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Abstract: Delafloxacin (DLX) is a new fluoroquinolone pending approval, which has shown
a good in vitro and in vivo activity against major pathogens associated with skin and soft
tissue infections and community-acquired respiratory tract infections. DLX also shows good
activity against a broad spectrum of microorganisms, including those resistant to other fluo-
roquinolones, as methicillin-resistant Staphylococcus aureus. Its pharmacokinetic properties
and excellent activity in acidic environments make DLX an alternative in the treatment of
these and other infections. In this manuscript, a detailed analysis of this new fluoroquinolone
is performed, from its chemical structure to its in vivo activity in recently published clinical
trials. Its possible place in the current antimicrobial outlook and in other infectious models
is also discussed.
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Introduction

Complicated skin and soft tissue infections (SSTIs) are common for both outpatient
and hospitalized patients and traditionally include various clinical symptoms ranging
from minor superficial infections to necrotizing fasciitis with high rates of mortality.
Several studies have shown an increase in ambulatory and hospital visits related to
these infections, and an increase in length of stay in hospital, mortality risk and health
costs.! In North American hospitals, an increase of 29% was detected in hospital
admissions because of SSTIs between 2000 and 2004.* In 2010, the Food and Drug
Administration (FDA) proposed a new classification, differentiating acute bacterial
skin and skin structure infections (ABSSSIs), which include three entities: cellulitis
and erysipelas, wound infections and major skin abscesses. Among the involved
microorganisms, Staphylococcus aureus is the most common, being the detection of
methicillin-resistant S. aureus (MRSA) an independent risk factor for increased risk
of mortality, length of hospital stay and hospital costs.’ Furthermore, S. aureus has a
high tolerance to acidic pH, surviving in acidic environments such as abscesses and
empyema, where most antibiotics show decreased activity. Gram-negative organisms
are isolated in smaller proportion, but the increase of multiresistant bacteria, such
as Pseudomonas aeruginosa and beta-lactamase and carbapenemase enterobacteria
carriers, has decreased the available therapeutic arsenal.®’

In the field of respiratory infection, pneumonia remains, along with influenza, the
respiratory infection with the highest mortality.® Among the most commonly used
antibiotics in the treatment of respiratory tract infections (CA-RTIs) are fluoroquino-
lones (FQ), as well as B-lactams and macrolides. Despite its still good activity, there
has long since been warning about increasing resistance among common pathogens in
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CA-RTIs, such as Streptococcus pneumoniae, Haemophilus
influenzae and Moraxella catarrhalis.®"

The resistance of Neisseria gonorrhoeae to quinolones
has increased worldwide in the last decade with percentages
of ~15%-20%, in some geographical areas reaching 50%.!":12
Main consequence has been a change in World Health
Organization (WHO) recommendations for empiric sexu-
ally transmitted infections (STIs) therapy to a cephalosporin
and azithromycin combination, reserving the quinolone for
targeted therapy.'"!?

Delafloxacin (DLX) is a new FQ pending approval, which
has shown a good in vitro and in vivo activity against major
pathogens associated with ABSSSIs and CA-RTIs. It also
shows good activity against a broad spectrum of microor-
ganisms, including those resistant to other FQ, and stability
against multiresistant strains. Its pharmacokinetic proper-
ties and excellent activity in acidic environments make it
an alternative in the treatment of these and other infections.
In this manuscript, a detailed analysis of this new FQ is
performed, from its chemical structure to its in vivo activity
in recently published clinical trials. Its possible place in the
current antimicrobial outlook and its possible use in other
infectious contexts are also discussed.

