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Abstract

Study Objective—To determine the electrocardiographic (ECG) effects of co-administration of
lofexidine and methadone.

Design—~Prospective, double-blind study.

Subjects—Fourteen participants with physical dependence on opioids at an outpatient drug
treatment research clinic.

Methods—~Participants were stabilized on methadone maintenance therapy (80 mg/day), then
received escalating doses of lofexidine for eight weeks. ECGs were performed during peak plasma
lofexidine levels. Pre-specified outcome measures were mean and maximal changes in heart rate,
PR, QRS, and QTc intervals (1) when stabilized on methadone and (2) after lofexidine (0.4 mg)
co-administration.

Main Results—Repeated-measures regression showed no changes in HR, PR, QRS, or QTc
after methadone stabilization, but a significant decrease in mean HR (mean change —8.0 + 7.3
bpm, p=0.0006) after initiating lofexidine. When data were analyzed using maximal ECG
response, again, there were no significant changes during methadone induction compared to
pretreatment, but there were significant changes in all four ECG parameters when lofexidine was
coadministered: decreased HR (—9.6 £ 5.8 bpm, p<0.0001) and increased PR interval (+11.1 £
19.8 ms, p=0.026), QRS interval (+3.7 = 4.3 ms, p=0.002), and QTc interval (+21.9 = 40.8 ms,
p=0.018). In three participants, the QTc prolongation was clinically significant (> 40 ms).

Conclusion—Pending larger studies, our data suggest that coadministration of lofexidine and
methadone should be prescribed cautiously, preferably with ECG monitoring.
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Introduction

Methods

Currently, over 200,000 patients in the US are enrolled in methadone maintenance for opioid
dependencel. The cardiac arrhythmia torsade de pointes has been reported in patients
maintained on methadone and its effects appear to be dose-dependent?3. Although
arrhythmia development may be a result of multiple factors, methadone may be an
independent causal agent, interfering with the important repolarizing current Ixg, and
prolonging QTc?. QTc prolongation serves as a surrogate for risk of torsade®. Therefore,
methadone should be used cautiously with other medications that have QTc-prolonging
properties. In addition, QTc prolongation may be augmented in the setting of decreased
autonomic tone®; therefore, the delayed repolarization associated with methadone could be
magnified by medications that predispose to bradycardia.

Lofexidine, 2[1-(2,6-dichlorophenoxy)-ethyl]-2-imidazoline hydrochloride, is an alpha-2
agonist that is used for opioid detoxification’:8 and to assist in transferring patients from
methadone to buprenorphine maintenance®. It has also been shown in both animal and
human models to prevent relapse to alcohol, cocaine, and heroin use outside the context of
acute withdrawall9-13; thus, independent of its role in detoxification, lofexidine may also
help prevent relapse during methadone maintenance.

Both methadone and lofexidine exhibit cardiac properties: both drugs may cause bradycardia
and hypotension. Methadone has been shown to prolong the QTc intervall4, but also has the
potential to augment bradycardia due to calcium-channel blockadel® and through acetyl-
cholinesterase inhibition16. Lofexidine possesses both alpha-2 adrenergic agonist activity
and peripheral agonist activity at postganglionic muscarinic receptorsl’. Although lofexidine
has not definitively been shown to cause QTc prolongation, we have reported a single case
of marked QTc prolongation during methadone and lofexidine co-administration1® and
recently reported hypotension caused by this combination1®. Given the two drugs’
overlapping cardiovascular properties, we prospectively examined the cardiac conduction
and repolarization effects of the coadministration of methadone and lofexidine.

Study Design and Subjects

This report contains secondary findings from a pilot dose-escalation study of the safety of
lofexidine and methadone co-administration. The study methods and primary findings have
been described in detail previouslyl®. The study protocol was approved by the Institutional
Review Board of the Intramural Research Program, National Institute on Drug Abuse,
National Institutes of Health, conducted under an investigational new drug application
approved by the United States Food and Drug Administration; the study was conducted in
accord with the Helsinki Declaration of 1975. Between January 2001 and February 2002, we
recruited opioid-dependent participants from Baltimore, Maryland, and the surrounding
area. After giving written informed consent, participants underwent a history and physical
with screening tests, including a 12-lead electrocardiogram (ECG) and three-minute rhythm
strip.

All participants were between 18 to 45 years old and physically dependent on opioids, as
determined by DSM-IV criteria, self-reported 30-day use, and urine toxicology screens.
Participants were excluded for unstable Axis | psychiatric disorders, cognitive impairment,
pregnancy, relative hypotension (blood pressure consistently below 110/70 mm Hg), relative
bradycardia (heart rate consistently below 50 beats per minute [bpm]), chronic hypertension,
myocardial infarction, stroke, coronary artery disease, creatinine > 1.7, or use of medications
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with lofexidine interactions (antihypertensives, antiepileptics, psychoactives,
hypoglycemics, anticholinergics, antiparkinsonians).

