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Abstract

Introduction: Macrolides, linezolid, imipenem-cilastatin, fluoroquinolones, penicillin combinations,
and ceftriaxone are known to be associated with Torsades de pointes/QT prolongation (TdP/QTP).
Other antibiotics may also lead to TdP/QTP, but no study has systemically compared TdP/QTP
associations for many available antibiotics.

Objectives: The objective of this study was to evaluate the association between TdP/QTP and
many available antibiotics using the FDA Adverse Event Report System (FAERS).

Methods: FAERS reports from January 1, 2015 to December 31, 2017 were analyzed. The Medical
Dictionary for Regulatory Activities (MedDRA) was used to identify TdP/QTP cases. We calculated
the Reporting Odds Ratios (RORs) and corresponding 95% confidence intervals (95%ClI) for the
association between antibiotics and TdP/QTP. An association was considered to be statistically
significant when the lower limit of the 95%CI was greater than 1.0.

Results: A total of 2,042,801 reports (including 3,960 TdP/QTP reports) were considered, after
inclusion criteria were applied. Macrolides had the greatest proportion of TdP/QTP reports. Of the
4,092 reports associated with macrolides, 108 reports (2.6%) were associated with TdP/QTP.
Significant TdP/QTP RORs (95%Cl) for the antibiotics were (in descending order): macrolides 14.32
(11.80-17.38), linezolid 12.41 (8.52-18.08), amikacin 11.80 (5.57-24.97), imipenem-cilastatin 6.61
(3.13-13.94), fluoroquinolones 5.68 (4.78-6.76), penicillin combinations 3.42 (2.35-4.96), and
ceftriaxone 2.55 (1.41-4.62).

Conclusion: This study confirms prior evidence for TdP/QTP associations with macrolides,
linezolid, imipenem-cilastatin, fluoroquinolones, penicillin combinations, and ceftriaxone. This study
also identifies a new association between amikacin and TdP/QTP.
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Introduction

Drug-induced QT interval prolongation (QTP) is
able to cause Torsades de pointes (TdP), a potentially
fatal ventricular arrhythmia [1]. The risk of TdP/QTP
must be considered when selecting antibiotic therapy.

In 2010, a study evaluated the risks of TdP with
antibiotics using the United States FDA Adverse
Event Reporting System (FAERS) and identified
macrolides, fluoroquinolones, and linezolid as TdP
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agents [2]. Macrolides and fluoroquinolones are
known to cause QTP via blockade of the rapidly
activating delayed rectifier potassium channel
(hERG/IKr channel) [3-7]. Linezolid has been
associated with TdP [2]; however, a double-blind
placebo-controlled four-way crossover study with 40
healthy subjects found that linezolid had no effect on
the QT interval itself [8]. An observational cohort
study of 1,270 patients indicated that beta-lactamase
inhibitors were associated with QTP [9]. Ceftriaxone,
when used with lansoprazole, was significantly
associated with QTP in a study of FAERS and
electronic health records [10]. A case report stated that
imipenem-cilastatin and  piperacillin-tazobactam
caused hypokalemia leading to TdP in a patient [11].
In this study, we investigated FAERS to analyze
the association between TdP/QTP and common

antibiotic agents, including macrolides,
fluoroquinolones, oxazolidinones, penicillins,
carbapenems, cephalosporins, aminoglycosides,

metronidazole, and glycopeptide antibiotics.

Methods

Data Source

FAERS is a publicly available database, which is
composed of adverse event reports that were
submitted to United States Food and Drug
Administration (FDA) [12]. FAERS data contain drug
information (drug name, active ingredient, route of
administration, the drug’s reported role in the event)
and reaction information. Each report has a primary
suspected drug with one or more adverse drug
reactions (ADR) and may include other drugs taken
by the patient.

Study Design

FAERS data from January 1, 2015 to December
31, 2017 were included in the study. Some reports
were submitted to FDA multiple times with updated
information. Therefore, duplicate reports were
removed by case number, with only the most recently
submitted version included in the study. Reports
containing drugs which were administered in oral,
intramuscular, subcutaneous, intravenous, and
parenteral routes were included in the study, while
other routes of administration were excluded.

Drug Exposure Definition

Each antibiotic was identified in FAERS by
generic and brand names listed in the Drugs@FDA
Database [13]. Drugs with a reported role coded as
“PS” (Primary Suspect Drug) or “SS5” (Secondary
Suspect Drug) were evaluated for inclusion [14].
Antibiotics with less than three TdP/QTP reports
were excluded from data analysis [15].

Adverse Drug Reaction Definition

FAERS defines ADRs using Preferred Terms
(PT) from the Medical Dictionary for Regulatory
Activities (MedDRA) [16]. Preferred Terms
“Electrocardiogram QT prolonged”, “Long QT
syndrome”, and “Torsade de pointes” were used to
identify TdP/QTP cases.

