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Abstract: Despite the adoption of novel therapeutical approaches, the outcomes for glioblastoma
(GBM) patients remain poor. In the present study, we investigated the prognostic impact of several
clinico-pathological and molecular features as well as the role of the cellular immune response in a
series of 59 GBM. CD4+ and CD8+ tumor-infiltrating lymphocytes (TILs) were digitally assessed on
tissue microarray cores and their prognostic role was investigated. Moreover, the impact of other
clinico-pathological features was evaluated. The number of CD4+ and CD8+ is higher in GBM tissue
compared to normal brain tissue (p < 0.0001 and p = 0.0005 respectively). A positive correlation
between CD4+ and CD8+ in GBM is present (rs = 0.417—p = 0.001). CD4+ TILs are inversely related
to overall survival (OS) (HR = 1.79, 95% CI 1.1–3.1, p = 0.035). The presence of low CD4+ TILs
combined with low CD8+ TILs is an independent predictor of longer OS (HR 0.38, 95% CI 0.18–0.79,
p = 0.014). Female sex is independently related to longer OS (HR 0.42, 95% CI 0.22–0.77, p = 0.006).
Adjuvant treatment, methylguanine methyltransferase (MGMT) promoter methylation, and age
remain important prognostic factors but are influenced by other features. Adaptive cell-mediated
immunity can affect the outcomes of GBM patients. Further studies are needed to elucidate the
commitment of the CD4+ cells and the effects of different TILs subpopulations in GBM.

Keywords: glioblastoma; microenvironment; gender; TILs; CD4; CD8; prognosis

1. Introduction

Glioblastoma (GBM) is the most common and deadly primary malignant brain tumor
of adults, accounting for approximately 70% of gliomas [1]. Despite the adoption of novel
therapeutical approaches, outcomes remain poor with a 5-year survival of 5.5% [1,2].

GBM is a heterogeneous malignancy from both morphological and molecular view-
points. The tumor mass is composed of several cancer and stromal cell types that interact
with each other modulating tumor initiation, progression, and treatment response [3]. So
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far four GBM molecular subtypes have been identified with different aggressiveness, pro-
gression potential, and prognosis [4]. However, as extensively demonstrated, several other
clinicopathological features, such as age, MGMT promoter methylation, and the extent of
surgical resection (EOR) impact patient outcomes and therapy responses [5–12].

Nowadays, the complex interaction between GBM and its multifaceted microenvi-
ronment, and the prognostic impact of the latter remain poorly understood. Indeed, the
so-called GBM immune microenvironment accounts for a significant tumor volume and
appears to be composed of either resident or recruited immune cells; however, its different
subpopulations and their biological role have been only partially characterized [1].

Under physiological conditions, the blood-brain barrier (BBB) plays a central role by
maintaining an immunosuppressive milieu and limiting the extravasation of inflammatory
cells. This fine homeostatic mechanism is altered during tumor progression, leading to
the disruption of the normal BBB function [13,14]. Despite the presence of different lym-
phocytic subpopulations composing the GBM-associated tumor-infiltrating lymphocytes
(TILs) [3], GBM is characterized by a markedly immunosuppressive status [15]. This could
be responsible for reduced immune-mediated cancer cell death.

Contrasting data about TILs’ prognostic role in patients with high-grade gliomas
are present in the literature. According to Sadfari et al. [16], an increased number of TILs
correlated with poorer prognosis, whereas other authors [17,18] found a positive correlation
between TILs subpopulation and patients’ prognosis, and further studies [19] failed to find
any significant association.

Hence, shedding light on glioma-associated immune mechanisms could play a cru-
cial role in the GBM patient’s management and could ultimately pave the way for the
development of novel therapeutic approaches.

In the current study, we investigated the prognostic impact of different clinicopatho-
logical and molecular features as well as the role of the cellular immune response on patient
outcomes in a well-annotated and molecularly characterized series of GBM.

2. Materials and Methods
2.1. Study Population

In the present study, 59 GBM adult patients were retrospectively selected from the Uni-
versity Hospital of Pisa. All patients underwent surgical resection from 2013 to 2020. None
of them suffered from concomitant unrelated comorbidities, such as other neoplasms or
infections. No chemo-radiotherapy was administered before the diagnosis of glioblastoma.

All cases were independently re-evaluated by two expert neuropathologists (V.O. and
G.N.F) and discrepancies were solved by collegial discussion. Diagnostic criteria were
based on the 2022 WHO Classification of CNS tumors.

EOR was classified into gross tumor resection (GTR) and subtotal tumor resection
(STR), based on the extent of surgical radicality.

From the medical records, the administration of adjuvant radio- and chemotherapy, re-
currence, and cancer-related death times were annotated. The last follow-up was performed
in December 2022. Progression-free survival (PFS) was defined as the time from surgery
to the time of the first recurrence. Overall survival (OS) was defined as the time from
the primary diagnosis to the patient’s cancer-related death. Alive patients were censored
at the date of the last follow-up. The median follow-up was calculated as suggested by
Schemper et al. [20].

2.2. Tissue Microarray

There were two expert neuropathologists (G.N.F. and V.O.) that independently re-
viewed each case, selecting at least 2–3 regions of interest (ROIs) from GBM and 1–2 ROIs
from normal-appearing tissue placed at a sufficient distance from the tumor, when it was
available. Tissue cores (1.5 mm in diameter) were punched out from ROIs via the TMA
Grand Master (3DHISTECH, Budapest, Hungary). Each tissue core was then embedded in
the recipient paraffin blocks and registered according to the grid that was designed with
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the TMA Control software. In each TMA block, liver, tonsil, kidney, testis, and thyroid
tissue were used as controls. Finally, 178 tissue cores of primitive GBM and 40 tissue cores
of normal-appearing tissue were collected in 4 TMA blocks.

2.3. Immunohistochemistry and Imaging Analysis

Immunohistochemical (IHC) analyses were carried out for CD4, CD8, and p53 mark-
ers via Ventana Benchmark Ultra (Ventana Medical System—Roche). Briefly, 4 µm-lick
FFPE sections were immunostained with CD4 antibody (SP35, rabbit monoclonal); CD8
antibody (SP57, rabbit monoclonal), and p53 (DO-7 mouse monoclonal), and developed
in diaminobenzidine (DAB)–hydrogen peroxide for 10 min (ultraView Universal DAB kit,
Ventana Medical System—Roche). Finally, sections were counterstained with hematoxylin
and mounted. Positive controls were included for the current analysis (tonsil, testis, liver,
and kidney).

Slide scanning was performed via Ventana DP 200 Slide Scanner (Roche Diagnostics
International, Rotkreuz, Switzerland). Imaging analyses were carried out through QuPath
(v0.3.0, Belfast, XI) platform; a semiautomatic approach was applied and the number of
total positive cells for each core and the average number of positive cells per high power
field (HPF) were assessed. TP53 was considered mutated if no expression or a strong and
diffuse expression was present in GBM cells.

2.4. Molecular Characterization

A total of two 10 µm-thick sections were obtained from each FFPE specimen, and
DNA was extracted according to NucleoSPin Tissue protocol (Genomic DNA from Tissue-
Macherey-Nagel Gmbh and Co.Kg., Duren, Germany). Negative controls were included in
the present analysis. DNA quantification was performed via Qubit 2.0 (Life Technologies,
Carlsbad, CA, USA) and was in a range of 50–500 ng/µL.

The analyses for IDH1 (codon 132) and IDH2 (codon 172) were carried out using
Diatech Pharmacogenetics IDH1/2 status kit. Following DNA polymerase amplification,
all samples were pyrosequenced (PyroMark Q96ID, Quiagen, Redwood, CA, USA) and
analyzed by ProMark ID platform.

