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Abstract

Background—Programmed death-ligand 1 (PD-L1) is upregulated in glioblastoma and supports 

immunosuppression. We evaluated PD-L1 blockade with durvalumab among glioblastoma cohorts 

and investigated potential biomarkers.
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Methods—MGMT unmethylated newly diagnosed patients received radiotherapy plus 

durvalumab (cohort A; n=40). Bevacizumab-naïve, recurrent patients received durvalumab alone 

(cohort B; n=31), or in combination with standard bevacizumab (cohort B2; n=33), or low-

dose bevacizumab (cohort B3; n=33). Bevacizumab-refractory patients received durvalumab plus 

bevacizumab (cohort C; n=22). Primary endpoints were: OS-12 (A); PFS-6 (B, B2, B3); and 

OS-6 (C). Exploratory biomarkers included: a systematic, quantitative and phenotypic evaluation 

of circulating immune cells; tumor mutational burden (TMB); and tumor immune activation 

signature (IAS).

Results—No cohort achieved the primary efficacy endpoint. Outcome was comparable among 

recurrent, bevacizumab-naive cohorts. No unexpected toxicities were observed. A widespread 

reduction of effector immune cell subsets was noted among recurrent patients compared to newly 

diagnosed that was partially due to dexamethasone use. A trend of increased CD8+Ki67+ T 

cells at day 15 was noted among patients who achieved the primary endpoint and were not on 

dexamethasone. Neither TMB nor IAS predicted outcome.

Conclusion—Recurrent glioblastoma patients have markedly lower baseline levels of multiple 

circulating immune cell subsets compared to newly diagnosed patients. An early increase 

in systemic Ki67+CD8+ cells may warrant further evaluation as a potential biomarker of 

therapeutic benefit among glioblastoma patients undergoing checkpoint therapy. Dexamethasone 

decreased immune cell subsets. PD-L1 blockade and combination with standard or reduced dose 

bevacizumab was ineffective.
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Introduction

PD-L1, which is upregulated by glioblastoma tumor cells and infiltrating myeloid cells, 

contributes to tumor mediated immunosuppression.1 Although PD-1 receptor blockade in 

glioblastoma has failed to improve OS among recurrent2 and newly diagnosed patients 

(BMS press releases), the role of PD-L1 blockade has not been effectively studied.3,4

We performed a multicenter, open-label phase 2 study to evaluate the safety and efficacy 

of durvalumab (MEDI4736), a selective, high-affinity human IgG1 monoclonal antibody 

that blocks PD-L1 but not PD-L2 binding to PD-1 and CD80 among separate cohorts 

of newly diagnosed and recurrent glioblastoma patients. Immunocorrelative biomarkers 

included a detailed quantitative and functional evaluation of circulating immune effector 

cell subsets as well as tumor mutational burden (TMB) and immune activation mRNA 

signature. Prospective evaluation of neurologic function was performed using the Neurologic 

Assessment in Neuro-Oncology (NANO) scale.5

The initial study design included three independent cohorts of glioblastoma patients 

which were enrolled concurrently. Each cohort included a different population of 

glioblastoma patients and had its own sample size considerations. For newly-diagnosed 

patients, durvalumab was administered during and following conventional radiation therapy 
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without temozolomide because temozolomide has nominal benefit in MGMT unmethylated 

patients.6 Initially there were two cohorts of recurrent glioblastoma patients including 

those who were either bevacizumab-naïve or bevacizumab-refractory. The bevacizumab-

naïve cohort received durvalumab monotherapy while the refractory cohort was treated 

with durvalumab plus bevacizumab continuation. Bevacizumab was continued in the latter 

cohort based on its anti-permeability effect as a strategy to mitigate rebound worsening 

of cerebral edema if discontinued abruptly. While ongoing, the study was amended to 

include two additional bevacizumab-naïve, recurrent cohorts who received durvalumab plus 

bevacizumab. They were added to test the hypothesis of whether VEGF blockade enhances 

the anti-tumor activity of PD-1/PD-L1 blockade based on promising preclinical7 and clinical 

data; the latter leading to FDA approval of five such combinatorial regimens for solid tumor 

indications.8–11 One added cohort received standard bevacizumab dosing while the other 

received a reduced bevacizumab dosing schedule. Reduced versus standard bevacizumab 

dosing was investigated based on preclinical data demonstrating a greater additive effect 

with reduced-dose VEGF inhibitor therapy.12,13 In addition, a retrospective review of 219 

glioblastoma patients treated with bevacizumab showed that patients treated with lower dose 

intensity (< 5 mg/kg per week) of bevacizumab had longer PFS and OS when compared with 

those treated with standard 10 mg/kg biweekly dosing.14

PATIENTS AND METHODS

Study design and participants

This multinational, open-label, phase 2 study (ClinicalTrials.gov identifier: NCT02336165) 

initially enrolled adults with histologically confirmed glioblastoma to one of three separate 

cohorts that accrued independently including newly diagnosed, untreated patients with an 

unmethylated MGMT promotor (cohort A, n=40), and recurrent patients who were either 

bevacizumab naïve (cohort B, n=31) or bevacizumab refractory (cohort C, n= 22). Following 

completion of accrual to cohort B, two additional cohorts of bevacizumab-naïve, recurrent 

patients were added who received durvalumab with bevacizumab at either standard (B2, 

n=33) or reduced dosing (B3, n=33). These cohorts were open at the same time and patients 

were randomly assigned into either of these two cohorts at a 1:1 ratio using a randomization 

list.

