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Background. Fluoroquinolones have been widely used for a variety of Gram-positive and Gram-negative infections, and by
2002 they had become the most commonly prescribed class of antibiotics for adults in the United States. With widespread use,
the class has become associated with a range of adverse events. Delafloxacin is a fluoroquinolone approved in the United States
for the treatment of adults with acute bacterial skin and skin structure infections (ABSSSIs). Delafloxacin is differentiated from
other fluoroquinolones due to structural differences and in its activity against methicillin-resistant Staphylococcus aureus, including
quinolone-resistant strains. This paper reviews the safety profile of delafloxacin across clinical studies with an emphasis on the inci-
dence of adverse events of special interest that are associated with fluoroquinolones.

Methods. Data from 2 completed phase III studies of delafloxacin for the treatment of ABSSSIs were pooled and are the primary
focus of this paper. Additional support from the full safety analysis set (30 completed phase I to phase III clinical studies) is included

where applicable.
Results.

Fewer patients in the pooled delafloxacin group had AESIs than in the comparator group (7.0% vs 9.2%, respectively).

Delafloxacin had a low rate of discontinuations due to treatment-related adverse events (<1%). Serious adverse events occurred at

similar rates in patients treated with delafloxacin vs comparators.

Serious adverse events occurred at similar rates in patients treated with delafloxacin vs nonquinolone comparators

Conclusions.

used to treat ABSSSIs.
Clinicaltrials.gov identifier: NCT01984684 and NCT01811732.
Keywords. adverse events; delafloxacin; fluoroquinolone; MRSA; safety.

Fluoroquinolones (FQs), originally considered a generally
well-tolerated class of antibiotics, have been widely used in
mild outpatient infections, which has resulted in both resistance
and safety issues. Although warnings of joint pathology were
in the norfloxacin and ciprofloxacin labels by 1987, a Boxed
Warning was added to fluoroquinolones by the Food and Drug
Administration (FDA) in July of 2008 for increased risk of tend-
initis and tendon rupture. In February 2011, the risk of wors-
ening symptoms for those with myasthenia gravis was added
to the Boxed Warning. In August 2013, updates to the labels
described the potential for irreversible peripheral neuropathy.
More recently, in July 2016, the FDA again required changes
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to the label for all fluoroquinolones, including a boxed warn-
ing related to disabling and potentially permanent side effects
involving the tendons, muscles, joints, nerves, and central nerv-
ous system [1]. As part of their review, the FDA concluded for
mild outpatient infections that do not require routine antibi-
otics (acute bacterial sinusitis, acute bacterial exacerbation of
chronic bronchitis, and uncomplicated urinary tract infections)
that “fluoroquinolones should be reserved for use in patients
who have no other treatment options” [2]. Finally, in July of
2018, new label changes directed by the FDA added that hypo-
glycemia can lead to coma and makes the mental health side
effects (disorientation, agitation, nervousness, memory impair-
ment, delirium) more prominent and more consistent across
the systemic fluoroquinolone drug class [3].

Delafloxacin is a recently approved FQ in the United States
for the treatment of adult patients with acute bacterial skin
and skin structure infections (ABSSSIs). It is also currently
under development for the treatment of adult patients with
community-acquired bacterial pneumonia (NCT02679573).
Although fluoroquinolones have not traditionally been among
the firstline options for ABSSSIs, unique structural and chem-
ical characteristics, which result in enhanced potency and
intracellular penetration under acidic conditions, distinguish
delafloxacin from other fluoroquinolones [4]. It is highly active
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against methicillin-resistant Staphylococcus aureus, includ-
ing quinolone-resistant strains. Unlike other fluoroquinolo-
nes, delafloxacin is mainly anionic at a physiologic pH but is
uncharged at a slightly acidic pH (<5.5), allowing delafloxacin
to accumulate in bacteria as the pH of the local environment
becomes more acidic [5, 6]. Due to its unique structure, dela-
floxacin also has the potential to minimize some of the known
safety concerns of fluoroquinolones, particularly central nerv-
ous system events and phototoxicity (Figure 1) [5, 7-9].

Clinicians should base use of any antibiotic upon individ-
ual patient and institutional needs, in concert with appropri-
ate stewardship, in order to select patients most likely to benefit
from the agent while minimizing collateral damage. In an effort
to inform this decision-making process of weighing the risks
and benefits of available therapeutic options, the intent of this
paper is to review the current safety database of delafloxacin
with a special emphasis on the incidence of adverse events of
special interest (AESIs) across clinical studies involving dela-
floxacin conducted to date. Those AESIs are found in Table 1
and are associated with members of the the fluoroquinolone
class to varying degrees. Delafloxacin FDA labeling has the fluo-
roquinolone class Box Warning regarding potential for tendin-
itis, tendon rupture, peripheral neuropathy, central nervous
system effects, and exacerbation of myasthenia gravis.