For the detection of the chromosomal 1p/19q co-deletion, MLPA was performed using
the SALSA MLPA kit and P088 probe mix (MRC Holland, Amsterdam, the Netherlands)
according to the manufacturer’s protocol. Samples were analyzed on a 3500 DNA sequencer
(Applied Biosystems, Waltham, MA, USA).

The methylation profile of the MGMT promoter was assessed using MGMT plus kit
(Diatech Pharmacogenetics). DNA was treated with bisulfite and amplified using specific
primers (Takara Ex Taq DNA polymerase—Clonech). Pyrosequencing was carried out and
elaborated via the Pyro Q-CpG platform. The cut/off value was set to 7%.

2.5. Statistical Analyses

Categorical variables were compared using a Chi-Square test and Fisher’s exact test,
whereas quantitative and ordinal variables were compared using a Mann–Whitney U test
and Kruskal–Wallis test (with Dunn test for multiple comparisons). A Spearman rho test
was used to assess the relationship between biomarkers. MGMT promoter methylation
status and TILs levels have been dichotomized (cut-off values are defined above and below).
Kaplan–Meier curves were used to estimate survival outcomes; the log-rank test was used
to compare different groups. Cox proportional hazard models were used to calculate
hazard ratios (HRs) of recurrence or death according to the number of CD4, and CD8+ TILs
in GBMs.

All analyses were performed with SPSS 26.0 (SPSS Inc., Chicago, IL, USA), and graphs
were drawn using GraphPad Prism (GraphPad Software, San Diego, CA version 9.1.1).
Results were classified as statistically significant if their p-values were <0.05.
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3. Results
3.1. Clinicopathological Findings

Among the 59 GBM patients, 34 (58%) were male and 25 (42%) were female. The mean
age at diagnosis was 62.15 ± 10.9 years (median 62; range 26–80 years). The GBM site
was quite heterogeneous: 12 (20%) GBMs were localized in the frontal lobe, 11(19%) were
in the parietal lobe, 9 (15%) in the temporal lobe, 1 (2%) in the occipital lobe, and 1 (3%)
was localized at the insula. Some GBM involved a different lobe namely 8 (13.5%) the
fronto-parietal area, 5 (8%) the fronto-temporal area, 8 (13.5%) the temporo-parietal area,
2 (3%) the parieto-occipital area, and 2 (3%) the temporo-occipital area.

The EOR was dichotomized as gross total resection (GTR), reached in 24 (40%) patients,
and subtotal resection (STR) was obtained in 35 (60%) patients.

In 10 GBM (17%), 1p/19q co-deletion was found. A total of 42 (71%) GBM showed
MGMT promoter methylation, whereas only 3 (5%) harbored a mutation at codon 132 of
the IDH1 gene. No GBMs had IDH2 mutations. TP53 was mutated in 8 (13.5%) GBM. The
mean proliferation index (ki-67) was 33.4% (median 35%; range 10–90%).

Radiotherapy alone was administered in 16 (27%) patients, chemo-radiotherapy was
administered in 18 (31%) patients, whereas 25 patients did not receive any treatment
after surgery.

A total of 23 (39%) patients recurred after the first surgery and 54 (92%) died during the
follow-up. The median follow-up was 58.67 months (95% CI 37.52–78.82; range 1.03–82.2).
The median PFS was 10.97 months (95% CI 6.51–15.43; range 1.03–78.8 months) and the
median OS was 18.87 months (95% CI 15.3–22.44; range 1.03–82.2).

All clinicopathological findings are summarized in Table 1 and Figure 1.

Table 1. Clinicopathological data.

Clinicopathological Data

Number of Patients 59

Mean Age (range) 62.15 y (26–80)

Gender
M = 34 (58%)
F = 25 (42%)

Tumor site

Frontal = 12 (20%)
Parietal = 11 (19%)
Temporal = 9 (15%)
Occipital = 1 (2%)

Fronto-parietal = 8 (13.5%)
Fronto-temporal = 5 (8%)

Temporo-parietal = 8 (13.5%)
Parieto-occipital = 2 (3%)

Temporo-occipital = 2 (3%)
Insular 1 (3%)

Extent of Surgical Resection GTR = 24 (40%)
STR = 35 (60%)

MGMT promoter Met = 42 (71%)
Unmet = 17 (29%)

IDH1
Mut = 3 (5%)

WT = 56 (95%)

IDH2
Mut = 0 (0%)

WT = 59 (100%)



Genes 2023, 14, 501 5 of 15

Table 1. Cont.

Clinicopathological Data

1p/19q co-deletion Y = 10 (17%)
N = 49 (83%)

Mean Proliferation Index (ki-67—range) 33,4% (10–90%)

TP53
Mut = 8 (13.5%)
WT = 51 (86.5%)

Treatment
RT only = 16 (27%)
RT + CT = 18 (31%)

N = 25 (42%)

Recurrence
Y = 23 (39%)
N = 36 (61%)

Death
Y = 54 (92%)
N = 5 (8%)

mPFS (months) (95% CI; range) 10.97 (6.51–15.43; 1.03–78.8)

mOS (months) (95% CI; range) 18.87(15.3–22.44; 1.03 –82.2)

mFollow-up (months) (95% CI; range) 78.7 (48.97–108.57; 1.03–82.2)
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3.2. Clinico-Pathological Features and Prognosis

In our cohort, age was not related either to OS or PFS in univariate analysis but was
related to both in multivariate analysis (see below).

Interestingly, females had a longer OS (HR 0.49, 95% CI 0.27–0.84, p = 0.005) (Figure 2a)
in univariate analysis, and gender was related to OS and PFS in multivariate analysis
(see below).
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Figure 2. Prognostic impact of clinicopathological features in glioblastoma. (a,b) Kaplan–Meier plots
of overall survival, according to gender and MGMT promoter methylation status. (c) Kaplan–Meier
plots of progression-free survival according to treatment.

Despite GTR being related to a longer OS (GTR: mOS = 23.4 vs. STR: mOS = 15.8) and
PFS (GTR mPFS = 18.9 vs. mPFS = 10.5), no statistical significance was reached either in
univariate or multivariate analyses.

MGMT promoter methylation was related to longer OS (HR = 2.29, 95% CI 1.1–4.53,
p = 0.027) (Figure 2b) in univariate analysis but not in multivariate analysis and was not
related to PFS.

Different mOS were registered according to the treatment approach (surgery only:
mOS = 14.4, RT: mOS = 19.5, RT + CT: mOS = 23.19) as well as different mPFS (surgery only:
mPFS = 11.7, RT: mPFS = 19.1, RT + CT: mPFS = 78.8); however, no statistically significant
superiority in efficacy was found between treatments. However, as expected, post-surgery
medical treatment (regardless of the approach) was related to longer PFS (HR 0.32, 95% CI
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0.14–0.8 p = 0.004) (Figure 2c) both in univariate and multivariate analysss (see below), but
unexpectedly, not to OS.

Finally, the proliferation index, 1p/19q co-deletion, TP53, and IDH1 status were not
related to OS and/or PFS.

3.3. TILs Characterization in GBM and Normal Tissue

TILs populations were characterized according to the expression of CD4 or CD8
(Figure 3a,b). The total number of each population was digitally assessed and normalized
according to the number of positive cells in each HPF, the mean and median values were
then calculated for each core, and finally for each patient.
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Figure 3. CD4+ and CD8+ cells comparison in normal-appearing tissue and in glioblastoma samples.
(a,b) Immunohistochemical staining shows the low levels/absence of CD4+ and CD8+ in normal-
appearing tissue on the left and tumor-infiltrating lymphocytes (TILs) in glioblastoma on the right.
Magnification of all images 200×. Scale bar: 100µm. (c–e) Statistically significant CD4+, CD8+,
and CD4/CD8 differences between normal-appearing tissue and glioblastoma (GBM) samples.
***: p ≤ 0.001; ****: p ≤ 0.0001.

