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Abstract
Background Glioblastoma (GBM) is a primary brain tumor with a dismal prognosis, often resistant to immunotherapy and 
associated with immune suppression. This study aimed to assess the impact of steroids and Stupp-regimen treatment on 
peripheral blood immune parameters in GBM patients and their association with outcomes.
Methods Using cytometry panels and bioplex assays, we analyzed the immune phenotype and serum cytokines of 54 GBM 
patients and 21 healthy volunteers.
Results GBM patients exhibited decreased lymphoid cell numbers (CD4, CD8 T cells, NKT cells) with heightened immune 
checkpoint expression and increased myeloid cell numbers (especially neutrophils), along with elevated pro-inflammatory 
cytokine levels. Steroid use decreased T and NK cell numbers, while radio-chemotherapy led to decreased lymphoid cell 
numbers, increased myeloid cell numbers, and heightened immune checkpoint expression. Certain immune cell subsets were 
identified as potential outcome predictors.
Conclusion Overall, these findings shed light on the peripheral immune landscape in GBM, emphasizing the immunosup-
pressive effects of treatment. Baseline immune parameters may serve as prognostic indicators for treatment response.
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Background

Glioblastoma (GBM) is the most frequent and most aggres-
sive primary brain tumor. Treatment is based on surgery, 
consisting of complete removal of the gross tumor mass 
whenever possible. Following surgery, treatment is pursued 
with a combination of radiotherapy plus chemotherapy 
(temozolomide), followed by six months of adjuvant temo-
zolomide. Despite this aggressive therapy, almost all patients 
present recurrence. However, few therapies are currently 
available to treat progressive disease, and available options 
offer no benefit in terms of overall survival, with signifi-
cant toxicities [1, 2]. Actually, only tumor-treating fields, 
an antimitotic treatment modality that interferes with glio-
blastoma cell division and organelle assembly by delivering 
low-intensity alternating electric fields to the tumor, have 
recently demonstrated a modest ability to improve patient 
survival [3]. Classical prognostic factors include complete 
tumor resection, methylation of the MGMT (O6-Methyl-
Guanine-DNA MethylTransferase) promoter, and the use of 
steroids [4–9].
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GBM is associated with crossing of the blood–brain bar-
rier and is widely invaded by bone marrow-derived myeloid 
cells. In addition, some T cells are also found in the core of the 
tumor and high infiltration by T cells is associated with better 
outcome, suggesting that immunotherapy could be a tool to 
improve treatment of this devastating disease [10, 11]. Sev-
eral ongoing clinical trials are testing this hypothesis [12–14]. 
These include therapeutic vaccines [15], T cell therapy with 
chimeric antigen receptors [16] and immune checkpoint inhibi-
tors [17], with an active search for new pathways as potential 
targets for immunotherapy [18]. However, first results from 
clinical trials of immune checkpoint inhibitors have shown 
disappointing results, with no improvement in overall survival 
in a phase III second-line trial following failure of radio-chem-
otherapy [19]. Several hypotheses may explain these results. 
The leading hypothesis is the immunosuppressive context of 
GBM. Firstly, GBM can induce sequestration of immune cells 
in the bone marrow, leading to lymphopenia and a reduced 
ability to generate an immune response [20]. Secondly, temo-
zolomide is a strong lymphopenic agent and can induce a sub-
stantial decrease in the number of CD4 T cells in the blood, 
thereby leading to a state of immunosuppression [21, 22]. 
Thirdly, the use of steroids induces lymphopenia by directly 
killing activated T cells, but also by impeding their capac-
ity to produce cytokines and thus induce an effector immune 
response [23, 24].

In contrast, it has been shown that chemotherapy-induced 
myeloid and lymphoid depletion induces IL-2, IL-7, and 
IL-15 production, and mediates homeostatic proliferation 
and immune reconstitution, thereby promoting an immune 
response [25]. Studies in mice [26, 27] and humans [28, 29] 
have shown that the temozolomide-based myeloablative regi-
men enables large-scale vaccine-specific immune responses 
and persistence of chimeric antigen receptor T cells [30]. Radi-
ation could also promote immunogenic cell death. This phe-
nomenon triggers optimal antigenic presentation and improves 
the T cell-dependent anti-tumor immune response [31].

In this study, in order to determine the impact of steroids 
and radio-chemotherapy on the systemic immune response 
of patients with GBM, we prospectively analyzed the num-
ber, phenotype, and functionality of different immune cell 
populations during radio-chemotherapy and correlated this 
information with clinical prognostic factors; such as steroid 
use and MGMT methylation status, as well as with response 
to treatment.

Methods

Study participants

This study included stage IV glioblastoma patients treated 
by surgery and a Stupp protocol at the Georges Francois 

Leclerc Center, Dijon, France, between May 2018 and 
April 2020. Written informed consent was obtained from all 
patients before enrolment. The hospital institutional review 
board approved the study in accordance with the principles 
of Good Clinical Practice, the Declaration of Helsinki, and 
other applicable local regulations. This study falls within the 

Table 1  Patients’ characteristics

Characteristics (N = 54 patients)

Sex
Male-no. (%) 33 (61.1)
Female-no. (%) 21 (38.9)
Age
N 54
Mean (std) 60.6 (12.6)
Median [min–max] 62.0 [31.0–82.0]
Tumor localisation
Frontal-no (%) 18 (33.3)
Temporal-no. (%) 7 (13.0)
Temporo-parietal-no. (%) 4 (7.4)
Parietal-no (%) 7 (13.0)
Occipital-no (%) 3 (5.6)
Other-no (%) 15 (27.7)
MGMT
Methylated-no (%) 17 (31.5)
Unmethylated-no. (%) 26 (48.1)
NC-no (%) 11 (20.4)
IDH 1,2
Mutation-no. (%) 5 (9.3)
Wild type-no. (%) 48 (88.8)
NC-no (%) 1 (1.9)
Extent of resection
Biopsy-no (%) 13 (24.1)
R0-no. (%) 5 (9.3)
R1-no. (%) 10 (18.5)
R2-no (%) 26 (48.1)
Corticosteroids at baseline
Yes-no. (%) 30 (55.6)
No-no. (%) 24 (44.4)

Table 2  Healthy volunteers’ characteristics

Characteristics (N = 21 patients)

Sex
Male-no. (%) 12 (57.2)
Female-no. (%) 9 (42.8)
Age
N 21
Mean (std) 53.7 (7.1)
Median [min–max] 51.0 [42.0–69.0]
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scope of the biobanking authorisation registered under the 
registration number AC-2019-3531. As a control group, we 
used healthy blood donors from the Etablissement Français 
du Sang, matched on age and sex to GBM patients.

Patients received concurrent chemoradiotherapy and 
adjuvant chemotherapy according to the original protocol 
proposed by Stupp et al. [32]. Temozolomide (75 mg/m2) 
was administered on days 1 through 42 with concomitant 
radiotherapy (60 Gy). After four weeks, treatment was 
pursued by the administration of temozolomide alone 
(150–200 mg/m2) on days 1–5 in six consecutive 4-week 
cycles or to progression. Response to treatment was evalu-
ated based on regular follow up with MRI scanning. The 
first post chemo-radiotherapy MRI was usually ordered 
4–6 weeks after the last radiotherapy session, followed by 
regular MRI every three months unless clinically indicated 
for earlier examination. MRI were visually evaluated by the 
radiologist. Unclear findings were reviewed by a multidisci-
plinary neuro-oncology tumor board, mostly with a recom-
mendation for an earlier control exam.

O6-Methylguanine-DNA methyltransferase (MGMT) 
promoter methylation status was determined after DNA 
extraction, bisulfite conversion and RT-qPCR [33].

For each patient, five blood draws were taken at three 
different timepoints, namely: before the start of treatment 
(C1), after 14 days of treatment (C2) and after 28 days of 
treatment (C3). Plasma and peripheral blood mononuclear 
cells (PBMC) from these samples were collected and stored, 
and the analyses of myeloid and lymphoid populations and 
of lymphocyte function were performed by flow cytometry.

Study of the specific T response of TERT 
by the ELISpot technique

Specific stimulation by TERT‑derived peptides

For PBMC-specific stimulation, a pool of four UCP pep-
tides (Universal Cancer Peptides) derived from human 
telomerase was used: UCP1 (PAAFRALVAQCLVCV), 
UCP2 (KSVWSKLQSIGIRQH), UCP3 (GTAFVQMPAH-
GLFPW), and UCP4 (SLCYSILKAKNAGMS). They have 
previously been described [34] and were purchased from 
ProImmune (at 90% purity). Before use, the peptides were 
reconstituted in 1X PBS containing 10% DMSO to a con-
centration of 4 mg/mL, before being aliquoted and frozen 
at is −80 °C.

Pre‑stimulation of PBMC with selected UCP peptides

PBMC suspensions for each patient were thawed and diluted 
in RPMI 1640 containing 5% of decomplemented FBS. After 
washing the cells, the isolated PBMC were counted with 

trypan blue and resuspended in the RPMI 1640 5% decom-
plemented FSB medium at a rate of 4.105 cells per well in 
a 24-well culture plate. For each patient, and their samples 
(C1, C2, and C3), two conditions were performed: a nega-
tive control, without any peptide, and a test well in which the 
pool of the four UCP peptides was added at a final concentra-
tion of 5 μg/mL. After 24 h of culture we added recombinant 
human IL-7 (130-093-93, Miltenyi Biotec) to all wells at a 
final concentration of 5 ng/mL, and after three days of culture, 
we added recombinant human IL-2 (130-097-743, Miltenyi 
Biotec) at a final concentration of 20 IU/mL [34, 35].