Fluoroquinolones
Quinolones are one of the few families of completely
synthetic antibiotics, which have allowed many structural
modifications on pharmacophore core to increase their
potency, enhance their pharmacokinetic properties and
reduce their toxicity. FQ arise with the introduction of
a fluorine atom in position 6, improving these described
properties. They can act on two bacterial enzymes involved
in the replication of genetic material, DNA-gyrase and/or
topoisomerase intravenous (IV). In its presence, they form
a ternary complex responsible for breaking the double helix
of DNA, which blocks replication, causing cell death. There
is a relationship between the structure of the quinolone and
the preferred activity on the DNA-gyrase or topoisomerase
IV. Because of their mechanism of action, they are effective
against growing bacteria and in those in stationary phase.
In general, FQ exhibit good gastrointestinal absorption
(in the absence of chelators), with good oral bioavailability
and a high distribution volume because of their low plasma
protein binding, their solubility and ionization characteris-
tics, diffusing well to tissue compartment and into the cell.
Although the MICs tend to increase in acidic environments,
such as inside phagolysosomes or urine, their preferably renal
elimination ensures high urine concentrations, justifying

its frequent use in the treatment of urinary tract infections.
Because of their broad and high tissue diffusion, FQ are
routinely used in the treatment of both community-acquired
and nosocomial pneumonia and intra-abdominal infections
(IAIs). The pharmacokinetic parameter that best predicts
treatment success is area under the curve (AUC)/MIC, con-
sidering optimal values >125 mgh/L."!5

Bacterial resistance to these antibiotics can have sev-
eral causes. The first is by modifying the target of action
through chromosomal mutations in DNA-gyrase and topoi-
somerase, resulting in the quinolone resistance-determining
region. Second, by reducing the intracellular concentra-
tion of the antibiotic, either by reducing the synthesis of
porins linked to the penetration of quinolones and other
structurally unrelated antibiotics (that occurs mainly in
gram-negatives), or by increased expression of active efflux
pumps in a dose-dependent manner, associated with a
decrease in permeability. Finally, there is a low-level resis-
tance mechanism mediated by PMQR plasmids (plasmid-
mediated quinolone resistance), which contain genes
encoding efflux pumps, protective action target proteins or
antibiotic-modifying enzymes derived from aminoglycoside-
modifying N-acetyl-transferases (Table 1).!%!7

Mechanism of action and microbiological
activity

DLX (1[6-amino-3,5-difluoro-2-pyridinyl]-8-chloro-6-fluro-
7[3-hydroxy-1-azetidinyl]-4-oxo-1,4-dihydroquinoline-
3-carboxylic acid) has shown higher antibacterial power
than other FQ, maintaining the same inhibitory activity of
topoisomerase. Its greatest strength seems to derive from
three structural differences:'® It does not have a strong base
in C7, becoming a weak acid and thus increasing its activity
in acidic medium; the chlorine atom in position C8 acts as
an electron-withdrawing group, reducing the reactivity of
the heterocycle and stabilizing the molecule; and third, the
aromatic ring attached to N1 increases the molecular surface
compared with other quinolones (Figure 1).

By eliminating the basic group in C7 present in other
FQ, DLX loses the ability to act as zwitterion (no-net-charge
molecule with two ionized groups) acquiring a weak acid
character. Being a weak acid, its pKa (5.4) is lower than
other quinolones. As a result, inside of a phagolysosome
(pH from 5 to 5.5), it will be found primarily in neutral or
ionized form, which will facilitate the transmembrane pass
into the bacterium through gradient. Once inside the bacteria,
where the pH is neutral, DLX be deprotonated, being, in
ionic form, retained within the bacteria. Other FQ, such as
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Table | Main resistance mechanisms in quinolones

Resistance mechanism Characteristics

Chromosomal mutations (quinolone resistance-
determining region)

High resistance level

Reduction of intracellular concentration

Low resistance level

They act over genes encoding the DNA gyrase targets (Gyr A and Gyr B) and topoisomerase IV
(Par C and Par E). They appear for random transcription errors

Decrease in drug penetration by reduction of porin expression. It can be selected after
treatment with other antibiotics

Increased expression of active ejection pumps. They are usually linked to the dose of quinolones

Some confer unique resistance to quinolones (NorA-B-C) and others also to structurally

unrelated antibiotics

Plasmids (plasmid-mediated quinolone resistance)
Low resistance level
antibiotic

Coding of active ejection pumps (QacA-B, PmrA)
Encoding proteins in the target of action, decreasing the availability of the target to the

