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Abstract. Background/Aim: D,L-Methadone increases
sensitivity toward chemotherapy of different tumor cell
populations. We evaluated the safety and tolerance of
additional use of D,L-methadone in patients with glioma in
combination with chemotherapy. Patients and Methods: The
dosage, duration of therapy and side-effects related to D,L-
methadone were recorded in 27 patients. Toxicity was
assessed accordingly to the Common Toxicity Criteria (CTC)
of the National Cancer Institute. Progression-free survival at
6 months (PFS-6) was assessed. Results: A total of 13
patients reported grade 1-3 nausea at the beginning of the
D,L-methadone therapy. Four patients reported persistent
side-effects of nausea (CTC Grade 2, n=1) and obstipation
(CTC grade 2-3, n=3). PFS-6 of patients with glioblastoma
was 80% in those with non-methylated 06—methylguanine—
DNA methyltransferase (MGMT) (n=5) and 100% in those
with MGMT methylation (n=7). Conclusion: D,L-methadone
can be safely combined with standard glioma chemotherapy
without increasing the risk of toxicity or vegetative symptoms
such as tachycardia, sweating and restlessness. PFS-6 in
patients with primary glioblastoma treated this way seems to
be at least comparable to that of historic controls.

Glioblastoma multiforme (GBM) is the most frequent and
malignant type of human brain tumor, which quickly recurs
despite standard therapy (1). One possible way to overcome
chemoresistance and tumor progression might be reached
with the use of additional agents sensitizing tumor cells to
applied therapies.
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Recently it has been shown that the opioid D,L-methadone
increases sensitivity toward chemotherapy of different tumor
cell populations (2, 3). Opioids are substances that act on
opioid receptors. Opioid receptor activation initiates a cascade
of events resulting in a diversity of biological effects such as
analgesia and sedation but also has effects on cell survival and
proliferation (4-7). Opioid receptor stimulation can activate
inhibitory G;-proteins, which in turn block adenylyl cyclase
activity, reducing cyclic adenosine monophosphate (cCAMP)
(Figure 1) (8). Simultaneous administration of the p-opioid
receptor agonist D,L-methadone and doxorubicin led to an
increased antitumor effect via reducing second messenger
cAMP (2, 3). Down-regulation of cAMP sensitizes tumor cells
for anticancer treatment and leads to increased rates of
apoptosis of human glioma cells and glioma stem cells in cell
culture (2). This effect is most pronounced with D,L-
methadone since D-methadone stabilizes the opioid receptors
and thus facilitates more binding of L-methadone. D,L-
Methadone also down-regulates expression of anti-apoptotic
molecules such as B-cell lymphoma-extra large (BCL-xL) or
X-linked inhibitor of apoptosis protein (XIAP) (2, 3, 7). The
effect of D,L-methadone is also dependent on the opioid
receptor density on the tumor cell surface and the agent’s
dosage (2, 3). As a proof-of-principle, the therapeutic effect is
reversible by either blocking opioid receptors with naloxone
administration, or by inhibiting Gi-proteins with pertussis
toxin, leading to a subsequent increase in cAMP or by up-
regulation of cAMP through inhibition of cAMP
phosphodiesterases using 3-isobutyl-1-methylxanthine (2, 3).
In a subcutaneous glioma model, D,L.-methadone inhibited
tumor growth significantly in vivo (2).

D.L-Methadone has played a role in palliative care for
decades and is in use for pain treatment in patients with cancer
(9). Previous studies showed that low-dose D,L-methadone
(dosage of 15 mg daily) is well tolerated and results in pain
control without dose escalation or opioid-induced hyperalgesia
(10, 11). Care has to be taken regarding possible cardiotoxic
events with higher doses and prolonged administration (12).
Since the supposed anticancer effect of D.,L-methadone is
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propagated among clinical oncologists, the use of D,L-
methadone in place of other commonly used analgesics is
increasing. However, there are no reliable data supporting the
antitumor activity of D,L-methadone application in patients
with cancer in prospective clinical studies.

This study was designed to provide data for safety and
tolerability combining D,L-methadone and chemotherapy in
patients with glioma who received D,L-methadone from their
palliative caregivers or clinical oncologists. D,L-Methadone
was prescribed as part of an individual therapeutic trial and
not as an analgesic or as a substitute for substance abuse.
The regimen has been widely discussed in patient social
media (online forum, etc.) and gained popularity among
neuro-oncological patients in Germany.

Patients and Methods

Study design and treatment. We performed a retrospective study
including 27 patients with glioma diagnosis grade II-IV according
to the WHO classification (13), who received additional D,L-
methadone independently from their neuro-oncological treatment.
D,L-Methadone was used as part of an individual therapeutic
regimen that was suggested by a clinical oncologist or was
requested by the patient.

All patients used 1% D,L-methadone hydrochloride solution
(1 g D,L-methadone hydrochloride, 0.06 g sorbic acid, 0.08 g citric
acid and 100 ml purified water). The ascending dosing protocol
included a starting dose of 2.5 mg bid and step-wise increase of
methadone dosage every 3-5 days by 2.5 mg daily up to a maximum
of 20-35 mg per day in two single doses. Patients increased dosage
individually according to tolerance within the first 4 weeks.

