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Abstract: JNJ-Q2 is a novel, fifth-generation fluoroquinolone that has excellent in vitro and in 

vivo activity against a variety of Gram-positive and Gram-negative organisms. In vitro studies 

indicate that JNJ-Q2 has potent activity against pathogens responsible for acute bacterial skin 

and skin structure infections (ABSSSI) and community-acquired bacterial pneumonia (CABP), 

such as Staphylococcus aureus and Streptococcus pneumoniae. JNJ-Q2 also has been shown to 

have a higher barrier to resistance compared to other agents in the class and it remains highly 

active against drug-resistant organisms, including methicillin-resistant S. aureus, ciprofloxacin-

resistant methicillin-resistant S. aureus, and drug-resistant S. pneumoniae. In two Phase II 

studies, the efficacy of JNJ-Q2 was comparable to linezolid for ABSSSI and moxifloxacin for 

CABP. Furthermore, JNJ-Q2 was well tolerated, with adverse event rates similar to or less than 

other fluoroquinolones. With an expanded spectrum of activity and low potential for resistance, 

JNJ-Q2 shows promise as an effective treatment option for ABSSSI and CABP. Considering its 

early stage of development, the definitive role of JNJ-Q2 against these infections and its safety 

profile will be determined in future Phase III studies.
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Introduction
The emergence of antibiotic resistance among Gram-positive and Gram-negative 

bacteria poses a serious public health threat and warrants immediate action.1,2 Each 

year, more than two million people in the US are infected by antibiotic-resistant 

bacteria.3 Antibiotic resistance diminishes the antibiotic armamentarium available to 

health care providers; therefore, patients often receive antibiotics that may be more 

toxic, more expensive, and less effective than the standard of care.4 To combat this 

threat, the development of new antibiotics has become a major initiative of the Centers 

for Disease Control and Prevention (CDC).

Fluoroquinolones are potent, broad-spectrum antibacterial agents that have been 

mainstays of therapy for numerous community-acquired and hospital-acquired infec-

tions since the late 1980s.4 Over the years, however, extensive use of the more com-

monly prescribed agents (ie, ciprofloxacin, levofloxacin, and moxifloxacin) has led to 

the evolution of fluoroquinolone-resistant bacteria, limiting their clinical use.5 Shortly 

after ciprofloxacin was made commercially available, resistance to this agent emerged 

among methicillin-susceptible Staphylococcus aureus (MSSA) and methicillin-resistant 
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S. aureus (MRSA).6,7 Furthermore, US surveillance data 

from 2008 showed that 70% of MRSA isolates from com-

plicated skin and skin structure infections were resistant to 

levofloxacin.8 Given their insufficient activity against MRSA, 

no US Food and Drug Administration (FDA)-approved 

fluoroquinolone is recommended for treatment of MRSA-

related infections.5 Due to the predominance of MRSA in 

acute bacterial skin and skin structure infections (ABSSSI), 

fluoroquinolones are no longer recommended as empiric ther-

apy.9 Respiratory fluoroquinolones, including levofloxacin 

and moxifloxacin, have been important therapeutic options 

for community-acquired bacterial pneumonia (CABP) due 

to their enhanced activity against Streptococcus pneumoniae, 

compared to ciprofloxacin.10 Studies11,12 have shown that 

levofloxacin and moxifloxacin resistance in S. pneumoniae 

isolates have remained rare in the US (,2%). Although the 

incidence of fluoroquinolone resistance in S. pneumoniae is 

low, the rising rates of resistance to other therapies (eg, peni-

cillins, cephalosporins, and macrolides) is concerning enough 

to question whether resistance will eventually be seen with 

levofloxacin and moxifloxacin.13 A  novel fluoroquinolone 

with potent activity against MRSA and drug-resistant S. 

pneumoniae (DRSP) could prove to be an invaluable treat-

ment option for ABSSSI and CABP in the future.

JNJ-Q2 (also known as avarofloxacin; Allergan, Parsip-

pany, NJ, USA) is a novel, fifth-generation fluoroquinolone 

with antimicrobial activity against resistant Gram-positive 

and Gram-negative organisms. JNJ-Q2 displays potent in 

vitro activity against DRSP and S. aureus isolates, including 

MRSA and fluoroquinolone-resistant MRSA isolates.6,14,15 

Phase III clinical trials are awaited, however, in February 

2013, JNJ-Q2 was designated a qualified infectious disease 

product, therefore, it will be eligible for fast-track designation 

and priority review from the FDA.16 The primary aim of this 

review is to describe the characteristics of this investigational 

fluoroquinolone and to evaluate its potential place in therapy 

for ABSSSI and CABP.

