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Abstract

Aim—To assess the relative frequency of reporting of adverse events involving ventricular
arrhythmia, cardiac arrest, QTc prolongation, or torsade de pointes to the US Food and Drug
Administration (FDA) between buprenorphine and methadone.

Design—Retrospective pharmacoepidemiologic study

Setting—Adverse drug events spontaneously reported to the FDA between 1969-June 2011
originating in 196 countries (71% events from the US).

Cases—Audverse event cases mentioning methadone (n=14,915) or buprenorphine (n=7,283)
were evaluated against all other adverse event cases (n=4,796,141).

Measurements—The primary outcome was the composite of ventricular arrhythmia or cardiac
arrest. The secondary outcome was the composite of QTc prolongation or torsade de pointes. The
proportional reporting ratio (PRR) was used to identify disproportionate reporting defined as a
PRR>2, %2 error>4, with =3 cases.

Findings—There were 132 (1.8%) ventricular arrhythmia/cardiac arrest and 19 (0.3%) QTc
prolongation/torsade de pointes cases associated with buprenorphine compared with 1729 (11.6%)
ventricular arrhythmia/cardiac arrest and 390 (2.6%) QTc prolongation/torsade de pointes cases
involving methadone. PRRs associated with buprenorphine were not significant for ventricular
arrhythmia/cardiac arrest (1.1 95% confidence interval (CI) 0.9-1.3, x2=1.2) or QTc prolongation/
torsade de pointes (1.0 95% CI1 0.7-1.9, x2=0.0006), but were for methadone (7.2 95% CI 6.9-7.5,
x2=9160; 10.6 95% CI 9.7-11.8, x2=3305, respectively).

Conclusion—In spontaneously reported adverse events, methadone is associated with
disproportionate reporting of cardiac arrhythmias, whereas buprenorphine is not. Although these
findings probably reflect clinically relevant differences, a causal connection cannot be presumed
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and disproportionality analysis cannot quantify absolute risk per treatment episode. Population-
based studies to definitively quantify differential incidence rates are warranted.
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INTRODUCTION

As of January 2013, federal regulations restrict United States opioid treatment programs to
only two opioid-agonist therapies approved by the Food and Drug Administration (FDA):
methadone and buprenorphine. [1] A third medication, the methadone derivative
levacetylmethadol, was withdrawn from both European Union and United States markets
due to reports of ventricular arrhythmia including torsade de pointes. [2] Methadone and
buprenorphine are both effective in reducing illicit opioid use. However, a recent Cochrane
Review [3] and an independent systematic review [4] both noted greater treatment retention
and lower cost associated with methadone compared with buprenorphine therapy when
using a flexible dosing strategy. Flexible dosing is more common in clinical practice than
fixed dosing and permits the dose to be individualized to each patient instead mandating a
standard fixed dose. Increasingly, medication-assisted treatment of opioid dependence is
delivered in the primary care setting. There are relatively few data comparing methadone
and buprenorphine outside of specialized opiate treatment centers, and the implications of
unstructured medication-assisted treatment of opioid dependence for prevention of
treatment-related adverse events remain unknown. As more patients are treated in the
primary care setting, differences in drug safety profiles favoring buprenorphine might be
important when selecting a medication for a given patient.

Methadone and buprenorphine both block the cardiac potassium ion current encoded by the
human Ether-a-go-go gene (hERG) in vitro, which can result in delayed cardiac
repolarization. Drug-induced blockade of the hERG channel in vivo manifests as
prolongation of the heart rate-corrected QT (QTc) interval and may result in torsade de
pointes, a potentially lethal ventricular arrhythmia. [5] Unlike methadone, in vitro data
suggest buprenorphine has little impact on the hERG channel at maximum serum
concentrations and therefore QTc prolongation in vivo should be significantly less. [6]
Accordingly, guideline recommendations suggest buprenorphine is a potentially safe
alternative for patients who develop QTc prolongation during methadone treatment. [7]
However, a recent study of high-dose transdermal buprenorphine demonstrated a significant
increase in mean QTc interval and led to a boxed warning in the FDA-approved label. [8] In
a randomized trial comparing buprenorphine, methadone, and levacetylemethadol,
buprenorphine was associated with a numerical but statistically non-significant increase in
QTc interval, whereas methadone and levacetylmethadol both led to significant QTc
prolongation. [9] Furthermore, epidemiologic data from 1994-1998 in France suggest that
sudden death rates were lower in buprenorphine-maintained patients relative to methadone,
though the study may have been confounded by decreased severity of addiction among
buprenorphine-treated patients. [10] Therefore, the clinical importance of QTc prolongation
observed with transdermal buprenorphine remains uncertain.
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The goal of this study was to determine whether US pharmacovigilance data suggest
differences in cardiac safety between methadone and buprenorphine. To evaluate this, we
performed the following analyses:

