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EXECUTIVE SUMMARY
OSE conducted this review of peripheral neuropathy associated with fluoroquinolone antibiotics
as a result of consumer communications describing prolonged, disabling neuropathy thought to
be associated with ciprofloxacin, ofloxacin and levofloxacin administration. OSE completed two
previous reviews of fluoroquinolone-associated peripheral neuropathy, one in 2001 and the other
in 2003. To focus this review to serious cases of prolonged, disabling neuropathy, the search
criteria for this review were restricted to US cases with an outcome of disability from 2003 to
2012.
After reviewing the cases, we continue to find an association between fluoroquinolone antibiotic
use and disabling peripheral neuropathy. Peripheral neuropathy appeared to be unrelated to the
duration of therapy or the age of the patient. In addition, the onset of peripheral neuropathy after
starting fluoroquinolone therapy was rapid, often within a few days. At the time the report was
submitted to the FDA, 80% of patients had not recovered, and in 40%, the symptoms had been
ongoing for over a year.
Based on this review, DPV recommends the following:
 Update the information in the Warnings and Precautions section:
o Replace language suggesting that discontinuation of the drug may prevent an
irreversible condition with language reflecting the rapid onset and possible
permanence of peripheral neuropathy
o Add language to discontinue the fluoroquinolone immediately with the first
symptoms of peripheral neuropathy, unless the benefit of continued treatment
with a fluoroquinolone outweighs the risk
 Make labeling consistent for all fluoroquinolones
 Update the patient education section of the label to reflect this information
 Consider a Drug Safety Communication (DSC) or other forums to communicate to health
care professionals and patients that peripheral neuropathy may occur rapidly and
potentially be permanent. If clinically appropriate, the drug should be discontinued
immediately.
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1
1.1

INTRODUCTION
BACKGROUND

This review evaluates US cases of peripheral neuropathy with an outcome of disability
associated with fluoroquinolones from 2003 to 2012 in the FDA’s Adverse Event Reporting
System (AERS), as well as reports of peripheral neuropathy in the published medical literature.
OSE conducted this review of peripheral neuropathy associated with fluoroquinolone antibiotics
following continued inquiries from Congress and consumers regarding prolonged, disabling
neuropathy associated with ciprofloxacin, ofloxacin and levofloxacin administration.
There are currently 6 systemic fluoroquinolones on the market in the US. Ciprofloxacin was
approved in 1987 and the most recently approved fluoroquinolone was gemifloxacin in 2003 (see
Appendix 8.1). Peripheral neuropathy was added to the Warnings and Precautions section of the
fluoroquinolone labeling in July 2004.
OSE has written 2 previous reviews on fluoroquinolone-associated peripheral neuropathy, one in
2001 and the other in 2003. Both of these reviews were the result of a patient contacting the
agency.
The first review, completed in 2001 (Singer, Sally. OSE Postmarketing Safety Review:
Peripheral Neuropathy with Levofloxacin. 30 Apr 2001), identified 28 cases of peripheral
neuropathy associated with levofloxacin use. It found that peripheral neuropathy lasted as long as
two years after patients received levofloxacin.
A second review, completed in 2003 (Singer, Sally. OSE Postmarketing Safety Review:
Prolonged Peripheral Neuropathies with Fluoroquinolones. 06 June 2003), described 108 cases
of peripheral neuropathy associated with ciprofloxacin, levofloxacin, and/or ofloxacin use.
Thirty-four of the 108 cases reported peripheral neuropathy at time periods of a year or more
after the drug had been discontinued, suggesting potential irreversibility of the condition. The
review recommended that peripheral neuropathy be added to the labeling for ciprofloxacin and
levofloxacin (ofloxacin was already labeled).
1.2

PERIPHERAL NEUROPATHY SAFETY INFORMATION IN FLUOROQUINOLONE LABELING

Peripheral neuropathy was added to all labels in 2004. Depending upon the format of the label
for each drug (Structured Product Labeling (SPL) or older format) the new information was
placed either in the Warnings or Warnings and Precautions section. The locations of the labeling
for all 6 of the commercially available fluoroquinolones can be found in Tables 1 and 2 below.
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3.2