Key eligibility criteria for all patients included: ≥ 18 years of age; an ECOG ≤ 1; adequate 

organ function; and ≤4 mg/day of dexamethasone. Patients with IDH mutant tumors were 

allowed to enroll. Although the presence of an IDH mutation now precludes a diagnosis of 

glioblastoma,15 at the time this study was designed and conducted IDH mutant glioblastoma 

was a recognized entity although such patients were known to have a better outcome 

than IDH wild-type patients.16 Remaining eligibility criteria are detailed in Supplemental 

Materials.

The study was compliant with the Declaration of Helsinki and guidelines on Good Clinical 

Practice. Ethics approval was obtained at all participating centers and all patients provided 

informed written consent prior to participation.
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Study Procedures

All patients received durvalumab at 10 mg/kg biweekly until progression, unacceptable 

toxicity or consent withdrawal. For cohort A, durvalumab began with the initiation of 

standard radiation therapy (2 Gy/fraction daily for 30 fractions).

Durvalumab was administered as monotherapy for cohort B and with bevacizumab 

administered at standard (10 mg/kg biweekly) or reduced (3 mg/kg biweekly) dosing for 

patients randomized to cohorts B2 or B3, respectively. For cohort C, durvalumab was 

administered with bevacizumab continuation (10 mg/kg biweekly).

Toxicity was graded using Common Terminology Criteria for Adverse Events version 

4.03 and investigator assessed response was performed every eight weeks using the 

Radiologic Assessment in Neuro-Oncology (RANO) criteria.17 Clinically stable patients 

with progression on MRI could continue study therapy pending progression confirmation 

on follow-up imaging as per the Immunotherapy Response Assessment Criteria in Neuro-

Oncology (iRANO) criteria.18 Patient neurologic function was assessed at baseline and at 

MRI assessments using the NANO scale.5

Biomarker Analyses

All biomarker analyses were performed at an AstraZeneca affiliated laboratory. Analysis of 

TMB and tumor immune activation mRNA signature were assessed from paraffin-embedded 

tumor material as previously described.19 Briefly, tumor genomic variants were called using 

VarDict-Java (version 1.7.0), annotated with SnpEff (version 4.3.1t) and selected using the 

application of custom variant filters with a minimum depth of 50 reads. The variants were 

put through additional germline filtering using dbSNP, gnomAD and COSMIC and only 

somatic, non-synonymous and exonic mutations were used to evaluate tumor mutational 

burden (TMB). TMB was calculated by a custom program where the number of mutations 

were counted over the total of whole exome regions covered by more than 50 reads.

Peripheral blood populations before and after treatment, were evaluated for any associations 

with treatment and patient responses. Four bioanalytically-validated flow cytometry-based 

assays were implemented to quantify T, B or NK cells, regulatory T cells, proliferating 

T cell subsets, and naïve/memory or activated T cells. In brief, whole blood collected 

in optimal blood collections tubes were shipped overnight to local testing laboratories 

(Q2 Solutions, Inc.). Upon sample receipt, optimum quantities of fluorochrome-labelled 

monoclonal antibodies were added to 50 or 100 μl of whole blood, dependent on assay, 

and incubated for indicated time prior to erythrocyte lysis.20 Samples were analyzed on 

BD FACSCanto™ II flow cytometers with 405, 488 and 633 nm lasers running a standard 

4–2-2 optical configuration. Lymphocyte populations were gated based on results from 

isotypic, isoclonal or fluorescence-minus-one treatments. Absolute count values for T cell 

subpopulations were calculated by multiplying population percentage values by absolute 

count values from the total CD4+ or CD8+ T cell quantities derived from the T, B and NK 

cell assay.
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Outcomes

The primary endpoint for each cohort was based on the intent-to-treat population and 

included overall survival at 12 months (OS-12) for cohort A, progression-free survival 

at 6 months (PFS-6) for cohorts B, B2 and B3, and OS at 6 months (OS-6) for cohort 

C. Secondary endpoints were overall response rate (ORR), median PFS and OS as well 

as safety. Exploratory endpoints included association of outcome with TMB and immune 

activation mRNA signature, circulating immune effector cell levels and functional status as 

well as changes in NANO scale.5 Data cut-offs for overall survival and other analyses were 

20Nov2019 and 06Sep2019, respectively.