Measurement of TERT specific T response by ELISpot 
technique

For this study, we aimed to measure TERT tumor antigen-
specific T-cell immunity using an IFN-γ ELISpot assay 
(hIFNgp-2 M/5, Immunospot). To perform the ELISpot assay, 
we first counted live leucocytes in the cultured cells by flow 
cytometry (CytoFLEX Cytometer, Beckman Coulter): a small 
volume of cell suspension from each condition was labelled 
with an anti-CD45 antibody APC-Violet750 (A79392, Beck-
man Coulter) and DAPI (130-111-570, Miltenyi Biotec). Unla-
belled cells were then plated on a membrane coated with an 
IFN-γ-specific capture antibody at a rate of 1.105 cells per well 
in a final volume of 200 μL of CTL medium (hIFNgp-2 M/5, 
ImmunoSpot) + 1% L-glutamine (G7513, Sigma). Three con-
ditions were performed for each sample: with cells derived 
from the wells that were not supplemented with UCP peptides, 
the negative and positive controls. These cells were cultured in 
the ELISpot plate with CTL medium + 1% L-glutamine for the 
negative control and for the positive control, 1 μg/mL ionomy-
cin (19,657, Sigma) and 50 ng/mL Phorbol Myristate Acetate 
(PMA, P1585, Sigma) were added to the wells. Cells that were 
stimulated by UCP peptides upon activation were cultured in 
the ELISPot plate with 5 μg/mL of UCP peptides. The cells 
were then incubated for 24 h at 37 °C, and the spots were 
revealed following the manufacturer’s instructions. The ELIS-
pot assay was read on an ELISpot plate reader (Immunospot 
S6 Alpha) allowing detection, analysis and counting of spots.

Cytometry analysis

Lymphoid and myeloid population identification

Staining protocol: 100 μL of total heparinized blood was 
added to each DURAClone tube containing liquid antibodies 
to lymphoid and myeloid panels, vortexed immediately for 
15 s and incubated for 10 min at room temperature in the 
dark. Two millilitres of red blood lysis solution (VersaLyse 
solution, A09777, Beckman Coulter) containing 50 μL of 
the fixative agent IOTest 3 Fixative solution (A07800, Beck-
man Coulter) was added, inverted and incubated for 15 min 
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in the dark. After centrifugation and washing with 3 mL of 
PBS 1X, cells were resuspended in 150 µL PBS 1X before 
acquisition on a CytoFLEX cytometer (Beckman Coulter). 
The gating strategies are described in Supplementary Figs. 6 
and 7.

Lymphocyte function analysis

Staining procedure: 50 μL of total heparinized blood was 
transferred into a DURactive 1 tube (C11101, Beckman 
Coulter) for 3 h at 37 °C in the dark. After activation, 25 μL 
of PerFix-NC R1 buffer (PerFix-NC kit, B31168, Beckman 
Coulter) was added on vortex and incubated for 15 min at 
room temperature. Then, 2 mL of PBS 1X was added, and 
after centrifugation, the pellet was resuspended in 25 μL of 
FBS (Dutscher) and 300 μL of PerFix-NC R2 buffer was 
added. A 325 μL aliquot was transferred to a DURAClone 
tube containing the liquid antibody, vortexed immediately 
for 15 s and incubated for 1 h at room temperature in the 
dark. PBS 1X (3 mL) was added to the tubes, incubated for 
5 min at room temperature in the dark before centrifugation 
for 5 min at 500 g. After supernatant removal, the cells were 
resuspended in 3 mL of 1X PerFix-NC R3 buffer before 
another 5 min centrifugation at 500 g. The pellet was dried 
and resuspended in 150 μL of 1X R3 buffer. Acquisition 
was done on a CytoFLEX cytometer. The gating strategy is 
described in Supplementary Fig. 8.

All cytometry analyses were done with Kaluza 1.3 soft-
ware (Beckman Coulter).

Statistical analysis

Progression-free survival (PFS) was defined as the time 
from the date of surgery to the first recorded evidence of 
disease progression according to RECIST criteria, clinical 
assessment or death. Overall survival (OS) was calculated 
as the time from the date of surgery to the date of death. 
The median follow-up was calculated using the reverse 
Kaplan–Meier method, and survival endpoints are described 
using the Kaplan–Meier method. Data for patients who were 
alive and event-free were censored after one year of follow-
up after the start of treatment. Survival probabilities were 
estimated using the Kaplan–Meier method, and survival 
curves were compared using the log-rank test.

Statistical analyses were performed using Prism Graph-
Pad software [not significant (ns), *, p < 0.05; **, p < 0.01; 
***, p < 0.001; and ****, p < 0.0001]. Results are shown as 
the mean ± SD. Datasets were compared using an unpaired 
Mann–Whitney–Wilcoxon test. No statistical corrections 
were performed.

Results

Influence of glioblastoma on peripheral blood 
immune phenotype and serum cytokines

Patient and control characteristics are detailed in Tables 1 
and 2. We included 54 patients, and 21 sex-and age-matched, 

Fig. 1  Influence of glioblastoma on peripheral blood immune phe-
notyping and serum cytokines. Blood samples from healthy volun-
teers (n = 21) and baseline glioblastoma patients (n = 54) were acti-
vated or not, stained and then analyzed by flow cytometry (A–K). 
A Box plot showing the percentage of different lymphoid popula-
tions in  CD45+ cells:  CD4+ T cells  (CD45+  CD3+  CD4+),  CD8+ 
T cells  (CD45+  CD3+  CD8+), Natural Killer (NK) cells  (CD45+ 
 CD3−  CD56+) and Natural Killer T (NKT) cells  (CD45+  CD3+ 
 CD56+). B Box plot showing the proportion of different stages of 
CD4 T cell differentiation in  CD45+ cells: naïve cells «  N»  (CD4+ 
 CD45RA+  CCR7+), effector memory cells « EM»  (CD4+  CD45RA− 
 CCR7−), central memory cells «  CM»  (CD4+  CD45RA−  CCR7+) 
and effector memory cells re-expressing CD45RA «  EMRA» 
 (CD4+  CD45RA+  CCR7−). C Box plot showing the proportion 
of different stages of CD8 T cell differentiation in  CD45+ cells: 
naïve cells «  N»  (CD4+  CD45RA+  CCR7+), effector memory cells 
«  EM»  (CD4+  CD45RA−  CCR7−), central memory cells «  CM» 
 (CD4+  CD45RA−  CCR7+) and effector memory cells re-expressing 
CD45RA «  EMRA»  (CD4+  CD45RA+  CCR7−). D Box plot show-
ing the percentage of regulatory CD4 T cells  (CD4+  Foxp3+) and 
regulatory CD8 T cells  (CD8+  Foxp3+) in T lymphocytes  CD3+. E 
Box plot showing the proportion of different CD4 T cell subpopu-
lations in  CD4+ cells: Th1  (CD4+  FoxP3− IFNγ+ IL-17A−), Th17 
 (CD4+  FoxP3− IFNγ− IL-17A+), Th1/17  (CD4+  FoxP3− IFNγ+ IL-
17A+) and Th2  (CD4+  FoxP3− IFNγ− IL-17A− IL-4+) cells. F Box 
plot showing the proportion of different CD8 T cell subpopulations 
in  CD8+ cells: Tc1  (CD8+  FoxP3− IFNγ+ IL-17A−), Tc17  (CD8+ 
 FoxP3− IFNγ− IL-17A+), Tc1/17  (CD8+  FoxP3−IFNγ+ IL-17A+) 
and Tc2  (CD8+  FoxP3− IFNγ− IL-17A− IL-4+) cells. G Represen-
tation of the polyfunctionality of  CD4+ (left) and  CD8+ (right) T 
cells through analysis of their ability to secrete 0, 1, 2, 3, or 4 differ-
ent cytokines (IFNγ, TNFα, Granzyme B and IL-2). H, I Box plot 
showing the percentage of  CD4+ (h) or  CD8+ (i) T cells expressing 
3 immune checkpoints  PD-1, TIGIT or Tim-3. J Box plot showing 
the frequency of myeloid subpopulations in  CD45+ cells: classical 
monocytes  (CD11b+  CD15−  CD14+ HLA-DR+), activated mono-
cytes  (CD11b+  CD15− CD14low HLA-DR+), monocytic MDSC 
 (CD11b+  CD15−  CD14+ HLA-DRlow), neutrophils  (CD11b+  CD15+ 
 CD14−) and granulocytic MDSC  (CD11b+  CD15+  CD14+). K Box 
plot showing the frequency of PD-L1+,  CD111+,  CD112+,  CD155+ 
and Galectin-9+ populations within monocytes  (CD14+). L Cytokine 
secretion in the plasma of healthy volunteers and patients was ana-
lyzed using a bioplex technique. Top: the heatmap on the left corre-
sponds to normalized cytokine expression (z-score) for which there 
is a statistically significant difference between healthy volunteers 
and patients, the heatmap in the middle corresponds to the median 
for each cytokine for each of the two populations studied and the col-
umn on the right is the p-value of statistical analysis using one-way 
ANOVA. Bottom: Box plot showing the concentration in pg/mL of 
each of the cytokines whose Z-Score is significantly different between 
healthy volunteers and patients. Statistical analysis was performed 
using an unpaired Mann–Whitney Wilcoxon test. n.s, not significant; 
*p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001