1. We summarized descriptive statistics of methadone and buprenorphine-associated
adverse events including rates of adverse events, and outcomes.

2. We compared signals of disproportionate reporting for the composite of ventricular
arrhythmia and cardiac arrest as well as the composite of QTc-prolongation and
torsade de pointes between methadone and buprenorphine.

We hypothesized that buprenorphine would be associated with proportionately lower
ventricular arrhythmia reporting in this large pharmacovigilance database signifying a more
favorable cardiac safety profile of buprenorphine relative to methadone.

METHODS

Design

Cases

This was a retrospective, descriptive pharmocoepidemiologic study conducted under an
exemption from the Colorado Multiple Institutional Review Board.

Publicly available data from the Spontaneous Reporting System (January 1969—December
1997) were merged with Legacy Adverse Event Reporting System data (November 1997—
June 2011) to make a combined dataset spanning January 1969-June 2011. [11] Entities
reporting adverse events to the FDA include patients, providers, legal representatives, and
pharmaceutical companies.

Measurements

The primary outcome was the composite of ventricular arrhythmia or cardiac arrest.
Secondary outcomes were the composite of QTc prolongation or torsade de pointes and
torsade de pointes alone. The proportional reporting ratio (PRR) was used to identify
disproportionate reporting of the primary and secondary outcome.

Data methods

Because multiple reports may describe a single adverse drug reaction, we quantified unique
cases as determined by the FDA rather than quantifying individual reports for all measures
to minimize redundant counting. This practice has been incorporated in the latest version of
the FDA Adverse Event Report System for data collected after 2012. [12; 13] Drug
ingredients were identified using exact, then partial-string matching to entities in the
Drugs@FDA database, [13] and cases involving methadone (‘METHADONE
HYDROCHLORIDE?’) or buprenorphine (‘BUPRENORPHINE’, ‘BUPRENORPHINE
HYDROCHLORIDE’) were identified. All buprenorphine and methadone cases were
included irrespective of reported indication (pain vs. opioid dependency). Adverse drug
reactions were categorized from primary submitted reports by FDA staff using Coding
Symbols for a Thesaurus of Adverse Reactions Terms (COSTART, 1969-1997) or the
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Medical Dictionary for Regulatory Activities (MedDRA, 1997-present, Northrop Grumman,
Falls Church, Virginia). [14] All COSTART terms were mapped to MedDRA Preferred
Terms using standard definitions. MedDRA terms of interest were QTc prolongation
(‘ELECTROCARDIOGRAM QT PROLONGED?’, ‘ELECTROCARIOGRAM QT
CORRECTED INTERVAL PROLONGED?’, ‘LONG QT SYNDROME"), torsade de
pointes (“TORSADE DE POINTES’), or ventricular arrhythmia and cardiac arrest
(‘VENTRICULAR ARRHYTHMIAS AND CARDIAC ARREST’). QTc prolongation and
torsade de pointes terms were aggregated as were ventricular arrhythmia and cardiac arrest
terms as described previously. [12] The roles of buprenorphine and methadone in each case
were classified as ‘primary suspect’, ‘secondary suspect’, ‘concomitant’, or ‘interacting’ by
the reporting entity at the time of reporting, and the proportion of each role was quantified
for each drug. Data integration was performed using MySQL Server, version 5.5.24 (Oracle
Corporation, Redwood Shores, California).