Pharmacology
Chemical structure
JNJ-Q2 belongs to the series of aminoethylidenylpiperidine 

fluoroquinolones.14,17 Similar to other fluoroquinolones, 

JNJ-Q2 shares a structural feature known as the quinolone 

nucleus (Figure 1).18 The evolution of fluoroquinolones is 

attributed to modifications of the quinolone nucleus through 

additions of various substituents at the N-1, C-6, C-7, and 

C-8 positions.18–20 Modifications at these sites are associated 

with altered antimicrobial activity, interaction with their 

pharmacological target, pharmacokinetics, and adverse effect 

profile.16,20 Consistent with other fluoroquinolones, JNJ-Q2 

has a fluorine atom at position C-6, the addition of a methoxy 

group at C-8 (gatifloxacin and moxifloxacin), and the addition 

of a cyclopropyl group at N-1 (gatifloxacin, gemifloxacin, and 

moxifloxacin). However, unique to JNJ-Q2 is the modifica-

tion at the C-7 position (Figure 2). The chemical properties 

of JNJ-Q2 include low molecular weight and satisfactory 

solubility and lipophilicity.14 These characteristics are sug-

gestive of absorption and permeability comparable to those 

of currently available fluoroquinolones.14

Mechanism of action
JNJ-Q2 directly inhibits bacterial DNA synthesis by halting 

the activity of DNA gyrase (responsible for negative helical 

supercoiling) and DNA topoisomerase IV (responsible for 

separating the nucleotide strands). Most fluoroquinolones 

have an affinity for one of these enzymes. However, JNJ-Q2 

offers improved balance in the potencies of inhibition of both 

DNA topoisomerase targets, which is thought to decrease 

the development of resistance.14,15,21 This balance in potency 

may be attributed to the modification of the methoxy group 

addition at the C-8 position.22

Microbiology
JNJ-Q2 displayed excellent in vitro and in vivo activity 

against several Gram-negative and Gram-positive organisms, 
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Figure 2 Chemical structure of JNJ-Q2.
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including MSSA, MRSA, ciprofloxacin-resistant MRSA, and 

fluoroquinolone-resistant S. pneumoniae.6,14,15,17,23–25 The in 

vitro activity of JNJ-Q2 is summarized in Table 1.

In vitro activity
Potency against S. aureus
The in vitro potency of JNJ-Q2 against MRSA, MSSA, 

and ciprofloxacin-resistant S. aureus strains was compared 

to those of moxifloxacin, ciprofloxacin, and vancomycin. 

JNJ-Q2 was the most potent antimicrobial against MRSA 

with a minimum inhibitory concentration for 90% of isolates 

(MIC
90

) of 0.25 µg/mL compared to .32 µg/mL, 8 µg/mL, 

and 1 µg/mL for ciprofloxacin, moxifloxacin, and vanco-

mycin, respectively. Furthermore, ciprofloxacin-resistant 

MRSA strains remained susceptible to JNJ-Q2, with MIC
90

 

of 0.25  µg/mL, compared to 68  µg/mL, 8  µg/mL, and 

1 µg/mL for ciprofloxacin, moxifloxacin, and vancomycin, 

respectively.14 For MSSA isolates, JNJ-Q2 continues to have 

the lowest MIC
90

 (0.015 µg/mL) compared to ciprofloxacin 

(0.5 µg/mL), moxifloxacin (0.12 µg/mL), and vancomycin 

(2 µg/mL).14

In 2010, another in vitro study23 evaluated JNJ-Q2’s 

activity against 3,081 isolates of S. aureus (MRSA and 

MSSA) collected from several countries around the world. 

JNJ-Q2 had an associated MIC
90

 of 0.5 µg/mL for all isolates, 

including levofloxacin-resistant and -susceptible MRSA and 

MSSA. The MIC
90

 was similar to those of trimethoprim–

sulfamethoxazole (#0.5 µg/mL) and daptomycin (0.5 µg/mL), 

as well as being lower than all other comparators, including 

other fluoroquinolones, linezolid, clindamycin, oxacillin, 

erythromycin, tetracycline, and vancomycin.23

Lastly, an in vitro study15 evaluated the potency of JNJ-

Q2 against S. aureus with various fluoroquinolone-resistant 

target mutations. In this study, JNJ-Q2 was the most active 

agent compared to clinafloxacin, nadifloxacin, moxifloxacin, 

levofloxacin, and ciprofloxacin. JNJ-Q2 had associated MIC 

values that were 16- to 1,024-fold lower than those of the 

other agents. Furthermore, mutations upregulating efflux 

pumps (eg, NorA), alone or in combination with target site 

mutations, did not change the MIC values for JNJ-Q2.15

Potency against beta-hemolytic streptococci
In an in vitro study14 comparing common skin pathogens, 

JNJ-Q2 was the most potent agent against beta-hemolytic 

streptococci compared to moxifloxacin and ciprofloxa-

cin. JNJ-Q2 had MIC
90

 of 0.015  µg/mL for S. pyogenes, 

S. agalactiae, and Streptococcus spp. group C, compared to 

0.25 µg/mL and 1 µg/mL for moxifloxacin and ciprofloxa-

cin, respectively.14 The findings of another in vitro study23 

confirmed the activity of JNJ-Q2 against streptococcal 

spp., with MIC
90

 values of 0.015 µg/mL for 278 isolates of 

S. pyogenes and 161 isolates of S. agalactiae. Similar to the 

aforementioned study,14 JNJ-Q2 was the most potent agent 

against beta-hemolytic streptococci compared to moxifloxa-

cin, levofloxacin, and ciprofloxacin.23

Potency against S. pneumoniae
In an in vitro study14 evaluating skin and respiratory tract 

pathogens, JNJ-Q2 demonstrated the most potent activity 

against S. pneumoniae isolates compared to all other agents 

tested (moxifloxacin, gemifloxacin, levofloxacin, cipro-

floxacin, penicillin, and erythromycin), including isolates 

Table 1 In vitro activity of JNJ-Q2

Organism Number of 
isolates

MIC90  
(μg/mL)