Histological diagnosis was confirmed after biopsy or resection in
all patients.

Patient information collected included demographic data, date of
initial diagnosis, extent of surgical resection, details of all adjuvant
therapies, reason for D,L-methadone prescription, beginning of D,L-
methadone intake and time to tumor recurrence. Specific patient
data were recorded concerning side-effects of D,L-methadone,
including nausea, vomiting, anxiety, fatigue or other symptoms
(obstipation, drowsiness, pruritus, sweating and hematotoxicity) and
side-effects not further specified (e.g. elevated heart rate). Patients
who received enzyme-inducing antiepileptic drugs (e.g. phenytoine,
carbamazepine or valproic acid) were switched to non enzyme-
inducing antiepileptic drugs (e.g. levetiracetame, lamotrigine, or
lacosamide) before starting cytostatic therapy (14).

Details of individual treatment were derived from hospital charts,
medical reports and an individual questionnaire. These data were
assessed using common toxicity criteria (CTC) of the National
Cancer Institute (NCI) version 4.03 of 2010 (15). The local Ethics
Committee approved the trial (EA2/040/16).

Patient evaluation. Patients and caregivers completed a standardized
questionnaire including biometrical data, clinical status, and details of
antitumor therapy (dosage, continuity of certain chemotherapy) and
side-effects. The questionnaire is included in Table I. Adjuvant therapy
dosage of irradiation and chemotherapy as well as toxicity in
accordance to the CTC criteria were recorded. A radiologist and
clinical oncologist/neuro-oncologist reviewed the magnetic resonance
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imaging data in all patients. Time to progression was estimated in
regards to Response Assessment in Neuro-Oncology criteria clinically
and on magnetic resonance imaging (16). Progression-free survival
(PFS) and progression-free survival at 6 months (PFS-6) were selected
for evaluating therapeutic response (17, 18). Survival data for the
intervention group was compared to a historic patient population
(historic control group) treated at our Institution between 2012-2015.
Patient characteristics of both groups are given in Table II.

D ,L-Methadone dosage, ascending dosing protocol and additional
drugs to counteract side-effects during initial intake and in the
maintenance phase of the therapy were recorded. Tolerability and safety
was assessed in regards of CTC criteria including nausea, vomiting and
hematotoxicity. Furthermore, we recorded other symptoms such as
fatigue, anxiety, drowsiness, pruritus, sweating or obstipation.

Statistical analysis. Statistical calculation was performed using
Prism, version 5.0c (GraphPad Software, San Diego, CA, USA) and
Excel (Microsoft, Redmond, Washington, USA). Results were
analyzed using the intergroup comparison with Cox regression
analysis. The level of acceptable significance was set at p<0.05.

Results

Between November 2014 and September 2015, 27 patients
were included in this retrospective analysis. All patients
received D, L-methadone from palliative caregivers or clinical
oncologists. Of these, 13 patients were treated at initial
diagnosis of GBM, seven at first recurrence of GBM, six
patients at recurrence of anaplastic astrocytoma or anaplastic
oligoastrocytoma, and one patient with a newly diagnosed
low-grade optic glioma. Detailed patient characteristics
including O%-methylguanine-DNA methyltransferase (MGMT)
status are given in Table III.

In 12 patients with GBM, D ,L-methadone was combined
with the first-line chemotherapy (Stupp regimen: post
irradiation adjuvant cyclic temozolomide on 5/28 days, 150-
200 mg/mz). Of these, two patients started D,L-methadone
parallel with radiochemotherapy. Seven out of 12 patients
with first diagnosis of GBM had hypermethylation of the
MGMT promotor, the remaining five patients had no
hypermethylation of the MGMT promotor. Six patients with
GBM started D,L-methadone at first recurrence, one patient
at second recurrence. At the stage of first, second or third
recurrence of a malignant glioma (n=13), D,L-methadone was
combined with different anticancer therapies: lomustine in
one, procarbacin plus lomustine in two, bevacizumab in one,
cyclic temozolomide on 5/28 days in five, temozolomide one
week on/one week off in two, bevacizumab plus lomustine in
one or metronomic temozolomide in one.

Dosing of D,L-methadone. Patients usually started with stepwise
increase of D,L-methadone dosage over a period of 2-3 weeks.
Starting doses of 5 drops bid (5 mg daily dose) were increased
with 1-5 drops every 5 days (5 drops is equivalent to 2.5 mg)
according to the tolerance of the patients. All patients reported
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Figure 1. D,L-Methadone and signaling pathways. D,L-Methadone (Methadone) sensitizes tumor cells to anticancer therapy and induces apoptosis

via activation of opioid receptor signaling pathways. Triggering opioid receptors (OR) using D,Lmethadone leads to down-regulation of cyclic
adenosine monophosphate (cCAMP) which further down-regulates the anti-apoptotic proteins X-linked inhibitor of apoptosis protein (XIAP) and B-
cell lymphoma-extra large (BCL-XL) and activates caspase-9 and caspase-3, cleaving poly (ADP-ribose) polymerase (PARP), inducing apoptosis.
Blocking opioid receptor signaling pathways using naloxone, 3-isobutyl-1-methylxanthine (IBMX) or pertussis toxin (PTX) inhibits D,L-methadone,
sensitizing tumor cells to anticancer treatment and blocks D,L-methadone-related apoptosis induction. AC: Adenylylcyclase, APAF-1: apoptosis
protease activating factor-1, AMP: adenosine monophosphate, ATP: adenosine triphosphate, BAX: BCL-2-associated X protein, cyt C: cytochrome
¢, G: G proteins (Ga, GB/Gy subunits), OR: opioid receptor, PDE : phosphodiesterase.