Statistical Analysis

A disproportionality analysis was conducted by
computing Reporting Odds Ratios (ROR) and
corresponding 95% confidence intervals (95%CI) for
the association between TdP/QTP and each antibiotic
class or individual antibiotic [17]. ROR was calculated
as the ratio of the odds of reporting TdP/QTP versus
all other ADRs for a given drug, compared with these
reporting odds for all other drugs present in FAERS
[17]. An association was considered to be statistically
significant if the lower limit of 95%CI was above 1.0
[17]. An adjusted ROR was calculated after removing
reports of potentially confounding antiarrhythmic
drugs from the data analysis. These drugs include
amiodarone, azimilide, disopyramide, dofetilide,
flecainide, ibutilide, mexiletine, propafenone,
propranolol, quinidine, and sotalol. Data analysis was
performed using Microsoft Access 2016, Microsoft
Excel 2016 (Microsoft Corporation, Redmond, WA),
and JMP Pro 13.2.1 (SAS Institute, Cary, NC).

Results

After applying inclusion and exclusion criteria
and removing duplicate reports, FAERS contained
2,042,801 reports from January 1, 2015 to December
31, 2017. There were 3,960 TdP/QTP reports from the
study period, which were included in the data
analysis. Females accounted for 60% of TdP/QTP
reports. TdP/QTP patients had a median age (IQR,
interquartile range) of 55 (34) years.

Macrolides had the highest TdP/QTP ROR
among all antibiotics in the study. Of the 4,092 reports
associated with macrolides, 108 reports were
associated with TdP/QTP. The RORs for agents
significantly —associated with TdP/QTP were:
macrolides 14.32 (11.80-17.38), linezolid 12.41
(8.52-18.08), amikacin 11.80 (5.57-24.97), imipenem-
cilastatin 6.61 (3.13-13.94), fluoroquinolones 5.68
(4.78-6.76), penicillin combinations 3.42 (2.35-4.96),
and ceftriaxone 2.55 (1.41-4.62) (Figure 1).

An adjusted ROR was performed to exclude
reports among patients who were taking concomitant
antiarrhythmic agents. This was done to reduce
confounding variables that may also contribute to
TdP/QTP. The adjusted RORs for agents significantly
associated with TdP/QTP were: macrolides 13.02
(10.63-15.95), linezolid 12.57 (8.63-18.32), amikacin
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12.24 (5.78-25.91), imipenem-cilastatin ~ 6.77
(3.21-14.28),  fluoroquinolones  5.50  (4.60-6.56),
penicillin  combinations 299 (2.00-4.48), and

ceftriaxone 2.60 (1.44-4.71) (Figure 2). The ROR
association rank did not differ when adjusted to
exclude antiarrhythmic agents.

Amikacin was associated with a total of seven
TdP/QTP reports. In these reports, amikacin was the

secondary suspect drug of TdP/QTP, while the
primary suspect drugs were bedaquiline, clofazimine,
linezolid, and ciprofloxacin.

Piperacillin-tazobactam was associated with a
total of seventeen TdP/QTP reports. In these reports,
three reports had Clostridium difficile colitis and seven
reports had electrolyte abnormalities.

Antibiotic Class/Antibiotic ROR 95%Cl  TdP/QTP Reports All Reports

Macrolides —— 14.32 (11.80-17.38) 108 4092
Azithromyein —— 22.14 (16.92-28.98) 56 1376

Erythromycin + 15.86 (7.04-35.77) 6 201
Clarithromycin —_—— 9.63 (7.18-12.91) 46 2531
Linezolid —prte 12.41 (8.52-18.08) 28 1197

Amikacin 11.80 (5.57-24.97) 7 313
Imipenem-cilastatin * 6.61 (3.13-13.94) 7 553
Fluoroquinolones e 5.68 (4.78-6.76) 133 12527
Moxifloxacin —_— 11.66 (8.06-16.87) 29 1318

Ofloxacin * 7.52 (2.80-20.20) 4 278

Ciprofloxacin —_— 458 (3.39-6.19) 43 4919
Levofloxacin —_—— 4.44  (3.43-5.74) 59 6986

Penicillin combinations —_— 3.42 (2.35-4.96) 28 4268
Piperacillin-tazobactam —_—— 478 (2.96-7.71) 17 1856
Amoxicillin-clavulanate —_— 226 (1.25-4.10) 11 2517
Ceftriaxone PR — 255 (1.41-4.62) 11 2234
Metronidazole + 1.47 (0.66-3.29) 6 2102
Vancomycin 1.05 (0.50-2.22) 7 3424

0.5 1 2 4 8 16 32 64

Figure 1. Reporting Odds Ratios (RORs) for Torsades de pointes/ QT prolongation with antibiotics. Cl = confidence interval; TdP/QTP = Torsades de pointes/QT

prolongation.The scale is log-2.

