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Abstract

Context. Methadone has been reported to prolong the corrected QT (QTc) interval and increase the risk of torsades de
pointes.

Objectives. Our study examined the frequency of QTc prolongation among pediatric and young adult patients starting
methadone for cancer pain.

Methods. All patients followed a standardized protocol. Electrocardiograms (ECGs) were obtained at baseline (methadone
starting day to 14 days prior), 1—2 weeks, and 4—6 weeks later. QTc values were manually calculated using the Bazett formula.
QTc prolongation was defined as =460 milliseconds (ms) for prepubertal children, =470 ms for pubertal males, and =480 ms
for pubertal females.

Results. Baseline ECGs were completed in 42 patients. Follow-up ECGs were completed in 38 of 42 (91%) and 31 of 42
(74%) patients at 1—2 weeks and 4—6 weeks, respectively. No patients had prolongation of the QTc at baseline, and 1 of 38
(3%) patients had a prolonged QTc at weeks 1—2. This patient had a history of prolonged QTc that the family did not initially
report. No patients had prolongation of the QTc at weeks 4—6. No patients had torsades de pointes or ventricular fibrillation,
and none died suddenly.

Median (interquartile range [IQR]) baseline QTc was 391 (377—400) ms; median (IQR) 1—2 week follow-up QTc was 399
(374—411) ms (P =.05), and median (IQR) 4—6 week follow-up QTc was 393 (379—423) ms (P =.01).

Conclusion. Clinically significant prolongation of the QTc interval occurred only in one patient who had a history of

prolonged QTc. Prolonged QTc is rare in this population. J Pain Symptom Manage 2019;58:678—684. © 2019 American

Academy of Hospice and Palliative Medicine. Published by Elsevier Inc. All rights reserved.
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Introduction

Pain is the most commonly reported symptom in chil-
dren with cancer.” There are many nonpharma-
cological interventions, but the use of opioids is
commonplace. There are many choices of immediate-
release and long-acting opioids including methadone.
Methadone is a synthetic opioid and an agonist at the
p-, 9-, and k-opioid receptors. Uniquely, methadone
also possesses antagonism at the N-methyl-pD-aspartate
receptor and is a reuptake inhibitor of both serotonin

and norepinephrine” that collectively modulate pain
in the central nervous system. It has a long half-ife,"”
high oral bioavailability,(" and no active metabolites’
and is the only long-acting opioid available as a liquid.
These properties, in addition to its low cost,” make
methadone an excellent choice for management of
pain in children who cannot reliably swallow tablets un-
til approximately 6 to 7 years of age. Its use, however, is
likely limited because of a combination of perceived
family resistance’ and its complex pharmacokinetics
and pharmacodynamics.'’
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Potential side effects of methadone are the same as
those with other opioids and include constipation,
nausea, and sedation. At high doses, myoclonus, halluci-
nations, and respiratory insufficiency may occur.'"'?
Many drug-drug interactions that alter the metabolism
and elimination of methadone'*'" and can increase
the risk of prolongation of the corrected QT (QTc) in-
terval and subsequent development of torsades de
pointes (TdP), a life-threatening cardiac arrhythmia,
are possible.'” " The myriad of medications commonly
used in pediatric oncology, including diphenhydra-
mine, ondansetron, granisetron, famotidine, pantopra-
zole, macrolide antibiotics, and azole antifungals,18 also
independently prolong the QTc, furthering the risk of
TdP. Concerns about prolongation of the QTc
interval 97?2 are tempered with small, retrospective
studies in children®”*° which suggest methadone is
safe to use in children with cancer.

The purpose of this retrospective study was to evaluate
the frequency of and factors associated with prolonga-
tion of the QTc interval in children and young adults
receiving methadone. This cohort of patients followed
a standardized protocol of obtaining electrocardio-
grams (ECGs) atspecificintervals, and so, our study pos-
sesses more internal controls that previous studies lack.