Study Drugs

Oral methadone was administered daily throughout the study in a constant 50 ml volume
(Mallinckrodt Pharmaceuticals, St Louis, MO), starting at 30 mg on Day 1 and ending at the
maintenance dose of 80 mg. This dose is within the range used in community treatment
programs?0. Participants came to the clinic seven days a week for medication. After three
weeks of stabilization on methadone, participants began receiving daily lofexidine or
lofexidine placebo administered at the same time as methadone. Lofexidine (0.2 mg tablets)
and matching placebo (Forum Products Inc., Redhill Surry, United Kingdom) were
scheduled to be administered once per day for one-week intervals according to the following
schedule: Weeks 1 and 2 lofexidine 0 or 0.4 mg double blind in random order; Week 3
lofexidine 0.6 mg; Week 4 lofexidine 0.8 mg; Week 5 lofexidine 1.0 mg; Week 6 lofexidine
1.2 mg; Week 7 lofexidine 1.4 mg; Week 8 lofexidine 1.6 mg. Additional study details were
reported previously°.

Outcome Measures

A twelve-lead electrocardiogram was performed before the first administration of each
lofexidine dose and at 5.0 hours post-dose between 10:00 AM and 4:00 PM, using a GE
MAC 5000 (Milwaukee, WI, USA). For a subset of participants, additional ECG monitoring
was performed: at 3.0, 3.5, 4.0, and 4.5 hours post-dose in addition to 5.0 hours post-dose.
Tracings were obtained supine, and were recorded at 25 mm/second speed. Automated PR
interval, QRS duration, QT interval, and QTC interval were tabulated. To compare the
accuracy of automated interpretation, each ECG was over read by a single cardiologist
(MJK), who was blinded to time interval, methadone dose, lofexidine dose, gender, and age.
QT intervals were measured manually with calipers. The QTc interval was then calculated
using Bazett’s formula (QTc=QT/RR, where RR denotes the interval from the onset of one
QRS complex to the onset of the next QRS complex.) The QT interval was measured from
the first downward deflection from the isoelectric PR interval to the visual return of the T
wave to the TP segment. QT intervals were measured preferentially in lead Il. U waves were
not incorporated into the QT measurement. Each automated measurement (rate, rhythm, PR
interval, QRS, QT, QTc) was compared to the manual reading; manual readings were
subsequently used for data analysis.

Statistical Analysis

For the primary analysis, we examined QTc, PR, QRS, and HR at three time points: (1) prior
to study enrollment, when the participant was taking neither methadone nor lofexidine
(referred to as Tp); (2) after stabilization on methadone but before the first lofexidine dose
(T4); and (3) during peak plasma levels, 5 hours after receiving the first active lofexidine
dose (0.4 mg) (T,). All measurements were available for all participants (n=14) at all three
time points. A repeated-measures linear regression analysis (SAS Proc Mixed) with two
single-df planned contrasts was performed for each outcome measure: Tg vs. T, and Ty vs.
T»,. Since multiple measures were taken during peak plasma levels following drug
administration (3-5 hours post-dose) for a subset of participants (n=6), a secondary analysis
was performed to assess maximal drug effects. For this analysis, the measures selected for
the outcome were the maximum QTc, maximum PR, maximum QRS, and minimum HR
values post-dose (for the 8 participants without multiple measures this was the 5-hour post-
dose value, as in the primary analysis); the same regression technique was employed as for
the primary analysis.
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A secondary analysis examined dose effects of lofexidine on the largest subset of
participants for whom multiple-dose data were available (n=7). This analysis was analogous
to the primary analysis, substituting doses of lofexidine (0.4 mg, 0.6 mg, 0.8 mg) for T, T4,
and T»,. As in the primary analysis, the methadone maintenance dose remained constant (80
mg/day), and the same outcome measures were used (QTc, PR, QRS, and HR) at the same
time points (5 hours post-dose initially, then the analysis was repeated using the maximum
post-dose reading). A repeated-measures linear regression analysis with two single-df
planned contrasts was performed for each outcome measure: comparing 0.4 mg to 0.6 mg,
and 0.4 mg to 0.8 mg.

All repeated-measures regression models used an unstructured covariance structure.
Spearman correlation coefficients were calculated to determine the level of agreement
between automated ECG measurements and manual readings. SAS version 9.0 was used for
all analyses (SAS Institute, Cary NC).