In normal-appearing tissue samples, the average number of CD4+ and CD8+ cells per
HPF were 1.78 ± 2.7 (median 0.6) and 2.28 ± 2.17 (median 1.47), respectively; whereas, in
GBM samples the average number of CD4+ and CD8+ cells per HPS were 6.18 ± 6 (median
3.64) and 6.14 ± 8.91 (median 3.07), respectively. CD4/CD8 ratio was 1.26 ± 0.3 (median
0.31) in the normal-appearing samples and 1.86 ± 2.09 (median 1.23) in the GBM samples.

A statistically significant difference was found between normal-appearing and GBM
samples for CD4+ cells (p < 0.0001) (Figure 2c) and CD8+ cells (p = 0.0005) (Figure 3d), and
for CD4/CD8 ratio (p = 0.0009) (Figure 3e). The data and results are summarized in Table 2.
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Table 2. Schematic representation of the TILs distribution in glioblastoma (GBM) and normal-
appearing tissue.

TILs Distribution

GBM Normal-Appearing Tissue p

Mean CD4/HPF 6.18 ± 6
(median 3.64)

1.78 ± 2.7
(median 0.6) <0.0001

Mean CD8/HPF 6.14 ± 8.91
(median 3.07)

2.28 ± 2.17
(median 1.47) 0.0005

Mean CD4/CD8 1.86 ± 2.09
(median 1.23)

1.26 ± 0.3
(median 0.31) 0.0009

No differences were found between the number of CD4+ and CD8+ cells within GBM
samples or within normal-appearing tissue. However, we found a moderate positive
correlation between CD4+ and CD8+ number of cells in GBM (rs = 0.417—p = 0.001) but
not in normal-appearing tissue.

The number of CD4+ and CD8+ TILs or their CD4/CD8 ratio did not vary significantly
according to age, sex, tumor site, surgery type, relapse, MGMT promoter methylation,
1p/19q co-deletion, IDH1, and TP53 mutations.

3.4. TILs Levels and Clinical Outcomes

For survival analyses, the median number of CD4+ and CD8+ TILs per HPF was used
as the cut-off point to define the high (H) and low (L) infiltrated GBM samples, as described
by previous authors [17]. The number of CD4+ cells was inversely related to OS (HR = 1.79,
95% CI 1.1–3.1, p = 0.035) (Figure 4a) but not to PFS, whereas the number of CD8+ cells or
CD4/CD8 ratio was not related to OS or PFS.
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and CD8+ cells. L: low; H: High.

Since a positive correlation between CD4+ and CD8+ cells was present in GBM, we
investigated their complementary role in patients’ outcomes; hence, GBM patients have
been divided into four different subgroups according to the number of CD4+ and CD8+ cells
as follows: CD4H/CD8H, CD4H/CD8L, CD4L/CD8H, and CD4L/CD8L. Compared with
all the other groups, patients with low CD4+ with concurrent low CD8+ had significantly
longer OS (HR = 0.46, 95% CI = 0.3–0.9, p = 0.0013) (Figure 4b) but not longer PFS.
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Cox regression analyses confirmed that low CD4+ combined with low CD8+ was an
independent predictor of longer OS (HR 0.38, 95% CI 0.18–0.79, p = 0.014) (Table 3) but was
not related to PFS.

Table 3. Cox regression analyses of different parameters for overall survival and progress-free
survival. EOR: extent of resection; Met: Methylation; RT: radiotherapy; CT: Chemotherapy.

Multivariate Analysis

Overall Survival Progression-Free Survival

VARIABLE p HR 95% CI p HR 95% CI

Gender 0.006 0.42 0.22–0.77 0.027 0.31 0.1–0.85
Age 0.019 2.15 1.15–4.12 0.048 0.37 0.13–0.97
EOR 0.129 1.58 0.88–2.88 0.141 0.46 0.15–1.24

MGMT
Met 0.081 0.54 0.27–1.1 0.406 1.62 0.55–5.58

RT 0.767 0.77 0.42–1.84 0.004 0.07 0.01–0.35
RT + CT 0.769 0.77 0.42–1.9 0.038 5.61 1.28–39.04

CD4L/CD8L 0.014 0.38 0.18–0.79 0.495 1.43 0.44–5.26

4. Discussion

During the last decade, the survival outcome of GBM patients has improved thanks to
the introduction of the Stupp protocol [7], which provides a multimodal treatment based on
surgery and post-operative administration of chemo-radiotherapy. However, the prognosis
remains poor in the majority of cases. Hence, novel approaches, including immunotherapy,
and novel prognostic stratification based on different clinicopathological, and molecular
features are currently being thoroughly investigated. As extensively demonstrated for
other malignancies [21–28], the efficacy of tailored therapy such as immunotherapy relies
on different specific cancer features assessed in serum [29–31] or directly on tissue, such as
TILs [32,33].

In the present study, we have investigated the prognostic role of several clinico-
pathological features and how CD4+ and CD8+ TILs can impact patients’ outcomes in a
well-annotated and molecularly characterized series of GBM.

Interestingly, as already demonstrated in other larger cohorts [10,34], gender plays an
important prognostic role in GBM: female patients show longer survival than males. In
orthotopic GBM models, Barone et al. [35] demonstrated that high estrogen levels increase
survival, and Li et al. [36] observed a high frequency of estrogen receptor methylation
in a series of GBM. In contrast, Yu et al. [37] found how androgen receptor signaling
can promote GBM cancerogenesis in adult men by the inhibition of the TGF-β receptor.
Moreover, Khan et al. [9] demonstrated in an in-silico analysis several crucial differences in
immune system and Wnt pathway between gliomas from male and female patients. All
these findings support our results and demonstrate how hormone-based therapy could
represent a novel therapeutic approach.

Age remains an important prognostic factor in GBM patients. Indeed, its incidence
changes with age [38], and despite the same histological features displayed, outcomes
can vary significantly by age [39,40]. However, Jia et al. [41] recently demonstrated how
age is not non-linearly related to prognosis, challenging the applicability of current age
subgroupings and highlighting the unmet need for individualized treatment guided by age.
This is in line with our data that pinpoint how age is not an independent prognostic factor
but is influenced by the treatment approach and other important clinical and molecular
variables such as gender, surgical resection, MGMT promoter methylation status, and TILs
subpopulations.

The EOR for GBM has been a matter of debate for decades. Although several stud-
ies [42–45] and meta-analyses [42] support the superior efficacy of GTR on survival and
tumor progression, the concept of “maximal safe resection” (MSR) should be consid-
ered [46]. MSR is the maximal, safely achievable volumetric resection, and should be
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reached by the additional removal of the FLAIR abnormal regions, when safely feasible;
this may lead to longer survival without significant increases in neurological postoperative
morbidity [47]. However, the definition of MSR should become distinctive for each patient,
and in general, surgical strategies, as for other therapeutic approaches, should be chosen
after the GBM molecular characterization and tailored to the patient’s clinical status [48–51].
In our cohort, even if we registered better outcomes in GTR subgroup, we did not reach
the significance for both OS and PFS; this could be related to the small sample size or to
a selection bias; or else it could partially reflect the complexity of the GBM in which the
surgery is only a part of the multimodal therapeutic approach, and its efficacy may be
influenced by other elements.

