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Abstract

Purpose Glioblastoma (GBM) is the most common malignant tumor of the central nervous system. Median survival of
glioblastoma patients under standard therapy including radiotherapy and chemotherapy using temozolomide (TMZ) is 14.6
months. As cell culture experiments combining b,L-methadone with doxorubicin demonstrated an increased reduction of cell
viability of glioblastoma cells, the opioid has been discussed as a drug for the treatment of GBM. Despite lack of clinical and
experimental evidence that p,L-methadone in combination with standard therapy will be beneficial, an increasing number of
tumor patients medicating themselves with p,L-methadone present to the hospitals in Germany.

Methods As a first step towards understanding whether b,L-methadone may increase the efficacy of standard therapy, we used
a cell culture model of primary GBM and fibroblast cell cultures derived from GBM patients. The cultures were treated with
different concentrations of b,L-methadone in combination with X-irradiation, TMZ or both. Cell viability was determined
by measuring ATP in cell lysates and dehydrogenase activity in living cells.

Results When only treated with p,L.-methadone, 1 uM of the opioid was sufficient to reduce viability of fibroblasts, whereas
10 uM was needed to significantly reduce glioblastoma cell viability. In addition, b,L.-methadone did not improve the anti-
neoplastic effects of X-irradiation, temozolomide or both.

Conclusions As p,L-methadone reduces glioblastoma cell viability only when concentrations are used that had been reported
to be toxic to patients and as there were no interactions observable combining it with standard therapy, a recommendation
for the use of p,L-methadone in glioblastoma therapy cannot be given.
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Introduction

The most common malignant primary tumor of the central
nervous system is glioblastoma (GBM) [1]. Under standard
therapy, consisting of tumor resection and adjuvant radio-
and chemotherapy using temozolomide (TMZ), median
survival of patients is 14.6 months [2]. After many years
of research and clinical trials with new drugs or new treat-
ment strategies only minor improvements have been made
such as by combining standard therapy with locoregion-
ally delivered antimitotics (tumor-treating fields; TTF),
which increased median overall survival to 20.9 months
compared to 16.0 months in a temozolomide-alone group
[3]. Hence, there is an urgent need for new therapeutic
strategies to treat glioblastoma. Understandably patients
are also willing to try whatever appears to be of help for
the treatment of their disease, even if the available data
is poor and there is no scientific proof for the efficacy of
the treatment. Such is the case with the treatment of glio-
blastoma by p,L-methadone—at least in Germany [4]. A
significant number of patients suffering from glioblastoma
(and already other types of tumors) requested or already
started to use p,L-methadone after reports in the public
press of Germany in 2017 [5] (see also data from a sur-
vey of the “Deutsche Gesellschaft fiir Himatologie und
Medizinische Onkologie e. V.” which is available online:
https://www.dgho.de/publikationen/stellungnahmen/gute-
aerztliche-praxis/methadon/Methadon_Ergebnisse_Mitgl
iederumfrage_20170824.pdf/view). Moreover, the public
discussion about the beneficial effects of p,L-methadone
already resulted in a petition to the German government
asking for funds for clinical trials investigating the opi-
oids’ impact on cancer therapy [German government;
petition number: 78411 (https://epetitionen.bundestag.
de/petitionen/_2018/_04/_30/Petition_78411.nc.html)]
which already reached quorum. The discussion was origi-
nally started after public reports based on observations
of Friesen and co-workers who demonstrated an effect of
D,L-methadone on two glioblastoma cell lines when com-
bined with doxorubicin [6]. In the same manuscript the
authors also report a reduced growth of U87 glioblastoma
cells transplanted into nude mice that were treated with
D,L-methadone alone. Although it appears to be safe to
use D,L-methadone for therapy at least under the concen-
trations currently discussed for the treatment of cancer
patients [7], there are no clinical data or even case reports
available in the literature that unequivocally prove that
Dp,L-methadone has beneficial effects in the treatment of
glioblastoma. In addition, only few data are available with
regard to a potential positive interaction between TMZ and
D,L-methadone. Testing this possibility using four brain-
tumor initiating cell lines (BITCs) and two established
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cell lines (U87 and U251), Brawansky et al. observed anti-
proliferative effects only at higher concentrations of D,L-
methadone (four cell lines), no effect in one cell line and
even significantly antagonistic effects in U87 [8]. Whether
the inclusion of X-irradiation may change this picture has
not been reported. Unfortunately, it is also not known,
how non-tumor cells may respond to a combination of D,L-
methadone with X-irradiation and TMZ. Before starting
clinical trials with patients we considered that these stud-
ies should be done in advance. Therefore, we used cultures
of tumor cells isolated from glioblastoma after surgery
and fibroblast cultures established from galea from the
same patients and subjected them to treatment with TMZ,
X-irradiation and p,L-methadone in different combinations.