METHODS

To date, delafloxacin has been evaluated in 30 completed phase
I to phase III clinical studies, comprising a total of 2658 dela-
floxacin-treated subjects (Supplementary Table 1).

As results of the phase I and II studies have been reported else-
where, this review will focus primarily on pooled data from the 2
phase III ABSSSI studies, which used multiday dosing and used
the final formulation and dosing approved by the FDA [10-13].
However, for completeness, the AESIs seen in the phase II stud-
ies are noted if they occurred. The phase III studies encompass
1510 patients, in which delafloxacin-treated patients received
5-14 days of delafloxacin 300 mg intravenously (IV) and/or

450 mg orally every 12 hours plus a 30-day post-treatment obser-
vation period (Supplementary Table 1). In these studies, delaflox-
acin was compared with IV vancomycin 15 mg/kg (actual body
weight) plus aztreonam dosed every 12 hours [7, 8]. The pooled
phase III safety analysis set consisted of 1492 patients who were
randomized and received at least 1 dose of the study drug.

Safety was assessed by the collection of adverse event (AE)
reports and routine scheduled laboratory testing. Patients were
asked a nondirected question by the investigator to elicit any
medically related changes in their well-being or medications.
The investigator assessed the “relatedness” of the event to the
treatments, and also assessed the severity and seriousness. These
events were coded using the Medical Dictionary for Regulatory
Activities (MedDRA) 16.1, which allows standardization in clas-
sification and coding into organ classes. In addition, adverse
event reports potentially related to the AESIs were identified
by medical review and use of Standardized MedDRA queries
(SMQs) where possible. The SMQs are validated, standard sets
of MedDRA terms used to support signal detection, to group
similar medical entities and concepts for medical monitoring,
and to assess and evaluate a variety of safety topics of regulatory
interest [14]. The SMQs cast a wide net over multiple adverse
event terms that could potentially be associated with a medical
event of interest. For example, the SMQ for potential QT inter-
val prolongation includes events as specific as torsade de pointes
and events as general as syncope (Table 1). This conservative
approach allows a view of many events across body systems, in
order to evaluate signals that may otherwise be difficult to assess.

RESULTS

The demographics and baseline characteristics of subjects are
shown in the Supplementary Data (Supplementary Table 2).
In the pooled phase III clinical studies, the median duration
of therapy was 6.0 days for both studies, with a range of 0.5-
14.0 days and 0.5-14.5 days for the delafloxacin and vanco-
mycin/aztreonam groups, respectively. The most commonly
reported adverse events for delafloxacin were diarrhea, nausea,

Basic Nucleus of a Fluoroquinolone

Figure 1.

Delafloxacin

Structure activity relationships lead to unique features. Large and heavily substituted N1 (dotted square) and unique polarity (oval) offer photo safety regardless

of presence of a halogen. Anionic nature (dashed square) and bulky molecule at N1 (dotted square) lower central nervous system toxicity.
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Table 1.

Adverse Events of Special Interest Associated With Fluoroquinolones, With MedDRA-Associated Search Terms

Medical Topics Potential SMQ

Search Criteria

Rhabdomyolysis/myopathy SMQ
Pseudomembranous colitis SMQ

Potential myopathy
C. difficile diarrhea

Convulsions Convulsions SMQ
Potential peripheral Peripheral neuropathy SMQ
neuropathy
Potential tendon disorder NA
Potential QT prolongation Torsade de pointes/QT prolongation SMQ
Potential phototoxicity NA
Hyperglycemia Hyperglycemia SMQ
Hypoglycemia NA

Sub-SMQ-drug-related hepatic disorders
comprehensive

Hepatic-related events

Rhabdomyolysis/myopathy SMQ broad
Pseudomembranous colitis SMQ narrow
Convulsion SMQ narrow

Peripheral neuropathy SMQ broad

HLT tendon disorders

Torsade de pointes/QT prolongation SMQ broad

Preferred term “photosensitivity reaction”

Narrow SMQ "“hyperglycemia/new-onset diabetes”

HLT “hypoglycemic conditions NEC" plus preferred terms “blood glucose ab-

normal” and “blood glucose fluctuation”

SMQ “cholestasis and jaundice of hepatic origin, narrow” and SMQ "hepatic

failure, fibrosis, and cirrhosis and other liver damage-related conditions, nar
row"” and SMQ "hepatitis, noninfectious, narrow” and SMQ “liver-related inves-
tigators, signs and symptoms, narrow”

Source: Review of MedDRA Introductory Guide for SMQs, Version 16.1.

