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Abstract

Background The androgen receptor (AR) has been demonstrated to play a role in the pathogenesis of glioblastoma;
however, the implications of circulating testosterone levels in the biology of glioblastoma remain unknown.

Aim This study aimed to analyze the association between circulating testosterone levels and the prognosis
of patients with glioblastoma.

Methods Forty patients with primary glioblastoma were included in the study. The main prognostic endpoint

was progression-free survival (PFS). Circulating testosterone levels were used to determine the state of androgen
deficiency (AD). AR expression was analyzed by reverse-transcriptase polymerase chain reaction, Western blot,

and immunofluorescence. Survival analysis was performed using the log-rank test and univariate and multivariate Cox
regression analysis.

Results Most of the patients showed AR expression, and it was mainly located in the cytoplasm, as well as in the
nucleus of tumor cells. Patients with AD presented a better PFS than those patients with normal levels (252.0 vs. 135.0
days; p=0.041). Furthermore, normal androgenic status was an independent risk factor for progression in a multivari-
ate regression model (hazard ratio=6.346; p=0.004).

Conclusion Circulating testosterone levels are associated with the prognosis of glioblastoma because patients
with AD show a better prognosis than those with normal androgenic status.
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Introduction

Glioblastoma is the most common primary brain tumor
in adults, with an incidence of approximately four
cases/100,000 inhabitants/year [1-3], although it can be
even higher in elderly patients, with an overall incidence
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Sex hormone receptors are one of those potential tar-
gets. The role of sex hormone receptors in glioblastoma
has already been analyzed [6]. Progesterone, estrogen,
and androgen receptors are expressed in glioblastoma
tissues, and they have been demonstrated to play a role
in glioblastoma pathogenesis, modulating cell growth,
migration, and invasion [7-12]. In vitro studies have
revealed that physiological doses of progesterone may be
linked to increased aggressiveness in glioblastoma cells,
whereas higher doses of progesterone appear to exhibit
an anti-tumoral effect. Additionally, the activation of the
estrogen receptor in glioblastoma cells follows a dose-
dependent pattern. A special focus on the androgen
receptor (AR) and its pathogenic role in glioblastoma
has been provided in the last decade. The AR is a type of
nuclear receptor that is mainly activated by the binding
of androgens, mainly testosterone and dihydrotestoster-
one. The inactivated AR is mainly located in the cyto-
plasm. The union of an androgen molecule produces a
conformational change in the receptor and a dissociation
from heat-shock proteins. The activated AR translocates
to the nucleus, dimerizes, and binds to specific hormone
response elements to regulate the expression of certain
genes (called androgen-responsive genes [ARGs]) [13,
14].

A higher AR expression in glioblastoma biopsies than
in the normal brain has been reported [12, 15-17], and
AR expression has been associated with the histologi-
cal grade of glial tumors; a high AR expression is found
whenever the tumoral grade increases [18]. Regarding
the role of the AR in glioblastoma, its activation has been
associated with increased proliferation of glioblastoma
cells and increases in their migration and invasiveness
capacity [17, 19, 20]. Furthermore, in vitro and in vivo
studies have shown that silencing the AR gene or its
pharmacological blockade led to tumoral cell death [15,
16, 18, 21]. A study recently demonstrated that enzaluta-
mide (an anti-androgen) not only inhibits the prolifera-
tion of glioblastoma cells both in vitro and in vivo but
also targeted glioma stem cells (GSCs) [16]. Interestingly,
a cross-talk between the AR and epidermal growth fac-
tor receptor (EGFR) pathways has been described in
glioblastoma cells [11] and AR activation in vitro regu-
lates transcription programs related to radiation-induced
DNA damage repair [22]. Finally, a recent in silico study
demonstrated a worse prognosis in patients with higher
AR activity [23].

Therefore, AR activity plays a role in the biology of glio-
blastoma. However, the implications of circulating tes-
tosterone levels in AR activity in glioblastoma have not
been analyzed yet. Testosterone levels were reported to
be higher in patients with gliomas than in patients with
other neurosurgical diseases, such as benign tumors or
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craniocerebral trauma [18]. Additionally, the difference
in the incidence rates of glioblastoma reported by sex
(3:2, men:women) reinforced the hypothesis that a more
androgenic environment facilitates glioblastoma develop-
ment [2], but this must be confirmed.