CASE FOLLOW-UP INFORMATION

Follow-up emails were sent to 13 consumers who provided their email address in the report.
Three responses were received, all of whom reported the onset of their peripheral neuropathy in
2011. The first patient was a 41-year old male physician who developed neuropathy and
tendonitis; he stated that the neuropathy got better over a period of a year, but he still
occasionally experienced mild tendonitis. The second patient was a 29-year old male consumer
who still had ongoing peripheral neuropathy and tendonitis 22 months after starting levofloxacin.
The last patient was a 64-year old female consumer who, 20 months later, had ongoing
peripheral neuropathy in her feet and legs, but had some improvement in her arms and hands.
3.3

LITERATURE SEARCH
3.3.1

Case Reports of Peripheral Neuropathy

The goal of the literature search and the review was to identify compelling case reports
describing prolonged disabling peripheral neuropathy in association with the use of a
fluoroquinolone. The PubMed search (see Table 4) undertaken on November 12, 2012 identified
37 published articles; after review of titles and abstracts 16 of these were deemed relevant and
reviewed in their entirety. Of these 16 articles, 8 provided adequate case descriptions. Citations
provided in these 8 articles identified 2 additional useful articles, and an additional publication
was identified through an incidental finding from another search. These 11 published articles
were the basis of this review.
The table in Appendix 8.5 summarizes the 11 articles. The final column of the table comments
on the quality of the evidence provided in each article. A total of 91 cases are described in the
literature; after excluding the 45 cases (of dubious quality) reported by Cohen (1), 46 cases
remain. Of these, 20 case reports describe both a good temporal relationship and a positive dechallenge. Many cases are confounded but the association with a fluoroquinolone remains
plausible. In at least one case, the neuropathy (carpal tunnel syndrome) was a result of tendonitis,
a known complication of fluoroquinolones (2). Most of the cases described in the literature
report resolution of symptoms (see Appendix 8.5). Of the 46 cases forming the core of this
analysis, there is only 1 report (Hedenmalm and Spigset) where symptoms lasted “somewhat
more than 1 year.”
Based upon this literature review, there appears to be good evidence for an association between
use of a fluoroquinolone and development of peripheral neuropathy. Though one person
developed symptoms of a neuropathy after 5 months of treatment for osteomyelitis, most other
patients developed symptoms of neuropathy within a few days after initiation of the drug (3).
Over 20 cases describe resolution of symptoms after discontinuation of the drug. There is one
credible report of symptoms extending beyond a year.
3.3.2

Possible Mechanism of Action: Mitochondrial Toxicity

Fluoroquinolones act by inhibiting DNA gyrase and bacterial topoisomerase IV, both of which
belong to the topoisomerase type IIA subfamily. Fluoroquinolones have been found to affect
11
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mammalian topoisomerase II, especially in mitochondria (4). In vitro studies in drug-treated
mammalian cells found that nalidixic acid and ciprofloxacin caused a loss of mitochondrial DNA
(mtDNA), resulting in a decrease of mitochondrial respiration and an arrest in cell growth (5).
Mitochondrial conditions that are due to an insufficiency of ATP, especially in organs that rely
on mitochondria for their energy source, include developmental disorders of the brain, optic
neuropathy, neuropathic pain, hearing loss, muscle weakness, cardiomyopathy, and lactic
acidosis (6). Neurodegenerative diseases, like Parkinson’s, Alzheimer’s, and amyotrophic lateral
sclerosis (ALS) have been associated with the loss of neurons due to oxidative stress (4,7).
Nucleoside Reverse Transcriptase Inhibitor (NRTI)-associated peripheral neuropathy has also
been associated with inhibition of mtDNA, although the mechanism is different.
Pharmacogenetics has been found to be associated with the risk of developing peripheral
neuropathy with NRTIs (8); this could also apply to fluoroquinolone, although studies have not
yet been done. A more extensive discussion of mitochondrial toxicity can be found in Appendix
8.6.
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DISCUSSION