Coding of enzymes modifying the quinolone structure. They are derived from the

aminoglycoside-modifying enzymes

moxifloxacin (MXF), are presented in an acid medium in
the form of zwitterion to a lesser extent than DLX in neutral
form, which results in a lower transmembrane passage. With
MXEF, the majority of the FQ still remain in the zwitterion
form within the bacteria, so it is easier to return to the exte-
rior. This explains why DLX MICs can be reduced from
2 to 32 times in acid environments compared with other
quinolones. Against S. aureus, DLX MICs are between
5 and 7 dilutions lower at pH 5.5 than at pH 7.4, reaching

The lack of a
strong basic group

confers to DLX

values of 0.00003 pg/mL." This would justify its good
in vivo activity in located infections, usually acidic, such as
abscesses and empyema, or acidic anatomical areas such as
urine,” the vagina and the stomach. However, one cannot
underestimate the possibility that the acidic pH may affect
other transport mechanisms (Figure 2).

In general, the substituents at C7, and to a lesser extent,
C8, determine the power and the preferential action target of
the FQ, that is, the greater or lesser affinity for topoisomerase

Delafloxacin (DLX)

weak acid .
character
Increases the
stability of the
heterocycle
(0] (0]
F F
OH
(\ N N (\ N
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Ciprofloxacin (CPX)
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Moxifloxacin (MXL)

Figure | Chemical structure of DLX compared with other quinolones (LVX, CPX, MXL).
Note: As DLX lacks a protonable substituent group in position 7, it is more acidic than other quinolones.

Abbreviations: CPX, ciprofloxacin; LVX, levofloxacin; MXL, moxifloxacin.
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Figure 2 Predominant form of DLX (top) and MXL (bottom) at acidic and neutral pH.

Notes: The absence of a basic group in C7 allows DLX to be neutral at acidic pH and anionic at physiological pH. The opposite happens with MXL.

Abbreviations: DLX, delafloxacin; MXL, moxifloxacin.

IV or gyrase. DLX shows a similar affinity for both targets,
which explains its greater stability against such modifica-
tions, as DLX resistance requires the accumulation of several
mutations that collectively affect both targets. Moreover,
DLX does not seem to be a good substrate for efflux pumps.
For this, coupled with its high power, it can maintain lower
MICs despite this expression and other resistance mecha-
nisms.?! In fact, the concentration of antibiotics necessary
to prevent the selection of resistant mutants is between one
and four times the MIC, resulting in very low values, lower
than those of any other FQ.?

DLX has shown excellent activity against gram-positives
(S. aureus, S. pneumoniae, B-hemolytic Streptococci,
some Enterococcus sp), gram-negatives (H. influenzae,
M. catarrhalis, N. meningitidis, N. gonorrhoeae, Entero-
bateriaceae, Pseudomonas spp), anaerobes (Bacteroides
sp, Prevotella sp, Clostridium difficile, Clostridium per-
fringens), intracellular microorganisms (Mycoplasma sp,
Ureaplasma sp, Chalmydia sp) and M. tuberculosis
(Table 2).181921-31

Regarding the biofilm activity, an in vitro study com-
paring several antibiotics against biofilm produced by
methicillin-susceptible and -resistant S. aureus strains
(MSSA and MRSA), DLX and daptomycin were the most

effective antibiotics in clinical use concentrations, obtaining
in both cases a reduction of bacterial viability exceeding
50%.%? DLX penetration into the biofilm is inversely pro-
portional to the thickness of the polysaccharide, varying
between 0.6% and 52%, and its activity is the highest on
biofilms with an acid microenvironment, which seems to
occur frequently.*

Against N. gonorrhoeae, in vitro studies on strains sensi-
tive and resistant to ciprofloxacin (CPX) obtained excellent
efficacy results with an MIC, of 0.06 ug/mL and MIC,,
of 0.125 pug/mL. The frequency of spontancous mutations
was =107, maintaining good stability in the study of the
selection of resistant mutants through daily passes over media
with subinhibitory concentrations of DLX.*

Pharmacokinetics and metabolism

There are several studies with DLX, dedicated to phar-
macokinetic properties, tolerability, effect of concomitant
food administration and safety.’*>*¢ After endovenous
administration,” the value of maximum concentration (C__ )
increases proportionally with increasing doses within the
range from 300 to 1,200 mg. However, the AUC increases
more than proportionally with the dose in the same range.
The cause of this lack of proportionality has not yet been

submit your manuscript

884

Dove

Drug Design, Development and Therapy 2017:1 |


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Delafloxacin: design, development and potential place