The current standard of medical treatment after MSR is the concurrent administration
of Temozolomide (TMZ), an alkylating agent, and RT, followed by six cycles of adjuvant
TMZ [6,52]. However, these approaches must be modulated based on the patient’s clinical
status and the molecular landscape of the GBM. The most cytotoxic effect that is induced by
TMZ is the alkylation of the O6 position of guanine, which is reverted by the DNA repair
protein MGMT [8]. The aberrant methylation of the MGMT promoter region results in gene
silencing, decreasing the ability to repair DNA damage that is induced by chemotherapy.
In the pivotal trial of Stupp et al. [7], MGMT promoter methylation was strongly associated
with longer OS in the experimental arm (TMZ + RT) but had only a minor prognostic
impact for PFS in patients receiving RT alone [5], suggesting its predictive role. Indeed, this
assessment has been integrated into the routine GBM molecular characterization. Our data
confirmed this assumption where MGMT promoter methylation was related to a longer OS
but not to PFS. Finally, in multivariate analysis, we found a correlation between medical
treatment (RT or RT + CT) and PFS but not for OS. These discrepancies with the literature
could be related to our small and quite heterogeneous sample size.

Although the brain is an immune-privileged tissue in which adaptive immunity
and inflammation are highly controlled, several authors have documented lymphocytic
infiltration into large series of gliomas [53,54]. However, whether these TILs aid cancer
immuno-suppression [55,56] or contribute to cancer cells immune-mediated death [57] is
largely unknown. TILs assessment and their interplay with other clinicopathological and
molecular features may partly uncover their role in GBM patients’ prognosis.

In the present study, we assessed the number of CD4+ and CD8+ TILs to evaluate
the prognostic role of adaptive cell-mediated immunity in GBM. We showed how the
average number of these specific TILs is increased in GBM samples in comparison to
normal-appearing tissue. However, no significant differences between the number of
CD4+ and CD8+ were found within GBM samples or within normal-appearing tissue.
Conversely, we found a positive correlation between the two TILs populations in GBM
samples. This could be related to a partial or complete disruption of the BBB and to
increased angiogenetic processes that lead to uncontrolled extravasation of different TILs
subpopulations [58]. Alternatively, GBM cells can retrieve TILs from the bloodstream.
Indeed, Rutledge et al. [3], found a positive correlation between TILs and morphologic
features, molecular GBM subclasses, and mutational profiles, but no relation with outcomes
was confirmed. Nevertheless, in general, the total number of TILs in GBM is lower than
in other tumors [18,32] and this could be related to the local microenvironment, which
deserves further research.

As a result of a broad range of mechanisms, including senescence, tolerance, anergy,
and exhaustion, GBM often induces a state of global T-cell dysfunction and active immuno-
suppression, through an increased expression of inhibitory receptors including CTLA-4,
CD73, and CD39, which results in a reduction in T-cell activity [59]. Waziri et al. [60]
confirmed these data, demonstrating how the majority of CD4+ TILs in GBM inhibit the
cellular immune reaction, hampering the CD8+ cytotoxic function. Therefore, despite
an increase in total CD4+ TILs, the immune function of GBM patients may be impaired.
Indeed, in our cohort, high levels of CD4+ TILs were predictive of lower OS.
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Previous studies reported how CD8+ TILs are positively related to outcomes in other
malignancies [18,32,61,62], and recently Mauldin et al. [63] confirmed this assumption
in GBM. However, in the present study, in line with the results of Kim et al. [64], we
suggested that the number of CD8+ TILs or CD4/CD8 ratio cannot alone predict patient
outcomes. Moreover, Mauldin et al. [63], found a lower density of CD4+ than that of
CD8+, which is in contrast with our findings, but this may reflect the complex intra- and
inter-tumor heterogeneity, and further study with larger multicentric cohorts can overcome
these discrepancies.

Han et al. [17] described a positive trend in the raw numbers for several TILs popu-
lations from low-grade to high-grade gliomas; we confirmed these data revealing higher
levels of CD4+ and CD8+ in the GBM samples. This could suggest their pivotal role in
glioma progression and corroborates the hypothesis that numerous interactions within
TILs subpopulations may occur in GBM carcinogenesis, prompting further research. Hence,
we examined the prognostic role of different patterns of CD4+ and CD8+ TILs demonstrat-
ing how low levels of CD4+ combined with low levels of CD8 represent an independent
positive prognostic factor. Additionally, we partially confirmed previous studies [17] in
which high CD4+ cells combined with low CD8+ cells represent the TILs pattern with the
least favorable OS, even if this comparison was not statistically significant in our cohort.

The prognostic role of these different TILs patterns supports the hypothesis of unbal-
anced activation of the cellular immune response in GBM, which could hamper current
treatment strategies. Low CD4+ combined with low CD8+ may suggest a lesser but effec-
tive and balanced anti-cancer immune activation that could lead to a better OS; in contrast,
high CD4+ combined with low CD8+ TIL levels may be related to a suppressed cellular
immune response and consequently to worse outcomes. Indeed, Perrin et al. [65] reported
that even with an adequate number of CD8+ TILs, the immune system is not able to prevent
GBM growth; this could be related to a deficient CD4+ helper activation.

It is well known that CD4+ TILs could display a double immune activity in human
cancers. On one hand, CD4+ T-helpers play a central role in the activation, recruitment, and
modulation of several aspects of the adaptive immune response. Conversely, CD4+ Tregs
can reduce anti-tumor immunity and accelerate its progression [66,67]. In fact, without
sufficient CD4+ T-helper support, CD8+ T-cells usually cannot perform their full potential
in vivo [68,69]. Recently, Mitsdoerffer et al. [70] found that the transcriptome of CD8+ TILs
in GBM was coherent with a strong anti-tumor response, while that one of CD4+ TILs
showed a strong commitment to the Th17 differentiation that may negatively modulate the
anti-tumor immune response.

Finally, in the present study, we did not find significant differences in TILs subpopula-
tion according to age, tumor site, EOR, MGMT promoter methylation, proliferation index,
1p/19q c-deletion, TP53, IDH1/2 status, and risk of recurrence, which suggests that these
prognostic factors may have an impact on patient prognosis in different ways.

5. Conclusions

In the present study, we underline the inherent complexity of the relationship between
the immune system and GBM. Several clinicopathological and molecular features concur
with the patients’ outcomes and must be considered in the therapeutic setting. We con-
firmed the prognostic impact of MGMT promoter methylation and adjuvant treatment.
Interestingly, gender also played an important role in overall survival. Finally, we demon-
strated how adaptive cell-mediated immunity can affect the outcomes of GBM patients:
low CD4+ TILs levels alone or in combination with low CD8+ TILs were associated with
better prognosis. Further studies are needed to better elucidate the commitment of the
CD4+ cells and the effects of different TILs subpopulations in GBM. New insights derived
from these efforts could lay the foundation for future target immunotherapy.

Author Contributions: Conceptualization, G.N.F., C.S., A.S.-C. and A.G.N.; methodology, L.I., V.O.,
R.A., R.S. and S.L.; validation, L.I., V.O., N.M. and P.P.; formal analysis, L.I., R.S., R.A., K.D.I. and F.P.;
data curation, N.M., R.S. and F.P.; writing—original draft preparation, L.I. and V.O.; writing—review



Genes 2023, 14, 501 12 of 15

and editing, G.N.F., A.G.N. and C.S.; visualization, G.N.F., S.L. and R.S.; supervision, G.N.F., A.G.N.
and C.S. All authors have read and agreed to the published version of the manuscript.

Funding: The project was supported by the project infrastructure POIG.02.03.00-14-111/13 funded
by the Operational Programme Innovative Economy 2007–2013, Priority II. R&D Infrastructure,
Measure 2.3. Investments connected with the development of the IT Infrastructure of Science. G.N.F.
is supported as Junior Assistant Professor/Temporary Researcher (RTDA) by the Italian Ministry
of University and Research—PON “Research and Innovation” 2014–2020 (PON R&I) Actions IV. 4
“Doctorates and research contracts on innovation topics”.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Institutional Review Board (Comitato Etico area Vasta Nord Ovest
Toscana, Prot. Number 560/2015).