With the above, this study aimed to analyze the effect
of circulating testosterone levels on the prognosis of
patients with glioblastoma and AR activity and to iden-
tify any clinical, radiological, or molecular difference
between patients with normal or abnormal testoster-
one levels. The identification of a possible association
between the androgenic status and the prognosis in glio-
blastoma could facilitate the use of the AR as a plausible
therapeutic target.

Methods
Study design
A prospective observational study was conducted.

Patients
Forty consecutive patients with primary glioblastoma
(IDH1 and 2 wild-type), diagnosed and treated in our
center, were included in the study (mean age, 62.7 years;
16 women). The World Health Organization (WHO) cen-
tral nervous system (CNS) from 2016 was used for tumor
classification by two independent pathologists. The first
patient was enrolled in May 2019, and the last patient in
September 2021. After the surgery, all patients were man-
aged following the standard of care, with chemoradio-
therapy (temozolomide) at standard doses. The sample
size was estimated in 27 patients with a 95% confidence
level (CI) and 3% precision to determine a minimum haz-
ard ratio of 3.0 (HR=3.0) of an interest variable. Molec-
ular data were only available for 28 patients (although
ultimately only 25 were included in the analysis due to a
lack of some clinical data). The methylation status of the
MGMT promoter and expression of Ki-67 were extracted
from pathological reports for every patient included in
the study.

All participants provide informed consent, and the
study was approved by the local ethics committee.

Hormonal blood level measurement

Blood probes were obtained from 8:00 to 9:00 AM before
the surgery (range, 1-6 days). No steroids were admin-
istered before blood probe acquisition. The levels of
luteinizing hormone (LH), follicle-stimulating hormone
(FSH), sex hormone binding globulin (SHBG), and total
testosterone were measured using the IMMULITE 2000
analyzer. SHBG, FSH, and LH were measured in solid-
phase, two-site chemiluminescent immunometric assays.
Total testosterone was measured in a solid-phase, com-
petitive chemiluminescent enzyme immunoassay. Free
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testosterone was analyzed on MAGLUMI® analyzer. Free
testosterone levels were measured in competitive chemi-
luminescence immunoassays. The free androgen index
(FAI) was calculated for each patient following the for-
mula proposed by [24]:

# FAI = (total testosterone/ SHBG) x 100.

Hormonal levels were available for 35 patients. Andro-
gen deficiency (AD) and its origin (primary or second-
ary) were evaluated following the recommendations of
current clinical practice guidelines [25, 26]. Patients with
and without AD were compared.

Tissue sample handling

Once surgical probes were obtained, two tumor pieces
of 1-3 mm? were stored at— 80 °C at the Biobank of our
center. One piece was submerged in TRIzol™ (Thermo
Fisher Scientific, Waltham, MA, USA) for RNA extrac-
tion, and the other piece was submerged in formaldehyde
and, posteriorly, embedded in paraffin for immunohisto-
chemical analyses.

Quantitative reverse-transcription polymerase chain
reaction (QRT-PCR)

Total RNA was isolated using TRizol reagent following
the manufacturer’s instructions. Reverse-transcription
reactions were conducted using iScript cDNA Synthesis
kit (Bio-Rad Laboratories, Hercules, CA, USA), following
the manufacturer’s instructions.

PCRs were performed in a Bio-Rad CFX96 real-time
PCR system (Bio-Rad Laboratories) using 2xSso Fast
Eva Green Supermix (Bio-Rad Laboratories) and 0.4
umol/L of each primer in 10 pL of the final volume. Spe-
cific primers for each gene of interest amplification were
as follows (5’ = 3’):

AR (F: AATCCCACATCCTGCTCAAG, R: AAGTCC
ACGCTCACCATG)

MCEE (F: CAACCATGTAGCCATAGCAGTGC, R:
TCCATGTTCAGGAAGAGGGACC)

SLC26A2 (F: CAGATACCTCTGAGGACCTACC, R:
CAACATGCTCCACAAAGCQ)

FKPB5 (F: TAGCCTCCTCCCAAAGTCC, R: CTA
ATCCAGAAACTCTCATCTGC)

VEGFA (F: ACAACAAATGTGAATGCAGACC, R:
ACACGCTCCAGGACTTATACC)

SLC22A3 (F: ATCGTCATTTACTTGCTATCCTGC,
R: CGTCCCCTTTCCAAATACACC)

KLF4 (F: ACCTACACAAAGAGTTCCCATC, R: TGT
GTTTACGGTAGTGCCTG).