Abbreviations: HLT, MedDRA high-level term; MedDRA, Medical Dictionary for Regulatory Activities; NEC, not elsewhere classified; SMQ, standardized MedDRA queries.

vomiting, and headache. Most AEs were mild to moderate in
intensity. Relative to IV delafloxacin, oral delafloxacin was
not associated with an increase in gastrointestinal events, and
the pattern of treatment-emergent adverse events was similar
to those of the IV formulation in the 2 phase III trials [7, 8].
Delafloxacin had a low rate of discontinuations due to treat-
ment-related adverse events (TRAEs; <1%).

The incidence of serious adverse events (SAEs) was similar
between delafloxacin and comparators (Table 2). No signifi-
cant differences in safety were identified in patient subgroups
by age, gender, race, ethnicity, body mass index, diabetes sta-
tus, renal impairment, or history of infectious hepatitis B or C

[7, 8, 15-19]. Laboratory changes were also similar between
delafloxacin-treated patients and the comparator group. When
such laboratory changes were seen, they were rarely reported by
the investigator to be adverse events related to treatment. The
rates of the AESIs associated with fluoroquinolones were lower
in the delafloxacin group vs the comparator group (Table 3).

INDIVIDUAL ADVERSE EVENTS OF SPECIAL
INTEREST

Blood Glucose Disturbances
The pooled analysis showed a similar incidence of hypoglyce-
mia and hyperglycemia among those treated with delafloxacin

Table 2. Overall Summary of Treatment-Emergent Adverse Events: Pooled Phase llI

Pooled Phase Il Skin

Delafloxacin (n = 741), No. (%) VAN/AZ (n = 751), No. (%)

Total number of TEAEs 775 879
Patients with any TEAE 334 (45.1) 358 (47.7)
Patients with any related TEAE 164 (22.1) 196 (26.1)
Patients with any TEAE leading to premature study drug discontinuation 13 (1.8) 26 (3.5)
Patients with any related TEAE leading to premature study drug discontinuation 6 (0.8) 18 (2.4)
Patients with any TEAE of special interest, all cause 52 (7.0) 69 (9.2)
Patient with any serious TEAE 27 (3.6) 26 (3.5)
Patient with any related serious TEAE 2(0.3) 4 (0.5)
Subjects with at least 1 related TEAE with incidence of >2%
Gastrointestinal disorders 81 (10.9) 45 (6.0)
Nausea 45 (6.1) 32 (4.3)
Diarrhea 45 (6.1) 15 (2.0)
Skin and subcutaneous tissue disorders (pruritus, urticaria, dermatitis, rash) 7 (0.9) 35 (4.7)

A treatment-emergent adverse event was defined as an adverse event with (1) start date/time on or after the date/time of first study drug administration and before or on the date/time
of last study medication administration + 28 days or (2) start date/time before the date/time of first study drug administration and worsening on or after the date/time of first study drug
administration and before or on the date/time of last study medication administration + 28 days. Percentages are calculated as 100 x (n/N). The total number of TEAEs counts all TEAEs for
patients. At each level of patient summarization, a patient with 1 or more reported events was counted only once. “Related” includes “possibly related,” “probably related,” “related,” and
“definitely related.” Adverse events were coded using MedDRA, Version 16.1.

Abbreviations: MedDRA, Medical Dictionary for Regulatory Activities; TEAE, treatment-emergent adverse event; VAN/AZ, vancomycin/aztreonam.
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Table 3. Treatment-Emergent Adverse Events of Special Interest (All Cause and Treatment-Related): Pooled Phase IlI

