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ABSTRACT
Introduction: Methadone is known to prolong
the QT interval, which could induce lethal
arrhythmias such as torsades de pointes. To
determine the risk of ventricular arrhythmias in
cancer patients using methadone, we measured
QT dispersion (QTD) and Tpeak-Tend (TpTe)
before and after methadone administration and
evaluated the correlations between methadone
dosage and cardiac repolarization.
Methods: We conducted a retrospective observational study with 19 patients undergoing
follow-up for cancer pain with methadone.
Electrocardiogram (ECG) recordings were
obtained from the patients at methadone initiation and 1 week, 1 month, and 2 months later.
The QT, corrected QT (QTc), QTD, QTc dispersion (QTcD), TpTe, TpTe/QT, and TpTe/QTc

were measured manually via ECG records and
analyzed using a repeated measures one-way
ANOVA. The correlations between these ECG
parameters and each methadone dosage were
determined using Spearman’s rank correlation
coefficient.
Results: The QTD, QTcD, TpTe/QT, and TpTe/
QTc remained unchanged, while TpTe was
prolonged significantly at 2 months (initiation:
82 ± 17 ms; 2 months: 106 ± 20 ms, p = 0.018).
In addition, there was a positive correlation
between TpTe and methadone dosage (rs = 0.4,
p = 0.041).
Conclusions: The findings suggested that small
or modest doses of methadone could exert dosedependent effects on cardiac repolarization in
cancer patients.
Trial Registration: UMIN Clinical Trials Registry, UMIN000034519.
Keywords: Cardiac repolarization; Methadone;
QT dispersion; QT interval; T peak-T end
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Key Summary Points
Why Carry Out This Study?
Methadone is known to induce QT
prolongation, which can lead to torsade
de pointes. However, several studies
suggested that methadone does not
prolong the QT interval.
To clarify whether methadone induces
arrhythmia in cancer patients, we
evaluated cardiac repolarization using
Tpeak-Tend, which is considered to be an
index of ventricular arrhythmia.
What Was Learned from the Study?
Small or modest doses of methadone
significantly prolonged Tpeak-Tend
2 months after initiation of methadone
administration.
Careful attention should be paid to
patients receiving methadone. TpeakTend can be a marker for increased risk of
lethal arrhythmia in these patients.

INTRODUCTION
The synthetic opioid methadone has unique
pharmacokinetic properties including those of
long-acting l and d opioid receptor agonists, an
N-methyl-D-aspartate (NMDA) receptor antagonist, and inhibition of reuptake of serotonin
and norepinephrine [1]. Because of these
unique properties, this analgesic contributes to
the relief of severe chronic pain that is refractory to other opioids for long periods. Methadone was recently approved in Japan for use
only for severe cancer pain refractory to other
opioids. However, it could induce several
adverse effects, such as prolongation of the QT
interval, which may represent a risk factor for
the occurrence of torsades de pointes (TdP) [2].
Methadone has been identified as the secondmost common suspected cause of drug-induced
corrected QT (QTc) prolongation or torsade de
pointes since 2000 in the USA [3]. Therefore,

routine close electrocardiogram (ECG) observation is recommended for methadone maintenance therapy.
The QT dispersion (QTD) is defined as the
difference between maximal and minimal QT
intervals on a 12-lead surface ECG and reflects
the regional heterogeneity of ventricular repolarization. Further, it has been regarded as an
index of ventricular arrhythmia, which may
lead to sudden cardiac death [4]. Moreover,
methadone has been reported to increase QTD
in patients with opioid dependency [5].
The prolongation of the peak and end of the
T wave interval (TpTe) in the 12-lead ECG,
which could reflect the transmural dispersion of
repolarization (TDR), has been associated with
the incidence of ventricular arrhythmias [6, 7].
Similar to TpTe, the TpTe/QT ratio is considered
as a crucial marker of TDR and a noninvasive
arrhythmogenic index of sudden cardiac death
[6]. A previous study reported that TpTe was
prolonged by methadone [8]. However, it is
important to note that most previous studies
involved patients with opioid dependency but
not cancer. Therefore, our hypothesis was that
methadone would affect cardiac repolarization,
which is determined by the QTD and TpTe in
cancer patients, in a dose-dependent manner.
To determine the risk of ventricular arrhythmias in cancer patients using methadone, we
evaluated the change in QTD and TpTe before
and after administration of methadone.