Table 2 In vitro activities among different quinolones

Organism No of strains Antibacterial agents MIC range MIC MIC, Ref
Staphylococcus aureus FQ-S 70 LVX 0.06-0.5 0.25 0.5 25
88 LvX 0.06—1 0.12 0.25 26
70 MXL 0.015-0.5 0.06 0.1 25
70 DLX 0.002-0.008 0.004 0.008 25
88 DLX =0.001-0.06 0.002 0.008 26
S. aureus FQ-R 71 LvX 4-64 16 32 25
100 LvX 2-32 4 8 26
71 MXL 0.25-16 4 8 25
71 DLX 0.015-1 0.25 | 25
100 DLX 0.015-2 0.006 0.12 26
Coagulase-negative staphylococci 19 LvX 0.06—>32 0.12 >32 26
19 DLX 0.001-2 0.004 | 26
S. pneumoniae FQ-S 69 LvX 0.5-2 | | 25
69 MXL 0.06-0.25 0.12 0.12 25
69 DLX 0.004-0.015 0.008 0.015 25
S. pneumoniae FQ-R 33 LvX 2-32 16 32 25
33 MXL 0.25-8 2 4 25
33 DLX 0.015-0.5 0.12 0.5 25
Neisseria gonorrhoeae 100 CPX =0.015-16 =0.015 8 27
100 DLX =0.0005-0.06 0.001 0.06 27
Enterococcus faecium FQ-R 28 LvX 8—>128 32 64 25
28 MXL 1-32 16 16 25
28 DLX 0.25-16 4 8 25
Escherichia coli FQ-R 27 CPX 4->128 128 >128 25
27 DLX I-16 4 8 25
Klebsiella pneumoniae FQ-R 22 CPX 4-64 32 64 25
22 DLX 14 2 4 25
Bacteroides fragilis 16 LVX 1-2 2 2 23
16 DLX 0.03-0.12 0.06 0.12 23
Pseudomonas aeruginosa FQ-R 21 CPX 2-128 32 128 25
21 DLX 1-128 32 128 25

Abbreviations: CPX, ciprofloxacin; DLX, delafloxacin; FQ, fluoroquinolone; LVX, levofloxacin; MXL, moxifloxacin.

clarified, but it has been linked to the saturation of the
elimination routes. The half-life (¢,,) varies in a range
of ~8 h, with doses of 300 mg, up to 17 h with higher doses,
exhibiting a biexponential decrease in the plasma concentra-
tion. DLX shows good distribution, with a volume of distri-
bution (Vd) at a steady state of 35 L (range 30.21-38.46 L),
similar to the total water volume of the body. DLX excretion
is predominantly renal (65%) and mainly in unchanged form,
with <20% of the initial dose as glucuronide derivatives,
recovering 28% of the total dose in feces. DLX clearance is
reduced in patients with moderate and severe renal impair-
ment. However, after 14 days of IV treatment with two daily
doses, there is no drug accumulation detected, and clearance
on day 14 was similar to day 1.

The oral bioavailability is 58.8%, with 450 mg taken
orally being equivalent to IV infusion of 300 mg for
1 h, permitting oral sequencing.* Similarly, the C__ and
AUC increase in the dose was proportional or higher. The
steady state was reached on the third day with minimal

drug accumulation. Administered in tablet form along
with food, the C_ scarcely decreased without affecting
the AUC, justifying its administration with food, because
the effectiveness of the FQ is linked to the total exposure
(AUC) and not the peak concentration (C__ ). In adults
aged >65 years, the values of C_  and AUC were 35%
higher than those observed in young adults, in part due to
the decreased renal clearance in the elderly population. In
several patients, secondary plasma peaks were detected that
were attributed to the enterohepatic cycle. With all these,
the recommended dosage for IV use is 300 mg every 12 h,
and orally, 450 mg every 12 h.