AESI
(All Cause®) (Related)
Delafloxacin® VAN/AZ® Delafloxacin® VAN/AZ®
Special Interest Preferred Term (n =741), No. (%), No. (%) (n =751), No. (%) (n =741), No. (%) (n =751), No. (%)
Subjects with at least 1 TEAE of special 52 (7.0) 69 (9.2) 25 (3.4) 43 (5.7)
interest
Hepatic-related events 23 (3.1) 30 (4.0) 16 (2.2) 20 (2.7)
Increased ALT 14 (1.9) 14 (1.9) 10 (1.3) 10 (1.3)
Increased AST 10 (1.3) 14 (1.9) 6(0.8) 10 (1.3)
Increased transaminases 3(0.4) 5(0.7) 3(0.4) 2(0.3)
Increased hepatic enzyme 2(0.3) 2(0.3) 1(0.1) 2(0.3)
Liver function test abnormal 0 2(0.3) 0 2(0.3)
Hypertransaminasaemia 2 (0.3) 1(0.1) 1(0.1) 1(0.1)
Increased gamma-glutamyltransferase 1(0.1) 1(0.1) 0 0
Hepatic cirrhosis 0 1(0.1) 0 0
Potential myopathy 15 (2.0) 34 (4.5) 7 (0.9) 20 (2.7)
Increased blood creatinine 8 (1.1) 15 (2.0) 3(0.4) 7(0.9)
phosphokinase
Increased blood creatinine 2(0.3) 4 (0.5) 1(0.1) 4 (0.5)
Myalgia 1(0.1) 2(0.3) 0 1(0.1)
Renal impairment 2(0.3) 1(0.1) 2(0.3) 0
Renal failure, acute 1(0.1) 7 (0.9) 1(0.1) 3(0.4)
Musculoskeletal pain 1(0.1) 2 (0.3) 0 1(0.1)
Renal failure 0 3(0.4) 0 3(0.4)
Decreased creatinine renal clearance 0 1(0.1) 0 1(0.1)
Hyperglycemia 6(0.8) 4(0.5) 2(0.3) 1(0.1)
Hyperglycemia 2(0.3) 2(0.3) 2(0.3) 1(0.1)
Diabetes mellitus 3(0.4) 1(0.1) 0 0
Type 2 diabetes mellitus 1(0.1) 1(0.1) 0 0
Potential peripheral neuropathy 4 (0.5) 3(0.4) 1(0.1) 2(0.3)
Paraesthesia 4(0.5) 1(0.1) 1(0.1) 1(0.1)
Hypoaesthesia 1(0.1) 1(0.1) 0 1(0.1)
Neuropathy peripheral 0 1(0.1) 0 0
Potential QT prolongation 2(0.3) 1(0.1) 0 1(0.1)
Syncope 2(0.3) 0 0 0
Loss of consciousness 0 1(0.1) 0 1(0.1)
Potential tendon disorder 3(0.4) 1(0.1) 0 0
Tendonitis 3(0.4) 0 0 0
Trigger finger 0 1(0.1) 0 0
Hypoglycemia 2(0.3) 3(0.4) 1(0.1) 2(0.3)
C. difficile diarrhea 1(0.1) 0 1(0.1) 0
Convulsions 0 1(0.1) 0 1(0.1)
Potential phototoxicity 0 0 0 0

Adverse events of special interest were selected based on medical issues of interest for the fluoroquinolone class of antibiotics and include C. difficile diarrhea, convulsions, hepatic-related
events, hyperglycemia, hypoglycemia, potential myopathy, potential peripheral neuropathy, potential phototoxicity, potential tendon disorder, and potential QT prolongation.

If a special interest adverse event did not occur, it is not presented in the table. At each level of subject summarization, a subject is counted once if the subject reported 1 or more TEAEs

of special interest. Adverse events were coded using MedDRA, Version 16.1.

Abbreviations: AESI, adverse event of special interest; AZ, aztreonam; TEAE, treatment-emergent adverse event; VAN, vancomycin.

“Potentially related, as assessed by the investigator.

®Delafloxacin 300 mg IV/450 mg oral Q12h; VAN 15 mg/kg (actual body weight) + AZ 1-2 g IV q12h.

(n = 741; hyperglycemia 0.8%, hypoglycemia 0.3%) and com-
parators (n = 751; hyperglycemia 0.5%, hypoglycemia 0.4%).
Hyperglycemia was mild or moderate in severity. Rates of treat-
ment-related hyperglycemia (0.3% and 0.1%) and hypoglycemia
(0.1% and 0.3%) were also similar between delafloxacin and
comparator treatment groups, respectively. In 1 of the phase III

studies (Study 302), intensive glucose monitoring for 12 hours
postdose in patients who were also undergoing pharmacokinetic
(PK) testing did not show differences between the 2 treatment
groups (Supplementary Figure 1) [3]. No treatment discontinua-
tions or serious adverse events were attributed to hyperglycemia
or hypoglycemia in any patients treated with delafloxacin.
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Clostridium difficile Diarrhea

In the safety analysis set, 1 patient (0.1%) in the delafloxacin
group had C. difficile diarrhea compared with none in the
comparator group. The patient entered the study as a prior
treatment failure with sulfamethoxazole/trimethoprim and
clindamycin. The C. difficile diarrhea was judged to be related
to delafloxacin, was mild in severity, and resolved with treat-
ment with oral metronidazole. It should be noted that 1 case
was seen in 1 patient who received delafloxacin in a phase II
ABSSSI study. The 83-year-old patient had enrolled in the trial
with 1 prior dose each of amoxicillin/clavulanate, amoxicillin,
and ceftriaxone. She was reported to have mild C. difficile diar-
rhea 16 days after the completion of delafloxacin that resolved
spontaneously without treatment.