S. pneumoniae, all isolates6,14 2,255 0.015–0.12
S. pneumoniae, ciprofloxacin resistant14 19 0.25
S. aureus, all isolates14 406 0.25
MSSA14 26 0.015
MRSA14 345 0.25
MRSA, ciprofloxacin resistant14 281 0.25–0.5
MSSE14 30 0.015
MRSE, all isolates14 34 0.25
MRSE, ciprofloxacin resistant14 21 0.25
S. pyogenes14 21 0.015
S. agalactiae14 19 0.015
Streptococcus spp., group C14 10 0.015
E. faecalis14 12 0.5
E. faecium14 13 4
H. influenzae6,14 1,200 0.015
M. catarrhalis6,14 455 #0.015
E. coli, all isolates14 30 0.25
E. coli, ciprofloxacin resistant14 20 16
E. cloacae14 26 0.12
E. aerogenes14 26 0.25
K. pneumoniae14 27 0.25
S. marcescens14 13 1
P. mirabilis14 11 0.5
P. stuartii14 10 4
C. freundii14 13 8
P. aeruginosa14 28 2
N. gonorrhoeae, all isolates42 75 0.25
N. gonorrhoeae, ciprofloxacin resistant42 31 0.25

Abbreviations: MIC90, minimum inhibitory concentration required to inhibit the 
growth of 90% of organisms; S. pneumoniae, Streptococcus pneumoniae; S. aureus, 
Staphylococcus aureus; MSSA, methicillin-susceptible S. aureus; MRSA, methicillin-
resistant S. aureus; MSSE, methicillin-susceptible Staphylococcus epidermidis; MRSE, 
methicillin-resistant S. epidermidis; S. pyogenes, Streptococcus pyogenes; S. agalactiae, 
Streptococcus agalactiae; E. faecalis, Enterococcus faecalis; E. faecium, Enterococcus 
faecium; H. influenzae, Haemophilus influenzae; M. catarrhalis, Moraxella catarrhalis; 
E. coli, Escherichia coli; E. cloacae, Enterobacter cloacae; E. aerogenes, Enterobacter 
aerogenes; K. pneumoniae, Klebsiella pneumoniae; S. marcescens, Serratia marcescens; 
P. mirabilis, Proteus mirabilis; P. stuartii, Providencia stuartii; C. freundii, Citrobacter freundii; 
P. aeruginosa, Pseudomonas aeruginosa; N. gonorrhoeae, Neisseria gonorrhoeae.
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classified as fluoroquinolone-resistant ones. JNJ-Q2 had 

a  MIC
90

 value of 0.12  µg/mL against 118 isolates of 

S. pneumoniae, and this was associated with a fourfold and 

32-fold increase in potency compared to gemifloxacin and 

moxifloxacin, respectively. Furthermore, the JNJ-Q2 MIC
90

 

was 0.25 µg/mL against 19 isolates of ciprofloxacin- and 

levofloxacin-resistant clinical isolates of S. pneumoniae. 

This was associated with an eightfold to 256-fold increase 

in potency compared to ciprofloxacin (MIC
90

: 64 µg/mL), 

levofloxacin (MIC
90

: 64  µg/mL), moxifloxacin (MIC
90

: 

16 µg/mL), and gemifloxacin (MIC
90

: 2 µg/mL).14

In another in vitro study,6 the activity of JNJ-Q2 against 

S. pneumoniae isolates from patients with CABP was com-

pared against the activities of several other agents, including 

moxifloxacin, levofloxacin, ciprofloxacin, penicillin, ceftri-

axone, cefuroxime, azithromycin, clindamycin, tetracycline, 

linezolid, and vancomycin. JNJ-Q2 was the most active agent 

tested against 2,137 isolates of S. pneumoniae, including 

isolates that were resistant to other fluoroquinolones. JNJ-Q2 

had an associated MIC
90

 of 0.015 µg/mL. All but one isolates 

(pneumococcus collected from Israel) were associated with 

elevated MICs of moxifloxacin [.8 µg/mL], levofloxacin 

[.4 µg/mL], and ciprofloxacin [.4 µg/mL]). Consequently, 

JNJ-Q2 was associated with 128-, 64-, and 16-fold higher 

potency than ciprofloxacin, levofloxacin, and moxifloxacin, 

respectively. For DRSP isolates, JNJ-Q2 had an elevated 

MIC
90

 (0.25 µg/mL) compared to non-DRSP isolates. How-

ever, JNJ-Q2 remained the most active agent compared to 

other fluoroquinolones, whereby MIC
90

 values were eightfold, 

more than fourfold, and more than fourfold for moxifloxacin, 

levofloxacin, and ciprofloxacin, respectively. MIC
90

 values 

were slightly lower in this study,6 which is thought to be 

related to less number of ciprofloxacin-resistant strains.