All samples were analyzed in triplicate using the fol-
lowing thermal profile: after 30 s of initial denaturation
at 95 °C, 45 cycles of PCR were performed at 95 °C for
5 s and 59 °C for 5 s. Finally, a melting curve program
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at 65 °C to 95 °C was conducted with a heating rate of
0.1 °C/s and read every 0.5 °C. The expression levels of
the genes studied are presented as individual data points
as 2ACT [27].

Protein expression analysis by Western blot (WB)

Thirteen tissues samples homogenized in Laemmli sam-
ple buffer were electrophoresed on a denaturing 8%
polyacrylamide gel and transferred to Immobilon™-P
membranes (Millipore, Bedford, MA, USA) by elec-
troblotting. After blocking in phosphate-buffered solu-
tion/5% bovine serum albumin (BSA) for 1 h, protein
detection was performed overnight at 4°C using mouse
AR antibody (441) dilution 1:250 (sc-7305, Santa Cruz
Biotechnology Inc., Dallas, TX, USA) and anti-mouse
Ig sheep peroxidase (A5906, Sigma—Aldrich, Merck
Life Science S.L.U., Madrid, Spain) secondary antibody
(1:5000). Detection was performed using Immobilon
Western Chemiluminescent HRP substrate (Millipore,
Merck Life Science S.L.U.), according to the manufac-
turer’s instructions, in a ChemiDoc XRS (Bio-Rad Labo-
ratories). Band densities were measured using Image Lab
analysis software (Bio-Rad Laboratories) relative to total
proteins per lane.

AR activity estimation: AR score calculation

To infer the AR activity, the expression of previously
validated ARGs was determined [28]. Six ARGs were
selected from a group of 13 that have been previously
analyzed in HPr-1AR (normal prostate cell line) and
LNCaP (prostate cancer cell line) cells [28] and that have
been associated with a worse prognosis in glioblastoma
[23]. These genes are those whose primers are listed
above (i.e., MCEE, SLC26A2, FKPB5, VEGFA, SLC22A3,
and KLF4). As previously described elsewhere [29], AR
activity was defined by the quantification of the compos-
ite expression of this six-gene signature in each sample.
As in other works [23, 30], a Z-score was computed for
the expression of each gene in each sample by subtract-
ing the pooled mean from the RT-PCR expression values
and dividing the result by the pooled standard deviation.
The AR putative activity (called AR score) for each sam-
ple was then computed as the sum of the Z-scores of the
ARG signature. The median AR score (p50) was used to
analyze differences between patients with high or low AR
activity. As previously indicated in the qRT-PCR section,
this measure was only available for 25 patients.

Immunofluorescence

In this study, 5 pm thick, 10% formalin-fixed paraffin-
embedded tissue sections of 16 patients were deparaffi-
nized in xylene and hydrated in a graded series of alcohol
baths. After heat-induced epitope retrieval autoclaving
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samples at 120 °C for 10 min in sodium citrate buffer (pH
6.0), non-specific sites were blocked with 5% BSA in Tris-
buffered saline for 1 h at room temperature.

AR immunofluorescence staining was performed. Tis-
sue sections were incubated overnight at 4 °C, simultane-
ously with rabbit polyclonal AR antibody dilution 1:200
(PA1-110, Thermo Fisher Scientific). After three washes,
the samples were incubated for 1 h at room tempera-
ture in the dark and mixed with two secondary antibod-
ies: fluorescein isothiocyanate (FITC)-conjugated goat
polyclonal antibody against rabbit IgG (dilution 1:200;
#F9887; Sigma-—Aldrich, Merck Life Science S.L.U.).
Finally, samples were mounted with ProLong®Diamond
Anti-fade Mountant with DAPI (Molecular Probes by
Life Technologies) and analyzed under Leica SP8 (Leica
Microsystems, Wetzlar, Germany) confocal microscope.