◂
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Fig. 2  Influence of steroid usage peripheral blood immune phenotyp-
ing and serum cytokines in GBM patients. Blood samples from baseline 
glioblastoma patients were activated or not, stained and then analyzed 
by flow cytometry. Patients were distinguished according to the pres-
ence (n = 30) or the absence (n = 20) of steroid treatment at baseline 
(a-l). A Box plot showing the percentage of different lymphoid popula-
tions in  CD45+ cells:  CD4+ T cells  (CD45+  CD3+  CD4+),  CD8+ T cells 
 (CD45+  CD3+  CD8+), Natural Killer (NK) cells  (CD45+  CD3−  CD56+) 
and Natural Killer T (NKT) cells  (CD45+  CD3+  CD56+) according to 
patients’ steroid treatment. B Box plot showing the frequency of regu-
latory CD4 T cells  (CD4+  Foxp3+) and regulatory CD8 T cells  (CD8+ 
 Foxp3+) in lymphocytes T  CD3+ according to patients’ steroid treat-
ment. C Box plot showing the proportion of different stages of CD4 T 
cell differentiation in  CD45+ cells: naïve cells « N»  (CD4+  CD45RA+ 
 CCR7+), effector memory cells «  EM»  (CD4+  CD45RA−  CCR7−), 
central memory cells «  CM»  (CD4+  CD45RA−  CCR7+) and effector 
memory cells re-expressing CD45RA «  EMRA»  (CD4+  CD45RA+ 
 CCR7−) according to patients’ steroid treatment. D Box plot show-
ing the proportion of different stages of CD8 T cell differentiation 
in  CD45+ cells: naïve cells «  N»  (CD4+  CD45RA+  CCR7+), effec-
tor memory cells « EM»  (CD4+  CD45RA−  CCR7−), central memory 
cells « CM»  (CD4+  CD45RA−  CCR7+) and effector memory cells re-
expressing CD45RA « EMRA»  (CD4+  CD45RA+  CCR7−) according 
to patients’ steroid treatment. E–G Box plot showing the percentage of 

 CD4+ T (E),  CD8+ T (F) or NK (G) cells expressing 3 immune check-
points PD-1, TIGIT or Tim-3 according to patients’ steroid treatment. 
H Box plot showing the proportion of different CD4 T cell subpopula-
tions in  CD4+ cells: Th1  (CD4+  FoxP3− IFNγ+ IL-17A−), Th17  (CD4+ 
 FoxP3− IFNγ− IL-17A+), Th1/17  (CD4+  FoxP3− IFNγ+ IL-17A+) and 
Th2  (CD4+  FoxP3− IFNγ− IL-17A− IL-4+) cells according to patients’ 
steroid treatment. I Box plot showing the proportion of different CD8 T 
cell subpopulations in  CD8+ cells: Tc1  (CD8+  FoxP3− IFNγ+ IL-17A−), 
Tc17  (CD8+  FoxP3− IFNγ− IL-17A+), Tc1/17  (CD8+  FoxP3−IFNγ+ 
IL-17A+) and Tc2  (CD8+  FoxP3− IFNγ− IL-17A− IL-4+) cells accord-
ing to patients’ steroid treatment. J Box plot showing the frequency of 
myeloid subpopulations in  CD45+ cells: classical monocytes  (CD11b+ 
 CD15−  CD14+ HLA-DR+), activated monocytes  (CD11b+  CD15− 
CD14low HLA-DR+), monocytic MDSC  (CD11b+  CD15−  CD14+ 
HLA-DRlow), neutrophils  (CD11b+  CD15+  CD14−) and granulocytic 
MDSC  (CD11b+  CD15+  CD14+) according to patients’ steroid treat-
ment. K Box plot showing the frequency of PD-L1+,  CD111+,  CD112+, 
 CD155+ and Galectin-9+ populations within monocytes  (CD14+) 
according to patients’ steroid treatment. L Box plot showing the fre-
quency of  CD112+ among the following myeloid subtypes: classical 
monocytes, activated monocytes, mMDSC, neutrophils and gMDSC 
according to patients’ steroid treatment. Statistical analysis was per-
formed using an unpaired Mann–Whitney Wilcoxon test. n.s, not signifi-
cant; *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001
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untreated, healthy volunteers as controls. Thirteen patients 
underwent diagnostic biopsy, 15 patients underwent macro-
scopic complete tumor resection and 26 patients underwent 
partial tumor resection. Seventeen patients had a methylated 
MGMT promoter and five patients had IDH1/2 mutation. All 
patients had grade IV glioma according to the 2021 WHO 
brain tumor classification.

We first determined if GBM presence could impact 
peripheral immune parameters by comparing immune cells 
in the blood of healthy volunteers versus GBM patients using 
flow cytometry analyses. When looking at frequency of lym-
phoid cell subsets, we observed a decrease in all lymphoid 
cell subsets, i.e. CD4 and CD8 T cells and NKT cells, but 
not NK cells in GBM patients, in comparison with controls 
(Fig. 1A). When looking at T cell subsets, significant reduc-
tion was only observed in the naïve CD4 and naïve CD8 
subsets (Fig. 1B, C). We observed an increase in the fre-
quency of CD4 and CD8 Foxp3 regulatory T (Treg) cells in 
GBM patients (Fig. 1D). When looking at T helper and CD8 
subsets (using intracellular cytokine labelling) we observed 
a significant increase in the Th1 and Tc1 subsets in GBM 
patients (Fig. 1E, F). When we looked at T-cell cytokine 
production using IFNγ, IL-2, TNFα and granzyme B label-
ling, we observed a decrease in cells that do not produce 
cytokines and an increase in poly-functional cells produc-
ing 3 or 4 cytokines in GBM patients (Fig. 1G and Supple-
mentary Fig. 1A). When looking at CD8 T cells, we simi-
larly observed a decrease in the number of non-functional 
or mono-functional CD8 T cells, and an increase in tri-or 
quadri-functional CD8 T cells (Fig. 1G and Supplementary 
Fig. 1B). When looking at checkpoint receptor expression 
on T cells, we observed more expression of PD-1 and TIGIT 
in CD4 and CD8 T cells in GBM patients, but no increase 
in Tim3 expression in comparison to controls (Fig. 1H, I).

For myeloid subsets, we observed an increase in neutro-
phils and a decrease in activated monocytes and granulocytic 
MDSC (gMDSC) in GBM patients (Fig. 1J). When looking 
at checkpoint ligands, we observed a decrease in PD-L1, 
CD111, CD155 and Galectin-9 in  CD14+ myeloid cells from 
GBM patients (Fig. 1K).

Using bioplex assays testing 30 different cytokines in 
patient plasma (Supplementary Table 1), we observed that 
10 cytokines were significantly more present in the plasma 
of GBM patients than in controls, including inflammatory 
signals like CXCL10, GM-CSF, IL-6, Eotaxin, and IL-1rα 
(Fig. 1L and Supplementary Fig. 1C).

Together, these data underline that GBM impacts on periph-
eral immune response with the presence of serum inflamma-
tory response, a reduction in the number of CD4 and CD8 lym-
phoid cells but an increase in Treg and inflammatory Th1 and 
Tc1 cells, with high checkpoint expression. Myeloid cells were 
also affected, with an increase in neutrophils, and decreased 
expression of checkpoint inhibitor ligands.

Influence of steroid use on peripheral blood 
immune phenotyping and serum cytokines in GBM 
patients

We next compared GBM patients treated with versus without 
steroids, and we observed that steroids induced a decrease 
in the frequency of total CD3 T cells and also in CD8 T 
cells (Fig. 2A). Steroid use also reduced the frequency of 
NK cells and NKT cells (Fig. 2A). When looking at Foxp3 
expression on CD8 and CD4 regulatory T cells subsets, 
we observed that the frequency of  Foxp3+ CD4 and CD8 
Treg in GBM was independent of steroid use (Fig. 2B). 
Similarly, steroids did not affect the frequency of effector/
memory subpopulations in CD4 T cells (Fig. 2C). However, 
steroid-treated GBM patients had significantly fewer effector 
memory CD8 T cells (Fig. 2D). Steroids induced a signifi-
cant reduction in PD-1 on CD4, CD8 T cells and also on 
NK cells and a significant reduction in TIGIT on CD4 T and 
NK cells (Fig. 2E–G). However, steroid use did not impact 
T helper frequency or affect the functionality of Tc1 or Th1 
cells (Fig. 2H, I).