METHODS
The study was approved by the ethics committee at Dokkyo Medical University (registration
number: R-12-16J) and registered at the UMIN
Clinical Trials Registry (registration number:
UMIN000034519). All procedures performed in
studies involving human participants were in
accordance with the ethical standards of the
institutional and national research committee
and the 1964 Helsinki Declaration and its later
amendments or comparable ethical standards.
Informed consent was obtained from all individual participants included in the study.
To clarify the effects of small-to-modest
doses of methadone on cardiac repolarization in
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cancer patients, we measured the QTD, QTc
dispersion (QTcD), TpTe, TpTe/QT, and TpTe/
QTc using a 12-lead ECG. In addition, we analyzed the correlations between ECG parameters
and methadone dosage.
We conducted a retrospective review of
medical records of 19 patients aged 29–85 years
who were treated with methadone for cancer
pain at Dokkyo Medical Hospital between April
2013 and March 2019. Informed consent for use
of patient’s data was obtained from all participants at the hospital admission. Participants
with cardiovascular, respiratory, or cerebrovascular disease; ECG abnormalities; or other types
of medication that could lead to QT prolongation were excluded from the study. At the initiation of methadone administration, standard
12-lead ECG recordings were obtained from
patients at a paper speed of 25 mm/s. The QT
interval, QTc interval, QTD, QTcD, TpTe interval, TpTe/QT ratio, and TpTe/QTc ratio were
measured manually via ECG recordings, which
were obtained 1 week, 1 month, and 2 months
after initiation of methadone administration
and compared. The QT interval was measured
using the tangent method. It was defined as the
interval from the onset of the Q wave, which
was defined as the intersection of a threshold
level with the differential of the Q wave, to the
end of the T wave, which was defined as the
intersection of a tangent to the steepest slope of
the last limb of the T wave and the baseline in
leads II and V5. The QT interval was corrected
using Fridericia’s formula (QTc = QT/3HRR).
The TpTe interval was defined as the interval
from the peak of the T wave to the end of the T
wave in leads II and V5. Similar to the QT
measurement, the end of the T wave was
determined using the tangent method. Three
consecutive cycles in leads II and V5 were
measured and averaged to analyze the QT and
TpTe intervals. QTD was defined as the difference between the maximum and minimum
mean QT intervals on the 12-lead ECG. The
mean value for data derived from three successive beats for each lead was used in the analysis.
Leads for which the end of the T wave in 12-lead
ECGs could not be clearly detected were excluded from the analysis.
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Statistical Analysis
Data are expressed as means ± standard deviations. The QT interval, QTc interval, QTD,
QTcD, TpTe interval, TpTe/QT ratio, and TpTe/
QTc ratio were analyzed using repeated measures one-way analysis of variance. When a
significant overall effect was detected, Dunnett’s post hoc test was performed. Correlations
between the ECG parameters and methadone
dosages were analyzed using Spearman’s rank
correlation coefficient. All statistical analyses
were performed using Prism 6 (GraphPad, San
Diego, CA, USA). In all analyses, p values of \
0.05 were considered significant.