Methods
Subjects

The Institutional Review Board at The University of
Texas M.D. Anderson Cancer Center approved this
study. We conducted a retrospective electronic medi-
cal record review of patients with cancer referred to
the pediatric supportive care service for management
of pain between January 1, 2016, and November 1,
2018. The electronic medical record was reviewed
for demographic variables, medical history, medica-
tion regimen, and laboratory data.

Administration of Methadone

Two board-certified pediatric and palliative care phy-
sicians assessed all children and young adults who
received methadone. Family history was obtained for a
person with a history of prolonged QTc interval, family
history of prolonged QTc interval, or a family history of
sudden, unexplained death. Methadone was initiated
as a long-acting opioid in children and young adults
who had 1) nociceptive, 2) neuropathic, or 3) nocicep-
tive with neuropathic pain that was not controlled with
oral immediate-acting opioids (defined as needing
more than four as needed doses per 24 hours). Patients
were started on methadone in both the outpatient and
inpatient setting for pain. The choice of immediate-
acting opioid for breakthrough pain was left to the
discretion of the physician.

Children and young adults were started on metha-
done at standard analgesic starting doses of 0.1 mg/
kg/dose every 12 hours by mouth,27’28 with a maximum
of 5 mg by mouth every 12 hours, or an equianalgesic
dose of methadone®” if they were not opioid-naive.
For children unable to swallow tablets, methadone
elixir was used. For those children and young adults
who could take tablets, it was left to the prescribing phy-
sicians’ discretion to round the dose up or down to the
nearest 2.5 mg interval. All outpatient children and
young adults were monitored by phone for three
consecutive days after starting methadone to assess
the efficacy and side effects; inpatient children and
young adults were evaluated daily to ensure the effec-
tiveness of dose and absence of side effects.

Electrocardiographic Assessments

ECGs were performed uniformly for all patients in
the study. A baseline ECG was performed on the day
of starting of methadone if not completed within the
preceding 14 days. Follow-up ECGs were performed
1—2 weeks and 4—6 weeks after methadone initiation.
Documentation of why follow-up ECGs were not per-
formed was completed for all patients.

ECGs were performed using the ELI 350 electrocar-
diography machine (Mortara Instruments Inc., Mil-
waukee, WI). QTc values for analysis were manually
computed by a board-certified pediatric critical care
medicine physician with years of experience working
in a pediatric cardiac intensive care unit. The standard
formula described by Bazett” was used to calculate
the QTc. The QT and preceding RR interval were
measured in lead II with one beat from a standard
12-lead ECG tracing at 25 mm/second paper speed
at 10 mm/mV amplitude using ECG calipers.

A prolonged QTc interval is variable depending on
age and sex; the 99 to 99.5 percentile values in prepu-
bescent males and females is =460 ms; for pubertal
males, it is =470 ms, and for pubertal females, it
is =480 ms.”' Puberty was defined using the standard
sexual maturity rating scale (Tanner stages).””

Contributing Factors to Increasing Q1c Interval
Other medications can increase the QTc interval
and were classified by the risk of causing TdP based
on the Arizona Center for Education and Research
on Therapeutics.'® This website identifies three risk
categories: 1) drugs that carry a risk of TdP, 2) drugs
that increase the QTc interval and/or, in some re-
ports, that have been associated with TdP but lack sub-
stantial evidence for causing TdP at this time, and 3)
drugs that carry a risk of TdP and/or increase the
QTc interval under certain conditions, such as patients
with congenital long QT syndrome, who had drug
overdose, or who coadministered interacting drugs.
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Table 1
Baseline Characteristics of Patients

Characteristic n=42 (%)
Median age (range) 16 (1—-25)
Female 18 (43%)
Race
White 27 (64%)
Hispanic 8 (19%)
Asian 2 (5%)
African American 2 (5%)
Others/unknown 3 (7%)
Primary oncologic diagnosis
Sarcoma 20 (48%)
Leukemia/lymphoma 15 (36%)
Central nervous system tumor 3 (7%)
Neuroblastoma 2 (5%)

Laryngeal cancer 1 (2%)
Ovarian cancer

Medications were further classified by whether they
prolong the QTc interval by directly increasing the
QTCc interval or indirectly increasing the QTc interval
by inhibition of methadone metabolism that can in-
crease the serum concentration of methadone, thus
elevating the risk of increasing the QTc interval.