Statistical Analysis

In the study protocol, a primary efficacy endpoint based of OS or PFS was identified for 

each cohort and pre-specified testing was conducted using a selected alpha level. After 

completion of the clinical study report, multivariable analysis of the association of baseline 

factors and OS was performed as exploratory analysis. The hypothesized associations 

were documented in a brief statistical analysis plan (SAP) which was signed off prior 

to conducting these exploratory analyses. P-values were considered descriptive in nature 

and were not adjusted for multiplicity. The exploratory analyses presented to describe the 

characteristics of the NANO assessment and to examine the associations between NANO 

scores and clinical outcomes were not pre-specified in the SAP. All p-values from the 

NANO analysis were also considered descriptive.

Samples size consideration for cohort A was based on the EORTC 26981/NCIC CE3 

study.6 Thirty-seven patients were required to detect a 20% increase in OS at 12 months 

from 50% (historical benchmark) to 70% using a one-sided binomial test (based on 

normal approximation) at 0.05 significance level with 80% statistical power. Sample 

size consideration for cohort B was based on three large meta-analyses of clinical trials 

performed among recurrent glioblastoma patients.21–23 Thirty patients were required to 

detect a 20% increase in PFS-6 from 10% (historical benchmark) to 30% using a one-sided 

binomial test (based on normal approximation) at 0.05 significance level with 90% statistical 

power. Sample size considerations for cohorts B2 and B3 were based on the BRAIN study24 

and were done separately for each cohort. Thirty-two patients in each cohort were required 

to detect a 20% increase in PFS-6 from 42% (historical benchmark) to 62% using a one-

sided binomial test (based on normal approximation) at 0.10 significance level with 84% 

power. Sample size consideration for cohort C was based on several published studies.25–28 

Seventeen patients were required to detect 30% increase in OS-6 from 35% (historical 

benchmark) to 65% using a one-sided binomial test (based on normal approximation) at 0.10 

significance level with 90% power.

Time to event analyses for OS and PFS used the Kaplan-Meier method from the time of 

initial glioblastoma diagnosis for cohort A and from the start of study therapy for cohorts 

B, B2, B3 and C. Patients who withdrew from the study or were lost to follow-up (survival 

status unknown) were censored at the date of last contact. Median follow-up was determined 

using the reverse Kaplan-Meier method. Progression was defined by iRANO criteria18 or 

date of death due to any cause. Patients without documentation of progression or death 
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during the on-study period were censored at the date of the last disease assessment while 

on study or date of start of alternate therapy, whichever came first. Patients with no disease 

assessment were censored at the start date of the treatment. Patients who discontinued 

treatment or withdrew from the study for other than documented progressive disease or 

death were censored at the date of last response assessment prior to discontinuation or 

withdrawal. ORR was defined as the percentage of patients meeting criteria of complete or 

partial response that was confirmed at least 4 weeks later as per RANO.17 Median durability 

of ORR was determined as the median duration from start of complete response or partial 

response to progression/death or last disease assessment.

After completion of the primary analyses for this study, additional explorative multivariable 

analyses of associations between baseline patient characteristics and overall survival 

were performed. The association between baseline factors and OS was assessed using 

multivariable Cox proportional hazard models for cohorts A and B/B2/B3. Associations 

between baseline predictor variables were examined using Pearson’s correlation coefficient, 

Fisher’s exact test, or t-test. P-values were considered descriptive in nature and were not 

adjusted for multiplicity. Frequencies and percentages were calculated for categories of 

baseline characteristics. Further detail on these analyses is provided in the Supplemental 

Materials.

Comparisons of baseline or day 15 immune cell counts (cells/mm3) or percent changes from 

baseline between cohorts or steroid-treatment groups were performed by Mann-Whitney U 

tests (α=0.01). The Wilcoxon signed-rank test was used to assess elevation magnitudes of 

baseline-normalized cell populations on day 15 (hypothetical median value of 0, α=0.01).

Descriptive summaries of NANO assessments were calculated including the number and 

frequency of completed baseline NANO and end of treatment NANO measures. Further 

detail on NANO assessment parameters and their association with outcome is summarized in 

the Supplemental Materials. The data generated in this study are available within the article 

and its supplementary data files. Any additional data are available from the corresponding 

author upon request.

RESULTS

Patient Characteristics and Disposition

The study enrolled 162 patients between March 2015 and January 2017, and 159 were 

treated (Table 1; Supplemental Figure 1). Study therapy has discontinued among 155 

patients (97.5%) due primarily to progressive disease (79%), while 14 (8.8%) patients 

discontinued due to toxicity. One hundred forty-five (145) patients (91.2%) have died and 14 

(8.8%) were alive at date of last contact including 4 (2.5%) who continued study therapy.