Convulsions

Patients with ongoing treatment for seizures or untreated his-
tory of seizures were excluded from the phase III studies. No
patients in the delafloxacin group (n = 741) had convulsions,
whereas 1 patient in the comparator group (n = 751) had treat-
ment-related convulsions. There were no treatment discontinu-
ations or serious events related to convulsions.

In a pooled analysis of 2 phase II studies in patients with
ABSSSIs treated for 5 to 14 days, 1 patient in the treatment
group (delafloxacin 300 mg I'V twice daily, n = 127) experienced
a convulsion, but none in the comparator group did (n = 221).
The patient had a history of convulsion, and the event was not
considered related to study treatment.

Hepatic Events

Rates of hepatic events (hypertransaminasaemia, increased
transaminases, LFT increases, and increased ALT and AST)
were similar between patients in the delafloxacin (n = 741)
and comparator (n = 751) groups (3.1% and 4.0%, respec-
tively), as were rates of treatment-related hepatic events (2.2%
and 2.7%, respectively) in a pooled analysis of 2 phase III stud-
ies in patients with ABSSSIs treated for 5 to 14 days. There
were no premature discontinuations of delafloxacin due to a
hepatic event. In evaluation of laboratory testing, regardless of
baseline values, 8 patients in the delafloxacin treatment group
reported ALT >5 times the ULN result at any time in the study,
whereas 13 patients in the VAN/AZ treatment groups reported
ALT >5 times the ULN results at any time in the study. There
were no patients in either group who met Hy’s Law (Table 4).
In the single delafloxacin-treated patient who experienced a
serious adverse event of increased ALT/AST, the event was
deemed possibly related to the study drug by the investiga-
tor. A medical monitor deemed the event likely related to the
patient’s hepatitis C. The baseline hepatitis C antibody test-
ing was negative, but it was positive on day 38 and confirmed
positive on day 73. The event of AST increase resolved on day
38, and the events of ALT and blood creatine phosphokinase
increase resolved on day 73.

Table 4. Incidence of Elevated Transaminases and Total Bilirubin: Pooled
Phase Il Safety Analysis Set

Parameter Criterion (Patients
Reporting at Least 1 Incident)

ALT >3 x ULN, U/L

Delafloxacin All Comparators
(n =741), No. (%) (n=751), No. (%)

Day 3 5(0.7) 12 (1.6)
Day 7 2(0.3) 7(0.9)
End of treatment 12 (1.6) 20(2.7)
Follow-up 15 (2.0) 13 (1.7)
Late follow-up 16 (2.2) 7 (0.9)
Overall worst postbaseline 36 (4.9) 41 (5.5)
ALT >5 x ULN, U/L

Day 3 0 1(0.1)
Day 7 0 2(0.3)
End of treatment 3(0.4) 6(0.8)
Follow-up 3(0.4) 4 (.05)
Late follow-up 5(0.7) 1(0.1)
Overall worst postbaseline 8 (1.1) 13 (1.7)
AST >3 x ULN, U/L

Day 3 8(1.1) 7(0.9)
Day 7 3(0.4) 5(0.7)
End of treatment 14 (1.9) 12 (1.6)
Follow-up 12 (1.6) 10 (1.3)
Late follow-up 9(1.2) 6(0.8)
Overall worst postbaseline 32 (4.3) 26 (3.5)
AST >5 x ULN, U/L

Day 3 0 1(0.1)
Day 7 0 0
End of treatment 3(0.4) 2 (0.3)
Follow-up 4(0.5) 2(0.3)
Late follow-up 2(0.3) 1(0.1)
Overall worst postbaseline 6(0.8) 4 (0.5)
Total bilirubin >2 x ULN, mcmol/L

Day 3 3(0.4) 0
Day 7 1(0.1) 0
End of treatment 1(0.1) 0
Follow-up 3(0.4) 0
Late follow-up 3(0.4) 1(0.1)
Overall worst postbaseline 7(0.9) 1(0.1)

For “overall worst postbaseline,” all laboratory assessments including those obtained from
unscheduled visits are included, and the patient is included in the numerator if he/she met
the criterion at least once postbaseline.

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase;

ULN, upper limit of normal.