Antibiotic Class/Antibiotic Adjusted ROR 95% ClI TdP/QTP Reports All Reports

Macrolides —— 13.02 (10.63-15.95) 98 4064
Azithromycin — 19.78 (14.89-26.29) 50 1367

Erythromycin * 13.56 (5.58-32.98) 5 195
Clarithromycin —— 9.03 (6.67-12.23) 43 2518
Linezolid —— 12.57 (8.63-18.32) 28 1182

Amikacin —_—— 12.24 (5.78-25.91) 7 302

Imipenem-cilastatin —_——————— 6.77 (3.21-14.28) 7 540
Fluoroquinolones —— 5.50 (4.60-6.56) 128 12445
Moxifloxacin —— 11.27 (7.74-16.42) 28 1315

Ofloxacin * 7.99 (2.97-21.46) 4 262

Ciprofloxacin —— 4.50 (3.31-6.10) 42 4889
Levofloxacin — 4.23 (3.24-5.51) 56 6953

Penicillin combinations — 2.99 (2.00-4.48) 24 4167
Piperacillin-tazobactam ——— 3.74 (2.17-6.46) 13 1806
Amoxicillin-clavulanate —_——————— 231 (1.28-4.19) 11 2462
Ceftriaxone e 2.60 (1.44-4.71) 11 2190
Metronidazole -— 1.23 (0.51-2.97) 5 2092
Vancomycin EEN— 0.91 (0.41-2.03) 6 3398

0.25 0.5 1 2 4 8 16 32 64

Figure 2. Adjusted Reporting Odds Ratios (RORs) for Torsades de pointes/QT prolongation with antibiotics. Cl = confidence interval; TdP/QTP = Torsades de pointes/QT

prolongation. The scale is log-2.
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Discussion

Our study found a significantly higher ROR for
TdP/QTP as compared to all other adverse events for
these antibiotics, which were (ROR from highest to
lowest) azithromycin, erythromycin, linezolid,
amikacin, moxifloxacin, clarithromycin, ofloxacin,
imipenem-cilastatin, piperacillin-tazobactam,
ciprofloxacin, levofloxacin, ceftriaxone, and
amoxicillin-clavulanate. An FAERS study published
in 2010 indicated significant TdP associations (from
strongest to weakest) with moxifloxacin, levofloxacin,
erythromycin, ciprofloxacin, gatifloxacin,
clarithromycin, azithromycin, and linezolid [2]. Both
studies showed TdP associations with macrolides,
fluoroquinolones, and linezolid. The 2010 FAERS
study only included TdP in their data analysis while
our study included not only TdP but also QTP. Since
QTP is a precursor of TdP, including QTP increases
sensitivity of signal detection. The 2010 FAERS study
included drugs administered through all routes,
including topical routes, which may have limited
systemic absorption and are less likely to cause TdP.
Our study only included drugs administered in oral,
subcutaneous, intramuscular, intravenous, and
parenteral routes and excluded other routes of
administration, such as topical routes. Therefore,
TdP/QTP events in our study are more likely to be
caused by a drug than those in the 2010 FAERS study
[2].

Our study confirmed previously known
TdP/QTP associations with macrolides, linezolid,
imipenem-cilastatin,  fluoroquinolones,  penicillin
combinations, and ceftriaxone [2,9-11]. Penicillin
combinations have a high incidence of diarrhea, and
diarrhea may lead to electrolyte abnormalities, which
are significant risk factors for TdP/QTP. In our study,
out of seventeen piperacillin-tazobactam TdP/QTP
reports, three reports had Clostridium difficile colitis
and seven reports had electrolyte abnormalities.
Amikacin was found to be associated with TdP/QTP
in our study, which was not reported in the literature.
However, amikacin was the secondary suspect drug
in all TdP/QTP reports, while the primary suspect
drugs were known to be associated with TdP/QTP.
Amikacin might play a role in TdP/QTP but the
causal relationship is not warranted.

Limitations

A causal relationship between a drug and an
ADR cannot be determined by FAERS. Significant
bias may occur because of the spontaneous and
voluntary reporting of ADRs. Media attention for a
particular ADR might affect the reporting behaviors.
The association between a drug and an ADR is

confounded by comorbid diseases and concomitant
drugs. For example, concomitant QT-prolonging
drugs, such as ondansetron, antidepressants,
antipsychotics, methadone, arsenic, and azole
antifungals, are confounders when studying the
associations between TdP/QTP and antibiotics.
Diarrhea is also a potential confounder because
diarrhea may lead to electrolyte abnormalities, which
may cause TdP/QTP. Antibiotics, such as penicillin
combinations and fluoroquinolones, cause diarrhea in
many patients. The higher TdP/QTP ROR for
penicillin combinations might be due to their ability
of causing diarrhea. The higher TdP/QTP ROR for
fluoroquinolones might be due to a combination of
their ability of causing diarrhea and their blockade of
hERG/IKr channel.

Conclusions

This study confirms prior evidence for
significant TdP/QTP associations with macrolides,
linezolid, imipenem-cilastatin, fluoroquinolones,
penicillin combinations, and ceftriaxone. This study
also discovers a new association between amikacin
and TdP/QTP. Results obtained from FAERS should
be interpreted with caution in the context of data
limitations. Antibiotic stewardship is needed to
prevent TdP/QTP and to improve health outcomes.
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