Concerning the myeloid counterpart, significantly more 
myeloid cells were observed in patients treated with steroids. 
Patients treated with steroid presented a higher frequency of 
monocytic MDSC (mMDSC) and neutrophils, but had fewer 
granulocytic MDSC and activated monocytes (Fig. 2J). For 
checkpoint inhibitor receptors, we observed a significant 
reduction only in CD112 expression on myeloid cells in 
steroid-treated patients (Fig. 2K). When we looked at the 
expression of each of these checkpoint inhibitor receptors 
on the different myeloid subtypes, we observed that CD112 
expression was reduced on classical monocytes, mMDSC 
and neutrophils, but increased on gMDSC in the presence 
of steroids (Fig. 2L). No differences were found in the other 
myeloid subtypes (Supplementary Fig. 2A–D).

With regard to serum cytokine levels, there was no differ-
ence between steroid-treated and non-steroid-treated patients 
(Supplementary Fig. 2E).

These data suggest that steroid use reduced the overall 
number of T cells and reduced checkpoint inhibitor expres-
sion, without affecting the functionality of remaining cells.

Influence of MGMT status on peripheral blood 
immune phenotyping

Methylation of MGMT is a strong prognostic marker in 
GBM and is associated with intrinsic resistance to temo-
zolomide [36]. However, the influence of MGMT status on 
baseline immune response in GBM remains unexplored. To 
avoid any bias, we focused this analysis only on patients 
not treated with steroids. As expected, MGMT methylated 
patients presented better response rates than MGMT dem-
ethylated patients (Fig. 3A). The frequency of lymphoid or 



 Cancer Immunology, Immunotherapy          (2024) 73:133   133  Page 8 of 16

myeloid cells were not affected by MGMT status (Fig. 3B, 
C). When looking at T cell subsets and checkpoint inhibi-
tor expression, no differences were observed according to 
MGMT methylated status (Fig. 3D, E and Supplementary 
Fig. 3A, B). We did not observe any difference in T helper 
differentiation and Th1 cytokine secretion (Fig. 3F, G). 
Similarly, for myeloid cells, no differences were observed 
in the frequency of the different subsets or in the expres-
sion of checkpoint inhibitor receptors in methylated versus 
unmethylated MGMT patients (Fig. 3H, I and Supplemen-
tary Fig. 3C–G).

Analysis of serum cytokine levels showed that 2 
chemokines (CCL5 and Eotaxin) were less present in the 
serum of MGMT methylated patients (Fig. 3J, K and Sup-
plementary Fig. 3H). During radio-chemotherapy, the level 
of CCL5 and Eotaxin remained higher in unmethylated 
MGMT patients (Fig. 3L).

Together, these data show similar peripheral immune 
profiles in MGMT methylated and unmethylated patients.



Cancer Immunology, Immunotherapy          (2024) 73:133  Page 9 of 16   133 

Evolution of immune parameters during therapy

We then attempted to decipher the role of radio-chemother-
apy on the evolution of blood immune parameters. To do 
this, we tested the frequency and function of both lymphoid 
and myeloid cells at baseline (C1), 14 (C2) and 28 (C3) 
days after the start of radio-chemotherapy. We observed a 
decrease in the frequency of all lymphoid cell subsets (CD3, 
CD4, CD8, NK, NKT cells) (Fig. 4A, B). Naïve, central 
memory, effector memory and effector memory expressing 
 CD45RA+ CD4 T cells also significantly decreased during 

treatment (Fig. 4C). The same phenomenon was observed 
for CD8 T subtypes, with the same significant decrease for 
all T subsets (Fig. 4D). We observed an increase in TIGIT 
expression on CD4 T cells during treatment, and an increase 
in the expression of PD-1 and Tim3 in both CD8 and NK 
cells (Fig. 4E–G). The proportion of CD4 Tregs was signifi-
cantly increased at timepoint C3, whereas the proportion of 
CD8 regulatory cells was enhanced since the beginning of 
treatment (Fig. 4H). Concerning the functionality of T cells, 
treatment induced no modification of CD4 T helper and CD8 
T cytotoxic cell subsets, apart from a minor increase in the 
Th17 cell population (Supplementary Fig. 4A, B). At the 
level of myeloid cells, treatment increased the proportion of 
myeloid cells, mainly driven by a higher frequency of neu-
trophils (Fig. 4I, J). The increase in the proportion of neutro-
phils was matched by an increase in the expression of PD-L1 
on their surface (Fig. 4K). We also observed an increase in 
PD-L1 expression in all other myeloid subtypes (Fig. 4K). 
Conversely, we observed a decrease in CD112 expression on 
the surface of classic, activated monocytes and mMDSCs, 
and a decrease in CD155 on the surface of monocytic and 
granulocytic MDSCs (Fig. 4L, M). No change in the expres-
sion of CD111 or galectin 9 was observed on myeloid cells 
(Supplementary Fig. 4C, D). Analysis of serum cytokine 
levels showed that IL-15 concentration decreased during 
treatment, reflecting the disappearance of signals for T and 
NK cell expansion and maturation (Supplementary Fig. 4E).

To estimate the specific anti-tumor response of T cells 
against GBM, we tested the immune response against the 
shared tumor antigen Telomerase. Telomerase is highly 
expressed in most GBM because of TERT promoter muta-
tion, which is observed in more than 80% of GBM. As pre-
viously described, we used the UCP peptides, which bind 
to most HLA class II molecules. We observed a greater 
TERT-specific CD4 response in GBM patients (54%) com-
pared with healthy volunteers (33.3%) (Fig. 4N). However, 
we observed a decrease in the frequency of patients with a 
specific TERT response during treatment (40% at C2 and 
38% at C5) (Fig. 4N).

These data reflect the fact that radio-chemotherapy 
induces a decrease in lymphoid cells and an increase in the 
proportion of T and NK cells with exhausted function, and 
a proportional increase in neutrophils. In addition, at serum 
level, IL-15, a factor known to induce expansion and matu-
ration of T and NK cells, decreased during treatment, con-
firming the harmful effect of chemotherapy on the adaptive 
immune response.

Relation between immune parameters 
and prognosis

In our cohort, 34 patients experienced disease progression 
within six months of treatment, while 20 patients were 

Fig. 3  Influence of MGMT status on peripheral blood immune 
phenotyping. Blood samples from baseline glioblastoma patients 
were activated or not, stained and then analyzed by flow cytometry. 
Patients were distinguished according to the methylation (n = 10) or 
the absence of methylation (n = 12) of the MGMT promoter. A Bar 
plots showing the number of patients with stable disease or par-
tial response (SD + PR) or progressive disease (PD) according to 
the methylation status of the MGMT promoter (+ : methylation of 
MGMT; −: absence of methylation of MGMT). *p < 0.05, compari-
son using Chi-square test. B Box plot showing the frequency of dif-
ferent lymphoid populations in  CD45+ cells:  CD4+ T cells  (CD45+ 
 CD3+  CD4+),  CD8+ T cells  (CD45+  CD3+  CD8+), Natural Killer 
(NK) cells  (CD45+  CD3−  CD56+) and Natural Killer T (NKT) 
cells  (CD45+  CD3+  CD56+) according to MGMT promoter status. 
C Box plot showing the percentage of myeloid cells  (CD11b+) in 
 CD45+ cells according to the status of MGMT promoter. D, E Box 
plot showing the percentage of  CD4+ T (D) or  CD8+ T (E) cells 
expressing 3 immune checkpoints  PD-1, TIGIT or Tim-3 according 
to MGMT methylation status. F Box plot showing the proportion 
of different CD4 T cell subpopulations in  CD4+ cells: Th1  (CD4+ 
 FoxP3− IFNγ+ IL-17A−), Th17  (CD4+  FoxP3− IFNγ− IL-17A+), 
Th1/17  (CD4+  FoxP3− IFNγ+ IL-17A+) and Th2  (CD4+  FoxP3− 
IFNγ− IL-17A− IL-4+) cells according to MGMT methylation status. 
G Box plot showing the proportion of different CD8 T cell subpopu-
lations in  CD8+ cells: Tc1  (CD8+  FoxP3− IFNγ+ IL-17A−), Tc17 
 (CD8+  FoxP3− IFNγ− IL-17A+), Tc1/17  (CD8+  FoxP3−IFNγ+ IL-
17A+) and Tc2  (CD8+  FoxP3− IFNγ− IL-17A− IL-4+) cells accord-
ing to MGMT methylation status. H Box plot showing the frequency 
of myeloid subpopulations in  CD45+ cells: classical monocytes 
 (CD11b+  CD15−  CD14+ HLA-DR+), activated monocytes  (CD11b+ 
 CD15− CD14low HLA-DR+), monocytic MDSC  (CD11b+  CD15− 
 CD14+ HLA-DRlow), neutrophils  (CD11b+  CD15+  CD14−) and gran-
ulocytic MDSC  (CD11b+  CD15+  CD14+) according to MGMT meth-
ylation status. I Box plot showing the frequency of PD-L1+,  CD111+, 
 CD112+,  CD155+ and Galectin-9+ populations within monocytes 
 (CD14+) according to patients’ steroid treatment. J Cytokine secre-
tion in patient plasma according to MGMT methylation status was 
analyzed using a bioplex technique. The heatmap on the left corre-
sponds to normalized cytokine expression (z-score) for which there 
is a statistically significant difference between patients, the heatmap 
in the middle corresponds to the median for each cytokine for each of 
the two populations studied and the column on the right is the p-value 
of statistical analysis using one-way ANOVA. K Box plot showing 
the concentration in pg/mL of each of the cytokines whose Z-Score 
is significantly different between patients according to MGMT meth-
ylation status. L Box plots of the soluble Eotaxin and CCL5 assay 
in the plasma of patients at C1 (baseline), and C3 (after 28 days of 
treatment) according to MGMT methylation status. Statistical analy-
sis was performed using an unpaired Mann–Whitney Wilcoxon test. 
n.s, not significant; *p < 0.05

◂
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considered good responders (partial response or stable dis-
ease) with more than six months of disease control (Fig. 5A). 
At 12 months, 37 patients had progressive disease whereas 
17 patients had a good response (Fig. 5B). We looked for 
immune markers associated with disease progression in the 
year following the start of treatment. To do this, 162 clinical 
and biological parameters were tested. To avoid bias due to 
multiple statistical tests, we performed both univariate and 

multivariate logistic analyses to find biomarkers associated 
with response to treatment.