Informed Consent Statement: Written informed consent has been obtained from the patient(s) to
publish this paper.

Data Availability Statement: Not applicable.

Acknowledgments: We would like to thank Carmela Annicchiarico and Paolo Grilli for their technical
support in the immunostaining process.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Fanelli, G.N.; Grassini, D.; Ortenzi, V.; Pasqualetti, F.; Montemurro, N.; Perrini, P.; Naccarato, A.G.; Scatena, C. Decipher the

Glioblastoma Microenvironment: The First Milestone for New Groundbreaking Therapeutic Strategies. Genes 2021, 12, 445.
[CrossRef] [PubMed]

2. Lin, D.; Wang, M.; Chen, Y.; Gong, J.; Chen, L.; Shi, X.; Lan, F.; Chen, Z.; Xiong, T.; Sun, H.; et al. Trends in Intracranial Glioma
Incidence and Mortality in the United States, 1975–2018. Front Oncol. 2021, 11, 748061. [CrossRef] [PubMed]

3. Rutledge, W.C.; Kong, J.; Gao, J.; Gutman, D.A.; Cooper, L.A.; Appin, C.; Park, Y.; Scarpace, L.; Mikkelsen, T.; Cohen, M.L.; et al.
Tumor-infiltrating lymphocytes in glioblastoma are associated with specific genomic alterations and related to transcriptional
class. Clin. Cancer Res. 2013, 19, 4951–4960. [CrossRef] [PubMed]

4. Verhaak, R.G.; Hoadley, K.A.; Purdom, E.; Wang, V.; Qi, Y.; Wilkerson, M.D.; Miller, C.R.; Ding, L.; Golub, T.; Mesirov, J.P.; et al.
Integrated genomic analysis identifies clinically relevant subtypes of glioblastoma characterized by abnormalities in PDGFRA,
IDH1, EGFR, and NF1. Cancer Cell 2010, 17, 98–110. [CrossRef] [PubMed]

5. Hegi, M.E.; Diserens, A.C.; Gorlia, T.; Hamou, M.F.; de Tribolet, N.; Weller, M.; Kros, J.M.; Hainfellner, J.A.; Mason, W.; Mariani,
L.; et al. MGMT gene silencing and benefit from temozolomide in glioblastoma. N. Engl. J. Med. 2005, 352, 997–1003. [CrossRef]
[PubMed]

6. Stupp, R.; Hegi, M.E.; Mason, W.P.; van den Bent, M.J.; Taphoorn, M.J.; Janzer, R.C.; Ludwin, S.K.; Allgeier, A.; Fisher, B.;
Belanger, K.; et al. Effects of radiotherapy with concomitant and adjuvant temozolomide versus radiotherapy alone on survival
in glioblastoma in a randomised phase III study: 5-year analysis of the EORTC-NCIC trial. Lancet Oncol. 2009, 10, 459–466.
[CrossRef]

7. Stupp, R.; Mason, W.P.; van den Bent, M.J.; Weller, M.; Fisher, B.; Taphoorn, M.J.; Belanger, K.; Brandes, A.A.; Marosi, C.; Bogdahn,
U.; et al. Radiotherapy plus concomitant and adjuvant temozolomide for glioblastoma. N. Engl. J. Med. 2005, 352, 987–996.
[CrossRef]

8. Weller, M.; Stupp, R.; Hegi, M.E.; van den Bent, M.; Tonn, J.C.; Sanson, M.; Wick, W.; Reifenberger, G. Personalized care in
neuro-oncology coming of age: Why we need MGMT and 1p/19q testing for malignant glioma patients in clinical practice. Neuro
Oncol. 2012, 14 (Suppl. 4), iv100–iv108. [CrossRef]

9. Khan, M.T.; Prajapati, B.; Lakhina, S.; Sharma, M.; Prajapati, S.; Chosdol, K.; Sinha, S. Identification of Gender-Specific Molecular
Differences in Glioblastoma (GBM) and Low-Grade Glioma (LGG) by the Analysis of Large Transcriptomic and Epigenomic
Datasets. Front Oncol. 2021, 11, 699594. [CrossRef]

10. Tian, M.; Ma, W.; Chen, Y.; Yu, Y.; Zhu, D.; Shi, J.; Zhang, Y. Impact of gender on the survival of patients with glioblastoma. Biosci.
Rep. 2018, 38, 752. [CrossRef]

11. Fanelli, G.N.; Naccarato, A.G.; Scatena, C. Recent Advances in Cancer Plasticity: Cellular Mechanisms, Surveillance Strategies,
and Therapeutic Optimization. Front Oncol. 2020, 10, 569. [CrossRef]

12. Turtoi, A.; Musmeci, D.; Naccarato, A.G.; Scatena, C.; Ortenzi, V.; Kiss, R.; Murtas, D.; Patsos, G.; Mazzucchelli, G.; De Pauw,
E.; et al. Sparc-like protein 1 is a new marker of human glioma progression. J. Proteome Res. 2012, 11, 5011–5021. [CrossRef]
[PubMed]

13. Engelhardt, B. The blood-central nervous system barriers actively control immune cell entry into the central nervous system.
Curr. Pharm. Des. 2008, 14, 1555–1565. [CrossRef]

http://doi.org/10.3390/genes12030445
http://www.ncbi.nlm.nih.gov/pubmed/33804731
http://doi.org/10.3389/fonc.2021.748061
http://www.ncbi.nlm.nih.gov/pubmed/34790574
http://doi.org/10.1158/1078-0432.CCR-13-0551
http://www.ncbi.nlm.nih.gov/pubmed/23864165
http://doi.org/10.1016/j.ccr.2009.12.020
http://www.ncbi.nlm.nih.gov/pubmed/20129251
http://doi.org/10.1056/NEJMoa043331
http://www.ncbi.nlm.nih.gov/pubmed/15758010
http://doi.org/10.1016/S1470-2045(09)70025-7
http://doi.org/10.1056/NEJMoa043330
http://doi.org/10.1093/neuonc/nos206
http://doi.org/10.3389/fonc.2021.699594
http://doi.org/10.1042/BSR20180752
http://doi.org/10.3389/fonc.2020.00569
http://doi.org/10.1021/pr3005698
http://www.ncbi.nlm.nih.gov/pubmed/22909274
http://doi.org/10.2174/138161208784705432


Genes 2023, 14, 501 13 of 15

14. Abels, E.R.; Maas, S.L.N.; Tai, E.; Ting, D.T.; Broekman, M.L.D.; Breakefield, X.O.; El Khoury, J. GlioM&M: Web-based tool for
studying circulating and infiltrating monocytes and macrophages in glioma. Sci. Rep. 2020, 10, 9898. [CrossRef] [PubMed]

15. Perus, L.J.M.; Walsh, L.A. Microenvironmental Heterogeneity in Brain Malignancies. Front. Immunol. 2019, 10, 2294. [CrossRef]
[PubMed]

16. Safdari, H.; Hochberg, F.H.; Richardson, E.P., Jr. Prognostic value of round cell (lymphocyte) infiltration in malignant gliomas.
Surg. Neurol. 1985, 23, 221–226. [CrossRef] [PubMed]

17. Han, S.; Zhang, C.; Li, Q.; Dong, J.; Liu, Y.; Huang, Y.; Jiang, T.; Wu, A. Tumour-infiltrating CD4(+) and CD8(+) lymphocytes as
predictors of clinical outcome in glioma. Br. J. Cancer 2014, 110, 2560–2568. [CrossRef]

18. Mahmoud, S.M.; Paish, E.C.; Powe, D.G.; Macmillan, R.D.; Grainge, M.J.; Lee, A.H.; Ellis, I.O.; Green, A.R. Tumor-infiltrating
CD8+ lymphocytes predict clinical outcome in breast cancer. J. Clin. Oncol. 2011, 29, 1949–1955. [CrossRef]