Materials and methods
Reagents

Unless stated otherwise, all chemicals were purchased
from Sigma Aldrich (Taufkirchen, Germany).

Cell culture

Primary cell cultures were established as described before
using tumor tissue or galea (for fibroblasts) obtained
during standard surgery performed at the Neurosurgery
Department of the University Hospital Leipzig [9]. All
patients provided written informed consent according to
the German laws, and in accordance with the 1964 Hel-
sinki declaration and its later amendments, as confirmed
by the local committee (#144-2008). In Table 1 all cul-
tures used are depicted along with age and gender of the
donor and the MGMT-promoter methylation status. Cell
cultures were maintained in DMEM (4.5 g glucose/ml)
supplemented with 2 mM Glutamax™, 1% penicillin/
streptomycin (all from Thermo Fisher Scientific, Darm-
stadt, Germany) and 10% fetal bovine serum (Biochrom
GmbH, Berlin, Germany) and cultivated in an incubator
(37 °C, 5% CO,). The MGMT-promoter methylation status
of established cultures was determined by pyrosequencing
using the PyroMark Q24 System and the PyroMark Q24
CpG MGMT kit (Qiagen, Hilden, Germany) according to
manufacturer’s instructions. All cells used in the experi-
ments were tested for the expression of nestin, which is
supposed to be mainly present in the proliferating cell
population [10]. In addition, we also tested for expression
of GFAP, which is supposed to be negative in the prolifer-
ating cell population [11] (Supplemental Fig. 1).
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Table 1 Cell cultures and tissue samples used in the study presented
Pat. Age/years Gender Diagnosis Label Sample type Pas. MGMT GFAP Nestin
methylation
1 69 Male Glioblastoma wild type P0493 Glioblastoma 4 3.00% N P
P0495 Fibroblast 1 3.00% n/a n/a
2 41 Male Glioblastoma wild type P0514 Glioblastoma 8 3.60% N P
P0516 Fibroblast 3 3.80% n/a n/a
3 75 Male Glioblastoma wild type P0556 Glioblastoma 6 3.60% N P
P0557 Fibroblast 4 3.40% n/a n/a
4 73 Female Glioblastoma wild type P0560 Glioblastoma 3 14.60% P P
P0562 Fibroblast 9 4.00% n/a n/a
5 73 Male Glioblastoma wild type P0622 Glioblastoma 4 3.60% N P
P0623 Fibroblast 2 3.60% n/a n/a
6 74 Male Glioblastoma wild type P0627 Glioblastoma 6 3.20% N N
P0628 Fibroblast 7 2.00% n/a n/a
60 Male Glioblastoma wild type P0023 Glioblastoma 54 96.40% N N
59 Female Meningioma P0744 Brain tissue Tissue n/a n/a n/a

The table indicates patients’ age at surgery in years, gender, confirmed pathology, the internal label used for cultures and tissues, sample type
and passage number of cell cultures used in the experiments. In addition, the methylation status of the MGMT promoter of the cultured cells is
indicated and whether the culture exhibited cells expressing GFAP or Nestin. The label PO744 identifies tissue from a 59-year-old patient diag-
nosed with meningeoma. The brain tissue was derived from the peritumoral edema zone [not contrast enhanced in magnetic resonance imaging
(MRI)] (note: this tissue had to be removed during surgery to get sufficient surgical access to the MRI contrast enhanced meningioma tumor tis-

sue)

N no marker expression detectable, P marker expression detectable, na not investigated