consistent intake of D,L-methadone for a period of at least 3-
12 months. Final dosage of D ,L-methadone ranged between 15-
35 mg per day. Serum plasma level of D,L-methadone was
measured in one patient. Under 30 mg of D,L-methadone per
day, a basal plasma concentration of 182 ng/ml was measured,
at 1 to 2 hours after D,L.-methadone intake plasma concentration
was 206 ng/ml and 198 ng/ml. The therapeutic plasma
concentration of D ,L-methadone ranges from 0.05 to 0.5 pg/ml;
toxic level is reached with 1 ug/ml (19).

Safety. Within the period of increasing dosage from 5-25 mg
per day over 2 to 4 weeks, 13/27 patients suffered from side-
effects (Table IV). During that time, eight patients
experienced CTC grade 1-3 nausea (Figure 2a). One patient
reported fatigue, two patients reported anxiety and
drowsiness, obstipation (n=1), sweating and pruritus (n=1)
within the first 4 weeks of therapy. These symptoms resolved
fully in two-thirds of patients after one month of therapy.

Remaining symptoms in a total of four patients beyond 4
weeks were obstipation (n=3) and nausea (n=1).

During the first 4 weeks of D,L-methadone intake,
prophylactic antiemetic drugs were prescribed and used in
59% of the cases. Antiemetic substances varied and
prescription depended on the individual experience of the
participating institutions. In 10/27 patients a combination
of haloperidol and D,L-methadone was used, which led to
symptom relief in the majority of the cases (6/10 patients);
in the other four out of these 10 patients, side-effects from
haloperidol out weighed those of D.,L-methadone. Our
survey revealed equivalent efficacy for alternative,
antiemetic drugs alone or in combination such as
ondansetron in four, dimenhydrinate in one and
metoclopramide or palonosetron in one patient. Detailed
information about duration, efficacy and tolerability of
antiemetic drugs in combination with D,L-methadone are
given in Table IV.
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Table 1. Questionnaire for tolerability to D,L-methadone in patients with brain tumors.

1. Last name, surname:
a. Phone:
b. E_mail:
c. Date of birth:
d. Age:
e. Karnofsky Performance Score:
f.  Height:
g. Weight:
h. Body surface
2. Date of first operation

a. Resection or biopsy?
b. Multifocal tumor growth? More than 1 tumor?
c. Tumor location? Which lobe?
d. Complete resection?
3. What is the tumor grade and histological diagnosis?
a. What is the MGMT methylation status?
b. What ist the 1p19q status?
c. Is ATRX expression lost in the tumor tissue?
4. What therapy was done after the operation?

a. Did any fatigue, nausea or blood count abnormalities occur under first line therapy? If yes, please specify

5. Did you experience tumor recurrence?
a. Second surgery for recurrence?

b. What was second line treatment? Radiation? Study treatment? Chemotherapy? Please specifiy.
6. Did the tumor re-grow/progress despite second line therapy? What was the therapy for 2nd progression/recurrence?

7. Any study treatment?

a. Were you treated using NovoCure/optune, Bevacizumab/Avastin or DC-Vax (dendritic cell) therapy?

8. When did you start taking D,L-methadone (date)?

a. Did you take D,L-methadone in first line therapy or recurrence?

Did you experience nausea, vomiting, anxiety, confusion, fatigue or other symptoms (obstipation, drowsiness) in the run-in phase that

b. Did the tumor recur under D,L-methadone therapy?
c.  What was the dosage of D,L-methadone?
d. How long was the run-in phase?
e.
could be related to D,L-methadone?
f.  Did you take additional medication to counteract side effects of D ,L-methadone?
g

methadone?
h. If yes, please specify?

Did nausea, vomiting, anxiety, confusion, fatigue or other symptoms (obstipation, drowsiness) occur under continuous therapy with D,L-

i. Did you pause or stop taking D.L-methadone or was the dose adjusted?

Beyond the first 4 weeks of D,L-methadone intake, 4/27
patients reported persistent side-effects of mild to moderate
nausea (CTC grade 2, n=1) and obstipation (CTC grade 2-3,
n=3). All other patients reported CTC grade O or 1 side-effects
(Figure 2b). One patient ended therapy due to persistent
obstipation (Table 1V). We did not find evidence that D,L-
methadone intake increased pre-existing toxicity due to
chemotherapy (data not shown). No further side-effects, such as
edema and urinary retention, or any signs of cardiac toxicity
were reported. No patients were hospitalized due to side-effects,
and no deaths occurred within 3 months of methadone therapy.