At baseline, only a high level of mMDSC was associ-
ated with disease progression and poor outcome (Fig. 5C, 
D). We also observed higher levels of IL-5, CCL4, TNFα, 
IL-17A, GM-CSF, IL-15 cytokines at baseline in the serum 
of patients with progressive disease (Fig. 5E and Supple-
mentary Fig. 5A).
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At C2, mMDSC expressing CD112 were also associated 
with disease progression and poor outcome (Fig. 5F, G). 
Conversely, a high proportion of CD8, particularly memory 
CD8 effectors, and a high level of NK cells were associated 
with better outcome (Fig. 5H and Supplementary Fig. 5B, 
C). At C3, a high level of CD8 expressing PD-1 and a high 
proportion of classic monocytes were associated with better 
outcome (Fig. 5I, J). At serum level, at C3, we found that 
higher levels of CCL4 and TNFα were present in patients 
with progressive disease. Conversely, responders had higher 
serum levels of IL-2 (Fig. 5K and Supplementary Fig. 5D).

To further explore the prognostic role of the lymphoid 
and myeloid compartments and T-cell functionality, we 
used a decision tree to generate biomarkers of response at 
baseline. We generated 3 independent biomarkers based on 
each individual flow cytometry analysis. All variables were 
studied accordingly to progression-free survival (PFS) to 
determine potential prognostic marker associations. CD15 
level,  CD112+ classic monocytes, Th2 cells, Treg cells 
expressing TNFα, CD3 T cells and NK cells proportion 
were retained as the most important variables to predict 

outcome (Fig. 5L–N and Supplementary Fig. 5E–G). Each 
cytometry test using a lymphoid, myeloid and functionality 
panel could select of population of patients with prolonged 
PFS. When looking at CD4 tumor specific immune response, 
we observed no difference in TERT-specific T response at 
baseline between responders and non-responders (Fig. 5O). 
During treatment, there was also no difference in TERT-
specific T response between responder and non-responder 
patients (Fig. 5O). However, we found that patients with 
positive TERT response exhibited a high level of CD8 T 
cells expressing PD-1 and a low level of CCL4 (Fig. 5P), 
markers related to progression-free survival.

Together these data suggest that baseline immune blood 
parameters are efficient to predict PFS and prolonged 
response to radio-chemotherapy in patients with GBM.

Discussion

Our study provides new insights into the impact of GBM on 
peripheral immune parameters, the influence of steroid use, 
MGMT status and radio-chemotherapy on immune response, 
and the relationship between immune parameters and prog-
nosis in GBM patients treated with radio-chemotherapy.

Our study demonstrates that GBM is associated with a 
significant alteration of peripheral immune parameters. We 
observed a decrease in the total frequency of lymphoid cells 
and an increase in neutrophils in GBM patients compared 
with controls. This is consistent with previous studies show-
ing that GBM can induce systemic immune suppression. At 
the level of the lymphoid compartment, the sequestration of 
T cells in the bone marrow of patients with brain tumors was 
previously reported, and could explain the lower number of 
CD8 and CD4 T cells [20]. In contrast, we report an increase 
in neutrophils and a decrease in activated monocytes in 
GBM patients. Previous reports showed downregulation of 
HLA-DR on circulating monocytes and an increased number 
of circulating  CD33+ HLA-DR− myeloid-derived suppres-
sor cells (MDSCs) comprised of immature, monocytic and 
neutrophilic subsets [9, 37] thus corroborating our data. We 
also found that GBM patients have an increased number of 
Treg cells. Similar Treg accumulation were also previously 
described and was associated with poor prognosis [38]. The 
mechanism remains to be elucidated, but previous data sug-
gest that PD-L1-expressing myeloid cells or GARP expres-
sion could be involved in Treg expansion [39, 40]. The 
expression of immune checkpoints and T cell functionality, 
on the other hand, have been little analyzed in the context 
of GBM. Our data support the accumulation of T cells with 
an exhausted phenotype, and conserved Th1/Tc1 function, 
thus suggesting an association between GBM and induction 
of the peripheral immune response. The higher presence 
of telomerase-specific T cells in GBM patients compared 

Fig. 4  Evolution of immune parameter during therapy. Blood samples 
from glioblastoma patients were recovered at baseline (C1) (n = 54), 
21 days (C2) (n = 46) and 35 days (C3) (n = 41) after the start of treat-
ment and were activated or not, stained and then analyzed by flow 
cytometry. A Box plot showing the evolution of the percentage of dif-
ferent lymphoid populations in  CD45+ cells:  CD4+ T cells  (CD45+ 
 CD3+  CD4+) and  CD8+ T cells  (CD45+  CD3+  CD8+) during treat-
ment. B Box plot showing the evolution of the percentage of differ-
ent lymphoid populations in  CD45+ cells: Natural Killer (NK) cells 
 (CD45+  CD3−  CD56+) and Natural Killer T (NKT) cells  (CD45+ 
 CD3+  CD56+) during treatment. C, D Box plot showing the evolu-
tion of the proportion of different stages of CD4 (C) or CD8 (D) T 
cell differentiation in  CD45+ cells: naïve cells «N»  (CD4+  CD45RA+ 
 CCR7+), effector memory cells «EM»  (CD4+  CD45RA−  CCR7−), 
central memory cells « CM»  (CD4+  CD45RA−  CCR7+) and effector 
memory cells re-expressing CD45RA «EMRA»  (CD4+  CD45RA+ 
 CCR7−). E–G Box plot showing the evolution of the percentage 
of  CD4+ T (E),  CD8+ T (F) or NK (G) cells expressing 3 immune 
checkpoints  PD-1, TIGIT or Tim-3 during treatment. H Box plot 
showing the evolution of the frequency of regulatory CD4 T cells 
 (CD4+  Foxp3+) and regulatory CD8 T cells  (CD8+  Foxp3+ ) in lym-
phocytes T  CD3+. I Box plot showing the evolution of the percentage 
of myeloid cells  (CD11b+) in  CD45+ cells during treatment. J Box 
plot showing the evolution of the frequency of myeloid subpopula-
tions in  CD45+ cells: classical monocytes  (CD11b+  CD15−  CD14+ 
HLA-DR+), activated monocytes  (CD11b+  CD15− CD14low HLA-
DR+), monocytic MDSC  (CD11b+  CD15−  CD14+ HLA-DRlow), 
neutrophils  (CD11b+  CD15+  CD14−) and granulocytic MDSC 
 (CD11b+  CD15+  CD14+) during treatment. K–M Box plot showing 
the frequency of PD-L1+ (K),  CD112+ (L) or  CD155+ (M) among 
the following myeloid subtypes: classical monocytes, activated mono-
cytes, mMDSC, neutrophils and gMDSC during treatment. N Parts 
of whole (purple and green) showing the percentage of positive (in 
green) or negative (in purple) antitumor responses against TERT in 
healthy volunteers (n = 9) and in patients at C1 (n = 52), C2 (n = 42) 
and C3 (n = 29). Statistical analysis was performed using an unpaired 
Mann–Whitney Wilcoxon test. n.s, not significant; *p < 0.05, 
**p < 0.01, ***p < 0.001, ****p < 0.0001

◂
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to controls patients is also an argument for the presence of 
a spontaneous immune response against GBM [34]. How-
ever, analysis of telomerase-specific immune response did 
not find any association between immune response and 
outcome. These findings suggest that GBM may promote 
an immunosuppressive response that favors tumor growth 
and progression, and may limit the efficacy of the antitumor 
immune response.

Steroids are commonly used to treat GBM. We found that 
steroid use was associated with a further decrease in the 
number of CD3 T cells, CD8 T cells, and NK cells, while 
increasing the number of neutrophils. Steroids also induced 
a decrease in the expression of PD-1 and TIGIT on CD4 
and CD8 T cells. These findings suggest that steroids may 

further compromise the immune response in GBM patients. 
Retrospective clinical analyses have indeed identified corti-
costeroid use during first-line radiotherapy as an independ-
ent indicator of shorter survival in three independent cohorts 
of GBM patients [41]. Patients receiving steroids had higher 
neutrophil counts. This is a known effect of steroid use, due 
to neutrophil demargination from the endovascular lining 
of the blood vessels [42]. The decrease in T cells mainly 
involves naïve populations. In mice, it has been shown that 
dexamethasone, a synthetic steroid, induced apoptosis of 
naïve and memory  CD8+ T cells without affecting effector 
cells. While in this model, steroids compromised anti-viral 
immunity through reductions in the naïve cell pool, it is 
plausible that steroids negatively affect anti-GBM immune 
response in the same way [43].