19. Rossi, M.L.; Jones, N.R.; Candy, E.; Nicoll, J.A.; Compton, J.S.; Hughes, J.T.; Esiri, M.M.; Moss, T.H.; Cruz-Sanchez, F.F.; Coakham,
H.B. The mononuclear cell infiltrate compared with survival in high-grade astrocytomas. Acta Neuropathol. 1989, 78, 189–193.
[CrossRef]

20. Schemper, M.; Smith, T.L. A note on quantifying follow-up in studies of failure time. Control. Clin. Trials 1996, 17, 343–346.
[CrossRef]

21. Fanelli, G.N.; Scarpitta, R.; Cinacchi, P.; Fuochi, B.; Szumera-Cieckiewicz, A.; De Ieso, K.; Ferrari, P.; Fontana, A.; Miccoli, M.;
Naccarato, A.G.; et al. Immunohistochemistry for Thymidine Kinase-1 (TK1): A Potential Tool for the Prognostic Stratification of
Breast Cancer Patients. J. Clin. Med. 2021, 10, 5416. [CrossRef]

22. Saraggi, D.; Galuppini, F.; Fanelli, G.N.; Remo, A.; Urso, E.D.L.; Bao, R.Q.; Bacchin, D.; Guzzardo, V.; Luchini, C.; Braconi, C.; et al.
MiR-21 up-regulation in ampullary adenocarcinoma and its pre-invasive lesions. Pathol. Res. Pract. 2018, 214, 835–839. [CrossRef]
[PubMed]

23. Fanelli, G.N.; Gasparini, P.; Coati, I.; Cui, R.; Pakula, H.; Chowdhury, B.; Valeri, N.; Loupakis, F.; Kupcinskas, J.; Cappellesso, R.;
et al. LONG-NONCODING RNAs in gastroesophageal cancers. Noncoding RNA Res. 2018, 3, 195–212. [CrossRef] [PubMed]

24. Fassan, M.; Facchin, S.; Munari, G.; Fanelli, G.N.; Lorenzon, G.; Savarino, E. Noncoding RNAs as drivers of the phenotypic
plasticity of oesophageal mucosa. World J. Gastroenterol. 2017, 23, 7653–7656. [CrossRef] [PubMed]

25. Saraggi, D.; Galuppini, F.; Remo, A.; Urso, E.D.L.; Bacchin, D.; Salmaso, R.; Lanza, C.; Bao, R.Q.; Fanelli, G.N.; Guzzardo, V.; et al.
PD-L1 overexpression in ampulla of Vater carcinoma and its pre-invasive lesions. Histopathology 2017, 71, 470–474. [CrossRef]

26. Fusco, N.; Ragazzi, M.; Sajjadi, E.; Venetis, K.; Piciotti, R.; Morganti, S.; Santandrea, G.; Fanelli, G.N.; Despini, L.; Invernizzi, M.;
et al. Assessment of estrogen receptor low positive status in breast cancer: Implications for pathologists and oncologists. Histol.
Histopathol. 2021, 36, 1235–1245. [CrossRef]

27. Scatena, C.; Fanelli, G.; Fanelli, G.N.; Menicagli, M.; Aretini, P.; Ortenzi, V.; Civitelli, S.P.; Innocenti, L.; Sotgia, F.; Lisanti, M.P.;
et al. New insights in the expression of stromal caveolin 1 in breast cancer spread to axillary lymph nodes. Sci. Rep. 2021, 11, 2755.
[CrossRef]

28. Forooshani, M.K.; Scarpitta, R.; Fanelli, G.N.; Miccoli, M.; Naccarato, A.G.; Scatena, C. Is It Time to Consider the Androgen
Receptor as a Therapeutic Target in Breast Cancer? Anticancer Agents Med. Chem. 2022, 22, 775–786. [CrossRef]

29. Francini, E.; Fanelli, G.N.; Pederzoli, F.; Spisak, S.; Minonne, E.; Raffo, M.; Pakula, H.; Tisza, V.; Scatena, C.; Naccarato, A.G.; et al.
Circulating Cell-Free DNA in Renal Cell Carcinoma: The New Era of Precision Medicine. Cancers 2022, 14, 4359. [CrossRef]

30. Penney, K.L.; Tyekucheva, S.; Rosenthal, J.; El Fandy, H.; Carelli, R.; Borgstein, S.; Zadra, G.; Fanelli, G.N.; Stefanizzi, L.; Giunchi,
F.; et al. Metabolomics of Prostate Cancer Gleason Score in Tumor Tissue and Serum. Mol. Cancer Res. 2021, 19, 475–484.
[CrossRef]

31. Pasqualetti, F.; Giampietro, C.; Montemurro, N.; Giannini, N.; Gadducci, G.; Orlandi, P.; Natali, E.; Chiarugi, P.; Gonnelli, A.;
Cantarella, M.; et al. Old and New Systemic Immune-Inflammation Indexes Are Associated with Overall Survival of Glioblastoma
Patients Treated with Radio-Chemotherapy. Genes 2022, 13, 1054. [CrossRef] [PubMed]

32. Sato, E.; Olson, S.H.; Ahn, J.; Bundy, B.; Nishikawa, H.; Qian, F.; Jungbluth, A.A.; Frosina, D.; Gnjatic, S.; Ambrosone, C.; et al.
Intraepithelial CD8+ tumor-infiltrating lymphocytes and a high CD8+/regulatory T cell ratio are associated with favorable
prognosis in ovarian cancer. Proc. Natl. Acad. Sci. USA 2005, 102, 18538–18543. [CrossRef] [PubMed]

33. Fassan, M.; Vianello, L.; Sacchi, D.; Fanelli, G.N.; Munari, G.; Scarpa, M.; Cappellesso, R.; Loupakis, F.; Lanza, C.; Salmaso, R.;
et al. Assessment of intratumor immune-microenvironment in colorectal cancers with extranodal extension of nodal metastases.
Cancer Cell Int. 2018, 18, 131, Erratum in Cancer Cell Int. 2019, 19, 244. [CrossRef]

34. Claus, E.B.; Black, P.M. Survival rates and patterns of care for patients diagnosed with supratentorial low-grade gliomas: Data
from the SEER program, 1973-2001. Cancer 2006, 106, 1358–1363. [CrossRef] [PubMed]

35. Barone, T.A.; Gorski, J.W.; Greenberg, S.J.; Plunkett, R.J. Estrogen increases survival in an orthotopic model of glioblastoma. J.
Neurooncol. 2009, 95, 37–48. [CrossRef]

36. Li, Q.; Jedlicka, A.; Ahuja, N.; Gibbons, M.C.; Baylin, S.B.; Burger, P.C.; Issa, J.P. Concordant methylation of the ER and N33 genes
in glioblastoma multiforme. Oncogene 1998, 16, 3197–3202. [CrossRef]

37. Yu, X.; Jiang, Y.; Wei, W.; Cong, P.; Ding, Y.; Xiang, L.; Wu, K. Androgen receptor signaling regulates growth of glioblastoma
multiforme in men. Tumour Biol. 2015, 36, 967–972. [CrossRef]