The parameter of effective dosage that best defines the
fluoroquinolones is AUC/MIC, being recommended a greater
ratio than 60 against gram-positives and >125 against
gram-negatives (>250 to avoid the development of resis-
tant mutants).'*'> In animal models, DLX has been shown
to reach these parameters against S. aureus, S. pneumoniae,
Escherichia coli and P. aeruginosa.*'>7*
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Efficacy

Animal models

A mouse study evaluated the effectiveness of treatment with
300 mg intravenously or 450 mg orally twice daily in lung
infection models produced by inoculation of 50 mg with an
approximate concentration of 108 CFU/mL of S. aureus (one
sensitive and four resistant strains to methicillin), S. preumo-
niae (one sensitive and three resistant strains to penicillin) and
Klebsiella pneumoniae (one strain sensitive to beta-lactams
and three extended spectrum beta-lactamase carriers). The
results confirm that the pharmacokinetic/pharmacodynamic
(PK/PD) parameter that best predicted the therapeutic effi-
cacy was AUC/CMI, and conclude that with the described
doses, DLX would a good therapeutic option for the treatment
of pneumonia by S. aureus, including the methicillin-resistant
S. pneumoniae and the penicillin-resistant K. pneumoniae
including the ESBL strains.*’ Another study on murine thigh
infection model concluded that the pharmacokinetic param-
eter that best predicts the clinical response is AUC/MIC.*!

Clinical trials

A phase II study compared two doses of DLX (300 mg/12 h
and 450 mg/12 h intravenously) with tigecycline (TIG)
(100 mg intravenously loaded followed by 50 mg/12 h) for
5-14 days in 150 patients with complicated SSTI (36% cellu-
litis, 33% abscess and 31% wound infection). They evaluated
the clinical response and effectiveness at 14-21 days after the
last dose. MRSA was isolated in more than two-thirds of the
cases, predominating the Gram-positive cocci. The cure rate
was >90% in all three groups. The best-tolerated DLX regimen
was 300 mg intravenously two times a day. Main CMI in
S. aureus group was 0.06 ug/mL for DLX, 0.12 pug/mL for
TIG, 4 pg/mL for LVF and 8 pg/mL for CPX.*#

Regarding the SSTIs, another phase II study evaluated
the efficacy of endovenous treatment with DLX, linezolid
and vancomycin in 256 patients with SSTIs (45% cellulitis,
28.5% abscesses, 25% wound infection and 1.5% burns).
A good clinical response with total resolution of the signs
and symptoms of infection is taken as the first end point.*
S. aureus was the most isolated microorganism (91%) among
patients with positive cultures, with more than half being
methicillin-resistant. DLX reached the highest cure rate with
no significant differences with respect to linezolid, but with
vancomycin. It seems to have been influenced, in part, by
better results in obese patients (BMI >30 kg/m?; 78.8% DLX
vs 58.8% linezolid vs 48.8% vancomycin, P<<0.05).

According to the preliminary data provided by phar-
maceutical company that markets DLX, in relation to the

two phase III studies used for FDA approval, at doses
of 300 mg endovenous td and 450 mg orally td, DLX
showed no inferiority to the combination of aztreonam and
vancomycin in the treatment of complicated SSTI (with two
or more signs of systemic infection).** Six hundred and
sixty and 860 patients participated in those studies, respec-
tively. In both, the primary European Medicines Agency end
point was the reduction of lesion size in the first 48—72 h and
the clinical response at 28 days.

Regarding the respiratory infection, a phase II study
concluded that the effectiveness of DLX (200 mg each day
for 5 days) was equivalent to that of LVX (500 mg daily for
7 days) in the treatment of acute exacerbation of chronic
obstructive pulmonary disease (COPD).* Recently, a phase 11T
study has begun that aims to evaluate, on 860 patients, the
clinical efficiency and safety of DLX in comparison with
MXEF, or linezolid in the case of MRSA, in the treatment of
the community-acquired pneumonia. The estimated comple-
tion date for the study is July 2018.%

By mid-2017, data are expected to be published from a
phase III study evaluating the microbiological response and
resolution of symptoms of uncomplicated urogenital gonor-
rhea, and secondly, other anatomical locations, with DLX
doses of 450 mg td orally, using intramuscular injection of
250 mg ceftriaxone as a comparator.*®

