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Abstract 29 

Background: Methadone is known to prolong the QT interval, which could induce lethal 30 

arrhythmias such as torsades de pointes. To determine the risk of ventricular arrhythmias 31 

in cancer patients using methadone, we measured QT dispersion (QTD) and Tpeak-Tend 32 

(TpTe) before and after methadone administration and evaluated the correlations between 33 

methadone dosage and cardiac repolarization.  34 

Methods: We conducted a retrospective observational study with 19 patients undergoing 35 

follow up for cancer pain with methadone. Electrocardiogram (ECG) recordings were 36 

obtained from the patients at methadone initiation and 1 week, 1 month, and 2 months 37 

later. The QT, corrected QT (QTc), QTD, QTc dispersion (QTcD), TpTe, TpTe/QT, and 38 

TpTe/QTc were measured manually via ECG records and analyzed using a repeated 39 

measures one-way ANOVA. The correlations between these ECG parameters and each 40 

methadone dosage were determined using Spearman’s rank correlation coefficient. 41 

Results: The QTD, QTcD, TpTe/QT, and TpTe/QTc remained unchanged, while TpTe 42 

was prolonged significantly at 2 months (initiation: 82 ± 17 msec; 2 months: 106 ± 20 43 

msec, p = 0.018). In addition, there was a positive correlation between TpTe and 44 

methadone dosage (rs = 0.4, p = 0.041). 45 

Conclusion: The findings suggested that small or modest doses of methadone could exert 46 
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dose-dependent effects on cardiac repolarization in cancer patients. 47 

 48 

  49 
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Introduction 50 

A synthetic opioid, methadone has unique pharmacokinetic properties including those of 51 

long-acting μ and δ opioid receptor agonists, an N-methyl-D-aspartate (NMDA) receptor 52 

antagonist, and inhibition of reuptake of serotonin and norepinephrine [1]. Because of 53 

these unique properties, this analgesic contributes to the relief of severe chronic pain that 54 

is refractory to other opioids for long periods. Methadone was recently approved in Japan 55 

for use only for severe cancer pain refractory to other opioids. However, it could induce 56 

several adverse effects, such as prolongation of the QT interval which may represent a 57 

risk factor for the occurrence of torsades de pointes (TdP) [2]. Methadone has been 58 

identified as the second-most common suspected cause of drug-induced corrected QT 59 

(QTc) prolongation or torsade de pointes since 2000 in the USA [3]. Therefore, routine 60 

close electrocardiogram (ECG) observation is recommended for methadone maintenance 61 

therapy.  62 

The QT dispersion (QTD) is defined as the difference between maximal and minimal QT 63 

intervals on a 12-lead surface ECG and reflects the regional heterogeneity of ventricular 64 

repolarization. Further, it has been regarded as an index of ventricular arrhythmia, which 65 

may lead to sudden cardiac death [4]. Moreover, methadone has been reported to increase 66 

QTD in patients with opioid dependency [5]. 67 
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The prolongation of the peak and end of the T wave interval (TpTe) in the 12-lead ECG, 68 

which could reflect the transmural dispersion of repolarization (TDR), has been 69 

associated with the incidence of ventricular arrhythmias [6,7]. Similar to TpTe, the 70 

TpTe/QT ratio is considered as a crucial marker of TDR and a noninvasive 71 

arrhythmogenic index of sudden cardiac death [6]. A previous study reported that TpTe 72 

was prolonged by methadone [8]. However, it is important to note that most previous 73 

studies involved patients with opioid dependency but not cancer. Therefore, our 74 

hypothesis was that methadone would affect cardiac repolarization, which is determined 75 

by the QTD and TpTe in cancer patients, in a dose-dependent manner. To determine the 76 

risk of ventricular arrhythmias in cancer patients using methadone, we evaluated the 77 

change in QTD and TpTe before and after administration of methadone. 78 

 79 

  80 
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Methods  81 

The study was approved by the ethics committee at Dokkyo Medical University 82 

(registration number: R-12-16J) and registered at the UMIN Clinical Trials Registry 83 

(registration number: UMIN000034519).  84 

To clarify the effects of small-to-modest doses of methadone on cardiac repolarization in 85 

cancer patients, we measured the QTD, QTc dispersion (QTcD), TpTe, TpTe/QT, and 86 

TpTe/QTc using a 12-lead ECG. In addition, we analyzed the correlations between ECG 87 

parameters and methadone dosage. 88 

We conducted a retrospective review of medical records of 19 patients aged 29–85 years 89 

who were treated with methadone for cancer pain at Dokkyo Medical Hospital between 90 