Potency against Haemophilus influenzae/Moraxella 
catarrhalis
JNJ-Q2 displayed excellent in vitro activity against the 

respiratory pathogens Haemophilus influenzae and Moraxella 

catarrhalis. JNJ-Q2 had the same MIC
90

 (0.015  µg/mL) 

against H. influenzae as ciprofloxacin; however, it had a lower 

MIC
90

 compared to moxifloxacin (0.03 µg/mL). Furthermore, 

when evaluated against M. catarrhalis, JNJ-Q2 had the 

lowest MIC
90

 (#0.015 µg/mL) compared to ciprofloxacin 

(0.06 µg/mL) and moxifloxacin (0.06 µg/mL).14

Resistance
With the widespread use of fluoroquinolones, resistance to 

these agents has become an increasing concern. Resistance 

to fluoroquinolones among S. pneumoniae remains low in 

the US (,2% for levofloxacin and moxifloxacin); however, 

among S. aureus and some Gram-negative species, resis-

tance is high and may limit the utility of currently approved 

fluoroquinolones.11,12 Fluoroquinolone resistance can arise 

through mutations of genes encoding enzymes. This results in 

the loss of affinity of the fluoroquinolone to its binding site, 

increase in the number of efflux pumps actively removing 

the fluoroquinolone, and modification of the permeability of 

the outer membrane in Gram-negative bacteria by closing the 

porin channels.4,14,21 Ciprofloxacin resistance in staphylococci 

may be attributable to its disproportionate affinity for DNA 

topoisomerases II and IV and the selection of efflux-based 

resistance.26–28 In vitro studies14,15,25 have evaluated the rate or 

frequency of spontaneous resistance to JNJ-Q2. Data from 

these studies suggest that JNJ-Q2 has a lower potential for 

development of resistance in S. pneumoniae and S. aureus 

compared to other fluoroquinolones. As mentioned previ-

ously, it is believed that this lower potential for resistance 

might be due to JNJ-Q2’s improved balance in the potencies 

of inhibition of both DNA topoisomerase targets.

Pharmacokinetics
JNJ-Q2 has been studied as both an oral and intravenous 

(IV) dosage form similar to other fluoroquinolones.29 

A comparison between the pharmacokinetic parameters of 

several common fluoroquinolone antibiotics and JNJ-Q2 is 

summarized in Table 2. The absolute oral bioavailability of 

JNJ-Q2 is ∼65%, which is similar to that of ciprofloxacin, 

but far less than that of levofloxacin.29 To account for the 

bioavailability difference, pharmacokinetic studies of JNJ-Q2 

were conducted using a 250 mg oral dose compared to vari-

ous IV doses. Single-dose studies29 with IV doses ranging 

from 15 mg to 150 mg revealed a dose-proportional change 

in area under the curve (AUC); however, there was a less-

than-proportional change in the maximum concentration 

that the drug achieved after dosing (C
max

 value). The 250 mg 

oral dose displayed a similar pharmacokinetic profile as the 

150  mg IV dosing. After one-time IV dosing of JNJ-Q2, 

a short distribution phase and extended terminal elimination 

phase were observed. In contrast, the oral formulation was 

observed to be monophasic, undergoing distribution and 

elimination simultaneously.

Multiple-dose studies29 in healthy volunteers receiving 

JNJ-Q2 150 mg parenterally twice daily revealed a half-life 

from 17.9 hours to 19.5 hours, steady state clearance rang-

ing from 5.66 L/h to 6.79 L/h, and a volume of distribution 

ranging from 120.9 L to 146.7 L. Considering the half-life 

of ∼20 hours, steady state concentrations were achieved on 

Day 4 of therapy. There is limited renal clearance of JNJ-Q2, 
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with only 12% of active drug being excreted in the urine and 

23% excreted as minor metabolites. Due to the limited renal 

elimination, it is not expected that JNJ-Q2 will require dosage 

adjustment in patients with renal dysfunction. In addition, 

this may also limit the utility of JNJ-Q2 in the treatment of 

urinary tract infections because its urinary excretion is simi-

lar to that of moxifloxacin. Accumulation does occur after 

repeat IV doses of JNJ-Q2, with increases of 63% and 36% 

in AUC
0–12

 and C
max

, respectively. This degree of accumula-

tion appears to be similar to that of moxifloxacin, but there 

can be substantial interpatient variability as evidenced by 

moxifloxacin pharmacokinetic studies that report accumula-

tion ranging from 10% to 60%.30 Distribution studies have 

demonstrated significant JNJ-Q2 penetration into epithelial 

lining fluid (ELF) and alveolar macrophages (AMs).29 JNJ-

Q2 concentrations in patients receiving 250 mg orally twice 

daily were 50 times greater in ELF and 150 times greater in 

AMs compared to concentrations in serum. These ELF and 

AM concentrations are higher than those achieved with some 

other fluoroquinolones31; however, the clinical relevance of 

this finding remains to be seen. Overall, the pharmacokinetic 

profile of JNJ-Q2 is consistent with those of other fluoroqui-

nolones, and these data have provided a basis for evaluating 

oral and parenteral regimens in clinical trials.

Pharmacodynamics
JNJ-Q2 is considered to be bactericidal against MSSA, 

MRSA, as well as S. pneumoniae.25 Animal model studies 

have provided some insight into the activity of JNJ-Q2. 

JNJ-Q2 is significantly more active against MRSA than 

ciprofloxacin and moxifloxacin in septicemia, pneumonia, 

and skin infection models.25 Studies evaluating the pharma

codynamic targets of JNJ-Q2 are limited; however, the 

pharmacodynamic profile is expected to be similar to those 

of other fluoroquinolones. The pharmacodynamic profiles of 

fluoroquinolones are best described by AUC/MIC or C
max

/

MIC, but there is a growing need to evaluate these targets 

with individual fluoroquinolones and specific pathogens.32 

Further studies are needed to better define the appropriate 

pharmacodynamic profile for JNJ-Q2 in humans.