Peripheral neuropathy is an identified risk with the fluoroquinolones. It was added to the
Warnings or Warnings and Precautions sections of all of the fluoroquinolone labels in 2004.
Initial, broad searches of the Adverse Event Reporting System (AERS) database identified over
1000 reports (see Appendix Table 8.7). In order to find serious cases of prolonged, disabling
neuropathy, much narrower search criteria were used, including an outcome of disability.
Presumably, these disability cases are among the most severe of all the reported cases. In this
case series, 80% of the patients had not recovered from their peripheral neuropathy and the
symptoms were still on going at the time the report was submitted. Only 10% reported
improvement or recovery. In addition, the duration of peripheral neuropathy ranged from 1 day
to 7 years, with 40% having symptoms for a year or longer, again, depending on when the report
was submitted.
It may be hard to determine at what point an adverse event is considered permanent, but since the
outcome for these reports was given as disability, it is reasonable that the reporter considered it
to be a permanent condition. Some narratives described circumstances where a healthy, young,
athletic patient took a fluoroquinolone for sinusitis or a urinary tract infection and subsequently
was unable to run or ambulate without use of a cane. In a few cases, disability was so severe that
continued employment was not possible.
Overall, this review did not identify any predictable risk factors for peripheral neuropathy.
The rapid onset of peripheral neuropathy after beginning a fluoroquinolone is an important
finding in this review. Symptom onset seemed to be unrelated to the duration of therapy. The
median onset was 4 days and 62% had a symptom onset within 5 days; some patients had
symptoms after 1 dose. Duration of drug therapy also did not appear to be a factor (34% were on
the drug for 5 days or less and only 16% for more than 14 days). Only 24% of patients had
12
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documented risk factors, none had renal dysfunction, and, age was not a significant factor (32%
were 40 years of age or less, 14% were 65 years of age or older).
Seven patients stated that when they reported peripheral neuropathy to their physician, they were
told to continue taking the fluoroquinolone. Some of these patients were told that this class of
drugs could not cause peripheral neuropathy. When the reporting year was examined, 3 occurred
before peripheral neuropathy was added to the Warnings and Precautions section of the labels
(July 2004), and 4 were after that time. The agency still receives reports for this adverse event.
The findings in this review are very similar to those found in the 2003 review. That review did
not limit the search to an outcome of disability, but it also found that most patients were
relatively young, healthy, and had no conditions predisposing them to peripheral neuropathy. In
addition, the onset was rapid (within a few days), there was rapid progression, and the
neuropathy could be irreversible. None of those 108 cases (from the 2003 review) reported a
complete recovery.
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CONCLUSION

In conclusion, FDA continues to receive reports of fluoroquinolones and peripheral neuropathy,
an identified risk of fluoroquinolone antibiotic use. The peripheral neuropathy in many cases
appears to be unresolved with 40% having symptoms for a year or longer. The onset of
peripheral neuropathy after starting fluoroquinolone therapy is rapid. This review did not identify
a relationship between peripheral neuropathy and the duration of therapy, dose of the drug, or the
age of the patient, and no specific risk factors were identified.
The current fluoroquinolone labels are inconsistent in the details regarding the risk of peripheral
neuropathy and do not describe the possible permanence of peripheral neuropathy, rapid onset,
nor the need to consider discontinuation of drug with first symptoms.
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RECOMMENDATIONS

Based on this review, DPV recommends the following:
 Update the information in the Warnings and Precautions section:
o Replace language suggesting that discontinuation of the drug may prevent an
irreversible condition with language reflecting the rapid onset and possible
permanence of peripheral neuropathy
o Add language to discontinue the fluoroquinolone immediately with the first
symptoms of peripheral neuropathy, unless the benefit of continued treatment
with a fluoroquinolone outweighs the risk
 Make labeling consistent for all fluoroquinolones
 Update the patient education section of the label to reflect this information
 Consider a Drug Safety Communication (DSC) or other forums to communicate to health
care professionals and patients that peripheral neuropathy may occur rapidly and
13
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potentially be permanent. If clinically appropriate, the drug should be discontinued
immediately.
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marketed and publicity about an event. Therefore, AERS cannot be used to calculate the
incidence of an adverse event in the U.S. population.