Efficacy

Outcome per cohort is summarized in Figure 1. With a median follow-up for cohort A 

of 36.8 months, median OS, OS-12 and median PFS for all patients were 15.1 months, 

60.0% and 4.6 months, respectively and for the IDH wild-type patients (n=35) were 12.8 

months, 54.3%, 4.5 months, respectively. The median PFS and OS for the five IDH mutant 
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patients were 14.7 months and 26.5 months, respectively and two of these patients remain 

alive without progression at 51.7 and 52.0 months. Median follow-up for cohorts B and B2 

was over 36 months and non-evaluable for cohort B3, while the PFS-6 rates were 19.4%, 

15.2% and 17.2 %, respectively. Median OS was modestly increased for cohorts B2 and B3 

compared to cohort B, but the rate of survival at the 12-, 18-, and 24-month time points 

favored cohort B. Although the objective response rate (ORR) for cohorts B, B2 and B3 

patients was low at 9–13%, the median durability of response per cohort was 9.0, 18.3 and 

8.5 months, respectively. Patients in cohort C exhibited the poorest outcome and achieved an 

OS-6 of 36.4%.

Analysis of the association between specified factors and OS for cohorts A and B/B2/B3 

are summarized in Supplemental Tables 1A and 1B, respectively. For cohort A, univariate 

variables that associated with poorer OS were presence of measurable disease (hazard ratio 

[HR] = 2.82; p = 0.024) and ECOG 1 (HR = 2.13; p = 0.028) relative to ECOG 0, whereas 

IDH mutation (HR = 0.26; p = 0.027) was associated with improved OS. For cohort A, 

gender was not associated with survival while trends favoring improved survival were noted 

for age ( <60 vs. >/= 60 years old), lack of baseline steroid use and shorter time from 

glioblastoma diagnosis to study initiation. In a multivariable model for cohort A which 

adjusted for age at study baseline as a continuous variable, measurable disease at screening 

was associated with a higher rate of death (HR = 9.42; 95% CI = 2.98, 29.79; p = 0.0001) 

as was baseline ECOG status of 1 compared to ECOG status of 0 (HR = 2.81; 95% CI = 

1.36, 5.83 p = 0.0054), while IDH mutant patients had a decreased rate of death compared 

to IDH wild-type patients (HR = 0.12; 95% CI = 0.02, 0.66; p=0.0147). Baseline predictors 

were not associated with each other, except for IDH mutation status and age (mean age = 

60.6 years for IDH wild-type and mean age = 34.2 years for IDH mutant; t-test p-value = 

<0.0001) and baseline ECOG status and age (mean age = 61.3 years for ECOG status of 1 

and mean age = 54.7 for ECOG status of 0; t-test p-value = 0.0620). Within the cohort A 

IDH wild-type subgroup (n=35), tumor burden at screening was associated with a higher rate 

of death (HR = 7.54; 95% CI = 2.36, 24.06; p = 0.0006), as was baseline ECOG status of 

1 compared to 0 (HR = 2.65; 95% CI = 1.25, 5.61; p = 0.0108) after adjustment for age at 

study baseline as a continuous variable.

In a multivariable model for cohort B, IDH mutation was marginally associated with a lower 

rate of death (HR = 0.11; 95% CI = (0.01, 1.02; p = 0.0524) while a trend associated with 

worse survival that did not achieve statistical significance was noted for increased days from 

initial glioblastoma diagnosis to start of treatment (>365 days vs. <=365 days) (HR = 2.45; 

95% CI = 0.90, 6.67; p = 0.0807), with age at study baseline as a continuous variable 

included in the model as an adjustment factor (HR = 1.01; 95% CI = 0.97, 1.05; p = 0.6295). 

Baseline dexamethasone use (HR 1.47; p = 0.3449) was marginally associated with worse 

survival (without adjustments for other covariates). In cohorts B2/B3, IDH mutation was 

associated with a higher rate of death (HR = 2.50; 95% CI = 1.05, 5.97; p = 0.0386). This 

unexpected finding may warrant further investigation in future studies.

Given the overall poor survival for cohort C, evaluation of potential factors associated with 

outcome was not performed.
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Safety

There were no dose limiting toxicities observed during the safety lead-in for cohorts A or 

C. Table 2 summarizes treatment-related adverse events (TRAEs) grade ≥ 2 that occurred 

in at least 10% of patients per cohort. Most TRAEs were low-grade including immune 

related AEs. Fatigue was the most common grade ≥ 2 TRAE, affecting 29 (18.2%) patients 

across all cohorts, and was grade 2 in all but 1 patient who had grade 3 fatigue. Two 

patients experienced grade 4 lipase elevation which was asymptomatic and reversible. Other 

grade 4 TRAEs occurred in single patients and included ALT elevation, altered cognition, 

and lymphopenia. One potentially treatment-related grade 5 event occurred; this event was 

an intracranial hemorrhage in a cohort C patient that occurred at tumor progression. On 

study deaths that were felt to be unlikely related to either study therapy or underlying 

tumor progression included single patients in cohort A who accidentally drowned or suffered 

a cardiac arrest. Two patients died after protracted seizures. Overall, 14 patients (8.8%) 

discontinued study therapy due to adverse events (Supplemental Table 2), including 9 

patients (5.7%) with adverse events that were at least possibly related to study therapy.

