral immunity. A 

study of 135 GBM specimens, including 117 newly diagnosed patients, demonstrated 

variable expression of PD-L1 within the tumors but no association with clinical outcomes. 

(13) We recently demonstrated that circulating myeloid cells in most GBM patients have 
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upregulated PD-L1 expression, mediated by a tumor-derived cytokine. (15) Although similar 

findings have been documented in a small number of studies from other cancers, direct 

evidence of the immunologic impact of this expression on anti-tumor immunity has not been 

demonstrated. In this study, patients with the most elevated expression of PD-L1 on 

circulating myeloid cells were predicted to have more systemic immunosuppression and less 

response to vaccination. We demonstrated a decrease in median overall survival of over 24 

months for patients with high peripheral PD-L1 expression compared to low expressors. The 

impact of PD-L1 expression was independent of MGMT methylation status, and was found 

to be highly predictive of outcome in multivariate analysis. This novel finding suggests that 

PD-L1 expression in circulating myeloid cells may be more important than tumor surface 

expression. Myeloid cell PD-L1 levels may represent a crucial predictive biomarker for 

response to vaccine therapy, and as such should be considered as a stratification factor in 

future immunotherapy trials for GBM. Additionally, combining a PD-L1/PD-1 inhibitor 

with vaccination may improve overall survival, particularly in high PD-L1 expressors. It is 

not known if PD-L1 expression on myeloid cells has an impact on survival for patients 

receiving standard of care chemotherapy and radiation without a concurrent immunotherapy, 

such as anti-tumor vaccination. We are currently investigating this question by prospective 

immune profiling and clinical outcomes assessment in patients receiving standard of care 

therapy only. The results of this investigation, not yet available, may impact how immune 

checkpoint inhibitors are utilized in GBM. Since prior studies demonstrate no association of 

tissue PD-L1 expression with clinical outcome, a lack of correlation between circulating 

myeloid cell PD-L1 expression and survival would suggest that the use of PD-L1/PD-1 

inhibitors alone may not be an effective treatment strategy. The results of the current vaccine 

study suggest targeting PD-L1/PD-1 with a concurrent immune education strategy, such as 

vaccination, is a preferable approach.

In conclusion, vaccination with an autologous heat shock protein peptide complex vaccine in 

combination with standard therapy may improve survival for patients with GBM and 

warrants further investigation in a randomized, phase 3 trial. Expression of PD-L1 on 

circulating myeloid cells in GBM patients appears to impact systemic immunity and the 

efficacy of vaccination, suggesting a role for anti-PD-L1 therapy in combination with anti-

tumor vaccines.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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TRANSLATIONAL RELEVANCE

Vaccination with tumor-derived heat shock protein peptide complexes has been shown to 

elicit a significant tumor-specific immune response. The current study confirms the 

potential efficacy of this approach for the treatment of glioblastoma. Tumor-induced 

immunosuppression, including upregulation of inhibitory immune checkpoints, is a major 

impediment of immunotherapy for numerous cancers. Significant attention has been 

given to PD-L1 expression on tumors and the dramatic response to therapy with PD-L1/

PD-1 inhibitors. Although expression of PD-L1 on circulating myeloid cells has been 

described in glioblastoma and other malignancies, the impact of this finding on clinical 

outcomes has not been clearly documented. We now show that patients with low PD-L1 

expression on myeloid cells have improved survival when treated with an anti-tumor 

vaccine, suggesting that PD-L1 expression on myeloid cells may be an important 

predictive biomarker in future clinical trials. Additionally, the combination of PD-1/PD-

L1 inhibition and vaccination may increase the efficacy of this immunotherapeutic 

approach.
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Figure 1. Progression-free and Overall Survival
Kaplan-Meier estimates of progression-free (A) and overall survival (B) in the intention-to-

treat population. Vertical lines indicate time points at which patients were censored. Dotted-

line curves indicate the 95% confidence interval.
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Figure 2. Progression-free and Overall Survival by MGMT Methylation Status
Kaplan-Meier estimates of progression-free (panel A) and overall survival (panel B) in 

patients with available MGMT methylation status (n=42). Vertical lines indicate time points 

at which patients were censored.
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Figure 3. Analysis of PD-L1 Expression on Myeloid Cells in Trial Patients
(A) Representative gating scheme for identification of myeloid cells from peripheral blood 

leukocytes by flow cytometry. Live cells were gated from the total population (left panel), 

followed by identification of single cells (center panel), and gating for total monocyte/

myeloid population of CD45+/CD11b+ cells (right panel). (B) Representative analysis of 

PD-L1+ cells within the gated monocyte population. The cutoff for positive expression was 

defined by PD-L1 FMO (not shown) and confirmed by staining with PD-L1 isotype control 

(left panel). Positive cell populations were identified with PD-L1 staining in 32 patients, 

ranging from low expression (center panel) to high expression (right panel). (C) Summary of 

PD-L1 expression in monocytes from each of the 32 evaluated patients ordered by percent 

positive expression. Patients colored in gray (n=17) had expression equal to or less than the 

median (54.5% PD-L1+ monocytes) and were defined as low expressors. Patients colored in 

black (n=15) had expression above the median and were defined as high expressors.
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Figure 4. Progression-free and Overall Survival by PD-L1 Expression
Kaplan-Meier estimates of progression-free (A) and overall survival (B) in the subgroup of 

patients with peripheral blood analysis divided by expression of PD-L1 on circulating 

monocytes (n=32). Vertical lines indicate time points at which patients were censored.
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Table 1

Baseline Characteristics of Patients

Characteristic Enrolled Patients (N=46)

Age, yr

 median 58

 range 30 - 75

Gender, no. (%)

 male 29 (63%)

 female 17 (37%)

KPS, no. (%)

 100 7 (15%)

  90 26 (57%)

  80 11 (24%)

  70 2 (4%)

MGMT status, no. (%)

 methylated 23 (50%)

 unmethylated 19 (41%)

 data unavailable 4 (9%)

Vaccinations Received, no.

 median 9

 range 3 – 26

Time from surgery to first vaccine, weeks

 median 13.4

 range 10.0 – 17.1

Reason for discontinuing vaccine, no. (%)

 vaccine depleted 28 (61%)

 tumor progression 15 (33%)

 patient non-compliance 3 (6%)
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Table 2

Adverse Events

Adverse Events Any Adverse Event
no. of patients (%)

Grade 3 – 4 Event
no. of patients (%)

Any event 44 (95.7%) 31 (67.4%)

TMZ-related event 42 (91.3%) 21 (45.6%)

Vaccine-related event 34 (73.9%) 0 (0%)

Vaccine-related events

 Constitutional

  Fatigue 4 (8.7%) 0 (0%)

  Flu-like illness 2 (4.3%) 0 (0%)

 Injection Site Reaction

  Induration 1 (2.2%) 0 (0%)

  Pruritus 1 (2.2%) 0 (0%)

  Erythema 16 (34.8%) 0 (0%)

  Other reaction 8 (17.4%) 0 (0%)

 Gastrointestinal

  Diarrhea 1 (2.2%) 0 (0%)

 Metabolic

  Anorexia 1 (2.2%) 0 (0%)

 Musculoskeletal

  Myalgia 1 (2.2%) 0 (0%)

 Nervous

  Dizziness 1 (2.2%) 0 (0%)

  Headache 1 (2.2%) 0 (0%)

 Skin

  Erythema 3 (6.5%) 0 (0%)

  Pruritus 2 (4.3%) 0 (0%)

  Rash 1 (2.2%) 0 (0%)

 Vascular

  Flushing 1 (2.2%) 0 (0%)
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