Statistical analysis

Age distributions were compared using the Mann-Whitney U test due to a bimodal age
distribution with peaks at birth and age ~40 years for both methadone and buprenorphine
cases. Spontaneously reported databases are subject to many limitations including inability
to establish definitive rates of exposure, redundancy in reporting, inaccuracy of reported
data, reporting bias, and conflicting reports. [15] For these reasons, analysis for signals of
disproportionate reporting using either frequentist methods (2x2 tables) or Bayesian
decision frameworks are used to identify possible adverse drug event signals in
spontaneously reported databases. [16] We calculated the proportional reporting ratio
(PRR), a frequentist measure, and corresponding 95% confidence intervals (CI) for the two
drugs to identify disproportionate reporting of specific adverse drug reactions as previously
described. [12] The PRR measures strength of association between a drug and a specific
adverse reaction and is analogous to an odds ratio. A higher PRR value suggests that
reporting of the reaction of interest is disproportionately elevated relative to all other
reported adverse reactions for that drug. Although each signal of disproportionate reporting
method uses different assumptions, direct comparison shows similar performance between
the PRR method and Bayesian methods when there are > 3 adverse events of interest, as was
the case for all drug-adverse event associations in the present analysis. The PRR has been
identified as a valid approach to screening for signals of disproportionate reporting in the
FDA guidance on pharmacovigilance and pharmacoepidemiologic assessment, [17] and the
PRR has been used by both the European Medicines Agency (Eudravigilance system) [18]
and the United Kingdom’s Yellow Card Scheme. [19]

The PRR is calculated by dividing the fraction of reports involving the reaction of interest
for a given drug by the fraction of reports involving the reaction of interest for all other
drugs using the following formula: PRR = [Event of interestpy,g/All eventspyygl/[Event of
interestajy other drugs/All €ventsayy other drugsl- [19] P-values are not used to assess the
significance of PRRs, so the ¥ statistic was calculated as an alternative measure of
association between the drug of interest and the adverse event of interest to assist in
determining significance of each PRR findings (1 degree of freedom). [18] A PRR was
considered significantly elevated according to standard empirically derived criteria used by
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multiple national agencies and pharmacovigilance researchers: 1) PRR > 2, 2) x2 > 4, and 3)
at least 3 unequivocal reports in the database. [19-22] Analyses were performed using the R
statistical package (Version 3.0.2, The R Foundation for Statistical Computing, Vienna,
Austria).

RESULTS

A total of 4,418,215 cases from 1969-2011 were evaluated of which 7,283 involved
buprenorphine and 14,915 involved methadone. Characteristics of methadone and
buprenorphine cases are summarized in Table 1. Mean age was similar between methadone
and buprenorphine cases as was gender (54.0% female vs. 54.4% male where reported),
although gender was reported in 81.5% buprenorphine cases compared to only 61.8% of
methadone cases. Death was reported in 857 (11.8%) of buprenorphine cases and 5813
(39.0%) of methadone cases. Ventricular arrhythmia or cardiac arrest was reported in 1.8%
of buprenorphine cases compared with 11.6% of methadone cases. Similarly, 0.3% of
buprenorphine cases reported QTc prolongation/torsade de pointes compared with 2.6% of
methadone cases. Torsade de pointes was reported in 0.1% of buprenorphine cases
compared with 1.7% of methadone cases.

The suspected role of buprenorphine and methadone in cases of ventricular arrhythmia and
cardiac arrest, QTc prolongation/torsade de pointes and torsade de pointes alone are
summarized in Table 2. Buprenorphine was reported as the primary or secondary suspect in
significantly fewer ventricular arrhythmia and cardiac arrest cases (p<0.001). Buprenorphine
was also associated with fewer cases of QTc prolongation/torsade de pointes cases and
torsade de pointes alone compared with methadone (p<0.001 for both). The 10 cases of
torsade de pointes involving buprenorphine are described in Table 3. In all 10 cases,
buprenorphine was reported as a concomitant drug, and at least one other known QTc
prolonging medication was reported. Methadone and buprenorphine were reported
concomitantly in 124 cases. When buprenorphine and methadone were co-reported, the
frequency of cases mentioning torsade de pointes was higher than for either buprenorphine
or methadone alone.