Peripheral Blood Immune Cell Populations

Analysis of circulating lymphocytes from fresh, whole blood specimens at baseline revealed 

that recurrent patients (cohorts B, B2 and B3) had lower levels of total CD3+, CD4+ and 

CD8+ T cells, CD19+ B cells and CD16+/56+ NK cells compared to newly diagnosed 

patients (cohort A; Figure 2A; p<0.01 by Mann Whitney U test). The deficit in CD4+ T 

cells among recurrent patients reflected global reductions in most subsets including naïve 

as well as central and effector memory cell populations (Figure 2B). Similarly, naïve CD8+ 

T cells were also significantly reduced among recurrent patients (Figure 2B). In general, 

activated CD4+ and CD8+ T cell levels, as defined by CD38+, HLA-DR+ or ICOS+ 

expression, trended lower among recurrent patients including CD4+ICOS+ cells which 

achieved statistical significance (Figure 2C). Proliferating (Ki67+) CD4+ were also lower 

among recurrent patients (Figure 2D).

Patients were stratified based on baseline dexamethasone use to assess the contribution 

of corticosteroid use to lymphocyte levels. Overall, patients on dexamethasone at baseline 

had lower median lymphocyte counts compared to patients not on dexamethasone (Table 

3). Moreover, recurrent patients on dexamethasone exhibited more profound reductions in 

multiple populations compared to newly diagnosed patients; nonetheless, dexamethasone 

treatment did not solely account for the observed cellular deficits in recurrent patients.

We then sought to determine if absolute levels of subclasses of immune effector cells at 

baseline or day 15 correlated with therapeutic benefit. We observed no association between 

absolute levels of circulating immune cell subsets at either baseline or at day 15 and 

OS-12 for cohort A or PFS-6 for cohorts B/B2/B3 (Supplemental Table 3; p>0.05 for 

all comparisons), including upon stratification for baseline dexamethasone use (data not 

shown). However, for newly-diagnosed patients on dexamethasone, those who achieved 

OS-12 had a non-significant trend of higher baseline median CD8+ T cell counts compared 

to patients who did not achieve OS-12, that included subsets expressing HLA-DR, CD38 

or naïve cell markers as well as higher median baseline CD4+ICOS+ T cells (Supplemental 

Nayak et al. Page 8

Clin Cancer Res. Author manuscript; available in PMC 2023 February 20.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2). These findings require cautious interpretation due to small sample size, wide 

confidence intervals and lack of a study control arm but suggest that therapeutic benefit 

may require higher levels of baseline T cell subsets, including those expressing markers of 

activation, to overcome the suppressive activity of concurrent dexamethasone use among 

glioblastoma patients undergoing immunotherapy.

It has been previously reported that durvalumab induces an average 50–100% increase above 

baseline in circulating proliferating (Ki67+) CD8+ T cells within 10–15 days following the 

first dose.29,30 We assessed the elevation magnitudes of this cell population and observed 

that newly diagnosed and recurrent patients who were not on dexamethasone demonstrated 

an increase in baseline-normalized CD8+Ki67+ T cells on day 15 that achieved statistical 

significance among recurrent patients (p<0.01 by Wilcoxon Signed Rank test). In contrast, 

no day 15 increase was observed among patients who were on baseline dexamethasone 

(Figure 2E). We then explored the association of changes in baseline-normalized 

CD8+Ki67+ T cells on day 15 with clinical outcome. As baseline dexamethasone use 

affected lymphocyte quantities, we stratified patients based on dexamethasone use. Among 

patients not on dexamethasone, a two-fold or greater median increase in day 15 CD8+Ki67+ 

T cells was noted among newly diagnosed patients who achieved OS-12 and among 

recurrent patients who achieved PFS-6 compared to patients who did not achieve these 

endpoints (Table 4). In contrast, the day 15 CD8+Ki67 T cell count showed little to no 

increase compared to day 0 for newly diagnosed and recurrent patients who were on 

dexamethasone (data not shown). These analyses also require cautious interpretation and 

validation but suggest that an early on-treatment increase in CD8+Ki67+ T cells may 

indicate a higher likelihood of therapeutic benefit to immune checkpoint blockade and that 

concurrent dexamethasone may be detrimental to this increase.