April 2013 and March 2019. Informed consent for use of patient’s data was obtained from 91 

all participants at the hospital admission. Participants with cardiovascular, respiratory, or 92 

cerebrovascular disease; ECG abnormalities; or other types of medication that could lead 93 

to QT prolongation were excluded from the study. At the initiation of methadone 94 

administration, standard 12-lead ECG recordings were obtained from patients at a paper 95 

speed of 25 mm/s. The QT interval, QTc interval, QTD, QTcD, TpTe interval, TpTe/QT 96 

ratio, and TpTe/QTc ratio were measured manually via ECG recordings, which were 97 

obtained 1 week, 1 month, and 2 months after initiation of methadone administration and 98 
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compared. The QT interval was measured using the tangent method. It was defined as the 99 

interval from the onset of the Q wave, which was defined as the intersection of a threshold 100 

level with the differential of the Q wave, to the end of the T wave, which was defined as 101 

the intersection of a tangent to the steepest slope of the last limb of the T wave and the 102 

baseline in leads II and V5. The QT interval was corrected using Fridericia’s formula 103 

(QTc = QT/3√RR). The TpTe interval was defined as the interval from the peak of the T 104 

wave to the end of the T wave in leads II and V5. Similar to the QT measurement, the end 105 

of the T wave was determined using the tangent method. Three consecutive cycles in leads 106 

II and V5 were measured and averaged to analyze the QT and TpTe intervals. QTD was 107 

defined as the difference between the maximum and minimum mean QT intervals on the 108 

12-lead ECG. The mean value for data derived from three successive beats for each lead 109 

was used in the analysis. Leads for which the end of the T wave in 12-lead ECGs could 110 

not be clearly detected were excluded from the analysis. 111 

 112 

Statistical analysis 113 

Data are expressed as means ± standard deviations. The QT interval, QTc interval, QTD, 114 

QTcD, TpTe interval, TpTe/QT ratio, and TpTe/QTc ratio were analyzed using repeated 115 

measures one-way analysis of variance. When a significant overall effect was detected, 116 



9 

 

Dunnett’s post hoc test was performed. Correlations between the ECG parameters and 117 

methadone dosages were analyzed using Spearman’s rank correlation coefficient. All 118 

statistical analyses were performed using Prism 6 (GraphPad, San Diego, CA). In all 119 

analyses, p values of < 0.05 were considered significant. 120 

 121 

  122 
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Results 123 

Following the screening of medical records, one patient was excluded from the study 124 

because of an indistinct T wave in 12-lead ECGs. Additionally, one patient was exclude 125 

due to the ischemic heart disease. Table 1 shows the participants’ characteristics including 126 

chemotherapy and radiation therapy the patients received. No cardiac complications were 127 

observed throughout the study period.  128 

Table 2 shows the mean methadone dose and values for the QT interval, QTc interval, 129 

QTD, QTcD, TpTe, TpTe/QT ratio, and TpTe/QTc ratio before and after the 130 

administration of methadone. The mean methadone dose gradually increased during the 131 

observation period (1 week: 20 ± 7 mg; 1 month: 36 ± 13 mg, 2 months: 53 ± 23 mg). 132 

The QT and QTc were within the normal range in all participants before the administration 133 

of methadone (QT < 0.47, male: QTc < 0.44, female: QTc < 0.46). However, prolongation 134 

of QTc was seen in 2 patients (12%) at 1 and 2 months, and in 4 patients (24%) at 2 135 

months after administration of methadone, respectively. The TpTe in lead II had increased 136 

significantly 2 months after initiation of methadone (baseline: 82 ± 17 msec; 2 months: 137 

106 ± 20 msec, p = 0.018). Similarly, TpTe in lead V5 had significantly increased 2 138 

mounts after initiation of methadone (baseline: 81 ± 17 msec; 2 months: 107 ± 18 msec, 139 
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p = 0.0067). All other parameters, such as QT, QTc, QTD, QTcD, TpTe/QT, and 140 

TpTe/QTc, increased slightly; however, no significant differences were observed.  141 

Figure 1 shows the correlations between the ECG parameters and each methadone dose. 142 

The correlations between ECG parameters and methadone dosage were analyzed for each 143 

increase in methadone dosage but not for individual patients. The TpTe was positively 144 

correlated with methadone dose (rs = 0.4, p = 0.041; Figure 1E). However, there were no 145 

positive correlations between QT (rs = 0.27), QTc (rs = 0.13), QTD (rs = 0.01), QTcD, 146 

(rs = 0.03), TpTe/QT (rs = 0.25), or TpTe/QTc (rs = 0.13) and methadone dose (Figures 147 