Safety and tolerability

Several studies have shown that the incidence of adverse
effects (AE) with DLX is dependent on the dose.*® In the
phase I study of dose escalation,® adverse reactions were
detected in half or more of the individuals who received a
dose of 800 mg or more, while with doses of 300 mg, the AE
detected were equivalent to those of the placebo. In the study
with oral administration,*® DLX was well tolerated in the
range of doses tested (50—1,600 mg). Both by intravenously
and orally, the AE were predominantly gastrointestinal
(diarrhea of low to moderate intensity) and mainly in high
doses, starting from 800 mg. In the multiple-dose study, an
increase of alanine aminotransferase (ALT) was detected in
seven of the 40 participants, two of them reaching values
more than two times over the normal limits, without getting
a link clear with the increase in the dose.

In the phase II study that compared two doses of DLX
with TIG,* the patients who received DLX orally suf-
fered fewer adverse reactions in comparison with the other
two branches, because among the main adverse reactions
found were, besides the gastrointestinal, those related to
IV infusion. The highest rate of adverse reactions was
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obtained on the TIG branch. A patient who received DLX
through IV suffered an adverse reaction by hypoglycemia
that is linked to the antibiotic, and in several patients of the
two DLX groups, a descent of the glucose plasma levels
was detected.

In a comparative study of DLX, linezolid and vancomy-
cin treating SSTIs under 14 days,* the group that received
DLX reported the highest number of AE (74.4% for DLX,
72% linezolid and 64.6% vancomycin), mostly digestive
(nausea being the most frequent). Two cases of elevation of
the ALT and AST levels were also detected, probably related
to the drug, one in the DLX group and one in the vancomycin
group. No AE were reported associated with hypoglycemia.

In the phase III studies that compared the efficacy and
safety of IV and oral DLX with respect to the combination
of aztreonam and vancomycin, DLX showed good toler-
ance, with 0.8% of withdrawals because of AE related to
treatment.**4

Due to its predominantly renal elimination, a phase II
study evaluated the safety of DLX in individuals with several
degrees of renal failure, concluding with the recommendation
of lowering the DLX IV dose to 200 mg when the glomerular
filtration rate is under 30 mL/min.*

Inarecent phase I study, the safety of asingle IV dose of 300
mg of DLX was evaluated in individuals with mild, moderate
and severe hepatic impairment (Child-Pugh A, B and C,
respectively) comparing the data with those with healthy
controls.” Both the AUC and the C__and the clearance did
not vary significantly in either the liver failure group or the
control group. Based on these results, the authors suggest
that it would not be necessary to adjust the dose in patients
with liver failure.

In no safety study to date there have been reported cases
of AE of diarrhea due to C. difficile, which could partly be
explained because of the anaerobicida activity of DLX with
low MICs (<0.015 pg/mL) in vitro against this pathogen.?
However, and in spite of the double target that makes dif-
ficult the selection of resistant mutants and its good activity
against MRSA, beta-lactamase-producing enterobacteria
(ESBL) and fluoroquinolone-resistant isolates, we must
not forget the close relationship between the massive use
of fluoroquinolones and the selection of specific clones of
MRSA, ESBL and ribotype 027 C. difficile strains.’' In the
absence of clinical and epidemiological data that can only be
obtained once the antibiotic is marketed, the most reasonable
approach is to be cautious and avoid indiscriminate use.

In our review we found no evidence of AE at the level
of the tendons, muscles, joints, nerves and central nervous

system. However, the recent FDA warning makes its surveil-
lance convenient.*

Potential place in therapy: rationale for clinical
indications

Quinolones meet a series of pharmacokinetic, pharmaco-
dynamic and in vitro activity characteristics, making them
attractive for prescription. They are fat-soluble drugs, have
a high volume of distribution and tissue affinity, good
bioavailability and endovenous-oral correlation near 100%,
in addition to being bactericidal. The choice of one or the
other depends on the potential metabolic interaction and the
microbiological spectrum that we wish to achieve for each
infection model. While all have a broad spectrum against
gram-positives and gram-negatives, there are quinolones with
more antipseudomonal activity (CPX, LVX), others more
active against Staphylococcus spp and S. pneumoniae (LVX,
MXL, DLX) and others with activity against anaerobes
(MXL, DLX). Looking at metabolisms, there are quinolones
with hepatic metabolism and high affinity for the cytochrome
P450 system (CPX), and others with low or no affinity for
the human hepatic microsomal systems, as they are removed
unchanged, mostly through urine (DLX). Taking these factors
into account, the choice of the quinolone depends on the
infection model, patient comorbidity and the expected or
isolated flora. Table 3 summarizes the rationale for clinical
indications of DLX.