MGMT promoter methylation is a strong prognostic bio-
marker in GBM [36]. We found that MGMT methylation 
status did not have a significant impact on the frequency 
of lymphoid or myeloid cells in GBM patients. However, 
MGMT methylated patients had higher expression of CD111 
and PD-L1 on myeloid cells. These findings suggest that 
MGMT methylation is not involved in the adaptive immune 
response; however, this study suggests that MGMT status 
probably affects the activation of myeloid cells in GBM 
patients.

We found that radio-chemotherapy was associated with 
a further decrease in the number of lymphoid cells, particu-
larly CD4 T cells and CD8 T cells. Radio-chemotherapy also 
induced an increase in the expression of PD-1 and TIGIT on 
CD4 and CD8 T cells, and an increase in the expression of 
PD-L1 on myeloid cells, thus suggesting that radio-chemo-
therapy impedes the adaptive immune response while pre-
serving exhausted T cells. Temozolomide is a well-known 
immunosuppressive chemotherapy [44] with the ability to 
deplete the B and T cell compartments. Our data corrobo-
rate the deleterious effect of temozolomide on T cells and 
telomerase immune response. The effect of temozolomide on 
T cell exhaustion is poorly known. In mice models of GBM, 
upregulation of markers of T cell exhaustion such as LAG-3 
and Tim3 in lymphocytes has been observed with temozo-
lomide, and was associated with the resistance to immuno-
therapy, thus probably inducing terminal differentiation of 
exhausted T cells [45]. Our data corroborate these preclini-
cal data and suggest that radio-chemotherapy may suppress 
the immune response in GBM patients by eliminating func-
tional T cells, leading to an accumulation of exhausted T 
cells in terminal differentiation.

Our study revealed a strong association between immune 
parameters and prognosis. Despite the inefficacy of cur-
rent immunotherapies in GBM, this is a strong argument 
in favour of the hypothesis that the immune context might 
modulate patient outcome. Notably, we observed that a high 
level of mMDSC, Th2 cells and Treg cells, and a low level of 

Fig. 5  Relation between immune parameter and prognosis. A, B Parts 
of whole (light and dark orange and green) showing the percentage of 
patients’ response: progression disease (PD, in green), stable disease 
(SD, in dark orange) or partial response (PR, in light orange) at six 
months (A) or 12 months (B). C The frequency of mMDSC  (CD11b+ 
 CD15−  CD14+ HLA-DRlow) at baseline according to response sta-
tus (progression disease versus partial response + stable disease) is 
depicted (n = 54). D Kaplan–Meier curves for overall-free survival 
with patients stratified according to baseline mMDSC frequency 
(n = 54). The overall median was used as a threshold to distinguish 
the two groups. Two-sided P value with significance level set at 0.05. 
E Box plot showing the concentration at baseline in pg/mL of IL-5, 
CCL4, TNFα, IL-17A, GM-CSF, IL-15 according to response sta-
tus (progression disease versus partial response + stable disease). A 
z-score analysis revealed a significant difference between responder 
(SD + PR) and non-responder (PD) patients. F The frequency of 
mMDSC  CD112+ at C2 according to response status (progression 
disease versus partial response + stable disease) is depicted (n = 48). 
G Kaplan–Meier curves for overall-free survival with patients strati-
fied according to mMDSC frequency at C2 (n = 48). The overall 
median was used as a threshold to distinguish the two groups. Two-
sided P value with significance level set at 0.05. H–J Kaplan–Meier 
curves for overall survival with patients stratified according to CD8 
PD-1+ (H), CD8 Effector Memory (I) or classical monocytes (J) fre-
quency at C3 (n = 41). The overall median was used as a threshold to 
distinguish the two groups. Two-sided P value with significance level 
set at 0.05. K Box plot showing the concentration at C3 in pg/mL of 
IL-2, CCL4, IL-7, TNFα according to response status (progression 
disease versus partial response + stable disease). A z-score analysis 
revealed a significant difference between responder (SD + PR) and 
non-responder (PD) patients. L–N Decision tree for progression-free 
survival estimated with myeloid panel (L), cytokine panel (M) or 
lymphoid panel (N) parameters. O Top: Bar plots showing the num-
ber of partial response + stable disease (PR + SD) or progression dis-
ease (PD) patients according to TERT-specific T-cell responses at C1 
(left), at C2 (middle) and at C5 (right). Bottom: Bar plots showing the 
patients number stratified with overall survival according to TERT-
specific T-cell responses at C1 (left), at C2 (middle) and at C5 (right).
Two-sided P value with significance level set at 0.05, comparison 
using Fisher’s exact test. P PD-1+ CD8 percentage (left) and plasma 
CCL4 levels according to TERT antitumor T-cell response negative 
(Neg) or positive (Pos) in glioblastoma patients at baseline. Statisti-
cal analysis was performed using an unpaired Mann–Whitney Wil-
coxon test. n.s, not significant; *p < 0.05, **p < 0.01, ***p < 0.001, 
****p < 0.0001. Survival distributions were compared using the log-
rank test (D, G–J)
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CD3 T cells and NK cells were associated with poor progno-
sis. Because of the well-known immune role of these popu-
lations in cancer immune response, these data are logical. 
Previous studies support the finding that Tregs, neutrophils 
and MDSC are associated with outcome in GBM, and more 
precisely that a high level of one of these populations is 
associated with reduced survival [46, 47]. Similarly, in a 
multi-cancer cohort; blood immune profiles; involving the 
analysis of lymphoid and myeloid cells, were found to be 
associated with outcome [48]. Our study reinforces previ-
ous observations from a homogenous cohort of patients 
all treated with standard of care radio-chemotherapy [48]. 
Taken together, all these findings suggest that the immune 
response may play an important role in determining the out-
come of GBM patients treated with radio-chemotherapy.

Our study has limitations due to the single-centre design, 
the relatively small sample size and the high proportion of 
males, all of which limit the generalizability of the con-
clusions. Future studies with larger, more diverse popula-
tions are needed to confirm our findings. Additionally, our 
study did not assess intra-tumoral immune response and the 
concordance between blood and intra-tumoral parameters 
remains to be explored.

Conclusion

Our study provides new insights into the complex relation-
ship between GBM and the immune system. GBM is asso-
ciated with a significant alteration of peripheral immune 
parameters at baseline, with stigmata of immunosuppression 
despite the presence of an inflammatory anticancer immune 
response. Moreover, these alterations are further exacerbated 
by steroid use and radio-chemotherapy. We also show that 
several of these baseline immune parameters are associated 
with poor prognosis in these patients. These findings suggest 
that targeting the immune system and especially immuno-
suppression may be a promising strategy for improving the 
treatment of GBM.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s00262- 024- 03722-5.

Acknowledgements Flow cytometry analyses were performed on 
Beckman Coulter Cytoflex. We acknowledge Olivier Jaen for help with 
flow cytometry panel design. We would also like to thank the entire 
team at the CGFL Day Hospital and the clinical biology department 
for their involvement in the blood sampling. This work was also pos-
sible thanks to the help of Serge Monier and Nicolas Pernet, from Flow 
Cytometry Core Facility/INSERM LNC-UMR1231, at the University 
of Burgundy, for bioplex experiments. We acknowledge Fiona Ecarnot 
for her help with preparation of the manuscript and the correction of 
the English.

Authors’ contributions LH, SD, EL and MT for acquisition of data, 
analysis and interpretation of data, statistical analysis and drafting of 
the manuscript. LH, SD and EL for technical and material support. NR, 
FB, JV, SI for patient care. FG and MT for study conception and design, 
analysis and interpretation of data, drafting of the manuscript, obtained 
funding and study supervision. FG and MT are the guarantors for this 
study. All authors read and approved the final manuscript.

Funding This study was supported by the Georges-François Leclerc 
cancer center. The funder had no role in the study design, data col-
lection, data analysis, data interpretation or writing of the report. The 
facility is supported by Burgundy Regional Council.

Data availability Data are available upon reasonable request.

Declarations 

Conflict of interest The authors declare no competing interests.

Ethical approval The study follows the principles of Good Clinical 
Practice and the Declaration of Helsinki. Signed informed consent was 
obtained from each patient.