8.4

APPENDIX- PT TERMS FOUND IN THE HLGT PERIPHERAL NEUROPATHIES

Acrodynia, Acute polyneuropathy, Anterior interosseous syndrome, Autoimmune neuropathy,
axillary nerve injury, Axonal neuropathy, Brachial plexopathy, Brachial plexus injury, Carpal
tunnel syndrome, Cervical plexus lesion, Chronic inflammatory demyelinating
polyradiculoneuropathy, Congenital neuropathy, Critical illness polyneuropathy, Cubital tunnel
syndrome, Demyelinating polyneuropathy, Diabetic amyotrophy, Diabetic foot, Diabetic
foot infection, Diabetic mononeuropathy, Diabetic neuropathic ulcer, Diabetic neuropathy, Erb's
palsy, Femoral nerve injury, Femoral nerve palsy, Gaucher's disease, Guillain-Barre syndrome,
HIV peripheral neuropathy, Indeterminate leprosy, Ischaemic neuropathy, Klumpke's palsy,
Lepromatous leprosy, Lewis-Sumner syndrome, Long thoracic nerve palsy, Lumbosacral plexus
injury, Lumbosacral plexus lesion, Median nerve injury, Meralgia paraesthetica, Miller Fisher
syndrome, Mononeuritis, Mononeuropathy, Mononeuropathy multiplex, Multifocal motor
neuropathy, Musculocutaneous nerve injury, Nerve compression, Neuralgic amyotrophy,
Neuritis, Neuronal neuropathy, Neuropathic arthropathy, Neuropathic ulcer, Neuropathy
peripheral, Neuropathy vitamin B6 deficiency, Obturator neuropathy, POEMS syndrome,
Pancoast's syndrome, Peripheral motor neuropathy, Peripheral nerve infection, Peripheral nerve
injury, Peripheral nerve lesion, Peripheral sensorimotor neuropathy, Peripheral sensory
neuropathy, Peroneal nerve injury, Peroneal nerve palsy, Peroneal nerve palsy postoperative,
Phrenic nerve paralysis, Piriformis syndrome, Polyneuropathy, Polyneuropathy alcoholic,
Polyneuropathy chronic, Polyneuropathy idiopathic progressive, Polyneuropathy in
malignant disease, Posterior interosseous syndrome, Posterior tibial nerve injury, Pudendal canal
syndrome, Radial nerve compression, Radial nerve injury, Radial nerve palsy, Radiation
neuropathy, Sciatic nerve injury, Sciatic nerve neuropathy, Sciatic nerve palsy, Sensory
neuropathy hereditary, Slipping rib syndrome, Sympathetic nerve injury, Tarsal tunnel
syndrome, Thoracic outlet syndrome, Toxic neuropathy, Toxic oil syndrome, Tuberculoid
leprosy, Type 1 lepra reaction, Ulnar nerve injury, Ulnar nerve palsy, Ulnar neurapraxia, Ulnar
neuritis, Ulnar tunnel syndrome, Uraemic neuropathy)
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Systemic FQs
Currently Marketed
Systemic FQs

Neuropathies
HLGT Peripheral
Neuropathies

2003 through June 1, 2012
Disability, US, Date-January
1, 2003 through June 1, 2012

26
Reference ID: 3294875

125

--------------------------------------------------------------------------------------------------------This is a representation of an electronic record that was signed
electronically and this page is the manifestation of the electronic
signature.
--------------------------------------------------------------------------------------------------------/s/
---------------------------------------------------DEBRA E BOXWELL
04/17/2013
KELLY Y CAO
04/17/2013
JANE L GILBERT
04/17/2013
ALLEN D BRINKER
04/17/2013
MIN CHU CHEN
04/17/2013

Reference ID: 3294875