Efficacy. A total of 12 patients with primary diagnosis of GBM
received D,L-methadone with a daily dose 20-35 mg in parallel
with the Stupp regimen (20). They had a PFS-6 of 91%. Among
patients who started D,L-methadone therapy with recurrent
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glioblastoma, PFS-6 was 47%; the daily D,L-methadone dose
ranged between 15 and 35 mg (n=6). Administering D,L-
methadone as solitary rescue therapy at disease progression with
estimated life expectancy of less than 12 weeks, disease
progression was observed in 100% of cases (data not shown).
Thus, in this cohort we recorded a minimum of stable disease
at 6 months in almost half of the patients, even in those with
recurrent disease when combined with chemotherapy. Individual
outcome parameters for each patient are given in Table III.

In comparison to our historical control group and patient
collectives from the literature who received the same therapeutic
regimen, combination of D,L-methadone seems to have had no
adverse effect concerning PFS-6 regardless of the stage of
disease (18, 21, 22). In primary GBM with hypermethylation of
the MGMT promoter, gross total tumor resection followed by
Stupp treatment resulted in all patients reaching PFS-6 (n=7);
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Table II. Patient characteristics according to cohort.

Characteristic Intervention group Historic control group
(n=12) n (%) (n=38) n (%)2

Diagnosis pGBM pGBM

Male 8 (67) 22 (58)

Female 4 (33) 16 (42)

Age
<50 years 4 (33) 9 (24)
>50 years 8 (67) 29 (76)

Extent of surgery
Biopsy 1(8) 0 (0)

Partial resection 2 (17) 0 (0)
Gross total resection 9 (75) 38 (100)

Stupp treatment completed 12 (100) 38 (100)
MGMT + 7 (58) 38 (100)
MGMT - 5(42)

MGMT: 0%-Methylguanine-DNA methyltransferase, MGMT +:

hypermethylation of the MGMT promotor region, MGMT —: no
hypermethylation of the MGMT promotor region, pGBM: primary
glioblastoma multiforme. 2Historic control group of patients with GBM
treated at Charité Berlin between 2012-2015.

in primary GBM without hypermethylation of the MGMT
promoter, 80% of patients reached PFS-6 (n=6, Table V).
Subgroup analysis of patients meeting the inclusion
criteria of primary diagnosis of GBM, hypermethylation of
the MGMT promotor, gross total tumor resection and
initiation of Stupp therapy in combination with (intervention
group with MGMT hypermethylation, n=7) and without
(historical control group, n=37) D,(L-methadone was
performed. PFS-6 of the intervention group was found to be
superior to that of the control group from our clinic (100%
vs. 79%). Comparison of the PFS between the intervention
group and control group revealed a relative risk reduction for
tumor recurrence for the intervention group with MGMT
hypermethylation, with a hazard ratio of 0.6420, which was,
however, not statistically significant (Cox regression
analysis, confidence interval=0.1781 to 2.315, p=0.3435;
Figure 2c). Comparing PFS, we found a relative risk
reduction for tumor recurrence for the intervention group of
patients without hypermethylation of the MGMT promotor
compared to the control group, with a hazard ratio of 0.6315,
which again was not statistically significant (Cox regression
analysis, confidence interval=0.1188 to 3.358, p=0.6456;
Figure 2c). Detailed patient characteristics are given in Table
II. Median overall survival was not reached in the
intervention group and is therefore not reported.

Discussion

In this study, we showed for the first time that simultaneous
intake of D,L-methadone and chemotherapeutics such as
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Figure 2. Side-effects of D,L-methadone and outcome in patients with
glioma. D,LMethadone-induced side-effects according to Common
Toxicity Criteria v4.03 of the National Cancer Institute (CTC) within
the first 4 weeks of therapy (a) and beyond the first 4 weeks of therapy
(b). c: Progression-free survival (PFS) analysis of the intervention
group with hypermethylation of the O-6-methylguanine-DNA
methyltransferase promotor region (MGMT+, n=7) and control group
(n=38) revealed a hazard ratio of 0.6420, confidence interval = 0.1781
to 2.315, p=0.3435. Analysis of PFS for the intervention group without
hypermethylation of the MGMT promotor region (MGMT-, n=5) and
historic control group (n=38) revealed a hazard ratio of 0.6315,
confidence interval=0.1188 to 3.358, p=0.6456.
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Table II1. Patient characteristics.

Pat dx MGMT Initial KPS at D,L- Recurrence PFS Duration of D,L- Initial
ID status surgical methadone  under D,L- (months) methadone chemotherapy
therapy start methadone therapy (months)

Primary glioblastoma multiforme

1 pGBM + GTR 100 No 11 11 cTMZ

5 pGBM + GTR 90 No SD 12 months after dx 6 cTMZ

6 pGBM + GTR 90 No SD 12 months after dx 6 cTMZ

13 pGBM + GTR 100 No SD 12 months after dx 12 cTMZ

17 pGBM + GTR 100 No SD 9 months after dx 10 cTMZ

22 pGBM + GTR 100 No SD 12 months after dx 18 cTMZ

27 pGBM + GTR 90 No SD 10 months after dx 6 cTMZ

3 pGBM - Bx 70 Yes 4 6 cTMZ

10 pGBM - PR 100 No SD 10 months after dx 11 cTMZ

11 pGBM - Bx 90 No SD 12 months after dx 11 cTMZ

23 pGBM - GTR 100 No SD 6 months after dx 2 cTMZ

25 pGBM - GTR 80 No SD 7 months after dx 6 cTMZ

21 pGBM nk. nk. nk. Yes nk. nk. nk.