Cell characterization by immunofluorescence

For nestin and glial fibrillary acidic protein (GFAP) detec-
tion, 7500 cells per well were seeded on 8-well cham-
ber slides (Lab-Tek System 177445, Permanox; Thermo
Fisher Scientific) and allowed to attach for 24 h. Then,
cells were washed with phosphate buffered saline (PBS;
Thermo Fisher Scientific), fixed in ethanol:acetone (1:2)
for 10 min, permeabilized with 0.5% Triton-X100 for
5 min, and immersed in PBS with 10% goat serum and
0.25% Triton-X-100 for 30 min to block unspecific bind-
ing sites. Slides were then incubated at 4 °C overnight
with antibodies against human nestin (anti-Nestin Anti-
body, clone10C2; MAB5326, Merck Millipore; 1:200) and
against GFAP (GFAP (D1F4Q); #12389; Cell Signaling
Technology, Frankfurt am Main, Germany; 1:200), diluted
in PBS with 2% goat serum and 0.25% Triton-X100. After
three washes with PBS, the slides were incubated at room
temperature for 1 h with secondary antibodies (goat anti-
mouse IgG F(ab')2-Alexa488 and goat anti-rabbit IgG
F(ab")2-Alexa568; both Invitrogen; 1:1000) diluted in PBS
with 2% goat serum and 0.25% Triton-X100. Nuclei were
counterstained with DAPI (4'6-diamidino-2-phenylindole-
dilactate 10 mg, 1:5.000; Invitrogen) for 5 min, and slides
were mounted in Mowiol 4-88/DABCO (Sigma Aldrich).
For controls, specific IgG isotypes were employed (Nestin:
mouse IgG1, 1:100, Millipore; GFAP: rabbit Ig, 1:320,

St. Cruz). ImageJ [12] was used to generate overlays of
images obtained by microscopy.

Cell viability assays

For cell viability assays, cells were counted and seeded in
200 pl medium into sterile 96-well plates (uClear, Greiner
Bio One, Frickenhausen, Germany) at a density of 400
cells per well. After 24 h of cultivation the medium was
aspirated and fresh medium supplemented with or with-
out 200 uM TMZ and/or p,L-methadone (0, 1 nM, 10 nM,
0.1 pM, 1 uM, 5 uM, 10 pM and 30 pM) was added. After
72 h cells were X-irradiated using a total dose of 4 Gy [13]
(DARPAC 150-MC, RayTech; with a dose rate of 0.813 Gy/
min). For control, cells were handled as if they had to be
irradiated but were not exposed to X-rays. Two hours after
irradiation, cells received fresh medium containing the sup-
plements they had received before irradiation. After further
cultivation for 70 h, cell viability was determined using the
CellTiter-Glo Luminescent Cell Viability Assay (Promega,
Mannheim, Germany) and the CellTiter-Blue Cell Viability
Assay (Promega). All assays were carried out according to
manufacturer’s protocols. Luminescence and fluorescence
were measured using a SpectraMax M5 multilabel reader
(Molecular Devices, Biberach, Germany). Each condition
was determined in sixfold by measuring six independent
wells.
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Western-blot analysis

Western blotting was performed as described previously
[14]. Briefly, cells were detached from culture flasks or
plates using StemPro Accutase (Thermo scientific) and col-
lected by centrifugation. Cell pellets were lysed by sonifi-
cation in ice cold RIPA buffer containing phosphatase and
protease inhibitors. 30 pg of protein were separated on a 12%
polyacrylamide gel, transferred to a low fluorescence PVDF
membrane (ab133411 Abcam, Cambridge, United Kingdom)
which afterwards was blocked and probed with an antibody
against human mu-opioid-receptor (MOR) (AB1580-I,
Merck Millipore, Darmstadt, Germany; 1:1000; 1 h) fol-
lowed by secondary antibody (goat anti-rabbit-IRDye800
[LI-COR; 925-32211] 1:10 000; 1 h). Protein bands were
visualized using an Odyssey Imaging System (LI-COR, Bad
Homburg, Germany). For reference, an anti-GAPDH anti-
body was used (Cell Signaling; #2118 1:10000; 1 h).

Statistical analysis

Cell viability data were calculated as follows: each data
point was normalized to the average signal of the untreated
control (set to 100%) of each cell culture. Then, the median
was calculated for each condition, following descriptive sta-
tistics with N=6 for each cell type (glioblastoma cells and
fibroblasts) and each condition. When applicable, Welsh’s ¢
tests were performed using the algorithms implemented in
Excel (Microsoft, Richmond, USA) (unpaired two-sample
test with unequal variances). Multivariate analysis of vari-
ance was performed by using SPSS (IBM, New York, USA;
Version: 24.0.0.2 64-bit). P values were adjusted according
to Benjamini and Hochberg [15] and a value < 0.05 was pre-
sumed to be significant.