Potential Myopathy

The events reported in the SMQs for potential myopathy
were blood creatinine phosphokinase increase, blood creatin-
ine increase, myalgia, musculoskeletal pain, and myositis and
included renal impairment/failure and decreased creatinine
clearance. The rates of potential myopathy in the pooled phase
IIT ABSSSI studies were 2.0% (15/741) for delafloxacin and
4.5% (34/751) for comparators, and events were generally mild
or moderate in severity. Rates of potential myopathy judged
treatment-related by the investigator were lower in patients
treated with delafloxacin vs comparators (0.9% vs 2.7%, respec-
tively). Rates of potential myopathy lasting longer than 30 days
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were lower in patients treated with delafloxacin vs comparators
(0.5% vs 1.3%, respectively). No treatment discontinuations or
serious adverse events were attributed to myopathy in patients
treated with delafloxacin.

Potential Peripheral Neuropathy

The events reported in the SMQs for potential peripheral neu-
ropathy were hypoesthesia, burning sensation, and paresthesia.
Rates of potential peripheral neuropathy in the pooled phase
III ABSSSI studies were 0.5% (4/741) and 0.4% (3/751) for
delafloxacin and vancomycin/aztreonam, respectively. These
events were mild or moderate in severity. Those judged by the
investigator to be related to treatment occurred in 0.1% (1/741)
of delafloxacin patients and 0.3% (2/751) of vancomycin/aztre-
onam patients. The incidence of potential peripheral neuropa-
thy lasting longer than 30 days was similar between patients in
the delafloxacin (1/741, 0.1%) and comparator groups (2/751,
0.3%). There were no treatment-related discontinuations or
serious adverse events attributed to delafloxacin.

Phototoxicity

There were no patients either in the delafloxacin group
(n = 741) or the comparator group (n = 751) who reported
potential phototoxicity. These findings are consistent with
those of a phase I, single-blind, randomized study of 52 healthy
adults who received 200 mg or 400 mg/d of oral delafloxacin,
or 400 mg/d oral lomefloxacin (active control), or placebo
for 6 days. Delafloxacin at both doses did not demonstrate a
phototoxic effect (ie, no change from baseline in minimal ery-
thema dose [MED] over the wavelength range of 295-430 nm),
whereas lomefloxacin exhibited moderate phototoxicity at
Ultraviolet-A (UVA) wavelengths of 335 nm and 365 nm [20].

Potential for QT Prolongation

A 12-lead electrocardiograph (ECG) was performed at screen-
ingand, if clinically indicated by the investigator, after screening.
The events reported in the SMQs for potential QT prolonga-
tion were syncope and loss of consciousness. There were no
reports of torsade de pointes, nor were there serious events or
treatment discontinuations in this category. A pooled analysis
of 2 phase III studies in patients with ABSSSIs treated for 5 to
14 days reported that 2 patients (0.3%) in the delafloxacin group
(n = 741) experienced syncope, whereas 1 patient (0.1%) in the
comparator group (n = 751) experienced loss of consciousness.
The events in the delafloxacin group were considered unrelated
to treatment, whereas the event in the comparator group was
considered related to treatment [21].

Potential Tendon Disorder

The events reported in the SMQs of tendon disorder were
tendinitis and trigger finger. A pooled analysis of 2 phase
IIT studies in patients with ABSSSIs showed that tendinitis
occurred in 3 (0.4%) patients receiving delafloxacin (n = 741)
and no patients receiving vancomycin/aztreonam (n = 751).

No patients receiving delafloxacin experienced trigger finger,
which occurred in 1 patient (0.1%) receiving vancomycin/azt-
reonam. All events were mild or moderate in severity. No treat-
ment discontinuations or serious adverse events were attributed
to tendon disorders in patients receiving delafloxacin, and no
cases of tendon rupture were reported. In a pooled analysis
of 2 phase II studies in patients with ABSSSIs treated for 5 to
14 days, there were no cases of tendon rupture with delafloxa-
cin 300 mg IV twice daily (n = 127) or comparators (n = 221)
[10, 11]. In addition, there were no cases in clinical trials meet-
ing the definition of fluoroquinolone-associated disability, as
defined by the FDA (patients who were previously healthy, pre-
scribed a fluoroquinolone, and developed an adverse event in
2 or more of the following body systems: peripheral nervous
system, neuropsychiatric, musculoskeletal, senses, cardiovascu-
lar, or skin; the events had to last for more than 30 days after
the FQ was discontinued and had to have a reported outcome
of disability) [22].