Recurrent glioblastoma multiforme

20 1st tGBM + GTR nk. Yes SD 15 months after dx of 1st tGBM 11 cTMZ

15 Ist tGBM - GTR 90 No 2 9 TMZ 1 week on/
1 week off

18 1st tGBM - GTR 100 Yes 4 10 CCNU

12 Ist tGBM nk. GTR 100 No SD 11 months after dx of 1st tGBM 11 cTMZ

24 1st tGBM nk. GTR nk. No SD 16 months after dx 11 cTMZ

16 1st tGBM nk. GTR 80 No SD 8 months after dx of 1st tGBM 8 TMZ 1 week on/
1 week off

26  2nd tGBM nk. GTR 70 Yes 3 3 mTMZ

Anaplastic and diffuse gliomas

19 pAOA nk. GTR 100 No SD 22 months after dx 10 PC

4 Ist tAA + GTR 80 Yes 10 10 BEV+CCNU

8 Ist rAA nk. PR 90 No SD 9 months after dx of 1st rAOA 3 PC

14 1st rAOA + GTR 100 No SD 13 months after dx of 1st rAOA 2 cTMZ

2 2nd rAOA - PR 50 Yes 12 4 BEV

7 2nd rAOA n.k GTR 80 Yes 10 7 PC

9 pdiffA nk. Bx 90 Yes 9 3 cTMZ

1st rAA: First recurrence of anaplastic astrocytoma, 1st rAOA: first recurrence of anaplastic oligo-astrocytoma, 1st rGBM: first recurrence of
glioblastoma multiforme, 2nd rAOA: second recurrence of anaplastic oligo-astrocytoma, 2nd rGBM: second recurrence of glioblastoma multiforme,
AA: anaplastic astrocytoma, AOA: anaplastic oligoastrocytoma, BEV: bevacizumab, Bx: biopsy, CCNU: lomustin, cTMZ: cyclic temozolomide,
dx: diagnosis, GBM: glioblastoma multiforme, GTR: gross total resection, KPS: Karnofsky performance score, MGMT: O%-methylguanine-DNA

methyltransferase, mTMZ: metronomic temozolomide,

n.k.: not known, Pat ID: patient identification number, pAOA: primary anaplastic
oligoastrocytoma, pdiffA: primary diffuse astrocytoma, PC: procarbazine plus lomustine,

pGBM: primary glioblastoma multiforme, PFS:

progression-free survival, PR: partial resection, rAOA: recurrent anaplastic oligoastrocytoma, rAA: recurrent anaplastic astrocytoma, SD: stable
disease, TMZ: temozolomide, +: hypermethylation of MGMT promotor region, —: no hypermethylation of MGMT promotor region.

temozolomide is well tolerated by the majority of patients
with gliomadespite at an adjusting phase of 2 to 4 initial
weeks. Our investigation of the impact of D,L-methadone
intake on outcome shows that D,L-methadone had no
detrimental effect in our small retrospective cohort of
patients.

Little is known about tolerance and side-effects associated
with combining temozolomide and other chemotherapeutics
in glioma therapy with D,L-methadone. In this study, D,L-
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methadone was combined with standard dose radiochemo-
therapy or chemotherapy alone, low-dose chemotherapy or
antiangiogenic substances such as bevacizumab prescribed
by palliative caregivers and clinical oncologists. We show
that D,L-methadone does not increase pre-existing
hematotoxicity. Furthermore, D,L-methadone intake was
well tolerated by the majority of patients after the first 4
weeks of dose escalation. We found a good tolerance of and
high compliance with D,L-methadone therapy in
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Table IV. D,L-Methadone tolerability in patients in individual therapeutic trial.

Pat ID  Dosage bid  Nausea according to  Vegetative symptoms

Aagent added Side-effects beyond

in drops CTC weeks 1-4 weeks 1-4 week 4

2 nk. n.a. na. None n.a.

3 25 0 None Haloperidol No

4 20 0 Fatigue None No

5 nk. 0 None None No

8 25 0 None None No

10 20 0 None None Obstipation
11 20 0 None Haloperidol No

12 20 0 None Haloperidol No

13 30 0 None None No

15 30-35 0 None Ondansetron No

16 35 0 None Ondansetron No

18 35 0 None None No

22 25 0 None None No

27 20 0 None None No

1 24 1 None Haloperidol ondansetron No

14 nk. 1 None Haloperidol No

17 35 1 Anxiety, drowsiness Haloperidol No

19 20 1 Sweating, pruritus Dimenhydrinate, polyethylenglycol and globuli Obstipation
20 15 1 Nausea Haloperidol No

21 30 1 Nausea None No

23 20 1 Nausea Haloperidol No

24 25 1 Nausea Haloperidol No

25 25 1 Nausea Haloperidol, palonosetron No

26 20 1 None None. No

7 20 2 None Pantoprazole No

6 20 3 Obstipation Ondansetron Obstipation
9 16 3 Anxiety, drowsiness Ondansetron followed by metoclopramide Nausea CTC grade 2

bid: Twice a day, CTC: Common Toxicity Criteria of the National Cancer Institute, n.a.: not assessable, n.k.: not known, Pat ID: patient identification

number.