Results

Expression of p-opioid receptor in primary
glioblastoma cells

As p,L-methadone is an agonist at the p-opioid receptor
(MOR), we investigated whether the receptor is expressed
in the cell cultures considered for our experiments. There-
fore, proteins isolated from six patient-derived glioblastoma
cultures were subjected to Western blotting. As can be seen
in Fig. 1a, all cultures aside from P0622 express the glyco-
sylated receptor at > 85 (Glyco 1) [16]. The > 66 kDa pep-
tide (Glyco 2) is only seen in the non-malignant brain tissue
but some cells also exhibit additional isoforms that accord-
ing to the supplier of the antibody are located at 55 (Iso
10), 45 (Iso 1), 36 (Iso 13) and 34 (Iso 12) kDa. Whether
the other bands detected are simply unspecific or belong to
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other (glycosylated) forms is unknown. In conclusion, all
glioblastoma cell cultures express MORs, although there
is a high degree of variability with regard to the isoforms
present. As there were indications from the literature that
p,L-methadone dependent on the concentration used may
decrease or increase expression of MOR mRNA [17], we
investigated this possibility using the cell cultures P0493
and P0514 which strongly differed in expression of MOR
(Fig. 1a). The cells were treated as described in the sec-
tion “Cell viability assays” (Material and methods). They
received 5 UM p,L-methadone alone (M), were X-irradiated
in the absence of p,L-methadone (X; 4 Gy) or were treated
by both conditions. MOR protein expression was compared
to untreated control cells (C). As can be seen in Fig. 1b,
MOR expression in culture PO514 was unaffected by treat-
ment. In culture P0493, which exhibits a low expression of
Glyco 1 when compared to P0514, both, b,L.-methadone and
X-irradiation, increased expression of this isoform, although
no additive effect was detectable. In addition, Iso 10 and Iso
12 appear to be positively affected by p,L-methadone, but
this result is suspicious as the effect appears to be lost when
cells are exposed to X-irradiation in addition.

Viability of glioblastoma cells and fibroblasts
under the influence of p,.-methadone

in combination with X-irradiation

and temozolomide treatment

Here, we investigated whether p,L-methadone may increase
the efficacy of radiotherapy and chemotherapy with TMZ
using 6 patient-derived glioblastoma cell cultures (Patient
1-6). In parallel, we also investigated the effect on fibro-
blasts isolated from the same 6 patients to identify possible
side effects on non-malignant cells. All cells were treated
with or without 200 uM TMZ, 4 Gy of X-irradiation
and different concentrations of p,L-methadone (0, 1 nM,
10 nM, 0.1 uM, 1 uM, 5 uM, 10 uM and 30 uM). As effects
of p,L-methadone were previously reported to be seen after
144 h of treatment [6], we also determined cell viability
after 144 h. In Fig. 2 the results with concentrations above
1 uM are summarized (data from concentrations below
1 uM, that did not show significant effects on viability,
were omitted for readability; however, all data are availa-
ble in Supplemental Fig. 2a, b). As can be seen in Fig. 2, a
concentration of 10 uM p,L-methadone causes a significant
effect on viability of glioblastoma cells that did not receive
additional treatment. When viability is already reduced
by TMZ and/or irradiation (at 0 pM p,L-methadone) the
opioid does not significantly diminish viability further at
this concentration. Although we observed a significant
reduction of viability at a concentration of 30 uM p,L-
methadone, this reduction was seen in all cells independ-
ent from additional treatment. In order to analyze whether



Cancer Chemotherapy and Pharmacology (2019) 83:1017-1024 1021
) > L © Q Vv A

9 ¢ P &L F ¢

kDA 3 RV R R R 3

100 — o _Glyco 1
70——— L —— ~Glyco2
50 — — - —lso 10

— ~lso 1

40 — <Iso 13
35— Iso 12
40 — s -
35 S TR cm— D G SRPR  C— GAPDH

b | P0493 | |

P0514 |

D ey c— —— G— — — Glyco 1

—lIso 10

kA C M X MX C M X MX
100 —

70— ___ &

50 — oy —_—

40— P

e GRam —— _<|SO13

Iso 12

Fig.1 MOR protein expression in patient-derived glioblastoma cul-
tures. a Using an antibody directed against MOR isoforms 1, 10,
12 and 13, which also detects glycosylated isoforms, Western blot
experiments were performed with protein from six patient-derived
glioblastoma cell cultures. As a positive control for MOR expression,
protein isolated from the tissue of the tumor-surrounding zone III
from “Patient 8” (P0744, underlined) was used. GAPDH was used as
loading control. The location of the 4 isoforms (Iso 1, Iso 10, Iso 12