RESULTS
Following the screening of medical records, one
patient was excluded from the study because of
an indistinct T wave in 12-lead ECGs. Additionally, one patient was excluded due to
ischemic heart disease. Table 1 shows the participants’ characteristics including chemotherapy and radiation therapy the patients received.
No cardiac complications were observed
throughout the study period.
Table 2 shows the mean methadone dose
and values for the QT interval, QTc interval,
QTD, QTcD, TpTe, TpTe/QT ratio, and TpTe/
QTc ratio before and after the administration of
methadone. The mean methadone dose gradually increased during the observation period
(1 week: 20 ± 7 mg; 1 month: 36 ± 13 mg,
2 months: 53 ± 23 mg). The QT and QTc were
within the normal range in all participants
before the administration of methadone (QT \
0.47, male: QTc \ 0.44, female: QTc \ 0.46).
However, prolongation of QTc was seen in 2
patients (12%) at 1 and 2 months, and in 4
patients (24%) at 2 months after administration
of methadone, respectively. The TpTe in lead II
had increased significantly 2 months after initiation of methadone (baseline: 82 ± 17 ms;
2 months: 106 ± 20 ms, p = 0.018). Similarly,
TpTe in lead V5 had significantly increased 2
mounts after initiation of methadone (baseline:
81 ± 17 ms;
2 months:
107 ± 18 ms,
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Table 1 Patient characteristics

Table 1 continued

Sex (male/female)

5/12

Oxaliplatin

1

Age (years)

56.1 ± 16.0

Tegafur

1

Primary oncological diagnosis

n

Colon cancer

5

Lung cancer

3

Breast cancer

2

Laryngeal cancer

2

Multiple myeloma

1

Pharyngeal cancer

1

Uterine cancer

1

Chordoma

1

External auditory canal cancer

1

Medication
Hypertension

5

Hyperlipidemia

2

Diabetes mellitus

2

Chemotherapeutic agents
Carboplatin

5

5-Fluorouracil

3

Paclitaxel

3

Adriamycin

2

Cisplatin

2

Docetaxel hydrate

2

Melphalan

2

Pemetrexed sodium hydrate

2

Prednisolone

2

Bortezomib

1

Cetuximab

1

Doxorubicin hydrochloride

1

Gimeracil

1

Ifosfamide

1

Levofolinate calcium

1

Oteracil

1

Radiation therapy

7

p = 0.0067). All other parameters, such as QT,
QTc, QTD, QTcD, TpTe/QT, and TpTe/QTc,
increased slightly; however, no significant differences were observed.
Figure 1 shows the correlations between the
ECG parameters and each methadone dose. The
correlations between ECG parameters and
methadone dosage were analyzed for each
increase in methadone dosage but not for
individual patients. The TpTe was positively
correlated with methadone dose (rs = 0.4,
p = 0.041; Fig. 1e). However, there were no
positive correlations between QT (rs = 0.27),
QTc (rs = 0.13), QTD (rs = 0.01), QTcD, (rs =
0.03), TpTe/QT (rs = 0.25), or TpTe/QTc (rs =
0.13) and methadone dose (Fig. 1a–d, f, g).

DISCUSSION
Methadone on QT Interval
It is known that methadone, a long-acting
synthetic opioid, prolongs the QTc interval in
patients with opioid addiction [9]. One previous
study suggested that a QTc of [ 500 ms was
observed in 2% of patients who used [ 100 mg
of methadone per day, and sudden cardiac
death associated with methadone use has been
reported at a dose of 29 mg per day [10]. These
findings demonstrate that lethal arrhythmias
could occur within a wide dose range. In contrast, one study indicated that significant QT
prolongation was infrequent in pediatric
patients with cancer [11]. The safety of prescribing methadone to cancer patients remains
unclear. If the QT interval is within
450–500 ms, methadone may be initiated or
continued with frequent monitoring. For
methadone-maintained patients with QT prolongation more than 500 ms, a risk minimization strategy should be strongly considered [12].
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Table 2 Dose of methadone and electrocardiographic variables before and after treatment
Baseline
Mean dose of methadone (mg)

0

1 week

1 month

2 months

20 ± 7

36 ± 13

53 ± 23

QT in II (ms)

349 ± 46

356 ± 32

390 ± 44

379 ± 50

QT in V5 (ms)

338 ± 49

348 ± 35

361 ± 62

365 ± 52

QTc in II (ms)

392 ± 31

408 ± 39

410 ± 40

425 ± 42

QTc in V5 (ms)

393 ± 42

399 ± 34

411 ± 37

412 ± 27

QTD (ms)

58 ± 17

77 ± 28

72 ± 36

82 ± 29

QTcD (ms)

69 ± 23

88 ± 33

94 ± 40

97 ± 41

TpTe in II (ms)