Table V. Outcome in patients with glioblastoma multiforme (GBM).

Diagnosis n PFS-6 intervention group (%) PFS-6 historic control groups (%) (Ref)
Primary GBM 13 91.6 53.9 (26)

MGMT + 7 100 792

MGMT - 5 80 40 (29)
1st Recurrence of GBM 6 47 20-50 (22, 29)

MGMT+: Hypermethylation of the O%-methylguanine-DNA methyltransferase (MGMT) promotor region, MGMT—: no hypermethylation of the
MGMT promotor region, PFS-6: progression-free survival at 6 months after diagnosis. Historic control group of patients with GBM treated at

Charité Berlin between 2012-2015.

combination with chemotherapy, which might indicate its use
in patients with glioma with severe headache or other pain
syndromes (23).

The risk of hypoglycemia due to D,L-methadone intake is
reportedly increased compared to other opioids (24). With an
average intake of 15-30 mg/day in our cohort, dosage was
below the critical level of 40 mg/day associated with
developing hypoglycemia and none of our patients showed
clinical signs or proven hypoglycemia. Further side-effects

such as edema or urinary retention were not reported. There
are conflicting data regarding D,L-methadone dose- and
treatment duration-dependency of cardiac toxicity (12). A
recent review reported ECG abnormalities in patients
receiving a daily dosage of 80-125 mg (25). This far exceeds
the daily dose used in our study, which might explain why
neither signs of cardiac toxicity nor clinical signs of
abnormal tachycardia in the patient cohort were reported.
Moreover, none of the patients were hospitalized due to side-
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effects and no deaths occurred within 3 months of
methadone therapy. Regular ECG monitoring is advised in
the treatment phase to detect prolongation of QT time.

The main reported side-effect caused by D,L.-methadone
was nausea. We observed that prophylactic haloperidol helped
control side-effects in the majority of cases. But, in some
cases, side-effects from haloperidol itself outweighed those of
D,L-methadone. With this study, we confirm that ondansetron
or aprepitant effectively prevented side-effects. Although not
a first-line antiemetic for chemotherapy-associated nausea,
metoclopramide was also effective. Further escalation of
antiemetic regimes with steroids or other substances might
contribute to an improved control of these symptoms.

In the context that D,L-methadone was prescribed in an
individual therapeutic trial to improve tumor control, an
outcome analysis of subgroups concerning PFS-6 and PFS
was carried out. PFS-6 of the intervention group appeared to
be superior compared to the control group from our
institution (100% vs. 80%) and compared to the literature
(26, 27). However the potential benefit of the administration
of D,L-methadone in combination with standard first-line
therapy in the intervention group is apparent in the group
with MGMT hypermethylation and even in those without.
Progression-free survival of the intervention and control
groups at first-line therapy was comparable.

Due to the small number of patients and retrospective
study design, a final conclusion regarding improved outcome
due to D,L-methadone administration cannot be made. In
recurrent disease of malignant gliomas, heterogeneity of the
patient population in terms of histological diagnosis,
molecular profile, pre-existing therapies and stage of disease
is significant. Moreover, the rate of metabolism of opioids
differs between individually, which may lead to a different
treatment effect in 'slow metabolizers' from that in 'fast
metabolizers' due to different drug levels. Further drug
interactions between D,L-methadone and chemotherapy
metabolism via cytochrome P450 3A4 (CYP3A4) and others
need to be ruled out. The significant advantage of D,L-
methadone is that is has no active metabolites which could
potentially interfere with kidney and liver function (Inturrisi
et al. 1987). Since temozolomide is hydrolyzed to its
pharmacologically active metabolite by physiological pH in
a non enzyme-dependent way, the cytochrome pathway only
plays a minor role in its metabolism (28, 29).

Despite the promising results from laboratory data and the
safe and well-tolerated application of D.,(L-methadone in
glioma patients found in this study, reliable clinical data are
lacking, providing evidence that D,(L-methadone has
substantial antitumor effects in patients with glioma. At
present D,L.-methadone prescription should only be considered
in patients with glioma with substantial indications. When
considering D,L-methadone use as part of an individual
anticancer therapy, the current lack of clinical data needs to

1234

be explained openly to the patient and physicians. It is
mandatory that therapeutic decisions must not depend on D,L-
methadone usage. In order to anticipate further speculations
and criticism concerning D.L-methadone prescription in
patients with glioma and other tumor types, the antitumor
effect of D,L-methadone needs to be investigated in a
prospective randomized clinical trial with respect to
metabolism and tolerability to the drug in combination with
approved, standard chemotherapeutic agents.

Conflicts of Interest

The Authors declare no conflict of interest in regard to this study.