1A–1D, 1F, and 1G). 148 

 149 

  150 
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Discussion 151 

Methadone on QT interval 152 

It is known that methadone, a long-acting synthetic opioid, prolongs the QTc interval in 153 

patients with opioid addiction [9]. One previous study suggested that a QTc of >500 msec 154 

was observed in 2% of patients who used >100 mg of methadone per day, and sudden 155 

cardiac death associated with methadone use has been reported at a dose of 29 mg per 156 

day [10]. These findings demonstrate that lethal arrhythmias could occur within a wide 157 

dose range. In contrast, one study indicated that significant QT prolongation was 158 

infrequent in pediatric patients with cancer [11]. The safety of prescribing methadone to 159 

cancer patients remains unclear. If the QT interval is within 450 to 500 msec, methadone 160 

may be initiated or continued with frequent monitoring. For methadone-maintained 161 

patients with QT prolongation more than 500 msec, a risk minimization strategy should 162 

be strongly considered [12]. In the current study, QT and QTc were slightly, but not 163 

significantly, prolonged. The current results suggest that low doses of methadone might 164 

not significantly prolong the QT or QTc. 165 

 166 

Effects of methadone on cardiac repolarization 167 
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Several studies have shown that increased QTD was associated with arrhythmogenicity. 168 

QTD and the QTD ratio (divided by cycle length and expressed as a percentage) in 169 

patients with acute myocardial infarction exhibiting ventricular fibrillation were 170 

significantly higher relative to those observed in patients with unstable angina [13]. It has 171 

been reported that methadone led to modest increases in QTD and TpTe [5,8]. The TpTe 172 

was associated with increased mortality (a cutoff value of 100 msec) [14]. Moreover, 173 

prolongation of the TpTe interval was independently associated with sudden cardiac death 174 

when the QTc was normal or not measurable [15]. In the present study, methadone 175 

prolonged TpTe, but not QTD, 2 months after treatment initiation (> 100 msec). Generally, 176 

QTD indicates the spatial dispersion of cardiac repolarization, whereas TpTe expresses 177 

the transmural dispersion of repolarization. Previous study indicated that TpTe could 178 

reflect local repolarization [16]. Although the interpretation of these conflicting results 179 

remains uncertain, we hypothesize that these results arise owing to the following reasons: 180 

1) sample size was inadequate to detect the spatial dispersion of cardiac repolarization; 181 

2) we did not have multiple TpTe measurements that are required to detect the accurate 182 

transmural inhomogeneity; 3) TpTe was more easily influenced by QT prolongation than 183 

QTD. In terms of QT prolongation, TpTe/QT or TpTe/QTc may be more sensitive than 184 

TpTe. The present study emphasizes that even low doses of methadone might prolong the 185 



14 

 

TpTe. Therefore, the possibility of arrhythmogenicity during the treatment of cancer pain 186 

using methadone should be considered. 187 

There was no significant correlation between QT, QTc, QTD, or QTcD, and methadone 188 

dose. With respect to TpTe, there was no significant correlation between TpTe/QT or 189 

TpTe/QTc and methadone dose. In contrast, TpTe was significantly correlated with each 190 

dose of methadone. These contradictions might arise owing to the inadequate sample size 191 

of this study. Further study is essential for evaluating the correlation between cardiac 192 

repolarization and methadone dose. We suggest that the consideration should be given to 193 

discontinue the.methadone-maintained patients with TpTe more than 100 msec. 194 

 195 

Limitations 196 

Methadone has been approved in Japan since 2013. It is a comparatively novel opiate, 197 

therefore there is limited knowledge regarding the use of methadone in Japanese cancer 198 

patients. In the current explorative study, only a small sample of 19 patients was available. 199 

Unlike in other countries, there is no established treatment for opioid addiction.  200 

Moreover, the use of methadone is still restricted to the refractory cancer pain in Japan. 201 

Therefore, the consumption of methadone did not increase compared to other countries. 202 

In addition, this study was a single-center, retrospective, observational study. To clarify 203 
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the influence of methadone on cardiac repolarization, further analysis via multi-center, 204 

prospective studies is essential. 205 

It has been suggested that some cancer types may affect to the QT interval. In the 206 

univariate logistic regression analysis, breast cancer and gastrointestinal cancer and their 207 

supportive drugs could affect QT prolongation [17]. It is likely that the QT interval was 208 

affected by the peculiarity of cancer type in several cases in our study. 209 

 210 

Conclusion 211 

The QT, QTc, QTD, QTcD, TpTe/QT, and TpTe/QTc were not prolonged, while TpTe was 212 

prolonged in a dose-dependent manner after methadone. Although the study question 213 

remains unanswered, this latter result suggests that methadone might increase the risk of 214 

ventricular arrhythmia in a dose-dependent manner. 215 
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Figure legends 292 

Figure 1A-G: Correlations between methadone doses and ECG parameters. (A-D, F, G) 293 

There were no positive correlations between QT interval (rs = 0.27), QTc interval (rs = 294 

0.13), QTD (rs = 0.01), QTcD (rs = 0.03), TpTe/QT (rs = 0.25), or TpTe/QTc (rs = 0.13) 295 

and methadone dosage. (E) In contrast, there was a positive correlation between TpTe and 296 

methadone dosage (rs = 0.4, p = 0.041). 297 
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