Abnormalities in potassium, calcium, and magne-
sium levels have been identified as risk factors for
increasing the QTc interval.” We documented these
laboratory values if they were collected on the day
the ECG was performed.

Statistical Analysis

Summary statistics are used to describe patients’
characteristics such as age, gender, race, primary onco-
logic diagnosis, and the frequency of prolonged QTc.
Wilcoxon signed-rank test was used to compare the
change of the QTc from baseline to each follow-up
ECG time point. Repeated-measures analysis was
used to assess the change of the QTc over time, total
methadone daily dose (TMDD), serum electrolytes,
and concomitant medications that may affect the QTc.

All computations were carried out in SAS 9.4 (SAS
Institute Inc., Cary, NC) and R 3.4.2.

Results

The baseline characteristics of patients are pre-
sented in Table 1. The median (range) age of patients
was 16 years.'”*” Most patients were male (57%) and
white (64%) and had a diagnosis of sarcoma (48%).

Fig. 1 shows patient accrual to the study. Forty-two
consecutive patients were included in the study; no pa-
tients were excluded because of baseline prolongation
of the QTc interval, personal or familial history of pro-
longed QTc, or a family history of sudden, unex-
plained death. All 42 patients were evaluated at
baseline (100%). Thirty-eight of 42 (91%) patients
had an ECG performed at weeks 1—2, and 31 of 42
(74%) patients had an ECG performed at weeks 4—6.

Table 2 shows the longitudinal QTc interval assess-
ments at baseline, 1—2 weeks, and 4—6 weeks. The Wil-
coxon signed-rank test was used to compare each
patient’s baseline QTc value with their subsequent
QTc values. Compared with the baseline QTc interval,
the QTc interval at 1—2 weeks (P=.05) and 4—6 weeks
(P = .01) were statistically, significantly longer. Only
one patient (1/38, 3%), a 20-year-old male, had a pro-
longed QTc interval. This patient had a prolonged
QTc interval of 513 ms while on methadone which
occurred at weeks 1—2. The patient’s baseline QTc
was 451 ms. He had no new medications added be-
tween the baseline QTc and week 1—2 QTc, and he
also did not have any electrolyte abnormalities at any
time point. Before the initiation of methadone, the
patient and family reported no past medical history
of a prolonged QTc, a family history of a prolonged
QTc, or a family history of sudden, unexplained death.
After the second ECG demonstrated a prolonged QTc
interval, the patient and family were reinterviewed,
and at this time, they reported the patient did have
a prior history of a prolonged QTc that was not dis-
closed at the initial history. The patient had no evi-
dence of TdP or ventricular fibrillation on this ECG.
Clinically, he had a normal heart rate and blood pres-
sure and had no syncope or presyncopal vertigo.
Methadone was immediately discontinued, and a
repeat ECG performed 24 hours later showed a QTc
interval of 436 ms.

Table 3 shows the risk factors for prolonged QTc.
Most patients were on at least one medication that
directly prolongs the QTc and one medication thatindi-
rectly prolongs the QTc while also taking methadone.
The number of medications known to directly
(P =.15) or indirectly (P = .88) prolong QTc was not
significantly associated with QTc. A 1 mEq/L decrease
in serum potassium was significantly associated with a
17 ms increase in the QTc interval (P = .02). There
was no association between TMDD and QTc interval
(P =.96), and the serum levels of calcium (P = .17)
and magnesium (P =.53) were not significantly corre-
lated with QTc. Age greater than 18 years (P =.11),
gender (P=.84), and TMDD (P =.06) were not associ-
ated with an increased QTc interval.