Ethical Approval

All procedures performed in studies involving human participants
were in accordance with the ethical standards of the institutional
and/or national research committee and with the 1964 Helsinki
declaration and its later amendments or comparable ethical
standards.

Informed Consent

Informed consent was obtained from all individual participants
included in the study. The local Ethics Committee approved the trial
(EA2/040/16).

References

1 Happold C, Roth P, Wick W, Schmidt N, Florea AM, Silginer M,
Reifenberger G and Weller M: Distinct molecular mechanisms
of acquired resistance to temozolomide in glioblastoma cells. J
Neurochem 122(2): 444-455,2012.

2 Friesen C, Hormann I, Roscher M, Fichtner I, Alt A, Hilger R,
Debatin KM and Miltner E: Opioid receptor activation triggering
down-regulation of camp improves effectiveness of anti-cancer
drugs in treatment of glioblastoma. Cell Cycle 13(10): 1560-
1570, 2014.

3 Friesen C, Roscher M, Hormann I, Fichtner I, Alt A, Hilger RA,
Debatin KM and Miltner E: Cell death sensitization of leukemia
cells by opioid receptor activation. Oncotarget 4(5): 677-690,
2013.

4 Singh A, Jayanthan A, Farran A, Elwi AN, Kim SW, Farran P
and Narendran A: Induction of apoptosis in pediatric acute
lymphoblastic leukemia (all) cells by the therapeutic opioid
methadone and effective synergy with bcl-2 inhibition. Leuk Res
35(12): 1649-1657, 2011.

5 Maneckjee R and Minna JD: Opioid and nicotine receptors
affect growth regulation of human lung cancer cell lines. Proc
Natl Acad Sci USA 87(9): 3294-3298, 1990.

6 Tegeder I and Geisslinger G: Opioids as modulators of cell death
and survival — unraveling mechanisms and revealing new
indications. Pharmacol Rev 56(3): 351-369, 2004.

7 Friesen C, Roscher M, Alt A and Miltner E: Methadone, commonly
used as maintenance medication for outpatient treatment of opioid
dependence, kills leukemia cells and overcomes chemoresistance.
Cancer Res 68(15): 6059-6064, 2008.



Onken et al: D,L-Methadone in Therapy of Malignant Glioma

8 Jordan B and Devi LA: Molecular mechanisms of opioid
receptor signal transduction. Br J Anaesth 8/(/): 12-19, 1998.

9 Oosten AW, Oldenmenger WH, Mathijssen RH and van der Rijt
CC: A systematic review of prospective studies reporting adverse
events of commonly used opioids for cancer-related pain: A call
for the use of standardized outcome measures. J Pain /6(10):
935-946, 2015.

10 Salpeter SR, Buckley JS and Bruera E: The use of very-low-dose
methadone for palliative pain control and the prevention of
opioid hyperalgesia. J Palliat Med 16(6): 616-622, 2013.

11 van den Beuken-van Everdingen MH, Geurts JW and Patijn J:
Prolonged qt interval by methadone: Relevance for daily
practice? A prospective study in patients with cancer and
noncancer pain. J Opioid Manag 9(4): 263-267, 2013.

12 Samira Alinejadl TK, Nasim Zamani2, Robert S. Hoffman3,
Omid Mehrpour*4: A systematic review of the cardiotoxicity of
methadone. EXCLI Journal /4: 577-600, 2015.

13 David N. Louis AP, Guido Reifenberger, Andreas von Deimling,
Dominique Figarella-Branger, Webster K. Cavenee, Hiroko
Ohgaki, otmar D. Wiestler, Paul Kleihues, David W. Ellison: The
2016 world health organization classification of tumors of the
central nervous system: A summary. Acta Neuropathologica
131(6): 18, 2016.

14 Van Nifterik KA, Van den Berg J, Slotman BJ, Lafleur MV,
Sminia P and Stalpers LJ: Valproic acid sensitizes human glioma
cells for temozolomide and gamma-radiation. J Neurooncol
107(1): 61-67,2012.

15 U.S. Department of Health and Human Servives NIoH: Common
terminology criteria for adverse events (ctcae) version 4.0.
National Cancer Institute, 2009.

16 van den Bent MJ, Wefel JS, Schiff D, Taphoorn MJB, Jaeckle
K, Junck L, Armstrong T, Choucair A, Waldman AD, Gorlia T,
Chamberlain M, Baumert BG, Vogelbaum MA, Macdonald DR,
Reardon DA, Wen PY, Chang SM and Jacobs AH: Response
assessment in neuro-oncology (a report of the rano group):
Assessment of outcome in trials of diffuse low-grade gliomas.
The Lancet Oncology 12(6): 583-593, 2011.

17 Ballman KV, Buckner JC, Brown PD, Giannini C, Flynn PJ,
LaPlant BR and Jaeckle KA: The relationship between six-
month progression-free survival and 12-month overall survival
end points for phase ii trials in patients with glioblastoma
multiforme. Neuro Oncol 9(1): 29-38, 2007.