DISCUSSION

Widely used for a variety of Gram-positive and Gram-negative
hospital- and community-acquired infections, by 2002, fluoro-
quinolones had become the most commonly prescribed class
for adults in the United States [23]. Their widespread and inap-
propriate use has led to the emergence of fluoroquinolone and
multidrug-resistant pathogens, and a range of class-associated
adverse events and risks became recognized [24, 25]. Clinicians
should base use of any antibiotic upon individual patient and
institutional needs, in concert with antimicrobial stewardship, to
select the most appropriate therapy in order to maximize patient
benefit while minimizing potential collateral damage [25].

Extensive clinical experience with fluoroquinolone-iden-
tified AESIs guided the safety assessment of delafloxacin in
clinical trials that included 2658 delafloxacin-treated subjects.
Findings here are based upon nonclinical and clinical work
to date. However, the delafloxacin database is currently small
relative to the size required to see some of the less frequently
occurring adverse events, and time in the study was limited to a
30-day post-treatment observation period.

Overall, the most common AEs (seen in >25% of subjects
regardless of causality) reported for IV delafloxacin were gas-
trointestinal events, headache, and infusion site pain (3.7%).
Delafloxacin had a low rate of discontinuations due to treat-
ment-related adverse events (<1%). There was 1 death in
patients treated with delafloxacin, which was considered unre-
lated to delafloxacin. Serious adverse events occurred at sim-
ilar rates in patients treated with delafloxacin vs comparators,
including antibiotics used to treat serious skin infections. Fewer
patients in the pooled delafloxacin group had AESIs than in the
comparator group (7.0% vs 9.2%, respectively).

Additional findings merit note, as they lend credence
to the findings from the phase III studies. A phase I study
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demonstrated no potential for phototoxicity, and no phototox-
icity was seen in the phase III trials [20, 26]. No effects on mus-
cle were observed in nonclinical studies with delafloxacin, and
no treatment discontinuations or serious adverse events were
attributed to myopathy in patients treated with delafloxacin in
the phase III studies [21].

In contrast to other fluorinated FQs that cross the blood-
brain barrier [27], delafloxacin showed little to no brain pen-
etration during animal radiolabeled distribution studies. No
direct neurotoxic effects (central nervous system or periph-
eral nervous system) were seen with delafloxacin in animal
toxicology studies, and there was no histopathological evi-
dence of neurotoxicity [21, 28]. Convulsions have not been
observed with delafloxacin in any animal study, including
high-dose toxicology studies [21]. In addition, at clinically
relevant plasma levels, radiolabeled delafloxacin did not bind
to GABA, benzodiazepine, NMDA, or adenosine receptors,
targets implicated in the neurological symptoms of some mar-
keted fluoroquinolones [29-31].

Fluoroquinolones are associated with mild, transient eleva-
tions in aminotransferase levels in approximately 1% to 3% of
patients, but serious, potentially life-threatening, acute liver
injury appears to occur, albeit rarely, with currently available
FQ agents (approximately 1:100 000 persons exposed) [32-34].
Animal studies in rats and dogs administered delafloxacin
showed no microscopic findings of liver injury [21]. A pooled
safety analysis of phase I studies (n = 814) showed that hepat-
ic-related events occurred in 0.9% of subjects receiving dela-
floxacin, and the incidence did not increase with increased
dose. The phase III trials included hypertransaminasaemia,
increased transaminases, and increased ALT and AST in
reported transaminase elevations of 3.1%.

Another concern with fluoroquinolones, which was recently
updated in FQ class product labeling, is dysglycemia [35, 36].
Gatifloxacin was withdrawn from the market in 2006 due to
concerns of severe glucose disturbances [35]. Studies of mox-
ifloxacin, levofloxacin, and ciprofloxacin have yielded conflict-
ing results in terms of their relative risks for both hyper- and
hypoglycemia [35-40]. Dysglycemias were not observed in pre-
clinical studies of delafloxacin. In 1 phase II study, as part of the
routine chemistry review, low serum glucose levels were found
in 2 out of 49 subjects receiving delafloxacin 300 mg q12h, but
both patients were asymptomatic [11]. Subsequently, intensive
glucose monitoring for 12 hours postdose in patients in 1 of the
phase I1I studies did not show differences between the delaflox-
acin and vancomycin/aztreonam groups [7].