there are significant differences between the response of
glioblastoma cells and fibroblasts, we performed a mul-
tivariate analysis with data obtained by both cell-based
assays. This analysis revealed neither statistically signifi-
cant difference (p > 0.05) between glioblastoma cells and
fibroblasts with regard to standard therapy nor to their
response to D,L-methadone or to the combination of D,L-
methadone in combination with standard therapy. In addi-
tion, no effect of p,L.-methadone on any kind of treatment
was detected. From these calculations, we conclude that
p,L-methadone does not increase the effect of TMZ and/or
irradiation. This is also reflected by the simple observation
that the reduction of viability of cells treated with 4 Gy,
with TMZ or by both conditions remains unchanged with
increasing concentrations of p,L-methadone (see Supple-
mental Fig. 3).

=== GAPDH

Iso 13) and of the two glycosylated variants (Glyco 1, Glyco 2), that
the antibody detects, are depicted to the right. b Primary glioblastoma
cultures P0493 and P0514 were treated as described in “Material and
methods” (section “Cell viability assays”). They received 5 uM p,L-
methadone without X-irradiation (M), were subjected to a single dose
of 4 Gy of X-irradiation (X) or treated by a combination of p,L-meth-
adone and X-ray (MX). MOR protein expression of treated cells was
then analyzed and compared to expression of untreated cells (C)

Discussion

Western blot experiments revealed expression of the
p-opioid receptor (MOR) in all of the patient-derived pri-
mary glioblastoma cell cultures. However, a significant
effect on glioblastoma cell growth was not seen below a
concentration of 10 uM p,L-methadone, which is in accord-
ance with recently published data by Brawanski et al., who
investigated the effect of p,L.-methadone alone and in com-
bination with TMZ in four BITCs and two established cell
lines [8]. These authors reported a decrease in viability
in the presence of p,L-methadone alone at concentrations
between 15 and 45 pg/uL (~50-150 pM) and no reduction
at a concentration of 1 pg/uL (3.2 uM) except for U87. In
accordance with the experiments of Brawanski et al., we
also did not detect an interaction between p,L-methadone and
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Fig.2 Viability of patient-derived fibroblasts and glioblastoma cells
under the influence of p,L-methadone, X-irradiation and TMZ. Glio-
blastoma cells (a, b) and fibroblasts cultures (¢, d) were treated with
different concentrations of p,L.-methadone (1, 5, 10 or 30 uM) in
combination with X-irradiation (4 Gy) and/or TMZ (200 pM). As
a measure of viability the amount of ATP in cell lysates (a, ¢) and
the activity of dehydrogenases in living cells (b, d) were determined.
Bars represent the average and standard deviation of six glioblastoma
and six fibroblast cultures (Patients 1-6) for each condition (0 Gy/0

TMZ at the concentrations employed in our experiments. In
addition, we also did not observe an interaction with X-irra-
diation nor with a combination of X-irradiation and TMZ.
Comparing the effect of b,L.-methadone on fibroblasts as a
model for non-tumor cells, we identified a loss of viability
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TMZ, 4 Gy/0 TMZ, 0 Gy/200 TMZ and 4 Gy/200 TMZ; each repre-
sented by a different greyscale) and with different concentrations of
p,L-methadone. Viability of cells that neither received p,L-methadone
nor TMZ and were also not irradiated was set to 100 percent viabil-
ity. Asterisks indicate statistical significance with adjusted p values
according to Benjamini and Hochberg between different treatments
indicated by the small bars above each panel (*p<0.05; ns not sig-
nificant)

that was statistically indistinguishable to that seen in GBM
cells under all conditions employed. At this point, it has
to be noted, that fibroblasts are still able to proliferate and
therefore do not reflect effects on non-proliferating neurons
or glia cells. Unfortunately, patient-derived neurons or glia
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cells are not available. Therefore, our experiments at least
indicate, that non-tumor cells with the capacity to proliferate
will be affected by treatment with p,L-methadone.