Subject Characteristics

Of the 26 participants initially enrolled in the study, 12 left or were disqualified for
administrative/non-medical reasons prior to receiving lofexidine. Analysis was limited to the
14 participants who received at least one dose of lofexidine. They were aged 34.9 + 5.3
years; 6 were women (42.9%) and 8 were African-American (57.1%). All smoked tobacco,
and nine abused cocaine. Otherwise, the participants were generally healthy and did not
have hepatitis C, HIV, potassium below 3.5 mmol/L, or structural heart disease. None of the
participants were on any prescription medicines. Those who remained in the study long
enough to receive 0.6 and 0.8 mg lofexidine did not differ from the others in terms of race/
ethnicity or sex.

A total of 289 ECGs were performed and interpreted by automated and manual readings.
The dataset used for this analysis consisted of 63 complete sets of ECG measurements: 7
participants had data for the Ty, T4, and T, time points and for the lofexidine dose analyses
(0.4 mg, 0.6 mg, 0.8 mg) and 7 participants had data for only the Tg, T1, T, time points.
Automated QTc readings were correlated strongly with manual readings (r= +0.59) over all
participants and doses (n=60 pairs, because one participant was missing cardiologist-read
values for 3 time points); manual readings were utilized for all analyses.

Baseline ECG findings (Table 1) were consistent with expectations for a young population
free of structural heart disease. Among the 14 participants, the highest dose of lofexidine
reached in the dose escalation was 0.4 mg in 7 participants, 0.8 mg in 2, 1.4 mg in 3, and 1.6
mg in 2 participants. Dose escalation was limited by side effects such as hypotension or
sedation, as we previously reported?®.

The Effect of Lofexidine on ECG Measures

Repeated-measures regression showed no statistically significant differences in mean HR,
PR, QRS, or QTc in participants on methadone compared to their unmedicated baselines.
When 0.4 mg of lofexidine was added to methadone, there was a statistically significant
decrease in HR (mean decrease=8.0 + 7.3 bpm, F1 26=15.01, p=0.0006) but no significant
change in the other three parameters. However when the analysis was performed using the
maximum observed values for the six participants with multiple post-dose measures (and the
5-hour post-dose value for the other 8 participants), again there were no significant changes
in any parameter comparing methadone to baseline, but significant changes in all four
parameters comparing lofexidine plus methadone to methadone alone: HR (mean maximal
decrease=9.6 * 5.8 bpm, Fy 26=22.95, p<0.0001), PR interval (mean maximal increase=11.1
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+19.8, F1 26=5.58, p=0.026), QRS interval (mean maximal increase=3.7 + 4.3, F1 26=11.8,
p=0.002), and QTc interval (mean maximal increase=21.9 + 40.8, F 26=6.34, p=0.018).
Figure 1 shows minimum, maximum, and mean values for all four parameters for each
condition; the response at 5 hours post-dose and the maximum drug response are both
shown.

The mean (maximal) increase in QTc was 21.9 ms. In addition, three participants, all female,
had clinically important increases (>40 ms) in QTc interval after administration of
lofexidine 0.4 mg. The first participant increased from baseline 462 ms to 586 ms on both
drugs; the second participant increased from 419 ms to 464 ms; the third participant
increased from 428 ms to 493 ms. In these three participants, QTc prolongation resolved
after lofexidine was discontinued. One other female participant developed a substantial
increase in PR interval with lofexidine 0.4 mg. Baseline PR was 200 ms, reaching a
maximum duration of 500 ms by lofexidine 1.0 mg. She never developed high-grade
atrioventricular block and was otherwise asymptomatic during the study.

Lofexidine Dose Effects on ECG Measures

A secondary analysis of the dose-dependent effect of lofexidine escalation comprised a
subset of participants (n=7) who received doses of 0.6 mg and 0.8 mg as well as 0.4 mg.
There were no statistically significant dose effects for any ECG parameters, comparing 0.4
mg to 0.6 mg, and 0.6 mg to 0.8 mg. This lack of significant dose effects was observed when
measures taken at 5 hours post-dose were used in analysis, as well as when the maximum
post-dose measures were used. The minimum, maximum, and mean values for all four
parameters by dose are shown in Figure 2.

Discussion

Lofexidine decreases opioid withdrawal symptoms and has been used extensively for this
purpose in the United Kingdom’. Recent and ongoing investigations support its utility for
transitioning patients from methadone to buprenorphine maintenance and for relapse
prevention beyond the period of acute withdrawal®13, Given its potential for expanded
coadministration, understanding the cardiovascular effects of combining lofexidine with
methadone is important. We have reported previously that the combination of lofexidine and
methadone may result in significant hypotension, sedation, and cognitive deficits compared
to placebol®. Furthermore, methadone is known to cause dose-dependent increases in QTc
prolongation and has been associated with the polymorphic ventricular arrhythmia torsade
de pointes?, which often results from the confluence of several factors, such as the
combination of medications. Therefore, before augmenting methadone maintenance with
another maintenance medication, it is important to identify combinations that could increase
arrhythmic potential. It should be noted that a great number of methadone-maintained
patients also abuse cocaine; cocaine, like methadone, can block the delayed cardiac rectifier
potassium channel, which is the primary mechanism for drug-induced QTc prolongation?X.