In respiratory infections, the possible use of DLX in
COPD exacerbations has been validated in a recent study
comparing it with LVX.*® An interesting study is ongoing
against MXL in the empiric therapy of community-acquired
pneumonia, with both quinolones having a better micro-
biological profile against respiratory pathogens. Given the
activity of DLX against MRSA, the study considers linezolid
as a comparator if this pathogen is isolated.*’ The activity

Table 3 Potential place in therapy of delafloxacin

Empirical therapy

Exacerbations of chronic obstructive pulmonary disease
Pneumonia®

Intra-abdominal infection (community)

Acute bacterial skin and skin structure infections (ABSSSI)®
Specific antibiotic therapy

Urinary tract infections

Bone and joint infections

Sequential oral therapy in Staphylococcal bacteremia
Sexually transmitted infections

Notes: *Community-acquired pneumonia, hospital-acquired pneumonia and aspirative
pneumonia. *Primary ABSSSI (cellulitis, abscesses) and secondary ABSSSI (diabetic foot
infections, surgical site infections, burns).
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against MRSA, and against enterobacterias, makes DLX a
reasonable alternative in the treatment of nosocomial pneu-
monia. In addition, in murine experimental models, DLX
showed high penetration in the pulmonary compartment,*
and higher concentrations of free antibiotic in the epithelial
lining fluid than in the plasma.** The loss of C7 in its chemical
structure, and with it, the ability to act as zwitterion, facili-
tates its in vivo activity in acidic mediums. This, coupled
with the in vitro sensitivity profile against anaerobes,? its
lipid solubility and pulmonary diffusion, could justify its use
in the empirical treatment of aspiration pneumonia (like its
predecessor, MXL) or bacterial pulmonary abscesses.

The IAI is another infection model requiring the afore-
mentioned PK/PD characteristics, and activity against acrobic
and anaerobic mixed flora. MXL, which is the quinolone
that most resembles DLX, presents an optimal penetration
in the peritoneal exudate of the patient with peritonitis,
maintaining concentrations above the MIC of the pathogen
isolated in this infection model.>* In a randomized study of
656 patients with IAI, MXL was noninferior to PP/TZ,* and
in another, no less than the combination of ceftriaxone and
metronidazole.’® In the four most important monotherapy
studies with MXL in IAI, of the 642 anaerobic isolates, 561
(87.4%) were sensitive with an MIC =2 mg/L, 34 (5.3%)
were intermediate with MIC of 4 mg/L and 47 (7.3%) were
resistant, with MICs =8 mg/L.>” DLX has a microbiologi-
cal profile similar to MXL against enterobacteriaceae and
anaerobes and a favorable pharmacodynamic profile for this
infection model because of its lipid solubility and diffusion
in acid mediums. This would put it in a potential utility in
empirical therapy for this type of infection. Finally, the
in vitro activity of DLX against Helicobacter pylori*® and its
favorable behavior in acid media make this drug an attractive
alternative in the salvage therapy of this infection because of
the increase of resistance in standard therapy (macrolides,
amoxicillin, metronidazole, rifamycins).

DLX has renal excretion, with 65% in unaltered form. The
high concentration in the urinary tract of quinolones and the
diffusion to prostate tissue*** could make DLX an attractive
alternative for the targeted therapy toward prostatitis and
orchiepididymitis because of susceptible pathogens.