38. Weller, M.; Le Rhun, E. How did lomustine become standard of care in recurrent glioblastoma? Cancer Treat. Rev. 2020, 87, 102029.
[CrossRef]

http://doi.org/10.1038/s41598-020-66728-w
http://www.ncbi.nlm.nih.gov/pubmed/32555306
http://doi.org/10.3389/fimmu.2019.02294
http://www.ncbi.nlm.nih.gov/pubmed/31632393
http://doi.org/10.1016/0090-3019(85)90086-2
http://www.ncbi.nlm.nih.gov/pubmed/2983448
http://doi.org/10.1038/bjc.2014.162
http://doi.org/10.1200/JCO.2010.30.5037
http://doi.org/10.1007/BF00688208
http://doi.org/10.1016/0197-2456(96)00075-X
http://doi.org/10.3390/jcm10225416
http://doi.org/10.1016/j.prp.2018.04.018
http://www.ncbi.nlm.nih.gov/pubmed/29731265
http://doi.org/10.1016/j.ncrna.2018.10.001
http://www.ncbi.nlm.nih.gov/pubmed/30533569
http://doi.org/10.3748/wjg.v23.i43.7653
http://www.ncbi.nlm.nih.gov/pubmed/29209106
http://doi.org/10.1111/his.13254
http://doi.org/10.14670/HH-18-376
http://doi.org/10.1038/s41598-021-82405-y
http://doi.org/10.2174/1871520621666211201150818
http://doi.org/10.3390/cancers14184359
http://doi.org/10.1158/1541-7786.MCR-20-0548
http://doi.org/10.3390/genes13061054
http://www.ncbi.nlm.nih.gov/pubmed/35741816
http://doi.org/10.1073/pnas.0509182102
http://www.ncbi.nlm.nih.gov/pubmed/16344461
http://doi.org/10.1186/s12935-019-0966-z
http://doi.org/10.1002/cncr.21733
http://www.ncbi.nlm.nih.gov/pubmed/16470608
http://doi.org/10.1007/s11060-009-9904-6
http://doi.org/10.1038/sj.onc.1201831
http://doi.org/10.1007/s13277-014-2709-z
http://doi.org/10.1016/j.ctrv.2020.102029


Genes 2023, 14, 501 14 of 15

39. Davis, F.G.; Freels, S.; Grutsch, J.; Barlas, S.; Brem, S. Survival rates in patients with primary malignant brain tumors stratified
by patient age and tumor histological type: An analysis based on Surveillance, Epidemiology, and End Results (SEER) data,
1973–1991. J. Neurosurg. 1998, 88, 1–10. [CrossRef] [PubMed]

40. Yang, L.S.; Huang, F.P.; Zheng, K.; Zhang, H.S.; Zhou, X.; Bao, X.H.; Zheng, J.J.; Chang, C.; Zhou, L.F. Factors affecting prognosis
of patients with intracranial anaplastic oligodendrogliomas: A single institutional review of 70 patients. J. Neurooncol. 2010, 100,
113–120. [CrossRef] [PubMed]

41. Jia, Z.; Li, X.; Yan, Y.; Shen, X.; Wang, J.; Yang, H.; Liu, S.; Han, C.; Hu, Y. Exploring the relationship between age and prognosis in
glioma: Rethinking current age stratification. BMC Neurol. 2022, 22, 350. [CrossRef] [PubMed]

42. Tang, S.; Liao, J.; Long, Y. Comparative assessment of the efficacy of gross total versus subtotal total resection in patients with
glioma: A meta-analysis. Int. J. Surg. 2019, 63, 90–97. [CrossRef] [PubMed]

43. Kramm, C.M.; Wagner, S.; Van Gool, S.; Schmid, H.; Strater, R.; Gnekow, A.; Rutkowski, S.; Wolff, J.E. Improved survival after
gross total resection of malignant gliomas in pediatric patients from the HIT-GBM studies. Anticancer Res. 2006, 26, 3773–3779.

44. Nam, J.Y.; de Groot, J.F. Treatment of Glioblastoma. J. Oncol. Pract. 2017, 13, 629–638. [CrossRef]
45. Trifiletti, D.M.; Alonso, C.; Grover, S.; Fadul, C.E.; Sheehan, J.P.; Showalter, T.N. Prognostic Implications of Extent of Resection in

Glioblastoma: Analysis from a Large Database. World Neurosurg. 2017, 103, 330–340. [CrossRef]
46. Shonka, N.A.; Aizenberg, M.R. Extent of Resection in Glioblastoma. J. Oncol. Pract. 2017, 13, 641–642. [CrossRef]
47. Li, Y.M.; Suki, D.; Hess, K.; Sawaya, R. The influence of maximum safe resection of glioblastoma on survival in 1229 patients: Can

we do better than gross-total resection? J. Neurosurg. 2016, 124, 977–988. [CrossRef]
48. Gessler, F.; Bernstock, J.D.; Braczynski, A.; Lescher, S.; Baumgarten, P.; Harter, P.N.; Mittelbronn, M.; Wu, T.; Seifert, V.; Senft,

C. Surgery for Glioblastoma in Light of Molecular Markers: Impact of Resection and MGMT Promoter Methylation in Newly
Diagnosed IDH-1 Wild-Type Glioblastomas. Neurosurgery 2019, 84, 190–197. [CrossRef]

49. Pasqualetti, F.; Montemurro, N.; Desideri, I.; Loi, M.; Giannini, N.; Gadducci, G.; Malfatti, G.; Cantarella, M.; Gonnelli, A.;
Montrone, S.; et al. Impact of recurrence pattern in patients undergoing a second surgery for recurrent glioblastoma. Acta Neurol.
Belg. 2022, 122, 441–446. [CrossRef]

50. Montemurro, N.; Fanelli, G.N.; Scatena, C.; Ortenzi, V.; Pasqualetti, F.; Mazzanti, C.M.; Morganti, R.; Paiar, F.; Naccarato,
A.G.; Perrini, P. Surgical outcome and molecular pattern characterization of recurrent glioblastoma multiforme: A single-center
retrospective series. Clin. Neurol. Neurosurg. 2021, 207, 106735. [CrossRef]

51. Indraccolo, S.; Lombardi, G.; Fassan, M.; Pasqualini, L.; Giunco, S.; Marcato, R.; Gasparini, A.; Candiotto, C.; Nalio, S.; Fiduccia,
P.; et al. Genetic, Epigenetic, and Immunologic Profiling of MMR-Deficient Relapsed Glioblastoma. Clin. Cancer Res. 2019, 25,
1828–1837. [CrossRef]

52. Gilbert, M.R.; Wang, M.; Aldape, K.D.; Stupp, R.; Hegi, M.E.; Jaeckle, K.A.; Armstrong, T.S.; Wefel, J.S.; Won, M.; Blumenthal,
D.T.; et al. Dose-dense temozolomide for newly diagnosed glioblastoma: A randomized phase III clinical trial. J. Clin. Oncol.
2013, 31, 4085–4091. [CrossRef]

53. Brooks, W.H.; Markesbery, W.R.; Gupta, G.D.; Roszman, T.L. Relationship of lymphocyte invasion and survival of brain tumor
patients. Ann. Neurol. 1978, 4, 219–224. [CrossRef]

54. Palma, L.; Di Lorenzo, N.; Guidetti, B. Lymphocytic infiltrates in primary glioblastomas and recidivous gliomas. Incidence, fate,
and relevance to prognosis in 228 operated cases. J. Neurosurg. 1978, 49, 854–861. [CrossRef]

55. Dunn, G.P.; Bruce, A.T.; Ikeda, H.; Old, L.J.; Schreiber, R.D. Cancer immunoediting: From immunosurveillance to tumor escape.
Nat. Immunol. 2002, 3, 991–998. [CrossRef] [PubMed]

56. Dunn, G.P.; Old, L.J.; Schreiber, R.D. The three Es of cancer immunoediting. Annu. Rev. Immunol. 2004, 22, 329–360. [CrossRef]
[PubMed]

57. Smyth, M.J.; Dunn, G.P.; Schreiber, R.D. Cancer Immunosurveillance and Immunoediting: The Roles of Immunity in Suppressing
Tumor Development and Shaping Tumor Immunogenicity. Adv. Immunol. 2006, 90, 1–50. [CrossRef] [PubMed]