Apart from the qualitative description of the immuno-
fluorescence images, the mean intensity of the AR fluo-
rescence in the nucleus and in the rest of the cell was
measured using Fiji (https://imagej.net/software/fiji/). A
mask with nuclei was firstly performed for each image;
afterwards, the mean intensity of AR fluorescence was
measured within the areas of this mask. An index of the
relative mean intensity in the nucleus to the mean global
intensity of the AR immunofluorescence was calculated
for each patient (so-called AR ).

Magnetic resonance imaging (MRI)

All the studied patients had presurgical MRI data availa-
ble. The OncoHabitats platform (https://www.oncohabita
ts.upv.es/) was used to measure three kinds of glioblas-
toma-related volumes: enhancing tumor, necrosis, and
edema volumes. This platform enables MRI preprocess-
ing in combination with automated segmentation of the
above-mentioned volumes based on convolutional neu-
ral networks [31]. Three patients were dropped from the
study because the MRI volume assessment was affected
by excessive movement during image acquisition, which
compromised the quality of the study. The segmentation
of the rest of the presurgical MRIs (n=37) was visually
inspected to confirm the absence of any bias. Apart from
the segmentation, the contrast enhancement pattern
(ring/peripheric vs. heterogeneous) was evaluated by two
experienced neurosurgeons. Furthermore, the necrosis-
to-contrast ratio was also calculated from the data pro-
vided by Oncohabitats.

Statistical analysis

Nonparametric statistical tests were used to compare
groups of patients (low vs. high AR score; AD vs. non-
AD). In this regard, the Mann—Whitney U was used to
analyze continuous variables (e.g., hormonal levels, AR
expression, and AR score), and Fisher’s exact test or
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Chi-square was used to analyze discrete variables (e.g.,
sex, extent of resection, and methylation). Correlation
analysis (Spearman’s Rho) was conducted between AR
expression at RNA and protein levels.

In this study, the main prognostic endpoint was pro-
gression-free survival (PFS), defined as the time from
treatment initiation until disease progression or worsen-
ing. Survival analysis was performed using Kaplan—Meier
curves and the log-rank test.

Furthermore, a univariate Cox regression analysis was
performed to calculate the HR of the association between
AD and PFS and OS. Furthermore, these variables were
included in the multivariate model, which also included
other variables that have been demonstrated to be asso-
ciated with prognosis in glioblastoma: age, presurgical
Karnofsky performance status (KPS), extent of resection,
and MGMT status. Significance for all analyses was con-
sidered when p <0.05.

Results

AR is widely expressed in tumoral cells of glioblastoma

AR expression in glioblastoma samples was assessed
both at RNA (qRT-PCR) and protein levels (WB and
immunofluorescence). All patients presented some lev-
els of AR expression (Fig. 1A, B), although no correla-
tion was identified between WB and qRT-PCR results
for each patient (CC=-0.052; p=0.849). AR immu-
nofluorescence (n=16) was mainly located in the cyto-
plasm of glioblastoma cells, as well as the nucleus, which
showed variable intensity among patients (Fig. 2A, B). In
some patients, nuclear aggregates of fluorescence were
observed, and in others, a higher intensity was observed
in cellular processes. The mean AR, fluorescence index
was 0.17 (SD=0.07), and no significant difference was
found between men and women (mean AR , 0.17 vs.
0.18; p=0.916) (Fig. 2B).

The AR showed variable activity in patients

with glioblastoma

The location of the AR in the nucleus may represent an
activated state of the receptor, binding to specific andro-
gen-response elements and promoting the expression of
some ARGs. Therefore, to determine AR activity in glio-
blastoma samples, the expression of specific ARGs was
determined to calculate the so-called AR score (Fig. 3A,
B). The median AR score (p50= —0.15) was used to ana-
lyze differences between patients with high or low AR
activity (Table 1). Patients with high AR scores presented
higher percentages of Ki67 positivity (31.78 vs. 22.77) and
lower necrosis-to-contrast ratio (0.26 vs. 0.86). However,
these differences did not reach significance (p >0.05). The
only significant difference between patients with high
and low AR scores was the distribution of the extent of
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Fig. 1 Expression of the androgen receptor (AR) in glioblastoma probes. A AR relative expression at the RNA level in each patient with available
probes for reverse-transcription polymerase chain reaction. B AR relative expression at the protein level in each patient with available probes