Clinical efficacy
Animal models
A murine model25 evaluated the in vivo potency of JNJ-Q2 

in septicemia and established skin infections with MSSA 

and MRSA. In the septicemia model, JNJ-Q2 demonstrated 

similar activity to moxifloxacin against MSSA, in addition 

to showing superior activity relative to vancomycin against 

MRSA. In both MRSA skin infection models, treatment 

with JNJ-Q2 was associated with better responses (reduc-

tions in bacterial titers) per dose compared to ciprofloxacin, 

moxifloxacin, linezolid, and vancomycin.25

The in vivo efficacy of JNJ-Q2 against S. pneumoniae was 

assessed in a murine lower respiratory tract infection model. 

JNJ-Q2 was two- and tenfold more active than moxifloxacin 

administered by the oral and subcutaneous routes, respec-

tively. Consequently, JNJ-Q2 was associated with statistically 

superior efficacy compared to moxifloxacin. Furthermore, 

Table 2 Comparison of pharmacokinetic parameters of selected fluoroquinolones

Single dose Ciprofloxacin43–45 Levofloxacin46 Moxifloxacin30,47 JNJ-Q229

500 mg,  
PO

400 mg,  
IV

500 mg,  
PO

500 mg,  
IV

400 mg,  
PO

400 mg,  
IV

250 mg,  
PO

150 mg, 
IV

Cmax (mg/L) 2.26 4.5 5.2 6.3 2.5 3.6 2.18 1.65
tmax (minutes) 80 – 78 – 120 – 106 –
Vd (L/kg) 3.76 – 1.3 1.2 3.1 2.1 153.2a 147.8a

CL (L/h) 54.5 34.4 10.5 9.4 11.6 11.6 7.55 6.22
AUC24 (mg/L⋅h) 10 12 47.7 55.3 29.8 34.6 26.2 18.3
t1/2 (hours) 3.69 3.4 6.5 6.6 15.6 15.4 14.4 16.7
F (%) 55.6 – 99b – 86 – 65 –

Multidose 500 mg,  
PO, q12h

400 mg,  
IV, q8h

500 mg,  
PO, q24h

500 mg,  
IV, q24h

400 mg,  
PO, q24h

400 mg,  
IV, q24h

250 mg,  
PO, q12h

150 mg,  
IV, q12h

Cmax (mg/L) 3.5 4.6 5.7 6.4 4.5 – – 2.89
tmax (minutes) 60 – 66 – – – – –
Vd (L/kg) – – 1.37 1.22 – – – 186.6
CL (L/h) 29 32 10.5 9.5 – – – 6.79
AUC24 (mg/L⋅h) 13.9 12.9 47.5 64.6 48 – – –
t1/2 (hours) 4.7 3.5 6.8 6.8 12 – – 19.5

Notes: aReported in liters. bLevofloxacin data on file (Ortho-McNeil-Janssen Pharmaceuticals, Inc, Raritan, NJ, USA, 2008). – indicates there was no data for these fields.
Abbreviations: AUC, area under the curve; CL, clearance; Cmax, maximum concentration of the drug achieved after dosing; IV, intravenous; PO, oral; q8h/q12h/q24h, every 
8 hours/12 hours/24 hours, respectively; t1/2 , terminal half-life; tmax, peak time; Vd, volume of distribution; F, bioavailability.
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JNJ-Q2 displayed similar activity compared to gemifloxacin 

when administered orally or subcutaneously.25

Clinical trials
Phase II clinical trials evaluating the safety and clinical effi-

cacy of JNJ-Q2 in the setting of ABSSSI and CABP have 

been completed.5,17

Covington et  al5 conducted a Phase II, randomized, 

double-blind, multicenter study in 18 sites in the US. Patients 

were randomly assigned to receive JNJ-Q2 (250 mg orally 

every 12 hours) or linezolid (600 mg orally every 12 hours) 

for 7–14 days for the treatment of ABSSSI.5 Subjects were 

stratified by infection type (wound infection, cellulitis, or 

severe abscess) and fever ($38°C) upon enrollment. Adult 

males and nonpregnant, nonlactating females with at least one 

systemic sign of infection and at least three of the following 

signs were included in the study: purulent drainage, ery-

thema, fluctuation, heat/localized warmth, or pain/tenderness. 

Patients with prosthetic materials or foreign bodies, decubitus 

or diabetic foot ulcers, septic arthritis, gangrene, burns, deep 

venous thrombi, or severely compromised immune systems 

were excluded.

Among the 161 patients enrolled in the study,5 baseline 

characteristics were similar between treatment groups. 

The mean age was 36.9 years, and the majority of patients 

were white (79.5%) males (64.6%). Infection types in both 

the JNJ-Q2 and linezolid groups were quite similar, with 

approximately one-third of patients with abscesses, wound 

infections, and cellulitis. The mean and median lesion sizes 

for the study sample were 266 cm2 and 162 cm2, respectively. 