Consent for publication Not applicable.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. Wick W, Gorlia T, Bendszus M et al (2017) Lomustine and beva-
cizumab in progressive glioblastoma. N Engl J Med 377:1954–
1963. https:// doi. org/ 10. 1056/ NEJMo a1707 358

 2. Westphal M, Lamszus K (2011) The neurobiology of gliomas: 
from cell biology to the development of therapeutic approaches. 
Nat Rev Neurosci 12:495–508. https:// doi. org/ 10. 1038/ nrn30 60

 3. Stupp R, Taillibert S, Kanner A et al (2017) Effect of tumor-
treating fields plus maintenance temozolomide vs maintenance 
temozolomide alone on survival in patients with glioblastoma: a 
randomized clinical trial. JAMA 318:2306–2316. https:// doi. org/ 
10. 1001/ jama. 2017. 18718

 4. Ewelt C, Goeppert M, Rapp M et al (2011) Glioblastoma mul-
tiforme of the elderly: the prognostic effect of resection on 
survival. J Neurooncol 103:611–618. https:// doi. org/ 10. 1007/ 
s11060- 010- 0429-9

 5. Suchorska B, Weller M, Tabatabai G et  al (2016) Complete 
resection of contrast-enhancing tumor volume is associated with 
improved survival in recurrent glioblastoma—results from the 
DIRECTOR trial. Neuro Oncol 18:549–556. https:// doi. org/ 10. 
1093/ neuonc/ nov326

 6. Smrdel U, Popovic M, Zwitter M et al (2016) Long-term survival 
in glioblastoma: methyl guanine methyl transferase (MGMT) 

https://doi.org/10.1007/s00262-024-03722-5
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1056/NEJMoa1707358
https://doi.org/10.1038/nrn3060
https://doi.org/10.1001/jama.2017.18718
https://doi.org/10.1001/jama.2017.18718
https://doi.org/10.1007/s11060-010-0429-9
https://doi.org/10.1007/s11060-010-0429-9
https://doi.org/10.1093/neuonc/nov326
https://doi.org/10.1093/neuonc/nov326


Cancer Immunology, Immunotherapy          (2024) 73:133  Page 15 of 16   133 

promoter methylation as independent favourable prognostic fac-
tor. Radiol Oncol 50:394. https:// doi. org/ 10. 1515/ raon- 2015- 0041

 7. Szylberg M, Sokal P, Śledzińska P et al (2022) MGMT promoter 
methylation as a prognostic factor in primary glioblastoma: a sin-
gle-institution observational study. Biomedicines 10:2030. https:// 
doi. org/ 10. 3390/ biome dicin es100 82030

 8. Shields LBE, Shelton BJ, Shearer AJ et al (2015) Dexamethasone 
administration during definitive radiation and temozolomide ren-
ders a poor prognosis in a retrospective analysis of newly diag-
nosed glioblastoma patients. Radiat Oncol 10:222. https:// doi. org/ 
10. 1186/ s13014- 015- 0527-0

 9. Dubinski D, Won SY, Gessler F et al (2018) Dexamethasone-
induced leukocytosis is associated with poor survival in newly 
diagnosed glioblastoma. J Neurooncol 137:503–510. https:// doi. 
org/ 10. 1007/ s11060- 018- 2761-4

 10. Lohr J, Ratliff T, Huppertz A et al (2011) Effector T-cell infiltra-
tion positively impacts survival of glioblastoma patients and is 
impaired by tumor-derived TGF-β. Clin Cancer Res 17:4296–
4308. https:// doi. org/ 10. 1158/ 1078- 0432. CCR- 10- 2557

 11. La Manna MP, Di Liberto D, Lo Pizzo M et  al (2022) The 
abundance of tumor-infiltrating CD8+ tissue resident memory 
T lymphocytes correlates with patient survival in glioblastoma. 
Biomedicines 10:2454. https:// doi. org/ 10. 3390/ biome dicin es101 
02454

 12. Platten M, Reardon DA (2018) Concepts for immunotherapies 
in gliomas. Semin Neurol 38:062–072. https:// doi. org/ 10. 1055/s- 
0037- 16202 74

 13. Hoang-Minh LB, Mitchell DA (2018) Immunotherapy for Brain 
tumors. Curr Treat Options Oncol 19:60. https:// doi. org/ 10. 1007/ 
s11864- 018- 0576-3

 14. Dutoit V, Migliorini D, Dietrich P-Y, Walker PR (2016) Immuno-
therapy of malignant tumors in the brain: how different from other 
sites? Front Oncol 6:256. https:// doi. org/ 10. 3389/ fonc. 2016. 00256

 15. Weller M, Roth P, Preusser M et al (2017) Vaccine-based immu-
notherapeutic approaches to gliomas and beyond. Nat Rev Neurol 
13:363–374. https:// doi. org/ 10. 1038/ nrneu rol. 2017. 64

 16. Migliorini D, Dietrich PY, Stupp R et al (2018) CAR T-cell thera-
pies in glioblastoma: a first look. Clin Cancer Res 24:535–540. 
https:// doi. org/ 10. 1158/ 1078- 0432. CCR- 17- 2871

 17. Romani M, Pistillo MP, Carosio R et al (2018) Immune check-
points and innovative therapies in glioblastoma. Front Oncoly 
8:464

 18. Mathewson ND, Ashenberg O, Tirosh I et al (2021) Inhibitory 
CD161 receptor identified in glioma-infiltrating T cells by single-
cell analysis. Cell 184:1281-1298.e26. https:// doi. org/ 10. 1016/j. 
cell. 2021. 01. 022

 19. Filley AC, Henriquez M, Dey M (2017) Recurrent glioma clini-
cal trial, CheckMate-143: the game is not over yet. Oncotarget 
8:91779–91794. https:// doi. org/ 10. 18632/ oncot arget. 21586

 20. Chongsathidkiet P, Jackson C, Koyama S et al (2018) Sequestra-
tion of T cells in bone marrow in the setting of glioblastoma and 
other intracranial tumors. Nat Med 24:1459–1468. https:// doi. org/ 
10. 1038/ s41591- 018- 0135-2

 21. Grossman SA, Ye X, Lesser G et al (2011) Immunosuppression 
in patients with high-grade gliomas treated with radiation and 
temozolomide. Clin Cancer Res 17:5473–5480. https:// doi. org/ 
10. 1158/ 1078- 0432. CCR- 11- 0774

 22. Gupta T, Mohanty S, Moiyadi A, Jalali R (2013) Factors pre-
dicting temozolomide induced clinically significant acute hema-
tologic toxicity in patients with high-grade gliomas: a clinical 
audit. Clin Neurol Neurosurg 115:1814–1819. https:// doi. org/ 
10. 1016/j. cline uro. 2013. 05. 015

 23. Cain DW, Cidlowski JA (2017) Immune regulation by glucocor-
ticoids. Nat Rev Immunol 17:233–247. https:// doi. org/ 10. 1038/ 
nri. 2017.1

 24. Coutinho AE, Chapman KE (2011) The anti-inflammatory and 
immunosuppressive effects of glucocorticoids, recent develop-
ments and mechanistic insights. Mol Cell Endocrinol 335:2–13. 
https:// doi. org/ 10. 1016/j. mce. 2010. 04. 005

 25. Sanchez-Perez L, Suryadevara CM, Choi BD et al (2014) Lever-
aging chemotherapy-induced lymphopenia to potentiate cancer 
immunotherapy. OncoImmunology 3:e944054. https:// doi. org/ 
10. 4161/ 21624 011. 2014. 944054

 26. Sanchez-Perez LA, Choi BD, Archer GE et al (2013) Myeloa-
blative temozolomide enhances CD8+ T-cell responses to vac-
cine and is required for efficacy against brain tumors in mice. 
PLoS ONE 8:e59082. https:// doi. org/ 10. 1371/ journ al. pone. 
00590 82

 27. Kim T-G, Kim C-H, Park J-S et al (2010) Immunological factors 
relating to the antitumor effect of temozolomide chemoimmu-
notherapy in a murine glioma model. Clin Vaccine Immunol 
17:143–153. https:// doi. org/ 10. 1128/ CVI. 00292- 09

 28. Sampson JH, Aldape KD, Archer GE et  al (2011) Greater 
chemotherapy-induced lymphopenia enhances tumor-specific 
immune responses that eliminate EGFRvIII-expressing tumor 
cells in patients with glioblastoma. Neuro Oncol 13:324–333. 
https:// doi. org/ 10. 1093/ neuonc/ noq157

 29. Batich KA, Reap EA, Archer GE et al (2017) Long-term sur-
vival in glioblastoma with cytomegalovirus pp65-targeted vac-
cination. Clin Cancer Res 23:1898–1909. https:// doi. org/ 10. 
1158/ 1078- 0432. CCR- 16- 2057

 30. Suryadevara CM, Desai R, Abel ML et al (2018) Temozolomide 
lymphodepletion enhances CAR abundance and correlates with 
antitumor efficacy against established glioblastoma. Oncoim-
munology 7:e1434464. https:// doi. org/ 10. 1080/ 21624 02X. 2018. 
14344 64

 31. Shahabi V, Postow MA, Tuck D, Wolchok JD (2015) Immune-
priming of the tumor microenvironment by radiotherapy: ration-
ale for combination with immunotherapy to improve anticancer 
efficacy. Am J Clin Oncol 38:90. https:// doi. org/ 10. 1097/ COC. 
0b013 e3182 868ec8

 32. Stupp R, Mason WP, van den Bent MJ et al (2005) Radiotherapy 
plus concomitant and adjuvant temozolomide for glioblastoma. 
N Engl J Med 352:987–996. https:// doi. org/ 10. 1056/ NEJMo 
a0433 30

 33. Karayan-Tapon L, Quillien V, Guilhot J et  al (2010) Prog-
nostic value of O6-methylguanine-DNA methyltransferase 
status in glioblastoma patients, assessed by five different 
methods. J Neurooncol 97:311–322. https:// doi. org/ 10. 1007/ 
s11060- 009- 0031-1