All patient deaths were related to the progression of
their cancer and not due to a cardiac arrhythmia.

Discussion

To our knowledge, this is the first study to examine
the association between methadone and QTC interval
in consecutive children and young adults on a stan-
dardized protocol of obtaining ECGs. Our study
found that while there was a significant increase in
the QTc interval with the addition of methadone,
there was no clinical significance to these increased
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Reasons child did not have 1-2 week follow up ECG (n = 4)
* Transfer of care to another institution (n = 2, 50%)

* Resolution of pain syndrome (n =1, 25%)

* Death (n=1, 25%)

Reasons child did not have 4-6 week follow up ECG (n = 7):
* Death (n=2,29%)

* Resolution of pain syndrome (n =2, 29%)

* Nonadherence (n =1, 14%)

* Methadone discontinued (QTc = 500 ms) (n =1, 14%)

* Transfer of care to another institution (n =1, 14%)

Baseline ECG before
methadone initiated
(n=42)

Y
1-2 week follow up ECG:
38/42 children (91%)
Y

4-6 week follow up ECG:
31/42 children (74%)

Fig. 1. Patient accural. ECG = electrocardiogram; QTc = corrected QT.

values. The singular exception was the patient who
had an undisclosed history of prolonged QTc that
was not divulged at the time of starting methadone.
The use of methadone in children can be chal-
lenging. While it has been shown to be an effective
medication for the treatment of cancerrelated pain
in children and young adults,”””" *’ concerns about
its use by physicians10 and families”’ persist. While
the apprehensions of families are rooted in the

stigmatization of methadone as a medication for
addiction, most physician worries are related to its po-
tential to prolong the QTc interval that leads to a fatal
cardiac arrhythmia. While methadone has been re-
ported to directly increase the QTc interval, this is
an uncommon phenomenon25 in children. Profes-
sional society guidelines for the use of methadone in
children do not provide much reassurance or clarity.
The American Pain Society (APS) guidelines draw

Table 2
Longitudinal QTc Interval Assessments at Baseline, 1—2 Weeks, and 4—6 Weeks

Variable Baseline (n = 42) 1—2 Weeks (n = 38) P Value“ 4—6 Weeks (n = 31) P Value”
Median QTc, ms (IQR) 391 (377—400) 399 (374—411) .05 393 (379—423) .01
QTc = upper limit of normal” 0 (0%) 1 (2.6%) — 0 (0%) —
Median methadone dose, mg (IQR) — 7.5 (5—10) — 5 (4.4—-10) —

Median methadone dose, mg/kg/dose —
(minimum—maximum)

0.1 (0.05—0.21) —

0.1 (0.05—0.32) —

IQR = interquartile range; QTc = corrected QT.

“Comparison of individual QTc at baseline vs. 1—2 weeks (Wilcoxon signed-rank test).
®Comparison of individual QTc at baseline vs. 4—6 weeks (Wilcoxon signed-rank test).

“Upper limit of normal for: prepubertal children = 460 ms; pubertal males = 470 ms; pubertal females = 480 ms.



682 Madden et al. Vol. 58 No. 4 October 2019
Table 3
Known Risk Factors for QTc Prolongation
Variable 1—2 Weeks n = 38 4—6 Weeks n = 31 P Value
Number (%) of patients on medications that
Directly increase QTc 33 (8) 25 (81)
Indirectly increase QTc 23 (61) 16 (52)
Number [median (IQR)] of medications that
Directly increase QTc 1 (1-2) 1 (1-2)
Association with QTc 15
Indirectly increase QTc 1 (0—-1) 0 (0—1)
Association with QTc .88
Serum electrolyte levels, median (IQR)
Calcium (mg/dL) 8.9 (8.6—9.4) 9.6 (8.6—9.8)
Association with QTc 17
Magnesium (mg/dL) 1.8 (1.7-1.9) 1.9 (1.8—2.2)
Association with QTc .53
Potassium (mEq/L) 4.0 (8.7—4.3) 4.1 (3.9—4.3)
Association with QTc .02

IQR = interquartile range; QTc = corrected QT.