The overall rate of fever across both groups was 4.3%, and 

75% (121/161) of patients had a pathogen identified from the 

infection site. MRSA was identified in 45.8% (38/83) and 

41% (32/78) of patients treated with JNJ-Q2 and linezolid, 

respectively. All Gram-positive pathogens isolated at baseline 

were susceptible to JNJ-Q2 and linezolid.

Early clinical response, defined as the composite end 

point of stable temperature ,38°C and cessation of spread 

of the primary infection site 36–84 hours after the first dose 

of study medication was achieved in 74.7% (62/83) and 

79.5% (62/78) of patients treated with JNJ-Q2 and linezolid, 

respectively5 (odds ratio [OR]: 0.76; 95% confidence interval 

[CI]: 0.36, 1.59; P=0.087). Statistically, JNJ-Q2 did not meet 

the criterion for the 15% noninferiority margin because the 

lower limit of the CI was not greater than the noninferiority 

limit of 0.469. Prespecified clinical cure rates 2–14 days 

after treatment completion were similar between the groups 

(83.1% for JNJ-Q2 vs 82.1% for linezolid; OR: 1.06; CI: 

0.47, 2.42; P=0.013). In a post hoc analysis, treatment 

response with JNJ-Q2 was noninferior to linezolid (61.4% 

vs 57.7%, respectively; OR: 1.14; CI: 0.6, 2.15; P=0.024) 

based on the 2010 FDA guidance on treatment success in 

ABSSSI, which differed from the statistical analysis plan 

of the study.5 The FDA criteria assess cessation of spread 

or reduction in lesion size and temperature ,37.7°C at 

48–72  hours. For patients with MRSA, the clinical cure 

rate was higher at Day 8 for JNJ-Q2 (50.0%, 18/36) than 

for linezolid (44.8%, 13/29), and the rate of clinical cure at 

short-term follow-up was 80.6% and 86.2% for JNJ-Q2 and 

linezolid, respectively.5

Covington et  al17 conducted a second Phase II, ran-

domized, double-blind, multicenter study evaluating the 

efficacy of JNJ-Q2 (150 mg IV every 12 hours, followed 

by 250 mg orally every 12 hours), vs that of moxifloxacin 

(400 mg IV or orally every 24 hours) for the treatment of 

CABP. Hospitalized adults with a pneumonia severity index 

score of $II and at least three signs or symptoms of CABP 

(cough, dyspnea/tachypnea, chest pain, fever/hypothermia, 

or pulmonary consolidation) were included. Additionally, 

baseline sputum cultures with a positive Gram’s stain and 

a chest X-ray (CXR) showing infiltrates were required for 

inclusion. The study was conducted in 60 centers in North 

America, Eastern Europe, and Latin America, and a total of 

896 patients were screened for eligibility, of which 32 were 

randomized. Of note, the study was terminated early due 

to slow enrollment. The study was designed to enroll 120 

subjects to ensure ability to detect noninferiority of JNJ-Q2 

to moxifloxacin; however, this was not possible due to the 

strict inclusion criteria. The slow enrollment was mainly 

due to prior antibiotic use or failure to meet requirements 

for CXR or sputum production with positive Gram’s stain. 

Prior antibiotic use led to the exclusion of 25.5% (220/864) 

of patients, while 17% (147/864) of patients were excluded 

due to CXR/sputum requirement. Among patients enrolled 

in the study,17 87.5% (28/32) had an identified pathogen, 

with S. pneumoniae being the most common isolate (84%). 

All S. pneumoniae isolates were susceptible to JNJ-Q2 and 

moxifloxacin. The authors did not report other baseline char-

acteristics for included patients. Clinical cure was achieved 

in 87.5% (14/16) and 81.3% (13/16) of patients treated with 

JNJ-Q2 and moxifloxacin, respectively (OR: 1.66; CI: 0.23, 

11.75). Because of the small sample size, there was insuf-

ficient power to show noninferiority for clinical test of cure. 

Criteria for early response at Day 4, which was a combination 

of clinically stable vital signs and symptom success, were 

met in 56.3% (nine out of 16) and 43.8% (seven out of 16) 
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subjects treated with JNJ-Q2 and moxifloxacin, respectively 

(OR: 1.59; CI: 0.27, 9.42).17

Safety
The safety of JNJ-Q2 has been evaluated in multiple Phase I 

and II clinical studies.5,17,29,33 Overall, these studies demon-

strate that JNJ-Q2 is generally well tolerated.

In a multiple ascending-dose study, six participants 

received multiple doses of JNJ-Q2 150 mg IV, and seven 

adverse events were reported (contact dermatitis [1], infusion 

site extravasation [1], chest pain [1], increased heart rate [1], 

and phlebitis [3]).29 In the same study, a single participant 

experienced two episodes of asymptomatic hypoglycemia 

after being administered multiple doses of JNJ-Q2 100 mg 

IV. Of note, this participant had preexisting hypoglycemia 

prior to receiving JNJ-Q2. Further analysis of all glucose 

values for study participants revealed no pattern suggestive 

of impaired glucose homeostasis with JNJ-Q2. In a sequential 

single ascending-dose study29 that also evaluated absolute 

oral bioavailability, 14 participants received JNJ-Q2 250 mg 

orally. The most common adverse event reported with the 

oral formulation was nausea (14.3%).29 In a single-center, 

repeat oral dose lung penetration study, three out of six (50%) 

participants reported four adverse events after receiving 

JNJ-Q2 250 mg orally. The most significant event involved 

elevations in alanine aminotransferase (ALT), aspartate 

aminotransferase, and γ-glutamyl transferase after 4 days 

of JNJ-Q2 administration. It is important to note, however, 

that the participant was asymptomatic, concomitant eleva-

tions in bilirubin were not observed, and the condition was 

completely reversible.