Tumor Immune Biomarker Analyses

Analyzed tumor samples for cohort A patients were collected immediately prior to study 

enrollment while those from cohort B were primarily archival given that only 35% of these 

patients had surgery after recurrence and prior to initiation of study therapy. These analyses 

were not performed for cohorts B2 and B3 due to expected similar findings relative to cohort 

B. As summarized in Supplemental Table 4, TMB was quite low (< 2.6/Mb) among cohort 

A and B patients. For cohort B, IAS was also low. Insufficient tumor material prevented 

analysis for cohort A. There was no apparent association of TMB with PFS or OS for 

either cohort A or B nor an apparent association of IAS with PFS or OS for cohort B 

(Supplemental Figure 3).

Neurologic Assessment in Neuro-Oncology (NANO)

NANO compliance rate at baseline and across all visits were 91% (145 of 159 treated 

patients) and 60% (462 out of 767), respectively. Fourteen patients (9%) lacked a baseline 

NANO evaluation and one was deemed non-evaluable; these patients were excluded leaving 

144 patients for NANO analyses. One hundred and seven patients (67%) lacked an end of 

treatment NANO evaluation. At baseline, 62 patients (43%) had a normal NANO neurologic 

examination. Gait, strength and language were the domains that accounted for the most 

common changes in neurologic function during the study. Nine patients were assessed as 
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progressive by NANO criteria prior to radiographic progression which was established on 

subsequent MRI evaluations. Three patients had neurologic response by NANO criteria and 

concurrent stable imaging findings.

In order to further assess the utility of NANO, we assessed its score relative to other 

measures of clinical status and outcome at specified time points. First, median and overall 

survival for those with a normal baseline NANO score was better than those with an 

abnormal score (11.1 vs 6.7 months, log-rank p=0.0014). Second, at a 2-month landmark, 

patients with NANO progression had shorter median OS compared to those without NANO 

progression (3.2 vs 7.7 months, log-rank p=0.04) and shorter median PFS (1.3 vs 1.8 

months, log-rank p=0.0022) in cohort B, B2 and B3. Third, a decline in ECOG performance 

status was associated with NANO progression (p=0.0427) among all patients at the 2-month 

time point. These data demonstrate that NANO score associates with other measures of 

outcome among glioblastoma patients.

DISCUSSION

In this multi-arm study, blockade of PD-L1 with durvalumab did not improve outcome 

among newly diagnosed or recurrent glioblastoma patients relative to appropriate historical 

benchmarks. Similarly negative results have been previously reported following PD-1 

blockade (BMS press releases),2 providing further evidence that solely targeting the PD(L)-1 

axis is insufficient to benefit glioblastoma patients. In our study, for newly diagnosed 

patients with MGMT unmethylated tumors, median survival (15.1 months), OS-12 (60%) 

and OS-24 (17.5%) were similar to standard of care temozolomide chemoradiotherapy.6,31 

As expected from the literature, improved survival was noted among patients without 

measurable disease, normal performance status and IDH1 mutation, respectively. Among 

recurrent patients, single agent durvalumab achieved a PFS-6 of 19.4% and a median OS 

of 6.7 months which are similar to outcomes from meta-analyses of non-immunotherapy, 

salvage therapy trials,22 as well as phase 3 studies evaluating lomustine or bevacizumab at 

recurrence.2,32–34

We also noted that the combination of durvalumab with bevacizumab, administered at 

either standard or reduced dosing schedule, did not appear to improve outcome compared 

to durvalumab monotherapy or historical benchmarks of bevacizumab monotherapy.33 Our 

study findings indicate that combinatorial benefit of VEGF blockade to immune checkpoint 

therapy observed in some cancers is not applicable to glioblastoma. Our data also do 

not support preclinical data in non-glioblastoma models demonstrating that reduced dose 

anti-angiogenic therapy can enhance the therapeutic benefit of immunotherapy,12,13 however 

the reduced bevacizumab dosing schedule we utilized was empirically chosen and may not 

have induced relative vascular normalization.

Although only 9–13% of bevacizumab-naïve, recurrent patients achieved an ORR, the 

median duration of response was 9–18 months per cohort and surpassed that of bevacizumab 

monotherapy which is typically 4–6 months.2 A similar durability of ORR was reported 

with PD-1 blockade with or without bevacizumab in two recent studies among recurrent 

glioblastoma patients.2,35
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Bevacizumab refractory recurrent glioblastoma patients have a particularly poor outcome 

with subsequent salvage therapies and such patients on our trial treated with durvalumab 

plus bevacizumab continuation achieved similarly poor PFS and OS outcomes.36

Administration of durvalumab was well tolerated across study cohorts. The spectrum, 

severity and frequency of immune-related adverse events was comparable to data reported 

from anti-PD-1 studies for glioblastoma patients2 and other cancer subtypes. There were 

also no unexpected safety issues observed for the combination of durvalumab with radiation 

therapy for newly diagnosed patients and with bevacizumab among recurrent patients.