SSTI is the model in which there is more scientific
evidence with DLX and in which empiric therapy is more
attractive in both primary infections (cellulitis, abscesses)
and secondary (surgical wound infections, burns and
especially diabetic foot infections [DFI]). In two phase 11
clinical trials, in comparison with linezolid, TIG or vanco-
mycin, the DLX clinical response was significantly greater
than vancomycin (70.4% vs 54.1%, P<<0.031) and greater,

although not significantly, than linezolid (70.4% vs 64.9%,
P<0.4). Regarding TIG, there was no difference (94.3%
vs 91.2%, P<<0.6). In post hoc analysis, the percentage of
patients cured in the DLX group was significantly higher
than that in vancomycin in obese patients (78.8% vs 48.8%,
CI (-50.7,-9.3), P<0.009).%

DLX has the tissue affinity of an oxazolidinone or a
glycylcycline, as both present activity against MRSA and it
is also a bactericidal antibiotic. These features are especially
needed in DFI. There is evidence of MXL utility in the treat-
ment of DFI, with similar results to piperacillin—tazobactam
followed by amoxicillin—clavulanate, even in patients with
major vascular involvement (ischemic) or structural (large
or profound ulcers),®*%? because it keeps antimicrobial
concentrations in the perinecrotic tissue above the MIC.%
DLX provides over MXL the activity against MRSA and
its diffusion in acid mediums, as is frequent in diabetic foot
ischemia.

Another important feature of FQ, linking the DFI with
osteoarticular infection, is bone penetration. Therefore, qui-
nolones have been widely used in the treatment of osteomy-
elitis and infections in osteosynthesis materials.* The bone
concentrations of FQ in patients undergoing hip or knee
arthroplasty exceed 50% of the plasma concentration, and
are higher than the MICs of the microorganisms causing the
infection.®-¢7 In addition to bone diffusion, in implant-related
infections, the antimicrobial diffusion through the biofilm is
important. Regarding this, experimental models, with bio-
films of 1% alginate, demonstrated that CPX and LVX dif-
fuse ~60%, a figure lower than ceftazidime (80%) and much
higher than the aminoglycosides (gentamicin <14%).% The
inhibitory activity of MXL, at concentrations of 0.5 mg/L, on
the biofilm of S. aureus is ~70%.% Two recent in vitro studies
show that DLX is more active removing viable bacteria and
stays longer in the thickness of the mature biofilm than MXL
against MSSA and with an activity comparable only to dap-
tomycin against MRSA.*>* The bone diffusion of DLX, the
diffusion in the thickness of the mature MRSA biofilm, and
its oral bioavailability would make the molecule an elective
alternative in targeted therapy at osteoarticular infections.

DLX is very active against intracellular microorganisms
responsible for STIs (Chlamydia trachomatis, Ureaplasma
urealyticum, Mycoplasma hominis), while maintaining
in vitro between 2 and 4 times more activity than CPX.?%8
On the other hand, it presents strong activity against
N. gonorrhoeae with distributions of MIC (0,001-0,125),
even in strains resistant to CPX (CMI 2—-16 mg/L).3* As dis-
cussed above, the resistance of N. gonorrhoeae to FQ has
increased worldwide in the last decade with percentages
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of ~15-20, in some geographical areas reaching 50,'"'? and
consequently, the WHO has modified the recommendations
in empiric therapy of STDs to combinations of cephalosporin
and azithromycin.'"'® However, DLX could be useful in
directed therapy against sensitive strains.

In relation to the metabolism of FQ, the DLX charac-
teristics can also help optimize antimicrobial treatment.
DLX is excreted renally, without having any interaction
with the cytochrome P450 system or any human hepatic
microsomal system.* This condition makes it a useful drug
in the treatment of infections in patients concurrently treated
with drugs metabolized by this route (calcineurin inhibitors,
antiretroviral agents, metabolic inducers, and so on). Thus,
it could be useful in therapy targeted at tuberculosis infec-
tion in rifampicin-free schemes, in a similar way to how
MXL is used.

Finally, and in relation to sequential therapy and shorten-
ing of admission, DLX has enough advantages in terms of
oral bioavailability, bactericidal potency and microbiological
activity to be considered as an oral alternative, after reach-
ing clinical stability in the home treatment of the bacteremia
because of MSSA and MRSA.

All these hypothetical infection models that could have DLX
utility should be validated by specific clinical studies. Some of
these are ongoing yet or have already been validated.
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