This is the first study to examine potential effects of lofexidine and methadone co-
administration on cardiac conduction and repolarization. It was designed solely as a safety
study; consequently, generalizability is limited by small sample size (n=14). Due to side
effects such as hypotension, most patients were not escalated to the target dose of 1.6 mg
lofexidine, so a full range of lofexidine dose effects could not be examined. We found no
significant changes in mean heart rate, PR interval, QRS duration, or QTc interval after
methadone administration, though a larger prospective study has shown that methadone
monotherapy increases QTc interval modestly despite having no effect on QRS duration4.
When the starting dose of lofexidine was added (0.4 mg), we found a statistically significant
decrease in heart rate. When maximal ECG responses were examined, we found statistically
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significant changes in all four parameters, most importantly a mean maximum increase in
QTc interval of 21.9 ms. In addition, three female subjects developed marked (> 40 ms
increase from baseline) QTc prolongation. No additional changes were seen with lofexidine
dose escalation, but only a small number of patients were tested at the higher doses,
precluding assessment of a dose-dependent impact on cardiac conduction and repolarization.
Another limitation of our study is the lesser precision of hand calipers for measuring QTc
interval (approximately 10 ms) compared with electronic measurement?2,

The known electrocardiographic properties of methadone and lofexidine provide possible
biological mechanisms for the effects seen in our study. Methadone may induce bradycardia
through its anticholinergic and calcium-channel-blocking properties!®16:23.24 \while
lofexidine induces bradycardia through CNS alpha agonism. Methadone can prolong the
QTc interval® and perhaps this effect is exacerbated by a lofexidine-induced decrease in
sympathetic tone and increase in parasympathetic tone. Although a recent study
demonstrated that sympathetic surge may lead to a net prolongation in ventricular
repolarization?®, autonomic blockade has previously been shown to exacerbate drug-induced
QT prolongation in the setting of blockade of the delayed rectifier potassium ion current
Ikr &. Thus, the combination of a drug such as methadone, which blocks Ixg, plus
lofexidine, which inhibits autonomic output, could result in synergistic delay in cardiac
repolarization. Moreover, both drugs slow cardiac conduction, which may also pose a
cardiac safety concern, given that torsade de pointes is a pause-dependent arrhythmia26.
Although it is conceivable that lofexidine has independent effects on repolarization, our
literature search did not identify reports suggesting that either lofexidine or clonidine blocks
Ikr in vitro or is associated clinically with torsade de pointes. Finally, we think it unlikely
that there is a pharmacokinetic interaction at the level of P450 metabolism, because
lofexidine is neither a substrate nor an inducer/inhibitor of P450 metabolic pathways, the
principal pathways for methadone metabolism. For the participants who developed a
prolonged QTc interval, the abnormal measure resolved after lofexidine was discontinued,
which suggests a causal relationship?”.

Limitations of the current study notwithstanding, our findings suggest that the combination
of methadone and lofexidine may induce QTc interval prolongation. Our results suggest that
if lofexidine is prescribed to patients maintained on methadone, they should be closely
monitored for QTc interval prolongation. Furthermore, because the participants with the
largest changes in QTc interval in our study were female, women may be at highest risk.
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Figure 1.

Electrocardiographic parameters (HR, PR, QRS, QTc) while participants (n=14) were: illicit
drug-free, on methadone, and immediately following the first dose of lofexidine 0.4 mg. The
vertical line indicates the range (minimum — maximum), the circle indicates the mean value.
Responses at five hours post-dose and maximum drug responses are shown.
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Figure 2.

Electrocardiographic parameters (HR, PR, QRS, QTc) while participants (n=7) were on
methadone and lofexidine 0.4, 0.6, and 0.8 mg. The vertical line indicates the range
(minimum — maximum), the circle indicates the mean value. Responses at five hours post-
dose and maximum drug responses are shown.
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Table 1

Baseline Electrocardiographic Findings (n=14)

Electrocardiographic findings®  Number

Normal sinus rhythm

Sinus bradycardia (HR<60 bpm)

U waves

Nonspecific ST changes

Left ventricular hypertrophy

7

7
2
1
1

aOther ECG findings evaluated at baseline included: sinus tachycardia, prolonged QTc (QTc > 450 ms in men, >470 ms in women), right
ventricular hypertrophy, right and left bundle branch block, previous myocardial infarction, and premature ventricular contractions; no

abnormalities were found.
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