18 Lamborn KR, Yung WK, Chang SM, Wen PY, Cloughesy TF,
DeAngelis LM, Robins HI, Lieberman FS, Fine HA, Fink KL,
Junck L, Abrey L, Gilbert MR, Mehta M, Kuhn JG, Aldape KD,
Hibberts J, Peterson PM, Prados MD and North American Brain
Tumor C: Progression-free survival: An important end point in
evaluating therapy for recurrent high-grade gliomas. Neuro
Oncol 710(2): 162-170, 2008.

19 Mohamad N, Mohd R, Ghazali B, Abu Bakar NH, Musa N,
Abdulkarim M, Mohd Adnan LH, Rashidi A and Ismail R:
Plasma methadone level monitoring in methadone maintenance
therapy: A personalised methadone therapy. InTech, 2013. doi:
10.5772/54850.

20 Stupp R, Hegi ME, Mason WP, van den Bent MJ, Taphoorn MJ,
Janzer RC, Ludwin SK, Allgeier A, Fisher B, Belanger K, Hau
P, Brandes AA, Gijtenbeek J, Marosi C, Vecht CJ, Mokhtari K,
Wesseling P, Villa S, Eisenhauer E, Gorlia T, Weller M,
Lacombe D, Cairncross JG and Mirimanoff RO: 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 10(5): 459-466, 2009.

Stupp R, Taillibert S, Kanner AA, Kesari S, Steinberg DM, Toms

SA, Taylor LP, Lieberman F, Silvani A, Fink KL, Barnett GH,

Zhu 1J, Henson JW, Engelhard HH, Chen TC, Tran DD, Sroubek

J, Tran ND, Hottinger AF, Landolfi J, Desai R, Caroli M, Kew

Y, Honnorat J, Idbaih A, Kirson ED, Weinberg U, Palti Y, Hegi

ME and Ram Z: Maintenance therapy with tumor-treating fields

plus temozolomide vs. temozolomide alone for glioblastoma: A

randomized clinical trial. JAMA 314(23): 2535-2543, 2015.

22 Taal W, Oosterkamp HM, Walenkamp AME, Dubbink HIJ,
Beerepoot LV, Hanse MCJ, Buter J, Honkoop AH, Boerman D,
de Vos FYF, Dinjens WNM, Enting RH, Taphoorn MJB, van den
Berkmortel FWPJ, Jansen RLH, Brandsma D, Bromberg JEC,
van Heuvel I, Vernhout RM, van der Holt B and van den Bent
MJ: Single-agent bevacizumab or lomustine
combination of bevacizumab plus lomustine in patients with
recurrent glioblastoma (belob trial): A randomised controlled
phase 2 trial. The Lancet Oncology /5(9): 943-953, 2014.

23 Salpeter SR, Buckley JS, Buckley NS and Bruera E: The use of
very-low-dose methadone and haloperidol for pain control in the
hospital setting: A preliminary report. J Palliat Med /8(2): 114-
119, 2015.

24 Flory JH, Wiesenthal AC, Thaler HT, Koranteng L and Moryl N:
Methadone use and the risk of hypoglycemia for inpatients with
cancer pain. J Pain Symptom Manage 51(1): 79-87 €71, 2016.

25 Scott AJ, Dunlop AJ, Brown A, Sadler C and Isbister GK: The
prevalence of qt prolongation in a population of patients with
substance use disorders. Drug Alcohol Rev, 2016. doi:
10.1111/dar.12415. [Epub ahead of print].

26 Weller M, Tabatabai G, Kastner B, Felsberg J, Steinbach JP,
Wick A, Schnell O, Hau P, Herrlinger U, Sabel MC, Wirsching
HG, Ketter R, Bahr O, Platten M, Tonn JC, Schlegel U, Marosi
C, Goldbrunner R, Stupp R, Homicsko K, Pichler J, Nikkhah G,
Meixensberger J, Vajkoczy P, Kollias S, Husing J, Reifenberger
G and Wick W: Mgmt promoter methylation is a strong
prognostic biomarker for benefit from dose-intensified
temozolomide rechallenge in progressive glioblastoma: The
director trial. Clin Cancer Res 21(9): 2057-2064, 2015.

27 Hegi ME, Liu L, Herman JG, Stupp R, Wick W, Weller M,
Mehta MP and Gilbert MR: Correlation of 06-methylguanine
methyltransferase (mgmt) promoter methylation with clinical
outcomes in glioblastoma and clinical strategies to modulate
mgmt activity. J Clin Oncol 26(25): 4189-4199, 2008.

28 McCance-Katz EF, Sullivan LE and Nallani S: Drug interactions
of clinical importance among the opioids, methadone and
buprenorphine, and other frequently prescribed medications: A
review. Am J Addict 19(1): 4-16, 2010.

29 Baker SD WM, Statkevich P, Reidenberg P, Alton K, Sartorius
SE, Dugan M, Cutler D, Batra V, Grochow LB, Donehower RC,
Rowinsky EK: Absorption, metabolism, and excretion of 14c-
temozolomide following oral administration to patients with
advanced cancer. Clin Cancer Res 5(2): 9, 1999.

2

—_

versus a

Received December 26, 2016
Revised February 2, 2017
Accepted February 10, 2017

1235