Our study design incorporated a comprehensive flow cytometry analysis of circulating 

immune cell subsets measured at baseline and early (day 15) after durvalumab initiation 

that allowed us to directly compare newly diagnosed and recurrent patients in the same 

clinical trial setting. We noted significantly greater lymphopenia among recurrent patients 

which aligns with prior studies showing that standard radiation and temozolomide can 

induce prolonged lymphopenia.37 Our analysis expanded these observations by including 

a systematic assessment of immune cell subclasses as well as markers of function and 

proliferation. We noted that recurrent patients had striking reductions of immune effector 

cells relative to newly diagnosed patients that included circulating CD3+, CD4+ and 

CD8+ T cell subsets as well as B cells and NK cells, with reductions in naïve, central 

memory and effector memory subsets, activated T cells as well as proliferating Ki67+ cells 

primarily accounting for the deficit in circulating CD4+ cells. The etiology of the observed 

broad immune cell deficiency among recurrent patients requires further study but is likely 

multifactorial. These exploratory findings require validation in a larger, dedicated dataset but 

suggest that relative immune effector cell deficiency may represent an additional challenge 

for immunotherapy approaches among recurrent glioblastoma patients.

Dexamethasone use was associated with lower immune cell populations among both newly 

diagnosed and recurrent patients consistent with recently reported data from a retrospective 

clinical review and preclinical studies in syngeneic murine glioblastoma models.38 Although 

more substantial reductions were observed with dexamethasone among recurrent compared 

to newly diagnosed patients, dexamethasone did not solely account for observed differences 

in immune effector cell subsets between newly diagnosed and recurrent patients.

Additional exploratory analyses suggested that dexamethasone use may have influenced 

associations between immune cell population levels and outcome. For newly diagnosed 

patients on dexamethasone, a non-statistical trend was noted between likelihood of 

achieving OS-12 and higher baseline CD8+ levels including those expressing Ki67 or 

markers of either a naïve or activated phenotype. This observation was not noted among 

recurrent patients, possibly reflecting their lower levels of these cell subsets compared to 

newly diagnosed patients.

An early increase in circulating proliferating CD8+ T cells was noted among both newly 

diagnosed and recurrent patients not on dexamethasone that achieved statistical significance 

among recurrent patients. This finding has been observed in previously reported melanoma 

and NSCLC trials of immune checkpoint blockade but has not been previously assessed 
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in glioblastoma studies. An early increase in these cells was noted to be more frequent 

among patients who achieved OS-12 or PFS-6, respectively providing they were not on 

dexamethasone. Cautious interpretation of this observation is warranted due to the small 

sample size, but an early increase in Ki67+CD8+ T cells may warrant further evaluation as a 

potential biomarker of benefit to immune checkpoint blockade in future studies.

Although tumor mutational burden and immune activation mRNA signature have been 

linked with improved benefit to immune checkpoint inhibitors in other cancers,19,39 their 

utility in this context among glioblastoma patients has not been clarified. In our study, we 

noted that the quantitative values of both of these measures were low relative to other tumor 

types19,39 and that neither parameter correlated with either PFS or OS. A limitation of these 

analyses among the recurrent patients is that archival tumor samples obtained at original 

diagnosis were primarily used rather than samples obtained at study enrollment and thus, 

may have not accurately reflected the tumor microenvironment at the time of study therapy.

Our study incorporated the NANO scale to provide an objective, user-friendly measure of 

neurologic function for CNS tumor patients based on a rapidly performed and simplified 

neurologic examination.5 Limited data exist describing the utility of NANO to assess 

neurologic function prospectively as well as its association with outcome for glioblastoma 

patients in clinical trials. We demonstrated that NANO can be performed efficiently in 

a multicenter trial with most missed assessments due to lack of clinic follow-up at 

progression. We noted that NANO appeared to effectively track neurologic function of 

patients receiving study therapy. Baseline NANO neurologic examination correlated with 

overall survival. In addition, preservation of baseline neurologic status as measured by 

NANO was observed among patients without radiographic progression, while neurologic 

decline was noted at the time of radiographic progression in general, although this was 

impacted by tumor location relative to functional cortex as expected.

Our study findings are affected by several important limitations. First, the number of patients 

and associated biospecimens per cohort is small and our circulating immune cell findings 

require further investigation in larger, dedicated datasets. Second, historical benchmarks 

were used to assess efficacy and a contemporaneous control arm was not included. Third, 

our findings may have been affected by potentially confounding factors and multiple 

comparison analyses, particularly regarding the circulating immune cell flow cytometry 

analyses. Fourth, our study included use of archival tumor material for immunocorrelative 

analyses among recurrent patients rather than tumor samples obtained immediately prior to 

study initiation. Fifth, it is not known whether an anti-PD-L1 Mab requires intratumoral 

delivery for activity; in this study we did not incorporate an assessment of intra-tumoral 

durvalumab penetration. Finally, our study only evaluated changes in the peripheral blood 

compartment of circulating immune cell subsets at day 15, and future studies may consider 

evaluating additional later time points.