 34. Godet Y, Fabre E, Dosset M et al (2012) Analysis of spontane-
ous tumor-specific CD4 T-cell immunity in lung cancer using 
promiscuous HLA-DR telomerase-derived epitopes: potential 
synergistic effect with chemotherapy response. Clin Cancer Res 
18:2943–2953. https:// doi. org/ 10. 1158/ 1078- 0432. CCR- 11- 3185

 35. Laheurte C, Galaine J, Beziaud L et al (2016) Immunoprevalence 
and magnitude of HLA-DP4 versus HLA-DR-restricted spontane-
ous CD4+ Th1 responses against telomerase in cancer patients. 
OncoImmunology 5:e1137416. https:// doi. org/ 10. 1080/ 21624 
02X. 2015. 11374 16

 36. Hegi ME, Diserens A-C, Gorlia T et al (2005) MGMT gene silenc-
ing and benefit from temozolomide in glioblastoma. N Engl J Med 
352:997–1003. https:// doi. org/ 10. 1056/ NEJMo a0433 31

 37. Raychaudhuri B, Rayman P, Ireland J et al (2011) Myeloid-derived 
suppressor cell accumulation and function in patients with newly 
diagnosed glioblastoma. Neuro Oncol 13:591–599. https:// doi. org/ 
10. 1093/ neuonc/ nor042

 38. Thomas AA, Fisher JL, Rahme GJ et al (2015) Regulatory T cells 
are not a strong predictor of survival for patients with glioblas-
toma. Neuro Oncol 17:801–809. https:// doi. org/ 10. 1093/ neuonc/ 
nou363

https://doi.org/10.1515/raon-2015-0041
https://doi.org/10.3390/biomedicines10082030
https://doi.org/10.3390/biomedicines10082030
https://doi.org/10.1186/s13014-015-0527-0
https://doi.org/10.1186/s13014-015-0527-0
https://doi.org/10.1007/s11060-018-2761-4
https://doi.org/10.1007/s11060-018-2761-4
https://doi.org/10.1158/1078-0432.CCR-10-2557
https://doi.org/10.3390/biomedicines10102454
https://doi.org/10.3390/biomedicines10102454
https://doi.org/10.1055/s-0037-1620274
https://doi.org/10.1055/s-0037-1620274
https://doi.org/10.1007/s11864-018-0576-3
https://doi.org/10.1007/s11864-018-0576-3
https://doi.org/10.3389/fonc.2016.00256
https://doi.org/10.1038/nrneurol.2017.64
https://doi.org/10.1158/1078-0432.CCR-17-2871
https://doi.org/10.1016/j.cell.2021.01.022
https://doi.org/10.1016/j.cell.2021.01.022
https://doi.org/10.18632/oncotarget.21586
https://doi.org/10.1038/s41591-018-0135-2
https://doi.org/10.1038/s41591-018-0135-2
https://doi.org/10.1158/1078-0432.CCR-11-0774
https://doi.org/10.1158/1078-0432.CCR-11-0774
https://doi.org/10.1016/j.clineuro.2013.05.015
https://doi.org/10.1016/j.clineuro.2013.05.015
https://doi.org/10.1038/nri.2017.1
https://doi.org/10.1038/nri.2017.1
https://doi.org/10.1016/j.mce.2010.04.005
https://doi.org/10.4161/21624011.2014.944054
https://doi.org/10.4161/21624011.2014.944054
https://doi.org/10.1371/journal.pone.0059082
https://doi.org/10.1371/journal.pone.0059082
https://doi.org/10.1128/CVI.00292-09
https://doi.org/10.1093/neuonc/noq157
https://doi.org/10.1158/1078-0432.CCR-16-2057
https://doi.org/10.1158/1078-0432.CCR-16-2057
https://doi.org/10.1080/2162402X.2018.1434464
https://doi.org/10.1080/2162402X.2018.1434464
https://doi.org/10.1097/COC.0b013e3182868ec8
https://doi.org/10.1097/COC.0b013e3182868ec8
https://doi.org/10.1056/NEJMoa043330
https://doi.org/10.1056/NEJMoa043330
https://doi.org/10.1007/s11060-009-0031-1
https://doi.org/10.1007/s11060-009-0031-1
https://doi.org/10.1158/1078-0432.CCR-11-3185
https://doi.org/10.1080/2162402X.2015.1137416
https://doi.org/10.1080/2162402X.2015.1137416
https://doi.org/10.1056/NEJMoa043331
https://doi.org/10.1093/neuonc/nor042
https://doi.org/10.1093/neuonc/nor042
https://doi.org/10.1093/neuonc/nou363
https://doi.org/10.1093/neuonc/nou363


 Cancer Immunology, Immunotherapy          (2024) 73:133   133  Page 16 of 16

 39. DiDomenico J, Lamano JB, Oyon D et al (2018) The immune 
checkpoint protein PD-L1 induces and maintains regulatory T 
cells in glioblastoma. OncoImmunology 7:e1448329. https:// doi. 
org/ 10. 1080/ 21624 02X. 2018. 14483 29

 40. Zimmer N, Kim E, Schupp J et al (2019) GARP as an immune 
regulatory molecule in the tumor microenvironment of glioblas-
toma multiforme. Int J Mol Sci 20:3676. https:// doi. org/ 10. 3390/ 
ijms2 01536 76

 41. Pitter KL, Tamagno I, Alikhanyan K et al (2016) Corticosteroids 
compromise survival in glioblastoma. Brain 139:1458–1471. 
https:// doi. org/ 10. 1093/ brain/ aww046

 42. Nakagawa M, TerashimaD’yachkova Y T et al (1998) Glucocor-
ticoid-induced granulocytosis. Circulation 98:2307–2313. https:// 
doi. org/ 10. 1161/ 01. CIR. 98. 21. 2307

 43. Kumar D, Sehrawat S (2019) Divergent effects of a transient cor-
ticosteroid therapy on virus-specific quiescent and effector CD8+ 
T cells. Front Immunol 10:1521. https:// doi. org/ 10. 3389/ fimmu. 
2019. 01521

 44. Campian JL, Piotrowski AF, Ye X et al (2017) Serial changes 
in lymphocyte subsets in patients with newly diagnosed high 
grade astrocytomas treated with standard radiation and temo-
zolomide. J Neurooncol 135:343–351. https:// doi. org/ 10. 1007/ 
s11060- 017- 2580-z

 45. Karachi A, Yang C, Dastmalchi F et al (2019) Modulation of 
temozolomide dose differentially affects T-cell response to 
immune checkpoint inhibition. Neuro Oncol 21:730–741. https:// 
doi. org/ 10. 1093/ neuonc/ noz015

 46. Gielen PR, Schulte BM, Kers-Rebel ED et al (2016) Elevated 
levels of polymorphonuclear myeloid-derived suppressor cells in 
patients with glioblastoma highly express S100A8/9 and arginase 
and suppress T cell function. Neuro Oncol 18:1253–1264. https:// 
doi. org/ 10. 1093/ neuonc/ now034

 47. Quillien V, Carpentier AF, Gey A et al (2019) Absolute numbers 
of regulatory T cells and neutrophils in corticosteroid-free patients 
are predictive for response to bevacizumab in recurrent glioblas-
toma patients. Cancer Immunol Immunother 68:871–882. https:// 
doi. org/ 10. 1007/ s00262- 019- 02317-9

 48. Gustafson MP, Lin Y, LaPlant B et al (2013) Immune monitor-
ing using the predictive power of immune profiles. J Immunother 
Cancer 1:7. https:// doi. org/ 10. 1186/ 2051- 1426-1-7

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1080/2162402X.2018.1448329
https://doi.org/10.1080/2162402X.2018.1448329
https://doi.org/10.3390/ijms20153676
https://doi.org/10.3390/ijms20153676
https://doi.org/10.1093/brain/aww046
https://doi.org/10.1161/01.CIR.98.21.2307
https://doi.org/10.1161/01.CIR.98.21.2307
https://doi.org/10.3389/fimmu.2019.01521
https://doi.org/10.3389/fimmu.2019.01521
https://doi.org/10.1007/s11060-017-2580-z
https://doi.org/10.1007/s11060-017-2580-z
https://doi.org/10.1093/neuonc/noz015
https://doi.org/10.1093/neuonc/noz015
https://doi.org/10.1093/neuonc/now034
https://doi.org/10.1093/neuonc/now034
https://doi.org/10.1007/s00262-019-02317-9
https://doi.org/10.1007/s00262-019-02317-9
https://doi.org/10.1186/2051-1426-1-7

	Effect of radiochemotherapy on peripheral immune response in glioblastoma
	Abstract
	Background 
	Methods 
	Results 
	Conclusion 

	Background
	Methods
	Study participants
	Study of the specific T response of TERT by the ELISpot technique
	Specific stimulation by TERT-derived peptides
	Pre-stimulation of PBMC with selected UCP peptides
	Measurement of TERT specific T response by ELISpot technique

	Cytometry analysis
	Lymphoid and myeloid population identification
	Lymphocyte function analysis

	Statistical analysis

	Results
	Influence of glioblastoma on peripheral blood immune phenotype and serum cytokines
	Influence of steroid use on peripheral blood immune phenotyping and serum cytokines in GBM patients
	Influence of MGMT status on peripheral blood immune phenotyping
	Evolution of immune parameters during therapy
	Relation between immune parameters and prognosis

	Discussion
	Conclusion
	Acknowledgements 
	References