The cardiovascular safety of JNJ-Q2 was evaluated in a 

comprehensive set of nonclinical and clinical studies.33 The 

effect of JNJ-Q2 on different cardiovascular parameters was 

compared with the effects of moxifloxacin, sparfloxacin, 

and ofloxacin. JNJ-Q2 and comparators were evaluated 

in various models/test systems, including human ether-a-

go-go-related gene (hERG)-transfected human embryonic 

kidney cells, sodium channel-transfected Chinese hamster 

ovary cells, guinea pig right atria, and arterially perfused 

rabbit left ventricular wedge preparations, in in vivo stud-

ies in guinea pigs and dogs, as well as in a thorough QT 

study in humans.33 The study evaluating the effect of JNJ-

Q2 on the corrected QT (QTc) interval in humans was a 

randomized, double-blind, placebo- and positive-controlled, 

four-period crossover study.33 In each treatment period, 

subjects received JNJ-Q2 250 mg twice daily or 500 mg 

daily for four consecutive days to achieve steady state; 

placebo or a single dose of moxifloxacin 400 mg served 

as the positive control. Mean differences in heart rate from 

predose baseline were minor and not clinically significant. 

Similarly, JNJ-Q2 had no appreciable effects on the PR and 

QRS intervals. Both JNJ-Q2 treatment regimens increased 

the QTc interval by ∼12 ms from baseline, but the observed 

changes following each dose were less than those observed 

following a single dose of moxifloxacin 400 mg. Overall, 

the study33 concluded that JNJ-Q2 causes a less pronounced 

increase in QTc interval compared with moxifloxacin and 

sparfloxacin.

Covington et  al5 evaluated the safety and efficacy of 

JNJ-Q2 vs linezolid for the treatment of ABSSSI in a Phase 

II trial. Overall, the incidence of serious adverse events in 

this study5 was low, and the majority of adverse events were 

mild or moderate in severity. Rates of adverse events reported 

between groups were similar, except for nausea (22.9% vs 

11.4%) and vomiting (12% vs 6.3%), which occurred more 

frequently in the JNJ-Q2 group. Approximately 80% of 

patients who experienced nausea and vomiting with JNJ-

Q2 had resolution of symptoms within the first 2 days of 

therapy, and no patients discontinued the study drug due to 

these symptoms. Patients were not specifically instructed to 

take the study medication with food, which is being done 

in subsequent studies to potentially lower the frequency of 

gastrointestinal events. The incidence of diarrhea was similar 

between JNJ-Q2 (14.5%) and linezolid (16.5%). All patients 

with diarrhea were evaluated for Clostridium difficile infec-

tion, and no cases were identified. Transient elevations in ALT 

at least 1.5 times the upper limit of normal were observed in 

,10% of patients and were similar between groups (8.4% 

for JNJ-Q2 vs 8.9% for linezolid). One patient treated with 

JNJ-Q2 had an asymptomatic elevation of ALT to 875 IU/L 

without a concomitant increase in bilirubin, which resolved 

within 30 days. Rash was reported in ,5% of patients and 

was similar between groups. There were no visual distur-

bances, seizures, or hematologic abnormalities reported in 

this study.5 Additionally, no patients receiving JNJ-Q2 expe-

rienced dysglycemia or changes in the QTc interval.5

In the CABP Phase II clinical trial conducted by 

Covington et al,17 adverse events were comparable between 

JNJ-Q2 and moxifloxacin, with the exception of nausea and 

vomiting. Unlike the previous study,5 nausea and vomit-

ing were observed more frequently in patients treated with 

moxifloxacin than with JNJ-Q2.17 Unfortunately, detailed 

information regarding the incidence, relationship to study 

medication, and severity of adverse events reported in this 

study are not available.
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Discussion
Antibiotic resistance continues to be a major concern, and 

new antibiotics are essential for the appropriate treatment 

of infections caused by resistant bacteria. In fact, the World 

Health Organization has identified antimicrobial resistance as 

one of the three greatest threats to human health. The  CDC 

published a report in 2013 to increase awareness regarding 

the threat that antibiotic resistance poses and the immediate 

actions needed to be taken.3 In this report, numerous bacteria 

were identified as potential threats, including MRSA and 

DRSP, which comprise the topics of this review.

Although once considered a nosocomial pathogen, MRSA 

is now a common cause of community-acquired infections, 

most notably ABSSSI.34 In one study35 including 422 patients 

seen in the emergency department for purulent soft tissue 

infections, MRSA was the most common causative pathogen, 

isolated from 59% of patients. Furthermore, the rate of hos-

pital admissions for ABSSSI has increased in recent years, 

which may be due to the emergence of community-acquired 

MRSA.36,37 The increased incidence of community-acquired 

MRSA is concerning, as the rates of resistance to erythro-

mycin, clindamycin, tetracycline, and sulfamethoxazole-

trimethoprim have increased over the years.9 Similarly, 

resistance to vancomycin, daptomycin, and linezolid has 

surfaced.38–40 S. pneumoniae is the most common bacterial 

pathogen associated with CABP in hospitalized adults in the 

US.41 Respiratory fluoroquinolones, including levofloxacin 

and moxifloxacin, are currently recommended for the empiric 

treatment of CABP in adults.10 Though the incidence of 

resistance to levofloxacin and moxifloxacin is extremely 

low, DRSP is still a potential concern. Unfortunately, cur-

rently available fluoroquinolones do not have reliable activ-

ity against MRSA and therefore are not recommended for 

empiric treatment of ABSSSI.9 Furthermore, the potential for 

the emergence of levofloxacin- and moxifloxacin-resistant 

S. pneumoniae is plausible and could limit them as options 

to empirically treat CABP.