82 ± 17

84 ± 10

98 ± 17

106 ± 20*

TpTe in V5 (ms)

80 ± 16

83 ± 12

92 ± 16

107 ± 18*

TpTe/QT in II

0.24 ± 0.07

0.23 ± 0.03

0.25 ± 0.06

0.25 ± 0.06

TpTe/QT in V5

0.24 ± 0.06

0.24 ± 0.04

0.24 ± 0.04

0.26 ± 0.04

TpTe/QTc in II

0.20 ± 0.04

0.2 ± 0.03

0.22 ± 0.06

0.21 ± 0.04

TpTe/QTc in V5

0.20 ± 0.03

0.21 ± 0.02

0.21 ± 0.03

0.23 ± 0.02

Data are presented as means ± standard deviations
QTD QT dispersion, QTcD QTc dispersion, TpTe T peak-T end
*p \ 0.05 versus baseline value
In the current study, QT and QTc were slightly,
but not significantly, prolonged. The current
results suggest that low doses of methadone
might not significantly prolong the QT or QTc.
Effects of Methadone on Cardiac
Repolarization
Several studies have shown that increased QTD
was associated with arrhythmogenicity. QTD
and the QTD ratio (divided by cycle length and
expressed as a percentage) in patients with acute
myocardial infarction exhibiting ventricular
fibrillation were significantly higher relative to
those observed in patients with unstable angina
[13]. It has been reported that methadone led to
modest increases in QTD and TpTe [5, 8]. The
TpTe was associated with increased mortality (a
cut-off value of 100 ms) [14]. Moreover, prolongation of the TpTe interval was independently associated with sudden cardiac death
when the QTc was normal or not measurable
[15]. In the present study, methadone

prolonged TpTe, but not QTD, 2 months after
treatment initiation ([ 100 ms). Generally,
QTD indicates the spatial dispersion of cardiac
repolarization, whereas TpTe expresses the
transmural dispersion of repolarization. Previous study indicated that TpTe could reflect local
repolarization [16]. Although the interpretation
of these conflicting results remains uncertain,
we hypothesize that these results arise owing to
the following reasons: (1) sample size was
inadequate to detect the spatial dispersion of
cardiac repolarization; (2) we did not have
multiple TpTe measurements that are required
to detect the accurate transmural inhomogeneity; (3) TpTe was more easily influenced by QT
prolongation than QTD. In terms of QT prolongation, TpTe/QT or TpTe/QTc may be more
sensitive than TpTe. The present study emphasizes that even low doses of methadone might
prolong the TpTe. Therefore, the possibility of
arrhythmogenicity during the treatment of
cancer pain using methadone should be
considered.
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1 Correlations between methadone doses and ECG
parameters. a–d, f, g There were no positive correlations
between QT interval (rs = 0.27), QTc interval (rs = 0.13),
QTD (rs = 0.01), QTcD (rs = 0.03), TpTe/QT
(rs = 0.25), or TpTe/QTc (rs = 0.13) and methadone
dosage. e In contrast, there was a positive correlation
between TpTe and methadone dosage (rs = 0.4,
p = 0.041)

b Fig.

There was no significant correlation between
QT, QTc, QTD, or QTcD, and methadone dose.
With respect to TpTe, there was no significant
correlation between TpTe/QT or TpTe/QTc and
methadone dose. In contrast, TpTe was significantly correlated with each dose of methadone.
These contradictions might arise owing to the
inadequate sample size of this study. Further
study is essential for evaluating the correlation
between cardiac repolarization and methadone
dose. We suggest that the consideration should
be given to discontinue the methadone-maintained patients with TpTe more than 100 ms.
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peculiarity of cancer type in several cases in our
study.

CONCLUSIONS
The QT, QTc, QTD, QTcD, TpTe/QT, and TpTe/
QTc were not prolonged, while TpTe was prolonged in a dose-dependent manner after
methadone. Although the study question
remains unanswered, this latter result suggests
that methadone might increase the risk of
ventricular arrhythmia in a dose-dependent
manner.
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