In conclusion, PD-L1 blockade with durvalumab was well tolerated but failed to improve 

outcome among recurrent and newly diagnosed glioblastoma patients. When combined with 

radiation, durvalumab achieved similar outcome for newly diagnosed, MGMT unmethylated 

patients as standard temozolomide chemoradiotherapy. Durvalumab as single agent or in 
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combination with standard or reduced dosing schedules of bevacizumab was comparable 

but not superior to established salvage therapies for recurrent glioblastoma patients. TMB 

and immune activation signature were lower in general than values reported for other solid 

tumors and did not associate with outcome. A comprehensive evaluation of circulating 

immune cell subsets measured at baseline and early after initiation of study therapy revealed 

that a broad spectrum of peripheral blood lymphocyte populations was reduced among 

recurrent compared to newly diagnosed patients which was partly attributed to concurrent 

dexamethasone use. Baseline dexamethasone use also limited the ability of some effector 

cell populations to increase after durvalumab initiation. An early increase in circulating 

Ki67+CD8+ T cells may warrant further study as a potential biomarker of PD(L)-1 benefit.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Translational Relevance

Although our study demonstrated that PD-L1 blockade was ineffective among newly 

diagnosed and recurrent glioblastoma patients, including when combined with reduced or 

standard bevacizumab dosing, systematic evaluation of circulating immune cell subsets 

revealed a striking reduction of most cell types among recurrent compared to newly 

diagnosed patients. We also noted an early increase in circulating, Ki67+CD8+ T cells 

among newly diagnosed and recurrent patients not on dexamethasone who achieved 

OS-12 or PFS-6, respectively. These findings require validation in larger datasets but 

suggest that: 1) recurrent glioblastoma patients may have more difficulty responding to 

immunotherapy due to decreased levels of relevant circulating immune cells compared to 

newly diagnosed patients; and 2) an early increase in Ki67+CD8+ T cells may provide 

a potential biomarker of benefit from immune checkpoint therapy. Our study also further 

highlights the detrimental effect of dexamethasone and the role of the NANO scale for 

glioblastoma trials.

Nayak et al. Page 16

Clin Cancer Res. Author manuscript; available in PMC 2023 February 20.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Nayak et al. Page 17

Clin Cancer Res. Author manuscript; available in PMC 2023 February 20.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. Progression-Free and Overall Survival in All Patients
Efficacy for all patients including Kaplan-Meier plots and tabular PFS and OS data 

by cohort. Outcome for newly diagnosed, MGMT unmethylated patients (cohort A), 

bevacizumab naïve, recurrent patients (cohorts B, B2 and B3) and bevacizumab refractory, 

recurrent patients (cohort C) are summarized in panels A, B and C, respectively including 

Kaplan-Meier plots of PFS (upper) and OS (lower).
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Figure 2. Circulating Immune Cell Subsets Comparing Newly Diagnosed and Recurrent Patients
Measurement of baseline immune cell subsets detected by flow cytometry among newly 

diagnosed patients (cohort A; open bars and symbols) compared to bevacizumab-naïve, 

recurrent patients (cohorts B, B2 and B3; gray bars and symbols) including major immune 

cell subsets (panel A), and CD4+ and CD8+ T cells distinguished by memory or naïve 

(panel B), activation (panel C) or proliferation (panel D) markers. Asterisks indicate p<0.01 

by Mann-Whitney U test comparing cohort A to cohorts B, B2 and B3. Panel E: Change 

in baseline CD8+Ki67+ T cells at day 15 for newly diagnosed (cohort A, open symbols) 

and bevacizumab-naïve, recurrent patients (cohorts B, B2 and B3, gray symbols) on baseline 

dexamethasone use (right side triangles) compared to those not on dexamethasone (left side 

circles). Bars indicate median value and error bars denote 25th and 75th percentiles. Asterisk 

indicates p ≤ 0.01. P value was determined by Wilcoxon Signed Rank test.
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Table 4.

Percent change in baseline-normalized CD8+Ki67+ T cells among patients not on dexamethasone.

Cohort A B

Endpoint <OS12 ≥OS12 <PFS6 ≥PFS6

n Median (Q1, Q3) n Median (Q1, Q3) p n Median (Q1, Q3) n Median (Q1, Q3) p

% change 
CD8+Ki67+

5 −50 (−55.5, 
−33.3)

8 50 (12.5, 81.3) 0.22 25 33.33 (0, 66.7) 8 83.3 (−23.6, 
186.4)

0.98
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