JNJ-Q2 is a novel fluoroquinolone antibiotic with broad-

spectrum bactericidal activity, including excellent activity 

against MRSA and DRSP.5 Unlike other fluoroquinolones, 

JNJ-Q2 has an improved balance in the potencies of inhibition 

of DNA gyrase and DNA topoisomerase IV, which is thought 

to decrease the development of drug resistance.14,15,21 Mul-

tiple in vivo and in vitro studies6,14,15,17,23–25 demonstrate that 

JNJ-Q2 has excellent activity against a variety of Gram-posi-

tive and Gram-negative pathogens, including MSSA, MRSA, 

and fluoroquinolone-resistant S. pneumoniae. Specifically, 

JNJ-Q2 had the highest potency among all agents tested 

against S. pneumoniae, M. catarrhalis, MSSA, MRSA, and 

beta-hemolytic streptococci.6,14,15,17,23–25 The available safety 

data suggest that JNJ-Q2 has a favorable safety profile. Clini-

cal studies have demonstrated that JNJ-Q2 has adverse event 

rates similar to or less than those of other fluoroquinolones, 

notably QTc prolongation, dysglycemia, and photosensitivity 

reactions.5,17 However, further investigation will be needed 

to establish a robust safety profile for JNJ-Q2 in diverse 

patient populations.

The clinical efficacy of JNJ-Q2 in ABSSSI was compared to 

that of linezolid in a Phase II clinical trial,5 in which nearly half 

of the study participants at baseline had MRSA isolated from a 

wound culture. JNJ-Q2 did not meet criteria for noninferiority 

for the primary end point, early clinical response; however, 

a post hoc analysis based on new FDA guidance for evaluating 

agents in the treatment of ABSSSI revealed that JNJ-Q2 was 

noninferior to linezolid (61.4% vs 57.7%; P=0.024).5 This 

cited study demonstrated JNJ-Q2 could represent a valuable 

treatment option for patients with purulent ABSSSI, especially 

considering it is available in oral and IV formulations and would 

allow for sequential therapy similar to the oxazolidinones, 

linezolid and tedizolid. Unlike the oxazolidinones, however, 

concerns for hematological effects and drug interactions with 

serotonergic agents have not been associated with JNJ-Q2 and 

could potentially favor its use.

In a smaller Phase II clinical trial,17 the efficacy of JNJ-

Q2 was compared to that of moxifloxacin in the treatment of 

CABP. Patients with a positive Gram-stain and evidence of 

pneumonia on CXR were randomized to receive moxifloxa-

cin or JNJ-Q2. Overall, clinical cure was achieved in 14/16 

(87.5%) and 13/16 (81.3%) subjects treated with JNJ-Q2 

and moxifloxacin, respectively.17 Unfortunately, recruitment 

into the study was hindered due to strict inclusion criteria; 

thus there was insufficient power to show noninferiority for 

clinical test of cure. Despite its small sample size, the results 

of this study17 are encouraging.

In the context of ABSSSI and CABP, JNJ-Q2 appears to 

be a promising option and current data support continued 

development of this agent. JNJ-Q2 appears to have a more 

promising future in the management of ABSSSI given there 

are limited treatment options for MRSA with both oral and 

IV formulations available. On the other hand, JNJ-Q2 would 

serve more as an alternative option for CABP considering 

currently available fluoroquinolones (levofloxacin and moxi-

floxacin) are dosed once daily, have better bioavailability, and 

have limited resistance.
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Conclusion
JNJ-Q2 is a novel, broad-spectrum fluoroquinolone that has 

superior in vitro potency compared to other fluoroquinolo-

nes, particularly against quinolone-susceptible and -resistant 

S. aureus (including MRSA) and DRSP. In addition, in vitro 

studies show that JNJ-Q2 has a lower propensity for the devel-

opment of resistance compared to other agents in the class. 

Considering its expanded spectrum of activity against these 

resistant Gram-positive pathogens and its low potential for 

resistance, JNJ-Q2 shows promise as an effective treatment 

option for ABSSSI and CABP. Furthermore, Phase II studies 

have demonstrated comparable efficacy results with JNJ-Q2, 

compared to linezolid for ABSSSI and to moxifloxacin for 

CABP, as well as a favorable safety profile. However, con-

sidering its early stage of development, the definitive role 

of JNJ-Q2 for these infections, as well as its safety profile, 

will be determined in future Phase III studies. Unfortunately, 

there are no Phase III studies currently enrolling patients at 

the time of this review, but the prospect of another oral agent 

with activity against MRSA and DRSP could improve the 

arsenal to combat infections caused by antibiotic-resistant 

bacteria in the future.
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