Event counts and corresponding PRRs for cardiac arrhythmia events associated with
buprenorphine and methadone are found in Table 4. The PRRs for buprenorphine were not
significant for ventricular arrhythmia and cardiac arrest, QTc prolongation/torsade de
pointes or torsade de pointes alone, whereas all PRRs were significant for methadone. The
PRR for the combination of methadone and buprenorphine was higher than for methadone
alone for QTc prolongation/torsade de pointes and for torsade de pointes alone, but lower for
ventricular arrhythmia and cardiac arrest.

Given differing dates of market availability for methadone (1940s) and buprenorphine
(1982), a sensitivity analysis was performed excluding all methadone cases reported prior to
the first FDA submission of buprenorphine-associated adverse events. All arrhythmia PRRs
were found to be higher for methadone with no change in buprenorphine PRRs.
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DISCUSSION

This study found proportionately fewer reports to the FDA of ventricular arrhythmia-
associated adverse events associated with buprenorphine relative to methadone.
Furthermore, buprenorphine was less likely to be identified as a primary or secondary
suspect in ventricular arrhythmia cases. In the 10 cases of torsade de pointes associated with
buprenorphine between 1982 and 2011, another established QTc prolonging medication was
reported concurrently in every case. Although the formal cutoff of a significant PRR is > 2,
it has been observed that a PRR of 3-5 is more suggestive of a clinically meaningful signal.
[19] All PRRs for ventricular arrhythmia and methadone alone were > 7. By contrast, there
was no signal of disproportionate reporting for buprenorphine either in the broader category
of ventricular arrhythmia and cardiac arrest or in association with the more specific
arrhythmia diagnosis of torsade de pointes (maximum PRR 1.6). Our population-based
findings are consistent with in vitro studies demonstrating that blockade of the cardiac
hERG channel was nearly an order of magnitude higher relative to expected maximal serum
concentrations for buprenorphine compared with methadone. [6] Taken together, there
appears to be a wider margin of safety for buprenorphine than methadone with respect to
arrhythmia liability. This may be an important consideration given the increasing number of
patients being treated for opioid dependence in the primary care setting.

Buprenorphine and Opioid Mortality

Reductions in death risk associated with buprenorphine have been reported, but the
mechanism is unclear. A 79% decline in “opiate overdose deaths” was observed in France
with the introduction of buprenorphine as opioid maintenance therapy in 1995, [10] and this
decline has been attributed primarily to the partial opioid agonist properties of
buprenorphine that limit central nervous system depression. Similarly, a recent report from
the Centers for Disease Control found that during 2009, methadone was associated with
mortality 50-100 times higher than buprenorphine when assessed as rate of death per 100 kg
of medication prescribed. [23] Buprenorphine is a partial opioid agonist and presumably has
a lower overdose liability, but the results of the current study suggest that a decrease in
ventricular arrhythmia could have also contributed to the lower observed mortality
compared to methadone. Further studies should attempt to isolate these effects.

The assessment of comparative cardiac safety between agents must be viewed in the context
of comparative clinical efficacy with regard to illicit opioid abuse. Although the two agents
appear equally effective in reducing heroin use, meta-analyses indicate that methadone is
associated with better retention than buprenorphine. This superiority was manifest in
flexible dosing strategies common in clinical practice, even when buprenorphine was also
administered in structured opioid treatment programs. [3; 4] However, buprenorphine is
increasingly prescribed using take-home dosing or outside treatment programs, and the
implications of these new practice patterns for overall adherence to methadone compared
with buprenorphine are not well established. Participation in opioid treatment programs
provides increased opportunity to screen for presyncope, syncope, or QTc prolongation, so
as to make dose adjustments that reduce the magnitude of QTc prolongation. [24] Therefore
from a cardiac safety perspective methadone may be better suited to patients requiring more
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structured care whereas buprenorphine may be more appropriate for those being treated in a
less supervized fashion.