Fluoroquinolone-associated QT interval prolongation
is another potential concern and is caused by inhibition of
potassium channels encoded by the human ether-a-go-go-re-
lated (hERG) gene [41-43]. The degree of cardiac potassium
channel blockade and, consequently, QT prolongation, varies
among individual fluoroquinolones, with a 100-fold difference

in in vitro potency against hERG between sparfloxacin (most
potent) and ofloxacin (least potent). Fluoroquinolones associ-
ated with prolongation of the QTc interval in humans also have
been shown to prolong the QTc interval in the anesthetized dog
model, prolong action potential duration in canine Purkinje
fibers, and/or inhibit the delayed rectifier potassium (hERG)
current [43]. Delafloxacin had no significant effect on several
markers of QT prolongation in preclinical studies, no effect on
QTc prolongation in instrumented anesthetized dogs (up to the
highest dose tested, 30 mg/kg IV), and no inhibition of hERG
channel at delafloxacin concentrations up to 185 uM [21, 41].
With these negative findings indicating a lack of signal for QTc
prolongation, there was no requirement by the FDA to directly
measure QTc intervals in the phase III trials [44]. The 2 events
reported in the SMQs for potential QT prolongation were syn-
cope and loss of consciousness and were not considered related
to treatment. As a result, there is no warning for QTc prolonga-
tion in the delafloxacin label.

Most fluoroquinolones produce degenerative changes in
articular cartilage and arthropathy in skeletally immature ani-
mals [45]. However, the full battery of delafloxacin studies con-
ducted with adult and juvenile animals failed to demonstrate
similar findings, with the exception of minimal focal articular
changes seen in a single adult high-dose (480 mg/kg/d) dog
[21]. Although delafloxacin has the potential to bind magne-
sium ions, it does not bind to NMDA receptors, which have
been hypothesized to be related to tendinopathies [46]. There
was no increase in tendon events in phase II or phase III in dela-
floxacin-treated patients vs comparators, but these studies have
included few patients with factors known to increase the risk
[7, 8, 10, 11, 47-49]. Although it is difficult to predict whether
delafloxacin may or may not induce tendinitis and tendon
rupture in adult humans based on the available animal data,
the delafloxacin prescribing information contains the fluoro-
quinolone class Box Warning on tendinitis and tendon rupture,
and patients should be monitored appropriately.

There were several limitations to this safety analysis of dela-
floxacin. The database for delafloxacin is limited both in terms
of number of subjects and study duration. The phase III study
treatment period of up to 14 days plus a 30-day post-treat-
ment observation period is the longest observation period in
this review. In contrast, the FDA cited data ranging from 31.6
to 33.2 million fluoroquinolone retail prescriptions (82% of
FQ use) annually from 2010 to 2014. This prescribing volume
elucidated adverse events that otherwise would be difficult to
see. For example, trovafloxacin hepatic-related injury was rec-
ognized soon after the drug became available for general use,
but only after approximately 2.5 million courses of therapy were
administered [50]. Such big data supported the FDA conclu-
sion that for mild outpatient infections that do not require rou-
tine antibiotics, fluoroquinolones should be reserved for use in
patients who have no other treatment options. For more severe
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infections, such as more complicated cases of ABSSSIs where
delafloxacin received an indication from the FDA, the overall
number of prescriptions will be significantly lower.

Vancomycin and aztreonam (V/A) were used as comparators
in the phase III studies. Although aztreonam is not an agent
likely to be used to treat ABSSSIs in the clinic, it has become
a standard Gram-negative agent in clinical trials enabling use
of either a vancomycin or linezolid comparator and de-esca-
lation of Gram-negative coverage as necessary. Using non-FQ
comparators in phase III trials not associated with these AESIs
allows a comparison with the basal population rate, but charac-
terizing the risk of some AESIs in the general population can be
difficult. This difficulty may lead to underreporting and varia-
bility in diagnostic validity [51]. However, analysis of available
data indicates that delafloxacin does not appear to be associated
with an increased risk of adverse events of special interest asso-
ciated with other fluoroquinolones when compared with V/A
in its phase III trials.

Preclinical testing, phase I-III trials, and postmarketing sur-
veillance all contribute to but have limitations in their ability to
identify true quinolone-related toxicities. Alone, no data source
can reliably quantify risk assessment. Despite their inadequa-
cies, data from all these sources may be used to strengthen the
assessment of the risks associated with antimicrobial therapy
for formulary status or individual patient treatment decisions.
Understanding FQ history and monitoring use in the clinic will
be essential, and future analysis of larger groups is warranted.

CONCLUSION

Analysis of available data indicates that delafloxacin does
not appear to be associated with an increased risk of adverse
events of special interest associated with other fluoroquinolo-
nes when compared with vancomcycin/aztreonam in its
phase III trials. Due to the limited nature of the current dela-
floxacin safety database, it is clinically prudent to monitor for
potential adverse events observed with other fluoroquinolo-
nes when using delafloxacin, and future analysis should be
undertaken.

Supplementary Data
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