58. Sarkaria, J.N.; Hu, L.S.; Parney, I.F.; Pafundi, D.H.; Brinkmann, D.H.; Laack, N.N.; Giannini, C.; Burns, T.C.; Kizilbash, S.H.;
Laramy, J.K.; et al. Is the blood-brain barrier really disrupted in all glioblastomas? A critical assessment of existing clinical data.
Neuro Oncol. 2018, 20, 184–191. [CrossRef]

59. Kmiecik, J.; Poli, A.; Brons, N.H.; Waha, A.; Eide, G.E.; Enger, P.O.; Zimmer, J.; Chekenya, M. Elevated CD3+ and CD8+ tumor-
infiltrating immune cells correlate with prolonged survival in glioblastoma patients despite integrated immunosuppressive
mechanisms in the tumor microenvironment and at the systemic level. J. Neuroimmunol. 2013, 264, 71–83. [CrossRef]

60. Waziri, A.; Killory, B.; Ogden, A.T., 3rd; Canoll, P.; Anderson, R.C.; Kent, S.C.; Anderson, D.E.; Bruce, J.N. Preferential in situ
CD4+CD56+ T cell activation and expansion within human glioblastoma. J. Immunol. 2008, 180, 7673–7680. [CrossRef]

61. Galon, J.; Costes, A.; Sanchez-Cabo, F.; Kirilovsky, A.; Mlecnik, B.; Lagorce-Pages, C.; Tosolini, M.; Camus, M.; Berger, A.; Wind,
P.; et al. Type, density, and location of immune cells within human colorectal tumors predict clinical outcome. Science 2006, 313,
1960–1964. [CrossRef]

62. Pages, F.; Kirilovsky, A.; Mlecnik, B.; Asslaber, M.; Tosolini, M.; Bindea, G.; Lagorce, C.; Wind, P.; Marliot, F.; Bruneval, P.; et al.
In situ cytotoxic and memory T cells predict outcome in patients with early-stage colorectal cancer. J. Clin. Oncol. 2009, 27,
5944–5951. [CrossRef]

http://doi.org/10.3171/jns.1998.88.1.0001
http://www.ncbi.nlm.nih.gov/pubmed/9420066
http://doi.org/10.1007/s11060-010-0146-4
http://www.ncbi.nlm.nih.gov/pubmed/20195700
http://doi.org/10.1186/s12883-022-02879-9
http://www.ncbi.nlm.nih.gov/pubmed/36109699
http://doi.org/10.1016/j.ijsu.2019.02.004
http://www.ncbi.nlm.nih.gov/pubmed/30742934
http://doi.org/10.1200/JOP.2017.025536
http://doi.org/10.1016/j.wneu.2017.04.035
http://doi.org/10.1200/JOP.2017.027599
http://doi.org/10.3171/2015.5.JNS142087
http://doi.org/10.1093/neuros/nyy049
http://doi.org/10.1007/s13760-021-01765-4
http://doi.org/10.1016/j.clineuro.2021.106735
http://doi.org/10.1158/1078-0432.CCR-18-1892
http://doi.org/10.1200/JCO.2013.49.6968
http://doi.org/10.1002/ana.410040305
http://doi.org/10.3171/jns.1978.49.6.0854
http://doi.org/10.1038/ni1102-991
http://www.ncbi.nlm.nih.gov/pubmed/12407406
http://doi.org/10.1146/annurev.immunol.22.012703.104803
http://www.ncbi.nlm.nih.gov/pubmed/15032581
http://doi.org/10.1016/s0065-2776(06)90001-7
http://www.ncbi.nlm.nih.gov/pubmed/16730260
http://doi.org/10.1093/neuonc/nox175
http://doi.org/10.1016/j.jneuroim.2013.08.013
http://doi.org/10.4049/jimmunol.180.11.7673
http://doi.org/10.1126/science.1129139
http://doi.org/10.1200/JCO.2008.19.6147


Genes 2023, 14, 501 15 of 15

63. Mauldin, I.S.; Jo, J.; Wages, N.A.; Yogendran, L.V.; Mahmutovic, A.; Young, S.J.; Lopes, M.B.; Slingluff, C.L., Jr.; Erickson, L.D.;
Fadul, C.E. Proliferating CD8(+) T Cell Infiltrates Are Associated with Improved Survival in Glioblastoma. Cells 2021, 10, 3378.
[CrossRef] [PubMed]

64. Kim, Y.H.; Jung, T.Y.; Jung, S.; Jang, W.Y.; Moon, K.S.; Kim, I.Y.; Lee, M.C.; Lee, J.J. Tumour-infiltrating T-cell subpopulations in
glioblastomas. Br. J. Neurosurg. 2012, 26, 21–27. [CrossRef] [PubMed]

65. Perrin, G.; Schnuriger, V.; Quiquerez, A.L.; Saas, P.; Pannetier, C.; de Tribolet, N.; Tiercy, J.M.; Aubry, J.P.; Dietrich, P.Y.; Walker, P.R.
Astrocytoma infiltrating lymphocytes include major T cell clonal expansions confined to the CD8 subset. Int. Immunol. 1999, 11,
1337–1350. [CrossRef] [PubMed]

66. Ruffell, B.; DeNardo, D.G.; Affara, N.I.; Coussens, L.M. Lymphocytes in cancer development: Polarization towards pro-tumor
immunity. Cytokine Growth Factor Rev. 2010, 21, 3–10. [CrossRef]

67. Zamarron, B.F.; Chen, W. Dual roles of immune cells and their factors in cancer development and progression. Int. J. Biol. Sci.
2011, 7, 651–658. [CrossRef]

68. Bos, R.; Marquardt, K.L.; Cheung, J.; Sherman, L.A. Functional differences between low- and high-affinity CD8(+) T cells in the
tumor environment. Oncoimmunology 2012, 1, 1239–1247. [CrossRef]

69. Bos, R.; Sherman, L.A. CD4+ T-cell help in the tumor milieu is required for recruitment and cytolytic function of CD8+ T
lymphocytes. Cancer Res. 2010, 70, 8368–8377. [CrossRef]

70. Mitsdoerffer, M.; Aly, L.; Barz, M.; Engleitner, T.; Sie, C.; Delbridge, C.; Lepennetier, G.; Ollinger, R.; Pfaller, M.; Wiestler, B.; et al.
The glioblastoma multiforme tumor site promotes the commitment of tumor-infiltrating lymphocytes to the T(H)17 lineage in
humans. Proc. Natl. Acad. Sci. USA 2022, 119, e2206208119. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.3390/cells10123378
http://www.ncbi.nlm.nih.gov/pubmed/34943886
http://doi.org/10.3109/02688697.2011.584986
http://www.ncbi.nlm.nih.gov/pubmed/21707245
http://doi.org/10.1093/intimm/11.8.1337
http://www.ncbi.nlm.nih.gov/pubmed/10421791
http://doi.org/10.1016/j.cytogfr.2009.11.002
http://doi.org/10.7150/ijbs.7.651
http://doi.org/10.4161/onci.21285
http://doi.org/10.1158/0008-5472.CAN-10-1322
http://doi.org/10.1073/pnas.2206208119
http://www.ncbi.nlm.nih.gov/pubmed/35969754

	Introduction 
	Materials and Methods 
	Study Population 
	Tissue Microarray 
	Immunohistochemistry and Imaging Analysis 
	Molecular Characterization 
	Statistical Analyses 

	Results 
	Clinicopathological Findings 
	Clinico-Pathological Features and Prognosis 
	TILs Characterization in GBM and Normal Tissue 
	TILs Levels and Clinical Outcomes 

	Discussion 
	Conclusions 
	References