for Western blot

the resection; the proportion of complete resections was
higher in the low AR score group than in the high AR
score group. However, no difference in survival analy-
sis (PES or OS) was identified for the whole group, but
when analyzing the effect of the AR score in each sex, a
worse PES and OS was found in men with high AR scores
(Fig. 3C, D). It should be noted that there was no follow-
up loss. The mean follow-up period until progression was
195.7 (SD=186.97) days, and the mortality rate was 40%.

Relationship between AD and prognosis

Mean level of the free testosterone levels in participants
with available hormonal data was 6.12 ng/dl (SD=9.32).
Considering the definition of AD [25, 26], most of the
study patients showed abnormalities in their circulating
androgen levels, according to their sex and/or age. More
specifically, 72.2% (n=26, 11 women) of the patients with
available hormonal data presented low total testosterone
levels and 51.4% (n=18, 5 women) presented low free
testosterone levels. All these patients, except one, pre-
sented low FAI levels. Patients with low free testosterone
levels (18) were considered to have AD. To identify the
origin of AD, the levels of LH and FSH were also meas-
ured. None of the patients in this group showed low lev-
els of either FSH or LH. Thus, the AD of those patients
can be considered caused by primary hypogonadism [26].
Only one male patient presented high LH levels, and one
female patient showed high FSH levels.

The results of the comparison between patients with
and without AD are included in Table 2. Different sex
distribution was found between patients with and with-
out AD (male:female, 8:9 vs. 13:5), but this difference did
not reach significance (p=0.176) (Table 2).

Interestingly, the PFS rate was higher in the AD
group than in the non-AD group (252.0 vs. 135.0 days;
p=0.041) (Table 2, Fig. 4A, B). In a univariate regres-
sion analysis, patients with normal free testosterone

levels had a significantly increased risk of progression
(HR 2.704; 95% CI [1.007—7.257]; p=0.048). In a multi-
variate regression model (including other variables that
have been demonstrated to be associated with a worse
prognosis in glioblastoma [i.e., age, extent of resection,
presurgical KPS, and MGMT methylation status]), nor-
mal levels of circulating androgens upon diagnosis sig-
nificantly increase the risk of progression (HR 6.346; 95%
CI [1.812-22.223]; p=0.004) (Table 3). On the contrary,
regarding the OS, patients with AD presented a better
prognosis than patients with normal androgenic status
(864.0 vs. 314.0 days), but this difference was not sig-
nificant (p=0.156) (Table 2; Fig. 4C, D). In the univari-
ate Cox regression analysis, a normal androgenic status
was associated with a worse prognosis (HR 2.26; 95%
CI [0.71-7-21]; p=0.167). Although it did not reach
significance in the univariate analysis, this variable was
included in the model for multivariate analysis, and it
significantly increased the risk for OS in patients with
normal androgenic status (HR 5.18; 95% CI [1.20-22.46];
p=0.028) (Table 3).

Finally, an analysis of the prognosis in patients with or
without AD regarding their AR score was also performed.
Six patients in the AD group had high AR scores, whereas
the other six patients presented a normal androgen sta-
tus. The low number of patients in each group hinders
achieving sufficient statistical power, but some interest-
ing findings were obtained (Supplementary Table 1). As
shown in Fig. 4B for PFS and 4D for OS, a tendency for
better prognosis was observed in patients with both AD
and low AR scores. In other words, AD appears to lose its
“protective” effect when the AR activity is high.