“One unit decrease of potassium (mEq/L) was significantly correlated with a 17 ms increase in the QTc.

conclusions extrapolated from adult data™ and there-
fore are unlikely to apply to our patient population.
For example, the APS recommends reconsideration
of methadone if the QTc is greater than 450 ms but
less than 500 ms.

Additionally, a recent expert consensus white paper
on the use of methadone in hospice and palliative
care’” does not provide any guidance for its use in
children. This lack of data has ostensibly led pediatric
palliative care physicians to “default” to the threshold
values of a prolonged QTc interval in adults of 450 ms
and 500 ms.*! Furthermore, some pediatric-specific
QTc studies use 450 ms as the defined value of a pro-
longed QTc interval.”*”® Yet there is evidence that the
99—99.5% normal values for the QTc interval in chil-
dren are =460 ms for prepubertal children,
=470 ms for pubertal males, and =480 ms for puber-
tal females.”’ Not being aware of these higher QTc
thresholds may lead to significant consequences for
children as methadone, as well as other medications
that prolong the QTc interval, may be discontinued
hastily out of concern for causing a cardiac
arrhythmia.

Although there was a significant difference between
the baseline QTc interval and the QTc interval at 1—
2 weeks and 4—6 weeks, it should be reassuring that
the only patient who had a prolonged QTc during
the study period had a history of prolonged QTc
that was not divulged at the time of starting metha-
done. He never suffered any clinical sequelae, and
his QTc normalized quickly after discontinuing meth-
adone. Aside from this patient, the observed increase
in QTc interval with the addition of methadone never
approached age-defined prolongation of the QTc in-
terval. Knowing that the measured QTc interval is
only but a snapshot in time, it is important to note
that no patient had any clinical manifestations of a
prolonged QTc, namely syncope or sudden death.

Our findings concerning other variables that might
affect the QTc interval including serum electrolytes,
TMDD, and the number of concomitant medications
that also increase the QTc interval are consistent
with those of other studies conducted in children
and young adults. We found an association between
a lower potassium level and an increased QTc interval.
Other electrolytes such as calcium and magnesium
had no correlation. Similar to other studies,22‘2'172("
we also found no association between the QTc and
other medications taken simultaneously with metha-
done that may prolong the QTc interval.

There are many strengths to our study. All patients
adhered to a strict standard of care protocol with re-
gard to dosing of methadone and obtaining baseline
and follow-up ECGs. Additionally, the data of consecu-
tively seen children and young adults were analyzed,
thereby minimizing some of the selection bias that
can come with retrospective studies.

There are several limitations to our study. The retro-
spective nature certainly does not account for all con-
founding variables that may potentially influence the
QTc interval. Additionally, our study was conducted
in a single, tertiary care cancer center, and so, our con-
clusions may not be applicable to children and young
adults who use methadone for other pain syndromes.
Finally, the limited number of other QTc-prolonging
medications, or other medications that interact with
methadone to prolong the QTc, makes it difficult to
make strong generalizations about the safety of meth-
adone in patients who may be on many medications
that can also affect the QTc interval.

Conclusions

The findings of our study should be reassuring to
pediatric practitioners that methadone is a safe medi-
cation to use in children and young adults with cancer-
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related pain. Monitoring potassium levels, especially
for an inpatient or a critically ill patient, might be war-
ranted. Obtaining a thorough history from the patient
and family regarding a prior history or prolonged QTc
interval, a family history of a prolonged QTc interval,
or a family history of sudden, unexplained death is
crucial. The difference in QTc for each patient from
baseline to weeks 1—2 and weeks 4—6 was statistically
significant, but not clinically relevant. Baseline ECGs
may identify individuals at risk for further prolonga-
tion of the QTc interval, but our study indicates that
if the baseline ECG is normal and there are no other
risk factors, follow-up ECGs may not be warranted.
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