Transdermal Buprenorphine and QTc Prolongation

The present study does not exclude the possibility that a transdermal formulation of
buprenorphine might manifest a higher arrhythmia liability relative to oral or sublingual
delivery systems. Only one study addresses the effect of a transdermal buprenorphine patch
(Butrans®) on QTc-interval prolongation. [8] This double-blind, randomized, placebo-
controlled, parallel-group, dose-escalating, study involved 132 healthy subjects aged 18 to
55 years. A dose of 40 mcg/hour prolonged the mean QTc interval by a maximum of 9.2
(90% CI 5.2-13.3) ms over the course of the study. Although the magnitude of the QTc
interval change from baseline was modest and occurred at twice the maximum approved
dose of Butrans®, the 90% CI exceeded the point estimate of the impact of methadone on
QTc-interval prolongation (12.3£23 ms) at 6 months. [25] The Butrans® study raises
concern regarding the potential arrhythmia liability of buprenorphine, but our current
pharmacovigilance analysis suggests that at present, there is no significant signal of
ventricular arrhythmia associated with buprenorphine products in the US. However, it is
remains possible that buprenorphine could induce clinically important QTc prolongation in
some patients, particularly when delivered transdermally. The transdermal preparation of
buprenorphine was only approved in the US in 2010, and there are currently insufficient
pharmacovigilance data to adequately assess disproportionate reporting for QTc
prolongation or ventricular arrhythmia with this specific formulation.

Risk of Buprenorphine in Combination with Other Agents

Buprenorphine may potentiate the effects of other hERG blocking agents, and our results
suggest that the combination of buprenorphine and methadone may be associated with a
higher risk of QTc prolongation/torsade de pointes than methadone alone. Gruber and
McKance also found a statistically significant 8.2 ms increase in the QTc interval from
baseline among buprenorphine patients receiving highly active antiretroviral therapy. [26]
This finding is analogous to a previous study suggesting that the most frequently prescribed
concomitant medications among cases of methadone-associated QTc prolongation/torsade
de pointes were antiretroviral drugs in patients with human immunodeficiency virus (HIV).
[12] This effect could be related either to additive hERG channel blockade or to increased
serum drug concentrations resulting from changes in metabolism. [26; 27] An estimated 10—
15% of all heroin users are HIV-positive, [28-30] and medication-assisted opioid treatment
programs provide structure including directly administered treatment that increase adherence
to antiretroviral therapy. [31; 32] Therefore HIV-positive opioid addicts on antiretroviral
therapy may represent an important subgroup of patients at higher risk of cardiac arrhythmia
due to QTc prolongation. Finally, genetic mutations of either cardiac ion channels or
cytochromes P450 may also increase the likelihood of QTc prolongation or torsade de
pointes when exposed to hERG channel blockers. [33] Taken together, these findings
suggest that providers caring for these vulnerable populations should be vigilant when co-
administering either methadone or buprenorphine with other QTc prolonging drugs
including psychotropics and antiretrovirals or in the setting of congenital long QT syndrome.
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We acknowledge several limitations, many of which are inherent to spontaneous reporting
databases. Reports are voluntary, and the actual incidence of each adverse reaction cannot be
inferred from the present study. Spontaneous reports are subject to many sources of bias.
Reporting bias due to publicity or perceived severity of reaction is a particular concern,
since methadone has received significant notoreity for proarrhythmia for some time. When
several adverse reactions occur concurrently, the primary adverse reaction attributable to the
drug cannot be definitively identified. Details regarding dose and patient comorbidities were
not evaluated due to incomplete reporting to the FDA. In order to maximize specificity in
identifying adverse event cases of interest, we used string matching between verbatim drug
names from adverse event reports and entries in the Drugs@FDA database. We did not
consider misspelling, formatting errors, or punctuation marks. Consequently, some cases
involving methadone or buprenorphine may not have been identified and reporting rates
may be underestimated. Methadone received marketing approval prior to buprenorphine,
which could magnify the number of methadone-associated adverse event reports. However,
12,760 of 14,915 (85.5%) methadone reports occurred while the drugs were co-marketed,
and findings were very similar when analysis was limited to the time during which the drugs
were co-marketed.