Discussion

This study focused on analyzing the relationship between
circulating androgen levels and AR activity with the clini-
cal, molecular, and radiological features of glioblastoma.
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The AR was widely expressed in the study patients, with a
variable activity that was associated with a worse progno-
sis only in men. Finally, patients with AD presented a bet-
ter prognosis than those with normal androgenic status.
All the study patients with available tissues show a
significant AR expression. This result is in line with pre-
vious reports, where AR is commonly expressed in glio-
blastoma probes of both men and women [16]. However,
the most important is not AR expression, but AR activity
[23]. In this study, the AR activity has been inferred by
the AR score, an index computed with the expression of
specific ARGs. This index has been associated with prog-
nosis in terms of OS in patients with glioblastoma [23].
In this study, the deleterious effect of the AR score was
found only in men (Fig. 3C, D), although only 25 patients
were included in this analysis. Furthermore, the extent
of the resection was the only factor showing a significant
difference between patients with high or low AR activ-
ity (Table 1). The extent of the resection is a well-known
prognostic factor in glioblastoma [32]. Thus, this differ-
ent distribution between patients with high and low AR
activity may limit the value of the results presented here
because patients with low AR scores presented account

for higher proportion of patients with total resec-
tion (92.3%) than patients with high AR scores (41.7%).
Regardless, it seems evident that the extent of resection
does not appear to be a variable related to the AR-Score.
It is associated with the tumor’s location and its relation-
ship with eloquent areas, but not with the molecular
characteristics of the lesion. In any case, increasing the
number of patients and measuring their AR activity will
confirm whether the AR score is a good prognostic fac-
tor for glioblastoma. Furthermore, it is interesting to note
the possible relationship between a higher proliferative
index (Ki67) with increased androgen receptor activity, as
well as a lower necrosis-to-contrast ratio. Although these
results do not reach statistical significance, they support
the existence of greater aggressiveness in glioblastomas
with a high AR-Score.

AR activation is normally mediated by the union of
an androgenic hormone (testosterone) to the receptor
(so-called canonical pathway). Accordingly, circulat-
ing androgen levels were measured, and the androgenic
status was evaluated. In this study, the presence of AD
is an independent factor associated with a better prog-
nosis in terms of PFS and OS. This finding is supported
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Table 1 Comparison between patients with low and high AR-Score
AR-Score p-value
Low High
(n=13) (n=12)
Age (years) 64.31 (SD=14.00) 66.08 (SD=7.33) 0.744!
Gender (male:female) 7:6 6:6 1.0?
Karnofsky < 70 - 2 (16.7%) 0.125%
Biopsy/partial
Resection - 2(16.7%) 0.023?
Subtotal 1(7.7%) 5(41.7%)
Total 12 (92.3%) 5(41.7%)
Ki67 22.77 (SD=17.64) 31.78 (SD=20.34) 0.076'
MGMT methylation 6 (46.2%) 5 (41.7%) 1.0?
Pattern of contrast enhancement
Peripheric 6 (46.2%) 6 (50.0%) 1.0
Heterogeneous 7 (53.8%) 6 (50.0%)
Enhancing tumor (cc) 18.03 (SD=15.57) 22.22 (SD=1044) 0424
Edema (cc) 70.39 (SD=39.92) 43.13 (SD=23.30) 0.140"
Necrosis (cc) 9.38 (SD=8.65) 6.66 (SD=9.66) 0.324!
Necrosis-to-contrast ratio 0.86 (SD=0.99) 0.26 (SD=0.32) 0.074'
AR expression (WB) (Z-value) -0.30 (SD=1.01) -0.49 (SD=0.84) 0.188'
ARn/t fluorescence 5(SD=0.05) 0.19 (SD=0.07) 0.278!
Androgen deficiency (n=21) 5 (45.5%) 6 (60.0%) 0.6702
Progression-free survival (days) 194.0 [0-449.5] 172.0[143.3-200.6] 04273
Men 637.0 [73.7-1200.3] 168.0 [84.0-252.0] 0016°
Women 103.0 [86.2-119.8] 186.0 [17.0-355.0] 04693
Overall survival (days) 687.0 [246.7-1127.3] 406.0 [274.4-537.6] 0.258°
Men 864.0 [209.7-1518.3] 01[211.7-390.3] 0.039°
Women 474.0°[193.8-754.5] 420.07 [263.2-576.2] 0.964°