As stated above, we did not observe a significant effect
on glioblastoma cell growth below a concentration of 10 uM
D,L-methadone. At this point it is important to realize that
concentrations above 10 uM can hardly be achieved at the
side of the tumor. As Eap et al. pointed out, plasma concen-
trations of 400 pg/L for p,L-methadone (which is around
1.3 uM) might be used as target values in clinical manage-
ment, requiring a final methadone dosage of at least 60 mg/
day [18] (note: opioid-naive patients receiving p,L-metha-
done typically start with an intravenous dose of 2.5-10 mg
every 8—12 h which is gradually increased [19]). It should
also be noted that toxicological analysis of adult deaths
caused by methadone as the sole cause reported blood con-
centrations between 0.15 and 8.72 uM (median: 1.4 uM)
[20]. In addition, Kreye and co-workers reported five case
studies of clinical issues, rejecting the use of b,L-methadone
as anti-tumor agent [21].

With regard to the cell culture experiments shown by
Friesen et al. [6] one also has to note that this group com-
bined p,L-methadone with doxorubicin. Although doxoru-
bicin is used to treat different types of cancer including lung
and breast cancer (for a review see [22]), this substance does
not pass the blood—brain barrier. Whether combinations with
other anti-cancer drugs may be beneficial is difficult to tell.
Michalska for example observed an additive effect of p,L-
methadone in combination with cisplatin in T24 but not in
HT-1376 bladder carcinoma cells [23]. It is also difficult to
score whether other tumors may in general be treatable by
the opioid. Briiggen and co-workers for example could not
detect an anti-neoplastic effect of p,L.-methadone in mela-
noma [24], whereas Maneckjee and Minna observed a sig-
nificant growth inhibiting effect in lung cancer cells with
10 nM of p,L-methadone [25].

As the cell cultures used in our experiments were
MGMT-promoter methylation negative, one may also argue
that patients with tumors with MGMT-positive promoter
methylation may benefit from treatment. Aside from the
fact that the cells employed in our experiment did respond
to TMZ, we also tested one MGMT-promoter methylation
positive glioblastoma culture (P0023) for which no fibroblast
culture was available (Supplemental Fig. 4). Although this
tumor had the expected much stronger response towards the
treatment with TMZ, we again did not see any interaction of
TMZ with p,L-methadone. Interestingly, we even identified
a positive effect of p,L-methadone at lower concentrations.
Although we do not know how to explain this phenomenon,
it is interesting to note that this observation is in accordance
with observations of Brawanski et al. who found a compara-
ble effect in one of their glioblastoma cell lines investigated
[8]. As we could see positive effects of b,L-methadone on

viability at lower concentrations of the opioid in some cul-
tures (Supplemental Figs. 2a, b), this raises the serious ques-
tion whether some tumors may obtain a growth advantage
under low concentrations of p,L-methadone. We think, that
considering using b,L-methadone for the treatment of tumor
patients, this phenomenon needs to be investigated in further
detail before starting clinical trials.

Finally, it has to be noted, that the cell culture experi-
ments performed in the study presented have the disadvan-
tage that they cannot simulate the cells in their tissue-spe-
cific context. However, we currently have no other way to
get initial data on whether p,L-methadone may be beneficial
for treatment of glioblastoma patients. This could finally
only be done by clinical studies that in our opinion can-
not be supported by the currently available data from cell
culture experiments. One may also argue that our cultures
were kept in the presence of 10% bovine serum that after
prolonged cultivation may change cell biology. At this point,
we have to note, that we used early passages of cultures for
the experiments that have been shown to convey reliable
results in a number of our previous studies (e.g., [9, 26]). As
demonstrated by nestin and GFAP staining (Supplemental
Fig. 1), the cell cultures exhibit differences with regard to
the expression of these markers. However, we believe that
this is an advantage compared to using cell lines which may
be better characterized, but do not reflect the heterogeneity
of patients tumors. As there were no significant differences
seen between the six different MGMT-promoter methylation
negative tumor cell cultures with regard to treatment, this
observation strongly supports that b,L-methadone cannot be
expected to have beneficial effects on treatment.

Conclusion

As p,L-methadone reduces glioblastoma cell viability only
when concentrations are used that had been reported to be
toxic to patients and as there is no interaction between TMZ
and/or irradiation, which are used in standard therapy, a rec-
ommendation for the use of p,L-methadone in glioblastoma
therapy cannot be given.
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