Prescription volume is not part of the FDA surveillance system, which prevents calculation
of absolute reporting rates and necessitates using signals of disproportionate reporting like
the PRR. Although such measures are generally less biased than comparisons of raw report
counts, the PRR is subject to a number of limitations. First, the PRR is especially vulnerable
to confounding factors when the number of reports is low (<10). [34] In addition, the
presence of a very strong signal between a drug and an adverse event can affect PRRs for
the same reaction with other drugs. [19] It is also difficult to adjust for confounders such as
age, gender, and temporal factors that could influence results. For example, immediately
after marketing approval of a medication, a higher volume of adverse event reporting is
expected (the Weber effect), [35] which could affect the PRR. [36] Although the
pharmacovigilance findings are robust by regulatory standards, they cannot account for
hidden bias and confounding, [16] which can only be addressed by a randomized trial.
Given the rarity of ventricular arrhythmia events, however, an adequately powered trial
would require a very large number of patients to detect differences in arrhythmia events.

CONCLUSION

Buprenorphine is prescribed widely in Europe. Its use is growing in the US through
expanded use by waivered outpatient primary care physicians [37] and increased use by
opioid treatment programs following the recent federal rule-change giving more flexibility
in dispensing take-home buprenorphine. [1] Methadone possesses advantages with respect to
cost and patient retention with flexible dosing, but pending direct comparative studies,
buprenorphine appears to be a safer therapy than methadone with respect to risk of
ventricular arrhythmia (especially torsade de pointes). Therefore, cardiac safety may be an
important consideration along with cost, availability, addiction severity, and program
retention when individualizing medication-assisted treatment of opioid dependence.
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Table 1

Summary of Adverse Event Cases, Methadone and Buprenorphine

Buprenorphine  Methadone

Case characteristics n=7283 n=14915
Age, yearsT 38.5+20.2 38.4+16.3
Gender*

Male 3192 (43.8%) 5009 (33.6%)
Female 2672 (36.7%) 4271 (28.6%)
Unspecified 1348 (18.5%) 5701 (38.2%)
Drug as primary/secondary suspect 5890 (80.9%) 9231 (61.9%)
Adverse Reaction
Ventricular Arrhythmia 132 (1.8%) 1729 (11.6%)
QTc prolongation/torsade de pointes 19 (0.3%) 390 (2.6%)
Torsade de pointes 10 (0.1%) 252 (1.7%)

Values reported as N (%) and meanzstandard deviation unless noted

TAge not available for 2046 (28.1%) buprenorphine and 3197 (21.4%) methadone cases
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Table 2
Suspected Role of Methadone vs. Buprenorphine Reported in Cardiac Arrhythmia Events
Ventricular arrhythmia and cardiac arrest

Buprenorphine Methadone

Drug role n=132 n=1729

Primary or secondary 84 (63.6%) 1570 (90.8%)
Interacting 2 (1.5%) 18 (1.0%)
Concomitant 46 (34.8%) 141 (8.2%)

QTc prolongation/Torsade de pointes
Buprenorphine Methadone
Drug role n=19 n=390
Primary or secondary 5 (26.3%) 319 (81.8%)
Interacting 0 (0.0%) 22 (5.6%)
Concomitant 14 (73.7%) 49 (12.6%)

Torsade de pointes

Buprenorphine Methadone

Drug role n=10 n=252
Primary or secondary 0 (0%) 214 (84.9%)
Interacting 0 (0%) 16 (6.3%)
Concomitant 10 (100%) 22 (8.7%)
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Table 3

Characteristics of Buprenorphine-Associated Torsade de Pointes Cases

Verbatim drug name

Sex  Suspected role

Death

Other QT-prolonging drugs

Buprenorphine
Buprenorphine
Buprenorphine HCL
Subutex

Subutex

Buprenorphine hydrochloride

Buprenorphine/naloxone
Buprenorphine
Buprenex

Buprenex

F

m nm nm mn £ 2 L

Concomitant
Concomitant
Concomitant
Concomitant
Concomitant
Concomitant
Concomitant
Concomitant
Concomitant

Concomitant

No
No
No
No
No
No
No
No
Yes
Yes

Methadone, itraconazole
Methadone, ciprofloxacin
Methadone, ciprofloxacin
Amiodarone
Amiodarone
Amiodarone
Methadone, voriconazole
Fluoxetine, alcohol
Fluoxetine

Cyclobenzaprine
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