! Mann-Whitney U test
2 Fisher's exact test or Chi-square

3 Log-rank test

2This value represents the mean period, while the mean was cannot be computed because of the limited follow-up

by previous works that have shown an increase in the
growth and invasiveness of glioblastoma cell lines
exposed to testosterone [17, 19, 20]. Furthermore, AR
activation by its canonical pathway has been associated
with the inhibition of the transforming growth factor-p
pathway-induced antiproliferative and proapoptotic
response in glioblastoma cells [12]. Higher levels of cir-
culating androgens in patients with gliomas than in
patients with other neurosurgical diseases were previ-
ously described [18], but no previous study has focused
on the effect of circulating androgen levels on the prog-
nosis of glioblastoma. The levels of testosterone have
also be associated with a worse prognosis in prostate [33]
and breast cancer [34]. Furthermore, the epidemiology
of glioblastoma, with a higher incidence in men than in
women (3:2) [2], also supports this finding. Unquestion-
ably, at any moment of the disease course, men have

higher possibility than women to have increased circulat-
ing androgen levels, which would explain the worse prog-
nosis that was reported for men. Therefore, the higher
the androgenic status is the environment in glioblastoma,
the worse its behavior. Taken together our study and
other pieces of evidence support the implication of the
AR in glioblastoma pathogenesis mainly by its canonical
pathway (i.e., androgen dependent). However, another
interesting finding of the present study is the lack of a
relationship between AR activity and circulating andro-
gens levels. Interestingly, patients with AD were found
to have high AR scores. This finding may have different
explanations. Although the main activation pathway of
the AR is the canonical pathway, there is an alternative
pathway where the AR can be activated without hormone
action (non-genomic pathway). Thus, a high AR activity
in AD may be associated with the hormone-independent
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Table 2 Comparison between patients with or without androgen deficiency

Androgenic deficiency p-value
No (n=17) Yes (n=18)

Age (years) 62.71 (SD=11.58) 65.39 (SD=8.68) 0.525!
Gender (male:female) 89 13:5 0.176°
Karnofsky < 70 1(5.9%) 2(11.1%) 1.0007
Resection

Biopsy/partial 6 (35.3%) 4(22.2%) 0.692?

Subtotal 3(17.6%) 4(22.2%)

Total 8(47.1%) 10 (55.6%)
Kie7 26.29 (SD=13.16) 29.33 (SD=21.31) 0970
MGMT methylation 8 (50.0%) 9 (50.0%) 1.000?
Pattern of contrast enhancement

Peripheric 8 (47.1%) 12 (66.7%) 03157

Heterogeneous 9 (52.9%) 6 (33.3%)
Enhancing tumor (cc) 2236 (SD=19.11) 2353 (SD=11.58) 0.465'
Edema (cc) 59.78 (SD=37.34) 51.20 (SD=33.11) 0.533!
Necrosis (cc) 9.99 (SD=11.33) 9.79 (SD=10.62) 0.986'
Necrosis-to-contrast ratio 0.57 (SD=0.74) 0.36 (SD=0.28) 0.736'
AR expression (WB) (Z-value) 0.11(SD=1.07) -0.12(SD=1.10) 0.818'
AR-Score (Z-value) -1.15 (SD=4.12) 0.11(SD=1.38) 0251
ARn/t fluorescence 0.16 (SD=0.04) 1.28 (SD=3498) 0573
Progression-free survival (days) 135.0 [90.5-179.5] 252.0 [0-720.8] 0.0413
Men 200.0 [94.6-305.4] 252.0 [0-735.8] 0.1553
Women 105.0 [88.8-121.2] 286.0% [32.2-540.8] 04423
Overall survival (days) 314.0 (95.2-532.8] 864.0 [333.9-1394.1] 0.156°
Men 314 [293.2-334.8] 406.0 [256.8-555.2] 0.257°
Women® - - -

" Mann-Whitney U test
2 Fisher's exact test or Chi-square
3 Log-rank test

2This value represents the mean period, whereas the mean could not be computed because of the limited follow-up

b No statistics were computed because all cases were censored

AR activation pathway. The hormone-independent AR
pathway has mainly been studied in prostate and breast
cancers [35-37] but much less in glioblastoma. An
in vitro study with glioblastoma cell lines reported AR
activation that was mediated by EGFR signaling [11]. In
that study, the experiments were conducted without tes-
tosterone in the culture media. In this sense, and accord-
ing to the previous paragraph, the presence of androgens
would lead to preferential activation of the AR by its
canonical pathway and not by the non-genomic one.

On the contrary, the presence of intratumoral steroido-
genesis would also be a plausible explanation of the high
AR activity in AD. As Lin et al. (2019) described, glio-
blastoma cells express all the machinery for steroid pro-
duction, and there is an active intratumoral androgenic
production [38]. Intratumoral steroidogenesis might not
be regulated by circulating levels of androgens, as was

described in prostate cancer [39], and it may significantly
vary among patients, where some patients show higher
steroid production, whereas others had lower produc-
tion. The involvement of intratumoral steroidogenesis
in glioblastoma growth, invasiveness, and recurrence
should be deeply investigated.

Finally, another explanation for the higher AR activ-
ity in patients with AD is the cross-talk between steroid
receptors. In this regard, cross-talk between glucocor-
ticoid and androgenic pathways has been described. In
many cases, steroid receptors have heterodimerization
(e.g., glucocorticoid receptor [GR] and AR). Consider-
ing that dexamethasone is commonly used in patients
with glioblastoma to control symptoms related to brain
edema, the activation of the AR pathway via heter-
odimerization with GR may lead to an increase in the
expression of ARGs and, consequently, an increase in
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Fig. 4 Survival analysis comparing the effect of androgen deficiency (AD). A Progression-free survival (PFS) analysis. B PFS analysis in patients
with and without AD and different levels of AR scores. C Overall survival (OS) analysis. D OS analysis in patients with and without AD and different

levels of AR scores

the AR score. Dexamethasone has been associated with
a worse prognosis in patients with glioblastoma, which
is related with the direct action of this drug in glio-
blastoma cells [40]. The measurements of circulating
Table 3 Multivariate analysis for progression-free survival and

overall survival, including the androgenic status in a model with
the widely accepted prognostic factors in glioblastoma

Variable Hazard ratio 95% p-value
confidence
interval

Lower Upper

Progression-free survival

Age 1.070 1.01 113 0.016
Karnofsky <70 0.000 0.00 - 0.983
Resection: subtotal vs. biopsy ~ 1.043 0.22 5.05 0.958
Resection: complete vs. biopsy 0.617 0.18 2.08 0435
MGMT methylation 2.239 0.78 6.44 0.135
Normal androgenic status 6.346 1.81 2222 0.004
Overall survival

Age 1.051 0.98 112 0.137
Karnofsky <70 0.000 0.00 - 0.987
Resection: subtotal vs. biopsy ~ 0.288 0.03 238 0.248
Resection: complete vs. biopsy  0.256 0.05 123 0.090
MGMT methylation 2.008 0.56 715 0.282

Normal androgenic status 5.188 1.20 2246 0028

androgen levels were performed before the initiation
of dexamethasone treatment; thus, the levels of circu-
lating androgens are not influenced by the drugs, but it
would be the AR score.

Some limitations, apart from the low number of
patients, should be considered. First, the AR activity
has been inferred by the expression of a set of ARGs
that has been validated by prostate cancer, but not for
glioblastoma. A study demonstrated that the expres-
sions of these ARGs are associated with a worse prog-
nosis in glioblastoma, but a validation or identification
of specific glioblastoma ARGs should be performed in
future studies. On the contrary, the androgenic status
is only validated before treatment initiation. Although
no patient received supplementations for AD, this sta-
tus may change along the disease. Future studies should
consider the evolution of circulating androgen levels
along the disease and confirm if persistent AD bene-
fits patients with glioblastoma. To our knowledge, this
is the first study reporting a relationship between the
androgenic status and prognosis of patients with glio-
blastoma. This finding might have significant clinical
and therapeutic implications for the management of
this tumor.
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Conclusion

The presence of low circulating testosterone levels is
associated with a better prognosis in glioblastoma in
terms of both PFS and OS. This finding is in line with
in vitro and in vivo studies where the exposure of glio-
blastoma cells to testosterone increases tumor aggres-
siveness. Nevertheless, AR activity may not be only
mediated by the levels of circulating androgens. Alterna-
tive pathways may lead to AR activation, and they should
be explored in future studies. In any case, the AR appears
to be a good therapeutic target candidate for future clini-
cal studies.
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